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Low-Damping and Sizeable Spin-Orbit Torques in Vertically Graded 
Fe-Ni Alloys 

Rachel Maizel 
Physics Department, Virginia Polytechnic Institute 

Energy-efficient spintronic devices require a large spin-orbit torque (SOT) and low damping to excite magnetic 

precession. In conventional devices based on heavy-metal/ferromagnet bilayers, reducing the ferromagnet thickness 

to ~1 nm enhances the SOT -- but at the detriment of high damping. Here, we investigate an alternative approach 

based on a 10-nm-thick single-layer ferromagnet to attain both low damping and a sizable SOT. Instead of relying on 

a single interface, we continuously break the bulk inversion symmetry with a vertical compositional gradient of two 

ferromagnetic elements: Fe with low intrinsic damping and Ni with sizable spin-orbit coupling.  We find low effective 

damping parameters of < 5×10-3 in the FeNi alloy films, despite the steep compositional gradients. Moreover, we also 

reveal a sizable anti-damping SOT efficiency of up to ~0.1, even without an intentional compositional gradient. 

Through depth-resolved x-ray diffraction, we identify a lattice strain gradient as the key source of symmetry breaking, 

which can produce a greater SOT than compositional asymmetry. Our findings provide fresh insights into damping 

and SOTs in single-layer ferromagnets for power-efficient spintronic devices. 

Friday, April 5, 2024 
10:45 AM (UTC-05:00) Eastern Time (US & Canada) | Hybrid format 

Attend in person (room K04B, NCNR) if you have access to the NIST campus, or remotely using the link below. NCNR 
access is not required. 

https://nist.zoomgov.com/j/1601974662?pwd=cG03YkxqZXYwZWxFbnZxWG9xdFBrZz09 
Meeting ID: 160 197 4662 

Passcode: 073592 

One tap mobile Join by H.323 
+16692545252,,1601974662#,,,,*073592# US • 161.199.138.10 (US West) 
(San Jose) • 161.199.136.10 (US East) 
+16468287666,,1601974662#,,,,*073592# US Meeting ID: 160 197 4662 
(New York) Passcode: 073592 

Dial by your location 
• +1 669 254 5252 US (San Jose) 
• +1 646 828 7666 US (New York) 
• +1 646 964 1167 US (US Spanish Line) 
• +1 415 449 4000 US (US Spanish Line) 
• +1 551 285 1373 US (New Jersey) 
• +1 669 216 1590 US (San Jose) 

Meeting ID: 160 197 4662 
Passcode: 073592 

Find your local number: 
https://nist.zoomgov.com/u/ab2cZwdX12 

Join by SIP 
• 1601974662@sip.zoomgov.com 
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