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Description

[0001] The presentdisclosure relates to analog-to-dig-
ital converters, in particular to sigma-delta modulators
and, more particularly, to a way of reducing the gain error
due to influence of mismatched capacitors in sigma-delta
modulators, with no penalty on the conversion time.
[0002] Analog-to-digital converters (ADC) are in wide-
spread use today in electronics for consumers, industrial
applications, etc. Typically, analog-to-digital converters
include circuitry for receiving an analog input signal and
outputting a digital value proportional to the analog input
signal. This digital output value is typically in the form of
either a parallel word or a serial digital bit string. There
are many types of analog-to-digital conversion schemes
such as voltage to-frequency conversion, charge redis-
tribution, delta modulation, as well as others. Typically,
each of these conversion schemes has its advantages
and disadvantages. One type of analog-to-digital con-
verter that has seen increasing use is the switched ca-
pacitor sigma-delta converter.

[0003] WO2005/096505 discloses a switched capaci-
tor signal scaling circuit which reduces errors by shuffling
the switched capacitor circuits. Chen F et al: "A high res-
olution multi-bit sigma-delta modulator with individual
level averaging" published in IEICE transactions on elec-
tronics, electronic society, Tokyo, JP, vol. E78-C, no. 6,
1 June 1995, pages 701-707 discloses a second order
sigma-delta modulator with a 3-b internal quantizer em-
ploying an individual level averaging technique. US
5,406,283 discloses a multi-bit oversampling DAC with
dynamic element matching.

[0004] Fig. 1A shows the principle block diagram of a
sigma-delta ADC. A loop filter 10 receives the analog
input value and is connected to a quantizer 20. The quan-
tizer can generate a single bit output or in other embod-
iments is operable to generate multiple distinct output
levels that can be encoded in an n-bits bit steam. This
single bit output or n bits bit stream is fed back to a DAC
30 which generates an output signal that is fed to the
loop filter 10. In a sigma-delta analog-to-digital converter
(ADC), the bitstream (1-bit or multi-bit) is then usually
processed by a digital decimation filter to produce a dec-
imated higher resolution digital word that represents the
input signal.

[0005] The stable inputrange of any high order sigma-
delta modulator used in a sigma-delta converter is limited
to a fraction of the reference voltage. Outside of this sta-
ble input range the error becomes very large and the
modulator gives erroneous results. Therefore, the signal
must be attenuated to stay in this stable input range
(S/R<1), where S is the signal voltage and R is the ref-
erence voltage. The minimal attenuation depends on the
modulator order and on the number of levels in the DAC,
it is typically a larger attenuation with a larger modulator
order and with a lower number of DAC levels . In order
to achieve a final gain of 1, the signal attenuation can be
compensated in the digital section. Fig. 1B shows an ex-
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ample of the distribution of quantization noise depending
on the normalized differential input value for a 3" order
1-bit sigma-delta modulator. Here the input signal must
be attenuated to 2/3 of the nominal value to ensure low
noise. Above this range the modulator becomes unsta-
ble.

[0006] The inputand DAC voltage are sampled on ca-
pacitors (or pairs of capacitors for differential voltages)
inside the loop filter of the delta-sigma modulator. How-
ever, if these voltages are sampled on different capaci-
tors, the mismatch error of the capacitors will produce a
gain error on the output result of the sigma-delta ADC.
In order to prevent this mismatch, one of the solutions is
to sample the signal and the DAC voltages on the same
capacitors, this way there is no mismatch error and the
gain error is cancelled. However since there is a need of
scaling the inputs with a S/R <1 ratio, the capacitors for
the signal and the DAC voltages have to be different in
size. The other drawback of this technique is that you
cannot sample two voltages on one capacitor, so the
sampling of the input signal and DAC voltage have to be
done one after the other resulting in a 4-phase system:
2 phases to sample and transfer charges coming from
the input signals, and then 2 phases to sample and trans-
fer charges coming from DAC voltage. This 4-phase sys-
tem is less efficient because the sampling is done in se-
ries and consumes more time than if the DAC voltage
and input voltage sampling were done in parallel.
[0007] Today's state of the art in sigma-delta modula-
tors for achieving a low part-per-million (ppm) level gain
error and reduce impact of the mismatch of the capacitors
used to sample DAC and input signal voltages, the sam-
pling capacitors are divided into R groups of same size
capacitors. At each sample, a number of capacitors
groups S, with S<R is used to sample and transfer the
input signal voltage during the first two phases. At the
same time, R-S groups of capacitors are sampling a com-
mon mode voltage signal (or ground for a single-ended
circuit), which contribution to the total charge transferred
is zero. All R groups of capacitors are used to sample
and transfer the DAC voltage during the last two phases.
The S/R ratio is well achieved here by using this tech-
nique. In order to minimize the mismatch effects, the S
groups of capacitors are chosen among the R groups
differently at each sample with a certain sequence so
thatallthe R groups of capacitors have sampled the same
amount of times the input signal after a certain period of
time. This sequence is rotating the input capacitors (the
ones that sample the input voltage) in order to average
the mismatch errors and this technique can diminish
drastically the gain error down to the low ppm levels if
the average is done for a certain amount of samples.
[0008] Howeverrequiring four steps (phases) per sam-
ple limits the sample rate of the sigma-delta modulator,
and/or requires much faster operating speed (faster
clocking and higher frequency operation components
with a subsequence increase in power usage) of the sig-
ma-delta modulator to complete a signal conversion in a
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desired time frame. Therefore what is needed is a sigma-
delta modulator that has faster sampling rates that could
use only two phases instead of four with less power con-
sumption while maintaining a very low gain error (2 phas-
es is the minimum number one can achieve because
there is a need for a sampling and a transfer of the charge
at the inputs).

[0009] This and other objects can be achieved by a
sigma-delta-modulator and method according to the in-
dependent claims. Further enhancements are character-
ized in the dependent claims.

[0010] According to an embodiment, a sigma-delta
modulator may comprise a plurality of capacitor pairs; a
plurality of switches to couple any pair of capacitors from
said plurality of capacitor pairs selectively to an input sig-
nal or a reference signal; and control means operable to
control sampling through said switches to perform a
charge transfer in two phases wherein any pair of capac-
itors can be selected to be assigned to the input signal
or the reference signal, wherein after a plurality of charge
transfers a gain error cancellation is performed by rotat-
ing the capacitor pairs cyclically such that after a rotation
cycle, each capacitor pair has been assigned a first pre-
determined number of times to the input signal, and has
also been assigned a second predetermined number of
times to the reference signal.

[0011] According to a further embodiment, the sigma-
delta modulator may further comprise switches to selec-
tively couple a common mode voltage to a selected pair
of capacitors. According to a further embodiment, the
sigma-delta modulator may comprise a plurality of input
stages, each stage comprising a capacitor pair associ-
ated switches and receiving said input signal, said refer-
ence signal, and said common mode voltage. According
to a further embodiment, the reference signal can be pro-
vided by a digital-to-analog converter. According to a fur-
ther embodiment, the reference signal can also be pro-
vided by a voltage reference source and each input stage
comprises a digital-to-analog converter controlled by the
control means. According to a further embodiment, the
digital-to-analog converter can be a single-bit or a multi-
bit digital-to-analog converter (DAC), wherein an output
value of the DAC controls the assignment of said input
signal or said reference signal to at least one pair of ca-
pacitors, respectively such that for the same DAC output
values for sequential samples the input signal is sequen-
tially assigned to different pairs of the plurality of capacitor
pairs and the reference signal is sequentially assigned
to respective other pairs of the plurality of capacitor pairs
according to a predefined rotation cycle sequence. Ac-
cording to a further embodiment, for a charge transfer,
during a charge phase, an input signal or reference signal
is coupled on one side of a pair of capacitors and the
common ground potential is coupled on the other side of
said pair of capacitors and during a transfer phase, the
one side of the pair of capacitors are connected with each
other or coupled with an inverted input or reference sig-
nal. According to afurther embodiment, for azero charge,

10

15

20

25

30

35

40

45

50

55

during a charge phase one side of the pair of capacitors
are connected with each other and the common ground
potential is coupled on the other side of said pair of ca-
pacitors, and during a transfer phase, the one side of the
pair of capacitors are again connected with each other.
According to a further embodiment, the sigma-delta mod-
ulator may also comprise more than two pairs of capac-
itors wherein a gain is achieved by a ratio of the number
of capacitor pairs assigned to the input signal and the
number of pairs assigned to the reference signal. Accord-
ing to a further embodiment, the sigma-delta modulator
may also comprise a differential operation amplifier cou-
pled with outputs of the input stages through a control-
lable switching network. According to a further embodi-
ment, the sigma-delta modulator may further comprise
first and second feedback capacitors which can be
switched selectively into a negative or positive feedback
loop of said differential amplifier.

