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[Abstract]

Methods : Magnetoresistive sensors detect magnetic field signals of the Fe-Fe;O, core-shell structure nanoparticles which simulate

Objective: This desigh was based on magnetoresistive sensors, which realized real-time magnetic drug tracking.

magnetic drug. By conversion processing,spatial information of the magnetic particles can be obtained. Results: A virtual real-time

detection system based on LabVIEW can display magnetic particles’ position. Conclusion: Experiments show that the system has

good timeliness and accuracy,and can provide a new in vivo detecting approach of clinical studies on magnetic drug.
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Figure2 Xwray diffraction pattern of Fe-Fe;O, core-shell nanoparticles
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Figure 3 Magnetic hysteresis curve of Fe;O, and Fe-Fe;O,

nanoparticles
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Figure 5 The pins of HMC1043

212 FAi/BAr e

A% A 2 B G T LR ﬁz‘éﬁaﬁﬁ%ﬂﬂﬁﬂﬁﬁz‘é
RS fﬁ)ﬂ‘zﬂbﬁ WEWE AN TEA e Hu S 17 ] —
Tl MR AR S AR Lo, %Ufﬁﬁu/ﬂuﬂ{mt
Tl W 25— Wkiﬂ%ﬁzﬂtﬁaﬁﬁi%, TRAEAR s
RIPE

B/ SRR — SRPRFRHLBEA 5 Q, B AL/ AL
B BK AT 500 mA, B/ B AnE 6 B
7, EH DA DB {55 H MCU ##iil,S1.S2 AR
Prakegn, BEGERS , B C2 YUl T , Wi
A 5V, 2 MCU #iil DA = 0.DB = 1 i, 25 1 4
SRS T AREAR G AR, A C2 Pismr AR &
KGR B C2 R, R /R A FL B, 5
WCELHRVE; 24 DA = 1.DB = 0 I TEAHRE,; 24
DA = 1.DB = 1 B, A =ARAEYIAN T

R1
— SR-
C1 1K
4 <
104
= Gt SR
AGND 1
R2
Ql + —(>/<—
| TS
SIK 4.6UF . G6S-2-DCSV
AGND
[= =
Q@ AGND.
v K P
51K
I
@
—D/ :
<!
BE ess2nosv
—>\<r—
[= =
AGND

Kl i/ hi

Figure 6 Set/reset circuit

2.2 HIME5 A

BLALLE 5 VA 3 i P R L G R A5 55 RS
Hfe/ N R (AR LSS
2.2.1 BT R ok b

BT )0 ks 4 ML 12 5
WG S B h — Xl B S AT 25 O R B
ARG —AME 5B, ik REBtit,
ztii&kfrmﬁﬁﬂﬁ)# ADG5206 ¥ - ADG1604, £k
WanE 7 s,

ADG5206 HIECFHIA S R i/ IMER 2.0 V,
B AR B R8N 0.8 V., Hsh A1t a £y

=
s DI+ | © D+
‘ 1-12 ffg 5+ }—-{ ADG5206 }—» 5 —
£
-
=2
pi-| & | D-
I e e —— 2 —

K7 BT i B
Figure 7 Schematic diagram of analog switch
300 ns, ADG1604 95504 A HLF- (9 e /ME
2.0 V, i AMEFAF I EORAE D 0.8V, KBS Ui
[ 200 ns, 4HHIIFIE ADGS206 HLE R 12 V A,



