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Advances in detection circuit of magnetic sensors
based on giant magneto-impedance at abroad

Pan Zhongming,Zhou Han,Zhang Dasha,Zhang Wenna

( College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

Abstract : The magnetic sensors based on giant magneto-impedance ( GMI) and asymmetrical giant magneto-impedance ( AGMI) effects
of amorphous alloy materials are one of the research hot spots in the magnetic sensor technology field over the past two decades.
Amorphous alloy material has been believed to be the material suitable for developing the micro magnetic sensors with high resolution,
low power consumption and fast response speed. However, up to now most of the GMI sensors with high resolution developed at abroad
are at the pre-industrial prototype stage, and their basic performance specifications are inferior to the commercial AMR and GMR
magnetic sensors. This paper briefly describes the influence of the GMI effect in amorphous alloy material and annealing processing on
GMI effect. Then, the paper emphatically introduces various types of amorphous wires and ribbons based GMI magnetic sensors
developed abroad, analog signal detection circuits and their reference performance specifications. Finally, the key techniques for
developing high sensitivity GMI magnetic sensors are investigated with an outlook of future research in this field.
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Fig.1 Simplified test circuit of GMI effect
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Fig.2  Typical GMI characteristic curves
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R RS i 1 o B
T 11 8l 7 =X O - 4 D-0 w0
ExEIY  O-@ Mo & -@ s
ENO Uiy B -@ 40 @-@ 0o
L 2, ®-@ Hr - s

3.1 #EEERAR

1995 4F, H A £ 77 |2 Tk Bl 2= 0F 58 B¢ Mohri K 5
NP it 7T CoFeSiB Ak i 22 (K 1 mm, 1 1%
30 wm) [ GMI B4 1% B 28" . vk, GMI 2% 5 3k 2
GMI 7T 14, Bl b 2 ¥R ¥ #% A1 H 5 3 — # 4 ( schottky
barrier diode, SBD) Kif it B 2H i, WPl 4 FF 7w, %0
B FTURRE GMI TR i v B, L FIAMEHLZS €, \C, TE P
ST AEEYR LA SBD K R IR G (55 . AR LR

FiAE S Voo MMM £=200 ~300 MHz i}, GMI
WA A (9 70 B8 10 1 T BRI 13 2 20 ~ 30 MHz, it
iy TARIRLE D 180°C , iFE A H i 10 mW

i v B

K4 BEHESIR G i B F
Fig.4  Colpitts oscillator and detection circuit
with GMI element

1997 4, H 4= 2 FN 8 8k w) P e ik & JEF CMOS 42
I HL 1 GMIT A% Jkas , DA IR GMIT A% it ot A
SN YA SN caaly | o /] T S ) M i o Y £
Al o B AR 77 i Kanno T 48 AP %
T AT O i S 4 R s 1 £ e 1) ML i A% Jedi ,
B 5 Fras (HE R SCTC MR AE I ) o 3% AR IS ) D4 T 2L
J& CMOS S B A SR #R Q1. Q2 FITHLFH R V%Y C 14
AR s PR R T Fh B R0 95 %80 7 = RC o s
B R, FRZE C, AU A7 Q3 H4 ALt 7 B Y W i, FH T
e SRR A D S 5 Q3 i JEL A ko
FE 3 T 305 GMI ST F—2858 K AL PE i CoFeSiB 3 &
22 ;SBD FLZF C, AR R, (R, +R,) ¥ e B fu 2%
Rz FeL 5, PRI GMI ST A AE SMiE 3 H AE FTF 19 %
W IBABUORAF AL A2 FIEH R, (i=1,2,---,7) 435l
4 1822 Bl A N TR) AR R R s s B VR, TR &
O, i g VR, FF IR R4k B g 3 5 I B 2k B T
WHE CMI TS TAES . I, 5IA RIS B B2 N
T GMI JTF R B S s GMI g 1% Jids 1 2 14
B HACHHR IR T GMI BEAL e 1 R A8

2011 4EPEHEF 4 FLRL AN 37 K2 Olivera J 45 A 5%
Ffl CoFeSiB B ¥ ZE fh 22 (K 15 mm, #R% 40 pum, P
OGEAAA24 pm) R T GMI B L RE , 2 WHE 5 (R & &
MERE) IS0 T 1% GMI @ A% 8% i TAEHLEE
1E Olive J I, B EIR A V,, =5 V; 2R
Gies AR T =250 ns (77 9% (W3R f =4 MHz) ;1% 5
WA I (R, =26.5 k,C, =2.2 pF) J5 41K
FoJE k=60 ns 7k ip (SERUR N f, =16 MHz) ; f
LRAEHLEE (C//VR) FHF VR ok v e 37 B4 g0 1 Fn .
WA, .

