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The Performance of Micro Fluxgate Sensor with Magnetic Core Shape
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Abstract

A fluxgate magnetic sensor consists of a solenoid excitation coil, pick-up coil, and magnetic core.
We presents the effect of magnetic core shape in a micromachined fluxgate sensor. To observe the
performance of fluxgate sensor with magnetic core side width and gap, side width of 125 um, 250 pm,
and 500 pm were designed in a rectangular-ring shaped core and the gaps of 0 um, 50 pm, and 100 pm
were also fabricated in a racetrack shaped core. The solenoid coils and magnetic core were separated
by benzocyclobutane(BCB) which had high insulation and good planarization characters. Copper coil
patterns of 10 Bm width and 61 m thickness were electroplated on Ti(300 A) / Cu(1500 A) seed layers.
3 um thick NiosFeg2(permalloy) film for the magnetic core was also electroplated under 2000 gauss to
induce the magnetic anisotropy. The magnetic core had the high DC effective permeability of ~ 1,300
and coercive field of 0.1 Oe. Because the magnetic cores of 500 um side width and Oum gap had a low
magnetic flux leakage, high sensitivity of ~ 350 V/T were measured at excitation condition of 3 Vp-p
and 2 MHz square wave. The power consumption of ~ 14 mW was measured. The fabricated fluxgate
sensor had the very small actual size of 3.0x1.7 mm® When two fluxgates were perpendicularly aligned
in terrestrial field, their two-axis output signals were very useful to commercialize an electronic
azimuth compass for the portable navigation systermn.

Key Words : Micro, Fluxgate, Magnetic, Sensor, Racetrack

1. M B de dAmdY HEIYE FAH Yt 71E

A& e A4 Tojd NAY S4 5 TS

BedA AET sl ) AA2A BEL gg opun oAndd $23 @ BRUFE

AClE AAE 7HY mgte W nRssel 544 FFael AAS NG, 3o} R A% A

AAD Qow, 10M-10°Te) AAA FAANNE £ Frjgow wswo od 9% ARA

AF 9 AP AF A9 27 € I HAE Zo]X W @Ol JRe A& WEE WEA 7o,

& 5T FALAOE ANe AR FHE D gz mge o) A%e wAPe 24T o
FAE As2RE d48 Ax metel FAH 2 AAe) A7E & 5 AcHI 5L

Beaols MM ATE 1930dY 2w

1, ZeUEn 222 5rnt 01-?—01&2‘3%, 1935 H. Thomasoﬂ 9’]3']1 -’]%2-

(ZZ 28 XHE 123 2 53] §Fc] olFoiill =3, 49 % 27

2. Z2EUiEy Mety st T4 F. Primdahl ¥ P. Ripka®l 98ir T&

a

. Corresponding Author : cwy@kangnung.ac.kr B HAH2-5]. Ao gy f o] §E7)
HaaXt 2004, 1. 30 =

13t ALAL 2004 2 23 A el ANAY A2, wEFS &
Atz - 2004, 3. 13 L axed ol&H3 glom, AAEA FhelA

508



o 249 AZ7) B B AW
B4 9gg0g ANE 24 2 #Ax AL F
g YA A48 2 ITST HAL IS &8
& BAga goHel o1y d &4 Wele Fdol
Aol 28, AF 2 AsbAs s e el
o, Hdo HE AHINE /& sygow 3
vho] 2 & W Al Y (micromachining) W& ©]-&3}<

we AEst JrH7-13)
zeszolE Axel a7 9
Fi ARA =l Az FW % U
ol e AAPE S wss J1E A7g
| eld wa ol 94 @ s a0l A
44 2918 Foli-d BUEZ A8t g
o, mol dAlgape A @%ﬂw ESR
Fod A4 48
omﬂm@xM1@
ol o]& Faf AR Tz %o
*11%*1 2o) Wl ol@ B

