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Overview

IR detectors are little microchips with a photocell that are tuned to listen to infrared light. They
are almost always used for remote control detection - every TV and DVD player has one of
these in the front to listen for the IR signal from the clicker. Inside the remote control is a
matching IR LED, which emits IR pulses to tell the TV to turn on, off or change channels. IR light
is not visible to the human eye, which means it takes a little more work to test a setup.

There are a few difference between these and say a CdS Photocells (http://adafru.it/aHA): 

IR detectors are specially filtered for Infrared light, they are not good at detecting visible
light. On the other hand, photocells are good at detecting yellow/green visible light, not
good at IR light
IR detectors have a demodulator inside that looks for modulated IR at 38 KHz. Just shining
an IR LED wont be detected, it has to be PWM blinking at 38KHz. Photocells do not have any
sort of demodulator and can detect any frequency (including DC) within the response
speed of the photocell (which is about 1KHz)
IR detectors are digital out - either they detect 38KHz IR signal and output low (0V) or they
do not detect any and output high (5V). Photocells act like resistors, the resistance changes
depending on how much light they are exposed to

In this tutorial we will show how to

Test your IR sensor to make sure its working (http://adafru.it/aK8)
Read raw IR codes into a microcontroller (http://adafru.it/aK9)
Create a camera intervalometer (http://adafru.it/aKa)
Listen for 'commands' from a remote control on your microcontroller (http://adafru.it/aKa)
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Some Stats
These stats are for the IR detector in the Adafruit shop (http://adafru.it/aIH) also known as
PNA4602. Nearly all photocells will have slightly different specifications, although they all pretty
much work the same. If there's a datasheet, you'll want to refer to it

Size: square, 7mm by 8mm detector area
Price:  $2.00 at the Adafruit shop (http://adafru.it/aIH)
Output: 0V (low) on detection of 38KHz carrier, 5V (high) otherwise
Sensitivity range:  800nm to 1100nm with peak response at 940nm. Frequency range is
35KHz to 41KHz with peak detection at 38KHz
Power supply:  3-5V DC 3mA
PNA4602 Datasheet (http://adafru.it/cm2) (now discontinued) or
GP1UX311QS (http://adafru.it/cm3) or TSOP38238 (http://adafru.it/cm4) (pin-
compatible replacements)

What You Can Measure

As you can see from these datasheet graphs, the peak frequency detection is at 38 KHz and
the peak LED color is 940 nm. You can use from about 35 KHz to 41 KHz but the sensitivity will
drop off so that it wont detect as well from afar. Likewise, you can use 850 to 1100 nm LEDs
but they wont work as well as 900 to 1000nm so make sure to get matching LEDs! Check the
datasheet for your IR LED to verify the wavelength.

Try to get a 940nm - remember that 940nm is not visible light (its Infra Red)!

 

© Adafruit Industries http://learn.adafruit.com/ir-sensor Page 4 of 28

http://www.adafruit.com/index.php?main_page=product_info&cPath=35&products_id=157
http://www.adafruit.com/index.php?main_page=product_info&cPath=35&products_id=157
http://learn.adafruit.com/system/assets/assets/000/010/139/original/PNA4602.pdf
http://learn.adafruit.com/system/assets/assets/000/010/140/original/GP1UX31QS.pdf
http://learn.adafruit.com/system/assets/assets/000/010/141/original/tsop382.pdf


Testing an IR Sensor

Because there is a semiconductor/chip inside the sensor, it must be powered with 5V to
function. Contrast this to photocells and FSRs where they act like resistors and thus can be
simply tested with a multimeter.

Here we will connect the detector as such:

Pin 1 is the output so we wire this to a visible LED and resistor
Pin 2 is ground
Pin 3 is VCC, connect to 5V

When the detector sees IR signal, it will pull the output low, turning on the LED - since the LED is
red its much easier for us to see than IR!
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We will use 4xAA 1.5V batteries so that the voltage powering the sensor is about 6V. 2
batteries (3V) is too little. You can also get 5V from a microcontroller like an Arduino if you have
one around. Ground goes to the middle pin.

The positive (longer) head of the Red LED connects to the +6V pin and the negative (shorter
lead) connects through a 200 to 1000 ohm resistor to the first pin on the IR sensor.

Now grab any remote control like for a TV, DVD, computer, etc. and point it at the detector
while pressing some buttons, you should see the LED blink a couple times whenever the
remote is pressed
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IR Remote Signals

Now we know that the sensor works, we want to figure out whats being sent right? But before
we do that let's first examine exactly how data is being sent from the IR remote (in your hand)
to the IR receiving sensor (on the breadboard)

For this example we will use the Sony power on/off IR code from a Sony TV remote. Its very
simple and commonly documented!

Lets pretend we have a Sony remote, and we can look at exactly what light is being blasted out
of the IR LED. We'll hookup a basic light sensor (like a basic photocell!) and listen in. We won't
use a decoder like a PNA4602 (just yet) because we want to see the undecoded signal. What
we see is the following:

Basically we see pulses or IR signal. the yellow 'blocks' are when the IR LED is transmitting and
when there is only a line, the IR LED is off. (Note that the voltage being at 3VDC is just because
of the way I hooked up the sensor, if I had swapped the pullup for a pulldown it would be at
ground.)

The first 'block' is about 2.5ms long (see the cursors and the measurement on the side)

If you zoom into one of those blocks…
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You see that they're not really 'blocks' but actually very fast pulses!

If you zoom in all the way…

You can measure the frequency of the IR pulses. As you can tell by the cursors and the
measurements on the side, the frequency is about 37.04KHz

OK so now we can understand how IR codes are sent. The IR transmitter LED is quickly pulsed
(PWM - pulse width modulated) at a high frequency of 38KHz and then that PWM is likewise
pulsed on and off much slower, at times that are about 1-3 ms long.

Why not have the LED just on and off? Why have PWM 'carrier' pulsing? Many reasons!

One reason is that this lets the LED cool off. IR LEDs can take up to 1 Amp (1000 milliamps!) of
current. Most LEDs only take 20mA or so. This means IR LEDs are designed for high-power
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blasting BUT they can only take it for a few microseconds. By PWM'ing it, you let the LED cool
off half the time

Another reason is that the TV will only listen to certain frequencies of PWM. So a Sony remote at
37KHz wont be able to work with a JVC DVD player that only wants say 50KHz.

Finally, the most important reason is that by pulsing a carrier wave, you reduce the affects of
ambient lighting. The TV only looks for changes in light levels that clock in around 37KHz. Just
like its easier for us to tell differences between audio tones than to pin down the precsise pitch
of a tone (well, for most people at least)

OK so now we know the carrier frequency. Its 37KHz. Next lets find the pulse widths!

Looking back at the first scope picture

The first pulse is 2.5ms. We can use the cursors to measure the remaining pulses. I'll spare you
the 12 images and let you know that the pulses are:

PWM ON OFF

2.4 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

0.6 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

0.6 ms 0.6 ms
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0.6 ms 0.6 ms

0.6 ms 270 ms

So lets say you don't have a $1000 oscilloscope, how else can you read these signals? Well
the IR decoder such as the PNA4602 does us one favor, it 'filters out' the 38KHz signal so that
we only get the big chunks of signal in the milliscond range. This is much easier for a
microcontroller to handle. Thats what we'll do in the next section!
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Using an IR Sensor

The good news is that it is very easy to hook up this sensor. Just connect the output to a digital
pin. The bad news is that the Arduino's friendly digitalRead() procedure is a tad too slow to
reliably read the fast signal as its coming in. Thus we use the hardware pin reading function
directly from pin D2, thats what the line "IRpin_PIN & BV(IRpin))" does.

You can also get the latest version of this code on github (http://adafru.it/aKe).

/* Raw IR decoder sketch!
This sketch/program uses the Arduno and a PNA4602 to
decode IR received. This can be used to make a IR receiver
(by looking for a particular code)
or transmitter (by pulsing an IR LED at ~38KHz for the
durations detected
Code is public domain, check out www.ladyada.net and adafruit.com
for more tutorials!
*/

// We need to use the 'raw' pin reading methods
// because timing is very important here and the digitalRead()
// procedure is slower!
//uint8_t IRpin = 2;
// Digital pin #2 is the same as Pin D2 see
// http://arduino.cc/en/Hacking/PinMapping168 for the 'raw' pin mapping
#define IRpin_PIN PIND
#define IRpin 2
// for MEGA use these!
//#define IRpin_PIN PINE
//#define IRpin 4

// the maximum pulse we'll listen for - 65 milliseconds is a long time
#define MAXPULSE 65000
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// what our timing resolution should be, larger is better
// as its more 'precise' - but too large and you wont get
// accurate timing
#define RESOLUTION 20

// we will store up to 100 pulse pairs (this is -a lot-)
uint16_t pulses[100][2]; // pair is high and low pulse
uint8_t currentpulse = 0; // index for pulses we're storing

void setup(void) {
  Serial.begin(9600);
  Serial.println("Ready to decode IR!");
}

void loop(void) {
  uint16_t highpulse, lowpulse; // temporary storage timing
  highpulse = lowpulse = 0; // start out with no pulse length
  
  
// while (digitalRead(IRpin)) { // this is too slow!
    while (IRpin_PIN & (1 << IRpin)) {
     // pin is still HIGH

     // count off another few microseconds
     highpulse++;
     delayMicroseconds(RESOLUTION);

     // If the pulse is too long, we 'timed out' - either nothing
     // was received or the code is finished, so print what
     // we've grabbed so far, and then reset
     if ((highpulse >= MAXPULSE) && (currentpulse != 0)) {
       printpulses();
       currentpulse=0;
       return;
     }
  }
  // we didn't time out so lets stash the reading
  pulses[currentpulse][0] = highpulse;
  
  // same as above
  while (! (IRpin_PIN & _BV(IRpin))) {
     // pin is still LOW
     lowpulse++;
     delayMicroseconds(RESOLUTION);
     if ((lowpulse >= MAXPULSE) && (currentpulse != 0)) {
       printpulses();
       currentpulse=0;
       return;
     }
  }
  pulses[currentpulse][1] = lowpulse;

  // we read one high-low pulse successfully, continue!
  currentpulse++;
}

void printpulses(void) {
  Serial.println("\n\r\n\rReceived: \n\rOFF \tON");

© Adafruit Industries http://learn.adafruit.com/ir-sensor Page 12 of 28



If you run this while pointing a Sony IR remote and pressing the ON button you will get the
following...

If you ignore the first OFF pulse (its just the time from when the Arduino turned on to the first IR
signal received) and the last ON pulse (it the beginning of the next code) you'll find the Sony
power code:

PWM ON OFF

2.5 ms 0.6 ms

1.2 ms 0.6 ms

  Serial.println("\n\r\n\rReceived: \n\rOFF \tON");
  for (uint8_t i = 0; i < currentpulse; i++) {
    Serial.print(pulses[i][0] * RESOLUTION, DEC);
    Serial.print(" usec, ");
    Serial.print(pulses[i][1] * RESOLUTION, DEC);
    Serial.println(" usec");
  }
  
  // print it in a 'array' format
  Serial.println("int IRsignal[] = {");
  Serial.println("// ON, OFF (in 10's of microseconds)");
  for (uint8_t i = 0; i < currentpulse-1; i++) {
    Serial.print("\t"); // tab
    Serial.print(pulses[i][1] * RESOLUTION / 10, DEC);
    Serial.print(", ");
    Serial.print(pulses[i+1][0] * RESOLUTION / 10, DEC);
    Serial.println(",");
  }
  Serial.print("\t"); // tab
  Serial.print(pulses[currentpulse-1][1] * RESOLUTION / 10, DEC);
  Serial.print(", 0};");
}
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0.6 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

0.6 ms 0.6 ms

1.2 ms 0.6 ms

0.6 ms 0.6 ms

0.6 ms 0.6 ms

0.6 ms 0.6 ms

0.6 ms 270 ms
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Making an Intervalometer

OK now that we can read IR codes, lets make a basic project. The first one we will do is to
make an intervalometer. An intervalometer is basically a electronic thingy that makes a camera
go off every few minutes or so. This can be used for timelapse projects or kite arial
photography or other photo projects.

The camera we'll be using has an IR remote you can use to set it off (most higher-end cameras
have these).

First we will figure out the codes by reading the signal sent when the button is pressed. Then
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we'll take that data and make the Arduino spit out that code into an IR LED once a minute

OK step one is easy, point the remote control at the IR sensor and press the button, we got the
following for our ML-L3 Nikon remote.

Looks like the data sent is:

PWM ON OFF

2.0 ms 27 ms

0.4 ms 1.5 ms

0.5 ms 3.5 ms

0.5 ms 62.2 ms

2.0 ms 27 ms

0.5 ms 1.5 ms

0.5 ms 3.5 ms

0.5 ms

If you look closely you'll see its actually just

PWM ON OFF

2.0 ms 27 ms

0.4 ms 1.5 ms

0.5 ms 3.5 ms

0.5 ms 62.2 ms

sent twice. Sending the same signal twice is very common - doubling up to make sure it gets
received

Next up we'll need to connect an IR 940nm LED to the output of the Arduino
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Then we'll write a sketch which will pulse pin #13 on and off very fast in the proper code
sequence.

// This sketch will send out a Nikon D50 trigger signal (probably works with most Nikons)
// See the full tutorial at http://www.ladyada.net/learn/sensors/ir.html
// this code is public domain, please enjoy!
 
int IRledPin =  13;    // LED connected to digital pin 13
 
// The setup() method runs once, when the sketch starts
 
void setup()   {                
  // initialize the IR digital pin as an output:
  pinMode(IRledPin, OUTPUT);      
 
  Serial.begin(9600);
}
 
void loop()                     
{
  Serial.println("Sending IR signal");
 
  SendNikonCode();
 
  delay(60*1000);  // wait one minute (60 seconds * 1000 milliseconds)
}
 
// This procedure sends a 38KHz pulse to the IRledPin 
// for a certain # of microseconds. We'll use this whenever we need to send codes
void pulseIR(long microsecs) {
  // we'll count down from the number of microseconds we are told to wait
 
  cli();  // this turns off any background interrupts
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void pulseIR(long microsecs) is our helper procedure, it will create the PWM IR signal like we
saw before. I used my scope to fine-tune it so that the delays added up right. We use the not-
often-discussedcli()and sei()procedures to turn off interrupts. The arduino does a couple
things in the background like looking for serial data to read or write, keeping track of time, etc.
Most of the time we can just ignore it but for delicate high speed signals like this we want to
keep quiet so that we get a nice clean signal

If you look at SendNikonCode() you will see the IR command code that we deduced in the
previous project by timing the pulses from the IR sensor.

 
  while (microsecs > 0) {
    // 38 kHz is about 13 microseconds high and 13 microseconds low
   digitalWrite(IRledPin, HIGH);  // this takes about 3 microseconds to happen
   delayMicroseconds(10);         // hang out for 10 microseconds, you can also change this to 9 if its not working
   digitalWrite(IRledPin, LOW);   // this also takes about 3 microseconds
   delayMicroseconds(10);         // hang out for 10 microseconds, you can also change this to 9 if its not working
 
   // so 26 microseconds altogether
   microsecs -= 26;
  }
 
  sei();  // this turns them back on
}
 
void SendNikonCode() {
  // This is the code for my particular Nikon, for others use the tutorial
  // to 'grab' the proper code from the remote
 
  pulseIR(2080);
  delay(27);
  pulseIR(440);
  delayMicroseconds(1500);
  pulseIR(460);
  delayMicroseconds(3440);
  pulseIR(480);
 
 
  delay(65); // wait 65 milliseconds before sending it again
 
  pulseIR(2000);
  delay(27);
  pulseIR(440);
  delayMicroseconds(1500);
  pulseIR(460);
  delayMicroseconds(3440);
  pulseIR(480);
}
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We wired this up and it worked great, make sure to point the IR LED at the camera properly

You can also get the latest code at github (http://adafru.it/aKf)
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Reading IR Commands

For our final project, we will use a remote control to send messages to a microcontroller. For
example, this might be useful for a robot that can be directed with an IR remote. It can also be
good for projects that you want to control from far away, without wires.

For a remote in this example we'll be using an Apple clicker remote. You can use any kind of
remote you wish, or you can steal one of these from an unsuspecting hipster.

