
AN ANALOGUE TO DIGITAL CONVERTER, AN INTEGRATED CIRCUIT AND A MEDICAL
DEVICE CROSS-REFERENCE TO RELATED APPLICATION 5[0001] This application
claims the benefit of priority of Singapore application No. 201003696-0,
filed 26 May 2010, the content of it being hereby incorporated by reference
in its entirety for all purposes. TECHNICAL FIELD     [0002] Example
embodiments relate to an analogue to digital converter, an integrated
10circuit and a medical device. BACKGROUND [0003] Analogue-to-digital
converters are usually electronic devices. Typically, an
analogue-to-digital converter operates on an analogue input signal to
convert it into a digital output signal. In other words, the
analogue-to-digital converter may receive a  15 continuous signal and
convert it into a discrete signal. Analogue-to-digital converters may be
used to convert an analogue signal from an analogue electronic device into
a digital signal, so that the information contained within the analogue
signal can be received by a digital electronic device. 



- [0004] One type of analog-to-digital converter is known as a successive
approximation  20 analogue-to-digital converter. Typically, a successive
approximation analogue-to-digital converter converts a continuous analog
signal into a corresponding discrete digital signal using a binary search.
Specifically, the device may search through all possible quantization
levels before finally converging upon a digital output which best matches
the analogue signal.  SUMMARY [0005] In various embodiments, an
analogue-to-digital converter for converting an analogue input signal into
a digital output signal is provided. The analogue-to-digital converter may
include: a first input connection configured to receive a first part of the
5 analog input signal; a second input connection configured to receive a
second part of the analogue input signal; a first plurality of capacitors
and a second plurality of capacitors, each capacitor of the first and
second plurality of capacitors having a first contact and a second contact,
each capacitor of the first plurality of capacitors having a corresponding
capacitor in the second plurality of capacitors to form a plurality of
capacitor pairs; a  10 switching array coupled to the second contact of
each capacitor in the first and second plurality of capacitors; and,
switching logic for controlling the switching array; wherein, during a
sampling period of the analogue-to-digital converter, the first input
connection is configured to couple the first part of the analogue input
signal to the first contact of each capacitor of the first plurality of
capacitors, the second input connection is configured to  15 couple the
second part of the analogue input signal to the first contact of each
capacitor of the second plurality of capacitors, and the switching logic is
configured to cause the switching array to couple the second contact of
each capacitor of the first and second plurality of capacitors to a common
mode voltage to determine a first bit of the digital output signal.
20[0006] In various embodiments, an integrated circuit including the
above-described analogue-to-digital converter is provided. 



[0007] In various embodiments, a medical device which may include the
above-described analogue-to-digital converter, or the above-described
integrated circuit, is provided. 25BRIEF DESCRIPTION OF THE DRAWINGS [0008]
In the drawings, like reference characters generally refer to like parts
throughout the different views. The drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of
some example embodiments of the  invention. In the following description,
various example embodiments of the invention are described with reference
to the following drawings, in which: [0009] Figure 1 is a schematic diagram
of an analogue-to-digital converter according to an example embodiment;
5[0010] Figure 2 is a flow diagram of the operation of the
analogue-to-digital converter of Figure 1; [0011] Figure 3 is a schematic
diagram of an analogue-to-digital converter according to an example
embodiment;      [0012] Figure 4 is a schematic diagram illustrating an
operation of the analogue-to-digital 



10converter of Figure 3; [0013] Figure 5 is a schematic diagram of a
comparator according to an example embodiment; [0014] Figure 6 is a
schematic diagram illustrating an operation of the analogue-to-digital
converter of Figure 3; 15[0015] Figures 7 to 10 are simulation results
relating to one example embodiment; [0016] Figures 11 to 16 are
experimental results relating to the example embodiment; and [0017] Figure
17 is a schematic diagram of an exemplary circuit for providing a
differential voltage input. DETAILED DESCRIPTION 20[0018] The following
detailed description refers to the accompanying drawings that show, by way
of illustration, specific details and example embodiments. These example
embodiments are described in sufficient detail to enable those skilled in
the art to practice  the invention. Other example embodiments may be
utilized and structural, logical, and electrical changes may be made
without departing from the scope of the appended claims. The various
example embodiments are not necessarily mutually exclusive, as some example
embodiments can be combined with one or more other example embodiments to 5
form new example embodiments. 



100191 In various embodiments, an analogue-to-digital converter for
converting an analogue input signal into a digital output signal is
provided. The analogue-to-digital converter may include: a first input
connection configured to receive a first part of the analog input signal; a
second input connection configured to receive a second part of the 10
analogue input signal; a first plurality of capacitors and a second
plurality of capacitors, each capacitor of the first and second plurality
of capacitors having a first contact and a second contact, each capacitor
of the first plurality of capacitors having a corresponding capacitor in
the second plurality of capacitors to form a plurality of capacitor pairs;
a switching array coupled to the second contact of each capacitor in the
first and second 15 plurality of capacitors; and, switching logic for
controlling the switching array; wherein, during a sampling period of the
analogue-to-digital converter, the first input connection is configured to
couple the first part of the analogue input signal to the first contact of
each capacitor of the first plurality of capacitors, the second input
connection is configured to couple the second part of the analogue input
signal to the first contact of each capacitor of 20 the second plurality of
capacitors, and the switching logic is configured to cause the switching
array to couple the second contact of each capacitor of the first and
second plurality of capacitors to a common mode voltage to determine a
first bit of the digital output signal. 25100201 In an example embodiment,
during a conversion period of the analogue-to-digital converter, the
switching logic is configured to cause the switching array to couple each
second contact of at least one capacitor pair to a different one of a first
and a second reference voltage, and to couple the other capacitors in
capacitor pairs via their second contacts to determine subsequent bits of
the digital output signal. In an example 30embodiment, the first reference
voltage is higher than the second reference voltage.  100211 In an example
embodiment, during the conversion period of the analogue-to- digital
converter, the switching logic is configured to cause the switching array
to couple each second contact of a first capacitor pair to a different one
of the first and the second  5 reference voltage depending on the
determination of the first bit of the digital output signal, and to couple
in pairs any succeeding capacitor pairs to determine a second bit of the
digital output signal. In an example, the first and the second plurality of
capacitors may include eleven capacitor pairs. During the conversion
period, each second contact of the first capacitor pair is connected to a
different one of the first and the second reference  10 voltage. For
example, the second contact of one of the pair is connected to the first
reference voltage whilst the second contact of the other capacitor in the
pair is connected to the second reference voltage, or visa versa, depending
on the determination of the first bit. Furthermore, any succeeding
capacitor pairs (i.e. the second to the tenth pair) are connected in
capacitor pairs via their second contacts, to determine a second bit. 



