


The Problem

« Today a variety of sensors exist in the market measuring physical quantities
by changing electrical impedance. Electrical impedance Z consist of the real
part R called resistance and the imaginary part X called reactance.

* R is represented by electrical resistors whereby X can be represented by
either capacitance or inductance. As the reactance is frequency depended a
frequency will be present as well.
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Impedance Measurement

The direct value of the impedance can not be measured!

Electronics always rely on the principle of comparison with
references like known impedance, reference voltage, reference
current, time or a reference signal which includes the above
mentioned references.

Environment like temperature or humidity will influence most
principles.

If reactance is present the imaginary part always includes a
frequency so that also a time constant or resonant circuit can be
formed.
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Figure 1: block diagram of RC
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Figure 2: example using TLC555
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Principle
Frequency Change of LC-Oscillators
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Figure 3: block diagram of LC Figure 4: example of the Meissner
oscillator method oscillator
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Principle
Carrier Frequency Modulation
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Figure 5: block diagram carrier frequency modulation method

This approach was developed and patented by Tl
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Principle
Synchronous Demodulation
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Figure 6: block diagram of synchronous demodulation method
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The New Approach
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AC Excitation of a reference Z and a variable Z

Tow types of output signals 1)Relative Phase and 2) Amplitudes

Approach does not rely on a fixed phase relation

Wide range of variation possible
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Sine
Wave
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Coherent Sampling
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« Sampling frequency and
excitation frequency have
fixed integer ratios

* |f odd and even number of
samples are equal math
results in inherent DC
cancellation

« Example:

4 coherent samples
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Introducing the Complex Data Converter

Analog in

Clock in

Serial data out

AC excitation

MUX PGA ADC
complex
core
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CLK DAC AMP

signal
generator

CTRL DAC AMP
12C/SPI
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Conversion Results - Data Out

« Output signal 1 — Peak Amplitude (ADC1) = Al
« Output signal 2 — Peak Amplitude (ADC2) = A2
« Output signal 3 — Phase Difference (ADC1/ADC2) = (¢l - ¢2)
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Using the Results

N I

* A huge variety of frontends can be addressed

» The variable Z can be recalculated in two ways:
1) from phase shift
2) from amplitude ratio

* If there is no phase shift (R/R) or (C/C) just use the
amplitudes
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Example —two RC Strings
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1) Recalculation using Amplitude Ratio

Uref ‘ ™
2] €
C

2) Recalculation using Phase Difference

_ _tan@p+ A

var B Cvalr - T
with with
A=27R 4Cy A=arctan€7R ,C,,
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Implementation using AlIC3254
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AlIC3254 Characteristics

24bit A ADC (93dB SNR @ 48ksps)

24bit AX DAC (100dB SNR @48ksps)
Programmable Fsample max = 192kSPS
Programmable Fexcitation max = 64kHz
COSR=31t012

Output frame rate = Fexcitation * COSR < Fsample
Output update min = 5.2 us

Response time min < 1ms
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Test Setup — AIC3254 vs. Audio Precision
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Measurements - Amplitudes
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Error - Amplitudes
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Measurements — Phase Shift
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Error Phase Shift

N=3 Samples
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~ Note: AP Phase shift uncalibrated!
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Comparing with TINA Simulation

Calculation Method
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Test setup 7.11.2010, 22:30
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