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Presenter
Presentation Notes
Welcome to Standex Electronics’ presentation on magnetic mapping and how it can help the reed sensor designer. Essentially magnetic mapping is a tool to allow the designer an inside look when designing a reed sensor into a given application

https://standexelectronics.com/

Introduction

Purpose

»  Explore the different technologies to find the right one for a
given sensor application

Objectives

»  The sensor technologies we will focus on are — Reed, Hall and
Electromechanical Sensors, all of which, provide a potential
switching function

»  We will define the key functions of these technologies

,  Cover the different parameters and compare them to the
different technologies

J® Standex

l' Electronics



Presenter
Presentation Notes
Welcome to Standex Electronics’ ‘how to select the correct technology for a given sensor requirement’. We will focus on the following sensor technologies – Reed Sensors, Hall Sensors and Electromechanical Sensors.  These sensors all provide a switching function either directly or indirectly.  We will introduce the key specifications, and how these parameters compare to each other for the different technologies.

https://standexelectronics.com/

Introduction

With the availability of new technologies more sensing
requirements in:

» Telecommunications
» Instrumentation

» Medical

» Automotive

» Household

» Marine

» Consumer products
» General Purpose
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Presenter
Presentation Notes
With the advent of new, expanded and improved technologies,  sensors are expanding geometrically.  Sensors are finding new requirements across all the market segments – telecom, instrumentation, security, medical, automotive, home appliance, marine, consumer products, and general purpose.  This rapid growth has been initiated primarily from the unique qualities of each of the technologies, which we will now begin to explore.

https://standexelectronics.com/

Key Terms

» We need to define the following technologies
» Reed Sensors
» Hall Sensors
» Electromechanical Sensors
» We will use the word load often. A load is that

which needs to be powered when the above
technologies are switched on.
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Presentation Notes
We will define the following sensor technologies in the next several slides – reed sensors, hall sensors, and electromechanical sensors.  Each of these technologies will switch a load either directly or indirectly.  A  load is simply that which needs to be powered when these technologies are switched on.  These loads can be lights, small motors, computers, etc.

https://standexelectronics.com/

Key Terms — The Reed Sensor

Reed Switch Sensor

)

)

)

The reed switch has two leads hermetically sealed in a glass cylinder
Sensitivity to closure is measured in milli-Tesla (mT) or ampere turns (AT)
The reed sensor typically uses an external magnet to close the contacts

When the magnet is brought into the sphere of influence of the reed
sensor the contacts will close or Pull-in (PI)

When the magnet is withdrawn from the proximity of the reed sensor the
contacts will open or Drop-out (DO)

Hysteresis is the ratio of the pull-in divided by the drop-out (PI/DO)
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Presenter
Presentation Notes
A reed sensor is comprised of  a small hermetically sealed glass cylinder usually sealed and packaged in plastic or metal having two leads that directly provide a switching function.  The reed sensors comes in hundreds of different  sizes and shapes suitable for a variety of applications.  The sensitivity to closure is measured in milli-tesla (mT) or ampere turns (AT).   The reed sensor typically uses an external magnet to close the contacts. When the magnet is brought close enough to the reed sensor, the contacts will close or Pull-in (PI).  Withdrawing the magnet, the contacts will open or Drop-out  (DO).  Hysteresis is another useful parameter.  Hysteresis is just the ratio of the pull-in divided by drop-out (PI/DO).  We will talk more about hysteresis later. 


Key Terms — The Reed Sensor

Reed Switch Sensor

)

The reed sensor does not need any other circuitry to

operate

The reed sensor has only two leads and are not

polarity sensitive

They can be used in all environmental conditions,
over wide temperature ranges and dirty

environments
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Presenter
Presentation Notes
Reed switch sensors do not need any extra circuitry to operate, once the contacts close, they directly carry out the intended switching function.  The reed switch has only two leads.  There is no polarity associated with the two leads.  The reed sensor can be used in all environmental conditions over wide temperature ranges and even in dirty environments.


