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ABSTRACT

This paper presents a CMOS switched-capacitor interface circuit for MEMS capacitive sensors. It
consist of a capacitance to voltage converter(CVC), a second-order * A modulator, and a comparator. A
bias circuit is also designed to supply constant bias voltages and currents. This circuit employes the
correlated-double-sampling(CDS)  and  chopper-stabilization(CHS) ~ techniques to reduce low-frequency
noise and offset. The designed CVC has a sensitivity of 20.53mV/fF and linearity errors less than 0.036%.
The duty cycle of the designed > A modulator output increases about 5% as the input voltage amplitude
increases by 100mV. The designed interface circuit shows linearity errors less than 0.13%, and the current
consumption is 0.73mA. The proposed circuit is designed in a 0.35um CMOS process with a supply voltage
of 3.3V. The size of the designed chip including PADs is 1117um X 983um.

e RiI=

MEMS Capacitive Sensor, Switched-Capacitor Circuit, Capacitance to Voltage Converter, Sigma-Delta Modulator

.M B of &zbe] A7)eh ©r gl &nl AYS BE 5

AL JAFE, AN, AR RS & Hol A

MEMS(Micro Electro Mechanical System)& st &2 4‘_‘%\5% a4s F dte ?3"@0 A
nlo]lZZulE] =79 uA s]&zA Aot Tk MEMS 719 $&2k2E AFA Zofol
74, frel 5L Jhgste] xuAEe PAgr, M AEEAclRgH Sk AR 2oln HH
249 7)ol 5 o &% 24 JATRE A 2ok HFEH ARAES 771Eok 9m
& mlo s%olt) HisA AF FAHL o] &3 2 8 EoF 5 o EoklAM Z8FHI AT
T g Ao og el shsEls] W MEMSE ©| &3 7t&= AA= 7P 'A 28
- - stEo] gl ARREI e FEolH HI Al

of #EL NW4IE AFXEFHPEH AdosE F=4 o= _ - . »
Sgae lsaran A we swn ag 9 £¥shANE <o) Ny xe =4 o
(2014046387). IDEC A€o oM = A¥ FHH S EE e VISR AA Y e 9% AT

- 569 -



ro

TYESLIEE] 2014 FASESEUS

& FolTh1-4].

71¥€ MEMS 7}&= Al = 7HEE wsto] o
€ Capacitance®| #3}oll olsf F2}sl= Hid,
2 AAE CVCeY W1 E(sensitivity)E 5714171
1, AA AYLRE 3 AdY AR &
e ¢ UAEF Fo A, ¢ 2 Capacitance
o] W3tz F&st= &FF  AlX](Capacitive
Sensor)& 13 CMOS ¢lElFH ]2 J2F A
st ZFEEE ofygt F @2 ZofolA 28
T A A g

. 3244

1. AA = 74

a9 1 AAE MEMS &% AAE 9%
AE el Fre] A £F tholojagoltt
AAlE 3|2+ FA  CVC(Capacitance to
Voltage Converter), SC-Integrator, Comparator
2 F4E™, CVCe SC-Integratorel] Za3g A
7 %2 HEs AH3E Biasd2 ¥ Clock
Generator2 T/45 o] AT}

CVCe Wigtd 7MAd2=E HAskaLf6] ©]
SEoto] dgeom E9sta, oFA =9d
92 SC-Integratorll Al 22} &S B3t
dol8e AR HFHow wa
A Azw H=HA 9o

l Generator I J
|

cvc L_L‘ SC Int t H it )‘ ‘
‘ H AV ntegrator || a7 Comparator

f
b
o

N

=
Lo
ol
o
2

==p> ocon 140TA  2%0TA
==  CMFBfor CMFB for
oTA oTA
XA Modulator
| e
Bias I

BGR CR WsCM

29 1 AlE 82 BE tholo]1u

2. Bias Circuit
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% 1. CVC OTA 4%

Parameter OTA
Current Consumption (uA) 440
Gain (dB) 70

PM (%) 80.3

BW (Hz) 26.3K

4. SC-Integrator

CVCOlA Capacitance®] ¥}t Atez W
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Parameter [1] OTA

Gain(dB) 67 68.4
Phase Margin(’) 78.5 68
Band Width(MHz) 24 25

Current(uA) 1600 24.39

% 3. "Har]e AF

Parameter [1] This work
Resolution(mV) <30 0.2
Power(uW) 480 127
Delay time(ps) - 934.25
. 2o|Als Zut
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1% 9. CVC nonlinearity
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5. Comparator
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19 7. Comparator

AC(fF) | 0 8 16 24 32 40

Vout | o | 16433 |328.65 | 492.99 | 657.31 | 821.35
(mV)
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Parameter Value

Vin(mV) |-800|-400|-100| O |+100 |+400 |+800

Vout
Duty cycle {10.03(29.93]44.98|50.01|55.13|70.13|89.88
(%)

Linearity
Error(%) 0.3 0.1 10.04]0.02| 0.2 [0.014] 0.06
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1% 10. ~ A Modulator output (a) Vin=100mV
(b) Vin=200mV (c) Vin=300mV
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® 6. A5 nlu
[1] This work
Current (mA) 5.4 0.73
Clock Freq.(MHz) 5.12 2
Process 0.35um CMOS | 0.35um CMOS

AARE 329 Fololx =HE 1Y 120 H
AT Ho =7]+= 1117um x 983umeo|H, PAD
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