& 6 Fi7s g GMI SRy S il fa . V(e ) FkJalh L U



784

38 %

74HC04

5 3T CMOS ZiliR bR GMI Rk ™
Fig.5 GMI magnetic sensor based on CMOS multivibrator

1(0) + 1, BJBTE , Ko B3 1(e) AIE-WE (5 1, =10 mA,
WA R, (B C,) ATMEAERUFR £, £ 15 ~ 50 MHz
TUHINAE L . A SR B LA 1, 6 i s A 20, m] A
SBD Z Hif R K — LA o
0.6}
05t
04f
03
02
0.1
0

0]
SR (O™

1 =10 mA
PP

T AE/V

________________

-0.1F EVeES
ol £=16 MHz
_0A3 1 1 1
0 0.15 0.30
iy 1) /s

K6 CMOS Zilfikis ae M oo B IE L B (4 it B
Fig. 6  The output waveforms of the CMOS

multivibrator and differential shaping circuit

Bl 7 B s O GMI JG {4 £E Jik ob s 3t 3 s & (f =
16 MHz,1, =10 mA) ,FHFCEE AZ/Z 5HMNEES H,,
(GMI BEHRK %k S 1) H o o D LB 1) 1 56
RHFPEMZE . TR L, BT AL R (L B GMIT 35 ) 5 X
H

Z(H,) -Z(H
azyz < L) = Z(Hy )

Z(Hd(,y m) =~ x 100% (1)
A Hy e =20 Oe(1 Oe =1 Gauss = 10° nT) ; BHFLIH Z
JEIE I i N AE GMI ST A L .V, RIS A8 HL
(17 = AAEP7 35 8

AZIZ1%

-30 .
-10 =5

0 5 10

SR ELL A/ Oe

Bl 7 AR A0 T GMI TR BB ARt 26
Fig.7 The GMI impedance changing curves under

three different excitation conditions

7 HE IR T GMIIEFRE 3215 5 (f = 16 MHz,
Iy =10 mA, 1, =0) ¥ F 9 GMI FFHEM 2. % 0 <
H,, <2 Oe i, R ik ot e, 3 6 2 1 3% 80 of 9 340D
GMI 5 29 EL A B2 5 A28 M FE  (EL £ Ik o o 230
T GMITE I  34% /O , T 2 1E 3% e 3 9003
T GMIFEAH R 16% /Oe, S B 1, =2
mA Bt 76 Bk L T GMI 2 4 ft 30 T AE BRI %
(AGMI U7 ) —— 57 J5 ol B 53 19 GMI RN 43/ (2 47 4
PR AALL Ny 7, = 14% ) , Fe AL 58] 50% /Oe,
H T B GMI Rl (5 I RO S M T 3R B L%,
S R P P B 57U . R R H, /NS GMI
R It V., (L 7) WE H L 3U07 T SN IR
HL AR (ORISR s M R S i 5L S 15 5 ik e L
R E KR,




54

i AR A - [E A1 B R RE AL A A P B AR 10 e Bl 25 785

12401k, B B R Z R RE iy T
BT3RS Y GMI L It o i1, 2009 45 [ [ 37 % AR
K Yoon S S. 2 N FI AR K AL FLS LB AT AGMI 5%
PR CoFeSiB JE T (10 mm x 1 mm x20 pm) & T 40
&1 8 fizs () GMI A& ) . Horpr, IR 55 4R g i U 3132 h

f=100 kHz, V/T e ffedidi th AR Y IRAE N 1, =10 mA; =
25 HL R U TR Y GMIT g A% S iR 05 5 LA B 45t [l
B& (6 K G 5 3K T GMI R B i 4 vk B F it
i, A T GMI JC 1 i o A0l 35 L 42, {H R U
20 V/0e T %3] 0.27 V/Oe,

