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ABSTRACT

Differential pulse width modulation circuit is the use of charging and discharging of the sensor capacitance circuit
output pulse width varies with the sensor capacitance change. Capacitive sensor is a device of the electric capacity
change measured, and it is a variable capacitor, and then the voltage is obtained by measuring circuit, and the
relationship between voltage and displacement are derived and realize the displacement measurement. The paper
proposes design of capacitive displacement sensor and measuring circuit based on modulated differential pulse
width. Through the experimental analysis of error causes, and put forward measures to improve the precision of
measuring circuit.
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INTRODUCTION

Capacitive sensor is a device of the electric dapabange is measured, is a substance with variphtameters of
capacitor. Compared with other sensors, capac#resor has good temperature stability, simple tstrecstrong
adaptability; good dynamic response, high resofytiand reliable work, easy to realize the non-atinta
measurement, with average effect and other advesitagd can work in high temperature, radiation stnoing
vibration and other harsh conditions. Capacitamsesars are widely used in a variety of detecticstesy, used to
measure such as liquid level, pressure, displaceraeceleration and other physical quantities. Ciipa sensor
also has shortcomings, such as high output impegldoad capacity is poor, the parasitic capacitaffexts and so
on.

Capacitive displacement sensor often exists tHevimhg problems: 1, in the design of the capaciéadetection
circuit nonlinear, not easy to follow the sensoareftteristic curve fitting; 2, the parasitic capaece and the
influence of the distributed capacitance of capaeitlisplacement sensor, the measurement rangemalf. sThe
capacitive displacement sensor micro-epsilon comps an example, the diameter of the detectioneranfg
capacitive displacement sensor 40mm is only 5mrthe8detection circuit is complex, high cost ofguwotion.

Electrical measuring non-electrical quantity measgnt method, you must first be measured non-alettr
converted to electricity and then enter the am@lptUsually quantitative non-electrical componemi® electrical

quantity called converters; non-electrical quantigpending on the characteristics of the desigth@fconversion
device called a sensor, and the measured mechapieatity (such as displacement, force, velocitg,)ento a

sensor capacitance change is called capacitiveosenSrom the perspective of energy conversion, passive

converter capacitance transducer, and it is thel reeonvert the measured mechanical after a veltagcurrent

amplification and processing.

Because capacitive sensors are widely adopteditabéy involves the capacitance measurement prohldfor
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sensing signal extraction and non-power parameateneasuring the success of the closely relatedacitae

sensors will be measured non-power signal is ceegtento the change in capacitance, the capacitealcee can
not be directly used to show the conventional dig@pparatus, more difficult to transport, must theechange in
capacitance measuring circuit is converted to wgeltacurrent or frequency signal to display, reawydand
transmission. The capacitance / voltage conversiauit to the change in capacitance is converted voltage
signal accurately is essential, it is directly tethto the accuracy of subsequent measurements.

The project requires the design of a small dispter®@ measuring instrument, the use of differengallel-plate
capacitor circuit with pulse width modulation sigjmay to achieve the micro-displacement measuresn&ecific
requirements are as follows: (1) establishmenixp&amental systems, build the entire test sys{@ngevelopment
of a parallel plate capacitor; (3) developed a @esgnal processing circuit; (4) developed a midisplacement
tester. The paper proposes design of capacitiveladisment sensor and measuring circuit based orulated
differential pulse width.

2. Design of Capacitive Displacement Sensor

Advantages: capacitor of capacitance sensor terperatability of capacitance sensor value is irdejent of
general and electrode materials, to facilitatesilection of low temperature coefficient of the eni, and because
of the fever is minimal, affecting the stability sficcess; simple structure, strong adaptabilityapfacitive sensor is
simple in structure, easy to manufacture, easyutramtee high precision; can do very small, in otdeachieve
some special measurement. Capacitive sensor ginerigh the metal electrodes, with inorganic maéras
insulating support, so it can work in high temperat high radiation and strong magnetic field atigeo harsh
environments, can bear great changes of temperatigle pressure, high shock, overload; measuremgnttra
high pressure and low pressure difference, candmsuored magnetic band for the work piece.

