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ENCODING CIRCUIT, METHOD FOR TRANSMITTING DATA OVER A DATA

BUS, AND RADIO COMMUNICATION DEVICE

Technical Field

[0001] Various embodiments relate generally to an encoding circuits, methods for

transmitting data over a data bus, and radio communication devices.

Background

[0002] Recent technological advances in modern Radio Access Technologies
(RATSs), such as Multiple Input Multiple Output (MIMO), the addition of new frequency
bands, and multi-carrier schemes, have led to dramatic increases in data throughput
capability. As a result, devices operating according to popular RATs such as WiFi
(defined according to the IEEE 802.11 standard) and the telecommunications standards
defined by the 3™ Generation Partnership Project (3GPP, including Global System for
Mobile Communications (GSM), Universal Mobile Telecommunication Systems
(UMTS), and Long Term Evolution (LTE)) must have transceiver components capable of
supporting high speed data buses.

[0003] However, the incorporation of high speed data buses in transceiver devices
may yield increases in unwanted electrical noise, which may in turn reduce the sensitivity
of radio frequency (RF) receivers. The issue of increased noise may be conventionally
addressed with passive noise reduction techniques, such as by providing isolation in the

coupling path between the high speed data buses and all victim blocks. The required
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levels of isolation may be relatively high (e.g. 60 dB or greater), which may be difficult
to guarantee in many transceiver components.

[0004] In addition to passive isolation techniques, active noise mitigation approaches
such as spectral line coding (SLC) may be able to shape the frequency spectrum of bus
data in order to reduce the effects of data bus noise in targeted RF bands. SLC
implementations may encode data by selecting a stream of encoded symbols that reduces
the spectral energy of noise in the targeted RF bands.

[0005] However, conventional SLC approaches may only be able to reduce noise
energy in a single RF band. Accordingly, existing SLC techniques may not be able to
cancel out noise in multiple RF bands in parallel. This may be especially problematic in
Global Navigation Satellite System (GNSS) receivers including Global Position System
(GPS), GLObal NAvigation Satellite System (GLONASS), Galileo, and Beidou, which
are sensitive in multiple RF bands.

[0006] Furthermore, existing SLC techniques only address noise components that are
directly related to the data on the bus, but do not address potentially dominant noise
components arising from the common-mode signal of differential data lines that are
related more directly to transtions in the bus data rather than to the data itself and other
spectral components that are derived by non-linear functions out of the data signal.
Accordingly, the dominant common-mode signal in a differential data line may be
unaffected by the aforementioned existing SLC techniques, and accordingly may
continue to contribute noise to victim blocks in a substantially unrestricted manner. As

used herein, "data-dependent" refers to signal and noise components that are addressed by
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existing SLC techniques, and “transition-dependent” refers to signal and noise

components more directly related to data transitions rather than to the data itself

Brief Description of the Drawings

[0007] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:

FIG. 1 shows an encoding circuit according to an aspect of the disclosure;

FIGS. 2A to 2B show exemplary test results of a spectral line coding application;

FIG. 3 shows a decision block branch according to an aspect of the disclosure;

FIG. 4 shows an alternate symbol generation circuit according to an aspect of the
disclosure;

FIG. 5 shows an encode decision block according to an aspect of the disclosure;

FIG. 6 shows an edge-detection circuit according to an aspect of the disclosure;

FIG. 7 shows a decoding circuit according to an aspect of the disclosure;

FIG. 8 shows a data bus transmission system according to an aspect of the
disclosure;

FIG. 9 shows a flow chart illustrating a method for transmitting data over a data
bus according to an aspect of the disclosure;

FIG. 10 shows a flow chart illustrating a method for transmitting data over a data

bus according to a further aspect of the disclosure; and
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FIG. 11 shows a block diagram illustrating a radio communication device.

Description

[0008] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the aspects of the
disclosure may be practiced.

[0009] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration”. Any embodiment or design described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0010] As used herein, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing
software stored in a memory, firmware, or any combination thereof. Furthermore, a
"circuit" may be a hard-wired logic circuit or a programmable logic circuit such as a
programmable processor, for example a microprocessor (for example a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit" may also be a processor executing software, for example
any kind of computer program, for example a computer program using a virtual machine
code such as for example Java. Any other kind of implementation of the respective
functions which will be described in more detail below may also be understood as a
"circuit". It may also be understood that any two (or more) of the described circuits may

be combined into one circuit.
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[0011] Spectral Line Coding (SLC) may be utilized to shape the frequency spectrum
of a transmitted line code signal, such as a digital signal transmitted over a data bus. SLC
may thus be useful in sensitive Radio Frequency (RF) receiver components in order to
cancel or mitigate noise caused by data buses in a frequency band of interest.

[0012] Selective Inversion SLC may be implemented as a relatively effective SLC
configuration for line coding in high speed data buses. In Selective Inversion SLC, an »-
bit data symbol intended for transmission on the data bus is encoded with m encoding
bit(s) in order to produce an m+n-bit encoded symbol. The logical inverse of the encoded
symbol is then calculated to produce an m+n-bit inverted symbol, such as with a logical
NOT operation. Then, a decision is made to transmit either the encoded symbol or the
inverted symbol across the data bus based on whether transmission of the encoded
symbol or the inverted symbol will result in less noise at a target frequency. This decision
may be performed by calculating the phasor of the encoded symbol at the target
frequency and determining whether transmission of either the encoded symbol or the
inverted symbol will reduce the cumulative phasor of the target frequency, such as by
integrating the phasor at the target frequency over time and evaluating which of the
encoded symbol or the inverted symbol will minimize the integrated phasor.

[0013] Accordingly, either the encoded symbol or the inverted symbol may be
selected as a transmit symbol (also m+n bits), which may then be transmitted across the
data bus. By determining which of the encoded symbol or the inverted symbol will
reduce the magnitude of the integrated phasor at a target frequency, the noise contributed

at the target frequency by the data bus may be effectively reduced over time.
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[0014] In RF transceiver implementations, the target frequency may be selected to be
a frequency band at which RF reception is being performed. This may be particularly
useful in Global Navigation Satellite System (GNSS) applications, which may involve
high-sensitivity RF reception. Consequently, noise contribution by data bus components
in such receivers may be reduced.

[0015] However, existing Selective Inversion SLC may only be effective in noise
mitigation in a single frequency band, and thus may be incapable of mitigating noise in
multiple RF bands in parallel. Furthermore, Selective Inversion SLC may only be useful
for reducing data-dependent noise. When implemented with a differential data line
configuration, Selective Inversion SLC may leave some common-mode signal
contributions unaffected.

[0016] FIG. 1 illustrates an encoding circuit 100 according to an aspect of the
disclosure. Encoding circuit 100 may include combiner 102, alternate symbol generator
104, encode decision block 106, and selector 108. The aforementioned components may
be implemented as separate circuits or hardware elements, e.g. as separate integrated
circuits blocks, as illustrated in FIG. 1. However, it is understood that some or all of the
circuits may be implemented by a common programmable processor, suchas e.g. a
microprocessor. Accordingly, some or all of the functionality of the one or more of the
aforementioned components may be consolidated into a single hardware component. It is
also appreciated that encoding circuit 100 may include a number of additional
components, including hardware, processors, memory, and other specialty or generic

hardware/processors/circuits, etc.
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[0017] Encoding circuit 100 may be e.g. provided as an encoding component for
encoding data as a line-coded signal in order to transmit the data on a data bus, such as a
high speed data bus. Encoding circuit 100 may be e.g. provided within a component
tasked with RF reception, such as a GNSS device.