15 Therefore, 'succeeding capacitor pairs' is taken to mean 'following'
capacitor pairs, i.e. in the above example, the succeeding capacitor pairs
relating to the fourth capacitor pair are the fifth to eleventh capacitor
pairs. [0022] In an example embodiment, during the conversion period of the
analogue-to-  20 digital converter, the switching logic is configured to
cause the switching array to couple each second contact of an ith capacitor
pair to a different one of the first and the second reference voltage
depending on a determination of an ith bit of the digital output signal,
and to couple in pairs any succeeding capacitor pairs to determine an (i+
1)th bit of the digital output signal. Therefore, considering the above
example including eleven  25 capacitor pairs, each second contact of a
third capacitor pair is connected to a different one of the first and the
second reference voltage depending on the determination of the third bit of
the digital output signal, and the third to eleventh capacitor pairs are
connected in capacitor pairs via their second contacts to determine the
fourth bit of the digital output signal. The first and second capacitor
pairs are left as configured after 30determination of the first three bits.
In various embodiments, "i" may be an arbitrary integer value.  [0023] In
an example embodiment, during the conversion period of the analogue-to-
digital converter, the first input connection is configured to decouple the
first part of the analogue input signal from the first contact of each
capacitor of the first plurality of  5 capacitors, the second input
connection is configured to decouple the second part of the analogue input
signal from the first contact of each capacitor of the second plurality of
capacitors. [0024] In an example embodiment, the switching array is
configured to selectively  10 couple the second contact of each capacitor
in the first plurality of capacitors to one of the first reference voltage,
the second reference voltage, the common mode voltage and its corresponding
capacitor in the second plurality of capacitors, and to selectively couple
the second contact of each capacitor in the second plurality of capacitors
to one of the first reference voltage, the second reference voltage, the
common mode voltage, and its 



15corresponding capacitor in the first plurality of capacitors. [0025] In
an example embodiment, the analogue-to-digital converter further includes a
comparator having a first input terminal coupled to the first contact of
each capacitor of the first plurality of capacitors, and a second input
terminal coupled to the first contact of 20each capacitor o f the second
plurality of capacitors. [0026] In an example embodiment, the comparator
further includes an output, wherein the switching logic is configured to
control the switching array in dependence on the comparator output. 25
[0027] In an example embodiment, the analogue-to-digital converter is
configured to determine bits of the digital output signal in dependence on
the comparator output.   [0028] In an example embodiment, the comparator is
a time-domain comparator 30including voltage controlled delay circuitry
configured to convert a voltage level of the time-domain comparator to a
delay of a clock signal, and phase detection circuitry  configured to
determine which of the signals input on the first input terminal and the
second input terminal changes earlier.     [0029] In an example embodiment,
the first plurality of capacitors may include 



5capacitance values in a non-binary weighted relationship. [0030] In an
example embodiment, the second plurality of capacitors may include
capacitance values in a non-binary weighted relationship. 10[0031] In an
example embodiment, both capacitors of a capacitor pair have the same
capacitance. [0032] In an example embodiment, the digital output signal
includes N bits and each of the first plurality of capacitors and the
second plurality of capacitors may include more 15 than N+1 capacitors to
provide redundancy. In various embodiments, "N" may be an arbitrary integer
value. [0033] In an example embodiment, the second reference voltage is
ground. 20[0034] In an example embodiment, the analogue-to-digital
converter further includes a reset switch, wherein the switching logic is
configured to cause the reset switch to regulate the common mode voltage.
[0035] In an example embodiment, the first bit is a most significant bit of
the digital 25output signal. [0036] In an example embodiment, the first
part of the analogue input signal and the second part of the analogue input
signal may include the analogue input signal in differential form. 30 



[0037] In an example embodiment, the first reference voltage is selected to
be equal to a common mode voltage of the analogue input signal in
differential form, such that capacitors that are coupled in pairs have a
value of half of the first reference voltage at their second contact during
the conversion period. 5 [0038] In an example embodiment, the
analogue-to-digital converter is a successive approximation
analogue-to-digital converter.      [0039] In various embodiments, an
integrated circuit including the analogue-to-digital 10 described above may
be provided. [0040] In various embodiments, a medical device comprising the
analogue-to-digital described above, or the integrated circuit described
above, may be provided. 15[0041] Fig. 1 illustrates an analogue-to-digital
converter (ADC) 2 according to an example embodiment. The ADC 2 may include
a first capacitor array 4 and a second capacitor array 6. Within the
present example embodiment, the first capacitor array 4 provides a first
plurality of capacitors, whereas the second capacitor array 6 provides a
second plurality of capacitors. The ADC 2 may further include a comparator
8 having a 20 first input terminal 10 and a second input terminal 12. The
first input terminal 10 of the comparator 8 is connected to the first
capacitor array 4 by a connecting element 14, whereas the second input
terminal 12 of the comparator 8 is connected to the second capacitor array
6 by a connecting element 16. The comparator 8 may further include an
output terminal 17 which is discussed further below. The connecting element
14 is also 25 connected to a first switchable input connection 18, and the
connecting element 16 is also connected to a second switchable input
connection 20. The first and second switchable input connections may be
switchable between an 'on' configuration and an 'off' configuration. In the
'on' configuration, a signal present on a switchable input connection is
input to the corresponding connecting element. In the 'off configuration, a
30signal present on a switchable input connection is not input to the
corresponding connecting element. The first and second switchable input
connections 18, 20 are  



