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Spin-Hall	effect	in	anti-ferromagnets Element-selective	spin-emission
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EXPERIMENT	1
The	Spin-Hall	effect	in	anti-ferromagnets
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V t = R ωt ×I ωt =

=	V)* + V(2ωt)

Tulapurkar,	Nature	2005
Fang,	Nature	Nano	2011
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hz 1.13∓0.05	mT

hy 1.04∓0.03	mT

hOe 1.09∓0.07	mT

@	107 A/cm2

𝐡𝐳~𝛔×𝐦

We	determine	the	current-induced	fields	by	FMR

hy
hz

Tshitoyan,	PRB	2015



SHE-STT	or	ELSE?

seed
IrMn (4	nm)

NiFe (4	nm)
Cu	(2	nm)

qSH(Ir20Mn80)∼0.8qSH(Pt)		Mendes,	2014
q(Ir50Mn50)∼2% Zhang,	2014

qSH =	5.6	%	

Tshitoyan,	PRB	2015



SHE-STT	or	ELSE?

qSH =	22	%	

Tshitoyan,	PRB	2015
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The	SH	angle	is	correlated	to	the	exchange	field

qSH =	22	%	

Tshitoyan,	PRB	2015



Coupled	dynamics	might	be	at	the	origin	of	the	increase	in	hz

µ>𝛻H ω = µ>𝛻HABC + αEFF
ω
γ

Tshitoyan,	PRB	2015



Coupled	dynamics	might	be	at	the	origin	of	the	increase	in	hz

µ>𝛻H ω = µ>𝛻HABC + αEFF
ω
γ

We	get	a	negative	value	of	Gmix
Unphysical

αEFF = αHI + αEJ
Tshitoyan,	PRB	2015Tserkovnyak,	PRB	2002



EXPERIMENT	2
Element-selective	spin	emission	from	a	

ferrimagnet	



Ultra-fast	spin	emission	in	magnetic	bilayers

In	this	case	the	emitted	spin	current	is	aligned	with	
the	net	magnetisation.

Is	it	possible	to	have	zero-magnetisation	spintronic	
emitters	of	THz	radiation?

T.	Seifert	et	al.,	Nature	Photonics	2016
T.	Kampfrath et	al.,	Nature	Nanotech.	2013



3d-4f	alloys	



C.D.	Stanciu et	al.,	PRB	2006
J.	Becker,	PhD	thesis,	2016

3d-4f	alloys	
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GdFeCo has	a	compensation	temperature	at	which	M=0



800	nm
50	fs

zL

E(t) ≈ σAI(t)×zL

We	use	THz	emission	spectroscopy	to	measure	spin-emission
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The	mitted	THz	radiation	has	the	symmetry	of	the	ISHE
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The	mitted	THz	radiation	is	sensitive	to	the	Fe	spin	only	
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The	mitted	THz	radiation	is	sensitive	to	the	Fe	spin	only	

E = −MUB sin θ1 −M\B sin θ2 + JMUM\ cos θ1 + θ2 −
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EXPERIMENT	3
Spin-pumping	from	anti-ferromagnets



FERROMAGNETS

Spin-pumping	from	an	AFM

R.	Cheng	et	al.,	PRL	2014
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D.	Bossini et	al.,	PRB	2014
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