[0018] In contrast to conventional SL.C encoders, encoding circuit 100 may be
capable of reducing noise caused by operation of a data bus in multiple frequency bands
in parallel. Additionally, encoding circuit 100 may also be able to perform transition-
dependent noise mitigation in frequency bands.

[0019] Encoding circuit 100 may receive n-bit data symbol 110 and m encoding bit(s)
112 at combiner 102. Data symbol 110 may be a data symbol scheduled for transmission
over a high speed data bus, e.g. as a line-coded signal. Encoding circuit 100 may
therefore be configured to encode data symbol 110 as a line-coded signal and to transmit
the resulting line-coded signal over the high speed data bus.

[0020] Combiner 102 may combine n-bit data symbol 110 and m encoding bit(s) 112
to produce m+n-bit encoded symbol 116. Combiner 102 may then provide m+n-bit
encoded symbol 116 to selector 108.

[0021] Combiner 102 may also provide m+n-bit encoded symbol 116 to alternate
symbol generator 104 and encode decision block 106. Alternate symbol generator 104
may be configured to generate alternate symbol 118 based on m+n-bit encoded symbol
116 and subsequently provide alternate symbol 118 to selector 108.

[0022] Encode decision block 106 may be configured to determine whether m-+n-bit
encoded symbol 116 or alternate symbol 118 should be transmitted. As will be later

described, encode decision block 106 may be configured to calculate a phasor at one or
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more target frequencies, and to determine which of m+n-bit encoded symbol 116 or
alternate symbol 118 will reduce the energy contribution to a cumulative phasor at the
one or more target frequencies. Encode decision block 106 may then select either m+n-bit
encoded symbol 116 or alternate symbol 118 to be transmitted based on which symbol
will minimize (i.e. reduce) the cumulative phasor. Encode decision block 106 may then
provide selector 108 with alt. control signal 120 indicating which of m+n-bit encoded
symbol 116 or alternate symbol 118 should be transmitted.

[0023] Selector 108 may then select either m+n-bit encoded symbol 116 or alternate
symbol 118 as trasnmit symbol 122, and may then transmit transmit symbol 122 over a
high speed data bus. Although not explicitly depicted in FIG. 1, selector 108 may provide
transmit symbol 122 to a line signal encoder in order to encode transmit symbol 122 as a
line-encoded signal for transmission over the high speed data bus.

[0024] As shown in FIG. 1, encoding circuit 100 may also receive control signal 114
as an input. Control signal 114 may be provided to alternate symbol generator 104 and
encode decision block 106. Control signal 114 may dictate an operation mode of
encoding circuit 100. For example, encoding circuit 100 may be configured to perform
spectral shaping for a data-dependent signal part or for a transition-dependent common-
mode signal part. Control signal 114 may be provided to alternate symbol generator 104
and encode decision block 106 in order to control encoding circuit 100 to perform
spectral shaping for a data-dependent signal part or for a transition-dependent common-
mode signal part.

[0025] In addition to reduce spectral contribution at a single target frequency,

encoding circuit 100 may be additionally configured to perform spectral shaping at a
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plurality of different target frequencies. For example, encoding circuit 100 may be
implemented as a data bus component in an RF receiver, and may thus be configured to
perform spectral shaping at one or more target frequencies that are being received by the
RF receiver. Control signal 114 may be provided to encode decision block 106 in order to
control the target frequencies at which spectral shaping is to take place.

[0026] Encoding circuit 100 may thus be utilized in order to create a “notch” in the
energy spectrum of bus data, such as bus data being outputted by a high speed data bus.
FIGS. 2A - 2B show exemplary results in which random data A4 is subject to spectral
shaping, such as by encoding circuit 100. FIG. 2A illustrates the energy spectrum of
random data A in the event that no spectral shaping is applied, while FIG 2B illustrates
the energy spectrum of random data A after spectral shaping is applied. As seen in FIG.
2B, the energy spectrum of random data 4 may be substantially reduced at notch
frequency fuoren = 2.5 GHz, which may be selected in order to coincide with an RF band
of interest, such as the center frequency of a radio channel. The reduction of noise energy
at a target frequency of interest may yield improved RF reception at the target frequency,
thereby offering an overall improvement in performance.

[0027] Encoding circuit 100 may be able to create one or more notches in the noise
energy spectrum according to several different operation modes, which may be controlled
by control signal 114. In a first operation mode, encoding circuit 100 may be configured
to create a notch at a target frequency in the spectrum of data-dependent signal parts. The
first operation mode may be controlled by control signal 114, which may be provided to

alternate symbol generator 104 and encode decision block 106 as shown in FIG. 1.
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[0028] In order to create notches in the energy spectrum of an outputted line-coded
signal, encoding circuit 100 may be configured to select either encoded symbol 116 or
alternate symbol 118 as transmit symbol 122. Encoding circuit 100 may perform an
evaluation on encoded symbol 116 using encoded decision block 106 in order to
determine whether the transmission of the encoded symbol 116 or alternate symbol 118
will minimize the energy spectrum at notch frequency fuoror over time. Encoding circuit
100 may then decide to transmit either encoded symbol 116 or alternate symbol 118
based on which of encoded symbol 116 or alternate symbol 118 will reduce the overall
energy contribution at notch frequency fuorcn OVer time.

[0029] Encoded symbol 116 may therefore be provided to encode decision block 106.
Encode decision block 106 may then render a decision as to whether encoded symbol 116
or alternate symbol 118 should be transmitted, and provide the resulting decision to
selector 108 in the form of alt. control signal 120.

[0030] Encoding circuit 100 may render this decision based on the which of encoded
symbol 116 or alternate symbol 118 will reduce the magnitude of the integrated phasor at
notch frequency f.ocn. Accordingly, encode decision block 106 may calculate the phasor
at notch frequency f.o:cn of encoded symbol 116 and the phasor at notch frequency frorcn
for alternate symbol 118. Encode decision block 106 may then add the phasor of encoded
symbol 116 and the phasor of alternate symbol 118 to the integrated phasor of all past
transmitted symbols. In other words, encode decision block 106 may maintain a
cumulative phasor over time at fuoen that details the spectrum energy contribution of all
past transmit symbols 122 over time. Encode decision block 106 may then select either

encoded symbol 116 or alternate symbol 118 as transmit symbol 122 based on which of

10
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encoded symbol 116 or alternate symbol 118 will minimize the magnitude of the
integrated phasor at f.o:cn OVer time, 1.e. which of encoded symbol 116 or 118 will result
in a minimal spectral contribution at notch frequency f.o:cn . For example, encoded
decision block 106 may add the phasor of encoded symbol 116 the integrated phasor of
all past transmitted symbols and the phasor of alternate symbol 118 to the integrated
phasor of all past transmitted symbols in order to generate two adjusted integral phasors,
each indicating the value of the integrated phasor if encoded symbol 116 or alternate
symbol 118 is transmitted as transmit symbol 122. Encode decision block 106 may then
compare the two adjusted integral phasors to each other in order to determine which of
encoded symbol 116 or alternate symbol 118 will result in a lower adjusted integral
phasor, such as by comparing the magnitude of the two integral phasors. Encode decision
block 106 may then decide to transmit encoded symbol 116 or alternate symbol 118
based on which of encoded symbol 116 or alternate symbol 118 is associated with a
lower-magnitude integral phasor, 1.e. which of of encoded symbol 116 or alternate
symbol 118 will reduce the magnitude of the integrated phasor at notch frequency fuosch.
[0031] This approach may be effective for encoded and alternate symbol pairs as long
as the phasors of the encoded and alternate symbol are not identical, i.e. do not have
identical magnitude and direction. The approach may be optimized in certain cases if the
phasor of the alternate symbol is pointing in an opposite direction to the phasor of the
encoded symbol.

