CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

PRINCIPLE FUNCTION

Measurement of a change in capacity in relation to a reference capacity. Conversion of
the capacitive signal to an output voltage whose offset and full-scale signal can be ad-
justed externally across a wide range.

Measurement capacity
(10,5pF..1nF) ——»

CAV414 ——— V,,,=0..V. -5V

Reference capacity ——»
(10 pF ... 1 nF)

V.,=5V

7

Typical applications

CAV414 is an integrated C/V transducer which can be sued to build a capacitive linear encoder.
The IC is suitable for all capacitive measurements which require a voltage output signal which is
proportional to the change in the capacitance to be measured. It can be used for:

e Distance measurement

Pressure sensing

Humidity measurement

Level sensing

Load sensing

Measurement of strenght

The IC can be used as a input circuit for microprocessors or as a stand-alone IC
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage
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CAV414 — Capacitiy/voltage (C/V-) transducer I1C
with adjustable output voltage

FEATURES

Adjustable full scale output voltage:
0...Vece-5V

Adjustable offset and gain

High detection sensibility

Wide capacitance measuring range:
5% — 100% relative to the reference ca-
pacitance, 10pF to 1nF

GENERAL DESCRIPTION

CAV414 is an integrated capacitance-to-voltage
converter (C/V converter) which contains full
signal conditioning and evaluation electronics for
almost any source of capacitive signal. For a
measurement capacitance of Cyy CAV414 detects
the relative change in capacitance ACy; = Cyymax—
Cwm,min 1n relation to that of a given, fixed reference
capacitor Ckg.

[ ]
o ]zfl;ics?;)lilli‘ré?t::gggi up to 2kHz The IC can be used for reference capacitors gf
e Wide supply voltage range of 6...35V betwqen 10pF and InF where the change in
« Temperature range of -40°C...+85°C capacitance AC)y can be §% to 100% of the refer-
« Internal 5V voltage re ferenc;," ence capacitance Cg. This enables values Cymin =
e Simol librati Excel Cr and Cy, max= 1.05 -Cr to 2 -Cg to be measured.
“flp ¢ call rf‘ l.Oll ( . xee pr?gram) The modular output stage enables output voltages
* Suitable for (_hgltal signal adjustment to be adjusted using two external resistors within a
* RoHS compliant voltage range of between 0 and Vcc-5V. Industrial
values 0(5)...10V in particular can be easily set.
A short Excel program simplifies the dimensioning
of CAV414 as stand alone IC.
BLOCK DIAGRAM
Oszillator Reference e ree
Input Oscillator CAV414 Output e (())u%ut o
Reference hage )
capacity @ Integrator 1 Signal
s Integrator 2 [ Conditioning | | Reference Rgﬁatr;ice-
Measuerment
capacity
10
GND Output Reference
low pass  Voltage

Figure 1: Block diagram of CAV414
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

PRINCIPLE OF MEASUREMENT

CAV414 is an integrated C/V converter which contains full signal conditioning and evaluation elec-
tronics for capacitive signal sources.

Vee
L
— 00 Ly
7@}( CAVT

The current sources I, und I, are CAV424 integrated

Figure 2: Principle of capacity measurement using CAV414

The principle of measurement behind CAV414 entails recording a change in capacitance in a sensor
bridge comprising two adjustable constant current sources (integrated on CAV414) and two capaci-
tors. The measurement capacitance (Cy) can be altered by the amount ACy = Cys, max— Crimine Crimin
is the basic capacitance of Cy. The second capacitor is defined as a reference (Cr, see Figure 2).
The change in measurement capacitance is compared to the fixed reference capacitance and the re-
sulting signal converted into the output voltage.

HOW CAV414 WORKS

The CAV414 functions according to the following principle. An adjustable triangle voltage oscilla-
tor, the frequency of which is set using capacitor Cpsc, drives two identical integrators which are
phase-locked and clock-synchronized (see Figure 3). The voltage amplitudes of the two driven in-
tegrators are determined by capacitors Cz and Cj,. With high common-mode rejection and a high
resolution, the difference between the two amplitudes produces a signal which corresponds to the
difference in capacitance between Cy and Cj,. This triangle difference signal is then filtered and
smoothed in an ensuing active low pass. The resulting direct voltage signal passes on to an adjust-
able amplifier stage which sets the output signal to the required value.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

If capacitors Cy, and Cy are the same, following rectification and filtering (see Figure 5) a DC-
voltage signal is generated with a value of 0. Should Cjs change (measurement capacitor), a DC-
voltage signal is produced which is proportional to AC),.

