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Description

Technical Field

[0001] This invention relates to methods and apparatus for switched capacitor systems.

Related Art

[0002] Many systems employ switched capacitor techniques, for example, making use of capacitors and packets of
charge to perform a function.
[0003] Digita to analog converters are one type of system that frequently use switched capacitor techniques, for
example as part of a digital to analog conversion system for use in a mobile communications system. Mobile commu-
nications often include a cellular handset that uses digital baseband I/Q modulation and synthesis in a transmit path.
[0004] A digital-to-analog converter generates analog data in response to digital input data. One type of digital-to-
analog converter receives binary-weighted data. Another type of digital-to-analog converter receives equally-weighted
data.
[0005] Using digital-to-analog conversion to create an analog signal often results in signal noise, and/or distortion.
Thus, in systems employing switched capacitor techniques, there is often a need for a solution which helps reduce noise
and/or distortion. To help meet the noise and distortion requirements, a digital to analog converter is sometimes preceded
by a scrambler. Output data from a digital-to-analog converter may be presented to a signal conditioner stage, e.g., an
analog filter stage, to condition the noise and/or the distortion. One type of signal conditioner stage is a switched capacitor
filter.
[0006] Analog to digital converters are another type of system that frequently uses switched capacitor techniques, for
example as part of a digital to analog converter used as a feedback element in a successive approximation type of
analog to digital converter. One example of a successive approximation analog to digital converter is an AD574 manu-
factured by Analog Devices, Inc. Additional, examples of digital to analog converters are disclosed in US patent number
US5,640,162 ’Lewyn Lanny L’ and IEEE journal publication Fujimori I et al entitled ’1.5V, 4.1 mW Dual-channel Audio
Delta-Sigma D/A Converter’ IEEE Inc. New York, US, Vol. 33, no. 12, December 1998, pages 1863-1870 XP000880487
ISSN: 0018-9200.
[0007] In addition to reducing noise and/or distortion, there is often a need in switched capacitor systems to further
reduce power requirements, size, and/or cost.

Summary Of The Invention

[0008] According to a first aspect of the invention as set out in the appended claims a DAC includes a switched
capacitor network that receives a multi-bit digital signal, the switched capacitor network having a plurality of sub DACs
that each receive an associated bit of the multi-bit digital signal, each of the plurality of sub DACs having an associated
capacitance that receives an associated amount of charge in response to the associated bit, wherein the associated
amount of charge for each of the plurality of sub DACs is in direct proportion to a weight of the bit, at least two of the
plurality of sub DACs sharing charge with one another, and the switched capacitor network outputs at least one analog
signal indicative of a sum of values of each bit in the multi-bit signal.
[0009] According to a second aspect, A DAC includes a switched capacitor network that receives an equally-weighted
multi-bit digital signal and outputs one or more analog signals, wherein at least one of the one or more analog signals
comprises a single packet of charge indicative of a sum of equally weighted values of each bit in the multi-bit signal.
[0010] According to a third aspect a DAC includes a switched capacitor network that receives an equally-weighted
multi-bit digital signal, the switched capacitor network having a plurality of sub DACs, at least two of the plurality of sub
DACs sharing charge with one another, wherein the switched capacitor network outputs an analog signal indicative of
a sum of equally weighted values of each bit in the multi-bit signal.
[0011] According to a fourth aspect, a method of converting a multi-bit digital signal to an analog signal indicative of
a sum of value of each bit in the multi-bit digital signal includes charging each of a plurality of capacitors to a value
corresponding to a value of a bit in the multi-bit signal, wherein the charge on each capacitor corresponds to a weight
of the value of a corresponding bit; and connecting at least two of the plurality of capacitors to one another to share
charge with one another.
[0012] According to a fifth aspect, a method of converting a equally weighted multi-bit digital signal to an analog signal
indicative of a sum of value of each bit in the multi-bit digital signal includes charging each of a plurality of capacitors to
a value corresponding to a value of a bit in the equally-weighted multi-bit signal , and generating a single packet of
charge on at least one capacitor indicative of a sum of equally weighted values of each bit in the multi-bit signal.
[0013] According to a sixth aspect, a method of converting an equally weighted multi-bit digital signal to an analog
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signal indicative of a sum of value of each bit in the multi-bit digital signal includes charging each of a plurality of capacitors
to a value corresponding to a value of a bit in the equally-weighted multi-bit signal , and connecting at least two of the
plurality of capacitors to one another to share charge with one another.
[0014] According to a seventh aspect, A DAC includes means for charging each of a plurality of capacitors to a value
corresponding to a value of a bit in the multi-bit signal, wherein the charge on each capacitor corresponds to a weight
of the value of a corresponding bit; and means for connecting at least two of the plurality of capacitors to one another
to share charge with one another.
[0015] According to an eighth aspect, a DAC includes means for charging each of a plurality of capacitors to a value
corresponding to a value of a bit in the equally-weighted multi-bit signal , and means for generating a single packet of
charge on at least one capacitor indicative of a sum of equally weighted values of each bit in the multi-bit signal .
[0016] According to a ninth aspect, a DAC includes means for charging each of a plurality of capacitors to a value
corresponding to a value of a bit in the equally-weighted multi-bit signal, and means for connecting at least two of the
plurality of capacitors to one another to share charge with one another.
[0017] According to a tenth aspect, an integrated circuit includes an integrated switched capacitor network that receives
a multi-bit digital signal, the switched capacitor network having a plurality of sub DACs that each receive an associated
bit of the multi-bit digital signal, each of the plurality of sub DACs having an associated capacitance that receives an
associated amount of charge in response to the associated bit, wherein the associated amount of charge for each of
the plurality of sub DACs is in direct proportion to a weight of the bit, at least two of the plurality of sub DACs sharing
charge with one another, and the switched capacitor network outputs at least one analog signal indicative of a sum of
values of each bit in the multi-bit signal.
[0018] According to an eleventh aspect, an integrated circuit includes an integrated switched capacitor network that
receives an equally-weighted multi-bit digital signal and outputs one or more analog signals, wherein at least one of the
one or more analog signals comprises a single packet of charge indicative of a sum of equally weighted values of each
bit in the multi-bit signal.
[0019] According to a twelfth aspect, an integrated circuit includes an integrated switched capacitor network that
receives an equally-weighted multi-bit digital signal, the switched capacitor network having a plurality of sub DACs, at
least two of the plurality of sub DACs sharing charge with one another, wherein the switched capacitor network outputs
an analog signal indicative of a sum of equally weighted values of each bit in the multi-bit signal.
[0020] According to a thirteenth aspect, a system includes a DAC that receives a multi-bit digital signal and outputs
at least two analog signals each indicative of a sum of values of bits in the multi-bit digital signal; and a signal conditioning
stage that receives at least two of the at least two analog signals.
[0021] According to a fourteenth aspect, a system includes a DAC that receives digital input signals at an input data
rate and outputs analog signals indicative of the digital signals to a signal conditioning stage at an output data rate
different than the input data rate.
[0022] According to a fifteenth aspect, a method includes receiving a multi-bit digital signal, generating at least two
analog output signals each indicative of a sum of values of bits in the multi-bit digital signal; and filtering at least two of
the at least two analog output signals.
[0023] According to a sixteenth aspect, a system includes means for receiving a multi-bit digital signal, means for
generating at least two analog output signals each indicative of a sum of values of bits in the multi-bit digital signal; and
means for filtering at least two of the at least two analog output signals.
[0024] According to a seventeenth aspect, a system includes a DAC that receives a multi-bit digital signal and outputs
at least two analog signals each indicative of a sum of values of bits in the multi-bit digital signal.
According to eighteenth aspect, a method includes receiving a multi-bit digital signal, and generating at least two analog
output signals each indicative of a sum of values of bits in the multi-bit digital signal.
[0025] According to an eighteenth aspect, a system includes means for receiving a multi-bit digital signal, and means
for generating at least two analog output signals each indicative of a sum of values of bits in the multi-bit digital signal.
[0026] According to a nineteenth aspect, a switched capacitor filter has a first switched capacitor comprising a switched
capacitor without substantial effects from parasitic characteristics, and a second switched capacitor in parallel with the
first switched capacitor, the second switched capacitor having effects from parasitic characteristics.
[0027] According to a twentieth aspect, a system includes a switched capacitor filter having a first switched capacitor
comprising a switched capacitor and a second switched capacitor in parallel with the first switched capacitor, the second
switched capacitor having characteristics including parasitic effects; and a DAC having a switched capacitor having
characteristics including parasitic effects substantially corresponding to the parasitic effects of the second switched
capacitor of the switched capacitor filter.
[0028] According to a twenty first aspect, an apparatus includes a first switched capacitor cell having a reference
direction and being adapted to electrically connect to a second switched capacitor cell substantially identical to the first
switched capacitor cell, the second switched capacitor cell having a reference direction and being oriented such that
the reference direction of the second switched capacitor cell is directed in substantially the same direction as the reference
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direction of the first switched capacitor cell, and being adapted to electrically connect to a third switched capacitor cell
substantially identical to the first switched capacitor cell, the third switched capacitor cell having a reference direction
and being oriented such that the reference direction of the third switched capacitor cell is directed in direction angularly
offset from the direction in which the reference direction of the first switched capacitor cell is directed.
[0029] According to a twenty second aspect, a system includes a binary weighted DAC; and a segmented DAC,
coupled to the binary weighted DAC, the segment DAC comprising a switched capacitor network that receives a multi-
bit digital signal, the switched capacitor network having a plurality of sub DACs that each receive an associated bit of
the multi-bit digital signal, each of the plurality of sub DACs having an associated capacitance that receives an associated
amount of charge in response to the associated bit, at least two of the plurality of sub DACs sharing charge with one
another, and the switched capacitor network outputs at least one analog signal indicative of a sum of values of each bit
in the multi-bit signal.
[0030] According to a twenty third aspect,a system includes a scrambler that receives input and provides output; and
and a switched capacitor DAC that has a plurality of capacitors and redistributes charge between at least two of the
plurality of capacitors, coupled to the scrambler, that receives digital output of the scrambler.
[0031] According to a twenty fourth aspect,a system includes a digital to analog converter that receives a multi-bit
digital signal and produces an analog output that is proportional to the square of the multi-bit digital signal.
[0032] According to a twenty film aspect of the invention, an analog to digital converter has an analog comparison
stage coupled to a digital latch stage, the analog to digital converter including a feedback element through which an
output of the digital latch stage is fed back to an input of the analog comparison stage, wherein the feedback element
includes a digital to analog converter.
[0033] According to a twenty sixth aspect of the invention, a method for use in an analog to digital converter having
an analog comparison stage coupled to a digital latch stage includes coupling an output of the digital latch stage back
to an input of the analog comparison stage through a digital to analog converter that receives a multi-bit digital signal
and produces an analog output proportional to the square of the multi-bit digital signal.
[0034] According to a twenty seventh aspect of the invention, a handset for a mobile communication system includes
an input stage that receives an input signal and outputs a multi-bit digital signal to a digital-to-analog conversion system
that receives the multi-bit digital signal and outputs an analog signal indicative of a sum of values of bits in the multi-bit
signal, and including a switched capacitor network that receives a multi-bit digital signal, the switched capacitor network
having a plurality of sub DACs that each receive an associated bit of the multi-bit digital signal, each of the plurality of
sub DACs having an associated capacitance that receives an associated amount of charge in response to the associate
bit, wherein the associated amount of charge for each of the plurality of sub DACs is in direct proportion to a weight of
the bit, at least two of the plurality of sub DACs sharing charge with one another, and the switched capacitor network
outputs at least one analog signal indicative of a sum of values of bits in the multi-bit signal.
[0035] According to a twenty eighth aspect, a system includes a digital signal processing stage that receives input
and provides output; and a switched capacitor DAC that has a plurality of capacitors and redistributes charge between
at least two of the plurality of capacitors, coupled to the digital signal processing stage, that receives digital output of
the digital signal processing stage.
[0036] According to a twenty ninth aspect, a digital to analog converter receives a first multi-bit digital signal and a
second multi-bit digital signal ,and produces an analog output that is indicative a product of the first multi-bit digital signal
and the second multi-bit digital signal.
[0037] According to a thirtieth aspect, in an analog to digital converter having an analog comparison stage coupled
to a digital latch stage, a feedback element through which an output of the digital latch stage is coupled back to an input
of the analog comparison stage, wherein the feedback element includes a digital to analog converter that receives a
first multi-bit digital signal and a second multi-bit digital signal ,and produces an analog output that is indicative of a
product of the first multi-bit digital signal and the second multi-bit digital signal.

