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(54) Radio Frequency Domain Digital Pre-Distortion

(57) Digital pre-distortion (DPD) systems are often
used to improve the linearity of a power amplifier in trans-
mitters. These DPD systems are typically implemented
in baseband (prior to modulation). However, ever in-
creasing signal bandwidth requirements limits the prac-
ticality of DPD systems implemented in baseband. A
DPD system in the radio frequency (RF) domain (as op-
posed to in baseband) can solve this problem and further
improve a DPD system’s ability to correct for distortions.

The RF domain DPD system is upstream from a digital-
to-analog converter, and performs DPD after a baseband
signal is up-sampled into the RF domain (after the mod-
ulation process). When compared against a baseband
DPD system, the RF domain DPD system can handle
significantly wider bandwidth, and has an improved ability
to linearize a wide variety of distortions present in the
spectrum.
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Description

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to dig-
ital signal processing, in particular, radio frequency do-
main digital pre-distortion.

BACKGROUND

[0002] Transmitters are often used in communications,
and one important component is the power amplifier
(PA). The PA is configured to amplify weak signals with-
out adding distortion. The PA is usually power hungry,
typically consuming 30% (or more) of total power. Fur-
thermore, the PA is expensive, usually making up 30%
(or more) of the total cost of a transmitter. One charac-
teristic of a power amplifier is that when the input power
is relatively small, the output power is also relatively
small. In this operating zone, the PA behaves linearly,
but the PA is not very efficient. When the input power is
relatively high, the output power is also high. In this op-
erating zone, the PA is very efficient, but the PA loses its
linearity. Such non-linearity generates undesirable ef-
fects in the signal itself as well as in adjacent channels.
To correct for these non-linearities, digital pre-distortion
(DPD) systems are often used in the signal chain of a
transmitter to improve the quality the output signal of the
power amplifier in the transmitter.

OVERVIEW

[0003] Digital pre-distortion (DPD) systems are often
used to improve the linearity of a power amplifier in trans-
mitters. These DPD systems are typically implemented
in baseband (prior to modulation). However, ever in-
creasing signal bandwidth requirements limits the prac-
ticality of DPD systems implemented in baseband. A
DPD system in the radio frequency (RF) domain (as op-
posed to in baseband) can solve this problem and further
improve a DPD system’s ability to correct for distortions.
The RF domain DPD system is upstream from a digital-
to-analog converter, and performs DPD after a baseband
signal is up-sampled into the RF domain (after the mod-
ulation process). When compared against a baseband
DPD system, the RF domain DPD system can handle
significantly wider bandwidth, and has an improved ability
to linearize a wide variety of distortions present in the
spectrum.

BRIEF DESCRIPTION OF THE DRAWING

[0004]

FIGURE 1 shows a traditional baseband digital pre-
distortion system implemented in a transmitter;

FIGURE 2 shows an exemplary transmitter system

having a radio frequency domain digital pre-distor-
tion system, according to some embodiments of the
disclosure;

FIGURE 3 shows an illustrative radio frequency dig-
ital pre-distortion system, according to some embod-
iments of the disclosure;

FIGURE 4 shows an illustrative implementation of a
radio frequency digital pre-distortion system, accord-
ing to some embodiments of the disclosure;

FIGURE 5 shows another illustrative implementation
of a radio frequency digital pre-distortion system, ac-
cording to some embodiments of the disclosure;

FIGURE 6 shows another illustrative a radio frequen-
cy digital pre-distortion system, according to some
embodiments of the disclosure;

FIGURE 7 shows an exemplary block diagram illus-
trating a possible configuration of a radio frequency
(RF) domain digital pre-distortion (DPD) module, ac-
cording to some embodiments of the disclosure;

FIGURE 8 shows an exemplary block diagram illus-
trating another possible configuration of a radio fre-
quency (RF) domain digital pre-distortion (DPD)
module, according to some embodiments of the dis-
closure;

FIGURE 9A shows a plot illustrating the output spec-
trum of a baseband digital pre-distortion system;

FIGURE 9B shows a plot illustrating the output spec-
trum of a radio frequency digital pre-distortion sys-
tem, according to some embodiments of the disclo-
sure; and

FIGURE 10 shows an exemplary flow diagram illus-
trating a method for radio frequency (RF) domain
digital pre-distortion (DPD), according to some em-
bodiments of the disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS OF 
THE DISCLOSURE

Understanding transmitters and non-linearities

[0005] In wired and wireless communications, trans-
mitters are ubiquitous in telecommunications technology,
as essential electronic devices that transmit an analog
output signal over a medium to enable two components
to communicate. One or more processors are used to
generate a digital signal (e.g., encoding information to
be transmitted). The digital signal in baseband, is typi-
cally up-converted to the radio frequency (RF) domain,
and provided to a digital to analog converter to generate
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an analog output signal. Before the analog output signal
is transmitted, a power amplifier (PA) is usually provided
to amplify and increase the power of the analog output
signal. Thus, the power amplifier plays a crucial role in
the signal chain in a transmitter.
[0006] When the PA is operating efficiently, sometimes
the power amplifier loses linearity. Components in trans-
mitters are preferably "linear", in that they ought to sub-
stantially accurately reproduce the signal present at their
input. An amplifier that has non-linearities, i.e., a non-
linear input/output relationship, can cause the output sig-
nal to be distorted or splatter onto adjacent radio frequen-
cies.
[0007] To correct these non-linearities, digital pre-dis-
tortion (DPD) systems can be provided in the processor
in baseband to insert pre-distortion into the signal being
provided to the power amplifier. Traditionally, the pre-
distortion inverses the non-linearities present in the pow-
er amplifier in order to restore a linear input/output rela-
tionship. The pre-distortion mechanism can be provided
by modeling the characteristics of the system and gen-
erating an appropriate pre-distortion response for a given
input signal (and in some cases, past input signals). As
a result, the overall system having the DPD mechanism
is more linear while being able to operate the power am-
plifier efficiently.
[0008] Generally speaking, linearization is commonly
used to undo the distortion caused by non-linear devices.
Typically, active linearization techniques, including base-
band digital pre-distortion (DPD) or RF pre-distortion
(RFPD), allow the transmitter to operate close or even
slightly above its peak-to-average ratio (PAR) operating
point. The linearizer can be placed before or after the
device causing the distortion.
[0009] FIGURE 1 shows a traditional baseband digital
pre-distortion system implemented in a transmitter. The
digital signal at baseband is digitally pre-distorted by the
DPD module implemented on the Digital Application-
Specific Integrated Circuit (ASIC) and interpolated (by
Interpolation module) and passed to I and Q digital-to-
analog converters (DACs). The DAC outputs are passed
to the analog quadrature modulator (QMOD) and mod-
ulated to the LO frequency. After that, the signal it is fur-
ther filtered and amplified by a power amplifier (PA driver
+ PA).
[0010] The baseband DPD is implemented in the digital
ASIC at baseband. The trend of ever increasing signal
bandwidth limits the usefulness of zero-IF (ZIF) architec-
ture and the baseband DPD. As an example, in the ZIF
solution, it can have an example signal bandwidth of 300
MHz and a 5th-order polynomial for the baseband DPD
correction. Pre-distorting the example signal using the
5th order polynomial DPD would thus increase the band-
width by about five times. This leads to the effective pre-
distorted signal bandwidth of 1.5 GHz. We would there-
fore need I and Q DACs that can run at 1.5GHz. The
input data rate to I and Q DACs must be more than
3GSPS. With a 16 bit word for I and Q DAC’s, this trans-

