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Design of an Analog Isolation Sampling Circuit with High Precision and High Sampling Rate
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Abstract: In order to solve the problems that the portable wave recording device needs to sample AC/DC
voltage samples with different input voltages, AC/DC current signals with different input currents and high sampling
rate, an analog signal isolation sampling circuit was designed for portable wave recording device. The MAX11901
conversion chip was used, in which the sampling circuit was divided into large signal sampling circuit and small
signal sampling circuit according to the difference of sampling signal. An isolation sampling circuit was built and the
accuracy of the test results were analyzd. The analysis result shows that the circuit is suitable for a variety of signal

inputs, the accuracy can be better than 0.5%, and the sampling rate can reach 500 kHz. It has high practical and

popularizing value.
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Fig.1 The block diagram of the project

2 ZG AR

2.1 ADREHEEIZIT

ADC BB T Maxim 23 7] A9 MAX 11901 5%
A, MAX11901 J2&— 3K 16 /3 . 1.6 Msps HLil i 47
NS % 57 s 10 4 2243 B UGE T Y (successive
approximation register, SAR) ADC"™, HJifLHFZ
o R 3.3 VLR 1.8 VAL AL IR (1.8 VAL
FHUFEAN1.S ~3.6 VAU H DRI @ B 17 4h
W2 1 (serial peripheral interface, SPI) iy X 5
0 IR, BT LLIA F] 95.2 dB Y15 1 L (signal
noise ratio, SNR) Fll—115 dB % 23 1% 28 B (total
harmonic distortion, THD) , f#-3E T 16 Vi3 FE% .

J T ARIERAERG BE , ADC 2% Ha J5 e 403K
SRR A T ADIZ FE Y ADR3430
HL RS o, ADR3430A W IRRLAS ARTOFE | ks
F LV FL TR R, BT +0.1% FOBI LGRS B8 IR T4
it AV R RS AR L >R T SOT-23 (small outline
transistor—23 , /NINE F RS B 28 ) /ANRL B35 7
F B R A NS 5 HLIR 3.3 V(3.3 V_ISO) , Fi
3 VEES Z IR (3V_REF)

TAEHIRZE ] T TIA "B TLV7111518D HL
PO R TLVT111518D A BUH I | A1 5 26 4
4% (low dropout regulator, LDR) , 7£ 22 A i & i
Bl BE T 29 (0 diL R0 A B L A H B R R AR
1.8 VHI LS VA, Hod 1.8 v AL JE 42 fik 45
MAX11901 #5438 4> AVDD (1.8 V_ISO) Fl %k F
#B4r DVDD(1.8 V_ISO) , 1.5 V HL Y $ ik 25 R AE
HL A S % IR (1.5 V_ISO) .

AD BI04 D HL IR OVDD (3.3 V_ISO) Al
FHNFRSHHE 3.3 Vit

R Y ST ELAN R S A PN S L £ B S 0k
T ADI A ] B9 ADuM6401 % 5 [ 55 8% K, AD-
uM6401 N isoPower £E % = fF 2 = DC-DC ¥4 ¥t
%, B 4% 4 B8 T E 25 Mbps (NRZ) 15 5 B 25 38
T8, 7E L R SPLE S L IR MR f TR S



R, A S B RAE R BB B RA BT

WA 2022F H52K F 13

22 KIESREFBRKEIT

452 8 T SR RIS S a4
FE B SC T E FSS I L 4 Bl . A LR
FE L BOE 2T 43 7] DL 43 SR KAR 5 SR A H B R/
{55 R

KAF 7 RAE LB 0 SRR A 5 £ Z A 0~
180 V AC,0~400 V AC,0~100 A AC,0~20 V DC,
0~200 V DC,0~2 000 V DC ; /M 5 R AE H i %
FE(ES E 4345 0~200 mV DC,0~20 mA DC.,

MAX11901 Fy KILA% 45 1 223K S A8 il ok -
(AN+)—(AN-)e[-3, 3] V,ANeg[-0.1, 3.1] V. &
T AR E CRAEIE R A A BT A [ A A
FESFRYER 38 Ok FH T T 7 59 OPA2350 B,
U5 OBGEIE | A FE s e R R 3.3 VA
R T R A R B A T A R R R
W T 1.5 VI ERSH R,

