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ALT521-10E Ultrasensitive Two-Axis Rotational Sensors

Equivalent Circuit Features

Vvdd « Tunneling Magnetoresistance (TMR) technology
« High sensitivity (up to 170 mV/V/mT)
« Large signals (150 mV/V typ. full scale)

+0.5 mT linear range

Highly linear output (typ. 2% of full scale)

Low temperature coefficient of output (0.1 %/°C)
Up to 100 kHz frequency bandwidth

2 MQ typ. device resistance for low power
Operation to near-zero supply voltage

Up to 125 °C operating temperature

2.5 x 2.5 mm DFNG6 package

COS/Y SIN/ X

GND

Transfer Function

Applications

Flowmeter

Earth magnetic field detection
Wearable and battery powered devices
Proximity sensing

RPM speed measurement
Ferromagnetic material detection
Nondestructive testing

Freepitch Rotary encoder
Freepitch Linear encoder
Joystick

Battery-free servo encoder

Cos /Y

e

OLAT 7

Magnetic Field Angle

Sin /X

Sin /X
Description

ALT521 sensors are Tunneling Magnetoresistance

Cos/Y (TMR) Wheatstone bridge sensors with large voltage
m, - + signal, wide linear range, and ultraminiature package
size.
—>

-  X-axis +

The sensor has two half-bridge outputs for absolute
angle detection or both X- and Y -axis magnetic field
Cos /Y detection. The outputs are bipolar, meaning they are
positive for a positive field and negative for a negative
magnetic field polarity.

Magnetic Field Strength

(@)

Sin / X

ALT521 sensors are passive Wheatstone bridges, so the
sensors are purely ratiometric with Vdd supply voltage.
They can operate at extremely low supply voltages

}/ down to 0.1 V, and the output signal is directly
Magnetic Field Strength proportional to \dd.
The output is stable over the full operating temperature

range of —40 to 125 °C.

Top: angle / rotation detection
Middle: X-axis magnetic field sensing
Bottom: Y-axis magnetic field sensing
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Absolute Maximum Ratings

Ultrasensitive Two-Axis TMR Sensors

Parameter Symbol Min. Typical Max. Units
Operating supply voltage Ve 0 10 Volts
Supply voltage to diode breakdown Ve 10 14 Volts
Operating temperature Tmin, Tmax —40 125 °C
Storage temperature —65 150 °C
ESD (Human Body Model)! 2000 Volts
Applied magnetic field? H Unlimited Tesla
Voltage from sensor connections to center pad 63 Volts DC
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Rotation Detection Operating Specifications

Ultrasensitive Two-Axis TMR Sensors
A

Parameter Symbol Min. Typical Max. Units
Offset voltage Voffset -10 +10 mV/V
Linear field range Hiin 0 1 MTpp°
Saturation field Hsat 3 MTpp
Operating field range Hop 0 200 MTgp
Output sensitivity Vamp 200 280 360 mVp/VIMT
Maximum output amplitude Vmax 350 mVpp/V
Angular hysteresis (operating field range) Odelta 5 12 °
Absolute angle accuracy (linear field range) Oerror 10 °
Angle switching points (operating field range)

Quadrant 1 340 0 20

Quadrant 2 Bop 70 90 110 °

Quadrant 3 160 180 200

Quadrant 4 250 270 290
Device resistance R 1 2 3 MQ
Frequency bandwidth* f DC 100 kHz

Dual-Axis Sensor Operating Specifications
Parameter Symbol Min. Typical Max Units
Output sensitivity Vout 100 140 180 mV/V/mT
Linear hysteresis Helta 0.1 mT
Linearity>® Lin 2 %F.S.
Linear field range Hiin —0.5 0.5 mT
Saturation field Hsat -1.5 1.5 mT
Maximum output voltage V max 175 mVv/V
Off-axis characteristic’ Cos(0)
Thermal Specifications

Parameter Symbol Min. Typical Max. Units
Junction—ambient thermal resistance® 0ja 320 °CIW
Power dissipation Pd 500 mw
Temperature coefficient of device resistance® TCR —0.08 %/°C
Temperature coefficient of output voltage® TCO -0.1 0 0.1 %/°C

Notes to all specifications:
1. Human Body Model (HBM) per JESD22-A114.

