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1 Hall Sensor Basic Principals  
A Hall effect sensor is a transducer that varies its output voltage in response to changes in a magnetic 

field. Hall sensors are used for proximity switching, positioning, speed detection, and current sensing 

applications. Hall sensors use a Hall element. 

 

 

 

 

 

 

A Hall element is a magneto-electric transducer which uses the Hall effect of a semiconductor to 

measure or sense a magnetic field perpendicular to the element. The Hall element is made of a thin 

semiconductor layer with two input voltage terminals and two output voltage terminals. The magnetic 

flux perpendicular to the semiconductor layer generates a voltage by the Lorenz force. The output 

voltage is approximately linear to the magnetic flux density. A Hall element is truly an analog device.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Output voltage VH of the Hall element is dependent on mobility ɛȼ and Hall coefficient RH of the 

material. This means that if the mobility of the material is large, the Hall output voltage is also large. 

AKM uses 5 different semiconductor materials as Hall elements. The different materials provide 

different performance characteristics. 
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Hall Element 

material 

Magnetic Sensitivity Temperature Coefficiency 

Relative 

Ranking 

Electron Mobility of 

Semiconductor 

(cm
2
/Vs) 

Temperature Dependence of 

Sensitivity 

Band 

Gap 

(eV) 

Si Low 1,450 Low 1.12 

GaAs Medium 8,000 Low 1.43 

InAs High 30,000 Medium 0.33 

InAs 

(Quantum well) 
High 30,000 Medium 0.33 

InSb Ultra High 75,000 High 0.16 

 

Indium Antimonide ( InSb): has the greatest electron mobility among semiconductors, at 75,000 

(cm
2
/Vs), but the temperature dependence is large. 

Gallium Arsenide (GaAs): has electron mobility of 8,000 (cm
2
/Vs), which is about 1/10 that of InSb, 

but the temperature dependence is better with the large band gap. 

Indium Arsenide (InAs): has intermediate electron mobility and band gap between those of InSb and 

GaAs, and demonstrates intermediate characteristics between InSb and GaAs with high sensitivity and 

good thermal characteristics. 

Silicon (Si): has the lowest electron mobility among semiconductors, at 1,450 (cm
2
/Vs), but temperature 

dependence is good and it has the advantage of allowing a monolithic Hall Effect IC. 
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AKM provides both Hall Elements and Hall Effect ICs. 

 

Hall Element 
AKM Hall Elements typically have 4 pins, 2 input pins and 2 output pins and can be driven by either a 

voltage or a current source. The output is a Hall voltage that is proportional to the magnetic field. The 

output of a Hall Element is analog and typically requires additional amplification. AKM uses GaAs, 

InAs, InAs (quantum well) and InSb semiconductor materials in its Hall Elements.  

 

 

 

 

 

 

 

The magnetic sensitivity of AKMôs high sensitivity HW (InSb) series is increased by sandwiching the 

sensor plate between a ferrite substrate and a ferrite chip, the magnetic flux is converged into the sensor 

plate. The sensitivity is enhanced approximately 4 to 5 times. It behaves like an optical lens. 

 

 

 

 

 

 

 

 

 

 

See AKMôs Hall Elements. 

Hall Effect IC 
A Hall Effect IC consists of a Hall element and signal conditioning circuitry to convert the Hall element 

output into a digital output. The two devices are mounted in a single package with three active terminals 

(Power, GND and output). This provides a complete Hall sensor solution. Additional circuitry to 

interpret the output is typically not required. AKM uses GaAs, InAs, InAs (quantum well), InSb, and Si 

semiconductor materials in its Hall Effect ICs. The AKM Hall Effect ICs that use Si are a monolithic 

(single chip) Si structure using the Si for both the Hall element and the additional circuitry. The AKM 

Hall Effect ICs that use GaAs, InAs, InAs (quantum well), and InSb are a hybrid structure using the 

specific Hall element and Si for the additional circuitry. 
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Hall Effect IC Operation  

A Hall Effect IC is activated by a magnetic field. A magnetic field has 2 important characteristics, 

magnetic field polarity (pole, either north or south) and magnitude (magnetic flux density, B).The 

magnetic flux density, B is typically measured in Gauss, G or Tesla, T (10G = 1mT). The Hall element 

reacts to the magnetic flux perpendicular to its surface, therefore, the position and placement of the Hall 

element in the IC in relationship to the magnet field of the magnet (the placement of the magnet and its 

magnetic strength) is important for the correct operation of the IC.  

 

 

 

 

 

 

 

 

 

 

 

 

The movement of the magnet can be into/out-of or across the face of the Hall element. The point at 

which the Hall Effect IC senses the magnetic field perpendicular to its surface is based on the magnetic 

flux density, B. This is called the Operate Point, BOP. The point at which the Hall Effect IC stops sensing 

the magnetic field is called the Release Point, BRP. Hall Effect ICs are designed to have hysteresis, BH 

between BOP and BRP to keep the IC from switching on and off due to the operating tolerances of the 

magnetic field and the Hall element.  
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ICs that use the Hall effect as part of their function can get very complicated and specific to the function 

for which they were designed.  There are 3 basic functions for the common Hall Effect ICs: Switch, 

Latch, and Linear. 

Power Consumption 

There are two choices of power consumption: Continuous powered devices with standard current 

consumption and Pulsed powered devices at low duty cycles that significantly reduce the average 

current consumption to microamps.  

 

Pulse excitation type (Micro Power) 

The Hall element is driven by the electric current pulse shown below, and the output is as shown in 

Figure 5. As for output when it is not driven, the immediately preceding state is maintained. Usually, the 

period of the pulse drive is predetermined in each grade of Hall effect IC and cannot be externally 

controlled. 

 

 

 

 
 

 

 

 Operation timing diagram 
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Switch 

A Hall Effect Switch IC turns on (or off) in the presence of a magnetic field. It takes the analog output 

of the internal Hall element and at a particular BOP and magnetic pole (N or S) turns on (or off) a 

transistor. Typically Hall Effect Switches turn on an internal transistor pulling an output to ground. This 

action can be used as a digital signal or depending on the design of the Hall Effect IC used to drive an 

output (like an LED).  

 

A Unipolar Hall Effect Switch IC  only senses one pole. It can be either the N or S pole; typically the S 

pole is used for unipolar switches. This requires that the magnet be installed such that the S pole will 

activate the Hall element. Typically the top or front side of the Hall IC (the side with marking) is parallel 

to the Hall element and needs to be the surface of the IC exposed to the correct pole (typically the S 

pole).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Output waveform of Unipolar Hall Effect Switch 

 

An Omnipolar Hall Effect Switch IC  senses either the N or S pole. It is not dependent on the direction 

of the magnetic pole. This allows the magnet to be installed with either the N or S pole facing the Hall 

element, eliminating a potential error during the assembly operation. 
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 Output waveform of Omnipolar Hall Effect Switch 

 

A Dual Output Unipolar  Hall Effect Switch IC senses both the N and S pole separately. This is also 

sometimes referred to as a Dual Output Omnipolar Hall Effect Switch. 

 

 

AKM Hall Effect Switch IC Circuit diagrams  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

See AKM’s Hall Effect Switch ICs. 
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Latch 

A Hall Effect Latch IC  requires both magnetic poles to work, turning on with the N pole and off with 

the S pole. If it is turned on with a N pole and the magnetic field is taken away from the Hall Effect 

Latch IC, the IC will stay on. It will stay on until a S pole is brought close enough to it to turn it off.  

 

 

 

 

 

 

 

 

A Hall Effect Latch IC is often used with a Ring Magnet. 

 Hall Effect Latch with  

 Ring Magnet Output 

 

 

 

 

 

 

 

 

 

AKM Hall Effect Latch IC Circuit diagrams  
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See AKM’s Hall Effect Latch ICs. 

 

 

 

Linear  

A Hall Effect L inear IC  uses the analog output of the Hall element and an amplifier to produce a linear 

output voltage based on the magnetic flux density (sensitivity = mV/mT).  

 

 AKM Hall Effect Linear IC Circuit diagram  

 

 

 

 

 

 

 

 

 

 

 

 

See AKM’s Hall Effect Linear ICs. 
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2 Permanent Magnets  

Permanent magnets can largely be classified into the ferrite magnets, the samarium cobalt (Sm-Co) 

magnets, and the neodymium iron boron (Nd-Fe-B) magnets. Stronger magnetic flux density can be 

obtained with the latter type when the geometry is the same. The Sm-Co magnets are the most expensive, 

Nd-Fe-B magnets come next, and the ferrite magnets are relatively inexpensive. However, a feature of 

the Sm-Co magnets is that the thermal characteristics of the magnetic flux density are excellent. The 

characteristics of different magnets are usually shown on the websites of their respective manufacturers. 

Please refer to the relevant magnet manufacturerôs website for details and other references. 

Magnet 
Residual magnetic flux density 

(Br:mT) 

Thermal coefficient of 

Br(%/°C) 
Cost 

Ferrite magnets 300 - 500 Approx. - 0.18% Low 

Neodymium iron boron 

magnets  

(Ne-Fe-B) 

1,100 - 1,500 Approx. - 0.11% Normal 

Samarium cobalt magnets  

(Sm-Co) 
1,000 - 1,200 Approx. - 0.03% High 

 

 

Types by manufacturing methods 

Sintered magnet 
A magnet manufactured by pressing magnetic powders into a shape and baked by intense heat. This type 

includes ferrite magnets, samarium cobalt magnets, and neodymium magnets. It is suitable to a standard 

shape such as cylinder and rectangular solid. 

Bond magnet 
A magnet manufactured by mixing magnetic powders with a base material such as rubber or plastic, and 

molding the mixture into a shape through a pressing or extrusion process. Though suitable to a special 

shape, its magnetic force is weaker than a sintered magnet because the amount of magnetic substance 

per unit volume is smaller. 

Others 
Other manufacturing methods include casting and forging. These are applied to the manufacturing of 

alloy magnets. 