If Cy and Cy are not the same, when ACy,= 0 an offset would be generated at the output which is
superimposed onto the actual direct voltage signal.

Oscillator function

The integrated oscillator charges up and then discharges the external oscillator capacitor Cosc (see
Figure 3).

Oscillator current Ipsc is determined by external resistor Rosc and reference voltage Vs

V
Losc = R—M (M

(oA VOSC
The oscillator frequency fosciscal- | F——————
culated as:

VOSC, HIGH

1
Josc = o8¢ (@) )
2-AVosc - Cosc

V()S CLOW

where AVpsc is the difference be-
tween the thresholds of the internal
oscillator (VOSC,HIGH and VOSC,LOW)-
AVosc 1s defined via internal resis-
tors in the IC and has a value of
2.1V which 1is independent of
VCC (see Figure 3). The oscillator frequency can thus be specified by the selection of Rpsc and
Cosc; the relevant maximum and minimum values are given in Table 1.

Figure 3: Oscillator voltage curve

Capacitive integrators

The built-in capacitive integrators function works in the same way as the mentioned oscillator. One
difference lies in the discharge time, which here is half the length of the charge-up period.

Furthermore, the minimum oscillator voltage for the integrators is internally clamped to a value of
Veramp = 1.2V (see Figure 4)
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

4
osc
A CR < Cw

Iy =1y

V(LA MI:

Zeit t

Figure 4: Integrator oscillator voltage

The capacitive integrator currents /cg and Iy, are set by external resistors Rey, Rcg and reference
voltage V)
V V
oy =—*= and Icp =—H- (3)*, (4)*
RCM RCR

Capacitors Cys and Cy are charged up to a maximum voltage of V¢y, and Vg respectively and can
be calculated as follows:

Tey
Ve =——————+Veramr (5)
2 fosc Cu
Ue:
Ver = 7———+Vcramr (6)
2- fosc " Cr

The two voltages Ve and Vg are subtracted from one another in the circuit's signal conditioning
unit. Via this subtraction Vezpis eliminated and a direct voltage of V7pys is produced as an output
signal after filtering.

Should Ve and Vg be the same for Cyymin (1.€. should the reference capacitance be the same as the
basic value of the measurement capacitance), on subtraction and after smoothing a value of zero is
obtained at the signal conditioning output (see Figure 5).

* The equations apply to Rcx = 0 (see Figures 6 and 7). Should Rcx #0 for resistor Rex due to bet-
ter thermal coupling, the setup can be dimensioned using the Excel calibration spreadsheets
Kalil cav414.xls and Kali2 cavV414.xls.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

VIEMP RCR RCM RCOSC
a0

a7 N \? Yy
T

Reference

CcoSC

@5 (SHHAZNAN E—
i Lo 1

CR Integrator I M
16 > Z S f 5 %
CM Integrator 2 ) j {5>
Do Al S | [ LPOUT
Signal Conditioning]
CL2 RL

GND @

Figure 5: Block diagram and signal pattern

Signal conditioning
The filtered and smoothed direct voltage has a value of Vypys:

3
Vipas = 3 Verw =Ver) (7)

Signal Vrpascan be boosted using the follow-on internal operational amplifier, with the degree of
amplification Gpp being determined by resistors R;; and R;,. Grp is calculated as:

R
Gpp =1+R_“ (8)

L2
With (7), this results in:
3
Voirr = Grp Vipas = Grp Y Vew —Ver)
According to Figure 5 the following differential voltage is present between pins 5 and 6:

Voirr = VLPOUT —Vu )

This voltage acts as an input voltage for the ensuing output stage which consists of an instru-
mentation and operational amplifier. The voltage is boosted by the internal instrumentation ampli-
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

fier (IA) with a fixed gain of G;4= 5 and then by the operational amplifier (OP) with a gain of Gop
which can be adjusted using external resistors R; and R».

