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Abstract

Induction Magnetometers (IM) are commonly used in geomagnetic exploration. Reducing the noise
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of Induction Magnetometers can improve the signal-to-noise ratio of the collected magnetic field
data, which in turn can improve the exploration accuracy of geomagnetic exploration. In this
paper, the noise source distribution of IM is analyzed. A low-noise JFET (JFE2140) and a high-
speed integrated operational amplifier (OPA211) were used to design and fabricate a low-noise
amplifier with a voltage noise of 1.8 nV/«/ Hz@100kHz and a current noise of 2.9 fA/«/ Hz@100kHz,
a fixed gain of 60 dB and a bandwidth of 30 Hz~500 kHz. The measurement results show that this
low-noise amplifier is suitable for amplifying weak magnetic field signals in 100 Hz~1 MHz Induc-
tion Magnetometers.
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1. 518

FH B 24 P T L SOK FEL S oS R s P B A% S (Induction Magnetometers, IM) AL B AR ZHFE
BRI R 5T SRR S [L] [2] [3] [4], AEKHbH R EN IR T AR W R E WA E 5 =
B4 . TN R A% B8 e 75 KT R e HPERE L B I B B br . WF 0 S0 R e, BN A A5 B 25
Mg 75 32 S J I 2 P 1Y B PR PE PR 7 | i B SO P 1 PR R M P L O L B ) L e P 0 R £k
P BEL 77 A 1) FEL R P 75 25 = 58 40 R R [5] [6]0 7 BN 2% Bl 1) B HE BELAS R 2B B s L, 1B E H — 31
HE R R R FELUAC R 7 ) T B TR LB A T AR 7 O % R M P P 1 R BRI AR

TR, [E N AN 2 2538 6 BN UG AL I 0 A B OR LR EAT TR % 1h . 7 Asaf Grosz K4
BIE SBOR B 3 B R B RO B R [7], LA MR A A 55 nVAHz@1kHz, FLEME A IAF] T 100
fANHz@1kHz. 1 C Coillot B¢it ) CMOS 4 i UK 4 He /K P43 3 T 535 MG [4], I
JEME A 3 nVAHz@10kHz, FEJM: A )y 20 fA/NHz@10 kHz. H. C. Séran. Yong Liu. Kai Liu 25 A%
A 148 75 255 TR 37 200 s VA5 (OFET) et BRI TBOK R B 4045 LRI Py e A /K [5] [8] [91 v, Hi Kai Liu #E3t
(RO FLBK B AR, 2R KT 10 Hz I, HA5 Ui N R A5G T 1 nVAHZ, &R0 FL it
I 75 4y 10 FANHz@1kHz, {HHH7 %8 (1) 1 FRAR 1452404 10 kHz. i Hongyu Shi. Bin yan. Li Jiawei %
NG ST (AR e 7 i SOR B R M AR 75, ELZOsOR B USRI B U A IR 2R 115 5
JEOK[6] [10] [11]. RUEATANETHH TR Z YRR e i mT BUBOR i, {H R LR /KPS i o PR i
FACEER 2, & TMESZRIEE A 100 Hz~1 MHz J85 R B8 1R T B RO g HE 2 .

ARCEETIRME S JFET (JFE2140) LA A AR 75 1) ey 8 4R Fidia S BOR 2 (OPA1L) Beit IR il E 1 — 3k i e
I 754 1.8 nV/NHz@100kHz, BN 2.9 FA/NHz@100kHz, [& & 14 25 4 60 dB, #F 9y 30 Hz~500 kHz
T EBOR HL K
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Figure 1. Equivalent circuit model of an induction coil and its noise source distribution
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Table 1. Selected parameters in induction magnetometers

