
- Artigo bem completo sobre geração de tons com o integrado CMOS 4011
(ruim de imprimir o artigo, porque desposiciona)
https://www.eleccircuit.com/4011-tone-generator/
- Como os multivibradores astáveis usam a função das portas lógicas
- How Astable Multivibrator using Logic Gates work - Example Circuits
https://www.eleccircuit.com/oscillator-circuits
- Waybackmachine – The interesting world of Stepan Novotill – Ultrasonic Pest 
Repeller - 
https://web.archive.org/web/20100605140919/http://members.shaw.ca/novotill/Ultra
sonicPestRepeller/index.htm
- Circuits Diagram - Circuito de Ludwig Libertin, publicado na Elektor - 
http://circuitsdiagramlab.blogspot.com/2012/06/simple-us-style-siren-circuit.htm
l
- Homemade Circuit Projects - 5 Simple Siren Circuits you can Build at Home - 
https://www.homemade-circuits.com/car-siren-circuit/ 
- Discover Circuits – Sirens
http://www.discovercircuits.com/S/siren.htm
- Electroschematics – Electronic siren circuit with multitone
https://www.electroschematics.com/multitone-electronic-siren/
- Electronics for You – Página inicial - https://www.electronicsforu.com
  A mesma mostrada do Electroschematics, esta parece ser original
https://www.electronicsforu.com/electronics-projects/multitone-siren
- Sirene de chaves configuráveis - alarme
https://www.electronicsforu.com/electronics-projects/hardware-diy/multi-tone-con
figurable-alarm-2
- ElecCircuit - High power siren circuit using CD40106 and TIP31, small and easy
https://www.eleccircuit.com/high-power-siren-circuit-using-cd40106/
- Aurelienr – Página inicial - http://www.aurelienr.com/
- Sirene com layout da placa, disponível também códigos para cad eletrônico no 
arquivo zipado
- Sirene moyenne puissance (pour alarme) 
http://www.aurelienr.com/electronique/archives/sirene.zip





The Wayback Machine - https://web.archive.org/web/20100605140919/http://members.shaw.ca:80/novotill/UltrasonicPestRepeller/index.htm
Ultrasonic Pest Repeller - These emit noise to confuse or agitate insects or animals HOME

This is one of the better and more popular brands. It emits bursts of pulses at different frequencies. I did not find any spider webs inside this unit:

Here is a higher end version of the same thing, with a few extra user selectable settings to allow audible as well as ultrasonic output so it can be more effective against animals:

https://web.archive.org/web/20100605140919/http://members.shaw.ca/novotill/index.htm


And a cheapo one that runs directly off the AC line:



I do not gaurantee the accuracy or safety of any information herein.

    HOME     
Do not experiment with or build any of the above circuits.

https://web.archive.org/web/20100605140919/http://members.shaw.ca/novotill/index.htm
https://web.archive.org/web/20100605140919/http://validator.w3.org/check/referer
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Simple US-Style Siren Circuit
IN AUDIO AND MUSIC
 - ON 8:49 PM
- NO COMMENTS

The circuit described here can create three different ‘US-style’ siren sounds: police, ambulance and fire engine. The

desired sound can be selected using switch S1. The circuit can be used in toys (such as model vehicles), as part of

an alarm system, and in many other applications. For use in a toy, a BC337 is an adequate device for driver T5,

since it is capable of directly driving a 200mW (8Ω) loudspeaker. 

Simple US-Style Siren Circuit Diagram:

In this case the current consumption from a 9 V power supply is around 140 mA. If a louder sound is required, a

BD136 is recommended: this can drive a 5W (8Ω) loudspeaker. The current consumption from a 12 V supply will

then be about 180mA. If still more volume is desired, then T5 (a BD136) can be used as a first driver stage, and a

15W (8Ω) loudspeaker can be connected via output transistor T6. 

Here an AD162 or an MJ2955 can be used, which, for continuous operation, must be provided with cooling. The

peak current consumption of the circuit will now be about 500mA with a 12V power supply. Capacitor C1 is not

required for battery operation. 

Author : L.  Libertin - Copyright : Elektor
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Multitone Siren
By Pradeep G.

This multitone siren is useful for burglar alarms, reverse horns, etc. It produces five different audio

tones and is much more ear-catching than a single-tone siren.

A multitone siren circuit

The circuit is built around popular CMOS oscillator-cum-divider IC 4060 and small audio amplifier

LM386. IC 4060 is used as the multitone generator. A 100 μH inductor is used at the input of IC 4060.

So it oscillates within the range of about 5MHz RF. IC 4060 itself divides RF signals into AF and

ultrasonic ranges. Audio signals of different frequencies are available at pins 1, 2, 3, 13 and 15 of IC

4060 (IC1). These multifrequency signals are mixed and fed to the audio amplifier built around IC

LM386.

circuit of the multitone siren

The output of IC2 is fed to the speaker through capacitor C9. If you want louder sound, use power

amplifier TBA810 or TDA1010.

Only five outputs of IC1 are used here as the other five outputs (pins 4 through 7 and 14) produce

ultrasonic signals, which are not audible.

Construction & testing

Assemble the circuit on a general-purpose PCB and enclose in a suitable cabinet. Regulated 6V-12V

(or a battery) can be used to power the circuit.

The project was first published in May 2011 and has recently been updated.

February 5, 2018




S
ubscribe to notification

×

http://www.ti.com/lit/ds/symlink/cd4060b.pdf
http://www.ti.com/lit/ds/symlink/lm386.pdf
https://www.electronicsforu.com/wp-contents/uploads/2016/05/499_aujg-2.jpg




Sirene moyenne puissance pour alarme :
--------------------------------------------------------
Fichiers :
- schema.sch : protel98 SCH, schema
- schema.jpg : schema
- typon.bmp : typon
- implant.bmp : implantation des composants
- implant+typon.lyt : typon + implantation format Areslite 
(www.multipower-fr.com)
++++++++++++++++++++
(c) Aurélien R. - 08/1999
 http://www.aurelienr.com
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Homemade Circuit Projects
Get free circuit help 24/7

5 Simple Siren Circuits you can Build at Home
LAST UPDATED ON SEPTEMBER 6, 2021 BY SWAGATAM (HTTPS://WWW.HOMEMADE-CIRCUITS.COM/AUTHOR/SWAG/)

In this post we learn about a 5 simple siren circuits, using Arduino and also with ordinary components such as

transistors and capacitors yet is able to produce an alarm sound at an excruciating level.

The idea was contributed by "Abu-Hafss"

Deeper in the article we also learn to make an advanced Arduino based design with adjustable and customizable

tone features.

1) The Design
This simple car siren circuit design explained here uses minimum number components and yet is able to produce

an ear piercing alarm sound each time it's switched ON.

The device is normally used as a car reverse horn, although it can used for any other relevant application too,

depending upon the user's preference.

In the automobile field this siren is also popularly know as the "Mega Siren" due to the massive decibel level it

generates.