lates to an interface speed of 16 bits per sample * 3GSPS
= 48GBPS. Therefore the data bus from the signal source
to the DAC needs to include at least 6 JESD204B inter-
faces (or some other similar serial data interfaces) for a
given implementation.
[0011] When the digital filters are used, the filter tran-
sition bands needs to be accounted for which requires
even higher DAC data rate. The additional factor, e.g.,
of 1/0.8, may be used to account for the digital interpo-
lation filter transition bands when the system would fur-
ther interpolate the signal up before sending to the DAC
or to create sufficient transition bands for the DAC recon-
struction filter and other filters to filter out the image pro-
duced by the DAC. With a 16 bit word for the I and Q
DAC’s, this translates to an interface speed of 16 bits per
sample * (1.5/0.8) GSPS *2 DAC’s = 60 GBPS. This sys-
tem would need 8 JESD204B interfaces to get the data
into the DAC for a given implementation.

Radio frequency (RF) domain digital pre-distortion (DPD) 
system

[0012] To sufficiently reduce the interface bandwidth,
a radio frequency (RF) domain digital pre-distortion
(DPD) system is provided to a transmitter. A RF domain
DPD system is not to be confused with a baseband DPD
system (or a radio frequency analog pre-distortion
(RFDP)) system. The main difference to conventional
digital pre-distortion schemes is the implementation of
DPD in the RF domain, i.e., after the modulation process
of up-sampling the baseband signal into the RF domain,
in contrast to the baseband.
[0013] While the present disclosure describes the use
of the RF domain DPD with a high-speed DAC and PA
system, it is appreciated by one skilled in the art that the
RF domain DPD is a generic DPD system which can also
be applied in other types of systems.
[0014] FIGURE 2 shows an exemplary transmitter sys-
tem having a radio frequency domain digital pre-distor-
tion system, according to some embodiments of the dis-
closure. The baseband signal is interpolated and up-con-
verted in a modulation module (e.g., a modulation module
including an interpolation module and/or an up-conver-
sion module). The up conversion is done entirely in the
digital domain and can take advantage of the advanced
technology node, for example, 28nm process, to reduce
the system power consumption. It eliminates the Phase
Locked Loop (PLL)/Voltage Control Oscillator
(VCO)/modulator out of the signal chain.
[0015] After the digital up-conversion stage, the signal
from the Digital ASIC (or some other suitable processor,
such as a FPGA) goes through the RF domain digital
pre-distortion (DPD) system (shown as "DPD" in the fig-
ure) to compensate for the non-linearities caused by the
system of DAC, power amplifier (PA) driver, and power
amplifier (PA) downstream from the RF domain DPD sys-
tem.
[0016] The DPD scheme implemented can be a black-
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box linearization approach wherein the exact distortion
causing mechanism is ignored, and only indirectly meas-
ured. Alternatively, it can recognize the specific cause of
the distortions based on the circuit topology of the DAC
and then can compensate to fix it at the source rather
than by targeting specific spurs in the spectrum. Some
cases may implement a DPD scheme that includes a
hybrid of both approaches.
[0017] Referring back to the previous example of a
baseband DPD and consider an example of RF domain
DPD. The DAC as seen in FIGURE 3 can sample at 12
GSPS in order to get 6 GHz first Nyquist zone. The area
is less than half of the area of the ZIF DAC (the two I and
Q DACs seen in FIGURE 2) since there is only one single
DAC (as shown in FIGURE 3) that handles the real data
instead of two I and Q DACs. The increase on the dy-
namic power in the RF DAC/DPD system can be ad-
dressed in the advanced technology node. For example,
in 28nm process, the power aspect is not dominant an-
ymore. When the pre-distortion would be implemented
at the DAC rate, at the input, the data rate is 16 bits *
0.6GSPS= 9.6GSPS. This would require 1 or 2
JESD204B interfaces (or some other suitable serial data
interfaces) to get the data into the DAC chip, compared
to the 6 lanes of JESD204b interfaces that are used in
baseband DPD.

Implementation: state-to-state finite non-linear response 
approach

[0018] FIGURE 3 shows an illustrative radio frequency
digital pre-distortion system, according to some embod-
iments of the disclosure. The radio frequency (RF) do-
main digital pre-distortion (DPD) system 300 comprises
an input interface 302 for receiving a RF domain digital
input signal, wherein the RF domain digital input signal
is up-sampled from a baseband signal, a DPD processing
module 304 for processing the RF domain digital input
signal to generate a pre-distorted digital output signal,
wherein the DPD processing module compensates for
non-linearities (present in components) downstream
from the RF domain DPD system (the DAC and power
amplifiers, etc.), and an output interface 306 for providing
the pre-distorted digital output signal to a digital-to-ana-
log converter (DAC).
[0019] Due to the significant increase in speed, the RF
domain DPD system implementation is not trivial. The
designs suitable for such kind of DPD system should take
into the account of the speed at which the RF domain
DPD system is implemented. The DPD processing mod-
ule may include one or more of the following: an address
module 408, a memory array 410 (or some other suitable
memory element), delay filters and output summation
network 412.
[0020] The appropriate pre-distortions can be imple-
mented in different ways. In one situation, a closed-form
expression (i.e., a pre-distortion function) can be used to
model the system to produce the inverse response of the