[0032] The phasor Pr{x} at notch frequency fuorcn for the k-th block of w sequential
bits in data stream x = [x1, X2, ... | with bit rate R, where w = m+n (i.e. the length of

encoded symbol 116), may be calculated as follows:

11
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w-k
Pk{x} = Z Xy ejzn'fnotch'”/R (1)

v=w-(k—1)+1

[0033] Accordingly, Equation 1 may be used to calculate the phasor for encoded
symbol 116. As previously detailed, the approach may be optimized through the use of
alternate symbol 118 with a phasor pointing in the opposite direction of Pr{x}, 1.e. -
Pr{x}. This relationship may be realized by a simple bit inversion of encoded symbol

116, which in turn produces a phasor rotated 180 degree therefrom. In other words,
P {NOT(x)} = —P{x}  (2).

[0034] Accordingly, alternate symbol 118 may be generated by performing a logical
not operation on encoded symbol 116, 1.e. alternate symbol 118 = NOT(encoded symbol
116). As the phasor Pr{NOT(x)} 1s the negative of phasor Pr{x}, encode decision block
106 may calculate the phasor for alternative symbol 118 directly from the calculated
phasor for encoded symbol 116. Encode decision block 106 may simply compute the
additive inverse of Pi{x} (i.e. —Pr{x}) and utilize the resulting value as the phasor of
alternate symbol 118. Encode decision block 106 may thus compute the adjusted integral
phasors by adding phasor P, {x} to the integral phasor and subtracting phasor P, {x} from
the integral phasor, respectively. Encode decision block 106 may then determine which
adjusted integral phasor has a smaller magnitude, and select encoded symbol 116 or

alternate symbol 118 accordingly.

12
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[0035] Accordingly, in the first operation mode directed towards frequency notching
for data-dependent signals parts, alternate symbol generator 104 may simply invert
encoded symbol 116 to produce alternate symbol 118. Encode decision block 106 may
calculate the phasor at notch frequency fuoren of encoded symbol 116 and alternate symbol
118 (which is the negative of the phasor of encoded symbol 116), perform a comparison
using an integrated phasor at fuorcn (1.€. by computing two adjusted integral phasors and
comparing the respective magnitudes thereof), and select either encoded symbol 116 or
alternate symbol 118 for transmission.

[0036] This first operation mode may be effective for creating a notch at notch
frequency fuocn for a data-dependent signal parts. However, differential data lines may
additionally include a common-mode signal part dependent on data transitions rather than
directly on the data itself, which may be substantially unaffected by the first operation
mode. These transition-dependent components may not be linearly related with the data-
dependent signal parts that are effectively addressed by the first operation mode.
Accordingly, reception of RF signals at notch frequency f.o.c» may still be degraded due
to the presence spectral energy related to this unmitigated transition-dependent common-
mode signal part.

[0037] Encoding circuit 100 may therefore be configured to perform in a second
operation mode in order to address the transition-dependent common-mode signal part.
Control signal 114 may be provided to alternate symbol generator 104 and encode
decision block 106 in order to select between at least the first and second operation
modes. As detailed above, the transition-dependent common-mode spectrum may be

manifested in the transitions of a data stream, 1.e. transitions between Oand 1 in a

13
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sequence of bits. Accordingly, encode decision block 106 may be configured to assess
the spectral energy of the transition-dependent common-mode spectrum at notch
frequency fuoen by first performing edge-detection of encoded symbol 116 and
subsequently computing the phasor at notch frequency fuo«r using the edge-detected
version of encoded symbol 116. In this manner, encode decision block 106 may render a
decision to transmit encoded symbol 116 or alternate symbol 118 based on which of
encoded symbol 116 or alternate symbol 118 will minimize the spectrum of the
transitions at notch frequency f.o:cn. Encoding circuit 100 may therefore be able to create
a notch at .o in the transition-dependent common-mode spectrum in the second
operation mode.

[0038] FIG. 3 shows an exemplary decision block branch 300. Decision block branch
300 may be able to assess the data-dependent spectrum (i.e. consistent with the first
operation mode) or the transition-dependent common-mode spectrum (i.e. consistent with
the second operation mode). As will be later described, encode decision block 106 may
be provided with one or more decision block branches, such as e.g. to create notches in
the data-dependent spectrum and/or transition-dependent common-mode spectrum at a
plurality of notch frequencies.

[0039] Decision block branch 300 may receive encoded symbol 310 and control
signal 312 as inputs. Decision block branch 300 may then assess either the data-
dependent spectrum (i.e. consistent with the first operation mode) or the transition-
dependent common-mode spectrum (i.e. consistent with the second operation mode) of
encoded symbol 310 based on control signal 312. Decision block branch 300 may then

render a decision as to whether encoded symbol 310 or an alternate symbol associated

14
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with encoded symbol 310 should be transmitted , e.g. over a data bus. Decision block
branch 300 may base the decision on which of encoded symbol 310 or the alternate
symbol associated with encoded symbol 310 will minimize the magnitude of the
intragrated phasor at notch frequency fuoen 1 over time. Although decision block branch
300 is exemplary in nature, encoded symbol 310 and control signal 312 may be
analogous to encoded symbol 116 and control signal 114 of FIG. 1.

[0040] Specifically, encoded symbol 310 may be provided to selector 304 and edge
detector 302. Edge detector 302 may be configured to detect transitions (i.e. bit-level) in
encoded symbol 310 and provide resulting edge detected symbol 314 to selector 304.
[0041] Selector 304 may then select either encoded symbol 310 or edge detected
symbol 314 based on input provided by control signal 312. Selector 304 may then
provide the resulting selection of either encoded symbol 310 or edge detected symbol 314
to phasor generator 306. Phasor generator 306 may then calculate the phasor at fuoren 1 of
encoded symbol 310 or edge detected symbol 314 (i.e. based on which of encoded
symbol 310 or edge detected symbol 314 was provided as input).

[0042] Control signal 312 may control which portion of the spectrum is assessed by
decision block branch 300 by controlling selector 304 to select either encoded symbol
310 or edge detected symbol 314. Control signal 312 may control decision block branch
300 to assess the data-dependent spectrum (i.e. consistent with the first operation mode)
by selecting encoded symbol 310 (i.e. input a to selector 304). Alternatively, control
signal 312 may control decision block branch 300 to assess the transition-dependent
common-mode spectrum (i.e. consistent with the second operation mode) by selecting

edge-detected symbol 314 (i.e. input b to selector 304).

15
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[0043] Phasor generator 306 may then calculate a phasor at notch frequency fiowcn 1
based on the signal selected symbol 316 provided by selector 304. Phasor generator 306
may then provide the phasor to decision logic 308. Decision logic 308 may then
determine whether the phasor provided by phasor generator 306 or the additive inverse of
the phasor provided by phasor generator 306 will reduce the cumulative phasor at notch
frequency fuoren 1 over time. In other words, decision logic 308 may determine which of
selected symbol 316 or the alternate symbol based on selected symbol 316 will minimize
the cumulative phasor at notch frequency fuoen 1 over time. Decision logic 308 may then
indicate the resulting decision as to either selected symbol 316 or the alternate symbol
based on selected symbol 316 as alternate control signal 318.

