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(54) Circuit, system and method for impedance measurements

(67)  Theinvention relates to a circuit (40) for imped-
ance measurement comprising a switch matrix (43) con-
nected to a chopper (46). The switch matrix (43) com-
prises a plurality of switches (S1 to S6) and is configured
to receive an analogue signal (IN1, IN2). In operation,
during a calibration period (PH1), the circuit (40) is con-
figured to activate the chopper (46) and to control the
switch matrix (43) in order to disconnect the received
analog signal (IN1, IN2) from the chopper inputs (IN1’,

IN2’) and to connect a voltage reference signal (VR) to
the chopper inputs (IN1’, IN2’). In operation, during a
measurement period (PH2), the circuit (40) is configured
to deactivate the chopper (46) and to control the switch
matrix (43) in order to disconnect the voltage reference
signal (VR) from the chopper inputs (IN1’, IN2’) and to
connectthereceived analog signal (IN1, IN2) to the chop-
per inputs (IN1’, IN2’). The invention also relates to a
system and to a method for impedance measurement.
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Description
Technical Field

[0001] The presentdisclosure relates generally to sys-
tems and devices for performing measurement of phys-
ical qualities based on a change of an electrical imped-
ance, and more specifically to impedance measurement
circuits and methods.

Background

[0002] Conventional impedance measurement sys-
tems and circuits are generally based on injecting a dif-
ferential current signal into the unknown source of im-
pedance and measuring the resulting differential voltage.
Biomedical application systems often require high preci-
sionimpedance measurements, for example down to mil-
liohm range to detect variable impedance changes su-
perimposed on up to kilo-ohm range baseline impedanc-
es. The limitations of integrated circuit design, due to the
effect of non-linearity, mismatch, and offset, lead to errors
and reduce the accuracy of such impedance measure-
ments. Therefore, there is the need to improve the accu-
racy and/or reduce error when measuring an electrical
impedance.

[0003] A known biomedical acquisition system that
performs impedance monitoring using two-terminals, al-
so known as a bipolar electrode configuration, is dis-
closed in patent application EP 2 298 164. The imped-
ance measurement circuit, as in the exemplary embod-
iment shown in figure 27 of that document, comprises
two AC stimulation current sources that generate a dif-
ferential mode stimulation current through two elec-
trodes. Additionally, an impedance readout circuit in the
analogue domain is configured to extract, from the ana-
logue signals received from those two electrodes, the
imaginary and real parts of the measured electrode-tis-
sue impedance.

Summary

[0004] According to one aspect of the present inven-
tion, a new circuit and system with improved impedance
measurement is provided. According to another aspects,
the invention is also advantageous for use in ambulatory
and/or low power biomedical monitoring applications.
The invention is particularly advantageous for the meas-
urements of bio-impedance information. Other possible
applications are, for example, galvanic skin response or
skin impedance measurement, impedance cardiography
or contact impedance.

[0005] According to an exemplary embodiment, there
is provided a circuit for impedance measurement com-
prising a switch matrix connected to a chopper; wherein
the switch matrix comprises a plurality of switches and
is configured to receive an analogue signal; wherein, in
operation, during a calibration period, the circuit is con-
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figured to activate the chopper and to control the switch
matrix in order to disconnect the received analog signal
from the chopper inputs and to connect a voltage refer-
ence signal to the chopper inputs; and wherein, in oper-
ation, during a measurement period, the circuitis config-
ured to deactivate the chopper and to control the switch
matrix in order to disconnect the voltage reference signal
from the chopper inputs and to connect the received an-
alog signal to the chopper inputs.

[0006] According to an exemplary embodiment, there
is provided a system for impedance measurement con-
figured to receive an analogue sensor signal sensed from
an element that presents a certain electrical impedance;
wherein the system comprises a circuit according to claim
1; an analogue impedance readout unit configured to cal-
culate, derived from said analogue sensor signal, an im-
pedance value signal of the electricalimpedance; where-
in, in operation, during the calibration period, the system
is configured to calculate an offset error of the analogue
impedance readout unit; and wherein, in operation, dur-
ing the measurement period, the system is configured to
measure impedance value signals of the electrical im-
pedance.