Brief Description Of The Drawings

[0038]

FIG. 1 is a block diagram of one embodiment of a portion of a handset for a mobile communication system that
includes a digital-to-analog conversion system;
FIG. 2 is a block diagram of one embodiment of the digital-to-analog conversion system of FIG. 1 and including a
DAC portion with two DAC stages;
FIG. 3 is a block diagram of one embodiment of the DAC stage of FIG. 2 that includes a switched capacitor DAC;
FIG. 4 is a block diagram of one embodiment of the switched capacitor DAC of FIG. 3;
FIG. 5 is a block diagram of one embodiment of the switched capacitor DAC of FIG. 4 that is adapted to convert a
four-bit digital input signal into a corresponding analog signal;
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FIG. 6 illustrates one embodiment of a non-overlapping three phase clock used in the operation of the switched
capacitor DAC of FIGS. 7A-7C;
FIGS. 7A-7C are block diagrams showing the operation of the switched capacitor DAC of FIG. 5 for each of three
clock phases of a non-overlapping three phase clock;
FIGS. 8A-8D are block diagrams showing the operation of another embodiment of the switched capacitor DAC for
each of four phases of a non-overlapping four phase clock;
FIG. 9 shows one embodiment of a non-overlapping four phase clock used in the operation of the switched capacitor
DAC of FIG. 8A-8D;
FIG. 10 shows the operation of the switched capacitor DAC of FIGS. 7A-7C on one phase of a non-overlapping four
phase clock;
FIGS. 11A-11D are block diagrams showing the operation of another embodiment of the switched capacitor DAC
of FIG. 5 for each of four phases of a non-overlapping four phase clock;
FIGS. 12A-12C are block diagrams showing the operation of another embodiment of the switched capacitor DAC
of FIG. 5 for each of the three clock phases of a non-overlapping three phase clock;
FIG. 13 is a schematic diagram of another embodiment of the switched capacitor DAC of FIG. 4;
FIGS. 14A-14C are block diagrams showing the operation of the switched capacitor DAC of FIG. 13;
FIG. 15 is a block diagram of another embodiment of the switched capacitor DAC of FIG. 4;
FIG. 16A shows a schematic diagram of another embodiment of the one-bit DAC of the switched capacitor DAC of
FIG. 13;
FIG. 16B shows a schematic diagram representative of one embodiment of a switched capacitor cell which may for
example be used in forming a switched capacitor DAC;
FIG. 16C shows a schematic diagram of one embodiment of two switched capacitor cells to be interconnected;
FIG. 16D shows a schematic diagram of one embodiment of two switched capacitor cells to be oriented substantially
perpendicular to one another and interconnected;
FIG. 16E shows a schematic diagram of one embodiment of four switched capacitor cells to be interconnected in
a ring arrangement;
FIG. 17 shows one embodiment of a DAC formed in part by the switched capacitor cells of FIG. 16E;
FIG. 18 shows an embodiment of a switched capacitor DAC adapted to convert a binary weighted input signal into
a corresponding analog signal;
FIGS. 19A-19C are block diagrams showing the operation of the switched capacitor DAC of FIG. 18;
FIG. 20 is a block diagram of one embodiment of the DAC portion of FIG. 3;
FIG. 21 is a schematic diagram representative of one embodiment of the DAC portion shown in FIG. 20;
FIG. 22 is a schematic diagram representative of another embodiment of the DAC portion shown in FIG. 20;
FIG. 23 is a block diagram of another embodiment of the DAC stage of FIG. 2 that includes a scrambler;
FIG. 24 is a block diagram of one embodiment of a four bit scrambler ;
FIG. 25 is a schematic diagram representation of one embodiment of the DAC portion shown in FIG. 20;
FIG. 26 is a schematic block diagram of another embodiment of the DAC stage of FIG. 2;
FIG. 27 is a schematic diagram of one embodiment of a portion of the DAC stage of FIG. 2 in combination with one
embodiment of the switched capacitor filter stage of FIG. 2;
FIG. 28A is an illustration of a top view of one embodiment of a switched capacitor cell;
FIG. 28B is an illustration of a top view of another embodiment of a switched capacitor cell;
FIG. 29 is a representation of a top view of one embodiment of a die layout of a DAC portion having a plurality of
SC cells;
FIG. 30 is a schematic diagram of one embodiment of the continuous time filter stage of FIG. 2;
FIG. 31 is a block diagram of one embodiment of a squaring circuit;
FIG. 32 shows a three-phase clocks;
FIGS. 33A-33C are block diagrams showing operation of one embodiment of the squaring circuit of FIG. 32;
FIGS. 34A-34C are block diagrams showing operation of one embodiment of the squaring circuit of FIG. 32; and
FIG. 35 is a block diagram of one embodiment of an analog to digital converter.