non-linearity. In another situation, a look-up table can be
used for determining the appropriate pre-distortion need-
ed to generate the pre-distorted signal. The DPD
processing module may thus include a memory array for
storing a look-up table used for generating the pre-dis-
torted signal, and a digital signal processor (DSP) having
an adaptation algorithm implemented thereon for updat-
ing the look-up table.
[0021] The memory array can store the nonlinear re-
sponse from one DAC code another DAC code, i.e., a
state matrix. The state matrix can be extracted through
various methods. The size of the state matrix (or depth
of the memory array) is set to provide sufficient pre-dis-
tortion correction.
[0022] Before or during the operation, an adaptation
algorithm implemented on the DSP can determine or up-
date the values of the state matrix.
[0023] In some examples, the state matrix can be the
information extracted by comparing a feedback signal
and a delayed version of the RF digital input signal
(wherein the delay in this case corresponds to the delay
incurred through the feedback loop of the original RF
digital input signal to the output and the output being fed
back to the DPD adaptation algorithm).
[0024] In some instances, the memory array may out-
put values of a nonlinear response of a state change,
e.g., between the current state and the previous state.
One can characterize the DAC current pulses, evaluate
the rise time/the fall time/DC charge errors of the actual
DAC current pulses compared to the ideal current pulses.
The state matrix can be generated based on the charge
error information.
[0025] The information stored in the memory array is
associated with the current state and the past state.
Therefore this information is indexed and accessed
though both the current and past state. The address mod-
ule uses at least some bits of the current state and the
past state to generate the address for the memory array.
The address space is determined to provide adequate
memory depth.
[0026] The delay filters and output summation network
may be configured to sum values from the memory array
(and/or derivations of the values from the memory array)
and a current state of the RF domain digital input signal
to generate the pre-distorted digital output signal. Other
suitable mechanisms for generating the pre-distorted sig-
nal besides summation can be used (e.g., see FIGURE
5).
[0027] FIGURE 4 shows an illustrative implementation
of a radio frequency digital pre-distortion system, accord-
ing to some embodiments of the disclosure. This FIGURE
illustrates a more specific implementation of the RF do-
main DPD system seen in FIGURE 3. The overall DPD
processing system 402 includes an input interface for
receiving a RF domain digital input signal (e.g., d[11:0]),
wherein the RF domain digital input signal is up-sampled
from a baseband signal, and an output interface for pro-
viding the pre-distorted signal to a DAC 412. The box
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404 shown in FIGURE 4 corresponds to the address
module 308 of FIGURE 3. The memory array corre-
sponds to the memory array 310 of FIGURE 3. The box
408 corresponds to the delay filters and output summa-
tion network 312 of FIGURE 3. The DSP 410 corresponds
to the DSP 314 of FIGURE 3.
[0028] The DPD can be implemented in the RF domain
after the up conversion using a state to state finite non-
linear response approach, as seen in this FIGURE. A
state to state approach determines the appropriate pre-
distortion for a current sample of the RF digital input sig-
nal based on state transitions between a current state of
the RF digital input signal and a past state of the RF
digital input signal. This can be implemented using mul-
tiple methods, for example, the look up tables stored in
the memory array, which can be very efficiently imple-
mented, especially in advanced technology node. This
allows RF domain DPD to occur at high speeds.
[0029] The address module 404 of this FIGURE uses
two states: a current state ("state") and a past state
("state-1") to generate the memory address. The past
state ("state-1") can be generated by providing the cur-
rent state to a delay filter ("Z-1"). The memory array (e.g.,
[11:0]) stores the response corresponding to a state-to-
state change (e.g., the nonlinear response between all
possible state changes, from each DAC code to every
other possible DAC code).
[0030] An example is illustrated in the FIGURE wherein
the MSB codes are used in the address module 404 to
decode the address of the memory array. For instance,
the address module 404 comprises the most significant
bits (msbs) of the RF domain digital input signal in the
current state (e.g., d[11:6]), and the most significant bits
(msbs) of the RF domain digital input signal in the previ-
ous state (e.g., d1[11:6]). The address word for the mem-
ory array is constructed with a concatenation of the msbs
of a current state of the RF domain digital input signal
and the msbs of a previous state of the RF domain digital
input signal. In this example, the implementation utilizes
6 out of 12 bits of the RF digital input signal, other num-
bers of bits of the RF digital input signal can also be used.
[0031] The output of the memory array is the nonlinear
response of the state change (i.e., between the current
state and the previous state). In this example, the re-
sponses, e.g., M[5:0] and M[11:6] for the particular state
change, are separated and delayed (using filters depict-
ed "Z-1") and then summed together (e.g., using delay
filters and the output summation network) to provide a
further signal. That further signal may then be summed,
by a summation node, with the current state of the RF
domain digital input signal to generate the pre-distorted
signal.
[0032] For instance, the output summation network
may comprise one or more delay filters ("Z-1") for delaying
values from the memory array (M[5:0], M[11:6], etc.) and
one or more summation nodes for summing delayed ver-
sions of the values from the memory array with a current
state of the RF domain digital input signal (d[11:0], or

"state") to generate the pre-distorted digital output signal.
In this example, M[5:0] is delayed for one time period and
M[11:6] is delayed for two time periods prior to being
summed by a summation node. Further signal paths hav-
ing further response values from the memory array and
further delays of more time periods of those further re-
sponse values can be provided for a more complex output
summing network.
[0033] The separation of the time domain can be ad-
vantageously implemented in this example. The non-lin-
earities coming from DAC and PA have different charac-
teristics. Some have an exponential shape, and others
can be a rectifying functions or arbitrary shape due to the
segmentation mismatch. The short time constants asso-
ciated with the DAC are generally in the range of a couple
of clock cycles and can be implemented with the nonlin-
ear filters at DAC sampling rate. The longer time due to
other variations, for example the temperature variation,
which could usually be in the range of 100 msec, can be
implemented with DSP or ARM which updates the look
up table in the non-linear filter, e.g., using an adaptation
algorithm.