Anisotropy, isotropy 

These properties represent the orientation of the easy axis of magnetization. 

A magnet made by mixing magnetic powders directly with a base material (e.g. plastic), such as a bond 

magnet, has no unified tendency in the easy axis of magnetization (orientation in material's crystalline 
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organization that is easy to magnetized). Such a magnet is called an isotropic magnet. An isotropic 

magnet can be magnetized in any orientation. 

To the contrary, a magnet for which the easy axes of magnetization for magnetic powders are unified in 

the molding process is called an anisotropic magnet. An anisotropic magnet can be provided with a 

highly intensive magnetic force by magnetizing it along the easy axis of magnetization. To unify the 

easy axes of magnetization, several methods are available, for example, using magnetic fields in the 

molding process and applying mechanical pressure. 

Change in magnetic flux density 

Even a permanent magnet may degrade in the magnetic force due to temperature changes and aging. 

This phenomenon is called demagnetization. Among others, the irreversible temperature change as 

shown in item (2) below is critical because it causes unrecoverable magnetic force deterioration. 

(1) Reversible change 
This is a phenomenon that a magnet changes its magnetic characteristic according to the temperature 

coefficient inherent to the material when the temperature is changed and restores the original 

characteristic when the temperature is restored. 

(2) Irreversible change 
This is a phenomenon that a magnet changes its magnetic characteristic according to the 

demagnetization characteristic inherent to the material when the temperature is changed but cannot 

recover from the demagnetized status even when the temperature is restored. Some ferrite magnets have 

an irreversible change zone in a low temperature range and some neodymium magnets have an 

irreversible change zone in a high temperature range. The irreversible zone is affected by not only the 

material but also the permeance coefficient determined by the shape. For further details, consult each 

magnet manufacturer. 

(3) Aging 
All magnets, even permanent magnets, are demagnetized little by little due to the influence of thermal 

energy. The degree of demagnetization varies with the magnet material, permeance coefficient, and 

environmental temperature. Besides, physical stresses (e.g. distortion due to manufacturing) and 

chemical changes (including rust) contribute to the aging. Nowadays, these aging effects are controlled 

to a practically negligible level by adequate preventive measures including the progress of the 

manufacturing technologies. 

Temperature characteristic of magnet 

A magnet exhibits different behaviors in the reversible zone and the irreversible zone. 

The concept in the reversible zone is as follows. A magnet material has an inherent temperature 

coefficient, Kt, which determines the temperature characteristic. For example, assuming that the residual 

magnetic flux density at 20ºC Br (20) is 1200mT and Kt is -0.12%/ºC, this magnet exhibits the 

following residual magnetic flux density when placed in an environment at 60ºC. 

When the temperature is returned to the original level, the magnet also recovers its original characteristic. 

Next, the irreversible change is discussed as below. 
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High temperature demagnetization 
Generally a magnet has a negative temperature coefficient and its magnetic force weakens as the 

temperature rises. Note that, however, some rare-earth magnets including neodymium magnets present 

an irreversible change in a high temperature range. The irreversible demagnetization at high temperature 

depends on the material characteristics and permeance coefficient. Demagnetization is likely to progress 

as the permeance coefficient is smaller. To determine the expected demagnetization level, the 

demagnetization curve of the magnet material is required. This data should be acquired from the magnet 

manufacturer. 

The temperature at which a magnet loses its magnetic force completely due to temperature increase is 

called Curie temperature. Once reaching the Curie temperature, the magnet cannot restore the magnetic 

force even after the temperature is reduced to an ordinary level. 

Low temperature demagnetization 
In principle, a magnet with a negative temperature coefficient provides a larger magnetic force as the 

temperature lowers. However, some ferrite magnets have an irreversible change zone in a low 

temperature range. 

The irreversible demagnetization at low temperature depends on the material characteristics and 

permeance coefficient. Demagnetization is likely to progress as the permeance coefficient is smaller. To 

determine the expected demagnetization level, the demagnetization curve of the magnet material is 

required. This data should be acquired from the magnet manufacturer. 

Calculation of magnetic flux density produced by a magnet 

Figure 1 shows a convenient expression, which is useful for making a magnet with an intensity of ** mT 

at * mm from the magnet." When the size of the magnet, residual magnetic flux density Br at the surface, 

and distance from the magnet surface are entered, the magnetic flux density at that position is obtained. 

This expression is obtained by solving the equation for electromagnetism, assuming uniform distribution 

of the magnetization on the pole surface, and is considerably in agreement in most cases for the above 

three types of magnets. Click here for the Excel sheet for calculating magnetic flux density.  

[Figure 1: Method of calculation of magnetic flux density of square magnet] 

 

 

[Figure 2: Method of calculation of magnetic flux density of column magnet] 

http://www.akm.com/pdf/AsahiKASEI_EMD_MFD_calc-sheet_Ver1b.xls
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Magnetic field analysis 

Magnetic field analysis means to calculate the magnetic flux density generated by a permanent magnet 

or a coil in a space. It is difficult to directly solve the equation for electromagnetism for a magnet with 

much more complex shape than the simple one mentioned above or for a case where multiple magnetic 

substances such as yokes exist. 

In such cases, numerical analysis techniques, such as the finite element method or the integral element 

method, are used. The optimal solution is obtained by a computer breaking down the magnetic substance 

with a complex shape as an assembly of a minute magnetic substance element. 

If you have any questions, please contact AKM Semiconductor Applications Support.  
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3 Terminology Related to Magnets  

Physical quantities and units for magnet 

 

Term Description 

 
Coercive force 

For a material magnetized by the saturation magnetic field, the magnetic force can be 
reduced to zero by applying a magnetic field in the reverse direction of the 
magnetization. This reverse magnetic force is called coercive force. The coercive force 
is represented by Hcj (or jHc) if expressed in magnetic field or by Hcb (or bHc) if 
expressed in magnetic flux density. The coercive force indicates how a magnet 
maintains its magnetic force as suggested by the name. Along with the residual 
magnetic flux density, it is an important parameter indicating the characteristics of a 
mixture material. Even if the residual magnetic flux density is large, a material with a 
small coercive force is not considered to be useful because it significantly depends on 
the shape and temperature. 

 
Curie temperature 

The temperature at which a magnet changes its crystal structure and loses the 
magnetic force completely due to temperature increase is called Curie temperature. 
Once reaching the Curie temperature, the magnet cannot restore the magnetic force 
even after the temperature is reduced to an ordinary level. The guidelines of Curie 
temperatures and usable (restorable) temperatures for typical magnet materials are 
indicated below. 

 

 

 

 

Material of 
magnet 

Curie temperature  Usable temperature  

Al-Ni-Co Approx. 850ᴈ 400 to 450ᴈ 
Ferrite Approx. 450ᴈ 200 to 250ᴈ 

Neodymium Approx. 300ᴈ 80 to 150ᴈ 
Samarium, 

cobalt 
Approx. 730ᴈ 200 to 250ᴈ 

 
Demagnetization 

An action to eliminate any magnetism is called demagnetization. To achieve 
demagnetization, a simple demagnetizer may be used. The principle of this device is 
to apply an alternate current magnetic field to the target and reduce the magnetism 

Item Symbol SI Unit cgs Unit Remark 

Magnetic flux F Weber Wb Maxwell Maxwell 1Wb=108Maxwell 

Magnetic flux 

density 
B Tesla T Gauss G 

1T=104G 

1mT=10G 

Intensity of 

magnetic field 
H 

Ampere per 

meter 
A/m Oersted Oe 1A/m=(4px10-3)Oe 

Magnetic 

permeability 
µ Henry per meter T/m - - 
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Term Description 

by gradually decreasing the alternate current magnetic field. For example, the 
degauss function used for a CRT (cathode ray tube) display demagnetizes the metal 
parts behind the screen such as the aperture grille. 

 
Hysteresis curve 

A curve indicating the relationship between an external magnetic field (H) and the 
magnetization (J) and magnetic flux density (B) of a material is called hysteresis curve 
(magnetization curve).Two types of hysteresis curves are available. One is for 
indicating the relationship between the magnetization and magnetic field of a 
material. The other is for indicating the relationship between the magnetic flux 
density and magnetic field. In a hysteresis curve chart, the 2nd quadrant is particularly 
called demagnetization curve, which is a representative curve indicating the material 
characteristics of a magnet. The magnetic flux density is a total value consisting of the 
magnetization of a magnet and any external magnetic field. It is represented by the 
following formula. 

  
where, B is magnetic flux density, H is magnetic field, J is magnetization, and µ0 is 
magnetic permeability of vacuum. 

 
Magnetic flux density 

The magnetic flux represents a set of magnetic flux lines which are a virtual 
representation of a direction component of a magnetic field. The amount of magnetic 
flux per unit area is called magnetic flux density. It is used to measure the magnetic 
force (this is also a vector quantity: it has directionality in addition to intensity) at a 
certain point in a magnetic field. The measurement unit of magnetic flux density B is 
tesla [T] in the SI system or gauss [G] in the cgs system. 

 
Magnetic line of force 

A magnetic field is a vector field with magnitude and direction. The directional 
components of the vector can be represented by virtual lines. These are the magnetic 
lines of force. The magnetic lines of force go out from the N pole of a magnet and 
return to the S pole. They never cross with each other. A smaller interval between 
these lines indicates a stronger magnetic force. The magnetic force direction at a 
certain point can be checked visually by placing a compass at that point. Another way 
is to scatter iron sands around the magnet. This will indicate how the magnetic field 
deploys including rough directionality. 