We'll use the code from our previous sketch for raw IR reading but this time we'll edit our
printer-outer to have it give us the pulses in a C array, this will make it easier for us to use for
pattern matching.

void printpulses(void) {
  Serial.println("\n\r\n\rReceived: \n\rOFF \tON");
  for (uint8_t i = 0; i < currentpulse; i++) {
    Serial.print(pulses[i][0] * RESOLUTION, DEC);
    Serial.print(" usec, ");
    Serial.print(pulses[i][1] * RESOLUTION, DEC);
    Serial.println(" usec");
  }
 
  // print it in a 'array' format
  Serial.println("int IRsignal[] = {");
  Serial.println("// ON, OFF (in 10's of microseconds)");
  for (uint8_t i = 0; i < currentpulse-1; i++) {
    Serial.print("\t"); // tab
    Serial.print(pulses[i][1] * RESOLUTION / 10, DEC);
    Serial.print(", ");
    Serial.print(pulses[i+1][0] * RESOLUTION / 10, DEC);
    Serial.println(",");
  }
  Serial.print("\t"); // tab
  Serial.print(pulses[currentpulse-1][1] * RESOLUTION / 10, DEC);
  Serial.print(", 0};");
}
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I uploaded the new sketch and pressed the Play button on the Apple remote and got the
following:

We'll try to detect that code. Lets start a new sketch called IR Commander (you can
download the final code from github)  (http://adafru.it/aKg)this will use parts of our
previous sketch. The first part we'll do is to create a function that just listens for an IR code an
puts the pulse timings into the pulses[] array. It will return the number of pulses it heard as a
return-value.

int IRsignal[] = { // ON, OFF (in 10's of microseconds) 
912, 438, 
68, 48, 
68, 158, 
68, 158, 
68, 158, 
68, 48, 
68, 158,  
68, 158,  
68, 158,  
70, 156,  
70, 158,  
68, 158,  
68, 48, 
68, 46,  
70, 46,  
68, 46,  
68, 160,  
68, 158,  
70, 46,  
68, 158,  
68, 46,  
70, 46,
68, 48,  
68, 46,  
68, 48,  
66, 48,  
68, 48,  
66, 160,  
66, 50,  
66, 160,  
66, 52,  
64, 160, 
66, 48,  
66, 3950,  
908, 214, 
66, 3012, 
908, 212, 
68, 0};

int listenForIR(void) {
  currentpulse = 0;
 
  while (1) {
    uint16_t highpulse, lowpulse;  // temporary storage timing
    highpulse = lowpulse = 0; // start out with no pulse length
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Our new loop() will start out just listening for pulses

When we run this it will print out something like...

    highpulse = lowpulse = 0; // start out with no pulse length
 
//  while (digitalRead(IRpin)) { // this is too slow!
    while (IRpin_PIN & (1 << IRpin)) {
       // pin is still HIGH
 
       // count off another few microseconds
       highpulse++;
       delayMicroseconds(RESOLUTION);
 
       // If the pulse is too long, we 'timed out' - either nothing
       // was received or the code is finished, so print what
       // we've grabbed so far, and then reset
       if ((highpulse >= MAXPULSE) && (currentpulse != 0)) {
         return currentpulse;
       }
    }
    // we didn't time out so lets stash the reading
    pulses[currentpulse][0] = highpulse;
 
    // same as above
    while (! (IRpin_PIN & _BV(IRpin))) {
       // pin is still LOW
       lowpulse++;
       delayMicroseconds(RESOLUTION);
       if ((lowpulse >= MAXPULSE)  && (currentpulse != 0)) {
         return currentpulse;
       }
    }
    pulses[currentpulse][1] = lowpulse;
 
    // we read one high-low pulse successfully, continue!
    currentpulse++;
  }
}

void loop(void) {
  int numberpulses;
 
  numberpulses = listenForIR();
 
  Serial.print("Heard ");
  Serial.print(numberpulses);
  Serial.println("-pulse long IR signal");
}
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OK time to make the sketch compare what we received to what we have in our stored array:
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As you can see, there is some variation. So when we do our comparison we can't look for
preciesely the same values, we have to be a little 'fuzzy'. We'll say that the values can vary by
20% - that should be good enough.

// What percent we will allow in variation to match the same code \\ #define FUZZINESS 20
 
void loop(void) {
  int numberpulses;
 
  numberpulses = listenForIR();
 
  Serial.print("Heard ");
  Serial.print(numberpulses);
  Serial.println("-pulse long IR signal");
 
  for (int i=0; i< numberpulses-1; i++) {
    int oncode = pulses[i][1] * RESOLUTION / 10;
    int offcode = pulses[i+1][0] * RESOLUTION / 10;
 
    Serial.print(oncode); // the ON signal we heard
    Serial.print(" - ");
    Serial.print(ApplePlaySignal[i*2 + 0]); // the ON signal we want 
 
    // check to make sure the error is less than FUZZINESS percent
    if ( abs(oncode - ApplePlaySignal[i*2 + 0]) <= (oncode * FUZZINESS / 100)) {
      Serial.print(" (ok)");
    } else {
      Serial.print(" (x)");
    }
    Serial.print("  \t"); // tab
 
    Serial.print(offcode); // the OFF signal we heard
    Serial.print(" - ");
    Serial.print(ApplePlaySignal[i*2 + 1]); // the OFF signal we want 
 
    if ( abs(offcode - ApplePlaySignal[i*2 + 1]) <= (offcode * FUZZINESS / 100)) {
      Serial.print(" (ok)");
    } else {
      Serial.print(" (x)");
    }
 
    Serial.println();
  }
}
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This loop, as it goes through each pulse, does a little math. It compares the absolute (abs())
difference between the code we heard and the code we're trying to match abs(oncode -
ApplePlaySignal[i*2 + 0]) and then makes sure that the error is less than FUZZINESS percent of
the code length (oncode * FUZZINESS / 100)

We found we had to tweak the stored values a little to make them match up 100% each time.
IR is not a precision-timed protocol so having to make the FUZZINESS 20% or more is not a bad
thing

Finally, we can turn the loop() into its own function which will retunr true or false depending
on whether it matched the code we ask it to. We also commented out the printing functions
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We then took more IR command data for the 'rewind' and 'fastforward' buttons and put all the
code array data into ircodes.h to keep the main sketch from being too long and
unreadable (you can get all the code from github) (http://adafru.it/aKg)

Finally, the main loop looks like this:

boolean IRcompare(int numpulses, int Signal[]) {
 
  for (int i=0; i< numpulses-1; i++) {
    int oncode = pulses[i][1] * RESOLUTION / 10;
    int offcode = pulses[i+1][0] * RESOLUTION / 10;
 
    /*
    Serial.print(oncode); // the ON signal we heard
    Serial.print(" - ");
    Serial.print(Signal[i*2 + 0]); // the ON signal we want 
    */
 
    // check to make sure the error is less than FUZZINESS percent
    if ( abs(oncode - Signal[i*2 + 0]) <= (Signal[i*2 + 0] * FUZZINESS / 100)) {
      //Serial.print(" (ok)");
    } else {
      //Serial.print(" (x)");
      // we didn't match perfectly, return a false match
      return false;
    }
 
    /*
    Serial.print("  \t"); // tab
    Serial.print(offcode); // the OFF signal we heard
    Serial.print(" - ");
    Serial.print(Signal[i*2 + 1]); // the OFF signal we want 
    */
 
    if ( abs(offcode - Signal[i*2 + 1]) <= (Signal[i*2 + 1] * FUZZINESS / 100)) {
      //Serial.print(" (ok)");
    } else {
      //Serial.print(" (x)");
      // we didn't match perfectly, return a false match
      return false;
    }
 
    //Serial.println();
  }
  // Everything matched!
  return true;
}

void loop(void) {
  int numberpulses;
 
  numberpulses = listenForIR();
 
  Serial.print("Heard ");
  Serial.print(numberpulses);
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We check against all the codes we know about and print out whenever we get a match. You
could now take this code and turn it into something else, like a robot that moves depending on
what button is pressed.

After testing, success!

 

  Serial.print(numberpulses);
  Serial.println("-pulse long IR signal");
  if (IRcompare(numberpulses, ApplePlaySignal)) {
    Serial.println("PLAY");
  }
    if (IRcompare(numberpulses, AppleRewindSignal)) {
    Serial.println("REWIND");
  }
    if (IRcompare(numberpulses, AppleForwardSignal)) {
    Serial.println("FORWARD");
  }
}
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Buy an IR Sensor

Buy an IR Sensor (http://adafru.it/157)
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Overview

Photocells are sensors that allow you to detect light. They are small, inexpensive, low-power,
easy to use and don't wear out. For that reason they often appear in toys, gadgets and
appliances. They are often referred to as CdS cells (they are made of Cadmium-Sulfide), light-
dependent resistors (LDR), and photoresistors.

Photocells are basically a resistor that changes its resistive value (in ohms Ω) depending on
how much light is shining onto the squiggly face. They are very low cost, easy to get in many
sizes and specifications, but are very innacurate. Each photocell sensor will act a little
differently than the other, even if they are from the same batch. The variations can be really
large, 50% or higher! For this reason, they shouldn't be used to try to determine precise light
levels in lux or millicandela. Instead, you can expect to only be able to determine basic light
changes.

For most light-sentsitive applications like "is it light or dark out", "is there something in front of
the sensor (that would block light)", "is there something interrupting a laser beam" (break-beam
sensors), or "which of multiple sensors has the most light hitting it", photocells can be a good
choice!

© Adafruit
Industries

http://learn.adafruit.com/photocells Page 3 of 20



Some Basic Stats
These stats are for the photocell in the Adafruit shop which is very much like the PDV-
P8001 (http://adafru.it/clX) . Nearly all photocells will have slightly different specifications,
although they all pretty much work the same. If there's a datasheet, you'll want to refer to it

Size: Round, 5mm (0.2") diameter. (Other photocells can get up to 12mm/0.4" diameter!)
Price:  $1.00 at the Adafruit shop (http://adafru.it/aIH)
Resistance range: 200KΩ (dark) to 10KΩ (10 lux brightness)
Sensitivity range:  CdS cells respond to light between 400nm (violet) and 600nm
(orange) wavelengths, peaking at about 520nm (green).
Power supply:  pretty much anything up to 100V, uses less than 1mA of current on
average (depends on power supply voltage)
Datasheet (http://adafru.it/clX) and another Datasheet (http://adafru.it/clY)
Two application notes on using (http://adafru.it/clZ) and selecting
photocells (http://adafru.it/cm0) where nearly all of these graphs are taken from

Problems you may encounter with multiple sensors
If, when adding more sensors, you find that the temperature is inconsistant, this indicates that
the sensors are interfering with each other when switching the analog reading circuit from one
pin to the other. You can fix this by doing two delayed readings and tossing out the first one.

See this post for more information (http://adafru.it/aKL)
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Measuring Light

As we've said, a photocell's resistance changes as the face is exposed to more light. When its
dark, the sensor looks like an large resistor up to 10MΩ, as the light level increases, the
resistance goes down. This graph indicates approximately the resistance of the sensor at
different light levels. Remember each photocell will be a little different so use this as a guide
only!

Note that the graph is not linear, its a log-log graph!

Photocells, particularly the common CdS cells that you're likely to find, are not sensitive to all
light. In particular they tend to be sensitive to light between 700nm (red) and 500nm (green)
light.
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Basically, blue light wont be nearly as effective at triggering the sensor as green/yellow light!

What the Heck is Lux?
Most datasheets use lux (http://adafru.it/aKS) to indicate the resistance at certain light levels.
But what is lux (http://adafru.it/aKS) ? Its not a method we tend to use to describe brightness so
its tough to gauge. Here is a table adapted from a Wikipedia article on the
topic! (http://adafru.it/aKS)

Illuminance Example
0.002 lux Moonless clear night sky

0.2 lux Design minimum for emergency lighting
(AS2293).

0.27 - 1 lux Full moon on a clear night

3.4 lux Dark limit of civil twilight under a clear sky

50 lux Family living room

80 lux Hallway/toilet

100 lux Very dark overcast day

300 - 500 lux Sunrise or sunset on a clear day. Well-lit office
area.

1,000 lux Overcast day; typical TV studio lighting

10,000 - 25,000
lux Full daylight (not direct sun)

32,000 - 130,000
lux Direct sunlight
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Testing a Photocell

The easiest way to determine how your photocell works is to connect a multimeter in
resistance-measurement mode (http://adafru.it/aZZ) to the two leads and see how the
resistance changes when shading the sensor with your hand, turning off lights, etc. Because the
resistance changes a lot, an auto-ranging meter works well here. Otherwise, just make sure
you try different ranges, between 1MΩ and 1KΩ before 'giving up'.
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Connecting a Photocell

Because photocells are basically resistors, they are non-polarized. That means you can
connect them up 'either way' and they'll work just fine!

Photocells are pretty hardy, you can easily solder to them, clip the leads, plug them into
breadboards, use alligator clips, etc. The only care you should take is to avoid bending the
leads right at the epoxied sensor, as they could break off if flexed too often.

 

© Adafruit
Industries

http://learn.adafruit.com/photocells Page 8 of 20



Using a Photocell

Analog Voltage Reading Method
The easiest way to measure a resistive sensor is to connect one end to Power and the other to
a pull-down resistor to ground. Then the point between the fixed pulldown resistor and the
variable photocell resistor is connected to the analog input of a microcontroller such as an
Arduino (shown)

For this example I'm showing it with a 5V supply but note that you can use this with a 3.3v
supply just as easily. In this configuration the analog voltage reading ranges from 0V (ground)
to about 5V (or about the same as the power supply voltage).
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to about 5V (or about the same as the power supply voltage).

The way this works is that as the resistance of the photocell decreases, the total resistance of
the photocell and the pulldown resistor decreases from over 600KΩ to 10KΩ. That means that
the current flowing through both resistors increases which in turn causes the voltage across
the fixed 10KΩ resistor to increase. Its quite a trick!

Ambient light
like…

Ambient
light
(lux)

Photocell
resistance

(Ω)

LDR
+ R
(Ω)

Current
thru LDR

+R

Voltage
across

R

Dim hallway 0.1 lux 600KΩ 610
KΩ 0.008 mA 0.1 V

Moonlit night 1 lux 70 KΩ 80 KΩ 0.07 mA 0.6 V

Dark room 10 lux 10 KΩ 20 KΩ 0.25 mA 2.5 V
Dark overcast

day / Bright
room

100 lux 1.5 KΩ 11.5
KΩ 0.43 mA 4.3 V

Overcast day 1000
lux 300 Ω 10.03

KΩ 0.5 mA 5V

This table indicates the approximate analog voltage based on the sensor light/resistance
w/a 5V supply and 10KΩ pulldown resistor.

If you're planning to have the sensor in a bright area and use a 10KΩ pulldown, it will quickly
saturate. That means that it will hit the 'ceiling' of 5V and not be able to differentiate between
kinda bright and really bright. In that case, you should replace the 10KΩ pulldown with a 1KΩ
pulldown. In that case, it will not be able to detect dark level differences as well but it will be
able to detect bright light differences better. This is a tradeoff that you will have to decide
upon!

You can also use the "Axel Benz" formula by first measuring the minimum and maximum
resistance value with the multimeter and then finding the resistor value with: Pull-Down-Resistor
= squareroot(Rmin * Rmax), this will give you slightly better range calculations

Ambient light
like…

Ambient
light
(lux)

Photocell
resistance

(?)

LDR
+ R
(?)

Current
thru

LDR+R

Voltage
across

R

Moonlit night 1 lux 70 KΩ 71
KΩ 0.07 mA 0.1 V

Dark room 10 lux 10 KΩ 11
KΩ 0.45 mA 0.5 V

Dark overcast
day / Bright

room
100 lux 1.5 KΩ 2.5

KΩ 2 mA 2.0 V

Overcast day 1000
lux 300 Ω 1.3

KΩ 3.8 mA 3.8 V

Full daylight 10,000
lux 100 Ω 1.1

KΩ 4.5 mA 4.5 V

This table indicates the approximate analog voltage based on the sensor light/resistance
w/a 5V supply and 1K pulldown resistor.
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Note that our method does not provide linear voltage with respect to brightness! Also, each
sensor will be different. As the light level increases, the analog voltage goes up even though
the resistance goes down:

Vo = Vcc ( R / (R + Photocell) )

That is, the voltage is proportional to the inverse of the photocell resistance which is, in turn,
inversely proportional to light levels.

Simple Demonstration of Use
This sketch will take the analog voltage reading and use that to determine how bright the red
LED is. The darker it is, the brighter the LED will be! Remember that the LED has to be
connected to a PWM pin for this to work, I use pin 11 in this example.

© Adafruit
Industries

http://learn.adafruit.com/photocells Page 11 of 20



These examples assume you know some basic Arduino programming. If you don't, maybe
spend some time reviewing the basics at the Arduino tutorial? (http://adafru.it/aKU)

/* Photocell simple testing sketch. 
 
Connect one end of the photocell to 5V, the other end to Analog 0.
Then connect one end of a 10K resistor from Analog 0 to ground 
Connect LED from pin 11 through a resistor to ground 
For more information see http://learn.adafruit.com/photocells */
 
int photocellPin = 0;     // the cell and 10K pulldown are connected to a0
int photocellReading;     // the analog reading from the sensor divider
int LEDpin = 11;          // connect Red LED to pin 11 (PWM pin)
int LEDbrightness;        // 
void setup(void) {
  // We'll send debugging information via the Serial monitor
  Serial.begin(9600);   
}
 
void loop(void) {
  photocellReading = analogRead(photocellPin);  
 
  Serial.print("Analog reading = ");
  Serial.println(photocellReading);     // the raw analog reading
 
  // LED gets brighter the darker it is at the sensor
  // that means we have to -invert- the reading from 0-1023 back to 1023-0
  photocellReading = 1023 - photocellReading;
  //now we have to map 0-1023 to 0-255 since thats the range analogWrite uses
  LEDbrightness = map(photocellReading, 0, 1023, 0, 255);
  analogWrite(LEDpin, LEDbrightness);
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You may want to try different pulldown resistors depending on the light level range you want to
detect!

Simple Code for Analog Light Measurements
This code doesn't do any calculations, it just prints out what it interprets as the amount of light
in a qualitative manner. For most projects, this is pretty much all thats needed!

 
  delay(100);
}
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/* Photocell simple testing sketch. 
 
Connect one end of the photocell to 5V, the other end to Analog 0.
Then connect one end of a 10K resistor from Analog 0 to ground
 
For more information see http://learn.adafruit.com/photocells */
 
int photocellPin = 0;     // the cell and 10K pulldown are connected to a0
int photocellReading;     // the analog reading from the analog resistor divider
 
void setup(void) {
  // We'll send debugging information via the Serial monitor
  Serial.begin(9600);   
}
 
void loop(void) {
  photocellReading = analogRead(photocellPin);  
 
  Serial.print("Analog reading = ");
  Serial.print(photocellReading);     // the raw analog reading
 
  // We'll have a few threshholds, qualitatively determined
  if (photocellReading < 10) {
    Serial.println(" - Dark");
  } else if (photocellReading < 200) {
    Serial.println(" - Dim");
  } else if (photocellReading < 500) {
    Serial.println(" - Light");
  } else if (photocellReading < 800) {
    Serial.println(" - Bright");
  } else {
    Serial.println(" - Very bright");
  }
  delay(1000);
}
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To test it, I started in a sunlit (but shaded) room and covered the sensor with my hand, then
covered it with a piece of blackout fabric.

