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Introduction

The Hall effect was discovered by Dr. Edwin Hall in 1879 while he was a doctoral candidate at Johns Hopkins University in Baltimore.
He found that when a magnet'’s field was placed perpendicular to one face of a thin gold rectangle where current flowed through, a difference

in potential appeared at the opposite edges. He found that this voltage was proportional to the current flowing through the conductor, and the
flux density or magnetic induction was perpendicular to the conductor.

How does the Hall effect work?

When a current-carrying conductor is placed into a magnetic field, a voltage will be generated perpendicular to both the current and the field.
This principle is known as the Hall effect.

The fundamental physical principle behind the Hall effect is the Lorentz force: when an electron moves along a direction, v, perpendicular to
the applied magnetic field, B, it experiences a force, F. This is the Lorentz force, as seen Figure 1.

F=qbxB

Figure 1. Lorentz force

Figure 2 illustrates the basic principle of the Hall effect. It shows a thin sheet of semiconducting material (Hall element) through which a
current is passed. The output connections are perpendicular to the direction of the current. When no magnetic field is present, current
distribution is uniform and no potential difference is seen across the output, as shown in Figure 2.

When a perpendicular magnetic field is present, as shown in Figure 3, a Lorentz force is exerted on the current. This force disturbs the current
distribution, resulting in a potential difference (voltage) across the output. This voltage is the Hall voltage (VH).

The interaction of the magnetic field and the current is VH «| x B.

i' ll

Hall Element Hall Element

O [ L7 =0 v =

VH=0 l VH>0
Figure 2. No magnetic field Figure 3. Magnetic field is present
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Hall Element

A Hall element is a magnetic sensor that detects a magnetic field and outputs an analog signal proportional to the magnetic flux density.

Materials

The primary semiconductor materials currently used as Hall elements are shown in Table 1 along with their unique characteristics.

InSb (Indium Antimonide)
. Supersensitive with bigger temperature drift and is suitable for switch/latch/motor magnetic-sensing applications.

InAs (Indium Arsenide)
. Highly sensitive with low-temperature drift and is suitable for precise motion and position control applications such as robot joints
and industrial machine tools.
GaAs (Gallium Arsenide)
e Has ultra-low temperature drift and is suitable for linear-sensing applications such as OIS (optical image stabilizer) systems.

Silicon (Si)
e  One of the more common Hall element materials with very low sensitivity and can be integrated into a standard CMOS process.

Diodes Incorporated (Diodes) provides two kinds of Hall products for user selection. One is the InSb Hall element and the other is the Si-base
integrated Hall IC. For more details on our products, please refer to the Diodes website: https://www.diodes.com/products/analog/sensors/.

Offset Voltage

Hall elements may generate an output voltage even when no magnetic field is applied. This is called an offset voltage. The offset component
of the Hall element can be represented by a bridge circuit of four resistance values, as shown in Figure 3a.

VB VB

Figure 3a. Equivalent circuit of a Hall element Figure 3b. Mismatch of four resistors
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Figure 3c. Output voltage w/wo an offset voltage Figure 3b. offset voltage Vos as a function of electrical stimuli Ic/ Vc

If all four resistors are equal, the offset voltage will be zero. When an offset voltage is present due to a resistor mismatch, as with Figure 3b,
the output voltage characteristic will be shifted, as shown in Figure 3c.

This offset voltage is generated due to unintended variations in the manufacturing process and the offset voltage is also temperature and
applied voltage VC/Current IC dependent as Figure 3b.
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Drive Mode

There are two different types of operations to drive the Hall element. One is with the constant voltage (VC), and other is with the constant

current (IC), as seen in Figure 4.

2 1 2 1

AH101/108 | Vc() AH101/108 Sl

3 4 3 4
T L] L]

Figure 4. Voltage and current operating mode

Voltage Mode V¢
When a fixed voltage (VC) is applied across terminals 1 and 3, the output voltage (VH) at terminals 2 and 4 can be expressed by the following
equation:

VH=pH+ (W/L) * VC » B+Vos

Where pH is the electron mobility, W is the width of the element surface, L is the length of the element surface, and Vos is the offset voltage.
The temperature characteristic of the output voltage of an element with constant voltage drive is determined by the temperature characteristic
of uH.

Current Mode Ic
When a constant current (IC) is inputted to terminals 1 and 3, the output voltage at terminals 2 and 4 can be expressed by the following
equation:

VH=RH - (1/d) - IC - B+Vos

Where RH is the Hall coefficient, B is the magnetic flux density, d is the thickness of the semiconductor film, and Vs is the offset voltage. The
Hall coefficient is defined as follows using an electron charge (e) and carrier concentration (n):

RH=1/(e - n)

The temperature characteristic of the output voltage with a constant current drive is determined by the temperature characteristic of the Hall
coefficient.