 
Magnetic materials 

A substance that is magnetized under the influence of a magnetic field is called 
magnetic material. Among them, substances that can be magnetized more intensively 
are called ferromagnetic material. Iron, magnetite used for permanent magnets are 
typical ferromagnetic materials. A substance that cannot be magnetized under the 
influence of a magnetic field is called non-magnetic material. Typical non-magnetic 
materials include paper and plastic as well as some metals such as gold, silver, copper, 
aluminum, and magnesium. 
To determine whether an object is a magnetic material or a non-magnetic material, 
bringing a magnet near it is one of the effective ways. If the magnet draws the object, 
the object is a magnetic material. Otherwise, it is a non-magnetic material. Some 
ferromagnetic materials keep the magnetism once magnetized, even after the 
magnetic field is removed. They are called hard magnetic material. On the contrary, 
others lose the magnetism as soon as the external magnetic field is removed. They are 
called soft magnetic material. Typical hard magnetic materials are ferrite and other 
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Term Description 

materials used for permanent magnets. For the soft magnetic material, soft iron and 
permalloy are typical materials. The soft magnetic materials are used for transformer 
cores, magnetic yokes, and magnetic shields. 

Magnetization Phenomenon that a magnetic body takes on magnetism due to the effect of a 
magnetic field. An action to make a magnet material take on magnetism is expressed 
by a verb "magnetize". 

 
Maximum energy 
product 

One of the parameters representing the magnetic intensity of a magnet. In a 
demagnetization curve (2nd quadrant of hysteresis curve), the area (B x H) of a square 
formed by an operating point on the B-H curve and the origin point as the opposite 
angle is called energy product. The maximum value of it is called maximum energy 
product. 

 
Permeance 
coefficient 

This is a parameter determining the behavior of a magnet. It depends on the shape. 
A magnet also has a magnetic field inside. At the same time, it always generates a 
magnetic field in the reverse direction (demagnetizing field). The demagnetizing field 
is a factor weakening the magnet. It depends on the shape. The permeance 
coefficient is defined by the magnetic flux density for the above demagnetizing field. 
In general, as the distance in the magnetization direction (thickness) decreases 
relative to the surface area of a pole, the demagnetizing field becomes larger, the 
permeance coefficient becomes smaller, and the magnetic force weakens.  
A line graph indicating the permeance coefficient according to the B-H curve is called 
permeance line. It is a clue to examine the behavior of a magnet. As the permeance 
coefficient becomes smaller, the inclination of the permeance line is reduced and the 
line approaches a characteristic inflexion point of the B-H curve. This means that the 
effect to the temperature characteristics is increased.  
For further details, consult each magnet manufacturer. 

 
Residual magnetic 
flux density 

When a material is exposed to such a maximum level of magnetic field as "any further 
intensity of magnetic field will not affect more magnetization" (saturated 
magnetization) and then completely released from the magnetic field, the material 
holds a certain level of magnetic flux density. This is called residual magnetic flux 
density.  
The residual magnetic flux density (Br) is dependent on the material. It is one of the 
parameters to measure the magnetic intensity inherent to a material. Because it is not 
affected by the shape of a material, it is often used in a simulation. 

 
Surface magnetic flux 
density 

This represents the magnetic flux density on an extreme surface of a magnet. Though 
it uses the term "surface", the actual value is taken at a point slightly distant from the 
very surface because a measurement sensor has a certain thickness.  
This property is affected by the shape of a magnet and the measurement point cannot 
be limited. Therefore, it is not used for simulation in general. It is useful when 
comparing magnets in a test. 
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4 Application Ideas  
Please note these basic examples are given only for general reference, and represent no recommendation 

or warranty of any nature relating to actual utilization or infringement of proprietary rights. 
 

 

 

 

 

 Pulse Encoder Flow-meter 

 

 

 

 

 

  Detection of Rotation of Vanes 

 

 

 

  

 

 

 

 

 

 

 Level Gauge  Limit Switch  
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 Pneumatic Cylinder Valve  

   

 

 

 

 

 

 

 

 Micro Switch  Magnetic Catch 

 

 

 

 

 

 

  Butterfly Valve 
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Small precision motor 

In order to improve the precision of a DC motor and prolong its service life, a Hall motor (brushless 

motor) is equipped with a Hall sensor instead of a brush and commutator. The Hall sensor is used to 

detect the position of the rotor magnet.  

Hall DC Brushless Motor Applications  

Personal computers:  optical disk drive, FDD spindle motor, and CPU cooler fan motor  

Printers and copying machines: main motor (paper feed or drum rotation) and polygon mirror 

motor 

Cellular phone:  the vibration motor.  

AV equipment: the spindle motor in a DVD player and video game machine, the capstan motor 

in a VTR and DVC, and the electronic circuit cooling fan motor in a PDP and large 

screen LCD television, The Hall sensor is also used as a pulse encoder of the capstan 

motor in a VTR.  

Advantages of using Hall Elements or IC 

¶ High durability due to non-contact detection  

¶ Highly resistant to contamination such as dust, dirt, or oil, because of detection of magnetism  

¶ Downsizing, weight reduction, and loss reduction are possible. 

Special features 

¶ A maintenance-free motor can be implemented. 

¶ Application-specific design is possible. 

¶ Stable activation and low vibration allow a quiet operation. 

Hall Element Example: 

A Hall element can obtain the analog output corresponding to the strength of the magnetic field and, 

using these characteristics, detect the rotor position. 

If one or multiple Hall elements are allocated in parallel on the stator side opposite to the magnet pole of 

the motor rotor, the rotor position can be detected from the magnet allocation, enabling the detection of 

the rotation.  

Here is a typical example in which three Hall elements are placed at locations offset by 60 degrees from 

each other on a 4-pole rotor and an index detection example. 
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A 4-pole rotor and three Hall elements are used to detect the rotation. 

 

If a magnet is installed on a rotating part, the indexing origin or the number of rotations can be detected.  

Special features  

¶ Simple configuration 

¶ No influence of dirt and dust  

Recommended AKM product:  HW series Hall Elements  

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

Hall Effect IC Example: 

A Hall effect IC can obtain the ON/OFF digital output corresponding to the strength of the magnetic 

field and using these characteristics, detect the rotor position. 

If one or multiple Hall effect ICs are allocated in parallel on the stator side opposite to the magnet pole 

of the motor rotor, the rotor position can be detected from the magnet allocation, enabling the detection 

of the rotation. 

Here, the typical example in which three Hall effect ICs are placed at locations offset by 60 degrees each 

other on a 4-pole rotor and an index detection example. 

mailto:ICInfo@akm.com
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Configuration 1 

A 4-pole rotor and three Hall effect ICs are used to detect the rotation. 

 

 

If a magnet is installed on a rotating part, the indexing origin or the number of rotations can be detected.  

Special features  

¶ Simple configuration 

¶ No influence of dirt and dust  

Recommended AKM product: EW series Hall Effect Switches 

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

  

mailto:ICInfo@akm.com
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White goods/Home Appliances 

Hall sensors are used in various applications for the white goods market.  

Refrigerators: door sensor switch for main doors and draws, contributing to longer service life 

and uncluttered design, also used as a position sensor for the ice machine, and in the 

internal fan motor 

Washing machines: open/close sensor switch on the lid, the main motor, and the pump motor 

Water heaters: water flow sensor and cold/hot switching valve position sensor, and in the 

combustion fan motor 

Dehumidifiers: water level sensor on the water tank 

Air conditioning: fan motors (indoor and outdoor machines) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fan motor 

Filter sensor 

Water pump sensor 
flow sensor 

Water tank 
weight sensor 

3 Hall ICs 

Compressor 
pump motor 

Drum motor sensor 
Clothing detection 

Fan motor 

Filter sensor 

Door switch 

Drawer switch 

Dryer fan/heat pump motor 

Weight sensor 

Lint filter sensor 

Input dial/selector 

Outdoor Fan motor 

Current sensor 
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Kitchen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recommended AKM products: Hall Effect Switch ICs, Hall Elements, Hall Effect Linear ICs, Hall 

Effect Angle Sensor ICs, and Hall Effect Latch ICs. 

If you have any questions, please contact AKM Semiconductor Applications Support. 

  

http://www.asahi-kasei.co.jp/ake/en/technology/switch.html
mailto:ICInfo@akm.com
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Consumer electronics  

Open/close or presence switch 

Cellular phone: Flip phone, slide phone, twist phone  -  When the phone is folded, slid or twisted, 

the magnet on one side approaches the Hall sensor on the other side, and the sensor 

detects a magnetic field and turns on or off the screen.  

Tablet or cellular phone: presence switch  -  When the cover is put on the tablet or the phone is 

put in its holster, the magnet on one side approaches the Hall sensor on the other side, 

and the sensor detects a magnetic field and turns on or off the screen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recommended AKM products: Hall Effect Switch ICs 

If you have any questions, please contact AKM Semiconductor Applications Support. 

Analog pointing device 

Cellular phone or other consumer electronics: cursor control  -  A conventional cross key can 

move in only 4 directions, up/down and right/left. An analog pointing device with a Hall 

sensor, however, can move quickly and freely in 2 dimensional space like a computer 

mouse. 

 

 

 

 

 

 

Recommended AKM products: Hall Effect ICs (for pointing device) 

If you have any questions, please contact AKM Semiconductor Applications Support. 

  

http://www.asahi-kasei.co.jp/ake/en/technology/switch.html
http://www.asahi-kasei.co.jp/ake/en/technology/switch.html
mailto:ICInfo@akm.com
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Rotating pointing device (Jog Dial) 

Cellular phone or other consumer electronics: scroll mechanism. 

 

 

 

 

 

 

 

Recommended AKM products: Hall Effect Latch ICs and Hall Effect Encoder ICs 

If you have any questions, please contact AKM Semiconductor Applications Support. 

Digital still camera/mobile camera 

Shake compensation control: it detects a very small amount of shift in a CCD or lens (microns) 

and feeds back the position information to the system 

 

 CCD Shift Lens Shift 

 

 

 

 

 

 

 

 

 

 

 

Auto focus and zoom: 

 

 

 

 

Recommended AKM products:  HG series Hall Elements 

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

 

  

http://www.asahi-kasei.co.jp/ake/en/technology/switch.html
mailto:ICInfo@akm.com
mailto:ICInfo@akm.com
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Entertainment and Games 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recommended AKM products:  Hall Effect Switch ICs, Hall Elements, Hall Effect Linear ICs, Hall 

Effect Angle Sensor ICs and Hall Effect Latch ICs. 

