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ABT-Series Dual-Channel TMR Gear-Tooth Sensors

Block Diagram

Features
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ABTxxx as differential
full -bridge outputs

1 Excellent linearity, lowdistortion

1 Large analog peato-peak signal

1 Low hysteresis

1 Operating frequency to 350 kHz

1 150°C maximumoperating temperature
1 Ultraminiature

Applications

1 Motion, speed, and position sensing
1 Linear and rotational encoders

1 Closedloop servesystems

1 Machine tools

1 Automotive sensors

Description

NV E BBT-SeriesGearTooth(GT) Sensorsareversatile,
linear analog sensstypically used withbackbiasing
magnetgo encode the position offarrousgear track or
wheel

ABT-Seriessensorar e manuf act ur eoft
the-art tunneling magnetoresistance (TMR) technology. T
are dualchannel sensors consisting of falraseshifted,
half-bridge magnetometer$he sensor elements respond 1
the bipolar magnetic fiekproducel by a magnetic tooth
structure with a bipolar transfer function.

ABT-Seriessensors can be used in hiaifdge or fultbridge
mode depending on the application. Typically, an A&hso
is matched to the corresponding pitch teeth structure, an
half-bridge outputs are treated as differential.
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Absolute Maximum Ratings

ABT-SeriesTMR Gear-Tooth Sensors
Parameter Min. Max. Units
Supplyvoltage -7 7 Volts
Storagetemperature 165 170 C
ESD (Human Body Model) 2000 Volts
Applied magnetidield Unlimited mT
Operating Specifications
Parameter Symbol Min. Typ. Max. Units
Operatirg temperature Trmin; Tmax 150 150 °C
Supply voltage Vee 0 5.5 V
Resistance 1 5 10 k q
Unbiased fullbridge dfset voltage Vo 120 +20 mV/V
Sensor element linearity 3 %
Hysteresis 2 %
Sensor element linear range +10 mT
Saturation offMR sensor elements +30 mT
Maximum output
(half-bridges, zero airgap) 100 200 300 mvpp/V
Maximum output
(full-bridges pitch matched tgear) 200 400 600 mVppV
. . 0a'Qa Yy HOQ
Phase shift between hdifidges ———
g oo "0Q Wi "0 w
Ter_nperature coefficient of device TCR 008 %/°C
resistance
Temperature coefficient of output TCO -0.1 0 0.1 %/°C
Sensor perating frequency Fiax 350 kHz

*In the case of ferrous metal detection, gheesiwill be limited by the magnetic permeability of the magnetic tafget.example, geaooth
sensing is typically limed toaround20,000 eeth/seconddepending on the sizmd shape of the gear.
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Sensor Structure

TMR Element Layout

The ABT-Series @arToothSensors consist of two Wheatstone bridges wired with common Vcc and GND. The structure is
equivalenttofourhalbr i dge magnet ometers, equally spaced from the ce
spacingb.

Out1+ Qut2+
4 ABTxxx

Gnd VA~

Sengive ‘ _ Element
Axis b - spacing
AN Vee
v
Out1- Out2-

When a magnetic field gradient i s s-brieiges proddceidegticat, phaskeifece ns or 6
outputs corresponding to the pitch of the field gradient. In the case of a gear, thehpfiadanagnetifield is due to the gear
tooth pitch:

Half-Bridge0 E ADRE &£@
When the gear pitch is otfeurth the element spacintipe four halfbridge outputs are each 90 degrees out of phase. In this case,

Outl and Out2 artull differential Wheatstone bridge outputs, since the phase shift between Outl+isClQ degrees (and
likewise for Out2).
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Sensor

Operation Overview

Sensor Orientation
To detect passing gear teeth, the sensitive axis ABAnSeries sensor is align@drallelto passing gear teeth, as shown in Figure

Figure 1: The two most common use configurations for ABISeries TMR GearTooth Sensors, showing the sensor and bias magnet
orientation. The sensor is sensitive to gear motion along the length of the sensor package.

MagneticBiasing
To sense ferromagnetiars, ABTSeries sensors need to be badsed with a permanent magnet. This is typically
accomplished by fixing a magnet to the opposite side of a PCB, as in Figure 2. Table 1 has common bias magnets.

Here are some tips for biasing:
1 Use ceramic magngtgrades C1, C5, C8 etc.

