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Error Analysis and Optimization Design of Intermediate
Frequency Magnetic Measuring Instrument

CHEN Ming—kai, TANG Lu-xin
(College of Information Engineering , Guangdong University of Technology , Guangzhou 510006, China)

Abstract; To improve the existed measuring accuracy , real—time and anti—jamming capability of medium-frequency strong magnetic field
measurement instrument , the low input offset voltage ,low noise op—amp was used to reduce the measuring error of the signal recuperation
electric circuit, which causes by the electric circuit static output voltage and the breakover resistance. The ADC sampled signal got peak
value to reduce the measurement error, real-time and consistency issues caused by the rectifier filtering and data fitting. Testing the meas-

uring instrument optimized , the experiment results show that measuring error is smaller than 3% ,small signal accurate detection range ex-

tended 30% , consistency of measurement error is less than 1% ,the real-time nature also has improved.

Key words: intermediate frequency strong magnetic field ; tumor thermotherapy ; ADC; error analysis; optimizing design

0 31 &

W& 2 PRI R B, RS B ROk IZ , I
BREHRT TR | BT SRR S 9UR, #
MRS REIRERE, HEMENEE
MY AR 4R F7E Tl RSB R S5 B 15 BT R
FREE T TRABRSONERR, T EETE
BRSSP R 28 18] S R

R PR R R W B R — R, R
BN S SRR R TR A ' AR,
X3 P S5 40 B B R R R I R 5 R R B Bk
B, T2 6] A5 P SRR 7 U B B AR AE ST B IS o B 3
SREEH T ATFIRI T B T E SR, Em A%,

EA eI RS ARG ENSEEE

W B #7:2012-01-13; #%[5) B #9:2012-04-20

ESW A BE A RPEEE % B H (10475020)
EEM T PRYITTF(1985-) , 5B, WL BFST AL, B 1) o i S AL g
SRS HER, B8R, BRI R R AMEERS
085 VLR PR — Rl RSN A SR RS LB R
TEA PN ] B9 R o

CA AR R RS TS X C. A2, BEXE
B Z WSS, HRNBEERE, H=0
RGBT REEBAR, (U OHz ~ 500Hz, ZIRAE
AR ARG B AR I A = B R R
# 10Gs ~500Gs, $ #3582y 100Hz ~ 300kHz, 1Hi% W
BN SRS E M SRR, 0L kR
B BRI R B R R IR R AR T B R
BRER S EMAR BARAWBERHF, XEREEE
HRESEE EEERBEAE S REFEA RS
o

BRI, SCHPof 32 2 0o o AR B 4 T B R T A
S R B HTRA ST S AEGHE, L e
T AGHAT P BRI S5 4047

1 BN S HER

Hh SR R 37T B AN AT R TR T A B e SRR IR B B
UL S BUP SRR S B B8 I /R e
58 [ 115, BBl & 10Gs ~ 500Gs, 31 % ¥ B 2 100Hz ~ 300kHe
Z B3R TR R FEMLE(EH) =



- 220 - HENERS LR

w2%

FiRES B R SR A, 3R B 1T USB 4 00 B SR 7R 0%
F U & {E% % PC HUHEAT BR 5/MF.

e S5 B S 00 1 o e 3 1 R S AT LA B BB 43
R SR B IR R R AR I B AN iR
2, TIIEN B R R 2 AT B 1R 22 A Bk 1R
%, MIHEREN—FNKE, R FHERE RN
ERN RS SRR AREES (EREED), %
B REZ HS AW ARG SEY  HRENREE
EhRBENRANE LB RGES BB HRELS
BB 2 4 AR, (B30 2 4007 o A e 8 B 42
ERLEE, '

YO B (S v B AE R R 1, B S R
IV 253 7 R 0 15 2 VSR PR B M R
WEHENEEREY, BHit, N EEXE S AEAH
AR TR U L BT R AT AR T o

rE AT .
| | 51 pags [o B [FLIERE
el | it —
o g BB LCD &7~
#| |8 [ e 2
™| vwlst [ ¥ || ussif

