Converter IC for Capacitive Signals

CAN404

FEATURES

e Wide Supply Voltage Range: 5...18V
e Wide Operating Temperature Range:
—25°C...+85°C
e High Detection Sensivity of Relative
Capacitive Changes: 5% — 100%
Detection Frequency up to 2kHz
Adjustable Voltage Output
Adjustable Namur Current Output
Low Power Dissipation: 5mW @ 5V

APPLICATIONS

Industrial Process Control
Distance Measurement
Pressure Measurement
Humidity Measurement
Level Control

BLOCK DIAGRAM

GENERAL DESCRIPTION

The CAN404 is a universal multipurpose inter-
face for capacitive sensors and contains the
complete signal conditioning unit on chip. The
CAN404 detects the relative capacitive change
of a measuring capacity to a fixed reference
capacity. The IC is optimized for capacities in
the wide range of 10pF to 2nF with possible
changes of capacity of 5% to 100% of the refer-
ence capacity. The CAN404 offers an output
signal proportional to the change of the meas-
uring capacity and can be adjusted by an active
lowpass filter. Referring the output signal to an
internal reference alows a temperature compen-
sation. In addition to the voltage output, a volt-
age-to-current interface according to the Namur
norm is implemented. With only a few external
components, the CAN404 is suitable for a great
variety of applications including a zero com-
pensation.
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Converter IC for Capacitive Signals

CAN404

ELECTRICAL SPECIFICATIONS

Tamb = 25°C, Ve = 8.2V, R = 1kQ (unless otherwise noted)

Par ameter Symbol Conditions Min. Typ. Max. Unit
Supply Voltage Range Vee 5 8.2 18 \
Supply Current Range lcco Namur: not active, Vet = Vi 0.9 1.0 mA
lcc Namur: active, see Application Notes 25 mA
Temper atur e Specifications
Operating Tamb -25 85 °C
Storage Ta 55 125 °C
Junction T, 150 °C
Reference Voltage
Reference Voltage 4.5V Vsrag for internal usage only 4.27 45 4.73 \
Temperature Coefficient Vysras TKvsras Tamo =—25 ... 85°C +100 ppm/°C
Reference Voltage Ves Vee for internal usage only 123 1.30 137 \
Temperature Coefficient Vg TKvee Tamo =—25 ... 85°C +100 ppm/°C
Reference Voltage 2V Vm 1.9 2 215 \
Temperature Coefficient Vi TKym Tamo =—25 ... 85°C +100 ppm/°C
Reference Oscillator
Oscillator Capacitor Cosc Cosc=2-Cx1 20 2200 pF
Oscillator Frequency fosc 1 150 kHz
Oscillator Current losc Rosc = 200kQ 9.5 10 10.8 HA
Capacitive Oscillators 1 and 2
Capacitor 1 Cx1 10 1000 pF
Capacitive Oscillator Current 1 Ix1 Rexa = 400kQ 4.75 5 5.38 HA
Capacitive Detection Sensitivity ACx ACx = (Cx2 — Cx1 )/Cx1 5 100 %
Capacitor 2 Cx2 Cx2=Cx1- (1 +ACx) 10.5 2000 pF
Capacitive Oscillator Current 2 Ix2 Rexe = 400kQ 475 5 5.38 HA
Detection Frequency foer Ci1 = Ci2 =1nF, Cog: = 20pF 2 kHz
L owpass
Adjustable Gain 1 Aq see Application Notes 10
Adjustable Gain 2 A see Application Notes 10
Output Voltage Vipout 11 33 \
Load Capacitor at PIN LPOUT Crrout 50 pF
3dB Corner Frequency 1 fc1 Ro1 = 20kQ kHz
3dB Corner Frequency 2 fca Roz = 20kQ kHz
Temperature Coefficient Vout TKvout Vout = Vieout — Vi, +200 ppm/°C
(with input stages) Tamb=-25 ... 85°C
Internal Resistors 1 and 2 Ro1, Ro2 20 kQ
Temperature Coefficient Roy,o2 TKRro1, Ro2 Tamo =—25 ... 85°C 1.9 10%°C
Power Supply Rejection Ratio PSRR Veec =8V — 18V, Ages =1 90 dB
Namur Output Stage
Threshold Voltage Vet see Application Notes Vm \
Output Resistance Zout Zout = dVee / dicc 850 kQ
Temperature Coefficient lcc TKicc Tamb =25 ... 85°C, Namur: active +200 ppm/°C
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Converter IC for Capacitive Sighals CAN404

BOUNDARY CONDITIONS
Parameter Symbol Min. Typ. M ax. Unit
Current Sense Resistor Ru 90 Q
Gain 1 Resistor Sum R+ R 100 200 kQ
Gain 2 Resistor Sum R+ R4 100 200 kQ
Vu Capacitor Cwm 80 100 120 nF
Vsrag Capacitor Csa1 1.7 2.2 2.7 uF
Vge Capacitor Caa2 100 pF
Vcc Capacitor Cs 220 nF
Namur Resistor Sum Rt Rwe 20 100 200 kQ
Set Resistor 1 (Capacitive Oscillator 1) Rexa 396 400 kQ
Set Resistor 2 (Capacitive Oscillator 2) Rexo 396 400 kQ
Set Resistor 3 (Reference Oscillator) Rose 198 200 202 kQ
Set Resistor 4 (Internal Power Supply) Raup 396 400 404 kQ
Set Resistor 5 (Reference Voltage 4.5V) Rsc1 246 249 252 kQ
Set Resistor 6 (Internal Stabilized Voltage) Rac2 99 100 101 kQ

For the performance of the entire system it is important that all Set Resistors have to have a small temperature
coefficient. An offset compensation over temperature can only be achieved by choosing the resistors Rex; and Reyx, with
the same temperature coefficient and a very close placement of them in the entire circuit.