Y A e A EA

Al zhaf e 1=

A 5 E4q0) &

_JE of o
3 o

2

5

rlo

e SLord 24 o Y of
B .
N
X
il

|
|
N

2.8 o =

Eelzdole MM AA/AZ gdoln A%
Ay FeaAolE A NRTEE o Fa%
o o] FxE nEA&e ARgA Zelsh v

AF(pitch)9] izt B HAEFZLE AEToEZH,
ARzt AuAEE ¥E 4 9l o] FFRi=
QEAAZL Qliz BY, AEFRY FEE H2A
el By Vg ez gAAgde] ok o] Wit
°1| sreloll ®ighel o T Mo A= vlFA
o ypol JehA] @tk ey o §-2A v}
°’J7}5}E‘ AZH daAgLe et Eed QAL S
%7l witol 71gat nxd JRe gate 5z
azxg Aol vehA Hlnh o] -FAHANX
(n=2, 4, 6.9 "’Z"’]r AR FME A2ux
oA Hue HnXNgE 2HA =He, ojd Amx
Wi AEgo A, QT offset o] gl& AA A
#o] ZbesiAy. A2 %3 (Second Harmonics)
AE Aol 9)at ZE(Sp)v= 4 (D Zo] FHE
4 UtH9]
Sy =8NAU 4 [, sin| —= (1)
A7A, N& HEIYY 7+ 3, A A=A

509

ANAAA g =T, AlTH ASE, 2004 54
Foje] hH A,
(effective permeability), fexct>
AR Fole] xR
ofmghet. o] Aol A &
o Hde =g

g AAA

o

soje] Ax FA

o2 Fops, Hs
i A RAYE
150l Hp-2H.0 3%

,|

Width (250um)
—_—

Side Width
(125um, 250um,500um)

Magnetic Core

Width (500um)

t
Gap
{Oum,50um, 100um)

/

Magnetic Core

selammay ¥4 o &¥ F5Y
gaole MY A7 FEE

. New structure of the differential fluxgate
sensor fabricated using micro machining
technology.

a9 12 mlojazmAld HEE o)gsle] Az}
EY2AlE AXNY HA Fxrkolw, 1Y
(a) dXE A zole] 2HE MA 7l £3hs)
gdoo] ;o] (250 pm)9) 1/28] (125 pm), 1
H (250 pm), 2¥} (500 pm)E FAste] 7S &
Zd i3 FE 54 qEHES BEYUY. 2
"él(bml*i% Fo] THA hE g dolr7|
98, =o] AL 0 pm, 50 pm, 100 ymoE T+
Asled AAsI od, olul 2 ;ole] & 500
um= 3Pk ;o)) ABEE ~13008 L T

z

A4S zZte Y Zo|(permalloy, NiggFeo2)S Ab
gatgion, 3YY AR2Ee AFALERE F9)7]

3 ANHEES 2 FHCWE AHESISi



J. of KIEEME(in Korean), Vol. 17, No. 5, May 2004.

3. & &

=

a9 2 vlolaR FHAACE Ay AAME A
237 9% a9 1(a)e) X-X', Y-Y'shHo] st
AR FHEE vz god, MME A2
A% 71BoRA HEEE AR AEE V)
& Ao 1.0 yme) FA=Z A3uke F4sgoed,
ANNEEFS 93 seed laver2M Ti(300 A) / Cu
(1500 A)Z DC sputteringB 2.2 FA s 4t &%
Yo AL A8 Ari=d AHE o)L n
Y e 53*& R ;’?4 e *}]
of & Ti(B00 A) / Cu(1500 A)E  IBE(on
Beam Etching)& ©¢]&3] AART. S5 zdd
ZQA =mole Alojo] HAA ¥ H@a st FL
benzocyclobutane (BCB)E o] &3le Az HFe
3E 34t ©] BCB A3 Hol HHERZo] seed
layer® RF 2¥HY Wyoz FIAAZ F LB
A ZE (AZ4260)5 o] gste] HEHE A
Zgetsch AAAA Fole] Aol A
o] ddg 95ty BCB HHEE =%