[0044] Decision logic 308 may render a decision based on an integrated phasor of all
past decisions. In other words, decision logic 308 may calculate an integrated phasor at
Jroten 1 that reflects all past symbols transmitted over the data bus. Decision logic 308 may
then utilize the phasor provided by phasor generator 306 in order to determine whether
the phasor corresponding to encoded symbol 310 (i.e. the phasor provided by phasor
generator 306) or the phasor corresponding to alternate symbol of encoded symbol 310
(1.e. the additive inverse of the phasor provided by phasor generator 306) will minimize
the integrated phasor, and then select either selected symbol 316 (i.e. encoded symbol
310 or edge detected symbol 314 based on the control provided by control signal 312 to
selector 304) or the alternate symbol based on selected symbol 316 to be transmitted over
the data bus.

[0045] Decision block branch 300 may create a notch in the spectrum at notch

frequency fuowen 1 by selecting which of selected symbol 316 or the alternate symbol based
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on selected symbol 316 will contribute minimally to the integrated phasor at notch
frequency fuoren 1. Accordingly, providing encoded symbol 310 or edge detected symbol
314 to phasor generator 306 as selected symbol 316 may create a notch in the data-
dependent spectrum or the transition-dependent common-mode spectrum, respectively.
Control signal 312 may thus be used to select either the first or second operation mode
based on which of data-dependent spectrum or the transition-dependent common-mode
spectrum is targeted.

[0046] As detailed regarding FIG. 1, alternate symbol generator 104 may provide
alternate symbol 118 to selector 108. Encode decision block 106 may then select either
encoded symbol 116 or alternate symbol 118 to be transmitted as transmit symbol 122
based on which of encoded symbol 116 or alternate symbol 118 will minimize the
spectral contribution at a notch frequency fuoren. In the first operation mode, alternate
symbol generator 104 may perform a logical NOT operation on encoded symbol 116 to
produce alternate symbol 118. As an alternate symbol 118 that is the logical NOT of
encoded symbol 116 will produce a phasor in the opposite direction, this approach is
appropriate for the first operation mode in which the data-dependent spectrum is assessed
and minimized at notch frequency f.orcn. Accordingly, alternate symbol generator 104
may provide alternate symbol 118 as the logical inverse of encoded symbol 116 in the
first operation mode. Similarly, encode decision block 106 may be configured to assess
whether encoded symbol 116 or the logical inverse of encoded symbol 116 (i.e. alternate
symbol 118) will minimize the phasor at notch frequency fuorcr. This control may be
indicated to alternate symbol generator 104 and encode decision block 106 by control

signal 114.
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[0047] However, as previously detailed the transition-dependent common-mode
spectrum may be assessed by evaluating the transitions in encoded symbol 116, i.e. by
performing edge detection on encoded symbol 116 and assessing the spectral contribution
at notch frequency fu.o:cn 0f the resulting edge-detected symbol. However, both encoded
symbol 116 and the logical inverse of encoded symbol 116 (i.e. alternate symbol 118 in
the first operation mode) will have identical transition timing. Accordingly, selecting
either encoded symbol 116 or the logical inverse of encoded symbol 116 as transmit
symbol 122 may not affect the transition-dependent common-mode spectrum. A different
alternate symbol 118 from the logical inverse of encoded symbol 116 may therefore be
used in the second operation mode in order to effectively address the transition-dependent
common-mode spectrum.

[0048] An effective alternate symbol 118 for affecting the common-mode spectrum
may be the logical odd-bit inverted version of encoded symbol 116. In other words, only
every-other bit of encoded symbol 116 is inverted, as opposed to every bit of encoded
symbol 116. Accordingly, the phasor for alternate symbol 118 after edge-detection may
be the additive inverse of the phasor for encoded symbol 116 after edge-detection. In
other words, the phasor of the transitions for encoded symbol 116 may be opposite to the
phasor of the transitions for alternate symbol 118 if alternate symbol 118 is generated as
the logical odd-bit inversion of encoded symbol 116. Accordingly, encode decision block
106 may be able to select either encoded symbol 116 or alternate symbol 118 based on
which of encoded symbol 116 or alternate symbol 118 will minimize the spectral

contribution of the transitions at notch frequency fuorcni.
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[0049] Accordingly, alternate symbol generator 104 may be configured to provide
alternate symbol 118 as the logical inverse of encoded symbol 116 in the first operation
mode. Alternate symbol generator 104 may then be configured to provide alternate
symbol 118 as the odd-bit logical inverse of encoded symbol 116 in the second operation
mode. Likewise, encode decision block 106 may be configured to render a decision to
transmit either encoded symbol 116 or alternate symbol 118 based on alternate symbol
118 being either the logical inverse of encoded symbol 116 or the odd-bit logical inverse
of encoded symbol 116. Encode decision block 106 may thus be configured to calculate
the appropriate phasor for alternate symbol 118 based on this relationship to encoded
symbol 116, and render a decision accordingly. As the phasor of the edge-detected
version of alternate symbol 118 will be the additive inverse of the edge-detected version
of encoded symbol 116, encode decision block 106 may operate in substantially the same
manner in the second operation mode as in the first operation mode, i.e. by adding the
phasor corresponding to the edge-detected symbol to the integrated phasor to generate a
first adjusted phasor and subtracting the phasor corresponding to the edge-detected
symbol (i.e. the phasor of the edge-detected version of the alternate symbol in order to
generate a second adjusted phasor. Encode decision block 106 may then select either
encoded symbol 116 or alternate symbol 118 based on whether the first adjusted phasor
has greater magnitude than the second adjusted phasor. Accordingly, decision block
branch 300 may be utilized in either the first operation mode or the second operation
mode.

[0050] It is additionally appreciated that a plurality of alternate symbols may be

provided. For example, the configurations disclosed herein may be expanded to include
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more than one alternate symbol generator, e.g. three alternate symbol generators, where
each alternate symbol generator may be configured to generate a unique alternate symbol
with respect to encoded symbol 116. Each alternate symbol generator may be configured
to invert one or more bits of encoded symbol 116 in order to generate the respective
alternate symbol. Encode decision block 106 may then evaluate the phasor at fuorcn for
encoded symbol 116 and the phasors at f.orcr for each of the alternate symbols. As each of
the alternate symbols is unique (and all non-identical to the phasors of each other and the
phasor of encoded symbol 116), each symbol may produce a different phasor at froen. As
a result, encode decision block 106 may be able to select any of the available symbols as
transmit symbol 122, thereby potentially increasing the effectiveness of frequency
notching due to the expanded selection. It is understood that such methods may increase
data throughput requirements, as an appropriate number of encoding bits (i.e. at least two
for three alternate symbols) are additionally required in order to ensure recovery of data
symbol 110 at an opposite end of the data bus. Furthermore, it is appreciated that the
relationship between the phasor of encoded symbol 116 and the phasors of the additional
alternate symbols may be more complex than an additive inverse, and accordingly
modifications in the phasor evaluation process of encode decision block 106 may need to
be modified in order to correctly calculate and evaluate the phasors at fu.o.er for each of the
additional alternate signals.