configured to receive an analogue input signal in two parts. In an example
embodiment, the analogue input signal is received in differential form. In
an example embodiment, the potential of Vin_p and Vin_n may be within the
range from 0.25V to 0.75V, resulting in a differential input dynamic range
of 1V. In an example embodiment, the input signal of 5 the ADC may be
generated by a sensor interface circuit, such as, for example, the circuit
of Figure 17. In an example embodiment, the circuit of Figure 17 relates to
a blood flow sensor biomedical application. As can be seen from Figure 17,
the circuit receives an input voltage signal Vsense which is then passed
though a variable resistor Rsense. The circuit of Figure 17 then comprises
two stages, a first switched current integrator stage 10 followed by a
single-ended to differential gain stage. Differential voltages Vout(+) and
Vout(-) which correspond to input voltage Vsense are provided as outputs
from the single-ended to differential gain stage. [0042] The ADC 2 may
further include a switching array 22 which is connected to the first
capacitor array 4 by a connecting element 24 and to the second capacitor
array 6 by a 15 connecting element 26. The switching array 22 is in
communication with three signals, a first signal Vref 1, a second signal
Vref 2 and a third signal Vcm. The first signal Vref 1 is provided to the
switching array 22 via a connecting element 28. The second signal Vref 2 is
connected to the switching array 22 via a connecting element 30. The third
signal Vcm is connected to the switching array 22 via a connecting element
32. The 20 first signal Vref 1 provides a first reference voltage, the
second signal Vref 2 provides a second reference voltage and the third
signal Vcm provides a common mode voltage. A Vcm signal line 32 may also
include a reset switch 33 configured to switch between an 'on'
configuration and an 'off' configuration. In the 'on' configuration, the
third signal Vcm is provided to the switching array 22, whereas in the
'off' configuration the third 25signal Vcm is not provided to the switching
array 22. [0043] As mentioned briefly above, the comparator 8 may include
an output terminal 17. The output terminal 17 provides an output signal of
the ADC 2 at an ADC output terminal 35. Also, the output terminal 17 of the
comparator 8 is connected to switching logic 34 via a connecting element
36. The switching logic 34 provides a switching  control signal via
connecting elements 40 and 42 to switching array 22. The switching logic 34
controls the operation of the switching array 22 via the control signal.
The switching logic 34 also provides a reset signal via connecting element
44 to the reset switch 33. The switching logic 34 controls the reset switch
33 via the reset signal 5[0044] Each capacitor of the first capacitor array
4 may include a first contact and a second contact. The first contact of
each capacitor of the first array 4 is coupled to the connecting element
14. The second contact of each capacitor of the first array 4 is coupled to
the switching array 22 via the connecting element 24. Furthermore, each
capacitor of the second capacitor array 6 may include a first contact and a
second contact. 



10 The first contact of each capacitor of the second array 6 is coupled to
the connecting element 16. The second contact of each capacitor of the
second array 6 is coupled to the switching array 22 via the connecting
element 26. Each capacitor of the first capacitor array 4 has a
corresponding capacitor in the second capacitor array 6 in order to form a
plurality of capacitor pairs. 15[0045] The switching array 22 is configured
to selectively connect the second contact of each capacitor in the first
capacitor array 4 to one of Vref 1, Vref 2, Vcm and its corresponding
capacitor in the second capacitor array 6. Additionally, the switching
array 22 is configured to selectively connect the second contact of each
capacitor in the second capacitor array 6 to one of Vref 1, Vref 2, Vcm and
its corresponding capacitor 20in the first capacitor array 4. [0046] Fig. 2
is a flow diagram of a method of converting an analogue input signal into a
digital output signal using the ADC 2 of Figure 1. In the flow diagram of
Figure 2, processing begins in 100. [0047] In 100, the analogue input
signal in two parts is input to the first and second  25 switchable input
connections. For example, the input signal may be input to the first and
second switchable input connections in differential form. Processing then
flows to 102, which defines a sampling period. In 102, the first and second
switchable input connections 18 and 20 are turned to the 'on'
configuration. Accordingly, the first contact  of each capacitor in the
first capacitor array 4 receives the input signal present on the first
switchable input connection 18, and the first contact of each capacitor in
the second array 6 receives the signal present on the second switchable
input connection 20. Furthermore, the switching logic 34 causes the
switching array 22 to connect the second contact of  5 each capacitor of
the first and second capacitor arrays 4, 6 to the Vcm signal. It is noted
that in order for this to be achieved, the switching logic 34 should cause
the reset switch 33 to be in the 'on' configuration. According to this
operation, the ADC 2 determines a first bit of the digital result during
the sampling period. Specifically, the signal provided at the output 17 of
the comparator 8 indicates which input signal present on comparator  10
inputs 10 and 12 is largest. Depending on which signal present at the first
comparator input 10 and the second comparator input 12, is largest the
first bit of the digital output signal of the comparator will be a '1' or a
'0'. This first bit of the digital output signal is provided at ADC output
terminal 35. Processing then flows to 104, which defines a conversion
period. 15[0048] In 104, subsequent bits of the digital result are
determined during conversion cycles. In particular, the switching logic 34
is configured to cause the switching array 22 to connect each second
contact of at least one capacitor pair to a different one of the first
signal Vref 1 and the second signal Vref 2. Therefore, considering each
capacitor pair making up the 'at least one capacitor pair', the second
contact of one capacitor in the pair 



20 is connected to the first signal Vref 1 whilst the second contact of the
other capacitor in the pair is connected to the second signal Vref 2, or
visa versa. It is to be understood that different capacitor pairs of the
'at least one capacitor pair' may be connected in different configurations.
[0049] Also during the configuration period, the switching logic 34 is
configured to cause  25 the switching array 22 to connect the other
capacitors (i.e. those not included in the 'at least one capacitor pair')
in capacitor pairs. Specifically, the other capacitors are connected in
capacitor pairs via their second contacts. [0050] Also during the
conversion period, the first and second switchable input connections may be
turned to the 'off' configuration. Accordingly, the first contact of  each
capacitor of the first array 4 is connected to the first input terminal 10
of the comparator 8, and the first contact of each capacitor of the second
array 6 is connected to the second input terminal 12 of the comparator 8.
[0051] According to the above operation of the configuration period, the
output of the  5 comparator 8 provides a subsequent bit of the digital
output signal. Therefore, the subsequent bit of the digital output result
is present at the ADC output terminal 35. It is to be understood that the
above operation can be used to determine each subsequent bit of the digital
output signal. In various embodiments, the number of capacitor pairs which
are connected to the reference voltages (i.e. the number of capacitor pairs
making up the  10 'at least one capacitor pair') determines which bit of
the digital output signal is output. For example, if one capacitor pair is
connected to the reference voltages, the above operation determines the
second bit of the digital output signal. Alternatively, if two capacitor
pairs are connected to the reference voltages, the above operation
determines the third bit of the digital output signal. Alternatively, if
three capacitor pairs are  15 connected to the reference voltages, the
above operation determines the fourth bit of the digital output signal.
Alternatively, if four capacitor pairs are connected to the reference
voltages, the above operation determines the fifth bit of the digital
output signal. It is noted that the first bit was determined during the
sampling period (102). It can therefore be seen how the above operation can
be used to determine each bit of the digital output 20signal. [0052] Figure
3 illustrates an ADC 202 according to an example embodiment. 