BONUS!  Reading Photocells Without Analog Pins
Because photocells are basically resistors, its possible to use them even if you don't have any
analog pins on your microcontroller (or if say you want to connect more than you have analog
input pins). The way we do this is by taking advantage of a basic electronic property of
resistors and capacitors. It turns out that if you take a capacitor that is initially storing no
voltage, and then connect it to power (like 5V) through a resistor, it will charge up to the power
voltage slowly. The bigger the resistor, the slower it is.

This capture from an oscilloscope shows whats happening on the digital pin (yellow). The
blue line indicates when the sketch starts counting and when the couting is complete, about
1.2ms later.
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This is because the capacitor acts like a bucket and the resistor is like a thin pipe. To fill a
bucket up with a very thin pipe takes enough time that you can figure out how wide the pipe is
by timing how long it takes to fill the bucket up halfway.

In this case, our 'bucket' is a 0.1uF ceramic capacitor. You can change the capacitor nearly any
way you want but the timing values will also change. 0.1uF seems to be an OK place to start for
these photocells. If you want to measure brighter ranges, use a 1uF capacitor. If you want to
measure darker ranges, go down to 0.01uF.

/* Photocell simple testing sketch. 
Connect one end of photocell to power, the other end to pin 2.
Then connect one end of a 0.1uF capacitor from pin 2 to ground 
For more information see http://learn.adafruit.com/photocells */
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int photocellPin = 2;     // the LDR and cap are connected to pin2
int photocellReading;     // the digital reading
int ledPin = 13;    // you can just use the 'built in' LED
 
void setup(void) {
  // We'll send debugging information via the Serial monitor
  Serial.begin(9600);   
  pinMode(ledPin, OUTPUT);  // have an LED for output 
}
 
void loop(void) {
  // read the resistor using the RCtime technique
  photocellReading = RCtime(photocellPin);
 
  if (photocellReading == 30000) {
    // if we got 30000 that means we 'timed out'
    Serial.println("Nothing connected!");
  } else {
    Serial.print("RCtime reading = ");
    Serial.println(photocellReading);     // the raw analog reading
 
    // The brighter it is, the faster it blinks!
    digitalWrite(ledPin, HIGH);
    delay(photocellReading);
    digitalWrite(ledPin, LOW);
    delay(photocellReading);
  }
  delay(100);
}
 
// Uses a digital pin to measure a resistor (like an FSR or photocell!)
// We do this by having the resistor feed current into a capacitor and
// counting how long it takes to get to Vcc/2 (for most arduinos, thats 2.5V)
int RCtime(int RCpin) {
  int reading = 0;  // start with 0
 
  // set the pin to an output and pull to LOW (ground)
  pinMode(RCpin, OUTPUT);
  digitalWrite(RCpin, LOW);
 
  // Now set the pin to an input and...
  pinMode(RCpin, INPUT);
  while (digitalRead(RCpin) == LOW) { // count how long it takes to rise up to HIGH
    reading++;      // increment to keep track of time 
 
    if (reading == 30000) {
      // if we got this far, the resistance is so high
      // its likely that nothing is connected! 
      break;           // leave the loop
    }
  }
  // OK either we maxed out at 30000 or hopefully got a reading, return the count
 
  return reading;
}
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Example Projects

Noisemaker that changes frequency based on light level. (http://adafru.it/aKV)

Motor value and directional control with photoresistors and microcontroller

Line-following robot that uses photocells to detect the light bouncing off of white/black stripes

Another robot, this one has two sensors and moves towards light (http://adafru.it/aKW) (they're
called Braitenberg vehicles)

Using a photocell and pocket laser pointer to create a breakbeam sensor (http://adafru.it/aKX)
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Buy a Photocell

Buy a Photocell (http://adafru.it/161)
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Overview

Tilt sensors allow you to detect orientation or inclination. They are small, inexpensive, low-
power and easy-to-use. If used properly, they will not wear out. Their simplicitiy makes them
popular for toys, gadgets and appliances. Sometimes they are referred to as "mercury
switches", "tilt switches" or "rolling ball sensors" for obvious reasons.

They are usually made by a cavity of some sort (cylindrical is popular, although not always) and
a conductive free mass inside, such as a blob of mercury or rolling ball. One end of the cavity
has two conductive elements (poles). When the sensor is oriented so that that end is
downwards, the mass rolls onto the poles and shorts them, acting as a switch throw.

Tilt switches used to be made exclusively of mercury, but are rarer now since they are
recognized as being extremely toxic. The benefits of mercury is that the blob is dense enough
that it doesnt bounce and so the switch isnt susceptible to vibrations. On the other hand, ball-
type sensors are easy to make, wont shatter, and pose no risk of pollution.
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While not as precise or flexible as a full accelerometer, tilt switches can detect motion or
orientation simply. Another benefit to them is that the big ones can switch power on their own.
Accelerometers, on the other hand, output digital or analog voltage that must then be analyzed
with extra circuitry.

Basic Stats
These stats are for the tilt sensor in the Adafruit shop which is very much like the 107-2006-
EV (http://adafru.it/clV) . Nearly all will have slightly different sizes & specifications, although
they all pretty much work the same. If there's a datasheet, you'll want to refer to it

Size: Cylindrical, 4mm (0.16") diameter & 12mm (0.45") long.
Price:  $2.00 at the Adafruit shop (http://adafru.it/173)
Sensitivity range:  > +-15 degrees
Lifetime: 50,000+ cycles (switches) 
Power supply:  Up to 24V, switching less than 5mA
Datasheet (http://adafru.it/clV)
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Testing a Tilt Sensor

Testing your sensor is simple. Put your multimeter into continuity-test mode and touch the
probes to the two leads. Then tilt to determine the angle at which the switch opens and closes.

When pointing down, the switch is Open Loop (no continuity).

When pointing up, the switch is closed (low resistance / continuous).
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Connecting to a Tilt Sensor

Tilt switches are pretty hardy, you can easily solder to them, clip the leads, plug them into
breadboards, use alligator clips, etc. The only care you should take is to avoid bending the
leads too much as they may break off.
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Using a Tilt Sensor

Simple Tilt-Activated LED
This is the most basic way of connecting to a tilt switch, but can be handy while one is learning
about them. Simply connect it in series with an LED, resistor and battery. Tilt to turn on and off.

Reading Switch State with a Microcontroller
Note that the layout above shows a 10K pullup resistor but for the code I use the 'built-in' pullup
resistor that you can turn on by setting an input pin to HIGH output (its quite neat!) If you use
the internal pull-up you can skip the external one.

Tilt switches have a little ball inside, and it will bounce around a little inside the can.Tilt switches have a little ball inside, and it will bounce around a little inside the can.
Don't be surprised if the connection is a little intermittant instead of 'constant'Don't be surprised if the connection is a little intermittant instead of 'constant'
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/* Better Debouncer
 * 
 * This debouncing circuit is more rugged, and will work with tilt switches!
 *
 * http://www.ladyada.net/learn/sensor/tilt.html
 */
 
int inPin = 2;         // the number of the input pin
int outPin = 13;       // the number of the output pin
 
int LEDstate = HIGH;      // the current state of the output pin
int reading;           // the current reading from the input pin
int previous = LOW;    // the previous reading from the input pin
 
// the follow variables are long's because the time, measured in miliseconds,
// will quickly become a bigger number than can be stored in an int.
long time = 0;         // the last time the output pin was toggled
long debounce = 50;   // the debounce time, increase if the output flickers
 
void setup()
{
  pinMode(inPin, INPUT);
  digitalWrite(inPin, HIGH);   // turn on the built in pull-up resistor
  pinMode(outPin, OUTPUT);
}
 
void loop()
{
  int switchstate;
 
  reading = digitalRead(inPin);
 
  // If the switch changed, due to bounce or pressing...
  if (reading != previous) {
    // reset the debouncing timer
    time = millis();
  } 
 
  if ((millis() - time) > debounce) {
     // whatever the switch is at, its been there for a long time
     // so lets settle on it!
     switchstate = reading;
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     switchstate = reading;
 
     // Now invert the output on the pin13 LED
    if (switchstate == HIGH)
      LEDstate = LOW;
    else
      LEDstate = HIGH;
  }
  digitalWrite(outPin, LEDstate);
 
  // Save the last reading so we keep a running tally
  previous = reading;
}
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Example Projects

A simple video showing an LED being turned on by the tilt switch.

Simple video showing a mercury type tilt sensor

Another basic video, this one shows a tilt sensor connected to an Arduino which then controls a
servo

This clock uses a tilt sensor to set the alarm. To snooze, tilt it over. (http://adafru.it/aKC)
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Jiggle-ometer, a Arduino->Pachube->SecondLife conduit for motion (http://adafru.it/aKD)

This project uses an accelerometer, but a simple game controller could be made with tilt
switches
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Buy a Tilt Sensor

Buy a Tilt Sensor (http://adafru.it/173)
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Piezoelectronic Buzzers(without circuit)
PS Series(Pin Terminal/Lead)

FEATURES

• The PS series are high-performance buzzers that employ 

unimorph piezoelectric elements and are designed for easy 

incorporation into various circuits.

• They feature extremely low power consumption in comparison to 

electromagnetic units.

• Because these buzzers are designed for external excitation, the 

same part can serve as both a musical tone oscillator and a 

buzzer.

• They can be used with automated inserters. Moisture-resistant 

models are also available.

• The lead wire type(PS1550L40N) with both-sided adhesive tape 

installed easily is prepared.

APPLICATIONS

Electric ranges, washing machines, computer terminals, various 

devices that require speech synthesis output.

SOUND MEASURING METHOD

SPECIFICATIONS AND CHARACTERISTICS

Conformity to RoHS Directive

DC power
supply

Driver
circuit

Piezoelectric
buzzer

Standard
microphone AMP Filter (A curve)

Recorder

Frequency
counter

Measuring
distance

10cm

Anechoic chamber

Testing input voltage

Type Part No.
External dimensions Characteristics
Outer diameter
(mm)

Height
(mm)

Pitch
(mm)

Sound pressure
(dB(A)/10cm)

Frequency
(kHz)

Input voltage
(Vo-p)[Rectangular wave]

PS12 Type
PS1240P02BT ø12.2 6.5 5 70 min. 4 3
PS1240P02CT3 ø12.2 3.5 5 60 min. 4 3

PS14 Type
PS1440P02BT ø14 8 5 75 min. 4 3
PS1420P02CT ø14 11 5 70 min. 2 5

PS17 Type
PS1720P02 ø17 8 10 70 min. 2 3
PS1740P02E ø17 7.5 10 75 min. 4 3
PS1740P02CE ø17 4.6 10 60 min. 4 3

PS19 Type
PS1927P02 ø19

10.5
[excluding terminal]

20 90 min. 2.7 10

PS1920P02 ø19
10.5
[excluding terminal]

20 80 min. 2 10

Others PS1550L40N ø15 1.6 — Depend on  the installation condition

Type Part No. Applications Features

PS12 Type
PS1240P02BT

For warning and alarm sounds of 
home appliances(air conditioners, 
refrigerators, fan forced heaters, 
cordless telephones, etc.)

• Compact  • Automatic  mountable  • 12.7mm pitch radial taping
PS1240P02CT3 • Thin type  • Automatic mountable  • 12.7mm pitch radial taping

PS14 Type
PS1440P02BT • High sound pressure   • Automatic  mountable   • 15mm pitch radial taping
PS1420P02CT • Low frequency tone   • Automatic  mountable  • 15mm pitch radial taping

PS17 Type
PS1720P02 • Low frequency tone   • High sound pressure
PS1740P02E • High sound pressure
PS1740P02CE • Thin type

PS19 Type
PS1927P02 For potted circuit (washing 

machines, drying machines, hot 
water supply systems, etc.)

• High sound  pressure  • Water-proof processing element

PS1920P02 • Low frequency tone  • Water-proof processing element

Others PS1550L40N Digital camera • Compact, Thin type  • Fix in both-sided adhesive tape

• Conformity to RoHS Directive: This means that, in conformity with EU Directive 2002/95/EC, lead, cadmium, mercury, hexavalent chromium, and specific 
bromine-based flame retardants, PBB and PBDE, have not been used, except for exempted applications.
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PIN  TERMINAL TYPE
PS12 TYPE
PS1240P02BT
FEATURES
• Miniature size(ø12.2×T6.5mm).

• High cost performance.

• Suitable for automatic radial taping machine(12.7mm-pitch).

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

PS1240P02CT3
FEATURES
• Thin type(ø12.2×T3.5mm).

• Suitable for automatic radial taping machine(12.7mm-pitch).

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

ø12.2±0.3

6.
5

±0
.3

0.
5

±0
.2
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+

2,
 –

0 0.65+0, –0.1

12.7±1

5±0.5
12.7±0.3 ø4±0.2

Dimensions in mm

Sound pressure
70dBA/
10cm min.

[at 4kHz, 3V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 2500 pieces [500 pieces/1 reel×5 reels]
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12.7±0.3 ø4±0.2

Dimensions in mm

Sound pressure
60dBA/
10cm min.

[at 4kHz, 3V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 2500 pieces [500 pieces/1 reel×5 reels]
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PS14 TYPE
PS1440P02BT
FEATURES
• High sound pressure.

• Miniature size(ø14×T8mm).

• Suitable for automatic radial taping machine(15mm-pitch).

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

PS1420P02CT
FEATURES
• Low frequency tone(2kHz).

• Suitable for automatic radial taping machine(15mm-pitch).

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

ø14±0.5 15±1
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5±0.5 15±0.3 ø4±0.2

Dimensions in mm

Sound pressure
75dBA/
10cm min.

[at 4kHz, 3V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 1750 pieces [350 pieces/1 reel×5 reels]
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Dimensions in mm

Sound pressure
70dBA/
10cm min.

[at 2kHz, 5V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 1750 pieces [350 pieces/1 reel×5 reels]
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PS17 TYPE
PS1720P02
FEATURES
• Low frequency tone.

• High sound pressure.

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

PS1740P02E
FEATURES
• High sound pressure.

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

Tolerance: ±0.3
Dimensions in mm

ø17 8 4

0.5

10

10
A

A

0.
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+
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–
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1

0.
4

±0
.1

Sound pressure
70dBA/
10cm min.

[at 2kHz, 3V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 1500 pieces
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Tolerance: ±0.3
Dimensions in mm
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Sound pressure
75dBA/
10cm min.

[at 4kHz, 3V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 1500 pieces
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PS17 TYPE
PS1740P02CE
FEATURES
• Thin type.

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

PS19 TYPE
PS1920P02
FEATURES
• Low frequency tone(2kHz).

• Piezo element is coated with water proof processing.

SHAPES AND DIMENSIONS

• It considers that water escapes from sound release hole and please decide an 
attachment angle.

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

Tolerance: ±0.3
Dimensions in mm
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Sound pressure
60dBA/
10cm min.

[at 4kHz, 3V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 30V0-P max. [without DC bias]
Minimum delivery unit 1500 pieces
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23max.

ø
19 20 1.
2623

9.5

10.5
Dimensions in mm

7.4 Sound hole

Sound pressure
80dBA/
10cm min.

[at 2kHz, 10V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 20V0-P max. [without DC bias]
Minimum delivery unit 600 pieces
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PS19 TYPE
PS1927P02
FEATURES
• High sound pressure.

• Piezo element is coated with water proof processing.

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

LEAD  WIRE TYPE
PS15 TYPE
PS1550L40N
FEATURES
• Miniature size(ø15×T1.6mm).

• High cost performance.

• The installation of this type is easy with both-sided tape.

• This product adopts an excellent both-sided adhesive tape in 

bonding and the sound characteristic.

SHAPES AND DIMENSIONS

SPECIFICATIONS AND CHARACTERISTICS

FREQUENCY SOUND PRESSURE CHARACTERISTICS
SINE WAVE DRIVE SQUARE WAVE DRIVE

∗ The frequency characteristic changes depending on the case shape and the 
installation method.

23max.

ø
19 20 2.
1

23

9.5

10.5 Dimensions in mm

7.4 Sound hole

Sound pressure
90dBA/
10cm min.

[at 2.7kHz, 10V0-P rectangular 
wave, measuring temperature: 
25±5°C, humidity: 60±10%]

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 20V0-P max. [without DC bias]
Minimum delivery unit 600 pieces
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Dimensions in mm

40±5ø15±0.3

2±1.5
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2

±0
.1 Both-sided adhesive tape

Element

Metal

Red UL3302 AWG32

Black

Operating temperature 
range

–10 to +70°C

Storage conditions
+5 to +40°C, 20 to 70%RH, 
please use within 6 months

Maximum input voltage 20V0-P max. [without DC bias]
Minimum delivery unit 4000 pieces
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PRECAUTIONS FOR  USE
• Do not apply DC bias to the piezoelectric buzzer; otherwise 

insulation resistance may become low and affect the 

performance.

• Do not supply any voltage higher than applicable to the piezo-

electric buzzer.

• Do not use the piezoelectric buzzer outdoors. It is designed for 

indoor use. If the piezoelectric buzzer has to be used outdoors, 

provide it with waterproofing measures; it will not operate 

normally if subjected to moisture.

• Do not wash the piezoelectric buzzer with solvent or allow gas to 

enter it while washing; any solvent that enters it may stay inside 

a long time and damage it.

• A piezoelectric ceramic material of approximately 100µm thick is 

used in the sound generator of the buzzer. Do not press the 

sound generator through the sound release hole otherwise the 

ceramic material may break. Do not stack the piezoelectric 

buzzers without packing.

