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DIGITAL-TO-ANALOG CONVERSION CIRCUIT

TECHNICAL FIELD
The present invention generally relates to digital-to-analog conversion methods and
apparatus, and particularly relates to suppressing conversion noise at a given out-of-
band frequency.

BACKGROUND

A digital-to-analog converter (DAC) converts a digital signal into an analog signal.
This conversion, however, introduces some amount of conversion noise into
frequencies other than that of the digital signal. The level of noise emitted in any
given out-of-band frequency affects the quality of signals occupying that frequency,
at least to the extent the noise level exceeds a specified tolerance for noise.

Conventional or Nyquist-rate DACs, while having relatively low sampling rates
and power consumption, do little by themselves to suppress the level of noise
introduced into a given out-of-band frequency. Although increasing the DACS’
resolution generally lowers the level of noise introduced, analog design complexity
and chip area restrictions limit the amount by which the noise level can be lowered.

Without the same design complexity and area restrictions, noise shaping
DACs significantly decrease the level of noise introduced within a certain bandwidth
by moving noise from lower to higher frequencies. However, noise shaping DACs
require oversampling of the digital signal, and, thus, may consume more power than
a conventional DAC. This oversampling also limits the frequencies at which noise
shaping DACs can effectively decrease noise levels.

Accordingly, none of the above-described conversion approaches are entirely
advantageous under all circumstances and for all out-of-band frequencies.

SUMMARY
Methods and apparatus taught herein advantageously select between multiple
digital-to-analog conversion approaches to suppress conversion noise in a given
out-of-band frequency. More particularly, the effectiveness with which different
conversion approaches suppress out-of-band noise in a given out-of-band frequency

varies as a function of the distance between the frequency of the digital signal being
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converted and the given out-of-band frequency. Accordingly, methods and apparatus
taught herein select between multiple digital-to-analog converters based on this
frequency distance.

In one or more embodiments presented herein, a digital-to-analog conversion
circuit includes multiple digital-to-analog converters (DACs) and a control circuit to
select which DAC to use for digital-to-analog conversion of a digital signal. Each of
the DACs have different out-of-band noise characteristics. For example, one DAC
may be a Nyquist-rate DAC with a white noise characteristic, while another DAC is
an oversampling DAC with a shaped noise characteristic. According to these
characteristics, the noise level produced by each DAC at a given out-of-band
frequency varies as a function of the frequency distance between that given out-of-
band frequency and the frequency of the digital signal being converted. Concerned
with the noise level produced at a given out-of-band frequency, therefore, the control
circuit bases its selection of DACs on the frequency distance between that given out-
of-band frequency and the digital signal’s frequency.

In various embodiments, the control circuit bases its selection solely on the
frequency distance. The control circuit may, for example, be preconfigured to
automatically select between DACs based on a mapping of possible frequency
distance values to different DACs. In other embodiments, the control circuit further
bases its selection on a noise level tolerance for the frequency distance and the
power consumption of each DAC. For instance, the control circuit may select the
DAC consuming the least power if both DACs are able to reduce noise to a level
below a specified noise tolerance.

The conversion circuit taught herein may be part of a wireless
communications device using frequency division duplexing between a transmitter
and receiver. In one embodiment, the duplex distance is variable based on operation
by the wireless communications device according to one of several communication
standards. In order to reduce the noise level produced at a duplex distance
corresponding to a certain communication standard, the control circuit selects
between DACs based on that duplex distance.

In certain embodiments, the DACs advantageously have topologies that
permit them to share common components in order to reduce the chip area required

for the digital-to-analog conversion circuit. In one embodiment, for example, the
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DACs may include different sets of digital bits driving the same array of DAC unit
elements. In this case, the control circuit selects between DACs by selecting to drive
the array of DAC unit elements with a certain set of digital bits.

In a preferred embodiment, one DAC comprises a Nyquist-rate DAC that
drives an array of equally weighted DAC unit elements with thermometer coded bits
of the digital signal. Another DAC comprises a noise shaping FIR DAC that drives
the same array of DAC unit elements with delayed versions of a noise shaped bit
stream. In this case, the control circuit preferentially selects the noise shaping FIR
DAC if the frequency distance is small (e.g., less than 80MHz). Conversely, the
control circuit preferentially selects the Nyquist-rate DAC if the frequency distance is
large (e.g., greater than 80MHz) or if the Nyquist-rate DAC produces a noise level
below a noise level tolerance for that frequency distance.