For these mechanical quantity, especially the nreasent of slow change or small volume, generallingis
capacitive sensor to detect more appropriatejsskthd of sensor has the following advantagesidfge measuring
range of the relative change rate of more than 10 high sensitivity such as transformer ratiadge
measurement, relative change amount can reachl@@el (3) fast dynamic response due to the mowvirass is
small, high natural frequency, high frequency cbimastics is suitable for the measurement of dyinastatic
measurements are available; (4) good stabilitytdumpacitor plate for the metal material, platénlj for inorganic
materials, such as air, of glass, ceramic, quartz s on; so it can be in high temperature, lowptenature and
strong magnetic field, strong radiation under tbagtterm work, especially to solve the problemshigh
temperature and high pressure environment.

Capacitive sensors in many industrial and consymaatucts have a very wide range of applicationsabse of its
small size and low power consumption, and otheeetspof the characteristics of high precision, Wigmpular in
many areas. For capacitive sensor measurementstratitional circuit mode has its limitations caotrbe
overcome.

Capacitive sensor has an average effect, can rebdadafluence of surface roughness on the meas@aplacitive
sensor in addition to the above advantages, bot ladgause of the electrostatic attraction betwéencharged
minimax plates, and it is so the required inputrgpeminima, so especially suitable to solve the sneament
problem of low energy input [2]. Disadvantages ihhhoutput impedance, capacitance load capacifgrdifitial
capacitive sensor by the electrode geometry canitratypically tens to hundreds of skin, so tha¢ utput
impedance of the sensor is very high.

So the sensor load ability is poor, vulnerable dtsinle interference unstable phenomenon, sericdi®aen unable
to work, must take shielding measures, so as te tjie design and use of the inconvenience. Capaditgh also
requires sensor insulating part of the resistaradeevis extremely high, otherwise the insulationt péll serve as
the shunt resistance and influence the sensorrpaaface, so we should also pay special attentidinetanfluence of
the surrounding environment, as is shown by eqoatio

W =W W (W (M) | @

Capacitance sensor works by using mechanical duarttange in the capacitor parameters change onetava
achieve signal conversion. According to differeatgmeters to change the capacitor, the capacisemsor can
have three types: plate covering the area of changapacitance sensor.

Output characteristics of variable-distance capaci sensor are nonlinear, although can be usedptove the
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differential structure, but may not completely eéhate. Capacitance sensor for other types of oafjatting edge
effects of electric field, the output charactedstis linear. Additional capacitance or edge effgeherated by
directly superimposed with the sensor capacitatiee,output characteristics of nonlinear. These lprab lead
directly to the capacitive sensor measuring circaitplexity.

In the capacitor plate covering area of S, theadist between the two polar plates D, the measugattoon the
dielectric constant of medium between lower toelextrodes 1 ane is determined, the capacity of the capacitor
and the thickness of the material D2 and dieledoigstant 2. If the measured dielectric consta@tknown, can
measure the thickness of teaching material thickm¥s or the thickness of the material under testwn as D2,
can measure the dielectric consta@t The working principle of this is the capacititleickness gauge and
capacitance dielectric constant measuring instranasns shown by figurel.

capacitive displacement sensor and measuring circuit

Fig. 1. Design of capacitive displacement sensor and measuring circuit

Three under the same metal plate placed paralle¥hich the top plate and the bottom plate fixedhie middle of
the plate as a removable plate. The movable mechiattisplacement plate used in the reaction, simeenovement
of moving plate may cause changes in capacitantieeagensor [3]. In addition, this structure wid Bccompanied
by a suitable measuring circuit can determine fhection of motion moving plate, which is the gealestructure of
the sensor can not achieve. In conclusion, thedniction of a differential structure reduces thalmear errors and
improves the sensitivity.

Obviously, capacitance sensor that unilateral #@gtiwith the increase of measuring range, and itthe
corresponding error also increases. In practicpliegtion, in order to improve the sensitivity dfet sensor, and
improve the measurement range and reduce the eanl&rror, often make differential capacitor arahsformer
bridge structure, as shown in figure 1. On botlesidf the plate electrode is fixed by 1 and 2, ispd by movable
polar plate spring bearing 3. 2 fixed polar plate ¢he transformer and the AC power supply is cotateto both
ends of U, active plate connecting terminal andaasformer center tap terminal as an output enthefsensor,
voltageA U end of the output with the movable polar plation and change. If the initial position of the vable
plate from the 2 fixed plate distance is dO, tixediplate 1 and a movable plate 3, fixed 2 and @aivle plate initial
capacitance equal 3, if it is CO.

