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(57) ABSTRACT 

A charge sharing filter includes a rotating capacitor, and a 
plurality of elementary filters, each elementary filter com
prising: an elementary switch coupled between a first node 
of the respective elementary filter and a second node of the 
respective elementary filter; and a history capacitor coupled 
to the first node of the respective elementary filter, wherein 
the second nodes of the plurality of elementary filters are 
interconnected with the rotating capacitor in one intercon
necting node. 
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CHARGE SHARING FILTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of International Appli
cation No. PCT/EP2014/068892, filed on Sep. 5, 2014, 
which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

The present disclosure relates to a charge sharing filter, in 
particular a multi-phase charge sharing discrete-time band 
pass filter and a method for filtering a current signal by a 
charge sharing filter. 

BACKGROUND 

High-quality (Q) filters are the key building block in any 
receiver (RX) because not only do they provide selectivity 
also the linearity performance of RX is mainly dependent on 
the linearity of the filter. A simplified block diagram of the 
typical front-end 100 of RX is shown in FIG. 1. The wanted 
RF input voltage at the antenna 107 is usually accompanied 
by large adjacent channel interferers, out-of-band blockers, 
and/or transmitted (TX) blockers. The first stage of the 
front-end is usually a low-noise amplifier (LNA) 101, which 
provides input matching and gain for the RX band. The 
amplified RF signal is down-converted to intermediate
frequency (IF) or base-band (BB) by a mixer 103 using a 
local oscillator (LO) signal 102. The down-converted signal 
is input to a filter 105 to select wanted signal and filter out 
blockers and interferers. 

There are different types of filters, such as LC, Gm-C, 
biquad, N-path, and IIR. There are lots of problems associ
ated with these filters. LC filters are very linear, but they do 
not provide enough selectivity. So they are not applicable for 
cellular RX. Some other filters such as Gm-C filters not only 
have a very complex structure but also consume much 
power compared to filters without active components. Fur
thermore, input-referred noise of the Gm-C filters is much 
larger compared to other filters due to the number of active 
gm cells used. Also, the linearity of the Gm-C structures is 
worse compared to other structures. Biquad filters are 
divided into two subcategories, sample-based- and continu
ous-time filters. In both subcategories, the filter cores are 
based on operational amplifiers (opamps) or Gm cells. Usu
ally, biquad filters consume much power in active compo
nents (i.e., opamps). Also, biquad filters must be made very 
bulky to reduce flicker noise generated by active devices. An 
N-path filter concept is based on frequency translation 
techniques utilizing mixers because the mixers are required 

2 
power for driving the switches. Also, these filters are less 
complicated and highly linear because there is no active 
component (i.e. no operational amplifier) in these filters. 
However, IIR filters are low-pass, and it is not effective for 

5 using these IIR filters in high-IF frequencies. 

10 

Hence, it is desired to provide a different kind of filters 
(for example, Band-Pass-Filter) without the above men
tioned problems that would be compatible with the super
heterodyne architecture. 

SUMMARY 

It is the object of the invention to provide a power
efficient charge sharing filter offering a high degree of 

15 frequency selectivity. 
This object is achieved by the features of the independent 

claims. Further implementation forms are apparent from the 
dependent claims, the description and the figures. 

The invention is based on the idea that frequency selec-
20 tivity of a charge sharing filter can be controlled by the ratio 

of capacitors and the sampling frequency. Therefore, the 
bandwidth is precise and can be set to any value by adjusting 
capacitor ratios inside the filter. The charge sharing filter, in 
particular the multi-phase charge-sharing Band-Pass-Filter 

25 (CS-BPF), can work at a very high sampling frequency. 
Also, the circuit does not need to rely on any frequency 
translation techniques. Therefore, The IM2 components are 
not generated at all, and IIP2 of this filter is near infinite. 
Unlike the N-path filter, which has lots of replicas, CS-BPF 

30 can be designed not to have any replicas at all up to the 
sampling frequency (fs)- The reason is that CS-BPF is not 
working based on frequency translation technique. The 
CS-BPF has no limitation in the rejection of far-out frequen
cies because the filter has no frequency translated signals. 

35 CS-BPF can work in discrete-time (DT) domain, and its 
components may be just transistors acting as switches and 
capacitors. There have to be no active components such as 
op-amps or Gm inside the filter. The key CS-BPF component 
is a capacitor. There have to be no resistors inside the filter 

40 and the mismatch between the capacitors is inherently much 
less compared to the mismatch of resistor to capacitor and 
Gm to capacitor. 

In order to describe the invention in detail, the following 
terms, abbreviations and notations will be used: 

45 CS-BPF: charge sharing band pass filter, 
DT: discrete time, 
Q: quality factor, 
RX: receiver, 
TX: transmitter, 

50 LNA: low noise amplifier, 
IF: intermediate frequency, 
BB: base-band, 
BPF: band pass filter, 
IIR: infinite impulse response, 

55 IIP2: input second order intercept, 
IM2: second order intermodulation, 
LO: local oscillator. 

to transfer signals in the frequency domain. Therefore, the 
N-path filter is the low-pass RC filter, which is converted to 
band-pass by translation via mixer. Also, filters combining 
the N-path concept with the Gm-C structure have the above 
mentioned problems. The N-path filters offer a very good 
selectivity but at the cost of replicas in their transfer func
tions. These replicas make the filter ineffective to blockers 
and interferers. Also, input second order intercept (IIP2) of 60 

the N-path filters are limited because the generated second 
order intermodulation product (IM2) in low frequencies 
coinciding with the wanted signal is up-converted by the 
mixer. 

According to a first aspect, the invention relates to a 
charge sharing filter, comprising a rotating capacitor; and a 
plurality of elementary filters, each elementary filter com
prising an elementary switch coupled between a first node of 
the respective elementary filter and a second node of the 
respective elementary filter; and a history capacitor coupled 
to the first node of the respective elementary filter, wherein 

Charge-sampling infinite impulse response (IIR) filters 
are based on capacitors and switches only. Therefore, the 
power consumption in these filters is only related to the 

65 the second nodes of the plurality of elementary filters are 
interconnected with the rotating capacitor in one intercon
necting node. 
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In a first possible implementation form of the charge 
sharing filter according to the first aspect, the second nodes 

4 

of the plurality of elementary filters are interconnected with 
the rotating capacitor in one interconnecting node such that 
charges provided by a plurality of signal sources, each signal 5 

source connected to a respective first node of the plurality of 
elementary filters, are shared between the history capacitors 

the input configured to receive a current signal and the 
output configured to provide a voltage signal, wherein the 
voltage signal is provided by filtering the current signal 
based on a filter characteristic of the charge sharing filter. 

