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(57) Abstract: A circuit (60) for converting a digital value into an analogue signal is described. The circuit comprises a logic
block (64) arranged to receive one or more digital signals representing the value and each having a relative weighting. The logic
block is further arranged to output one or more signals, each output signal comprising an oscillator signal modulated by a respec-
tive digital signal. The circuit (60) further comprises generating means (69) for generating an analogue signal representative of the
digital value. The analogue signal comprises a weighted combination of the signals output from the logic block (64), the relative
weightings being based on the relative weightings of the respective digital signals. The logic block (64) may comprise a series of
multiplying elements (61 a-c), such as logic gates or series switches, each multiplying element arranged to receive an oscillator
signal as a first input and a respective digital signal as a second input, and arranged to multiply the oscillator signal with the digi-
tal signal. The generating means (69) may comprise a series of amplitude moditiers (62a-c), such as a capacitor, a resistor and an
inductor, arranged to modify the relative amplitudes of the signals output from the logic block (64). The generating means (69)
may comprise means (66) to sum the amplitude-modified signals
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Digital to Analogue Converter

The present inventicon relates to a digital to analogue converter, including, but

not limited to a digital to analogue converter for use in wireless transmitters.

wn

Digital to Analogue Converters (DACs) are used in a very wide range of
applications. For example, DACs may be used in wireless transmitters to
convert digital signals generated by the transmitter's baseband to appropriate
analogue signals for transmission by an antenna. In a typical transmitter, a
10 digital signal is first converted to an analogue signal using a DAC, and then
the analogue signal is passed through filtering, mixing and ampiification

stages before power amplification and finally fransmission is performed.

One problem with existing techniques is that the large number of functional

15 blocks required to process the signals requires a large silicon area on the
transmitter integrated circuit (TXIC). Another problem is that the amount of
analogue signal processing required is large. These problems make it more
difficult to implement transmitters using, for example, modern Complimentary
Metal Oxide Semiconductor (CMOS) techniques.

20

In many wireless transmitter designs, such as those used in mobile
telephones, it is often necessary to minimise power consumption, and
therefore to use a low voltage power supply. However, the reliance on the
performance of many analogue components in existing designs results in
25 either increased power consumption requirements, or reduced performance in

low power designs.

According to one aspect of the invention, there is provided a circuit for
converting a digital value into an analogue signal, the circuit comprising: a
30  logic block arranged to receive one or more digital signals representing the
value and each having a relative weighting, the logic block being further
arranged to output one or more signals, each output signal comprising an
oscillator signal modulated by a respective digital signal; generating means for

generating an analogue signal representative of the digital value, the
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analogue signal comprising a weighted combination of the signals output from
the logic block, the relative weightings being based on the relative weightings

of the respective digital signals.

5  Embodiments of the invention will now be described, by way of example only,

with reference to the Figures, in which:

Figure 1 is a block diagram of a system comprising a wireless transmitter;
Figure 2 is a block diagram illustrating the RFIC shown in Figure 1 in more
10 detail;
Figure 3 is a block diagram of a system, according to an embodiment of the
invention, comprising a wireless transmitter;
Figure 4 is a schematic diagram of the DAC module shown in Figure 3;
Figure 5 is a circuit diagram of the matching circuit shown in Figure 4;
15  Figure 6 is a circuit diagram of one embodiment of the DAC shown in Figure
4; and
Figure 7 is a circuit diagram of another embodiment of a DAC.

Figure 1 is a block diagram of a system comprising a wireless transmitter, for
20 example used in a mobile telephone. The transmitter 1 comprises a baseband
section 2 which generates and outputs digital data in the form of symbols to a
Radio-Frequency Integrated Circuit (RFIC) 4 on line 3. The symbois represent
the digital data that is to be transmitted by the transmitter and is derived from
signals received by the baseband section 2 from one or more input devices
25 (not shown) such as a keyboard and a microphone. The haseband section 2
processes these signals to generate the digital data. The RFIC 4 performs
various processing of the digital data generated by the baseband section 2,
including converting the digital data into an analogue signal 4 suitable for
transmission. The RFIC 4 also performing filtering, mixing and amplification of
30 the analogue signal. The processed analogue signal 5 generated by the RFIC
4 is provided to a Power Amplifier (PA) & which performs further amplification

of the signal before the amplified signal 7 is transmitted by an antenna 8.
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Figure 2 illustrates the RFIC 4 shown in Figure 1 in more detail. The symbols
3 received by the RFIC 4 from the baseband section 2 are first provided to a
Transmitter Digital Front End (TXDFE) block 21. This block 21 performs any
remaining digital pre-processing required before digital to analogue