If you have any questions, please contact AKM Semiconductor Applications Support. 

Current Sensors  
 

 

 

 

 

 

 

 

Recommended AKM products:  Hall Effect Linear ICs, Hall Elements, and Current Sensor 

Modules. 

If you have any questions, please contact AKM Semiconductor Applications Support. 

mailto:ICInfo@akm.com
mailto:ICInfo@akm.com
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Industrial Applications  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recommended AKM products:  Hall Effect Switch ICs, Hall Elements, Hall Effect Linear ICs, Hall 

Effect Angle Sensor ICs, Hall Effect Latch ICs, and SMREs.  

If you have any questions, please contact AKM Semiconductor Applications Support. 

mailto:ICInfo@akm.com
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5 Open/Close Switch 

Development of open/close switches that excel in durability and reliability and are not affected by 

design reflects the recent trend toward diversification of electronic equipment, refrigerators, washing 

machines, etc. Here, we provide an example of how to satisfy such requirements by combining the Hall 

Effect IC and a magnet. 

Position detection with a Hall Effect IC 
Advantages 

¶ High precision 

Accuracy of detection is high and design is simple due to the unique signal processing 

technology. 

¶ Extremely high sensitivity 

Sensitivity is very high, thanks to our unique InSb thin film technology, and it is possible to 

minimize the size of the magnet and increase flexibility for the mounting position. 

¶ Comprehensive choice 

We offer a range of types, including micro types, selectable polarity of magnetism detection, 

lowīvoltage driving types, etc. 

Principle 

On/off output can be obtained from a Hall Effect Switch IC, depending on the intensity of the magnetic 

field. This is achieved by integrating a Hall element and an IC that converts the output of the Hall 

element into a digital signal. 

The Hall element outputs a voltage Vȼ that is proportional to the external magnetic flux density B. This 

is a Hall Effect IC that outputs on/off signals at the predetermined magnetic flux density B after 

processing the output of the Hall element through an amplifier and a reshaping circuit. 

 

[Distance between Hall Effect IC and magnet]  [Magnetic flux density] 
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Example of application 

This is a typical switch type. Because it provides a variety of position detections and works across a 

wide range of supply voltages, it can be used in a variety of products, from refrigerators and washing 

machines to electronic equipment. 

Door switch 

Comprised of one monopole magnet and one Hall element. This is a typical open/close switch and is 

very simple in construction. 

Because magnetism is detected, the device is more resistant to tiny particles of dirt, dust, or oil and is not 

affected by the installation environment. 

[Drawers] [Refrigerator] [Dish washer] 

 

 

 

 

 

Cellular phone 

The door switch application includes OPEN/CLOSE detection of the main LCD panel of the cellular 

phone. A variety of opening and closing methods can be achieved by combining Hall ICs with magnets. 

Because no contact is involved in detection of the magnetic field, longīlife durability is enhanced. 

Furthermore, leakage flux from the magnet is minimized because it operates with small magnetic flux 

density, and the magnetic effect on peripheral electronics, etc., can be minimized. 

[Folding] [Rotary] [Sliding] 
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 [Example of product using Hall Effect IC] 

 

See AKM’s Hall Effect Switch ICs. 

If you have any questions, please contact AKM Semiconductor Applications Support. 

Design notes for switches  

In Figure 1, the relationship of the magnetic flux density B to the distance d from the magnet surface of 

the square magnet (5mm x 5mm x 3mm) is actually calculated and plotted. The assumed material here is 

ferrite. Its residual magnetic flux density Br is 300 mT. It is shown that the magnetic flux density 

decreases rapidly near the magnet surface with distance, and, as the distance from the magnet surface 

increases, the magnetic flux density gradually decreases.  

The ideal design involves placing the Hall Effect IC so that it turns on and off in the region where the 

magnetic flux density rapidly changes, and it is not recommended to locate the operating point in an area 

where the change in the magnetic flux density with distance is small.  

There are two reasons for this.  

 

 

 

 

 

 

 

 

 

Figure 1: Relation between the magnetic flux density and the distance from the magnet surface 

mailto:ICInfo@akm.com
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1. Dispersion in sensitivity of the Hall Effect IC and thermal characteristics of the sensitivity 

In the case of a normal Hall Effect IC, it has a certain width Bop and Brp. When there are Hall Effect 

ICs with 5 mT (1) and 2 mT (2) of Bop and Bop changes 1mT, the dispersion of the position where the 

Hall Effect IC activates is small for the Hall Effect IC (1) as shown in Figure 1.  

This also applies for the change in Bop and Brp due to thermal characteristics. 

2. Dispersion of the characteristics of the magnet 

The magnetic flux density may vary depending on the lot of the magnet. For instance in the Hall Effect 

IC (2)in the example above, and when the magnetic flux density produced by a magnet is 20% less, the 

activation point will move as much as 1.0 mm, while, in the case of the Hall Effect IC (1), it is 0.6 mm. 

Furthermore, it is necessary to take care when positioning the sensor. Bop and Brp described so far are 

the values on the semiconductor film surface, which is at the position of the sensing surface of 

magnetism of the Hall Effect IC, and reference is not to values on the surface of the Hall Effect IC 

package. Please refer to Table 1 for the approximate distance from the surface of the package of our Hall 

Effect IC to the magnetic sensing surface. 

Hall Effect IC grades 
Distance from marked surface  

to magnetic sensing surface (mm) 

EW-4 series Approx. 0.7 

EW-5 series Approx. 0.5 

EW-6 series Approx. 0.3 

EW-7 series Approx. 0.3 

EM-6 series Approx. 0.5 

EM-1 series Approx. 0.4 

EM-0 series Approx. 0.2 

 

Table 1: Distance from the marked side surface of the Hall Effect IC package to the magnetic sensing surface (for 
reference only) 

When the magnet is brought close to the side of the Hall Effect IC without the marking, ensure that the 

distance is different from the above. 
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Note 1: About the dispersion of sensitivity of the Hall Effect IC 

The sensitivity of the Hall Effect IC (dynamic sensitivity) has dispersion. It is a good design practice to 

absorb or neglect this dispersion. For example, EW-750B, Unipolar Hall effect switch is considered. 

Table 2 shows the electrical characteristics of EW-750B. It is indicated in Figure 2. 

 

Item Symbol Measuring Conditions Min. Max. Unit 

Operating Point Bop Vcc=12V 3 10 mT 

Release Point Brp Vcc=12V 2.5 9.5 mT 

Hysteresis Bh   0.5 2.5 mT 

 

Table 2: Electrical specification of EW-750B 

 

 

Figure 2: Dispersion of sensitivity of EW-750B 

This means that some EW-750Bs require a magnetic flux density of 10 mT maximum to change the 

output from H to L, and require reduction of the magnetic flux density to 2.5 mT at minimum. To avoid 

problems for all Hall Effect ICs on the market, it is necessary to select a magnet in which 10 mT is 

secured when the magnet is close and 2.5 mT is secured when the magnet leaves the Hall Effect IC. 

Note 2: About the thermal characteristics of the Hall Effect IC 

As with other semiconductors, the Hall Effect IC has thermal characteristics. The thermal characteristics 

of the EW-750B, Unipolar switch type, are shown as an example in Figure 3. The number of elements 

measured is three. Generally, a strong magnet is used in consideration of a Hall Effect IC whose 

sensitivity is poor. While this is not a problem in the case of the Bipolar Latch type, it should be noted 

that the magnetic flux density may not decrease to the value Brp when the movement of the magnet is 

small, and the Hall Effect IC will not be turned off in the case of the Unipolar switch type. In addition, 

the dispersion of sensitivity mentioned above should be taken into account. 
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Figure 3: Temperature dependence of Bop, Brp of the EW-750B (for reference only) 

 

Switch design examples  

The usual structure of a switch using a Hall IC is shown in Figure 4. In type A, the magnet moves 

vertically to the Hall IC package surface. In type B, the magnet moves in parallel with the Hall IC 

package surface. 

 

Figure 4 Structure of switch using Hall IC 
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The configuration examples below show the relation between the magnet and the Hall IC (in case of 

EW-750B) for types A and B. The calculations are performed using the following two types of general-

purpose magnets (Neodymium magnet: 5 mm x 5 mm x t1 mm Br = 1300 mT, ferrite magnet: 25 mm x 

15 mm x t10 mm; Br = 300 mT). The NS polarization of the magnet is in the direction of its thickness 

(vertical to the Hall IC package). (* The size variation of the general-purpose magnet is large.) 

The magnetic characteristics of EW-750B are shown in Table 3. 

Item Symbol Min Typ Max Unit 

Operating Point  Bop 3 6 9 mT 

Release Point Brp 2.5 5 9.5 mT 

Hysteresis Bh 0.5 1.1 2.5 mT 

 

Table 3 Magnetic influence of EW-750B (Ta = 25°C, Vcc = 12 V) 

The calculations below are based on initial alignment of the magnet center with the Hall IC sensor 

center. 

Type A 

Figure 5 shows the relationship between distance d from the magnet surface and the magnetic flux B of 

two types of square magnets.  

 

 

 

 

 

 

 

 

Figure 5 Relationship between distance d from the magnet surface and the magnetic flux B of two types of 

square magnets 
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According to these results, the configuration of the two types of magnets and the Hall IC (EW-750B) is 

shown below in Table 4. 