K

V-1
Fethdy

/

(S

- e
IF 3% 4R 5 8 N R Tmeezmosnoan,
B e L fm | e s v,
- | BB i || W ook

K8 BT (R AR i) GMI R AL &

Fig.8 The GMI magnetic sensor based on lock-in amplifier ( synchronous detection)

N T AR R GMI R A% R Bl B2 FRUE T R HT
THLREST , AR AIAL GMI JT A4 Ji 22 70 50 GMI % J&&
#iro 2007 PGPS WA VY I Lol K %% Garcia-Mique H
A NIRRT T W AR 3 00 I A 22 (FeCoSiB,
AR 30 ~50 wm) ) 2 3 X GMI @ % J& 4%, an /& 9 Jr
Ro AT GMI ST TARTE LB IR i 2k iy 2k X
TR, 7] FH A 2k 7 4 B X 1P AR T4 151 7 9 B AR o 22 3t T

(E+ i, —T
HI» e

H, —> —

B/ E G (H, = £400 A/m) #1822 272X GMI Jo
Fo M IESZAE S B IR AR f = 14 MHz, i) H IR
E"Jﬁ’j&{ﬁﬂﬂlﬂms =100 MAEH_’E 130 A/m TEE]W ,%
2= GMI JTF % A-%an s it 22 vk i, Fors i R
10 mV/(A/m) (8{#796.5 mV/0e) , fix KAE Lt
BEZ)50.98% (I1H, 1<130 A/m)

GMIJGTE
I

£+ i, ,l

I

ex
b

H,

K19 28l GMI A4 /R v ik Jt Bt
Fig.9 The circuit principle diagram of differential GMI sensor

2011 4F [P Pontificia K2% Silva E. C. 25 A g
AFZ T 35 0 RS 000 R0 A A Az 00 1) R b 22 2 X e
GMI AL &3 (DL 10) iy R ZH ARFG bR b, GMI JT
PR FERE A 1.5 mm JEEER 60 pm ) CoFeSiB 3§y
(HKESHRA L=13.5.15 cm) ; U RH i =1,
+1,sin(2mft) o Ho, 1 2V, SRBER B AR B R,
FAEE A 77 AGMI BN 5 1, S IE 5455 K A4 V, 2
PR SRR IR (1, = V,./R =15 mA) ;f BIEZAE

S RAERIIR,

v | [ o
ko || ke ;
ool |
ok [°

i | [ o

T

(a) ALK

(a) Amplitude detection



786 & I £ ¥

38 %

14 :
ERfES | io
s [1 | vt
V.
: ﬂ g
L IO

(b) AHfA I
(b) Phase detection

K10 23l GMI 2/ v i Ji 2 ]
Fig. 10  The circuit principle diagram of

differential GMI sensors

ARLAS I A4 AR SR AN H =0 I,

FLA v s Bk i AR 22 5 0 =90° , it XOR [T RIMIRIE I8
P o O, G IS H R Ve EAHUR R
et Vo =05 5N H,, #0 I, W FU A de i Hh
ok b (AR 0 22 2 SN G S H B R B 0 = g (H,)
XOR [Tt Bk o 19 SEE 5 H,JSCE EE i Bk b £ 5 241K
A 308 It e SR O A, B 5 G ik v 49 H L JRGE
oo TG, R U8 Beas B EUE AR f, /N T IE5RA5 5 U5
RWEDZ— B £, </ /100 UG HORAR A 20 K =
1000, %2 F7m A i (ARG 5 A L AG T GMI 1 s
1 RABFEVERESR AR, Ho 365 WSRO I HE i LR
AL A o

x2 MREERNSHEMCEN AGMI #ERFHREE

Table 2 Sensitivity of the AGMI magnetic sensors based on amplitude detection and phase detection
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Fig. 14  The principle diagram of the feedback AGMI

magnetic sensor based on Co-rich amorphous ribbon
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Fig. 15 The GMI magnetic sensor based on Co-rich amorphous wire
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Fig. 16  Characteristic test principle diagram of the GMI and AGMI magnetic sensors based on Co-rich amorphous wire
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Fig. 17 The characteristic curves of GMI and AGMI

magnetic sensors based on CoFeNiBSiMo amorphous wire
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Fig. 18 The principle block diagram of the GMI

magnetic sensor based on glass-coated amorphous wire
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