Detailed Description

[0039] FIG. 1 is a block diagram of one embodiment of a portion of a handset 50 for a mobile communication system.
The handset 50 includes an input portion having a transducer 54 that receives an input signal 56, e.g., a voice or other
acoustical signal, representing information to be communicated via the mobile communication system. The transducer
54 converts the input signal 56 into an electrical signal, typically an analog signal, which is supplied to an analog-to-
digital converter (ADC) 58, for example a voiceband ADC. The ADC 58 periodically samples the electrical signal and
generates a sequence of multi-bit digital signals, which are supplied to a digital baseband processor 60. The baseband
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processor 60 performs further signal processing, including for example, compression. The output of the baseband
processor 60 is supplied to burst store stage 62, which feeds a GMSK modulator 64. The GMSK modulator 64 produces
multi-bit digital signals, which is supplied via signal lines, represented by a signal line 66, to a digital to analog conversion
(DAC) system 68. The digital to analog conversion system 68 converts the sequence of multi-bit digital signals into an
analog signal, which is supplied via signal line 70 to an output portion 74. The output portion 72 includes a mixer 72 that
receives the analog signal on signal line 70 and feeds a transmitter 76, which in turn transmits the signal. DAC can be
used in any digital to analog conversion.
[0040] FIG. 2 is a block diagram of one embodiment of the digital to analog conversion system 68, which utilizes a
differential I/Q configuration. An I channel 78 of the digital to analog conversion system 68 includes a block 80 that
receives the sequence of multi-bit digital signals on signal line 66. The block 80 generates two sequences of multi-bit
digital signals, i.e., a first sequence of multi-bit digital signals that is output on signal line 82, and a second sequence of
multi-bit digital signals that is output on signal line 84. The second sequence of multi-bit digital signals is generated to
be the complement of the first sequence of multi-bit digital signals. The first sequence of multi-bit digital signals represents
a positive version of the input signal. The second sequence of multi-bit digital signals represents a negative version of
the input signal.
[0041] The first sequence of multi-bit digital signals is supplied to a first digital to analog converter stage 86, which
generates analog signals that correspond to the first sequence of multi-bit digital signals. The second sequence of multi-
bit digital signals is supplied to a second digital to analog converter stage 88, which generates analog signals that
correspond to the second sequence of multi-bit digital signals. The analog signals from the first and the second DAC
stages 86, 88 may be supplied to signal conditioning stage 89 that may comprise an analog filter, for example, a switched
capacitor (SC) filter stage 90, which may help attenuate noise and/or distortion components of the analog signals. The
SC filter 90 feeds a differential analog signal to the continuous time (CT) filter stage 92, which further attenuates noise
and/or distortion. The CT filter stage 92 passes a differential analog signal to a pad driver stage 94. The CT filter stage
92 has a first output that connects via a first resistor 96 to a first pad 98. The CT filter stage 92 has a second output that
connects via a second resistor 100 to a second pad 102. A capacitor 104 has a first terminal connected to the first pad
98, and a second terminal connected to the second pad 102.
[0042] A Q channel 106 of the digital to analog conversion system 68 contains substantially the same components
as the I channel 78.
[0043] The output data rate from each of the DAC stages is typically the same as the input sample rate of the SC filter.
However, as is explained hereinbelow, in the present system, the DAC stages may or may not operate at the same clock
frequency as the SC filter stage. For example, one embodiment of the mobile communication system uses a system
clock running at 13 MHz, wherein the output data rate from the GMSK modulator is 6.5 MHz, the cycle frequency of
each of the DAC stages is 6.5 MHz, and the input sample rate of the SC filter stage 90 is 13 MHz.
[0044] FIG. 3 is a block diagram of one embodiment of the DAC stage 86, which receives a binary-weighted multi-bit
digital signal on signal lines 82. The binary-weighted multi-bit digital signal is divided into a binary-weighted LSB portion
and a binary-weighted MSB portion. In one embodiment, for example, the binary weighted multi-bit digital signal is ten
bits, the MSB portion is four bits, and the LSB portion is six bits. The LSB’s are supplied to a switched capacitor (SC)
DAC 108 of a DAC portion 110 of the DAC stage 86. The SC DAC 108 forms an analog signal corresponding to the
value represented by the LSB’s. The MSB’s are supplied to a digital signal processing stage 109 having a thermometer
encoder 112 that converts the MSB’s into an equally-weighted multi-bit digital signal. The equally-weighted multi-bit
digital signal is input to a switched capacitor (SC) DAC 114, of the DAC portion 110 of the DAC stage 108. The SC DAC
114 is referred to herein as a segmented SC DAC because it forms an analog signal corresponding to the value repre-
sented by the equally-weighted multi-bit digital signal. The analog signal from the SC DAC 108 and the analog signal
from the segmented SC DAC 114 are summed at 118 to form an analog signal, output on signal line 120. In one
embodiment of the handset, the DAC stage generates 6.5 million samples per second (MS/s).
[0045] FIG. 4 is a block diagram of one embodiment of a SC DAC 150 that may be used to form one or both of the
SC DAC 108 and the SC DAC 114 in the handset 50. The SC DAC 150 receives a multi-bit digital signal, e.g., bit1-bitn.
Each bit has an associated weight, weightbit1-weightbitN. In one embodiment, the weight of each bit is different than
those of the other bits. For example, bit1 - bitN may represent binary-weighted bits. In another embodiment, bit1-bitN are
equally-weighted, and all of the weights, i.e., weightbit1-weightbitN, are the same.
[0046] The SC DAC includes a plurality of switched capacitor sub-DACs (SC sub-DACs) further described hereinbelow.
Each of the SC sub-DACs shares charge via a charge sharing network with at least one other of the SC sub-DACs. The
SC DAC 150 outputs one or more analog signals, e.g., output1-outputM, each indicative of a sum of values of the bits
in the multi-bit signal.
[0047] FIGS. 5, 7A-7C, 8A-8C, 10, 11A-11D, 12A-12C, 13, 17, 14A-14C, 15, 20, 21, 22, 25, disclose various embod-
iments of the SC DAC 150.
[0048] Referring now to FIG. 5, a block diagram shows one embodiment of the SC DAC 150 that is adapted to convert
a 4-bit digital input signal bit1, bit2, bit3, bit4, into a corresponding analog signal, which is supplied to output terminal 160.
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The DAC 150 comprises four switched capacitor DACs 162, 164, 166, 168, sometimes referred to as sub-DACs. In this
embodiment, each of the sub-DACs 162, 164, 166, 168 is a one bit DAC.
[0049] The one-bit DAC 162 has a reference voltage V1 connected to a first terminal of a switch S1, the second
terminal of which is connected to a first terminal of a switch S2 and a first terminal of a switch S3. A second terminal of
the switch S2 is connected to a reference voltage V2. A second terminal of the switch S3 is connected to a first terminal
of a capacitor C1 that has a second terminal connected to a reference voltage, e.g., ground. The digital signal bit1 is
presented to an input terminal 172 from where it is supplied to the one-bit DAC 162 to control the "on" (i.e., closed)/ "off"
(i.e., open) condition of the switch S1. The digital signal bit1 is further supplied to an inverter 174 that generates a signal
at terminal 176 used to control switch S2.
[0050] The one-bit DAC 164 has a reference voltage V3 connected to a first terminal of a switch S4, the second
terminal of which is connected to a first terminal of a switch S5 and a first terminal of a switch S6. A second terminal of
the switch S5 is connected to a reference voltage V4. A second terminal of the switch S6 is connected to a first terminal
of a capacitor C2 having a second terminal connected to a reference voltage, e.g., ground. The digital signal bit2 is
presented to an input terminal 178 from where it is supplied to the one-bit DAC 164 to control switch S4 and input to an
inverter 180 that generates a signal at terminal 182 used to control switch S5.
[0051] The one-bit DAC 166 has a reference voltage V5 connected to a first terminal of a switch S7, the second
terminal of which is connected to a first terminal of a switch S8 and a first terminal of a switch S9. A second terminal of
the switch S8 is connected to a reference voltage V6. A second terminal of the switch S9 is connected to a first terminal
of a capacitor C3 having a second terminal connected to a reference voltage, e.g., ground. The digital signal bit3 is
presented to an input terminal 184 from where it is supplied to the one-bit DAC 166 to control switch S7 and input to an
inverter 186 that generates a signal at terminal 188 used to control switch S8.
[0052] The one-bit DAC 168 has a reference voltage V7 connected to a first terminal of a switch S 10, the second
terminal of which is connected to a first terminal of a switch S11 and a first terminal of a switch S12. A second terminal
of the switch S11 is connected to a reference voltage V8, a second terminal of the switch S12 is connected to a first
terminal of a capacitor C4 having a second terminal connected to a reference voltage, e.g., ground. The digital signal
bit4 is presented to an input terminal 190 from where it is supplied to the one-bit DAC 168 where it is used to control
charging switch S10 and input to an inverter 192 that generates a signal at terminal 194 used to control switch S11.
[0053] The first terminal of each of the capacitors C1, C2, C3, C4 is supplied to a first terminal of a charge sharing
switch S 13, charge sharing switch S 14, charge sharing switch S15, and charge sharing switch S16, respectively. The
second terminal of each of the switches S13-S16 are connected to a first terminal of a charging switch S 17, that has a
second terminal connected to the output terminal 160.
[0054] In one embodiment, each of the digital signals bit1, bit2, bit3, and bit4 are equally-weighted. In such an embod-
iment, the one-bit DAC 162, the one-bit DAC 164, the one-bit DAC 166, and the one-bit DAC 168 may have similar
configurations wherein, V1=V3=V5=V7, V2=V4=V6=V8, and the values of C1, C2, C3, and C4 are identical, or at least
substantially identical. However, such similarity is not absolutely required. In other equally-weighted embodiments, the
one-bit DAC 162, the one-bit DAC 164, the one-bit DAC 166 and the one-bit DAC 168 may not be identical. Each of the
switched capacitor sub-DACs employs charge approximately equal to a constant K, times a weight(s) of the bit(s) into
the switched capacitor sub-DAC.
[0055] In one embodiment, the reference voltages V1, V3, V5 and V7 are connected to a reference voltage Vref, and
reference voltages V2, V4, V6, V8 are connected to ground.
[0056] The DAC 150 may receive a non-overlappings 3-phase clock, P1, P2, P3, shown in FIG. 6. The closed/open
condition of the switches S3, S6, S9, and S12 is controlled by the P3 signal of the 3-phase clock. The P1 signal of the
3 phase clock controls the open/closed condition of the charge sharing switches S13, S14, S15, and S16. The P2 signal
of the 3-phase clock controls the open/closed condition of the switch S17:
[0057] In particular, on clock phase P3, i.e., phase P3 has a logic high state (e.g. "1"), capacitors C1, C2, C3, and C4
are each charged to Vref or, alternatively, discharged to ground in response to the state of the associated one of the
digital signals bit1, bit2, bit3, bit4, and charge sharing switches S13, S14, S15, and S 16 and output switch S 17, are all
in the open condition. On clock phase P1, charging switches S3, S6, S9, and S12 are all in an open condition, and
charge sharing switches S 13, S 14, S15 and S16 are all in a closed condition, wherein charge may be redistributed.
On clock phase P2, all charging switches, i.e., S3, S6, S9, and S12, and charge sharing switches S14, S15, and S16,
are in an open condition. Also on phase P2, charge sharing switch S13 and output switch S 17 are each in a closed
condition wherein charge may be delivered to the output terminal 160.
[0058] FIGS. 7A-7C are block diagrams showing the operation of the SC DAC 150 of FIG. 5 for each of the 3 clock
phases in the event that input terminals 172,178,184, and 190 are supplied with digital bit signals bit1, bit2, bit3, bit4,
having logic states of 1, 0, 0, 0, respectively. Tables show the relationship between the clock phase, and the state (i.e.,
voltage and charge) of the capacitors in the one-bit DACs. Referring now to FIG. 7A, on phase P3 of the 3-phase clock,
all of the charge sharing switches S13, S14, S15, and S 16 and the output switch S 17, are in the open condition. The
capacitor C1 is charged to Vref in response logic state 1 on terminal 172. Capacitors C2, C3 and C4 are all discharged
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to ground in response to the logic state 0 signals on terminals 178, 184, 190, respectively. Referring now to FIG. 7B, on
phase P1 of the 3-phase clock, all of the charging switches S3, S6, S9 and S12 (FIG. 5) and the output switch S17 are
in an open condition, and all of the charge sharing switches S 13, S 14, S15 and S16 are in a closed condition, whereby
charge is redistributed and resulting in the total charge on all of the capacitors being divided among all of the capacitors.
If the capacitors C1, C2, C3, C4 all have the same capacitance value C, then the charge is shared equally so that the
voltage across each capacitor becomes Vref/4. Referring now to FIG. 7C, on phase P2, charge sharing switches S14,
S15, and S 16 are in the open condition, output switch S17 is in the closed condition, and capacitor C1 (FIG. 5) of one-
bit DAC 162 delivers its charge to the output terminal 160. On the next occurrence of phase P3 (not shown), the multi-
bit digital signal bit1, bit2, bit3, and bit4 may be updated and provided to the DAC 150 via input terminals 172, 178, 184, 190.
[0059] In one or more embodiments charge sharing (i.e., mixing) before delivering may help reduce non-linear glitch
energy. However, a reduction in glitch energy need not be sought nor obtained in every embodiment, and is not a
requirement of the switched capacitor techniques disclosed herein.
[0060] The accuracy of the signal(s) out of the SC DAC 150 depends at least in part on the degree of correspondence
between the capacitors C1, C2, C3, C4. In some embodiments it may be sought to have the components that are used
to employ the switched capacitor techniques , e.g., C1, C2, C3, C4, match as closely as is possible limited only for
example by limitations in manufacturing processes. In other embodiments however, such matching may not be required
or desired , but rather, all that may be desired is a degree of correspondence to provide suitable DAC transfer charac-
teristics. Thus, in some embodiments they may be substantially identical, but in other embodiments they may not be
substantially identical.
[0061] In some embodiments, there may be one or more parasitic capacitance(s) that have an effect on the degree
correspondence, and it may be desirable, although not necessary to the techniques described herein, to provide a
parasitic capacitance(s) that has an effect that offsets an effect of other parasitic capacitance.
[0062] The term switch as used herein is defined as any type of switching element. The term capacitor as used herein
is defined as any type of capacitive element. The switches and the capacitors are not limited to any particular type(s) of
switching element and capacitive element, respectively. Thus for example, a switching element may be a single element.
As another example, a switching element may comprise a plurality of elements that function as a switch. As a further
example, a capacitive element may be a capacitor. As a further example, a capacitive element may comprise one or
more elements that provide capacitance.
[0063] A switch may include but is not limited to one or more active elements (for example one or more transistors)
and may but need not employ MOS technology. A capacitor may include but is not limited to metal, polysilicon and