This circuit is of the capacitive sensor as a péthe oscillator resonant circuit. When measutimg capacitance
changes, the corresponding change in the oscilldteEquency is generated. Since the oscillatorueagy by the
capacitive sensor capacitance modulation, it iswkmas frequency modulation circuit. Equation 3 shaive
principle of the frequency modulation circuit. Faria FM oscillator frequency determined by the faling formula

).

T T
| ==> q(t)loga(t) -(->_ pt)logp(t))
t=0 t=0 2)
Mechanical quantity in line displacement, angulspthcement, spacing, distance, thickness, tersilmpression,
expansion, deformation, etc. are all closely linkégth the amount of the length; these quantitied eatios are by

measuring the length or the length of the amoumd,the measurement method is also very close oakttip. Also,
in some conditions, these changes in the mechagigahtity rather slow, and very small range, ifuieed to
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measure the minimum distance or displacement hagharesolution, the other sensor is very diffidol achieve
high resolution requirements of the precision meament commonly used in the resolution of the senso
differential transformer reached only 1 w& magnitude; but there is a capacitance micromategsolution of his
0.01um, two orders of magnitude than the former incrdadee maximum range of 100 .

High frequency voltage output by the oscillatoaimeasured signal modulated wave, whose frequendgdided.
This kind of measurement circuit, high sensitivibgn be measured to 0.Qdm displacement transformation
guantity, and frequency output, connecting to aigital instrument and the computer, can send, vect realize
remote telemetry. Another strong anti-interfereabdity, can achieve a high level of DC signal. Dback is the
effect of oscillation frequency and the temperatfreable capacitance; complex lines, and is ney éado a very
stable; output nonlinear large, need to error caregton.

Transformer bridge the principle is that a capaatnsor access AC bridge or two adjacent armptter two arms
can be resistance or capacitance or inductancealsanbe two the secondary coil of the transfornwhen

measuring the measured changes cause bridge uobaansor capacitance change, the output voltaie dfridge
changes. This circuit for variable distance sensonlinear error is large; it is only in the loadpedance of the
output characteristics of linear. It also doeshwte the automatic balance measures, constitesplex.

The principle and application of capacitive sendoss the cylinder 1 and cylinder 2 constitute paeitor poles,
assuming partially immersed in the liquid to be swrad (the liquid should not conduct electricifyconductive,

the electrode must be insulated). Thus, the digteloetween the plates consists of two parts: themadium and the
liquid medium, thereby forming a capacitive levehsor, a liquid level of the liquid medium is chadgresulting in
the capacitance C is also changed. This metholeistteasurement accuracy is high, and from the wotling

environment. Total capacitance C by the liquid eb&lic portion and an air dielectric portion is aejor C1

capacitor C2 of two parts.

Visible, the output voltage is proportional to ttepacitance difference. The circuit is suitablevarious kinds of
capacitive sensor. It has the following charactiessand application requirements: (1) power supthig sensor
capacitance, load can be simultaneously at onet gpounding; (2) when the diode working in high égvthe
nonlinear measurement error is small; (3) the feeqy sensitivity and the power supply circuit, e power
supply frequency stability (; 4) will be D1, D2, RR2 installed to eliminate the influence of cab#pacitance in
C1, near C2; the circuit is simple; (5) output agk is higher; (6) the output impedance of theudirare only
related to R1, R2 and RL, which has nothing to @b the capacitor C1, C2; (7) can be dynamic measent.

s1 M-s

WYims)=[0:---0 C((m-)M +S)m ®)

Differential pulse width modulation circuit is these of charging and discharging of the sensor d@pae circuit
output pulse width varies with the sensor capacéarhange. The DC signal corresponding to the medsinanges
through the low pass filter can. Differential pulsgdth modulation circuit with DC power supply, theltage
stability is high, there is no stable frequencyy®farm purity requirements, also does not needotigse sensitive
detection and demodulation; no linear requirementthe element; the low pass filter can outputdargltage, the
output square wave purity requirements is not high.