2. 1millitesla (mT) = 10® nanotesla (nT) = 10 Gauss (G) = 10 Oersted (Oe) in air.
3. Peak-to-peak amplitude is used for certain specifications. A 0.5 mT amplitude magnetic signal is equal to a 1 mT,, amplitude. Similarly, 350 mVy, = 175 mV

magnitude.
Specified for amplitude reduction of —3 dB.
Full scale is defined as the operating field range.

Maximum deviation from best linear fit. Excludes contributions from hysteresis.

LN OM

Theta (0) is the angle between the positive sensitive direction and the applied field.

Measured per JESD51 with ground pad not connected to circuit board.

TCR is the device resistance change with temperature in constant applied field. TCO is the output change with temperature using either a constant current or
constant voltage source to power the sensor.
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Typical Performance Graphs
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Figure 1. Typical ALT521-10E rotation-mode output at various magnetic field. The supply voltage is5 V.
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Figure 2. Typical ALT521-10E rotation-mode output at various magnetic field and temperature. The supply voltage is 5 V.
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Linear XY Mode Response
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Figure 3. Typical ALT521-10E XY-mode output in linear magnetic fields. The supply voltage is 5 V.
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Figure 4. Typical ALT521-10E magnetic noise spectrum at 5 V supply. The magnetic noise is the limit for the smallest detectable field.

Magnetic Field Application

Two-Axis, Bipolar Directional Sensitivity

The ALT521 sensors have two independent sensing elements that can detect both X- and Y-axis magnetic fields. The outputs are
bipolar, meaning they detect both positive (north) and negative (south) polarities. Only the vector component of magnetic field
along the sensitive axis will generate a voltage output; magnetic fields applied at an angle 6 from the sensor’s positive sensitive
direction will reduce the voltage output by a factor of Cos (6).

In-Plane Sensitivity

Unlike Hall Effect or other sensors, the ALT521 is sensitive in the plane of the sensor package in both X- and Y-axis directions.
The ALT521 does not respond to Z-axis magnetic field perpendicular to the plane of the sensor package. Magnetic fields applied
at an angle 6 towards the Z-axis will produce a voltage reduced by Cos (9).

Rotation Counting with Dipole Magnets

The principal application of ALT521-10E is an ultrasensitive rotation counter. The sensor can detect rotating magnetic fields as
small as 0.1 uT. The sensor can also be overdriven with large magnetic field up to 100 mT, making it highly robust against
misalignment, vibration, and external magnetic field interference. The most common magnet configurations are two-pole, axial-
pole, and radial-pole magnets. ALT521-10E can also be used with linear magnetic scale.

Periodicity with Multipole Magnets
ALT521-10E completes one sine and cosine cycle for each pair of north-south magnetic poles. For example:
e A two-pole magnet will produce one cycle per rotation
o A four-pole magnet will produce two cycles per rotation
e An eight-pole magnet will produce four cycles per rotation
e A 12-pole magnet will produce six cycles per rotation

Off-Axis Rotational and Angle Sensing

ALT521-10E are ideal for off-axis angle sensing because of their high-sensitivity and wide dynamic range. They can be used in
multipole magnet configurations with minimal zero-field zone (small regions where one of the X or Y field components drops to
zero). More traditional end-of-shaft, on-axis rotational and angle sensing is also possible.
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Two-Pole Magnet Sensing

With a two-pole magnet (sometimes called “split-pole” or diametrically magnetized), the ALT521-10E will produce one full sine
and cosine cycle per rotation. The sensitivity zones are identified in green shaded area. Zero-field zones are marked with “x” and
arrows. As you can see, the zero-field zone is very small; this is due to the ALT521-10E’s very high sensitivity.