[0051] FIG. 4 shows an exemplary internal configuration of alternate symbol
generator 104. As shown in FIG. 4, alternate symbol generator 104 may receive encoded
symbol 116 and control signal 114 as input. Alternate symbol generator 104 may then

output alternate symbol 118, such as to selector 108 as shown in FIG. 1.
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[0052] Alternate symbol generator 104 as shown in FIG. 4 may be configured to
provide the logical inverse of encoded symbol 116 or the odd-bit logical inverse of
encoded symbol 116 as alternate symbol 118. The selection of the logical inverse of
encoded symbol 116 or the odd-bit logical inverse of encoded symbol 116 as alternate
symbol 118 may be controlled by control signal 114, which may be provided to selector
412 in order to perform the appropriate selection. In the first operation mode, control
signal 114 may indicate that inverted symbol 414 should be selected as altemate symbol
118. Alternatively, in the second operation mode control signal 114 may indicated that
odd-bit inverted symbol 416 should be selected as alternate symbol 118. Accordingly,
alternate symbol generator 104 may be able to provide alternate symbol 118 as
appropriate to create a notch in either a data-dependent spectrum or transition-dependent
common-mode spectrum consistent with the first operation mode and second operation
mode, respectively.

[0053] Encoded symbol 116 may be provided to logical inverter 400, which may
perform a logical NOT operation on encoded symbol 116 to produce inverted symbol
414. Inverted symbol 414 may then be provided to selector 412.

[0054] Encoded symbol 116 may also be provided to odd-bit selector 404 and even-
bit selector 406. Odd-bit selector 404 may select the odd-numbered bits of encoded
symbol 116 and provide the resulting bits to logical inverter 402. Logical inverter 402
may then perform a logical NOT operation on the odd-numbered bits and provide the

inverted odd-numbered bits to combiner 408.
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[0055] Even-bit selector 406 may select the even-numbered bits of encoded symbol
116. Even-bit selected 406 may then provide the resulting even-numbered bits of encoded
symbol 116 to combiner 408.

[0056] Combiner 408 may then combine the even-numbered bits and inverted odd-
numbered bits of encoded symbol 116 and provide the resulting symbol to bit selector
410. Bit selector 410 may then re-organize the inverted odd-numbered bits and even-
numbered bits of encoded symbol 116 into the original respective bit positions of each
bit, and provide resulting odd-bit inverted symbol 416 to selector 412.

[0057] Selector 412 may therefore receive inverted symbol 414 and odd-bit inverted
symbol 416 as inputs. Selector 412 may then select either inverted symbol 414 and odd-
bit inverted symbol 416 as alternate symbol 118 based on control signal 114. Alternate
symbol generator 104 may therefore supply alternate symbol 118 as the logical inversion
of encoded symbol 116 in the first operation mode in order to address the data-dependent
spectrum. Alternative symbol generator 104 may alternatively supply alternate symbol
118 as the odd-bit inversion of encoded symbol 116 in the second operation mode in
order to address the transition-dependent common-mode spectrum.

[0058] Referring back to FIG. 1, alternate symbol generator 104 may therefore
supply the appropriate alternate symbol 118 based on whether the first operation mode or
second operation mode 1s selected. Encode decision block 108 may then assess the
spectral impact of encoded symbol 116 or alternate symbol 118 (which may be either the
logical inverse of encoded symbol 116 or the odd-bit inverse of encoded symbol 116) on
either the data-dependent spectrum or transition-dependent common-mode spectrum at a

notch frequency f..o.cn, and provide appropriate control to selector 108 in order to select
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either encoded symbol 116 or alternate symbol 118 as transmit symbol 122. Encoding
circuit 100 may therefore create a notch at notch frequency fu.on in the data-dependent
spectrum or transition-dependent common-mode spectrum through proper selection of
encoded symbol 116 or alternate symbol 118 as transmit symbol 122.

[0059] In a third mode of operation, encoding circuit 100 may additionally be capable
of creating notches in outputted bus data (i.e. a data stream of transmit symbols 122) at
multiple notch frequencies for the data-dependent spectrum or transition-dependent
common-mode spectrum. This may be particularly advantageous in applications of
encoding circuit 100 in RF receivers that perform reception in a plurality of RF bands,
such as GNSS receivers.

[0060] A serial implementation of multiple encoding circuits each targeting a
separate notch frequency is not effective in producing notches at multiple frequencies.
However, the contribution of spectral energy at each of the notch frequencies may be
considered in a cumulative manner in the decision to select encoded symbol 116 or
alternate symbol 118 as transmit symbol 122. Accordingly, encode decision block 106 of
encoding circuit 100 may include multiple decision block branches similar to decision
block branch 300 provided in parallel, where each of the multiple decision block
branches targets an individual notch frequency. Each of the multiple decision block
branches may evaluate the spectral contribution of either the data-dependent spectrum or
transition-dependent common-mode spectrum at the respective notch frequency. The
spectral contribution at each notch frequency as determined by each of the decision block
branches may then be considered in a cumulative manner in order to determine whether

to transmit encoded symbol 116 or alternate symbol 118 as transmit symbol 122.
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Accordingly, the impact of the noise spectral energy contributed at each notch frequency
by transmit symbol 122 may be considered in order to select encoded symbol 116 or
alternate symbol 118 as transmit symbol 122 such that the noise spectrum is reduced at
each notch frequency.

[0061] FIG. § shows an exemplary internal configuration of encoding decision block
106 of encoding circuit 100. Encoding decision block 106 may contain multiple decision
block branches 500a — S00¢. Each of decision block branches may contain similar
components as exemplary decision block branch 300 shown in FIG. 3. However,
encoding decision block 106 may utilize decision block branches 500a — 500c¢ in parallel
to select encoded symbol 116 or alternate symbol 118 based on the potential spectral
contribution of both select encoded symbol 116 or alternate symbol 118 a plurality of
notch frequencies.

[0062] It is appreciated that encoding decision block 106 may contain any number of
decision block branches. The number of decision block branches may be dependent on a
desired number of notch frequencies. For example, a configuration of encoding decision
block 106 as shown in FIG. § containing three decision block branches may be suitable
for producing a notch in three distinct notch frequencies frown 1, fuoreh 2, and fuowen 3.
Decision block branches 500a — 500¢ may be added to or removed dependent on the
number of desired notch frequencies. It is also appreciated that a single decision block
branch such as decision block branch 300 may be utilized for creating a notch at a single
frequency. Weighting logic 510 and summing logic 5§12 may accordingly not be required

in such a configuration, as decision block branch 300 may only be required to render a
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decision for a single notch frequency as opposed to rendering an aggregate decision
based on a plurality of notch frequencies.

[0063] Accordingly, encoding circuit 100, such as of FIG. 1, may operate in the third
operation mode in order to produce notches in the bus data energy spectrum at multiple
notch frequencies. Encoding circuit 100 operating according to the third operation mode
may also be able to create multiple notches in the data-dependent spectrum or transition-
dependent common-mode spectrum, which may be controlled by control signal 114.
[0064] Encoding decision block 106 may receive encoded symbol 116 as input.
Encoded symbol 116 may then be provided to edge detectors 502a - 502¢ and selectors
504a - S04c. Edge detectors 502a - 502¢ may then perform edge detection on encoded
symbol 116 in order to identify bit-level transitions therein, and may provide the resulting
edge-detected symbol to selectors S04a - S04c¢.

[0065] Selectors S04a - S04¢ may be controlled by control signal 114, which may
direct selectors S04a - 504c¢ to select either the edge-detected symbols provided by edge
detectors 502a - 502¢ or encoded symbol 116. Selectors S04a - 504¢ may then provide
the selected symbols to phasor generators 506a - 506¢.