[0007] According to an exemplary embodiment, the
system further comprises an ADC unit configured to dig-
itize the impedance signal generated by the analogue
impedance readout unit; and a DSP unit configured to
receive a digital version of the impedance signal and to
store it in a memory unit; wherein, in operation, during
the calibration period, the DSP unit is configured to store
a value of an offset error related to the analogue imped-
ance readout unit and the ADC unit; and wherein, in op-
eration, during the measurement period, the DSP unit is
configured to calculate an electrical impedance value by
subtracting the offset error from the digitized impedance
value signal calculated at the analogue impedance rea-
dout unit.

[0008] According to an exemplary embodiment, the
system further comprises a current generator unit con-
figured to generate a differential alternate current signal
to an element that presents a certain electrical imped-
ance.

[0009] Accordingtoan exemplary embodiment, during
the calibration period, the circuit is configured to activate
the chopper by providing a frequency signal which has
the same frequency as the differential alternate current
signal generated by the current generator unit.

[0010] According to an exemplary embodiment, the
system further comprises a high-pass filter unit config-
ured to adapt the received analogue sensor signal so as
to reject DC offset.

[0011] According to an exemplary embodiment, the
calculated offset error comprises a DC offset and drift
due to process, voltage and temperature variations of
the analogue impedance readout unit.

[0012] Accordingtoanexemplary embodiment,theim-
pedance measurement is a bio-impedance measure-
ment.
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[0013] There is also provided a biopotential signal ac-
quisition system and an electronic device comprising a
circuit for impedance measurements according to any of
the embodiments herein described.

[0014] There s also provided a method for impedance
measurement comprising, in a system according to any
of claims 2 to 8; calculating, during a calibration period,
an impedance offset error value of an analogue imped-
ance readout unit; and calculating, during a measure-
ment period, an electrical impedance value by subtract-
ing the calculated offset error value from the impedance
value signal measured by the analogue impedance rea-
dout unit.

[0015] Advantageously, by using the circuit and sys-
tem according to exemplary embodiments of the inven-
tion, the offset error in the analogue readout channel is
advantageously reduced. The offset error may include
process, temperature and/or voltage variations. Accord-
ing to exemplary embodiments, in operation, an calcula-
tion error correction is performed, first measuring the er-
ror in the analogue readout channel and then subtracting
this error from the impedance measurements. Advanta-
geously, impedance measurement accuracy is in-
creased. According to exemplary embodiments, the so-
lution improves the accuracy of a DC bio-impedance
measurement.

[0016] Certain objects and advantages of various new
and inventive aspects have been described above. It is
to be understood that not necessarily all such objects or
advantages may be achieved in accordance with any par-
ticular embodiment of the present invention. Those
skilled in the art will recognize that the solution of the
present invention may be embodied or carried out in a
manner that achieves or optimizes one advantage or
group of advantages without necessarily achieving other
objects or advantages.

Brief description of the drawings

[0017] The above and other aspects of the circuit, sys-
tem and method for impedance measurement according
to the presentinvention will be shown and explained with
reference to the non-restrictive example embodiments
described hereinafter.

Figure 1 shows a first exemplary block diagram of
a system for impedance measurements according
to an embodiment of the invention.

Figure 2 shows a second exemplary block diagram
of a system forimpedance measurements according
to an embodiment of the invention.

Figure 3 shows a first exemplary block diagram of
a circuit for impedance measurements according to
an embodiment of the invention.

Figure 4 shows a second exemplary block diagram
of a circuit for impedance measurements according
to an embodiment of the invention.

Figures 5A and 5B show a third exemplary block
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diagram of a circuit forimpedance measurements in
operation according to an embodiment of the inven-
tion.

Figures 6A and 6B show a fourth exemplary block
diagram of a circuit forimpedance measurements in
operation according to an embodiment of the inven-
tion.

Figures 7A and 7B show a fifth exemplary block
diagram of a circuit forimpedance measurements in
operation according to an embodiment of the inven-
tion.

Figure 8 illustrates a flow diagram of a method for
impedance measurements according to an embod-
iment of the invention.

Figure 9 illustrates a third exemplary block diagram
of a system forimpedance measurements according
to an embodiment of the invention.

Detailed description

[0018] In the following, in the description of exemplary
embodiments, various features may be grouped together
in a single embodiment, figure, or description thereof for
the purpose of streamlining the disclosure and aiding in
the understanding of one or more of the various inventive
aspects. This is however not to be interpreted as the in-
vention requiring more features than the ones expressly
recited in the main claim. Furthermore, combinations of
features of different embodiments are meant to be within
the scope of the invention, as would be clearly under-
stood by those skilled in the art. Additionally, in other
instances, well-known methods, structures and tech-
niques have not been shown in detail in order not to ob-
scure the conciseness of the description.