• Do not apply any mechanical force to the piezoelectric buzzer; 

otherwise the case may deform and result in improper operation.

• Do not place any shielding material or the like just in front of the 

sound release hole of the buzzer; otherwise the sound pressure 

may vary and result in unstable buzzer operation. Make sure that 

the buzzer is not affected by a standing wave or the like.

• Be sure to solder the buzzer terminal at 350°C max.(80W 

max.)(soldering iron trip) within 5 seconds using a solder 

containing silver. 
• Avoid using the piezoelectric buzzer for a long time where any 

corrosive gas (H2S, etc.) exists; otherwise the parts or sound 

generator may corroded and result in improper operation.

• Be careful not to drop the piezoelectric buzzer.

RECOMMENDED OPERATING CIRCUIT EXAMPLE

VCC

C-MOS, etc

Piezoelectric
buzzerR

∗

R

GND

∗ Resistor to do charging and discharging to a piezoelectric element
  (Value of about 1kΩ is good efficiency).

Tr
(Equivalent to
C1815)
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Introduction
Solid-state switches have been available for many years. In various applications, Hall- Effect Sensors (Hall ICs)
have replaced mechanical contact switches completely. In the mid 1980’s the ignition points in automobiles
were replaced by Hall ICs. The automotive market now consumes more than 40 million Hall ICs per year.
Melexis has been manufacturing high quality Hall-Effect Sensors and signal conditioning ASICs for nearly a
decade, and has pioneered the next generation of programmable sensors and sensor interfaces. 
This section contains some fundamental information about Hall-Effect sensors, magnetics, and the added value
of programmable sensors and sensor interfaces.  It is intended to be useful for the novice as well as the expert.

Design Kit Materials

This section refers to magnets and devices which are included in the Melexis Hall-Effect Sensor Design Kit or
the MLX90308 demo kit.  Contents of these kits are listed below.  These items can be ordered directly from the
factory by contacting Melexis at (603) 223-2362.

Hall-Effect Sensor Design Kit
Square Neodymium, sample magnet “A” (approximately 200mT)
Cylindrical Neodymium, sample magnet “B” (approximately 380mT)
Gauss meter circuit diagram
MLX90215 linear Hall Effect sensor and calibration chart
Samples of various Melexis Hall ICs

Sensor Interface Demo Kit
MLX90308 demo board
Serial interface cable
MLX90308 programming software (31/2” Diskette)
Note: Kit requires IBM compatible PC with a free COM port

Melexis Reference Magnets
Melexis offers calibrated magnets for use as a reference magnetic field available in 3 ranges.  These are for ref-
erence only, and are not calibrated from a traceable source nor are they intended for calibration of any type of
instrumentation.  They are intended for programming MLX linear Hall ICs, and for general lab reference.

SDAP-RM-10 10mT calibrated reference magnet
SDAP-RM-50 50mT calibrated reference magnet 
SDAP-RM-100 100mT calibrated reference magnet
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The Hall-Effect
The Hall-Effect principle is named for physicist Edwin Hall.  In 1879 he discovered that when a conductor or
semiconductor with current flowing in one direction was introduced perpendicular to a magnetic field a voltage
could be measured at right angles to the current path. 

The Hall voltage can be calculated fromVHall = σB where: 

VHall = emf in volts
σ = sensitivity in Volts/Gauss

B = applied field in Gauss

I = bias current

The initial use of this discovery was for the classification
of chemical samples. The development of indium arsenide
semiconductor compounds in the 1950's led to the first
useful Hall effect magnetic instruments.  Hall effect sen-
sors allowed the measurement of DC or static magnetic
fields with requiring motion of the sensor.  In the 1960's
the popularization of silicon semiconductors led to the
first combinations of Hall elements and integrated ampli-
fiers.  This resulted in the now classic digital output Hall
switch. (right)
The continuing evolution of Hall transducers technology saw a progression from single element devices to dual
orthogonally arranged elements.  This was done to minimize offsets at the Hall voltage terminals.  The next pro-
gression brought on the quadratic of 4 element transducers.  These used 4 elements orthogonally arranged in a
bridge configuration.  All of these silicon sensors were built from bipolar junction semiconductor processes.  A
switch to CMOS processes allowed the implementation of chopper stabilization to the amplifier portion of the
circuit.  This helped reduce errors by reducing the input offset errors at the op amp.  All errors in the circuit non
chopper stabilized circuit result in errors of switch point for the digital or offset and gain errors in the linear out-
put sensors.  The current generation of CMOS Hall sensors also include, a scheme that actively switched the
direction of current through the Hall elements.  This scheme eliminates the offset errors typical of semiconduc-
tor Hall elements.  It also actively compensates for temperature and strain induced offset errors.  The overall
effect of active plate switching and chopper stabilization yields Hall-Effect sensors with an order of magnitude
improvement in drift of switch points or gain and offset errors.
Melexis uses the CMOS process exclusively, for best performance and smallest chip size.  The developments to
Hall-Effect sensor technology can be credited mostly to the integration of sophisticated signal conditioning cir-
cuits to the Hall IC.  Recently Melexis introduced the world’s first programmable linear Hall IC, which offered
a glimpse of future technology.  Future sensors will programmable and have integrated microcontroller cores to
make an even “smarter” sensor.

VH

V H

No Magnetic
Field

VH

V H

South
Magnetic Field

VH

VH

North Magnetic
Field

V
DD

Output

GND

Digital Hall Effect Switch

V +

Differential
Amplifier

Schmidt
Trigger

Hall
Plate

Output

GND



How Does it Work?
A Hall IC switch is OFF with no magnetic field and ON in the presence of a magnetic field, as seen in Figure
1. The Earth’s field will not operate a Hall IC Switch, but a common refrigerator magnet will provide sufficient
strength to actuate the sensor.

Figure 1, How it Works

No magnetic field = OFF                               South magnetic pole = ON

But How Much Do They Cost?
The cost of a Hall IC depends on the application. Automotive Hall ICs may cost $0.35 to $1.50 or more, while
Hall ICs for Industrial and Consumer applications, such as appliances, game machines, industrial manufactur-
ing, instrumentation, telecom and computers, cost $0.20 or less.

Automotive chip costs are higher because of the unique requirements for shorted loads, reverse battery, double
battery voltage, load dump, 100% test at three temperatures and temperature operation up to 200oC.  Devices
that do not meet the stringent automotive specifications are more than adequate for other environments, such as
in industrial and consumer products.  Melexis products are created primarily to meet automotive specifications,
with off-spec parts sold at a lower price.  The cost directly reflects how well the part performs versus the sever-
ity of the operating environment.
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Activation - Using Hall-Effect Switches
A switch requires a Hall IC, a magnet and a means of moving the magnet or the magnetic field. Figures 2, 3
and 4 show several ways by which a magnet can control the Hall IC switch. The following examples are simi-
lar in principle to most real applications. Slide-by, proximity and interrupt configurations represent the three
basic mechanical configurations for moving the magnet in relation to the Hall IC.

Slide-by Switch
In the Slide-by configuration, the motion of the magnet changes the field from North to South within a small
range of motion. This configuration provides a well defined position and switching relationship. The minimum
required motion may be as little as 1 or 2 mm.

Figure 2, Slide-by Switch
In Figure 2A, the South magnetic pole is too far away, so the switch stays OFF. In Figure 2B, the South
magnetic pole turns the switch ON.
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Proximity Switch
The proximity configuration is the simplest, though it requires the greatest amount of physical movement. It
is also less precise in terms of the position that results in turning the sensor ON and OFF. The magnetic field
intensity is greatest when the magnet is against the branded face of the Hall IC and decreases exponentially as
the magnet is moved away.

Figure 3, Proximity Switch

In Figure 3A, the South magnetic pole is close to the Hall IC, so the switch turns ON. In Figure 3B, the
South magnetic pole has moved too far away, so the switch turns OFF.
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An invisible or sealed switch may be made with either configuration. The Hall IC may be inside a sealed
container to shield it from oil or water, while the magnetic field penetrates or “sees” through the sealed
enclosure. Refer to Figure 4.

Figure 4, Sealed Box

The Hall IC can be shielded from 
the elements and remain 
sensitive to magnetic fields.

Interrupt Switch
When the Hall IC and magnet are fixed, the Hall IC can be activated using a ferrous vane. This system,
composed of a Hall IC, magnet and ferrous vane is called an interrupt switch. In the interrupt switch the
magnet is positioned so the South pole turns ON the switch while the Hall IC and magnet positions are
fixed relative to each other. When a vane made of a ferrous material is placed between the magnet and
Hall IC, the magnetic field is shunted or reduced to a very small fraction of the maximum field, turning
the switch OFF. This vane is shown in Figure 5 as a notched interrupter. This switch is an effective way
to sense position.

Figure 5, Interrupt Switch

In Figure 5A, the South magnetic pole is exposed to the Hall IC through the vane, so the switch turns
ON. In figure 5B, the switch turns OFF because the magnetic field is blocked by ferrous material.
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Rotary Interrupt Switch
The interrupt switch can be incorporated in applications of speed or position sensing, generally of rotat-
ing objects. The Rotary Interrupt Switch, in Figure 6, uses a toothed ring to interrupt the magnetic field
reaching the Hall IC. When a solid piece of steel (ferrous vane) blocks the magnetic field, the switch turns
OFF. During the gaps, or spaces in the steel, the South magnetic pole turns ON the switch. This is the sys-
tem commonly used for automotive ignition and many industrial applications, where accurate position is
critical.

Figure 6, Rotary Interrupt Switch

Figure 6 uses a notched 
interrupter on a rotating 
shaft to activate the device.

Section 3 - Applications 3-6

S

N

A-10

Figure 6



Rotary Slide-by Switch
Figure 7, Rotary Slide-by Switch

The Rotary Slide-by Switch in Figure 7 is generally used to measure rotary speed to synchronize switch-
ing with position. The Hall IC is activated by a rotating magnet. When the South pole passes by the Hall
IC, the IC is switched ON. As the North pole passes, the Hall IC is switched OFF. The solid circular mag-
net, shown in Figure 7A, is called a Ring Magnet. A ring magnet has alternating North and South poles.
Ring magnets may have from two poles to thirty-six or more, depending on size.  Graph 1, below illus-
trates the transition between North and South polarity at various air gaps.  Notice the transition point is
similar at the various gaps. 

Graph 1, Rotary Slide-by vs. Air gap

Section 3 - Applications3-7

S N
SN

A-11

N
S

A-12

Figure 7A

6 Pole Ring Magnet

-150

-100

-50

0

50

100

150

0 50 100 150 200 250 300 350 400

Rotation in Degrees

Fl
ux

 D
en

si
ty

 in
 G

au
ss

0 Airgap
0.025" airgap
0.050" Airgap
0.100" Airgap
0.150" airgap

Figure 7B



Working With Magnetic Fields
How Do They Work?
A magnetic field will convert electrical energy to
mechanical energy, attract ferromagnetic objects
and serves as an input for Hall-Effect Sensors. A
magnetic field is described in terms of flux.  Flux
lines are imaginary lines of magnetic force, orig-
inating at the North pole of a magnet and ending
at the South pole of the magnet. These lines rep-
resent the physical force exerted by the magnet.
When these magnetic flux lines pass through a
plate of semiconductor material, electrons are
forced to one side of the plate resulting in a volt-
age potential. This phenomenon is known as the
Hall-Effect.
Flux density is measured in units of Gauss or
milliTesla. The intensity of the magnetic field depends on many variables, such as cross-sectional area, length,
shape, material and ambient temperature.  Each one of these variables must be considered when designing the
Hall Effect sensor integrated circuit and magnetic system for your application.  The following section is intend-
ed to explain some fundementals which are useful in Hall Sensor designs and applications.

Figure 9, Magnetic Spectrum
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Evolution of Magnetics
Modern society would not exist in its present form if not for the development of permanent magnet technology.
Many of the major advances in the last century can be traced to the development of yet better grades of magnet
materials. The earliest magnets were naturally occurring iron ore chunks mostly originating in Magnesia hence
the name magnes. We now know these materials to be Fe3O4, a form of magnetite. Their unique properties were
considered to be supernatural. Compasses based on these magnes were called lodestones after the lodestar or
guidestar. They were highly prized by the early sailing captains.

The Pioneers
More sophisticated magnets did not come into use until the 15th century when William Gilbert made scientific
studies of magnets and published the results. He found that heating iron bars and allowing them to cool while
aligned to the earth's field would create a stronger magnet than a naturally occurring lodestone. His magnet tech-
nology however remained a curiosity until the 19th century when Hans Christian Oersted developed the idea
that electricity and magnetism were related. He was the first to determine that magnetic fields surround a current
carrying wire. It would require the development of atomic particle theories before scientific explanations of per-
manent magnets made further advances. The practical applications for magnets continued throughout the 19th
century.
Magnetism in a solid object seems to defy rational explanation. The magnetism is developed in a manner simi-
lar to electrons moving through a coil of wire, magnetic fields are created by electrons in motion around the atom-
ic nucleus. This nuclear model of an atom with electrons spinning in orbit around a nucleus provides a source of
charges in motion. In most materials however, the number of electrons moving in one direction equals that mov-
ing oppositely and hence their magnet fields cancel. This results in no overall magnetic field for the material. It
takes many electrons spinning in the same direction to generate a measurable field. Unfortunately there are kinet-
ic forces at work causing atoms to constantly vibrate and rotate resulting in random alignment. The higher the
temperature the more kinetic energy and the more difficult it is to maintain alignment. Fortunately soldsme mate-
rials exhibit an electrostatic property known as exchange interaction which serves to maintain parallel alignment
of groups of atoms. This force only works over short distances amounting to a few million billion atoms. This
may sound like a large quantity but on an atomic scale it is a relatively small amount. These groups are known
as dipoles and are the fundamental building blocks that determine the properties and behavior of permanent mag-
net.

Relative Magnetic Properties
Magnets and magnetic materials  are classified by many terms which describe many different properties, some
of which are explained and used in this book.  Perhaps the most commonly asked question about a magnet is
“How strong is it?” Although this can lead to a complex explanation, Figure 9 is an excellent guide to the rela-
tive strength of magnetic forces, from strongest magnetic forces known such as solar flares to the nearly unde-
tectable magnetic signals passing through the neuro network of our bodies. 

The Hysteresis Curve
A solid block of magnetic material is composed of multiple dipoles wherein the alignment of all of the dipoles
results in a constant field of maximum value. This maximum field attainable is known as the saturation field. This
condition is obtained by placing a sample of material in a sufficiently strong electromagnetic field and increas-
ing the electric current through the magnetizing coil. As the samples dipoles begin to align a function for the rela-
tionship between the magnetizing field and the field in the sample becomes apparent. In the low field levels the
slope of the curve is very steep. 
This relates to the rapid alignment with the magnetizing field of a majority of dipoles. As current levels increase



linearly the number of dipoles aligning decreases. The result is a shallow slope to the function curve. At some
point, related to the material properties, increases in current through the magnetizing coil will not increase the
value of the field in the magnet. This is the saturation value for the material. When the external magnetizing
field is removed the magnetic field value of the sample "relaxes" to a steady state known as the Br value, or resid-
ual flux value.
An analogy to charging a battery is appropriate. At some level the battery is fully charged and will not accept
any more energy. It is an amazing thing however that the magnet will never lose its charge unless it is subjected
to a larger field of opposite polarity, or if the temperature is raised above the point known as the Curie
Temperature. This temperature varies depending on the material and is specified in all manufacturers data
sheets.
In summary we have discussed two of the three forces at work, one the magnetizing force measured in oersteds
with cgs units or ampere turns/meter in the SI system. The second is the resultant or induced field in the sample,
this is measured with gauss in cgs units and Teslas in the SI system (see Tables 1 and 2, below). 

Table 1,  Magnetic Units Comparison

Table 2,  Magnetic Units Conversion

The third is reluctance or its' reciprocal permeability, think of this as the magnetic resistance per unit volume of
the sample being magnetized. Now that we have a magnetized magnet we can consider what occurs when forces
act to de-magnetize it. If we reverse the direction of current flow in the magnetizing coil a negative field is cre-
ated. As the negative current is increased the dipole alignment is reversed or undone. A curve results which is
similar to the magnetizing curve but in mirror image form. When the samples' flux value is completely demag-
netized the demagnetizing force at that instant is the coercive force -HC. This force is also measured like the
magnetizing force in Oersteds. Increasing the negative current level in the magnetizing coil. 

Unit Symbol cgs System SI System English System

Flux Φ Maxwell weber Maxwell

Flux Density B Gauss Tesla lines/in2

Magnetizing Force H Oersted ampere turns/m ampere turns/in

Multiply By To obtain

lines/in2 0.155 Gauss

lines/in2 1.55 x 10-5 Tesla

Gauss 6.45 lines/in2

Gauss 10-4 Tesla

Oersteds 79.577 Ampere turns/m

Ampere turns/in 0.495 Oersteds

Ampere turns/in 39.37 Ampere turns/m



This brings us once again to Br or the residual flux value, the pole orientation is now opposite the first satura-
tion state. Finally reversing the current back to its original direction we can exercise the sample through the curve
once more and pass through the +HC value to arrive once again at the Br value. We have now completed the hys-
teresis loop for the material and can draw a curve relating B to H as shown in figure "y". 

