3% ol I i 5 AR AR Vol.31 No.9
2017 4£9 H JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION -1467-

DO 10. 13382/j. jemi. 2017.09. 018

57 B0 T 5 55 B AR BT IE B A (iR 3t

#vr%\frn\‘ mEm AThAE RFE AER
BRI RS EE TR KD 4100825 2. MR MERIE S TSR KV 410082)

O TR AR T ARG T T R R A R U A VR 0 TR, B T — o LR DA O e R R A,
H T R A (7 95 ) 5 19 8 L 091 e BEL T AR 5 45 0 BB SRR T i, SE 10710 ~ 1077 A SRR 9 PR 1A A o L D
SCH R T B AR vt R e LS B R B BT, PR A T r A S T P A R R, R AR = AR A
BT R AL SRS A g P LRSS A W e A 2 o B i o 0 LRI SN 285 SR 3 T, 7 AV 0 o o e A 1 (AU 5 i AR
SE, TE107° ~107" A BERR IR PN IO BB AN AR XHR 22 /N T 1%, H b (4 U v (67 S 2L S B b P T4 8 TR I A
Yo A BEAL I R

KB ORI RO SRR B AKMEE; O B

HESES: TH832;TN721.2 SCHRARIAES: A EFRRERRS LK 460.40

Design of novel wide-range precision potentiostat with low power dissipation

Ke Panpan' Gao Yunpeng' He Xiangheng' Zhang Yunqi' Liu Hairong’
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to meet the requirement of accurate measurement of wide-range micro-current in the electrochemical analysis system,
a novel wide-range precision potentiostat with low power dissipation is designed in this paper. New detection method based on
compensated potential control and two-stage proportional resistance method is proposed to achieve accurate measurement of micro-current
in the wide-range of 10 ™"° ~ 10 A. The hardware circuit design of novel wide-range precision potentiostat with low power dissipation is
proposed, the transmission characteristic of the circuit is deduced by equivalent model circuit, and the bioelectrochemical analysis
process is simulated by using homemade three-electrode needle sensor and high precision resistors. The simulation and experimental
results show that the signal output of the novel wide-range precision potentiostat with low power dissipation is stable, the relative error of
micro-current detection in the wide-range of 10 ™' ~ 10 ™° A is less than 1% , and the novel portable potentiostat according to the
proposed method has practical application in tissue engineering hydraulic bioreactor intelligent monitoring system.

Keywords : micro-current; potentiostat; wide-range; input compensation; proportional resistance method
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Fig. 1 Block diagram of the potentiostatic circuit structure
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Schematic diagram of the potentiostatic circuit
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Fig.3 Block diagram of the novel potentiostatic circuit structure
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Fig.4 Schematic diagram of the compensation

potential control circuit

HiP 4 AL, B BRSO RS 5 Vi, PR FIAE S LAl
ERHAL V,, Z SR Al R R T

D) TAMEE S V. AR

Vin — Vl— Vl — VaZ

R, +R, R, ()
HE(2) ~ (4) Al 45
(R, + R))
Vo= (1R By - SR v, ()
3 3

K4 R, =200 Q,Rl =7.5 kQ,R, =10 kQ, 714 V, =
2.0 V1TV, AHNE D/ A Bt s AR S, 52 3T
P B 22, B0V, AR AL, PR AT TE B A 51 A

S Voo

K r=r +1,,V, 0 +5 VEAER RV, Ll nl 7 FE
JE TR % R RS FTRFERE - R AR AR AL, AR LTS Y
0~5V,

Xt (5) A (8) AT, 5 2 —Ti 5 V., M5
ML, St AR AT IZAMEA 5 A LIS RS T A A A
X T2 HH A LA Vi, D45 SR R 5 S (E 2 (A
A E I I 22 B 5 AZAME S 5L A R, =
1 MQ,r =5 kQ, W A7 e B AT A 5 A (S 5 V., 2474
R TAERW S S L BARAIXT ALV, ROUERR
2.2 TEETERERKNEERE

FHL ARG R A R A £ 5 A TR S A LR S, R S
RSN TR R, 2% A A BT R B A
FEL 0 ) ) — S, AR SR A5 5 AR L SR 12 1Y
HIAES  %A5 5 B R RS AR A, f AR SCR IS R4S
TP LA 540 B2 448 25 2 40 1) v B AR, AR B0 S B AR 1
TSI P I SR B, PR ARSI P 3 0 AR

>R S B 25 8715 19 7 A He Al BT TR FnBL
R, HEIBRBTI: AT nA 9% LT ol 30 00 ek msf, PR L
TAERT 10° Q 15 {8 S B3 o 14, e LA B4 52 i e L 4
W7 P H A 5 32 BB AR, S BUBCR AR A A
WA , MRS R E T 5 32 om0 B OR 3R
e T B R o P 2 BT, e (S A FL L, B 4 1o R e
R PRl R AR 3 LG
]