[0019] Figure 1 shows a first exemplary block diagram
of a system for impedance measurements according to
an embodiment of the invention. Such a system may be,
for example, a biopotential signal acquisition system, in
connection with the acquisition of biopotential signals
such as electrocardiogram (ECG), electroencephalo-
gram (EEG) or electromyogram (EMG) signals. The sys-
tem may comprise a current generator unit 10, a high-
pass filter (HPF) unit 30, a calibration unit 40 and an
impedance readout unit 50. The calibration unit 40 and
an impedance readout unit 50 are implemented, accord-
ing to an embodiment of the invention, in an analogue
domain part 60 of the system. The current generator unit
10 is configured to generate a differential alternate cur-
rent signal I1, 12 to an element 20 that presents a certain
electrical impedance Z, such as, for example, a living
being body. By means of electrode sensors connected
to that element 20, analogue sensor signals S$1, S2 are
generated and passed through a HPF 30, which, accord-
ing to an exemplary embodiment, implements afirst order
filter with a cut-off frequency that rejects large direct cur-
rent (DC) offset. According to an exemplary embodiment,
the cut-off frequency is lower than the frequency of the
stimulation current or input voltage. Then, the calibration
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unit 40 is configured to receive the analogue signals IN1,
IN2 at the output of the HPF unit 30 and to control and
modify those signals for impedance measurement cali-
bration purposes. The output analogue signals IC1, 1C2
ofthe calibration unit40 are then provided to an analogue
impedance readout unit 50, which is configured to calcu-
late impedance value signals IMP1, IMP2 of the electrical
impedance Z associated to the subject element 20. Ac-
cording to an exemplary embodiment, the analogue im-
pedance readout unit 50 is configured to extract a real
and an imaginary impedance value associated to the
measured subject’s electrical impedance Z.

[0020] The current generator unit 10, the high-pass fil-
ter (HPF) unit 30 and an impedance readout unit 50 may
be implemented as disclosed in patent application EP 2
298 164, but it is understood that there are other design
options to implement the functionality of each of those
units. The present disclosure focuses on the develop-
ment of new and inventive calibration unit 40 or circuit
forimpedance measurement, together with a system and
method forimpedance measurements which allows com-
pensation ofimpedance measurement errors introduced
by the analogue impedance readout unit 50.

[0021] Additionally, according to an embodiment of the
present invention, the system performs impedance
measurements employing a tetra-polar electrode config-
uration, which means that the current source electrodes
are physically separated from the sensing voltage elec-
trodes. Advantageously, this configuration provides high-
er impedance measurement accuracy than a system for
impedance measurements with a bipolar electrode con-
figuration.

[0022] Figure 2 shows a second exemplary block di-
agram of a system forimpedance measurements accord-
ing to an embodiment of the invention. The system may
comprise the same units as the ones shown in Figure 1
and additionally an analogue-to-digital converter (ADC)
unit 70 which digitizes the impedance signals IMP1, IMP2
and provides a digital version D1, D2 to a digital signal
processing (DSP) unit 80. The solution according to an
embodiment of the invention is advantageous due to the
fact that the value (or an averaged value) of the imped-
ance signals IMP1, IMP2 can be stored in a memory unit
during a calibration phase. Advantageously, by storing
the value of the impedance signals IMP1, IMP2 associ-
ated to calibration, the need for continuous recalibration
of the system is avoided. According to an exemplary em-
bodiment, such memory unit is comprised in the DSP
unit 80. Furthermore, according to an embodiment of the
invention, there is provided a calibration unit 40 and a
method for calibration of impedance measurements
which allows compensation of the impedance measure-
ment errors introduced by the analogue impedance rea-
dout unit 50 and the analogue-to-digital converter (ADC)
unit 70.

