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Spintronic memory technologies are emerging as a key advancement in
semiconductor engineering. They offer an alternative to conventional
charge-based memory systems by using electron spin for data storage.
This approach supports energy-efficient operation, fast performance, and
long-term data retention, making it suitable for applications such as
artificial intelligence, data centres, edge computing, and automotive
systems.

Unlike SRAM, DRAM, and flash memory, spintronic memory does not rely
on continuous charge storage or refresh cycles. Instead, it uses magnetic
states to store information, enabling non-volatile operation with lower
power consumption, faster switching, and higher endurance. This makes
spintronic memory a strong candidate for future high-performance
computing architectures.

Research and development in spintronic memory focus on magnetic
tunnel junctions, spin-transfer torque (STT), and spin-orbit torque (SOT)
mechanisms. Innovations aim to improve switching efficiency, thermal
stability, scalability, and device reliability. Patents in this field protect
advancements in materials, device structures, and fabrication processes,
supporting continued progress and competitiveness in the semiconductor
industry.
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INNOVATION TIMELINE

Foundational Physics & Giant Magnetoresistance (GMR) Era

(IBM Spin Control Concept)
Leo Esaki proved spin-
dependent transport.

(Advanced Epitaxy Development)
Labs engineered multi-layer
magnetic thin films.

(Discovery of GMR)
Fertand Grunberg
discovered GMR.

(IEEE Spintronics Launch)
|IEEE consolidated foundational
hardware methodologies.

(Room-Temperature
TMR) Moodera
demonstrated room-
temperature MT)
tunneling.

(Freescale's Standalone MRAM)
Freescale commercialized standalone
Toggle-MRAM chips.

(Theoretical
Framework of STT)
Slonczewskiand
Berger calculated STT.

(Nobel Prize Validation)
GMR discovery won Nobel Prize.

(Toggle-MRAM
Deployment)
Industries deployed
early aerospace
Toggle-MRAM.

(Foundry Integration
of STT-MRAM)
Foundries embedded
STT-MRAM onto wafers.

(Multi-Level Cell
Milestones)
Engineers validated
multi-bit MT) storage.

(FINFET Node
Spintronics)
Foundries integrated
MRAM into FINFETSs.

(SOT-MRAM
Advanced Pilot Lines)
IMEC deployed sub-
nanosecond SOT lines.
(VCMA & Skyrmion
Convergers)
Designers paired low
power VCMA with
skyrmions.

(Perpendicular MTJ
Breakthrough)
Everspin shipped
vertical pMT)
architecture.




PATENTABLE COMPONENTS

1. Material Science & Core Layer Stacks (The Physical MT)) This
domain targets advanced material compositions and thin-film
physics to maximize the reading signal (TMR ratio) and lower
power thresholds.

e Perpendicular Free-Layer (pFL) Caps/ Layers

e Crystalline Magnesium Oxide (MgO) Tunnel Barriers

» Synthetic Antiferromagnet (SAF) Reference Blocks / Layers
e Heavy Metal Spin-Hall Micro-tracks / SOT Underlayers

» Topological Insulator Interfaces

» Altermagnetic Spin-Splitter Liners

e 2DVanderWaals (vdW) Ferromagnetic Sheets

2. Electrical Routing, Ports & Switching Mechanisms
This domain covers the hardware pathways used to inject,
manipulate, and flip spin vectors within the memory cells.

e STT Injection Ports

e SOT Decoupled Tracks

* VCMAVoltage Gates

e Asymmetric Field-Free Geometrical Wedges
e Domain-Wall Plasticity Channels

3. Fabrication Methods & Material Processing
(Manufacturing) This domain encompasses the
foundry processes used to etch, insulate, and
stack magnetic layers onto silicon without
causing structural or crystal edge damage.

e Passivation Encapsulation Liners

e lonBeam Etching (IBE) Sacrificial Masks / Stop-Layers
e Bottom & Top Electrode Plugs

e Monolithic 3D BEOL Via Plugs

4. Memory Array Circuits & Computing Modules
(System Layouts)

This domain focuses on the peripheral CMOS
circuitry that reads, writes, and processes data
around the magnetic core.

