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Abstract: Aiming at the wide measurement range of weak dynamic electric field signals in marine electromagnetic exploration, a
method of Programmable Gain Ultra Low Noise Acquisition(PGULNA) for electric field signals is proposed in this paper, and the
system design and implementation are given. The designed programmable gain ultra —low noise acquisition circuit takes the low —
noise operational amplifier as the core, takes the internal resistance network of the D/A converter as the programmable feedback re-
sistor, and adjusts the circuit gain by changing the digital control quantity of the D/A converter. The theoretical noise analysis of
the designed PGULNA circuit is given, and the theoretical analysis result of background noise density is 1.84 nV/\/Hz @1 Hz.
The laboratory environment test results show that the consistency between circuit channels is good, the background noise density is
about 2.6 nV/\/Hz @1 Hz, and the programmable gain can be adjusted from 1 to 128 times by 8 levels, which can meet the re-
quirements of collecting weak electric field signals in a wide measurement range in Marine electromagnetic exploration.

Key words: marine electromagnetism ;electric field signal ; programmable gain ; ultra —low noise amplification ; measurement range ;

background noise density

0 1431 ’

(6]

o ’ ’

2] o Seripps (SIO)

: (2019YFC1408101) ;
(QNLM20160RP0414) ; (2012AA09A201)

) 2022 48 2 — o

http://www.chinaaet.com



HES5RS

http://www.chinaaet.com

o EMGS )
SI10 (Programmable Gain Ultra—Low Noise Acquisition ,
o SI0O  EMGS PGULNA) , PGULNA o
1~1.2 nV/\/Hz @1 Hz, PGULNA » PGULNA
0.1~0.11 pT/VHz @1 Hz, ° ’ ’
. PGULNA
[8-10] o
[11-13] C2012 , 1 PGULNA
( ) PGULNA 1
(CSEM) ° \FPGA
’ 1f :
1 nV/VHz @1 Hz /
0.1 pT/VHz @1 Hz™, . ’
- FPGA
o , VA/D
(MT) CSEM . MT
- o o
’ ’ s 4
, - CSEM JET ;
: MT : ’
, CSEM ) .
; uT D/A :
CSEM , D/A
° A/D o , FPGA
— I I
EE R o
ot [¢ T i Ll
iR | HE N
Hah#ie T I I ¥
I I
R AN
Hiti [ ARM
P o [
$2 I I
W w 4 I I
F 3
sl s 19 s )4 P L |sa | it | ss| ws g | 1] oam | |
—f\/\}— e L Al I A A AR A
) e L i LiSTH g P rLE fhith | biik 32 |
LT ' |
MR P o e P B | FPOAZEEE | EfmiE
1 PGULNA

92 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

BES5RS

; S ,
D/A ;A/D ,R; ,R, R;s
A/D ) o y B Rs Cl \R7 CZ 5
2 PGULNA , G, ;
2.1 PGULNA A/D .
16 D/A PGULNA
, 2 . . ,
D/A RFB  OUT , .
7 kQ R, VREF  OUT T R-2R
R,, D/A v=\/4kTRB (V..) (2)
n, R, o Jk (1.38x10°2 J/K); T (
D/A R, T=300 K (27 C)),R (Q),B (Hz),
, , (2 B B,:
D/A , R, B,=f.xw (3)
n R.=(2%/n)x7k, D/A . )
RFB  OUT 7 kQ Ry, PGULNA 100 Hz,£,=100 Hz ;w
.2 Gy . w=1.57, , B,=157 Hz,
C,= R, _ (2%n)x7k _ 2" (1) (2) ,
R, 7k n
v=V4kTRB, (V,.)=1.6 VR (nV,.) (4)
Vier
] )
RFB | Ru RTE’ OUT
Vin — = . - ,
é gl 9 é‘_l— + o ;GULNA e
e=v/(GxVB, ) (5)
: v ,B, (  B,=157 Hz),
PGULNA 8 1 G o
2.4.8.16.32.64.128, PGULNA
D/A n 1 ~65535 °
, Gre» ’
G, n ) 30, , 6 Q
2.2 PGULNA R, Uno
PGULNA 3 . ) ’
S0 Rm 5 TI H s Co ) R]
,Co R, , Gy , Ry ) 0,
Rp R, ; s G, , R,=10 Q,
G, ,D/A R, R, Vs Ry=R;, RullRp=Ry=10 Q,
; s Gy , Urs Uhel
[ [ | [ [ | [
| [ [
| % xR |
[ | | [ [ 1] apc
[ [ | [ [ [
[ | | | [ [
1 T | | | L | |
el : ry : L O : T : fipEl AT : I3 i : VE I ON : A/ f
3 PGULNA
) 2022 48 2 — 938