Of course, the present invention is not limited to the above features and
advantages. Indeed, those skilled in the art will recognize additional features and
advantages upon reading the following detailed description, and upon viewing the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating one embodiment of a digital-to-analog
conversion circuit of the present invention.

Figure 2 is a waveform diagram comparing example out-of-band noise
characteristics for the first and second digital-to-analog converters of Figure 1.

Figure 3 is a logic flow diagram illustrating one embodiment of a method for
converting a digital signal to an analog signal.

Figure 4 is a schematic illustrating one embodiment of the digital-to-analog
conversion circuit of Figure 1.

Figure 5 is a schematic illustrating another embodiment of the digital-to-

analog conversion circuit of Figure 1.
DETAILED DESCRIPTION

Figure 1 illustrates one embodiment of a digital-to-analog conversion circuit 10,
which converts a digital signal to an analog signal. The digital-to-analog conversion
circuit 10 includes a first digital-to-analog converter (DAC) 20, a second DAC 30,
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optional common components 50 shared between the first and second DACs 20, 30,
and a control circuit 40.

The control circuit 40 selects either the first DAC 20 or the second DAC 30 for
digital-to-analog conversion of the digital signal. The first DAC 20, when selected to
convert the digital signal, introduces conversion noise into out-of-band frequencies
according to a first noise characteristic. Likewise, the second DAC 30, when
selected, introduces conversion noise according to a second noise characteristic that
is different than the first noise characteristic. The first and second DACs 20, 30,
therefore, may comprise any types of DACs which produce different out-of-band
noise characteristics upon converting the digital signal.

For example, the first DAC 20 may comprise a Nyquist-rate DAC, which
produces a white noise characteristic having approximately the same noise level
across all out-of-band frequencies, and the second DAC 30 may comprise an
oversampling DAC, which produces a noise shaped characteristic having higher
noise levels at higher out-of-band frequencies. Figure 2 illustrates this case for
conversion of a digital baseband signal, but those skilled in the art will readily
understand the present invention is not limited to baseband signals or the specific
noise characteristics shown. Figure 2 also does not take into account the affect error
sources, such as transistor mismatch, may have on the noise characteristics.
Indeed, Figure 2 is provided merely as an aid in explaining the present invention.

According to each DAC’s noise characteristic, each DAC 20, 30 produces a
certain noise level at a given out-of-band frequency. The noise level produced by
each DAC 20, 30, and the relation between those levels, varies as a function of the
frequency distance between this given out-of-band frequency and the frequency of
the digital signal being converted. If the frequency distance is small, for example, the
second DAC 30 may produce a lower noise level than the first DAC 20. Again,
Figure 2 illustrates this example, wherein the second DAC 30 produces a lower
noise level than the first DAC 20 if the frequency distance from the digital baseband
signal is smaller than approximately 0.30 pi rad/sample.

Concerned with the noise level produced at a given out-of-band frequency,
therefore, the control circuit 40 bases its selection between DACs 20, 30 on the
frequency distance between that given out-of-band frequency and the digital signal’s
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frequency. As explained in one or more embodiments below, this selection may be
based solely on the frequency distance or only in part on the frequency distance.

In an embodiment where the selection is based solely on the frequency
distance, the control circuit 40 is preconfigured to automatically select the first DAC
20 if the frequency distance has one value and to select the second DAC 30 if the
frequency distance has another value. Such preconfiguration may include a look-up
table mapping possible frequency distance values to different DACs 20, 30. In Figure
2, for example, a possible frequency distance value of 0.10 pi rad/sample may be
individually mapped to the second DAC 30 because that DAC produces a lower
noise level at that frequency distance. On the other hand, a possible frequency
distance value of 0.40 pi rad/sample may be individually mapped to the first DAC 20
because that DAC produces a lower noise level for that frequency distance. In this
case, the relation between the noise levels produced by the DACs is stored
inherently within a mapping of possible frequency distance values to DACs. So
configured, the control circuit 40 selects between DACs 20, 30 based solely on
comparing this mapping to the frequency distance.