[0012] According to another embodiment, a method of
performing a charge transfer in a sigma-delta modulator
using a plurality of capacitor pairs, may comprise: Pro-
viding at least two capacitor pairs to be assigned to an
input signal and a reference signal; Performing a sam-
pling by combining a sampling of the input signal with at
least one capacitor pair and in parallel a sampling of the
reference signal with at least another one capacitor pair,
wherein sampling is performed in two phases; Rotating
the capacitor pairs for a following sampling such that after
a plurality of samplings a gain error cancellation is per-
formed wherein after a rotation cycle, each capacitor pair
has been assigned a first predetermined number of times
to the input signal, and has also been assigned a second
predetermined number of times to the reference signal.
[0013] According to a further embodiment of the meth-
od, during a first sample, a first capacitor pair can be
used for sampling an input signal in a charge phase and
transfer phase and the second capacitor pair for sampling
areference signal in a charge phase and transfer phase
in parallel with said input signal; During a following sam-
ple, using the second capacitor pair for sampling an input
signal in a charge phase and transfer phase and the first
capacitor pair for sampling a reference signal in a charge
phase and transfer phase in parallel with said input signal.
According to a further embodiment of the method, the
method may further comprise coupling each pair of ca-
pacitors with one of: a positive input signal line, anegative
input signal line, a positive reference signal line, a neg-
ative reference signal line, and a common ground poten-
tial. According to a further embodiment of the method,
for a charge transfer, during a charge phase, the input
signal or reference signal can be connected on one side
of a pair of capacitors which is otherwise coupled with a
common ground potential, and during a transfer phase,
connecting the one side of the pair of capacitors with
each other or coupling the one side with an inverted input
or reference signal. According to a further embodiment
of the method, for a zero charge transfer, during a charge
phase connecting one side of a pair of capacitors with
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each other and connecting the common ground potential
on the other side of said pair of capacitors, and during a
transfer phase, connecting the one side of the pair of
capacitors again with each other. According to a further
embodiment of the method, more than two capacitor
pairs can be provided, and the method may comprise the
steps of: During a first sample, selecting a first subset of
capacitor pairs from a plurality of capacitor pairs for sam-
pling aninputsignalin acharge phase and transfer phase
and selecting a second subset from the remaining ca-
pacitor pairs of said plurality of capacitor pair for sampling
a reference signal in a charge phase and transfer phase
in parallel with said input signal; Repeating said steps for
following samplings, wherein another first and second
subset of capacitor pairs is selected that is different from
a previously selected first and second subset. According
to a further embodiment of the method, more than two
capacitor pairs can be provided, and the method may
comprise the steps of: Determining an output value of a
digital-to-analog converter stage in said sigma-delta
modulator; and for each output value: During a first sam-
ple when said digital-to-analog converter generates said
output value, selecting a first subset of capacitor pairs
from a plurality of capacitor pairs for sampling an input
signalinacharge phase and transfer phase and selecting
a second subset from the remaining capacitor pairs of
said plurality of capacitor pair for sampling a reference
signal in a charge phase and transfer phase in parallel
with said input signal; Repeating said steps for following
samplings during which said digital-to-analog converter
generates said output value, wherein another first and
second subset of capacitor pairs is selected that is dif-
ferent from a previously selected first and second subset
according to a predetermined sequence for said output
value. According to a further embodiment of the method,
the first subset may comprise a plurality of capacitor pairs
and the second subset may comprise the remaining ca-
pacitor pairs from said more than two capacitor pairs.
According to a further embodiment of the method, a gain
can be achieved by a ratio of the number of capacitor
pairs assigned to the input signal and the number of pairs
assigned to the reference signal.

Fig. 1A shows a general block diagram of a sigma-
delta analog-to-digital converter;

Fig. 1B shows typical quantization noise distribution
versus ratio of input signal to reference signal for a
sigma-delta analog-to-digital converter of Fig. 1A,
with a third-order loop and a single-bit DAC;

Fig. 2 shows a general embodiment of a differential
voltage front-end stage for use in a sigma-delta ADC
using the 2-phase algorithm that performs gain scal-
ing and gain error cancellation;

Fig. 3A shows a first more detailed embodiment of
a differential voltage front-end stage for use in a sig-
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ma-delta ADC using the 2-phase algorithm that per-
forms gain scaling and gain error cancellation;

Fig. 3B shows a second more detailed embodiment
of a differential voltage front-end stage for use in a
sigma-delta ADC using the 2-phase algorithm that
performs gain scaling and gain error cancellation,
where the voltage reference is directly connected to
the switching input stages and where the switching
input stages perform the DAC function internally;

Fig. 4 shows a typical embodiment of a switching
input stage unit that selects among the different pos-
sible analog input voltages to be sampled on the unit
capacitors;

Figs. 5a-h show the different timing diagrams for the
switch commands that correspond to each possible
charge transfer at the input stage in the 2-phase al-
gorithm that performs gain scaling and gain error
cancellation;

Fig. 6 show a cyclical representation of the state of
the input switching stages, with different examples
of the possible states for each stage (in this repre-
sentation the number of input stages is limited to 5) ;

Fig. 7 shows an example of a rotation algorithm to
perform the 2-phase gain scaling and gain error can-
cellation which is not depending on the DAC input
states;

Figs. 8a and b show another example of a rotation
algorithm to perform the 2-phase gain scaling and
gain error cancellation, but which is depending on
the DAC input states;

Fig. 9 shows the state diagram for the rotation algo-
rithm that is depending on the DAC states (DAC input
dependent algorithm) and that performs gain scaling
and gain error cancellation.

[0014] According to various embodiments, a sigma-
delta modulator that can use only two phases instead of
four per each sample with less power consumption (due
to less stringent requirements on the bandwidth of the
amplifiers present in the modulator) while maintaining a
very low gain error in the ppm range is achievable by
sampling the DAC signals and the input signals at the
same time in parallel on different sets of capacitors in the
front-end stage of the modulator and by rotating these
capacitors at each sample using a defined algorithm in
order to average mismatch errors.

[0015] Sampling the DAC signals and the input signals
at the same time in parallel enables the reduction from
four phases to two phases and the rotation algorithm en-
sures the proper gain error cancellation after a certain
number of samples through integration in the modulator
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loop.

[0016] According to the teachings of this disclosure,
rotating the capacitors at each sample means assigning
different sets of capacitors to transfer charges coming
from different input signals (ADC input, DAC output or
common-mode voltage) and changing this assignment
between each sample after the charges have been com-
pletely transferred.

[0017] According to the teaching of this disclosure, in
order to perform a scaling factor on the form S/R, the
input stage sampling capacitors have to be split into N
unit size capacitors so that at each sample, a group of S
unit size capacitors will be selected to transfer charges
from the input signal, a group of R unit size capacitors
will be selected to transfer charges from the DAC, and
the rest of the capacitors if the total number of unit ca-
pacitors N is superior to R+S will be selected to transfer
charges from the common-mode signal, and then will not
bring any contribution to the total charge transferred and
integrated in the front-end stage.

[0018] According to the teaching of this disclosure, the
rotation of the assignment of the elementary capacitors
can follow any algorithm that leads to respecting the scal-
ing factor S/R at any sample (always S capacitors as-
signed for the input and R capacitors assigned for the
DAC) and that ensures that the ratio of the number of
assignments to the input divided by the number of as-
signment to the DAC tends to S/R on each capacitor after
a certain number of samples.

[0019] The purpose of this rotation, according to the
teachings of this disclosure, is to achieve an accurate
S/R gainin the modulator and to overcome the mismatch
errors inherent to the analog process between the unit
size capacitors. Without the rotation of the capacitor pairs
between each cycle, the accuracy of the S/R ratio would
be limited to a typical value of about 0.1 percent. In con-
trast, by rotating the capacitors, a conversion can reach
a ppm level of accuracy even with a simple rotation al-
gorithm provided each of the sampling capacitors are
assigned in average S/R times more to the input signal
than to the DAC.

[0020] A simple rotation algorithm for achieving an ac-
curate S/R ratio can be done in R+S samples, where at
each sample S capacitors are assigned to the input signal
and R capacitors are assigned to the DAC signal. If the
capacitors are named C,4, C, ... Cr,g, the S capacitors
chosen for the input signal assignment can simply be the
Cj... Cg capacitors for the first sample, the rest of them
being assigned to the DAC. At the second sample, the
capacitors C,... Cg,4 Will be assigned to the input and
Cs+2 .. Cr+g and C will be assigned to the DAC and so
on. Atthe R+S sample, Cg,gand C, ... Cq_4 are assigned
to the input and Cg... Cr,g 4 are assigned to the DAC.
In total each capacitor has seen S times an assignment
ofthe inputand R times an assignment of the DAC during
the R+S samples time period, which induces a scaling
factor of S/R between the input and the DAC charge
transfers.
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[0021] Iftheinputis considered stable during the rota-
tion algorithm (the input signal bandwidth is considered
much lower than the sample frequency, which is usually
the case in a sigma-delta ADC) the gain scaling induced
by these R+S periods is then S/R even if the capacitors
have mismatch errors between them because each ca-
pacitor verifies the S/R ratio between the input and the
DAC assignment.

[0022] However if the DAC does not take the same
inputs during the rotation algorithm (i.e. the bitstream is
not constant in the sigma-delta modulator), a non-linear-
ity error can be induced since the charge transferred is
also depending on the DAC input at each sample, and
since the bitstream and the DAC capacitor assignment
algorithm are not correlated. In order to overcome this
issue, according to various embodiments, a DAC de-
pendent algorithm can be used so that the rotation algo-
rithm ensures that the S/R ratio is achieved on the ca-
pacitors assignments on each capacitor for each DAC
input value. This leads to longer rotation algorithm and
multiplies the number of possible states by the number
of possible DAC levels but corrects any non-linearity im-
pact.

[0023] For an optimal gain error cancellation, accord-
ing to various embodiments, each rotation algorithm that
leads to an S/R ratio in the capacitors assignment be-
tween the input and the DAC should be completed within
the number of samples allowed for the analog-to-digital
conversion. However this condition can rarely be attained
due to a fixed number of samples per conversion and a
rotation that can be bitstream dependent and leading to
and ideal number of samples taken being a multiple of
S+R. In the majority of the cases, the ratio between the
number of samples per conversion (oversampling ratio:
OSR) and the number of samples to complete the rotation
and fully cancel the gain error (typically R+S) is not inte-
ger and leads to a residue in the gain error, this residue
being small as long as this ratio is large. In this case, the
gain error is still reduced by a large factor but not totally
cancelled, the gain error reduction tending to be larger
as the OSR gets larger.

[0024] Using only two phases per conversion instead
of four, doubles the throughput rate of the modulator or
requires half of the unity-gain bandwidth for amplifiers in
the modulator, thus reducing operating power require-
ments. Heretofore, a two phase conversion cycle using
the same set of capacitors for the signal and reference
was restricted to single ended modulators for which the
signal and reference share the same ground or a differ-
ential modulator for which the signal and reference have
exactly the same common mode. The single ended so-
lution is generally known to suffer from poor power supply
rejection and is no longer used. Moreover, the two phase
conversion cycle solution is limited to unipolar voltages
unless sufficiently accurate +Vggr and -Vggg voltages
are provided. However, applications where signal and
reference voltages having exactly the same common
mode voltage are rare. Therefore a conventional two
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phase conversion cycle using the same set of capacitors
for the signal and reference results in very marginal per-
formance.