5 conversion takes place. The output 22 of the TXDFE 21 is then provided to a
DAC 23 which converts the digital data into an analogue signal 24. The
analogue signal then passes through separate filtering, mixing and
amplification stages. In particular, the analogue signal 24 is first passed
through a filter 25. The signal is then converted up to RF frequency by mixing

10 the signal with a Local Oscillator (LO) signal. The mixing stage is performed
by a mixer 27 which receives the LO 29 output, derived, for example, by
dividing an appropriate oscillator signal. The RF sighals 30 output by the
mixer 27 are then passed to an amplification stage which includes at least two
amplifiers 31, 32. These amplifiers 31, 32 perform gain control, and provide an

15 output of the RFIC. As seen in Figure 1, the output of the RFIC is further
amplified by PA & before being transmitted.

It can be seen from Figure 2 and from the foregoing that there are a significant
number of analogue components in this arrangement and that the amount of
20  analogue signal processing performed by the RFIC is relatively high. Figure 3
is a block diagram of a system comprising a wireless transmitter in which the
number of analogue components may be reduced, resulting in less analogue

processing and a smaller silicon area.

25  The transmitter 40 shown in Figure 3 comprises a baseband section 41, a
TXDFE 42, a module referred to as DAC module 44, a PA 45 and an antenna
46. As before, the baseband section 41 generates symboils representing
digital data to be transmitted. The symbols are provided to the TXDFE 42 for
processing. In the illustrated embodiment, the TXDFE includes a Sample-
30 Rate-Converter (SRC) 43 which is arranged to increase or decrease the
sample rate of the digital data as required. For example, in some
embodiments, the DAC module 44, described in greater detail below, may

require a specific sample rate which is not provided by the baseband section
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41 and TXDFE 42. As will be appreciated by the skilled person, the SRC
represents a relatively minor modification to the TXDFE.

The DAC module 44 receives the digital data and produces an output in the

form of an analogue signal as described in greater detail below. The DAC

W

module 44 therefore performs the digital to analogue conversion of the data.
This is performed in such a way, however, that the amount of analogue
processing and power consumption may he minimised. The analogue signal
generated by the DAC module 44 is provided to the PA 45 which amplifies the

10 signal before providing it to the antenna 46 for transmission.

The DAC module 44 comprises a digital to analogue converter (DAC), one
embodiment of which is illustrated in more detall in Figure 4. In general, the
DAC receives a series of one or more digital signals representing a value. For
15 example, the signals may represent bits of a binary number, or may represent
a thermometer-coded value. In the first example, the signals have different
weights corresponding to the binary weighting of the individual bits. In the

second example, the signals each have equal weight.

20 The DAC comprises a first stage, which may be referred to as a logic block
64, which converts each digital signal to radio-frequency. Each radio-
frequency signal is generated by modulating an oscillator signal of certain
frequency with a respective digital signal. This may be performed, for
example, by multiplying the oscillator signal with the digital signal using a

25  NAND, AND, OR, NOR, XOR or XNOR gate, series switches, or any other
suitable means. For example, in the case of NAND, AND, OR and NOR gates,
the result is a sighal which is substantially constant when the digital signal is
in a first state (e.g. a high or low staie), and is an oscillating signal when the
digital signal is in a second state {e.g. a low or high state).

30
The DAC also comprises a second stage, which may be referred to as
generating means 69, which performs the analogue to digital conversion. In
the second stage, the radio-frequency signals are combined together to

produce an analogue signal whose amplitude is representative of the input
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value. For example, the analogue signal comprises a weighted sum, or other
suitable combination, of the individual radio-frequency signals. The weighting
used in the summation or combining of the signals depends on the weight of
the respective input digital signals. For example, if the input signals represent
5 abinary number, the radio-frequency signals are added with binary weighting
whereas if a thermometer-code is used, the radio-frequency signals are added
with equal weighting. In various embodiments, capacitors, resistors, inductors
or any other suitable means may be used to control the relative amplitude of
the individual radio-frequency signals. The resuiting amplitude-modulated

10 signals may be added together.

