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Strong absorption effect for propagating backward spin-waves by double magnonic
crystal
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In this paper, propagating backward spin-waves were modulated by a double-meander magnonic crystal which generate a localized

Oersted field and affects spin-wave propagation characteristics. Compared with the conventional single-meander magnonic crystal, a

pair of meanders can generate a wider frequency rejection band. By sweeping a bias magnetic field, the spin wave resonance frequency

and group velocity were changed. When the spin wave resonance was matched to the rejection band of a double magnonic crystal, the

amplitude of backward spin-waves were attenuated up to 95%. The strong absorption effect could be a basic principle of spin-wave

switching in a future magnonic circuit.

Key words: magnonics, spin wave

1 ECoIC

BEMEARICIEAE T B A ¥ VIR, ML DR EE AN D & 51
BELUTWHRLTH S, A VIRIEERIZIZBRIED T, )?
BIZ Y 2 = VEHDFAE LR\, T D728 ULWMREEE
EHEEY AT LOFEMEE L U THERE N, ) E%EPB'J
WEEnTVWDS 19,

AV VT K DA L RIEE WD 2 DDOWERA D B 7=
O, WOTHEFHL mBEEEERT e TE 5 71D,
A VIZFEANY 7T = RE=-R P2 F 47— FE—F
0.9 4 —F7 4 2 =R B9 3% 2D—DDNy 77 —K
AV E AW v Y Y BT EEF (Mach-Zenhder- type
interferometer: MZI) Ti&, AT A TAE Y HE % 2 DITHIK
SECfHEZaY b=V L, HAES T2 0DEMBTFHL
R DIRIEZ FHWT?0” 717 Z2HMF L TW5 D, B fE B
FHDAE Vi ZPFEESEWVRBIZET LT, 2200AY

VDB BHEUEo THAEO IZLTWA. R IZT
BEEL BHEREZATCHR DAY VEZBEIET, FHIZ

LBHBHEHLEZSZIETEHLTWS, A VEEZ AW
B OOy — N EEHINTE Y, ¢ BOmEHEEK % 3
AFTHATHEERLUT, 747 — NAYVEEFHT 222 T
AND,ORNOT 7 — h BT E 3 i &7z 10,

FEE, A VORI E 35 ke U, Stz
TA M=y Z8ERO & 5 ICRMEICHE 15242 2R 2 & E
Iz Ty F¥ 7% LTESRBES Y2 HENERKIZHzEE
NTNW3. A VIEDOEE, BEEE Ty F 2 73 5 HIEITEN
X7 =y UkEREEIEN, BRBGENMT AL TAL Y
WO N R 2T 2 57k 132029 3@~ ) = v 74
i EIRIENT WS, Bk~ 2 = 2 & G 38 B o Bt
MEMATEDIZH LT, B~ =y 2R IRERBS 04
RCWENY ROX Y - F 7 % 20T, B O ILiEY

RN DR LN D 5. B~ T ) = v J GRS D
LRI NI T B A VDAY, 7T v o HLIEEEL 2850
WX TRNEZIFT5Z L TAY VEOREE N Y Mi‘fv%é{t
MAZRALTE Y, YK R EHES 2T 57201247
VAR R B 1,

RRDOBK< T ) =y IR ORE T, F/ BTOXAT Y
REREIZDAA v F o TETETES T, hoiliE X iz
Y I DI RS (RHIE) 13— %12 50~200 MHz DIEH S 0,
A VERRTARTCEBEI LI LIETE TV AL T
BbbAT VAT ERIZERT, 1=025A 6L T 10
MHz 1 & OB T U REA Y RefltcEsTtessd Y,
FEHREMIZ & BB HER TN T WL o7 F/BHTDR
1w F U R ROE BT BEADEEEN, <o) =y o
FEEDNY NIROM S Mt BERMEMTH 5.