Zero-field zone and Zero-field zone and
phase reversal phase reversal

Zero-field zone and Zero-field zone and
phase reversal phase reversal

Figure 5. Two-pole magnet detection in the Parallel Plane configuration.

Zero-field zone and
phase reversal
symmetry axis

Zero-field zone and
phase reversal
symmetry axis

Zero-field zone and
phase reversal
symmetry axis

Zero-field zone and
phase reversal
symmetry axis
Figure 6. Two-pole magnet detection in the Perpendicular Plane configuration.
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Axial-Pole Magnet Sensing

A 12-pole magnet is used for illustration. In this case, the ALT521-10E will produce six full sine and cosine cycles per rotation.
The sensitivity zones are identified in green shaded area. Zero-field zones are marked with “x” and arrows. As you can see, the
zero-field zone is very small; this is due to the ALT521-10E’s very high sensitivity.

Zero-field zone
Phase reversal symmetry axis Phase reversal

Figure 7. Axial-pole magnet detection in the Parallel Plane configuration.

Zero-field zone and
phase reversal
symmetry axis

Figure 8. Axial-pole magnet detection in the Perpendicular Plane configuration.
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Radial-Pole Magnet and Linear Magnetic Scale Sensing

A 12-pole magnet is used for illustration. In this case, the ALT521-10E will produce six full sine and cosine cycles per rotation.
The sensitivity zones are identified in green shaded area. Zero-field zones are marked with “x” and arrows. As you can see, the
zero-field zone is very small; this is due to the ALT521-10E’s very high sensitivity.

Symmetry axis
no zero-field zone!

Sensipg area
v

N

Figure 9. Radial-pole magnet detection in the Parallel Plane configuration.

AN Zero-field zone and
phase reversal
symmetry axis

Figure 10. Radial-pole magnet detection in the Perpendicular Plane configuration.

Figure 11. For linear encoders, linear magnetic scale can be used in similar configuration to radial-pole magnets.
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Example Circuits

Small-Signal Amplifier

A single-supply amplifier can be used to boost small signals, such as the earth magnetic field. The circuit below uses a dual op-
amp in a non-inverting configuration for a gain of two. Optional capacitors can be used for low-pass filtering; a value of 100 pF
provides a —3dB cutoff frequency around 1600 Hz.

2 100 nF
1OXMQ% % a }?7 A
+S-89
=T AN
09 V- COSs /Y /I‘\/\%\ SIN/ X . 7 .
—_ ALT521 oW /
/4:/ 2X e \\/3 SIN +Vee /2

vdd

55V = \ZLL\
== 757(100 pF) -S»89 . 9
: +43x 0 90° 180° 270° 360°
’ Rotation
(100 pF): 1()XMQ% %

Vv

Figure 12. Small-signal amplifier using a low-power, two-element CMOS Op Amp.

A/B Pulses for Rotation Counting
ALT521 can be connected to a low-voltage CMOS comparator to obtain digital outputs.

100 nF
10 MQ% "
vdd h
TS
883
AN L )5) Sgn(sin) ___._
09V-_| COS /Y SIN/ X ; !
09v- L ALT521 | |
| | o
-00pF) | | e 0 90° 180° 270° 360°
GND +883 Rotation
(100 pF):::é::: 10 MQ%

Vv

Figure 13. Digital output from a low-power, two-element CMOS comparator.
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Ultrasensitive Rotation Sensor

A differential amplifier can be used to focus on small rotation signals. This circuit has a gain of approximately seven, pushing the
ALT521-10E sensitivity to 2000 mV,/V/mTp,. Rotations in Earth’s 50 uT magnetic field will produce around 330 mVp, when the
circuit is powered with a 3.3 V lithium battery. Since the SIN and COS outputs are subtracted, a 45° phase shift is also introduced.