Variations on output combining network

[0034] FIGURE 5 shows yet another illustrative imple-
mentation of a radio frequency digital pre-distortion sys-
tem, according to some embodiments of the disclosure.
Specifically, FIGURE 5 illustrates a variation on the im-
plementation for the output summation network. The var-
iation envisions that the output summation network can
be further provided with one or more filters to improve
the correction behavior of the DPD processing module
and the DPD processing module’s ability to restore the
ideal response. In particular, the output summation net-
work can include one or more first filters (shown as f1(x)
and f2(x)) for filtering delayed versions of the values from
the memory array to generate derivations of the delayed
versions of the values from the memory array. Further-
more, the output summation network can include one or
more second filters (shown as f3(x)) for filtering the sum-
mation of the pre-distortion signals to produce a more
precise pre-distortion signal. In the broadest sense, the
one or more second filters can filter the summation of
one or more of the following: value(s) from the memory
array, delayed version(s) of the value(s) from the memory
array, derivation(s) of values from the memory array, and
derivation(s) of delayed version(s) of the value(s) from
the memory array. In this example, the filter f3(x) filters
a summation of: delayed versions of the values from the
memory array and derivations of the delayed versions of
the values from the memory array (as filtered by the one
or more first filters (shown as f1(x) and f2(x))).
[0035] These filters may provide a polynomial function
for filtering a signal, or some other suitable function for
filtering the signal. For instance, the filter can be used for
reducing noise or some other artifact of the system.
[0036] The RF domain DPD system may include a dig-
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ital signal processor (DSP) having an adaptation algo-
rithm implemented thereon for updating the one or more
first filters and/or the one or more second filters.
[0037] The output summation network can be imple-
mented with a first summation node for summing the cur-
rent state of the RF domain digital input signal with a
further signal, and a second summation node for provid-
ing the further signal, wherein the second summation
node sums delayed versions of the values from the mem-
ory array and/or derivations of the delayed versions of
the values from the memory array.
[0038] In this example, the further signal is a summa-
tion of the following: M[5:0] (response value correspond-
ing to d[11:6]) delayed for one time period, M[11:6] (re-
sponse value corresponding to d1[11:6]) delayed for two
time periods, M[5:0] delayed for one time period and fil-
tered by f1(x), and M[11:6] delayed for two time periods
and filtered by f2(x). The summation of these signals is
further filtered by f3(x) to implement more complex func-
tions. Further signal paths having further response val-
ues from the memory array and further delays of more
time periods of those further response values can be pro-
vided for a more complex output summing network.
[0039] By using these filters, the DPD processing mod-
ule can further fine tune the pre-distortion needed to re-
store linearity or some other ideal property of the com-
ponents for which the DPD system is designed. For in-
stance, these filters can be provisioned to pre-distort the
signal or provide pre-distortion to correct for a specific
type of non-linearity or artifact that isn’t corrected by the
memory array.

Implementation: N-tap Short Time-constant Impulse Re-
sponse (STIR)

[0040] FIGURE 6 shows another illustrative a radio fre-
quency digital pre-distortion system, according to some
embodiments of the disclosure. The RF DPD system 600,
similar to e.g., the RF DPD system seen in FIGURE 3,
includes an input interface 602 for receiving a RF domain
digital input signal, wherein the RF domain digital input
signal is up-sampled from a baseband signal, a DPD
processing module 604 for processing the RF domain
digital input signal to generate a pre-distorted digital out-
put signal, wherein the DPD processing module compen-
sate for non-linearities downstream from the RF domain
DPD system, and an output interface 606 for providing
the pre-distorted digital output signal to a digital-to-ana-
log converter (DAC). In this example, the DPD process-
ing module includes a Short Time -constant Impulse Re-
sponses (STIR) module 610, a pre-distortion generator
612, and a DSP 614.
[0041] The STIR module may include a plurality of N-
tap Short Time-constant Impulse Responses (STIR) as-
sociated with each of a plurality of state transitions (as
maintained by states module 608), wherein each state
is represented by current samples and past samples or
a function of the current samples and the past samples.

The pre-distortion generator, based on a latest input sam-
ple, a current state and previous states, may be config-
ured to add a length N STIR that spans N DAC clock
cycles to an input to the DAC.
[0042] The STIR, as maintained in the STIR module
610, may be unique to every combination of state-to-state
transition or they may be identical within groups of state-
to-state transitions but different between groups. The
STIR may be generated by a closed form expression or
recalled from memory array having been previously
stored in it, or some combination of the two.
[0043] The STIR may be estimated by implementing a
closed loop system that senses the time domain output
and computing the STIR based on the error between data
transmitted via the DAC and the received data. The STIR
may be estimated by implementing a closed loop system
that senses the frequency domain output and computing
the STIR based on spurious levels seen in the frequency
spectrum of the output of the DAC.
[0044] The STIR may be computed to deliver the ideal
amount of charge (i.e. the charge delivered by an ideal
DAC) on every DAC clock. The STIR may be computed
by passing vectors (i.e. a sequence of samples) that are
specially tailored to identify the impulse responses. The
specially tailored sequence of samples mentioned above
may take the form of impulses that take the DAC from
one desired start state to another desired end state.
[0045] The STIR may be computed and then tracked
during regular operation. The STIR may be computed for
some state-to-state transitions and those for others may
be estimated by interpolating between the previously
computed values.
[0046] The STIR may be modified/adapted over a
much longer time scale (many 100’s of DAC clocks) to
track variations due to temperature changes. This allows
the RF domain DPD to account for long time constants
as well as short time constants. This modification/adap-
tation may be realized by periodically changing the STIR
stored in memory, or by changing a parameter to the
closed form expression used to compute the STIR and
computing the STIR again based on this new tempera-
ture-dependent parameter.

Implementation in a current steering DAC

[0047] FIGURE 7 shows an exemplary block diagram
illustrating a possible configuration of a radio frequency
(RF) domain digital pre-distortion (DPD) module, accord-
ing to some embodiments of the disclosure. The overall
system includes a DPD system 702, and a DAC 704. As
described in the present disclosure, the input to the DPD
module comes from a modulation module for up-sam-
pling a baseband signal from a digital processor and gen-
erating a RF domain digital input signal. The DPD system
702 has an a input interface of a DPD system for receiving
the RF domain digital input signal, a DPD processing
module of the DPD system for processing the RF domain
digital input signal to generate a pre-distorted digital out-
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put signal, and an output interface of the DPD system for
providing the pre-distorted digital output signal to the dig-
ital-to-analog converter (DAC). The DAC 704 can convert
signals from a digital domain to the analog domain. In
this illustration, the DAC 704 includes a decoder 706, a
high speed multiplexer 708, a switch driver 712, a switch
bank 714, and a current source array 716. Traditionally
the frequency domain method is extensively used in the
baseband DPD system, in which case the DPD is be
performed before the data enters the DAC, i.e., before
the DAC decoder 706, as depicted in FIGURE 7.
[0048] FIGURE 8 shows an exemplary block diagram
illustrating another possible configuration of a radio fre-
quency (RF) domain digital pre-distortion (DPD) module,
according to some embodiments of the disclosure. The
overall system here also includes a DPD system 802,
and a DAC 804. Also as described in the present disclo-
sure, the input to the DPD module comes from a modu-
lation module for up-sampling a baseband signal from a
digital processor and generating a RF domain digital in-
put signal. The DPD system 802 has an input interface
of a DPD system for receiving the RF domain digital input
signal, a DPD processing module of the DPD system for
processing the RF domain digital input signal to generate
a pre-distorted digital output signal, and an output inter-
face of the DPD system for providing the pre-distorted
digital output signal to the digital-to-analog converter
(DAC). The DAC 804 can convert signals from a digital
domain to the analog domain. In this illustration, the DAC
804 includes a decoder 806, a high speed multiplexer
808, a summation node 810, a switch driver 812, a switch
bank 814, and a current source array 816. The proposed
RF domain DPD scheme in the present disclosure can
take advantage of the time domain method and have
significant design flexibility. The DPD correction signal
can be fed at a later stage of the DAC, as depicted in
FIGURE 8, at the summation node 810. The DPD can
be implemented in parallel with the DAC decoder 706
and the high speed mux 708. The summation node can
sum the output of the high speed mux 708 and the pre-
distorted digital output signal from the DPD system. The
pre-distortion signal corrects the time domain waveform
at the last stage that contains the digital signal and is
retimed by analog circuitry, i.e., the switch driver 812, to
generate the final input data which will lead to the outputs
closer to the ideal waveforms.