The specific embodiment of the DAC illustrated in Figure 4 will now he
described. In this embodiment, DAC module 60 receives a stream of N-bit
binary values and produces an analogue signal therefrom. The stream of
15 binary values corresponds to the digital data stream output by the TXDFE and
SRC 43. In practice, the data stream comprises both | and Q components.
The DAC illustrated in Figure 4 comprises two stages. The first stage transfers
the digital data from 1Q data frequency to RF frequency bit by bit. The second
stage performs the actual digital to analogue conversion.
20
The DAC module 60 comprises a series of NAND gates 61a-c, each one
associated with a respective bit of a received binary value. There are
therefore as many NAND gates 61a-¢c as the number of bits in each received
binary value, although only three gates 61a-c are shown in the Figure, Each
25  NAND gate 61a-c processes a respective signal representing one bit of the
received vaiue to transfer that signal to RF frequency. To achieve this, each
NAND gate receives an LO signai as a first input. The LO signal may be, for
example, a sine wave or square wave of a certain frequency. The second
input of each NAND gate 61a-c comprises a respective bit of the N-bit binary
30 value. For example, the first NAND gate 61a receives bit 0 of the N-bit binary
value, the next NAND gate 81b receives bit 1 of the value, and so on, until the
last NAND gate 61c¢ receives bit N-1 of the value. When the data bit input into
one of the NAND gates is equal to 1 then the output of that NAND gate will be
equal to an inverted version of the LO signal. If the data bit has a value of 0,
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then the output of the NAND gate will be equal to 1. in this way, the resulting

output of the NAND gates 61a-c represents the digital data (i.e. respective

binary values) transferred to RF frequency. These signals are used to drive

the next stage. As mentioned above, the NAND gates may be replaced with
5 any other suitable component to multiply the LO signal with the digital signal.

The actual digital to analogue conversion is performed by using the RF
frequency signals output from the NAND gates 61a-c to drive a series of
respective weighted capacitors 62a-c. The output of each NAND gate 61a-c is
10 connected to one plate of a respective capacitor 62a-c and the other plate of
each capacitor 62a-c is connected to a common adding point 68. The adding
point 66 is, in turn, connected (via a matching circuit discussed below) to an
output node 63 representing the output of the DAC module 80. The value of
each capacitor 62a-c is binary weighted according to the binary weight of the
15  particular data bit involved in driving the capacitor. For example, the capacitor
connected to the output of the NAND gate that receives bit n of the binary
value has a capacitor value of 2"C, where C is a reference value selected
according to the desired relative magnitude of the output signal. In this
example, the least significant bit is numbered as bit zero, so that the bits of
20  the N-bit value are numbered from O to N-1. The resuit is that the relative
amplitudes of the radio-frequency signals output from the NAND gates are
modified according te the binary weighting of the respective bits of the binary
value. The common adding point then acts to add or combine the amplitude-
modulated signals. Each data bit therefore contributes to the signal at the
25 common adding point according to the bit value (e.g. 0 or 1), but also to the
weight of the corresponding capacitor, which in turn depends on the binary
weight of the bit in question. The resulting analogue signal occurring at the
common adding point 66 therefore has a magnitude that is proportional to the
binary value. As a stream of binary values are input into the DAC module 60,

30 the magnitude of the analogue signal will vary accordingly.

The weighting of the capacitors is chosen depending on the coding used to
represent the value. In the example above, a binary representation of the

value is used so the capacitors are binary weighted. However, if thermometer
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coding is used such that the input signals are of equal weight then the radio-
frequency signals are combined with equal weight. In this case, weighted
capacitors may not be required. It is also understood that the capacitors may
be replaced with any other suitable component to modify the amplitude of the
5 radio-frequency signals, such as resistors or inductors. The signals may also
be combined by means other than the common adding point illustrated in

Figure 4.

n the embodiment shown in Figure 4, a matching circuit 85 is connected
10 between the common adding point 66 and the output node 63. The matching
circuit is used to match the impedance of the DAC module 60 to a particular
value. For example, in one emboediment, the matching circuit is arranged to
match the capacitive impedance of the DAC module 60 to a value of 50Q. By
ensuring that the input impedance is lower than the output impedance, an
15 increase in voltage at the output may be achieved, resulting in improved
performance. The matching circuit may be of any suitable design, one of
which is illustrated in Figure 5. This matching circuit 65 comprises a resistor
70 connected between the common adding point and the output node and an
inductor 71 connected between the output hode 63 and ground. The values of
20 the inductor 71 and resistor 70 may be chosen, for example, so that an
impedance of 50Q is achieved. It is understood that other matching circuits
could be used, for example one using a capacitor and inductor in place of the

inductor 71 and resistor 70 shown in Figure 5.