When the first nodes of the plurality of elementary filters 
are both an input and an output of the charge sharing filter, 
the filter design is simplified and chip space can be saved. 

of the plurality of elementary filters and the rotating capaci
tor depending on switching states of the elementary 
switches. 

The rotating capacitor can be a charge rotating capacitor. 
The signal source can be either a current source or a voltage 
source. 

The charge sharing filter is very power-efficient and offers 

In a fourth possible implementation form of the charge 
sharing filter according to the third implementation form of 

10 the first aspect, the filter characteristic is a complex-valued 
band pass filter comprising an in-phase component and a 
quadrature component. 

When the filter characteristic is a complex-valued band 
pass filter complex modulation tasks can be implemented. 

a high degree of frequency selectivity using the following 15 

options. 
In a fifth possible implementation form of the charge 

sharing filter according to the first aspect as such or accord
ing to any of the preceding implementation forms of the first 
aspect, the elementary switches of the plurality of elemen
tary filters are periodically switched. 

controlling selectivity by the ratio of capacitors and the 
switching states, e.g. by the sampling frequency. There
fore, the bandwidth is precise and can be set to any 
value by adjusting capacitor ratios inside the filter; 

working at a very high sampling frequency, i.e. in the 
radio frequency ranges up to several Gigahertz. The 
circuit does not have to rely on any frequency transla
tion technique. Therefore, The IM2 components are not 
generated at all, and IIP2 of this filter is infinite; 

using filter designs providing charge sharing filters, in 
particular CS-BPF not having any replicas at all up to 
the fs- The reason is that CS-BPF is not working based 
on frequency translation technique; 

not working based on frequency translation; 
having no limitation in the rejection of far-out frequencies 

because the filter has no frequency translated signals; 
working in DT domain; 

20 When the plurality of elementary filters are periodically 
switched, the charge sharing filter can be applied in discrete 
time signal processing. 

In a sixth possible implementation form of the charge 
sharing filter according to the first aspect as such or accord-

25 ing to any of the preceding implementation forms of the first 
aspect, the elementary switches of the plurality of elemen
tary filters are switched based on a sampling period. 

When the elementary switches of the plurality of elemen
tary filters are switched based on a sampling period, the filter 

30 can be applied in sampled systems. 

providing charge sharing filters, in particular CS-BPF 
which components are just transistors acting as 35 

switches and capacitors; 

In a seventh possible implementation form of the charge 
sharing filter according to the fifth implementation form of 
the first aspect, a charge accumulated in the rotating capaci
tor and the history capacitors of the plurality of elementary 
filters is based on the sampling period. 

When a charge accumulated in the rotating capacitor and 
the history capacitors of the plurality of elementary filters is 
based on the sampling period, frequency selectivity can be 
controlled by the ratio of capacitors and the switching states, 
i.e. controlled by the sampling frequency or sampling 
period. Then the bandwidth is precise and can be set to any 

providing charge sharing filters, in particular CS-BPF 
without active components such as op-amps or Gm 
inside the filter; 

providing charge sharing filters, in particular CS-BPF 40 

which key component is a capacitor. There are no 
resistors inside the filter and the mismatch between the 
capacitors is inherently much less compared to the 
mismatch of resistor to capacitor and Gm to capacitor; 

value by adjusting capacitor ratios inside the filter. 
In an eighth possible implementation form of the charge 

sharing filter according to the first aspect as such or accord-
improving 2nd -order linearity; 
suppressing replicas; 
improving rejection at far-out frequencies; 
eliminating power hungry and speed limiting active com

ponents such as op-amp or Gm inside the filter; 
improving IIP2 performance; 
increasing selectivity without increasing cost of power 

consumption and area; 
solving component mismatch without extensive and com

plex mismatch calibration. 
In a second possible implementation form of the charge 

sharing filter according to the first aspect or according to the 
first implementation form of the first aspect, the signal 
sources are current sources, each current source connected to 
a respective first node of the plurality of elementary filters. 

When the signal sources, e.g. current sources, are 
included in the charge sharing filter, the coupling of the 
signal sources and the charge sharing filter can be increased. 

In a third possible implementation form of the charge 
sharing filter according to the first aspect as such or accord
ing to the first or second implementation form of the first 
aspect, the first nodes of the plurality of elementary filters 
are both an input and an output of the charge sharing filter, 

45 ing to any of the preceding implementation forms of the first 
aspect, the elementary switches of the plurality of elemen
tary filters are switched based on a multi-phase switching 
signal. 

When the elementary switches of the plurality of elemen-
50 tary filters are switched based on a multi-phase switching 

signal higher order IIR filters can be implemented which 
frequency peak and frequency bandwidth can be precisely 
controlled by the multi-phase switching signal. 

In a ninth possible implementation form of the charge 
55 sharing filter according to the seventh implementation form 

of the first aspect, the multi-phase switching signal provides 
a first signal level for one elementary switch of the plurality 
of elementary filters while providing a second signal level 
for the other elementary switches of the plurality of elemen-

60 tary filters. 
The switching can be easily implemented by using such 

two signal levels. This signal logic can be easily imple
mented by using transistors. 

In a tenth possible implementation form of the charge 
65 sharing filter according to the first aspect as such or accord

ing to any of the preceding implementation forms of the first 
aspect, the rotating capacitor, the elementary switches of the 
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plurality of elementary filters and the history capacitors of 
the plurality of elementary filters are transistors. 

Transistors can be easily and cost efficiently implemented 
for the switching, for example on a chip. Cost efficient 
transistors have reduced space requirements on a chip com- 5 

pared to a solution with active elements such as operational 
amplifiers. 

In an eleventh possible implementation form of the charge 
sharing filter according to the first aspect as such or accord
ing to any of the preceding implementation forms of the first 10 

aspect, the charge sharing filter further comprises a plurality 
of second elementary filters, each second elementary filter 
comprising an elementary switch coupled between the inter
connecting node and a third node of the respective second 
elementary filter; and a history capacitor coupled to the third 15 

node, such that charges provided by the plurality of signal 
sources are shared between the history capacitors of the 
plurality of elementary filters, the history capacitors of the 
plurality of second elementary filters and the rotating capaci-
tor depending on switching states of the elementary switches 20 

of the plurality of elementary filters and the elementary 
switches of the plurality of second elementary filters. 

By using such second elementary switches frequency 
selectivity can be further increased as multi order IIR filters 
can be implemented. The bandwidth is precise and can be set 25 

to any value by adjusting capacitor ratios inside the filter. 
In a twelfth possible implementation form of the charge 

sharing filter according to the eleventh implementation form 
of the first aspect, the plurality of second elementary filters 
are partitioned in cascades of first order IIR filters, each 30 

second elementary filter forming one first order IIR filter. 
The IIR filters can have high frequency selectivity and 

provide steep slopes. 
In a thirteenth possible implementation form of the charge 

sharing filter according to the eleventh implementation form 35 

of the first aspect, the plurality of second elementary filters 
are partitioned in cascades of higher order IIR filters, each 
triplet of three second elementary filters forming one higher 
order IIR filter. 