[0053] In various embodiments, the ADC 202 may include the following
features: a first capacitor array 204, a second capacitor array 206, a
comparator 208, a first switchable input connection 218, a second
switchable input connection 220, a switching array 222, 25 switching logic
234 and a reset switch 233. These features of ADC 202 are connected
together in an analogous way to the corresponding features of ADC 2 of
Figure 1. Additionally, the switching array 222 receives three signals, a
first signal Vref hi, a second signal Vref lo and a third signal Vcm. The
first signal Vref hi and the second signal Vref lo provide two references
voltages, whereas the third signal Vcm provides a  common mode voltage.
Furthermore, the first and second switchable input connections 218 and 220
are configured to receive an analogue input signal in two-part form, for
example, differential form. It is noted that the ADC 202 including these
additional features is still analogous to ADC 2 of Figure 1 described
above. 5[0054] The following describes the arrangement of the first
capacitor array 204 and the second capacitor array 206. The first capacitor
array 204 may include a first plurality of ten capacitors 'a' to T arranged
in parallel formation. The first plurality of capacitors may include a
most-significant-bit (MSB) group of capacitors 'a' to `e' positioned along
side a least-significant-bit (LSB) group of capacitors 'f' to T. Each
capacitor 'a' to T of  10 the first plurality of capacitors may include a
first contact and a second contact. Each first contact is connected via a
common connection line to the first switchable input connection 218 and the
first input of the comparator 208. Each second contact is connected to the
switching array 222. The first capacitor array 204 may further include an
attenuation capacitor '1' which is arranged on the common connection line
so that the 



15 size of the MSB group of capacitors can be reduced while achieving the
same equivalent capacitance, reducing the input load capacitance of the ADC
202. The first capacitor array 204 may further include a capacitor 'k'
positioned in parallel formation with the LSB group of capacitors 'f' to T
and adjacent capacitor T. A first contact of the capacitor 'k' is connected
to the common connection line. The capacitor 'k' may be used  20 to adjust
the weightage of the capacitor so that the switching of a unit capacitor
will result in 1 LSB of voltage change. The arrangement of the second
capacitor array 206 is analogous to the above-described arrangement of the
first capacitor array 204. Accordingly, the second capacitor array may
include a second plurality of capacitors 'a' to T. It is further noted that
the capacitor 'k' of the first capacitor array 204 is connected 25to the
capacitor 'k' of the second capacitor array 206 via their respective second
contacts. [0055] The following describes the arrangement of the switching
array 222. As mentioned above, the second contact of each of the first
plurality of capacitors is connected to the switching array 222. Therefore,
by analogy, the second contact of each of the second plurality of
capacitors is also connected to the switching array 222. The  connection
between each second contact and the switching array 222 is as follows. The
switching array is configurable to selectively connect a second contact
with one of the signals Vref hi, Vref lo, Vcm, and a corresponding second
contact in the other plurality of capacitors. For example, the second
contact of capacitor 'b' of the first plurality may  5 be selectively
connected to either one of the signals Vref hi, Vref lo, Vcm or the second
contact of capacitor 'b' of the second plurality. Additionally, the second
contact of capacitor 'c' of the second plurality may be selectively
connected to either Vref hi, Vref lo, Vcm or the second contact of
capacitor 'c' of the first plurality. [0056] The ADC 202 operates as
follows to convert an analogue input signal to a digital  10 output signal.
During a sampling period of the ADC 202, the first switchable input
connection 218 is configured to connect the first contact of each capacitor
of the first plurality of capacitors via the common connection line of
array 204. Additionally, the second switchable input connection 220 is
configured to connect the first contact of each capacitor of the second
plurality of capacitors via the common connection line of array  15 206.
Further, the switching logic 234 is configured to cause the switching array
222 to connect the second contact of each capacitor of the first and second
plurality of capacitors to Vcm. Stated differently, the switching array 222
is configured to reset the second contacts of each capacitor of the first
and second plurality of capacitors to Vcm. [0057] According to the above
configuration of ADC 202, a first bit of the digital output  20 signal is
determined from the output of the comparator 208. Specifically, the
comparator 208 is configured to compare the two input signals provided on
its inputs then determine which one is greater. Whether the first bit is a
'1' or a '0' depends on which input signal is greater. The output of the
comparator 208 is also provided to the switching logic 234. The switching
logic 234 then controls the operation of the switching array 222 and reset
25 switch 233 in dependence on the signal output from the comparator 208
during the conversion period described below. In an example embodiment, the
first bit is the most significant bit of the digital output signal. Once
the first bit is determined, the sampling period is over and the conversion
period begins, which will be described next. 



[0058] During the conversion period, the switching logic 234 is configured
to cause the switching array 222 to connect each second contact of a first
capacitor pair (i.e. the pair of capacitors labeled 'a') to a different one
of the signals Vref hi and Vref lo, depending on the determination of the
first bit in the sampling period. For example, the second  5 contact of
capacitor 'a' from the first plurality of capacitors may be connected to
the first signal Vref hi whilst the second contact of the capacitor 'a'
from the second plurality of capacitors is connected to the second signal
Vref lo, or visa versa. The choice of which way round to connect the second
contacts to the first signal Vref hi and the second signal Vref lo is made
in dependence on the determination of the first bit which was performed  10
during the sampling period. For example, if the first bit is determined to
be a 1', the capacitor 'a' of the first plurality is connected to the first
signal Vref hi whilst the capacitor 'a' of the second plurality is
connected to the second signal Vref lo. Conversely, if the first bit is
determined to be a '0', the capacitor 'a' of the first plurality is
connected to the second signal Vref lo whilst the capacitor 'a' of the
second plurality 15is connected to the first signal Vref hi. [0059] Also
during the conversion period, the switching logic 234 is configured to
cause the switching array 222 to connect any succeeding capacitor pairs in
capacitor pairs. In the instant case, there are nine pairs of succeeding
capacitor pairs, i.e. capacitor pairs 'b' to T. Therefore, the switching
logic 234 causes the switching array 222 to connect each  20 of capacitor
pairs 'b' to T in paired formation. In other words, the second contact of
capacitors 'b' to T of the first plurality is connected to the second
contact of capacitors 'b' to T of the second plurality, respectively.
According to this configuration, it is possible to determine the second bit
of the digital output signal from the output of the comparator 208. In an
example embodiment, the second bit is the second most  25 significant bit
of the digital output signal. Once the second bit has been determined, the
first conversion cycle of the conversion period is complete. [0060] Figure
4 illustrates the above-described operation. Figure 4a illustrates the
sampling period, whereas Figures 4b and 4c illustrate alternative options
for the first conversion cycle of the conversion period. Considering Figure
4a, during the sampling  period the first switchable input connection is
switched so that the input signal (Vinp) present on the first switchable
input connection is provided to the first contacts of the first plurality
of capacitors. Additionally, the second switchable input connection is
switched so that the input signal (Vinn) present on the second switchable
input connection is  5 provided to the first contacts of the second
plurality of capacitors. Further, the switching logic 234 causes the
switching array 222 and the reset logic 233 to reset the second contacts of
the first and second plurality of capacitors to Vcm. In an example
embodiment Vcm is equal to (Vref hi+Vref lo)/2. As described above, the
first bit is then determined based on the output of the comparator 208.
Also, the comparator output 