[0025] According to the teachings of this disclosure,
the gain error cancellation algorithm described here
takes place within each conversion and does not need
additional sampling time or additional conversion to be
performed. Compared to a simple digital calibration that
cancels the gain error for a given set of external condi-
tions (temperature, power supply voltage...), but that
needs to be performed again when the conditions vary,
this technique allows the gain error to be cancelled con-
tinuously as the conditions are changing since the can-
cellation happens "on-the-fly" within the conversion proc-
ess.

[0026] Fig. 1A shows a general block diagram of a sig-
ma-delta analog-to-digital converter, where the input sig-
nal and the DAC output signal can be differential, the
loop filter can incorporate one or multiple feedback or
feed-forward loops. The input signal is always taken with
a positive sign, and the DAC taken with a negative sign
since it acts as a feedback in order for the sigma-delta
loop to be stable.

[0027] Fig. 1B shows typical quantization noise distri-
bution versus ratio of input signal to reference signal for
a sigma-delta analog-to-digital converter of Fig. 1A, with
a third-order loop and a single-bit DAC, which demon-
strates the need for a scaling factor at the input to ensure
the stability of the modulator on the whole input dynamic
range.

[0028] Figure 2 shows a first general embodiment of a
frontend for use in a sigma-delta modulator using rotating
capacitors. Here, a differential input signal V|\p, Vinm @
differential reference signal Vrggp, VrRgpm@nd a common
mode voltage V), is fed to an input switching unit 101.
Switching unit 101 comprises respective switches and a
plurality or set of capacitor pairs to sample the input sig-
nal, the reference signal, or the common mode voltage
to respective capacitors as will be explained in more de-
tail below. Switching unit 101 may comprise a plurality
of capacitor pairs that can be connected to the output of
the unit 101. In one embodiment, the switching unit 101
may comprise two pairs of capacitors wherein each pair
can be coupled to either the input signals, the reference
signals, or the common mode voltage. However, more
capacitor pairs can be provided. Unit 101 is operable to
select respective pairs from the set to connect to the input
signal, to the reference signal, or to the common mode
voltage depending on control signals provided by a
switching control unit 110. Switching unit 101 provides a
single differential output signal which can be fed through
a further switching network, for example, switches 105
and 109, to differential amplifier 140 as will be explained
in more detail with respect to Fig. 3A and 3B. There are
many ways in providing a coupling of the capacitors in
unit 101. Thus, switching control unit 110 generates as
many control signals as necessary to control the switches
inunit 101. For example, if unit 101 includes 10 switches,
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then control unit 110 may generate 10 distinct signals.
However, if certain switches are controlled in a comple-
mentary fashion, meaning that when one switch is on
another switch is always off and vice versa, less control
signals may be generated by control unit 110 and switch-
ing unit 101 may include respective inverters to generate
the necessary control signals from a common control sig-
nal.

[0029] Figure 3A shows a first more detailed embodi-
ment of a differential voltage front end for use in a sigma-
delta modulator using a 2-phase scaling and gain error
cancellation algorithm. Again, the front-end stage 100 is
an integrator stage meant to be the front-end of the loop
filter 10 in Figure 1A. The structure of this integrator stage
is classical as itis a traditional differential structure com-
posed of a switched input capacitor stage 101 followed
by a differential operational amplifier 140 with feedback
capacitors 130a and 130b that store and integrate the
charges sampled on the inputs capacitors. The switches
107a, 107b, 108a and 108b are resetting the charge
stored on the feedback capacitors while in reset mode,
while the switches 106a and 106b are maintaining a fixed
common-mode voltage V), (generated outside the
block) in between switches 107 and 108 while in opera-
tion for avoiding leakage currents through them. All clock-
ing and control signals necessary for the switches are
provided by the switching control block 110.

[0030] Each sample is composed of two phases P1
and P2 (P1 being the sample phase and P2 the transfer
phase), separated by a non overlapping delay for remov-
ing charge injection issues. On the phase PI, the switches
105a, 105b and 105¢ are turned on, forcing the common-
mode voltage at the output of the block 101. During this
phase, switches 109a and 109b are turned off. Then,
after a non-overlapping delay, the input voltages are
sampled on the input capacitors 104a, 104b present in-
side the switching input block 101. After another non-
overlapping delay, on the phase P2, the 105a, 105b and
105c are turned off and another input voltage can be
sampled on phase P2. Then, the switches 109a and 109b
are turned on and the sampled charge is transferred to
the capacitors 130a and 130b by the means of the dif-
ferential amplifier 140 and realizes the desired integration
function.

[0031] According to various embodiments, the sigma-
delta ADC differential input signal V\\=V\\p - Vinus the
differential DAC output (Vpac=Vpacp-Vbacm) and the
common-mode signal VCM are fed to an input switched-
capacitance unit 101 comprising N (N integer) input stag-
es 102, each of these stages being composed of a switch-
ing input stage 103 followed by a set of capacitors of
equal value 104a and 104b connected in differential.
Each of these stages 103 is controlled independently by
the switching control block 110. At each sample, these
input stages are assigning one of the analog voltages
(Vins Vpac or Vew) to be sampled on the capacitors 104a
and 104b and transferred to the capacitors 130a and
130b. The choice of this assignment is defined in the
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switching control block 110 and follows a rotation algo-
rithm which can vary it at each sample.

[0032] Inorderto achieve a scaling factor of S/R in this
input stage, at each sample, a number S of input stages
are assigned to sample the ADC input during the sample
on the 104a, 104b corresponding capacitors, as well as
R input stages are assigned to the sample the DAC out-
put, the rest of the stages N-(R+S) are connected to the
common-mode voltage V), so thatthey do not contribute
to any additional charge during the transfer phase. All
the capacitors 104a and 104b being in parallel, the total
charge sampled if all capacitors have the same unit ca-
pacitance C is equal to C*S*V,y - C*R*Vppc= R*C*
(S/R*V|\-Vpac) wWhich shows that an S/R scaling factor
between input and DAC sampled charges is achieved in
this embodiment of the input stage 100. For further sim-
plicity, the N-(R+S) unused capacitors (transferring zero
charge) will only be assigned to VCM during the whole
conversion. They will only be used if another scaling fac-
tor is needed and they will not be part of the rotation
algorithm.

[0033] Since the capacitances 104 have mismatch er-
rors due to the analog process, each capacitance value
of the R+S capacitors used for the DAC or input signal
charge transfers can be written C; = C + e; where g, is
the mismatch error of the i-th capacitor. Here, the sum
of the errors ei on all R+S capacitors is equal to O (if it is
notthe case, one can always return to this case by chang-
ing the value of C). The sum C*S*V,\ - C*R*Vpuc will be
modified to C*S*V |y - C*R*Vppc + (1% ... + €g)*V|y -
(eg+q* - + €s4Rr)*Vpac- The final two terms are repre-
senting the charge error transferred due to the mismatch
of the capacitors. It should be noted that this charge is
depending on three items: the input signal, the DAC out-
put signal and the choice of the repartition (or assign-
ment) of the R+S capacitors 104 to sample either the
input signal or the DAC signal. Since the input is consid-
ered stable (or at a much lower frequency than the sam-
ple frequency) during each sample, only two variables
remain to be averaged in order to achieve a charge error
that can be cancelled out of the total sum of charges
transferred during a conversion.

[0034] With respectto Figs. 2 and 3A,B, at each sam-
ple, the rotation algorithm controlled by the switching con-
trol block 110 ensures that S switching stages are as-
signed to the ADC input, R stages to the DAC output and
N-(R+S) stages to the common-mode and that this as-
signment varies so that in average over a sufficient
amount of samples, the capacitors 104a and b of each
stage actively used to sample charges (discarding the
capacitors that may be connected all the time to the com-
mon mode voltage which charge transfer contribution is
zero) have been assigned S/R times more to sample the
signal than to sample the DAC voltages. If the DAC volt-
age is considered stable during the rotation algorithm,
the sum over all permutations of the error terms in the
charge transfers will be equal to zero at the end of the
rotation cycle using the property that the sum of all error
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terms is equal to 0.

[0035] For example in a simple rotation and an S/R
scaling factor, in the sample no.1, e,*Vy ... eg*V)y are
the error terms relative to the input signal, and
€s+1 Vpac - €s+r Vpac are the error terms relative to
the DAC signal, the error term can be written as previ-
ously stated (e4 + ... + €g)"V |y - (€g+1 + ... ¥ €5+r)VDAC-
In the second sample, the assignment of each capacitor
is shifted by one count so that the error term can be writ-
ten: (€x+ ... + €541)"ViN- (Bs42 * .- + €g4r+E1)Vpac: At
the R+S-th sample, the error term can be written: (eg.g
+ey...*tegq)*V|y-(est ... + €g:r.1)*Vpac- In this case
(Vin and Vppc are supposed constants), the total sum of
charge error terms after R+S samples is S*(eq+ ... +
es+Rr)ViN-R*(e4+ ... + eg4Rr)*Vpac Whichis equal to zero
since the sum of errors ei is equal to zero. This demon-
strates that when the DAC is stable, a simple cyclical
shift in the assignments of the capacitors 104 cancel the
gain errorinduced by capacitors mismatch after only R+S
samples when a scaling factor S/Ris required at the input
between the DAC and the input signals.

[0036] This rotation algorithm may be enhanced to be
depending on the DAC input level, in order to overcome
possible non-linearity issues when the DAC input is not
stable (whichis the general case), so thatfor each distinct
input level k (or bitstream state) corresponding to a DAC
output voltage Vpack, @ separate cyclical rotation algo-
rithm that follows the same rules than here above would
be applied, because within this separate algorithm, the
DAC voltage can now be considered constant. In this
case, the total error term may be cancelled only if all the
error terms related to each Vpucy are cancelled sepa-
rately.

