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Fig. 1. Schematic diagram of the structure of YIG-CoFeB

spin wave directional coupler.
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Fig. 2. (a) Display of the excitation field in the frequency domain in the solution of the dispersion curve; (b) dispersion curve of isol-

ated YIG waveguide.
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Fig. 3. Spin wave dispersion curve when the gap is filled with (a) Air and (b) CoFeB.
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2.88 GHz.

4 NEERII RSB

ML 4(b) FTLAR IR, BR T RS KR SUEZ
Gb, ABERAE y 57w AR IR A AR T, 7R
(] Bt oA 25 SN IR S g, M A S B ) |
PRUE LA & A= A2 4k, e Bk CoFeB Y4544
Hh, S RE T I b Y B HR R AR T Y S
HAEIL CoFeB HYML Ty, A BER IR IEHAL. o T
fEREIX — LG, 2 T PRSI E [0 5 4 1) N
ARG 54, E 5 s, B afIELRR YIG/
Air/YIG 45 #, ¥ ALK YIG/CoFeB/YIG 45
¥ N 5 A LLUEBL, ol KIS 5 BRI £,
X T CoFeBUW [y 1 AL fb 38 B2 45 o5 (JLF- &
YIGP ) 8 £%), 5 X B CoFeB X Iafkir, 7
RO MR, XEETE YIG B 5 E X R NS
G3AT S ARR RS . TEAE 184 17 e PERE | 62
fE . ARE M /D TBRBE I L T, ARG BE
it A S AR BLAE R RE A HAH HAE FHAE. 5
SR A S T N OR8N N BU R/
CoFeB, KIBESIGIN T4, X EIRAE AZH A
TR AH B R RS, BRI L, v LAk H e 7
[ i P S W s R

187501-4

14F & o —— CoFeB
= ot f ) — Air
| 1
\m 1.2 F 5 Ir '[
T 1.0 & £
i 3 2 —
5 0.8F —§ o |
&
© 0.6FH g
2 &)
S 04t
&
m 02} — =
0 50 100 130 180 230

y-axis position/nm

Bl 5 IR BRAL ST Air Al CoFeB 3 [ & % 1 P9 &5 4
oA
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Abstract

The spin-wave coupling device is used as a connection unit to solve the connection problem between spin-
wave devices. However, the current size is too large in comparison with the nano-scale process, which is caused
by the low efficiency of the spin wave within it. Therefore, we propose the spin-wave directional coupler based
on Ys3Fe;0,9-CoFeB coupling which can improve the current dilemma to a certain extent. By filling the gap
layer of two spin-wave waveguides (YsFe;0;y) placed in parallel with CoFeB material, it is found that the
dispersion relationship of the spin wave changes in the data calculation of the micromagnetic simulation
software Mumax3. The existence of CoFeB makes the transmission efficiency of the spin wave between the two
waveguides higher than in the case without any filling, the enhancement effect is about 4 times where coupling
length is reduced from the original 2000 nm to 500 nm, which is conducive to the miniaturization and
integration of the spin-wave directional coupler design. From the perspective of the entire device, further
analysis indicates that owing to the high saturation magnetization of CoFeB (approximately 8 times that of
Y;Fe;045), the effective field in the Y3Fe;0,5,-CoFeB directional coupler is greatly enhanced, which leads the
spin wave dispersion curve in the waveguide to change. At the same time, the energy of the entire system also
increases several times, which is mainly caused by the increase of dipole energy and exchange energy. Then a
greater contribution of dipole energy is obtained by changing the size of the device. After that, we study the
relationship between the coupling length and the device size and the external magnetic field, then draw a
general rule which can play a role in designing any directional couplers with similar structures. Finally, our view
points are given from the different spin wave excitation frequencies, gap layer filling materials, internal
roughness of the directional coupler, and spin wave lifetime by considering the problems that may occur in
practical applications with the Y3Fe;O;,-CoFeB directional coupler. In conclusion, our proposed Y3Fe;Oqo-
CoFeB directional coupler structure can effectively enhance the coupling efficiency, and it can also provide a
new idea for the application of the interaction between composite materials.
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