Thus, the pulse width modulation circuit, regardle§changing the parallel plate capacitor plagaanr the distance
between the plates, which were tested change lined@h the output level. In summary, the differahtpulse width
modulation circuit can be applied to any differahttapacitance sensor, and has a theoretical iipddf. This
circuit uses DC power supply, high voltage stapilthere is no steady frequency, waveform puriggureements
and does not require phase sensitive detector anmtbdulation; requirements on wireless devices;utnothe
low-pass filter output DC voltage greater the regtdar wave output is not high purity requiremeiitsese features
are all other capacitance measurement circuit chmatch.

Variation of the capacitance value and the angdigplacement is proportional to; this is used tcasuee the
angular displacement. Is the cover area usingdidesplacement to change the capacitor plateliritial state is
completely cover plate, covering the area of SOwaien the 2 polar plates relative displacemenh&,dovering
area plate into S1=b (A-X). The dielectric constamdl the plate distance is constant, the capaeitaspectively.

The circuit components are: voltage source, a coapachip, flip-flop, gate chip resistors and ceips, diodes,
etc.. The total circuit needs a stable referendtage source voltage. Select the YB1731A 5A dual i@@Qulated
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power supply, the power supply has the characiesists follows: (1) with four groups of LED displaydicating
two voltage and current values; (2) has a voltaggrent and voltage and current state can be atimatia
converted; (3) the current limit protection typedamurrent limit can be adjusted; (4) the two outypeitage can be
connected in series or in parallel, in series grdrellel, can be voltage or current by a main pesupply (parallel)
tracking; (5) has the function of overload and staircuit protection. YB1731A 5A parameters: 0-3@dtput
voltage output current load effect; 0-5A; CV 5 >¢+2mV, 5 x 10"3+10mA CC.

Measurement circuit generally use a certain amotiatectronic switches, but the electronic swittlarge injection
effect on the measurement system is difficult tmiglate; measurement object because the rapidbitigarequire
high speed data acquisition, the acquisition spaetllower noise contradiction difficult to resoltbere is a filter
to improve the speed of data acquisition bottlen@alblem. Therefore, to consider the lead capaoiaparasitic
capacitance of the circuit design and environmantphct of changes in other factors, and it is &oacitive sensor
conditioning circuit design is quite complex, andchuse too many discrete components, will alsoctatiee
capacitance measurement accuracy [5].

Capacitive sensor, the distributed capacitanchesensor is reduced, largely to make up for ttle ¢ capacitance
sensor. Then the design of a good linearity of dhpacitance detection circuit, method of overconpagasitic

capacitance, increase the detection range of daadisplacement sensor, for the future develogroénapacitive

sensor, has the vital significance to expand tlopeof use of capacitance type sensor, the botikendich is

currently the capacitance sensor needs to brealdhr

3. Using M odulated Differential Pulse Width to M easuring Cir cuit of Capacitive Displacement Sensor

The design requirements for measurement of smapllaitement, here is the variation of the displacenig
capacitive sensor will not power into the powera@mr, and then the voltage is obtained by meagutircuit,
through the relationship between voltage and digpieent are derived and then realize the displacemen
measurement. The capacitive sensor as the bridggadement and voltage is very important, in theppsed
sensor design in the design.

This type of capacitive sensor are principle of lim@ar, so in practice often make differential naprove the non

linear. Effective area of area change type capa@aensor by changing electrode can be made weoiable area
type capacitance sensor. Variable area type capaeitsensor, flat structure is particularly sevsito a change; the
measurement accuracy is affected by. The cylindstacture affected by plate radial change litbecome the
most commonly used in the actual structure, thigepantroduced a concentric cylindrical linear dsgment

capacitance sensor [6].