Key Terms — The Reed Sensor

Reed Switch Sensor

» The reed sensor comes in hundreds of different sizes and shapes to meet given applications F

Custom Packaging

Bare Glass Surface Mount



Presenter
Presentation Notes
The reed sensors come in hundreds of different sizes and shapes to meet a multitude of different application requirements.  We now even have a micro-machined reed switch that’s made using integrated circuit technology and can therefore be packaged in extremely small package sizes.  Customers can select the best packaging concept that will line up with their application.


Key Terms — The Hall Sensor

Hall Sensor Hall Operation

» The hall sensoris a
semiconductor device

Conducting Strip
»  An electric current must C
o @ urrent

always be flowing in the hall Source

sensor

» The hall sensor produces a
voltage when a magnet or

Aty Electrons are forced to the
magnetic field is brought 8. 2 F e :”
) B = Qyg X
close enough to the device. Voltmeter ‘“ otential diference.

»  The voltage is measured in

. Hall physical shape
milli-volts
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Presenter
Presentation Notes
The hall sensor is a semiconductor device which is made using an integration process.  An electric current must be flowing into the device in order to carry out its function.  With current flowing, the hall sensor will interact with the presence of a magnet field producing a voltage. This voltage level, measured in milli-volts, is proportional to the relative strength of the magnetic field.

https://standexelectronics.com/

Key Terms — The Hall Sensor

Hall Sensor

» Hall sensors are not affected FLUx
in any way with shock and
vibration

»  They can be used in most
environmental conditions

»  Can be used in dirty
environments
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Presentation Notes
Hall sensors are not affected by shock and vibration but will show some voltage output variation due to the vibratory motion.  Hall sensors can be used in most environmental conditions, except potentially wide temperature ranges.  They can be used in dirty environments.

https://standexelectronics.com/

Key Terms — The Hall Sensor

Hall Sensor

»  Because of the semiconductor
integration process, the hall chip can
be very small

» Hall sensors come in several packages
with a minimum of 3 electrical leads

» Hall sensors need added electronic
circuitry to function
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Presentation Notes
Made using semiconductor integration processing, the hall sensor can be packaged in very small sizes.  Hall sensors come in several different package styles having a minimum of 3 electrical leads exiting the packaging.  Hall sensors need additional electronic circuitry to carry out their switching function.

https://standexelectronics.com/

Key Terms — The Electromechanical Sensor

Electromechanical Sensor

o The electromechanical Sensor
requires a mechanical movement
that presses against a mechanical Electromechanical Sensor
lever on the sensor

NC
TERMINAL

o The mechanical movement will
close a set of contacts usually
internal to the sensor

NC CONTACT

ARMATURE

NO CONTACT NO
TERMINAL

o They can have two or more leads

O They can have spst and/or spdt
(single pole with single throw and
double throw contacts)

COMMON
TERMINAL
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Presentation Notes
Both the reed sensor and the Hall sensor are activated by an external magnetic field; however, electromechanical sensors require a mechanical movement that presses into a mechanical lever mounted external to the sensor.  This lever will directly close a set of contacts usually internal to the sensor packaging.  The sensor can have two or more leads exiting the packaging for direct load switching. The sensors can have single pole single throw (spst), single pole double throw (spdt), and double pole double throw (dpdt) lead configurations.  

https://standexelectronics.com/

Key Terms — The Electromechanical Sensor

Electromechanical Sensor
,  Electromechanical Sensor

» The electromechanical sensors
require no external circuitry for
proper operation

Electromechanical Sensor

NC
TERMINAL

NC CONTACT

»  They come in many different
package styles

ARMATURE

» These sensor are not suitable in
all environments

NO CONTACT NO
TERMINAL

COMMON
TERMINAL
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Presentation Notes
The electromechanical sensors require no external circuitry for proper operation, and they are available in many different package styles.  These sensors, however, are not suitable for all environments.  They are susceptible to moist environments as well as dusty, dirty environments.  These contaminants can find their way internally affecting and/or inhabiting the contacts from properly closing.

https://standexelectronics.com/

Parameter Analysis

» In the following slides we will look at the various
critical specifications that help define our

applications

»  We will look at these parameters and how they
compare for each of the technologies
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Presentation Notes
We will now start our parameter analysis.  We will look at each specification and compare them to the three technologies

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Additional Circuitry
Required?