10 is provided to the switching logic 234 and used to control the switching
array 222 and reset switch 233 during the first cycle of the conversion
period. [0061] During the first cycle of the conversion period, the second
contacts of the first capacitor pair (the pair labeled 'a') of capacitors
are switched to either Vref hi or Vref lo in dependence on the output of
the comparator 208. As seen more particularly on  15 Figure 4, if the first
comparator input is greater than the second comparator input, the
arrangement of Figure 4b is established. Alternatively, if the signal at
the first comparator input is less than the second comparator input, the
arrangement of Figure 4c is established. In either case, all succeeding
capacitor pairs (i.e. pairs labeled 'b' to T) are connected together in
pairs. It is noted that only three of the capacitor pairs ('a' to 'c')  20
are shown in Figure 4. By connecting the succeeding capacitor pairs in
paired formation (i.e. by connecting their second contacts together) a
virtual Vcm voltage is created at the second contacts of the capacitors in
this paired formation. In an example embodiment, the virtual Vcm equals
(Vref hi+Vref lo)/2. According to this operation, the second bit of the
digital output signal can be determined from the output of the comparator
208.  25 During determination of the second bit, the capacitor pair labeled
'a' is maintained in the configuration which was established following
determination of the first bit. [0062] The following describes how the
conversion period continues to determine the third and subsequent bits of
the digital output signal during second and subsequent conversion cycles.
[0063] The switching logic 234 is configured to cause the switching array
222 to connect each second contact of the second capacitor pair (i.e. the
pair of capacitors labeled 'b') to a different one of Vref hi and Vref lo,
depending on the determination of the second bit in the first cycle of the
conversion period. For example, the second contact of capacitor  5 'b' from
the first plurality of capacitors may be connected to the first signal Vref
hi whilst the second contact of the capacitor 'b' from the second plurality
of capacitors is connected to the second signal Vref lo, or visa versa. The
choice of which way round to connect the second contacts to the first
signal Vref hi and the second signal Vref lo is made in dependence on the
determination of the second bit which was performed above.  10 For example,
if the second bit is determined to be a '1', the capacitor 'b' of the first
plurality is connected to the first signal Vref hi whilst the capacitor 'b'
of the second plurality is connected to the second signal Vref lo.
Conversely, if the first bit is determined to be a '0', the capacitor 'b'
of the first plurality is connected to the second signal Vref lo whilst the
capacitor 'b' of the second plurality is connected to the first 15signal
Vref hi. 



[0064] The switching logic 234 is configured to cause the switching array
222 to connect any succeeding capacitor pairs in capacitor pairs. In the
instant case, there are eight pairs of succeeding capacitor pairs, i.e.
capacitor pairs 'c' to `j'. Therefore, the switching logic 234 causes the
switching array 222 to connect each of capacitor pairs 'c' to T in paired
20 formation. In other words, the second contact of capacitors 'c' to T of
the first plurality is connected to the second contact of capacitors 'c' to
`j' of the second plurality, respectively. According to this configuration,
it is possible to determine the third bit of the digital output signal from
the output of the comparator 208. In an embodiment, the third bit is the
third most significant bit of the digital output signal. During
determination  25 of the third bit, the capacitor pair labeled 'a' is
maintained in the configuration which was established following
determination of the first bit. Additionally, during determination of the
third bit, the capacitor pair labeled 'b' is maintained in the
configuration which was established following determination of the second
bit.   [0065] Considering the above description of the formation of the
first, second and third bits of the digital output signal, the skilled
person would understand how to extend the operation of the ADC 202 to
generate all remaining bits of the digital output signal. Once all bits of
the digital output signal have been determined the conversion period is  5
complete. Furthermore, at this time, the complete digital output signal
corresponding to the analogue input signal has been determined. [0066] The
switching array 222 as controlled by the switching logic 234 reduces the
number of capacitors required to form the digital output signal.
Additionally, the switching array 222 as controlled by the switching logic
234 reduces the number of  10 conversion cycles that need to be performed
during the conversion period. Specifically, according to the
above-described operation of the ADC 202, the input signals are sampled
directly onto the first contacts of the first and second plurality of
capacitors. According to this operation, it is possible to determine the
first bit during the sample period, i.e. before the conversion period.
Accordingly, one conversion cycle of the  15 conversion period is saved
since the first bit does not need to be determined during the conversion
period. This means that it is not necessary to include a capacitor pair in
the first and second plurality of capacitors for determining the first bit,
thereby reducing the number of capacitors required. Furthermore, this means
that time is not spend during the conversion period determining the first
bit, since the first bit is determined during the 20 sampling period which
would occur in any case. Accordingly, the number of conversion cycles is
reduced, thereby shortening the duration of the conversion period. [0067]
The reset switch 233 as controlled by the switching logic 234 regulates the
third 



