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Abstract A kind of front-end signal processing circuit of the electric field instrument, which would

be used in the Earth’s magnetosphere measurement, is investigated and presented in this work. The

double-probe electric field instrument outputs drive current to the ambient plasma environment,

and measures the potential difference between the two probes to detect the electric field. Plasma

impedance of the magnetosphere is high, so the probe of the electric field instrument will operate in

a high voltage to match the electric current requirement. When the operating voltage is close to or

surpasses the circuit threshold voltage, the measuring results would be affected, and the instrument

will be possibly damaged. This paper adopts voltage scheme with low bias current and feedback

floating power supply control scheme, to solve the weak current sampling problem and high dynamic

potential handling problem in measuring the electric field of a thin plasma. Test results show that
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the circuit can make the probe adapt to the floating ground in the dynamic voltage range of ±100V,

and measure the electric field from DC to 150kHz, with a low noise level below 14 nV·mHz−1/2,

which meets the needs of electric field measurements in magnetosphere.

Key words Magnetosphere, Electric field detection, Low noise, Floating power supply

0� !

���"#$�#%���  ($,!%$�
!�$"&'"#�&)�Æ$�%')#$((
�&.$�%)&'$����*"##�&)Æ$
��*%')#($)* !+!+,, ',$�(
-)�*#%�&�%')#))"-..//*
(01.

'+%')#0���#Æ1/$2,*.$*
�*&2Æ, !3%�4-'+��5+��3+
,, ,-� .4%, &-'+.#/ (DC∼MHz).

'(/4.)*,*�*Æ5, 00 GOES 2, ISEE

1, Polar, Freja, Demeter, Themis % [1−5]. 1$*�
&)16Æ, $�'++2�#�&)73 E × B

&'&/4�16,-�5�  2�-'+��,

!,-�3.65'+!����, 0�'+.#
6 (10Hz8)). 200071/+2� CHAMPÆ52
74&)160 (Digital Ion Drift Meter, DIDM)[6].

&)16Æ.,*)8�34*&2Æ&5"+9,

58:6987:96*&2Æ. 2000 7;:$8
+2� Cluster II 65274*&2��<��)
160 (Electron Drift Instrument, EDI), 9��:
�$�(-:=1;,���&' [7].

<720/:$���&'=-�"#72;
<. ;:"-��!3'=)Æ5�0/8$><
9�!�*(&'=)Æ5,!>:?���<;?
<$�(/#%"#@4="- [8]. 0/*(>$
�*(%>,"#0?@:=4$���<�"#,

9A;:@9!;–�';–B;?5AÆ55@&
'06. '06A&'B;<�';�!;��!
�, ��<�!//77($. $��!;–�';–

B;���&', %B"#C=���C+"-<=
.%')#($�')8DED�+,�9B(�
&)�:EF8D�&%*(9>.

1�?CF@GHIA?AIBBD

*&2��<J,�&2'+E<%')#0
�,-�3, ;.�3C�F'0K��, !<+3
%0G 1 @L [9]. G0 Ua, Ub $D2,=&2��
3, Φa, Φb $D2,=&2E�%')#�3, Ib 2
M$�G.

;.%H%')#$FHI,G&2�3+�*
%')#�3 U > 05, �G%�J�>K0: [10]:
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!0, ne0, ni0 $D2�)�') I,; Se, Si $
D2&2.L�)HJ?�&2.L')HJ?; k

2I@CKJ ; Te, Ti $D2�)�')M,, me,

mi $D2�)�')D+.
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N�		�
E

Fig. 1 Schematic representation of the double probe

technique for electric field instrument. Ua, Ub is the

voltage of the probes; Φa, Φb is the voltage of the

plasma around the probes; Ib is the bias current
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;.O (1) �O (2), KI%')#&2 U -I P
E0G 2 @L. :+6%')#AL:, %')#%
�&2�?5�*,=&2�+6�,B,=&2�
CL,FPE%M>�$F�.7M5>'N�<+
:+6�G:�&2�3C (Ua−Ub)%*%')#
0,-(��%D�3C (Φa − Φb). ��<N,G
$,-:=��&'.

