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Abstract- This research examines the relativistic phenomena of Spin Orbit interaction at the atomic level to electrically switch ultra-thin magnetic films. Pt/Co

and Pt/EuS bilayers were chosen to evaluate the ability to prove this. The findings could provide insight in the development of cryogenic technology.
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Spin Orbit Torque Magnetic field and transverse resistance (measured using
What? A phenomenon where a charge current flowing in a The experiment found:
heavy metal Iayer)(i.e., elements with high atomic numbers, PPMS) dre com pa re(tj) Tor Pt/CO/AIZO3 d nd Pt/EUS/AI203 e As the temperature decreased, the measured
such as Pt, W, Ta...) generates a transverse spin current which | aver s StemS. . . hysteresis of Pt/Co/Al,O. shows perpendicular
exerts a torque in an adjacent ferromagnet layer thereby Fig. 7. Schematic of the y y Slde VIEW mya netic anisotro bzeci)min mporep ronounced
causing the ferromagnet’s magnetization to switch direction. Hall Bar structure of the 4nm Al203 9 Py 9 P '
i i - 0.3nm Cobalt (Co) . - :
mportance: Highly valued in the development of super high film stack (top view). | Pt/EuS/Al,O, Sh_owed S|gn_atures of SOT In _the
density, energy efficient and fast non-volatile Magnetic Current. flov.vs from 1 to 3nm Platinum (Pt) second harmonic data while Pt/Co/Al,O; did not.
Random Access Memory (MRAM) devices! and can be 2. Longitudinal voltage, 3 _ _
_extended to other devices. v, (resistance R ) was 1 anrm Al203 » The hysteresis of Pt/Co/Al,O, displayed two-steps
(Y Fig. 1. Schematic of measured across 6 and _ _ In Rxy vs H at low temperature, showing induced
Spin orbit torque 7. Transverse voltage, v, Lnm Europium Sulfide (EuS) magnetization in Pt layer. This is attributed to the
magn.etlhz.atlo.n (resistance R, ) was 3nm Platinum (Pt) Co layer magnetizing the Pt layer, which shows
tsf:Iin:t]Silr!:g[IZr] measured between 4/5 different switching field resulting in the two-step
' and 7. (*) hysteresis as was observed.
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e mjghnetlcs geTmIf;ondu;_tf?r Eus. _ 15- o e B,. However, R,, showed the magnetization of
e Understand how affects different materials == AT TINS : : : : :
e Optimize the material/layers for large spin currents N S S e N, EuS in the first harmonic when B, s applied.
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it Malaaler e ‘1 03 This research i1s important for advancing non-volatile
Beam Epitaxy system 3 storage at low temperatures, especially In
Appiica biiity % 0.0 superconductive electroni_cs_when combin_ed with a

SOT is promising in the development of SOT-MRAM for low- E = 300 K supercpnductor. BY OPt'm'Z'”Q SOT, this COU_|d
power, dense, efficient, and high-speed switching.? This S potentially revolutionize the field of cryogenic

project seeks to further the development of superconductive = 100 K electronics, in particular supercomputing and
electronic devices for future cryogenic supercomputing. = 50 K guantum computing towards the development of

~1.01 — 10K highly energy efficient technology.
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switch EuS and compare it to a Pt/Co bilayer.

Hall resistance (representing magnetic behavior of the layer stack) show that as the Optimization of material interface for spin orbit torque
temperature drops, the hysteresis of Pt/CO bilayer, showing perpendicular magnetic efficiency
: : : : Increased development of low-power switching materials
anisotropy (meaning magnetic moments normal to film plane), becomes pronounced.

EuS could be integrated in STT devices.
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Pt/Co and Pt/EusS:
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Derivative of R,, vs H data at
10 K shows two well-

E-Beam Evaporation- a technique to deposit thin films of 2 . . Write, Read |
Pt/Co/Al,O, and Pt/EuS/Al,0, on a substrate. This was separated switches in Pt/Co sl e
conducted in an ultra high vacuum chamber (called MBE). | magnetization indicating that ST . soT.
High energy focused electron beam bombarding a material Pt layer is magnetized, in Fig. 8. Difference between Spin

Transfer Torque in STT-MRAM
proximity to Co layer. and Spin Orbit Torque in SOT-
MRAM [5]

source evaporates it, the vapor subsequently gets deposited
on a clean surface (called a substrate, sapphire in this case) to

create a thin film.
Fig. 3. Schematic of m .