The schematic details and other related info of the proposed car siren is presented below,which were furnished by

Mr. Abu-Hafss, who is one of the dedicated readers and contributor of this blog.

https://www.homemade-circuits.com/blog/
https://www.homemade-circuits.com/privacy-policy/
https://www.homemade-circuits.com/about/
https://www.homemade-circuits.com/contact/
https://www.homemade-circuits.com/disclaimer/
https://www.homemade-circuits.com/copyright/
https://www.homemade-circuits.com/
https://www.homemade-circuits.com/author/swag/
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CZ2ha3fvuYcmzB7_o5OUP3-OkiAnNu6OoYYnYpI6vDbu-rbDoCBABIPGB6B1gzcjpgKQDoAGnvcPOA8gBAqkCPGgt_mA0hT6oAwHIA8kEqgT5AU_Q_YELE2vodLltm6-ByQZvhUBSizhNRlCPYNDbs6iuSfO2gmiGBlv3Joi7O-3k3lsdo1D9vSo2qV5c0rMLv5j0dbBCAqU9ZfyISeIVAUtaynDTmzKgmon6S-LnikRBBdZ0NbYWclObgWvQANX2JnaMwj07WAPnkxPs9BTqFye5JfR1XipoHCUyzH4T0GXLnIzmRRyMDHEe3aCF4tBpecm4tA1X5Fng2ktkRtG7CEAPzvVj14wddpZHSxSvXkkNRi4BFjJXgRJolJJh21oqGoXJfe5u3DXQvCu0bIrMZw_o7mAxJ0edkdPqaQcFjOj1COvJeuiK5gZLt8AExbasp6ADoAYCgAfBwrwxqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggHCIhhEAEYH7EJtFZOvzK7oaKACgGYCwHICwG4DAHYEwLQFQH4FgGAFwE&ae=1&num=1&cid=CAASFeRosmAYe6xuEtjOFJ0SaXQLxYEaiQ&sig=AOD64_3bmiiLjDnKnjXwhbiKxmGv4mHnFQ&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMIiZaL1Y3L9QIVPzS5Bh3fMQmREAEYASAAEgIT2_D_BwE
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Circuit Diagram

PCB Layout
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The following request was also attached with the above files in the email from Mr. Abu-Hafss.

Dear Swagatam Attached,

please find a photo of a car 12V-20W siren which has really ear-piercing sound. I opened it and found a small PCB

as attached.

I have interpreted the PCB into schematic as attached. My concern is to use the amplifier section for some other

15-20W application.

Frankly, I do not have practical experience of audio amplifiers. I shall highly appreciate your help in this regard.

Best regards

Abu-Hafss

As per the above request, the amplifier section of the car siren is cheap and powerful (@ 20watts) and possibly

could be used as an amplifier module for other applications requiring a cheap but powerful amplifier alternative.

Analyzing the The Design

https://www.googleadservices.com/pagead/aclk?sa=L&ai=CrZNF3fvuYenrCaWd0AaTuLtYzbujqGGJ2KSOrw27vq2w6AgQASDxgegdYM3I6YCkA6ABp73DzgPIAQKpAlL6EYhvM4U-qAMByAPJBKoE_AFP0M-1ZM-ajs68Ls-7IpTDswy2Uwvk5y7j2u5kLYE7tcxnhOOuZcVdG8MocbcjIwiqeZ-eZI-IlvFftX3beqyuvNVExgKLWOcJxbKG8g0fGETZKAWb2HvFk9ciWLLpnLf4DCUzwdpZFDol7mDiKdWDGuIhfolFhvzedAw2azLzMozwj8IOzoA7wF2SEqPtGSUZt13zjxKCyLAIh17U_aUGbP8ZXCfsvehsJxanM-vgq--EoO-b-H1vMo89q5ALo1UktaNELU74OaECpcVIKsNLQbI7rvbVF4Vu_AV3w3gxz62uQthW3X5cXWj64K-pqY4M8g5-LhkQ6vR7MfnABMW2rKegA6AGAoAHwcK8MagHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHAdIIBwiIYRABGB-xCbRWTr8yu6GigAoBmAsByAsBuAwB2BMC0BUBgBcB&ae=1&num=1&cid=CAASFeRo0kho8EomDLq_R6wKhixe2WHF0Q&sig=AOD64_3yb6fORR85ado4ljQgKl_zdqwYhw&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMIqc6N1Y3L9QIVpQ7UCh0T3A4LEAEYASAAEgKQJfD_BwE
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y g g
Studying the given diagram it appears that the stage comprising Q4, Q5 is only responsible for the amplification,
the remaining sections are for generating the siren frequency for the Q4, Q5 base.

The stage forms a powerful Darlington transistor amplifier stage with an extremely high gain (in the order of 1000

and more)

Since the amplifier design is too basic, it might not be suitable for generating or handling Hi-fi music or frequencies

above 4kHz.

Moreover the transistor in the process could dissipate a significant amount of heat causing the consumption to be

higher than the normal Hi-fi amplifiers.

Therefore, although the amplifier incorporated in the above car siren circuit is cheap and simple it cannot be

efficiently implemented for producing movie songs and melodies which involve frequencies up to 15kHz. However,
it can be effectively used in units such as horns, bells, alarms, security systems etc.

2) Generating Siren Sound with Arduino
The following Arduino based siren sound generator circuit can be used for generating the pitch perfectly imitating a

typical siren sound and can be customized to produce many different siren effects simply by making relevant

modification in the sketch.

A siren sound, as we all know is a loud noise generated through a device designed for producing this sound either

through a mechanical approach or through electronic circuits.

Siren sound generator devices find many useful applications and are used in emergency service vehicles like in

police and ambulance vehicles, and also in fire brigades etc.

The discussed configurable siren enables a connected speaker to produce a custom siren sound. Basically there

are two types of siren sound generating equipment, viz pneumatic and electronic.

Pneumatic systems employ air pressure forced through an appropriately dimensioned pipe for creating the sound,

https://www.googleadservices.com/pagead/aclk?sa=L&ai=CwURN3fvuYb3HCrGK5OUP3L6liA3Nu6OoYYnYpI6vDbu-rbDoCBABIPGB6B1gzcjpgKQDoAGnvcPOA8gBAqkCUvoRiG8zhT6oAwHIA8kEqgT8AU_Qgzwg3GvrNpUqUAchtuS7o4byehUtqs8rwZ5vfGDEYep107a5WYuaKE3WP-yVXB7mkvszMsgnvBorfOsHkqXN8zJIz11FB23TllCTEXlQ090M-9W2rq63_YCYkaZbUQFxBmBdzjSI4LcIV73N2Z3_7Y-XCi9QCrrehDLezmuPi4__BZh1SyepcsjV_WCx5hIS5ZrU4yj1rn9o4gN6DmT6r4QsGaFbdWkmsu0q6iYVrs6BysupjO93l61uj4FfMOIKauUcJx3ObQrBH505x-uhNnxyjt7kBvm7eoz0aukS3Kl_SYgv5rI8gKnzNZ-zwsO1zutYzhZaOLYvmsAExbasp6ADoAYCgAfBwrwxqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggHCIhhEAEYH7EJtFZOvzK7oaKACgGYCwHICwG4DAHYEwLQFQGAFwE&ae=1&num=1&cid=CAASFeRoxiqvK8Ke65jh_yfiF6HoXKQiMQ&sig=AOD64_3bG4BCOXw5uF28BRIPPLU_vjGOVw&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMI_amO1Y3L9QIVMQW5Bh1cXwnREAEYASAAEgKGxvD_BwE
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while electronic equipment are more sophisticated, using loudspeakers or piezo devices for generating the

relevant sound at any desired rate and pattern. Electronic sirens are more flexible, customizable and offer more
variations and are extremely efficient.

Types of Siren Sound
A Siren sound can be of many different types, a few common types are the police, ambulance, and the fire siren,

others could be in the form of mega sirens as used in car horns, (https://www.homemade-circuits.com/2015/08/car-

siren-circuit.html) some are fast police siren tunes, another type could be ear piercing such as used for neutralizing

mobs, a few could be in your cell phone for alerting while a new message is received.

Therefore, the range could be too extensive and the proposed Arduno alarm circuit can be customized as per the

users personal wish and preference for achieving the wished siren sound.