double polysilicon, metal metal, metal poly, poly diffusion, semiconductors, junction capacitors, parallel plate technology,
adjacent conductors, fringing capacitors.
[0064] Although described above with respect to an input signal having logic states of 1, 0, 0, 0, the input signals can
have logic states with any combination of ones and zeros. In another embodiment, the digital signal bit1, bit2, bit3, and
bit4 are binary-weighted bit signals. In such embodiment, the weight of the digital bit signals bit1, bit2, bit3, and bit4 are
1, 2, 4, and 8, respectively. To accommodate these various weights, each of the SC DACs utilize an amount of charge
proportional to the weight of the bit signal supplied to the SC DAC. Thus, C1 is provided with 1/2 of the charge provided
to C2, 1/4 of the charge provided to C3, and 1/8 of the charge provided to C4. In other words, the charge provided to
C4 is 8 times that provided to C1, 4 times that provided to C2, and 2 times that provided to C3. On clock phase P1,
switches S13-S16 are in the closed condition, whereby charge is redistributed among the capacitors so that the voltage
across each of the capacitors is indicative of the sum each of the capacitors is indicative of the sum of the values of the
bits in the multi-bit signal. The charge on each capacitor is equal to the voltage across that capacitor multiplied by its
capacitor. On the phase P2, the output switch S 17 is in the closed condition and one of the capacitors delivers its charge
to the output terminal.
[0065] In one embodiment, the SC DAC 108 (FIG. 3) is formed using a SC DAC 150, where the size of each capacitor
C1, C2, C3, C4 of the one-bit DACs 162, 164, 166, 168, respectively, is scaled directly proportionate to the weight of
the binary-weighted bit input to the one-bit DACs 162, 164, 166,168.
[0066] FIGS. 8A-8D are block diagrams showing the operation of another embodiment of the SC DAC 150, for each
of 4 phases of a non-overlapping four phase clock (FIG. 9) if input terminals 172,178,184,190, are supplied with digital
bit signals bit1, bit2, bit3, bit4, having logic states of 1, 0, 0, 0, respectively. Tables show the relationship between the
clock phase and the state (i.e., voltage and charge) of the capacitors in the one-bit DACs. The non-overlapping four
phase clock may be derived from a master clock (FIG. 9). The embodiment shown in FIGS. 8A-8D is the same as that
shown in FIG. 5 and FIGS. 7A-7C, except that switches S18-S24 replace switches S13-S17.Referring now to FIG. 8A,
on phase P3 of the 4-phase clock, capacitor C1 of the one-bit DAC 162 is charged to a voltage Vref in response to the
logic state 1 on input terminal 172. Capacitors C2, C3, and C4 of the one-bit DACs 164, 166, 168, respectively, are all
discharged to ground in response to the logic state 0 on each of the input terminals 178, 184, 190. All of the charge
sharing switches S18-S23 and the output switch S24 are in the open condition. Referring now to FIG. 8B, on phase P4
of the 4-phase clock, charge sharing switches S18, S19, S20, and S21 are in the closed condition wherein the charge
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on capacitor C1 (FIG. 5) of the one-bit DAC 162 is redistributed. Capacitor C1 retains c of the charge and capacitor C2
(FIG. 5) of one-bit DAC 164 receives c of the charge. In the event that either capacitor C3 or capacitor C4 had charge,
the charge would be redistributed between capacitor C3 and capacitor C4.
[0067] Referring now to FIG. 8C, on phase P1 of the 4-phase clock, charge sharing switches S19 and S21 are in an
open condition. Charge sharing switches S22 and S23 are in a closed condition, the charge on capacitor C1 of the one-
bit DAC 162 is redistributed between capacitor C1 and capacitor C3 of the one-bit DAC 166. In particular, in one
embodiment the charge on the capacitor C 1 is divided substantially evenly between capacitor C1 and capacitor C3
such that each ends up with substantially one half of the charge on capacitor C1 in FIG. 8B, i.e., one quarter of the total
charge on capacitor C1 in FIG. 8A. Referring now to FIG. 8D, on phase P2 charge sharing switches S19, S20, S21, and
S23 are in an open condition. Also on phase P2 switches S18, S22, and S24, are in a closed condition whereby capacitor
C1 (FIG. 5) of the one-bit DAC 162 delivers its charge to the output terminal 160.
[0068] Referring now to FIG.10, in another embodiment, the SC DAC 150 described with respect to FIGS. 7A-7C
operates with a non-overlapping four-phase clock, e.g., the four-phase clock illustrated in FIG. 9 instead of the three
phase of FIG. 6. On phase P3 of the four phase clock, the condition of the SC DAC 150 is the same as that described
above with respect to FIG. 7A. On phase P4 of the four phase clock, the condition of the SC DAC 150 is the same as
that described above with respect to FIG. 7B. On phase P1 of the four phase clock, the condition of the SC DAC 150 is
the same as that described above with respect to FIG. 7C. FIG. 10 shows the state of the SC DAC 150 on phase P2 of
the four phase clock. On phase P2 of the four phase clock, the charging switches S3, S6, S9; S12 (FIG. 5) are in the
open condition; charge-sharing switches S13, S15, S16 are in the open condition, and switch S 14 and output switch
S17 are in the closed condition, wherein C2 of the one-bit DAC delivers its charge to the output terminal 160. Thus, in
such embodiment, two copies, each indicative of the sum of the values of the bits in the multi-bit digital input signal, are
separately delivered to the output terminal. As described above, in this embodiment, they are delivered one after the
other. However, in another embodiment, they may be delivered simultaneously.
[0069] FIGS. 11A-11D are block diagrams showing the operation of the embodiment of FIG. 5 for each of 4 phases
of a non-overlapping four phase clock (FIG. 9) if input terminals 172,178,184,190, are supplied with digital bit signals
biti, bit2, bit3, bit4. having logic states of 1, 0, 0, 0, respectively. Tables show the relationship between the clock phase
and the state (i.e., voltage and charge) of the capacitors in the one-bit DACs. The embodiment shown in FIGS. 11A-
11D is the same as that shown in FIG. 5 and FIGS. 7A-7C, except that switches S18-S27 replace switches S13-S17.
[0070] Referring now to FIG. 11A, on phase P3 of the 4-phase clock, capacitor C1 of the one-bit DAC 162 is charged
to a voltage Vref in response to the logic state 1 on input terminal 172. Capacitors C2, C3, and C4 of the one-bit DACs
164, 166,168, respectively, are all discharged to ground in response to the logic state 0 on each of the input terminals
178, 184, 190. All of the charge sharing switches S18-S21, S25-S27 are in the open condition. Referring now to FIG.
11B, on phase P4 charge sharing switches S18, S19, S20, and S21 are in a closed condition wherein the charge on
capacitor C1 (FIG. 5) of the one-bit DAC 162 is redistributed, whereby capacitor C1 retains c of the charge and capacitor
C2 (FIG. 5) of one-bit DAC 164 receives c of the charge. In the event that either capacitor C3 or capacitor C4 had
charge, the charge would be redistributed between capacitor C3 and capacitor C4.
[0071] Referring now to FIG. 11C, on phase P1, charge sharing switches S 19 and S21 are in an open condition and
charge sharing switch S26 is in a closed condition. The charge on capacitor C1 of the one-bit DAC 162 is redistributed
between capacitor C1 and capacitor C3 of the one-bit DAC 166. In particular, the charge on the capacitor C1 is divided
substantially evenly between capacitor C1 and capacitor C3 such that each ends up with c the charge on capacitor C1
in FIG. 11B, i.e., b of the total charge on capacitor C1 in FIG. 11A. Referring now to FIG. 11D, on P2 charge sharing
switches S19, S20, S21, S26, and S27, are in an open condition, and switches S 18, and S25, are in the closed condition
whereby capacitor C1 of the one-bit DAC 162 (FIG. 5) delivers its charge to the output terminal 160. Although switch
S27 is in an open condition on phase P2 and does not deliver charge, in other embodiments, switch S27 may be
configured to be in a closed condition on phase P2 so that switch S27 delivers a copy of the charge, which is in addition
to the copy delivered by switch S25. In still further embodiments, an additional clock phase, e.g., a phase P5, is provided
and switch 27 is used to deliver a copy of the charge on phase P5.
[0072] FIGS. 12A-12C are block diagrams showing the operation of another embodiment of the SC DAC 150 of FIG.
5 for each of the 3 clock phases if input terminals 172, 178, 184, and 190 are supplied with digital bit signals bit1, bit2,
bit3, bit, having logic states of 1, 0, 0, 0, respectively. Tables show the relationship between the clock phase and the
state (i.e., voltage and charge) of the capacitors in the one-bit DACs. The embodiment shown in FIGS. 12A.-12C is the
same as that shown in FIG. 5 and FIGS. 7A-7C, except that switches S28-S33 replace switches S13-S17. Referring
now to FIG. 12A, on phase P3 of the 3-phase clock, all of the switches S28-S33 are in the open condition. The capacitor
C1 is charged to Vref in response to the logic state 1 on terminal 172. Capacitors C2, C3 and C4 are all discharged to
ground in response to the logic state 0 signals on terminals 178, 184, 190, respectively. Referring now to FIG. 12B, on
phase P1 of the 3-phase clock" all of the charging switches S3, S6, S9 and S12 (FIG. 5) and the switches S32, S33 are
in an open condition, and all of the charge sharing switches S28-S31 are in a closed condition, wherein the charge on
capacitor C 1 (FIG. 5) of the one-bit DAC 162 is redistributed, whereby capacitor C1 retains c of the charge and capacitor
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C2 (FIG. 5) of one-bit DAC 164 receives c of the charge. In the event that either capacitor C3 or capacitor C4 had
charge, the charge would be redistributed between capacitor C3 and capacitor C4. Referring now to FIG. 12C, on phase
P2 of the 3-phase clock charge sharing switches S29 and S31 are in the open condition, switches S32 and S33 are in
the closed condition, and capacitors C1 of one-bit DAC 162 (FIG. 5) and C3 of one-bit DAC 166 (FIG. 5) delivers their
charge to the output terminal 160. On the next phase P3 (not shown), the multi-bit digital signal bit1, bit2, bit3, and bit4
may be updated and provided to the DAC 150 via input terminals 172, 178, 184, 190.
[0073] FIG. 13 is a schematic diagram of another embodiment of the SC DAC 150, which receives the 4-bit digital
signal, bit1, bit2, bit3, bit4, on input terminals 172, 178, 184, and 190, respectively, and outputs an analog signal on output
terminal 160 indicative of a sum of the values of the bits in the 4-bit digital signal. In this embodiment, the SC DAC 150
comprises four one-bit DACs 202, 204, 206, 208 which are similar to the one-bit DACs 162, 164, 166, 168 (FIG. 5)
except that the one-bit DACs 202, 204, 206, 208 each have an additional path 212, 214, 216, 218, respectively, that
connects to the respective capacitor C1, C2, C3, C4. The first terminal of the capacitor C 1 connects to a first terminal
of a charge sharing switch S43, a second terminal of which connects to the first terminal of the capacitor C2. The first
terminal of the capacitor C2 further connects to a first terminal of a charge sharing switch S44, a second terminal of
which connects to the first terminal of the capacitor C3 which is further connected to a first terminal of a charge sharing
switch S45. A second terminal of the charge sharing switch S45 is connected to the first terminal of the capacitor C4
which further connects to a first terminal of a charge sharing switch S46. A second terminal of the charge sharing switch
S46 connects to the first terminal of the capacitor C1. The first terminal of the capacitor C3 is further connected to a first
terminal of an output switch 547, a second terminal of which connects to the output terminal 160.
[0074] FIGS. 14A-14C are block diagrams showing the operation the SC DAC 150 of FIG. 13 if input terminals 172,
178, 184, and 190 are supplied with digital bit signals bit1, bit2, bit3, bit4, having logic states of 1, 0, 0, 0, respectively._
Tables show the relationship between the clock phase and the state (i.e., voltage and charge) of the capacitors in the
one-bit DACs. Referring now to FIG. 14A, on phase P3 of the 3-phase clock, all of the charge sharing switches S43,
S44, 545, and S46 and the output switch S47, are in the open condition. The capacitor C 1 is charged to Vref in response
to the logic 1 on terminal 172. Capacitors C2, C3 and C4 are all discharged to ground in response to the logic 0 signals
on terminals 178, 184, 190, respectively. Referring now to FIG. 14B, on phase P1 of the 3-phase clock all of the charging
switches S3, S6, S9 and S12 (FIG. 13) and the output switch S47 are in an open condition, and all of the charge sharing
switches S43, S44, S45 and S46 are in a closed condition, whereby charge is redistributed and results in the total charge
on all of the capacitors being divided among all of the capacitors. Because the capacitors C1, C2, C3, C4 all have the
same capacitance value, the charge is shared equally so that the voltage across each capacitor becomes Vref/4. Referring
now to FIG. 14C, on phase P2 charge sharing switches S43, S44, S45, and S46 are in the open condition, output switch
S47 is in the closed condition, and capacitor C1 (FIG. 5) of one-bit DAC 202 delivers its charge to the output terminal
160. On the next phase P3 (not shown), the multi-bit digital signal bit1, bit2, bit3, and bit4 may be updated and provided
to the DAC 150 via input terminals 172, 178, 184, 190.
[0075] Other embodiments have further DAC and switch arrangements and configurations. For example, in one em-
bodiment, the DAC includes one-bit DACs that are substantially identical to one another, and interconnected through
the switch network to form an "open arrangement", such embodiment being referred to herein as a "snake arrangement".
[0076] FIG. 15 is a block diagram of another embodiment of the SC DAC 150, which is similar to the SC DAC 150
illustrated in FIGS. 9, 10A-10C, except that the SC DAC 150 of FIG. 15 further comprises a switch S48, a switch S49,
and a switch S50. A first terminal of the switch S48 is connected to the second terminal of the charge sharing switch
S43. A first terminal of the switch S49 is connected to the second terminal of the charge sharing switch 545. A first
terminal of the switch S50 is connected to the second terminal of the charge sharing switch S46. Each of the switches
S48, S49, and S50 may, but need not serve one or more of the functions noted hereinbelow. In one embodiment, one
purpose of the switches S48, S49, S50 is to provide parasitic capacitance similar to that of output switch S47, so as to
help cancel the effect of the parasitic capacitance of switch S47.
[0077] FIG. 16A shows a schematic diagram of another embodiment of a one-bit DAC 221, that includes the one-bit
DAC 204, the switch S43 and the switch S48 of the SC DAC 150 of FIG. 15. The one-bit DAC 204 includes a switched
capacitor (SC) portion 220 and a switch control portion 222. The SC portion 220 includes the switch S4, the switch S5,
and the capacitor C2. The switch control portion 222 has an AND gate 223A that receives the phase signal P3 and the
digital signal bit2 and outputs a signal, on signal line 223B, that is used to control the switch S4. The digital signal bit2
is further provided to the inverter 180, which outputs a signal 182 that is supplied to an AND gate 223C that further
receives the phase signal P3 and outputs a signal, on signal line 223D, that is used to control the switch S5.
[0078] FIG. 16B shows a schematic diagram representative of one embodiment of a layout of a switched capacitor
cell (SC cell) 300, which may be used for example in forming a SC DAC. In this embodiment, the SC cell 300 comprises
the SC portion 220 (FIG. 16A) of the one-bit DAC 204 (16A) including the switch S4, the switch S5, and the capacitor
C2. The SC cell 300 further includes switch S43, switch S48, and conductors to provide control signals to the switches
of the SC cell 300. For example, SC cell 300 includes a conductor with a terminal 302 to provide a control signal to
switch S48, a conductor with a terminal 304 to provide a control signal to switch S43, a conductor with a terminal 306
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to provide a control signal to switch S4, and a conductor with a terminal 308 to provide a control signal to switch S5.
The SC cell further includes a conductor with a terminal 310 to connect to a terminal of the switch S43, a conductor with
