%7 5% 64 T HEFESKT A Vol. 7, No. 6
2024 %+ 12 A DIGITAL OCEAN & UNDERWATER WARFARE Dec., 2024

[ SIAMN] # e, DA0W, M, 55 T 5S40 A = m i | MG RA )] B ST R, 2024,
7 (6): 580-587.

T ST 2 S IO B0 = 43 S AR i

wAAA, LA Bomt T R OA, AR, F AN
(1. LERBRY FRLE5VAIRFR BALTFE BAAAMIRRKLBTEERE, Lk
200240; 2. Li#HEXF b TRELE AHLFR RETFHLFT S, LiE 200444; 3. HAXRZHAETE 240
JAE S LT, B 200072; 4. TNARMIBR RFLH, v M 550009; 5. B ARKRIE _HFEH
KT HERMFEAAFEE LT, i M 310012)

W E XARRZAERER, FRT A TAMA=Z2E#ATEEAE., ZERBEERT ETHIL
WAL (MEMS) BAFEWEAGEFSETEABLEREAN L BN EHBELEH AT S, B PCB
AR EREEUR B HBETECRF SRERNES, LATZ20ENLER. WRXEREF: HABEX. Y,
ZH bt RAEE B A 1068 V/T, 1072 V/T #1069 V/T, ™7 oh &% % & 4% 4 0.069 nTVHz@]1 Hz.
0.136 nTVHz@1 Hz #7 0.102 nT\/Hz@]1 Hz, B8 E #4554 7.5nT, 23.5nT, 17.8nT, %Mok e 4
0~100 pT, EREMREZH: ZERKE X-Y, X-Z, Y-ZHZFHERHE2H % 0.5, 1°, 0.5°, ¥ DL & T
W = BN AERNE, XA Eﬁ%‘ixéﬁﬁ%}iﬁui&ﬁ%ﬂ%%ﬁéﬁéﬁéAxﬁEﬁv@%Tuz& FREGFIE
REZNEHBITRRBNERE, XTARXANBAEGHEEGERNLARET EENE AR LFH,

XK#ER MEMS; RAZ4ESER; Z o 8; #E|1HEH#E

RESZES TN929.3 XEFRIRAY A MEH/HS  2096-5753(2024)06-0580-08

DOI  10.19838/j.issn.2096-5753.2024.06.001

A Micro Triaxial Fluxgate Sensors Based on Heterogeneous
Multidimensional Integration

DAI Yuhan', MA Quankun1 , QIU Xiangz’ 34 WU Tao’, SUN Xuechengz' 34 LEI Chongl' :

(1. National Key Laboratory of Advanced Micro and Nano Manufacture Technology, Department of Micro/Nano
Electronics, School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai
200240, China; 2. Research and Development Center of Microelectronics, School of Mechatronic Engineering and
Automation, Shanghai University, Shanghai 200444, China; 3. Key Laboratory of Advanced Display and System
Applications of Ministry of Education, Shanghai 200072, China; 4. Guizhou Aerospace Institute of Measuring and
Testing Technology, Guiyang 550009, China; 5. Key Laboratory of Submarine Geosciences, Second Institute of

Oceanography, Ministry of Natural Resources, Hangzhou 310012, China )

ki HIW . 2024-04-30

YEZ R TS (2001-), &, Wi-tAd, FENFREE I TE RS .

SEASVEL . Tl B, W, AT R, EESM/ R RIS

AW H . BERERBHMCEOF R L0 BRI R G ALISR A 2 2 50 - 25 57 (42127807-03 ); ER T SHF AT I H “IE
TERAL Y B IR RS 2 S M 4 R 5RIE” (2023 YFC2811100, 2023YFC2811104 ); FF HAR S ES “HTEBHEBUY (GMR) Wi
A A5 e o e XoF T B Mg LA R Hh A I A ) R S B P SRR R AR SRR AT 7 (152107239 )5 IR ASHE R “IRIE TR 4TSI H
(SL2022ZD202 ); iGAZH KA E T8 X E H 4 (YG2023QNA40); iR ZEL AR KRS EG % BT H (19D22291103); L ifF
AT AR 23 A Rl (QD2020009 ).



R

# 6 4 BIE, F: ATARSHERGHRA =5 2@ AR - 581 -
Abstract In this paper, a T-shaped micro triaxial fluxgate sensor is developed using heterogeneous

multidimensional integration technology. The sensor integrates a uniaxial solenoid fluxgate chip fabricated using
Micro-Electro-Mechanical Systems (MEMS) technology, which features a cobalt-based amorphous band core and an
excitation detection coil. By orthogonally connecting through a PCB substrate and bonding the uniaxial fluxgate chip
to the substrate, a fully integrated triaxial configuration is achieved. Test results show that the sensor's sensitivities
are 1 068 V/T for the X axis, 1072 V/T for the Y axis, and 1 069 V/T for the Z axis. The corresponding noise power
spectral densities are 0.069 nTVHz, 0.136 nTVHz, and 0.102 nTVHz at 1 Hz for each respective axis. Time drift peaks
are recorded at 7.5 nT for X, 23.5 nT for ¥, and 17.8 nT for Z, with a linear response range from 0 to 100 pT.
Orthogonality tests reveal deviations of 0.5° between X and Y, 1° between X and Z, and 0.5° between Y and Z,

meeting the standards for precise measurement of the geomagnetic field's three components. Further improvements in
the orthogonality of the heterogeneously integrated triaxial magnetic sensor can be achieved through more precise
substrate machining and more accurate bonding alignment symbols. This research provides significant technical

support for applications requiring small, high-precision magnetic field sensors.
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Fig. 1 Manufacturing steps of micro fluxgate sensor
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Fig. 6 Three-component fluxgate sensor sensitivity curve
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