B iR e, A SCXT He B BB T sk it ok
FH I ABRBUIZE OB AR S AT G R . ATgeR
JFH 22 1 52 L 4 R T B2 57 kL L X 4% 5 R L 9 HL P
e, BT AR S SR pA ~ mA, RGBT K,
DS B BN B K o A T R g i 15 5 B A T 2 Tk
AR A/D SR BBl K, F5 2230 2o 5 G050 K L B X
BT IAB B B3 2 AT — U, IR g 40 461 o B 2%
G5 ) R AR AE B BH TR R B A . PSR
RH S SRR FL B AT S B

WS B, B 9a2 Ok HLUIEF R 5 40 i) Z2 R4 07 f
BELIS B R , R, MR I Bl fEL 7 AR S B 0o 8 ANA4A7 , BELAE
10 Q ~ 100 MQ; Ji5 K32 il — 2% Hu BEL Rl ok #% , %



RIS R e R

31 %

+1470-
45V C,
R ‘ R,
100 kQ R, X4 17 vchﬁJ—| O-WFlﬁl:l—,V
4700 pE < X6 21ve x2 15 X2 0.047 }J,F{ [
10 MQ R, 3 O 1000 HR:
X xo X0 0.47 uF C
a7F G X5 5 Ivs G2 X3 AT W B
0 1 A R
oM " R, 3 ENABLE A :(l) | 100 )
47pF T C {NC Bro 4TpF G
v = G\ ¢ ok 1 R
imo 1R J AAA | A
470pF T C, E@ 4700 pl T C,
I
10 kQ
@_ AV v-
1
0.1 uF 10kQ .
Y qu
v

+5V

(IR E Ny ONG

Fig.5 Dual-level feedback resistance amplifier circuit
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Table 1 The correspondence between the feedback

resistance and the current range to be measured

GIEGa GR35 REI0 H L O
Pt/ Q H1BH/Q U HE/V
10 10° 0.25 ~1 mA 0.25 ~1

102 102 25 wA ~0.25mA  0.25~2.5

10° 10? 2.5 uA~25 A 0.25~2.5

10* 10? 0.25 pA ~2.5 pA  0.25~2.5

10° 10° 25nA~0.25 pA  0.25~2.5

10° 102 2.5 nA ~25 nA 0.25~2.5

107 102 0.25nA~2.5nA  0.25~2.5
108 10% 100 pA ~0.25 nA 1~2.5
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Table 2 Simulation test results of the potentiostatic circuit
6 0 P L 1 kO 5 kO 10 kO 20 kO 100 kQ 200 kO 1 MQ 10 MQ 100 MO 1 GO 10 GQ
Bifiss/Q 108 10* 104 10° 10° 10° 10° 107 108 10° 10"
RYE 103 1074 1074 1073 1073 10-°¢ 10°° 1077 108 10~° 10-1°
o 6.4991x 1.3001x 6.5059x 3.2549x 6.5057x 3.2552x 6.5064x 6.5049x 6.5040x 6.5057x 6.508 8 x
R LI/ A -4 -4 -5 -5 -6 -6 -7 -8 -9 10 —11
10 10 10 10 10 10 10 10 10 10 10

Vy.g/mV 649.914  650.052  650.596  649.474  650.579  649.561  650.645  650.496  650.397  650.573  650.796
Vy.g'/mV 650.002  650.005 650.012  650.008  650.020 650.010 650.018  650.014  650.021  650.024  650.036

AR 3 R,V ALV 535 A TE H A R AT M 3 R TERE H AT & R
Y5 B % B {E Table 3 Actual output test results of the
P23 A1, S EE7E 1070 ~10 ° A L potentiostatic circuit
Ak, RIS Z 76 1 kQ ~ 10 GQ BRI, g1 38 3 Kl z [F% V,/mV V,”/mV
s 7 A e ST T DA 1 kQ 10° 661.53 651.23
D%Tﬁﬁlj@%ﬁ%ﬁuﬁﬁ’ﬁﬁutﬂjﬁﬂjﬁ V' 5350 510 104 66120 62290
= B 10 kQ 10* 661.40 648.70
V= 25 Vi = 667.326 mV (1) 20 kQ 10° 662.59 649.00
B 100 kO 10° 661.53 649. 44
V= Y V', =653.487 mV (12) 200 kQ 106 663.01 652.51
e P e ~ 1 MQ 10° 663.90 656.01
(1) | (12) RI 548 H A7 He B AT A MEE T IS W) AR 10 MQ 107 664.72 656. 90
2z o Flo' 53500 : 20 MQ 10° 678.44 657.72
100 MQ 10 678.40 655.40
200 MQ 108 678. 00 658.59
16O 10° 672.51 658.53

(13)

10 GQ 10'° 679.26 657.64
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Fig.7 Micro-current detection results before compensation of potentiostatic circuit
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Fig.9 Block diagram of the bioreactor intelligent

monitoring system principle
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Table 4 Actual detection results of glucose concentration
LRI Y/pA X/(mg- L") W2 e /%
1 8.299 1 1 000. 4 0.04
2 8.307 7 1001.8 0.18
3 8.287 4 998.5 0.15
4 8.276 9 996. 8 0.32
5 8.354 6 1009. 4 0.94
6 8.344 8 1007.8 0.78
7 8.269 5 995.6 0.44
8 8.347 8 1008.3 0.83
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