 
Magnet type and size 

 

Distance from Hall IC package surface 
to magnet surface when Hall IC is L 

Distance from Hall IC package surface 
to magnet surface when Hall IC is H 

Neodymium magnet 5 
mm x 5 mm x t1 mm 

 
6.7 mm or less (at 25°C) 11.9 mm or more (at 25°C) 

Ferrite magnet 25 mm x 
15 mm x t10 mm 

18.6 mm or less (at 25°C) 35.3 mm or more (at 25°C) 

Table 4 Configuration example of magnet and Hall IC by using EW-750B 

Type B 

Figure 6 shows the relationship between the movement distance d and magnetic flux density B 

calculated when the two types of rectangular magnets move in parallel with the Hall IC package surface, 

assuming that the distance from the Hall IC package surface to the magnet surface is 5 mm. 

 

 

 

 

 

 

 

 

 

 

 Distance [mm] 

Figure 6 Relationship of distance of magnet movement and magnetic flux density (when distance from Hall IC 

package surface to magnet surface is 5 mm) 
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According to these results, the configuration of the two types of magnets and the Hall IC (EW-750B) is 

shown below in Table 5. 

Magnet type and size Distance of magnet movement when Hall IC is H 

Neodymium magnet:  

5 mm x 5 mm x t1 mm 
6.1 mm or more (at 25°C) 

Ferrite magnet:  

25 mm x 15 mm x t10 mm 

13.2 mm or more (at 25°C, movement direction: short-side) 

18.1 mm or more (at 25°C, movement direction: long-side) 

 

Table 5 Configuration example of magnet and Hall IC by using EW-750B (when the distance from the Hall IC 
package surface to magnet surface is 5 mm) 

Note: All the results shown are based on an ambient temperature of 25°C. Allow for temperature characteristics 

when using with a wide temperature range 

 

Design example of switch using Hall Effect IC 

Examples: Shown below are several design examples of proximity switches that use EW-450. 

In these designs, the following assumption is applied: Bop = 20 mT (Ta=25°C) 

Ferrite magnet: Br = 280 (mT), ű= 5 mm, L = 3 mm 

 
ₒDistance vs. magnetic flux densityx 
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ₒGap vs. magnetic flux densityx 

 

SmCo magnet: Br = 800 (mT), ű = 5 mm, L = 3 mm 

 
ₒDistance vs. magnetic flux densityx 

 
ₒGap vs. magnetic flux densityx 
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ₒDistance vs. magnetic flux densityx  

*In an actual design, please take into account the temperature characteristics of the Hall IC and magnet 

in use. 
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6 Slide Device 

Recently, there has been increasing demand for input devices with high operability to match advances in 

the functions and multiple functions of electronic equipment. 

An input device with high operability is one that emulates certain human senses by producing analog 

output. 

Here, we introduce an analog input slide device that uses a Hall element and is ideal for zooming camera 

lenses and scrolling screens, etc. 

Slide device using Hall elements 
Advantages of using Hall elements in a slide device 

¶ Analog output of displacement of the input key can be obtained and high operability is achieved. 

¶ It is possible to miniaturize and reduce the thickness of the control element. 

¶ Durability is high because of nonīcontact detection. 

¶ Because magnetism is detected, it is more resistant to tiny particles of dirt, dust, or oil. 

Principle 

 

When the magnet is inclined or moved sideways, the magnetic flux density penetrating two Hall 

elements changes and output voltage proportional to the inclination and displacement of the magnet is 

obtained by reading the difference between the two output voltages. 
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Configuration Example 

Here is an example of a slide device using Hall elements. 

 

This example is composed of two Hall elements that detect the magnetic field in the vertical direction, 

and one magnet. 

By inclining the magnet, higher operability and high output voltage can be obtained. 

 

Recommended applications 

Because the Hall elements used in a slide device should be small, highly sensitive to and having high 

linearity to the magnetic field, and stable under different temperatures, etc., the following product is 

recommended: 

HQī0111: Detection of the magnetic field in a vertical direction 

If you have any questions, please contact AKM Semiconductor Applications Support. 

mailto:ICInfo@akm.com
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7 Precise Position Measurement  

Detection of very small displacement or close position is required as a result of recent developments in 

miniaturization and advances in the functionality of equipment. 

We have developed the industryôs smallest micro Hall element for precise position detection using a 

Hall sensor. 

Here, we introduce an example of precise position detection achieved through use of a Hall element. 

Precise position detection with a Hall element 

Example: Using a Hall element with analog output makes it possible to detect the position of an object 

by resolving power in the order of a few micrometers for a stroke of 1 mm (moving distance). 

Detection by resolving power in the order of a few micrometers is made possible by arranging two 

sensors and computing both outputs for a stroke of a few millimeters (moving distance). 

In this case, the thermal characteristics of the two sensors are canceled, and linear output is obtained. 

If a product with two builtīin sensors (one package) is used, mounting error will not be an issue, and 

handling is easy.  

Advantages of performing precise position detection using a Hall element 

¶ Extended durability due to nonīcontact detection. 

¶ Because magnetism is detected, the device is more resistant to tiny particles of dirt, dust, or oil, 

compared to optical devices. 

¶ Miniaturization is possible. 

Principle 

This principle enables a Hall element to achieve output proportional to the magnetic flux density. 

By designing a layout where the magnetic flux density changes proportionally to the displacement of the 

measured object at the position of the Hall element, a Hall effect output proportional to the displacement 

can be obtained. 

Example of composition 

Here are two typical examples and one composition peculiar to the Hall element in which flux density 

distribution proportional to the displacement is obtained. 
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Composition ī 1-1 

Feasible stroke and accuracy 

Stroke: 1mm 

Linearity : 1um 

 

 

 

 

This is the simplest composition, with one magnet and one Hall element. 

Because detection is performed using the range near the zero crossing (zero magnetic field), the output 

is comparatively small. 

 

Composition ī 1-2 

Feasible stroke and accuracy 

Stroke: 1mm 

Linearity : 1um 

 

 

 

This consists of two magnets (from the Hall element side, two pole magnetized) and one Hall element. 

Because the direction of magnetization is vertical to the detection surface of the Hall element, the 

magnetic flux density is comparatively high, and a relatively high output can be obtained. 

If the size of the magnet is small, the range in which linear output can be obtained is limited because the 

detection range of the magnetic flux is small.  

/ƻƳǇƻǎƛǘƛƻƴ ҍ н 

This example comprises one magnet and two Hall elements.  

¶ Utilizing the fact that the outputs of two Hall elements make a mirror image (overlap when 

folded), it is composed so that the difference in outputs of two Hall elements becomes linear with 

the displacement. 

¶ The output from the Hall element is large, and relatively large displacement can be covered. 
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Furthermore, the thermal characteristics of the output voltage are canceled by dividing the difference in 

the outputs by the sum of the outputs. 

Feasible stroke and accuracy 

Stroke: 1 to 5mm 

Linearity: 1 to 5um 

 

 

 

 

 

/ƻƳǇƻǎƛǘƛƻƴ ҍ о 

¶ This example comprises one magnet and two Hall elements.  
¶ Same as Composition-3, the difference in outputs of two Hall elements becomes linear with the 

displacement. 
¶ Skewed magnet makes the difference in outputs of two Hall elements linear in wide range. 
¶ Large displacement can be covered by big outputs of Hall elements. 

Furthermore, the thermal characteristics of output voltage are cancelled by dividing the difference in the 

outputs by the sum of the outputs. 

Feasible stroke and accuracy 

Stroke: 5 to 10mm 

Linearity : 30 to 50um 
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Recommended products for application 

Small size, high sensitivity, excellent linearity to the magnetic field and stability against ambient 

temperature, etc. are required for precise position detection applications, and our company offers a 

comprehensive choice of characteristics and package designs. 

HQ series HG series 

¶ High sensitivity and low current consumption are achieved simultaneously. Excellent thermal 

characteristics. 

¶ Excellent thermal characteristics. Linear output. 

¶ Best suited to position detection of relatively long strokes and for portable, batteryīpowered 

equipment due to its high sensitivity  

¶ Recommended for position detection of relatively short strokes.  

Compositions and advice on product selection 

The best combination of magnet and sensor will differ according to displacement detected and required 

resolving power. 

If you have any questions, please contact AKM Semiconductor Applications Support. 

List of applications 

Digital still cameras (hand movement compensating units, lens units, zooming mechanisms and AF 

mechanisms), etc. 

Cellular phones (analog pointing devices), etc. 

 

mailto:ICInfo@akm.com
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8 Detection of Rotation Speed  

Currently, a rotating part such as a small-sized motor is widely used in various fields. To control the 

rotating part, highly accurate speed detection is one of the essential technologies. We introduce some 

examples to detect the rotation speed using Hall Effect ICs with integral Hall sensors. 

Detection of rotation speed using Hall Effect ICs 
Advantages of using Hall Effect ICs 

¶ High durability due to non-contact detection 

¶ Highly resistant to contamination such as dust, dirt, and oil 

¶ Easy subsequent signal processing due to digital output 

¶ Small size 

Principle 
 

 

 

A Hall element can obtain the output proportional to the magnetic flux density owing to its principle. 

Placing magnets in series on a rotating part enables the detection of the rotation speed from the 

allocation of the magnets or from the detection of the number of poles and magnetic flux. The Hall 

Effect IC employs the ON/OFF digital output to facilitate the subsequent processing. 

Configuration examples 

Here, two typical configuration examples to obtain the magnetic flux density distribution proportional to 

the travel amount and one characteristic configuration of Hall Effect ICs. 

Configuration 1: Pulse encoder 

 

 

 

 

 

 

The Hall Effect IC which integrates a Hall element and a signal processing IC into a single package is 

used. 

The rotor rotation speed can be detected by detecting the magnetic field. 
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Configuration 2: Flow-meter 

 

 

 

 

 

 

Using a Hall Effect IC on a flow-meter in addition to a pulse encoder can reduce size and provide a 

highly accurate measurement. 

Recommended AKM products:  Hall Effect Latch ICs 

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

mailto:ICInfo@akm.com
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9 Rotation Angle Detection (EM -3242)  

In recent years, there have been increasing demands for further miniaturization and better environmental 

resistance in the rotation angle sensor/encoder market. Outlined below is our rotation angle sensor 

packaged in a compact size with excellent environmental resistance characteristics (resistant to 

temperature/contamination/vibration).  