Of course, instead of mapping individual values to DACs, such
preconfiguration may alternatively include a preference to select one DAC or the
other based on whether the frequency distance is within a certain range. In Figure 2,
for instance, the second DAC 30 has a noise shaped characteristic that produces a
lower noise level for possible frequency distance values within its effective noise
reduction bandwidth (i.e., within approximately 0.30 pi rad/sample). The control
circuit 40 may be preconfigured, therefore, to preferentially select the second DAC
30 if the frequency distance is within this effective noise reduction bandwidth.

In other embodiments where the selection is based only in part on the
frequency distance, the control circuit’s 40 selection is further based on the noise
level produced by each DAC 20, 30 at the frequency distance. Such selection may
entail, for example, storing and/or comparing the noise levels produced by each DAC
20, 30 at the frequency distance. In one embodiment, the control circuit 40 compares
these noise levels and selects the DAC producing the lowest noise level at the
frequency distance.

However, selecting the DAC that produces the lowest noise level may

unnecessarily consume additional power if both DACs 20, 30 are able to reduce
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noise to a level below a specified noise tolerance. In this case, the control circuit 40
may preferentially select the DAC that consumes the least power. In Figure 2, for
example, the first DAC 20 has a lower sampling rate, and may therefore consume
less power, than the second DAC 30. Moreover, both DACs 20, 30 are able to
reduce noise to below approximately -40dB. Accordingly, if a specified noise
tolerance indicates that a noise level of -40dB will yield acceptable signal quality, the
control circuit 40 may preferentially select the first DAC 20, even though the second
DAC 30 produces the lowest noise level. In this embodiment, therefore, the control
circuit 40 further bases its selection on a noise level tolerance and the power
consumption (or an indicator thereof, such as sampling rate) of each DAC 20, 30.

Thus, regardless of the precise manner in which the control circuit 40 bases
its selection, or the other criteria used for that selection, the control circuit 40
fundamentally bases the selection between DACs 20, 30 on the frequency distance.
Generally, then, the digital-to-analog conversion circuit 10 converts a digital signal to
an analog signal according to the method shown in Figure 3. In this method, the
digital-to-analog conversion circuit 10 selectively converts the digital signal using a
first DAC 20 that has a first out-of-band noise characteristic for a given out-of-band
frequency (Block 100). Alternatively, the digital-to-analog conversion circuit 10
converts the digital signal using a second DAC 30 that has a second out-of-band
noise characteristic for that given out-of-band frequency (Block 110). In selecting
whether to convert the digital signal using the first DAC 20 or the second DAC 30,
the digital-to-analog conversion circuit 10 bases that selection, at least in part, on the
frequency distance between the frequency of the digital signal and the given out-of-
band frequency (Block 120).

The above described method and conversion circuit 10 find particular utility
where the conversion circuit 10 comprises part of a wireless communications
transmitter in a wireless communications device. The conversion circuit 10 may, for
example, select between the first and second DACs 20, 30 in order to reduce its
effect on other frequency bands important to the wireless communications device
(e.g., a GPS frequency or a receiving frequency).

More particularly, the wireless communications device may further include a
wireless communications receiver and use frequency division duplexing to allow

simultaneous transmission and reception. Accordingly, conversion noise introduced
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into out-of-band frequencies by the conversion circuit 10 may affect a signal at the
receiving frequency of the transceiver, depending on the frequency distance
between the receiving frequency and the frequency of the digital signal being
converted and upconverted to its carrier frequency. This frequency distance is
variable based on operation by the wireless communications device according to one
of several communication standards.

In order to reduce the noise level produced at a frequency distance
corresponding to a certain duplex distance, the control circuit 40 selects between the
first and second DACs 20, 30 based on that frequency distance. If the first DAC 20 is
a Nyquist-rate DAC and the second DAC 30 is an oversampled, noise-shaping DAC,
for example, the control circuit 40 may select the first DAC 20 if the frequency
distance is large (e.g., greater than 80MHz). Conversely, the control circuit 40 may
select the second DAC 30 if the frequency distance is small (e.g., less than 80MHz)
and the first DAC 20 produces a noise level above a noise level tolerance for that
duplex distance.