The magnet needs to be at leastm wide along the sensitive direction of the sensor
The length of the magnet is not critical and can be chosen for convenience (if using a bar magnet)
The thickness of the magnet should not egekemm

Magnets should be placed on the opposite side of the PCB from the sensol.&sereor thinner PCB

NVE Part | Width Length Thickness Thickness
Number (mm) (mm) (mm)
12216 6 6 4 Sensi el N Lenc
12217 3.5 3.5 4 Ax T o=
12031 8 8 3 ~
Wi dth
Table 1: Common bias magnetlimensions. Any disk magnet with Figure 2 (Left): Back biasing an ABT-Series

diameter equal to the width in the above table will also work. sensor. (Right): Magnet dimensions defined

in relation to the st
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Sinusoidal Output with Rotation
The magnetic operation for theBA-Series is shown below. The sensor output amplitude scales approximately linearly with

airgap, reaching the maximum value when the sensor face isggdh®othface. T h e s e n s o r a@haog sutpdsussatei d a |

ratiometrically with the supply voltag

TMR Half-Bridges
-
Sense Axis
\

Outl+ Out2+ Outl- Out2-

Outl ¢
Out?

Outl
Qut2

Qut1l
QOut2

4

Outl
Out2

5

«

Qut?2 x\ /‘

E

il
.

Figure 3. ABT-Series sensooutput vs. gear rotation
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Sensor

Detailed Operation

Back-Biasing TMR Element
The bias magnet provides a magnetic field source the sensor can read. The magnetic field consists p&gpsindimylaplane
component and a weaker planar fringing field. This is shown in Figbetow.

Gnd ABTxxx
Naa
Out2+
Out2-
Gnd

Figure 4. The planar fringing field generated from the predominately perpendicular bias magnetic field.
The planar fringing field introduces a DC offéethe half bridge outputss shown in the figures below
A

e ——K————= i
(mV/V)48 Outl- Oute- Time

-80

Figure5. An ABT-Series sensor before applying the bias magnet

80A Qutl+
Output .
(mV/V) 0 Time
-40 Qutl-
-80 Qut2-

Figure6. An ABT-Series sensor after applying the bias magnet
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Operate region
Backbiased ABTSeries sensors need to be withinitleperate region to function properijhe operate point ranges from the
face of the gear to a gedependent maximum operate point distance, as shown in FHidpalew.

sensor airgap

I

1

1

1

i

L
(operate; outside
region : operate
' . region
1
]
1
1
1
1
1

maximum

operate
distance

1
gear face sensor face

Figure7 Definitions of T-Series sensor airgap and operagions

The sensor is in its opeeategionwhen the DGoffset on the hatbridge outputs vanish. The offset vanishes because the fringing
magnetic fields causing the offset are redirected perpendicularly towards theugetar the closer proximity of the magnet to the
gear in the operate range

£s 33

Figure8. Close proximity tdhe geapulls the bias magnet flux lines perpendicular to the sensor, removing the output offsets.
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Sensor

The figures below show typical ABT6EIE performance with NVE part number 12217 bias magnet and a 32 pitch test gear.
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Figure9. ABT600-00E outputs at an airgap of 4 mm. The sensor is outsidpétate region.
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Figure10. ABT600-00E outputs at an airgap of 2 mm. The sensor is outside its @pegiin
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Figurel11l. ABT600-00E outputs at an airgap of 1.5 mm. The sensorits aperate region.
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Figure12. ABT600-00E outputs at an airgap under 0.3 mm. The sensor isdpétsite region.
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Illustrative Application Circuit s

Direct interface
Due to its large output signal and low output impedance,Bii-8eriessensoican be interfaced directly to a standard
microcontroller or ADC. Incremental position information can be obtained with an arctangent function.

09-55V
Vce {

Differential ADC
or Microcontroller
Qut2+ é % Out2-
% § ADC1
ADC2

BTxxx
g ADC3
Out1+ Out1- ADC4
Gnd

Figure 13. An ABT-Series sensocan be interfaced directly to an ADC or microcontroller for signal processing without any external
conditioning .

Digital output from analog geattooth sensors
A comparator can be usedth two of the ABTSensor outputt provide a digital signal corresponding to each gear passing:

27-55V
Vce

100 nF
— }17
§ I~

+ LMV331
I ABTxxx OUT+H— >_.