Technical Advantages

[0049] FIGURE 9A shows a plot illustrating the output
spectrum of a baseband digital pre-distortion system. A
narrow band DPD can only handle a small bandwidth
(shaded in the FIGURE) around the band of interest. As
shown, the baseband DPD range is about 3x - 7x of the
bandwidth. FIGURE 9B shows a plot illustrating the out-
put spectrum of a radio frequency digital pre-distortion
system, according to some embodiments of the disclo-
sure. When pre-distortion is done in the radio frequency

domain, the Nyquist band (shaded in the FIGURE) ex-
tends to half the DAC rate (fs/2, where fs is the DAC’s
sampling frequency), which covers a significantly wider
bandwidth.
[0050] RF domain DPD has the ability to linearize a
wide variety of distortions present in the spectrum. The
baseband (narrow band DPD) usually only corrects for
the symptoms around the band of interest. In many nar-
row band DPD schemes, different types of distortion usu-
ally need to be clearly identified and treated differently in
the DPD process. When the DPD is implemented in base-
band, it can only handle intermodulation (IMD) distortions
since those are the ones that fall within the Nyquist band.
The proposed RF domain DPD (broadband DPD) ap-
proach actually corrects for the physical deficiencies of
the system of DAC and power device and therefore the
whole output spectrum will improve. The RF domain DPD
can advantageously address various harmonics and dis-
tortions.
[0051] RF domain DPD does not have the bandwidth
expansion that is necessary in the baseband DPD so that
it reduces the requirements on the input bandwidth and
the up conversion filter. In the baseband PDD, due to the
bandwidth expansion, the pre-distorted signal bandwidth
increases by about five times (for a fifth order function)
and the interpolation filters in the data path of the RF
DAC need to have sufficient bandwidth to allow for the
increased pre-distorted signal bandwidth. On the contra-
ry, RF domain DPD greatly reduces the requirement on
the interface bandwidth. The reduction on the hardware
significantly reduces the necessary interface power. The
interface pin count is reduced which enables smaller foot
print and reduces the complexity of the routing and board
design. In addition, the bandwidth of the filters in the up-
sampling path for the RF DAC will be also significantly
smaller than if the pre-distortion were done at the base-
band.

Radio frequency domain digital pre-distortion method

[0052] FIGURE 10 shows an exemplary flow diagram
illustrating a method for radio frequency (RF) domain dig-
ital pre-distortion (DPD), according to some embodi-
ments of the disclosure. The method 1000 for radio fre-
quency (RF) domain digital pre-distortion (DPD) compris-
es receiving a RF domain digital input signal through an
input interface, wherein the RF domain digital input signal
is up-sampled from a baseband signal (box 1002),
processing, by a DPD processing module, the RF domain
digital input signal to generate a pre-distorted digital out-
put signal, wherein the DPD processing module compen-
sates for non-linearities downstream from the RF domain
DPD system (box 1004), and providing, through an out-
put interface, the pre-distorted digital output signal to a
digital-to-analog converter (DAC) (box 1006).
[0053] The method may further include generating the
pre-distorted signal using a look-up table stored on a
memory array, and updating the look-up table using a
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digital signal processor (DSP) having an adaptation al-
gorithm implemented thereon.
[0054] In some cases, the method further includes us-
ing a concatenation of a current state of the RF domain
digital input signal and a previous state of the RF domain
digital input signal as an address word for the memory
array. This configuration of the memory array allows the
current state and the past state to determine the appro-
priate pre-distortion response.
[0055] Furthermore, in some situations, the method
further includes using only the most significant bits of the
RF domain digital input signal in the current state and
using only the most significant bits of the RF domain dig-
ital input signal in the previous state to decode the ad-
dress of the memory array.
[0056] Moreover, in some cases, the method further
includes obtaining, from the memory array, values of a
nonlinear response of a state change between the cur-
rent state and the previous state, and summing, using
an output summation network, values from the look-up
table and a current state of the RF domain digital input
signal to generate the pre-distorted digital output signal.
This illustrates one mechanism for providing the pre-dis-
torted signal. For instance, the method may include de-
laying, using one or more delay filters of the output sum-
mation network, values from the look-up table, and sum-
ming, using one or more summation nodes, delayed ver-
sions of the values from the look-up table with a current
state of the RF domain digital input signal to generate
the pre-distorted digital output signal.

Exemplary implementations and variations

[0057] It is noted that the present disclosure describes
a digital pre-distortion system in the radio frequency do-
main. It is envisioned that the RF domain DPD system
configuration can be used with any flavor of DPD sys-
tems, including open-loop, closed-loop, and DPD sys-
tems implementing various different types of DPD algo-
rithms (static, adaptive, look-up tables, polynomials, feed
forward DPD, feedback DPD, etc.).
[0058] In the discussions of the embodiments above,
any capacitors, clocks, DFFs, dividers, inductors, resis-
tors, amplifiers, switches, digital core, transistors, and/or
other components can readily be replaced, substituted,
or otherwise modified in order to accommodate particular
circuitry needs. Moreover, it should be noted that the use
of complementary electronic devices, hardware, soft-
ware, etc. offer an equally viable option for implementing
the teachings of the present disclosure.
[0059] In one example embodiment, any number of
electrical circuits of the FIGURES may be implemented
on a board of an associated electronic device. The board
can be a general circuit board that can hold various com-
ponents of the internal electronic system of the electronic
device and, further, provide connectors for other periph-
erals. More specifically, the board can provide the elec-
trical connections by which the other components of the