Principle of angle detection 

EM-3242 integrates multiple Hall elements which provide Hall voltage signals as shown in Figure 1 as 

the magnet (magnetic field) rotates. Using the sine wave (Vx) and cosine wave (Vy) analog signals that 

are shifted from each other by 90 degrees in phase, it performs a rotation calculation for (Vx, Vy) and 

judges the sign of the Y coordinate (Vy') of the vector after rotation to obtain a digitalized angular value. 

(Patent No. 4111813) This calculation method allows fast angle calculation by a small scale circuit 

without using ADC. º 
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 Output Signal of Hall Elements Output Signal of EM3242 

Output signal 

A DAC is used to convert the digitalized angular value obtained by the above calculation to an analog 

signal, which is then output from the IC. As shown in Figure 2, the converted signal is proportional to 

the angle position.  

Recommended AKM product:  EM3242 

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

Magnets used with EM-3242 

Optimum gap according to magnet material and size 

The following table indicates the magnetic field detection range of EM-3242. 

 

Below are the optimum gap dimensions calculated for the following disc magnets (polarized radially)  

The gap here refers to the distance between the magnet and the sensor package (*1). 

¶ Material  

¶ Neodymium magnet 

 (Residual magnetic flux density : Br = 1130 mT) 

¶ Ferrite magnet  

 (Residual magnetic flux density : Br = 340 mT) 

¶ Diameter : 5 mm, 7 mm, 10 mm  

¶ Thickness : 1 to 5 mm  

¶ Magnetizing direction: Radial 

 

mailto:ICInfo@akm.com
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The following are examples of calculation to obtain a gap providing 30 mT flux density on the sensor 

face. The gap here refers to the distance between the magnet bottom and the package surface (*1). 

Neodymium Magnet: Optimum gap for a neodymium magnet (residual magnetic flux density: Br = 

1130 mT) for each size. 

 
Ferrite Magnet: Optimum gap for a ferrite magnet (residual magnetic flux density: Br = 340 mT) for 

each size. 

 

As indicated above, the optimum gap becomes larger as the disc magnet is larger in diameter as well as 

thickness. Besides, a larger residual magnetic flux density offers a larger optimum gap. You can choose 

an optimum size of magnet according to your application. 
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Relationship between gap and magnetic flux density applied to sensor (example of calculation) 

Calculation conditions 

¶ Magnet size: 7.0 dia. x t2.0 mm  

¶ Magnet material: Neodymium (Residual magnetic flux density: Br = approx. 1130 mT)  

 
 

Effect upon angular accuracy when the magnet rotation center is displaced 

The following is an example of a simulation for any effect upon angular accuracy when the magnet 

rotation center is displaced from the sensor center.  

Calculation conditions 

¶ Magnet size : 5.0 dia. x t2.0 mm, 7.0 dia. x t2.0 mm, 10.0 dia. x 

t2.0 mm 

¶ Magnet material : Neodymium magnet (Residual magnetic flux 

density : Br = approx. 1250 mT) 

¶ Gap between magnet and sensor package :  

1. Gap = 3.2 mm for magnet of 5.0 dia. x t2.0 mm 

2. Gap = 4.0 mm for magnet of 7.0 dia. x t2.0 mm 

3. Gap = 5.0 mm for magnet of 10.0 dia. x t2.0 mm 

(These gap dimensions ensure that a flux density of 

approximately 30 mT is applied to the sensor respectively) 

¶ Magnet rotation : 360° (pitch: 6°) 

¶ Displacement of magnet rotation axis : X = 0 to 0.5 mm 
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1. Relationship between displacement of magnet rotation axis and angular error with a magnet of 

5.0 dia. x t2.0 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Relationship between displacement of magnet rotation axis and angular error with a magnet of 

7.0 dia. x t2.0 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.  Relationship between displacement of magnet rotation axis and angular error with a magnet of 

10.0 dia. x t2.0 mm 
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Relationship between displacement of magnet rotation angle axis X and maximum angular error for each 

magnet 

 

 

 

 

 

 

 

 

 

 

 

 

 

As indicated, the effect of magnet rotation axis displacement upon the angular error is generally smaller 

as the disc magnet diameter is larger. 
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10 Rotary Pulse Encoder   

Since electronic equipment continues to get more sophisticated and versatile, highly operable input 

devices are required. We introduce some rotary pulse encoders using Hall Effect ICs. 

Rotary Pulse Encoder  (using 2 Hall Effect ICs)  
Advantages of using Hall Effect ICs. 

¶ The rotation amount and rotational direction can be identified. 

¶ High durability due to non-contact detection 

¶ Highly resistant to contamination such as dust, dirt, or oil, because of detection of magnetism 

Principle 

 

 

 

 

When a multi-polar magnet is rotated, the north and south poles can be observed alternately at a certain 

point near the magnet. 

If Hall Effect Latch ICs are placed at locations where the phases of magnetic field change are offset by 

approx. 90 degrees, High (H) or Low (L) repeated signals offset by approx. 90 degrees from each other 

can be obtained. 

When the leading edge of one Hall Effect IC is used as the reference, the rotational direction of the 

magnet can be identified depending on whether the other Hall effect IC signal is H or L. In addition, 

counting the number(s) of pulses of one or two signals can identify the rotation amount. Therefore, the 

number of poles on the magnet determines the measurement resolution of the rotation amount. 
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Configuration examples 

Here are two typical examples of jog mechanisms using Hall Effect ICs. 

Configuration 1 

 

 

 

 

 

Ring-type magnets are placed so that the rotational axis of each magnet is normal to the PCB for the 

Hall Effect IC during the operation. If the pitch between the magnet poles becomes too small, the Hall 

Effect ICs cannot be placed at adjacent locations where the phases are offset by 90 degrees. However, 

there is no problem to place them at locations a few poles away, provided that the phases of the output 

signal are offset by 90 degrees. 

 

Configuration 2 

 

 

 

 

Roller-type magnets are placed so that the rotational axis of each magnet is parallel to the PCB for the 

Hall Effect IC during operation. If the magnet diameter is too small, the Hall Effect ICs cannot be placed 

on the same circumference. However, there is no problem to place them at locations offset in parallel 

with the rotational axis, provided that the phases of the output signal are offset by 90 degrees. 

 

Recommended applicable products 

Continuous drive type: EM-1711 

Pulse-driven type: EM-1712 

If you have any questions, please contact AKM Semiconductor Applications Support. 

mailto:ICInfo@akm.com
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Rotary Pulse Encoder (using single chip encoder solution)  
Advantages of using a single chip Encoder 

¶ The rotation amount and rotational direction can be identified. 

¶ Only requires a single IC. 

¶ Pitch free: outputs quadrature signal without depending on the pole pitch of the magnetized ring and the 

distance between the ring and the sensor 

¶ High durability due to non-contact detection 

¶ Highly resistant to contamination such as dust, dirt, or oil, because of detection of magnetism 

 

 

 

 

 

 

AK8775 provides the A phase and the B phase as outputs. 

AK8776 provides the Direction and the pulse count as outputs. 

 

Principle 
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The single chip Encoder measures the horizontal magnetic field and the vertical magnetic field. It does not use 2 

Hall Effect devices in a single die or chip. It uses a single Hall Effect device making it pitch free. It outputs a 

quadrature signal without depending on the pole pitch of the ring magnet or the distance between the ring 

magnet and the sensor.  

 

 

 

 

 

 

 

 

   

 

Single package solution: AK8775, AK8776 

If you have any questions, please contact AKM Semiconductor Applications Support. 

Two Hall devices only detect the 

Horizontal magnetic field. Phase 

difference is unstable and may not be 

detectable. 

The single chip Encoder detects the 

90ɕ phase difference of both magnetic 

fields making it layout free with 

sufficient magnetic field strength. 

worst case. 

mailto:ICInfo@akm.com
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11 Analog Pointing Device (APD) 

Recently, there has been a growing demand for an input device that offers high operability to match 

advances in the functions and multiīfunctions of electronic equipment. ñHighly operable input deviceò 

refers to the kind of device that can emulate certain human senses, i.e., an input device that has an 

analog output. Here, we introduce analog pointing devices (hereinafter called APDs) that use Hall 

sensors, to enable free movement of the cursor on screens for cellular phones, etc. 

APD using Hall sensor 
Advantages of using Hall sensors in APDs 

¶ Analog output of displacement of the input key and high operability can be obtained. 

¶ Small, thin construction of the control element can be achieved. 

¶ Durability is improved due to the nonīcontact detection process. 

¶ Because magnetism is detected, the device is more resistant to tiny particles of dirt, dust, or oil. 

Principle 

 

The magnetic field produced by a magnet that is integrated with the moving element is detected by four 

Hall elements, and the position of the magnet is computed from the difference in magnetic flux density 

detected in two dimensions. 
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Example of composition 

Here are two typical examples of composition of APDs using Hall sensors. 

Composition ī 1 

 

This example comprises a Hall Effect IC integrating four Hall elements and a control IC in one package 

and the magnet. Four Hall elements can be installed without risk of misalignment because they are 

embedded in one package. 

 

Composition ī 2 

This example consists of four Hall elements that detect magnetic fields on a plane (X and Y coordinates), 

a control IC, and a oneīring magnet, magnetized in the radial direction. 

By increasing the degree of freedom in the arrangement of the four Hall elements and the control IC the 

mechanism can be made thinner. 

 

Recommended products for application 

Builtīin control IC type: EQ-0442 

Hall element type: HQī8220, HQī0111 

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

mailto:ICInfo@akm.com
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12 Detection of Gear Rotation  

Since highly accurate machines have been introduced, the detection of gear rotation with high resolution and 

high accuracy has been more and more requested. Here, some configuration examples to detect the gear rotation 

with high accuracy are introduced. Such a configuration uses the element in which the resistance value changes 

as the magnetic field changes (semiconductor magnetoresistive element). 