Schematic diagram of this kind of sensor, figuie 2omposed of 2 blocks of plate, the plate 2xsdiplate, plate 1
is connected with movable polar plate of the meadubject can be moved up and down. When the cayariea

between the polar plates is S, the dielectric @ndietween the plates of medium e, initial plgceg is dO, then
the initial capacitance sensor capacitor CO togetlin two metal cylinder a certain height, the enusurface of the
cylinder, one fixed, the other a concentric cylind®ving along the axis direction, constitute thpacitance sensor
coverage area of each variable.

capacitive sensor

A %_ _
<
co R 2 Lm=
] <
B —

modulated differential pulse width

2

vECH

fils
I
H
T0%F] HXDID
niL
£5 INDLL
1K

12

13

avep 1 Capacitive displacement sensor
Fig. 2. Using Modulated Differential Pulse Width to Measuring Circuit of Capacitive Displacement Sensor
In fact, we have a variety of characteristics &f tapacitance sensor, are purely capacitive caotug¢dinder the

conditions. This sensor can be ignored in the gdrease the additional loss is feasible. Howevfecpnsidering
capacitive sensors in high temperature, high hugnigind high frequency excitation conditions workcan not
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ignore its impact additional loss and electricdgets, then the capacitive sensor can be equivederigure 2, C is
the sensor capacitance, R p parallel resistanicavisoss, which includes leakage between the platesdielectric
loss; R s is high humidity, high temperature, higgguency excitation at work series loss resistamtéch includes
wire between the plates and metal bearings and aibar and tear.

Capacitive displacement sensor will be tested héonon electrical capacitance variation, musttheemeasuring
circuit to convert it into can be applied to theagtity, such as voltage, current and frequencyadgyrthere are a lot
of this method of measurement conversion and psiaog$7]. The measurement method used widely atgmteare:

frequency modulation method, alternating curreidd® method, double T shaped charge and discharge.

X1)=360+,0)
i=p 4)

Set the cutoff frequenay C V IL meet V IL, the frequency is lower than t8esignal can be higher than the filter
circuit, C signal is attenuated as low pass filtenw pass filter can be used as the direct-cunpemter supply filter
circuit after rectification, so as to obtain a stioDC voltage. By differential pulse width modutaticircuit theory,
only through a low pass filter can be obtained sy DC output voltage of U 0. Generally speakiniieffiinto the
active filter and passive filter two, a low padgefi is not exceptional also, here introduce thgliagtion of the two
kinds of filters in the design of it.

This paper has carried on the detailed elaboratiadghe pulse width modulation circuit, analysis amdlerstanding
of the structure and the working principle of tlieewit, a circuit for each of them there are detilntroduction. It
is also noteworthy, resistance in the R 1, R 2 kaqelearge and discharge time of the circuit depeodsthe
capacitance sensor's parameters, and is indepeofdeatameter circuit with an external, this chéeastic of great
value, the only focus on process design, nametistimibuted capacitance reduce the wiring and liagkan of more
or less is introduced, in order to further imprdive detection accuracy of the capacitive sensor.

4. Design of Capacitive Displacement Sensor and M easuring Circuit based on Modulated Differential Pulse
Width

Sensor technology plays an important role in thesttgpment of the economy, promoting social progré€sse to
the wide use of capacitance sensor, inevitablyliesthe capacitance measurement. Change of capeeisensor
capacitance quantity generally small. Small capaci measurement technology at this stage camlhotrieet the
actual needs of the application development. Adogrdo the characteristics of relatively small adion of
capacitance sensor, we developed the micro capeeitsensor based on the principle of pulse widtduiaion
(displacement) measuring circuit.

This paper discusses the production of relatedryheb capacitance sensor and a parallel plate dmpatiere
introduced capacitance / capacitive sensors commoskd voltage (C/V) conversion circuit. Design sohall
displacement measuring circuit based on pulse widtddulation principle, and circuit components seder
parameters calculation. Finally, it is measurementexperimental results.

The development direction of the capacitive sefsarcapacitive sensor transformation to strengtherntegration
of the circuit, in order to overcome the effectspafasitic capacitance, as far as possible ciemuit the sensor is
connected with tight or simply as a whole or the abwireless access to replace the traditionalecethnsmission;
in order to overcome the problem of capacitor nialier using radio frequency admittance to improhe t
requirements for the measurement of tiny displaceman the final analysis is the measurement of lsma
capacitance, combined with capacitive sensor aedktfowledge of the design requirements, the strecti
differential capacitance sensor polar distance-gimgntype.

