NVE— ADT002 Low Hysteresis
NVE CORPORATION Rotation Sensors

ADTO002-10E Low Hysteresis, Low Power Rotation Quadrant Sensors

Features

Tunneling Magnetoresistance (TMR) technology
Extremely low power (1.8 pA typ. at 2.4 V)

Precision digital quadrant outputs

Wide airgap tolerance

Operates with as little as 30 Oersteds of magnetic field
2.4V t0 5.5 V supply range

—40°C to +125°C operating range

Ultraminiature TDFN6 packages

Applications

o Water meters
« Rotational speed sensors
« Rotational position sensors

Functional Diagram and Pinout

Description

ADTOO02 rotation sensors are ultralow power, digital-
. output magnetic rotation sensors. Tunneling
Magnetoresistance (TMR) technology allows small size
and low power, making the sensors ideal for battery
operation.

vdd GND

The sensors have two digital, binary outputs. The two
outputs are 90 degrees out of phase to provide directional
information.

Sin

The ADTO002 is optimized for absolute rotary position
NC N/C detection, with lower hysteresis than the ADT005 to
(for test (for test provide accurate, absolute rotational quadrant

only) only) information.

The parts are packaged in NVE’s 2.5 mm x 2.5 mm x
0.8 mm TDFNG6 surface-mount package.

Truth Table

Output

Angle Cos
0°-90°
90°-180°
180°-270°
270°-360°
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Absolute Maximum Ratings

Parameter Min. Max. Units
Supply Voltage -0.5 7 Volts
Storage Temperature —40 170 °C
ESD (Human Body Model) 2000 Volts
Applied Magnetic Field Unlimited Oe

Operating Specifications

Tmin t0 Tmax; 2.4 V < Vpp <5.5 V unless otherwise stated.

Parameter Symbol Min. Typ. Max. Units Test Condition
Operating Temperature Tmin; Tmax —40 125 °C
Supply Voltage A 2.4 5.5 V

0.55 1.8 3.1 Vo = 2.4V

2.2 Voo = 3V
Supply Current looc 0.8 2.7 46 A VeV <36V
6.95 Vo = 5.5V

Applied Magnetic Field Strength 30 200 Oe
Low-Level Output Voltage Vo 0 0.24 V I.=-50 uA
High-Level Output Voltage Vou Vop—0.25 Voo \Y IL=50 pA
Angular Precision/Repeatability 1.5 deg.
Angular Hysteresis |04 — 6] 3 4 8 deg. Vo = 3.6V; 25°C
Frequency Response fuax 2 kHz
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NVE CORPORATION

Operation

Overview
The heart of the unique sensor is an array of four Tunneling Magnetoresistance (TMR) elements, one in each quadrant. TMR
technology enables low power and miniaturization, making the sensors ideal for battery operation.

In a typical configuration, an external magnet provides a saturating magnetic field (30 to 200 Oe) in the plane of the sensor, as
illustrated below for a bar magnet and a radially-magnetized disk magnet:

o~
a0
25

Figure 1. Sensor operation.

Simple output encoding
The rotation is encoded in two quadrature outputs, 90 degrees out of phase. Mathematically, the outputs correspond to the sign of
the sine and cosine of the rotation, i.e., sgn(sinf) and sgn(cos), as shown below:

]

Sin

Outputs

Yo

0 90° 180° 270° 360°
Rotation (CCW)

Figure 2. Sensor outputs
(counterclockwise rotation viewed from the top of the sensor).

Thus the binary sensor outputs define the quadrant of rotation:
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Figure 3. Sensor outputs for each rotation quadrant.
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Wide range of magnets and magnet location

The sensor operates with as little as a 30 Oe magnetic field, and is accurate up to 200 Oe. This wide magnetic field range allows
inexpensive magnets and operation over a wide range of magnet spacing. Larger or stronger magnets require more distance to
avoid oversaturating the sensor; smaller or weaker magnets may require closer spacing. Low-cost, radially-magnetized ferrite disk
magnets can be used with these sensors. Bar magnets can also be used in some configurations.

Absolute position
Unlike some encoder types, ADT002 sensors detect absolute position and maintain position information when the power is
removed. The sensor immediately powers up indicating the correct position.

Power supply decoupling and noise filtering
Since ADTO002 sensors are duty-cycled to reduce power consumption, a bypass capacitor should be used on Vpp if the sensor is
powered by a power supply or a battery with long connections. 10 nF ceramic capacitors are typical.

Because the sensor uses high-impedance circuitry and often operates in noisy environments, designers should consider filtering or
debounce circuitry on the sensor outputs if possible, especially if the application relies on triggering or counting edges.

Integrated fault detection
An additional output indicates a fault if the magnetic field is too high for accurate measurements. This can occur if the magnet is
too close to the sensor, or due to interference from adjacent magnets. The signal can also be used to align assemblies.

Typical Performance Graphs
5

Quiescent Supply Current (pA)

2 2.5 3 3.5 4 4.5 5 5.5
Supply Voltage
Figure 4. Typical Quiescent Supply Current (25°C).
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Illustrative Application Circuits

Quadrant detection
A 2-to-4 Line Decoder can provide digital signals indicating the quadrant of rotation:

2.4-5.5V
Vdd GND
1 6 |

Sin Cos
5 5 A vy3l— 0°-90°
Y2 [—= 90°- 180°
Y1 [ 270°- 360
] | B YO 180> 270°
3 4
74LVC
ADT002-10E 1G139
Rotation Sensor

Figure 5. Quadrant detection.