H1 mzn R84 ER

2 TEHREEISH
2.1 ESRHERBEIN

B P 500 Rl 5 YR A T R K B R TS A Bk R AR
S8 TR IR BN AT A, FEXHME R
RPN TG ESHTESRE, [FSAERE
W2 Bi7R o

B2 #Z5RAELR

2.1.1 MBHAKRLH

SR PO B 38 K TLO74C 4 8 = 33 X A8 K A
B MREETHES . HRENG=(1+2R/R,) =1
o RN ERASMNE BRI ILBALR, RE
R ATRE,

SATT R4 (¥ 2 ORI S R o 82 X (R AR ROK L B 1Y
&5 EEREE " AR, BUx HR AT AR AT o

1) EE AR A

T IE R TLOTAC By A FHLIE V, % 3mV, I
Fh A S L 5 35 O A o e JE T

E,=V, G =3mV

2) BRI,

(BRI F B 1) A MRTS B, 1 10 4 A MR
R e, EFTRI §, FIHLBRME AR, TR
FiL M R O S S K T B 0 (B — A
%) , 1 TLOTAC 04 0 0, M Sy 44 7 SKH
EFETR, ¢, =140V/ VHz . i, =4pA/ VHz,

e 44 M e, = /ARTBR , MU

E. = 2R312 2, 2 . 2, 2
nl“{B(l""R_)e,.+€1+€2+B(lnR2) +e; +
4

B(i,R)® +¢é, +e; +B(iR)> +¢e +¢ +
1

2R, ? z
2 < . 2
e,+B(1+R4) (an,)}

HAF R AERBHAME (2 KE), HHEB =
300KHz, e, e, €5 e, e \e5 e, 3 5l g %f 17 B B By $A 1
o HAEXBERATTETE

E, =0.041mV

I UBBORH BB SSMLBEE, .

E, =E, +E, =3.041mV
2.1.2 gaHHBFHEELR

W B BEAG T 30 ~ 3000mV #, R IEHKES,
BAEKRE, h TRENESE , RS ZBELIT
X TAHCA052 EH Mz B A S AR W BEB K H
B WHEE 4B 30 ~ 200mV.200 ~ 700mV 700 ~
1400mV, 1400 ~ 3000mV, 3 43 5l 3 ok
R,/R, R,/RyyR,/Ryy R, /R,y f&. T
FEATEHEBEERARIRE,

) ERWBRSm LRk,

R AN ( G, ) 9 10, W B4
ARFHESIENBISHEBRENR
E oy = 30mV,

2) IR E,

B AR HBEN R R ARE
E, ey TR

EoZ( max) =

R 2
\/B(l +R£) e ey +e, +B(i"R,4)2

i0

TIPS SN R K
E ) meo = 0.14mV

3) st BB B 8 R A BB ALE
Ezmax = EvoZ(m.x) + E,,Z(R“) =30. 14mV

4)74HCA052 gy S @ P T | R EIRE



g2

PREAFF 4 PR B I B X a R E I S BT - 221

B F 74HCA052 7E+5V it it SiE B fH R, A3
RI{E 2 70 BRER, Wit R, SHERRBRE Y .
6. = (R, +R,, )/Ry - R, /R,
o R, /R,
2.1.3 ZH5ABERERESH
DESRESBHABRSHLSE,
Eyw =Esmuy + E, @G, =60.55mV
Q)BAKEIRE,
L0 B UM BN E S V, (30 ~100mV ) B,
BB E A N R AR KIRE,
E Eynew  60.55
% = V,eG_. 30%10

La
P U
Cn SA/€5 + € =20.2%

BARFEMBEESIRENTE 6% AN, HIRZH X
BR, w2 B R,

2.2 BERERBRERIN

HEHERAS . ZHREASRITHEIVEFER
XA W ARG E SRR AERE
B G BIMAL AR HATALE . BRI A
FEAERBEENESBESEREAREFELRSE
RF,{H30 ~100mV {FSIBE 5 2L H 2K Yy ih 2%
REFEBRRKHRE(BRRERN15%),

BUR P B/ k3 43 B A5 S T30S, X 30 ~
200mV (55 B/ =BHE. 2MRARW, YUEEHRE
S5HRPHGSEBEERENT 5% . (HZEHBEEN
BSAEEERENER, EB/MEEHMERER
K s RIS 7E 4 BLAE 5 18] i 18] 7 s AL 218 & T B 132 20k
R RN BEA B Bk, SRS REHRTH
R B, (B RRRI B A e R A — B