25  Figure 4 illustrates the I-branch 67 of the DAC module 60 in detail. In practice,
for image rejection, a Q-branch 68 is also provided. The Q-branch comprises
the same circuit as the I-branch. However, the LO signals received by the
NAND gates of the Q-branch are 90" out of phase with the LO signals
received by the NAND gates of the I-branch. The [-branch receives the |

30 component of the digital data while the Q-branch receives the Q component of
the digital data. As seen in Figure 4, the common adding point of the I-branch
and the common adding point of the Q-branch are connected at a point prior

to the matching circuit.
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Although weighted capacitors are used in the illustrated embodiment, one or
more of the weighted capacitor could alternatively be replaced by a series of
capacitors together having an equivalent capacitance. For the purpose of
embodiments of the invention, a group of capacitors that are connected

together such that an overall capacitance is achieved may be regarded simply

e

as a single capacitor having the overall capacitance. In cne embodiment, the
capacitors are in the form of Metal-Oxide-Metal (MOM) capacitors, although it
is understood that other forms of capacitor could be used. The performance of
the DAC module 44 is characterised by the capacitor values, and the
10 accuracy of the digital to analcgue conversion depends on the matching of the
capacitors. In practice, matching of the capacitors can bhe performed

accurately.

Figure 6 illustrates one possible implementation of the DAC module 60 shown
I5 in Figure 4. The circuit 80 shown in Figure 5 is equivalent to a single NAND
gate and capacitor branch of the arrangement shown in Figure 4, for example
NAND gate 61a and capacitor 62a. The circuit 80 comprises four inputs 81a-
d. The first input 81a is connected to a reference voltage Vgrer (ot shown in
Figure 4), the second 81 and third 81c inputs are connected to the LO signal
20 and the fourth input 81d is connected to ground (not shown in Figure 4). The
four inputs 81a-d are connected respectively to four respective inverters 82a-d
which invert the respective input signals. The output of each inverter 82a-d is
connected to a respective switch, which in the illustrated embodiment are the
form of transistor switches 83a-d. Each switch is controlled by the data bit
25 corresponding to this branch of the DAC module, which in this example is bit 0
of the binary value. Each switch 83a-d is controlled by the same data bit. For
example, when the data bit is equal to 0 then the inverted inputs are not
allowed to pass through the switches, and if the data bit is equal to 1 then the

inverted signals are allowed to pass through the switch.

The outputs of switches 83a and 83b are each connected to two inverters
84a, 84b in series. The outputs of switches 83c and 83d are each connected
to two further inverters 84c, 84d in series. The two outputs of the two series of

inverters 84a, 84b and 84c, 84d are connected to one plate of respective
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capacitors 85a, 85b. These two capacitors in parallel are equivalent to one of
the capacitors 82 iliustrated in Figure 4. The other plate of each capacitor 853,

85b are connected together and to an output of the circuit.

o

As previously mentioned, the circuit shown in Figure 6 corresponds to a single
NAND gate and capacitor connected in series. Therefore, N copies of the
circuit shown in Figure 6 are used to implement each of the I-branch 67 and
Q-branch 68 of the DAC module 80. The outputs of the N copies of the circuit
shown in Figure 6 forming the | or Q branch are connected together at the

10 common adding point 66.