Code sketch:
/*


Siren

A configurable siren for Arduino, requires an 8-ohm speaker attached to


pin8 and ground. For high amplification use a transistor driver with pin8

//Copyright (c) 2012 Jeremy Fonte


//This code is released under the MIT license


//https://opensource.org/licenses/MIT


const int pitchLow = 200;


const int pitchHigh = 1000;


int pitchStep = 10;


int currentPitch;


int delayTime;


const int speakerPin = 8;


void setup() {


currentPitch = pitchLow;


delayTime = 10;


}


void loop() {


tone(speakerPin, currentPitch, 10);


currentPitch += pitchStep;


if(currentPitch >= pitchHigh) {


pitchStep = -pitchStep;


}


else if(currentPitch <= pitchLow) {


pitchStep = pitchStep;

https://www.homemade-circuits.com/2015/08/car-siren-circuit.html
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pitchStep = -pitchStep;


}


delay(delayTime);


}

Arduino Wiring Diagram with Speaker and Supply Input

 Video Demo:

Simple Arduino Siren CircuitSimple Arduino Siren Circuit

https://googleads.g.doubleclick.net/aclk?sa=l&ai=CQoj0NPzuYa-zAqjg5OUP27aqqAfNu6OoYYnYpI6vDbu-rbDoCBABIPGB6B1gzcjpgKQDoAGnvcPOA8gBAqkCPGgt_mA0hT6oAwHIA8kEqgT8AU_Q2HlZbKDbV8dRqeOJFEE_uTcKIuslhBISiOfx9XSKMP83-lGGfQsl_YEi0e14dF8z6bdatxNftnPbNB-D6iU5--nO2hp3Epl8qsJjpRq_iFOFNEdGlVJWTuLNfxkXXWqI8Dwxb2xYud2F4Y0oLV_qqX9UyClkoknobWFYl_nQz2D0mDVcoGFOTphEDVaGGkJyx1-w2zs97n3iY8KM_WyJAbg77B6WXzfcxHbpe_wjbeDxy-8jmxF5s_d5VaBrqZxqUhjB3KyqulksHxH-bTEoKqvw2oAnC9wsHbTqXmaDYdw6oE2afH_vucbL7Tn11uSP1r9TsuvSF--vfsAExbasp6ADoAYCgAfBwrwxqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggHCIhhEAEYH7EJtFZOvzK7oaKACgGYCwHICwG4DAHYEwLQFQGAFwE&ae=1&num=1&sig=AOD64_3KlCrbMk35rl39djtOsropEhW5Jw&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMIr53E_o3L9QIVKDC5Bh1bmwp1EAEYASAAEgKFXfD_BwE
https://www.youtube.com/watch?v=fK4Tu6iQXUA
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Using a BJT Stage for Greater Amplification

For high amplification, the above set up can be modified as per the folowng connection diagram:

Modifying the Code

Upon Testing I fund the siren sound from the Arduino not very pleasant, and had slight distortions. I experimented

with the code, and finally made it extremely smooth and pleasant to hear. Here's the improved for you:

//Improved by Swagatam





const int pitchLow = 200;


const int pitchHigh = 1000;
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const int pitchHigh = 1000;


int pitchStep = 10;


int currentPitch;


int delayTime;


const int speakerPin = 8;


void setup() {


currentPitch = pitchLow;


delayTime = 5;


}


void loop() {


tone(speakerPin, currentPitch, 20);


currentPitch += pitchStep;


if(currentPitch >= pitchHigh) {


pitchStep = -pitchStep;


}


else if(currentPitch <= pitchLow) {


pitchStep = -pitchStep;


}


delay(delayTime);


}

You can also play with the const int pitchHigh = 1000;and increase to to 2000 for increasing the siren length,

which is relevant to police sirens.

3) Police, Ambulance, Fire Brigade Siren - USA Style
The next siren circuit is a 3-in-1 siren, which will produce 3 distinct tones resembling, police siren

(https://www.homemade-circuits.com/police-ambulance-siren-circuit-with-rotating-beacon-light/), ambulance siren,

and fire brigade sirens sound.

These can be selected through a 3 pole switch, and simply by toggling the positions of the switch.

The complete circuit diagram for this 3 in 1 siren circuit is furnished below:

https://www.homemade-circuits.com/police-ambulance-siren-circuit-with-rotating-beacon-light/
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4) Siren Using IC 7400
Here's another simple and cheap siren using the IC 7400 (https://www.homemade-circuits.com/simple-circuits-

using-ic-7400-nand-gates/) that can be used for many different alarm applications.

The circuit basically is configured around two astable multivibrators, N1/N2 and N3/N4. The N1/N2 stage

generates a 0.2 Hz square wave signal which is coupled to the N3/N4, which causes an up and down swing of the

0.2 Hz.

https://www.homemade-circuits.com/simple-circuits-using-ic-7400-nand-gates/
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The resulting siren output is 2 V peak to peak and can be amplified any suitable amplifier for getting a loud siren

sound.

5) Siren Circuit using Unijunction Transistors
The indicated loud siren circuit is made up of a pair of unijunction relaxation oscillators (https://www.homemade-

circuits.com/10-simple-unijunction-transistor-ujtapplication-circuits/). UJT Q1 is configured to generate low

frequency while Q2 is wired to produce audio frequency.

Resistor R3 connects the slow rising voltage over C1, decided by the time constant components C1 and R2, with

the audio frequency across C2, established by the time constant of C2 and R4. The combination results an output
where the audio frequency created by Q2 increases in pitch due to the application of the slow rising voltage across

C1. This is applied through the resistor R3 to the time constant network C2/R4. This generated siren sound due to

sharp intensity is able to travel a longer distances away compared to simple continuous siren sounds generated

through just one oscillator.

https://www.homemade-circuits.com/10-simple-unijunction-transistor-ujtapplication-circuits/
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C7xIzOPzuYduTDcKQ0Ab9lpPAAs27o6hhidikjq8Nu76tsOgIEAEg8YHoHWDNyOmApAOgAae9w84DyAECqQJS-hGIbzOFPqgDAcgDyQSqBPwBT9AR49Z8bJ_i8ISOCpV0BiJ0Wriqs0F1jMh6YasHxvNb37BmWIVUeo94HuPRZMkSqXnE5-jET6q-JVg2X_7F2ti3GAIKHkfTuJQa8HCEleZTt7W3Ta_sDmNK1777RiQaHBherN9iQB87AAkJSwmhC3WM-9_AapwTVPW4Jzy-DniPOOjO31Bxd3U7U8jzQSUqtaP7_E1QDdMjhVxzEHtP0VWrszd4VovzKRAGa4cIjtL97XnQAq9Qs0jpf7uF9ReXQiT5jvMZUmTb-cwYfHcbi1OEnAXeoG6wej3bZAWPW30dy7aJc_dtrqggh5VbayojOqCUcnDB7BinWhbCwATFtqynoAOgBgKAB8HCvDGoB47OG6gHk9gbqAfulrECqAf-nrECqAfVyRuoB6a-G6gH89EbqAeW2BuoB6qbsQKoB9-fsQLYBwHSCAcIiGEQARgfsQm0Vk6_MruhooAKAZgLAcgLAbgMAdgTAtAVAYAXAQ&ae=1&num=1&cid=CAASFeRobUi2YnbxphIqUen7NkKsjebYmw&sig=AOD64_34WPstGBgpeDQ1xWRww2_ScKBT-Q&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMI24_DgI7L9QIVQgjUCh19ywQoEAEYASAAEgIYXvD_BwE
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If you want additional amplification you can accomplish it by integrating a couple of transistors in a super-alpha

Darlington set up, as indicated in the dotted circuit stage. R4 resistor shown at the center, must be substituted with
a 100 ohm 1/4W resistor. Hooked up to some pressure mat (through over C2), this specific UJT siren circuit could

form a fantastic baby snatch alarm for strollers.

6) Ship Siren Circuit
This circuit will generate a high pitched sound just like a ship's siren. The design works well using the low power

output source for model ships, when the output signal is appropriately amplified through a power amplifier, to

produce a loud ship like alarm tone.

The circuit is configured around a multivibrator through the transistors Q1 & Q2, and a low power output stage
using the transistor Q3. The indicated speaker is required to have an impedance of around 40 to 80 ohms.

Capacitors C1 and C2 are responsible for the pitch intensity of the siren and with the values shown in the diagram,

the pitch of the siren can be approximately around 300Hz.

