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Design of pulse-driven current source for charge management
system of space inertial sensor

Huang Jianping' Wang Haozhou' Hong Wei® Song Wenrui' Song Wenlong'
(1. College of Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China;

2. National Gravitation Laboratory, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The charge management system for test masses in space inertial sensors requires high-frequency pulsed
driving of ultraviolet (UV) LEDs to control surface charge. yet traditional Howland current sources face critical
bottlenecks—output impedance attenuation, limited bandwidth and instability under high-frequency square-wave
driving—hindering precise charge control and space missions. To address this. we propose a dual-buffer load-included
Howland (DB-LIH) current source. By designing a dual-buffer Howland (DBH) circuit with dual voltage followers
isolating feedback paths and a 0. 01%-matched precision resistor network LT5400 suppressing mismatch effects, the
DB-LIH architecture incorporates the load into the feedback loop to block stray capacitance currents. Simulations show
the output current flatness factor (FF) induced by stray capacitance drops from 18% (DBH) to 0.03% (DB-LIH),
with bandwidth reaching 1 MHz. Experimental results show that output accuracy better than 4.27% (0.05~50 mA
range) » resolution deviation less than 1. 67% and 1 mHz~1 Hz relative amplitude stability of 0. 01 Hz~"*. This work
resolves high-frequency constant-current precision and stability issues, meeting stringent requirements for space
gravitational wave detection.

Keywords: space inertial sensor;charge management system; DB-LLIH current source;ultraviolet LED driving
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Howland current source
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Table 1 Comparison of key performance parameters of
operational amplifiers
- W/ RERS Vi) Ly e/
B .
MHz (Veps ) mV wA

LM7171 220 4 100 1.0 10
AD4897 230 120 0.5 17
LM6172 160 3 000 3.0 3

M FAE % EH R R . WZE i Howland (dual-
buffer Howland, DBH) B, i Y8 A9 4% O A B F @ a3 51 A H
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| S| | S
- Ry,
| S
: Ri
OPA227
Va |25kQ 25kQ REF
7T | S
INAI34 -
(b) Int-EHHL I &)

(b) Int-EH current source!™!

(d) DB-LIH LR
(d) DB-LIH current source

A2 Howland A IR 30 Fh 25 49

Fig. 2 Schematic of different Howland current source topologies
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Fig.3 Comparison of output impedance amplitude-frequency characteristics for 3 Howland current source topologies
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Table 2 Operational amplifier output impedance comparison (MQ)
s EH H IR DBH Hi, Jfi i DB-LIH H i i
BHE R A
1 kHz 100 kHz 1 kHz 100 kHz 1 kHz 100 kHz
LM7171 0. 34 0. 08 0.51 0.12 4 413.74 264. 28
AD4897 3.17 0. 04 4.16 0. 06 1297.43 14. 10
THS4304 1.19 0. 05 1.75 0. 07 55 464. 09 164. 50

P, e LM7171 1E A0 38 i, Hfe m i Br 2 oA
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Fig. 4 Comparison of the characteristics of the 3 types of cross-over resistance width
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Table 3 Comparison of output impedance between
DB-LIH and Int-EH

U NI i th BHLHE/ MQ
HEL 1 2 SN O kM. 100 kL
IntEH  INA134,0PA227 0.14  0.001
DB-LIH  INAI34,0PA227 1381.86  0.140
DB-LIH LM7171 4413.74  264.280

SR SZ R T INA134 5 OPA227 #5 BR A48 25 47 55 1,
B 3R A DB-LIH 454, JoAE 100 kHz &b 59 % i B AT 5
WE 0.14 MQ, T2 SR H IR Tk, iz
T R RIS B LM7171 9 DB-LIH =3 U8 (B 4 ()
FHB AL R AU A 100 kHz F A% B TR
264. 28 MQ, &R R F i Int-EH 4544 (0. 001 MQ) &}
T5 MR,

25 R R SCHRE Y DB-LIH B I 45 4 s
BB T 7 58 AN AR AR A0 B L £ W v R IR B L TR AE

=

H.
|

WK R B0 37 5 F R T OO0 S 0 s B PR E L A R
e T A% 8 B 15 S T 2 BR AR
2.2 EMEKXE

HiBH 25 25 %7 Howland Hy i U8 19 1 B B A 35 5%
O, — BT 8520 (2) B9 17 . Howland HL 3 TR B9
i 3 BELPORS R JE 55 KT R D A BRAEL, [R] I IE L T AR 1R
i PR 2 Y S P 3 — ) R G AR B L B R
R ENE . BRI B T B2 25 S By v B BH (B 2R
Hic 2 B AR A B 9 3 A B0 4 B ( common-mode rejection
ratio. CMRR) « AT 51 A Kl HH 35 22 52 i) Fi B 8 A B R 1
T 8 R4y HT E B 25 %o e I VR i 1L BT R4 5 e o BT A
HBHMMESR —& e (e AFEESHO .M DBH H i
P5 % th BEAT AT R R

_ R,(R,;+R,) Q—e)f
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5%t , Howland B30I A9 % H BT i 494 kQ & E R E
857 Q. TRLERIAE T 2% 22 %t i th BB A9 sk

®4 BEFENHHERBIZE

Table 4 Effect of resistor tolerance on output impedance

HE/N fi BT/ kO
0.01 494. 905
0.10 47. 405
1. 00 4. 655
5. 00 0.857

FHL B #% A 25 22 2 fff Howland HL IR R TE IE | U di A 0 2
(B 77 A AN A, P SR i L, 0 R AR OR AR T
E A i 1) 1 55 2 6 5 R BH G B0 IR A% . %A ST i 2800
A LA S0 1 3 O L B A BRI CMRR, FE R 3Ry