The following transfer function is accrued:

R
VOUT = GIA ’ GOP Ve =5- (1 + R_lj Vo (10)

2

Vour=ACu (Cr), fose Lcm, Icr), where the basic values of Cys and Cr must be placed in a fixed ra-
tio. fosc and Icys or I act as parameters.

If load currents /¢y,
oyCC and Iy are selected
as constants, the

oscillator frequency
dependent on Ci/ min

CAV414

Reference-
12
> Oscillator

osc ¢

16 > Integrator 1
=€
“(14 D> Integrator 2 —‘
C,

Signal Conditioning + can be adjusted eleC—
L:CS GND trically by changing
h } O Vsr the oscillator capaci-
1™ tance using a volt-

age-controlled ca-
pacitor, for example
(Varicap diode).

Figure 6: Functional diagram for CAV414 (with charging cur-
rents Icy and Icr constant)

Figure 6 assumes that the charging currents /¢y, and Icx are selected as constants. This means that
with a change in the basic value of the measurement capacitance Cy, i, (as is the case when differ-
ent objects are measured, for example) the oscillator frequency must be adjusted with each new
measurement to an alternate Cy ., value.

If oscillator frequency f,. is to be set as a parameter, when Cy i is altered the two values /¢y, and
Icr must also be adjusted. It is recommended that Icys = Icp.

Both procedures are equally effective; the choice thereof depends on the conditions stipulated by
the application (see Figures 6 and 7).
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

As a function of the

Reference. C AV41 4 measurement Capaci-
< oyCC tance the output
T Cosc v voltage is adjusted
16 > Integrator 1 ouT . .
C ‘ using resistors Reg
* 14 D> Integrator 2 —‘ and RCM.
CW

. o +
Signal Conditioning \_,(5 o GND Iff . ot
osc 1s constan

LMT.%P% Reference o Vg and Iy, Icr = f(Rewm,
T—O—( T Cur Rcr), the same equa-

tions apply (1 to 9)
as for the case that

ROSC ICM and ICR are con-
I I stant and fosc =
% f(Cy, Cp).
R,
R,

Figure 7: Functional diagram for CAV414 (with fosc constant)

Comments and definitions

For dynamic measurements with periodically changeable measurement capacitances the various
frequency ratios must be taken into account. Among other things the following applies: fz.: << fosc.,
where f;. s the detection frequency which gives the maximum change in measurement capacitance
per unit of time. This is dependent on oscillator frequency foscitself. The following applies to the
capacitance which determines the oscillator frequency:

COSC =1.6 'CM,min

To achieve a high level of accuracy in the C/V conversion process its is necessary that resistors Rcg,
Reyrand Roschave the same temperature coefficients and are placed as close together in the circuit
as possible. The same applies to capacitors Cg, Cys and Cosc.

Ircr, Ircum are the currents which must be set using resistors Ry and Reg

Ic(CM), Io(CR) are the load currents for capacitors Cys and Cg

Ip(CM), Ip(CR) are the discharge currents for capacitors Cy, and Cg

Iosc 1s the load current of the reference oscillator (discharge current equal to load current here)
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

ELECTRICAL SPECIFICATIONS

Ty = 25°C, Ve =24V, Iggr= ImA (unless otherwise stated)

Parameter " Symbol | Conditions " Min. Typ. Max. " Unit
Supply
Supply Voltage Vee 6 35 \%
Quiescent Current Ice Tomp = —40 ...85°C, Izgr= 0mA 1.25 2.5 mA
Temperature Specifications
Operating Tomp —40 85 °C
Storage Ty -55 125 °C
Junction T; 150 °C
Thermal Resistance O SO16 (n) plastic package 115 °C/W
Oscillator
Oscillator Capacitor Range Cosc Cosc=1.6 - Cpmin 14 1800 pF
Oscillator Frequency Range fosc 1 130 kHz
Oscillator Current Ratio losc/Ic Cosc= 1.6 - Cytpmin 2
Capacitive Integrators
Reference Capacitor Range Cr 10 1000 pF
Measurement Capacitor Range (min) Chimin Chrmin= Cr 10 1000 pF
Measurement Capacitor Range (max) Chimax Cytmar=Cr + ACy 10.5 2000 pF
Change in Capacitance Cy (ACW)/Crtmin | A Crt = (Crtmax — Chrtmin ) 5 100 %
Adjustable Charge Current Source Ircr, Ircu Irevi=Vi/Rem or Ixck=Vi/Rer 2 25 pA
Charge Current Ratio 1c(CM)/Irem 2uA < (Iex=V/Rcy) < SuAd 1.00 1.12 1.25