[0023] Figure 3 shows a first simplified block diagram
of a calibration unit 40 according to an exemplary em-
bodiment of the invention. Schematically, it comprises a

10

15

20

25

30

35

40

45

50

55

switch matrix 43 connected to a chopper 46. The switch
matrix 43, according to an embodiment of the invention,
comprises six switches 81 to S6 controlled by a respec-
tive switch control signal C1 to C6. The chopper 46 is
controlled by a multiplexer 48, which provides a first con-
trol signal C11 depending on the value of a selection
signal C12. The first control signal C11 of the chopper
46 may be a frequency signal F1 for modulation purposes
when the chopper is in operation (activated) or a voltage
signal VD when the chopper is deactivated. The chopper
alsoreceives a second control signal C10 whichis related
to the value of the first control signal C11.

[0024] Figure 4 shows a second exemplary block di-
agram of a calibration unit 40 according to an embodi-
ment of the invention, which schematically illustrates the
relation of the values of the control signals of Figure 3.
For example, the first, second, fifth and sixth switches
S$1, §2, S5, S6 and the multiplexer 48 are controlled by
the same first switch control signal C1’. The third and
fourth switches S3, S4 are controlled by the inverse value
IC1’ of the first switch control signal. The chopper is con-
trolled by the first chopper control signal CP’ and the
inverse value /CP’ of that signal.

[0025] The chopper 46 may be implemented as dis-
closed in "A CMOS chopper amplifier", by Christian Enz,
IEEE Journal of Solid-State Circuits, Vol. SC-22, no 3,
June 1987. According to an embodiment of the invention,
the frequency signal F1’ is the demodulation frequency
at 0 degrees as used in the analogue impedance readout
unit 50 implemented as disclosed in patent application
EP 2 298 164.

[0026] According to an exemplary embodiment, the
frequency signal F1’ may be the same as the frequency
of the current 1, 12 injected by the current generator unit
10.

[0027] Figure 5A shows a third exemplary block dia-
gram of a calibration unit 40, in operation during a cali-
bration phase PH1, according to an embodiment of the
invention. During the calibration phase PH1, thefirst, sec-
ond, fifth and sixth switches $1, S$2, S5, S6 are closed
and the third and fourth switches S3, S4 are opened so
that the analogue calibration unit input signals IN1, IN2
are disconnected from the chopperinputs IN1’,IN2’. The
analogue calibration unit input signals IN1, IN2 are con-
nected to a ground reference, the inputs of the chopper
46 are connected to a voltage reference signal VR and
the chopper is activated by providing the frequency signal
F1 as the first control signal C11.

[0028] Advantageously, according to an embodiment
of the invention, during the calibration phase PH1, the
impedance signals IMP11, IMP21 as shown in Figure
5B comprise the offset error of the analogue impedance
readout unit 50. The stored offset error may be the com-
bination of the systematic and random offset of the build-
ing blocks of the impedance readout unit. According to
another exemplary embodiment, the impedance signals
IMP11, IMP21, during the calibration phase PH1, com-
prise the value of the DC offset and drift due to process,
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voltage and temperature variations of the analogue im-
pedance readout unit 50. According to an exemplary em-
bodiment, and in reference to Figure 2, the digital ver-
sions D1, D2 of the impedance signals IMP11, IMP21
further comprise, during the calibration phase PH1, the
offseterror ofthe ADC unit 70. According to an exemplary
embodiment, the value (or an averaged value) of the im-
pedance signals IMP11, IMP21 is, during the calibration
phase PH1, stored in the memory of the DSP unit 80.
[0029] Another possible embodiment of the switch ma-
trix 43, in operation during a calibration phase PH1, is
shown in Figure 7A. According to an exemplary embod-
iment, the switch matrix 43 does not comprise the first
and the second switches S1, S2. During the calibration
phase PH1, the fifth and sixth switches S5, S6 are closed
and the third and fourth switches S3, S4 are opened so
that the analogue calibration unit input signals IN1, IN2
are disconnected from the chopper 46 and the chopper
inputs IN1’, IN2’ are connected to a voltage reference
signal VR.