The higher order IIR filters can be third order filters. 
Third order or multi order IIR filters provide a higher 

frequency selectivity and provide steeper slopes than first 
order IIR filters. 

40 

6 
filters are interconnected with the rotating capacitor in one 
interconnecting node, the method comprising providing a 
current signal at the first nodes of the plurality of elementary 
filters. 

The signal can be a current signal or a voltage signal. 
Such a method provides a very power-efficient way for 

filtering and offers a high degree of frequency selectivity by: 
controlling selectivity by the ratio of capacitors and the 

switching states, e.g. by the sampling frequency. There
fore, the bandwidth is precise and can be set to any 
value by adjusting capacitor ratios inside the filter; 

working at a very high sampling frequency, i.e. in the 
radio frequency ranges up to several Gigahertz. The 
circuit does not have to rely on any frequency transla
tion technique. Therefore, The IM2 components are not 
generated at all, and IIP2 of this filter is infinite; 

using filter designs providing charge sharing filters, in 
particular CS-BPF not having any replicas at all up to 
the fs. The reason is that CS-BPF is not working based 
on frequency translation technique; 

not working based on frequency translation; 
having no limitation in the rejection of far-out frequencies 

because the filter has no frequency translated signals; 
working in DT domain; 
providing charge sharing filters, in particular CS-BPF 

which components are just transistors acting as 
switches and capacitors; 

providing charge sharing filters, in particular CS-BPF 
without active components such as op-amps or Gm 
inside the filter; 

providing charge sharing filters, in particular CS-BPF 
which key component is a capacitor. There are no 
resistors inside the filter and the mismatch between the 
capacitors is inherently much less compared to the 
mismatch of resistor to capacitor and Gm to capacitor; 

improving rd-order linearity; 
suppressing replicas; 
improving rejection at far-out frequencies; 
eliminating power hungry and speed limiting active com

ponents such as op-amp or Gm inside the filter; 
improving IIP2 performance; 
increasing selectivity without increasing cost of power 

consumption and area; 
solving component mismatch without extensive and com

plex mismatch calibration. 
In a first possible implementation form of the method for 

filtering a signal according to the second aspect, the method 

In a fourteenth possible implementation form of the 
charge sharing filter according to any of the eleventh to the 45 

thirteenth implementation forms of the first aspect, the first 
nodes of the plurality of elementary filters are an input of the 
charge sharing filter, the input configured to receive a current 
signal; the third nodes of the plurality of second elementary 
filters are an output of the charge sharing filter, the output 
configured to provide a voltage signal, wherein the voltage 
signal is provided by filtering the input signal based on a 
filter characteristic of the charge sharing filter. 

50 comprises sharing charges provided by the signal between 
the history capacitors of the plurality of elementary filters 
and the rotating capacitor depending on switching states of 
the elementary switches to provide a voltage signal at the 

When the first nodes of the plurality of elementary filters 
are an input of the charge sharing filter and the third nodes 
of the plurality of second elementary filters are an output of 
the charge sharing filter, input and output of the filter can be 
decoupled. 

55 
first nodes of the plurality of elementary filters. 

According to a third aspect, the invention relates to a 
computer program with program code for performing the 
method according to the second aspect, when the computer 
program runs on a computer. According to a second aspect, the invention relates to a 

method for filtering a signal by a charge sharing filter, the 60 

charge sharing filter comprising a rotating capacitor; and a 
plurality of elementary filters, each elementary filter com
prising an elementary switch coupled between a first node of 
the respective elementary filter and a second node of the 
respective elementary filter; and a history capacitor coupled 65 

to the second node of the respective elementary filter, 
wherein the second nodes of the plurality of elementary 

The computer program can be flexibly designed such that 
an update of the requirements is easy to achieve. The 
computer program product may run on a lot of different 
processors. 

According to a fourth aspect, the invention relates to a 
computer program product comprising a readable storage 
medium storing program code thereon for use by a computer 
executing the method according to the second aspect. 
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By using a readable storage medium, the computer pro
gram product can be flexibly used in different environments. 

8 
FIG. llB shows a diagram depicting exemplary switching 

signals 1110 of the charge sharing band pass filter 1100 
depicted in FIG. llA; 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further embodiments of the invention will be described 
with respect to the following figures, in which: 

FIG. 12A shows a complete schematic block diagram of 
5 a full-rate charge sharing band pass filter 1200 in 8/16 mode 

according to an implementation form; 

FIG. 1 shows a block diagram of a common receiver front 
end; 

FIG. 2 shows a block diagram of a charge sharing filter 
200 according to an implementation form; 

FIG. 3A shows a block diagram of a first order low pass 
IIR filter 301; 

FIG. 12B shows a diagram depicting exemplary switching 
signals 1210 of the charge sharing band pass filter 1200 
depicted in FIG. 12A; and 

1° FIG. 13 shows a schematic diagram illustrating a method 
1300 for filtering a current signal by a charge sharing filter 
according to an implementation form. 

FIG. 3B shows a block diagram of a multi order low pass 
15 

IIR filter 302; 
FIG. 3C shows a block diagram of a first order charge 

sharing band pass filter 303 in n/n mode according to an 
implementation form; 

FIG. 3D shows a block diagram of a first order charge 20 
sharing band pass filter 304 cascaded with first order IIR 
filter in n/(2n) mode according to an implementation form; 

FIG. 3E shows a block diagram of a first order charge 
sharing band pass filter 305 cascaded with third order IIR 
filter inn/( 4n) mode according to an implementation form; 25 

FIG. 4A shows a block diagram of a charge sharing band 
pass filter 400 in 4/8 mode according to an implementation 
form; 

FIG. 4B shows a timing diagram depicting exemplary 
switching signals 410 of the charge sharing band pass filter 30 

400 depicted in FIG. 4a; 
FIG. SA shows a block diagram of a charge sharing band 

pass filter 500 in 4/16 mode according to an implementation 
form; 

FIG. SB shows a timing diagram depicting exemplary 35 

switching signals 510 of the charge sharing band pass filter 
500 depicted in FIG. Sa; 

DETAILED DESCRIPTION OF EMBODIMENTS 

In the following detailed description, reference is made to 
the accompanying drawings, which form a part thereof, and 
in which is shown by way of illustration specific aspects in 
which the disclosure may be practiced. It is understood that 
other aspects may be utilized and structural or logical 
changes may be made without departing from the scope of 
the present disclosure. The following detailed description, 
therefore, is not to be taken in a limiting sense, and the scope 
of the present disclosure is defined by the appended claims. 

