#) 32 % 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150711

TR N RE

BT IR R = 3 S IR

ERL

x| K L 2#

#hAE?D KM

1) (RpUETEbE, 3 430074)
2) (FEPRHE AR B B2 B, I 430074)

(2026 4E 1 A 16 HUE]; 2026 4F 5 A 26 AU EIEHHR)

WA D — PP EE 2 AR Lk 3l 2 G, TEAG BRI | R S B g B H T e b B EE
JHTT 5, (AL GEREATRLIE A Dl 9K Sh AR SRR R, A e DR - RS R B 4 12 532 FR A% TR] L. AR SC
T ImE 2 5 B, RS T R R AR AR v ol 2R TP I R B PR R S R AL L o e B BRI SR S
FBCHIRE W 5L A SRS ), AR TR 78 A A A AR R A AR T, 7 T 5 SRl 8l 2% 1F I A
T M RE A K. R G0 1 7 DRI L 75 B | A% 07 1 45 T A5 17 S P e e A DA B 2% 1) e 1 i B2 X AR
FRBRFVE A RE M. S5 SRR 75 0 A R WA AL 1) 147 [ B, P QR0 W 7 ™ A R 4 BB >4 7 e AL 1 7
T 55 ARG RE T 1 il AL R S R R O AR I RS S iR TR SR R R B B o P R A% 1 S A A
TR B 22 | AR o U L5 EL R B A S ST BRI O S BT R | AR DA A e A

(14 b AU e AR A T A S B

REEIR: WM, FRITNE, EPARS, Tk

DOI: 10.7498/aps.75.20260087

1 5 =

WESRRE (magnetic frequency comb, MFC) J&
— VR T AR LM RAIR ) 71 2% B i 400 3 8 ) 8
G, AT R R LA A B 02T o | (O i 5 Fn
F b AT I 3 A Ak A v R I T A2 22 K
03 MEFC 5620 2l nl =4 S R Y
WA, HAA L S s R S A0 ERE ), Rk
PR b RS R A 23 s o AR 78 ) T B R
THE RN

R GEH) MFC 32 SRS B i AE L P AH B
YEFSEBR, 0 = w8 . PUwE TR A SR T-
Skyrmion A B HUH S5 AR L M B 810 SR, B
TREYRF BT (ARS8 555, T BRI

CSTR: 32037.14.aps.75.20260087

BX S DA fish e Z2ARE i Ae 4t 12 AR SR A SRS
1B TTE YIG BRI IR I r i 2ok 5 i 93 il S 20
) MECUSMfH 3 i 3K 8 AN 530 R S V) FE3
KERER, AT RE5 I AR S HEME RS, T
1 S35 A A ) R A A T e 09,

HHTEE TR YIG #8009 s R ST A A A
TR 1) YIG MR RE R B )N, MELLSE
PRGN 2) RERTERR M T2 2%, Aid
GRS T2 3) ARt mm 7 [ (B =5, 7 ok
FE B AR, X BRI T HAEARIIAE A E
rhRy Al AT 10

LA, BEE FH RS (magnetoacoustic cou-
pling) SRESAH T AEH SRS 20 S35
P R R (surface acoustic wave, SAW)
SR (bulk acoustic wave, BAW) SZERREATIT

R AE B BRI (S 2024CYYYTJ02) ., IdUE HE T REFSHRFE T H (S B2023431) FIE K A AF

A (HUES: 12574119) WHIAGIRAE.
# RS TTRRER
t BIE1EH . E-mail: yue-zhang@hust.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

150711-1


http://doi.org/10.7498/aps.75.20260087
https://cstr.cn/32037.14.aps.75.20260087
mailto:yue-zhang@hust.edu.cn
mailto:yue-zhang@hust.edu.cn
mailto:yue-zhang@hust.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150711

AT AT REVE. B A BFEARGE 15T BAW-R#EHR
FIRE RGE TSI TE R R IRA W, 878 T Kerr
MR AR R AL SRR i S F 2.
T U RN I B AR B AT LS AR H 1) mladE
ACAS 7 I A S I AR R ) B A AT R 2) IR
FEORZh S5 F T SRS e A Han i 3) MKFE MEMS/
CMOS e T2 m B UE B,

ARSI G =5 B, oS i i SAW
WAL B 3 i 5 g i 15z [ A R ek 3 o
i 1 7E CoFeB Wi ¥ A H 5 A Rayleigh B4 5F i
7, SR B A X SR A R ) S R A
3 o A S T e A AR A R AR S T L
MFC. ik —25 RGEMFE T 75 WA | R | 145
7 1) B 45 1) S 1 58 A S HIOW A A T B )5 M)
ABHFEACRREATHR A TN EE PR AL T8 L,
hR BRI IR G RS R L AREOTET &
BEE T S AL, LT REME R MFC A 0
AR | AR MR LR AR, ARG 2 A
| R R ORI A5 A EL AR T A N AN (L