&2HJO�)�')�H<O,HJE�)+
2@F&'��&'�;,.E�)�G<Q0KG
O0: [11].

G U < 0 5

Iphoto = Io = πr2jphoto, (3)

G U > 0 5

Iphoto = Io[exp(−U/2) + 0.0375 exp(−u/7.5)]. (4)

N 2 PP��
� U -I RQ
Fig. 2 Typical voltage-current curve for electric probe

!0, U 2&2+�*%')#��3, Iphoto 2H
JE�)�G, jphoto 2HJE�)GI,, r 2)H
ÆQO.

�*<+:$�0�&2, :$=RIS)E
�)GI,53F: 1.5∼8nA·cm−2 �IR)S
J [12]. GOES 1 � GOES 2 '5�E�)GI,
J2 3 nA·cm−2[2]. KT:9UIR�E�)GI,
2 4 nA·cm−2, 8 5 cm 4O�UC)HÆ20, P=
)HÆ�E�)�GJ2 80 nA[5]. :ST�!;%
')#0, &2%%')#1/TQE�)?5. �
�<&2%IR%')?5F/4?5KR. GS
�,*KI%')AL��G–KR:=4LL, L
LÆM0G 3 @L.

:!;ST%')#AL:'+���,-�,

G&2M$�G%E�)�G+G5, ?5KRT
= (J 107 Ω), &2<+�JT=; G&2M$�G
%E�)�GVCTU, ?5KRNUM8, &2<
+�J@W(VDX1. 7M:!;%')#ST
(-:=��&'5,&2<+->TN:?5KR
SJOW�(-, BM$�G2 −100nA 2U. ;*
%')#ST(-$�ALSJUX, &2�3+�
*PYÆ�$ZIRJ2 ±100V. 2YZ>[\�
GVV�1$Z�3E%�W],^N$*�*=V
N�G��JQW�R[XS�O\-#W, T04
)HÆATYUE%�], XZV\-4�]P_.

N 3 PP��������–��RQ. (a) �����–����Y^`[; (b) \WQ�Z��,

����R[X\–������`[. 	��� 80 nA

Fig. 3 Typical current-impedance curve of plasma environment. (a) corresponds to the ionosphere-plasma

populated area; (b) is the target environment for simulation, corresponding to the magnetosphere

at far-earth orbit-plasma thin area. The photocurrent is 80 nA
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2.1 $%&S
P=&2��]5+6, !K^�]0G 4 @

L. %')#�3YU?5"`H&2�OHJ, a
�&2):�AN^UÆ:=KRS_�'+, )
)"XS�O:$<M$�G:$�YUV`%\
-:$.!0XS�O�24AN^UÆ3.:U$
Z)<�3:;J<+,!�TQW&2�3$ZS
$, _&`8AN^UÆ�;J<+.

&2%IR%')#�?5�K1,AN^U�
]�)<�Ka_UU*%')#?5�K, b3c
`'+4G =.���Tc,.&-&2YU�M
$3(:JA. KcM$�G2 −100nA, AN^U

N 4 V���
Fig. 4 Block diagram of the electronics

�]�)<�K2 1012 Ω, %')#?5�K
2 107 Ω, W^UÆb�G>A* 1 pA. OM(O, ^
U�]a_c./.#<=)<�d�=P_�J
%,-. :dd�*^UÆa, `X OPA128JM +
2AN^UÆae, !+>  e*H 1.

2.2 Y'Z[\&S
&2):^NAN^UÆ,!��3%�QW�

], 0G 5 @L. GVGA] pA b5, f73cf
b-�e<g-Æ%^h�i_fj8 _!HJ
G��b�G, >J,`dAR` OP ^UÆ�R
+)<kXA!-9.