The devices and methods described herein may be based 
on charge sharing filters, in particular charge sharing band 
pass filters. It is understood that comments made in connec
tion with a described method may also hold true for a 
corresponding device or system configured to perform the 
method and vice versa. For example, if a specific method 
step is described, a corresponding device may include a unit 
to perform the described method step, even if such unit is not 
explicitly described or illustrated in the figures. Further, it is 
understood that the features of the various exemplary 
aspects described herein may be combined with each other, 
unless specifically noted otherwise. 

The methods and devices described herein may be imple
mented in filter structures. The described devices and sys-

FIG. 6A shows a block diagram of a charge sharing band 
pass filter 600 in 8/8 mode according to an implementation 
form; 

FIG. 6B shows a diagram depicting exemplary switching 
signals 610 of the charge sharing band pass filter 600 
depicted in FIG. 6a; 

40 terns may include software units and hardware units. The 
described devices and systems may include integrated cir
cuits and/or passives and may be manufactured according to 
various technologies. For example, the circuits may be 

FIG. 7 A shows a block diagram of a charge sharing band 
pass filter 700 in 8/16 mode according to an implementation 45 

form; 
FIG. 7B shows a diagram depicting exemplary switching 

signals 710 of the charge sharing band pass filter 700 
depicted in FIG. 7a; 

FIGS. SA-SB shows normalized frequency responses of a 50 

charge sharing band pass filter in different modes according 
to an implementation form; 

designed as logic integrated circuits, analog integrated cir
cuits, mixed signal integrated circuits, optical circuits, 
memory circuits and/or integrated passives. The circuits 
may be implemented in hardware on a chip. 

FIG. 2 shows a block diagram of a charge sharing filter 
200 according to an implementation form. The circuit is a 
complex (in-phase and quadrature components) filter in 
which its input is e.g. a current 202, and its output is e.g. a 
voltage 204. As can be seen from FIG. 2, the filter 200 is a 
band pass filter amplifying signals at the center frequency. 

The schematics of different DT filters are shown in FIGS. 
FIG. 9A shows a complete schematic block diagram of a 

full-rate charge sharing band pass filter 900 in 4/8 mode 
according to an implementation form; 

FIG. 9B shows a timing diagram depicting exemplary 
switching signals 910 of the charge sharing band pass filter 
900 depicted in FIG. 9A; 

55 3A to 3E. The simple IIR filter is drawn in FIG. 3A while a 
high-order low-pass IIR filter (FIG. 3B) can be achieved by 
rotating a charge via CR between different CH (history) 
capacitors. The high-order low-pass IIR filter can be con-

FIG. l0A shows a complete schematic block diagram of 
a full-rate charge sharing band pass filter 1000 in 4/16 mode 60 

according to an implementation form; 
FIG. lOB shows a diagram depicting exemplary switching 

signals 1010 of the charge sharing band pass filter 1000 
depicted in FIG. l0A; 

FIG. llA shows a complete schematic block diagram of 65 

a full-rate charge sharing band pass filter 1100 in 8/8 mode 
according to an implementation form; 

verted to a 1st -order CS-BPF simply by applying complex 
inputs with specific different phases (ll<I>=2it/n, n: number of 
inputs) to CH capacitors as shown in FIG. 3C. FIG. 3D 
shows how it is possible to cascade a low-pass IIR filter with 
1st-order CS-BPF to increase not only the quality factor (Q) 
of the filter but also an order of the filter for frequencies in 
the transition band of the low-pass IIR filter. The cascade of 
3th order low-pass IIR filter with 1st-order CS-BPF is shown 
in FIG. 3E. 
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Basic schematics of the CS-BPF are shown in FIGS. 4 to 
7. The input currents flow into input history capacitors (CHI, 
CH3 , CHs, ... , CHn) and then into rotating capacitors (CR) 
and then get integrated. The integrated currents will convert 
into charges in each CH and CR. In this disclosure the charge 5 

may be calculated based on q,[n]=fcn-l)·Tsn-r5i,(t)dt, where Ts 
is the sampling time. It is possible to create a BPF by sharing 
a portion of charge between different capacitors associated 
with complex inputs. 

FIG. 3C shows a block diagram of a first order charge 10 

sharing band pass filter 303 in n/n mode according to an 
implementation form. 

The charge sharing band pass filter 303 includes a rotating 
capacitor CR; and a plurality of elementary filters 311, 312, 

15 
313. Each elementary filter includes an elementary switch cp, 
(i=l, 2, ... , n) coupled between a first node A, (i=l, 
2, ... , n) of the respective elementary filter and a second 
node B, (i=l, 2, ... , n) of the respective elementary filter; 
and a history capacitor CH coupled to the second node B, of 20 

the respective elementary filter. The second nodes B, of the 
plurality of elementary filters are interconnected with the 
rotating capacitor CR in one interconnecting node B such 
that charges provided by a plurality of signal sources 202, 
e.g. current sources, each signal source connected to a 25 

respective first node A, of the plurality of elementary filters, 
are shared between the history capacitors CH of the plurality 
of elementary filters and the rotating capacitor CR depending 
on switching states of the elementary switches cp,. 

The charge sharing band pass filter 303 may include the 30 

plurality of signal sources 202, where each signal source is 
connected to a respective first node A, of the plurality of 
elementary filters 311, 312, 313. The first nodes A, of the 
plurality of elementary filters 311, 312, 313 may be both an 

35 
input and an output of the charge sharing band pass filter 
303. The input is configured to receive a current signal and 
the output is configured to provide a voltage signal. The 
voltage signal may be provided by filtering the current signal 
202 based on a filter characteristic of the charge sharing 40 

band pass filter 303, e.g. a band pass characteristic as shown 
in the filter 200 depicted in FIG. 2. The filter characteristic 
may be a complex-valued band pass filter including an 
in-phase component and a quadrature component. 

