Hall Effect Sensors
Mitchell Goldenberg
How the Hall Effect Works:

Physics 101

· A particle with charge Q, velocity, V and moving within a magnetic field B, will experience the Lorenz force, F = Q(V x B).

· This Force is mutually perpendicular to direction of particle velocity and the magnetic field.

· In a current carrying conductor, the electrons will go to one edge of the conductor and the positive charges will go to the other edge.

· This gives rise to an electric field E (do to uneven lateral charge distribution), which exerts a force F = QE, which is opposite to the Lorenz force.
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· This field superimposed with the electric field in the direction of current flow, yields skewed equipotential lines.

· A voltage is produced that is perpendicular to direction of the current flow, VH(Hall Voltage).
· Discovered by Edwin Herbert Hall in 1879
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The Hall Effect: In a semi-conductive platelet, the Hall voltage is generated by the effect of an external magnetic field acting perpendicularly to the direction of the current.

The Hall Effect Applied to the Hall Sensor:

· The function of a Hall sensor is based on the physical principle of the Hall Effect. 

· A voltage is generated transversely to the current flow direction in an electric conductor (the Hall voltage), if a magnetic field is applied perpendicularly to the conductor. 
· Holding the current constant can allow for measuring the magnetic flux density.
[image: image4.png]



[image: image5.png]Vi =KuclcBsin-@orifsin-0 = (e, -0

Vi = KieclcBor Vi =% B




[image: image6.png]where: Vy = Hall ouput voltage, mV
Kioc = Y (open circuit product sensitivity
constant), mV/mA kG
Ve =magnetic sensitivity (loaded or unloaded)
at a specified control Current, mV/kG
lc = control current, mA (ac or dc)
B = magnetic flux density, kG (ac or dc)




The Hall Plate:

· The Hall plate has current terminals and taps for the Hall voltage
· These are arranged on the surface of a semi-conductive platelet.
· When subjected to a magnetic field, it responds with an output voltage proportional to the magnetic field strength.

· The voltage output is very small (µV) and requires additional electronics to achieve useful voltage levels.

· When the Hall plate is combined with the associated electronics, it forms a Hall Effect sensor.
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HALL SENSORS:
Typical Shapes of Hall Sensors:
Hall plate area should be small. To accuratly measure magnetic flux density, Hall plate area should be smaller than cross section of field being measured.

Transverse (useful when fields must be measured in thin gaps.)

Can be as small as .006”
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Axial (useful when field is parraellel to axis of hole. Traveiling wave tubes or solenoids.)

Can be as small as .063” in diameter.
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Typical Types of Hall Sensors - 
Hall switches:
· Hall switches (switching sensors) have an integrated comparator with predefined switching points and a digital output which can be adapted to different logic systems (Latched, Unipolar, Bipolar, Unipolar with inverted output, etc.).
· All Hall switches include an open-drain output transistor and require an external pull-up resistor to the supply voltage. 
· A standard Hall switch has a single Hall plate and can respond to the absolute value of the magnetic field perpendicular to the plate. 
· The Hall switch is characterized by the magnetic switching points BON (or BOP ) and BOFF (or BRPN). If the magnetic flux exceeds BON , the output transistor is switched on; if it drops below BOFF, the transistor is switched off. The magnetic hysteresis BHYS is the difference between the switching points BON and BOFF.
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Application:
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With this principle of revolution detection, a magnet is located in front of the sensor. A rotating ferromagnetic part modulates the magnetic field at the sensor’s position.
Linear Sensors:
· Linear Hall sensors generate an analog output voltage which is proportional to the magnetic flux perpendicular through the Hall plate. 
· The output characteristic is defined by the parameters VOQ (output quiescent voltage) and sensitivity. 

· VOQ is the output voltage without a magnetic field (B = 0 mT). Sensitivity is the ratio VOUT/B
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Application:
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On engaging the accelerator, a magnet is turned. The Hall Sensor converts the magnetic field variation into an analog voltage which is employed for motor management.
The A3121 Hall-Effect Sensor:

· Built by Allegro

· Hall-effect switching sensor

· Operates in high temperature ranges +150 degrees celcius

· Stable over wide volatage range  4.5-24 volts

· Unipolar switching

· Activated by any small comercial permenat magnet

· Price ~ $.50 per sensor
How does the A3121 Hall sensor work?