a terminal 311 to connect to a terminal of the switch S48, and further includes a conductor with a set of terminals 312,
314 to connect to the capacitor C2. The terminals 302, 304, 306, 308, 310, 311, 312, 314, are disposed along the
perimeter of the SC cell 300. The SC cell has a reference direction D300.
[0079] In this embodiment, the footprint of each SC cell is square or at least substantially square. In another example
embodiment, the footprint may be octagonal or at least substantially octagonal. In one embodiment, switch terminal 310
has substantially identical composition and surface area as switch terminal 311, and contributes the same amount of
capacitance as switch terminal 311. In one embodiment, the capacitor is disposed such that the center of the capacitor
coincides with, or at least substantially overlays, the center of the footprint of the SC cell.
[0080] Referring now to FIG 16C, an SC cell 300A is schematically identical to the SC cell 300. The SC cell 300A has
a reference direction D300A. The SC cell 300 is adapted to electrically connect to the SC cell 300A if the SC cell 300A
is positioned adjacent to the SC cell 300 and oriented such that its reference direction D300A is directed in the same
direction as the reference direction D300 of the SC cell 300. In such position and orientation, the terminal 314 on SC cell
300 electrically connects to the terminal 310A on SC cell 300A, thereby coupling capacitor C2 of SC cell 300 to capacitor
C2A of SC cell 300A through switch S43A
[0081] Referring now to FIG 16D, in some embodiments, the SC cell 300 is further adapted to electrically connect to
the SC cell 300A if the SC cell 300A is positioned adjacent to the SC cell 300 and oriented such that its reference direction
is directed in a direction having a predetermined angular offset from the reference direction D300 of the SC cell 300. In
this embodiment, the predetermined angular offset is ninety degrees. In other embodiments, other predetermined angular
offsets may be employed. In such position and orientation; the terminal 312 on SC cell 300 electrically connects to the
terminal 311A on SC cell 300A, thereby coupling capacitor C2 of SC cell 300 to capacitor C2A of SC cell 300A through
switch S48A.
[0082] FIG. 16E shows four identical SC cells, i.e., an SC cell 300, an SC cell 300A, an SC cell 300B, and a SC cell
300C. The SC cell 300 has a reference direction D300. The SC cell 300A has a reference direction D300A. The SC cell
300B has a reference direction D300B. The SC cell 300C has a reference direction D300C. The SC cell 300A is oriented
such that its reference direction D300A is directed in a direction offset ninety degrees from the reference direction D300.
The SC cell 300B is oriented such that its reference direction D300B is directed in a direction offset ninety degrees from
the reference direction D300A. The fourth SC cell 300C is oriented such that its reference direction D300C is directed in
a direction offset ninety degrees from the reference direction D300B. Such embodiment is one type of a "ring arrangement".
If the SC cells 300, 300A, 300B; 300C are positioned adjacent to one another and oriented as shown, then each of the
SC cells has a switch terminal 311 connected to a capacitor terminal 312 of a neighboring SC cell, and further has a
capacitor terminal 312 connected to a switch terminal 311 of a neighboring cell.
[0083] FIG. 17 shows one embodiment of the SC DAC 150 that is formed, at least in part, by SC cells arranged into
a "ring arrangement". In this embodiment, the SC DAC 150 includes four one-bit DACs 202, 204, 206, 208. The one-bit
DAC 202 includes an SC cell 300A and a switch control portion 350. The one-bit DAC 204 includes an SC cell 300B
and a switch control portion 352. The one-bit DAC 206 includes an SC cell 300C and a switch control portion 354. The
one-bit DAC 208 includes the SC cell 300D and a switch control portion 356. The SC cell 300A has a reference direction
D300A. The SC cell 300B has a reference direction D300B. The SC cell 300C has a reference direction D300C. The SC
cell 300D has a reference direction D300D. The reference direction D300B is directed in a direction that is offset ninety
degrees from the reference direction D300A. The reference direction D300C is directed in a direction that is offset ninety
degrees from the reference direction D300B, The reference direction D300D is directed in a direction that is offset ninety
degrees from the reference direction D300C.
[0084] The digital signal bit1 and the phase P3 signal are supplied to the switch control portion 350, which generates
switch control signals, on signal lines 360, 362 supplied to the SC cell 300A. The digital signal bit2 and the phase P3
signal are supplied to the switch control portion 352, which generates switch control signals, on signal lines 364, 366
supplied to the SC cell 300B. The digital signal bit3 and the phase P3 signal are supplied to the switch control portion
354, which generates switch control signals on signal lines 368, 370 supplied to the SC cell 300C. The digital signal bit4
and the phase P3 signal are supplied to the switch control portion 356, which generates switch control signals, on signal
lines 372, 376 supplied to the SC cell 300D.
[0085] FIG. 18 shows an embodiment of the SC DAC 108 (FIG. 3) that is adapted to convert a two bit binary-weighted
input signal bit1, bit2 into a corresponding analog signal. This embodiment of a switched capacitor DAC is disclosed in
F-J. Wang et al., "A Quasi-Passive CMOS Pipeline D/A converter", IEEE Journal of Solid State Circuits, Vol. 24, no. 6,
Dec 1989, pp. 1752-1755. In this embodiment of the SC DAC 108, the values of C101, C102, C103 are substantially
identical. The SC DAC 108 receives a non-overlapping 3-phase clock, P1, P2, P3, e.g., shown in FIG. 3. The closed/
open condition of the switches S102, S103, S104, S105, S106, S109 is controlled by the 3-phase clock. The closed/
open condition of the switches S100, S101, and the switches S107, S108 are controlled by the logic state of the LSB
and the MSB, respectively.
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[0086] FIGS. 19A-19C are block diagrams showing the operation of the SC DAC 108 of FIG. 18 for each of the 3 clock
phases in the event that the LSB and the MSB digital input signals have logic states of 1,0, respectively. Tables show
the relationship between the clock phase, and the state (i.e., voltage and charge) of the capacitors in the one-bit DACs.
Referring now to FIG. 19A, on phase P1 of the 3-phase clock, switch S102 and switch S104 are in the closed condition
whereby capacitor C102 is discharged to ground, and capacitor C101 is charged to Vref in response to the state of the
LSB. Referring now to FIG. 19B, on phase P2 switches S102 and S104 are in the open condition. Switch S103 is in the
closed condition whereby C101 and C102 split the charge initially stored on C101. Because the capacitors C101 and
C102 have the substantially the same capacitance value, the charge is shared equally so that the voltage across each
capacitor becomes Vref/2. Referring now to FIG.19C, on P3 of the 3-phase clock charge sharing switch S105 is in the
closed condition, S102-S104, S106, and S109 are in the open condition. C101 and C103 share charge, in specific, C101
and C103 split the charge from C101. Because the capacitors C101 and C102 have substantially the same capacitance
value, the charge is shared equally so that the voltage across each capacitor becomes Vref/4. On the next phase P1
(see FIG. 19A for switch configuration), output switch S109 is in the closed condition, and capacitor C103 delivers its
charge to the output.
[0087] FIG. 20 is a block diagram of another of the DAC portion 110 of the DAC stage 86 shown in FIG. 3. In this
embodiment, an output terminal 111 of the SC DAC 108 for processing the MSB of the binary-weighted multi-bit digital
input signal is coupled to one of the charge sharing switches of the segmented SC DAC 114 (FIG. 3).
[0088] FIG. 21 is a schematic representation of one embodiment of the DAC portion 110 shown in FIG. 20. In this
embodiment; the DAC portion 110 includes an SC DAC 150 such as that described above with respect to FIG. 17. The
DAC portion 110 further includes an SC DAC 108 (only MSB portion shown), such as that described above with respect
to FIG. 18. A one-bit DAC for processing the MSB includes a SC cell 380 and a switch control portion 382. The digital
signal MSB and the phase P2 signal are supplied to the switch control portion 382, which generates switch control
signals on lines 384, 386, that are supplied to the SC cell 380. An output terminal of the SC cell 380 is coupled to one
of the SC cells 300A, 300B, 300C, 300D; e.g., SC cell 300D.
[0089] In this embodiment, the SC DAC 108 and the SC DAC 150 each receive a non-overlapping three phase clock.
On phase P2, the one-bit DAC of the MSB of the SC DAC 108 undergoes pre-charge in accordance with the logic state
of the MSB signal into the SC DAC 108. On phase P3, a charge sharing switch of the SC DAC 108 is in the closed
condition, whereby the one-bit DAC of the MSB portion of the SC DAC 108 shares charge with the preceding one-bit
DAC of the SC DAC 108. Also on phase P3, the SC DAC 150 undergoes pre-charge in accordance with the multi-bit
digital signal, bit1, bit2, bit3, bit4. On phase P1, the charge sharing switches of the SC DAC 150 are in the closed condition,
whereby charge is redistributed among the one-bit DACs in the SC DAC 150 and the one-bit DAC of the MSB of the SC
DAC 108. On phase P2, switch S48 is in the closed condition and one of the one-bit DACs of the SC DAC 150 delivers
charge, i.e., a data sample, to the output terminal 120 of the DAC portion 110 of the DAC stage 86 (FIG. 3).
[0090] FIG. 22 is a schematic representation of another embodiment of the DAC portion 110 shown in FIG. 20. In this
embodiment, the SC DAC 150 includes 3 one-bit DACS, 202,204,206. In this embodiment, unlike the embodiment of
FIG. 21, the MSB portion of the SC DAC 108 is positioned in the "ring arrangement" of the SC DAC 150. Thus, besides
the SC cell 380 used for the MSB portion of the SC DAC 108 (FIG. 3) there are three other SC cells in the ring arrangement
Operation of the DAC portion 110 shown in FIG. 22 is similar to that described above with respect to the DAC portion
110 of FIG. 21.
[0091] FIG. 23 is a block diagram of another embodiment of the DAC stage 86, which receives a binary-weighted
multi-bit digital signal on signal lines 82. The binary-weighted multi-bit digital signal is divided into a binary-weighted
LSB portion and a binary-weighted MSB portion. The LSB’s are supplied to a switched capacitor (SC) DAC 108 that
forms an analog signal corresponding to the value represented by the LSB’s. The MSB’s are supplied to a thermometer
encoder 112 that converts the MSB’s into an equally-weighted multi-bit digital signal. The equally-weighted multi-bit
digital signal is input to a scrambler 400 and helps reduce the effects of the noise and/or distortion produced by the
digital to analog converter. The scrambler 400 outputs equally-weighted scrambled bits which are supplied to a switched
capacitor (SC) DAC 114. The SC DAC 114 forms an analog signal corresponding to the value represented by the equally-
weighted, scrambled, multi-bit digital signal. The analog signal from the SC DAC 108 and the analog signal from the
segmented SC DAC 114 are summed at 118 to form an analog signal, output on signal line 120.
[0092] FIG. 24 is a block diagram of one embodiment of a four bit scrambler 400 that receives a three bit digital input
signal, bitA, bitB, bitC. A scrambler is typically most effective when all of the scrambler inputs receive data. The extra
input(s) of the scrambler may for example be "hardwired" to a logic state, i.e., a 1 or a 0. In this event that an input(s)
of a scrambler is hardwired, it may be desirable to hardwire a corresponding number of DAC input(s), to a logic state
opposite to that used for the extra input(s) of the scrambler.
[0093] The scrambler may be any type of scrambler. For example, various scramblers and scrambler configurations
are disclosed in U.S. Patent Nos. 5,977,899 and 5,404,142, and in Kwan, Tom, et al., "A Stereo Multibit Sigma-Delta
DAC with Asynchronous Master-Clock Interface", IEEE Journal of Solid-State Circuits, Vol. 31, No. 12, Dec. 1996, pp.
1881-1887. In addition, the scrambler may use any of various schemes, e.g., data directed, random swapping.
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[0094] FIG. 25 is a schematic representation of one embodiment of the DAC portion 110 of the DAC stage 86 shown
in FIG. 20. In this embodiment, unlike the embodiment of FIG. 22, the MSB portion of the SC DAC 108 is one of six SC
cells in a "ring arrangement". Thus, besides the SC cell 380 used for the MSB portion of the SC DAC 108 (FIG. 3) there
are five other SC cells in the ring arrangement, namely, SC cells 300A-300E. In this embodiment, the five SC cells 300A-
300E form a segmented SC DAC 114 (FIG. 3). SC cell 380 and SC cell 300D are similarly oriented to each other, i.e.,
D380 and D300D are directed in similar direction to each other. Likewise, SC cell 300B and SC cell 300E are similarly
oriented to each other.
[0095] The bits bit1, bit2, bit3, bit4, of the multi-bit digital signal are supplied to the SC cells 300A, 300B, 300C, 300D,
respectively. The SC cell 300E may be supplied with a signal having a "hardwired" logic state. In some embodiments,
supplying such an input signal has an effect on the "gain" of the SC DAC 114 (FIG. 3). Some embodiments may provide
compensation for any "gain" effect. Compensation may for example be provided in the digital signal processor stage
109 (FIG. 3), the signal conditioning stage 89 (FIG. 3), or in the DAC portion 110 (FIG. 3), or any combination thereof.
In addition, the input signal may be of a type that does not result in a "gain" effect". If an input signal is supplied to the
SC cell 300E, the signal is not limited to one hardwired to a logic state but rather may be any type of signal, and may
be time varying or non-time varying.
[0096] FIG. 26 is a schematic block diagram of another embodiment of the DAC stage 86 (FIG. 3). An MSB portion
of an equally-weighted multi-bit digital signal is input to the scrambler 400, which outputs equally-weighted scrambled
bits to a gating stage 420. The gating stage 420 (sixteen gating stages) further receives one of the clock phase signals,
e.g., P3, and outputs gated, equally-weighted scrambled bits to a switched capacitor (SC) DAC 114. The SC DAC 114
forms an analog signal corresponding to the value represented by the equally-weighted, scrambled, multi-bit digital
signal. The analog signal from the SC DAC 108 is supplied to the segmented SC DAC 114, which form an analog signal,
on signal line 120, corresponding to the value represented by the multi-bit digital signal input to the DAC stage 86.
Scrambler 400 further receives an input signal for example having a logic state of 1. An additional gating stage 421
receives an input signal for example having a logic state of 0. Thus there are seventeen gating stages in total.
[0097] In one embodiment, the DAC stage 86 (FIG. 3) operates at a cycle rate lower than that of the SC filter stage
90, for example, the DAC stage 86 (FIG: 3) may operate at a cycle rate of 6.5 MHz and the SC filter may operate at a
cycle rate of 13 MHz.
[0098] Digital-to-analog conversion often results in noise, e.g., quantization noise, and/or distortion, caused for ex-
ample, by non-linearities, e.g., integral and/or differential, within the digital-to-analog converter, which in turn is caused
by, among other things, mismatching of analog components within the digital-to-analog converter. As stated above,
signals from the digital to analog converter may be supplied to a signal conditioning stage that may comprise an analog
filter, for example, a switched capacitor (SC) filter stage. The signal conditioning stage may help attenuate noise and/or
distortion components of the analog signals, for example, by removing out of band noise. However, a reduction in any
particular noise and/or distortion need not be sought nor obtained in every embodiment, and is not a requirement of the
signal conditioning stage or the switched capacitor techniques disclosed herein.
[0099] FIG. 27 is a schematic diagram of one embodiment of a portion of the DAC stage 86 in combination with one
embodiment of the SC filter stage 90. In this embodiment, the DAC stage 86 and the SC filter stage 90 each receive a
non overlapping four phase clock. However, the cycle rate of the DAC stage, is less, e.g., about 50% less than the cycle