[0066] Phasor generators S06a - S06¢ may then be configured to calculate the phasor
of the received input symbol at notch frequencies fuowen 1, fuoten 2, and fuoren 3, respectively.
Selection of the edge-detected symbols provided by edge detectors 502a - 502¢ by
selectors S04a - S04¢ may therefore result in phasor generators 506a - S06¢ targeting the
transitions in encoded symbol 116, and accordingly phasor generators 506a - S06¢ will
therefore evaluate the transition-dependent common-mode spectrum of encodede symbol

116. Alternatively, selection of encoded symbol 116 by selectors S04a - 504¢ will result
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in phasor generators 506a - S06¢ evaluating the data-dependent spectrum of encoded
symbol 116.

[0067] Phasor generators S06a - S06¢ may then calculate the phasor for the provided
input symbol (either encoded symbol 116 or edge-detected encoded symbol 116) at
respective notch frequencies fuowch 1, fuotch 2, and fuorcn 3. Phasor generators 506a - 506¢
may then provide the calculated phasors to integrators 508a - S08c.

[0068] Integrators 508a - S08c may be configured to calculate an integrated phasor
over time at the respective notch frequency based on prevsiouly transmitted transmit
symbols 122. The integrated phasor calculated at each of integrators 508a - S08¢ may
therefore be the phasor of the transmitted data stream over time.

[0069] Integrators 508a - S08c¢ may then be configured to output two adjusted
integral phasors based on the received phasors from phasor generators 506a - 506¢ and
the integrated phasor. The two adjusted integral phasors may be the sum of the integrated
phasor and the phasor provided by the respective phasor generators 506a - S06¢ and the
sum of the integrated phasor and the additive inverse of the phasor provided by the
respective phasor generators 506a - S06¢. As previously detailed, the additive inverse of
the phasor provided by the respective phasor generators S06a - 506¢. Accordingly,
integrators S08a - 508c may calculate the first adjusted integral phasor as the sum of the
integrated phasor and the phasor provided by the respective phasor generators S06a -
506¢ and the difference of the integrated phasor and the of the phasor provided by the
respective phasor generators 506a - S06c¢.

[0070] As shown in FIG. §, integrators S08a - S08¢ may receive a feedback signal

from comparator 514 in order to incorporate the most recent decision (i.e. to transmit
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encoded symol 116 or alternate symbol 118) into the integrated phasors at notch
frequencies frowch 1, froren 2, and fuoren 3. Integrators 508a - S08¢ may then provide the
resulting adjusted integrated phasors to weighting logic 510. It is appreciated that the
integrated phasor of past decisions can be shared between blocks S08a — 508c.

[0071] Weighting logic 510 may provide weighting to the adjusted integrated phasors
in order to weight notch frequencies fuorch 1, frotcn 2, and fuoren 3 With respect to one
another. For example, weighting coefficients w1, w2, and w3z may be programmable in
order to more heavily weight one of notch frequencies fuorn 1, froren 2, and fuoren 3.
Encoding circuit 100 may therefore be configured to place higher importance on
producing an effective notch at one of notch frequencies fiorwcn 1, froten 2, and frosen 3.
[0072] The weighted output signals from weighting logic 510 may then be provided
to summing logic 512. Summing logic component S12a may receive the weighted sums
corresponding to the phasors of encoded symbol 116/edge-detected encoded symbol 116.
Summing logic component 512b may receive the weighted sums corresponding to the
phasors of alternate symbol 118. Summing logic 512 may then compute respective sum
values x and y.

[0073] Comparator 514 may then compare the respective sum values x and y in order
to determine whether encoded symbol 116 or altemate symbol 118 will produce the
minimal spectral contribution distributed across all of notch frequencies fuowch 1, fuotcn 2,
and fuoren 3. Accordingly, comparator S14 may render an aggregate decision across all
notch frequencies fuorch 1, froren 2, and fuoren 3 based on the sum values provided by

summing logic S12.
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[0074] Comparator 514 may then produce alternate control signal 120, which may
then be provided to selector 108 as shown in FIG. 1. Comparator 514 may be configured
to generate alternate control signal 120 according to a Boolean evaluation of the
expression |x|>|y|. In other words, comparator 514 may generate alternate control signal
120 to select input 0 (i.e. sym input of selector 108) if the expression |x|>|y| is false,
thereby selecting encoded symbol 116 as transmit symbol 122. Conversely, comparator
514 may generate alternate control signal 120 to select input / (i.e. alt input of selector
108) if the expression |x|>|y| is true, thereby selecting alternate symbol 118 as transmit
symbol 122. Comparator S14 may thus be configured to provide alternate control signal
120 based on which of encoded symbol 116 or alternate symbol 118 results in the integral
phasor with the smallest cumulative magnitude across all of notch frequencies fuorcn 1,
Jroten 2, and froren 3.

[0075] Alternate control signal 120 may thus dictate which of encoded symbol 116 or
alternate symbol 118 will be transmitted across the data bus at transmit symbol 122. As
encoding decision block 108 may be configured to determine alternate control signal 120
based on the spectral contribution at a plurality of notch frequencies fuowch 1, frowen 2, and
Jroten 3, €ach of notch frequencies fuon 1, frowen 2, and froren 3 may see a reduction in noise
spectral energy over time. Encoding circuit 100 may thus create a notch multiple notch
frequencies.

[0076] The resulting notches at each of notch frequencies fuorch 1, froten 2, and froren 3
may be created in the data-dependent spectrum or the transition-dependent common-
mode spectrum based on control signal 114. It is appreciated that the resulting notches

may be most effective in the event that control signal 114 provides identical control to
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each of selectors S04a — S04¢, e.g. directs all of selectors S04a — S04c¢ to select the same
input a or b. Consequently, comparator 514 may then render the decision to transmit
either encoded symbol 116 or alternate symbol 118 only based on either the data-
dependent phasor or transition-dependent common-mode phasor. However, as will be
later described it 1s appreciated that control signal 114 may provide each of selectors
504a — S04¢ an independent control signal, phasor generators S06a - S06¢ may
accordingly generate phasors based on encoded symbol 116 or on the edge-detected
version of encoded symbol 116 provided by edge detectors 502a — 502¢. In this manner,
notches may be created in both the data-dependent spectrum and transition-dependent
common-mode spectrum at the same or different frequencies.

[0077] It is appreciated that the above-detailed examples may be applied to a stream
of data, such as e.g. a stream of data to be transmitted across a high-speed data bus. The
stream of data may be grouped into a plurality of data symbols 110, and each of the
plurality of data symbols 110 may then be combined with encoding bits 112 to produce a
plurality of encoded symbols 116. Encoding circuit 100 may then be configured to
transmit each of the plurality of encoded symbols 116 as a stream of transmit symbols
122 in accordance with the aforementioned approaches. Encoding circuit may thus
transmit the stream of data in such a manner that one or more notches are created at one
or more notch frequencies.

[0078] FIG. 6 shows an exemplary implemenation of edge detector 502a. It is
appreciated that edge detectors S02b - 502¢, in addition to any further included edge
detectors based on the overall number of notch frequencies, may be configured in a

similar manner.
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[0079] As shown in FIG. 6, edge detector 502a may be implemented using a
straightforward logical XOR setup. Edge detector 502a may receive encoded symbol 116
as input and provide encoded symbol 116 to XOR logic 606 and to selector 602. Edge
detector 502a may also receive tail feedback signal 610, which contains the trailing bit or
bits of the most recently transmitted transmit symbol 122. Tail feedback signal 610 may
be provided to delay logic 600, which may execute a single unit delay thereon. The
delayed output of delay logic 600 may then be provided to combiner 604.