1 RNMAHERRERTNBISH

ZH RN E XA i1

R I 2 P ELUAL L BEL R(Q) 100.0
TR B 73 A HL A C (pF) 20.0
R 4 e Jk L (H) 30.0
JRR R 24 P 5 il [T N (I) 10000.0
RN S S Happ 200.0
T SRR T AR A (cm?) 15
KA HL R e e, (n1V/\Hz) 2.0
JBOK 5 F i e in (FA/NHZ) 20.0
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Figure 2. Internal noise sources in Induction Magnetometers as a function of frequency
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ME 2 ATELE Y, 7E 100 Hz~1 KHz SRS P, Jo5 7 R A JE s ) g s 3 88 SR 42 Pl L7 P L
FRY AR P R B TSOR A R L T MR PR A s 7 1 KHZ~100 kHz ARV Rl A, R Ui A% SR (A e A 7K L
IR T AT ETSOR AR A IR A A T 100 KHZ B, B R A 0 R MR A O R A K
A I E S, BRI, RN S ECA RGO T, R R R RS R
WSk 75 PR BT TSR s LA a1 JRR S Ul A% TR AE 100 Hz~1 MHz FA W 7 K1 B A B 2 3L

3. ATEMKEEINEITSHE
3.1 XEHFaNER

3.1.1. {KERE JFET

152 BRI R BR I TBOC F g, ER B L o 202 H R TBOK L B e e 75 R 30h
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F=F+ (10)
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AF(L0) UL, 5RO AR 13 25 205 0K, RO LI 1) e 75 2R 400 2 b B — SO 2R 11 e 75 R
Hroese[12]. BRIk, NGBS FIBETE DL Z AR 12 BT AN JBOK L B SR VF & 22 00 EE 21

JFET R EAT M NHUERE S . K UF M SR . (RN M . i NPT 5, W T2
SEET R P TBOR LB [18] . ASCIEFER H B M X #5(Texas Instruments, TI)i) JFE2140, #8141 HLE
AN 1.1 nVAHz@1kHz, U B #2408 10 Hz, MM (K% 1.6 fANHz@1kHz. JFE2140
HH e P Ve 7 RSP T A PR U SO PR AN 2 v P L e 75 D L g 7

3.1.2. (RRAEEMEEBASR

RS BRI B 5 1 ZRIBORAERT, S T ORIEJS ZRBUR 28 AN 2 0] TR HiL 3% [ 5 B 7y SR A
AMAIEEIR,  RUMTE SR R AE IS O AR I, RO PR AR M s . (MR P L R R I P R 9 B I
(R U EBOR B . AR T TI 1) OPA211 4 RS SRS, &R Bt i R A Ay 1.1
nV/AHz@1kHz, HLJEME A 800 pANHz@1kHz, 451 HLUE B KA 125 v, 4625 56 A7 A 80 MHz,
JEFRZRIEF) [ 27 Vips. RAHITERESE OPA211 JEH &G A SCE % 100 Hz~1 MHz J& R A fh A% 28 B vt 1)
A B R L
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Figure 3. The low-noise preamplifier designed in this paper
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P55 (P AL) {1 P55 (FAL) fE
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TR BOR R AT 4H AR )3 2 0«

G,=-——% (16)

MRHE R 2 FTeh S HUE, AT AT AR SO s OR8N BR AR R AR A fL = 100 Hz, L PR#ULSR
A fy=1MHz, BHZHEOKH B A 58 8 100 Hz~1 MHz.
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O\ F AR PR RS AR M A AT A (FRAB087) X AT 1 IESZIEAAMI, 433 1 115 B BOK HL PR 11 1 2 X
Bo AR, AT B8R BT I AT ELBOK FL R 75 A B VR, A SCOR F Y48 2 S (Analog Devices, Inc., ADI)
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HRER|SIPRA P A TCRE AR Z, RN B ERRIEL S GND 2 [RA7/E /i 2, D& 45 1A
i RERRIERVFRZETE NI FIRGRARIGIE 1 /T B BOK BB BT B A& 20, SRR AT E
K HLE% B 9T 1) 30 Hz~500 kHz & %, 7 9 N B A F2E 1Y 60 dB et 3 2

70 -
—e—o &4
It B2
60 R4 R
2 50 S
2
5040
<
E %
30 T\
20
10° 10° 10* 10° 10° 10’

Frequency(Hz)

Figure 4. Gain measurement results and simulation results of the preamplifier
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Figure 5. Equivalent input voltage noise measurement results of the preamplifier
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Figure 6. Equivalent input current noise measurement principle of the preamplifier
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Figure 7. Equivalent input current noise measurement results of the preamplifier
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