I
CMRR = 1+ % (1 +R—Z> €))

CMRR Ay BR i P42 a7 p o8 (o) 3T LA o . AR B T s B
H2ZEXT CMRR W, #E— 25 LB AT H1,0. 01961 0. 1%
A2 VIRER AR = BT, SR, B R R LA
0. 1% A 209 57 H P #% 52 B 1Y Howland H i VB . H
CMRR WAL 22 60 dB, ME LI 2 &5k BE L T A0 20K

1| /R, R,\R,

AR = ‘ (Rz —Rfl) X

= (10)

AB L2 R L T5400 K 25 A BH I 28 38 1o BR e He 4 A
BB R,/R, 5 Ry/R, Z B M ILE X R — BT T
CMRR, HoHK5 B 48 5 tn =X (10) FF 7%, BE 9% % 11F 2% I B Ik
F0.005%

< 0.005%

AR
(%)

e, Bl R e B IRE B R ,CMRR JR AT 42 71 2 86 dB.
BT X — % 8, A I8 76 T BR ST E R oR A TUG i A B 3k
0. 01% 9 LT5400 K& % e BH W £ , 38 3o 6 B0 2 78 28 ok o
A 2k HLBHLZE /N T HLBELA 25 91 ol P X R A R fe S R €5 B
VC L, DL PR R A5 e A 1 H B M B
2.3 ZHBENEZN

ZeBUR AR T ol 4 TF 56 L8 B K38 i A L AR
FIVEN R H B% AR (printed circuit board, PCB) 4k v, Zeifit
B0 F B A R B T R E L 2 R, X R
LT PCB A LB BRI R e 25 . 2= i 8 10 5
— A SRR R L B T B AT E B 2 B A s B
TR 5 B A P25 Bk R BE R B A LS TRD R L 9 R K
BB IR R A AR A2 TR DR A . DU
IBE AL AT B AR A O A 4 F IR TR A R MR S R TR, X
M J Y H 2 S AT ) H T RS B O B R B A 0 R
Fi, DA R LA 0T T IR A R R T B T, 1
Sh . BT DBH HL U IE A7 75 M B R B A P 2% T %

e 30 -

an

Ty Ho v — % 3% 432 31038 S AR 1 IE S A i, R AL S 4
R H, R M S BUR

WE 2(c) B, DBH B IR H 3 A8 B 6 4>
HPHZ A, B TR PR K HIER RS, 5
Howland # k., B, e MR B #5 09 77 76 $2 7 1 B B 1% 4 o8 BEL
B, R 2 00 E O A AN A B A B 4 R T
B o R i 1 BELHL A A R A P v

Howland IR H A Z R B BB REE,FHYS
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Table 5 Effect of input stray capacitance on flatness and

output impedance

A/ FIRE % 100 kHz i 4 t BT
pF DBH  DB-LIH DBH/kQ DB-LIH/MQ
100 0.20 0.05 31. 29 7.64
200 0. 80 0.19 15. 87 3.88
300 1.78 0. 44 10. 63 2.61
400 3.14 0.78 7.99 1.97
500 4.85 1.22 6. 40 1.58
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Table 6 Effect of output stray capacitance on flatness

and output impedance

VI R H % 100 kHz i} it B4

A E/
Int-EH/ DBH/ DB-LIH/

nF  IntEH DBH DB-LIH
kQ kQ MQ
2 1.80 0.796 0.0059 0.51 0.79 1.95
4 4.92 3.13 0.0120 0.31  0.40 0.98
6 9.40 6.89 0.0180 0.22 0.26 0.65
8 15.08 11.96 0.0240 0.17 0.19 0.49
10 21.79 18.14 0.0310 0.14 0.16 0. 39
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Table 8 Comparison of time-domain dynamic performance of different current sources under 5 and 50 mA conditions

3 5 mA 50 mA
R 1E/ mA L FH A/ ns Jik % /ns W H/mA L FH A/ ns Jik 5& / ns
Int-EH 1/ K 1. 74 114. 82 279. 14 8. 46 133. 36 247.72
DB-LIH fj & 5.01 2. 87 99. 87 50. 01 3.35 99. 56
DB-LIH 5Z i 4.93 15. 30 92.70 49. 95 35. 20 110. 00

4 i R AR (4 100 V/ ps) 500 10 B9 XUG2 v 60 3809 35 3 4h

Joe B B Y IR S e AR, CIR R TE 5 mA TR

o 34 .
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Table 9 Output accuracy
I./mA D/% I../mA I e /mA 8/ %
10 0.5 0.502 242 42 0. 448 484
20 1.0 0. 960 001 45 3.999 855
30 1.5 1. 436 002 13 4.266 524
40 2.0 1.922 076 83 3.896 158
5 50 2.5 2.416 965 98 3. 321 360
60 3.0 2.920 305 25 2.656 491
70 3.5 3.433 343 46 1. 904 472
80 4.0 3.945 296 61 1. 367 584
90 4.5 4.450 295 94 1.104 534
10 5 5.131 195 21 2.623 904
20 10 9. 680 220 84 3.197 791
30 15 14. 457 948 6 3.613 676
40 20 19. 303 360 4 3.483 198
50 50 25 24.199 503 6 3.201 985
60 30 29.103 456 7 2.988 477
70 35 34.045 065 7 2.728 383
80 40 38.965 573 4 2.586 066
90 45 43.569 292 9 3.179 349
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Table 10 Output resolution

I./ D/ 1./ AL,/ Al / 7/
mA % mA mA mA %
+0.05 0.050 8315 101.6630
5 50 2.5
—0.05 0.050 190 6  100.381 0
+0.5 0.5002951 100.059 0
50 50 5
—0.5 0.5001958 100.039 1
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