[0030] Figures 6A shows a fourth exemplary block di-
agram of a calibration unit 40, in operation during ameas-
urement phase PH2, according to an embodiment of the
invention. During the measurement phase PH2, the first,
second, fifth and sixth switches S1, S2, S5, S6 are
opened and the third and fourth switches S3, S4 are
closed so that the analogue calibration unit input signals
IN1, IN2 are connected to the chopper 46. The voltage
reference signal VR is disconnected from the chopper
inputs and the chopper is deactivated by providing a volt-
age signal VD as the first control signal C11. Since the
chopper is deactivated, the calibration unit 40 lets the
input signals IN1, IN2 go through to the analogue imped-
ance readout unit 50, which then measures the voltage
value generated on the impedance Z by the injected cur-
rent 11, 12. During the measurement phase PH2, the im-
pedance signals IMP12, IMP22, as shown in Figure 6B,
comprise the value of the measured electricalimpedance
Z and the offset error of the analogue impedance readout
unit 50. Furthermore, according to an exemplary embod-
iment in reference to Figure 2, the digital versions D1,
D2 of the impedance signals IMP12, IMP22 further com-
prise, during the measurement phase PH2, the offset er-
ror of the ADC unit 70.

[0031] Advantageously, according to an embodiment
of the invention, during the measurement phase PH2,
the value of the impedance signals IMP11, IMP21 ob-
tained during the calibration phase PH1, is subtracted
from the value of the impedance signals IMP12, IMP22
obtained during the measurement phase PH2. There-
fore, the system, during the measurement phase PH2,
provides a value for the measured electrical impedance
Z that does not contain the offset error of the analogue
impedance readout unit 50. According to another exem-
plary embodiment, the system, during the measurement
phase PH2, provides a value for the measured electrical
impedance Z that does not contain the offset error of both
the analogue impedance readout unit 50 and the ADC
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unit 70.

[0032] Advantageously, according to an embodiment
of the invention, the accuracy of a DC bio-impedance
measurement is increased, particularly for baseline im-
pedance measurements.

[0033] Another possible embodiment of the switch ma-
trix 43, in operation during a measurement phase PH2,
is shown in Figure 7B. According to an exemplary em-
bodiment, the switch matrix 43 does not comprise the
first and the second switches $1, $2. During the meas-
urement phase PH2, the fifth and sixth switches S5, S6
are opened and the third and fourth switches S3, S4 are
closed so that the analogue calibration unit input signals
IN1, IN2 are connected to the chopper 46 and the voltage
reference signal VR is disconnected from the chopper
inputs.

[0034] Figure 8 illustrates a flow diagram of a method
for impedance measurements according to an embodi-
ment of the invention.

[0035] The method comprises, in a first phase or cali-
bration phase PH1, calculating the impedance offset er-
ror value of an analogue impedance readout unit 50 (as
in the system shown in Figure 1). According to an ex-
emplary embodiment, the method further comprises, in
a first phase or calibration phase PH1, further calculating
the offset error of an ADC unit 70, as in the system shown
in Figure 2. According to an exemplary embodiment, the
method further comprises, in a first phase or calibration
phase PH1, storing the calculated offset error in a mem-
ory unit. According to an exemplary embodiment, the im-
pedance measurement is a bio-impedance measure-
ment and the offset error of the analogue impedance re-
adout unit 50 or the ADC unit 70 comprises a DC bio-
impedance offset error.

[0036] The method further comprises, in a second
phase or measurement phase PH2, measuring the elec-
trical impedance value Z of a subject element 20 (as in
the system shown in Figure 1) and subtracting from that
measured electrical impedance value, the impedance
offset error value calculated during first phase or calibra-
tion phase PH1.

[0037] Accordingtoanexemplary embodiment,theim-
pedance offset error value and the measured electrical
impedance value are voltage values.

[0038] According to an exemplary embodiment, the
method for impedance measurements according to the
invention is implemented in a system (as in Figure 1 or
Figure 2) comprising a calibration unit 40 according to
any of the embodiments herein claimed. Additionally, the
method for impedance measurements according to the
invention may make use of a DSP unit 80.

[0039] The calibration phase and the measurement
phase are performed during determined periods of time,
which can be selected by design. The calibration phase
may be performed once or repeated at specific steps or
events of the impedance measurement.

[0040] Figure 9 illustrates another exemplary block di-
agram of a system forimpedance measurements accord-
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ing to an embodiment of the invention, in which the func-
tioning of the DSP unit 80 is further detailed in relation
to the system disclosed in Figures 1 and 2. During op-
eration of the system, in a calibration phase PH1, the
voltage values of the calculated impedance offset error
VoffR, Voffl are stored in a memory. According to an
exemplary embodiment, the impedance offset error volt-
age value is averaged during a certain number of oper-
ation cycles. Further during operation of the system, in
a measurement phase PH2, the stored voltage value of
the calculated impedance offset error VoffR, Voffl is sub-
tracted from the voltage value of the measured imped-
ance and from that resulting voltage value, the actual
value of the measured impedance is calculated R{Z},
I{Z].