[0037] In any case, when the conversion includes a
sufficiently large number of samples (when
OSR>>(S+R)*nlev, where nlev is the number of possible
levels in the DAC, OSR being the oversampling ratio, or
the total number of samples per conversion), the error
term may be neglected in regard to the total charge trans-
ferred so that the overall gain error is reaching low ppm
error levels as desired.

[0038] Figure 3B represent the same input stage 100
where the DAC function is performed directly by the N
switching input stages 103. These stages are connected
to a differential voltage reference source, generated out-
side of the input stage 100. The switching input stages
103 are here simply composed of a DAC connected to
the differential voltage reference and an analog multi-
plexer that can switch between the output of the DAC,
the ADC differential analog input signal and the common-
mode voltage. The rest of the integrator is similar to the
Figure 2 and this block performs the 2-phase scaling and
gain error cancellation rotation algorithm the same way
than the Figure 2.

[0039] Figure 4 represent a possible embodiment of
the switching input stage 103 that can be used in both
Figures 3A and 3B in order to realize the voltage assign-
ment to the input sampling capacitors 104. This circuit
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can also be used as a DAC with up to five output levels
per the teachings of the US Patent no. 7102558 "Five-
level feed-back digital-to-analog converter for a switched
capacitor sigma-delta analog-to-digital converter". This
circuit is a simple differential analog multiplexer, and typ-
ically can assign any couple of input signals chosen from
Vemr Vines Vinw: Vrerp: Vregm to the outputs OUTM and
OUTP, with a possibility of shorting the outputs OUTP
and OUTM together. All the switch commands are gen-
erated by the switching control block 110, synchronously
with the two phases necessary for sampling and trans-
ferring the signals to the integrator outputs.

[0040] In Figure 4, the OUTP signal can be connected
to the voltages Ve, Vines Vinwe VRerp: VREFM FESpPec-
tively through the switches 210a, 220a, 230a, 240a,
250a. When any of these switches is on, all others are
off to avoid short circuits between the analog inputs. At
the same time, the OUTM signal can be connected to
the voltages Ve, Vines Vinws Veeep: VrerM Fespectively
through the switches 210b, 230b, 220b, 250b, 240b. Sim-
ilarly, when any of these switches is on, all others are off
to avoid short circuits between the different analog inputs.
The switch 260 can short the two outputs OUTM and
OUTP together. In this case the switches 210 can be off
or on depending if the OUTM and OUTP signals need to
be connected to the V), voltage.

[0041] Inthe reset state, the 210 and 260 switches are
on while all other switches are off, so that no differential
charge is stored on the capacitors 104a and 104b. During
the conversion, during each of the two phases (Pl: sam-
pling, P2: transferring), a differential voltage is selected
and sampled on the 104a and 104b capacitors by switch-
ing on one of the switches 210a, 220a, 230a, 240a, 250a
and one of the switches 210b, 230b, 220b, 250b, 240b
leaving all other switches off, or by switching 260 on and
leaving all other switches off. Between the two phases,
during the non-overlapping delay, all the switches are off.
[0042] In the case of the Figure 3A, where the DAC is
connected to the switching input stages 103, the Figures
5a, 5c, 5g represent the reset state (used for the capac-
itors not participating to the charge transfers) and the
possible charge transfers with all the associated digital
switch commands that are needed to sample and transfer
charges from either the input signal, the DAC output or
the common-mode voltage.

[0043] The Figure 5a is used for resetting the charge
stored on the capacitors 104, while the switches 105 are
on and the switches 109 are off. In this case, the Vg,
voltage is applied at both ends of the capacitors 104,
which ensures the proper discharge of these capacitors.
Choosing this configuration will act as disabling the cor-
responding switching input stage. The modulator will act
as if this stage was not present since it does not transfer
any charge.

[0044] The Figure 5¢c describes a charge transfer of
C*Vin = C*(V|np-Vinm)- This transfer is applied when a
set of capacitors 104 is assigned by the switching control
unit to sample and transfer charges from the differential
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input of the sigma-delta ADC. In the phase PI, the switch-
es 220 are on, while all other switchesin the 103 switching
unit are off, which samples a charge C*V|y =
C*(V\np-Vinm) on the 104 capacitors. In the phase P2,
the OUTM and OUTP are shorted together, through the
switch 260 that is on. All other switches are off in the
block 103, including the switches 210, which guarantees
that the input common-mode is not transferred through
the charge transfer.

[0045] The Figure 5g describes a charge transfer of
-C*VRer = -C*(Vrerp-Vrerm)- This transfer is applied
when a set of capacitors 104 is assigned by the switching
control unit to sample and transfer charges from the dif-
ferential input of the sigma-delta ADC. In the phase PI,
the switches 250 are on, while all other switches in the
103 switching unit are off, which samples a charge
-C*VRer = -C*(Vrerp-Vrerm) ON the 104 capacitors. In
the phase P2,the OUTM and OUTP are shorted together,
through the switch 260 that is on. All other switches are
off in the block 103, including the switches 210, which
guarantees that the input common-mode is not trans-
ferred through the charge transfer. The transfer of the
charge is - C*Vggr due to the negative sign of the feed-
back loop as shown in the Figure 1 where the DAC output
is taken negatively by the loop filter 10.

[0046] The transfers described here above (corre-
sponding to the Figures 5a, 5¢ and 5g) are sufficient to
cover all cases of the rotation algorithm when the DAC
output voltage is generated outside of the switching units
103 which is the case of the Figure 2. However a transfer
of twice the charge can be envisaged instead of the trans-
fers 5¢ and 5g, which leads to an improved signal-to-
noise ratio during the transfer by a factor sqrt(2). These
charge transfers are described with the Figures 5d and
5h. Ifthese two transfers are used in place of the transfers
described in the Figures 5¢ and 5g, the scaling factor is
still respected between the input signal and the DAC, but
a gain of 2 is realized in the integrator. This gain can be
set back to 1 by doubling the size of the feedback capac-
itors 130.

[0047] In both Figures 5d and 5h, the first phase is
identical to Figures 5c and 5g so that at the end of the
first phase, a charge C*Vy or -C*Vggr is sampled on the
capacitors 104. In the second phase, the difference is
that instead of shorting the capacitors 104 through the
switch 260, the capacitors 104 are connected to the op-
posite voltage than in the first phase (-Vy for the Figure
5d and +Vggg for the figure 5h). With this connection, the
transferred charge, being the difference of the charge
loaded on the 104 capacitors between the two phases,
is twice more than when the capacitors are shorted to-
gether on the second phase. This principle is similar to
the one leading to the US Patent no. 7102558 "Five-level
feed-back digital-to-analog converter for a switched ca-
pacitor sigma-delta analog-to-digital converter", where
the five levels are created within the two phases of each
sample.

[0048] Since single or double charge transfers can be
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realized on each capacitor 104 through the Figures 5c,
5d, 5g and 5h, this property can be used to realize gain
scaling factors of 2 or 2 easily by setting adouble transfer
in either input signal charge transfers or DAC charge
transfers while setting single charge transfers respec-
tively on the DAC charge transfers or input signal charge
transfers. Another usage can simply be improving the
signal-to-noise ratio by setting double transfers on each
charge transfer (by using only 5d and 5h Figures). During
double transfers, the DAC and the input signal source
need to be able to source enough current to overcome
twice the regular single transfer voltage difference across
the 104 capacitors so that the voltage across each ca-
pacitor 104 still respects a settling time inferior to each
phase timing (typically one half of the sample period).
[0049] As shown in the Figure 3B, a simple differential
voltage source can be connected to the reference inputs
of each stage 103, and in this case, each stage comprises
a DAC that is controlled by the switch control block 110
that receives the bitstream and thus the DAC inputs. In
this case, the DAC may be limited in its resolution to a
small number of outputlevels, typically two (one bit DAC).
This limitation comes from the fact that each switching
stage 103 needs to comprise a DAC, and thus only simple
DACs are practical to implement even in the case of a
relatively small number N of stages 103.

[0050] The Figure 4 can be used to realize a one-bit
DAC at the same time than the necessary assignments
to the ADC input voltage or the common-mode voltage
to perform the two phases scaling and gain error cancel-
lation algorithm. The Figures 5e and 5g are showing the
switch command signals required to perform a charge
transfer of C*Vggp or -C*Vggr Which correspond to the
two possible output levels of a 1-bit DAC that would sam-
ple either +Vgg or -Vgeg on the capacitors 104. The only
difference between the two Figures 5e and 5g is that the
switches that are on during the first phase are either the
switches 240 or 250, connecting respectively the Vrgg
voltage or the -Vggg voltage to the capacitors 104.
[0051] Perthe teachings of the US patentno. 7102558
"Five-level feed-back digital-to-analog converter for a
switched capacitor sigma-delta analog-to-digital convert-
er", the Figure 4 can also be used to realize a five-level
DAC at the same time than the necessary assignments
to the ADC input voltage or the common-mode voltage
to perform the two phases scaling and gain error cancel-
lation algorithm. The Figures 5b, 5e, 5f, 5g and 5h are
showing the switch command signals required to perform
a charge transfer of C*0, C*Vrgr, C*2Vgrer, C*(-VRgr)
and C*(-2VRrgg) which correspond to the two possible
output levels of a five-level DAC that would sample either
0, +VRer: -VRer, +2VRgr Or -2VRer On the capacitors
104. These switch commands signals are similar to the
ones shown in the US patent mentioned here above and
included here as a cited reference. In this case, in order
to have a proper scaling factor S/R, the Figure 5d should
be used to perform an assignment of the ADC input signal
to the capacitors 104 so that a double charge transfer