55 34 55 9 1y

201449 1 FIEALST  He TG REAL s AL () 254 S /R R R G B -1209-
SIS Lk 230 O, X BLZ Y 10 MO, N . S
SPRIEC ADG1604 HIFED 5 V IR AL e e "
FHZ970 3 Q, KW EHZ N 5 MO, =
&P 4 TR SC itk 122 2 T A SOGROR o " o]l
. , . — -~ 1.05 [ \
e A, (B Hofm A FBHIGTT K AR IR AHEA :;ou
B DI L S AL AR 8 BT I | m il
n - 1k 1k R14
P O P PR P P e L . 5
1 T w7 T 1k 3 1k i 3 i 1k : R13 E = | & I R1%
(e gupupayy =
= FrIIooIin R R0 10000k
A e ta EEn
DR R
i MW—1 RS R11 e 10000k
i RiE I
AR T * R17
i R17 E 10000k
: VWA ; RS R12
i R18 | * b d .
.—,_/,I N——H 10000
LrRe [re [Re [re | R0 [Rz | ! e b . e .
2.3 0% W3, F W5 . xEeR B9 DT I AR 5 A i i i 5 S FL B
(R——— Figure 9 The electric circuit simulation of analog switch
o NI A/D B BRI Y S0
it BORAE R =, s O 3 aE AN B R, B

K8 L IRAS I ABLLIT S 45 A L i ]
Figure 8 The sensor connecting with the analog switch equiv-

alent circuit

AL KA JE PRI AF AERE S s, VLR 198 Fi BEL 2 A2 i
A DLHH— B A ], A FLBEAE B R 0.05 k.
FIFH Pspice A4 X H2 ARSI SR Fl 42 A BT
KADG5206 f5 HLEE AT T E, GnEl 9 Bk,
I EZESR 0T LR BT ADGS206 FHEAA
SRS 5T
222 AKWEEEKPAME B

e st B L R4S 5720.6 WV ~ £30 mV JF
FIRES , JCEN B A AL B, DR e T B 1Y)
HL AR ST OR,, BHE 5 &R E# T A/D R

DLHL BRI, B 5 4 i (R e L

TR FL B ) 1 B LR A RGERIREE
% e e HH i ABEBC RS I i A e A
F RO , O FRL B e — el i, 25— ok
B AD8231 ZH A%, Kz 1.2.4.8.16.32,
128 A 5 55 —GUiOR FL S B AD8221 4, Tl K
f2 A 100, HA S —ZUR A8 2% i REF2930
B 3.0 V, B QU KEMESHEE 3.0V
FiA s 5 RO HL B MAX6037 A I AL i R
TR R A 1, AR AD8231 % iR
HYSEIR I IR BT A A MAX5405 528
PHE FEL R T B0 DA T 58 B P 08 B I O LIS
R e MR an & 10 B,

1
o of 2 o = 2 ADI - OUT
_ @D 0. IuF ) 3$R6 ==Clo
)2 = 2|8 ADR21 QD 104
- AN S G0 SN N ——vesy ==
NC Akt s \ 3] ROV . = oo
QD
NA sS AN VS | 1
HINA outA qu[z ‘71m
N o 2 @ EREF 0.1uF
] Z 3 | 90.47uf R]1
o v 00
A d o 5 Lz
] REF2930
Y —
WISV m __E‘_ @D LA
—_— 9
LB WA
. GD
ol 3 las
[ HB VDD {433v
WB SCLK —— Ilmc”
—T N =
MAXS405 @D

K10 BRSO A A M i

Figure 10 Amplifying circuit and offset compensation circuit



-1210- [ S S PN

E 3B M
2014 4F9 A

3 it

R HLREN A/D s & 8 Gk BT R
B, ST H] 12 M, 2302 4 L R A4 il
MIBEEL X\ Y [ Z, Bt im0 X X, X5, X, Y
Y2\Y3\Y4\ZnZz\Z3\Z4o ﬁ‘%:m%l”ﬂ LabVIEW Zﬁ%
AL W, LabVIEW JH P 55 1 2 5]
11 7R o BB R SRS M et 75 2, B
RGER RAERESHEL, R RGN
THEEREE . T Ris AT A5 1R ORAFEUE 2L
P D55 PR S AN 43Sy SE /NS B AR T A