Unipolar switching sensors
· The output starts out high.

· The output turns low when the magnetic south pole sends a magnetic field of a specified magnitude through the hall plate on the hall sensor.
· The voltage goes back to high when the magnetic field is removed, when the magnetic field value is less than BOFF.
· The sensor does not take absolute value of magnetic field, therefore it does not respond to the magnetic north pole on the branded side.
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What is on and in the A3121 Hall sensor?:
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Each device includes a voltage regulator for operation with supply voltages of 4.5 volts to 24 volts, reverse battery protection diode, quadratic Hall-voltage generator, temperature compensation circuitry, small-signal amplifier, Schmitt trigger, and an open-collector output to sink up to 25 mA.
· The supply voltage, Vcc, is connected to the supply pin.
· The ground pin is connected to ground.

· Then the output pin is connected to the DSP.
How the output pin sends a signal:

· The output signal is active low.

· When the magnetic field through the Hall sensor exceeds the operate point threshold (B​OP or BON), the output switches to low.
· The output voltage is Vout(sat), which is typically 140 mV. 

· Then when the magnetic field goes below a release point threshold (BRP or BOFF), either by moving the magnet or switching poles, the device output goes high.
· For the signal to switch from low to high or vice versa, the magnetic hysteresis must be overcome. This prevents the voltage changing do to slight changes in the magnetic field.

[image: image16.png]MAGNETIC CHARACTERISTICS in gauss over operating supply voltage range.

Characteristic
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Part Numbers*

A3122

over operating temp. range
B, atT,=25C

over operating temp. range
B, atT,=25C

80 245 410 235 360 330

105 140 0 105 140

over operating temp. range

NOTES: Typical values are at T, =
B

105 150 0 105 140

25°Cand V= 12V
perate point (output turns ON); B,

elease point (output turns OFF); B, = hysteresis (B,,,

-B,,)

*Complete part number includes a suffix to identify operating temperature range (E- or L-) and package type (-LT or -UA).




A typical output rise time tr = 0.04 microseconds
A typical output fall time tf = 0.18 microseconds
What else are Hall sensors good for?:

Hall-effect technology, allows for contactless sensing devoid of mechanical wear, sensing either an external magnet or a ferrous object.
Here are some examples:
	Automotive applications
	Industrial applications

	Applications with Hall switches

· camshaft sensor 

· crankshaft 

· sensor ignition 

· timing engine speed 

· wheel speed (ABS) 

· traction control 

· wiper systems 

· door lock 

· central locking 

· seat adjustment 

· window lifter 

· sliding roof 

· buckle switch 

· brake light switch 

· mirror adjustment 

· brake assistant 

· gear position 

· shift-by-wire 

Applications with linear Hall sensors 

· drive-by-wire 

· brake-by-wire 

· steer-by-wire 

· throttle position sensor 

· active suspension control 

· steering wheel angle 

· headlight range adjustment 

· current measurement 

· battery management 

· liquid level sensor 

· power steering 
	Applications with Hall switches

· commutation of brushless DC motors 

· cooling fans 

· RPM measurement 

· wheel speed sensors 

· revolution counting 

· final position switch 

· contactless switch 

· liquid level 

· liquid flow 

· pressure switch 

· rotary switch 

Applications with linear Hall sensors

· angle sensor 

· current measurement 

· position measurement 

· distance measurement 

· pressure sensor 

· force sensor 

· magnetic field sensor 

· torque sensor 


3 Big Producers of Hall-Sensors:
Micronas: http://www.micronas.com/
Allegro: http://www.allegromicro.com/
Infineon: http://www.infineon.com/
Where to purchase Hall-sensors:
Arrow Electronics: http://www.arrow.com/home_page_unregistered/1,1788,,00.html?
Nu Horizons Electronics: http://www.nuhorizons.com/
Newark InOne: http://www.newark.com/
References:

http://www.sypris.com/library/documents/hallcatalog.pdf
http://www.micronas.com/products/overview/sensors/index.php
http://www.allegromicro.com/hall/
http://www.allegromicro.com/datafile/3121.pdf