signal Vcm level of the capacitor array after each conversion of an
analogue input signal to a digital output signal. Without such regulation,
the third signal Vcm may be subject  25 to variation under long term
operation if the charge from previous conversions is not completely
discharged. Therefore, the reset switch reduces variation of the third
signal Vcm from one conversion period to the next. Reducing the variation
of the third signal Vcm improves reliability of the ADC during long-term
operation, which may be  particularly relevant to certain applications,
such as, for example, biomedical applications. [0068] In an example
embodiment, setting the second contact of each capacitor in the first and
second plurality of capacitors to the third signal Vcm is achieved by
activating  5 one reset switch, i.e. the reset switch performs a
common-mode reset. This operation reduces the switching activity as well as
the power consumed by each switching operation since activating a single
switch sets each second contact to the third signal Vcm. Stated
differently, each second contact does not need to be individually switched
to the third signal Vcm. 10[0069] In an example embodiment, during the
conversion period, the first contact of each capacitor of the first
plurality of capacitors (i.e. capacitors 'a' to `j' of array 204) is
coupled to the first input terminal of the comparator 208. Additionally,
the first contact of each capacitor of the second plurality of capacitors
(i.e. capacitors 'a' to T of array 206) is coupled to the second input
terminal of the comparator 208. Additionally, in an  15 example embodiment,
during the conversion period, the first and second switchable input
connections 218 and 220 are switched to the 'off' configuration and,
therefore, do not provide an input signal to the arrays 204 and 206, or the
comparator 208. [0070] In an example embodiment, a non-binary redundant
algorithm is applied to capacitors of the first capacitor array 204 and the
second capacitor array 206. The 



20 redundant algorithm introduces extra bits to correct any conversion
error that occurs during the process of converting an analogue input signal
into a digital output signal. The redundant algorithm utilizes different
step sizes instead of a standard step size for each bit conversion in order
to obtain an optimum step size pattern which provides the best tolerable
error range. The application of redundant algorithm can relax (i.e. reduce)
the  25 settling time requirement of the first few bits. If the reduction
in the settling time required is greater than the increase of the
conversion steps and capacitors, the overall power consumption of the ADC
can be reduced. As mentioned above, the switching array 222 reduces the
number of capacitors and conversion cycles and, thereby, relaxes  the
timing requirement of the comparator. In an example embodiment, the
settling time of the ADC can be expressed as Settling time = ln(z -L) , q1
where p is the step size of the reference voltage change from previous bit,
q is the 5redundancy in the corresponding step, and r is the time constant
of the capacitor array. [0071] In an example embodiment, a redundant
algorithm can optimize the settling time of the ADC. In an embodiment, one
redundant bit is utilized for a 10 bit ADC design. After a simulation, the
redundant code pattern is chosen to be X, e {238, 125, 68, 37, 20, 11, 5,
4, 2, 1} where i=10:0, which gives the best settling time of 2.2r. In an
example 10embodiment, an attenuating capacitor is utilized to reduce the
size of the capacitors. [0072] In an example embodiment, an ADC 202 for
converting an analogue input signal into an N-bit digital signal with M
redundant bits needs first and second pluralities of capacitors each
containing N+M capacitors. According to this arrangement, it takes N+M
conversion cycles to complete the conversion. 



15[0073] In an example embodiment, the comparator 208 is a time-domain
comparator 308. The time-domain comparator 308 is utilized to further
reduce the power consumption of the ADC 202. As seen more particularly on
Figure 5, the time-domain comparator 308 is composed of a plurality of
stages of voltage controlled delay circuits 310. Each stage converts input
voltage levels into corresponding delays of a clock signal. In the example
20 embodiment of Figure 5, two input voltage levels Vinp and Vinm are each
converted into a delay of a clock signal (elk). The time-domain comparator
308 is further composed of a phase detector circuit 312 which determines
which of the converted input voltage levels changes earlier, i.e. which one
of converted Vinp or converted Vinm is delayed the most. In other words,
the time-domain comparator converts each voltage signal to a pulse width
25and compares the duration of the pulses. The time-domain comparator is a
fully digital circuit. The time-domain comparator does not consume any
static power and is able to  operate with a low supply voltage. In an
example embodiment, the time-domain comparator 308 may include five stages
of voltage controlled delay 310. It is to be understood that in some other
example embodiments, the comparator 308 may include a different number of
stages, for example, a number greater than or less than five. It is  5
further noted that the switching array 222 as controlled by the switching
logic 234 relaxes the timing requirement of the time-domain comparator 308.
Hence, power consumption of the ADC 202 is reduced. [0074] Figure 6
illustrates an example embodiment. Figure 6 corresponds with the above-
described Figure 4. Figure 6 illustrates how an example embodiment avoids
using a  10 separately generated third voltage level. It is desirable to
avoid using a separately generated third voltage level to eliminate the
need for a high-power low-impedance buffer which would increase the overall
power requirement of the ADC. According to the example embodiment of Figure
6, Vref lo is set to OV, and Vref hi is set to a reference voltage Vref. In
an example embodiment, Vref is equal to the input common 15 mode voltage
(Vin_common) which is described below. [0075] During the sampling period,
the second contacts of the first and second plurality of capacitors are
connected to Vref while the first contacts sample the input voltage. In
this configuration, the voltage stored on the first and second plurality of
capacitors contains a common mode term (Vin common) and a differential term
(Vin_diff). As the 



20 input common mode voltage (Vin_common) is equal to Vref, the common mode
voltage stored on the first and second plurality of capacitors is zero.
Therefore, only the differential input voltage is stored. As described
above, after making the first bit decision, during the conversion period
the second contacts of the first pair of capacitors (labeled 'a' in Figure
3) are switched to either Vref or OV in dependence on the first bit
decision. In  25 this example embodiment, the first plurality of capacitors
is identical to the second plurality of capacitors. Therefore, the charge
redistribution will create a virtual 1/2Vref (i.e. Vref/2) at the second
contacts of each successive capacitor pair (labeled '13' to T in Figure 3).
It is noted that this virtual voltage value matches the corresponding
virtual voltage value mentioned above in reference to Figure 4. Further, as
seen on Figure 6b,  during one of the possible conversion cycles relating
to the first bit, the voltage present on the first contact of each
capacitor of the first plurality is 1/4Vref+Vin_diff, whereas the voltage
present on the first contact of each capacitor of the second plurality is
3/4Vref+Vin_diff. Furthermore, as seen on Figure 6c, during the alternative
conversion  5 cycle relating to the first bit, the voltage present on the
first contact of each capacitor of the first plurality is 3/4Vref+Vin_diff,
whereas the voltage present on the first contact of each capacitor of the
second plurality is 1/4Vref+Vin_diff. [0076] In view of the above, there is
no need to separately generate a third voltage level and after every
conversion cycle, the Vcm is fixed. Stated differently, by designing the 10
input common mode voltage (Vin_common) to be equal to Vref, there is no
need to separately generate a third voltage level. Furthermore, the example
embodiment of Figure 6 achieves this by pre-charging the capacitors of the
first and second plurality with a third voltage before decision making.
Accordingly, the third voltage is not separately generated, but instead is
achieved by balancing the charge between the two capacitor 15 arrays 204
and 206. This operation reduces the power demand of the ADC by eliminating
the need for a high-power low-impedance buffer for holding the third
voltage. A typical buffer can consume up to 10 uW of power. [0077] In an
example embodiment, the capacitors of the first and second plurality of
capacitors are charged in one step during the sampling period. Accordingly,
the time 20taken to convert an analogue input signal into a digital output
signal is not prolonged by charging the capacitors in multiple steps.
[0078] In an example embodiment, the additional power consumed by the reset
switch 



