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❖ Need for miniaturized Circulator
Breaking the “Ferrite Limit”, which rely on bulky ferrite components, which are hard to 

integrate on the on-chip demands [1]

❖ Need for high frequency communication
Meet the bandwidth demands of the next generation wireless networks such as 6G [2]

❖ Ultra low Power Signal Processing
Spin waves enable charge-free information routing, drastically reducing power 

consumption and thermal dissipation.
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Conclusions
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ANR-22-EXSP-0004

► Demonstrated prototype of micron scale 

(𝟏𝟎𝟎𝒙𝟏𝟎𝟎𝝁𝒎𝟐) three-port-spin-wave circulator

► Implemented a comprehensive three-port spin-wave 

spectroscopy

► Quasi-even level transmission amplitude with an 

isolation greater of 20dB

► Further engineering of the nanobar grating’s 

dimensions 

→ possible excitation of additional higher

wavevector branches
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• Rectilinear design with three geometrically 

separated spin wave channels

• Active Area: 100𝑥100𝜇𝑚2

• 55𝑛𝑚 thick YIG film

• Nanobar dimensions: 𝑤 = 200𝑛𝑚, 
𝑎 = 500𝑛𝑚, 𝑡𝐴𝑢 = 40𝑛𝑚, 𝑑 = 15𝜇𝑚

• Damon-Eschbach modes

• Weak Inductive Coupling

• High insertion losses and weak 

transmission signal

• − 60𝑑𝐵𝑚 for 𝑘1
• We chose to remove parasitic 

baseline by: Δ𝑆 = 𝑆𝑚𝑒𝑎𝑠 − 𝑆𝑟𝑒𝑓

50𝑚𝑇

• Achieves isolation bigger 

than 20dB over all channels

• Shows nonlinear threshold

(≈ −5𝑑𝐵𝑚@50𝑚𝑇 )

• Can act as a power limiter [4]

• Matching of the distribution of the microwave 

oersted fields with the spin wave phase profile [3]

• According to right hand rule: 
𝑘

𝑘
×

𝑀

𝑀𝑠
= 𝑢𝑦

Spin Wave Circulation

Circulator Design
Three-port measurement Setup
• Three-port spin-wave spectroscopy using a 

Rhode&Schwarz-ZNA43 vector network analyzer

Power dependance 𝑘1 wavevector branch

Example 𝑘1-Wavevector SpectraFull 3-Port Transmission Mapping of (𝐻, 𝑓)

Fourier Transform of the Excitation Field
• Depending on the excitation antenna configuration

• Shows a strong 𝑘0 = 0 branch

• Shows a sufficient excitation of 𝑘1 =
2𝜋

𝑎
≈ 12.6 𝑟𝑎𝑑/𝜇𝑚

• Higher wavevectors 𝑘𝑛 =
2𝑛𝜋

𝑎
are effectively supressed

Group Velocity 𝒗𝒈 of 𝑘1 Branch

(only passing mode are compared and flipped in field sign 

for the complementary channel directions)

• Identical monotonic decrease over all channels

• Matches the theoretical curve

Attenuation Length 𝑳𝑨𝒕𝒕
• Channel 1 & 2 and 2 & 3 fairly identical

• Channel 1 & 3 has reduced attenuation length

• Likely due to the longer shape of the port 1 

determination, that couples with port 3

Full 3-Port Transmission Mapping of (𝐻,𝑓)
• Shows a symmetric 𝑘0 branch

• Unidirectional 𝑘1 branch with respect to the external field 𝐻𝑒𝑥𝑡 orientation

• Exhibits strong isolation

• Quasi-even level of circulation transmission

Fouriertransform of the Excitation Field
• Different antenna dimension

• 𝑤 = 100𝑛𝑚, 𝑎 = 400𝑛𝑚, 𝑑 = 10𝜇𝑚

• Increased ratio 
𝑎

𝑤
= 4

→ effectively enhances excitation strength of  

𝑘1 =
2𝜋

𝑎
≈ 15.7 𝑟𝑎𝑑/𝜇𝑚 &  𝑘2 =

4𝜋

𝑎
≈ 31.4 𝑟𝑎𝑑/𝜇𝑚

Transmission Mapping of (𝐻,𝑓)
• Shows symmetric 𝑘0 branch

• Shows unidirectional 𝑘1 branch

• Reveals additional unidirectional higher wavevector 

branch 𝑘2

Group Velocity 𝒗𝒈 (from Port 1 to 3)

• Decreasing 𝑣𝑔 for 𝑘1
• Remarkably invariant and higher 𝑣𝑔 for 𝑘2
• Routed in the Dispersion Relation

• 𝑘1 (Dipolar Regime): 

High sensitivity to the Zeeman.

• 𝑘2 (Exchange Regime): 

Dominated by the quadratic exchange term (∝ 𝑘2)

• Versatile Platform for exploiting different timing 

characteristic

Raw spin-wave spectra data

Group Velocity and Time of Flight

Chiral excitation of spin-waves

Example Spectra

𝑘0 𝑘0 𝑘0
𝑘1 𝑘1 𝑘1

Relaxation Time 𝝉𝑹𝒆𝒍𝒂𝒙
• Similar decreased relaxation times for the 

channel 1 & 3
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