The elementary switches cp, of the plurality of elementary 45 

filters 311, 312, 313 may be periodically switched. The 
elementary switches cp, of the plurality of elementary filters 
311, 312, 313 may be switched based on a sampling period. 
A charge accumulated in the rotating capacitor CR and the 
history capacitors CH of the plurality of elementary filters 50 

311, 312, 313 may be based on the sampling period. 
The elementary switches cp, of the plurality of elementary 

filters 311,312,313 may be switched based on a multi-phase 
switching signal, e.g. as depicted in one of the FIGS. 4B, 5B, 
6B, 7B, 9B, 10B, 11B, 12B. The multi-phase switching 55 

signal may provide a first signal level, e.g. a signal high level 
or a signal low level, for one elementary switch cp, of the 
plurality of elementary filters 311, 312, 313 while providing 
a second signal level, e.g. a corresponding signal low level 
or a signal high level, for the other elementary switches cp, 60 

of the plurality of elementary filters 311, 312, 313. 
The rotating capacitor CR, the elementary switches cp, of 

the plurality of elementary filters 311, 312, 313 and the 
history capacitors CH of the plurality of elementary filters 
may be transistors, for example metal-oxide semiconductor 65 

field-effect transistors (MOSFETs) or may comprise metal 
capacitors for CR and CH-

10 
FIG. 3D shows a block diagram of a first order charge 

sharing band pass filter 304 cascaded with first order IIR 
filter in n/(2n) mode according to an implementation form. 

The charge sharing filter 304 includes a rotating capacitor 
CR; and a plurality of elementary filters 311, 312, 313. Each 
elementary filter includes an elementary switch cp, (i=l, 
3, ... , 2n-1) coupled between a first node A, (i=l, 
2, ... , n) of the respective elementary filter and a second 
node B, (i=l, 2, ... , n) of the respective elementary filter; 
and a history capacitor CH coupled to the second node B, of 
the respective elementary filter. The second nodes B, of the 
plurality of elementary filters are interconnected with the 
rotating capacitor CR in one interconnecting node B such 
that charges provided by a plurality of signal sources 202, 
each signal source connected to a respective first node A, of 
the plurality of elementary filters, are shared between the 
history capacitors CH of the plurality of elementary filters 
and the rotating capacitor CR depending on switching states 
of the elementary switches cp,. The structure and function of 
the plurality of elementary filters 311, 312, 313 may corre
spond to the structure and function of the plurality of 
elementary filters 311, 312, 313 described above with 
respect to FIG. 3C. Reference is made to FIG. 3C. 

The charge sharing filter 304 further includes a plurality 
of second elementary filters 321, 322, 323. Each second 
elementary filter 321, 322, 323 includes an elementary 
switch cp1 G=2, 4, ... , 2n) coupled between the intercon
necting node Band a third node D, (i=l, 2, ... , n) of the 
respective second elementary filter 321, 322, 323; and a 
history capacitor CH coupled to the third node D, such that 
charges provided by the plurality of signal sources 202 are 
shared between the history capacitors CH of the plurality of 
elementary filters 311,312,313, the history capacitors CH of 
the plurality of second elementary filters 321, 322, 323 and 
the rotating capacitor CR depending on switching states of 
the elementary switches cp, of the plurality of elementary 
filters 311, 312, 313 and the elementary switches cp1 of the 
plurality of second elementary filters 321, 322, 323. 

The charge sharing mechanism is described below with 
respect to FIGS. 4 to 7. 

The plurality of second elementary filters 321, 322, 323 
may be partitioned in cascades of first order IIR filters 321, 
322, 323, such that each second elementary filter 321, 322, 
323 forms one first order IIR filter. 

The first nodes A, of the plurality of elementary filters 311, 
312, 313 may be an input of the charge sharing band pass 
filter 304, where the input is configured to receive a current 
signal. The third nodes D, of the plurality of second elemen
tary filters 321, 322, 323 may be an output of the charge 
sharing band pass filter 304, where the output is configured 
to provide a voltage signal. The voltage signal may be 
provided by filtering the input signal based on a filter 
characteristic of the charge sharing filter, e.g. by the band 
pass filter described above with respect to FIG. 2. 

FIG. 3E shows a block diagram of a first order charge 
sharing band pass filter 305 cascaded with third order IIR 
filter in n/(4n) mode according to an implementation form. 
The charge sharing band pass filter 305 includes a rotating 
capacitor CR; and a plurality of elementary filters 311, 312, 
313. Each elementary filter includes an elementary switch cp, 
(i=l, 5, ... , 4n-3) coupled between a first node A, (i=l, 
2, ... , n) of the respective elementary filter and a second 
node B, (i=l, 2, ... , n) of the respective elementary filter; 
and a history capacitor CH coupled to the second node B, of 
the respective elementary filter. The second nodes B, of the 
plurality of elementary filters are interconnected with the 
rotating capacitor CR in one interconnecting node B such 
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that c~arges provided by a plurality of signal sources 202, 
each signal source connected to a respective first node A of 
the plurality of elementary filters, are shared between 'the 
history capacitors CH of the plurality of elementary filters 
and the rotating capacitor CR depending on switching states 5 

of the elementary switches cp,. The structure and function of 
the plurality of elementary filters 311, 312, 313 may corre
spond to the structure and function of the plurality of 
elementary filters 311, 312, 313 described above with 
respect to FIGS. 3C and 3D. Reference is made to FIGS. 3C 10 

and 3D. 

12 
The same for input currents, the input complex current can 
be defined as 

(2) 

in which q,d.re =qil -q, 3 and q,d.im =q,2-q, 4. One can derive the 
simplified z-domain transfer function from input to the 
output as 

H(z) = Vo,(Z) = 1/(CR + CH) 

q;,(Z) (1 _ a:z-1 J2 _ eJrr/2((1 _ a:Jz-1 J2 
(3) 

15 
where a=C£l(CH+CR). The center frequency of the filter is 
located at 

The charge sharing band pass filter 305 further includes a 
plurality of second elementary filters 321, 322, 323, 324, 
325, 326, 327, 328, 329. Each second elementary filter 321, 
322, 323, 324, 325, 326, 327, 328, 329 includes an elemen
tary switch cp1 (j=l, 2, 3, 4, 6, 7, 8, ... , 4n-2, 4n-1, 4n) 
coupled between the interconnecting node B and a third 
node D, (i=l, 2, 3, 4, 5, 6, ... , n-2, n-1, n) of the respective 
second elementary filter 321, 322, 323, 324, 325, 326, 327, 
328, 329; and a history capacitor CH coupled to the third 20 

node D, such that charges provided by the plurality of signal 
sources 202 are shared between the history capacitors C of 
the plurality of elementary filters 311, 312, 313, the hisfory 
capacitors CH of the plurality of second elementary filters 
321, 322, 323, 324, 325, 326, 327, 328, 329 and the rotating 25 

capacitor CR depending on switching states of the elemen
tary switches cp, of the plurality of elementary filters 311, 
312, 313 and the elementary switches cp1 of the plurality of 
second elementary filters 321, 322, 323, 324, 325, 326, 327, 
328, 329. 

_ f, i sin(i)·(l -a:) J sin(i) 
f, - ;i;;arct " " --

a:+ cos(4) · (l - a:) 2nRCH 

(4) 

and the bandwidth of the filter is equal to 

(5) 

30 

The structure and function of the plurality of second 
elementary filters 321, 322, 323, 324, 325, 326, 327, 328, 
329 may correspond to the structure and function of the 
plurality of second elementary filters 321, 322, 323 
described above with respect to FIG. 3D. Reference is made 35 

to FIG. 3D. 