A two-cycle/revolution signal
An Exclusive-OR gate can be used to provide a digital signal with two cycles per revolution and transitions every 90 degrees:

2.4-5.5V
Vdd GND
1 6 |

Sin Cos
2 5
} > 2/rev.
- 74LVC
3 4 1G86
ADTO002-10E
Rotation Sensor

Figure 6. Two-cycle per revolution signal.

Ultralow power external circuitry

Any of the application circuits described in this section can use 74AUP-series logic instead of 74LV/C circuitry if lower power is
required and five-volt operation is not needed.
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Evaluation Support

Breakout Board
The breakout board provides easy connections to an ADT002-10E rotation sensor with a six-pin header or a 1 mm edge connector:

Figure 7. ADT002-10E-EVBO01 breakout board (actual size).
0.87" x 0.4" (21 mm x 10 mm)

Arduino Shield

The Arduino Shield connects via an edge connector to the breakout board above or other breakout boards. Sixty LEDs indicate the
quadrant, and colors indicate direction of rotation. A diametrically-magnetized neodymium magnet is included, and a magnet
fixture allows the magnet to be positioned on-axis or off axis. Arduino software is available via the NVE GitHub repository.

NVE Angle Sensor Features:
i) + 0.01 to 20 mT field
Current as low a5 1 pA
4010 +125 °C
5% 2.5 0.8 mm size
nalog / PWM / SPI / 12C

Figure 8. Shield02 Arduino Shield with magnet fixture(actual size).
2.7"x 2.1" (53 mm x 69 mm)
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lllustrative Arduino Procedure

This procedure reads the two outputs of an ADT002 sensor and calculates the quadrant:

void setup() {
Serial.begin(115200);
}
void loop () {
// Call the calculateQuadrant function and print the result
byte quadrant = calculateQuadrant();
Serial.print ("Quadrant: ");
Serial.println (quadrant) ;
}
byte calculateQuadrant () {
// Read the sine and cosine signals from pins 11 and 12
byte Sin = digitalRead(1l1l);
byte Cos = digitalRead(12);
// Return the calculated quadrant based on the signals
return 3 + (Sin ~ Cos) - 2 * Sin;

}

The code uses bitwise operations and simple arithmetic to efficiently determine the quadrant. The expression 3 + Sin*Cos - 2*Sin
maps the combinations of Sin and Cos to quadrants as follows:

Quadrant | Sin | Cos | Sin”Cos 2*Sin Calculation
1 1 1 0 2 3+0-2=1
2 1 0 1 2 3+1-2=2
3 0 0 0 0 3+0-0=3
4 0 1 1 0 3+1-0=4

The quadrant number can be used to determine the direction of rotation, since increasing quadrant numbers indicate
counterclockwise rotation as shown in Fig. 3; decreasing quadrants indicate clockwise rotation.
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Pinout
GND
Cos
N/C N/C
(for test (for test
only) only)
Figure 9. ADT002-10E pinout and center of rotation.
Pin Symbol Description
1 Vo Supply voltage (2.4 V10 5.5 V).
2 Sin HIGH CMOS output when the sine of the rotation angle is positive (0 — 180°).
3 DNC Do not connect, leave floating (for test only).
4 DNC Do not connect, leave floating (for test only).
5 Cos HIGH CMOS output when the cosine of the rotation angle is positive
(0 —90° or 270° — 360°).
6 GND Ground.
Notes:

o The package center pad may be left floating or connected to ground.
o This product has been tested for electrostatic sensitivity to the limits stated in the specifications. However, NVE recommends that all

integrated circuits be handled with appropriate care to avoid damage. Damage caused by inappropriate handling or storage could range
from performance degradation to complete failure.

Available Parts

Part No. Package Marking Description
ADT002-10E TDFN6 FDYe Low hysteresis, ultralow-power rotation sensor
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2.5 mm x 2.5 mm DFEN6 Package
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Notes:
e Dimensions in millimeters.
o Soldering profile per JEDEC J-STD-020C, MSL 1.

9

NVE Corporation 11409 Valley View Road, Eden Prairie, MN 55344-3617 Phone: (952) 829-9217 Email: sensor-apps@nve.com www.nve.com ©NVE Corporation



N VE_ ADT002 Low Hysteresis
NVE CORPORATION Rotation Sensors

Revision History
SB-00-048-D Changes
Sept. 2024 e Added breakout board and Arduino Shield (p. 6).
e  Added illustrative Arduino code (p. 7).

SB-00-048-C Changes

July 2022 e Removed ADTO001 for a standalone datasheet (see SB-00-155-A for ADT001
standalone datasheet).

e Removed FAULT sensor functionality.
e Max. Angular Hysteresis specification increased from 6° to 8°.

SB-00-048-B Changes
April 2017 e Tightened supply current spec. based on more test data.
e Clarified repeatability vs. accuracy (p. 2).
e Added performance graphs of angular hysteresis vs. temperature and supply voltage.

SB-00-048-A Change

Sept. 2016 e Initial release.
SB-00-048-PRELIM Change

May 2016 e Preliminary 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.hve.com

e-mail: sensor-info@nve.com

©ONVE Corporation
All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the copyright owner.
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