Figure 10, Hysteresis Loop

This curve is fundamental to characterizing and comparing classes and grades of magnetic materials.
An important aspect of magnetic materials behavior is dependent on the physical arrangement of the magnet in
the application. In a motor the permanent magnet is operating in a magnetic circuit with mostly low reluctance
paths for the field to circulate through. In many sensor applications however the magnet operates with little or
no magnetic circuit. This operating condition is known as open loop operation.
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A magnet in a closed high permeability magnetic circuit (an iron bar connecting the north to the south pole)
will operate at or near the Br value. A magnet with no pole pieces will operate with a flux density down the
demagnetization curve from the Br value, how far down is dependant on the aspect ratio or the ratio of the
length to the diameter. Short wide magnets will generate lower flux than tall skinny magnets of the same vol-
ume.
The concept of the load line and the operating point on the demagnetization curve will influence many magnet-
ic parameters. These include the flux density available to actuate a sensor and the reversible temperature coeffi-
cient. 

Temperature Effects
Graphical representations are often used to determine the operating point on the demagnetization curve.
Temperature effects on permanent magnets are dependent on the type of material considered. Manufacturers will
specify various figures of merit to describe the temperature performance of magnet materials. Among these are
the Reversible losses that are represented by Tc. The term refers to the losses in the Br and the Hc. A calcula-
tion can show that for every incremental change in temperature the magnet will lose a proportion of its strength.
This loss will be recovered completely so long as the temperature does not exceed the Tmax or maximum prac-
tical operating temperature in air. The Tmax value is dependent on the magnets operating point on the demag-
netization curve. A magnet operating closer to Br can have a higher Tmax. Irreversible losses are described as
losses that can only be recovered by re-magnetizing the sample to saturation with an electromagnetic field. These
losses occur when the operating point falls below the "knee" on the demagnetization curve. This can occur due
to temperature and inefficient magnetic circuit design. An important feature of magnet materials is the Curie tem-
perature, TCurie,. This is a temperature at which the metallurgical properties of the sample are adversely effect
ed. In most applications the ambient temperature can never approach the Curie temperature without completely
destroying the electronic components first.

Losses Over Time
Time has minimal effect on the strength of permanent magnets. Long term studies in the industry have shown
that at 100,000 hours the losses for Rare Earth Samarium Cobalt magnets were essentially zero and for Alnico
5 were less than 3%. In the case of Rare Earth Neodymium materials the losses are compounded by internal cor-
rosion.

Corrosion & Coatings
It is often necessary to provide coatings to these materials to minimize the corrosion that results from the Iron
content. We lay-people refer to this stuff as rust. The options for coatings include epoxies, zinc and nickel. The
best of these is nickel however it is slightly magnetic and marginally reduces the available field. Coatings can
also be useful with Rare Earth Samarium to minimize "spalling" or the fracture of tiny slivers from the corners
of this brittle, hard material.
In many sensor applications these characteristics are of little significance but as with all engineering tasks it is
up to the design engineer to know what can safely be ignored and what must be consider for the projects suc-
cess.
Many texts are available to aid in a complete understanding of magnets. The Magnetic Material Producers
Association is a trade group that establishes and maintains standards for basic grades and classes of materials.
Their reference booklets are an excellent source for detailed technical data on the various generic classes of mate
rials. Certain manufacturers also provide excellent databooks with helpful applications and design sections.
These include Arnold Engineering Company, Magnet Sales & Manufacturing, Magnetfabrik Schramberg,
Hitachi Metals; Magnetic Materials Division and Widia Magnettechnik. 



Table 3, Magnetic Suppliers

Company Name Address Phone & Fax Types of Magnets

Arnold Engineering
Company

300 North West St., Marengo Il
60152

(815) 568-2000
(815) 568-2236

Alnico, Ceramic, Multipole Ring Magnets,
Flexible Magnets

Boxmag Magnets Chester St., Aston, Birmingham
B6 4AJ, United Kingdom

(+44) 121-3595061
(+44) 121-3593501

Injection Molded Rings, NdFeB

Crucible Magnetics 101 Magnet Drive, Elizabethtown,
KY 42701

(502) 769-1333
(502) 765-3118

Alnico (Cast), Rare Earth

Dexter Magnetic Materials
Division

48460 Kato Road, Fremont CA
94538

(510) 656-5700
(510) 656-5889

Magnetic Material Distributor, Ceramic,
Alnico, Rare Earth

Electrodyne Company 4188 Taylor Rd., Batavia, OH (513) 732-2822
(513) 732-6953

Flexible Magnets, Multipole Ring Magnets

Hitachi Magnetics Corp. 7800 Neff Rd., Edmore, MI
48829

(517) 427-5151
(51) 427-5571

Alnico, Cermaic,NdFeB,Samarium Cobalt

Louis Magnet Supplies
Ltd.

Hong Kong, China 011-852-2482-33290
11-852-2482-0806

NdFeB

Magnet Applications 415 Sargon Way, Suite G,
Horsham, PA

(215) 441-7704
(215) 441-7734

Ceramic, Alnico,NdFeB,Samarium Cobalt

Magnet Sales &
Manufacturing

11248 Playa Court, Culver City,
CA 90230

(310) 391-7213
(310) 390-357

Ceramic, Alnico,NdFeB, Samarium Cobalt

Magnetfabrik Schramberg Max Planck Strasse 15, D-78713
Schramberg-Sulgen, Germany

(+49) 7422-5190
(+49) 7422-51960

Hard Ferrite, Samarium Cobalt, NdFeB,
Plastic Bonded Ferrite

Magnequench
International

6435 Scatterfield Rd, Anderson,
IN 46013

(317) 646-5000
(317) 646-5060

NdFeB

Neomet Corporation PO Box 425, Route 551,
Edinburg, PA 16116

(412) 667-3000
(312) 667-3001

NdFeB

Polymag 685 Station Rd. Bellport, NY
11713

(516) 286-4111
(516)286-0607

Alnico, Flexible Magnets, Magnet Sheeting,
Ceramic

SG Magnets Tesla House, 85 Ferry Lane,
Rainham, Essex RM13 9XH,
United Kingdom

(+44) 1708-558411
(+44) 1708-554021

Ferrite, Ceramic, Molded NdFeB, Alnico

SG Armtek 4-6 Pheasent Run, Newtown, PA
18940

(215) 504-1000
(215) 504-1001

Ferrite, Ceramic, Molded NdFeB, Alnico

Shin Etsu Magnetics 2362 Quame Dr., Suite A, San
Jose CA 95131

(408) 383-9420
(408) 383-0203

NdFeB, Samarium Cobalt

Stackpole Magnetic
Systems

700 Elk Avenue, Kane, PA
16735

(814) 837-7000
814) 837-0203

Ceramic, Ferrite, Alnico

Sumitomo Special Metals
America

23326 Hawthorne Blvd., Suite
360, Torrance CA 90505

(310) 378-7886
(310) 378-0108

NdFeB, Samarium Cobalt

TDK Corporation of
America

1600 Fehanville Dr. Mount
Prospect, IL 60056

(708) 390-4374
(708) 803-6296

NdFeB, Samarium Cobalt

Tengam Engineering 545 Washington St., Otsego, MI
49078

(616) 694-9466
(616) 694-2196

Plastic Barium Ferrite, Strontium Ferrite,
Custom Injection Molded Magnets

Ugimag 405 Elm St., Valparaiso, IN
46383

(219) 462-3131
(219) 462-2569

Alnico, NdFeB

Vacuumschmelze 186 Wood Avenue South, Iselin,
NJ 08830

(908) 494-3530
(908) 603-5994

Alnico, NdFeB, Samarium Cobalt

Widia Magnettechnik Muncher Str. 90, D-45145 Essen,
Germany

(+49) 201-7253348
(+49) 201-7253925

Alnico, NdFeB, Samrium Cobalt, Sintered
and Bonded Ferrite

Xolox Corporation 6932 Gettysberg Pike, Fort
Wayne, IN 46804

(219) 432-0661
(219) 432-0828

Barium Ferrite, NdFeB, Injection Molded
Magnets
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Choosing A Magnet

Common Magnetic Materials
There are four classes of commercial permanent magnet materials. They are:
Ceramic
Alnico
Neodymium Iron Boron
Samarium Cobalt

Depending on the application at hand, the use of one material over another may have its benefits. The two
sample magnets provided with The Melexis Hall Effect Sensor Design Kit are both Neodymium 35 mag-
nets. They have very high flux densities for their size and should be handled with caution. These magnets
have been provided to assist in the design and construction of a Hall Effect Sensor System. The square
magnet will be referred to as magnet A, while the cylindrical magnet will be referred to as magnet B.
Graphs 1 through 4 are constructed using magnets A and B. South poles are marked with a do of red paint.

Melexis provides two types of neodymium magnets in the design kit chosen for low cost and high perfor-
mance, up to800C. Neodymium is preferred for small-size magnets typically used with Hall ICs. If larger
magnet sizes or higher temperature ranges are necessary, Alnico or ceramic would be a better choice of
material.

Figure 11, Sample Magnets
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Rare-Earth Magnets

Neodymium Iron Boron

Attributes of Neodymium
Low cost

Very high resistance to demagnetization

High energy for size
Good in ambient temperature

Material is corrosive and should be coated for long-term maximum energy output

Low working temperature

Applications of Neodymium
Magnetic separators
Linear actuators

Servo motors

DC motors (automotive starters)
Computer  rigid disk drives

Samarium Cobalt

Attributes of Samarium
High resistance to demagnetization

High energy (magnetic strength is strong for its siz

Good temperature stability
Expensive material

Applications of Samarium
Computer disk drives

Automotive high-temperature environments

Traveling-wave tubes
Linear actuators

Satellite systems



Alnico Magnets

Attributes of Both Cast and Sintered Alnico (Large Magnets)
Very stable, great for high temperature applications

Maximum working temperature 5240C to 5490C

May be ground to size

Does not lend itself to conventional machining (hard & brittle)

High residual induction and energy product, compared to ceramic material

Low coercive force, compared to ceramic and rare-earth materials (more subject to demagnetization)

Most common grades of Alnico are 5 & 8

Applications of Alnico Magnets
Magnetos Security systems

Coin acceptors Clutches and bearings

Distributors Microphones

DC motors

Ceramic Magnets

Attributes of Ceramic Magnets
High intrinsic coercive force

Tooling is expensive

Least expensive material, compared to Akbuci and rare-earth magnets

Limited to simple shapes, due to manufacturing process

Lower service temperature than Alnico,.greater than rare-earth magnets

Finishing requires diamond cutting or grinding wheel

Lower energy product than Alnico and rare-earth magnets

Most common grades of ceramic are 5 & 8 (1-8 possible)

Grade 8 is the strongest ceramic material available

Applications of Ceramic Magnets
Speaker magnets

DC brushless motors

Magnetic Resonance Imaging (MRI)

Magnetos used on lawnmowers and outboard motors

DC permanent-magnet motors (used in cars)

Separators (separate ferrous material from nonferrous)

Used in magnetic assemblies designed for lifting, holding, retrieving and separating

Section 3 - Applications3-11
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Table 4, Magnetic Characteristics 

Magnetic Material Density Maximum
Energy
Product
BH(max)

Br Reversible
Coefficient

Residual
Induction

Br

Coercive
Force

Hc

Intrinsic
Coercive
Force Hci

Maximum
Operating

Temperature

Curie
Temperature

lbs/in3 g/cm3 MGO %/oC Gauss Oersteds Oersteds oF oC oF oC

SmCo 18 0.296 8.2 18.0 -0.04 8700 8000 20000 482 250 1382 750

SmCo 20 0.296 8.2 20.0 -0.035 9000 8500 15000 482 250 1382 750

SmCo 24 0.304 8.4 24.0 -0.035 10200 9200 18000 572 300 1517 825

SmCo 26 0.304 8.4 26.0 -0.035 10500 9000 11000 572 300 1517 825

Neodymium 27 0.267 7.4 27.0 -0.12 10800 9300 11000 176 80 536 280

Neodymium 27H 0.267 7.4 27.0 -0.12 10800 9800 17000 212 100 572 300

Neodymium 30 0.267 7.4 30.0 -0.12 11000 10000 18000 176 80 536 280

Neodymium 30H 0.267 7.4 30.0 -0.12 11000 10500 17000 212 100 572 300

Neodymium 35 0.267 7.4 35.0 -0.12 12300 10500 12000 176 90 536 280

Alnico 5 (cast) 0.264 7.3 5.5 -0.02 12800 640 640 975 525 1580 860

Alnico 8 (cast) 0.262 7.3 5.3 -0.025 8200 1650 1860 1020 550 1580 860

Alnico 5 (sintered) 0.250 6.9 3.9 -0.02 10900 620 630 975 525 1580 860

Alnico 8 (sintered) 0.252 7.0 4.0 -0.025 7400 1500 1690 1020 550 1580 860

Ceramic 1 0.177 4.9 1.05 -0.20 2300 1860 3250 842 450 842 450

Ceramic 5 0.177 4.9 3.4 -0.20 3800 2400 2500 842 450 842 450

Ceramic 8 0.177 4.9 3.5 -0.20 3850 2950 3050 842 450 842 450
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Magnetic Design

Input Characteristics
Digital Hall-Effect Sensors have specific magnetic response characteristics that govern their actuation
from OFF to ON. These characteristics are classified in terms of operate point, release point and differ-
ential. The operate point, commonly referred to as BOP, is the point at which the magnetic flux density
turns the Hall Sensor ON, allowing current to flow from the output to ground. Conversely, the release
point, commonly referred to as BRP, is the point at which the magnetic flux density turns the Hall Sensor
OFF. The absolute difference between BOP and BRP is referred to as Hysteresis, Bhys. The purpose of
hysteresis is to eliminate false triggering, which can be caused by minor variations in input, electrical
noise and mechanical vibration. There are three basic types of Digital Hall Sensors commonly used, as
listed below:

Switch - (unipolar) Operates with a single magnetic pole. Guaranteed not to latch ON in the absence of 
a magnetic field. Opposing field has no effect. Generally used for mechanical switch replace      
ment.

Latch - (bipolar) responds to both magnetic poles. Turns on in the presence of North or south pole, and
turns off only when the opposing field is sufficiently strong. Guaranteed to latch. Used primary
ily in brushless DC motor applications.

Bipolar Switch - (unipolar or bipolar) described as a device which responds to the zero-crossing from
North to South poles

The Hall-Effect Latch
The latch is a type of Hall IC which remains in either state (output ON or Off) until an opposite pole mag-
net is applied. A South magnetic pole turns the device ON (BOP). The device will stay ON until a North
magnetic pole is applied and turns it OFF (BRP). Melexis manufactures two types of Hall Effect latches.
designated for .2.2V to 18V operation. The US2880 series of Hall Effect Latches are designed for high
sensitivity. For more information refer to the data sheet section of this manual. 

The Hall Effect Switch
There are two types of Hall Effect Switches, unipolar. The unipolar switch is normally “OFF” in the
absence of a magnetic field. The device turns ON (BOP) in the presence of a sufficiently strong South
magnetic pole, and turns OFF BRP) in the presence of a weaker South magnetic pole. MELEXIS manu-
factures the US5881UA and US5881SO Hall Effect Switches. For more information refer to the data sheet
section of this manual.

Magnetic Design Considerations
When designing a magnetic circuit, there are five considerations to be covered:

1. Cost of Hall IC, Magnet and Assembly
2. Temperature Range
3. Position Tolerance of Assembled Parts
4. Position Switching Accuracy
5. Tolerance Buildup
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Cost
Hall IC cost will vary depending on the temperature specifications of BOP, BRP and Bhys. A loosely
specified device may easily be one half to one third the cost of a tightly specified device, yet perform the
same job. By providing steep slopes of flux density vs. distance and using strong magnets, the Hall IC
cost may be reduced.

Temperature Range
Hall Effect Sensors are categorized into different temperature ranges for the use in application-specific
design. It is very important that the Hall IC you select complies with your system’s ambient temperature.

Position Tolerance
Depending on the application and how it is assembled, the position of components, such as the magnet,
Hall IC and mechanical assembly, will determine the mechanical variations of the system. Some systems
are more tolerant of changes in air gap and lateral motion than others.

Position Switching Accuracy
The requirement in angular (degree) or linear position ultimately governs the magnetic circuit and Hall
IC specifications. That is if switching must repeat +0.1250in. or +0.1mm then the Hall IC specification
will be much tighter than if the specification is +1.00 or +1.0mm.

Tolerance Buildup
Tolerance buildup is the sum of all the variables that determine the operate point and release point of a
Hall IC. These variables include position tolerance,temperature coefficient, wear and aging of the assem-
bly and magnet variations.

Total Effective Air Gap
As mentioned previously, both Magnet A and Magnet B  in the design Kit are composed of the same mate-
rial. Although the two magnets have similar characteristics, due to the difference in size and shape 
total Effective Air Gap (TEAG) will have different effects on each magnets’ flux density vs. distance
curve.

TEAG is defined as the sum of active area depth and the distance between the Hall IC’s branded face to
the surface of the magnet. TEAG = Air Gap + Active Area Depth. Active area depth is simply the dis-
tance from the branded face of the sensor to the actual Hall Cell within it. The TEAG should be as small
as the physical system will allow, after taking into consideration factors such as the change in air gap with
temperature due to mounting, vane or interrupt thickness and wear on mounting brackets.

Graph 2 is given to show the effects of air gap on the slope of a graph using a single-pole slide-by con-
figuration with magnet A.

Section 3 - Applications
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Graph 2, Slide-by Method with Magnet A Steep Slope vs. Shallow Slope

Tolerances Build-up
The following examples incorporate many different factors in order to show how tolerance buildup can
affect a Hall Effect system. Air gap tolerance, temperature range, and the temperature coefficient of the
magnet will cause the activation distance of a US5881 EUA to vary, thus impacting switching accuracy.