10

15

20

25

30

35

40

45

50

55

would be realized and so that no additional gain factor
would be realized between input signal and DAC signal
charge transfers (the five-level DAC being able to lead
to a double charge transfer too with Figures 5g and 5h).
[0052] Figure 6 shows a simple representation of the
assignment of each capacitor pairs 104 during a given
sample number. Fig. 6a generally shows an example of
a cyclical representation of the N input stages at a given
sample number. In Fig. 6a, the number N of stages 103
is equal to 5, five pairs A, B, C, D, and E of capacitors
104 may be provided as shown in Figure 3B. Each pair
can be assigned to the ADC input signal, or the reference
signal (here the DAC function is performed inside each
input stage 103), or to the common-mode signal (so that
they do not contribute to the charge transfers). The fig-
ures representing switch commands used for the ADC
input signal charge transfers can be 5c and 5d. The fig-
ures representing switch commands used for the refer-
ence or DAC charge transfers can be 5b, 5e, 5f, 5g and
5h. The figure representing switch commands used for
the common mode assignmentis 5a. Each of these three
cases is represented with a different fill pattern with a
cyclical diagram as shown in Figure 6. For example, in
Fig. 6b, N=5 and the input stages are called A, B, C, D
and E. A, B, C are used for the reference or the DAC, D
is used for the signal and E is unused. Gain scaling is
1/3 (number of input signal stages/number of reference
signal stages). In the configuration of Fig. 6¢, C is used
for the reference or the DAC, A, B are used for the signal,
D and E are unused. Gain scaling is 2 (in this configura-
tion the input stages are amplifying the signal).On the
first example in Fig. 6b, the capacitor pairs A, B and C
are assigned to the voltage reference inputs, while the
capacitor pair D is assigned to the ADC inputs and the
capacitor pair E is unused and stays in the reset state as
described in Figure 5a. The gain scaling factor (without
counting a potential gain of %2 or 2 due to a single or
double charge transfer) is then 1/3 between the ADC
input and the reference input. On the last example in Fig.
6c, the capacitor pairs A, B are assigned to the ADC
inputs, while the capacitor pair C is assigned to the volt-
age reference inputs and the capacitor pairs D and E are
unused and stay in the reset state as described in Figure
5a. The gain scaling factor (without counting a potential
gain of ¥z or 2 due to a single or double charge transfer)
is then 2 between the ADC input and the reference input.
[0053] The scaling factor S/R can be inferior to 1 in
order to ensure stability of high-order modulators, but it
can also be superior to 1 in order to generate additional
gain in the system and be able to resolve smaller signals
at the sigma-delta ADC inputs. The assignment selection
(and thus the S/R ratio) can be set differently within each
conversion so that multiple gains are possible with the
same number of capacitor pairs. This is made possible
by the fact that some capacitor pairs can be disabled and
thus will not contribute to the charge transfers and will
not modify the S/Rratio. In each of the Figure 6 examples,
the capacitors that stay in the reset state do not modify
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the scaling factor, but could be used in another configu-
ration if another gain was to be achieved.

[0054] Figure 7 shows a simple representation of a
DAC independent rotation algorithm using five capacitor
pairs and a scaling factor of 2/3. Here, at any sample,
two capacitor pairs are assigned to an ADC input charge
transfer, and three capacitor pairs are assigned to a ref-
erence charge transfer. In the reset state (sample no. 0),
all capacitors are tied to the V), (using Figure 5a com-
mands). At the first sample, capacitor pairs A and B are
assigned to the ADC inputs, and capacitors C, D and E
are assigned to the reference charge transfers.

[0055] Inthis simple rotation algorithm, the assignment
will shift at each sample by one unit so that at the second
sample as shown in Figure 7, the capacitors B and C will
be assigned to the ADC inputs and the capacitors D, E
and A will be assigned to the reference inputs. After five
samples, the capacitors E and A are assigned to the ADC
inputs and the capacitors B,C and D are assigned to the
reference inputs. After these R+S=5 samples, each ca-
pacitor pair has been assigned exactly S=2 times the
ADC inputs and R=3 times the reference inputs, ensuring
that even if the capacitors are showing mismatch errors,
the S/R=2/3 ratio is well respected on each capacitor
pair. If V|y and Vggf are considered constant during this
setof R+S samples, the gain error is then totally cancelled
at the output of the integrator. After R+S samples, the
rotation algorithm takes the same state than on the first
sample, and continues its shifting during the whole con-
version that has OSR samples (typically with
OSR>>R+S).

[0056] As a first drawback, if the rotation algorithm is
stopped after a number of samples not multiple of R+S,
a small gain error residue will not be cancelled. The other
drawback of this algorithm is that the DAC output can
rarely be considered constant during the conversion. In
order to overcome this second drawback, a DAC input
dependent algorithm can be put in place like in the Fig-
ures 8 and 9.

[0057] The Figure 8a and b shows the same configu-
ration (N=R+S=5) and gain scaling (S/R=2/3) thanin Fig-
ure 7 but with a DAC input (or bitstream) dependent al-
gorithm. There are as many rotation cycles as there are
DAC levels. The DAC input selects the rotation cycle cor-
responding to its input. For each sample, the configura-
tion takes the next state in the cycle of the corresponding
new DAC input. In this example, the DAC is a simple 1-
bit DAC, so there are two possible output levels. However
this algorithm can easily be extended to amulti-level DAC
without any restriction on the resolution as shown in Fig-
ure 9. The Figure 8a and b shows an example of a given
bitstream : 100010 and the associated assignments at
each sample of this given bitstream. The principle of the
DAC input dependent algorithm is the following: For each
given DAC state, the system will use a simple rotation
algorithm as described in Figure 7. There will be as many
cycles as there are possible DAC output levels.

[0058] In the Figure 8a and b, the DAC can take two
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possible input levels: 0 or 1. Once this state is deter-
mined, the switching control unit 110 will select the cycle
corresponding to the current DAC state and will shift by
one unit the assignments of the capacitors 104 as a sim-
ple rotation algorithm. Since there are only two possible
DAC input states, there will be two cycles to choose from.
For the first sample, the DAC input state is "1", the ca-
pacitors A and B are assigned to an ADC input charge
transfer and the capacitors C, D and E are assigned to
a reference input charge transfer. This state, called the
"1"-state, is saved into a memory so that the next time
the DAC takes the "1" input state, the algorithm will con-
tinue its rotation based on this saved state and will switch
to the next one. For the second sample, the DAC input
state is 0, so the switching control unit toggles to the "0"-
state cycle, which also starts with the same assignments
than the "0"-state cycle. So in the second sample, the
capacitors A and B are assigned to an ADC input charge
transfer and the capacitors C, D and E are assigned to
a reference input charge transfer.

[0059] The Figure 8a represents the "1"-state simple
rotation algorithm samples , and the Figure 8b represents
the "0"-state simple rotation algorithm samples. Each of
the figures show a simple rotation algorithm, independent
from each other and simply depending on the DAC input
state and the number of the sample at this given DAC
input state.

[0060] As shown in the Figure 8a, the "1"-state algo-
rithm changes state only when a "1" state is detected by
the switching control block 110 and that happens at the
5th sample in this example. During the 2nd, 3rd and 4th
sample a "0" is generated by the quantizer 20 so this "1"-
state algorithm is freezed and the "0"-state algorithm is
used.

[0061] As shownin Figure 8b, with the given bitstream
100010, the 2nd, the 3rd and the 4t samples are all "0"
state for the DAC input. In this case, the "0"-state rotation
algorithm is selected and the assignments are shifted by
one unit on each sample so that at the 4th sample, the
state thatis savedis: C and D are assigned to ADC input,
and A, B and E are assigned to reference inputs. This
saved state is only corresponding to DAC inputs that are
equal to 0. The next time the DAC will take a "0" input,
the assignment will switch to the next one following this
saved state and following the simple rotation algorithm.
This is shown on the 6t sample, where the DAC input
state is "0" and the assignment is then D and E for the
ADC inputs and A, B and C for the reference inputs.
[0062] Once the "0"-state and the "1"-state have fully
completed theirindependent rotation algorithms, the gain
error is cancelled in the integrator, since during these
algorithms the DAC input is stable (which was the criteria
to meet for cancelling this gain error). If the DAC has
more than two levels, the algorithm can be expanded
easily, each input state can have its own rotation algo-
rithm cycle with its own memory to save the last state
before switching to another cycle.

[0063] Ifthe number of samples each input state of the
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DAC is taken is not a multiple of R+S, the gain error will
be a function of the residue that each independent rota-
tion algorithm cycle will bring for not being fully executed.
This residue is typically small if nlev*(R+S)<<OSR where
nlev is the number of possible input states of the DAC.
[0064] The Figure 9 describes the general case of a
DAC dependent rotation algorithm with any resolution,
and with any rotation algorithm envisaged. This figure
represents a transition between any DAC input state X
at a certain sample k and the next DAC input state at the
sample k+1. This next sample state can be either X (the
DAC input is unchanged) or Y, Y different than X. At the
top of the diagram, the current state of the converter and
the associated memories that store the previous states
of the rotation algorithm are depicted. Here, the current
state is the following : The DAC input is equal to X, and
the rotation algorithm is at the position n for the "X"-state
cycle. In the memories, for the "X"-state cycle, the posi-
tion n is stored since the converter is currently in this
position for the sample k. Here we also show that the
previous state for the "Y"-state memory is the position m.
[0065] When the transition from the sample k to the
sample k+1 happens, the DAC input takes a new value
given by the quantizer 20. This value is either the same
(X), or different (Y). The two possibilities are depicted at
the bottom of the Figure 9. Based on this value, the
switching control block 110 selects either the "X"-state
algorithm or the "Y"-state algorithm.

[0066] When the DAC inputis the same at the sample
k+1, the DAC dependent rotation algorithm stays in the
"X"-state cycle. The position attained in this cycle is then
n+1. Itshould be noted that since this algorithmis a cycle,
the positions are the same with a certain modulo (typically
modulo R+S). The memory associated to the "X"-state
also shifts to the position n+1. The memory associated
to any other position Y, Y different than X, does not
change since the "Y"-state rotation cycle has not been
selected at the beginning of the sample.