=R,/R,=1.5%

=20.1%

3 FE4BEEARAIET

TR BT, TR A I B B L Soa v — B
YR E i — R, BN & B AT R
3.1 BERRBEBEBRL

&S B IR B R AR E 7 B A &
HISCEHE, T A S TR BRSNS R (I RAFRE)
BTN RS B, I TREREBRU LR
B, B ARG B 15 S H T ADC B3 HBUE
SHyE{H, ADS2807 ;& 50Msps %HEF A 12-Bit XU
MBS, KBS SRAEE N 1 ~4V, W&
BRI AE S EE R 3V, MFEXNEESLH+1V, [
HT REREEHNE N TRAE S HTRERK,
41 30 ~ 150mV 150 ~ 300mV .300 ~ 1000mV FI 1000 ~
3000mV 4> HIHA 20,103 1 1 4%,
3.2 ESRERBHEL

1) AR AE B R, BIBHIE

H e = R,/R,, MK R, AT AR HRE, A
AN 1% B R, =10K, MikE e, =0.7% ,

2) BORR AR R e B IR P IZ L OPA4228

ELAHTET A, BB TLOTAC f9 2% R JE 4 A M
A AR B E S AES BB RRE, B
SRR SR P e I R MR 5B B OPA4228 . FLkiFHL
EV, R 10pV, BEFRMLZLAE 1KH: BEFH, ¢, =
2nV/ /Hz . i, =0.4pA/ V/Hz, '

OAXER UK e B Y S R St L

SHABRMBSHEBREE,, =10V, S4S
HIEE, =17. 1pV, ML BRSO SHd 8
E E, =27.1uV,

@A B AR BBSE L BE,

BV, SIEMBSRHBE £, ., = 2000V, B8
FHIEN B,y = 1480V, U B 3138 25 A8 B B0 B
M E

Epe = By + By, = 3480V

@ FESHERBNERARE,

Egn = Eynuy + E; ® Gy =890V

@BKRRRE,

JEI B X B WU B/ NE SR 5 V, =30mV BY, B
B ERAS  RE  AE BRIIRE

E E,B.max - 890 lLV

Ey -
U SV, 6 “3omvaz O 13%

ep =

. efz_' +e =0.12%
T H4{55 V, =3mV B,

Ey _ _Egnu _ 890uV
U V,eG, 3mV=*20

Coy =1/Ch + €0 = 1.66%

OREL R,

SRR KR ZENHN 0.72% , T H¥ES
RFEEY B2 3mV BHRER 1.66% , @S
B EN MR ESERMRER N TEE),

3) EHbE R BEE K.

JEI 2 {3 R P VO B35 K 88 TLO74C MR =53
BULAS R RS , BRI — B Bk . A& i Bk
SFBEFESMANZRASFEAN TRMANE R
¥, B IE ¥ B HER B

E i, 3o A B33 B e e L E s TRV, A A EL B
a4 FE 25 1) 1E 1) B A B e, S BR BB 4% , 1532 A S o
FREEH Y. MERFHBEREBETNR SRR
REESEANE R EHOHARE ZHEER, MIER
T B e RS B ER 18 BRI 9 B0, B O R B0 Bk BR
B SRR B shi 3 AR e BRI R M
B HIBRERA %

e =

€y =

=1.5%




£ 222, HEIERS R E

F22H

4 RUSMEROEENRSHBEI R

T RS 0 B LRI RE, LA AP 55 R 3 1 L
AP LB 110KHz) RS R A B, XHi B E
— BT RS ST

e R 3 R N AT X B35 4 AR AR X ), FE TR —
S LA O 3R a K3 ) U R & A W A, A R F- T 2L
0GR BN I R AR R,
4.1 RSN RO BERE

1) 120mm K-35 V- , #3558 B R B E

£ 120mm 397 V0, AHERSR ST VYEEE
HALFHOA; BEGBBNAE, 7 HIT (S
AR # I (20A ~ 100A, F5: 3k 38 fin SA) , HKIK e %
BEE. MEREHLME PR, A By HAW
BAGHREE, By NIRRT E

A1 120mm K PaEFFRGBDRE

By 20.1 32.8 458 60.0 75.8 84.2 102 128
By 19.9 32.5 454 59.6 75.4 83.7 101 128
wE 1.0% 0.9% 0.9% 0.7% 0.5% 0.6% 1.0% 0