during operation is less than 1% of the total power, i.e. it is negligible.
Furthermore, in an example embodiment, the ADC 202 has a fully differential
structure and 25complementary switches which reduces charge injection
caused by input sampling at the first contacts of the first and second
plurality of capacitors. [0079] In an example embodiment, the ADC is a
successive approximation (SAR) ADC. In an example embodiment, at least one
of the capacitors of the first and second plurality  of capacitors is a
metal-oxide-metal (MOM) capacitor. In an example embodiment, each capacitor
of the first and second plurality of capacitors is a metal-oxide-metal
(MOM) capacitor. [0080] In an example embodiment, the switching array is a
tri-level switching array,  5 wherein the `tri-level' aspect relates to
three voltage levels which may be applied to the second contact of
capacitors in the first and second plurality of capacitors. Specifically,
the three levels may be Vref hi, Vcm and Vref lo. Also, the three levels
may be Vref 1, Vcm and Vref 2. [0081] Various experiments were performed on
different example embodiments. 10 [0082] One example embodiment may include
a 10-bit 100 kS/s redundant SAR ADC. The SAR ADC was developed using a
0.18,uW CMOS process. Figure 7 shows the output spectrum of the SAR ADC
with a 24 kHz input signal. Figures 8a and 8b show differential
non-linearity (DNL) and integral non-linearity (INL) plots, respectively,
of the SAR ADC. The DNL is less than 0.5 LSB and the INL is less than 0.5
LSB. 15 Figure 9 provides a table summarizing the SAR ADC performance. The
simulated performance of the SAR ADC is shown in the table of Figure 10
compared to known SAR ADCs. It can be seen that the SAR ADC achieves an
effective number of bits (ENOB) of 8.5 bits while consuming only 0.7,uW of
power. Therefore, the example embodiment SAR ADC achieves ultra-low power
consumption. Moreover, it achieves a 



20 figure of merit (FOM) of 1907conversion step. Additionally, in a
separate simulation, the 10-bit 100 kS/s redundant SAR ADC with a 24 kHz
input signal produced a signal-to-noise and distortion-ratio (SNDR) of
52.48 dB, a spurious-free dynamic range (SFDR) of 60 dB, an effective
number of bits (ENOB) of 8.4 bits and consumed 0.44uW of power. [0083]
Another example embodiment may include a 10-bit 80 kS/s redundant SAR ADC.
25 The SAR ADC was developed using a 0.18,uW CMOS process. Figure 11 is a
chip micrograph of the SAR ADC. Figure 12 shows the output spectrum at 80
kS/s. Figures 13a and 13b show the DNL and INL plots, respectively, of the
SAR ADC at 80 kS/s. The  SAR ADC has a DNL and INL that are less than 0.7
LSB and 1.5 LSB, respectively, at 10-bit resolution. Figure 14 shows the
SNDR and the SFDR of the SAR ADC for input frequencies from DC to Nyquist
frequency. Figure 15 shows the ENOB of the SAR ADC for input frequency from
DC to Nyquist frequency. The ADC achieves 8.6-bit  5 ENOB at low frequency
and it drops to 7.1 bit at high frequency. Figure 16 provides a table
summarizing the SAR ADC performance. Additionally, in a separate
simulation, the SAR ADC achieved an ENOB of 8 bits up to 20 kHz input while
consuming only 0.4pW of power. The SAR ADC occupied 0.12mm2 of active area.
The SAR ADC achieved an FOM of 19.5g/conversion-step. The SAR ADC consumed
0.4pW at 1V  10 supply, which corresponds to an FOM of 19.50/conversion
step, which is, to the inventor's knowledge, the best FOM achieved by SAR
ADC designed using 0.181Lan process. [0084] In a further example
embodiment, a redundant SAR ADC was developed using a 65nm CMOS process.
The supply voltage was therefore scaled down to 0.6V, whilst the 15 number
of capacitors was scaled by a factor often. A reduction in the dynamic
power was seen in accordance with the following expression P x CV2f: An
increase in the leakage power was seen due to a lower voltage threshold
(Vth). Compared to a 0.18pW CMOS process ADC, capacitor power consumption
reduced from 0.211uW to 0.06pW; logic power consumption reduced from 0.21pW
to 0.11pW; and, comparator power 20 consumption reduced from 0.27pW to
0.15pW. This lead to an overall drop in power consumption from 0.69pW to
0.32pW. Furthermore, a drop in FOM from 19f1/step to 8.8fJ/step was also
observed. Therefore, using a 65nm CMOS process resulted in a power
reduction of more than 50% compared with using a 0.18pW CMOS process. 



[0085] In an example embodiment, the ADC forms part of a medical device. In
an  25 example embodiment, the ADC forms part of an integrated circuit. The
integrated circuit may be an application specific integrated circuit
(ASIC), and may form part of a medical device. For example, the ADC may
form part of a data converter element within a sensor interface and signal
processing subsystem of a medical device. According to the present example
embodiment, 'a medical device' is taken to mean an electronic device, a
part of  an electronic device or a group of electronic devices suitable for
use with a human or animal body. For example, the medical device may be
implantable in a body, partially implantable in a body or positioned on or
adjacent to a body. In an example, a medical implant may include an
implantable blood flow sensor for sensing blood flow through an 5 implanted
prosthetic vascular grafi. An example embodiment of the ADC may be
particularly suitable for use in a medical device because of having a low
power requirement, and in particular, an ultra-low power requirement.
Accordingly, an example embodiment may be suitable for micro-power
applications, i.e. applications in which power consumption is at a level
between 1,uW to 10,uW For battery-powered micro- 10 power medical implants,
it is desirable that an ADC consumes less than 11uW of power, since this
will increase the lifetime of the device. For battery-less medical devices,
it is desirable that an ADC consumes less than 11uW of power, since this
will enable acquisition of energy from energy harvesting techniques. An
example embodiment is suitable for use in a battery-power micro-power
medical implant. An example 15embodiment is suitable for use in a
battery-less medical device. 100861 While the invention has been
particularly shown and described with reference to specific example
embodiments, it should be understood by those skilled in the art that
various changes in form and detail may be made without departing from the
spirit and scope of the invention as defined by the appended claims. The
scope of the invention is 20 thus indicated by the appended claims and all
changes which come within the meaning and range of equivalency of the
appended claims are therefore intended to be embraced.  CLAIMS  1. An
analogue-to-digital converter for converting an analogue input signal into
a digital output signal, the analogue-to-digital converter comprising:  a
first input connection configured to receive a first part of the analog
input 