Tolerances: 

Air gap Tolerance = 3mm. +1 mm. and 6mm. +1mm.
US5881EUA BOP/BRP Range = 95G min. BRP to 300G max. BOP
(IC Temperature Selection (EUA) = -40oC to 85oC)
Temperature Range = -40 oC to 85oC
Magnet Temp. Coefficient = -0.1098%/oC

The US5880 Hall-Effect Switch has a maximum BOP of 250 Gauss and a minimum BRP of 140 Gauss.
If this part were to be actuated by sample Magnet B at an air gap of 3mm and 6mm, the following results
would occur (See Graphs 3 and 4). Each graph has an air gap tolerance of +1mm which could be due to
a loosely fitted mechanical assembly. Notice the difference in distance and slope between Graphs 3 and
4.

Graph 3, Slide-by With Magnet A, Shallow Slope

Graph 2 shows what 
happens to the slope of a 
flux density vs. distance 
graph by using different air 
gaps with the same magnet 
configuration.
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Graph 4, Slide-by With Magnet B, Steep Slope
The effects of mechanical tolerance on a Hall Effect System have just been illustrated. Temperature range
can also affect this system. Temperature will expand or contract the mechanical assembly, but will also
affect the field strength of the magnet and the distance from BOP t BRP of the Hall IC. The Neodymium
sample magnets used in this kit have a temperature coefficient of -).1098%/0C. This means that as tem-
perature increases by one degree Celsius, the Flux Density will decrease by 0.1098%.

Graph 5, Effects of Temperature on Flux Density

Due to the temperature coefficient, the magnet will have a difference in flux density of 30% and a change
in activation distance of 1mm over this range of temperature. This may not appear tobe a significant dif-
ference in field strength or distance, but in conjunction with other mechanical factors, temperature could
become a factor.

Design Example 2: Now that Design Example 1 illustrated the effects of mechanical, magnetic and Hall
IC tolerances within a Hall Effect System. Design Example 2 illustrates how they produce tolerance
buildup.

Tolerances:

Air Gap Tolerance = 2mm +0.5mm
US5881EUA BOP/BRP Range = 90G min. BRP  to 300G max. BOP
(IC Temperature Selection (EUA) = -40oC to 85oC)
Temperature Range =-40oC to 85oC
Magnet Temp. Coefficient = -0.1098%/oC
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Sample Magnet A is used in the double-pole slide-by method to show the variation air gap may have in
a mechanical system. These changes in air gap may be caused by factors such as vibration, wear, etc...
Note the differences in each air gap’s slope and maximum flux density. As the air gap distance becomes
larger, a decrease in flux density slope will cause less accurate switching in a Hall Effect System.
Graph 9

Graph 6, Slide-by with Sample Magnet A Air Gap Tolerance

By zooming in on the previous graph, min. BRP and max. BOP of the Hall Effect System can be shown
in greater detail and will also reveal the differences in activation distance at each air gap. See Graph 10.

Graph 7, Slide-by with Sample Magnet A
Change in Activation Distance with Air Gap

The plotted lines in Graph 7 do not include the effects of temperature. Graph 8 shows how temperature
will change the magnet’s flux density characteristics over the selected operating temperature range (-400C
to 850C), thus affecting the activation distance at min. BRP and max. BOP. To simplify the graph, only
the 2mm air gap is plotted.
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Graph 8, Slide-by with Magnet A 
Change in Activation Distance With TC

There is a 17% difference in flux density over the entire temperature range compared with the fixed-tem-
perature case in Graph 7. Note that because of the negative temperature coefficient of the magnet, the neg-
ative temperature (-400C) adds flux density to the magnet, while the positive temperature (850C) reduces
flux density. 

Graph 9 shows how the air gap tolerance and temperature coefficient add together and cause tolerance
buildup in the Hall Effect system.

Graph 9, Slide-by Method with Magnet A 
Change in Activation distance with Air Gap & TC

The two plotted lines in Graph 9 show the minimum and maximum possible cases when temperature and
air gap are considered. The overall difference in distance between min. BRP and max. BOP is slightly
larger because of the sum of tolerances being considered. This design example has shown the tolerance
buildup of air gap, benefits of slope, Hall IC BOP to BRP variations and magnet Tc. We have not con-
sidered the variation of initial flux density, which you must obtain from a magnet supplier.

Section 3 - Applications

-400

-300

-200

-100

0

100

200

300

400

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

Distance (mm)

Fl
ux

 D
en

si
ty

(G
au

ss
)

Temp = 25 oC
Temp = 85 oC

Temp -40 oC

-400
-300
-200
-100

0
100
200
300
400

-1.5 -1 -0.5 0 0.5 1 1.5

Distance (mm)

Fl
ux

 D
en

si
ty

(G
au

ss
)

A ir Gap = 1.5mm @ -40 oC

Air Gap = 2.5mm @ 80 oC



Section 3 - Applications 3-34

The Push-Pull Method
Graph 10 shows the push-pull method. A South magnetic pole, perpendicular to the branded face, is used
in conjunction with a North magnetic pole at the opposite face. The two magnets in the single-pole slide-
by configuration are moved in the X-direction with respect to a stationary Hall IC.

Graph 10, Push-Pull Activation Using Slide-by Method with Magnet A
The Push-Push Method

The push-push method is similar in configuration to push-pull, but requires a South pole located at the
branded face along with a South pole at the opposite side of the Hall IC. When the Hall IC is centered
between these two South magnetic poles, their flux density cancels out leaving zero flux density at this
position. If the two magnets maintain the same distance between each other and are moved in the head-
on method in either direction, the flux vs. distance graph will be linear.

Graph 11, Push-Push Activation Using Head-On Mode

The US3881EUA Hall Effect Latch has maximum BOP of 90 Gauss and a minimum BRP of -90Gauss
over the temperature range of -400C to 850C. Due to the temperature coefficient of -0.1098%/0C, the
magnet will have a difference in flux density of 8% over this distance range. The distance necessary to
fully actuate a US3881EUA Hall Effect Latch is approximately 0.35mm from max. BOP to min. BRP.
This is an extremely large increase in performance from the previous example.
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Biased Operation
Biased operation is a method of controlling the magnetic field surrounding a Hall IC and is quite similar
to the Push-Push Method. For example, if a South Pole were attached to the reverse side of a Hall Effect
Switch, the Hall IC would be held on the “OFF” position until a South pole of a larger magnitude is intro-
duced to the branded face of the sensor and cancels out the opposing magnetic flux. This can be a very
important concept if a Hall IC were located within an electronic system with other opposing magnetic
fields. It will ensure that the Hall Sensor cannot switch accidentally. Figure 11 is an example of the bias
method. In Figure 11, the push-button uses a bias magnet to ensure that the button is in the Off position
until being pressed. When the button is pressed, the magnet adjacent to the branded face moves in the
head-on configuration closer to the Hall IC. This positive flux density will cancel out the negative flux
density provided by the bias magnet, eventually turning the button ON. Once the button is released, the
two opposing South magnetic fields will repel each other and send the button to its original OFF position.

Figure 11, Push-button with Bias Magnet

If the US5881 Hall Effect Switch were tobe used in this bias magnet configuration, this switch would
remain in the OFF position until the button is
pressed. If the magnet adjacent to the branded
face of the Hall IC has an air gap of 2.0mm before
being pressed, the switch will be exposed to a flux
density of approximately - 200Gauss. the button
will need to be moved a distance of 0.75mm
inward to exceed 250 Gauss and turn ON. After
being released, the magnets will repel and turn
OFF the Hall IC at a distance of 1.7 mm away
from the branded face.
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Flux Concentrators
A flux concentrator, or pole piece, is a ferrous material used to significantly increase the performance of
a Hall Effect Sensor System. When a flux concentrator is placed opposite the pole face of a magnet, the
magnetic field channels through the concentrator, thereby increasing the flux density between the con-
centrator and the pole face.

Figure 13, Flux Concentrator

The reason this magnetic flux channels through the concentrator is because of the reluctance of the fer-
rous material. Reluctance is the resistance that magnetic flux lines experience as they flow from the North
pole into the South pole of a magnet. Ferromagnetic materials have lower reluctance than air, therefore a
pole piece provides an easier path for the flux to flow through, while increasing the flux density at the
same time. There are three benefits to adding a flux concentrator to a magnetic circuit. First, a less sensi-
tive Hall Effect Sensor can be implemented, a result of the increased flux density. The second benefit of
using a flux concentrator is that Hall Effect Sensor with a specific operate level can be actuated a greater
distance from the magnet, than if one were not in use. The addition of a pole piece also allows the use of
a magnet with a lower field intensity. A flux concentrator makes it possible to use a smaller magnet or a
magnet of different material to achieve the same operating characteristics as one with higher flux density
or a larger size. When choosing materials for a pole piece, pay attention to the following characteristics:
The permeability and reluctance of the material will affect its performance as a flux concentrator. Also,
pay close attention to the mechanical characteristics of machining and corrosion. These properties are
very important when selecting an alloy.

Section 3 - Applications3-9
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Electromagnets
Another method of actuating Hall Effect Sensors is through the use of electromagnets. They are especial-
ly useful in circuit-breaking or current-sensing applications because their magnetism can be “turned on”
or “turned off” at will. An electromagnet consists of a coil of wire which may be wrapped around ferrous
material or core. The strength of this magnetic field is dependent on many variables, such as the perme-
ability of the ferrous material, the number of times the coil is wrapped around the material, the amount of
current flowing through the coil and the length of the core. These variables are related to each other in the
same way for all types of electromagnets, but the formulas differ slightly due to the variance of shape in
core material.

Figure 14, Common Electromagnet Shapes

Where:B = magnetic flux density
u0 = permeability of core material
N = number of turns made by coil
i = amount of current in coil
R = mean radius of toroid

Where:
B = magnetic flux density
u0 = permeability of core material
N = number of turns made by coil
i = amount of current in coil
l = length of cylindrical core

After choosing a core that will physically fit into the proposed current-sensing system, the values of length
of radius, permeability and at what value the current limiter is to operate will be known. The operate point
and release point for each Melexis Hall IC can be located in the datasheet section of this manual. By
knowing this information, it is now possible to calculate how many turns of wire will be required to pro-
duce enough flux density to actuate the Hall Effect Sensor. When designing an electromagnet use mate-
rials with the following properties: High saturation induction and high permeability will produce strong
magnetic fields resulting in a smaller device that will operate with little energy. When an electromagnet
is being switched on and off, use a material with a low coercive force for faster magnetization and demag-
netization. Also pay attention to magnetic aging and mechanical characteristics such as corrosion. This is



Measuring Flux Density
The Melexis Hall-Effect design kit is supplied with a linear Hal-Effect sensor which has been calibrated
to 1mV/G, making it very easy to build a circuit which will measure flux density.  This is done with the
fully programmable MLX90215,  programmed in this case to deliver exactly 2.5V at zero magnetic field
rising 1mV for every 1 Gauss applied.  
If a field of 100 Gauss is applied, the output will increase 100mV.  Similarly, if a field of -100 Gauss is
applied, the output will decrease 100mV.  It is very important to maintain a regulated supply voltage of
5V because the output has no internal regulator and is ratiometric.  The Hall IC's output is exactly VD D/2,
so if the supply voltage changes the output voltage also changes.

Figure 15, Flux Measurement

Figure 9 shows a circuit which allows the Voltmeter to be calibrated to read in units of Gauss. Shifting the
ground reference of the Voltmeter to exactly the quiescent voltage of the Hall IC makes the 2.5V VOQ
appear to be zero.  The potentiometer allows this to be set to exactly zero.  When a magnetic field is
applied, the DVM will display units of Gauss in a range of +/- 2000 Gauss. The resistor network is to
divide the output voltage by 10 so it can be measured by
200mV meter.  If your meter is 2V range, this divider is not
used.  This circuit can be built into a small case with a battery
and voltage regulator for a very inexpensive flux measuring
device.

With no divider used:
Full Scale: (2.00V) +/-2000 Gauss

+/-200 mT
1 Gauss =  1mV
1 mT =  0.1mV

With 1/10 divider used:
Full Scale: (200mV) +/-2000 Gauss

+/-200 mT
1 Gauss =  0.1mV
1 mT =  0.01mV

1mT = 10Gauss, exactly
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Applications

Balance, Level, Vibration, Acceleration
A magnet suspended from a pendulum, free to move in the X - Y plane, may be used to detect level posi-
tion, acceleration and vibration. Figure 12 shows a magnet with the center as a North pole and an outer
ring of South pole. In a level, stable condition, the North pole turns OFF the switch. Motion will cause
the magnet to move in such a way that the South pole is over the Hall IC, turning the switch ON.
Obviously, the mechanical configuration is not trivial, and will vary greatly depending on the application.
Switches like this are used in some washing machines.

Figure 17, Level and Motion Switch
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The magnet is free to move relative to the Hall IC.
Any force disturbing the magnet may result in a South pole

facing the Hall IC, resulting in an ON condition
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Programmable Isolated Current Sensor
Hall Effect Sensors can be used in conjunction with an electromagnet to make a very efficient, isolated
current-sensing device. This can be used to protect components from damage such as overheating.
The only components needed, as in Figure 13, are a Hall IC and a slotted ferrite toroid core driving an
indicator, relay or a logic-level fault signal. The ideal Hall IC in this application is a programmable linear
device, which would allow accurate calibration of the sensor and also versatility.  For example, the dia-
gram below shows a toroid with 4 turns of wire. If a current of 10A was applied to the coil, the field at
the sensor would be about 6mT. The Hall IC can be programmed to give the desired response to this mag-
netic range. If the desired voltage swing is 0.5V (or 500mV) and the magnetic swing is 6mT, then the
device can be programmed to
83mV/mT to give the correct
response.
By varying the number of
windings and the programming
codes, rages as small as 100mA
and as large as 500A can be
achieved.
If used with a linear Hall-Effect
sensor, the output voltage will
be proportional to the current
flowing through the windings
on the toroid. This Voltage can
be used to indicate current
level, or trigger a shut-down
circuit.

Current Indicator/Limiter
If only a current indicator or limiter is needed, a simple circuit can be built with a Hall switch, and requires
no programming. In Figure 13, each complete turn of coil around the core, with a current of 1 Amp flow-
ing through it, will produce a flux density of approximately .6 mT upon the Hall Effect Switch. By adjust-
ing the number of coil turns around the core, the Hall Effect switch can act as either a current indicator or
current limiter.
Example: 
Under normal operation a current of 10 Amps is delivered to a motor by some wire. Wrapping four turns
of the wire around the core will produce a magnetic field of 24 mT upon the Hall IC, which will activate
the device to ON.  This can be used to illuminate an LED to symbolizing “normal” current. The LED will
remain ON until the field drops to about 18mT or about  7.5 Amps.
To use as a limiter, simply drop one turn of wire, which will require a higher current to turn the Hall switch
ON. With 1 turn removed, the switch will require 13 Amps to turn ON, and will remain on until the cur-
rent level drops below 1Amp. 

PTCTM

Figure 18, Programmable Current Sensor
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Flow Meter
One popular device that uses a Hall IC is a flow meter (Figure 15). The spoked wheel (paddle wheel), is
driven by some type of medium flowing through the pipe. A magnet is attached at the tip of each spoke.
In the presence of moving vapor or liquid, the magnets spin at a speed related to the viscosity of the medi-
um flowing through the device. The spinning magnets will switch the Hall IC, producing a square wave
output, with a frequency proportional to the flow rate.

Figure 19, Flow Meter

Liquid or vapor entering in the 
direction of the arrow spins the 
paddle wheel switching the Hall 
IC “ON” and “OFF”, creating a 
square wave output.

Power Control

Many switches must control significant power. A Hall IC can do this only through a relay or Power FET.
For a component cost of $1.00, an isolated 50 Volt, 50 Amp switch can be made.

Figure 20, Power Switch
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Push-button
The common push-button switch may be rep;aced with a Hall IC and magnet, as shown in two configu-
rations, Figure 17. The slide-by case, Figure 17A, requires a mechanical return spring, returning the push
button after it is depressed, but Figure 17B uses repelling magnets to activate the switch and return the
push-button.

Figure 21, Push-button
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Figure 21A
A mechanical spring is required in order
to eturn the button to its off location.

Figure 21B
Repelling South poles take the place of a
mechanical spring to return the button to
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Liquid Level Detector/Alarm
By attaching a magnet to a float, as in Figure 18, the proximity method of actuation is used to turn on the
Hall IC as the liquid level rises within the housing.

Figure 22, Liquid Level Detector
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Position Sensor
As shown in Figure 19, a hydraulic or air-piston is moved downward until reaching the specified position
set by the Hall IC. This could be a useful application in robotic assembly machines, where accuracy of
position is extremely important. 

Figure 23, Position Sensor
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Geartooth Sensor

Magnetic Geartooth Sensing
The need to sense speed and position of ferrous gears occurs in numerous industries. The ability to con-
vert the repetitive passing teeth to an electrical impulse has been sought for many decades. purely
mechanical systems have been used with the attendant issue of wear and failure limiting its use to low
speed and low duty cycle applications. 

Hall-Effect geartooth sensing makes use of the Hall element to sense the variation in flux found in the air-
gap between a magnet and passing ferrous gearteeth. A modern approach is to convert the signal from the
Hall element to a digital value and then perform signal processing to create a digital output from that
effort. In the case of the Melexis geartooth sensing scheme each time the signal changes direction a
counter is reset. If the signal level changes beyond the preset magnitude from the positive or negative peak
the output level is changed. This creates a digital zero speed peak detection speed sensor. It is immune to
orientation requirements and cab follow the gear speed down to the cessation of motion. It will detect the
first edge of the next tooth after immediately after power on. The digital signal processing does introduce
an uncertainty from quantization that is greater at larger speeds. Extremely demanding timing require-
ments like those found in crank position sensors may suffer from the loss of accuracy at high speeds.
Figure 24 shows the Melexis MLX90217 geartooth sensor operation.