system can communicate electrically. Any suitable proc-
essors (inclusive of digital signal processors, microproc-
essors, supporting chipsets, etc.), memory elements,
etc. can be suitably coupled to the board based on par-
ticular configuration needs, processing demands, com-
puter designs, etc. Other components such as external
storage, additional sensors, controllers for audio/video
display, and peripheral devices may be attached to the
board as plug-in cards, via cables, or integrated into the
board itself.
[0060] In another example embodiment, the electrical
circuits of the FIGURES may be implemented as stand-
alone modules (e.g., a device with associated compo-
nents and circuitry configured to perform a specific ap-
plication or function) or implemented as plug-in modules
into application specific hardware of electronic devices.
Note that particular embodiments of the present disclo-
sure may be readily included in a system on chip (SOC)
package, either in part, or in whole. An SOC represents
an IC that integrates components of a computer or other
electronic system into a single chip. It may contain digital,
analog, mixed-signal, and often radio frequency func-
tions: all of which may be provided on a single chip sub-
strate. Other embodiments may include a multi-chip-
module (MCM), with a plurality of separate ICs located
within a single electronic package and configured to in-
teract closely with each other through the electronic pack-
age. In various other embodiments, the digital pre-dis-
tortion functionalities may be implemented in one or more
silicon cores in Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), and
other semiconductor chips.
[0061] It is also imperative to note that all of the spec-
ifications, dimensions, and relationships outlined herein
(e.g., the number of processors, logic operations, etc.)
have only been offered for purposes of example and
teaching only. Such information may be varied consid-
erably without departing from the spirit of the present
disclosure, or the scope of the appended claims. The
specifications apply only to one non-limiting example
and, accordingly, they should be construed as such. In
the foregoing description, example embodiments have
been described with reference to particular processor
and/or component arrangements. Various modifications
and changes may be made to such embodiments without
departing from the scope of the appended claims. The
description and drawings are, accordingly, to be regard-
ed in an illustrative rather than in a restrictive sense.
[0062] Note that the activities discussed above with
reference to the FIGURES are applicable to any integrat-
ed circuits that involve signal processing, particularly
those that can execute specialized software programs,
or algorithms, some of which may be associated with
processing digitized real-time data. Certain embodi-
ments can relate to multi-DSP signal processing, floating
point processing, signal/control processing, fixed-func-
tion processing, microcontroller applications, etc.
[0063] In certain contexts, the features discussed
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herein can be applicable to radio frequency wireless com-
munications, wired communications, radar, audio and
video equipment, base stations, transmitters, and other
digital-processing-based systems which may benefit
from a RF domain DPD system.
[0064] Note that with the numerous examples provided
herein, interaction may be described in terms of two,
three, four, or more electrical components. However, this
has been done for purposes of clarity and example only.
It should be appreciated that the system can be consol-
idated in any suitable manner. Along similar design al-
ternatives, any of the illustrated components, modules,
and elements of the FIGURES may be combined in var-
ious possible configurations, all of which are clearly within
the broad scope of this Specification. In certain cases, it
may be easier to describe one or more of the functional-
ities of a given set of flows by only referencing a limited
number of electrical elements. It should be appreciated
that the electrical circuits of the FIGURES and its teach-
ings are readily scalable and can accommodate a large
number of components, as well as more complicated/so-
phisticated arrangements and configurations. Accord-
ingly, the examples provided should not limit the scope
or inhibit the broad teachings of the electrical circuits as
potentially applied to a myriad of other architectures.
[0065] Note that in this Specification, references to var-
ious features (e.g., elements, structures, modules, com-
ponents, steps, operations, characteristics, etc.) includ-
ed in "one embodiment", "example embodiment", "an
embodiment", "another embodiment", "some embodi-
ments", "various embodiments", "other embodiments",
"alternative embodiment", and the like are intended to
mean that any such features are included in one or more
embodiments of the present disclosure, but may or may
not necessarily be combined in the same embodiments.
Note that all optional features of the apparatus described
above may also be implemented with respect to the meth-
od or process described herein and specifics in the ex-
amples may be used anywhere in one or more embodi-
ments.
[0066] It is also important to note that the functions/pro-
cedures related to digital pre-distortion, such as ones
shown in FIGURE 8, illustrate only some of the possible
digital pre-distortion functions that may be executed by,
or within, systems illustrated in FIGURES 3-6. Some of
these operations may be deleted or removed where ap-
propriate, or these operations may be modified or
changed considerably without departing from the scope
of the present disclosure. In addition, the timing of these
operations may be altered considerably. The preceding
operational flows have been offered for purposes of ex-
ample and discussion. Substantial flexibility is provided
by embodiments described herein in that any suitable
arrangements, chronologies, configurations, and timing
mechanisms may be provided without departing from the
teachings of the present disclosure.
[0067] Numerous other changes, substitutions, varia-
tions, alterations, and modifications may be ascertained

to one skilled in the art and it is intended that the present
disclosure encompass all such changes, substitutions,
variations, alterations, and modifications as falling within
the scope of the appended claims. In order to assist the
United States Patent and Trademark Office (USPTO)
and, additionally, any readers of any patent issued on
this application in interpreting the claims appended here-
to, Applicant wishes to note that the Applicant: (a) does
not intend any of the appended claims to invoke para-
graph six (6) of 35 U.S.C. section 112 as it exists on the
date of the filing hereof unless the words "means for" or
"step for" are specifically used in the particular claims;
and (b) does not intend, by any statement in the specifi-
cation, to limit this disclosure in any way that is not oth-
erwise reflected in the appended claims.

Other notes, examples and implementations

[0068] Note that all optional features of the apparatus
described above may also be implemented with respect
to the method or process described herein and specifics
in the examples may be used anywhere in one or more
embodiments.
[0069] In a first example, a system is provided (that
can include any suitable circuitry, dividers, capacitors,
resistors, inductors, ADCs, DFFs, logic gates, software,
hardware, links, etc.) that can be part of any type of com-
puter, which can further include a circuit board coupled
to a plurality of electronic components. The system can
include means for clocking data from the digital core onto
a first data output of a macro using a first clock, the first
clock being a macro clock; means for clocking the data
from the first data output of the macro into the physical
interface using a second clock, the second clock being
a physical interface clock; means for clocking a first reset
signal from the digital core onto a reset output of the
macro using the macro clock, the first reset signal output
used as a second reset signal; means for sampling the
second reset signal using a third clock, which provides
a clock rate greater than the rate of the second clock, to
generate a sampled reset signal; and means for resetting
the second clock to a predetermined state in the physical
interface in response to a transition of the sampled reset
signal.
[0070] The ’means for’ in these instances (above) can
include (but is not limited to) using any suitable compo-
nent discussed herein, along with any suitable software,
circuitry, hub, computer code, logic, algorithms, hard-
ware, controller, interface, link, bus, communication
pathway, etc. In a second example, the system includes
memory that further comprises machine-readable in-
structions that when executed cause the system to per-
form any of the activities discussed above.

