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Outline: From DC to THz Spintronics

(DC) Principles of operation of AFM memory device
- 90 degree rotation with current induced SO fields
- reading with AMR

- multi-domain character

(THz) Speed of writing
- mangetic dynamics of FM and AFM
- ultrafast (THz) switching



AFM memory device proposal

Zelezny et al. PRL 2014

Néel SO fields writing
AMR reading



SO fields in tetragonal CuMnAs
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Condition for Neel SO field:

- local inversion asymmetry

Condition for effective switching:

- AFM sub-lattices occupy inversion
partner lattice sites




90 degree switching




AMR signal due to perpendicular pulses
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Summary (before going fast)

“Practical” memory based on AFM CuMnAs
- deterministic switching

- room temperature operation
- practical voltages

- Writing pulses
- signal
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Summary (before going fast)
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“Practica
- deterministic switching
- room temperature operation
- practical voltages

- Writing pulses

- signal
- GaAs, GaP, Si substrates

memory based on AFM CuMnAs

GaP substrate

CuMnAs/GaP, 30 um, 0.6x107 Acm2, 50 ms
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Summary (before going fast)
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“Practical” memory based on AFM CuMnAs
- deterministic switching
- room temperature operation
- practical voltages
- Writing pulses
- signal
- GaAs, GaP, Si substrates

Advantages of AFM:
- multistate (neuromorphic applications)

- no stray fields (high integration density, robust)
- SPEED !!!



From GHz FM to THz AFM spintronics

H
/ QA ‘
TH \ ‘
Ty M \ M

Ferromagnetic
resonance | T

frmr~GHZ 1 I °

LLG equation

dM

= MXxB an M)
G = Y (MxBerr—n g

Relaxation (switching) to energy minimum direction controlled
by precession speed



Ferromagnets : GHz threshold in writing current

FM spin-orbit torque MRAM

1/7 (GHz)

Above ~GHz
Writing current: / ~ 1/1, ~ speed

Garello et al., APL (2014)

Writing energy: E ~ I* 7, ~ 1/1,, ~ speed



Prospect of THz writing speed in antiferromagnets
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GHz switching in CuMnAs
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Energy constant in sub-nanosecond range
- thermally assisted switching
- shorter pulses could work !!!

Olejnik et al., Nat. Comm. (2017)



1 ps pulses

Terahertz Physics Group (Berlin)

THz radiation :

Tom Seifert 0) 1 2 3
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Linearly polarized
THz radiation pulses

THz switching
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Olejnik et al., Sci. Adv. (2018)
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DC AMR readout

THz switching
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Olejnik et al., Sci. Adv. (2018)



THz switching — individual pulses

1ps pulses
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Olejnik et al., Sci. Adv. (2018)



THz switching

electrical 1us pulses
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A Rxy (mQ)

THz switching — antenna effect

100
80+
60| ]
40} .
20+ .
ol \

0.0 05 10 520 530 35

sl

!

(10 5Vc

%{%»-

Olejnik et al., Sci. Adv. (2018)



A Rxy (mQ)

THz switching — antenna effect
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THz switching — antenna effect
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THz writing — Energy of pulses

Energy density of pulse writing 1mQ signal
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Constant energy below 1 ns

Energy constant in sub-nanosecond range
- thermally assisted switching



Conclusions

C
CuMnAs AFM memory devices N
- Deterministic switching using Néel SO fields y [
- Multilevel character © i
- Ultrashort (1 ps) writing pulses
Remains -

- Time resolved experiments
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Thank you for your attention