X-X’ Cross-sectional View Y-Y’ Cross-sectional View

(#) Oxidation, Ti/Au Seed layer deposition, and High A/R PR patiterning

() Copper electroplating, PR removing, and Seed layer removing

{¢) Insulation layer deposition and Planarization

(d) Seed layer deposition, Permalloy selective electroplating, and Seed layer removing

() PR resoving and Seed layer removing

O™ 2. MEMS 712 o 8@ vtolag T2
olE A7 MM A FHE.

Fig. 2. Process flow chart of MEMS-based
micro fluxgate magnetic sensor.

510

3 2ds 43 mde A7 a3 ¥ &4
mol= Y2 :AL A A9 HAFE
RIE °l#3l4 through holed sttt AL
through hole® %3ld stizdzm ARzads o
AN # glon, oz s &dol= T2
298 WG A% 2de) AL BEE Y
U LT WHE AEAey, HF 29 ¥
A 29¢ 8337 st A =X
o RERE FAHT F A 7] AEE A7t

Fig. 3.

A zE upolaE ZHAAOE 27 *ﬂfﬁ
o (- BY B A= AR (

v ek @u AL

(a) Microscope top view and (b) micro-
scope cross—sectional view of a fabricated
micro fluxgate magnetic sensor.



d

ARHANY 71E2 Aoy
Ao Fetgdu] 7 =
S BolFa gtk 19 3(a), (b),
(c) 50 W Zo] ztzt AM7E Faehiz A9
o] mo] F(250 um)ol 1/280(125 pm), 19§(250 u
m), 281500 um)E AFAHAeH, 1" 3(d), (o)
)3 30] 2¥Ao] 2z} 0 um, 50 ym, 100 pm=E A

}

A}7]

[eivi)

&&‘J ZEadole AME Ho Fa gt 19

Yl @ s0] % 500 um®| racetrack shaped
core® 2zt A A7) 30x1.7 mm’E o
zrgrel, f13 AgolA BRAAFE AAY 39 144
(Dltch) 14 ymel™, =Y FAE 6 ime 2 T4
A mgEo A7AYg 2 avdEg gD
134 Y 2= A2 Y AE mde| Wz
of Y| Aoz AA AA V)T AxzY7]

2 (5o AzaAze) HApitche 28 umol o}
Eg Aol Bes FHHAA dge B
glow, A4A @Ol of 3 pmel TR #Ls
A w A E

vtoja g ZFYAdolE A AlM e 54 EAE
95t oAz Aol function generator(HP33120A)
ALgstel JHE AUbsla, AEE feto &
A 25 o] 7 DC
power supply(Agilent E3642A)8 AHF & <17}38}o]
At A7FE At AAe Argg ®g
A7 FAstdul. g mlo]AR EEaAe
A7) AAe] AEIYLEE EHEEAAE
2zt A&38l7] 98l spectrum analyzer
(Agilent 4395A)% °l&atslon, 7]l ﬁliﬂE

2 GPIB Interface® %39 FAFEHZ Aojsy =
A3kt

4 a

magnetic shield systemoll

n

=3

4

vholaRvAyg FFoE AAH
2AlE x7] Al
B o FEmolm

holzz Fel
19619 A&
g s
s, A5

EE #}7) % S
zg Aol 7] Aol Bad Fe A4 A
FolE M2 Adste HAZ(closed magnetic
path) & T&stAch BFoR 48 A4 o
Mzo] ol ErX}wrﬂlr ~0.10e9)

511

RREE ELE IR

A17P #5E, 20043 5¢

20
(a)

V“: 3V, ., square wave
15 L H, T gauss

A 125um
® 250Qum
m 500um

o

Induced 2nd Harmonic Voltage (mV)

Exitation Frequency (MHz)