rate of the SC filter stage 90. In this embodiment, the output of the SC DAC is in the form of charge packets, which are
provided to the switched-capacitor filter as described below. Data may be pipelined through the digital-to-analog converter
and into the switched capacitor filter, wherein the output data rate of the digital- to-analog converter is matched to the
input data rate requirements of the switched capacitor filter.
[0100] The output of the input op amp is valid on phase P3 and on phase P1. On phase P3, the one-bit DAC 202 and
one-bit DAC 204 pre-charge in response to the logic state of bit1 and bit2, respectively, as described above with respect
to FIG. 13. DAC stage switches S59, S60, S61, and S62 are in the open condition. Also on phase P3, SC filter stage
switches S63, S64, S68, S69, S72, and S74 are in the open condition. Switches S65, S66, S67, S70, S71, and S73 are
in the open condition. On phase P4, the charge sharing switches, e.g. S59 and S60 of the SC DAC stage are in the
closed condition, whereby charge is redistributed among the one-bit DACs. Also on phase P4, SC filter switches S63,
S64, S68, S69, S72, and S74 are in the closed condition. Switches S65, S66, S67, S70, S71, and S73 are in the open
condition, whereby the input op amp of the SC filter stage 90 undergoes offset and gain compensation. Gain compensation
is most effective when the sample rate is much higher than the bandwidth of the analog signals from the DAC stage.
On phase P1, switch S61 closes and one of the one-bit DACs of the SC DAC delivers charge, i.e. a data sample, to
input of the SC filter stage, which in this embodiment appears as a.offset and gain compensated virtual ground. Switches
S59 and S60 are in the open condition. Also on P1, the SC filter stage 90 switches S67 and S70 are in the closed
condition, through which the output of the SC filter stage 90 is connected back to the input of the SC filter stage 90.
Switches S65, S71, and S73 are in the closed condition as well. Switches S63, S64, S68, S69, S72, and S74 are in the
open condition. On phase P2, SC filter switches S63 is in the open condition thereby opening the connection between
the feedback between output and the input of the SC filter stage 90. Switch S62 is in the closed condition whereby the
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one-bit DAC 202 delivers charge, i.e. a data sample, to input of the SC filter stage. Switches S61, S60, and S59 are in
the open condition. Also on phase P2, switch S65, S66, S68, S69, S72, and S74 are in the closed condition. Switches
S63, S64, S67, S70, S71, S73 are in the open condition On phase P3, switches S59, S60, S61, and S62 are in the open
condition and the SC DAC undergoes another precharge in accordance with the multi-bit input signal.
[0101] Thus, the DAC stage delivers more than one analog signal (e.g., two analog signals in this embodiment), during
each cycle of the DAC (e.g., each cycle of the four phase clock), whereby the output sample rate of the DAC matches
the input sample rate of the SC filter stage. The analog signals may but need not be identical to one another. In some
embodiments, the two analog signals from the DAC are not identical but the downstream stages provide appropriate
compensation so that the two analog signals contribute equally to the output of the Digital to Analog Conversion System.
Any type of SC DAC may be used so long as the DAC generates suitable "copies" of the analog signal. In some
embodiments, a SC DAC of the type shown in FIG. 18 and 19A-19C may be used because it can inherently provide
multiple copies of the output signal.
[0102] The signal conditioner stage need not be a switched capacitor filter. Thus, although described above as including
a SC filter stage, some embodiments may not include a an SC filter stage. Furthermore, in embodiments having a SC
filter stage, offset and gain compensation is not required.
[0103] There are many ways to physically arrange the stages in each of the figures. For example, in one embodiment,
one gate stage is integrated into each of the SC cells in order reduce the number of data lines that are routed to the
DAC stage. In another embodiment, the gate stages are integrated near the scrambler cell in order to reduce the size
of the SC cells.
[0104] In some embodiments, the value of the capacitance used in the SC DAC may be selected in accordance with
kT/C noise requirements, although this is not required.
[0105] In some embodiments, the value of the capacitance used in the SC DAC may be selected so as to be large
enough to meet bit weight matching requirements. However, these are just two example criteria. The criteria for selecting
the value(s) of the capacitance used in the SC DAC are not limited those of noise requirements and/or bit weight matching
requirements.
[0106] Although described with respect to a system for use in a GSM system that runs at 13 MHz, the systems
described above are not limited to such.
[0107] Various switched capacitor filters and associated configurations are disclosed in Temes, Gabor C., et al. "Novel
Pipeline Data Converters", ISCAS, 1988, pp. 1943-1946. and Yoshizawa, Hirokazu, et al., "Novel Design Techniques
for High-Linearity MOSFET-Only Switched-Capacitor Circuits", Symposium on VLSI Circuits Digest of Technical Papers,
1996, pp. 152-153.
[0108] In some embodiments, the DAC stage simultaneously delivers multiple "copies" at the same time, which in
effect increases the gain of the DAC.
[0109] Referring again to FIG. 27, in some embodiments the SC filter stage 90 has a switched capacitor, e.g., C400.
The switched capacitor C400 may be but is not limited to a switched capacitor that does not have effects from associated
parasitic capacitances. In other words, the parasitic capacitances may or may not be charged and/or discharged and
do not pass parasitic signals from the charging and discharging events into the signal path. In this embodiment, the SC
filter stage includes a switched capacitor C401 in parallel with the switched capacitor C400. Switched capacitor C400
may or may not share switches with the switched capacitor C401. The switched capacitor C401 may exhibit parasitic
capacitance characteristics. The switched capacitor C401 may be for example, but is not limited to a switched capacitor
formed of two diodes that are connected anode to anode or are connected cathode to cathode, where the junction
between the two diodes is biased such that the diodes do not become forward biased during operation. In some em-
bodiments, the DAC stage has parasitic sensitive switched capacitor elements and consequently the capacitor C401 in
the switched capacitor filter may improve gain matching and/or gain drift between the DAC stage and the SC filter stage.
[0110] FIG. 28A is an illustration of a top view of one embodiment of a SC cell 450 implementing the one-bit DAC of
FIG. 16A. The perimeter of the SC cell 450 is shown as a dotted line. The SC cell 450 includes a capacitor top plate
C1TP and a capacitor bottom plate C1BP. A conductor 452 is provided to supply the digital signal bit2 to a region of a
control portion 222. A conductor 454 is provided to supply the phase signal P3 to a region representing a control portion
222. A conductor 456 runs from the perimeter of the SC cell 450 to a gate of a switch S43. A conductor 458 runs from
the perimeter of the SC cell 450 to one of a source or a drain of the switch S43. A conductor 460 runs from the perimeter
of the SC cell 450 to the top plate of the capacitor C1TP and to the other of the source or drain of the switch S43. A
conductor 462 runs from the perimeter to one of a source or a drain of a switch S48. A conductor 464 runs from the
other of the source or drain of the switch S48 to the top plate of the capacitor C1TP and to a region 466 representing a
region of a switch S4, a switch S5, voltage reference V3, and voltage reference V4. A conductor 468 runs from a gate
of the switch S48 to the perimeter of the SC cell 450.
[0111] FIG. 28B is an illustration of a top view of another embodiment of a SC cell 450 implementing the one-bit DAC
of FIG. 16A. This embodiment is substantially the same as the embodiment of FIG. 28A but further includes a switch
S43A that is electrically in parallel with S43 and physically oriented substantially perpendicular to S43; and further
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includes a switch S48A that is electrically in parallel with S48 and physically oriented perpendicular to S48. For example,
the switches S43, S43A may have a longitudinal axis, and the switches may be oriented such that the longitudinal axis
of one switch is physically perpendicular to the longitudinal axis of the other switch. In one embodiment, the switches
S43 and S43A are formed of two switches of approximately equal size.
[0112] FIG. 29 is a representation of a top view of one embodiment of a die layout 480 of a DAC portion 110 having
eighteen SC cells arranged in a ring 482. Seventeen of the SC cells (shown in solid lines) in the ring form a segmented
DAC adapted to receive a multi-bit digital input signal having up to seventeen bits. One of the SC cells (shown in dotted
line) in the ring forms the MSB portion of a SC DAC (shown in dotted line) 484 formed of seven SC cells and adapted
to receive a multi-bit digital input signal of up to seven bits. An arrow on each of the SC cells in the ring indicates the
relative direction of orientation of the SC cell.
[0113] In one embodiment, the DAC stage is fabricated in a 0.25 micron (P) double-poly quad metal process in a GSM
baseband/voiceband integrated circuit
[0114] However, as stated above, the switches and the capacitors are not limited to the particular embodiments shown.
[0115] As stated above, switched capacitor techniques are used in many systems. Thus, the switched capacitor
devices and techniques described above are not limited to mobile communication systems or even digital to analog
converters.
[0116] FIG. 30 is a schematic diagram of one embodiment of the CT filter stage 92 of FIG. 2, which includes a two
resistors R600, R601 that each receive an analog signal from the SC filter stage, and form an RC filter with C600 and
C601,to passively filter the images left by the switched capacitor filter. The images which appear at multiples of the SC
filter sample rate. The stage may have selectable gain formed by an amplifier 600 and resistors R602-R607. The CT
filter stage may further provide resistors R608, R609, which form a passive pole in combination with an off-chip capacitor
C602. Although not required, the resistors in the output pole may be integrated to improve I/Q channel matching, reduce
external component count and to reduce the effects of loading from the pin capacitance on the output stage amplifier.
[0117] FIG. 31 is a block diagram of one embodiment of a squaring circuit 500 that is adapted to convert a 4-bit digital
input signal bit1, bit2, bit3, bit4, into an analog signal indicative of the square of the input signal. The analog signal is
supplied to an output terminal 510. The squaring circuit 500 comprises four switched capacitor DACs 162, 164, 166,
168, described above with respect to FIG. 5. The digital signal bit1 is presented to an input terminal 512 from where it
is supplied to the one-bit DAC 162 to control the switch S1. The digital signal bit1 is further supplied to an inverter 174
that generates a signal at terminal 176 used to control switch S2. The digital signal bit2 is presented to an input terminal
514 from where it is supplied to the one-bit DAC 164 to control switch S4 and input to an inverter 180 that generates a
signal at terminal 182 used to control switch S5. The digital signal bit3 is presented to an input terminal 516 from where
it is supplied to the one-bit DAC 166 to control switch S7 and input to an inverter 186 that generates a signal at terminal
188 used to control switch S8. The digital signal bit4 is presented to an input terminal 518 from where it is supplied to
the one-bit DAC 168 where it is used to control charging switch S10 and input to an inverter 192 that generates a signal
at terminal 194 used to control switch S11. The first terminal of the capacitor C1 is supplied to a first terminal of a charge
sharing switch S200. The first terminal of the capacitor C2 is supplied to a first terminal of a charge sharing switch S201.
The first terminal of the capacitor C3 is supplied to a first terminal of a charge sharing switch S202. The first terminal of
the capacitor C4 is supplied to a first terminal of a charge sharing switch S203. The second terminal of each of the
switches S200-203 is connected to a first terminal of a switch S204. The second terminal of the switch S204 is connected
to the output terminal 510.
[0118] FIGS.33A-33C are block diagrams showing the operation of a squaring circuit 500 of FIG. 31 for each of the
three clock phases in the even that input terminals 512, 514, 516, 518 are supplied with digital bit signals bit1, bit2, bit3,
bit4, having logic states of 1, 0, 0, 0, respectively. Tables show the relationship between the clock phase, and the state
(i.e., voltage and charge) of the capacitors in the one-bit DACs. Referring now to FIG. 33A, on phase P3 of the 3-phase
clock, all the charge sharing switches S200, S201, S202, and S203 and the output switch S204, are in the open condition.
The capacitor C1 is charge to Vref in response to the logic state 1 on terminal 512. Capacitors C2, C3 and C4 are all
discharged to ground in response to the logic state 0 signals on terminals 514,516,518, respectively. Referring now to
FIG.33B, on phase P1 of the 3-phase all of the charging switches S3, S6, S9 and S12 (FIG. 31) and the output switch
S204 are in an open condition, and all of the charge sharing switches S200, 201, 202, 203 are in a closed condition,
whereby charge is redistributed and resulting in the total charge on all of the capacitors being divided among all of the
capacitors. If the capacitors C1, C2, C3, C4 all have the same capacitance value C, then the charge is shared equally
so that the voltage across each capacitor becomes Vref/4. Referring now to FIG. 33C, on P2 of the 3-phase clock switch
S200 is in the closed condition because P2 has a logic 1 state and-bit1 has a logic state 1. Switches S201, S202, S203
are in the open condition because bit2, bit3, bit4. have a logic state 0. Output switch S204 is in the closed condition, and
capacitor C1 (FIG. 31) of one-bit DAC 162 delivers its charge to the output terminal 510. Consequently, the total charge
delivered to the output terminal 510 is equal to C*Vref/4.
[0119] FIGS. 34A-34C are block diagrams showing the operation of the squaring circuit ’ 500 of FIG. 31 for each of
the 3 clock phases in the event that input terminals 512, 514, 516, 518 are supplied with digital bit signals bit1, bit2, bit3,
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bit4, having logic states of 1; 1, 0, 0; respectively: Tables show the rerationshfptietween the crock phase, and the state
(i.e., voltage and charge) of the capacitors in the one-bit DACs. Referring now to FIG. 33A, on phase P3 of the 3-phase
clock, all of the charge sharing switches S200, S201, S202, and S203 and the output switch S204, are in the open
condition. The capacitor C1 and the capacitor C2 are each charged to Vref in response to the logic state 1 on terminal
512 and 514, respectively. Capacitors C3 and C4 are all discharged to ground in response to the logic 0 signals on
terminals 516, 518, respectively. Referring now to FIG. 34B, on phase P1, all of the charging switches S3, S6, S9 and
S12 (FIG. 31) and the output switch S204 are in an open condition, and all of the charge sharing switches S200, 201,
202, 203 are in a closed condition, whereby charge is redistributed and resulting in the total charge on all of the capacitors
being divided among all of the capacitors. If the capacitors C1, C2, C3, C4 all have the same capacitance value C, then
the charge is shared equally so that the voltage across each capacitor becomes Vref/2. Referring now to FIG. 33C, onl
P2 of the 3-phase clock, switch S200 is in the closed condition because P2 has a logic state 1 and bit1 has a logic state
1. Switch S201 is in the closed condition because P2 has a logic state 1 and bit2 has a logic state 1. Switches S202,
S203 are in the open condition because bit3, bit4, have a logic state 0. Output switch S204 is in the closed condition,
and capacitors C and C2 (FIG. 31) of one-bit DACs 162, 164 delivers charge to the output terminal 510. Consequently,
the total charge delivered to the output terminal 510 is equal to C*Vref.
[0120] Thus, for this embodiment, the charge may be determined as follows: 