In the embodiments described above, the digital values are unsigned values,
each having a magnitude but not a sign (i.e. positive ar negative). However, in
other embodiments, the digital values may be signed values, each having
15 both a magnitude and a sign. The sign of a value may be represented in any
suitable way, for example using a sign bit whose value represents whether the
value is positive or negative. One embodiment in which signed values are
used will now be described. This embodiment is similar in design to the
embodiment illustrated in Figures 4 to 6. However, rather than using an
20  osciliator signal as described, either a non-inverted oscillator signal (referred
to below as LO} or an inverted oscillator signal (referred to below as XLO) is
used depending on the sign of the value. In an embodiment in which the
oscillator signatl is a square wave oscillating between high and low states, the
inverted oscillator signal comprises a square wave having a low state when
25  the non-inverted oscillator signal has a high state, and having a high state
when the non-inverted oscillator sighal has a low state. In an embodiment in
which the oscillator signal is a sine wave, the inverted oscillator signal
comprises a sine wave having the opposite sign. A non-inverted oscillator
signal and inverted oscillator signal may be derived from the same oscillator

30 source,

In one embodiment, a sign module is provided to determine the sign of the
digital value provided to the DAC module 60, for example by examining the

state of the sign bit, and then to selectively provide a non-inverted oscillator
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signal or inverted oscillator signal depending on the sign. For example, if the
value is positive then the sign module provides a non-inverted oscillator signal
generated by an oscillator as an output. The sigh module is also arranged to
invert the oscillator signal generated by the oscillator, and if the value is
5 negative then the sign modute provides the inverted oscillator signal as an
output. The non-inverted oscillator signal or inverted oscillator signal output by
the sign module is provided to circuitry similar to that shown in Figure 4 in
place of the oscillator signal (LO) shown. If a stream of signed digital values
are input into the DAC module 60 then the oscillator signal provided to the
10 circuitry shown in Figure 4 may switch between a non-inverted osciilator
signal and an inverted oscillator signal according to the changing sign of the

input values.

Figure 7 illustrates one possible implementation of the DAC module 60 in
15 which signed values are used. This arrangement is similar to that shown in
Figure 6 except for modifications allowing either a non inverted oscillator
signal {LO} or an inverted oscillator signal (XLO) to be used. As before, only a
singte branch of the DAC, representing the circuitry for processing a single bit
of the value, is illustrated. Similar branches (not shown) are also provided for
20 each other bit of the value representing the magnitude of the value, and the
resulting individual signals are then combined tc derive the analogue signal as

described above.

The circuit 100 comprises six inputs 101a-f. The first input 101a is connected
25  to a reference voltage Vger and the sixth input 101f is connected to ground.
The second 101h and fifth 101e inputs are connected to an LO signal source,
and the third and fourth inputs are connected to an XLO signal source. The six
inputs 101a-f are connected to six respective inverters 102a-f which invert the
respective input signals 101a-f. The output of each inverter 102a-f is
30 connected to a respective switch 103a-f, which may be, for example, in the

form of transistor switches.

Each switch 103a-f is controlled using the data bit corresponding to this
branch of the DAC module 60, and therefore each switch 103a-f in this branch
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is confroiled using the same data bit. In the case of the first and sixth switches
103a, 103f, when the data bit is equal to 0 then the inverted inputs are not
allowed to pass through the switches, and if the data bit is equal to 1 then the
inverted signals are allowed to pass through the switch. The other switches
5 103b-e are controlled not only by the data bit, but also by the sign hit of the
value. Spegcifically, if the sign bit is equal to 0 then inverted XLO signals are
not allowed to pass through respective switches 103c, 103d regardless of the
value of the data bit, while inverted LO signals are allowed to pass through
respective switches 103b, 103e only if the data bit is equal to 1. If the sign bit
10 is equal to 1 then mverted LO signals are not allowed to pass through
respective switches 103c, 103d regardless of the value of the data bit, while
inverted XLO signals are allowed to pass through respective switches 103b,

103e only if the data bit is equal to 1.

15  The outputs of switches 103a-c are each connected to two inverters 104a,
104b in series. The outputs of switches 103d-f are each connected to two
further inverters 104c, 104d in series. The two ouiputs of the two series of
inverters 104a-d are connected to one plate of respective capacitors 105a,
105b. The other plate of each capacitor 105a, 105b are connected together

20 and to an output of the circuit 100. it can he seen that the circuit illustrated in
Figure 7 functions in the same way as the circuit ilfustrated in Figure 6 except
that LO signals 101b, 101e or XLO signals 101c, 101d are selectively used,
instead of an unconditional LO signal 81b, 81c, depending on the sign of the
digital value. As with the arrangement shown in Figure 8, the output of the

25 circuit shown in Figure 7 is combined with the outputs of the similar circuits
corresponding to the other data bits to produce the analogue signal

corresponding te the digital value.