Io(CR)/Ircr 5ud < (Icy=Vu/Rcx) < 25u4 0.95 1.05 1.15
Discharge Current Ratio -In(CM)/Ircyr | 2uA < (Icx=Viu/Rex) < SuAd 1.85 2.10 2.25

-In(CR)/Ixcr | Sud < (Iex=Vi/Rex) < 2514 1.80 1.95 2.10
Detection Frequency Jfoer Jfoer = fosc/ 65 16 2000 Hz
Low Pass Stage
Adjustable Gain Grp 1 10
Output Voltage Virour Vum-0.4 Vi +0.4 A\
Corner Frequency 1 fa Ry, =20kQ, C;, =1nF 10 kHz
Corner Frequency 2 Jfo Rz =20kQ, C;, =1nF 10 kHz
Resistive Load at PIN LPOUT Rioup 200 kQ
Capacitive Load at PIN LPOUT Croap 50 pF
Temperature Coefficient Vprr (together || dViper/dT Ty =—40 ... 85°C +100 ppm/°C
with Input Stages)
Internal Resistor 1 and 2 Roi, R 20 kQ
Temperature Coefficient Ro; o2 dRy1,02/dT Ty = —40 ... 85°C 1.9 10°/°C
Power Supply Rejection Ratio PSSR Iour< ImA 80 90 dB
(with the input stage)
Voltage Reference Vier
Voltage Vrer 4.75 5 5.25 A\
Vigr vs. Temperature AVgep/dT T = —40...+85°C +90 +140 ppm/°C
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

Parameter " Symbol | Conditions " Min. | Typ. | Max. " Unit
Voltage Reference Vigr Part2
Load Current Irer 0 9 mA
Load Capacitance Crer 1.9 2.2 5.0 uF
Load Regulation AVirer/dlrer 0.05 0.10 %/mA
dVrer/dlrer Irer = 4mA 0.06 0.15 %/mA
Line Regulation dVrer/dVee Vee=6V...35V 30 80 ppm/V
dVyer/dVee Vee =6V...35V, Iges =4mA 60 150 ppm/V
Voltage Reference V),
Voltage Vv 1.90 2 2.15 \%
Vy vs. Temperature dVy/dT Ty = —40...+85°C +90 ppm/°C
Current Iy Source 5 pA
Iyy Sink -5 nA
Load Capacitance Cyu 80 100 120 nF
Instrumentation Amplifier Input Stage
Internal Gain Guy 49 5 5.1
Differential Range Vin 0 500 mV
Common Mode Input Range CMIR Vee <9V, Icy <2mA 1.5 Vee-3 A
CMIR Vee2 9V, Iy <2mA 1.5 6.0 v
Common Mode Rejection Ratio CMRR 80 90 dB
Power Supply Rejection Ratio PSRR 80 dB
Offset Voltage Vos +0.5 +3.5 mV
Vos vs. Temperature dVos /AT +12 uv/eC
Output Stage
Adjustable Gain Gop 1
Input Range IR Vee <11V 0 Vee -5 A\
IR Veez 11V 0 6 \%
Power Supply Rejection Ratio PSRR Tour < ImA 80 90 dB
Offset Voltage Vos +0.5 +2 mV
Vos vs. Temperature dVos/dT +3 +7 uv/eC
Input Bias Current Iy 10 25 nA
I vs. Temperature dlz/dT 7 20 pA/°C
Output Voltage Range Vour Vee <19V 0 Vee-5 \Y
Vour Vee 2 19V 0 14 \%
Output Current Limitation Vi Vee > 10V 5 7 10 mA
Output Current Tour 0 T mA
Load Resistance R, 2 kQ
Load Capacitance C, 500 nF
Protection Functions
Protection Against Reverse Polarity " | Ground vs. Vee vs. Vour " 35 " \%

