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Ultra-High-Field Safe Magnetic Switch Sensors

NVE’s 1.5-volt and 3-volt medical-grade magnetic switch sensors are ideal for harsh electromagnetic environments.
These open-drain magnetic switches cannot be damaged in any magnetic field. Medical-grade sensors are available
with specified operate and release points ranging from 0.8 to 5 mT (8 to 50 G). These sensors are ideal for medical
environments with very large magnetic fields, such as implantable devices, which are often required to be MR
Conditional for MRI procedures. This application note documents testing up to 9 T (90 kG), which shows a stable
output through the ultra-high-field range.

Unique Construction

NVE’s 1.5-volt and 3-volt medical-grade switch sensors use a solid-state, giant magnetoresistance (GMR) material that
is uniquely reliable and robust against magnetic saturation and magnetic field shocks. Unlike fragile reed switches,
there is no wear, break, or stick mechanism inherent to electromechanical components. And unlike industrial-grade or
automotive-grade magnetic switch sensors, NVE’s medical-grade switch sensors do not rely on pinned layers, which
can be damaged or destroyed by large magnetic fields or high temperatures.

Medical-Grade Switch Sensors for MR Conditional Implantable Devices

NVE’s medical-grade switches are graded “MRI Safe” or “MRI Correct” based on their behavior in large magnetic
fields. MRI Safe means the sensor can be subjected to unlimited magnetic field strength without being damaged. These
switches are suitable for MR Conditional implantable devices. A stronger performance requirement is to be MRI
Correct, which stipulates the switch operates correctly in unlimited magnetic fields. MRI Correct switches may be able
to operate correctly even within an MRI-magnetic-field environment. The difference between MRI Safe and MRI
Correct is illustrated in Figure 1 below:
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Figure 1. The operating performance differences between MRI-Safe and MRI-Correct switches.

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



NVE—

NVE CORPORATION

Application Note SA-05
y

Stable Outputs at Ultra-High Magnetic Fields

MRI Correct operation is verified to 3 T by lot qualification using a high-field, Halbach array magnet. We also verified
MRI Correct operation over a field range of =9 T to +9 T (—90 kG to +90 kG), using a cryogenically-cooled,
superconducting electromagnet system. In this experiment, the output voltage was monitored while the applied field
was varied. No changes to the output occurred beyond the sensors’ designed operation-field points, indicating a stable
output (see Figure 2).

/\ —_
3 'I ‘\ § 3
—_ I 1 g
(2] [ I
= I 1D 2
(@] [
| =
2 Cl2
1 31
Q I 1 o
o 2 1 1 5
© 1 1 O
Y R
e b 0.01  -0.005 0 0.005  0.01
..>.- B Field (Tesla)
= : 1
1
g 1 .
= 1 l'
S )
vl
1
V|
0

-10 -8 -6 -4 -2 0 2 4 6 8 10
Field (Tesla)

Figure 2: NVE’s MRI-Correct, medical-grade switch sensors operate normally in extremely large magnetic fields.

Even when pushed to frog-levitating magnetic field magnitudes, the switch output did not “double switch” or fail up to
the maximum available test field of +9 T. While we didn’t use frogs to demonstrate magnetic fields, we did document
our latest experiment in a VLOG here.

Giant Magnets to Test Giant Magnetoresistance

The experimental setup for ultra-high-field testing is shown in Figure 3. Sensors were mounted within a liquid-helium-
cooled, superconducting electromagnet system. The sensors were maintained at room temperature while the test was
performed. This superconducting magnet generates extremely large, uniform magnetic fields at the sample (up to 9 T),
considerably larger than those used in typical MRI machines. This testing demonstrates NVE’s sensors are safe to use
in extreme magnetic field environments.
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https://youtu.be/A1vyB-O5i6E?si=VtU1MtKzyy6IhITm
https://youtu.be/lwiOw-lzJOc
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Figure 3: Experimental setup for the ultra-high-field sensor performance testing.

NVE Engineers are Happy to Help

We will respond to your questions within 24 hours by email. No matter where you are in the world, we have
representatives to support you, and we look forward to helping with your next great design.

* nve.com/medical

* sensor-apps@nve.com

*+1 9528299217
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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: +1 952 829 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.
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