[0080] Selector 602 may select the leading bits of encoded symbol 116 and provide
the leading bits to combiner 604. Combiner 604 may then append the received leading
bits of encoded symbol 116 to the delayed tail feedback signal 610, and provide the
resulting symbol to XOR logic 606. XOR logic 606 may then perform a logical XOR
between the encoded symbol 116 and the symbol provided by cominer 604, which may
be encoded symbol 116 delayed by one bit appended to the most recently transmitted bit.
The output of XOR logic 606 may thus be an edge-detected version of encoded symbol
116, where each bit-wise high/low transition is indicated as a 1 while the remaining bit-
wise non-transitions are indicated as zero. Edge detector 502a may thus produce edge-
detected symbol 612 representing the transitions in encoded symbol 116. As shown in
FIG. 5 regarding encoding decision block 106, the edge-detected symbol 612 may be
provided to selector 504a and phasor generator S06a, thereby allowing phasor generator
506a to assess the transition-dependent common-mode spectrum contained in the
transitions of encoded symbol 116.

[0081] Encoding circuit 100 may be implemented in the transmitter side of a data

bus, and thus may be used to select a sequence of transmit symbols 122 to be transmitted
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over the data bus. The sequence of transmit symbols 122 may then be received on a
destination side of the data bus by a receiver. The receiver may then recover the original
sequence of data symbols 110 from the received sequence of transmit symbols 112 by
examining the encoding bit(s) 112. This operation may be performed by e.g. a decoding
circuit of a data bus receiver.

[0082] FIG. 7 illustrates an exemplary internal configuration of decoding circuit 700.
Decoding circuit 700 may be configured to receive a sequence of transmit symbols 122’
over a data bus from a transmitter utilizing encoding circuit 100 for encoding. Decoding
circuit 700 may then perform decoding on the received sequence of transmit symbols
122’ in order to recover the original sequence of data symbols 110°.

[0083] Decoding circuit 700 may receive transmit symbol 122°, which may have
been previously transmitted over a data bus after being encoded by e.g. encoding circuit
100. It is appreciated that due to potential transmission error received transmit symbol
122’ may not be identical to transmit symbol 122. It is similarly appreciated that
processing such as error-correction may be performed in order to correct such errors.
[0084] Decoding circuit 700 may provide transmit symbol 122 to separator 702.
Separator 702 may then split m+n-bit transmit symbol 122 into n-bit decoded symbol 710
and m encoding bit(s) 112. As encoding circuit 100 is configured to either transmit
encoded symbol 116 or alternate symbol 118 as transmit symbol 122, it is understood that
decoded symbol 710 may be either data symbol 110 or an alternate version of data
symbol 110 according to alternate symbol 118.

[0085] Decoded symbol 710 may therefore correspond to data symbol 110, data

symbol 110 after inversion (i.e. when encoding circuit 100 is operating in the first
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operation mode or third operation mode with data-dependent spectrum notching), or data
symbol 110 after odd-bit inversion (i.e. when encoding circuit 100 is operating in the
second operation mode or third operation mode with transition-dependent common-mode
spectrum notching).

[0086] Decoded symbol 710 may be provide to selector 706 and to alternate symbol
generator 704. Alternate symbol generator 704 may be configured to generate an
alternate symbol of decoded symbol 710 based on the operation mode of encoding circuit
100. Accordingly, control signal 114 may be additionally provided to receiver 700 in
order to recover data symbol 110 from received transmit symbol 122. Encoding circuit
100 and decoding circuit 700 may thus be synchronized in order to properly recover data
symbol 120 at the receiver side.

[0087] Alternate symbol generator 704 may therefore be implemented in a similar
fashion as to alternate symbol generator 104. It is appreciated that differences may exist
due to the removal of encoding bits 112°. Nevertheless, alternate symbol generator 104
may be configured to generate alternate symbol 712 that is either the logical inverse of
decoded symbol 710 or the odd-numbered bit logical inverse of decoded symbol 710.
This may be determined by control signal 114, which may indicated the proper alternate
symbol generation protocol in order to remain coordinated with the alternate symbol
generation of encoding circuit 100.

[0088] Decoded symbol 710 and alternate symbol 712 may then be provided to
selector 706. Encoding bit(s) 112° may also be provided to selector 706, and may be
utilized in order to select either decoded symbol 710 or alternate symbol 712 as data

symbol 110°. As the encoding bit(s) are predefined, selector 706 may be configured to
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determine whether decoded symbol 710 corresponds to data symbol 110 or an alternate
symbol data symbol 110 based on encoding bit(s) 112°, and may then select data symbol
110’ therefrom accordingly.

[0089] The original data symbol 110 scheduled for transmission at encoding circuit
100 may therefore be successfully transmitted and recovered at decoding circuit 700. Due
to alternate symbol generator 104 and encoding decision block 106, data symbol 110 may
be encoded in such a way to minimize the spectral noise at one or more notch
frequencies. This frequency notching may be imposed in either the data-dependent
spectrum or in the transition-dependent common-mode spectrum of bus data. An RF
receiver component utilized encoding circuit 100 for data bus encoding may therefore
reduce noise leakage in target RF bands, thereby allowing improved sensitivity for RF
reception.

[0090] FIG. 8 shows data bus transmission system 800, which includes encoding
circuit 100, line encoder 802, data bus 804, line decoder 806, and decoding circuit 700.
Encoding circuit 100 and decoding circuit 700 may be configured in a substantially
manner as encoding circuit 100 of FIG. 1, and decoding circuit 700 of FIG. 7,
respectively. Encoding circuit 100 and decoding circuit 700 may thus be configured to
transmit and receive a stream of data over data bus 804 as previously detailed.

[0091] For example, encoding circuit 100 may receive a digital stream of un-encoded
data to be transmitted over data bus 804. Encoding circuit 100 may add encoding bits to
the original digital stream and select to transmit a series of data symbols or alternate data
symbols as detailed above. Encoding circuit 100 may then provide the resulting encoded

digital stream to line encoder 802, which may convert the encoded digital stream to a
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line-coded signal. Line encoder 802 may then transmit the line-coded signal over data bus
804, which may be e.g. a high speed data bus. It is appreciated that encoding circuit 100
and/or line encoder 802 may perform further encoding operations on the original data
stream to prepare the original data stream for transmission over data bus 804, such as
interleaving, addition of error-correcting code, etc.

[0092] Line decoder 806 may receive the line-coded signal at an opposite terminal of
data bus 804. Line decoder 804 may then convert the line-coded signal into a digital data
stream and provide the resulting digital data stream to decoding circuit 700. Decoding
circuit 700 may then decode the resulting ditigal data stream in order to recover the
original digital data stream, such as by selecting a series of data symbols or alternate data
symbols in order to inverse the encoding operation of encoding circuit 100. Decoding
circuit 700 may then produce a decoded digital data stream, which may be substantially
the same as the original digital data stream. It is appreciated that encoding circuit 100 and
decoding circuit 700 may receive a control signal, such as e.g. control signal 114, which
may dictate one or more operation modes such as data-dependent or transition-dependent
common-mode spectrum noise cancelation. Accordingly, data bus transmission system
800 may be capable of reducing noise caused by data bus 804 at one or more notch
frequencies in the data-dependent signal or transition-dependent common-mode spectrum
of the original data stream.