Table 1: Specifications for CAV414

Currents flowing into the IC are marked with a negative.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

EXTERNAL COMPONENTS

External components which are independent of the measurement capacitance and remain unaltered

during calibration are described as standard values:

Parameter Symbol Min. Typ. Max. Unit
Low Pass Stage Resistors (1%) Ri>, Ri3 Ry 100 kQ
Output Stage Resistor (1%) R, 100 kQ
Reference Voltage Capacity (V) =2V) Cyy 80 100 120 nF
Reference Voltage Capacity (Vzer=5V) Crer 2.2 uF

Table 2: Standard values for fixed external components

For external components which are dependent on the measurement capacitance and contribute to
the output signal (i.e. those which are adjusted during calibration), the following applies:

Parameter Symbol Min. Typ. Max. Unit
Low Pass Stage Resistor (0.1%) Ry 22 kQ
Low Pass Stage Resistor (0.1%) Ry 200 kQ
Output Stage Resistor (0.1%) R, 0 300 kQ

Table 3: Standard values for variable external components

BOUNDARY CONDITIONS

The given boundary conditions must be kept to as such. They are taken into account in the dimen-
sioning programs Kalil CAV414.xls and Kali2 CAV414.xls.

Parameter Symbol Condition Min. Typ. Max. Unit
Maximum Supply Voltage Vecmax 36 v
Oscillator Frequency Range fosc 1 130 kHz
Reference Capacitive Integrator Current Icr 2 25 pA
Measurement Capacitor Integrator Current Iy 2 25 pA
Low Pass Stage Resistor Sum R + Ry 90 200 kQ
Output Stage Resistor Sum R +R, 90 200 kQ
Vrer Capacitance (5V Reference Voltage) Crer 1.9 2.2 5 uF
Vu Capacitance (2V voltage used internally) | Cyas 80 100 120 nF
Low Pass Capacitance 1 Cr 100-Cx 200-Cx

Low Pass Capacitance 2 Cr 100-Cy 200-Cr

Oscillator Capacitance Cosc Cosc=1.55-Cx | Cosc=1.60-Cy Cosc=1.65-Cy

Table 4: Boundary conditions
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

THE DIMENSIONING PROCESS

Programs Kalil cav414.xls and Kali2 cav414.xls can be used for dimensioning purposes.
The dimensioning process takes the following scenarios into account:

a) Kalil cav414.xls — The integrator charging currents /¢y, and /¢ are given and constant. Os-
cillator frequency fosc must be adjusted to suit the minimum value of measurement capaci-
tance Chy min-

b) Kali2_cav414.xls — Oscillator frequency fosc is given and determined and integrator charg-
ing currents /¢y, and Icx must be adjusted to suit the minimum value of measurement capaci-
tance Chy min-

In a) the dimensioning process assumes that in addition to measurement capacitors Cy, and Cg para-
sitic capacitances in both the IC and measurement circuit also influence the signal pattern. When
dimensioning on the basis of the given equations a deviation from the theoretical value in the output
characteristic must thus be reckoned with. For this reason a calibration algorithm has been devel-
oped (Kalil cav414.xls) which at constant integrator charging currents (I/cy and Icg) calculates a
suitable oscillator frequency of fosz depending on the minimum value of Cy i, (basic capacitance).
It then dimensions the resistors for the offset and signal span in such a way that the output signal
adopts the required values.

Compensation of the sensor system is carried out in two stages. In stage one a calibration operating
point is defined, during which process oscillator frequency fosc is calculated depending on mini-
mum measurement capacitance Cyy . To this end the minimum and maximum values (Cys iy and
Cu,max) are entered in the Excel spreadsheet. The oscillator frequency, oscillator capacitance Cosc
and oscillator resistance Rosc are then output. Gain resistor R;, which stipulates the final gain of the
signal through the 1A and OP, is also determined.

In addition low pass filter capacitances C;; and C; are calculated which are dependent on the oscil-
lator frequency. It is sufficient if these values are computed once for the largest expected value of
minimum basic capacitance Cysnin (for example during one production batch) and the relevant ca-
pacitors added to the circuit. The maximum signal frequency is also determined by which the meas-
urement capacitance is permitted to change.