AT, BARDBENY NOEBRERF OBV~ /) =y
JfEEE 2 DOMAEDLEREX TN - T ) Zy IR AW,
WAV ROERY 2R U TESNRBERRZ LTS &
ZHINZ, BRI TORE VIRERIE 21T > 72. £ DFEHR, A
TR TER T =025 A 2B WT, FERFRIZHAT
T =y IR R KT 360 % IZIKIF B Z e RN TE .

2 ERAE

21 REVHOERE

AEHEA v MY LK — & v b (Yttrium iron garnet: YIG)
ZHEMALTCED,EX 5.1 um, f§lX 1.3 mm, XX 18 mm TH
%. Figure. 1(a) \[ZEBRCHA L - I AWM 2 RT. A VK
T 572817, FR-4 O LI Z - TRELTWS
Input antenna 7> 5 /X)L AE 10 ns D~ A 27 B/ OV A EE %
28WODKEXTANL,YIGDFIZHAIE TS um DT ¥ T F
AP OA 7P IVAEEIC LD OFEHSG e RETET
W3R T N A Y I 2 75 R A, Output antenna (2



FoTHFEEEL L LTH V) oA nxa—7 (DCA-J
86100C) THE X N 5. ANBIESE H,, 1& z illZ IED [ E 12408
%% H.x = 250~500 Oe OH#FADO K E I ZHML T, Ny o
J—RNAVVEERS SR 7T FEOEHIX 15.5 mm O
REXThb, ZOMIZ FR-4 O EIZH X — > THREE N
72 AT v ZkErE (Meander) # AT 5.

@) () ()

N/

()

Output antenna

>

w2

Input antenna Meander

Hex

N

(b)

1
N

6 8 10 12 14
Distance [mm]

Magnetic field [Oe]
o
O
o b
N

Fig. 1 (a) Spin-wave waveguide and dynamic magnonic crystal
used in experiment. (b) Magnetic field modulated by the double

magnonic crystal.

22 XTPVIBEICLDZYTIV -T2y ISR

ATV ARGEDRI L UT, BIRMEOA R THME NNV N2
AV AT TEDZI LS, BEIEOREAYMEN RN 2 JA
HD. XS ATUREEE A=V L TRBETENIL, BE
NYREHEILEETDEI VRS, ATV AREICLE X
TN - =) = IERIE, SREE wl =75 um & w2 =90 um
LLTHY, MEALOMEIX L, = 75um, I, = 90um TIER L
7= A ENTFh =15 Th b, B 30 ADLEH 5 .(—
JAIE 2 ADEIRN 572 5.)

AT VR ERET 5 1 ROHBIC & - THRAET 21851

I _ I \E=H2
arctan(Z Z)] (1)

Hslripe(z) =z
5 S Jz=-p

TETIEWHERKLE D NS A =R TIEIATVXIHTEBRT
HO,NFTRA=R g FEAT VXL YIGEAEDOEETH Y, s =
100 um THB. ATV AREEFERE [ +w T2 )12k 3
GRS 5. M n OEREE 2 ERT 27201212 AD
HMBBETHE1S, A1) Z 2n KR LAEDETNL &,
ATV RERS wl O RAET HERMEHBOKE X H,y 1

Hy1(2) = Hstripe(Z) + Hstripe(z = w1+ 1))
+Hsm'pe(z - 2(W1 + lwl)) +e

= > Hapipelz = jO01 + )

0<j<2n

Y755 AU LSICAT VRIS W2 D Hyy 2k &

Huo@ = Y, (1 Hyipee = j02+ 1)) ()
0<j<2n
TRT LDV TED. EM 7 FALCVFEOETHFITET B0
o0 RANTH B, &> THEYY ) = v 2RI & B LM
B% Hypue L35 &

Hdouble(z) = le(Z) + sz(Z) (3)