[0067] When the DAC input is different at the sample
k+1, equal to Y, Y different than X, the DAC dependent
rotation algorithm selects the "Y"-state algorithm. Since
the last position on this cycle was the position m, the
position at the sample k+1is now m+1. It should be noted
that the position m for the "Y"-state algorithm may have
been attained a large number of samples before the sam-
ple k+1. The memory for the "Y"-state algorithm is now
updated to the position m+1 and the memory for the "X"-
state or any other state is unchanged since the algorithm
is in the "Y"-state cycle.

[0068] Atthe end of the conversion, the gain error due
to mismatch of capacitors 104 is largely reduced or can-
celled if most or all of the DAC depending state cycles
have performed their rotation partially or totally, and if
each ofthe residue of each algorithm induces a negligible
charge error compared to the total charge transferred
during the full conversion. This is generally the case when
nlev*(S+R)<<OSR in the case of simple shift cycle algo-
rithms.
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[0069] While embodiments of this disclosure have
been depicted, described, and are defined by reference
to example embodiments of the disclosure, such refer-
ences do not imply a limitation on the disclosure, and no
such limitation is to be inferred. The subject matter dis-
closed is capable of considerable modification, altera-
tion, and equivalents in form and function, as will occur
to those ordinarily skilled in the pertinent art and having
the benefit of this disclosure. The depicted and described
embodiments of this disclosure are examples only.

Claims
1. A sigma-delta modulator comprising:

- a plurality of capacitor pairs (104);

- a plurality of switches (220..250) configured to
couple any pair of capacitors from said plurality
of capacitor pairs (104) selectively to a differen-
tial input signal or a differential reference signal,
wherein the differential reference signal is pro-
vided by at least one digital-to-analog converter
(30); and

- control means (110) operable to control sam-
pling through said switches (220..250) to per-
form a charge transfer in two phases wherein
any pair of capacitors (104) can be selected to
be assigned to the differential input signal or the
differential reference signal,

- wherein after a plurality of charge transfers a
gain error cancellation is performed by rotating
the capacitor pairs (110) cyclically such that after
a rotation cycle, each capacitor pair has been
assigned a first predetermined number of times
to the differential input signal, and has also been
assigned a second predetermined number of
times to the differential reference signal, and

- wherein the digital-to-analog converter (30) is
a single-bit or a multi-bit digital-to-analog con-
verter (DAC), wherein a rotation sequence of
said differential input signal and said differential
reference signal to respective pairs of capacitors
(104) is controlled at every sample such that for
the same DAC input values for sequential sam-
ples the differential input signal is sequentially
assigned to different pairs of the plurality of ca-
pacitor pairs (104) and the differential reference
signalis sequentially assigned to respective oth-
er pairs of the plurality of capacitor pairs (104)
according to a predefined rotation cycle se-
quence.

2. The sigma-delta modulator according to claim 1, fur-
ther comprising switches (210) configured to selec-
tively couple a common mode voltage to a selected
pair of capacitors (104).
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The sigma-delta modulator according to claim 2,
comprising a plurality of input stages (102), each
stage (102) comprising a capacitor pair (104a, 104b)
associated switches (220..250) and receiving said
differential input signal, said differential reference
signal, and said common mode voltage.

The sigma-delta modulator according to claim 3,
wherein each input stage (102) comprises a DAC for
generating a respective differential reference signal.

The sigma-delta modulator according to one of the
preceding claims 2-4, wherein for a charge transfer,
during a charge phase, the differential input signal
or the differential reference signal is coupled on one
side of a pair of capacitors (104) and the common
mode voltage is coupled on the other side of said
pair of capacitors (104) and during a transfer phase,
the one side of the pair of capacitors (104) are con-
nected with each other or coupled with an inverted
differential input or reference signal.

The sigma-delta modulator according to one of the
preceding claims 2-5, wherein for a zero charge, dur-
ing a charge phase one side of the pair of capacitors
(104) are connected with each other and the com-
mon mode voltage is coupled on the other side of
said pair of capacitors (104), and during a transfer
phase, the one side of the pair of capacitors (104)
are again connected with each other.

The sigma-delta modulator according to one of the
preceding claims, comprising more than two pairs of
capacitors (104) wherein a gainis achieved by aratio
of the number of capacitor pairs (104) assigned to
the differential input signal and the number of pairs
assigned to the differential reference signal.

The sigma-delta modulator according to claim 5,
comprising a differential operation amplifier (140)
coupled with outputs of the input stages (102)
through a controllable switching network (109).

The sigma-delta modulator according to claim 8, fur-
ther comprising first and second feedback capacitors
(1304, 130b) which can be switched selectively into
a negative or positive feedback loop of said differ-
ential amplifier (140).

The sigma-delta modulator according to one of the
preceding claims, further comprising memory means
for storing a respective assignment state for each
DAC input value, wherein separate rotation cycle se-
quences are provided for each actual DAC input val-
ue.

A method of performing a charge transfer in a sigma-
delta modulator using a plurality of capacitor pairs,
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the method comprising:

Providing a plurality of capacitor pairs (104)
which each can be assigned to a differential in-
put signal or a differential reference signal,
wherein the differential reference signal is pro-
vided by at least one digital-to-analog converter
(30);

Performing a sampling by combining a sampling
of the differential input signal with at least one
capacitor pair and in parallel a sampling of the
differential reference signal with atleast another
one capacitor pair;

Rotating the capacitor pairs for a following sam-
pling such that after a plurality of samplings a
gain error cancellation is performed wherein af-
terarotation cycle, each capacitor pair has been
assigned a first predetermined number of times
to the differential input signal, and has also been
assigned a second predetermined number of
times to the differential reference signal,
wherein the digital-to-analog converter (30) is a
single-bit or a multi-bit digital-to-analog convert-
er (DAC), wherein a rotation sequence of said
differential input signal and said differential ref-
erence signal to respective pairs of capacitors
(104) is controlled at every sample such that for
the same DAC input values for sequential sam-
ples the differential input signal is sequentially
assigned to different pairs of the plurality of ca-
pacitor pairs (104) and the differential reference
signalis sequentially assigned to respective oth-
er pairs of the plurality of capacitor pairs (104)
according to a predefined rotation cycle se-
quence.

The method according to claim 11, wherein for a
charge transfer, during a charge phase, the differ-
ential input signal or differential reference signal is
connected on one side of a pair of capacitors (104)
which is otherwise coupled with a common ground
potential,

and during a transfer phase, connecting the one side
of the pair of capacitors (104) with each other or cou-
pling the one side with an inverted differential input
or reference signal.

The method according to claim 11, wherein for a zero
charge transfer, during a charge phase connecting
one side of a pair of capacitors (104) with each other
and connecting a common ground potential on the
other side of said pair of capacitors (104),

and during a transfer phase, connecting the one side
of the pair of capacitors (104) again with each other.

The method according to claim 13, wherein a first
subset selected for sampling the differential input
signal in the charge phase and transfer phase com-
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prises a plurality of capacitor pairs (104) and a sec-
ond subset selected for sampling the differential ref-
erence signalin the charge phase and transfer phase
comprises the remaining capacitor pairs from said
plurality of capacitor pairs (104).

The method according to one of the preceding 11-14,
wherein a gain is achieved by a ratio of the number
of capacitor pairs (104) assigned to the differential
input signal and the number of pairs assigned to the
differential reference signal.

The method according to one of the preceding claims
11-15, further comprising memory means for storing
a respective assignment state for each DAC input
value, wherein separate rotation cycle sequences
are provided for each actual DAC input value.

Patentanspriiche

1.

Sigma-Delta Modulator, der aufweist:

- eine Vielzahl von Kondensatorpaaren (104);
- eine Vielzahl von Schaltern (220..250) die kon-
figuriert sind, ein beliebiges Paar von Konden-
satoren von der Vielzahl von Kondensatorpaa-
ren (104) wahlweise mit einem Differenzein-
gangssignal oder einem Differenzreferenzsig-
nal zu koppeln, wobei das Differenzreferenzsi-
gnal durch zumindest einen Digital-Analog-
Wandler (30) bereitgestellt wird; und

- Steuerungsmittel (110) die betreibbar sind, Ab-
tastung durch die Schalter (220..250) zu steu-
ern, um eine Ladungsibertragung in zwei Pha-
sen durchzufiihren, wobei ein beliebiges Paar
von Kondensatoren (104) gewahltwerden kann,
um dem Differenzeingangssignal oder dem Dif-
ferenzreferenzsignal zugeordnet zu werden,

- wobei nach einer Vielzahl von Ladungsiiber-
tragungen durch zyklisches Rotieren der Kon-
densatorpaare (110) eine Verstarkungsfehler-
ausléschung derart durchgefihrt wird, dass
nach jedem Rotationszyklus jedes Kondensa-
torpaar eine erste vorgegebene Anzahl von Ma-
len dem Differenzeingangssignal zugeordnet
worden ist, und auch eine zweite vorgegebene
Anzahl von Malen dem Differenzreferenzsignal
zugeordnet worden ist, und

- wobei der Digital-Analog-Wandler (30) ein Sin-
gle-Bit- oder ein Multi-Bit-Digital-Analog-Wand-
ler (DAC) ist, wobei eine Rotationssequenz des
Differenzeingangssignals und des Differenzre-
ferenzsignals bezogen auf entsprechende Paa-
re von Kondensatoren (104) bei jeder Abtastung
derart gesteuertwird, dass fur die gleichen DAC-
Eingangswerte fiir sequentielle Abtastungen
das Differenzeingangssignal gemaR einer vor-
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gegebenen Rotationszyklussequenz sequenti-
ell verschiedenen Paaren der Vielzahl von Kon-
densatorpaaren (104) zugeordnet wird und das
Differenzreferenzsignal sequentiell entspre-
chenden anderen Paaren der Vielzahl von Kon-
densatorpaaren (104) zugeordnet wird.