FUNCTIONAL DIAGRAM
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Converter IC for Capacitive Sighals CAN404

FUNCTIONAL DESCRIPTION

Basically the CAN404 is composed of two input stages, a signal processing unit and a voltage-to-
current interface according to the Namur standard.

A reference oscillator with a frequency, adjusted by the capacity Cosc, drives two symmetrically
built oscillators synchronoudly to its clock and its phase. The capacitors Cx; and Cx, determine the
amplitude of the two driven oscillators. The difference of the oscillator amplitudes gives the relative
change of the capacities Cx; and Cx, to each other with high common mode regection and high
resolution. This difference signal is rectified by alowpass filter. The corner frequency and gain of it
can be adjusted with a few external components. The output of the lowpass filter is connected to a
voltage-to-current interface (Namur output). The maximum current of the output is adjustable ex-
ternally.

In Namur operation (Figure 2), the external reference point Ground is connected by the resistors Ry
and R, to the ground pin 10 of the IC (GND). The minimum supply voltage of the entire system Vs
depends on the minimum supply voltage Vcc (5V) of the IC, the value of the input resistance R, of
the power supply and the current sense resistor Ry and hasto fulfil the following relationship:

Vs 2Vcc,min + IOUT,max '(R| + RM )
The rated Namur operation is characterised by:
Vgn=(82%0.1)V
R »n= (1000 £ 10) Q
Adjustment of CAN404: The zero adjustment of the differential output signal
Vour =Virour =V

is made by the resistors Rexi or Rexe for the case that the two capacitors have nearly the same value
Cx = Cxq (distance sensor without target). Therefore one of the resistors Rex: or Rexe is varied until
the output voltage is zero:

Vour = 0
The greatest possible change of the capacitors Cx, = Cx; - (1 + ACx) (distance sensor with target)

results in the maximum output signal that can be amplified by the lowpass. The maximum amplifi-
cation is limited by the maximum allowed output voltage V, pout (See Electrical Specifications).

In Namur oper ation, additional adjustments are required. The minimum output signal is
VipouT,min = VM (for C,, =C,, and AC =0)

X, min
The maximum output signal is amplified by the lowpass to a value of
VipouTmax = 3.2V (forCy, # Cy, and AC, .. =(Cy, —Cyy)/ Cyy)

The output current Icc consists of the supply current Icco of the system and an additional compo-
nent. The maximum output current at V| pout max has to be adjusted to

ICC,max = 2.5mA
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Converter IC for Capacitive Sighals CAN404

For the minimum output current at V|, poutmin, & typica value which is greater than the value of the
supply current is chosen. That means

lcemin = 0.9MA

The transfer function of the Namur output is adjusted by the resistor Ry and the voltage Vsr. The
resistor Ry is calculated by

_ VLPOUT,max _VLPOUT,min
10'(ICC,max - ICC,min)
The voltage Vit isgiven by

1
= ﬁ'(VLPOUT,min -10-Ry, - ICC,min)
The voltage V<t has to be adjusted by the voltage divider Ry; and Ry.:

\%
i:—M—l

RN 2 VSET

Sample calculations and typical values for the externa components are listed in separate available
Application Notes.

Ry

VSET
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Converter IC for Capacitive Sighals CAN404

PINOUT
= PIN NAME BESCHREIBUNG
i 1 e 20[ JCX2 1 CL1 Corner Frequency of Lowpass 1
RL1 []2 19[ ] VSTAB 2 | RL1 Gain Adjustment Lowpass 1
RL2 [13 18] ] CX1 3 RL2 Gain Adjustment Lowpass 1
cL2 []a4 17 ] WM 4 CL2 Corner Frequency of Lowpass 2
5 RL3 Gain Adjustment Lowpass 2
RI3 L]5 16 Jcosc 6 | LPOUT | Output Lowpass
LPOUT[ | 6 15| | VBG 7 ST Voltage Setting of Namur Current Output
SET []7 14[ ] RCX1 8 GND IC Ground
GND [18 13| ] RCX2 9 VB- Power Supply (negative connection)
10 VB+ Power Supply (positive connection)
VB []9 12] JROXC 11 RSUP Current Definition of Internal Power Supply
VB+ [] 10 11[ | RSUP 12 | ROSC Current Definition of Reference Oscillator
13 RCX2 Current Adjustment of Capacitive Oscillator 2
Figure3 14 RCX1 Current Adjustment of Capacitive Oscillator 1
15 VBG Internal Stabilised Voltage
16 cosC Capacitor of Reference Oscillator
17 VM Reference Voltage 2V
18 CX1 Oscillator Capacitor 1
19 VSTAB Reference Voltage 4.5V
20 CX2 Oscillator Capacitor 2
DELIVERY

The CAN404 is availablein version:

e 20 pin DIL packages
e S020 (w) packages
e Diceon5" bluefail

The information provided herein is believed to be reliable; however, Analog Microelectronics assumes no responsibility for inaccuracies or omissions. Analog Microelectronics assumes no responsibility
for the use of thisinformation, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change without notice. No patent rights or licences to any of
the circuits described herein are implied or granted to any third party. Analog Microelectronics does not authorise or warrant any Analog Microelectronics product use in life support devices and/or

systems.
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