~here, R is the discrete-time equivalent resistance of CR and 
1s equal to 1/(CR·fs)-Also, according to the definition of the 
quality factor (Q) which is the center frequency divided to 
the bandwidth, the quality factor of the filter is equal to 
Q=0.5·cot g(Jt/8)ssl .21. 

FIG. SA shows a block diagram of a charge sharing band 
pass filter 500 in 4/16 mode according to an implementation 
form. FIG. SB shows a diagram depicting exemplary switch
ing signals 510 of the charge sharing band pass filter 500 

The charge sharing mechanism is described below with 
respect to FIGS. 4 to 7. 

The plurality of second elementary filters 321, 322, 323, 
324, 325, 326, 327, 328, 329 may be partitioned in cascades 
of third order IIR filters. Each triplet of three second 
elementary filters, for example a first triplet of second 
elementary filters 321, 322, 323, a second triplet of second 
elementary filters 324, 325, 326, a third triplet of second 
elementary filters 327, 328, 329 and further triplets not 
depicted in FIG. 3E may form one third order IIR filter. 

FIG. 4A shows a block diagram of a charge sharing band 
pass filter 400 in 4/8 mode according to an implementation 
form. FIG. 4B shows a diagram depicting exemplary switch
ing signals 410 of the charge sharing band pass filter 400 
depicted in FIG. 4A. 

FIG. 4A shows the basic schematic of the CS-BPF 400 in 
4/8 mode. The 4/8 mode means there are four inputs, eight 
outputs and eight number of phases in the filter. Four input 
charg~s, qi, q2, ~' q4 are accumulated in input history 
capacitors (CHI, CH3 , CH5 , CH7). At the same time, in each 
phase, rotating capacitor or capacitors, CR, removes a por
tion of charge proportional to CR/(C~CR) from each C and 
delivers it to the next CH in the next input. It should be ~oted 
that the CS-BPF can operate with only one CR sharing 
charge between the input history capacitors. In that case, the 
C~-BPF is not full-rate anymore, and its sampling frequency 
will be equal to fLo· By defining the differential output 
voltages as vd.re=Vol-Vo3 and vd_,m=Vo2-Vo4 the total 
complex output voltage can be defined as 

(1) 

40 
depicted in FIG. SA. 

FIG. SA shows the basic schematic of the CS-BPF in 4/16 
mode. The name 4/16 stands for 4 number of inputs, 4 
number of outputs and 16 number of phases. Inputs in this 
circuit are complex charges (qi1, qi2, qi3, qi4). The same as 

45 
CS-BPF in 4/8 mode, CR does a charge-sharing between 
input CH capacitors (CHI, CH5 , CH9 , ... , CH13). In each 
phase, CR, takes charge from input CH capacitors (CHI, CH5 , 

CH9 , CH13). In the next phases, CR is connected to the 
intermediary and output CH capacitors (CH2 , CH4 , CH6 , 

50 
CH7 ... , CH16). This technique will make a BPF due to the 
charge-sharing between I/Q paths cascaded by the three 
Low-Pass Filters (LPF) at the intermediary nodes and output 
node. The step-by step details of how the low-pass IIR filter 
is being cascaded by CS-BPF for a simple case is depicted 

55 
in FIG. 3. After CR connected to the output node, in the next 
phase the low pass filtered charge in CR will be delivered to 
the next CH in the complex inputs. This mechanism will 
continue in all 16 phases to complete the circle of 16 clock 
(CLK) phases. By defining the differential output voltages as 

60 vd.re=Vol-Vo3 and vd_,m=Vo2-Vo4, the total complex out
put voltage can be defined as 

(6) 

The same for input currents, the input complex current 
65 could be defined as 

(7) 



US 10,056,881 B2 
13 

in which q,d,re =qil -q, 3 and q,d,im =q,2-q, 4. One can derive the 
simplified z-domain transfer function from input to the 
output as 

H(z) = V0 ,(z) = !/(CR+ CH) 

q;,(Z) (1 _ a:z-1 J4 _ eJrr/2((1 _ a:Jz-1 J4 
(8) 

14 
where a=C#(CEftCR). The center frequency of the filter is 
located at 

_f_ i sin(~)-(1-a:) J~ sin(~) 
f, - 2Jr arct " ~ 2JrRC 

a:+cos( 4)-(l-a:) H 

(14) 

where a=C#(CEftCR). The center frequency of the filter is 10 and the bandwidth of the filter is equal to 

located in 

(9) 

and the bandwidth of the filter is equal to 

4-sin
2

(~) 

w3dB = RCH 

(10) 

Also, according to the definition of the quality factor (Q) 
which is the center frequency divided to the bandwidth, the 
quality factor of the filter is equal to Q=0.5·cot g(it/16) 
""2.51. 

FIG. 6A shows a block diagram of a charge sharing band 
pass filter 600 in 8/8 mode according to an implementation 
form. FIG. 6B shows a diagram depicting exemplary switch
ing signals 610 of the charge sharing band pass filter 600 
depicted in FIG. 6A. 

15 

(15) 

where, R is the discrete-time equivalent resistance of CR and 
is equal tol/(CR·fs)- Also, according to the definition of the 
quality factor (Q), which is the center frequency divided to 

20 
the bandwidth, the quality factor of the filter is equal to 
Q=0.5·cot g(Jt/8),.,1.21. 

FIG. 7A shows a schematic diagram of a charge sharing 
band pass filter 700 in 8/16 mode according to an imple
mentation form. FIG. 7B shows a diagram depicting exem
plary switching signals 710 of the charge sharing band pass 

25 filter 700 depicted in FIG. 7A. 
FIG. 7A shows the basic schematic of the proposed 

CS-BPF in 8/16 mode. The 8/16 mode stands for 8 inputs, 
8 outputs and 16 CLK phases. Inputs in this circuit are 
complex charges (q,1, q,2, q,3, q,4, ... , q,8). The same as 

30 CS-BPF in 8/8 mode, CR does a charge-sharing between the 
input CH capacitors (CHI, CH3 , CH5 , ... , CHI5 ). In each 
phase, CR takes a charge from the input CH capacitors. In the 
following phase, CR is connected to the output CH capacitors 
(CH2 , CH4 , CH6 , ... , CH16). This technique will create a BPF 