Reed Sensor NO
Hall Sensor YES
Electromechanical Sensor NO

¥ Standex
l' Electronics
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Presentation Notes
Reed sensors require no added circuitry; once activated they will directly switch the circuit or load that is needing actuation.  Hall sensors need additional circuitry to carry out a switching function.  They require a means of electronically amplifying the small voltage signal that is generated by the magnetic field.  Once its amplified,  it can then be used to turn on a power semiconductor device, which then carries out the switching operation. Electromechanical sensors require no added circuitry; once activated they will directly switch the circuit or load that is needing actuation.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Current Draw
Required in OFF
State?

Reed Sensor NO

Hall Sensor YES

Electromechanical Sensor NO

¥ Standex
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Presentation Notes
Reed sensors draw zero current and use no power in their off-state.  Hall sensors require current to be flowing to carry out the sensing function. This is because it is the interaction of the current flow with the magnetic field that produces the mill-volt signal output. Electromechanical sensors draw zero current and use no power in their off-state.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology

Input

Polarity

Comment

Reed Sensor

Hall Sensor

Electromechanical
Sensor

¥ Standex

Sensitive?
NO
YES

NO

None required

Input polarities must be
observed for proper
operation

None required

l' Electronics


Presenter
Presentation Notes
Reed sensors and electromechanical sensors require no polarity for proper operation.  Hall sensors require polarities to be observed for proper operation.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Output Comment
Polarity
Sensitive?
Reed Sensor NO No output sensitivity
Hall Sensor YES Output polarities must
be observed for proper
operation
Electromechanical NO None required
Sensor

¥ Standex
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Presentation Notes
Reed sensors and electromechanical sensors have no sensitivity to polarity on their output.  Hall sensors must observe polarity on their output terminals or leads. 


https://standexelectronics.com/

Parameter Analysis

Sensor Technology | Sensing Distance

Reed Sensor >1"” or 2.54cm No physical
contact
required

Hall Sensor >1" or 2.54cm No physical
contact
required

Electromechanical Sensing can only works by

Sensor mechanically touching
and depressing the
sensor lever

¥ Standex
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Presentation Notes
Reed sensors and hall sensors can sense magnetic field distances greater that 1 inch (2.54 centimeters) away.  This means that the magnet needs to only physically come within 1 inch for the contacts or signals to be generated.  Electromechanical sensors do not have a sensing distance. Their lever must be physically depressed by a touching mechanical movement.


https://standexelectronics.com/

Parameter Analysis

Sensor Minimum Sensing Comment
Technology Distance

Reed Sensor 0.04” or 1.0mm No physical contact
required

Hall Sensor 0.04” or 1.0mm No physical contact
required

Electromechanical Has no sensing Physical contact is

Sensor distance required

¥ Standex
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Presentation Notes
Reed sensors and hall sensors can accurately sense 0.04 inches or 1 mm.  Electromechanical sensors have no sensing distance and require physical contact to carry out their switching function.

https://standexelectronics.com/

Parameter Analysis

sensor Technology

Reed Sensor 40% - 95%

Hall Sensor No hysteresis
Electromechanical Hysteresis is fixed and can be
Sensor controlled
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Presentation Notes
Hysteresis for reed sensors can be selected.  This is particularly important if one is measuring the level of a fluid in a moving vehicle.  A hysteresis of around 50% would be ideal.  Here once a low level, say of brake fluid is detected, the reed sensor will activate a light a light on the dashboard.  With a 50% differential the light will remain on and steady.  If the hysteresis was in the 90% range, the dashboard light would be constantly going on and off as the brake fluid slashed around with each bump or curve in the road.  Hall sensors have no hysteresis.  They have a gradual ‘ON’ signal and a gradual ‘OFF’ signal.  Electromechanical sensors have a fixed hysteresis that cannot be controlled.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology

Reed Sensor Typically 50 —

100 mQ
Hall Sensor Typically > 1000Q
Electromechanical Typically 50 — Can widely vary
Sensor 100 mQ depending on

voltage/ current
flowing in load

¥ Standex
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Presenter
Presentation Notes
Reed sensors have a low stable on resistance typically only 50 to 100 milli-ohms.  Hall sensors have the resistance of semiconductor material and generally runs in the 1000s of ohms.  Electromechanical sensors have a low on resistance typically in the 50 to 100 mill-ohm range. However, they generally will pick up a film on the contacts with usage, and unless its burned off by switching a relatively high voltage and or current, its on resistance will increase.  It could be at the 1000s of ohms level across the contacts. If you are only switching low voltages or low signals, they may be lost going through the high contact on resistance.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Switching Loads Directly?

Reed Sensor Can switch loads directly. Requires no
other circuitry

Hall Sensor Cannot switch loads directly. Requires
other circuitry

Electromechanical Can switch loads directly. Requires no

Sensor other circuitry

¥ Standex
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Presenter
Presentation Notes
Reed sensors and electromechanical sensors require no other circuitry; they can switch their loads directly.  Hall sensors only put out a small voltage signal that can not switch any load directly.  They need electronic amplifiers and power electronic switches to switch a given load.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Voltage Switching Range

Reed Sensor 0 - 1000 Volts

Hall Sensor Puts out milli-volts.
Requires other circuitry for higher
voltages.

Electromechanical > 5 Volts — 240 Volts

Sensor

¥ Standex
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Presentation Notes
Reed sensors in their hermetically sealed capsules can switch as low as zero volts on up to 1000 volts with the same sensor with no added circuitry.  Hall sensors in a magnetic field put out a low milli-voltage depending upon the strength of the magnet field. To switch higher voltages the signals need to be amplified and then  sent to a power semiconductor.  Electromechanical sensors can not switch very low voltages or currents because they build up films on the contacts with usage.  Usually 5 or more volts are needed to break over this film.  They can directly switch up to 240 volts.



https://standexelectronics.com/

Parameter Analysis

Sensor Technology Current Switching Range

Reed Sensor Up to 1 Amp directly and carry up to 3
Amps

Hall Sensor Requires other circuitry

Electromechanical Up to 1 Amp directly and carry up to 3

Sensor Amps

¥ Standex
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Presentation Notes
Reed sensors and electromechanical sensors can switch up to 1 amp directly and can carry 3 amps.  Hall sensors need added as previously described.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Operate Time

Reed Sensor < 100 psec < 25 psec
Hall Sensor < 10 usec < 10 usec
Electromechanical < 100 msec < 100 msec
Sensor

¥ Standex
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Presenter
Presentation Notes
Reed sensors can operate within 100 microseconds and release within 25 micro-seconds.  The Hall sensors are the fastest of the technologies and can operate and release within 10 micro-seconds.  The electromechanical sensors can operate and release within 100 milli-seconds.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Output Capacitance

Reed Sensor Typically 0.2 pico-farads
Hall Sensor Typically 100 nano-farads
Electromechanical Typically 50 pico-farads
Sensor
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Presentation Notes
The lowest output capacitance of the technologies, reed sensors have only 0.2 pico-farads across the open contacts.  Hall sensors have as high as 100 nano-farads.  Electromechanical sensors  typically have around 50 pico-farads.


https://standexelectronics.com/

Parameter Analysis

Sensor Technology Output Isolation

Reed Sensor Typically >1x1012Q
Hall Sensor Typically >1x107Q
Electromechanical Typically >1x108Q
Sensor