27~ 55V
[

+— }?;00 nF )
vdd + .
% 1Ma 5v2 Sin(e- 45) + Vcc /2
2902LV r /7~ N\
* QIN/XI— 10042 SO - / - \
\_//

Y E v -
o 1_/4 o 100 KQ 29021V ° 0
+ >
GND (100 pF) |2902Lv 0 90 180° 270° 3%0°

+
(100 pF)z: /l 1Mo % Rotation

Figure 14. Ultrasensitive rotation counter using a quad Op Amp as a dual-buffered differential amplifer. The gain of the differential
amplifer is 5, and subtracting the SIN and COS outputs introduces a 45° phase shift and increases the amplitude by a factor of V2.

Microcontroller Interfaces
ALT521 can connect directly to certain analog peripherals, like an analog comparator for rotation counting and speed measurement.

o5V
’_| 100 nF
vdd }%
18
/3/ \Lﬁ\ 11| Avec
COS/Y \A;L—;rif:]/ SIN/ X AIN1
MEGA328
GND 10
AINO
AGND
5
\Y4

Figure 15. Analog comparator microcontroller interface.

ALT521 can also connect directly to ADC pins, but they should be buffered due to their low-power, high-impedance output.
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Figure 16. Analog-to-digital converter microcontroller interface.

Here is an illustrative Arduino sketch:

/*******************************************************************

Reads an ALT521-10E with an Arduino Uno.

Arduino-Sensor connections: A0 = sensor buffered COS; Al = SIN; 5V = Vcc
www.nve.com * www.YouTube.com/NveCorporation * sensor-apps@nve.com
********************************************************************/
#include <math.h>

void setup() {

Serial.begin(57600); //Initialize the serial port

}

void loop () {

//Read, scale, & print sensor output

Serial.print(analogRead(Al)-512) ;

Serial . println("\t SIN value");

Serial .print(analogRead (A0)-512) ;

Serial.println("\t COS value");

//Read, scale, & print angle

Serial.print(atan2 (analogRead (Al)-512, analogRead(A0)-512)*180/3.14159);
Serial . println("\t Angle value");

delay (100); //10 samples per second

}
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A

2.5 mm x 2.5 mm DENG6 Package (-10 suffix)

0.80+0/-0.10 ~— 2.00+0.05 —»
L
s, |
z A |
° 2 = 8 |
S = = = ;
= - Ho|— - -4 N I
3 z 5 = t
) S ? « | C0.10
B S Y N
= w 1
% _ } PIN 1
l O g » L Mo
oL nEnln
/| t
@—/ \—® . O 1 0.3020.05
e—— 2.501£0.10 ——» i—] 0.0-0.05 0.30£0.05 —» ~-«—— 0.65 TYP.
i (6X) (4X)
=t > — - 0.35:0.10 1.30 REF (2X)|=—
+ Y-axis sensitivity -
EO.ZO REF
- -
Notes:
o Dimensions in millimeters.
o Soldering profile per JEDEC J-STD-020C, MSL 1.
Functional Diagram and Pinout
vdd Symbol Description Pads
Vud Positive bridge supply. 6
GND Negative bridge supply or ground. 4
SIN/ X Sine output (rotation mode) or X-axis output 5
(dual-axis mode)
cos/y SIN/X cos/Y Cosine output (rotation mode) or Y -axis output 5
(dual-axis mode)
NC No internal connection. 1,3
--------- Internally connected to leadframe Center Pad
GND

Breakout Boards

Breakout boards are available for ALT521-10E:

Part number ALT521-10E-EVB01
(0.8" x 0.4" / 21 mm x 10 mm; actual size).
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Bare Circuit Boards

NVE offers bare circuit boards for easy connections to DFNG6 sensors such as the ALT521-10E:

le @ &0 0 06

e.COMm A 06

AG035-06: DFN6 connection board for -10E suffix sensors.
(1.57" x 0.25" /40 mm x 6 mm; actual size).