Applied Voitage to Magnetic Shield Box (V)

-0.3 -0.2 -0.1 0.0 0.1 0.2
15 T T T T

(b} «B

n V": 3 VP_P square wave
f: 2MHz

-
o

Terrestrial Field

Induced 2nd Harmonic Voltage (mV)
o
0
he
»

-10 - L]
-
1

-0.5 0.0 0.5
External Magnetic Field (gauss)

2 Z(side width) ®3}
Al 2nFst A (@) AT
AF5A.

o 1

_{
lo
T
ox
=)
S

Fig. 4. (a) The dependence of 2nd harmonic
voltage on excitation frequency and (b)
linear characterization with magnetic

core side width.

3

| W A 2mad Akl @) ARTAL o

(-

.
i

N
o ox
s
%

w
=

Aol A BofF A%
M7b BXske 9 :ol E(250 pm)el 1/24)
(125 um), 1¥H(250 wm), 24}(500 um)2 F7hatse
2 A 2mzg Hdgel FUMEE & 4 o, o
T ShEFE Ay FH27E 3eld
g S W dAste Y A
7] aﬂ%ow. “f‘f& *11*17} Baeh: 99 Fmol
50 bm )4 IHH mE 71&o72 1 Z7}8

13
I~



J. of KIEEME(in Korean), Vol. 17, No. 5, May 2004.

@ QAR L Q7 W AN B
of ARA ol

)
= e 2 MHzAl A 242 <F 10
93 mVe A2uzs Hog AYL 2
4(b)e] REAA e W3 A2mzate HFEA 4
2L RAA A7E A-B-C-D-ALL R 0)Fo
Beoew RAA e ojhdd 4 A9 Uth
A7 Faste 999 (250 um)e] 1/24)(125
um), 190250 pm), 2¥0(500 um)el =& ZT x4

o] A7) AﬂHOHH -1G~+1G9 W2 9 RAH

JAeNAE FL HIEYL BT

— 50

E m) —u - Qumgap

- . ® - 50/mgap

@ 40 V,,: 3V, , square wave A 100mgap

g [ H_:1gauss LT LT

- -

S |

g 30} . Bl

§ "

E . 0000

- - Y ey

% 20 )» - .o' ."0.....

° " .t oo

= - .

~ .,

g 10 | o

g .'. JYYYY Y VYV

é ;: A‘AAAAA ZA';:’AAAA‘AAA‘AAA‘

£ ol,at . ([ @2Mhz ,
0 1 2 3 4

Exitation Frequency (MHz)
Applied Voltage to Magnetic Shield Box (V)

-0.3 -0.2 -0.1 0.0 01 0.2 0.3
=~ 40 T T T T
£ (b) . B
g 301 v :3v, square wave ,/.l b
8 20 f, 2MHz /.,l/.(.
= o e 4
2 vl e®
© 10 {g o® y
[~ AAA
g 0 AAA--;'C ',AAAAAA‘A
5 aanasd ¥
I 4ot ¥ .
° g
2 g
g 20 - .,./ a - Oungap |
8 .y . —®—50ungap
3 30rp_ m Terrestrial Field A - 100umgap’]
E _40 —1 1 i 1

-1.0 -0.5 0.0 0.5 1.0

External Magnetic Field (gauss)

O™ 5. AR Fo] 1hE(gap) WE) WE A2

nFg Age (a) ARFHF gEY H
(b) M3
(a) The dependence of 2nd harmonic

L‘—:_/\-]_
Fig. 5.
voltage on excitation frequency and (b)
linear characterization with - magnetic

core gap.