Those skilled in the art will readily appreciate, however, other applications of
the present invention beyond a wireless communications transmitter. Indeed,
irrespective of this application, the conversion circuit 10 may be implemented
according to various embodiments described below.

In one embodiment, for example, DACs 20, 30 have entirely separate
components. This embodiment, however, requires a larger chip area than other
embodiments wherein the first and second DACs 20, 30 share common components
50. Figure 4 illustrates such an embodiment that advantageously reduces the chip
area required for the digital-to-analog conversion circuit 10.

In Figure 4, the first DAC 20 includes an array of n equally weighted DAC unit
elements 52 driven by a first set of digital bits xg X1,...Xn-2, Xn-1. This array of equally
weighted DAC unit elements 52 is a common component 50 which is shared by the
second DAC 30. Sharing of DAC unit elements in this way minimizes the number of
redundant components in the digital-to-analog conversion circuit 10, and, therefore,
reduces its chip area. Accordingly, the second DAC 30 includes that same array of n
equally weighted DAC unit elements 52 driven by a second set of digital bits yg

Y1,..-¥n-2, ¥Yn-1.
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In order to select between the DACs 20, 30 for conversion of the digital signal,
the control circuit 40 selects to drive the array of equally weighted DAC unit elements
52 with either the first or the second set of digital bits, respectively. More particularly,
the digital-to-analog conversion circuit 10 further includes an array of multiplexers
42. This array of multiplexers 42 may be considered part of the control circuit 40, but,
for clarity of illustration, has been separated therefrom. Irrespective of its
characterization, the array of multiplexers 42 outputs either the first or second set of
digital bits responsive to the SEL command of the control circuit 40. Whichever set of
digital bits is outputted, that set drives the array of equally weighted DAC units
elements 52.

The array of equally weighted DAC units elements 52 may be voltage based,
charge based, or current based, but is advantageously current based as shown in
Figure 4. Specifically, the set of digital bits output by the array of multiplexers 42
controls switches within the array of equally weighted DAC unit elements 52. These
switches (not shown) control the current output ig, i1,...in-2, in-1 Of the array of equally
weighted DAC unit elements 52 by steering a current source (not shown) to that
output or to ground, or in a differential design either to a positive or negative output
node. Implementing the array of equally weighted DAC unit elements 52 in this
manner advantageously enhances the linearity of the digital-to-analog conversion
circuit 10.

Regardless of its specific implementation, however, the array of equally
weighted DAC unit elements 52 may advantageously be driven by one of the set of
digital bits produced in Figure 4. In Figure 4, a binary to thermometer code converter
22 included in the first DAC 20 produces the first set of digital bits xo, X1,...Xn-2, Xn-1 @S
thermometer coded bits of the digital signal. Driving the array of equally weighted
DAC unit elements 52 with these thermometer coded bits relaxes the unit element
matching requirements, without compromising the linearity of the circuit 10.

Also in Figure 4, the second DAC 30 produces the second set of digital bits yq
Y1,.--Yn-2, Yn-1 @S delayed versions of a noise-shaped bit stream. More particularly, the
second DAC 30 includes a noise shaping loop 32 which receives the digital signal or
an upsampled version thereof. The noise shaping loop 32 may comprise, for
example, an over-sampled noise shaping delta-sigma modulator that generates a

low resolution, noise-shaped bit stream (e.g., shown in Figure 4 as a 1-bit stream).



10

15

20

25

30

WO 2010/119055 PCT/EP2010/054876
9

This noise-shaped bit stream is, in turn, received by a cascaded set of delay
elements 34 included in the second DAC 30. The cascaded set of delay elements 34
generates delayed versions of the noise-shaped bit stream as the second set of
digital bits. Thus, as these delayed versions of the noise-shaped bit stream drive the
array of equally weighted DAC unit elements 52, the second DAC 30 comprises a
noise shaping FIR DAC with half digital, half analog FIR reconstruction filtering. See,
e.g., U.S. Patent No. 5,323,157 to Ledzius et al. To achieve FIR filter taps with
different weights, the digital-to-analog conversion circuit 10 may be configured as
shown in Figure 5.