Figure 24, Geartooth Sensor



Gear Tooth Sensor Magnetics
In order to detect the passing gear teeth with a Hall effect sensor it is necessary to provide a source of
magnetic energy. The simple way to do this is to arrange a permanent magnet such that the axis of mag-
netization is pointing toward to surface of the gear teeth. As a tooth moves across the surface of the
magnet the flux will become attracted to the lower reluctance path provided by the ferrous steel struc-
ture. When this occurs the flux density measured by the Hall element between the face of the sensor and
the gear tooth increases. Many schemes have been developed and some patented that use the various
attributes of the vector flux field and its changing nature to create zero speed Hall effect gear tooth sen-
sors. Melexis has chosen to work with digital signal processing schemes and in this way minimize the
magnetic circuit manipulation required of the end user. Put simply, by applying silicon "smarts" the
magnetic subtlety and slight of hand is nearly eliminated. 

Figure 25, Geartooth Flux Transitions

Magnetic modeling courtesy of AnSoftTM magnetic modeling software.
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Brushless DC Motor Sensors
The use of Hall Effect Sensors in DC motors eliminates the friction, electrical noise and power loss asso-
ciated with other types of mechanical commutation, such as brushes. Hall ICs provide a long mainte-
nance-free life and offer greater flexibility with respect to direst interface with digital commands.

Figure 26, Brushless DC Motor Sensor

Figure 26, Brushless DC Motor Controller
The US8881 is a brushless DC motor driver that was designed to meet the needs of high volume, low
cost motors which do not require the expensive options needed for servo or other closed loop applica-
tions.  The US8881 works with 3 HallIC latches, and provides all motor control via 6 external N-chan-
nel FETs.  A complete datasheet for this device is in section 4 of this book.

Figure 26, Brushless DC
Motor Controller
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Programmable Motion Sensors
The use of Hall-Effect Sensors as an alternative to resistive potentiometers is a popular trend because of
the advantages of non-contacting elements. in the past,  linear Hall ICs were not very practical because of
bad temperature prformance and the ned for disctete trimming methods. 
Melexis created it’s programmable linear Hall ICs to solve both problems, leaving the end-user a very
accurate sensor which is stable over temperature. 
The configurations are infinite, shown are two basic magntic circuits which will allow literally thousands
of position sensing applications.

Rotary Motion
Figure 27 is the rotary method, where the Hall Ic is placed within a ring magnet, and the manetic field is
linear to the rotary motion. Depending on the magnetic elements, this method can be linear up to 160o, but
typically, as shown 45o-90o of linearity can be easily achieved. This configuration is suitable for any rotary
position application.

Linear Motion
Figure 28 illustrates a linear position sensor, where a linear motion (as apposed to rotary motion) is trans-
lated to a liear voltage via the Hall IC. The magnetic circuit shown is linear for approximately 50% of the
entire length of magnet. For example, if the magnets were 1” long, they can be used to measure 1/2” of
motion. 

Programming
To further enhance the system, the sensors are programmable to give optimal results. Details about pro-
gramming are available in the MLX90215 and MLX90237 datasheets in section 4 of this book

Figure 27, Programmable Rotary Potentiometer
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The use of Hall Effect Sensors in DC motors eliminates the friction, electrical noise and power loss asso-
ciated with other types of mechanical commutation, such as brushes. Hall ICs provide a long mainte-
nance-free life and offer greater flexibility with respect to direst interface with digital commands.

Figure 28, Programmable Linear Potentiometer
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Other Applications 
Some additional Hall Effect Sensor applications are listed below:

Application: Configuration: Refer to Figure:

Aircraft/Automotive:
Tachometer Ring Magnet, Gear Tooth Sensor 7

Speed Indicator Ring Magnet, Gear Tooth Sensor 7

Roll Indicator Linear, Pendulum 12

Planing Angle Indicator Linear, Pendulum 12

Acceleration Indicator, Linear Pendulum 12

Fuel or Liquid-Level Sensor Level Detector 18

Seat Belt Sensor Proximity Switch 3

Airbag Ejection Sensor Proximity Switch 3

Power Window Sensor Proximity Switch 3

Door-Ajar Sensor Proximity Switch 3

Appliances:
Water/Liquid Flow Digital, Ring Magnet 15

Washer Water Level Digital Float 18

Washer Tilt Sensor Digital, Pendulum 12

Washing Machine Motor Latch, DC Motor 20

Air conditioning Blower Latch, DC Motor 20

Refrigerator, Door Sensor Proximity Switch 3

Home, Tools and Security:
Security Door Sensor Digital Vane Switch 5

Security Window Vibration Linear, Pendulum 12

Circular Saw Motor Latch, DC Motor 20

Overload Protection Current Limiter 13

Digital Combination Lock Rotary Switch 14

Mechanical Jam Protection Current Limiter 13

Power controller Switch with Circuit 16

Exercise Machine Counters Slide-by Switch 2

Computer Key Pads Push-button 17

Pinball Machine Buttons Push-button 17

Section 3 - Applications



The Programmable Sensor Interface
A microcontroller sensor interface provides signal conditioning for a sensor element of any kind. Some types of
sensor elements that can be used are pressure sensors, strain gauges, load cells, thermistors, and potentiometers
(position sensing). 
The MLX90308 sensor interface provides control over the offset, gain (or sensitivity), linearity and temperature
compensation of the sensor’s signal using a microcontroller. 
In the past, such conditioning was done through discrete circuits.  Such circuits required costly and unreliable
trimming methods, not to mention component count on the PC board.  Because the MLX90308 is a microcon-
troller, calibration is done digitally through a standard PC. The MLX90308 contains an 8-bit RISC core micro-
controler, analog signal path, supply regulator, and EEPROM for storing compensation coefficients.
Figure 29 illustrates a fundamental application of the MLX90308 and a bridge type pressure sensor element.  In
this application, the 90308 uses an external FET as a pass transistor to regulate the voltage to the sensor and the
analog portion of the IC. This is known as Absolute Voltage Mode, where voltage to the sensor and analog cir-
cuit is regulated, independent of the supply voltage.  The 90308 can be operated in Ratiometric Voltage Mode,
where the output  (VMO) is tied to an A/Dconverter sharing the same Supply and GND reference. A third wiring
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option is Current Mode, which allows the user a 4mA to 20mA current range to use as a
2-wire analog sensor.  These wiring examples as well as technical specifications are shown

in section 4  of this book.

The figures above illustrate to performance of an unconditioned sensor output and a conditioned sensor output
versus stimulus(pressure) and temperature. Notice that figure XXa has a range of only 200mV and has a non-lin-
ear response over a 0-100psi range. The sensitivity of the unconditioned output will also drift over temperature,
as illustrated by the three slopes.  The MLX90308 corrects thes errors and also amplifies the output to a more
usable voltage range as shown in figure XXb. 

Prototyping with the MLX90308
Melexis has available a MLX90308 evaluation kit
which contains an evaluation circuit board, serial
interface cable, and software diskette. The circuit
board provides the neccessary circuitry for all three
applications circuits shown in the MLX90308
datasheet (section 4 of this book). Also contained on
theboard is level shifting and glue logic necessary
for RS-232 communicatios. 
The boaerd has a socket with a single MLX90308
installed, and direct access to the pins of the IC. The
user can easily attach bridge sensor to the board for
in-system evaluation.  The serial interface cable
connects the evaluation board directly to a PC’s ser-
ial port for in-system calibration.
The software runs in the familiar Windows platform
and allows for programming and evalution of all
compensation parameters within the EEPROM of
the MLX90308.
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Microcontroller Family Overview
Melexis is offering custom and semi-custom microcontrollers for automotive applications.  Custom microcon-
trollers provide the most cost affective solution by exactly matching the designers needs.  Off-the-shelf micro-
controllers typically force the customer to pay for features they don't need, or don't satisfy all of the system
requirements and drive up the component count.  Benefits such as increased reliability and design flexibility are
realized using a custom microcontroller.  Typical applications are small system control and smart sensor inter-
faces.

Melexis' custom microcontrollers are based on either an eight or sixteen bit RISC core.  These can contain the
exact analog and digital periphery the customer needs.  Melexis is also embedding sensors on the same die.
Chopper stabilized Hall effect sensors and temperature sensors are currently available.  To withstand the auto-
motive environment, these microcontrollers are designed to withstand an 80V load dump, -40°C to +150°C oper-
ating die temperature, 6V to 26V supply and output shorts to ground or the battery.

Current applications include controllers for dashboard indicators, air conditioning, solenoid valve system, heat-
ing system, electric window, sunroof and head cushion position, intelligent relay control, and sensor signal con-
ditioning.

Memory
Versatile memory types and configurations are available.   The microcontroller's I/O is entirely up to the cus-
tomer.  Melexis has a number of standard digital and analog interfaces available.  Custom interfaces can be devel-
oped if needed. Typical implementations include:

MX11 (8 bit core) MLX16 (16 bit core)

RAM, (bytes) 128 256 - 512
ROM 2K 8 K
E2PROM 32 128 - 256
I/O(memory mapped) 8 16
PROM 2 K 8 K

Digital Interfaces
Logic I/O, up to 256 eight-bit ports are possible.  The outputs can have high voltage  (up to 80V), high current
(up to 300 mA), or current limited capability.  Also, digital outputs can have re-circulation diodes for driving
relays.

Other digital function that are available are PWM outputs (0% to 100% duty cycle), timers, UART, watchdog
timer and display interfaces.

Custom digital interfaces or functions can be implemented to meet the customer's needs.  The logic can be
designed by the customer and implemented using VHDL or schematic format.



Analog Interfaces
There is a wide range of analog interfaces that can be integrated with the microcontroller.  Multi-channel A/D
converters in both 8 and 10 bit resolution .  Band gap references for absolute measurements.  On chip tempera-
ture sensing for compensation of measurements, digital to analog conversion, phase locked loops (PLLs) as well
as operational amplifiers and comparators.  Oscillators can be implemented either with  external frequency defin-
ing components or completely internal.  Oscillators that are completely internal have frequency controlled from
a value stored in EEPROM.  Custom analog interfaces are also available to meet the customer's needs.
Power
Maximum power consumption depends on the microcontroller and its exact configuration, clock frequency,
loads, etc.   The minimum power needed can be as low as 150 µA in a sleep or power down mode with the core
still active.  Operating supply can be from 6 to 26 volts and load dump protection to 80 volts. 

Development Tools
Melexis has developed a tools set and methodology which allows the user to develop their system concurrently
with silicon development.

Software
Melexis has a full set of software tools to expedite the firmware development.  For developing assembly language
firmware, an assembler, linker and loader is used.  A C compiler is also available for developing firmware.  The
firmware development can also be expedited by the software simulator.  The simulator allows the developer to
run or single step through the code as well as reading and forcing registers and memory locations.

Hardware
A development board is available which contains a processor core with all of the program memory and periph-
eral interfaces external to the processor.  The processor core with the RAM and interrupt controller are contained
in one Melexis chip.  The firmware is executed from a user programmed PROM or EPROM.  Peripheral inter-
faces and functions are implemented within a Xilinx PLA and discrete components.  The PLA can be repro-
grammed by the user to develop the exact logic and interfaces needed.  In addition to the development board,
there is an in circuit emulator (ICE) available.  The ICE replaces an external PROM/EPROM and allows control
over the program execution flow.  The user can start, stop and single step though the program, similar to using
the software simulator.

Prototype Devices
Development is also made easier by prototype devices.  These devices have the internal busses brought out to
package pins.  This allows for use of external program memory or ICE while the peripheral interfaces are at their
final implementation
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Overview

An analog temperature sensor is pretty easy to explain, its a chip that tells you what the
ambient temperature is!

These sensors use a solid-state technique to determine the temperature. That is to say, they
don't use mercury (like old thermometers), bimetalic strips (http://adafru.it/aKJ) (like in some
home thermometers or stoves), nor do they use thermistors  (http://adafru.it/aK6)(temperature
sensitive resistors). Instead, they use the fact as temperature increases, the voltage across a
diode increases at a known rate. (Technically, this is actually the voltage drop between the
base and emitter - the Vbe - of a transistor.) By precisely amplifying the voltage change, it is
easy to generate an analog signal that is directly proportional to temperature. There have been
some improvements on the technique but, essentially that is how temperature is measured.
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Because these sensors have no moving parts, they are precise, never wear out, don't need
calibration, work under many environmental conditions, and are consistant between sensors
and readings. Moreover they are very inexpensive and quite easy to use.

Some Basic Stats

These stats are for the temperature sensor in the Adafruit shop, the
Analog Devices TMP36 (http://adafru.it/clW) (-40 to 150C). Its very
similar to the LM35/TMP35 (Celsius output) and LM34/TMP34 (Farenheit
output). The reason we went with the '36 instead of the '35 or '34 is
that this sensor has a very wide range and doesn't require a negative
voltage to read sub-zero temperatures. Otherwise, the functionality is
basically the same.

Size:  TO-92 package (about 0.2" x 0.2" x 0.2") with three leads
Price:  $2.00 at the Adafruit shop (http://adafru.it/aIH)
Temperature range:  -40°C to 150°C / -40°F to 302°F
Output range: 0.1V (-40°C) to 2.0V (150°C) but accuracy decreases after 125°C
Power supply:  2.7V to 5.5V only, 0.05 mA current draw
Datasheet (http://adafru.it/clW)

How to Measure Temperature
Using the TMP36 is easy, simply connect the left pin to power (2.7-5.5V) and the right pin to
ground. Then the middle pin will have an analog voltage that is directly proportional (linear) to
the temperature. The analog voltage is independant of the power supply.
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To convert the voltage to temperature, simply use the basic formula:

Temp in °C = [(Vout in mV) - 500] / 10

So for example, if the voltage out is 1V that means that the temperature is ((1000 mV -
500) / 10) = 50 °C

If you're using a LM35 or similar, use line 'a' in the image above and the formula: Temp in °C =
(Vout in mV) / 10

Problems you may encounter with multiple sensors:
If, when adding more sensors, you find that the temperature is inconsistant, this indicates that
the sensors are interfering with each other when switching the analog reading circuit from one
pin to the other. You can fix this by doing two delayed readings and tossing out the first one

See this post for more information (http://adafru.it/aKL)
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Testing a Temp Sensor

Testing these sensors is pretty easy but you'll need a battery pack or power supply.

Connect a 2.7-5.5V power supply (2-4 AA batteries work fantastic) so that ground is connected
to pin 3 (right pin), and power is connected to pin 1 (left pin)

Then connect your multimeter in DC voltage mode to ground and the remaining pin 2 (middle). If
you've got a TMP36 and its about room temperature (25°C), the voltage should be about 0.75V.
Note that if you're using a LM35, the voltage will be 0.25V

The sensor is indicating that the temperature is 26.3°C also known as 79.3°F

You can change the voltage range by pressing the plastic case of the sensor with your fingers,
you will see the temperature/voltage rise.
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With my fingers on the sensor, heating it up a little, the temperature reading is now 29.7°C /
85.5°F

Or you can touch the sensor with an ice cube, perferrably in a plastic bag so it doesn't get
water on your circuit, and see the temperature/voltage drop.

I pressed an ice-cube against the sensor, to bring the temperature down to 18.6°C / 65.5°F
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Using a Temp Sensor

Connecting to a Temperature Sensor
These sensors have little chips in them and while they're not that delicate, they do need to be
handled properly. Be careful of static electricity when handling them and make sure the power
supply is connected up correctly and is between 2.7 and 5.5V DC - so don't try to use a 9V
battery!

They come in a "TO-92" package which means the chip is housed in a plastic hemi-cylinder with
three legs. The legs can be bent easily to allow the sensor to be plugged into a breadboard.
You can also solder to the pins to connect long wires. If you need to waterproof the sensor,
you can see below for an Instructable for how to make an excellent case.

Reading the Analog Temperature Data
Unlike the FSR or photocell sensors we have looked at, the TMP36 and friends doesn't act like a
resistor. Because of that, there is really only one way to read the temperature value from the
sensor, and that is plugging the output pin directly into an Analog (ADC) input.

Remember that you can use anywhere between 2.7V and 5.5V as the power supply. For this
example I'm showing it with a 5V supply but note that you can use this with a 3.3v supply just as
easily. No matter what supply you use, the analog voltage reading will range from about 0V
(ground) to about 1.75V.

If you're using a 5V Arduino, and connecting the sensor directly into an Analog pin, you can use
these formulas to turn the 10-bit analog reading into a temperature:

Voltage at pin in milliVolts = (reading from ADC) * (5000/1024) 
This formula converts the number 0-1023 from the ADC into 0-5000mV (= 5V)

If you're using a 3.3V Arduino, you'll want to use this:

Voltage at pin in milliVolts = (reading from ADC) * (3300/1024) 
This formula converts the number 0-1023 from the ADC into 0-3300mV (= 3.3V)
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Then, to convert millivolts into temperature, use this formula:

Centigrade temperature = [(analog voltage in mV) - 500] / 10

Simple Thermometer
This example code for Arduino shows a quick way to create a temperature sensor, it simply
prints to the serial port what the current temperature is in both Celsius and Fahrenheit.

