Spintronic operation in antiferromagnets
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Highlights
1. Spin pumping in FM/AFM
2. Terahertz spin pumping in AFM
3. Fabrication of chiral antiferromagnet Mn;lr
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Possibility of antiferromagnetic spintronics

Magnetic Resonant
susceptibility frequency
FM ~103% * A few 10 GHz
o * Typical value of Fe
-2
AFM 1072 A few THz ** Typical value of MnF,
. .
Small susceptibility THz dynamics
Ultra high density memory High speed magnetization switching
Tolerance to field disturbance THz emission
Close packed memory bits THz emission
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Bit interference times more packed bits* . & . 8
due to stray field resonance excited by spin current

*S. Loth et al., Science 335, 196 (2012).
See reviews in: Jungwirth et al., Nat. Nanotechnol., 11, 231 (2016), and Baltz, TM, et al., RPM 90, 015005 (2018)



Spin current interaction in AFM

How is the spin torque exerting in antiferromagnets?

(a) Case of FM (b) Case of AFM
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Well known ?



Spin current dissipation and spin torque

Ferromagnet Antiferromagnet
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spin torque

spin torque

* in a strong exchange limit
Gomonay, et al., PRB 81, 144427 (2010)

Spin torque
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P, = spin torque + P,
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Spin dissipation in the spin current point of view

Moriyama, PRL 119, 267204 (2017)



Damping enhancement by spin pumping effect

Damping enhancement as a probe of spin torque effect.

Mizukami, PRB 66, 104413 (2002)
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Damping enhancement with AFM

Damping enhancement as a probe of spin dissipation in AFM.

FM/ spin pumping

T mml '

FM dynamlcs

Spin pumping mjectlon of I, into AFM
8.
| dissipation in AFM
8.
Damping change of FM

>

Can damping enhancement in FM tell the
spin dissipation (spin torque) in AFM?




Gilbert damping, a

(dimension less)

Damping vs. FeMn thickness
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PRL 113, 097202 (2014).; APL 106, 162406 (2015); PRB 92, 020409R (2015).; PRL 118, 147202 (2017).




Damping enhancement

vs. AFM magnetic structure

AFM aligned
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Any change in spin current dissipation?

‘ AFM twisted
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Spin dissipation should depend on AFM magnetization direction.

y
FM
Moriyama, PRL 119, 267204 (2017) AFM



AFM twisting and damping enhancement
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Damping is maximized at the relative angle ~180° at which the twisting is maximized.
Moriyama, PRL 119, 267204 (2017)




Damping control by temperature
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Damping drastically changes in the temperature range of 300 ~ 400 K.
- Beneficial for spintronic devices where Joule heating is involved during the operation
(e.g. STT-MRAM)

Moriyama, PRApplied 11, 011001 (2019)



Antiferromagnetic resonance

Broadband CW-frequency domain
THz spectroscopy
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High resolution AFMR measurements in THz range
— Linewidth analysis = damping constant a
Temperature dependence of the AFMR w = wO(MO(T))n
- Tyand w

T. Moriyama, Phys. Rev. Mater. 3, 051402 (2019)




Chiral antiferromagnets: Mn;X

DO/, (hexagonal): Mn;Sn, Mn;Ga, Mn,Ge L1, (fcc): MnsPt, Mn;Rh, Mn,lr
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Measurements on Mn,lr?



Summary

1. Spin pumping in AFM/FM bilayer:

— Control spin dissipation by the AFM order

High damping

T;jlﬁ:v

- FM damping is controlled by AFM
APL 106, 162406 (2015); PRB 92, 020409R(2015);
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spin torque

PRL 119, 267204 (2017); APEX 11, 073003 (2018);
PRApplied 11,011001 (2019)

2. Antiferromagnetic spin pumping:

- Experimentally observed for the first time.
- Large g1, = 43 nm~2 was determined.

PRMatererials 3, 051402 (2019);

I'ransmissivity

manuscript under review

3. AHE in Mn;lr:

—> Positive correlation between S and AH conductivity
- AH conductivity is ~40 Q! cm?

manuscript under review
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