http://www.chinaaet.com



HES5RS

http://www.chinaaet.com

€y
) €n =
0.85 nV/VHz , Voer=ew VB, =10.65(nV,.);
in=1.0 pA/NVHz |
R.., R, RullRy,
, G, R,=7kQ,
Vpg s Gres R.=
7G,kQ, Uss
, 100,
N R, Ry .RyllRp
. R,IIR.<R,,
vai=ioX(RIR)X VB, <87.71(nV,).
5 Gs R;=56.2 kQ),
V33 R4||R5:281 kQ,
V4o Gs es=41 nV/\/Hz ,
V3=51.73(nV,,) ;
i,=0.003 pA/\VHz , in ,
1006,
,R5=15.6 kQ 5 Us;R7=233 kQ 5
V6 o
’ o G4
) Vned ~ l:n4
A/D ,A/D +2.2V,
500 kS/s 127 dB ., Vap
vp=4.4/(1x107®)=1 965.4(nV,.) .
(5),
e 1 o
1 )
e o )
Gu=1 e o
1/5 s PGULNA

e

e=%/0.31+0.32+0.417+0.62+0.41>+1.57>

=1.84 nV/\VHz (6)
3
PGULNA ) 4
, PGULNA
PGULNA . PC PC

94 —www.ChinaAET.com

1
/nV G /(nV/\VHz )

Vn 3.92 1 0.31

Vs 5.06 5 0.08

v 5.06 5 0.08
Vnet 10.64 5 0.17

Vi 133.86 100 0.11

v, 133.86 VG, 100 0.11VG,
Vi <87.71 100 <0.07
vs 379.30 100G, 0.32/G,,
v4 268.21 100G, 0.21/G,,
Vna 513.73 100G, 0.41/G,,
vs 199.84 100G, 0.16/G,,
V6 772.32 100G, 0.62/G,,
Vit 513.73 100G, 0.41/G,,
v 1965.4 100G, 1.57/G,,

4
; PC
. ; PC
3.1
PGULNA 3 °
,PGULNA >
125 Hz, G.=1, 20 min ,
, PC
, 5
,3
) o 1 HZ

, 2.6 nV/\V/Hz @Il Hz,

’

http://www.chinaaet.com



http://www.chinaaet.com

BES5RS

' [- -1 4
~ [—iMiE2
T | imit3
S ,
10" , o
“ ARM+FPGA” , ARM
, FPGA
9 o s
107 10" 10’ 10’ 10° .
/Hz D/A
: ) D/A
3.2 .
o 2.6 nV/\/Hz @1 Hz,
o ) 1~128 8 ,
1 000 R
; PC
, (1] . [J1.
° ,2014,31(3):112-116.
128 .64 .32 .16 .8 .4.2.1 [2] CONSTABLE S, SRNKA L J.An introduction to marine
, R controlled — source electromagnetic methods for hydrocarbon
2. 6 , exploration[J].Society of Exploration Geophysicists , 2007 , 72
,PGULNA (2): WA3-WAI2.
. [3] JONNY H,ARIS S, MIKHAIL B, et al.CSEM performance
) in light of well results[J].Society of Exploration Geophysi-
2 cists, 2010,29(1):34-41.
[4] WEITEMEYER K A, CONSTABLE S,TR?HUHU A M.
" 100 1(§mV 0.979/\; 00 9 % A marine electromagnetic survey to detect gas hydrate at
) 100 8 16496 200 206.2 hydrate ridge, oregon[J].Geophysical Journal International,
4 100 2 0.809 6 400 404.8 2011, 187(1) : 45-62.
. 100 s 16092 800 8046 [5] WEITEMEYER K, CONSTABLE S,SHELANDER D, et al.
16 100 0.5 0.7963 1600 1592.6 Mapping the resistivity structure of Walker Ridge 313 in the
32 100 0.5 1.5839 3200 3167.8 Gulf of Mexico using the marine CSEM method[]J].Marine
64 100 0.15 0.9538 6400 6 358.6 and Petroleum Geology,2017,88:1013-1031.
128 100 0.05 0.6394 12800 12 788.0 [6] s s
B i Gl 128G1 64G1 32G1 166G1 8G1 4Gl 2G1 Gl
A S (mv) 10 0.05 015 0.5 0.5 2 2 8 10
i) 1 [l () 102 128 50 56 64 56 60 66 168
HIENEE] 15:45:00 | 154642 | 154850 | 154940 | 1550:36 | 155140 | 15:5236 | 15:5336 | 15:5442