Advantages to detect rotation magnetically (comparing with optical detection) 

¶ High speed rotation detectable 

¶ Highly resistant to contamination such as dust, dirt, or oil, because of detection of magnetism 

¶ High noise-resistance due to high output performance 

¶ Easy to correspond to shaft diameter 

¶ No dark current 

Type of semiconductor magnetoresistive element 

 

 

 

 

 

 

 

 

 Figure 1 

For the detection of a gear tooth, a 4-terminal magnetoresistive element with the phases A and B outputs in full 

bridge structure as shown in figure 1. 

* Currently, all our products have this structure.  

Configuration 

 

 

 

 

 

 Figure 2 

A semiconductor magnetoresistive element and a bias magnet are combined for use. As shown in figure 2, a 

bias magnet is placed at the back face of the semiconductor magnetoresistive element. This combination shall 
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be used for the range where the rate of resistance change is linear and rather larger comparing to the magnetic 

flux density change, setting the operation point to 0.4T or more using the bias magnet.  

In this configuration, if the gear (a magnetic element) rotates in parallel with the semiconductor 

magnetoresistive element surface, the magnetic flux density on the semiconductor magnetoresistive element 

changes. The change in the magnetic flux density is taken out as a voltage change. 

Relative positions of magnetoresistive element and gear 

 

 

 

 

 

 

 

 

 Figure 3 

Figure 3 indicates the relative positions of the gear and four magnetoresistive elements. Two magnetoresistive 

elements in the bridge structure (two magnetoresistive elements sandwiching A or B) are placed with a space of 

p (pitch)/2, and these two bridges are offset by p/4. This configuration allows the A and B outputs to have a 

phase difference of 90 degrees. 

Presently, we provide the magnetoresistive elements corresponding to three types of gears complying with the 

JIS, such as the gear modules m = 0.8 (pitch = 0.8 p), m = 0.4 (pitch = 0.4 p), and m = 0.2 (pitch = 0.2 p). 

Contact us for any other pitches. 

Output voltage from semiconductor magnetoresistive element when a gear rotates 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4 

Figure 4 indicates the output voltages of the magnetoresistive elements in phases A and B when the gear rotates 

under the conditions below. 

Under the conditions below, it is understandable that both the output voltages in the phases A and B are a 

pseudo-sine wave of approx. Vp - p » 500 mV (neutral voltage: 2.5 V ± 15 mV), and the phase difference 

between the phases A and B is p/4 (90 degrees).  
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Measurement conditions 

¶ Gear: Module m = 0.8 (pitch = 0.8 p ) 

¶ Gear radius: 51.2 mm 

¶ Product No. of our semiconductor magnetoresistive element: MS-0080 

¶ Distance between package surface and gear tip of MS-0080: 0.5 mm 

¶ Magnet size: 5.5 x 4.5 x t5.0 mm (in magnetization direction: t5.0 mm) 

¶ Magnet material: Sm2Co17 (samarium-cobalt magnet) 

¶ Control voltage of semiconductor magnetoresistive element Vc: 5 V 

 

Dependence of output voltage amplitude Vp-p of semiconductor magnetoresistive element on 

ambient temperature 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5 

The figure indicates the ambient temperature characteristics of the output voltage amplitude Vp-p of the 

semiconductor magnetoresistive element when the gear rotates under the conditions below. Owing to Asahi 

Kasei's unique semiconductor film technology, a semiconductor magnetoresistive element with significantly 

better temperature characteristics than conventional semiconductor magnetoresistive elements can be provided. 

The output voltage amplitude shows almost no change in a temperature range between -40 and 100 °C. 

*A samarium-cobalt magnet with excellent temperature characteristics is used as a bias magnet. 

Measurement conditions 

¶ Gear: Module m = 0.8 (pitch = 0.8 p ) 

¶ Gear radius: 51.2 mm 

¶ Product No. of our semiconductor magnetoresistive element: MS-0080 

¶ Distance between package surface and gear tip of MS-0080: 0.5 mm 

¶ Magnet size: 5.5 x 4.5 x t5.0 mm (in magnetization direction: t5.0 mm) 

¶ Magnet material: Sm2Co17 (samarium-cobalt magnet) 

¶ Control voltage of semiconductor magnetoresistive element Vc: 5 V  
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Dependence of output voltage amplitude Vp-p of semiconductor magnetoresistive element on 

gap 

 

 

 

 

 

 

 

 

 

 

 

 Figure 6 

Figure 6 indicates the dependence of the output voltage amplitude Vp-p of the semiconductor magnetoresistive 

element on the gap (the distance between the package surface and gear tip) under the conditions below. 

Measurement conditions 

¶ Gear: Module m = 0.8 (pitch = 0.8 p ) 

¶ Gear radius: 51.2 mm 

¶ Product No. of our semiconductor magnetoresistive element: MS-0080 

¶ Magnet size: 5.5 x 4.5 x t5.0 mm (in magnetization direction: t5.0 mm) 

¶ Magnet material: Sm2Co17 (samarium-cobalt magnet) 

¶ Control voltage of semiconductor magnetoresistive element Vc: 5 V  

Dependence of output voltage amplitude Vp-p of semiconductor magnetoresistive element on 

frequency 

 

 

 

 

 

 

 

 

 

 

 Figure 7 
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Measurement conditions 

¶ Gear: Module m = 0.8 (pitch = 0.8 p ) 

¶ Gear radius: 51.2 mm 

¶ Product No. of our semiconductor magnetoresistive element: MS-0080 

¶ Distance between package surface and gear tip of MS-0080: 0.5 mm 

¶ Magnet size: 5.5 x 4.5 x t5.0 mm (in magnetization direction: t5.0 mm) 

¶ Magnet material: Sm2Co17 (samarium-cobalt magnet) 

¶ Control voltage of semiconductor magnetoresistive element Vc: 5 V  

What is distortion factor? 

 

 

 

 

 

 

 

 

 

 

 

 Figure 8 

The output voltage of the semiconductor magnetoresistive element obtained by the rotating gear is very close to 

the ideal sine wave with very little waveform distortion. Figure 8 indicates the FFT analysis result of the output 

voltage of the semiconductor magnetoresistive element measured when the gear is rotated under certain 

conditions. As shown in this figure, the output voltage from the semiconductor magnetoresistive element has a 

superimposed harmonic content even though it is small, resulting in a deviation from the ideal sine wave. In 

general, the distortion factor is used as an index indicating a degree of this deviation. The distortion factor K 

(%) indicates how much the output voltage waveform is distorted comparing to the ideal sine wave, and can be 

calculated with the expression below after obtaining the amplitude for each discrete frequency. 

 

Where 

E1: Amplitude of fundamental wave 

E2: Amplitude of secondary harmonic component 

E3: Amplitude of tertiary harmonic component 

E4: Amplitude of quaternary harmonic component 
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Dependence of distortion factor of output voltage from semiconductor magnetoresistive 

element on gap (distance between package surface and gear tip) 

 

 

 

 

 

 

 

 

 

 

 

 Figure 9 

Figure 9 indicates the dependence of the distortion factor of the output voltage from the semiconductor 

magnetoresistive element on the gap under the conditions below. If the gear module m = 0.4 is used, the 

distortion factor shows a very small figure of 0.5% or less. The distortion factor tends to be smaller when the 

gap becomes larger. If the gap becomes larger, the output voltage amplitude becomes smaller, therefore the gap 

size should be determined considering the balance between distortion factor and output voltage amplitude.  

Measurement conditions 

¶ Gear: Module m = 0.4 (pitch = 0.4 p ) 

¶ Gear radius: 51.2 mm 

¶ Product No. of our semiconductor magnetoresistive element: MS-0040 

¶ Magnet size: 4.4 x 4.4 x t5.0 mm (in magnetization direction: t5.0 mm) 

¶ Magnet material: Sm2Co17 (samarium-cobalt magnet) 

¶ Drive voltage of semiconductor magnetoresistive element: 5 V 

Applications 

The detection of rotation in various fields and applications, including machine tools in which high accuracy is 

required 

¶ Machine tools: Spindle control 

¶ Elevator and escalator control 

¶ Electric injection molding machine spindle control  

Recommended products for application 

Semiconductor Magnetoresistive Element:  MS-0020, MS0040, MS-0081, MS-P042, MS-P043, MS-P082 

If you have any questions, please contact AKM Semiconductor Applications Support. 

 

mailto:ICInfo@akm.com
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13 Frequently Asked Questions  

Hall Element s 

Questions: 

General 

¶ Q1 What is the equivalent circuit of the hall element? 

¶ Q2 How should we drive the hall element? 

¶ Q3 How should we amplify the output of the hall element? 

¶ Q4 What kind of plating is applied to the lead terminals? 

¶ Q5 Which hall element has the best linearity against the magnetic flux density? 

HW series, HS series 

¶ Q1 Where is the No.1 pin for HW series DIP and surface mount package types? 

¶ Q2 How should we specify the sensitivity rank when ordering HW series hall elements? 

¶ Q3 How should we determine the value of the limiting resistor? 

¶ Q4 Can we use it without the limiting resistor? 

¶ Q5 What is the difference between the ultra-sensitive type and highly sensitive high linearity 

type? 

HG series 

¶ Q1 Which is better when driving HG series hall elements, the constant current drive or constant 

voltage drive? 

¶ Q2 How should we choose the best Hall element out of the HG series regarding sensitivity (from 

standard-sensitivity grade to ultra-sensitivity grade)? 

HQ series 

¶ Q1 Which is better when driving HQ series hall elements, the constant current drive or constant 

voltage drive? 

HZ series 

¶ Q1 Which is better when driving HZ series hall elements, the constant current drive or constant 

voltage drive? 
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Answers  

General 

 Q1 What is the equivalent circuit of the hall element? 

  A1 The bridge circuit made by 4 resistors. Click here for reference. 

      

 Q2 How should we drive the hall element? 

  A2 Click here for reference. 