BT Bt R A KOt UL B A Ak B
G RSE , RPN BRI AU AT
Frefedr iy ELRR R ) et AR SRR T

AU F L T 6 OF 1 RS-232
A, S B ik S QB TRAL B Rl
B A 3 A 7 RN i A s RS A L o sk
PG R EHE 54T L-M (Levenberg-Marquardt) -1/ 12
B AR RG2S T L AR R s OB A , A
Y EIE AR EYSRIGYRES R 5 KT 12 3 Y S e 1 A
EAFBRA SR T R ;. @IRCE B S A
PSR TIT e85 R R

BEREOS

[

i
baud rate (9600)

data bits (8)

I

parity (0:none)
None

stop bits (10: 1 bit)

SEERER rlot NG

Bl 11 LabVIEW fIF* At
Figure 11 The LabVIEW user interface

4 EHENWXSIREER

41 FBEFR

R RGeS B AN 12 FioR | 127255 B R A
WRERHRIG, PIBAORSER- B A0 e 3
PGB, Hor 1 ek 58 ) il A% Jak
A, 3 AN HR T 3 A R o L [, T

P IR I JRE A T =N &l 13 o, Herp1
2 3.4 FRERER, UL 1R 2 AR ERERITHE I R
Bl 1R 4 AR IR BT AE Y ELER Rl 1 I 3 BT AR
v 1T,
42 RKBERERE

RGP AR IR R I B (9 R (5 B 2R
W BN 5 BD . RERRE 7 TS el (HhrE S
HLRE T o [F— NS 5 S 3

e -

Bl12 Sooede

Figure 12 The experimental device

¥

K13 fRias sl B R K

Figure 13 The sensors’ placement



5 34 B4 9 ]

2014 4F 9 H FAEALSS  H T REREAE RS IR ) 254y S R B R G -1211-
SERBREER 0.5 x 107 T, MRS UEMBOREIRRE 43 EAERENRER

Yifd B W SR T, BlR AR A N

K 14 FiR,
REHIR

Wi 5t

WL FERE IS
A R 5

K 14 BRI RE

Figure 14  The flowchart of data acquisition

2.70526
2.6

Amplitude(V)

= = = = NN
= N N ey & N N S

I
o
S -n

IR ILEL

6.0 cm

5.0 cm

4.0 cm 3.5 c¢cm

HIBEEZE 100 mg Fe-Fe;04 A% 745 A 9H KR
FOREIS | CE T BRI R X Rk AR
N6 em BENE 3 em, IFTE 6.0.5.0.4.0.3.5.3.0 cm
AEFEAEA, X b R 2R B 15 Fos . FLEgIE 55
BEE A 400,

A AT U Y RS 20 1.02 V EIY R
WESTIOR 400 A5 5 it Fe Hs b4, DAL HmT EDUR
i 1 FEAH [F]HE 25 A0 % s i 11 B A R AR
KRG HA B BRE T
4.4 KR ] X

TR0 0] 25 W) 7E B AR AL A 7 2 — B AE 100~
500 mg, 7 JERGHE ) Z5W AR N B S A A
FEE A Fe-Fes0, Bt Z5 M ANKIBIRL, HIALIAE
kIR R 258, I e A TN L ks
S soN el

Plot 0 LN

950 1/000 1050 1100 1150

30cm 35cm 40cem 5.0 cm 6.0 em HLFRIEZR

K15 RIS R AR X il th e TR

Figure 15 The sensor X axis’ output voltage value at different distances

P P P P P Y P P B B

01234567893;101112130”1

=]

Pl 16 SRR B 7 AR T A

Figure 16 Schematic diagram of the maximum distance method

IR 16 P J7 L2t 47 I
BT A — R B A7 B A s Bl 2 =
Bl eb Al R R ORI U R BORLAR SR

FEAR IR RTIE R Z 9 o 3R 1 2 ANIR) 5T
L SR RSB B
45 S TIHRART

ARRGR A LM BIEI TG e R T
BATHFEIA 0.1485 s, HoA Bl 1y SEmt:

®1 TRREEEFHIHER KRR

Table 1 The maximum measurable distance of different
mass magnetic particles
WEVERURL B (mg) T ARFEES (em)
9.1 6.0
20.0 8.5
100.0 16.0
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