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High-Sensitive Fluxgate Magnetometer
with a 50-cm Length Biaxial Core -
By
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Tadayoshi TAMURA , Kiyohumi YuMOTO and Tohru SASAKI

Abstract: Both resolution and sensitivity of a fluxgate magnetometer
is theoretically expected to be improved if dimension ratio of its biaxial
core is increased. Based on this theoretical expectation we manufctured a -
biaxial 6—81 Mo permalloy core with a dimension ratio of as high as '
2/d = 2.0 x 103, where length £ = 500 mm, thickness 2 = 10 um, width
w =5 mm, and d =2/h*w/T. A drive current applied on the core with
a 1-kHz frequency makes a 2-kHz pick-up current which is amplified
and phase-detected. The output voltage from the phase detector stands
for the magnetic field strength along the core axis. Geomagnetic field
variations are recorded by this 50-cm biaxial magnetometer at the
Onagawa Magnetic Observatory of Tohoku University and compared with
those recorded simultaneously by another commercial biaxial magneto-
meter. It is concluded that this 50-cm biaxial one is very excellent
magnetometer with resolution of 102 nT (100 times better than the
commercial type) and with sensitivity of 10 mV/nT (~100 times better).
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BOTH5 CORT*HEMLALSOREIAFEELLNHBESBRFRTCEAILTL
Z2HDERTH, ¥*HOLEHEDD resolution FiCDWTid Campbell DERHTH & S
T3 KRBT, ¢DH b5 fluxgate BAFHC OV TRRAV SN TE % bia-
xial & sensor @ dimension ratio ZEMHUICREORRICEITALIRZCEICEST
COBREOBECEITHELEZ0ERS . TORR, #XKO biaxial IC K~ THED TH
BE CHHIAZENT A EICRILIEDT, TIICRET 3.

&E(111(1969) 13, WAL AT dimension ratio &9 % biaxial & core Z MW T di-
mension ratio ICXd % fluxgate /15D sensitivity & noise level % EEHI I I E
L, BIMICORT LD RERBEGRERD . bbb, chicks L dimension ratio 78
BE 3D T noise level WAL, sensitivity B3E ETA3CEBD B H-TTD
K5, b LUEKEED dimension ratio #5873 % biaxial & sensor Z&ETHIT, HRIED
noise level L EEDRELF T 2EN . fluxgate WAENTE B L BPFENSE. D
FEICH E SO TAKMETRIEINI-HAETIZ, ZD core DEEH» 5, 50cm & biaxial:
core & fluxgate R HETEERCT EET B,

2. Sensor MDHEE
RIEED C &< fluxgate AT OREE & H#F 13, dimension ratio BEL B IFL 313 E
HRENDDT, ETHOHHEHT, BATHELSSREDOBM LT T dimension
ratio EiC 2.0x10% W S5EN K core ZWELA. ChIKZE X 107 mm, £ X500
mm, E5mm LWVHIBHTHE MRV 6-81M, /*—<vofDF7—7%, BEIFMAIK, C
LODESTADT, AEMED 1L.8mm, RS 504 mm OAKEOHRICESLAET 2
EICHLDEES > TR HRRMBBERDOT, BRALBAATHINETERNEET,

w1k RERNGFOEY (*HLMNI Campbell K& 3)

Uppermost
] Resolution
Magnetometer T ype Limit ‘
(Gauss)
(Gauss) ‘

Fluxgate <10~20 1076 ~107"
Superconducting <1078 1077
Proton precession <10 1076
Optically Pumping <10 1077
Hall Effect < 5x10* 1077
Induction <10 107°
Ordinary variometer * <1072 1078
La Cour Magnetometer * <1072 1078

* Onagawa
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DIMENSION RATIO

%1 Dimension ratio IZ 49 2 /BB, ¥F

XERE RO T4 biaxial B core & LTEHATI TIKHRARED dimension ratio 2F
LT AE28mm OZOHES 2 AICH 2 RICRT < 2NN coil % 9825[E
Bx, ThAEHRICERTE. 20 LKz £0 3894 turn OB coil 2#x, WEZE
KRhT (F72b B biaxial K LT) —HICAZ 16mm OAREICAN, TD LI 4464
turn @ cancel coil, 4464 turn @ feedback coil, % XU 4461 turn @ calibration co-
il 2#\T sensor & L7 ABEBIXICRTH, ALBEEBRALL TRV IILKE
3, balloon HFHBELTRTHNETHY, »OEI 2m BED induction magneto
meter @ sensor 0, E < AMIC REBBEERATH ANV DIC/NET portable
Bbrsd.
3. EHEHORERE

39 1kHz OEEBEEXRRBTIED, BHMIBEZET sensor DEE 2 4 IR
T (BANZR). REZOHMAIZI T, frequency doubler T 2kHz KZE#IN T phase
shifter, amplifier ##% T phase detector IC A &N 5. —7, sensor Dif1%E 2kHz D
bandpass filter i@ L, HWIERTHIEL T Nnd phase detector K ANT 5. WHEDA
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BLOCK DIAGRAM

CORE

| KHz AMPLI- 3 E 2 KHz AMPLI-
— —p
OSCILLATOR [ | FIER | BANDRASS FIER [
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I FEEDBACK CONTROL‘~‘