\!

ouT-
GND
. - . v
Figure 14. Digital output from an ABT -Series sensor, using a lowost comparator.
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Digital speed and direction signals
ABTxxx sensors have two outputs for direction informatidmual comparator and flifiop canprovide digitaldirection and

speedoutputdi recti on i s determined by detecting the phasing be
tootht
2-55V
Ve '
100 nF 100 nF
s 3 R
Out2+ Out2- ~
+
§ 0
BTxxx CP6542 Q+——— Direction
+
CLK  |SN74LVC1G175
Out1+ g § Out1- -//
% § + Speed
Gnd

Figure 15. Digital speed and direction signals from an ABTSeriesGear-Tooth Sensor.
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Figure 16. A simple differential amplifier boosts and buffers the signals of ABTSeriesGear-Tooth Sensors for encoder applications.
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ABT-Series Sensor Pinou t (top view)

MSOP8
(-00E suffix)
GND[] ® Jvce
ouT2+[ | =|€  [ourw
ouT2- [ g2 JouTi-
GND[ ]| 817 —Jvce
Pin
MSOP8 / SOIC8 Symbol Description
5 VCC Bridge powersumply*
8 VCC Bridge powersumply*
1 GND Bridge gound*
4 GND Bridge gound
2 OouT2+ . . .
3 oUT2 Differential output 2 (sine)
6 OouUT1+ . . .
7 oUTL Differential output 1 (cosine)

*Pin 5 and pin 8 areonnected internally, and Pin 1 and Pin 4 are connected internally.

Part Numbering
The following example shows tHeBT-Series parhumberingsystem:

ABT 500 - O0E

N

Base Part Sensor Element Package Type
ABT = TMR GT Sensor  Spacing(xxx pm) 00E =3 x 3 mm MSOP8 (RoHS)
250=0.25mm
375=0.375mm
500=0.5mm
600 =0.6mm
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Available Parts

ABT-SeriesTMR Gear-Tooth Sensors
Single or Package
Dual Maximum Marking
Part No. Channel | Optimal Gear Pitch | Functional Gear Pitch Airgap Package Code
ABT250-00E Dual 1mm 0.6-2mm 0.5mm MSOP8 FTDe
ABT375-00E Dual 1.5 mm 1-3mm 0.75mm | MSOPS8 FTCe
ABT500-00E Dual 2 mm 1.3-4mm 1 mm MSOP8 FTBe
ABT600-00E Dual 2.4 mm 1.6-4.8 mm 1.2mm MSOP8 FTEe
12
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Evaluation Kits

A demonstration board is available for the AB&ries sensors. NVE alsells circuitboardsandbias magnetto use with the
Sensors.

AG972-07E ABT-Series Demonstration Board

The AG92-07E Demonstration Board showcases rotati@ratoding to
onethousandth of a degree of precision with an ABT-80& sensoiThe
kit includes:

A A -Bch (76 %127 mm) PCB

Angle Display

*ABT375-00E | A ABT37&00E 0.375 mm element spacing gear tooth sensor
Zere A A f orotationaldisplay t
A P a Rl1Bceranc bias magnet
A P o we woeAAA Hatteries (included)
S s - rey
4) sin - -
O GND

TMR Gear-Tooth Sensors

Demonstration Videos
NVE uploads regular new product and application demonstratioisutube check out our channel:
www.Y ouTube.comNveCorporation

Detectingthousandths of a degree with ABT30BE:
youtu.be/DERzAJG3tM

Application Notes
Best practices and design support for NVE &Ihsors
Www.nve.com/SensorApps

Design Assistanc&Veb-Application

We have a free webased application to provide design support foTAReries GT Sensors, including bias magnet selection.
Enter your gear6és dimensions, then choose your sensor, bi
your system:

https://www.nve.com/spec/calculators.php#t&s SensorOutput
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Bare Circuit Boards and Magnets for Sensors

PCBs

NVE offersseveral bare circuit boards specially designed#sy connections to GTehsorsPopularPCBsare shown belo

(images are actual size)

AG915-06:
0.25"(6 mm)octagonal
MSOP8

LEEE] www.nve.com

AG918-06 (standard) AG919-06 (crossaxis)
2" x 0.25" (560mmx 6 mm)MSOP8

AG035-06:
1.57" x 0.25" (40nmx 6 mm) TDFN6

Magnets
NVE offers three standard ferrite disk magrfetsuse with GT Sensors
d
M
- NVE Part # | Material | Diameter (d) | Thickness (t)
12031 C5/Y25 8 mm 3.2mm
t 12216 C5/Y25 6 mm 4 mm
12217 C5/Y25 3.5 mm 4 mm
14
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Package Drawing
MSOPS8 (-00E suffix)

0.114 (2.90)
0.122 (3.10
(3.10) L
H H H H —¢ 0.016 (0.40)
. 0.027 (0.70)
0.189 (4.80) 0.114 (2.90) 0.032 (0.80)
0.197 (5.00) . 0.122 (3.10) m¢ 0.043 (1.10)
THHH 0.024 (0.60) & 0.002 (0.05)
_ 0.005 (0.13) 0.028 (0.70) 0.006 (0.15)
0.010 (0.25) L - \W
0.016 (0.40) > : : NOTE: Pin spacing is a BASIC

dimension; tolerances
do not accumulate

All soldering profiles per JEDEC -BTD-020C, MSL 1.
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Revision History

SB-00-121-A Change
August 2021 1 Initial datasheetalease
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Datasheet Limitations

The information and data provided in datasheets shall define the specification of the product as agreed between NV&andritsicless NVE and
customer havexplicitly agreed otherwise in writing. All specifications are based on NVE test protocols. In no event however, shediraaradre
valid in which the NVE product is deemed to offer functions and qualities beyond those described in the datasheet.