2)100mm 7K V-BES - [ , /M5 S R85 58 B T B
f‘i‘_o

ARSI PHEEIHMT OB
FF B 5E T A AR L D 30A, 1) Sh 86 Bh 1% S48 Y
PLE IHRKIC R B RS, MEREZmE 2 B
/__Jio

£2 100mm K535 F & 69 5% 3R L

By 2.46 4.26 6.18 8.69 9.56 10.5 12.9 14.8
By 2.40 4.18 6.06 8.56 9.40 - 10.4 12.7 14.6
wE 2.5% 1.9% 2.0% 1.5% 1.7% 0.9% 1.6% 1.4%

4.2 —HiE(ENHE) WL

7 200mm 7K PR35 F- 1 , 89 5 488 5K P i
i LT O, B RAS AL E 5 IE IR 2
1 T O Y R 45 80 il P 0 (30A (35A . 50A (654
T0A) FEER SR (B TR PE 3 R I (2 SRR
A.B) B BHEME 3 FiR.
A3 HHBEMNTH—HH

P S By B X

B A B A B A B A B
1 15.4 15.5 41.7 41.8 82.0 821 139 139
2 15.4 15.4 41.7 41.6 8.2 8.0 138 139
3 15.5 15.5 41.9 41.8 82.0 821 139 138
4 15.4 155 41.7 41.8 82.0 82.1 139 139
5 15.4 15.4 41.7 41.8 82.2 82.1 138 139

AB 0.1 0.1 0.2 0.2 0.2 0.3 1 1
#WE 0.7% 0.7% 0.5% 0.9% 0.3% 0.3% 0.7% 0.7%

3 PRAR R BB T LR R BV R 10 ~
300Gs B or I B3R, R S ARBE A B KW E
WS, ZRMIRGRRY, RAHGET SR/
e S B S B BB A — Bk, Rk 3

ERFNEB/NUEHE ST, Kb AB REZRN &
Bz BERAKZME, REHR AB 5 BHEF9E
HIELAE
4.3 MRABEAHREE

B 1 AR 2 B AT, o AR B B A
W/NT 15Gs BT 1% ~3% iR, EHMEB
Rl KEDNTF 1% , B AABHFNEREE.

B3R 3 — B R B T, W B A IE OB
RPN ESREA -, AA RN E
MEEM. BEMHIME, BRENPMT 1%,

5 4FRiEF

1) B ARG % VR oL BE IR 7 53 B OPA4228 {55
VLB L B ) S e R T B LR B KR 22 20. 1%
WK 0.72% , HE K £ B HEHILTF % T4HCA052 H# A
oL BEL S R 5 L FEL S R AR 1 4 . R B4
RIS SR LY RS 3mV, HE/MS B R 75 B
5% 30% ,

2) SHEBEUG 55 B ADC RAEREUE S W
AR R EE A S BN BiEE et
R — B8

3) B BRHE B R BT (U BURE, T 4 384T
PR R 407, B M R B WSS
RS AT B G — S B B T 1

BEH:

(1) BRRtH,BEE, 5 U % BNET RSN R MR
T ). WiAEE AR 24,2004, 18(3) :259-262.

[2] Jordan A,Scholz R, Maier—Hauff K, et al. Presentation of a
new magnetic field therapy system for the treatment of human
solid tumors with magnetic fluid hyperthermia[ J]. Journal of
Magnetism and Magnetic Materials, 2001, 225 (1-2):118-
126.

[3] Wust P, Hildebrandt B, Sreenivasa G, et al. Hyperthermia in
combined treatment of cancer [ J]. The Lancet Oncology,
2002,3(8) :487-497.

(4] ZEE, BEH, HMA. PRRESG BRSNS
RHT]. a8 51 R 4E,2010,29(12) :96-98.

(5] =Bl TR MBRAMHEZRIT(D]. M. T K
Tl 2% ,2010.

(6] JAME HlZEEmEBERRESH[I]. T EE,2009
(9):10-14.

(7] #|ab). BRI B E B shaMERH]. BH{E R, 2010
(15) .88-89.

(8] SKfER.B T BOKSKMESEMZHABUHF BN
Fum ot (1], sl 5 {3 ,2009,46(7) :61-63.

[9] #k ik JEMRARFSE R RO B MRS AT (1. B

(T#% 227 1)



w12

U SERT RAERERARRT - 227 -

IR AR EPRBIE R ERNESRE, &
56, R R 7 B VAR B, R A% 4F 1N Mach = 2.