KA 5 RAE F % 1) LR L JE G 81 2 i, 7
SEPREL IR, R =R, , R,=R,=4.99 kO,

Ul P R, AP3 8 +UIA
3 + AO
R,| | 15VISO[ ANZ _4 -

R, BNE‘
UL N R, - 7 BO
- BpSL UIB
2 HL R L i R ]

Fig.2  Schematic of the voltage sampling circuit
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Tab.1 Large signal sampling circuit parameters

LIPS e | R,, R, /kQ IR/ W
0~180 V AC 499 0.5
0~400 V AC 1000 0.5
0~100 A AC 0 0.5
0~20 V DC 100 0.5
0~200 V DC 750 0.5
0~2 000 V DC 10 000 1.0
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Fig.3 Small signal sampling circuit schematic
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Fig.4 DC 0~20 mA input sampling results and relative error
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relative error
Fi B (GB/T 14598.301—2020 Hi, JJ £ 45 % &%
IO B R EOR ) 5.5.6.10 AYER < 2565 i B
25 R M VLN AT D Re 1R o i I R 2
ANKTF 5% HRIEE 6 1 B E 17T 53T 43
M, E5 N2 3 TR o

x3 EEREMXER

Tab.3 Harmonic sampling test results

EAGEE 25 KNI KIRZE % 50 R NI KIRE/% SA& L

0~180 V AC 1.498 5.802 i
0~400 V AC 1.445 5.695 ey
0~100 A AC 2.500 5.900 i

H & 4~ B 6 0] LA H, A SCR TR LE
5 B SR A FEL B A S A A 5 RIS L R E
GINERE R =Nt W R
3.2 500 kHz RHEERNIK

ARSCHY 75— T B AR A 500 kHz KA
R, W 5 I L G K E LR O Bl
WITHT,220 kV IETZ A 1590 A £ PCS221CB
25 AH F S SR U AN 181 7 TR o

09:33:43.192303  09:33:43.211503  09:33:43.230703  09:33:43.249903
-19.2 ms 0.0 ms. 19.2 ms 38.4 ms
AR U,
001 v
o) s‘c@tﬁmuh
e sii/ﬁ)lhi U
ZEHEHLIE 3U0
004- - -
AR
[0
BHIHWIET
026 e ~
_ CHBED
027 < S : -
Wit 28 ) 0.002 ms

7 ki Y
Fig.7 Fault recorded waveforms
TEE 7 SEZRTERR M 2R 109 999 AR AT
JE LR M A 110 000 1 RAE S . PIASRAE S Z
[8] #H 2% 0.002 ms, Bl 2 ps, K BEA 2K SN 500 kHz,
IRF) T B ER

4 i

ARSCHE T — I T 1 DIk A
U 5 B B SR R FL B 7 58, T S8R L
ADC S, i o fi] o pre) A BELDE PE 3 7 FH 52 B3
FEME R R AFE 5o Bt TGRS, X 45 A
B MG B R RLR A R CRAE FIR AR AR AT
o MRS R T A SCRR AR AT R EA
AR B JRE ) A R 1 ] PN e ) S e S R
FEAR L HATAIT ZE S TA OGRS, Jf
)T R AR FHRCR o

S 3k

[1] Fewese, FE, Hkbr, 4 . 3E T IEC 61850 MR A& I #50
BRI F T R S8 A B4k, 2007,31(7) :85-89.
Liang Xiaobing, Zhou Jie, Yang Yongbiao, et al. Development
25



LA

AfEF 2022%F £52K H134

# R, A S B R R LB B R A B Rt

2]

[3]

[4]

(5]

(6]

(7]

(8]

(9]

of a new type of merging unit based on IEC 61850[J]. Automa-
tion of Electric Power Systems, 2007, 31(7): 85-89.

TRICSE A, 0 TR L 223 e T L A B AR B g
[7]. LM $EAR ,2010,34(9) - 1-6.