Off-Axis Rotation Sensor Evaluation Board

This evaluation board allows you to try NVE’s unique off-axis angle and rotational sensors.

=

DDDDDDDDDD 0Oo0oo0ooao
~

NVE=

Shield02
|Off-Axis ¢
Angle
Sensing
Arduine
Shield

=]

g ¢ PWM ¢ SPI + I2C / Digital
current B O

a

81l Analo
@)

SHIELDO2: Off-Axis Angle Sensor Evaluation Board.
(2.7" x 2.1" /1 68.6 mm x 53.3 mm; actual size).
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Revision History

SB-00-170 — Rev. A Change
October 2024 e Initial release.
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Datasheet Limitations

The information and data provided in datasheets shall define the specification of the product as agreed between NVE and its customer, unless NVE and
customer have explicitly agreed otherwise in writing. All specifications are based on NVE test protocols. In no event however, shall an agreement be
valid in which the NVE product is deemed to offer functions and qualities beyond those described in the datasheet.

Limited Warranty and Liability
Information in this document is believed to be accurate and reliable. However, NVE does not give any representations or warranties, expressed or
implied, as to the accuracy or completeness of such information and shall have no liability for the consequences of use of such information.

In no event shall NVE be liable for any indirect, incidental, punitive, special or consequential damages (including, without limitation, lost profits, lost
savings, business interruption, costs related to 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 changes to information 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 warranted to be suitable for use in life
support, life-critical or safety-critical devices or equipment. NVE accepts no liability for inclusion or use of NVE products in such applications and such
inclusion or use is at the customer’s own risk. Should the customer use NVE products for such application whether authorized by NVE or not, the
customer shall indemnify and hold NVE harmless against all claims and damages.

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

Customers are responsible for the design and operation of their applications and products using NVE products, and NVE accepts no liability for any
assistance with applications or customer product design. It is customer’s sole responsibility to determine whether the NVE product is suitable and fit for
the customer’s applications and products planned, as well as for the planned application and use of customer’s third party customers. Customers should
provide appropriate design and operating safeguards 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 default in the customer’s
applications or products, or the application or use by customer’s third party customers. The customer is responsible for all necessary testing for the
customer’s applications and products using NVE products in order to avoid a default of the applications and the products or of the application or use by
customer’s third party customers. NVE accepts no liability in this respect.

Limiting Values

Stress above one or more limiting values (as defined in the Absolute Maximum Ratings System of IEC 60134) will cause permanent damage to the
device. Limiting values are stress ratings only and operation of the device at these or any other conditions above those given in the recommended
operating conditions of the datasheet is not warranted. Constant or repeated exposure to limiting values will permanently 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. NVE hereby expressly objects to
applying the customer’s general terms and conditions with regard to the purchase of NVE products by customer.

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 acceptance or the grant, conveyance 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 regulations. Export might require 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 suitable for automotive use. It is neither
qualified nor tested in accordance with automotive testing or application requirements. NVE accepts no liability for inclusion or use of non-automotive
qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in automotive applications to automotive specifications and standards, customer (a) shall
use the product without NVE’s warranty of the product for such automotive applications, use and specifications, and (b) whenever customer uses the
product for automotive applications beyond NVE’s specifications such use shall be solely at customer’s own risk, and (c) customer fully indemnifies
NVE for any liability, damages or failed product claims resulting from customer design and use of the product for automotive applications beyond NVE’s
standard warranty and NVE’s product specifications.
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An 1SO 9001 Certified Company

NVE Corporation

11409 Valley View Road

Eden Prairie, MN 55344-3617 USA
Telephone: (952) 829-9217
WWW.nve.com
www.youtube.com/NveCorporation

e-mail: sensor-apps@nve.com
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