      

 Q3 How should we amplify the output of the hall element? 

  A3 Click here for reference. 

      

 Q4 What kind of plating is applied to the lead terminals? 

  

A4 HW-300A is silver plated. 

HW-300B is silver plated or tin plated. 

All others are tin plated and comply with RoHS. (As of June 2008) 

      

 Q5 Which hall element has the best linearity against the magnetic flux density? 

  A5 
That is the HG series hall element. The linearity is 2% or less up to 0.5T with a constant 

current drive. 

      

 

HW series, HS series 

 Q1 Where is the No.1 pin for HW series DIP and surface mount package types? 

  

A1 The hall element can maintain characteristics within the specified range even if it turns by 

180°, the upper right pin is the No. 1 pin for the surface mount type and the upper left pin is 

the No. 1 pin for the DIP type.  

      

http://www.akm.com/pdf/HallElementsHowToUS.pdf#nameddest=Bridge
http://www.akm.com/pdf/HallElementsHowToUS.pdf#nameddest=Drive
http://www.akm.com/pdf/HallElementsHowToUS.pdf#nameddest=Amplification
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 Q2 How should we specify the sensitivity rank when ordering HW series hall elements? 

  

A2 Specify the sensitivity by the 3 rank range in which you are interested for the design using 

ultra-sensitive type HW series hall elements. 

Ex) ABC, BCD, CDE, or EFG ranks 

Highly sensitive types HW-105C and HW-108C have the sensitivity rank QR only, and HS-

0111 has no sensitivity rank. 

      

 Q3 How should we determine the value of the limiting resistor? 

  

A3 The resistor values of HW series and HS series hall elements drop quickly at high 

temperature. Therefore, they are easily subject to burnout and care should be taken in the 

design of the drive circuit. In general, a resistor is added in series with the hall element to 

prevent burnout. Click here to see how to determine the resistor value. 

      

 Q4 Can we use it without the limiting resistor? 

  
A4 Yes, you can. However, the voltage and current are considerably reduced compared to a 

design using a limi ting resistor. Click here for the details. 

      

 Q5 
What is the difference between the ultra-sensitive type and highly sensitive high linearity 

type? 

  

A5 The ultra-sensitive type has a magnetic core inside of it, so the output becomes higher at low 

magnetic field, but when the magnetic core reaches magnetic saturation, the tilting direction 

changes and the output voltage is not proportional to the magnetic flux density. (Refer to the 

figures below.) Therefore, this type is not suitable for the measurement of the magnetic flux 

density, used to detect presence of the magnet. Because the highly sensitive high linearity 

type has no magnet core inside of it, it can obtain the linear output characteristics in wide 

range. For your information, when requiring the linearity, use it in the constant current drive. 

The constant voltage drive is affected by the magnetic resistance effect, so it is not 

proportional to the magnetic flux density. 

 

http://www.akm.com/pdf/HallElementsHowToUS.pdf#nameddest=Drive
http://www.akm.com/pdf/HallElementsHowToUS.pdf#nameddest=WO
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HG series 
 

Q1 Which is better when driving HG series hall elements, the constant current drive or constant 

voltage drive? 

  

A1 The temperature coefficient of the hall element output voltage is approx. -0.2% per °C for the 

constant voltage drive, and approx. -0.02% to -0.08% per °C for the constant current drive. 

As you see, the constant current drive has the better coefficient, therefore, basically use it in 

the constant current drive. In addition, the constant current drive can ignore the magnetic 

resistance effect and has better linearity against the magnetic flux density at high magnetic 

field. The linearity of 2% or lower defined in the specifications is achieved by the constant 

current drive. 

      

 Q2 
How should we choose the best Hall element out of the HG series regarding sensitivity (from 

standard-sensitivity grade to ultra-sensitivity grade)? 

  

A2 As the sensitivity is graded up from standard to ultra, both the constant 

voltage sensitivity and constant current sensitivity increase. Refer to the 

graphs and table below. However, since the input/output resistance values 

also increase, it is necessary to carefully match the circuit, such as, the 

amplifier rate. The standard-sensitivity grade preform the best in 

temperature characteristics of the hall element output voltage and 

unbalanced voltage, and the ultra-sensitivity grade perform the worst.  
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[Characteristics list of HG series by grade at room temperature] 

Item Standard sensitivity Medium 

sensitivity 

High 

sensitivity 

Ultra 

sensitivity 

Rin=Rout Rin<Rout Rin<Rout Rin<Rout Rin<Rout 

Input resistance (Ω) 650~850 450~750 1000~1500 1600~2400 2200~3200 

Output resistance 

(Ω) 
650~850 1000~2000 1800~3000 3200~4800 4400~6400 

Input resistance 

temperature 

coefficient (%/°C)  

~-0.3 

Constant voltage 

drive output voltage 

(mV/6V50mT) 

55~75 75~95 78~102 80~110 

Constant voltage 

drive output voltage 

temperature 

coefficient(%/°C) 

~-0.2~(*) 

Constant current 

drive output voltage 

(mV/1mA50mT) 

~8~(*) ~20~(*) ~33~(*) ~43~(*) 

Constant current 

drive output voltage 

temperature 

coefficient(%/°C) 

-0.03(*)~-0.06 
-0.04(*)~-

0.06 

-0.06(*)~-

0,.07 
-0.06(*)~-0.08 

(*) indicates the actual value not defined in the specifications. 

HQ series 
 

Q1 Which is better when driving HQ series hall elements, the constant current drive or constant 

voltage drive? 

  

A1 The temperature coefficient of the hall element output voltage is approx. -0.2% per °C for the 

constant voltage drive, and approx. -0.4% per °C for the constant current drive. As you see, 

the constant voltage drive has the better coefficient, therefore, basically use it in the constant 

voltage drive. 

      

HZ series 
 

Q1 Which is better when driving HZ series hall elements, the constant current drive or constant 

voltage drive? 

  

A1 The temperature coefficient of the hall element output voltage is approx. -0.2% per °C for the 

constant voltage drive, and approx. -0.08% to -0.12% per °C for the constant current drive. 

As you see, the constant current drive has the better coefficient, therefore, basically use it in 

the constant current drive. 
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Hall Effect ICs 

Questions: 

General 

¶ Q1 Where is the sensor location in the package? 
¶ Q2 Which output is present at power on, H or L? 
¶ Q3 What kind of plating is applied to the lead terminals in the hall effect IC? 

EW series (excluding EW-6672 that is driven by hall element pulses) 

¶ Q1 How fast is the response speed (the duration from the magnetic flux density exceeds Bop to the time 
when the output changes)? 

EM series, AK 87xx and EW-6672 

¶ Q1 Should the bypass capacitor be installed? 
¶ Q2 What is the difference between EM-1711 and EM-1712? 

Answers  

General 

 Q1 Where is the sensor located in the package? 

  
A1 For the location viewed from the sensor top, refer to the pdf file for each grade. For the depth from 

the marked surface, click here. 

      

 Q2 Which output is present at power on, H or L? 

  
A2 When the magnetic flux density is Bop or higher, it is L. When it is Brp or lower, it is H. When it is 

between Bop and Brp, it varies. 

      

 Q3 What kind of plating is applied to the lead terminals in the hall effect IC? 

  
A3 The EW-5 series is palladium plated. All others are tin plated and comply with RoHS. (As of April 

2007)  
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EW series (excluding EW- 6672 that is driven by hall element pulses) 

 Q1 
How fast is the response speed (the duration of time from when the magnetic flux density exceeds 

Bop to the time when the output changes)? 

  A1 Lǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƎǊŀŘŜΣ ōǳǘ ǊƻǳƎƘƭȅ ŜǎǘƛƳŀǘŜŘΣ ƛǘ ƛǎ р ˃ǎ ƻǊ ƭŜǎǎΦ 

      

EM series, AK87xx and EW-6672 

 Q1 Should the bypass capacitor be installed? 

  A1 Yes, we strongly recommend it. 

      

 Q2 What is the difference between EM-1711 and EM-1712? 

  
A2 When PDN = H, in EM-1711, the hall element drives continuously, but in EM-1712, the pulse drive 

turns on. Therefore, EM-1712 has smaller consumption current. 

 

  



Frequently Asked Questions  

13-8 

Magnets 

Questions: 

¶ Q1 How can we buy the magnet? 
¶ Q2 How should we calculate the magnetic flux density when the shape and material of the magnet are 

provided? 
¶ Q3 Can we calculate without magnet data including the residual magnetic flux density? 
¶ Q4 What is the difference between the residual magnetic flux density and surface magnetic flux density? 

Answers  

Q1 How can we buy the magnet? 

A1 Asahi Kasei Microdevices does not sell magnets. For the details on magnets, contact magnet 

manufacturers.  

    

Q2 How should we calculate the magnetic flux density when the shape and material of the magnet are 

provided? 

A2 For the magnetic flux density calculation sheet, click here. 

    

Q3 Can we calculate without magnet data including the residual magnetic flux density? 

A3 For the magnet data including the residual magnetic flux density, contact the relevant magnet 

manufacturer. A rough calculation can be performed using typical data of various magnetic materials in 

the data tab of the magnetic flux density calculation sheet. 

    

Q4 What is the difference between the residual magnetic flux density and surface magnetic flux density? 

A4 The residual magnetic flux density is a specific value determined by the magnetic material itself. 

The surface magnetic flux density indicates the magnetic flux density on the surface when a magnet is 

manufactured in the actual shape using a certain material. 

The value necessary for the calculation using the magnetic flux density calculation sheet is the residual 

magnetic flux density. 

The value obtained when the distance between the magnet and a measurement point is close to 0 in the 

magnetic flux density calculation sheet corresponds to the residual magnetic flux density. 

If you have any additional questions, please contact AKM Semiconductor Applications Support 

http://www.akm.com/pdf/AsahiKASEI_EMD_MFD_calc-sheet_Ver1b.xls
mailto:ICInfo@akm.com