The Quiescent current of the circuit is quite low and can be ignored. If you wish to have a much more powerful ship

siren sound, in that case you can integrate the Q2 collector output with an external amplifier input through a 1µF

electrolytic, in series with a 12k resistor.

High Power MOSFET Siren
The next concept shows a simple yet powerful MOSFET based siren circuit.

Tr1 is utilized as a common emitter circuit, with R2 as the collector load and R1 providing base biasing. C3

connects the output of Tr1's collector to Tr2's input (gate terminal). Tr1's base operates in phase with Tr2's

collector, and both Tr1 and Tr2 produce an inversion of the signal. As a result, C2 and R3 offer positive feedback,

and the circuit's gain is big enough to create powerful oscillation
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and the circuit s gain is big enough to create powerful oscillation.

The MOSFET shown in the diagram can be replaced with IRF540

The drain terminal of the MOSFET Tr2 receives an approximately squarewave signal, and the device is turned

between hard on and hard off states. This causes very large current pulses (about 500 mA peak) to be pushed to

the loudspeaker, resulting in a very loud siren tone output. The working frequency is around 1kHz, however it may

be adjusted by changing C2 and C3 values. Varying their  values can create an oppositely proportionate change in
the oscillating frequency, therefore make sure C2 and C3 have identical vaues.

10 watt Power Siren
This ingenious small design makes use of the most recent developments in semiconductor technology to create a

very compact, low-cost, yet extremely powerful alarm-sound generating unit that can be simply integrated into an

existing intruder alarm system or equivalent "protection" equipment. The alarm circuit includes a basic alarm-signal

generating stage, which is accompanied by a power amplifier stage. The alarm-signal component of the machine

is built around a low-cost CMOS integrated circuit that uses almost no "standby" power.
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The power amplifier circuit is a true cutting-edge technology, a low-cost MOSFET power FET that uses almost no
current while in "standby" mode. As a result, there is no need for a discrete on/off switch, and the device may be

left completely linked to a 12 volt battery supply. IC1a and IC1b are wired as slow astable multivibrators, whereas

IC1c-IC1d are connected as fast astables. Each of these astables are "gated," meaning they may be switched on

and off using PB1.

The ICa-IC1b slow astable's output is applied to control the frequency of the 1C1c-IC1d fast astable, and the fast

astable's output is supplied to the external speaker through the Q1 MOSFET power amplifier stage. When PB1 is

open, each of the astables and Q1 are inactive, and the circuit draws almost little standby current. D1 and C1 are

utilized to guarantee that voltage spikes produced into the battery supply connections through the speaker do not

have a detrimental effect on the astable operations. It should be noted that the circuit requires an 8 Ohm speaker

rated to handle higher than 10 watts.

You'll also like:
1.  Simple Kitchen Timer Circuit – Egg Timer (https://www.homemade-circuits.com/simple-kitchen-timer-circuit-egg-

timer/)

2.  Cellphone Controlled Car Starter Circuit (https://www.homemade-circuits.com/cellphone-controlled-car-starter-

circuit/)

3.  Car Blown Brake Light Indicator Circuit to Detect Broken Bulb Filament Tail Light (https://www.homemade-

circuits com/car fused brake light bulb indicator/)

https://www.homemade-circuits.com/simple-kitchen-timer-circuit-egg-timer/
https://www.homemade-circuits.com/cellphone-controlled-car-starter-circuit/
https://www.homemade-circuits.com/car-fused-brake-light-bulb-indicator/
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CidOSO_zuYay5H72L5OUPgLKxmAvNu6OoYYnYpI6vDbu-rbDoCBABIPGB6B1gzcjpgKQDoAGnvcPOA8gBAqkCPGgt_mA0hT6oAwHIA8kEqgT8AU_Qmteu7y6PSUfTT0Pp-Xl7sFvGjAtufkES2b9N4nHJtKFzziymJnkaOR6ApXpg2M5XCp8wYBzR7C0cfllW9OC70EzMJFKjrPAkLCKOdH2guERtdIjzOe1QMOL0PMAP7CwUcYpVnBgdwFS8lJiNF14Cvp9UK6mH_QiwAMp_KusN6sTVDPOWS3yKgz1ZVF6gv6xCOslRO0VhMaFVz4Vz8VjgbmzLYD2_B5AVruiOz6mf3Vx0HvEQ8xLwSB8V7XSuCioCqqQCV6GPANAITsbh1OVPqorTyJtMp5cjrS1rgG8osi6nVLbAsnLyqVhVPbg5E3wWXq6pr-n_44eqIMAExbasp6ADoAYCgAfBwrwxqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggHCIhhEAEYH7EJtFZOvzK7oaKACgGYCwHICwG4DAHYEwLQFQH4FgGAFwE&ae=1&num=1&cid=CAASFeRogbeKSSkFA-nJ7ulvcL6NSp0awQ&sig=AOD64_0RDBMTCNum7q7TQUdGMJLgWvbz_A&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMI7MKMgo7L9QIVvQW5Bh0AWQyzEAEYASAAEgKDJvD_BwE
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circuits.com/car-fused-brake-light-bulb-indicator/)

4.  Infrared Controlled Car Door Lock (https://www.homemade-circuits.com/infrared-controlled-car-door-lock/)
5.  Using Single Switch for Fog lamp and DRL Lamp (https://www.homemade-circuits.com/use-single-switch-for-

fog-lamp-and-drl-leds/)

6.  Darkness Triggered Car Safety Park Light Circuit (https://www.homemade-circuits.com/darkness-triggered-car-

safety-park/)

About Swagatam

I am an electronic engineer (dipIETE ), hobbyist, inventor, schematic/PCB designer,

manufacturer. I am also the founder of the website: https://www.homemade-circuits.com/,
where I love sharing my innovative circuit ideas and tutorials.
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Abu-Hafss says

August 25, 2015 at 4:04 pm (https://www.homemade-circuits.com/car-siren-circuit/#comment-33485)

Hi Swagatam

I intend to use the amplifier only for horns & alarms made by using 555.

Please see the attached schematic. Is it correct or do I need to test the values for the resistor and capacitor?

https://dl.dropboxusercontent.com/u/20969135/Screenshot%202015-08-25%2020.58.55.png
(https://dl.dropboxusercontent.com/u/20969135/Screenshot%202015-08-25%2020.58.55.png)

REPLY

Swagatam says

August 26, 2015 at 6:25 am (https://www.homemade-circuits.com/car-siren-circuit/#comment-33497)

Hi Abu-Hafss,

It looks OK to me, but a resistor in place of C2 would be more appropriate according to me….the value can be
anything between 1K and 10K.

REPLY

Bubai says
September 8, 2015 at 10:23 am (https://www.homemade-circuits.com/car-siren-circuit/#comment-33826)

Dear Swagatam Da,

I constructed the circuit ( image link s14.postimg.org/kgqpm8jpt/siren_circuit.jpg )

according to the schematic as well as according to the PCB but found no sound in 1.5w 8ohm speaker.

Please post a circuit similar to the sound heard in youtube in this topic.