Differential pulse width circuit working principlethe first differential capacitance C 1 and secdifterential
capacitance C 2 for the measured differential dégraae [8]. The first comparator IC 1 no invertingut connected
to a reference voltage U R, connected to one entheoffirst comparator inverting input of IC 1 aruktfirst
differential capacitance C 1, another end is grednchpacitor, a first comparator IC 1 and the dutpuminal of a
bitable trigger FF the first output end is conndcie second comparator IC 2 the in-phase inputi€ndnnected to
the reference voltage U R, connected to one enteoinverting input differential capacitance andasel C 2, the
other end of the capacitor is grounded, the ouggminal is connected with the trigger the secomulif end of the
second comparator.

To determine the parameters in the design of tesstesce of R charging and discharging circuit of 2, the
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comparator output pull-up resistors, resistor, capaamplifier required, comparator voltage refere set, trigger
output high voltage, the following will introducen® by one. Through access to information aboutinktel
capacitance, capacitance sensor is very small (®pf). Here to choose the initial capacitor C 2pR0hoose the
resistance value R 1 = R 2 =500k. The referenciagelU R =4V, the reference voltage is 9V, namké high
potential of the U trigger output of 1 =5V.

Experimental preparation of bread plate a, a coatpal.M639, trigger 7MS279 one chip 73HC04, notM454

operational amplifier, a resistor, 6.3K two, 95(&istance two, two 1K resistors, diodes two, u@&pacitor and
two capacitor, 9574pF two, a plurality of power glypconductors,, oscilloscope, metal plate and @amic glass
plate. Step 1, according to the experimental schiemaring; 2, check whether there is shorted wichip pin is
damaged, chip using the method of wrong phenome3iotiie power supply is switched on, the oscillpscuiew
test points (A, B, F and G) waveform. The papeippees design of capacitive displacement sensomesaguring
circuit based on modulated differential pulse width

Because the capacitance sensor when the actualgtiari process requirements are very strict, asplatement
measurement range is small, the inherent capaeitamstead of actual sensor capacitor. Test comditithe
changing range of C1 and C2 were between 96pF-850plcapacitors C1 and C2 and invariant.

Capactive dispiacen ent sensor

7000

G000

S000

4000

Emplse width
2000 —+—Ccapacitive
2000

1000

pulse wicthnedes

Fig. 3. Comparison results of capacitive displacement sensor and measuring circuit based on modulated differential pulse width

The error of capacitance sensor is from many aspsaoth as temperature, edge effect, parasiticcitapae and
capacitance. Due to the sensitivity of capacitanmmasurements to reach pF level, and parasitic itapee
connected with the sensor and the circuit wire ealblpacitance, electronic circuit stray capacitamztinside the
sensor is large, and the amount of interferenceften random change, great for the stability anduexcy of
measuring the impact of. So the cable selecti@tallation, connection method has strict requireien

Between the capacitor plates are capacitive senselectrostatic field. Due to the plate edge dffso that the
edges of the electric field distribution is notfenin, causing the edge effect of the capacitorciiis equivalent to
the sensor capacitor in parallel with an additiocegbacitor, edge effects not only decrease theitsgtysof the
capacitive sensor reduces and produce nonlinearefire should reduce and eliminate the edge etie¢he
capacitor. Pole spacing decreases, the electraseetir or length and spacing is large, can recheéntluence of
edge effect, but prone to breakdown and may lihgtrange of measurement.

CONCLUSION

The sensor and the measurement circuit itself @mptiestige are arranged in a shell, so the parasipacitance is
reduced greatly, so that the sensor is stablendtuin the high, low temperature environment wdtkpacitor used
"cable" technology when the capacitive sensor vauery small, but for some reason (such as thé@a@mment of

high temperature), separately measuring circuib witly the sensor, can adopt a "cable" technolshbiglding the

capacitive sensor and the conversion circuit, trassion cable with a shielding shell the corredect®on of

shielding, grounding can reduce the effects of giicacapacitance and prevent outside interference.
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