Getting Better Precision
For better results, using the 3.3v reference voltage as ARef instead of the 5V will be more
precise and less noisy

This example from the light&temp datalogging tutorial has a photocell but you can ignore it

//TMP36 Pin Variables
int sensorPin = 0; //the analog pin the TMP36's Vout (sense) pin is connected to
                        //the resolution is 10 mV / degree centigrade with a
                        //500 mV offset to allow for negative temperatures
 
/*
 * setup() - this function runs once when you turn your Arduino on
 * We initialize the serial connection with the computer
 */
void setup()
{
  Serial.begin(9600);  //Start the serial connection with the computer
                       //to view the result open the serial monitor 
}
 
void loop()                     // run over and over again
{
 //getting the voltage reading from the temperature sensor
 int reading = analogRead(sensorPin);  
 
 // converting that reading to voltage, for 3.3v arduino use 3.3
 float voltage = reading * 5.0;
 voltage /= 1024.0; 
 
 // print out the voltage
 Serial.print(voltage); Serial.println(" volts");
 
 // now print out the temperature
 float temperatureC = (voltage - 0.5) * 100 ;  //converting from 10 mv per degree wit 500 mV offset
                                               //to degrees ((voltage - 500mV) times 100)
 Serial.print(temperatureC); Serial.println(" degrees C");
 
 // now convert to Fahrenheit
 float temperatureF = (temperatureC * 9.0 / 5.0) + 32.0;
 Serial.print(temperatureF); Serial.println(" degrees F");
 
 delay(1000);                                     //waiting a second
}
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Note we've changed the TMP36 to A1

To use the 3.3v pin as your analog reference, don't forget to specifyTo use the 3.3v pin as your analog reference, don't forget to specify
"analogReference(EXTERNAL)" in your setup as in the code below:"analogReference(EXTERNAL)" in your setup as in the code below:

/* Sensor test sketch
  for more information see http://www.ladyada.net/make/logshield/lighttemp.html
  */
 
#define aref_voltage 3.3         // we tie 3.3V to ARef and measure it with a multimeter!
 
 
 
 
//TMP36 Pin Variables
int tempPin = 1;        //the analog pin the TMP36's Vout (sense) pin is connected to
                        //the resolution is 10 mV / degree centigrade with a
                        //500 mV offset to allow for negative temperatures
int tempReading;        // the analog reading from the sensor
 
void setup(void) {
  // We'll send debugging information via the Serial monitor
  Serial.begin(9600);   
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  Serial.begin(9600);   
 
  // If you want to set the aref to something other than 5v
  analogReference(EXTERNAL);
}
 
 
void loop(void) {
 
  tempReading = analogRead(tempPin);  
 
  Serial.print("Temp reading = ");
  Serial.print(tempReading);     // the raw analog reading
 
  // converting that reading to voltage, which is based off the reference voltage
  float voltage = tempReading * aref_voltage;
  voltage /= 1024.0; 
 
  // print out the voltage
  Serial.print(" - ");
  Serial.print(voltage); Serial.println(" volts");
 
  // now print out the temperature
  float temperatureC = (voltage - 0.5) * 100 ;  //converting from 10 mv per degree wit 500 mV offset
                                               //to degrees ((volatge - 500mV) times 100)
  Serial.print(temperatureC); Serial.println(" degrees C");
 
  // now convert to Fahrenheight
  float temperatureF = (temperatureC * 9.0 / 5.0) + 32.0;
  Serial.print(temperatureF); Serial.println(" degrees F");
 
  delay(1000);
}
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Example Projects

Remote temperature sensor

Video editor that uses biofeedback (body temperature)

How to waterproof a LM35 sensor for use in a Remotely Operated Vehicle (robot
submarine) (http://adafru.it/aKM)
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A "smart coaster" lets you know when your coffee/tea is safe to
drink (http://adafru.it/aKN) Some of these projects use thermistors (resistors that change their
resistance based on temperature), but can very easily be adapted to to a solid state sensor
like the TMP36.
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Buy a Temperature Sensor

Buy a Temperature Sensor (http://adafru.it/165)
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Overview

FSRs are sensors that allow you to detect physical pressure, squeezing and weight. They are
simple to use and low cost.  This is a photo of an FSR, specifically the Interlink 402 model. The
1/2" diameter round part is the sensitive bit.

The FSR is made of 2 layers separated by a spacer. The more one presses, the more of those
Active Element dots touch the semiconductor and that makes the resistance go down.
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FSRs are basically a resistor that changes its resistive value (in ohms Ω) depending on how
much it is pressed. These sensors are fairly low cost, and easy to use but they're rarely
accurate. They also vary some from sensor to sensor perhaps 10%. So basically when you use
FSRs you should only expect to get ranges of response. While FSRs can detect weight, they're
a bad choice for detecting exactly how many pounds of weight are on them.

However, for most touch-sensitive applications like "has this been squeezed or pushed and
about how much" they're a good deal for the money!

Some Basic Stats

These stats are specifically for the Interlink 402, but nearly all FSRs
will be similar. Checking the datasheet will always illuminate any
differences

Size:  1/2" (12.5mm) diameter active area by 0.02" thick (Interlink does have some that are
as large as 1.5"x1.5")
Price $7.00 from the Adafruit shop (http://adafru.it/166)
Resistance range:  Infinite/open circuit (no pressure), 100KΩ (light pressure) to 200Ω
(max. pressure)
Force range: 0 to 20 lb. (0 to 100 Newtons) applied evenly over the 0.125 sq in surface
area
Power supply:  Any! Uses less than 1mA of current (depends on any pullup/down
resistors used and supply voltage)
Datasheet (http://adafru.it/clQ) (note there are some mathematical inconsistancies in
here)

How to measure force/pressure with an FSR
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As we've said, the FSR's resistance changes as more pressure is applied. When there is no
pressure, the sensor looks like an infinite resistor (open circuit), as the pressure increases, the
resistance goes down. This graph indicates approximately the resistance of the sensor at
different force measurements. (Note that force is not measured in grams and what they really
mean is Newtons * 100!)

It is important to notice that the graph isn't really linear (its a log/log graph) and that at
especially low force measurements it quickly goes from infinite to 100KΩ.
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Testing an FSR

The easiest way to determine how your FSR works is to connect a multimeter in resistance-
measurement mode (http://adafru.it/aZZ) to the two tabs on your sensor and see how the
resistance changes. Because the resistance changes a lot, a auto-ranging meter works well
here. Otherwise, just make sure you try different ranges, between 1 Mohm and 100 ohm
before 'giving up'. 

 

© Adafruit Industries http://learn.adafruit.com/force-sensitive-resistor-fsr Page 6 of 21

http://learn.adafruit.com/multimeters/


Connecting to an FSR

Because FSRs are basically resistors, they are non-polarized. That means you can connect
them up 'either way'a and they'll work just fine!

FSRs are often a polymer with conductive
material silk-screened on. That means
they're plastic and the connection tab is
crimped on somewhat delicate material.
The best way to connect to these is to
simply plug them into a breadboard.

or use a clamp-style connector like
alligator clips, or a female header.

or a terminal block such as Phoenix
#1881448 (http://adafru.it/aKZ)

It is possible to solder onto the tabs but you must be very fast because if your iron is not good
quality or you dally even a few seconds, you will melt the plastic and ruin the FSR! Don't
attempt to solder directly to your FSR unless you are absolutely sure you have
the skills to do so.
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Using an FSR

Analog Voltage Reading Method
The easiest way to measure a resistive sensor is to connect one end to Power and the other to
a pull-down resistor to ground. Then the point between the fixed pulldown resistor and the
variable FSR resistor is connected to the analog input of a microcontroller such as an Arduino
(shown).
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For this example I'm showing it with a 5V supply but note that you can use this with a 3.3v
supply just as easily. In this configuration the analog voltage reading ranges from 0V (ground)
to about 5V (or about the same as the power supply voltage).

The way this works is that as the resistance of the FSR decreases, the total resistance of the
FSR and the pulldown resistor decreases from about 100Kohm to 10Kohm. That means that the
current flowing through both resistors increases which in turn causes the voltage across the
fixed 10K resistor to increase. Its quite a trick!

Force
(lb)

Force
(N)

FSR
Resistance

(FSR + R)
ohm

Current thru
FSR+R

Voltage
across R

None None Infinite Infinite! 0 mA 0V
0.04

lb 0.2 N 30 Kohm 40 Kohm 0.13 mA 1.3 V

0.22
lb 1 N 6 Kohm 16 Kohm 0.31 mA 3.1 V

2.2 lb 10 N 1 Kohm 11 Kohm 0.45 mA 4.5 V

22 lb 100 N 250 ohm 10.25
Kohm 0.49 mA 4.9 V

This table indicates the approximate analog voltage based on the sensor force/resistance
w/a 5V supply and 10K pulldown resistor.

Note that our method takes the somewhat linear resistivity but does not provide linear voltage!
That's because the voltage equasion is:

Vo = Vcc ( R / (R + FSR) )

That is, the voltage is proportional to the inverse of the FSR resistance.

Simple Demonstration of Use
Wire the FSR as same as the above example, but this time lets add an LED to pin 11.
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This sketch will take the analog voltage reading and use that to determine how bright the red
LED is. The harder you press on the FSR, the brighter the LED will be! Remember that the LED
has to be connected to a PWM pin for this to work, I use pin 11 in this example.
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These examples assume you know some basic Arduino programming. If you don't, maybe
spend some time reviewing the basics at the Arduino tutorial? (http://adafru.it/aKU)

Simple Code for Analog FSR Measurements
Here is a code example for measuring the FSR on an analog pin.

/* FSR testing sketch. 
 
Connect one end of FSR to 5V, the other end to Analog 0.
Then connect one end of a 10K resistor from Analog 0 to ground
Connect LED from pin 11 through a resistor to ground 
 
For more information see www.ladyada.net/learn/sensors/fsr.html */
 
int fsrAnalogPin = 0; // FSR is connected to analog 0
int LEDpin = 11;      // connect Red LED to pin 11 (PWM pin)
int fsrReading;      // the analog reading from the FSR resistor divider
int LEDbrightness;
 
void setup(void) {
  Serial.begin(9600);   // We'll send debugging information via the Serial monitor
  pinMode(LEDpin, OUTPUT);
}
 
void loop(void) {
  fsrReading = analogRead(fsrAnalogPin);
  Serial.print("Analog reading = ");
  Serial.println(fsrReading);
 
  // we'll need to change the range from the analog reading (0-1023) down to the range
  // used by analogWrite (0-255) with map!
  LEDbrightness = map(fsrReading, 0, 1023, 0, 255);
  // LED gets brighter the harder you press
  analogWrite(LEDpin, LEDbrightness);
 
  delay(100);
}
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This code doesn't do any calculations, it just prints out what it interprets as the amount of
pressure in a qualitative manner. For most projects, this is pretty much all thats needed!

In-Depth Code for Analog FSR Measurements
This Arduino sketch that assumes you have the FSR wired up as above, with a 10K? pull down
resistor and the sensor is read on Analog 0 pin. It is pretty advanced and will measure the
approximate Newton force measured by the FSR. This can be pretty useful for calibrating what
forces you think the FSR will experience.

/* FSR simple testing sketch. 
 
Connect one end of FSR to power, the other end to Analog 0.
Then connect one end of a 10K resistor from Analog 0 to ground 
 
For more information see www.ladyada.net/learn/sensors/fsr.html */
 
int fsrPin = 0;     // the FSR and 10K pulldown are connected to a0
int fsrReading;     // the analog reading from the FSR resistor divider
 
void setup(void) {
  // We'll send debugging information via the Serial monitor
  Serial.begin(9600);   
}
 
void loop(void) {
  fsrReading = analogRead(fsrPin);  
 
  Serial.print("Analog reading = ");
  Serial.print(fsrReading);     // the raw analog reading
 
  // We'll have a few threshholds, qualitatively determined
  if (fsrReading < 10) {
    Serial.println(" - No pressure");
  } else if (fsrReading < 200) {
    Serial.println(" - Light touch");
  } else if (fsrReading < 500) {
    Serial.println(" - Light squeeze");
  } else if (fsrReading < 800) {
    Serial.println(" - Medium squeeze");
  } else {
    Serial.println(" - Big squeeze");
  }
  delay(1000);
} 
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/* FSR testing sketch. 
 
Connect one end of FSR to power, the other end to Analog 0.
Then connect one end of a 10K resistor from Analog 0 to ground 
 
For more information see www.ladyada.net/learn/sensors/fsr.html */
 
int fsrPin = 0;     // the FSR and 10K pulldown are connected to a0
int fsrReading;     // the analog reading from the FSR resistor divider
int fsrVoltage;     // the analog reading converted to voltage
unsigned long fsrResistance;  // The voltage converted to resistance, can be very big so make "long"
unsigned long fsrConductance; 
long fsrForce;       // Finally, the resistance converted to force
 
void setup(void) {
  Serial.begin(9600);   // We'll send debugging information via the Serial monitor
}
 
void loop(void) {
  fsrReading = analogRead(fsrPin);  
  Serial.print("Analog reading = ");
  Serial.println(fsrReading);
 
  // analog voltage reading ranges from about 0 to 1023 which maps to 0V to 5V (= 5000mV)
  fsrVoltage = map(fsrReading, 0, 1023, 0, 5000);
  Serial.print("Voltage reading in mV = ");
  Serial.println(fsrVoltage);  
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BONUS!  Reading FSR Measurements Without Analog Pins.
Because FSR's are basically resistors, its possible to use them even if you don't have any
analog pins on your microcontroller (or if say you want to connect more than you have analog
input pins. The way we do this is by taking advantage of a basic electronic property of resistors
and capacitors. It turns out that if you take a capacitor that is initially storing no voltage, and
then connect it to power through a resistor, it will charge up to the power voltage slowly. The
bigger the resistor, the slower it is.

 
  if (fsrVoltage == 0) {
    Serial.println("No pressure");  
  } else {
    // The voltage = Vcc * R / (R + FSR) where R = 10K and Vcc = 5V
    // so FSR = ((Vcc - V) * R) / V        yay math!
    fsrResistance = 5000 - fsrVoltage;     // fsrVoltage is in millivolts so 5V = 5000mV
    fsrResistance *= 10000;                // 10K resistor
    fsrResistance /= fsrVoltage;
    Serial.print("FSR resistance in ohms = ");
    Serial.println(fsrResistance);
 
    fsrConductance = 1000000;           // we measure in micromhos so 
    fsrConductance /= fsrResistance;
    Serial.print("Conductance in microMhos: ");
    Serial.println(fsrConductance);
 
    // Use the two FSR guide graphs to approximate the force
    if (fsrConductance <= 1000) {
      fsrForce = fsrConductance / 80;
      Serial.print("Force in Newtons: ");
      Serial.println(fsrForce);      
    } else {
      fsrForce = fsrConductance - 1000;
      fsrForce /= 30;
      Serial.print("Force in Newtons: ");
      Serial.println(fsrForce);            
    }
  }
  Serial.println("--------------------");
  delay(1000);
}
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This capture from an oscilloscope shows whats happening on the digital pin (yellow). The
blue line indicates when the sketch starts counting and when the couting is complete, about
1.2ms later.

This is because the capacitor acts like a bucket and the resistor is like a thin pipe. To fill a
bucket up with a very thin pipe takes enough time that you can figure out how wide the pipe is
by timing how long it takes to fill the bucket up halfway.
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In this case, our 'bucket' is a 0.1uF ceramic capacitor. You can change the capacitor nearly any
way you want but the timing values will also change. 0.1uF seems to be an OK place to start for
these FSRs.

/* FSR simple testing sketch. 
 
Connect one end of FSR to power, the other end to pin 2.
Then connect one end of a 0.1uF capacitor from pin 2 to ground 
 
For more information see www.ladyada.net/learn/sensors/fsr.html */
 
int fsrPin = 2;     // the FSR and cap are connected to pin2
int fsrReading;     // the digital reading
int ledPin = 13;    // you can just use the 'built in' LED
 
void setup(void) {
  // We'll send debugging information via the Serial monitor
  Serial.begin(9600);   
  pinMode(ledPin, OUTPUT);  // have an LED for output 
}
 
void loop(void) {
  // read the resistor using the RCtime technique
  fsrReading = RCtime(fsrPin);
 
  if (fsrReading == 30000) {
    // if we got 30000 that means we 'timed out'
    Serial.println("Nothing connected!");
  } else {
    Serial.print("RCtime reading = ");
    Serial.println(fsrReading);     // the raw analog reading
 
    // Do a little processing to keep the LED blinking
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It is possible to calculate the actual resistance from the reading but unfortunately, variations in
the IDE and arduino board will make it inconsistant. Be aware of that if you change IDE versions
of OS's, or use a 3.3V arduino instead of 5V, or change from a 16mhz Arduino to a 8Mhz one
(like a lilypad) there may be differences due to how long it takes to read the value of a pin.
Usually that isn't a big deal but it can make your project hard to debug if you aren't expecting it!

 

    // Do a little processing to keep the LED blinking
    fsrReading /= 10;
    // The more you press, the faster it blinks!
    digitalWrite(ledPin, HIGH);
    delay(fsrReading);
    digitalWrite(ledPin, LOW);
    delay(fsrReading);
  }
  delay(100);
}
 
// Uses a digital pin to measure a resistor (like an FSR or photocell!)
// We do this by having the resistor feed current into a capacitor and
// counting how long it takes to get to Vcc/2 (for most arduinos, thats 2.5V)
int RCtime(int RCpin) {
 int reading = 0;  // start with 0
 
  // set the pin to an output and pull to LOW (ground)
  pinMode(RCpin, OUTPUT);
  digitalWrite(RCpin, LOW);
 
  // Now set the pin to an input and...
  pinMode(RCpin, INPUT);
  while (digitalRead(RCpin) == LOW) { // count how long it takes to rise up to HIGH
    reading++;      // increment to keep track of time 
 
    if (reading == 30000) {
      // if we got this far, the resistance is so high
      // its likely that nothing is connected! 
      break;           // leave the loop
    }
  }
  // OK either we maxed out at 30000 or hopefully got a reading, return the count
 
  return reading;
}
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Example Projects

Here are just a few examples of projects that use FSRs!

Control LEDs (its a little dark but he's pressing an FSR).

FSR thumb-wrestling (example from Stanford U. class) (http://adafru.it/aL0)

Tapper, a musical interface that works by having you tap your fingers to the
music (http://adafru.it/aL1)
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Buy an FSR

Buy an FSR (http://adafru.it/166)
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