In embodiments of the invention in which digital values are signed, the range

30 of values that may be used is doubled.

As can be seen from the foregoing, the structure of the DAC module 60 is
refatively simple. Furthermore, a smaller number of analogue components are

required relative to known devices resulting in reduced analogue processing.
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12

For example, the NAND gates 61a-¢ are digital components. Embodiments of
the invention provide a DAC in which power consumption, noise and silicon

area may be reduced.

5 While various exemplary embodiments of the invention have been described
above, the skilled person will appreciate that various modifications are

possible.
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13
Claims
1. A circuit (60) for converting a digital value into an analogue signat, the
circuit comprising:
5 - a logic block (64) arranged to receive one or more digital signals

representing the value and each having a relative weighting, the
logic black being further arranged to output one or more signals,
each output signal comprising an oscillator signal modulated by
a respective digital signal;

10 - generating means (69) for generating an analogue signai
representative  of the digital value, the analogue signal
comprising a weighted combination of the signals cutput from
the logic block (64), the relative weightings being based on the
relative weightings of the respective digital signals.

2. A circuit according to claim 1 in which the logic block (64) comprises a
series of multiplying elements (61a-c), each multiplying element (61a-c)
arranged to receive an oscillator signal as a first input and a respective
digital signal as a second input, and arranged to muitiply the oscillator

20 signal with the digital signal.

3. A circuit according to claim 2 in which at least one multiplying element
(61a-c) comprises at least one of: a NAND gate, AND gate, OR gate,
NOR gate, XOR gate, XNOR gate and series switches.
25
4. A circuit according to claim 1, 2 or 3 in which the generating means
(69) comprises a series of amplitude modifiers (62a-c) arranged to
modify the relative amplitudes of the signals output from the logic block
(64).
30
5. A circuit according to claim 4 in which at least cne amplitude modifier
(62a-c) comprises at least one of: a capacitor, a resistor and an

inductor.
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6. A circuit according to claim 4 or 5 in which the generating means (69)

further comprises a means {66) to sum the amplitude-modified signals.

7. A circuit according to any preceding claim in which the one or more
5 digital sighals represent a binary number, and in which each digital

signal has a binary weight.

8. A circuit according to any of claims 1 to 7 in which the one or more
digital signals represents a thermometer-coded value, and in which

10 each digital signal has equal weight.

9. A circuit according to any preceding claim in which the circuit
comprises and |-branch (67) and a Q-branch (68), in which the I-branch
(67) receives an -component of digital data and the Q-branch (68)
i35 receives a (J-component of digital data, and in which the oscillator
signal of the Q-branch {88) is 90" out of phase with the oscillator signal

of the I-branch (67).

10. A circuit according to any preceding claim further comprising a

20 matching circuit (85) for matching the impedance of the circuit (80).

11. A circuit according to any of claims 2 to 10 in which at least one
muttiplying element (61a-c) comprises:
- four inputs (81a-d), the first input (81a) connected to a reference
25 voltage, the second and third inputs (81b, 81¢) being connected
to the oscillator signal and the fourth input (81d) being
connected to ground;
- four inverters (82a-d) for inverting the respective inputs (81a-d);
- four switches (83a-d) for selectively allowing the passage of the
30 inverted inputs depending on the bit received by the multiplying
element (61a-c);
- a first series of inverters (84a, 84b) connected to the output of

the first and second switches (83a, 83b) and a second series of
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inverters (84c, 84d) connected to the output of the third and
fourth switches (83c, 83d).

12. A circuit according to claim 11 when dependent on claim 4 in which at

5 least one amplitude modifier (62a-¢) comprises: a first capacitor (85a)
having a first plate connected to the output of the first series of

inverters (84a, 84b) and a second capacitor (85b) having a first piate
connected to the output of the second series of inverters (84c, 84d); a

second plate of the first and second capacitors (85a, 85b) being

10 connected together.

13. A circuit according to claim 11 or 12 in which one or more of the

switches (83a-d) comprises a transistor switch.

15 14,  Acircuit according to any preceding claim in which the digital value is a
signed digital value, and in which the oscillator signal comprises one of;
a non-inverted oscillator signal; and an inverted oscillator signal

depending on the sign of the digital value.

20 15.  Atransmitter comprising a circuit according to any preceding claim.
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