2.3 (ab)&S
;Ac$d5N,&2�3+�*PYÆ�$Z

IRJ2 ±100V. 0M^UÆ:8Æ59+2�T
��O:<+, FgFYUh�g]ei. 2`c7
7Lh, AN^UÆV,XS�Of�,0G 6@L.

N 5 ��gj
��
Fig. 5 Diagram of preamplifier circuit

N 6 ������
Fig. 6 Diagram of floating power

d 1 OPA128JM *+e,
Table 1 Main parameters of OPA128JM

�i����/fA hl�� ����/(nV·Hz−1/2) fijm/(V·µs−1) k�ge��/MHz �
��/Ω

±150 1015 Ω‖2pF 15 3 1 100

- ��������\ 10 kHz
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&2�3a�1J�GM$a:< DC-DC h_Æ
�jl�O. jl�O%$l�Ok', 58A&2
�3M$"jl�O�9,Ajl�O�T�3TN
2&2�3. DC-DC h_Æ�@>.nfU*<+
.nb3mo�YU�lk.

3�lghmi

GSJ,Xp�%L�K (50MΩ)<�d (5 pF)

2Hq��&'<:!;%D&'�&0)HÆ&
2%%')#AL(��?5�K%?5�d. $�
L(Æ< iV`Æ%'=�]�4G,F<rG,
F�P_,F, _&)8�]�TcF�;cF.

3.1 .j/0kl1
%)1/9��'=��<)N�J%)<�

J�EF>K, mn��<EF,X)8+&. ,4
G�O$DoXS�O�)<Tf�, pS)<4G
�J, '+)N�J, !ÆM0G 7 @L.

'=ÆMjL,:±100VIR),)N�JQW
)<�JS$,X-%)<�J�EF,2 100.00%;

XS�O32^UÆ^fS$�O,`c�];J<
+.

3.2 mjn2l1
)<qqo2 1 V�rG;k�J, ns)<�

J.n, ,L(Æ'+�])N�J�.n,F, '
=ÆM0G 8 @L.

'=ÆMjL, �]#/2 150kHz; X-:#
/), )N�J+3paA* 180◦, �]R[lc,

7F+4qo.

3.3 34l1
r=�]K^�P_s7���&'�>tt

>($. $�A iV`Æ�)<r], u'Tp
�P_qm,'5Tp�qP_J2 10 nV·mHz−1/2.

uA�]�)<-9,, iV`ÆV`)NT� 
.. 0K�]�P_snnI,, ÆM0G 9 @L.

G 9 0, 50Hz Etq�'=AL�<.P_
lk, 80 kHz )P_J2 100 nV·mHz−1/2. ��
<,�r)HÆ�F'2 10m, W��P_J2
14nV·mHz−1/2.

Cluster IIÆ5��<rGP_J2 50 nV·mHz−1/2,

<+.#2 100 kHz. % Cluster II Æ5��<+s,

�c@T0�]�;,.@^1.

N 7 �
���v��n
Fig. 7 DC characteristics of the output

N 8 �
���om��. (a) uo�n, (b) oo�n
Fig. 8 Frequency response of output voltage. (a) Amplitude response, (b) phase response
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N 9 �
��
o��
Fig. 9 High frequency noise of output voltage

4�vw

$���&'52$�Yp"#<q9#%"
#^f%' .,�*p$$�*(�"#�+9c
./U01. $�$d1/��&'#Æ, �!;%
')#AL,F:=4LL. :!;ST%')#
AL:, E�)&'jw, &2r`�GA; $�A
LSJUX,��<<+�G$tx.s>%')#
�G�SJ, AgF&2<+-V6, J&2�3q
tjwM1. 23:G*AL::=��&', �c
V,=VN�G��JQW#W�R[XS�O\
-#W,T042�!;��&'��GM$O*&
2��<�ATYUE%�]. a'='�]3s
> ±100V �$Z�J, .#/,2 150kHz, P_
2 14 nV·mHz−1/2.
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