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What i1s Hall effect?
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Permanent magnet

Neodymium-lron-Boron (NdFeB)
» Highest B,
» -11% per +100°C

Ferrite (iron-oxide ceramic)
» Low-cost, but 30% B, of NdFeB
» -20% per +100°C

Aluminum-Nickel-Cobalt (AINICo)
» Temperature consistency
» -2% per +100°C

Samarium-Cobalt (SmCo)
» Best for high temperatures
» -4% per +100°C

d / “‘d

wi3 TEXAS INSTRUMENTS = 3



Magnets and flux density

« Two main sources: magnets and current
* “Flux”: the sum of magnetic field lines passing through a specified area.
* “Flux density”: magnetic force

» Flux per mm?

» Units: gauss (G) or tesla (T)
»>10G=1mT

» Earth’s field = 0.05 mT

Flux /
I
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Determining a magnet’s flux density vs. distance

R\

Magnet datasheet

Simulation (FEMM, COMSOL, ANSYS Maxwell)
Measurement (gaussmeter/teslameter, linear Hall)

Tl magnetic field calculator
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Magnetic Field Calculator

Ferrite ﬂ

4000

Magnet Material:

Remanence (Br): Gauss

Magnet Shape: ® Rectangle O Cylinder
Width: 15
Length: 15 mm il
Thickness: 7
Thickness__
Width . ¥

>

‘ 4

. Distance Pty

Length S B

Y

Distance: 10 mm il

Magnetic flux density B = 26.05 mT
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Industry devices: Hall elements and ICs

Element

Current-limiting resistor

Differential
Vem amplifier
adjustment
resistor -
% N output
« Passive component
e - Requires signal conditioning
* Less robust
* Element resistance varies ten
o = = fimes across temperature

Integrated Circuit

®
Vcc
p— OuT —— OUtpUt
GND
.
a= —
E’ 12—

. % 0 —— DRVS013AD
Protection, robustness s 8 — DRVSDIAC
Fully integrated analog design S ¢ —

L 4
Temperature compensation 5
Many different device classes ] e

Ambient Temperature (C)
Figure 4. Bgp vs Temperature
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Hall effect latches

Hall effect latch

Indicates the most recently measured magnetic flux
density. These are used in rotary applications such as
BLDC motor sensors and incremental encoding.

ouT
A
«—> L > S .

Bie . S * Motors

Ih " s ' * Incremental encoders
s
< ov < <4+—>

< l l » B Incremental Rotary Encoder Design Considerations

north Bre OmT Sop south http://www.ti.com/lit/pdf/sboa200
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Hall effect switch

| } |

Hall effect switch 2 distance : Vee
|
|

Indicates the presence or absence of magnetic flux DRV5032 Controller T
density compared to a defined threshold. Voo
* Unipolar switch — responds only to south magnetic poles ; 1
. : st — ouT »|GPIO
* Omnipolar switch — responds to both south and north | | [P
magnetic poles i
ouT
A ouT
Bhvs B A B
Vee <> HYS ¥ HYS
> > e 'CC “—>
Unipolar Omnipolar
A v v A A 4
ov + 4! a4 » . et oVt
— > B > — — > B
north omT Brr  Bop south north Bor Bre omT Brr Bor south
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Single-axis linear Hall effect sensor

Linear Hall effect sensors

Outputs a signal that is proportional to magnetic flux
density in order to measure precise movement.

Bipolar measurement Unipolar measurement Bipolar measurement
with analog output with analog output with PWM output
OHT ouT PWMEUtpUt north omT south

A (smaller DC) (50% DC) (larger DC)

Veet 4 < APt | QMOY o
y Vee TVi aume Voo M —
/\/CC/
ovIVewm 0.6 V- ovt L _

< » B < > B —»time
north omT south OomT south

| | | | |
| Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5
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CORRECT

Common package types

2 packages, 2 sensing directions

'

AR
—>
AR

INCORRECT

x %
SOT-23 TO-92 or “SIP”
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To find more magnetic position sensing
technical resources and search
products, visit ti.com/halleffect
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