LD, FOEEREEE Fig. 1(b) 2R AT VXD wl 1T
BWTHRIFIE 1.34 Oe, A7 >V X5 w2 TlE 1.940e TH Y,
A7V RBHEI=025A LT3,

G ORPMETH LA Q) It LT 77— 4T
5L

ks n
F(k) = i“si[% sin(%l) . ]Z_;(—l)f+l sin((2j — Dkl)  (4)

R0, Fl) B EITHGT 28122 h, ERORK
V—2%20dB EBETHI LIz > TIEERED AT I %
RTZeWTES. ERBAEPREEREVERET S v 7 IHE
WAL 282 PR 254 TH D k=a/2w & —BLTW5. ZD
BRI A T v X5 wl TR k= 2.09 X 10% rad/m, A 7 > &
W w2 Tl kyo = 1.76 x 10* rad/m TH 5.

K@) TROEWEE, A VRO BTG S E5 720,
Ny 77— RAE VEOHEBROR (5) &AWz 2D,

1 —e*’“’) )

Y
= = \|Hox|Hoy + 4nM
Sfussvw " \/ ( 5 T d

7272 U AR AL 1k 4nM, = 1750 G, X IR IE vy = 17.6
MHz/Oe TH 5. 21U X O X @) OIS T 25 A VK
DB DERE I N, AT ¥ XM & MRS O A2 & - TR
"NV N F(f) DWRETE 5.

fleLTR @ &K G5) » 5, WY H,, = 350 Oe %l
MUz EnLEYS ) =y 7fERICE B BENY ROFHE
% Fig. 2 WRT. ATV XEH wl TT v 7WELE24 L
DAY VIR ky = 2.09 x 10* rad/m T, Jisd 5 A
W 2.375 GHz # i & U T-15dB DEEZ R L TWA5.
FARRIZ W2 T7 5y ZHELZ LU 2 A VIR &, = 1.75 X
10* rad/m T, WIS $ 5 A Y VigEEE 2.379 GHz 2 b e
LT-20dB DEZRLTWSIZ NN H 5. ¥z wl,w2 T
HENLEEE ZOMY 1 REETIRMBOBMIHATERE
1-8dB,-4dB DWEERT I LB RTLENG.

3 BRBELUEE

3.1 ZEVEORREREER

v ) —y R EFEALENVEE I=0) DALY
WD ERERIPI 2 JE Uz, 7 OFEER % Fig. 3(a) (2R, BN
U 7= ANER 151 H, = 250~500 Oe DRI THREI L7z, AE VK
DTy MiE t=190~200 ns IZHME I NTE D, HAIREIX
H,,=3500e 25\ T,62mV Th o 7.

Figure 3(b) TIXAE VDT y NP E D IHMEIC RS X5
\Z, FFT 7 4 V& — % H\F T 2.2~2.8 GHz D J&#E %2 L 0



|
(63}

N
IS)

Transmission Loss [dB]
o

-20
— Total w1 w2
25 | |
2.36 2.37 2.38 2.39

Frequency [GHZ]

Fig. 2 Calculated rejection band caused by a pair of meanders.
Dashed line is transmission loss caused by meander wl. Dotted
line is transmission loss caused by meander w2. Solid line is total
rejection band having bandwidth of 4 MHz.
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Fig. 3 (a) Spin-wave packets for H,, = 350~405 Oe. (b) Filtered
spin-wave packet waveforms. Filter frequency range is 2.2~2.8
GHz. (c) Dispersion relation of backward mode. Black points

are experimental data obtained by FFT spectrum peak f,eak-
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Fig. 4 Spin-wave absorption by double dynamic magnonic crystal. (a) Filtered spin-wave packet for H,, = 350 Oe. (b) Calculated
transmission loss of double dynamic magnonic crystal. (c) Fourier spectrum of spin-wave packet. Gray zone is rejection band of
double dynamic magnonic crystal. (d) Filtered spin-wave packet for H,, = 405 Oe.(e) Calculated transmission loss of double dynamic

magnonic crystal. (f) Fourier spectrum of under spin-wave packet.
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