REPLY

Swagatam says

September 8, 2015 at 1:44 pm (https://www.homemade-circuits.com/car-siren-circuit/#comment-33829)

Dear Bubai,

as you can see in the post, the circuit was taken from a working model and produced exactly as is in the
original unit so it should work according to me

https://dl.dropboxusercontent.com/u/20969135/Screenshot%202015-08-25%2020.58.55.png
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CpuXYPPzuYaDnHu3m5OUPqcafgAHNu6OoYYnYpI6vDbu-rbDoCBABIPGB6B1gzcjpgKQDoAGnvcPOA8gBAqkCPGgt_mA0hT6oAwHIA8kEqgT8AU_QqYOwFPDsr8JXL-h2EZBb09QPBLT1y5zDdi9PZOAYVClfEMl1SLV0yIHX92wKgV09Y6b2C696KbUzMNkTUuja_w51n3BIN-VZsmTQViazVPjrvXEI5e7yRdv4X-5MrxI9bGH2Mdb4DVqTgUe_QG-urLoRy5y90FhtZx6UAMKdN_cpjWV9xhyIsqJziKJoDCpzS6DzwRYUsHQouwFCTTUpZEP3PtB7l_NOiVnB3oOw_X0dqpf7WH40Q26zFE-psvLNga-R7s3W-s4cuxhoCaxwKXGLyAhEna45q-19Gn1_NdVI4nzJtgPbYMpDuHLVC0F4rqzEHlz-2CYhMsAExbasp6ADoAYCgAfBwrwxqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggHCIhhEAEYH7EJtFZOvzK7oaKACgGYCwHICwG4DAHYEwLQFQGAFwE&ae=1&num=1&cid=CAASFeRo8IOdj4sFT8p0t9nBA1jFMqiFOw&sig=AOD64_0murPygSwmxK-O8DDVHKCwWPd4lQ&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMIoPXIgo7L9QIVbTO5Bh0p4wcQEAEYASAAEgIN-vD_BwE
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original unit….so it should work according to me.

check all the components and the tracks carefully once again, you might have done something incorrect while
assembling.

the sound clip was recorded from the original piece presented above.

REPLY

Unknown says

October 2, 2015 at 9:25 am (https://www.homemade-circuits.com/car-siren-circuit/#comment-34512)

Is that a normal speaker or a piezo buzzer? It seems to me that the speaker is not a magnetic coil speaker. To
receive any sound you might have to use a powerful buzzer.

REPLY

Swagatam says

October 2, 2015 at 4:24 pm (https://www.homemade-circuits.com/car-siren-circuit/#comment-34524)

No, it's a loudspeaker, as we have in radios and TVs.

REPLY

Swagatam says
September 25, 2016 at 5:47 am (https://www.homemade-circuits.com/car-siren-circuit/#comment-

44996)

you will need an inductor in parallel with the piezo wires…..you can wind 1000 turns of 36 SWG enameled
copper wire over a ferrite drum for making the inductor

REPLY

https://www.googleadservices.com/pagead/aclk?sa=L&ai=Chet0PfzuYaO8JfSX0Aaz07PoC827o6hhidikjq8Nu76tsOgIEAEg8YHoHWDNyOmApAOgAae9w84DyAECqQI8aC3-YDSFPqgDAcgDyQSqBPwBT9BkRzfA4UKovdbCmOkpvGMCoR0OyweilHskgJXZt9QOSusEhhhWIH4KSlclfxwLaI8pqXIKTcRCG2Gn-kypDl893FzopxExRfKi2sbeEFjkOI6vJqlG3oizp5qhfMICNp5XR_tQE10BG_AH_z0BE8tSgfZBt4XLKeJAIq08nzTiTsWZHVj9OavMBMtj5HH92a9RU0ilDdaS-qoW_Awv0otSOh7_zzLfysDRZ0X-8fvs1Cn_ryxtGgLeLpExZD8an9HFYYN-Jjjd_fwwRqa6lxIStsxOpsTgOw-aQpTTX_VoXU0L6lXkwZRutdGp9Jw_gjU-JuB0A0HRSNqNwATFtqynoAOgBgKAB8HCvDGoB47OG6gHk9gbqAfulrECqAf-nrECqAfVyRuoB6a-G6gH89EbqAeW2BuoB6qbsQKoB9-fsQLYBwHSCAcIiGEQARgfsQm0Vk6_MruhooAKAZgLAcgLAbgMAdgTAtAVAYAXAQ&ae=1&num=1&cid=CAASFeRo3JmxRr8NpIpaN1rWLtzNRMqNOQ&sig=AOD64_3Rk2H-z68LabRmTnFaaijWQi-URw&client=ca-pub-1210605041291124&nb=17&adurl=https://www.pcbway.com/%3Ffrom%3Dtargeted2021%26gclid%3DEAIaIQobChMI486Mg47L9QIV9AvUCh2z6Qy9EAEYASAAEgKtIvD_BwE
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Philips Semiconductors Product specification

6 W audio power amplifier in car applications
10 W audio power amplifier in mains-fed TDA1010A

The TDA1010A is a monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL) plastic package.
The device is primarily developed as a 6 W car radio amplifier for use with 4 Ω and 2 Ω load impedances. The wide supply
voltage range and the flexibility of the IC make it an attractive proposition for record players and tape recorders with
output powers up to 10 W.

Special features are:

• single in-line (SIL) construction for easy mounting

• separated preamplifier and power amplifier

• high output power

• low-cost external components

• good ripple rejection

• thermal protection

QUICK REFERENCE DATA

PACKAGE OUTLINE

9-lead SIL; plastic (SOT110B); SOT110-1; 1996 Sepetember 06.

Supply voltage range VP 6 to 24 V

Repetitive peak output current IORM max. 3 A

Output power at pin 2; dtot = 10%

VP = 14,4 V; RL = 2 Ω Po typ. 6,4 W

VP = 14,4 V; RL = 4 Ω Po typ. 6,2 W

VP = 14,4 V; RL = 8 Ω Po typ. 3,4 W

VP = 14,4 V; RL = 2 Ω; with additional bootstrap resistor of 220 Ω between
pins 3 and 4 Po typ. 9 W

Total harmonic distortion at Po = 1 W; RL = 4 Ω dtot typ. 0,2 %

Input impedance

preamplifier (pin 8)  Zi  typ. 30 kΩ
power amplifier (pin 6)  Zi  typ. 20 kΩ

Total quiescent current at VP = 14,4 V Itot typ. 31 mA

Sensitivity for Po = 5,8 W; RL = 4 Ω Vi typ. 10 mV

Operating ambient temperature Tamb −25 to + 150 °C
Storage temperature Tstg −55 to + 150 °C
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Philips Semiconductors Product specification

6 W audio power amplifier in car applications
10 W audio power amplifier in mains-fed applications

TDA1010A

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

HEATSINK DESIGN

Assume VP = 14,4 V; RL = 2 Ω; Tamb = 60 °C maximum; thermal shut-down starts at Tj = 150 °C. The maximum sine-wave
dissipation in a 2 Ω load is about 5,2 W. The maximum dissipation for music drive will be about 75% of the worst-case
sine-wave dissipation, so this will be 3,9 W. Consequently, the total resistance from junction to ambient

.

Since Rth j-tab = 10 K/W and Rth tab-h = 1 K/W,

Rth h-a = 23 − (10 + 1) = 12 K/W.

Supply voltage VP max. 24 V

Peak output current IOM max. 5 A

Repetitive peak output current IORM max. 3 A

Total power dissipation see derating curve Fig.2

Storage temperature Tstg −55 to +150 °C
Operating ambient temperature Tamb −25 to +150 °C
A.C. short-circuit duration of load during sine-wave drive; without heatsink at
VP = 14,4 V

tsc max. 100 hours

Fig.2  Power derating curve.

Rth j-a Rth j-tab= Rth tab-h Rth h-a+ + 150 60–
3 9,---------------------- 23 K/W= =
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6 W audio power amplifier in car applications
10 W audio power amplifier in mains-fed applications

TDA1010A

D.C. CHARACTERISTICS

A.C. CHARACTERISTICS
Tamb = 25 °C; VP = 14,4 V; RL = 4 Ω; f = 1 kHz unless otherwise specified; see also Fig.3.