In Figure 5, the digital-to-analog conversion circuit 10 achieves FIR filter taps
with different weights by controlling whether certain DAC unit elements 52 are
connected in parallel. Specifically, the control circuit 40 further includes a delay
element transparency command signal, TRS. The TRS command signal is a binary
word whose individual bits (decoder not shown) control whether or not each
individual delay element 34 is transparent. If controlled to be transparent, a delay
element 34 does not delay the noise-shaped bit stream, and, therefore, outputs the
same data bit as the previously cascaded delay element 34. In this manner, multiple
DAC unit elements 52 are driven by the same data bit, resulting in a higher filter tap
weight. Accordingly, the number of transparent delay elements 34 in succession
determines the filter tap weight.

Controlling the FIR filter tap weights in this manner permits the second DAC
30 to further suppress conversion noise at a given out-of-band frequency. Yet even if
the second DAC 30 is not selected by the control circuit 40, FIR filtering may still be
implemented for the first DAC 20. In one embodiment, for example, the digital-to-
analog conversion circuit 10 further includes an array of auxiliary DAC unit elements
54 and a set of auxiliary delays 46. An auxiliary delay transparency command,
TRSaux, controls whether or not the set of auxiliary delays 46 operates transparently.
If not operating transparently, the set of auxiliary delays 46 generates a delayed
version of the set of digital bits output by the multiplexers 42 (e.g., the first set of
digital bits). This delayed version of the digital bits, in turn, drives the array of
auxiliary DAC unit elements 54 to implement FIR filtering.

Notably, however, the auxiliary DAC unit elements 54 add additional hardware

to the conversion circuit 10 and increase overhead when not used for FIR filtering.
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Yet this overhead can be reduced by also using the auxiliary DAC unit elements 54
to enhance performance of the conversion circuit 10 in the presence of thermal
noise. More specifically, when the set of auxiliary delays 46 operates transparently, it
outputs the same data bits as that output by the multiplexers 42. In this case, the
array of auxiliary DAC unit elements 54 is driven by the same data bits as that
driving the array of equally weighted DAC unit elements 52. Driven by the same bits,
the array of auxiliary DAC unit elements 54 provides additional current output for
increased analog signal quality in the presence of thermal noise.

Generally, therefore, the array of auxiliary DAC unit elements 54 provides
either FIR filtering or additional current responsive to the control circuit’'s 40 TRSaux
command signal. Of course, circumstances exist when neither FIR filtering or
additional current is desired, and, thus, the array of auxiliary DAC unit elements 54
may be powered down responsive to the control circuit's 40 PDaux command signal.

Likewise, any DAC unit elements 52, 54 may be powered down under other
circumstances (examples of which are provided below) in order to reduce power
consumption. Powering down may be implemented on an individual basis, or, to
reduce design complexity and wiring, for a subset of the elements 52, 54. Figure 5,
for example, illustrates two group power down command signals, PDgrp1 and
PDgrp2, Which control whether certain subsets of the DAC unit elements 52, 54 are
turned off.

Still other circumstances may require higher resolution of the first DAC 20. In
one embodiment, therefore, the first DAC 20 comprises a segmented DAC. In this
case, the more significant bits (MSBs) of the digital signal are thermometer coded
bits, while the less significant bits (LSBs) remain binary bits. The control circuit 40
selects the first DAC by selecting to drive the array of equally weighted DAC unit
elements 52 with the thermometer code bits and selecting to drive one or more
binary weighted DAC unit elements with the LSB(s).

Figure 5 illustrates this embodiment for a single LSB. Specifically, the MSBs
of the digital signal are coded into thermometer coded bits by the binary to
thermometer code converter 22, while the LSB of the digital signal remains a binary
coded bit. When the control circuit 40 selects the first DAC via the SEL signal, the
MSBs are selected by the multiplexers 42 to drive the array of equally weighted DAC
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unit elements 52 and the LSB is selected by the multiplexer 44 to drive the binary
weighted DAC unit element 56.