Examples

[0071] Example 1 is a radio frequency (RF) domain
digital pre-distortion (DPD) system, the system compris-
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ing: an input interface for receiving a RF domain digital
input signal, wherein the RF domain digital input signal
is up-sampled from a baseband signal; a DPD processing
module for processing the RF domain digital input signal
to generate a pre-distorted digital output signal, wherein
the DPD processing module compensates for non-line-
arities downstream from the RF domain DPD system;
and an output interface for providing the pre-distorted
digital output signal to a digital-to-analog converter
(DAC).
[0072] In Example 2, the subject matter of Example 1
can optionally include the DPD processing module hav-
ing a Nyquist bandwidth up to half the sampling frequency
of the DAC.
[0073] In Example 3, the subject matter of Example 1
or 2 can optionally include the DPD processing module
comprising: a memory array for storing a look-up table
used for generating the pre-distorted signal; and a digital
signal processor (DSP) having an adaptation algorithm
implemented thereon for updating the look-up table.
[0074] In Example 4, the subject matter of Example 3,
can optionally include an address word for the memory
array comprising a concatenation of a current state of
the RF domain digital input signal and a previous state
of the RF domain digital input signal.
[0075] In Example 5, the subject matter of Example 3
or 4 can optionally include an address word for the mem-
ory array comprising a concatenation of the most signif-
icant bits of a current state of the RF domain digital input
signal and the most significant bits of a previous state of
the RF domain digital input signal.
[0076] In Example 6, the subject matter of any one of
Examples 3-5 can optionally include the memory array
outputting values of a nonlinear response of a state
change between the current state of the RF domain digital
input signal and the previous state of the RF domain dig-
ital input signal.
[0077] In Example 7, the subject matter of any one of
Examples 3-6 can optionally include the DPD processing
module comprising an output summation network for
summing delayed versions of values from the memory
array and a current state of the RF domain digital input
signal to generate the pre-distorted digital output signal.
[0078] In Example 8, the subject matter of Example 7
can optionally include the output summation network
comprising one or more delay filters for delaying values
from the memory array and one or more summation
nodes for summing delayed versions of the values from
the memory array with a current state of the RF domain
digital input signal to generate the pre-distorted digital
output signal.
[0079] In Example 9, the subject matter of any one of
Examples 7-8 can optionally include the output summa-
tion network comprising: one or more first filters for filter-
ing delayed versions of the values from the memory array
to generate derivations of the delayed versions of the
values from the memory array.
[0080] In Example 10, the subject matter of any one of

Examples 7-9 can optionally include the output summa-
tion network comprising: one or more second filters for
filtering the summation of values comprising one or more
of the following: value(s) from the memory array, delayed
version(s) of the value(s) from the memory array, deri-
vation(s) of values from the memory array, and deriva-
tion(s) of delayed version(s) of the value(s) from the
memory array.
[0081] In Example 11, the subject matter of any one of
Examples 9-10 can optionally include a digital signal
processor (DSP) having an adaptation algorithm imple-
mented thereon for updating the one or more first filters
and/or the one or more second filters.
[0082] In Example 12, the subject matter of any one of
Examples 7-11 can optionally include the output summa-
tion network comprising a first summation node for sum-
ming the current state of the RF domain digital input sig-
nal with a further signal; and a second summation node
for providing the further signal, wherein the second sum-
mation node sums delayed versions of the values from
the memory array and/or derivations of the delayed ver-
sions of the values from the memory array.
[0083] In Example 13, the subject matter of any one of
examples 1-11 can optionally include the DPD process-
ing module comprising: a plurality of N-tap Short Time-
constant Impulse Responses (STIR) associated with
each of a plurality of state transitions, wherein each state
is represented by current samples and past samples or
a function of the current samples and the past samples;
and a pre-distortion generator, based on a latest input
sample, a current state and previous states, for adding
a length N STIR that spans N DAC clock cycles to gen-
erate the pre-distorted digital output signal.
[0084] Example 14 is a method for radio frequency
(RF) domain digital pre-distortion (DPD), the method
comprising: receiving a RF domain digital input signal
through an input interface, wherein the RF domain digital
input signal is up-sampled from a baseband signal;
processing, by a DPD processing module, the RF domain
digital input signal to generate a pre-distorted digital out-
put signal, wherein the DPD processing module compen-
sates for non-linearities downstream from the RF domain
DPD system; and providing, through an output interface,
the pre-distorted digital output signal to a digital-to-ana-
log converter (DAC).
[0085] In Example 15, the subject matter of Example
14 can optionally include: generating the pre-distorted
signal using a look-up table stored on a memory array;
and updating the look-up table using a digital signal proc-
essor (DSP) having an adaptation algorithm implement-
ed thereon.
[0086] In Example 16, the subject matter of Example
15 can optionally include using a concatenation of a cur-
rent state of the RF domain digital input signal and a
previous state of the RF domain digital input signal as an
address word for the memory array.
[0087] In Example 17, the subject matter of any one of
Examples 15-16 can optionally include using a concate-
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nation of the most significant bits of a current state of the
RF domain digital input signal and the most significant
bits of a previous state of the RF domain digital input
signal as an address word for the memory array.
[0088] In Example 18, the subject matter of any one of
Examples 15-17 can optionally include delaying, using
one or more delay filters of the output summation net-
work, values from the memory array; and summing, using
one or more summation nodes, delayed versions of the
values from the look-up table with a current state of the
RF domain digital input signal to generate the pre-dis-
torted digital output signal.
[0089] Example 19 is a radio frequency (RF) domain
digital pre-distortion (DPD) digital-to-analog converter
(DAC), the DAC comprising: an input interface for receiv-
ing a RF domain digital input signal, wherein the RF do-
main digital input signal is up-sampled from a baseband
signal; a DPD processing module of the DPD system for
processing the RF domain digital input signal to generate
a pre-distorted digital output signal; a digital-to-analog
converter (DAC) for converting signals from a digital do-
main to the analog domain; and an output interface of
the DPD system for providing the pre-distorted digital out-
put signal to the digital-to-analog converter.
[0090] In Example 20, the subject matter of Example
19 can optionally include the DAC comprising: a decoder,
and a high speed multiplexer; the DPD processing mod-
ule being implemented in parallel with the decoder and
the high speed multiplexer; and the DAC further compris-
ing a summation node summing the output of the high
speed multiplexer and the pre-distorted digital output sig-
nal.
[0091] In Example 21, the subject matter of Example
19 or 20 can optionally include the DPD processing mod-
ule comprising an output summation network for sum-
ming delayed versions of values from the memory array
and a current state of the RF domain digital input signal
to generate the pre-distorted digital output signal.
[0092] In Example 22, the subject matter of Example
21 can optionally include the output summation network
comprising one or more of the following: one or more first
filters for filtering delayed versions of the values from the
memory array to generate derivations of the delayed ver-
sions of the values from the memory array.
[0093] In Example 23, the subject matter of any one of
Example 21 or 22 can optionally include the output sum-
mation network comprising: one or more second filters
for filtering the summation of values comprising one or
more of the following: value(s) from the memory array,
delayed version(s) of the value(s) from the memory array,
derivation(s) of values from the memory array, and der-
ivation(s) of delayed version(s) of the value(s) from the
memory array.
[0094] In Example 24, the subject matter of any one of
examples 21-23 can optionally include the output sum-
mation network comprising: a first summation node for
summing the current state of the RF domain digital input
signal with a further signal; a second summation node

for providing the further signal, wherein the second sum-
mation node sums delayed versions of the values from
the memory array and/or derivations of the delayed ver-
sions of the values from the memory array.
[0095] Example 25 is an apparatus for radio frequency
(RF) domain digital pre-distortion (DPD), the apparatus
comprising means for performing the method of any one
of the Examples 14-18.