FIG. 6A shows the basic schematic of the CS-BPF in 8/8 
mode. The 8/8 mode means that there are 8 inputs, 8 outputs 
and 8 CLK phases in the filter. Eight input charges, qil, qi2, 
qi3, qi4, ... , qi8, are accumulated in the input history 
capacitors (CH1, CH3 , CH5 , ... , CH8). At the same time, in 
each phase, rotating capacitors, CR, remove a portion of the 
charge proportional to CR/(CEftCR) from each CH and 
deliver it to the next CH during the next input. It should be 
noted that the CS-BPF could operate with only one CR 
sharing charge between the input history capacitors. In that 
case, the CS-BPF is not full-rate, and its sampling frequency 45 

is equal to fLo· By defining the differential output voltages 

35 due to the charge-sharing cascaded by the LPF positioned at 
the output. The step-by step details of how the low-pass IIR 
filter is cascaded by CS-BPF for a simple case is depicted in 
FIG. 3. After the LPF charge-sharing, in the next phase, the 
low pass filtered charge in CR will be delivered to the next 

40 CH in the complex input. This mechanism will continue in 
all 16 phases to complete the cycle of 16 CLK phases. By 
defining the differential output voltages as V odl =V 01-V 05 , 

vod2=Vo2-Vo6, vod3=Vo3-Vo7 and vod4=Vo4-Vos, the total 
complex output voltage can be defined as 

(16) 

The same as for the integrated input currents, the input 
complex current could be defined as as vodl=Vol-Vos, vod2=Vo2-Vo6, vod3=Vo3-Vo7 and 

V0d4=V04-V 08, the total complex output voltage can be 
defined as 

(11) 

The same applies for the input currents. The integrated 
input complex current could be defined as 

qic =qidl .efnO+qid2·efnl 4 +qid3 .efnl2+qid4·eJ' 3nf 4 (12) 

in which q,di =qil -q, 5 , q,d2=q,2-q, 6, q,d3=q,3-q 0 and 
q,d4=q,4-q, 8. One can derive the simplified z-domain trans
fer function from the complex input to the complex output 
as 

H(z) = V0 ,(z) = 1/(CR + CH) 

q;,(Z) (1 _ a:z-1 J1 _ eJrr/4((1 _ a:Jz-1 i1 
(13) 

q ic =q idl .eJnO+q id2·eJ'nf4+qid3 .eJnl2+qid4 ·eJ'3:rtf4 (17) 

50 in which q,d1 =qil-q,s, 9td2=q,2-q,6, q,d3=q,3-qn and 
q,d4=q,4-q, 8. One can derive the simplified z-domain trans
fer function from the input to the output as 

55 (18) H(z) = V0 ,(z) = !/(CR+ CH) 

q;,(Z) (1 _ a:z-1 J2 _ eJrr/4((1 _ a:Jz-1 J2 

where a=C#(CH+CR). The center frequency of the filter is 
60 located at 

(19) 

65 
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and the bandwidth of the filter is equal to 
16 

plurality of elementary filters. The method 1300 includes 
sharing 1302 charges provided by the current signal between 
the history capacitors CH of the plurality of elementary 

(20) filters and the rotating capacitor CR depending on switching 

The quality factor of the filter is equal to Q=0.5·cot 
g(it/16),.,2.51. 

5 states of the elementary switches cp, to provide a voltage 
signal at the first nodes A, of the plurality of elementary 
filters. 

FIGS. SA and 8B show transfer functions of normalized 10 

The methods, systems and devices described herein may 
be implemented as software in a Digital Signal Processor 
(DSP), in a micro-controller or in any other side-processor 
or as hardware circuit within an application specific inte-frequency responses of a charge sharing band pass in dif

ferent modes according to an implementation form. The 
normalized frequency responses of the filters described 
above with respect to FIGS. 4 to 7 using equation (13) and 
(18) are shown in FIG. 8 for both the input (FIG. 8B) and the 
output (FIG. SA) nodes of filters for a same center fre-
quency. 

grated circuit (ASIC) of a DSP or on a chip. The invention 
can be implemented in digital electronic circuitry, or in 
computer hardware, firmware, software, or in combinations 

15 thereof. 

The final schematics of the full-rate CS-BPF in 4/8, 4/16, 
8/8 and 8/16 modes are shown in FIGS. 9, 10, 11 and 12, 20 

The present disclosure also supports a computer program 
product including computer executable code or computer 
executable instructions that, when executed, causes at least 
one computer to execute the performing and computing 
steps described herein, in particular the method 1300 as 
described above with respect to FIG. 13. Such a computer respectively. In conclusion, the filters provide complex 

band-pass filtering with high selectivity. 
FIG. 9A shows a complete schematic block diagram of a 

full-rate charge sharing band pass filter 900 comprising I/Q 
rotating switch capacitors 901, 902, 903 and 908 in 4/8 mode 
according to an implementation form. FIG. 9B shows a 
diagram depicting exemplary switching signals 910 of the 
charge sharing band pass filter 900 depicted in FIG. 9A. 

FIG. l0A shows a complete schematic block diagram of 
a full-rate charge sharing band pass filter 1000 comprising 
I/Q rotating switch capacitors 1001, 1002, 1003 and 1016 in 
4/16 mode according to an implementation form. FIG. 10B 
shows a diagram depicting exemplary switching signals 
1010 of the charge sharing band pass filter 1000 depicted in 
FIG. l0A. 

FIG. llA shows a complete schematic block diagram of 

program product may include a readable storage medium 
storing program code thereon for use by a computer, the 
program code may perform the method 1300 as described 

25 above with respect to FIG. 13. 
While a particular feature or aspect of the disclosure may 

have been disclosed with respect to only one of several 
implementations, such feature or aspect may be combined 
with one or more other features or aspects of the other 

30 implementations as may be desired and advantageous for 
any given or particular application. Furthermore, to the 
extent that the terms "include", "have", "with", or other 
variants thereof are used in either the detailed description or 
the claims, such terms are intended to be inclusive in a 

35 manner similar to the term "comprise". Also, the terms 
"exemplary", "for example" and "e.g." are merely meant as 
an example, rather than the best or optimal. The terms 
"coupled" and "connected", along with derivatives may 
have been used. It should be understood that these terms 

a full-rate charge sharing band pass filter 1100 comprising 
I/Q rotating switch capacitors 1101, 1102, 1103 and 1108 in 
8/8 mode according to an implementation form. FIG. 11B 
shows a diagram depicting exemplary switching signals 40 

1110 of the charge sharing band pass filter 1100 depicted in 
FIG. llA. 

may have been used to indicate that two elements cooperate 
or interact with each other regardless whether they are in 
direct physical or electrical contact, or they are not in direct 
contact with each other. FIG. 12A shows a complete schematic block diagram of 

a full-rate charge sharing band pass filter 1200 comprising 
I/Q rotating switch capacitors 1201, 1202, 1203 and 1216 in 
8/16 mode according to an implementation form. FIG. 12Bb 
shows a diagram depicting exemplary switching signals 
1210 of the charge sharing band pass filter 1200 depicted in 
FIG. 12A. 