Supply voltage range VP 6 to 24 V

Repetitive peak output current IORM < 3 A

Total quiescent current at VP = 14,4 V Itot typ. 31 mA

A.F. output power (see Fig.4) at dtot = 10%;

measured at pin 2; with bootstrap

VP = 14,4 V; RL = 2 Ω (note 1) Po typ. 6,4 W

VP = 14,4 V; RL = 4 Ω (note 1 and 2)
Po

> 5,9 W

typ. 6,2 W

VP = 14,4 V; RL = 8 Ω (note 1) Po typ. 3,4 W

VP = 14,4 V; RL = 4 Ω; without bootstrap Po typ. 5,7 W

VP = 14,4 V; RL = 2 Ω; with additional bootstrap resistor of 220 Ω between pins 3 and 4 Po typ. 9 W

Voltage gain

preamplifier (note 3) Gv1 typ. 24 dB

21 to 27 dB

power amplifier Gv2 typ. 30 dB

27 to 33 dB

total amplifier Gv tot typ. 54 dB

51 to 57 dB

Total harmonic distortion at Po = 1 W dtot typ. 0,2 %

Efficiency at Po = 6 W η typ. 75 %

Frequency response (−3 dB) B 80 Hz to 15 kHz

Input impedance

preamplifier (note 4)  Zi  typ. 30 kΩ
20 to 40 kΩ

power amplifier (note 5)  Zi  typ. 20 kΩ
14 to 26 kΩ

Output impedance of preamplifier; pin 7 (note 5)  Zo typ. 20 kΩ
14 to 26 kΩ

Output voltage preamplifier (r.m.s. value)

dtot < 1% (pin 7) (note 3) Vo(rms) > 0,7 V

Noise output voltage (r.m.s. value; note 6)

RS = 0 Ω Vn(rms) typ. 0,3 mV

RS = 8,2 kΩ Vn(rms) typ. 0,7 mV

< 1,4 mV

Ripple rejection at f = 1 kHz to 10 kHz (note 7) RR > 42 dB

at f = 100 Hz; C2 = 1 µF RR > 37 dB

Sensitivity for Po = 5,8 W Vi typ. 10 mV

Bootstrap current at onset of clipping; pin 4 (r.m.s. value) I4(rms) typ. 30 mA
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Notes

1. Measured with an ideal coupling capacitor to the speaker load.

2. Up to Po ≤ 3 W : dtot ≤ 1%.

3. Measured with a load impedance of 20 kΩ.

4. Independent of load impedance of preamplifier.

5. Output impedance of preamplifier (ZΟ) is correlated (within 10%) with the input impedance (Zi) of the power
amplifier.

6. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

7. Ripple rejection measured with a source impedance between 0 and 2 kΩ (maximum ripple amplitude: 2 V).

8. The tab must be electrically floating or connected to the substrate (pin 9).

Fig.3  Test circuit.
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TDA1010A

Fig. 5 See next page.
Total harmonic distortion in the circuit of Fig.3 as a function of the output power with the load impedance as a parameter;
typical values. Solid lines indicate the power across the load, dashed lines that available at pin 2 of the TDA1010.
RL = 2 Ω (1) has been measured with an additional 220 Ω bootstrap resistor between pins 3 and 4. Measurements were
made at f = 1 kHz, VP = 14,4 V.

Fig.4 Output power of the circuit of Fig.3 as a function of the supply voltage with the load impedance as a
parameter; typical values. Solid lines indicate the power across the load, dashed lines that available at pin
2 of the TDA1010. RL = 2 Ω (1) has been measured with an additional 220 Ω bootstrap resistor between
pins 3 and 4. Measurements were made at f = 1 kHz, dtot = 10%, Tamb = 25 °C.
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TDA1010A

Fig.5  For caption see preceding page.

Fig.6 Frequency characteristics of the circuit of Fig.3 for three values of load impedance; typical values.
Po relative to 0 dB = 1 W; VP = 14,4 V.
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TDA1010A

Fig.7 Total power dissipation (solid lines) and the efficiency (dashed lines) of the circuit of Fig.3 as a function of
the output power with the load impedance as a parameter (for RL = 2 Ω an external bootstrap resistor of
220 Ω has been used); typical values. VP = 14,4 V; f = 1 kHz.
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TDA1010A

Fig.8 Thermal resistance from heatsink to ambient of a 1,5 mm thick bright aluminium heatsink as a function of
the single-sided area of the heatsink with the total power dissipation as a parameter.
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TDA1010A

Fig.10  Track side of printed-circuit board used for the circuit of Fig.9; p.c. board dimensions 92 mm × 52 mm.

Fig.11  Component side of printed-circuit board showing component layout used for the circuit of Fig.9.
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6 W audio power amplifier in car applications
10 W audio power amplifier in mains-fed applications

TDA1010A

Fig.13  Track side of printed-circuit board used for the circuit of Fig.12; p.c. board dimensions 83 mm × 65 mm.
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10 W audio power amplifier in mains-fed applications

TDA1010A

Fig.14 Component side of printed-circuit board showing component layout used for the circuit of Fig.12.
Balance control is not on the p.c. board.
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TDA1010A

Fig.15  Channel separation of the circuit of Fig.12 as a function of the frequency.

Fig.16  Power supply of circuit of Fig.17.
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TDA1010A

Fig.18 Track side of printed-circuit board used for the circuit of Fig.17 (Fig.16 partly); p.c. board dimensions
169 mm × 118 mm.
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TDA1010A

Fig.19 Component side of printed-circuit board showing component layout used for the circuit of Fig.17
(Fig.16 partly).
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TDA1010A

Fig.20  Channel separation of the circuit of Fig.18 as a function of frequency.
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PACKAGE OUTLINE

UNIT A
A

max.
2 A3 b1 D1b2b c D(1) E(1) Z

max.

(1)
e L P P1 q1 q2q

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  EIAJ

mm 18.5
17.8 3.7

8.7
8.0

A4

15.8
15.4

1.40
1.14

0.67
0.50

1.40
1.14

0.48
0.38

21.8
21.4

21.4
20.7

6.48
6.20

3.4
3.2

2.54 1.05.9
5.7

4.4
4.2

3.9
3.4

15.1
14.9

Q

1.75
1.55

DIMENSIONS (mm are the original dimensions)

Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

2.75
2.50

 SOT110-1
92-11-17
95-02-25

0 5 10 mm
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SIL9MPF: plastic single in-line medium power package with fin; 9 leads SOT110-1
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SOLDERING

Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “IC Package Databook” (order code 9398 652 90011).

Soldering by dipping or by wave

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed
5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tstg max). If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

Repairing soldered joints

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is
between 300 and 400 °C, contact may be up to 5 seconds.

DEFINITIONS

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.
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LM386 Low Voltage Audio Power Amplifier

1

1 Features
1• Battery Operation
• Minimum External Parts
• Wide Supply Voltage Range: 4 V–12 V or

5 V–18 V
• Low Quiescent Current Drain: 4 mA
• Voltage Gains from 20 to 200
• Ground-Referenced Input
• Self-Centering Output Quiescent Voltage
• Low Distortion: 0.2% (AV = 20, VS = 6 V, RL = 8 Ω,

PO = 125 mW, f = 1 kHz)
• Available in 8-Pin MSOP Package

2 Applications
• AM-FM Radio Amplifiers
• Portable Tape Player Amplifiers
• Intercoms
• TV Sound Systems
• Line Drivers
• Ultrasonic Drivers
• Small Servo Drivers
• Power Converters

3 Description
The LM386M-1 and LM386MX-1 are power amplifiers
designed for use in low voltage consumer
applications. The gain is internally set to 20 to keep
external part count low, but the addition of an external
resistor and capacitor between pins 1 and 8 will
increase the gain to any value from 20 to 200.