Taking the given, calculated external components and particularly predefined precision resistors
Rp1(mess) and Ryomess), at the end of stage one we can calculate the output voltage Vipourmess).

Important: Ry j(yess) and R 4gmess) must both be 100kOhm precision resistors with a tolerance of 0.1%
maximum.

Output signal values Vipoursmess are now entered in stage two of the calibration program. Using the
measured values the algorithm now calculates the setpoint for the two calibration resistors R;; and
R4 which replace precision resistors Ry jgmess) and Rpzamess) and must be individually mounted. De-
pending on the accuracy requirements of the setup their values should match those calculated as
closely as possible.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

Once the two calibration resistors R;; and R4 have been replaced by precision resistors Ry ;mess) and
Ri2(mess) the system is calibrated to the required output value — with all parasitic effects and toler-
ances taken into account.

In stage one of b), at a given fixed oscillator frequency of fosz calibration spreadsheet
Kali2 cav414.xls calculates the values of integration currents /¢y, and /g which can be achieved by
setting resistors Rcys and Rcg. Using these values and the other external elements output voltage
Vipouremess) 1s measured and the value entered into the calibration program. The rest of stage two is
identical to the calibration procedure described in a).

EXAMPLE APPLICATIONS

Dimensioning the reference capacitance with a view to optimal linearity

When dimensioning the overall system it should be taken into account that there is a strong correla-
tion between measurable variable ACy = Chagmar - Crrmin and the non-linearity of the transfer char-
acteristic. When C =2-C the change in signal capacitance is 100% with reference to

Cuimin. This 1s the maximum permissible change in capacitance Cyy . In this instance the non-
linearity of the output voltage is greatest. Non-linearity of the characteristic curve is at its minimum
when C =1,05-C . In all cases Cr = Cy.min applies to the reference capacitance.

M max M ,min *

M max M ,min

If non-linearity NL is to be reduced for a given sensor, it is necessary to reduce the change in per-
cent in Cypmax With regard to Cymin. This is possible if am additional capacitor Cp,, is switched par-
allel to the circuit in addition to both Cy and Cr. This reduces the percentile change and thus the
degree of non-linearity.

The following equation applies:
Chymax - (-1+NL)* =C,, . - (1+ NL)?

CPar = Hmin ( 1 1 )
4-NL

With the help of Equation (11) the necessary parallel capacitor Cp,r can be determined dependent on
Chw.max and Cymin and the required degree of non-linearity NL. It must be taken into account that the
capacitances which occur in the parallel circuitry are no greater than 2nF. This is the maximum
permissible input capacitance. The oscillator frequency range (1kHz to 130kHz) and load current
range (2pA to 25nA) may also not be exceeded. This can be verified by Kalil CAV414.xls or
Kali2 CAV414.xls.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

Various example measurement capacitor configurations

1) Cwm, min = 10pF, Cyi,max = 20pF, required linearity error 2% = NL =0.02

According to (10), Cp,r= 110pF

9 CM,min // Cpar: 130pF

9 CM,max /l CPar: 120pF

=2 CwMmax/ Cvmin = 1.0833 — (+8.33%)

2) Cwm, min = 330pF, Cymax= 470pF, required linearity error 4% —> NL = 0.04

According to (10), Cp,r = 476.4pF

=2 CwM.min//Cpar = 806.4pF

=2 CwM.max//Cpar = 946.4pF

=2 CwMmax/ Cvimin = 1.1736 — (+17.36%)

3) Cm, min= 100pF, Cpp.max = 160pF, required linearity error 5% —> NL = 0.05

According to (10), Cp,r= 170.75pF

> CM,min//Cpar: 27075pF

> CM,max//CPar: 33075pF

=2 CwMmax/ Cvmin = 1.2216 — (+22.16%)

4) Cwm, min= 1000pF, Cyi,max = 1600pF, required linearity error 7% = NL = 0.07

According to (10), Cp,r= 853.36pF

=2 CMmin//Cpar= 2453.36pF, 2nF exceeded!!
=2 CwMmax//Cpar = 1853.36pF

- CM,max/ CM,min =1.3237 — (+3237%)
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

Protective EMC circuitry

CAV414

RF,M\'R: f (IL'M 7V(‘M)
RI,M\/M: f (I('R 9V(‘R)

1 0,1
CR T CM £ Rewve= 2f_ CR

ol
777 RFM\'?\,17 2 fos( CM

Figure 8: Protective EMC circuitry for CAV 414

When measuring capacitance the electrodes act like aerials for high-frequency disturbances. Meas-
ures must thus be taken to protect these high impedance inputs.

