Nonreciprocity and
Unidirectional Invisibility in
Cavity Magnonics

Yi-Pu Wang, J. W. Rao, Y. Yang, Peng-Chao Xu, Y. S. Gui, B. M.
Yao, J. Q. You, and C.-M. Hu

Physical Review Letters

Published : 18 September 2019



Can-Ming Hu

Biography

1995: PhD, Wuerzburg University in
Germany.

1998-1999: NTT Basic Laboratories in
Japan.

1999-2005: Subgroup leader(Habilitation),
University Hamburg, Germany.

2012 - present: Full Professor, University
of Manitoba, Canada.

RESEARCH INTERESTS

Cavity Spintronics
Contemporary Magnetism
Ferromagnetic Semiconductors



Magnonics

/
- <>

)

1 Electronics
e
& >e ji
g Charge of electron
f Spintronics
4’
[ >
g Spin of electron

/

1 <&

Converters
to and from
magnons

L d
e

p
Magnonics
' >js
Magnon
Logic Data
gates buffering
= =
Magnon conduits
= =
Analog Reconfig.
' data proc. elements
o




Nonreciprocity
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For application

1. Large reverse isolation
2. High efficiency (low insertion loss)
3. Low output noise



Experimental setup

3D adjustable stage

J : Coherent magnon-photon coupling rate
[ : Dissipative magnon-photon coupling rate



Nonreciprocity and
Unidirectional Invisibility
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Intrinsic damping rate Im(@.) — O
at zero-damping condition (ZDC)



Nonreciprocity and
Unidirectional Invisibility
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K, y : External damping rates of the cavity and
magnon modes.

For ZDCs at w,, = w, = 2J1"/a

1S21(@-)| = |Si2(@4)] = 0.

—_ —

Si2(@-)| = [S21(@)] > O,



Nonreciprocity and

Unidirectional Invisibility _,
Sa(@)] = [Sp(@,) =0, (3a)

Sp(w-)| =[S ()| >0, (3b)
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Experimental Results
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Flexible Controllability
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Isolation ratio : 20 x |logy(|S21/S12])]
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Conditions for Ideal Performance

K, V : External damping rates of the cavity and magnon modes.
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®New scheme for realizing nonreciprocal microwave
transmission.

 Unidirectional invisibility of microwave propagation
by cooperative effect of coherent and dissipative
magnon-photon couplings.

 Flexible controllability

« Optimized performance with large nonreciprocity
and low insertion loss.