The above described increase in DAC resolution and powering down of DAC
unit elements 52, 54 finds particular utility in power control applications of a wireless
communications transmitter. In this case, increasing the resolution of the first DAC
20 through segmentation permits the first DAC to provide acceptable analog signal
quality despite low signal power. Furthermore, powering down of the unit elements
52, 54 can be used to reduce the conversion circuit’s 10 power consumption during
power back-off.

With the above and other points of variation and implementation flexibility in
mind, those skilled in the art will appreciate that the present invention is not limited
by the foregoing discussion or by the accompanying drawings. Indeed, the present
invention is limited only by the following claims and their legal equivalents.
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CLAIMS
1. A digital-to-analog conversion circuit comprising:

a first digital-to-analog converter, DAC, having a first out-of-band noise
characteristic for a given out-of-band frequency;

a second DAC having a second out-of-band noise characteristic for the given
out-of-band frequency; and

a control circuit configured to select either the first or the second DAC for
digital-to-analog conversion of a digital signal based at least in part on
a frequency distance between a frequency of the digital signal being
converted and the given out-of-band frequency.

2. The digital-to-analog conversion circuit of claim 1 wherein the first DAC has a
lower sampling rate than the second DAC, wherein the first and the second DAC
produce different levels of conversion noise at a given frequency distance, and
wherein the control circuit is configured to preferentially select the first DAC if the
level of conversion noise produced by the first DAC at the given frequency distance

is below a noise level tolerance.

3. The digital-to-analog conversion circuit of claim 1 wherein the second out-of-
band noise characteristic is a noise shaped characteristic providing reduced noise
for frequency distances within an effective noise reduction bandwidth, and wherein
the control circuit is configured to preferentially select the second DAC for frequency
distances within the effective noise reduction bandwidth.

4. The digital-to-analog conversion circuit of claim 1 wherein the digital-to-analog
conversion circuit comprises part of a wireless communications transmitter of a
wireless communications device, wherein the given out-of-band frequency comprises
a receiving frequency of a wireless communications receiver of the wireless
communications device, and wherein the wireless communications device is
configured to vary the frequency distance based on operation according to one of a

plurality of communication standards.
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5. The digital-to-analog conversion circuit of claim 1 wherein the first DAC
comprises an array of equally weighted DAC unit elements driven by a first set of
digital bits and the second DAC comprises the array of equally weighted DAC unit
elements driven by a second set of digital bits, and wherein the control circuit is
configured to select the first or the second DAC by selecting to drive the array of
equally weighted DAC unit elements with either the first or the second set of digital

bits, respectively.

6. The digital-to-analog conversion circuit of claim 5 further comprising a
binary-to-thermometer code converter that generates thermometer coded bits from
the digital signal, a noise shaping loop that generates a noise-shaped bit stream
from the digital signal, and a cascaded set of delay elements that generates delayed
versions of the noise-shaped bit stream, and wherein the first set of digital bits
comprises the thermometer coded bits and the second set of digital bits comprises

the delayed versions of the noise-shaped bit stream.

7. The digital-to-analog conversion circuit of claim 6 wherein each delay element
in the cascaded set of delay elements is configured to delay or not delay the noise-

shaped bit stream responsive to a delay element control bit.

8. The digital-to-analog conversion circuit of claim 6 wherein the binary-to-
thermometer code converter generates the thermometer coded bits from the more
significant bits of the digital signal, wherein the first DAC further comprises one or
more binary-weighted DAC unit elements driven by the less significant bits of the
digital signal, and wherein the control circuit is configured to select the first DAC by
selecting to drive the array of equally weighted DAC unit elements with the
thermometer coded bits and the one or more binary-weighted DAC unit elements

with the less significant bits of the digital signal.

9. The digital-to-analog conversion circuit of claim 5 wherein the control circuit is
further configured to power down one or more of the DAC unit elements in the array

of equally weighted DAC unit elements.
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10.  The digital-to-analog conversion circuit of claim 5 further comprising an array
of auxiliary DAC unit elements and wherein the control circuit is further configured to
select to drive the array of auxiliary DAC unit elements with a delayed version of the

first or the second set of digital bits.