FREQUENCY PHASE | | AMPL|- PHASE | |
DOUBLER SHIFTER FIER DETECTOR
OUTPUT

®4 50 cm £ fluxgate #7753t block diagram

HESTHEREAT 5 & sensor B AR ORENAETE 5. MERD XS 5% IC bias
LLTHMENTN S NS RS DOHISEH % #iHd 31Ci3 current control Z#% T sensor
® cancel coil i cancel EH A HHITHICBAELZRAOTRBRENTEEDT, £0OH
HERYLa—F—icERETAEED. BE5XEI, 7o b YBEHREELHEDT v 7ITK
%1 50 cm £ biaxial B OB FEKBHERT H, HHE—EOEKTHEAT ST
LicEE I

4. HMESIBNEBHTR

DX 515 sensor &EFMEBIC L - THK I N biaxial it %, FILKFEER
N MRS BB AT 2 8 L CKER D OO EBRGALE S -0 nH 6, TRTH S £
NENOROFHICIE, EEOLHICBAERKRIN TS biaxial & fluxgate /&5 &
AR—HRTRLTH S REBEILBEL TS, SRBWIEIN 50 cm & biaxial B flux-
gate @ A13H3, AHI3AULD fluctuation 2 HEWK, L OoBOTARETLHEL TS
CEBAME. LrbzhiEsr0 i, 0 fluctuation ® LICERE L Pc3~4ran
ge DBLRERSKE T, BOTHBRKIEIN TR EBD0»5. TN artifi-
cial ¥ 712 instrumental noise T <, BRDRFHTH S C i3, RBRFCRIETES
NTVBEERAFLBREHRT S EICE > THODHSNT B,

5, FmEER
2. Tk~ X S5icc D50 cm £ biaxial B f1& sensor @ dimension ratio (3 2.0
10° THBDT, D dimension ratio 2 &I, HIE I/ sensitivity & noise level
A% 1IMICERT plot LTA5LRAND2EBADK SO, HFFEDERD biaxial &
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CESH HULAR L RSB ICRE S N @ E, £ S 50 cm
- & biaxial, ring-core fluxgate B3, Proton B/12t

RTIFHCH U TREOUREICEIE L 7o 2 235325, RRIC B TIE dimension ratio i<
X9 % sensitivity & noise level BEMRTEREN T B8, B AD dimension ratio
ICH L TZN5d saturate LT 2RO TEHL dimension ratio T L TR AED
WAHOHERICIE BT TH B,

RITZ @ resolution & magnetometer @ resolution LA HE L OB INTH
5. BIEMRIN T3 biaxial & fluxgate @ 15HCH L T 102 & resolution »3[ F L
T3 &0 5. SQUID BREAGFICHOVTRARKMARIN TV 3 ER (JLHIZH,
1977 ; ERIIYFEFEL 72 resolution, AMBRIIIFRBIZES B2 THAS resolution) I & &
DONtehS, BEZINRLDGMELTWBEEDLETHS. BLINIIHSIRE L TEEX
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FREQUENCY —Hz

®£8 LR A OB BRI T 2 resolution

NTHBDT, BEDS (49 <1072 Hz) 32 ® 50 cm £ biaxial By FHKEE
BENRTTHE KICRONBETEL, 2OS0ecmERNEFHENZED, WINERIFTICSE
BELThHAHNHFER La Cour BRSSP induction BIREHE D REE 13 Z 12 ki wmans, <
NSO AEHCH LT 50cm & biaxial B fluxgate @ HEHI /N, 88, @i, sy
BIFOBEMFICHOOTEIICH > TW 5.

COMAETTREREHE A1 kHz 2D T, BEKEEBMBRSKRS O REEELRE, ¢
345 Pc 1range £ TH4 cover LTV AA, i b station B O IEMSBHELE LT
I3Z T ET cover §AHAMERRBIENEEZS. BERSEIKELI02nT 28453 Pcl 3
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<REL, HOEMSMII 10° nT BEORSEbRKICEHEIEL> LTS L La Cour

Eﬁﬁﬁcmegé&%f,cm?ﬁﬁﬁfilwszuicﬁg&tﬁé&iaiﬁ
EAM DI EERAMICEEI DL THS. EMRAB@EAGFOMNE filter 18 &% AW
TEAMICRET 2 FRGELELN, ThiEbd b b ERINBUMITTH 5HEMN
2N NIEERT, B8RS A< induction magnetometer Tl (IBEBRIC ~107*
nT OBECEITHRELTVS. #£-T, HiE station A AEE LTI, MBI ELR
U<, BHET S EERECRUTEGELLESR, FRIEHIFERSTBEREP
nE1sDT, L station A& L THEBED 50 cm £ biaxial & fluxgate @A & LT,
AFETEHELLKEETHITH B,

Hi k& RS > CTFEHEMICE 3 EHBESHO dynamic range [F#l E X VRS THELL,
ATHRICHEET 2ICI3ER, B, sensor L EICHIBMBS 2 DT, TDOHRFICI bia-
xial T2, BIBH (FF b, 1978) Wik~ 5 < ring-core & sensor& A 7
BAHFHEBOBEONEHATH 5. :

£} 3
AFCG LT, BEILAPETEMRREE O AR CEREBLDOTT TITEL EH#T
A.
' 1978 4£ 11 B 2 B
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