512

—~ 15
E _(a) V_:3V,__ Square wave
~ f : 2MHz
@ 10 jany o 4
=] 5 123
£ Y
[=] a () " &
> 5- b " D“’
g .l Dur " X -a Xis L
o - T n / 4]
E 0 F HD -. £
S a3 a 1 »
% D:I -l I'J‘ l.
=] L]
-g 5L / Cm? .-.- DDr‘ .-.
N Y-axis Rt = "
o [ 4 Jfr"
8 10} g 2
E]
=]
c
- 15 1 i L
0 20 180 270 360
Rotating Angle {degree)
15
10
s
2E
a5 i L,
h-3- " =
0 4 :
23 % InTerestrial Field =
Q2 E L % H
6 -5 % -
$ £ “
> & il"id .r-‘r.
T ol LT
o Measured
® - Normalized
15 L 1 L 1
-15 -10 -5 0 5 10 15
X-axis Induced 2nd
Harmonic Voltage (mV)
a3 6. (@) XFH Y& ZH2AE A7 AA
o] zldzt Wste] wE Auzd HAY
Wakel (b) X-Y plot.
Fig. 6. (a) The 2nd harmonic voltage of X-

and Y-axis fluxgate magnetic sensors

with rotating angle and (b) X-Y plot.

a9 b5 AR Fol HA(gap) WEe] mE
A2nFst Ao (a) ARFIHE o4 " (b)
BAFI ok A4 3o AL 2
AAZ EBaAclE ANANE AT
wol oo Wt
Fasit 4 (o=
A ¢ iOH gap®] 2717 7}
%7}‘8}71 Wl M2zt
At 23 50 ume] v
27) AAMelMe Aol
ATt Al &3, 2 MHzel ztFaa A7t
Aol ¢ 22 mVe A 21Z3 AYE Holw vk
G 3o} Aol gle AviAAMe BSd 25
MHze] ozt F3k5= A7 Alell of 395 mVel vl

r_u mio
Ne

g
=
F

Al &7t



2 A 2:uxs A4S RAFI glon,
= §Y9d 2719

cored ZE AARTE
racetrack shaped
Zh ZHd 93 dddci14]. =3 1%
5(b)9] HHFEA A3 A7AA A7HE
A-B-C-D-A&2o2 o|FolHT A HAF
7-];112-1 o] 7FAo] e 73_?.. 1, -1G ~ +1G
o] {e FxA Ao 350 V/TY n4%=

T8 HYEEAS By, 2HAEHLE “14dmWH
100 pme 2 =AA F7HeE Al
& A2nFa Mol HyAol UH%
o ALd wuady &

B

o9
rectangular-ring shaped
$53 BAoln, ol
g 7]

core®l| ZHA 34
RHno=

= [e]
EHE

1o

}ﬂ

_\Qn}iﬁ__\l-IOLr

5 HAYE
a9 5(b)yel A nz

racetrack shaped coreE Zi= EZAAolE
AE X, YHe=R
xE2AA 60E FAANZEA 4 AMZEE A
oA A 2maEd s ¥AF die ¥

el X BoFrh addA HYgFe AL, X
YHSZNY 4o A 2nxn &9 Ade 4%
sine, cosine WM& & RAFu glon A 21F
Hetel Hdlgke ¢F 10 mvelth o A& X,
Y plot& 84, Z1® 6(b)ol A2t & compass?]iE

2 ¥ 5 e ANE e+ A,

5.

My

=2
[

o} £3&}a] racetrack

Zg A~ olE /\1]/\-]

Al A }oﬂom]

Micromachining ¥ %%

shaped core® 2zt

2403
(micro fluxgate sensor)& A A
o] &1 Z(side width)}

= "3

At fEstgdot 2ol FH E2 AM7F 528
= 999 3ol ZHut F Fool, FAT 54 A
e WAE $ AL, 50 pme] 3ol AL 7
= Al A= 100 llmg] o] AL ZE AMA
H& 48 A 2nxs 29 Agy MYEAS
Ho] FAY B3 3o 21'7—3.0 A racetrack
shaped core

Azl e B7eta, ~350 V/T4

J_Z:}E:

~HAEE 2R

¥ 548 AYH, -14 mWe

o ol 27§e) AIME o838t X, Y& Al 21x
o AYE A4 A% T compass7I5E T
T AEE & F A¥L, FF " x4, A4

513

A7) Az A 888 =52, A17d A53E, 20043 59

g, 2= A7 dMe dAoud Jrg g8
= F & navigation A 2¥, telematics, VR A3
7] & thdE S8 &k {4 4 Uk
ZAte =
A7 E 20033

= aatage] Xyt
FHERr S99 AR (R05-2003-000-11351-0
g A3 g9gen, od zZA=dYrt

ita]

g

Ho
e

[1] H. Thomas, "Direction responsive system”,
US Patent, No. 2016977, 1935.

[2] F. Primdahl, "The Fluxgate Mechanism”,
IEEE Trans. on Magnetics, Vol. 6, p. 376,
1970.

F. Primdahl, "The Fluxgate Magnetometer”,
J. Phys. E: Sci. 12, p. 241,
1979.

P. Ripka, "Improved Fluxgate for Compasses
and Position Sensors”, ]. Magn.
Mater., Vol. 83, p. 543, 1990.

(3l

Instrum., Vol.

[4]
Magn.

5] P. Ripka, "Review of Fluxgate Sensors”,
Sensors and Actuators A, Vol 33, p. 129,
1992.

[61] S. Choi and S. Ahn, "Micro Fluxgate
Magnetic Sensor”, Bulletin of the Korean
Institute  of Electrical and Electronic
Material Engineers, Vol. 14, No. 5, p. 16,
2001.

[7] Kyoung-Won Na, Hae-Seok Park, Dong-
Sik Shim, Won-Youl Choi, Jun-Sik Hwang,
and Sang-On Choi, "MEMS-based micro
fluxgate sensor using solenoid excitation
and pick-up coils”, Journal of the Korean
Institute of Electrical and Electronic Ma-
terials Engineers, Vol. 16, No. 2, p. 120,
2003.

S. Kawahito, Y. Sasaki,

Nakamura,

[8] M. Ashiki, and T.
"Micromachined Solencids for
The 6

Sensors

Highly Sensitive Magnetic Sensor”,
th Int. Conf. Solid-State
Actuators, p. 1077, 1991.

[9] S. Kawahito, H. Sato, M. Sutoh, and Y.

and



J. of KIEEME(in Korean), Vol. 17, No. 5, May 2004.

[10]

{11]

Tadokoro, "High-resolution micro fluxgate
sensing elements using closely coupled coil
structures”, Sensors and Actuators A, Vol
54, p. 612, 1996.

R. Gottfried-Gottfried, W. Budde, R. Jahne,
H. Kuck, B. Sauer, S. Ulbricht, U. Wende,
"A miniaturized magnetic field sensor
system consisting of a planar fluxgate
sensor and a CMOS readout -circuitry”,
Transducers95, Eurosensor IX, p. 229, 1995.
S. Choi, S. Kawahito, K. Takahashi, Y.
Matsumato, M. Ishida, Y. Tadokoro, "A
planar fluxgate magnetic sensor for on-chip
integration”, Sensors and Materials, Vol. 9,
No. 4, p. 241, 1997.

[12] T. Liakopoulos and C. Ahn, “A micro—fluxgate

[13]

[14]

magnetic sensor using micromachined planar
solenoid coils”, Sensors and Actuators A,
Vol. 77, p. 66, 1999.

P. Ripka, S. Kawahito, S. Choi, A. Tipek,
and M. Ishida, "Micro-fluxgate sensor with
closed core”, Sensors and Actuators A, Vol.
91, p. 65, 2001.

J.-S. Hwang, H.-S. Park, D.-S. Shim,
K-W. Na, W.-Y. Choi, and S.-O. Choi,
"Electronic Compass Using Two-axis Micro
Fluxgate Sensing Element”, Proceedings of
the Transducers’03, June 2003.

514