11. A method of converting a digital signal to an analog signal comprising

selectively converting the digital signal using a first digital-to-analog converter,
DAC, having a first out-of-band noise characteristic for a given out-of-
band frequency;

alternatively converting the digital signal using a second DAC having a
second out-of-band noise characteristic for a given out-of-band
frequency; and

selecting either the first or the second DAC based at least in part on a
frequency distance between a frequency of the digital signal being

converted and the given out-of-band frequency.

12.  The method of claim 11 wherein selectively converting the digital signal using
the first DAC comprises sampling the digital signal at a lower sampling rate and
producing a different level of conversion noise at a given frequency distance than the
second DAC, and wherein selecting either the first or the second DAC comprises
preferentially selecting the first DAC if the level of conversion noise produced by the

first DAC at the given frequency distance is below a noise level tolerance.

13.  The method of claim 11 wherein selectively converting the digital signal using
the second DAC comprises providing reduced noise for frequency distances within
an effective noise reduction bandwidth, the second out-of-band noise characteristic
being a noise shaped characteristic, and wherein selecting either the first or the
second DAC comprises preferentially selecting the second DAC for frequency

distances within the effective noise reduction bandwidth.

14.  The method of claim 11 wherein the digital-to-analog conversion circuit
comprises part of a wireless communications transmitter of a wireless

communications device and the given out-of-band frequency comprises a receiving
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frequency of a wireless communications receiver of the wireless communications
device, and wherein the method further comprises varying the frequency distance
based on operation of the wireless communications device according to one of a

plurality of communication standards.

15.  The method of claim 11 wherein selectively converting the digital signal using
the first DAC comprises selectively driving an array of equally weighted DAC unit
elements with a first set of digital bits, wherein selectively converting the digital signal
using the second DAC comprises selectively driving the array of equally weighted
DAC unit elements with a second set of digital bits, and wherein selecting either the
first or the second DAC comprises selecting to drive the array of equally weighted

DAC unit elements with either the first or the second set of digital bits, respectively.

16. The method of claim 15 further comprising generating thermometer coded bits
from the digital signal, generating a noise-shaped bit stream from the digital signal,
and generating delayed versions of the noise-shaped bit stream, and wherein
selectively converting the digital signal using the first DAC comprises selectively
driving the array of equally weighted DAC unit elements with the thermometer coded
bits and selectively converting the digital signal using the second DAC comprises
selectively driving the array of equally weighted DAC unit elements with the delayed

versions of the noise-shaped bit stream.

17.  The method of claim 16 further comprising controlling the delay of the noise-
shaped bit stream responsive to a set of delay control bits.

18.  The method of claim 16 wherein generating the thermometer coded bits from
the digital signal comprises generating the thermometer coded bits from the more
significant bits of the digital signal, wherein selectively converting the digital signal
using the first DAC further comprises selectively driving one or more binary-weighted
DAC unit elements with the less significant bits of the digital signal, and wherein
selecting the first DAC comprises selecting to drive the array of equally weighted
DAC unit elements with the thermometer coded bits and the one or more binary-

weighted DAC unit elements with the less significant bits of the digital signal.
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19.  The method of claim 15 further comprising powering down one or more of the

DAC unit elements in the array of equally weighted DAC unit elements.

20. The method of claim 15 further comprising selecting to drive an array of
auxiliary DAC unit elements with a delayed version of the first or second set of digital
bits.
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I

SELECTIVELY CONVERT A DIGITAL SIGNAL
USING A FIRST DAC HAVING A FIRST
OUT-OF-BAND NOISE CHARACTERISTIC
FOR A GIVEN OUT-OF-BAND FREQUENCY

Y

ALTERNATIVELY CONVERT THE DIGITAL SIGNAL
USING A SECOND DAC HAVING A SECOND
OUT-OF-BAND NOISE CHARACTERISTIC
FOR THE GIVEN OUT-OF-BAND FREQUENCY

 / /- 120
SELECT TO CONVERT THE DIGITAL SIGNAL
USING EITHER THE FIRST DAC OR THE SECOND DAC
BASED AT LEAST IN PART ON A FREQUENCY DISTANCE
BETWEEN A FREQUENCY OF THE DIGITAL SIGNAL
AND THE GIVEN OQUT-OF-BAND FREQUENCY

i

FIG. 3
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