FIG. 13 shows a flow diagram illustrating a method 1300 
for filtering a current signal by a charge sharing filter 
according to an implementation form. The current signal 
may be a current signal 202 as described above with respect 
to FIGS. 2 to 12. The charge sharing filter may be one of the 
charge sharing filters as described above with respect to 
FIGS. 2 to 12. 

The charge sharing filter includes a rotating capacitor CR; 
and a plurality of elementary filters, as described above with 
respect to FIGS. 2 to 12. Each elementary filter includes: an 
elementary switch cp, coupled between a first node A, of the 
respective elementary filter and a second node Bi of the 
respective elementary filter; and a history capacitor CH 
coupled to the second node B, of the respective elementary 
filter. The second nodes B, of the plurality of elementary 
filters are interconnected with the rotating capacitor CR in 
one interconnecting node B. The method 1300 includes 
providing 1301 a current signal at the first nodes A, of the 

Although specific aspects have been illustrated and 
45 described herein, it will be appreciated by those of ordinary 

skill in the art that a variety of alternate and/or equivalent 
implementations may be substituted for the specific aspects 
shown and described without departing from the scope of 
the present disclosure. This application is intended to cover 

50 any adaptations or variations of the specific aspects dis
cussed herein. 

Although the elements in the following claims are recited 
in a particular sequence with corresponding labeling, unless 
the claim recitations otherwise imply a particular sequence 

55 for implementing some or all of those elements, those 
elements are not necessarily intended to be limited to being 
implemented in that particular sequence. 

Many alternatives, modifications, and variations will be 
apparent to those skilled in the art in light of the above 

60 teachings. Of course, those skilled in the art readily recog
nize that there are numerous applications of the invention 
beyond those described herein. While the present inventions 
has been described with reference to one or more particular 
embodiments, those skilled in the art recognize that many 

65 changes may be made thereto without departing from the 
scope of the present invention. It is therefore to be under
stood that within the scope of the appended claims and their 
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equivalents, the invention may be practiced otherwise than 
as specifically described herein. 

The invention claimed is: 
1. A charge sharing filter, comprising: 
a rotating capacitor; and 
a plurality of elementary filters, each elementary filter 

comprising: 
an elementary switch coupled between a first node of 

the respective elementary filter and a second node of 
the respective elementary filter; and 

a history capacitor coupled to the first node of the 
respective elementary filter, 

10 

18 
11. The charge sharing filter of claim 1, further compris

ing: 
a plurality of second elementary filters, each second 

elementary filter comprising: 
an elementary switch coupled between the intercon

necting node and a third node of the respective 
second elementary filter; and 

a history capacitor coupled to the third node, 
wherein charges provided by the plurality of signal 

sources are shared between the history capacitors of the 
plurality of elementary filters, the history capacitors of 
the plurality of second elementary filters and the rotat
ing capacitor depending on switching states of the 
elementary switches of the plurality of elementary 
filters and the elementary switches of the plurality of 
second elementary filters. 

wherein the second nodes of the plurality of elementary 
filters are interconnected with the rotating capacitor in 
one interconnecting node such that input signals pro- 15 

vided by a plurality of signal sources, each signal 
source connected to the respective first node of the 
plurality of elementary filters, are charge-shared. 12. The charge sharing filter of claim 11, wherein the 

plurality of second elementary filters are partitioned in 
20 cascades of first order infinite impulse response (IIR) filters, 

and wherein each second elementary filter forms one first 
order IIR filter. 

2. The charge sharing filter of claim 1, wherein the 
plurality of signal sources are current sources, and wherein 
each current source is connected to a respective first node of 
the plurality of elementary filters. 

3. The charge sharing filter of claim 1, wherein the first 
nodes of the plurality of elementary filters are both an input 
and an output of the charge sharing filter, wherein the input 25 

is configured to receive a current signal and the output is 
configured to provide a voltage signal, and wherein the 
voltage signal is provided by filtering the current signal 
based on a filter characteristic of the charge sharing filter. 

4. The charge sharing filter of claim 3, wherein the filter 30 

characteristic is a complex-valued band pass filter compris
ing an in-phase component and a quadrature component. 

13. The charge sharing filter of claim 11, wherein the 
plurality of second elementary filters are partitioned in 
cascades of a higher order third order IIR filters, and wherein 
each triplet of three second elementary filters forms one 
third order IIR filter. 

14. The charge sharing filter of claim 11, wherein the first 
nodes of the plurality of elementary filters are an input of the 
charge sharing filter, wherein the input is configured to 
receive a current signal, wherein the third nodes of the 
plurality of second elementary filters are an output of the 
charge sharing filter, wherein the output is configured to 

5. The charge sharing filter of claim 1, wherein the 
elementary switches of the plurality of elementary filters are 
periodically switched. 

6. The charge sharing filter of claim 1, wherein the 
elementary switches of the plurality of elementary filters are 
switched based on a sampling period. 

35 
provide a voltage signal, and wherein the voltage signal is 
provided by filtering the input signal based on a filter 
characteristic of the charge sharing filter. 

7. The charge sharing filter of claim 6, wherein a charge 
accumulated in the rotating capacitor and the history capaci- 40 

tors of the plurality of elementary filters is based on the 
sampling period. 

15. A method for filtering a signal by a charge sharing 
filter, the charge sharing filter comprising a rotating capaci
tor; and a plurality of elementary filters, each elementary 
filter comprising: an elementary switch coupled between a 
first node of the respective elementary filter and a second 
node of the respective elementary filter; and a history 
capacitor coupled to the first node of the respective elemen-

8. The charge sharing filter of claim 1, wherein the 
elementary switches of the plurality of elementary filters are 
switched based on a multi-phase switching signal. 

9. The charge sharing filter of claim 8, wherein the 
multi-phase switching signal provides a first signal level for 
one elementary switch of the plurality of elementary filters 
while providing a second signal level for the other elemen
tary switches of the plurality of elementary filters. 

10. The charge sharing filter of claim 1, wherein the 
rotating capacitor, the elementary switches of the plurality of 
elementary filters and the history capacitors of the plurality 
of elementary filters are transistors. 

45 tary filter, wherein the second nodes of the plurality of 
elementary filters are interconnected with the rotating 
capacitor in one interconnecting node such that input signals 
provided by a plurality of signal sources, each signal source 
connected to the respective first node of the plurality of 

50 
elementary filters, are charge-shared, the method compris-
ing: 

providing a signal at the first nodes of the plurality of 
elementary filters. 

* * * * * 