[0041] Further exemplary embodiments are here be-
low described. According to an exemplary embodiment,
there is provided a new circuit topology and switch matrix
for implementing a new method for impedance measure-
ments. Such solution, according to an exemplary embod-
iment, advantageously enables to sample the errorin the
impedance measurement readout so that it can be sub-
tracted from actual impedance measurements.

[0042] According to one exemplary embodiment, the
solution proposes an error correction mechanisms that
first measures the error in the integrated circuits and then
subtracts this error from the measurements. According
to one exemplary embodiment there is provided a meth-
od forimpedance measurements comprising: measuring
the error of the readout system, sampling the error and
subtracting it from the measurement.

[0043] According to an exemplary embodiment of the
present description, the input switch matrix is first con-
nected to a known potential, which enables to measure
the offset of the readout chain. This offset is stored on
the DSP for error correction. Later the impedance meas-
urement is started where the measurements are made
and error is subtracted from the recordings.

[0044] Advantageously, according to an exemplary
embodiment of the present description, the error is digi-
tized and stored in memory. Therefore it avoids the need
for re-calibration.

[0045] According to an exemplary embodiment of the
invention, an off-chip HPF will be integrated to interface
with the impedance signal path. The impedance signal
path comprises an instrumentation amplifier (TC and Tl
stage), a programmable gain amplifier (PGA), a SC-LPF,
and a channel buffer. A test purpose multiplexed buffer
(TMPX) may also be integrated to monitor internal node
of the channel. Two impedance readout channels are
responsible for extracting the in-phase (IMPR) and quad-
rature (IMPI) components of the bioimpedance.

[0046] The HPF may implement a first order filter with
a cut-off frequency between 0.1 Hz and 50 Hz to reject
large DC offset at input.

[0047] The instrumentation amplifier itself consists of
a transconductance (TC) stage followed by a transim-
pedance stage (Tl). The instrumentation amplifier (1A)
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has single ended topology, and it operates inside chop-
pers to improve low frequency noise performance and
CMRR. The next building block in the signal path is a
programmable-gain amplifier (PGA). This module allows
to be configured with different gain settings (6dB-26dB).
Areference PGA signal (900mV) is used for the reference
node around which the readout path output will be cen-
tered. A first order SC-LPF is cascaded after the PGA.
This LPF has fixed the BW of IMP signal path to 10Hz.
Finally a channel buffer is implemented.

[0048] The offsetofthe quadrature impedance readout
circuit may affect the accuracy of the DC bio-impedance
calculation. To improve DC bio-impedance measure-
ment accuracy, a multi-purpose chopper is allocated at
IA input. Before bio-impedance evaluation, the switch
can shortthe TC inputs to measure the systematic offsets
presented at the output of IMP-1 and IMP-Q. After cali-
bration phase, the TC inputs are connected to a complex
bio-impedance to measure actual voltage value gener-
ated by the injected current.

[0049] To measure accuracy impedance, an imple-
mentation proposes two different modes, a calibration
mode and a measurement mode. In the calibration mode,
both inputs of the impedance channel are connected to
an internal voltage reference and a common mode DC
output of (VOUT_DC) can be measured. In the meas-
urement mode, the IA inputis connected to external HPF
capacitor to measure the bio-impedance RBIO. Based
on these two measurements, the bio-impedance can be
calculated as follows:

Vour = Your pe
Loy X GAINcyy

Rppo =

where, IAMP is the amplitude of injection current and
GAINCHN is the impedance channel gain.

[0050] According to an exemplary embodiment, two
quadrature bio-impedance readout channels are used
together with a digitized sinusoidal current generator in
order to implement an accurate and wide dynamic range
bio-impedance measurement.