Sigma-Delta Modulator gemaR Anspruch 1, der wei-
terhin Schalter (210) aufweist die konfiguriert sind,
wahlweise eine Gleichtaktspannung mit einem aus-
gewabhlten Paar von Kondensatoren (104) zu kop-
peln.

Sigma-Delta Modulator gemaR Anspruch 2, der eine
Vielzahl von Eingangsstufen (102) aufweist, wobei
jede Stufe (102) ein Kondensatorpaar (104a, 104b)
und zugehdrige Schalter (220 ... 250) aufweist und
das Differenzeingangssignal, das Differenzrefe-
renzsignal und die Gleichtaktspannung empfangt.

Sigma-Delta Modulator gemafl Anspruch 3, wobei
jede Eingangsstufe (102) einen DAC zur Erzeugung
eines entsprechenden Differenzreferenzsignals auf-
weist.

Sigma-Delta Modulator gemaR einem der vorheri-
gen Anspriiche 2 bis 4, wobei fiir eine Ladungsuber-
tragung wahrend einer Ladephase das Differenzein-
gangssignal oder das Differenzreferenzsignal mit ei-
ner Seite von einem Paar von Kondensatoren (104)
gekoppeltist und die Gleichtaktspannung mit der an-
deren Seite von diesem Paar von Kondensatoren
(104) gekoppelt ist und wahrend einer Ubertra-
gungsphase die eine Seite des Paares von Konden-
satoren (104) miteinander verbunden ist oder mit ei-
nem invertierten Differenzeingang oder Referenzsi-
gnal gekoppelt ist.

Sigma-Delta Modulator gemaR einem der vorheri-
gen Anspriiche 2 bis 5, wobei fiir eine Nullladung
wahrend einer Ladephase eine Seite des Paares von
Kondensatoren (104) miteinander verbunden istund
die Gleichtaktspannung mit der anderen Seite von
diesem Paarvon Kondensatoren (104) gekoppeltist,
und wahrend einer Ubertragungsphase die eine Sei-
te des Paares von Kondensatoren (104) wiederum
miteinander verbunden ist.

Sigma-Delta Modulator gemafR einem der vorheri-
gen Anspriche, der mehr als zwei Paare von Kon-
densatoren (104) aufweist, wobei durch ein Verhalt-
nis der Anzahl von dem Differenzeingangssignal zu-
geordneten Kondensatorpaaren (104) und der An-
zahl von dem Differenzreferenzsignal zugeordneten
Paaren eine Verstarkung erreicht wird.

Sigma-Delta Modulator gemafl Anspruch 5, der ei-
nen Differenzoperationsverstarker (140) aufweist,
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der durch ein steuerbares Schaltnetzwerk (109) mit
Ausgangen der Eingangsstufen (102) gekoppelt ist.

Sigma-Delta Modulator gemaR Anspruch 8, der wei-
terhin erste und zweite Riickkopplungskondensato-
ren (130a, 130b) aufweist, die wahlweise in eine ne-
gative oder positive Riickkopplungsschleife des Dif-
ferenzverstarkers (140) geschaltet werden kénnen.

Sigma-Delta Modulator gemaR einem der vorheri-
gen Anspriche, der weiterhin Speichermittel zum
Speichern eines entsprechenden Zuordnungsstatus
fur jeden DAC-Eingangswert aufweist, wobei fur je-
den tatséchlichen DAC-Eingangswert separate Ro-
tationzyklussequenzen bereitgestellt werden.

Verfahren zum Durchfiihren einer Ladungsubertra-
gung in einem Sigma-Delta Modulator unter Verwen-
dung einer Vielzahl von Kondensatorpaaren, wobei
das Verfahren aufweist:

Bereitstellen einer Vielzahl von Kondensator-
paaren (104), die jedes einem Differenzein-
gangssignal oder einem Differenzreferenzsig-
nal zugeordnet werden kénnen, wobei das Dif-
ferenzreferenzsignal durch zumindest einen Di-
gital-Analog-Wandler (30) bereitgestellt wird;
Durchfiihrung einer Abtastung durch Kombinie-
ren einer Abtastung des Differenzeingangssig-
nals mitzumindest einem Kondensatorpaar und
parallel einer Abtastung des Differenzreferenz-
signals mit zumindest einem anderen Konden-
satorpaar;

Rotieren der Kondensatorpaare flir eine nach-
folgende Abtastung derart, dass nach einer Viel-
zahl von Abtastungen eine Verstarkungsfehler-
ausléschung durchgefiihrt wird, wobei nach ei-
nem Rotationszyklus jedes Kondensatorpaar
eine erste vorgegebene Anzahl von Malen dem
Differenzeingangssignal zugeordnetwordenist,
und auch eine zweite vorgegebene Anzahl von
Malen dem Differenzreferenzsignal zugeordnet
worden ist,

wobei der Digital-Analog-Wandler (30) ein Sin-
gle-Bit- oder ein Multi-Bit-Digital-Analog-Wand-
ler (DAC) ist, wobei eine Rotationssequenz des
Differenzeingangssignals und des Differenzre-
ferenzsignals bezogen auf entsprechende Paa-
re von Kondensatoren (104) bei jeder Abtastung
derart gesteuert wird, dass fiir gleiche DAC-Ein-
gangswerte flr sequentielle Abtastungen ge-
mafl einer vorgegebenen Rotationszyklusse-
quenz das Differenzeingangssignal sequentiell
verschiedenen Paaren der Vielzahl von Kon-
densatorpaaren (104) zugeordnet wird und das
Differenzreferenzsignal sequentiell entspre-
chenden anderen Paaren der Vielzahl von Kon-
densatorpaaren (104) zugeordnet wird.
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Verfahren gemaf Anspruch 11, wobei fir eine La-
dungsubertragung wéahrend einer Ladephase das
Differenzeingangssignal oder das Differenzrefe-
renzsignal auf einer Seite von einem Paar von Kon-
densatoren (104) verbunden ist, die andernfalls mit
einem gemeinsamen Massepotential gekoppelt ist,
und wahrend einer Ubertragungsphase, die eine
Seite des Paares von Kondensatoren (104) mitein-
ander verbunden ist oder die eine Seite mit einem
invertierten Differenzeingang oder Referenzsignal
gekoppelt ist.

Verfahren gemaf Anspruch 11, wobei fiir eine Null-
Ladungsibertragung wahrend einer Ladephase ei-
ne Seite eines Paares von Kondensatoren (104) mit-
einander verbunden ist und ein gemeinsames
Massepotential auf der anderen Seite dieses Paares
von Kondensatoren (104) verbunden ist,

und wahrend einer Ubertragungsphase die eine Sei-
te des Paares von Kondensatoren (104) wiederum
miteinander verbunden ist.

Verfahren gemaf Anspruch 13, wobei eine erste zur
Abtastung des Differenzeingangssignals ausge-
wiéhlte Teilmenge in der Ladephase und Ubertra-
gungsphase eine Vielzahl von Kondensatorpaaren
(104) aufweist und eine zweite zur Abtastung des
Differenzreferenzsignals in der Ladephase und
Ubertragungsphase ausgewahlte Teilmenge die
verbleibenden Kondensatorpaare der Vielzahl von
Kondensatorpaaren (104) aufweist.

Verfahren gemaR einem der vorherigen Anspriiche
11 bis 14, wobei eine Verstarkung durch ein Verhalt-
nis der Anzahl von dem Differenzeingangssignal zu-
geordneten Kondensatorpaaren (104) und der An-
zahl von dem Differenzreferenzsignal zugeordneten
Paaren erzielt wird.

Verfahren gemaR einem der vorherigen Anspriiche
11 bis 15, das weiterhin Speichermittel zum Spei-
chern eines entsprechenden Zuordnungsstatus fur
jeden DAC-Eingangswert aufweist, wobei flr jeden
tatsachlichen DAC-Eingangswert separate Rotati-
onszyklussequenzen bereitgestellt werden.

Revendications

1.

Modulateur sigma-delta comprenant :

- une pluralit¢ de paires de condensateurs
(104) ;

- une pluralité de commutateurs (220, ..., 250)
configurée de maniére a coupler une quelcon-
que paire de condensateurs de ladite pluralité
de paires de condensateurs (104), sélective-
ment, a un signal d’entrée différentiel ou a un
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signal de référence différentiel, dans lequel le
signal de référence différentiel est fourni par au
moins un convertisseur numérique-analogique
(30) ; et

- un moyen de commande (110) exploitable de
maniére a commander un échantillonnage a tra-
vers lesdits commutateurs (220, ..., 250) en vue
de mettre en oeuvre un transfert de charge en
deux phases, dans lequel une quelconque paire
de condensateurs (104) peut étre sélectionnée
pour étre affectée au signal d’entrée différentiel
ou au signal de référence différentiel ;

- dans lequel, aprés une pluralité de transferts
de charge, une annulation d’erreur de gain est
mise en oeuvre par le biais d’'une rotation cycli-
que des paires de condensateurs (110), de sorte
qu’apres un cycle de rotation, chaque paire de
condensateurs a été affectée, un premier nom-
bre prédéterminé de fois, au signal d’entrée dif-
férentiel, eta également été affectée, un second
nombre prédéterminé de fois, au signal de réfé-
rence différentiel ; et

- dans lequel le convertisseur numérique-ana-
logique (30) est un convertisseur numérique-
analogique (DAC) a un ou plusieurs bits, dans
lequel une séquence de rotation dudit signal
d’entrée différentiel et dudit signal de référence
différentiel vers des paires respectives de con-
densateurs (104) est commandée au niveau de
chaque échantillon de sorte que, pour les mé-
mes valeurs d’entrée de convertisseur DAC
pour des échantillons séquentiels, le signal
d’entrée différentiel est affecté séquentielle-
ment a différentes paires de la pluralité de paires
de condensateurs (104) etle signal de référence
différentiel est affecté séquentiellement a
d’autres paires respectives de la pluralité de pai-
res de condensateurs (104) selon une séquence
de cycles de rotation prédéfinie.