|

I

[ L LS
—/ e

| ]
| P ! | |
| ¥
1 — 1 | ]
I
m mam 1H .

tizm mEm 1

( 100 )

) 2022 48 — 95

http://www.chinaaet.com



HES5RS

http://www.chinaaet.com

[J]. )
2018,16(6) : 962-969.
[4] , , ;
MIMO J1.
16(6): 1048-1053.
[S] Chen Jianxin , Wang Xueying , Huang Yexin, et al.A low-

,2018

profile circularly polarized dielectric patch antenna with
bandwidth expansion|[] ]. International Journal of RF and
Microwave Computer—Aided Engineering, 2021 ,31(3).

[6] SHYNU S V,ONS M J R,MCEVOY P, et al.Integration of
microstrip patch antenna with polycrystalline silicon solar
cell[J].IEEE Transactions on Antennas and Propagation ,
2009, 57(12) :3969-3972.

[71 AHMED A,MOSTAFA E,MAHMOUD S F,et al.Decoupling
of closely stacked patch antennas for airborne radio altimeter
applications| ] |. AEU —International Journal of Electronics and
Communications , 2021 , 128.

[8] Wan Guochun , Kang Wenhao , Wang Chao , et al.Separating
strain sensor based on dual-resonant circular patch antenna
with chipless RFID tag[J].Smart Materials and Structures,
2021,30(1).

[J]. ,2020,46(11):74-78.

[10] , . ..
[1]. ,2011,33(4):58-61.
[11] , .
[]. ,2017(6): 48-51.

[12] KHEMAR A,KACHA A ,TAKHEDMIT H,et al.Design and
experiments of a 3G—band rectenna for radio frequency
energy harvesting [J].Rev Roum SCI Tech-El, 2017, 62
(5):82-86.

[13] SONG C,HUANG Y ,ZHOU J,et al.A high-efficiency
broadband rectenna for ambient wireless energy harvesting[J].
IEEE Transactions on Antennas and Propagation, 2015, 63
(8):3486-3495.

[14] LI Z,ZENG M ,TAN H Z.A multi-band rectifier with
modified hybrid junction for RF energy harvesting[J].Mic—
rowave & Optical Technology Letters,2018,60(4):817-821.

[15] SONG C,HUANG Y,CARTER P,et al.A novel six—band
dual CP rectenna using improved impedance matching
technique for ambient RF energy harvesting[J].IEEE Trans—
actions on Antennas and Propagation , 2016 ,64(7):3160-
3171.

( :2021-05-11)

(1995-), .

(1975-), , , ,

(1976-), s ,

xlking@ujs.edu.cn

( 95 )

1. ,2008 ,43(6) : 736-742 , 612.
[7] , , .

[J]. ,2018(4): 118-120.
[8] , , .

[J]. : ,2020,50(9) : 1219-1227.
[9] , .
(. ,2019,62(12) : 4874-4885.

[10] ZHANG P F,DENG M,JING ] E, et al.Marine controlled—
source electromagnetic method data de—noising based on
compressive sensing[J].Journal of Applied Geophysics ,
2020, 177.

[11] , , .

[J]. ,2018,28(6) :412-416.

[12] , , , .

[11. ,2013,56(11):

3610-3618.

100—www.ChinaAET.com

[13] . , -
(1. ,2017,60(11): 4262
4272.
[14] , , . [1].
,2016,40(4) : 809-815.
[15] ) , ..
(1. ,2003(2) ; 44-47.
( :2021-04-23)
(1979-), i )
(1995-), ,

(1988-), ,

)

N

chenjialin@ouc.edu.cn

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





