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NVE CORPORATION ADA-Series Advanced Magnetic Switches

ADA-Series Advanced Magnetic Switch Sensors

Simplified Block Diagrams Features

Ideal for cylinder position sensor applications

Immune to double-switching

Normal operation up to 1400 mT magnetic field
Single- and dual-comparator open-drain switch outputs
Cannot be damaged by large magnetic fields
Ultraminiature 2.5 x 2.5 DFN6 or 3 x 3 mm MSOPS8
High-temperature operation up to 150 °C

N - -

ADAO021 ADA32124
Applications

e Pneumatic cylinder position sensing
® Proximity sensing

Magnetic Responses e Speed sensing
e Rotation sensing

Output Output
On 1T oOn On On Description
Using advanced sensing elements, ADA-Series magnetic
Off Off switch sensors provide best-in-class performance and
—> - —> ruggedness.
Field Field
ADA021 ADA32124 The technology eliminates double switching artifacts in

applications such as cylinder position sensing. Two-
threshold versions can be used to detect speed and direction,
regulate end-of-travel speed, or tune ultraprecise switching
thresholds.

The robust parts have an extended —40 to 150 °C
temperature range for harsh industrial environments and
operate from 4.5 to 30-volt power supplies. The sensor
elements can withstand magnetic fields up to 1400 mT
without their operation being disturbed, making them
immune to the effects of high external currents or strong
motor magnets.

MSOPS (-00E suffix) and DFNG6 (-10E suffix) packages are
available.

1

NVE Corporation 11409 Valley View Road, Eden Prairie, MN 55344-3617 Phone: +1 (952) 829-9217 WWWw.nve.com ONVE Corporation



NVE—

NVE CORPORATION ADA-Series Advanced Magnetic Switches

Absolute Maximum Ratings

Parameter Min. Max. Units
Supply voltage -33 33 Volts
Output voltage -0.5 33 Volts
Continuous output current 20 mA

Storage temperature -65 150 °C

ESD®

2000

Volts

Applied magnetic field

Unlimited

Tesla®

Operating Specifications

Parameter

Symbol

Min. Typ.

Max.

Units

Test Condition

Supply voltage

VDD

4.5

30

Volts

Operating temperature

Taing Taax

150

°C

Outl output operate point
e ADAO021
e ADA32124

Hop:

1.8
Hopp— 1.3

2.0
2.0

25
HOP2 - 0.6

Out2 output operate point
ADA32124

Hop2

2.1

2.8

33

Outl output release point

HgeLi

0.5

1.0

Out2 output release point

HgeL2

0.5

2.2

See note®

Output hysteresis differential®
e ADAO021
e ADA32124

Hpiri, Hpir

0.1
0.1

1.3
1.0

Output release point

mT

VDD = 10V;

Tmax® = 85 °C

Quiescent current
e ADAO021
e ADA32124

Ippo

2.5
2.5

mA

VDD = 1OV;
outputs off

Maximum output drive current

IoL-on

20

mA

Per channel

Output low voltage

VoL

0.4

VDD = 1OV;

IOL_ON =20 mA

Output leakage current

IoL-orr

40

LA

VDD = 10V

Frequency response

100

kHz

b e

11409 Valley View Road, Eden Prairie, MN 55344-3617

NVE Corporation

Human Body Model (HBM) per JESD22-A114.
1 millitesla (mT) = 10° nanotesla (nT) = 10 Gauss (G) = 10 Oersted (Oe) in air.
See temperature derating curve in Typical Performance Graph.
Hpir= Hopr — Hrer = differential (also called switching hysteresis), which is the difference between the operate and release points.
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Dual-Output Operate/Release Sequence

The switching order of the two ADA32124 outputs is 100% tested and guaranteed. Output 2 always switches at a higher field
magnitude than Output 1. There are two possibilities:

ADA32124 Possible Transfer Functions

M Output 1
M Output 2

Operation

Direction of Magnetic Sensitivity
As an applied magnetic field varies in intensity, the digital outputs will turn on and off. Unlike Hall effect or other sensors, the
direction of sensitivity is in the plane of the package. The diagrams below show two permanent magnet orientations that will

activate the sensor in the direction of sensitivity:

Figure 1. Direction of magnetic sensitivity.

ADA-Series sensors are “omnipolar,” meaning the outputs turn ON when a magnetic field of either magnetic polarity is applied.
Normal Operation in Large Magnetic Field

Unlike lower-performance sensors, ADA-Series sensors cannot be disturbed by large magnetic fields. The parts operate normally
with correct output states even in the presence of magnetic fields up to 1400 mT (1114 kA/m).

J—

Fleld
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Double-Switch-Proof Magnetic Field Detection

Ordinary sensors detect just one axis of the field. In the figure below, the sensor is in a location where the horizontal field
component is zero. Therefore as the sensor travels from left to right, the magnitude of horizontal field component will increase and
decrease, potentially switching multiple times. This can be a problem in applications such as cylinder position sensing.

by

Horizontal Horizontal Horizontal Horizontal Horizontal
Field Field Field Field Field

L Lo L

Figure 2. Ordinary sensors can double-switch because they detect only one axis of the magnetic field.
The ADA-Series sensor elements use a unique omnidirectional technology that makes them immune to double-switching. The
sensors detect the vertical and horizontal field components, so the detected field increases monotonically the closer the magnet is
to the center of the magnet. Therefore, ADA-Series sensors detect the magnet’s arrival and departure with only a single on/off
cycle.