Hall voltage (VH) characteristics on the voltage (VC) or current mode (IC) is shown in Figure 5, 6, and 7.
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Figure 5. Hall voltage (Vy) as a function of magnetic flux density (B)
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Figure 6. Hall voltage (Vy) as a function of electrical stimuli (I¢/Vc)
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Figure 7. Hall voltage (Vy) as a function of ambient temperature (T,)

Hall Voltage VH vs. Magnet pole

Diodes provides five InSb Hall elements for user selection, as shown in Table 1

AN1195

VH @
Products Package Type B=500Gs, VC=1V, Vcis @o Magnet que to Brand
e TA = 25°C Side
TA = 25°C
AHE101 168mV ~ 415mV +/- 5mV E
AHE108 168mV ~ 370mV +/- TmV
=7
SOT23-4 E
AHE102 196mV ~ 465mV +/- TmV
[ s N|
AHE300 SIP-4 168mV ~ 320mV +-7TmV
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Users may have questions on how to set up Hall elements in their design, as well as how to retrieve the correct output voltage while employing
a Hall element for the first time. Below are examples for reference.

AH101/AH108
Applied 1V on Pinl to Pin3. The positive VH voltage will be generated between Pin2 and Pin4 when magnet pole N is to the brand side, as

in Figure 8.
1

.

Brand side 0
N _/7‘\ AH101/108 | 1V ()
A=A

VH(=V2-V4) >0

7

\H——{:w

Figure 8. AH101/AH108 VH vs Magnet pole N

However, in the same setup, a negative VH voltage can be generated between Pin2 and Pin4 when the magnet pole S is to the brand side,

as in Figure 9.
Brand side
g o s
Z AH101/108 1v C)
+
=0 /ﬁ\ 4
VH(=V2-V4)< 0 L{J

.

\\}——{:w

|
\h

Figure 9. AH101/AH108 VH vs Magnet pole S

AH102
1V is applied onto Pinl to Pin3. The Negative VH voltage will be generated between Pin2 and Pin4 when magnet pole N is to the brand side,
as in Figure 10.

N:}_

Brandside [——(5 [_1_1

N _i f i - ; AH102 3 v ()
ﬁ VH(=V2-V4) <0 HJ T

Figure 10. AH102 VH vs Magnet pole N
However, in the same setup, the positive VH voltage can be generated between Pin2 and Pin4 when magnet pole S is to the brand side, as
in Figure 11.
Brand side r F}T
0 1 2
g _/7\ AH102 e

4 3
VH(=V2-V4) > 0 T

Figure 11. AH102 VH vs Magnet pole S
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AHE300
1V is applied onto Pinl to Pin3. The positive VH voltage will be generated between Pin2 and Pin4 when magnet pole N is to the brand side,

as in Figure 12.

Brand side

R AH300

1 2 3 4

0

R

VH(=V2-V4) >0

v

Figure 12. AH300/AH322 VH vs Magnet pole N

However, in the same setup, the negative VH voltage can be generated between Pin2 and Pin4 when magnet pole S is to the brand side, as
in Figure 13.

Brand side

[ AH300

1 2 3 14

0

X

VH(=V2-V4) <0

1v

Figure 13. AH300/AH322 VH vs Magnet pole S

Note:
In the SOT23-4, the upper-side Pin1/Pin2 is quite symmetrical to the bottom-side Pin3/Pin4. This symmetry may lead to human error, resulting
in a 180° rotation issue when mounted to the PCB. Even when the Hall element is rotated 180°, the Hall output voltage (VH) will be the same
as previous non-rotated results if all the same setups include a magnet pole to the brand side, as seen in Figure 14.

0° 180° Rotated
E Brand side N} o q ) a 5
/ /f\: AH101/108 | 1v( /7'\: AH101/108 | 1v(
VH(=V2-V4) >0 VH(=V4-V2) >0

Same VH results w/wo 180° rotated at same setup

Figure 14. Hall output voltage with and without the SOT23-4 being rotated 180°
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Applications

Hall elements are mainly used for BLDC motor and linear position detection. These applications benefit from:
e  Contactless application with long lifetimes;
. Miniaturization for surface mount applications;
e  Fast response times with no-contact bunce.

Hall elements in BLDC (brushless) motor applications

Many DC motors include brushes, as shown in Figure 15. Current flow is switched to the coils through the brushes, which repeatedly contacts
the commutator as it rotates. This repeated physical contact between the brushes and the commutator causes the brushes to wear out.

Therefore, integrating a Hall element into the BLDC can provide a contactless, long-lifetime, and maintenance-free motor that rotates with the
direct current, as shown in Figure 16.