244, p =1.0 kg/m, V¥ Im , T =288. OK [@4 o5
TEMRED . ATUERERENERSERTFNEE
—3 R E T W RIUR
08}
H Bigh-Flow
I - = == ABL3D
0.8 [ & Theory
Yoa i
02
o —5.2 D‘4-l‘- u:;- 55 e

B4 FREQGERSF

RIG, SCHRLT lehr WRBA ERKBBES

B, SHE BT RS RWE S B, R TR
P A, BIEW TR ESR R IEFRTE

0.025

0.025

L

0.015

0.005

o Bl

0 0.005 0.01

BS5 L##4=zHE(AHB% AHL3D, & H % High-Flow)

5 LRiE |
PR R AR CFD 3 R RIS, ST

MATTESMET CFD KA p05al L, it TER
TAREEMRK CFD AR, @ RH TR A
BRI 2T G0 BRI, B4 A
ARGRMY R E MR, BAE R ERA R B
fREAs. B AE GBS RBAT IO, BiE T
PROAE SR A TEBIHE , JHE KK BB T 5 1 S B 2L
SE MRS R o

P3N :
(1] a4 HE WA (CFD) M8 P J]. WEERH K
2247 2005,26(2) :161-165. -

(2] # Y BNBEoeskis TRPBAL]. THEYK

ALY %% ,2008,18(4) :127-129.

[3) # . KRGEF CFD 34 b R 550 5 300 25 MU BT 52
[C]. MR P EE S H%¥R,2011.

{4] Shaw M. Toward higher—level abstractions for software systems
[J]. Data & Knowledge Engineering,1990(5) :119-128,

5] REA,EEH,E . %T RUP MUERR BT RE

RERALT]. B FEAR,2009,32(16) :95-96.

[6] Barrett D J,Clarke L A, Tarr P L,et al. A framework for event
—based software integration{ J ]. ACM Transactions on Soft-
ware Engineering and Methodology ,1996,5(4) :378-421.

(7] kEX ETHESHOERGERREEARII]. HE
PR 5% 8,2010,20(10) ;146-149. '

[8] F ielding R T. Architectural Styles and the Design of Network~
based Software Architectures [ D]. California; University of
California,2000.

(91 XIZ%. CFD 3K RYEMBABRD]. AW FEES
AT S R R0 ,2001.

[10] &X&BH. ﬂﬁﬁﬂi%%&d]ﬂ#ﬁﬁfﬁﬁm[ D]. 4. of
HESHAPRESRRED.L,2005.

[11] Zhang L P,Wang Z J. A block LU-SGS implicit dual time -
stepping algorithm for hybrid dynamic meshes[ J]. Computers
& Fluids,2004(33 ) :891-916. ‘

[12] B)fide. BREMBRR I ERSIBEMR[D]. S5
Bz ABRS KRB ,2006.

L e T T e e A S e S S S e s e e s SO e L S

(L#EF222R)
HEHOR,2010(11) :61-65.

[10] Felice C, Calogero P,Pacle M. Full Model and Characteriza-
tion of Noise in Operational Amplifier{]]. IEEE Circuits and
Systems Society,2009,56(1) :97-102.

[11] Urs A M,Steve T,Pierre—André F. Fully differential low—noise
amplifier with offset reduction for high—resolution neural signal
recording{ C]//2010 Conference on Research in Microelec-
tronics and Electronics ( PRIME). [s. 1. ]: [s n. ],2010:1-
4.

[12] shhoy, WERE , 3% B 0. BOBUR BB A4 i b o R 2 ) R

BriJ]. iznin 5 H A ,2010,6(15) :4001-4004.

[13] Carter B,Mancini R. iz B A AU 3B (M ]. Bh 875,
%53 M5, AL ARRHEHS 1S53, 2010,

[14] Bae S,Lee S W,Hirukawa A, et al. AC Magnetic—field—induce
Heating and Physical Properties of Ferrite Nanoparticles for a
Hyperthmia Agent in Medicine [ }]. IEEE Transactions on
Nanotechnology ,2009,8(1) :86-94.

[15] BEHR. FHRERA RIT IS RIS SEE(D]. |~
M2 I FR Ik K2#,2010.