[0121] In other embodiments, the multi-bit digital input signal to the SC squaring circuit need not be equally-weighted
bits, but rather may have binary-weighting or any other weighting.
[0122] FIG. 35 shows one embodiment of an analog to digital converter 800. The analog to digital converter 800 is a
successive approximation type having an analog comparison stage 801 that receives an analog signal. The analog
comparison stage 801 generates an output signal that is supplied to a successive approximation register (SAR), which
generates an output signal that is supplied to a latch stage 804. A digital output signal from the latch stage 804 is fed
back to an input of the analog comparison stage through a feedback element 806. The feedback element 806 may be
a digital to analog converter that employs one or more of the methods or devices described hereinabove. In some
embodiments, the feedback element may comprise a squaring circuit such as for example, the squaring circuit described
hereinabove with respect to FIGS, 31-34. In such embodiments, the feedback DAC has the characteristic that the analog
output is proportional to the square of the digital input. This produces a square root transfer function for the overall analog
to digital converter, wherein the digital output is proportional to the square root of the analog input. In contrast, the AD574
analog to digital converter, manufactured by Analog Devices, Inc. produces a linear transfer function, wherein the digital
output is directly proportionate to the analog input of the analog to digital converter.
[0123] Referring again to FIG. 31, in another embodiment, a digital to analog converter may receive a first multi-bit
digital signal and a second multi-bit digital signal, and generate an analog signal indicative of a product of the first multi-
bit digital signal and the second multi-bit digital signal. Such embodiment is similar to the squaring circuit of FIG. 31
except that the switches S200, S201, S202, and S203 are controlled by the second multi-bit digital signal. For example,
the switch S200 may be controlled according to an equation: P1+((bit1 of second multi-bit digital signal)*P2). The switch
S201 may be controlled according to an equation: P1+((bit2 of second multi-bit digital signal)*P2). The switch S202 may
be controlled according to an equation: P1+((bit3 of second multi-bit digital signal)*P2). The switch S203 may be controlled
according to an equation: P1+((bit4 of second multi-bit digital signal)*P2). In another embodiment, such a digital to analog
converter may be employed in the feedback loop of a analog to digital converter, as in FIG. 35.
[0124] In another embodiment, the digital signal processing stage includes a sigma delta modulator.
[0125] Although shown in an embodiment adapted to receive an acoustical signal 56, in other embodiments, the
handset 50 is not limited to such. The input signal may be one or more signal of any type including but not limited to
electromagnetic, electrical, microwave, acoustical, ultrasound, and optical signal, may have any form, and may be from
any source. The invention may be used in any type of system which may but need not include a digital to analog
conversion stage.
[0126] The multi-bit digital signal may be parallel data, e.g., provided by way of plurality of signal lines, serial data,
e.g., provided by way of a single signal line, or any combination thereof, e.g., some parallel data and some serial data.
[0127] As stated above, the switches and the capacitors may be of any type and are not limited to the particular
embodiments disclosed above.
[0128] While there have been shown and described various embodiments, it will be understood by those skilled in the
art that various changes and modifications may be made.
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Claims

