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AC
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M15197 4.2 Armdiwesdmiuideng1unisvinauveainug i (Cs)

Clock Minimum Maximum
nsain Vet I, frequency Ce Duty Ce Duty
cycle cycle
3V | 250 pA 1kHz 6 nF 9.2% 70 nF 89.6%

3V | 400 pA 1kHz 5.8 nF 6% 128.6 nF 98%

3V | 400 pA 5kHz 0.1 nF 6.5% 22.718 nF 93.5%

A TWIN |-

3.5V | 500 pA 5kHz 1.15 nF 12% 25.1 nF 97.5%
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ABSTRACT

A sumple design techmigue for realization of the capacitance interfacing circuit is presented m
this paper. The capacitance of sensor is converted to duty cyele of reference signal based on
pulse width modulation (PWWM) technique. The proposed circnit provides simple configuration
and low cost. In addition. the scheme requires only commercial available devices. Maximum
duty cycle of about 95% can be achieved from the proposed technigque without disturb basic
performance. Experimental results showing the cirenit performance are agreed with the
expected values.

Keyword: Capacitive Sensor, Duty Cycle, Pulse Width Modulation, Interfacing Circuit

1. Introduction

Capacitive sensor 1s one of the important roles for measuring the physical quantifies such as
displacement, acceleration. pressure, humidity, flow, and ligmid level [1-4]. Many techmigues
to mnterface the obtained capacitance from sensor can be found in the literature [2, 5-9]. Method
for mierfacing capacitive sensor vsing capacitance to voltage converter [2, 3] has been
introduced. The alternative technique based on capacitance to time interval or frequency
converter [6-9] has been reported. The technique for converting the capacitance of sensor to
frequency has been presented in the literature [6-7]. Pulse width modulation (PWM) technigque
based approaches [8-9] have been reported. Nevertheless, these approaches require specific
design building blocks that are uncommercial available devices. Moreover. the maximum
obtained output of the literatore [8] in the form of duty cycle 15 about 50%. In addition, the
output signal of the scheme design in [9] depends on the clock signal. Therefore, the aim of this
paper is to introduce a simple design technique to implement interfacing circuit for capacitive
sensor. The achieved output mn the form of duty cycle is proportional to the measured value
from sensor. The propesed converter requires only commercial available device. Maximum
duty cycle of the proposed circuit can be obtamed about 93%. Experimental results confirming
the circuit performance are agreed with the expected values.
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1. Circumit Description
The proposed capacitance-to-duty cycle converter based on PWM technigue 13 shown in figure
1. The principle of circuit in figure 1 is implemented vsing the constant current I, comparator
A, Toggle flip-flop FF; and transistor (). The operation of the proposed scheme can be
explained as follow.

Vot

] I'r.n')

Fignre 1 Simple proposed capacitance-to-duty cyele converter.

The constant curvent Jy 15 used for charging into the capacitor Cs The wvoltage I across
capacttor Cs 13 rising up as

iy
AL 1
V.= ZLAT (1)

(4]

where AT denotes the charged time of capacitor C's. The reference voltage I is employed to
compare with the voltage I'c. If voltage e 1s less than g then the output voltage Fr of
comparator A] is low state “07. Until the voltage [z equals I%g, Ik becomes high state <17
Thus, equation (1) can be rewritten as

The high state of voltage Iy forces to reset flip flop FF; Then the inverted output 'p of FF) is
set to high state. Resistor Ry and transistor O connected to the inverted output of FF) provide
for discharge the capacitor Cs. The voltage Iy becomes recharge after the next clock pulse. It
should be noted that the frequency of the I5,; is equal the clock frequency, while the pulse
width AT is the charged tune duration. The pulse width AT can be state as
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AT = %V,{, 3)
1

It can be seen that pulse width AT is linearly proportional to the sensing capacitance Cywith the
scale factor /]y, Consequently, the scale factor can be tuned to appropriate value to control
the operating range of the proposed circuit. If T is the period of clock CK. then the duty cycle of

output Iy can be written as

AT [ o
dutycycle= e «100% = % x100%% (4)
15

It 15 evident that the obtamned duty cycle is also linearly propertional to the sensing capacitance
Cs. Moreover, the change of sensing capacitance Cs range can be achieved by adjusting the
scale factor and elock frequeney (1/T). Example of parameter setting for choosing the range of
sensing capacitance Cyis shown in Table 1. Figure 2 shows the operating signal waveforms of

each point.

T
CE
0 — 72— 7
2 E_
Fr
== r
|
4 r
Fo
o ey e N
Fp
]

Figure 2 Signal waveforms of each point.

Table 1 Example of parameter setting for choosing the range of Cs.
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Ve I Clock Minimum Maximum
frequency Cs Duty eycle Cz Dury evele
Casel 35V | 150pA 1kHz 0.5nF 0.7% TimF 58%
CaselIl | 3.5V | 230pA SkHz 0.1nF 0.7% 14nF S8
Caselll | 3V 400uA 1kElx 1nF 0.75% 130nF 97.5%
Case IV | 3V 400pA SkHz 0.2nF 0.75% 2emF 97.5%

3. Experimental Results
To verify the performance of proposed converter, the cirenit in figure 1 was experimentally
implemented using TM334, ITM358. CD4027 and C9013 devices for the constant current
comparator, toggle flip flop and switch for discharging the capaciter Cs, respectively. From
Case [in Table 1, the plots of duty cycle agamnst the sensing capacitance Cs varied from 1oF to
T0nF are demonstrated in figure 3. It clearly seen that the measured duty cyele about 95% is
linearly proportional to the sensing eapacitance Cs.

cle (%)

duty ¢y

o W .20 30, 4. s 80 T
Sensing Capacitance, C; (nF)
Figure 3 The plots of duty cycle versus sensing capacitance Cg.

Figures 4({a) — 4(b) illustrate time response of each point in figure 1 with Case I, where the
sensing capacitance Cz= 15nF and 60nF, respectively. The pulse widths of about 210 s and
840 s for figure 4(a) and 4(b), respectively, are observed. It can be seen that the duty cycles at
21% and 84% for sensing capacitance Cg= 150F and 60nF are achieved.
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M&;'JM-_&&;._-,“,-__—:J
Chl_5.00 Ve G2 500V Ma00us. A Chl & 260V
. thd 5.00 Y
(b) For Cs= 60nF (84% duty cycle)
Figure 4 Time response of the operation signal of each point from Case I
CH1 : Clock signal CH2 : Reference signal I
CH3 : Voltage I'c  CH4 : Voltage Iy,

4. Conclusion
Simple capacitance-to-duty cycle converter based on PWM technique has been introduced in
this paper. The circuit configuration is simple and employs commercial available devices. The
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obtained value in form of duty cycle is linearly proportional to the measured capacitance from

sensor. The sensing capacitance Cs range can be also changed by varying the clock frequency
and scale factor. In additicn maximum duty cycle of about 95% 13 observed. The proposed

circuit performance is confirmed by experimental smplementation.
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