2 fREEA

AWEFER L2 5 B Mumax322. 5
BT HAB SR LN CoFeB MK R, it
Jitifin Rayleigh %4 SAW B 8 38 i, #5400 75 2% i ik
g T OO R I ) A T A, 5 BB AN ] 1
JIE7R. FE AR S R e DL 0 %) S SR
J, 7R S 22 U SRR T, TR R HL ARG
T T ke 2 3E . CoFeB iR ITA T X35 e 2z
(], 7R P BN 3 B P R LR R (5 B
I A BEZ BB AN R 2327 M G SR EE My =
1.031x105 A/m, ZCHHE A = 2.07x10° 11 J/m,
S AK, = 3x100 J/md, [HEN T o =
0.006, TEFAEHEC by = by = 1.35%107 J/m3.

128° Yocut Lij03

[ 1 LT CoFeB WK R 7 RG-& REWAT AR AR B 1A
Fig. 1. Schematic diagram of the magneticacoustic-coupled
magnetic frequency comb model based on CoFeB film.
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Fig. 2. (a) Intrinsic spectrum of the CoFeB film; (b) fre-
quency comb under 2 GHz SAW excitation.
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comb: (a) Variation of frequency combs at strain amp-
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spectral energy on the strain amplitude.
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SPECIAL TOPIC— Applied magnetism

Magnetic frequency comb excited by magnetoacoustic
coupling in ferromagnetic films”

YANG ZhiV# LIU Changjiang?# YAO Yongzheng? ZHANG Yue?"

1) (City University of Wuhan, Wuhan 430074, China)
2) (School of Integrated Circuits, Huazhong University of Science and Technology, Wuhan 430074, China)

( Received 16 January 2026; revised manuscript received 26 May 2026 )

Abstract

Magnetic frequency combs (MFCs), which consist of equally spaced spectral lines generated by nonlinear
magnetization dynamics, are promising for precision frequency control, broadband signal processing, and on-chip
magnonic devices. However, conventional MFCs generally require strong microwave pumping and bulky
magnetic resonators, resulting in high power consumption, thermal perturbations, and limited integrability.
Here, we propose a low-power route to MFC generation through nonlinear magnetoelastic coupling between a
standing surface acoustic wave (SAW) and magnons in a ferromagnetic thin film. Micromagnetic simulations
are performed for a 1000 nm x 1000 nm x 5 nm CoFeB film with absorbing boundary regions. The intrinsic
response contains a single ferromagnetic-resonance peak near 8 GHz, consistent with the Kittel estimate of
7.86 GHz. When a longitudinal Rayleigh-type standing strain field is applied, the periodically modulated
magnetoelastic effective field produces cascaded sidebands. Setting the magnetoelastic coefficients to zero
eliminates the comb, confirming that magnetoelastic coupling is the essential generation mechanism.

The dependences of the comb on SAW strain amplitude, frequency, propagation direction, and magnetic
anisotropy are systematically quantified. At a SAW frequency of 2 GHz and a strain amplitude of 2%, a stable
comb with a 2 GHz line spacing is obtained, demonstrating that the repetition frequency is directly set by the
acoustic frequency. A clearly resolvable multi-line comb appears at a strain amplitude of approximately 0.1%o;
below this observational threshold, only the fundamental acoustic mode and weak low-order mixing components
remain. Sweeping the SAW frequency from 0.2 to 2 GHz continuously tunes the line spacing: a 0.2 GHz SAW
produces a dense comb spanning about 3 GHz, intermediate frequencies of 0.8-1 GHz yield comparatively
uniform line intensities, and a 2 GHz SAW extends the bandwidth beyond 30 GHz, although the high-order
lines decay more rapidly. The comb intensity is strongly anisotropic because the magnetoelastic torque depends
on the relative orientation of the equilibrium magnetization and SAW propagation direction. In addition, an
intermediate uniaxial anisotropy constant of about 2.4 x 10* J/m? provides the best balance between coherent
magnetic alignment and dynamic response; weaker anisotropy (<2x10*J/m?) leads to nonuniform
magnetization, whereas strong anisotropy (>5x10? J/m?) suppresses the precession and reduces the number of
comb lines. These findings identify SAW-driven periodic magnetoelastic modulation and nonlinear sideband
cascading as the core physics of the MFC and establish an acoustically programmable, low-power, thin-film
platform for tunable and highly integrated magnetoacoustic frequency-comb devices.

Keywords: magnetic frequency comb, surface acoustic wave, magnetoacoustic coupling, micromagnetic

simulation
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