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Why	  microwave-‐light	  converter	  ?



Important	  microwave	  signals
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Quantum-‐noise-‐limited	  MW	  amplifier
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Tn >	  70K

Receiver	  circuit	  for	  21cm	  line	  of	  hydrogen	  	  (H.	  I.	  Ewen)	  



Superconducting	  quantum	  circuits

R.	  Barends et	  al.	  Nature	  508, 500	  (2014).

Courtesy	  of	  W.	  Oliver	  and	  P.	  WelanderY.	  Nakamura	  et	  al.	  Nature	  398, 786	  (1999).	  	  



Architecture



Candidates	  
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Nano-‐mechanicsElectro-‐optic	  modulators

Magneto-‐optic	  modulators
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Magnon-‐based	  converter



YIG,	  Kittel	  mode,	  and	  FMR

• Insulator
• High	  spin	  density:	  
• Large	  Verdet constant:	  

Yttrium	  Iron	  Garnet	  (YIG)

Kittel	  mode	  

Ferromagnetic	  resonance	  (FMR)



YIG  single  crystal

Microwave  cavity

1mm sphere

Hstatic

Hac

Rectangular  TE101  mode
Frequency  ~  10.5  GHz
Q  factor  ~  104

With	  microwave	  cavity
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Magnon -‐ light	  coupling
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Spin-‐Raman	  effect

Parametric	  amplification	   :

Beam	  splitter	  :

Magnon states

pump

pump



Converter	  architecture

→ MW	  cavity-‐magnon

→ itinerant	  MW	  – MW	  cavity

→ magnon – itinerant	  light

Hamiltonian:MW	  cavity Kittel	  mode



From	  microwave	  to	  light



Coherent	  conversions



Coherent	  conversions



From	  light	  to	  microwave



Experimental	  setup



Experimental	  setup



Coherent	  conversions

Thermal	  magnons

Coherent	  magnons excited



Coherent	  conversions

Thermal	  magnons



Converter	  performance
Oscillator’s	  frequencies

Unwanted	  loss	  rate

Important	  parameters
Conversion	  efficiency:



Prospect	  and	  summary



Prospects	  
Optical	  Cavity

Spin-‐orbit	  coupled	  light	  +	  T-‐inversion	  broken	  spin

Other	  materials

N.I.Tsidaeva,	  J.Alloy.Compd. 374,	  160	  (2004)

e.g.)	  Er -‐ YIG
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• Introducing	  magnon-‐based
microwave-‐light	  converter

• Coherent	  conversion
from	  microwave	  

to	  light

• Successful	  conversion	  
from	  light	  to	  microwave

Summary	  

R.	  Hisatomi et	  al.,	  	  in	  preparation.
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