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The study of the low-power, digital output signal processing circuits for
capacitive sensors
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A high-accuracy CMOS interface for differential capacitive sensors using a
time-to-digital converter (TDC) is presented. The proposed TDC achieves high resolution using two
clock signals of which the periods are different. The performances of the proposed CMOS interface
are simulated by HSPICE using 0.18 um CMOS process parameters. The resolutions of 11.3 bits are
achieved with calibration. The maximum nonlinear errors are smaller than plus/minus 0.55 LSB. The
measured results of a prototype circuit indicate that the resolutions of 10.3 bits is achievable.
To realize higher-accuracy capacitance-to-time conversion, three differential-capacitance-to-time
converters (DCTC) for capacitive sensors were proposed. Simulated results have demonstrated that
%Z—bitSrssolution is achievable. The power consumption of the proposed circuits is 25.6 microwatts

or 1.

The proposed circuit is suited for co-integration with MEMS-type sensors and microcontroller-based
measurement system.
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(MEMS: Micro Electro Mechanical Systems)
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1. A block diagram of the proposed CMOS interface for
differential capacitive sensors.
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2. (8) The schematic and (b) the timing diagram of the CTC.
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3. Thetiming diagram of aBasic TDC.
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4. () Simulated performance of the proposed CTC: (a)

Thetimeinterval, t, and (b) the deviation from the
ideal value.
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5. Simulated performance of the proposed CMOS

interface: (a) The digital output and (b) the deviation
from the ideal value.
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6. (a) The schematics of the DCTC. (b) The timing
diagram of clock signals.
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7. Simulated performance of the proposed DCTC: The
output N (a) and the nonlinear error (b) as a function of
capacitance difference-to-sum ratio.

7 (FS)
0.02 % 0.02 %
0.18 %
DCTC
(FS) 0.16%
0.095% 1.39 %
+0.9
V 500 pW
©)
(CTC)
8 CTC
C. G
t1 te N

N:tl_tZZCa_Cb (8)
t,+t, C,+C,
0.18 um CMOS
HSPICE
0.0087 % 0.00016 %
0.027 %
18V
25.6 LW
(l:la ® b1+ 05,44,
11 T S
ﬁb $I\Ss dot+di+ds,
o I— 1 S
_ N 2
= b
+
Vo2
bs1 165, > oH-
S + Vcomp =
L Al g ol
P> ~Comparator D-FF comp
= %Ys dsz "
Vrz Vrl
Logic Control
@
a
b
[
4.
b I [
[ [ - i p
Vout i i
\\/,i L /ﬂ / {vm,/z
0 — =
Vo UL UL L™
Voomp : [+
1 ty
(b)

8. (a) The schematics of the C/T converter. (b) The timing
diagram of clock signals.
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