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Design and Application of Reference Source
in Tiny Capacitance Difference Detecting System

CHEN Yu—~hu WANG Long-qi YU Tao SUI Yandin CHEN Yongkun LIU Xin XUE Ke
( Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Sciences Changchun 130000 China)

Abstract: In order to further improve the accuracy of fF level capacitance difference detection data acquisition system and
meet the demand of WV level circuit noise in 107 ~ 1 Hz measurement frequency band the AD780 reference source circuit in the
form of average circuit was adopted to replace the internal voltage reference of AD7712 in the original acquisition system. The fre—
quency domain noise of AD780 reference source met the requirements of the index by simulation analysis and the time and fre—
quency domain noise of AD780 and AD7712 internal voltage reference were measured and compared as well as the acquisition
accuracy and frequency domain background noise of the system under the two reference sources. The measured results show that

the noise resolution at the index frequency point is 0. 5 WV /Hz'"?

under the condition AD780 provides external voltage reference
which is 3. 34 times higher than that under the condition of internal reference. The design further improves the performance index
of the system and provides a necessary condition for analyzing and testing the lowHrequency noise characteristics of the capaci—
tance difference detection circuit and improving the resolution of capacitance sensing.
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0 AD7712 AD7712 2.5V
+120 pF
. 20 wV/fF,
10 ~1 Hz fF  AD7712 30 pV
Y% fF
10*~1 Hz
. AD7779.AD7712 Y -A Vv o
AD7712
AD7712 24
. 5
( 2020YFC2200604) 1

:2022-10-24 4



26 Instrument Technique and Sensor May. 2023
. 2
XFET o AD7712 >-A 24
AD7712
AD780
o PN . AD780
AD780AN/AD780AR. AD780CR. AD780BN/AD780BR
46
o 3 o 1
AD780BN/AD780BR 0. 4%
o 3 ppm/°C (1 ppm=107"°)
1 AD780
CMOS v /(ppm+C™"y  IpV
AD780AN/AD780AR 2.495~2.505 7 4
N AD780CR 2.498 5~2.501 5 7 4
7-9 R AD780BN/AD780BR 2.499~2.501 3 4
XFET 0.1~10 Hz
o 107" ~1 Hz
o AD780
o 107" ~1 Hz
. AD780BR
i 12-13
° o 1 AD780BR
o XFET 10 ~1 Hz 1.18 uV
590 nV.
XFET
4
0.1~10 Hz 1 AD780
AD780 10 ~1 Hz
° 590 nV

wV



5 27
3 ppm/C
. AD780
3
2
4 AD7712
10 mHz AD780 1. 96
2 wv/ Hz!”,
2
3.1
AD7712
KEYSIGHT E3612A
KEITHLEY 2002
10 Hz 3. 4 5 AD780
. AD7712
30 WV
10 mHz 14 WV/Hz'"?.
6 AD780
AD780
AD7712
3 AD7712 1/5.
+2.5V 12 h 5. °
6 . AD780 +2.5V 3.2 AD7712
2 h 6 v AD7712 AD7712
AD7712

2.4 ppm.



28 Instrument Technique and Sensor May. 2023
7. 8 20 pV
10 mHz 1.67 pV/Hz'"?,
107 ~
1 Hz Y% o
9 AD7712
7 AD7712
10 AD7712
4
8 AD7712
AD780 10*~1 Hz
AD780 AD7712
wV
\ AD7712
AD7712
o AD780
9. 10 . AD780 +2.5V
AD7712 6 ,LVHZ AD780
) 10 mHz 0.5 wV/Hz 6 v 25y 2.4 ppm.
10"~ 1 Hz Y 10 mHz
° 1.96 wV/Hz'"?, AD7712 30 wV
AD7712 14 'J,V/HZHZ
5 7.14 AD780
10 mHz 0.5 wV/Hz'"”
wv ° 30 pV 1.67 wV/Hz'"?
AD780 3.3¢
o AD7712 F
10 MHz 1. 67 wV/Hz'"?

0.5 wV/Hz'"? Y



5 29
D . : 2021.
LI J L ZHANG T. Study of acceleration measurement in 9 LI X J HUANG Q F. Design of a new voltage reference
gravitational wave detection J . Classical and Quantum source J . Journal of Physics: Conference Series 2021
Gravity 2022 39( 5) : 055007. 1827( 1) : 012024.
D . 10
2022. D . : 2019.
PSRR 11 JFET
J/OL . S 1-7 2022- J. 2020 37(4) :80-85.
11-18 . DOI: 10. 13482/j. issn1001-7011. 2022. 04. 01. 12
J . J. 2008( 9) : 22-25.
2009 38(9):1-4. 13
BUCUR V BANARIE G MARINCA S et al. A zener-based J. 2012 31( 8) : 66-68.
voltage reference design compensated using a AVBE stack 14 RATHORE T S. Digital-+to-analog converters with arbitrary
C //2018 25th International Conference “Mixed Design of radix and a single reference source J . Circuits Systems
Integrated Circuits and System” ( MIXDES) . IEEE 2018: and Signal Processing 2020 39( 8) : 3759-3769.
116-120. (1996—)
J. 2022 39(2):1-8. E-mail: Chenyz_mail@ 163. com
J. (1978—)
2018(23) : 145-147. o
E-mail: fygoal@ aliyun. com
24 ) 8
BAE KM LEE ] M KWON K B et al. High-shock silicon J. 2021 34(9):
accelerometer with suspended piezoresistive sensing bridges 1152-1157.
J . Journal of Mechanical Science and Technology 2014 9 -MEMS ¢
28( 4) : 1449-1454. D . : 2017.
HU X D MACKOWIAK P BAUSCHER M et al. Design and 10
application of a high—G piezoresistive acceleration sensor for J. 2020 33(8) : 1197-1203.
high-mpact application ] Micromachines 2018 9 11 WANG P ZHAO Y L ZHAO Y et al. An improved struc—
(6) :266. tural design for accelerometers based on slotted eight-heam
KAZAMA A AONO T OKADA R. High shock—resistant design structure J . Sensor Review 2018 38( 1) : 1-8.
for waferdevel-packaged three-axis accelerometer with ring— 12 g
shaped beam J . Journal of Microelectromechanical Systems J. 2022 41(6) : 78-81; 85.
2018 27(2) : 355-364. 13 WANG P WANG N ZHANG C M et al. Research on mi-
g cro-piezoresistive accelerometer with slotted bseams J .
] . 2018(6): 11— Sensors and Materials 2020 32( 12) : 4067-4076.
14; 48. 14
g J. 2019 18(4) :59-64.
J. 2020( 10) : 42-46; 83. (1987—)

JIA C MAO Q LUO G X et al. Novel high-performance pie—
zoresistive shock accelerometer for ultra-high-g measurement
utilizing self-support sensing beams J . Review of Scientific

Instruments 2020 91( 8) : 085001.

o E-mail: wangpeng1851@ 163. com
(1995—)
o E-mail: 1551107173@ qq. com

MEMS