1. A DAC (150) comprising:

a switched capacitor network (162-168) that receives an equally-weighted multi-bit digital signal, wherein
the switched capacitor network (162-168) has a plurality of substantially identical switched capacitor sub-DAC
cells (300, 300A, 300B, 300C) each of which is responsive to one bit of the multi-bit digital signal, the sub-DAC
cells (300, 300A, 300B, 300C) share charge with one another at times and the switched capacitor network
outputs an analog signal indicative of a sum of equally weighted values of each bit in the multi-bit signal;
characterised in that each cell (300, 300A, 300B, 300C) has an orientation direction defined by its input and
output connections, and the orientation direction of at least one of the plurality of cells is rotated substantially
ninety degrees relative to at least one other of the at least one of the cells.

2. The DAC (150) of Claim 1, wherein at least a portion of the plurality of switched capacitor cells (300, 300A, 300B,
300C) forms a closed loop.

3. The DAC of Claim 1, comprising at least four cells (300, 300A, 300B, 300C), wherein each cell has an angular offset
relative to the other cells.

Patentansprüche

1. D/A-Wandler (150) mit:

einem Switched-Capacitor- (Schaltkondensator) Netzwerk (162-168), das ein gleich gewichtetes Multi-bit-Di-
gitalsignal empfängt; wobei
das Switched-Capacitor-Netzwerk (162-168) mehrere im wesentlichen identische Switched-Capacitor-D/A-
Wandler-Zellen (300, 300A, 300B, 300C) aufweist, die jeweils auf ein Bit des Multibit-Digitalsignals ansprechen,
wobei die D/A-Wandler-Zellen (300, 300A, 300B, 300C) zeitweise Ladungen miteinander teilen, und wobei das
Switched-Capacitor-Netzwerk ein Analogsignal ausgibt, das eine Summe gleich gewichteter Werte jedes Bits
des Multibitsignals darstellt;

dadurch gekennzeichnet, dass jede Zelle (300, 300A, 300B, 300C) eine Orientierungsrichtung aufweist, die durch
ihre Eingangs- und Ausgangsverbindungen definiert ist, und die Orientierungsrichtung mindestens einer der meh-
reren Zellen im wesentlichen um neunzig Grad bezüglich mindestens einer anderen der mindestens einen Zelle
gedreht ist.

2. D/A-Wandler (150) nach Anspruch 1, wobei mindestens ein Teil der mehreren Switched-Capacitor-Zellen (300,
300A, 300B, 300C) eine geschlossene Schleife bildet.

3. D/A-Wandler nach Anspruch 1 mit mindestens vier Zellen (300, 300A, 300B, 300C), wobei jede Zelle einen Win-
kelversatz bezüglich den anderen Zellen aufweist.

Revendications

1. DAC (150) comprenant :

un réseau de condensateur commuté (162-168) qui reçoit un signal numérique multi-bits également pondéré,
dans lequel :

le réseau de condensateur commuté (162-168) a une pluralité de sous-cellules DAC de condensateur
commuté essentiellement identiques (300, 300A, 300B, 300C) dont chacune réagit à un bit du signal nu-
mérique multibits, les sous-cellules DAC (300, 300A, 300B, 300C) partagent la charge avec une autre à
des moments et le réseau de condensateur commuté délivre en sortie un signal analogique indicatif d’une
somme de valeurs également pondérées de chaque bit dans le signal multibits, caractérisé en ce que
chaque cellule (300, 300A, 300B, 300C) présente une direction d’orientation définie par ses liaisons d’entrée
et de sortie et la direction d’orientation d’au moins une de la pluralité des cellules est tournée sensiblement
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à 90° par rapport à au moins une autre de la au moins une des cellules.

2. DAC (150) selon la revendication 1, dans lequel au moins une partie de la pluralité des cellules de condensateur
commuté (300, 300A, 300B, 300C) forme une boucle fermée.

3. DAC selon la revendication 1, comprenant au moins quatre cellules (300, 300A, 300B, 300C), dans lequel chaque
cellule a un décalage angulaire par rapport aux autres cellules.
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