Modulateur sigma-delta selon la revendication 1,
comprenant en outre des commutateurs (210) con-
figurés de maniére a coupler sélectivement une ten-
sion de mode commun a une paire sélectionnée de
condensateurs (104).

Modulateur sigma-delta selon la revendication 2,
comprenant une pluralité d’étages d’entrée (102),
chaque étage (102) comprenant une paire de con-
densateurs (104a, 104b) et des commutateurs as-
sociés (220, ..., 250), etrecevantledit signal d’entrée
différentiel, ledit signal de référence différentiel et
ladite tension de mode commun.

Modulateur sigma-delta selon la revendication 3,
dans lequel chaque étage d’entrée (102) comprend
un convertisseur DAC pour générer un signal de ré-
férence différentiel respectif.
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Modulateur sigma-delta selon I'une quelconque des
revendications 2 a 4, dans lequel, pour un transfert
de charge, au cours d’'une phase de charge, le signal
d’entrée différentiel ou le signal de référence diffé-
rentiel est couplé sur un cété d’une paire de conden-
sateurs (104), et la tension de mode commun est
couplée sur l'autre cbété de ladite paire de conden-
sateurs (104), et au cours d’'une phase de transfert,
ledit un c6té de la paire de condensateurs (104) est
mutuellement connecté ou couplé avec un signal
d’entrée ou de référence différentiel inversé.

Modulateur sigma-delta selon I'une quelconque des
revendications 2 a 5, dans lequel, pour une charge
nulle, au cours d’'une phase de charge, un c6té de
la paire de condensateurs (104) est mutuellement
connecté etlatension de mode commun est couplée
sur l'autre c6té de ladite paire de condensateurs
(104), et au cours d’'une phase de transfert, ledit un
cbté de la paire de condensateurs (104) est a nou-
veau mutuellement connecté.

Modulateur sigma-delta selon I'une quelconque des
revendications précédentes, comprenant plus de
deux paires de condensateurs (104), dans lequel un
gain est obtenu par un rapport du nombre de paires
de condensateurs (104) affectées au signal d’entrée
différentiel et du nombre de paires affectées au si-
gnal de référence différentiel.

Modulateur sigma-delta selon la revendication 5,
comprenant un amplificateur a fonctionnement dif-
férentiel (140) couplé avec des sorties des étages
d’entrée (102) par lintermédiaire d’un réseau de
commutation contrélable (109).

Modulateur sigma-delta selon la revendication 8,
comprenant en outre des premier et second conden-
sateurs de rétroaction (130a, 130b) qui peuvent étre
commutés sélectivement dans une boucle de ré-
troaction négative ou positive dudit amplificateur dif-
férentiel (140).

Modulateur sigma-delta selon I'une quelconque des
revendications précédentes, comprenant en outre
un moyen de mémoire pour stocker un état d’affec-
tation respectif pour chaque valeur d’entrée de con-
vertisseur DAC, dans lequel des séquences de cy-
cles de rotation distinctes sont fournies pour chaque
valeur d’entrée de convertisseur DAC effective.

Procédé de mise en oeuvre d'un transfert de charge,
dans un modulateur sigma-delta, en faisant appel a
une pluralité de paires de condensateurs, le procédé
comprenant les étapes ci-dessous consistant a :

fournir une pluralité de paires de condensateurs
(104) lesquels peuvent chacune étre affectées
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a un signal d’entrée différentiel ou a un signal
de référence différentiel, dans lequel le signal
de référence différentiel est fourni par au moins
un convertisseur numeérique-analogique (30) ;
mettre en oeuvre un échantillonnage en combi-
nant un échantillonnage du signal d’entrée dif-
férentiel avec au moins une paire de condensa-
teurs, et, en parallele, un échantillonnage du si-
gnal de référence différentiel avec au moins une
autre paire de condensateurs ;

tourner les paires de condensateurs pour un
échantillonnage successif, de sorte qu’aprés
une pluralité d’échantillonnages, une annulation
d’erreur de gain est mise en oeuvre, danslequel,
apres un cycle de rotation, chaque paire de con-
densateurs a été affectée, un premier nombre
prédéterminé de fois, au signal d’entrée diffé-
rentiel, et a également été affectée, un second
nombre prédéterminé de fois, au signal de réfé-
rence différentiel ;

dans lequel le convertisseur numérique-analo-
gique (30) est un convertisseur numérique-ana-
logique (DAC) aun ou plusieurs bits, dans lequel
une séquence de rotation dudit signal d’entrée
différentiel et dudit signal de référence différen-
tiel vers des paires respectives de condensa-
teurs (104) est commandée au niveau de cha-
que échantillon de sorte que, pour les mémes
valeurs d’entrée de convertisseur DAC pour des
échantillons séquentiels, le signal d’entrée dif-
férentiel est affecté séquentiellement a différen-
tes paires de la pluralité de paires de conden-
sateurs (104) et le signal de référence différen-
tiel est affecté séquentiellement a d’autres pai-
res respectives de la pluralité de paires de con-
densateurs (104) selon une séquence de cycles
de rotation prédéfinie.

Procédé selon larevendication 11, dans lequel, pour
un transfert de charge, au cours d’'une phase de
charge, le signal d’entrée différentiel ou le signal de
référence différentiel est connecté sur un cété d’'une
paire de condensateurs (104) qui est autrement cou-
plée avec un potentiel de masse commun, et au
cours d’'une phase de transfert, le procédé comprend
I'étape consistant a connecter ledit un c6té de la pai-
re de condensateurs (104) mutuellement ou coupler
ledit un c6té avec un signal d’entrée ou de référence
différentiel inversé.

Procédé selon la revendication 11, dans lequel le
procédé comprend les étapes consistant a, pour un
transfert de charge nulle, au cours d'une phase de
charge, connecter un c6té d’'une paire de conden-
sateurs (104) mutuellement, et connecter un poten-
tiel de masse commun sur l'autre cété de ladite paire
de condensateurs (104), et au cours d’'une phase de
transfert, connecter ledit un c6té de la paire de con-
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densateurs (104) a nouveau mutuellement.

Procédé selon la revendication 13, dans lequel un
premier sous-ensemble sélectionné pour échan-
tillonner le signal d’entrée différentiel dans la phase
de charge et la phase de transfert comprend une
pluralité de paires de condensateurs (104), et un se-
cond sous-ensemble sélectionné pour échantillon-
ner le signal de référence différentiel dans la phase
de charge et la phase de transfert comprend les pai-
res de condensateurs restantes parmiladite pluralité
de paires de condensateurs (104).

Procédé selon 'une quelconque des revendications
11a14,danslequelungain estobtenu parunrapport
du nombre de paires de condensateurs (104) affec-
tées au signal d’entrée différentiel et du nombre de
paires affectées au signal de référence différentiel.

Procédé selon 'une quelconque des revendications
11 a 15, comprenant en outre un moyen de mémoire
pour stocker un état d’affectation respectif pour cha-
que valeur d’entrée de convertisseur DAC, dans le-
quel des séquences de cycles de rotation distinctes
sont fournies pour chaque valeur d’entrée de con-
vertisseur DAC effective.
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7 Input Stage used to transfer input
A signals (transfer figures 5¢/5d)

Input Stage used to transfer reference
or DAC signals (transfer figures 5b/
5e/5f/5g/5h)

xz® Input Stage unused (in reset state
X4 figure 5a)
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Figure 6
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D ndependent algorithm : Ro t every sample

Sample Input Signal Reference

No. Stages Stages

0 - -

1 AB CDE

2 BC DEA

3 CD EAB

4 DE ABC

5 EA BCD

6 AB CDE

Sample No. 1: A and B are transferring from input signal, C,D and E
are transferring from the reference, gain scaling is 2/3

Sample No. 2 : Sample No. 1 : B and C are transferring from input signal,
A, D and E are transferring from the reference, gain scaling is 2/3

Sample No. 6

Sample No.

Figure 7
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DAC input dependent algorithm :

Example with N=5, gain scaling=2/3 and a 1-bit DAC
with the following bitstream : 100010

Sample DAC Level Input Signal Reference

No. Stages Stages
0 - - -

1 1 AB CDE
2 0 AB CDE
3 0 BC DEA
4 0 CcCD EAB
5 1 BC DEA
6 0 DE ABC

Sample No. 1 : First sample with DAC input=1, takes first rotation

algorithm state. .
Cycles in this rotation

sequence only if DAC
input state=1

Sample No. 5 : Second Sample with DAC input=1, takes second
rotation algorithm state. A memory remembers the last state that was
taken with DAC input=1 and restarts the cycle from this state

Figure 8a
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Example with N=5, gain scaling=2/3 and a 1-bit DAC
with the following bitstream : 100010

Sample DAC Level Input Signal Reference

No. Stages Stages
0 - - -

1 1 AB CDE

2 0 AB CDE

3 0 BC DEA

4 0 CD EAB

5 1 BC DEA

6 0 DE ABC

Sample No. 2 : First sample with DAC input=0, takes first rotation

algorithm state. Cycles in this rotation

sequence only if DAC
input state=0

Sample No. 3 : Second Sample with DAC input=0, takes second

rotation algorithm state Cycles in this rotation

sequence only if DAC
input state=0

Sample No. 4 : Third Sample with DAC input=0, takes third rotation

algorithm state o
Cycles in this rotation

sequence only if DAC
input state=0

Figure 8b

Sample No. 6 : Fourth Sample with DAC input=0, takes fourth rotation
algorithm state
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State diagram for DAC input dependent algorithm

Memory state at
sample k

DAC input=X
Rotation
Algorithm State
n

DAC input=Y
Rotation
Algorithm State
m

DAC input st/a/te changes
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Current State at sample k

DAC input=X
Rotation
Algorithm State
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DAC input=X
Rotation
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Rotation
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m+1
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Rotation
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m+1
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Rotation
Algorithm State
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DAC input=Y
Rotation
Algorithm State
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DAC input=X
Rotation
Algorithm State
n+1

Figure 9
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