Claims

1. A radio frequency (RF) domain digital pre-distortion
(DPD) system, the system comprising:

an input interface for receiving a RF domain dig-
ital input signal, wherein the RF domain digital
input signal is up-sampled from a baseband sig-
nal;
a DPD processing module for processing the RF
domain digital input signal to generate a pre-
distorted digital output signal, wherein the DPD
processing module compensates for non-line-
arities downstream from the RF domain DPD
system; and
an output interface for providing the pre-distort-
ed digital output signal to a digital-to-analog con-
verter (DAC).

2. The RF domain DPD system of Claim 1, wherein the
DPD processing module has a Nyquist bandwidth
up to half the sampling frequency of the DAC.

3. The RF domain DPD system of Claim 1 or 2, wherein
the DPD processing module comprises:

a memory array for storing a look-up table used
for generating the pre-distorted signal; and
a digital signal processor (DSP) having an ad-
aptation algorithm implemented thereon for up-
dating the look-up table.

4. The RF domain DPD system of Claim 3, wherein an
address word for the memory array comprises a con-
catenation of a current state of the RF domain digital
input signal and a previous state of the RF domain
digital input signal, and preferably, the address word
for the memory array comprises a concatenation of
the most significant bits of a current state of the RF
domain digital input signal and the most significant
bits of a previous state of the RF domain digital input
signal.

5. The RF domain DPD system of Claim 3 or Claim 4,
wherein the memory array outputs values of a non-
linear response of a state change between the cur-
rent state of the RF domain digital input signal and
the previous state of the RF domain digital input sig-
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nal.

6. The RF domain DPD system of any of Claims 3 to
5, wherein the DPD processing module comprises:

an output summation network for summing de-
layed versions of values from the memory array
and a current state of the RF domain digital input
signal to generate the pre-distorted digital output
signal.

7. The RF domain DPD system of Claim 6, wherein the
output summation network comprises one or more
of the following:

one or more delay filters for delaying values from
the memory array and one or more summation
nodes for summing delayed versions of the val-
ues from the memory array with a current state
of the RF domain digital input signal to generate
the pre-distorted digital output signal;
one or more first filters for filtering delayed ver-
sions of the values from the memory array to
generate derivations of the delayed versions of
the values from the memory array; and
one or more second filters for filtering the sum-
mation of values comprising one or more of the
following: value(s) from the memory array, de-
layed version(s) of the value(s) from the memory
array, derivation(s) of values from the memory
array, and derivation(s) of delayed version(s) of
the value(s) from the memory array.

8. The RF domain DPD system of Claim 7, further com-
prising:

a digital signal processor (DSP) having an ad-
aptation algorithm implemented thereon for up-
dating the one or more first filters and/or the one
or more second filters.

9. The RF domain DPD system of any of Claims 6 to
8, wherein the output summation network compris-
es:

a first summation node for summing the current
state of the RF domain digital input signal with
a further signal; and
a second summation node for providing the fur-
ther signal, wherein the second summation
node sums delayed versions of the values from
the memory array and/or derivations of the de-
layed versions of the values from the memory
array.

10. The RF domain DPD system of any one of the pre-
ceding claims, wherein the DPD processing module
comprises:

a plurality of N-tap Short Time-constant Impulse
Responses (STIR) associated with each of a
plurality of state transitions, wherein each state
is represented by current samples and past
samples or a function of the current samples and
the past samples; and
a pre-distortion generator, based on a latest in-
put sample, a current state and previous states,
for adding a length N STIR that spans N DAC
clock cycles to generate the pre-distorted digital
output signal.

11. A method for radio frequency (RF) domain digital
pre-distortion (DPD), the method comprising:

receiving a RF domain digital input signal
through an input interface, wherein the RF do-
main digital input signal is up-sampled from a
baseband signal;
processing, by a DPD processing module, the
RF domain digital input signal to generate a pre-
distorted digital output signal, wherein the DPD
processing module compensates for non-line-
arities downstream from the RF domain DPD
system; and
providing, through an output interface, the pre-
distorted digital output signal to a digital-to-an-
alog converter (DAC).

12. The method of Claim 11, further comprising:

generating the pre-distorted signal using a look-
up table stored on a memory array; and
updating the look-up table using a digital signal
processor (DSP) having an adaptation algorithm
implemented thereon;
wherein preferably, the method further compris-
es using a concatenation of a current state of
the RF domain digital input signal and a previous
state of the RF domain digital input signal as an
address word for the memory array, and more
preferably, the method further comprises using
a concatenation of the most significant bits of a
current state of the RF domain digital input signal
and the most significant bits of a previous state
of the RF domain digital input signal as an ad-
dress word for the memory array.

13. A radio frequency (RF) domain digital pre-distortion
(DPD) digital-to-analog converter (DAC), the DAC
comprising:

an input interface for receiving a RF domain dig-
ital input signal, wherein the RF domain digital
input signal is up-sampled from a baseband sig-
nal;
a DPD processing module of the DPD system
for processing the RF domain digital input signal
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to generate a pre-distorted digital output signal;
a digital-to-analog converter (DAC) for convert-
ing signals from a digital domain to the analog
domain; and
an output interface of the DPD system for pro-
viding the pre-distorted digital output signal to
the digital-to-analog converter.

14. The RF domain DPD DAC of Claim 13, wherein:

the DAC comprises: a decoder, and a high
speed multiplexer;
the DPD processing module is implemented in
parallel with the decoder and the high speed
multiplexer; and
the DAC further comprises a summation node
summing the output of the high speed multiplex-
er and the pre-distorted digital output signal.

15. The RF domain DPD DAC of Claim 14, wherein the
DPD processing module comprises:

an output summation network for summing de-
layed versions of values from the memory array
and a current state of the RF domain digital input
signal to generate the pre-distorted digital output
signal, wherein the output summation network
preferably comprises:

a first summation node for summing the cur-
rent state of the RF domain digital input sig-
nal with a further signal;
a second summation node for providing the
further signal, wherein the second summa-
tion node sums delayed versions of the val-
ues from the memory array and/or deriva-
tions of the delayed versions of the values
from the memory array.
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