The inputs are ground referenced while the output
automatically biases to one-half the supply voltage.
The quiescent power drain is only 24 mW when
operating from a 6-V supply, making the LM386M-1
and LM386MX-1 ideal for battery operation.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)
LM386N-1 PDIP (8) 9.60 mm × 6.35 mm
LM386N-3 PDIP (8) 9.60 mm × 6.35 mm
LM386N-4 PDIP (8) 9.60 mm × 6.35 mm
LM386M-1 SOIC (8) 4.90 mm × 3.90 mm
LM386MX-1 SOIC (8) 4.90 mm × 3.90 mm
LM386MMX-1 VSSOP (8) 3.00 mm × 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Schematic

http://www.ti.com/product/lm386?qgpn=lm386
http://www.ti.com/product/LM386?dcmp=dsproject&hqs=pf
http://www.ti.com/product/LM386?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/LM386?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/LM386?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/LM386?dcmp=dsproject&hqs=support&#community
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5 Pin Configuration and Functions

D Package
8-Pin MSOP

Top View

Pin Functions
PIN

TYPE DESCRIPTION
NAME NO.
GAIN 1 – Gain setting pin
–INPUT 2 I Inverting input
+INPUT 3 I Noninverting input
GND 4 P Ground reference
VOUT 5 O Output
VS 6 P Power supply voltage
BYPASS 7 O Bypass decoupling path
GAIN 8 – Gain setting pin

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT

Supply Voltage, VCC
LM386N-1/-3, LM386M-1 15

V
LM386N-4 22

Package Dissipation
LM386N 1.25

WLM386M 0.73
LM386MM-1 0.595

Input Voltage, VI –0.4 0.4 V
Storage temperature, Tstg –65 150 °C

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±1000

VCharged-device model (CDM), per JEDEC specification JESD22-
C101 (2) ±1000
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

VCC
Supply Voltage 4 12 V
LM386N-4 5 18 V
Speaker Impedance 4 Ω

VI Analog input voltage –0.4 0.4 V
TA Operating free-air temperature 0 70 °C

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.4 Thermal Information

THERMAL METRIC (1)
LM386 LM386 LM386

UNITD (SOIC) DGK (VSSOP) P (PDIP)
8 8 8

RθJA Junction-to-ambient thermal resistance 115.7 169.3 53.4 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 59.7 73.1 42.1 °C/W
RθJB Junction-to-board thermal resistance 56.2 100.2 30.6 °C/W
ψJT Junction-to-top characterization parameter 12.4 9.2 19.0 °C/W
ψJB Junction-to-board characterization parameter 55.6 99.1 50.5 °C/W

6.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VS Operating Supply Voltage
LM386N-1, -3, LM386M-1, LM386MM-1 4 12

V
LM386N-4 5 18

IQ Quiescent Current VS = 6 V, VIN = 0 4 8 mA

POUT Output Power

VS = 6 V, RL = 8 Ω, THD = 10%
(LM386N-1, LM386M-1, LM386MM-1) 250 325

mWVS = 9 V, RL = 8 Ω, THD = 10%
(LM386N-3) 500 700

VS = 16 V, RL = 32 Ω, THD = 10%
(LM386N-4) 700 100

AV Voltage Gain
VS = 6 V, f = 1 kHz 26

dB
10 µF from Pin 1 to 8 46

BW Bandwidth VS = 6 V, Pins 1 and 8 Open 300 kHz

THD Total Harmonic Distortion VS = 6 V, RL = 8 Ω, POUT = 125 mW
f = 1 kHz, Pins 1 and 8 Open 0.2%

PSRR Power Supply Rejection Ratio VS = 6 V, f = 1 kHz, CBYPASS = 10 μF
Pins 1 and 8 Open, Referred to Output 50 dB

RIN Input Resistance 50 kΩ

IBIAS Input Bias Current VS = 6 V, Pins 2 and 3 Open 250 nA
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6.6 Typical Characteristics

Figure 1. Supply Current vs Supply Voltage Figure 2. Power Supply Rejection vs Frequency

Figure 3. Output Voltage vs Supply Voltage
Figure 4. Voltage Gain vs Frequency

Figure 5. Total Harmonic Distortion vs Frequency Figure 6. Total Harmonic Distortion vs Power Out
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Typical Characteristics (continued)

Figure 7. Device Dissipation vs Output Power Figure 8. Device Dissipation vs Output Power

Figure 9. Device Dissipation vs Output Power

7 Parameter Measurement Information
All parameters are measured according to the conditions described in the Specifications section.
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8 Detailed Description

8.1 Overview
The LM386 is a mono low voltage amplifier that can be used in a variety of applications. It can drive loads from 4
Ω to 32 Ω. The gain is internally set to 20 but it can be modified from 20 to 200 by placing a resistor and
capacitor between pins 1 and 8. This device comes in three different 8-pin packages as PDIP, SOIC and VSSOP
to fit in different applications.

8.2 Functional Block Diagram

8.3 Feature Description
There is an internal 1.35-KΩ resistor that sets the gain of this device to 20. The gain can be modified from 20 to
200. Detailed information about gain setting can be found in the Detailed Design Procedure section.

8.4 Device Functional Modes
As this is an Op Amp it can be used in different configurations to fit in several applications. The internal gain
setting resistor allows the LM386 to be used in a very low part count system. In addition a series resistor can be
placed between pins 1 and 5 to modify the gain and frequency response for specific applications.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information
Below are shown different setups that show how the LM386 can be implemented in a variety of applications.

9.2 Typical Application

9.2.1 LM386 with Gain = 20
Figure 10 shows the minimum part count application that can be implemented using LM386. Its gain is internally
set to 20.

Figure 10. LM386 with Gain = 20

9.2.1.1 Design Requirements

Table 1. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Gain Control

To make the LM386 a more versatile amplifier, two pins (1 and 8) are provided for gain control. With pins 1 and 8
open the 1.35-kΩ resistor sets the gain at 20 (26 dB). If a capacitor is put from pin 1 to 8, bypassing the 1.35-kΩ
resistor, the gain will go up to 200 (46 dB). If a resistor is placed in series with the capacitor, the gain can be set
to any value from 20 to 200. Gain control can also be done by capacitively coupling a resistor (or FET) from pin 1
to ground.

Additional external components can be placed in parallel with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For example, we can compensate poor speaker bass response by
frequency shaping the feedback path. This is done with a series RC from pin 1 to 5 (paralleling the internal
15-kΩ resistor). For 6 dB effective bass boost: R ~= 15 kΩ, the lowest value for good stable operation is R = 10
kΩ if pin 8 is open. If pins 1 and 8 are bypassed then R as low as 2 kΩ can be used. This restriction is because
the amplifier is only compensated for closed-loop gains greater than 9.
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9.2.1.2.2 Input Biasing

The schematic shows that both inputs are biased to ground with a 50 kΩ resistor. The base current of the input
transistors is about 250 nA, so the inputs are at about 12.5 mV when left open. If the dc source resistance driving
the LM386 is higher than 250 kΩ it will contribute very little additional offset (about 2.5 mV at the input, 50 mV at
the output). If the dc source resistance is less than 10 kΩ, then shorting the unused input to ground will keep the
offset low (about 2.5 mV at the input, 50 mV at the output). For dc source resistances between these values we
can eliminate excess offset by putting a resistor from the unused input to ground, equal in value to the dc source
resistance. Of course all offset problems are eliminated if the input is capacitively coupled.

When using the LM386 with higher gains (bypassing the 1.35 kΩ resistor between pins 1 and 8) it is necessary
to bypass the unused input, preventing degradation of gain and possible instabilities. This is done with a 0.1 μF
capacitor or a short to ground depending on the dc source resistance on the driven input.

9.2.1.3 Application Curve

Figure 11. Supply Current vs Supply Voltage
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9.2.2 LM386 with Gain = 200

Figure 12. LM386 with Gain = 200

9.2.2.1 Design Requirements

Table 2. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.2.2 Detailed Design Procedure
The Detailed Design Procedure can be found in the Detailed Design Procedure section.

9.2.2.3 Application Curve

Figure 13. Supply Current vs Supply Voltage
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9.2.3 LM386 with Gain = 50

Figure 14. LM386 with Gain = 50

9.2.3.1 Design Requirements

Table 3. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.3.2 Detailed Design Procedure
The Detailed Design Procedure can be found in the Detailed Design Procedure section.