Derivative of Resistance (dRyy,/dH, Q/T)

E-Beam Evaporation process m'jm_m" o o ™7 Magnetic Field B, (7) e o " O u tco m e
used for vaporizing target e . . . ] o
Material to grow thin film. [4] A Magnetic signature of Pt/EuS/Al, 0, film stack The results provide promising
Shutter —» gnedc Nekd
- Resistance vs. Magnetic Field B, in Pt/EuS/Al,O- insight into the possibility to
° ° ° . 0 Vacuum pump o .
2. Microfabrication: I 0.10 apply spin orbit that would
Electron-Beam Lithography- a technique to define 3 - : -
Rl L enable efficient switching of thin
patterns on the thin films. An electron beam is applied to the a‘*
sample after e-beam resist is applied and shortens the . 0.05- film magnetlc Iayers. This could
polymer chains of the exposed areas so that the developer can - | d h hl ff -
remove them which creates a nano-sized pattern on the thin E:,, ead to lg y energy erricient
film. : 4 : :
— Bl Y 0.00 non-volatile cryogenic data
a. Thin film after being Thin Film —
coated in e-beam resist © storage technology technology.
b. E-beam resist is exposed a. b. ‘ wn 0.05 -
to radiation and removed. n
c. Thin film section is - - - - E
etched. m—
d. Final device after e-beam —0.10 - |
esstremoved d | — T=18K References
Fig. 4. Schematic of E-Beam Lithography _'5 {'] _,l.) [1]. Cheng S.; Spin-orbit torques: Materials, mechanisms, performances,
and etchin rocess [* ) . and potential applications, 2021. ScienceDirect.
o - & P [ ] Mag netic Field BE (T) https://www.sciencedirect.com/science/article/abs/pii/S007964252030
lon Milling- focused ion beam (FIB) milling etched away the 1250. (accessed July 27, 2024).
exposed areas of the film made by the lithography. This was , , ,
done by directing argon plasma at the film which removed the Hall measurements show the m'plfan.e magnetic anisotropy of [2] .https://w-ww.kIaeui-Iab.physik.uni-mainz.de/spin-orbit-torques-in-
Wire-bonding- the patterned samples were wire-bonded ~ EuS magnetization seen through R, , Spin Orbit Torque through second harmonic [3] loan M.; Perpendicular switching of a single ferromagnetic layer
with a circuit to conduct measurements through the PPMS. 0.35 1 . — T=18K 0204 ; : melee) oy in-pUEme eurTer (njzedien, 001, e,
, , , ) . L & YA https://www.nature.com/articles/nature10309. (accessed July 27, 2024).
This was done by using an ultrasonic wedge bonder that —_ x —_ é’fﬁi}g o VE G
: . . SR 0194 TR LeEAAR: ik
attached copper wires from a circuit to the thin film. 9‘, 0.34 Ly i 9’ ﬁ%‘ﬁl ‘jgf,r,*_ _ [4] https://www.sciencedirect.com/topics/chemistry/electron-beam-
Fig. 6. Thin film that 3 I THE Qe A R KEE evaporation
has been etched [*] C 033 i QC 018 '1 fi
. E ; «f *l 3 i [5] https://semiengineering.com/sot-mram-to-challenge-sram/
% 035 ﬁ:ém i‘ﬁé % % 0.17 _1‘_ :
T i R e ‘1., "g_i‘%??* y T, ﬁ; : | s [*] Pictures taken at the Moodera Lab at MIT or schematic made by the
0 1 3 RN B VA 8 ‘\n 016 U LR & thor.
0.30 A f&a:“";ﬁ? ) | Wtﬂﬁﬁ 1 —— T=18K c._ o ' At
circuit and thin film [*] b : A k I d t
3. Measuring transverse resistance ™ Magnetic Field B“(“O \ ™ Maanetic Field B”fo \ cKnowie ge ments
Phvsical t . t PPMS agnetic rie y € agnetic rie % € Dr. Jagadeesh Moodera- thank you for your invaluable guidance
ysical property measuring system ( ) . _ . - Dr. Josep Aynes- | am grateful for your expert advice and assistance
An automated well controlled system that allows the In-plane magnetic anisotropy of In-plane magnetic anisotropy of Peng Chen- thank you for your help and insightful feedback
measurement of transverse and longitudinal resistance of the Pt/EuS/Al,O; seen through first harmonic  Pt/EuS/Al,O, seen through second harmonic Rohit Raman- | appreciate your collaboration and support
patterned thin film Hall bar structures at various magnetic : ¥ t 23 ¥ Leon Wang- Thank you for your encouragement and discussion
Slgna IN dC Measuremen Slgna IN aC measurement Research of Moodera Group funded by NSF

fields and temperatures.




	Slide Number 1