Limit ed Warranty and Liability
Information in this document is believed to be accurate and reliable. However, NVE does not give any representationtes, wapr@ssed or
implied, as to the accuracy or completeness of such information and shall ha\@lityftie the consequences of use of such information.

In no event shall NVE be liable for any indirect, incidental, punitive, special or consequential damages (includindjmiitar, lost profits, lost
savings, business interruption, coststeao the removal or replacement of any products or rework charges) whether or not such damages are based on
tort (including negligence), warranty, breach of contract or any other legal theory.

Right to Make Changes
NVE reserves the right to make changesmformation published in this document including, without limitation, specifications and product descriptions
at any time and without notice. This document supersedes and replaces all information supplied prior to its publication.

Use in Life-Critical or Safety-Critical Applications

Unless NVE and a customer explicitly agree otherwise in writing, NVE products are not designed, authorized or warrssuéedhteder use in life

support, lifecritical or safetycritical devices or equipment. NVE a@te no liability for inclusion or use of NVE products in such applications and such
inclusion or use is at the customerdés own risk. ShohyNVEotnotethecust omer
customer shall indemnify aritbld NVE harmless against all claims and damages.

Applications
Applications described in this datasheet are illustrative only. NVE makes no representation or warranty that such applidagieuitable for the
specified use without further testing modification.

Customers are responsible for the design and operation of their applications and products using NVE products, and N«Eliabdépttor any
assistance with applications or cust ptméetermme whethercthe NdEepdugt is suitablé and fis forc u s t

the customero6s applications and products planned, sosmersv@ustbmem shouldor t h
provide appropriate design and operatiafpguards to minimize the risks associated with their applications and products.

NVE does not accept any liability related to any default, damage, costs or problem which is based on any weakness or defablte cust omer 6 s

applications or products,oreh appl i cati on or use by customerédés third party customer
customerod6s applications and products using NVE pr odthecappiationorusetbyd er t o
customerés third party customer s. NVE accepts no liability in this

Limiting Values

Stress above one or more limiting values (as defined in the Absolute Maximum Ratings System of IEC 60134) will cause gamazayeeio the
device. Limiting values are stress ratings only and operation of the device at these or any other conditions above ihabe gaaommended
operating conditions of the datasheet is not warranted. Constant or repeated exposure to limiting varesanwéintly and irreversibly affect the
quality and reliability of the device.

Terms and Conditions of Sale
In case an individual agreement is concluded only the terms and conditions of the respective agreement shall apply yNXpréssgbobjects to
applying the customerds general terms and conditions with regard to

No Offer to Sell or License
Nothing in this document may be interpreted or construed as an offer to sell products that is open for accémagreamtrconveyance or implication
of any license under any copyrights, patents or other industrial or intellectual property rights.

Export Control
This document as well as the items described herein may be subject to export control regulationsigikpenuire a prior authorization from national authorities.

Automotive Qualified Products

Unless the datasheet expressly states that a specific NVE product is automotive qualified, the product is not suitaivietiee ase. It is neither
qualified nor tested in accordance with automotive testing or application requirements. NVE accepts no liability for inclusiohrmmnesgomotive
qualified products in automotive equipment or applications.

In the event that customer uses the product fagdes and use in automotive applications to automotive specifications and standards, custehad (a)

use the product without NVEG6s warranty of the pr ovbdemevdrcu$tamerusesitbeh aut o
proict for automotive applications beyond NVEO®s s p eustomerifullyandemaifies s uc h
NVE for any liability, damages or failed product claims resulting from customer design and use of the produatéot o mot i ve appl i cati
standard warranty and NVEO&6s product specifications.
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An ISO 9001 Certified Company

NVE Corporation

11409 Valley View Road

Eden Prairie, MN 55348617 USA
Telephone: (9528299217

Fax: (952) 829189
WWW.Nnve.com

e-mail: sen®r-info@nve.com

©NVE Corporation
All rights are reserved. Reproduction in whole or in part is prohibited without thewpitten consent of the copyright owner.
August2021
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