e 1T-IMT]J Shared-Source Bit-Cells
e High-Margin Dynamic Sense Amplifiers
* Low-Overhead High-Endurance Write Drivers
. Compute In-Memory (CIM) Spintronic Fabrics
\ Random-Number Generators (TRNG)
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PATENT STATISTICS
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Database: Questel Orbit
Data Range: 01/01/2021 - 10/07/2026
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NOTABLE INNOVATIONS

Patent Application 521?; ity Title Assignee
Semiconductor device with
DE112648< B @GR T magnetoresstanceand Siemens
e SHSERLS method of manufacturing the
same
FR91063 E 04.05.1968 || Method of manufacturing PHILIPS
magnetic memory device
Magnetic random access EVERSPIN
= CERE L memory array divided into a FREESCALE
plurality of memory banks SEMICONDUCTOR
Magnetic random access
memory with write and read SAMSUNG
Hba7Ieas ©3.02.20001 | (ircuits using magnetic ELECTRONICS
tunnel junction (MT)) devices
. TAIWAN SEMI-
US8120047 22.05.2007 Sp'lﬁrguetransfer CONDUCTOR
BRI MANUFACTURING
US8750013 04.01.2013 Racetrack memory with IBM
low-power write
Approaches for integrating
US20190013353 07.03.2016 stt-mram memory arrays INTEL
into a logic processor and
the resulting structures
Spin-orbit torque-type
magnetized rotary element,
JP7095490 27.08.2018 spin-orbit torque-type TDK
magneto-resistive effect
device, and magnetic
memory
. I IMEC -
A3d vertical magnetic INTERUNIVERSITAIR
17.09.202 :
CROHEIOkIRe 7092024 1| memory device MICRO ELECTRONICA
CENTRUM
Spintronic adaptive
02-06-202 approximate memory IBM
S 2ozERE ECA : 2 (SAAM) architectures for
neural network workloads
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WHITESPACES
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Memory A
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Stacking
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logic-in-memory
circuits (IMC)
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Tunnel Junctions

Room-

Temperature
2D Van der Waals Field-Free
Ferromagnetic Spin-Orbit
Heterostructures Torque (SOT)
Switching
Architectures
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If you would like to learn more about any of these areas or have specific questions,
we're here to provide further information and insights. Qur team is dedicated to driving
progress and staying at the forefront of Spintronic Memory Technologies.

About IPBazzaar

IP Bazzaar is an initiative towards successful commercialization of Intellectual Property Rights. IP Bazzaar is a private limited company, acts
for both innovators/creators and investors; and manages the commercialisation of Intellectual Property. It operates through a wide network
of association with companies, industries, industry-associations, entrepreneurs, government organization, NGOs, Universities, Venture Capitalists,
overseas law firms, overseas technology transfer companies and through Patentwire.

Disclaimer

IP Bazzaar has used reasonable endeavours to ensure that contents of this report were correct at the time the relevant pages were created,
modified and published. IP Bazzaar does not make any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
firms The views and opinions of authors expressed herein do not necessarily state or reflect those of the firm.

BAZ AR

Where Mind Meets Market

© IPBazzaar 2026. All Rights Reserved.
This report is for informational purposes and is not intended
to constitute legal advice.
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Lalit Ambastha

Co-Founder, IP Bazzaar

Mob: +91-9811367838
E-mail: lalit@ ipbazzaar.com
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Medha Kaushik

Director | Special Projects & Tech Transfer

Mob: +91-6359777555
E-mail: medha @ ipbazzaar.com

Sep 2026 | 9



IPBAZZAAR TECHNOLOGY CONSULTANTS PVT. LTD.

116, Seventh Floor, DLF Prime Towers,

Okhla Phase I, New Delhi-110020, India
www.ipbazzaar.com
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