[0051] According to an exemplary embodiment, to ex-
tractboth DC and AC bio-impedance components, anon-
inverting DC coupled PGA is used, which amplifies the
AC bio-impedance while having unity DC gain. This en-
ables a large dynamic range (82dB) bio-impedance re-
adout, which is important as the DC impedance is in gen-
eral 100 times larger than the AC one. The offset of the
quadrature impedance readout circuit may affect the ac-
curacy of the DC bio-impedance calculation. To improve
DC bio-impedance measurement accuracy, a multi-pur-
pose chopper is allocated at IA input. Before bio-imped-
ance evaluation, the switch can short the TC inputs to
measure the systematic offsets presented at the output
of IMP-I and IMP-Q. These offset values are calibrated
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in the DSP to improve the system accuracy to 97% (THD
is less than 3%).

impedance readout unit (50) and the ADC unit
(70); and

wherein, in operation, during the calibration pe-
riod (PH1), the DSP unit is configured to store
avalue of an offset error related to the analogue

wherein, in operation, during the measurement
period (PH2), the DSP unit is configured to cal-

Claims 5 culate an electrical impedance value by sub-
tracting the offset error from the digitized imped-
A circuit (40) for impedance measurement compris- ance value signal calculated at the analogue im-
ing a switch matrix (43) connected to a chopper (46); pedance readout unit (50).
wherein the switch matrix (43) comprises a plurality
of switches (S1 to S6) and is configured to receive 70 4. A system forimpedance measurement according to
an analogue signal (IN1, IN2); claim 3 further comprising:
wherein, in operation, during a calibration period
(PH1), the circuit (40) is configured to activate the a current generator unit (10) configured to gen-
chopper (46) and to control the switch matrix (43) in erate a differential alternate current signal (11,
order to disconnect the received analog signal (IN1, 15 12) that is injected to an element (20) that
IN2) from the chopper inputs (IN1’, IN2’) and to con- presents a certain electrical impedance (Z).
nect a voltage reference signal (VR) to the chopper
inputs (IN1’, IN2’); and 5. A system for impedance measurement according to
wherein, in operation, during a measurement period claim 4 wherein, during the calibration period (PH1),
(PH2), the circuit (40) is configured to deactivate the 20 the calibration circuit (40) is configured to activate
chopper (46) and to control the switch matrix (43) in the chopper (46) by providing a frequency signal (F1)
ordertodisconnectthe voltage reference signal (VR) which has the same frequency as the differential al-
from the chopper inputs (IN1’, IN2’) and to connect ternate current signal (11, 12) generated by the cur-
the received analog signal (IN1, IN2) to the chopper rent generator unit (10).
inputs (IN1’, IN2’). 25
6. A system for impedance measurement according to
A system for impedance measurement configured any of claims 2 to 5 further comprising a high-pass
to receive an analogue sensor signal (S1, S2) filter unit (30) configured to adapt the received ana-
sensed from an element (20) that presents a certain logue sensorsignal (S1, S2) soas to reject DC offset.
electrical impedance (Z); the system comprising: 30
7. A system for impedance measurement according to
acalibration circuit (40) according to claim 1 con- any of the previous claims, wherein the calculated
nected to an analogue impedance readout unit offset error comprises a DC offset and drift due to
(50) configured to calculate, derived from said process, voltage and temperature variations of the
analogue sensor signal (S1, S2), animpedance 35 analogue impedance readout unit (50).
value signal (IMP1, IMP2) of the electrical im-
pedance (2); 8. A system for impedance measurement according to
wherein, in operation, during the calibration pe- any of the previous claims, wherein the impedance
riod (PH1), the system is configured to calculate measurement is a bio-impedance measurement.
an offset error of the analogue impedance rea- 40
dout unit (50); and 9. A biopotential signal acquisition system comprising
wherein, in operation, during the measurement a circuit (40) according to claim 1 or a system for
period (PH2), the system is configured to meas- impedance measurement according to any of claims
ure impedance value signals (IMP1, IMP2) of 2 to 8.
the electrical impedance (Z). 45
10. Electronic device comprising a circuit (40) forimped-
3. Asystem forimpedance measurement according to ance measurement according to claim 1.
claim 2 further comprising:
11. A method for impedance measurement comprising:
an ADC unit (70) configured to digitize the im- 50
pedance signal (IMP1, IMP2) generated by the in a system according to any of claims 2 to 8;
analogue impedance readout unit (50); and calculating, during a calibration period (PH1), an
a DSP unit (80) configured to receive a digital impedance offset error value of an analogue im-
version of the impedance signal (D1, D2) and to pedance readout unit (50); and
store it in a memory unit; 55 calculating, during a measurement period

(PH2), an electrical impedance value by sub-
tracting the calculated offset error value from the
impedance value signal measured by the ana-
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Figure 5A
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