ﬁ_
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Application Information

External Pull-Up Resistors
Outputs are logic low when the sensor is activated. The outputs are open-collector and should have external pull-up resistors. For
microcontroller interfaces, the microcontroller’s input pull-up resistors can be activated.

Vcc
OuT1
OuT2

N

or

GND
ADA32124

Figure 3. Typical minimum connections for normal operation. Pullup resistors should be used. The outputs can each sink at least 20 mA.

Precision Window Comparator
This simple circuit illustrates how transistor logic can be used to indicate a magnetic field between the two switching points:

Vcc
OuT1
OuUI2

Tw o Outputs
- Out1 (yellow LED)
i - [Out1] & [~Out2] (green LED)
i
GND
ADA32124

Figure 4. External BJTs or FET's can be used to create a window switching output. The green LED will turn on when Outl is on but Out2 is off.

5

NVE Corporation 11409 Valley View Road, Eden Prairie, MN 55344-3617 Phone: +1 (952) 829-9217 WWWw.nve.com ONVE Corporation



NVE—

NVE CORPORATION ADA-Series Advanced Magnetic Switches

Typical Performance Graphs

ADAO021 Temperature Performance
3.5

3.0

2.5

2.0

1.5 :
Release point
1.0 T T T

0540 25 85 125 150

Temperature (°C)

Magnetic Field (mT)

Figure 5. Typical temperature performance for ADA(21 sensors. The performance is uniform across specifications.

ADA32124 Temperature Performance

H()PZ

——  ——

Magnetic Field (mT)
w

_ =
2 - - =
HOPI
1 Hpirt
;—» — 4__;/#
049 73 35 125 150

Temperature (°C)

Figure 6. Typical temperature performance for ADA32124 sensors. Data from nine unique parts from three different lots is shown.
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3 mm x 3 mm MSOP8 Package (-00E suffix)

Dimensions i~ inches (mm); scale = approx. 5X

0.114 (2.90)
0.122 (3.10) A
i
H H H H " — 0.016 (0.40)
T 5 0.027 (0.70)
0.189 (4.80) 0.114 (2.90) 7 0.032 (0.80)
0.197 (5.00) . 0.122 (3.10) > J_1_ | 0.043(1.10)
= -
= P
H H H j 2 0.024 (0.60) | | 0.002 (0.05)
s ettt e L 0:002(0.09)
4 3 0.005 (0.13) 0.028 (0.70) 0.006 (0.15)
0.010 (0.25) L 4\*m
0.016 (0.40) v 009 (0-23) NOTE: Pin spacing is a BASIC

dimension; tolerances
do not accumulate

2.5 mm x 2.5 mm DFN6 Package (-10 suffix)
0.80+0/-0.10 -+— 2.00£0.05 —»

O /® - S NS
1 IgnEil

Sensor Element
1/
let 1.30£0.05 »|
|
|
i
i
4+
|
i
i
|

| c0.1o\
' PIN 1

\-ID

Sensitive Axis

@_/ \_@ M @J‘ 1 L0.3010.05

~—— 2.50£0.10 ——»

—— 2500.10 — i—»||-0.0-0.05 0.30£0.05 —»-] «—»1—0.65 TYP.
a (6X) (4X)
—>| = 0.35:0.10 —|1.30 REF (2X)|=—

020 REF
S ) N ) S —

Notes:

e Dimensions in millimeters. -
¢ Soldering profile per JEDEC J-STD-020C, MSL 1.
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Part Numbering

ADA-Series Advanced Magnetic Switches

ADA 0 21 xx - 00E
J | |
Base Part QOutputs Operating Field(s) Package Type
ADA = Advanced 0 = Single Output (sinking) 21 =2 mT; Cross-Axis Sensitivity 00 = MSOP8
digital switches 3 = Dual Outputs (sinking) 24 = 2.8 mT; Cross-Axis Sensitivity 10 = DEN6
E =RoHS
Available Parts
Operate Point | Release Point
Part Number Outputs (typ.) Package
ADAO021-00E 1 > mT MSOPS
ADAO021-10E DEN6
ADA32124-00E 2 2 mT; 2.8 mT 1 mT; 2.2 mT MSOPS
Pinout ADA021-00E ADA021-10E ADA32124-00E
Pin 1 Vee Vee Vee
Pin 2 NC NC NC
Pin 3 NC NC NC
Pin 4 NC GND NC
Pin 5 GND NC GND
Pin 6 NC Out NC
Pin 7 NC - Out 1
Pin 8 Out - Out 2
8
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Evaluation Board

An evaluation board allows easy testing an ADA32124-00E two-threshold sensor. The board includes the sensor and LEDs to
indicate the state of the two outputs. Circuitry similar to Figure 4 creates a window switching output. The board can be powered
with a 4.5 to 30-volt supply:

ADA32124-00E-EVB02
1"x 0.12" (25 mm x 3 mm)

Bare Circuit Boards

NVE offers several bare circuit boards for easy connections to surface-mount sensors. Popular PCBs are shown below (images are
two times actual size):

AG9I15-06:
0.25" (6 mm) octagonal

for MSOPS8

80 @ @ @5

www.nve.com 1066 04

AGI918-06 (standard) / AG919-06 (cross-axis):
2"x0.25" (50 mm x 6 mm) for MSOPS

AG035-06:
1.57" x 0.25" (40 mm x 6 mm) for DFN6
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Revision History

SB-00-043 Change
February 2025 e [nitial 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 ISO 9001 Certified Company

NVE Corporation

11409 Valley View Road

Eden Prairie, MN 55344-3617 USA
Telephone: (952) 829-9217

www.nve.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.

SB-00-043 rev. February 2025
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