To protect against EMC resistors Reyyas and Reyyr are plugged into the supply lines servicing ex-
ternal capacitors Cys and Cg. Together with the parasitic and internal capacitances these act as low
passes and thus suppress high-frequency disturbance factors.

The following applies:
0.1V 0.1V
Ryyyy =——— and Ry = 7
CM CR

Further protective EMC measures are not required for industrial applications.

As CAV414 has been manufactured using bipolar technology the IC is robust with regard to ESD.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

Shield circuit for cables with parasitic capacitances

With cables signal transmission can be disturbed by the presence of parasitic capacitances whose
value is dependent on the capacitance per unit length and the length of the cable. It is thus advisable
to install a shield circuit which can be realized using an additional operational amplifier.

CAV414

\ Cw

) =
A OPI1
R; [ﬁ C,

Figure 9: Shield circuitry

-

GND

The components illustrated in Figure 9 are parasites of the cable alone. The only additional compo-
nent required is the op amp which tracks the potential of the external lead to the internal wire (v =
1). Depending on the measurement setup the reference capacitor may also need a shield circuit. The
same applies here as described for the measurement capacitor.

Operational amplifier requirements (OP)

The OP must have a sufficiently high slew rate in order to able to recharge the external wire fast
enough. The maximum load current must also be sufficient to recharge at maximum signal fre-
quency. The necessary slew rate and load current are dependent on the signal frequency, the signal
amplitude, the capacitance per unit length and the length of the cable. The OP must have unity gain.

The dual OP AD8602 (Sr = 5V/us, Imax = 30mA, unity gain) is recommended as a suitable opera-
tional amplifier. It is sufficient for most configurations and can shield both lines to signal capacitors
CM and CR.
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

BLOCK DIAGRAM AND PINOUT

COSC CAV414 vee ROSC []1 U 161 CR
o RCR []2 Q 15[1CLI
your >
CR Integrator 1 Output RCM []3 < 141 CM
CM(1) Integrator 2 ﬂ GAIN RL 14 -E 131 CL2
Signal Condifioning %+ GND LPOUT []5 & 12[1] cosc
} S VM []6 11| VREF
] > Reference (D) GAIN [117 1011 GND
> yvour [18 9 ]ycc
CLI CL2 RL LPOUT VM RCR RCM RCOSC
Figure 10: Block diagram of CAV414 Figure 11: CAV414 pin out

PIN | NAME DESCRIPTION

1 RCOSC | Oscillator current definition

2 RCR Current setting for integrator Cg

3 RCM Current setting for integrator Cy

4 RL Gain setting

5 LPOUT | Low pass filter output

6 VM Reference voltage 2.V

7 GAIN Output stage gain setting

8 your Voltage output

9 vce Supply voltage

10 GND IC ground

11 VREF Reference voltage 5V

12 cosc Reference oscillator capacitor

13 CL2 Low pass 2, capacitor for 3dB corner frequency

14 M Sensor measurement capacitor

15 CL1 Low pass 1, capacitor for 3dB corner frequency

16 CR Sensor reference capacitor

Table 5: CAV414 Pin out
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CAV414 — Capacitiy/voltage (C/V-) transducer 1C
with adjustable output voltage

DELIVERY
CAV414 is available as:

e An SO16 (n)
e Dice on 5" blue foil (on request)
Package dimensions: see http://www.analogmicro.de/products/analogmicro.de.en.package.pdf

ADDITIONAL EQUIPMENT

For design purposes, by way of support Analog Microelectronics GmbH can also supply a bread-
board (BBCAV414) which has been assembled for a specific set of parameters but which can also
be used for individual measurements.

FURTHER READING

Please see our website for further information (www.analogmicro.de):

Analog Microelectronics GmbH reserves the right to amend any dimensions, technical data or other information contained herein without prior
notification.
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