Zhang Wenliang, Tang Yong, Zeng Nanchao. Multi-terminal
HVDC transmission technologies and its application prospects
in China [J].Power System Technology, 2010,34(9): 1-6.
AT 98 . 22 gy S 1R L UAT A FL AT S0 T PR A B A A B R B
FL[D]. F L AR KA, 2019.

He Yan. Research on active power distribution coordination
and optimal control technology of multi-terminal flexible
HVDC transmission [D]. Nanjing: Southeast University, 2019.
Li Bin, He Jiawei, Tian Jie, et al. DC fault analysis for modu-
lar multilevel converter-based system[J].Journal of Modern Po-
wer Systems and Clean Energy,2017,5(2):275-282.

TGS . 22w e LU L R G R SR IR FSE (D] bt AR
At I R (LA, 2018.

Ding Xiaobin. Research on protection strategy of multi-terminal
HVDC system [D]. Beijng: North China Electric Power Univer-
sity (Beijing) , 2018.

FI W ZEE Y VSG FEH SR K R R R Y £
WR5ED]. AL at: At ) R (b at) , 2018.

Wang Ao. Simulation study on back-to-back flexible VSG con-
trol strategy and flexible short circuit characteristics [D]. Bei-
jing: North China Electric Power University (Beijing), 2018.
o RMBOGR 2238 BT 9 R 5 B9 B I 42 ) S s A1 50
[D]. R : LIAK,2018.

Wang Yan. Research on coordinated control strategy of large-
scale photovoltaic grid-connected system[D]. Jinan: Shandong
University, 2018.

An Ting, Han Congda, Wu Yanan, et al. HVDC grid test mo-
dels for different application scenarios and load flow studies[J].
Journal of Modern Power Systems and Clean Energy, 2017, 5
(2): 262-274.

R RIS K, BB B, AR R RERIDLE 5 B L

26

[10]

[11]

[12]

[13]

[14]

[15]

BT BUCHL T 5 AR, 2020,43(6) :9-12, 17.
Zhu Cheng, Xu Tengfei, Jin Yunchang, et al. Design of high
precision analog signal isolation circuit[J].Modern Electro-nics
Technique,2020,43(6):9-12, 17.
GRZZ S H O IR S I8 W0 R 0 RURS R 0B A2 AL AT SR
[D] . 5 F : LR K2+,2006.
Liang Jun. Research on advanced power fault recording and
monitoring system and accurate fault location[D]. Jinan: Shan-
dong University, 2006
Zhang Hao, Xu Honglin, Fan Yichen, et al. A time-inter-
leaved pipelined ADC with ultra high speed sampling[J/OL].
Indian Academy of Sciences: (2020-08-18) [2021-05-24].
https://link.springer.com/article/10.1007/s12046-020-01440-z.
MAX11901, 16-bit, 1.6 Msps, Low-power, fully differential
SAR ADC data sheet. MAXIM[Z/OL]. [2021-05-24]. https://
www. maximintegrated. com/cn/products/analog/data-converters/
analog-to-digital-converters/MAX11901.html.
L30T FET CDA046 FUAH B 1Y) v s B 3 R o 1R B BE 311,
PALTMT,2019(3):228-231.
Ma Wenning. Design of voltage isolation sampling circuit based
on CD4046 phase locked loop [J]. Modern Navigation , 2019
(3):228-231.
XA, YRR, AR L 4F Lk T HONR20T A i i B4
1 B 2 P B T (D). DR EEAR 5 AR R L 2017, 1:147-
150, 154.
Liu Xigao, Ling Chunhui, Lii Fuyan, et al. Design of high preci-
sion analog signal isolation circuit based on HCN201[J]. Instru-
ment Technique and Sensor,2017,1:147-150, 154.
EIR, T, skA . —Fh BT HCNR201 Y i A 2 440 2 46 0
LT Bk AR S R, 2018,37(5) :86-89.
Wang Zhen, Ding Libo, Zhang He. A high-precision insulation
detection circuit based on HCNR201[J]. Techniques of Automa-
tion and Applications,2018,37(5) : 86-89.
Wi A B :2021-05-24
R H 91 :2021-06-15






