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Despite two decades of development, material research has yielded limited optimal combinations, notably CoFeB/MgQO, with no viable alternatives identified thus
far. In recent years, a wide array of novel emerging two-dimensional materials (2DMs) and heterostructures have shown promise in addressing these challenges.
This Ph.D. project aims to investigate the fundamental properties of atomically smooth interfaces, reduced material intermixing, crystal symmetries, and proximity
effects to achieve disruptive enhancements in MRAM technology.

The student will develop a transfer stage to facilitate the deterministic fabrication of 2D heterostructures. Subsequently, by assembling various 2D material
heterostructures, we will assess their effectiveness in constructing synthetic antiferromagnetic (SAFs) layers to achieve high perpendicular magnetic anisotropy
(PMA). Finally, we will fabricate devices in our cleanroom using the screened heterostructures to realize STT/SOT MRAM devices and quantify the tunnel
magnetoresistance (TMR) ratios.
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Abstract

Keywords 2D heterostructures, Magnetic Random Access Memory, ferromagnetism, tunnel magnetoresistance

The rising power consumption in modern-day CMOS von-Neumann computing is a serious issue for environmental sustainability. Therefore there is an urgent
need to explore novel CMOS-compatible electronic devices to support beyond von Neumann architectures such as neuromorphic and quantum computing.
Non-volatile magnetic random-access memories, such as current-driven spin-transfer torque (STT) MRAMs and next-generation spin-orbit torque (SOT) MRAMs,
play a crucial role in enabling low-power technologies not only for conventional memory but also for beyond von Neumann computing architectures. Though
MRAM is already in production for niche applications, full-scale commercialization is hindered by several significant device and materials challenges, including
scalability, thermal stability (endurance/reliability), and write speed/power consumption.
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Background and Motivation

Desirable qualifications Hands on experience with device materials growth synthesis or device fabrication
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