Coils Sator

4

Coils

)

Comulator

Stator,
Permanent magnet Rotor, Hall Element
Brushes Permanent magnet
Figure 15. Brushed DC motor Figure 16. Brushless DC motor with Hall element

Based on the information of the magnetic field detected by the Hall element, as shown in Figure 17, the current is varied to the coil to create
an electromagnetic driver IC, as seen in Figure 18. The strength and direction of the magnetic field generated by the electromagnets are
controlled in a timely manner, and the rotor is rotated by the force of repulsion and attraction between the magnets of the rotor and the
electromagnets of the coils.

In addition, BLDC efficiency, such as in rotational speed and jitter, may be affected if the duty ratio is not quite symmetrical with the north/south
pole switching, possibly due to a Vos problem. However, this phenomenon can be improved by using a highly sensitive Hall element.

—

B(Gs)

Smart BLDC Driver
/BLDC Pre-Driver

C O\ L
:” - A A VH iis proportional to B(Gs)
| A/Brznd side
i

‘7\‘ ’fD ‘( t
:\!)/ \ NVDS
\J ¢ -
-VH
Figure 17. Hall element VH vs. ring magnet Figure 18. Hall element VH vs. ring magnet

Diodes provides smart BLDC drivers and pre-drivers for user selection. For more detailed information, please refer to our website:
https://www.diodes.com/products/power-management/motor-control/.
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Hall elements in linear position detection

Hall elements have good linearity with magnetic flux density and can thus be employed for position detection. Based on this, the Hall element
voltage can be amplified by RF/R ratio when the amplified voltage (VO) is proportional to magnetic flux density. The user can detect the
position variation by monitoring the VO voltage.

Figure 19 shows an example of a linear signal amplifier with a Hall element. Output transfer function of distance vs. magnetic flux density is
shown in Figure 20.

Rr
T —\\V\—e—@ Vg
e R
AH101/108 - |
T + —_ k
S " Vo= Vu*(Re/R)
R
v y l
Figure 19. Linear signal amplifier circuits
Vo
PR |
da2 - - - - ‘ ;
a3 - d Brand side i |
da —mmm e / 3 ! 3
oo 1 A
=E , N N .
di d2 d3 da 0 100Gs 200Gs 300Gs 400Gs N
d distance B(Gs)

Figure 20. Output transfer function

Hall elements in current sensors

An open-loop current sensor, as seen Figure 21, consists of a Hall element placed in the air space of a magnetic core. They measure both
AC and DC and provide electrical isolation between the input and output sections, with the galvanic isolation ensuring no-contact
measurement. The amplified Hall signal represents the sensor output.

Figure 21 illustrates the principles behind the Hall current sensor. The magnetic flux produced in proportion to the primary current, IP, induced

in the magnetic circuit, passes through the Hall element inserted in the gap of the magnetic circuit. This results in a potential difference, VH,
expressed by the formula shown in the Figure 21.

Magnetic Core

Re
Hall VVV *—0 Vo
Element
1 2 3 4 R

B .

' R Vo= Vi*(Re/R)+Veer
Re

v L AN—@ Vi
|

Primary current, Ip

Figure 21. Open-loop current sensor
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A closed-loop current sensor, as seen in Figure 22, applies a feedback current to the secondary winding to produce a magnetic field that
opposes the magnetic field generated by the primary current. A Hall element is placed in the gap of the core that surrounds the primary current
line, and the secondary winding (N turns) is wound around the core. The feedback circuit applies a feedback current (IP/N) to the secondary
winding so that the output of the Hall element will always be zero, thus counteracting the magnetic field generated by the primary current.
This feedback current is converted to a voltage by a load resistor (RL), making it possible to obtain a voltage proportional to the primary
current.

Secondary Winding, Is
. 47
N turn Magnetic Core
\

\\
\
+Vv

Hall
Element

Primary current, Ip i Output current,
ls=lp/N
s VSES=RL*|S=RL*(1/N)

Ru

Figure 22. Closed-loop current sensor

Closed-loop and open-loop current sensors have their own advantages and disadvantages, as shown in Table 3 below. Knowing which type
to select depends on the user’s requirements for their system applications.

Power Accuracy and ; . Dynamic
Current Sensor Consumption Linearity Response Time Isolation Range Cost
electrical )
Open Loop Low Good Fast isolation Wider Low
Closed Loop High Best Faster No_neleqtrlcal Narrower High
isolation
Table 2. Comparison table of open-loop vs. closed-loop current sensor
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with
Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are
responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their
intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory
requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including
testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to
minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages
and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms  and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect
of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives
and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating
to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2025 Diodes Incorporated. All Rights Reserved.
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