5signal;  a second input connection configured to receive a second part of
the analogue input signal;  a first plurality of capacitors and a second
plurality of capacitors, each capacitor of the first and second plurality
of capacitors having a first contact and a second 10contact, each capacitor
of the first plurality of capacitors having a corresponding capacitor in
the second plurality of capacitors to form a plurality of capacitor pairs;
a switching array coupled to the second contact of each capacitor in the
first and second plurality o f capacitors; and, 15- switching logic for
controlling the switching array; wherein, during a sampling period of the
analogue-to-digital converter, the first input connection is configured to
couple the first part of the analogue input signal to the first contact of
each capacitor of the first plurality of capacitors, the second input
connection is configured to couple the second part of the analogue input
signal to the  20 first contact of each capacitor of the second plurality
of capacitors, and the switching logic is configured to cause the switching
array to couple the second contact of each capacitor of the first and
second plurality of capacitors to a common mode voltage to determine a
first bit of the digital output signal. 252. The analogue-to-digital
converter of claim 1, wherein, during a conversion period of the
analogue-to-digital converter, the switching logic is configured to cause
the switching array to couple each second contact of at least one capacitor
pair to a different one of a first and a second reference voltage, and to
couple the other capacitors in capacitor pairs via their second contacts to
determine subsequent bits of 



30the digital output signal.  3. The analogue-to-digital converter of claim
2, wherein, during the conversion period of the analogue-to-digital
converter, the switching logic is configured to cause the switching array
to couple each second contact of a first capacitor pair to a different  5
one of the first and the second reference voltage depending on the
determination of the first bit of the digital output signal, and to couple
in pairs any succeeding capacitor pairs to determine a second bit of the
digital output signal. 4. The analogue-to-digital converter of claim 3,
wherein, during the conversion period  10 of the analogue-to-digital
converter, the switching logic is configured to cause the switching array
to couple each second contact of an ith capacitor pair to a different one
of the first and the second reference voltage depending on a determination
of an ith bit of the digital output signal, and to couple in pairs any
succeeding capacitor pairs to determine an (i+l)th bit of the digital
output signal. 15 5. The analogue-to-digital converter of any one of claims
2 to 4, wherein, during the conversion period of the analogue-to-digital
converter, the first input connection is configured to decouple the first
part of the analogue input signal from the first contact of each capacitor
of the first plurality of capacitors, the second input connection is  20
configured to decouple the second part of the analogue input signal from
the first contact of each capacitor of the second plurality of capacitors.
6. The analogue-to-digital converter of any preceding claim, wherein the
switching array is configured to selectively couple the second contact of
each capacitor in the first  25 plurality of capacitors to one of the first
reference voltage, the second reference voltage, the common mode voltage
and its corresponding capacitor in the second plurality of capacitors, and
to selectively couple the second contact of each capacitor in the second
plurality of capacitors to one of the first reference voltage, the second
reference voltage, the common mode voltage, and its corresponding capacitor
in the 30first plurality of capacitors.  



7. The analogue-to-digital converter of any preceding claim, further
comprising a comparator having a first input terminal coupled to the first
contact of each capacitor of the first plurality of capacitors, and a
second input terminal coupled to the first contact of each capacitor of the
second plurality of capacitors. 5 8. The analogue-to-digital converter of
claim 7, wherein the comparator further comprises an output, wherein the
switching logic is configured to control the switching array in dependence
on the comparator output. 109. The analogue-to-digital converter of claim
8, wherein the analogue-to-digital converter is configured to determine
bits of the digital output signal in dependence on the comparator output.
10. The analogue-to-digital converter of any one of claims 7 to 9, wherein
the comparator 15  is a time-domain comparator comprising voltage
controlled delay circuitry configured to convert a voltage level of the
time-domain comparator to a delay of a clock signal, and phase detection
circuitry configured to determine which of the signals input on the first
input terminal and the second input terminal changes earlier. 2011. The
analogue-to-digital converter of any preceding claim, wherein the first
plurality of capacitors comprises capacitance values in a non-binary
weighted relationship.   12. The analogue-to-digital converter of any
preceding claim, wherein the second plurality of capacitors comprises
capacitance values in a non-binary weighted 25relationship. 13. The
analogue-to-digital converter of any preceding claim, wherein both
capacitors of a capacitor pair have the same capacitance.  14. The
analogue-to-digital converter of claim 2, wherein the digital output signal
comprises N bits and each of the first plurality of capacitors and the
second plurality of capacitors comprise more than N+1 capacitors to provide
redundancy. 



515. The analogue-to-digital converter of any preceding claim, wherein the
second reference voltage is ground.   16. The analogue-to-digital converter
of any preceding claim, further comprising a reset switch, wherein the
switching logic is configured to cause the reset switch to regulate 10the
common mode voltage. 17. The analogue-to-digital converter of any preceding
claim, wherein the first bit is a most significant bit of the digital
output signal. 1518. The analogue-to-digital converter of any preceding
claim, wherein the first part of the analogue input signal and the second
part of the analogue input signal comprise the analogue input signal in
differential form.      19. The analogue-to-digital converter of claim 18,
wherein the first reference voltage is  20 selected to be equal to a common
mode voltage of the analogue input signal in differential form, such that
capacitors that are coupled in pairs have a value of half of the first
reference voltage at their second contact during the conversion period
20. The analogue-to-digital converter of any preceding claim, wherein the
analogue-to- 25digital converter is a successive approximation
analogue-to-digital converter. 21. An integrated circuit comprising the
analogue-to-digital converter of any preceding claim. 3022. A medical
device comprising the analogue-to-digital converter of any one of claims 1 



to 20, or the integrated circuit of claim 21. 