9.2.3.3 Application Curve

Figure 15. Supply Current vs Supply Voltage
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9.2.4 Low Distortion Power Wienbridge Oscillator

Figure 16. Low Distortion Power Wienbridge Oscillator

9.2.4.1 Design Requirements

Table 4. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.4.2 Detailed Design Procedure
The Detailed Design Procedure can be found in the Detailed Design Procedure section.

9.2.4.3 Application Curve

Figure 17. Supply Current vs Supply Voltage
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9.2.5 LM386 with Bass Boost

Figure 18. LM386 with Bass Boost

9.2.5.1 Design Requirements

Table 5. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.5.2 Detailed Design Procedure
The Detailed Design Procedure can be found in the Detailed Design Procedure section.

9.2.5.3 Application Curve

Figure 19. Voltage Gain vs Frequency
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9.2.6 Square Wave Oscillator

Figure 20. Square Wave Oscillator

Table 6. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.6.1 Detailed Design Procedure
The Detailed Design Procedure can be found in the Detailed Design Procedure section.

9.2.6.2 Application Curve

Figure 21. Supply Current vs Supply Voltage
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9.2.7 AM Radio Power Amplifier

Figure 22. AM Radio Power Amplifier

9.2.7.1 Design Requirements

Table 7. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Load Impedance 4 Ω to 32 Ω

Supply Voltage 5 V to 12 V

9.2.7.2 Detailed Design Procedure
The Detailed Design Procedure can be found in the Detailed Design Procedure section.

9.2.7.3 Application Curve

Figure 23. Supply Current vs Supply Voltage

10 Power Supply Recommendations
The LM386 is specified for operation up to 12 V or 18 V. The power supply should be well regulated and the
voltage must be within the specified values. It is recommended to place a capacitor to GND close to the LM386
power supply pin.
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11 Layout

11.1 Layout Guidelines
Place all required components as close as possible to the device. Use short traces for the output to the speaker
connection. Route the analog traces far from the digital signal traces and avoid crossing them.

11.2 Layout Examples

Figure 24. Layout Example for Minimum Parts Gain = 20 dB on PDIP package

Figure 25. Layout Example for Minimum Parts Gain = 20 dB on SOIC package
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Layout Examples (continued)

Figure 26. Layout Example for Minimum Parts Gain = 20 dB on VSSOP package
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Development Support

12.2 Documentation Support

12.3 Related Links
The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

Table 8. Related Links

PARTS PRODUCT FOLDER ORDER NOW TECHNICAL
DOCUMENTS

TOOLS &
SOFTWARE

SUPPORT &
COMMUNITY

LM386M-1 Click here Click here Click here Click here Click here
LM386MX-1 Click here Click here Click here Click here Click here

12.4 Receiving Notification of Documentation Updates
To receive notification of documentation updates — go to the product folder for your device on ti.com. In the
upper right-hand corner, click the Alert me button to register and receive a weekly digest of product information
that has changed (if any). For change details, check the revision history of any revised document.

12.5 Community Resources
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.6 Trademarks
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.7 Electrostatic Discharge Caution
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

12.8 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.
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13 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OPTION ADDENDUM

www.ti.com 10-Dec-2020

Addendum-Page 1

PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

LM386M-1/NOPB ACTIVE SOIC D 8 95 RoHS & Green SN Level-1-260C-UNLIM 0 to 70 LM386
M-1

LM386MMX-1/NOPB ACTIVE VSSOP DGK 8 3500 RoHS & Green SN Level-1-260C-UNLIM 0 to 70 Z86

LM386MX-1/NOPB ACTIVE SOIC D 8 2500 RoHS & Green SN Level-1-260C-UNLIM 0 to 70 LM386
M-1

LM386N-1/NOPB ACTIVE PDIP P 8 40 RoHS & Green Call TI | SN Level-1-NA-UNLIM 0 to 70 LM
386N-1

LM386N-3/NOPB ACTIVE PDIP P 8 40 RoHS & Green SN Level-1-NA-UNLIM 0 to 70 LM
386N-3

LM386N-4/NOPB ACTIVE PDIP P 8 40 RoHS & Green Call TI | SN Level-1-NA-UNLIM 0 to 70 LM
386N-4

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 

http://www.ti.com/product/LM386?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM386?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM386?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM386?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM386?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM386?CMP=conv-poasamples#samplebuy
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(6) Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LM386MMX-1/NOPB VSSOP DGK 8 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM386MX-1/NOPB SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

LM386MMX-1/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0

LM386MX-1/NOPB SOIC D 8 2500 367.0 367.0 35.0

PACKAGE MATERIALS INFORMATION

www.ti.com 26-May-2017

Pack Materials-Page 2



www.ti.com

PACKAGE OUTLINE

C

.228-.244  TYP
[5.80-6.19]

.069 MAX
[1.75]     

6X .050
[1.27]

8X .012-.020
     [0.31-0.51]

2X
.150
[3.81]

.005-.010  TYP
[0.13-0.25]

0 - 8 .004-.010
[0.11-0.25]

.010
[0.25]

.016-.050
[0.41-1.27]

4X (0 -15 )

A

.189-.197
[4.81-5.00]

NOTE 3

B .150-.157
[3.81-3.98]

NOTE 4

4X (0 -15 )

(.041)
[1.04]

SOIC - 1.75 mm max heightD0008A
SMALL OUTLINE INTEGRATED CIRCUIT

4214825/C   02/2019

NOTES: 
 
1. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
    Dimensioning and tolerancing per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed .006 [0.15] per side. 
4. This dimension does not include interlead flash.
5. Reference JEDEC registration MS-012, variation AA.
 

1
8

.010 [0.25] C A B

5
4

PIN 1 ID AREA

SEATING PLANE

.004 [0.1] C

 SEE DETAIL A

DETAIL A
TYPICAL

SCALE  2.800
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EXAMPLE BOARD LAYOUT

.0028 MAX
[0.07]
ALL AROUND

.0028 MIN
[0.07]
ALL AROUND
 

(.213)
[5.4]

6X (.050 )
[1.27]

8X (.061 )
[1.55]

8X (.024)
[0.6]

(R.002 ) TYP
[0.05]

SOIC - 1.75 mm max heightD0008A
SMALL OUTLINE INTEGRATED CIRCUIT

4214825/C   02/2019

NOTES: (continued)
 
6. Publication IPC-7351 may have alternate designs. 
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
 

METAL
SOLDER MASK
OPENING

NON SOLDER MASK
DEFINED

SOLDER MASK DETAILS

EXPOSED
METAL

OPENING
SOLDER MASK METAL UNDER

SOLDER MASK

SOLDER MASK
DEFINED

EXPOSED
METAL

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:8X

SYMM

1

4
5

8

SEE
DETAILS

SYMM



www.ti.com

EXAMPLE STENCIL DESIGN

8X (.061 )
[1.55]

8X (.024)
[0.6]

6X (.050 )
[1.27]

(.213)
[5.4]

(R.002 ) TYP
[0.05]

SOIC - 1.75 mm max heightD0008A
SMALL OUTLINE INTEGRATED CIRCUIT

4214825/C   02/2019

NOTES: (continued)
 
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
9. Board assembly site may have different recommendations for stencil design.
 

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL

SCALE:8X

SYMM

SYMM

1

4
5

8









IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. TI grants you 
permission to use these resources only for development of an application that uses the TI products described in the resource. Other 
reproduction and display of these resources is prohibited. No license is granted to any other TI intellectual property right or to any third 
party intellectual property right. TI disclaims responsibility for, and you will fully indemnify TI and its representatives against, any claims, 
damages, costs, losses, and liabilities arising out of your use of these resources.
TI’s products are provided subject to TI’s Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on 
ti.com or provided in conjunction with such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable 
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated

http://www.ti.com/legal/termsofsale.html
http://www.ti.com
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