¥ Standex
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Presenter
Presentation Notes
Output isolation describes how well the input and output are isolated from each other.  The higher the isolation the better. The lower  the isolation there becomes more of a chance to lose small signals going through the contacts.  If one is switching small signals (digital signals or smaller), the reed sensor is the best option with greater than  1 x 1012 Ohms isolation, with Hall sensors having the worst  isolation at 1 x 107 Ohms, and electromechanical sensors a little better at  1 x 108 Ohms.


https://standexelectronics.com/

Parameter Analysis

Sensor Technology Life Expectancy

Reed Sensor Up to 1 Billion operations
Hall Sensor Unlimited
Electromechanical Up to 1 Million operations
Sensor

¥ Standex
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Presenter
Presentation Notes
Hall sensors being a pure semiconductor have no moving parts and therefore do not wear out. So they are clearly the best selection for long operating life requirements.  Reed sensors also do well in long operating life applications if switching relatively low voltages and currents with lifetimes up to 1 billion operations.  Electromechanical sensors will mechanically wear rather rapidly and will only survive up to 1 million operations.  However, they can offer the best lifetimes if switching higher voltages and currents. 

https://standexelectronics.com/

Parameter Analysis

Sensor Technology EDI / RFI Susceptibility

Reed Sensor None
Hall Sensor Very
Electromechanical None
Sensor

¥ Standex
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Presenter
Presentation Notes
Semiconductors and therefore hall sensors are very susceptible to EDI/RFI.  Basically EDI is electronic discharge - typically static electricity.  Static electricity is enough to totally disable hall sensors. RFI is radio frequency interference and any burst of RF will disable the hall sensor as well.  Both the reed sensor and electromechanical sensor are not susceptible to EDI/RFI. 

https://standexelectronics.com/

Parameter Analysis

Sensor Technology __Shock

Reed Sensor Can be susceptible to shock. Newer
MEM micro-reed sensors are not
susceptible to shock.

Hall Sensor No susceptibility to shock
Electromechanical Relatively low susceptibility to shock
Sensor

¥ Standex
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Presentation Notes
Hall sensors are the clear technology selection in a very high shock environment.  Reed sensors have some vulnerability to shock in applications involving 200 G’s or more. The Micro-reed sensors using MEM – micro-machining  technology, have no shock susceptibility.  Electromechanical sensors have very little susceptibility to shock up to 400 G’s.

https://standexelectronics.com/

Parameter Analysis

Sensor Technology Operating Storage
Temperature Temperature

Reed Sensor -55°C to 200°C -55°C to 100°C
Hall Sensor -0°C to 70°C -55°C to 100°C
Electromechanical -20°C to 100°C -55°C to 100°C
Sensor

¥ Standex
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Presenter
Presentation Notes
Hall sensors characteristics will vary with temperature and therefore typically have only an operating range from 0°C to 70°C; while the reed sensor has the best operating range of -55°C to 200°C.  Electromechanical sensors have an operating range of -20°C to 100°C.  All technologies have an excellent storage range of -55°C to 100°C. 

https://standexelectronics.com/

Summary

» Each technology has its own best operating
characteristics

» Each technology needs to be selected based on the
requirements

»  Choosing the wrong technology for a given
application can result in a lot of time and money lost
along with the loss of several potential customers

» Care must be taken when pairing a technology to a
given application

J® Standex

l' Electronics



Presenter
Presentation Notes
As has been presented, each technology has its own best operating characteristics.  Each technology needs to be selected based on a given application.  One technology may be good for one application but not for another.  Choosing the wrong technology for a given application can result in a lot of time and money lost along with the loss of several potential customers.  Care must be taken when pairing a technology to a given application.
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PARTNER | SOLVE | DELIVER’

FOR MORE INFORMATION ON OUR CAPABILITIES,
AND HOW WE CAN PARTNER, SOLVE, AND DELIVER®
TO YOUR NEEDS, PLEASE VISIT US AT

STANDEXELECTRONICS.COM
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