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AT-cut quartz resonant magnetic field sensor with surface sputtered FeGa film

Zhang Jiatai, Wen Yumei, Bao Xiangxiang, Li Ping, Wang Yao

(School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract;: Aiming at the problem of low quality factor of the resonant sensor, which will cause high output signal noise and low
sensing resolution, a high-quality-factor resonant magnetic field sensor with FeGa film and AT-cut quartz crystal composites is
proposed. When excited with ac voltage, the AT-cut quartz wafer will vibrate in thickness-shear mode. The FeGa film is
magnetized in the magnetic field, then the film is subjected to the force of the magnetic field, which is transferred to the quartz
wafer through interlayer coupling. Due to the force-frequency characteristics of the quartz wafer, its resonant frequency will change.
In addition, the proposed sensor has a particularly high quality factor because of the low internal loss and high Q value of the quartz
wafer, the stable and low noise sensing output is achieved. Experiment results show that the sensitivity of the resonant magnetic
field sensor reaches 0.2 Hz/Oe, its quality factor reaches above 46 000 and the power consumption is lower than 8 wW. In
addition, the sensor has a wide magnetic field measurement range, and the maximum measured magnetic field reaches 1 200 Oe.
The proposed resonant magnetic field sensor has obvious advantages of high signal-to-noise output signal and low power
consumption, also has simple structure, and can be fabricated easily.
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Fig. 1 The sensor structure

o

1 Ce6
=— [— 1
T (1)

A hop e 5300000 AT UIBLA S8R R JEEE 3 L A
AR VINIEE R 8, HoA S5 5 BA ket Rz
AP AR 0 R 2 e A A%, 20 HiE4E 70 4FAT, Lee
S PR R AR AT VIR A7 0 TARTE IR Y
DI I A A% 15 S 5 T 52 0 3 5 1S AR 1) 56 2R, 15
HEEIE S IR PR IR T 1 g AR AR 2t
EARA 5 8 AL K B B i R G

AT UIRA 9E R B —E B IG #f SN S,
ALY E, 3060 T R3Sl 7 A Sh AR S ¢, AR AR
sy OCFRA,

by = (c@/kl + Z 1:1 Z i:]cijklmnsrrm) Sp T eA-ijEk (2)
K1, 0y 0, Fley, 411 AT UIHAT SR 0B =
WS R AR T R A, R IR SR ) AR T RN
AT 7 P& B i R, , B R B A R
ey BHGHIRAS I S,

NI | 5 5 A B YR A bR e
Ko FRENLS NS R HELME 5 R X &b I8 5 BT Uiz 3
HEFTAMAT 38 R R T R S O

ty = (Cﬁﬁ + 2 f:lcﬁﬁrSr) S¢ ~ el (3)

D, =eyse + epk, (4)
K2 D, ey J AT YIRS i 2 B8 5 0 H 48
T oD,/ dx, =0, BEA(3) L (4) Mesibkiksh f2E e,
A x, J7 BB s TR

du 1, 6 ou

y—;(c“ + Z,r:]cﬁﬁ,sy)afxi (5)
R e, IS ;0 A sl = ey + €/, X
K (5) K3

u = [a]cos(cl:)xz) + azsin(%xz) :|ei”” (6)

Hob, o WIREIINAR s a, a, AW TR E 15 52



44 i A A

EE O B4

FHRMD =, (% + X cS,) oo
R TSy O I, T 45 80 A L RIS 45 0
(1) B, WA VIRIE Bl 19kt
+ 2" S, (7)
T S RO it T DA A E 2R 0 s o
TS, Al AR SCAR[25 ], AT YDA 8 5 A 8
A 1, RS S, RHATIT VIR RO R, ER
IR R A S, AT, o BRI — SR %
e U0 EARATT A 1 AR B D 4 T4 15 5
F1 ATYRARSEZNEMERE o, HER

Table 1 Third-order elastic coefficient ¢, data table of

off _ 0
Co6 =~ Ceo

AT-cut quartz crystal

r 1 2 3 4 5 6
c/GPa -203.2 22,6  -26.9 824 0 0

BEAE (1) 5 (7) ATRATHEE, B A8 B S S, B, AR

TR BERA =L AR R MRS AF
1 :
Af:m oo + zrzlcﬁﬁrsr - A/cg6) (8)
6
BRI S, TN T 1, Y e, S, < g » HUARH;
6
Af 2. (9)
4 h./pcg,

X TR A, OISR S 8 B [ e AN, 252 )%
PR 8 25 007 A8 ) i A 5 BOHA S8 M B 3R A el & A B
A5 f IR IR AT RN A AR O HWAR S, RO TR A A AR
AR R, P A P SRR I A2 7V P 0 A i B A
e i RO RS I B DA S R T iR A R AR A, SR
YA I | I IS T 228 3 TR A PR S RSN o v i P 80
HOLH R 5

FeGa W Z i3 EH 1 F Al 84

F=qH, (10)
s H,, WANGRES SR EE 5 q,, R 7 A 10 5 R
faf o W23 (RIS PN AL Bl ) S5 380 i ] 3R h

gu == o fM - ds (11)

Horh, M ORGSR s, N HAS TR

TR IRARAE FeGa WA B0 ARG AL AT, M K/ L7
o Bl RE 7B R S 2% MELLE AT, 2 T A
HG , WA SR BE AR AL | 28 W 3 800 B AN 4 50 73 A 1Y
SN RS PN S5 AR A DR SR (B 2 S0 3 A AE o, 5 18] 5
Mg TR o it I ) 3 A P A B P e T, /N
T 50 BE BT LU, 77 1) 5 o A S TR /05 i) i — 0, S
WAL 2 45 RN P 2 fros , AR Mg AL s M 2

1.44x10* Gs, 5@ J1 H £ 10. 94 Oe,, HAR—SLREREH R}
AT AR S A M, (ELARRITES Jr 75 R 3 5 B AR e, AR M
KB ABEAL . TR R S i RN AL, BLATY AT 42 i 45
M, BRI T2 A H 2 TN FeGa FBEH KL
T SRR | D30 UE A2 B S R A AT AT

"
15 <10
1.0} M=144x10" Gs
» 0.5
<
2 0
=)
H=10.94 Oe
& 5 ¢
,1_0.

*1.00 0 I(.)O 2(I)O
SR/ 0e
Bl 2 FeGa WML M2k

Fig.2 The hysteresis loop of the FeGa film
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Table 2 Dimension parameters in the simulation
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