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Abstract: This paper deds with a new type of system for measuring capacitances with the use of a
flip-flop sensor controlled by a so-cdled fast-rise current control pulse. The theoretical consderations
are compared with experimenta results, and good agreement is reported. Copyright © 2003 IFSA.
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1. Introduction

The dircuit in Fig.1 was introduced in [1] as a flip-flop sensor. The flip-flop sensor is part of a class of
dlicon sensors with a digita output. A standard flip-flop conssting from two transstors and two
resstors (see Fig.1) is characterized by two stable states, 1 and 0.

One of the authors of the patent flip-flop sensor was Lian [1], who showed that a flip-flop sensor @n
be used for measuring non-eectricd quantities and derived a formula for cdculaing the equivaent
voltage of the flip-flop sensor controlled by a dow-rise contral pulse. The principle of measurement is
based on the measured non-eectrical quantity bresking the vaue symmetry of the inverters redive to
the morphologica symmetry axis passing through pointsK and Z (see Fig.1).
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Fig. 1. Hip-flop sensor.

However measured quantity can be compensated by a voltage Un=Une in such a way that by repeated
connection to source I(t) the 50% date [1] is restored, so that the magnitude of the measured nor:
eectricd quantity will be reflected in the voltage Une, which we will cdl the equivdent voltage.
However, it is not necessary to gtick to the custom of using sensorid dements, as shownin Fig.1.

It should be noted that in current control we aso distinguish between pulses with afast or dow-rise
segment of the control pulse (see Fig.2).
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Fig. 2. Current control pulse.

Control with a fagt-rise segment of the control pulse is characterized by the ratio 1,,/&; being such that
the currents passing through the capacitors are not negligible compared to the trangstor currents of the
flip-flop sensors. This notion should be understood in its reative sense. In practice, this condition is
sidiedif 8;,8<<RCq and §1,8,<<R,C; a the sametime.

The god of this paper is to show tha capacitors can be measured with the use of a flip-flop sensor in
the structure of an auto-compensative system [2,3].

2. Equivalent Voltage

As described above, the asymmetry of the flip-flop sensor can be compensated by the equivaent

voltage Une [1]. If we assume mismaiches in the capacitances C;,C,, then the formula for the
equivaent voltage has the form [2,3]:
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where |, isan amplitude of the current control pulse, C, =C + DC, R=Ri=R;, C,=C and DC/C <<1.

The formula for cdculaion of eguivdent voltage of flip-flop sensor controlled by verticd rise
segments of the control pulse was first derived by Kollér [2,3].

3. Auto-Compensative System

An auto-compensdive sysem is shown in Fig.3. Ry and R, ae the load resigtors of the flip-flop and
usudly range from a few kO to tens of ks, R is smdl resgor its vaue is normdly two orders of
magnitude smaler than R, and R.. The voltage up is atenuated by the ratio Ry/R (Ry>>R) and is fed
to flip-flop sensor. By adjusting up, the asymmetry due to components in the flip-flop can be
compensated, thus bringing the flip-flop sensor into 50% dtate [1]. The two outputs of the flip-flop are
connected to comparators and the comparator outputs are connected to the integrator and reversible
counter. The current of the flip-flop is switched on and off by a pulse generator. It is obvious tha
feedback is redized as andog, but reversble counter connected to the comparators enables to
represent measured cgpacitance in digita form.
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Fig. 3. Auto-compensative system.

Now suppose that C;>C,. From the formula (1) it is obvious that Une >0. After connection of the
current generator voltage uy increases, but if un(ti))>Une , then beginning with this moment the
Stuation garts to dternate which means the logicd one will appear dternatdly a the output of the first
inverter and then second inverter. Fig.4 expresses this fact. From the Fig.4 it follows that the measured
capacitance will be reflected into the mean vaue Uys of the symmetrizing voltage un.
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Fig.4. Principle of auto-compensative system functioning.

The principle of the auto-compensative system functioning is in more detall described in references
[2,3].

4. Proposed Solution

Experimentd circuit was made by surface montage technology. Fig.5 shows an experimentd circuit.
The parameters were set as follows R=6.8k[], R=100, Ry=1.8 k[, C;=10 nF, R=10 k[J and C=530
pF. The flip-flop sensor was controlled by a current pulse according to Fig.2, while &;=8,=100ns,
Im=0.83 mA and T=100i s.
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Fig. 5. A photography of experimental circuit.

An important parameter of the flip-flop sensor is offset voltage. Let the offset voltage depends on
temperature changes, mismatches in resstances and capacitances, mismatches in transstor saturation
currents and current gains. Assume that the two transstors are subjected to the @ime temperature and
that the effect of mismatches in the trangstor saturation currents and current gains and of mismatches
in the redgances of the flip-flop is negligible compared with the effect of mismatches in the
capacitances of the flip-flop sensor. The mgor cause of offset voltage is then due to mismatches in the
cagpacitances of the flip-flop sensor. An asymmetry caused by mismatches in capacitances we will call
a capacitive offset. A capaditive offsst AC; can be compensated by a small DC voltage, or by a small
capacitance to achieve C1=Co,.
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Now suppose that measured capacitance AC; is pardld connected to capacitance C;. The capacitance
AC; can be caculated using formula[2,3]

- DCl J (2)

where Une is equivdent voltage with offset. The formula (2) was derived through (1) under the
conditionthat DC = DC, + DC, , where AC; represents a capacitive offset.

The idea to measure the capacitances with compensation of the offset was used in the experiment. First
must be measured capacitive offsst AC; and then measured capacitance AC, can be caculated using
(2). As shown above, the principle of operation is based on the measured capacitance bresking the
vdue symmetry of the flip-flop, but the equivdent voltage can compensate this. In this case, the
asymmetry will be reflected in the number of pulses read by the reversble counter. The capacitance
will be equivalent to the mean number of the pulses read. In the practicd measuring, the number of
pulses read was processed using microprocessor and measured capacitance was cdculated using
formula(2) in Lab VIEW.

5. Metrological Characteristics

To use the sygem in an industry application its metrologica characteristics must be known. In
accordance with norm 1EC 770, Fig.6 shows achieved errors for the change input capacitance from 0.5
pF to 3.5 pF (up) and from 3.5 to 0.5 pF (down). Input capacitances were made from phone cable
given distances [4] (see Fig.7), and measured by RLCG meter BM 590.
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Fig. 6. Achieved errors for the change input capacitance up and down in percents
from measuring range (3 pF).
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Fig. 7. Capacitances made from phone cable.

From Fig.6 it follows that maxima value of hysteress is equa to 2,22 % for input capacitance 35 pF.
The vaue of repeatability is equa to 0,0205% for input capacitance 2.75 pF.

6. Conclusions

In this paper, a new method, based on a flip-flop sensor, for measurement capacitances in range a few
pF has been presented. Auto-compensative system with flip-flop sensor enables to set the equivaent
voltage automaticdly. To measure a capacitance connected to flip-flop, pulses from inverters are
processed in reversible counter. A number of the pulses read represents a measured capacitance AC.
But the flip-flop has a capacitive offsst. To avoid incorrect measurement, capacitive offsst AC; must
be measured. Then capacitance AC, to be measured can be caculated using formula (2) in Lab VIEW.
Fig.8 shows photography of messuring system. Measuring range can be changed with the values of
load resistors R, current amplitude |, or capacitance C, respectively, but it has not been investigated in

this paper.

Possihility to measure capacitances from range afew pF predetermines to use it in cgpacitive sensors.
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Fig. 8. A photography of measuring system.
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