[0093] In addition to the third operation mode in which encoding circuit 100
produces frequency notches at a plurality of notch frequencies in either the data-
dependent spectrum or transition-dependent common-mode spectrum, encoding circuit

100 may additionally be capable of producing a notch in both the data-dependent
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spectrum and transition-dependent common-mode spectrum simultaneously. For
example, encoding decision block 106 may be configured such that fuowcn = fruoren 1=
Jfroten 2, and that control signal 114 for decision block branch 500a selects input a (data-
dependent spectrum , i.e. first operation mode) and control signal 114 for decision block
branch S00b selects input b (transition-dependent common-mode spectrum, 1.e. second
operation mode). Accordingly, decision block branch 500a may calculate the phasor at
froten for encoded symbol 116, thereby assessing the spectral contribution of the data-
dependent spectrum. Simultaneously, decision block branch S00b may calculate the
phasor at f...cr for edge-detected encoded symbol 116, thereby assessing the spectral
contribution of the transition-dependent common-mode spectrum. The decision at
comparator 514 may therefore be based on a spectral reduction at f,o:cx in both the data-
dependent and transition-dependent common-mode spectrum. Accordingly, either
encoded symbol 116 or alternate symbol 118 may be selected in such a manner to create
a notch at furen in both frequency spectrums.

[0094] It is understood that alternate symbol generator 104 may be configured
accordingly, as performing a logical inversion of encoded symbol 116 consistent with the
first mode of operation will not be sufficient to effect the transition-dependent common-
mode spectrum, regardless of any decision made by encoding decision block 106.
Accordingly, in such a hybrid data-dependent signal and transition-dependent common-
mode spectrum implementation, alternate symbol generator 104 may be configured to
generate alternate symbol 118 as the odd-numbered bit inverted version of encoded
symbol 116 in order to affect the transition-dependent common-mode spectrum. Phasor

generators S06a - S06¢ may be configured accordingly, and calculate the phasor for

35



WO 2016/209422 PCT/US2016/032962

alternate symbol 118 based on an odd-numbered bit configuration. Encoding circuit 100
may therefore select either encoded symbol 116 or alternate symbol 118 in order to create
a notch at fu.oren in both the spectrums.

[0095] It is appreciated the encoding decision block may be similarly configured to
create a notch in the data-dependent spectrum at fuocr 7 and a notch in the transition-
dependent common-mode spectrum at fuorch 2 Where fuowch 1 # footen 2. This may be
accomplished in a substantially similar manner as where fuoren 1 = frowen 2. It is appreciated
that notch frequencies foren 1, fuoten 2, and fuoren 3 may be programmable in such a manner
to produce notches at a number of different notch frequencies. Numerous decision block
branches such as 500a - 500¢ may be provided in order to allow for notching at a large
number of desired frequencies. It is further appreciated that the techniques described here
for fully serial data bus lines can be modified to send symbols spread over parallel bus
lines.

[0096] FIG. 9 shows method 900 for transmitting data over a data bus. In 902,
method 900 may generate an alternate data symbol based on an encoded data symbol
scheduled for transmission over the data bus. In 904, method 900 may generate a
plurality of phasors based on the encoded data symbol and a plurality of target
frequencies. Method 900 may then selecte the encoded data symbol or the alternate data
symbol as a transmit data symbol for transmission over the data bus based on the
plurality of phasors in 906.

[0097] Method 900 may thus be utilized to create notches in the energy spectrum of
transmitted bus data at each of the plurality of target frequencies. For example, method

900 may calculate the plurality of phasors as phasors of the encoded data symbol at the
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plurality of target frequencies. Method 900 may then evaluate each of the plurality of
phasors (e.g. by also considering the additive inverse of each of the plurality of phasors to
determine the spectral energy contribution of the inverse of the encoded data symbol) in
order to select the encoded data symbol or an alternate data symbol to be transmitted over
a data bus. The alternate data symbol may be an inverted version of the encoded data
symbol, e.g. where one more bits of the encoded data symbol have been inverted to
generate the alternate data symbol. The plurality of target frequencies may correspond to
one or more frequencies being utilized for wireless reception.

[0098] In an exemplary aspect of the disclosure, method 900 may be further
associated with any of the associated components of encoding circuit 100, and
accordingly may perform substantially similar functionality to any related components
thereof.

[0099] FIG. 10 shows method 1000 for transmitting data over a data bus. In 1002,
method 1000 may generate an alternate data symbol based on an encoded data symbol
scheduled for transmission over the data bus. Method 1000 may then generate an edge-
detected data symbol based on the encoded data symbol in 1004. In 1006, method 1000
may determine a first phasor based on the edge-detected data symbol and a target
frequency. Method 1000 may then select the encoded data symbol or the alternate data
symbol as a transmit data symbol for transmission over the data bus based on the first
phasor in 1008.

[00100] Method 1000 may thus be utilized to create a notch in the energy spectrum of
a transistion-dependent signal part. This may be accomplished by method 1000 through

the use of one or more edge detectors, which may be utilized to generate an edge-detected
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version of an encoded data symbol. Method 1000 may then evaluate whether the encoded
data symbol or an alternate data symbol will reduce the contribution to the transition-
dependent energy spectrum at the target frequency. The alternate data symbol may be the
odd-bit logical inversion of the encoded data symbol. The target frequency may
correspond to a frequency being utilized for wireless reception.

[00101] As detailed regarding FIG. 5, creating a notch in the energy spectrum at a
plurality of frequencies and/or in the transition-dependent signal part may be
implemented together. Accordingly, one or more aspects of methods 900 and method
1000 may be implemented together in order to create notches at a plurality of frequencies
and/or in the transition-dependent signal part.

[00102] In an exemplary aspect of the disclosure, method 1000 may be further
associated with any of the associated components of encoding circuit 100, and
accordingly may perform substantially similar functionality to any related components
thereof.

[00103] As previously indicated, the aforementioned implementations of encoding and
decoding circuits may be implemented into a variety of devices. Devices that perform
wireless reception, such as e.g. devices containing wireless receivers and/or transceivers,
may be particularly applicable.

[00104] FIG. 11 shows a potential implementation of data bus transmission system
800 (as detailed regarding FIG. 8) implanted in radio communication device 1100. Radio
communication device 1100 may be a device performing radio communications, and may
be a mobile device or a substantially stationary device. In an exemplary aspect of this

disclosure, radio communication device 1100 may receive GNSS satellite
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communications, such as GPS, GLONASS, Galileo or Beidou. Accordingly, radio
communication device 1100 may configured to receive wireless signals at one or more
target frequencies corresponding to the received satellite communications.

[00105] Radio communication device 1100 may be provided with one or more
antennas 1102, which may be a single antenna or an antenna array. Antenna 1102 may
receive wireless signals and provide resulting electrical signals to transceiver component
1104. Transceiver component 1104 may receive the resulting electrical signals and
perform processing on the resulting electrical signals, such as by converting the resulting
electrical signals to baseband or an intermediate frequency and performing further
processing thereon, such as e.g. demodulation. Transceiver component 1104 may then
provide resulting demodulated signals to one or more further components of radio
communication device 1100 (not explicitly shown in FIG. 11). In the aforementioned
exemplary aspect of this disclosure, the resulting demodulated signals may be processed
by a component such as e.g. a GNSS processing circuit in order to process the contained
GNSS communication signal.

[00106] Transceiver component 1104 may thus receive and process received radio
frequency communication signals corresponding to one or more target frequencies, such
as GNSS communication frequencies. In order to effectively process the received radio
frequency communication signals, transceiver component 1104 may need to ensure that
noise at the one or more target frequencies is kept to minimal levels.

[00107] Transceiver component 1104 may utilize one or more data buses such as data
bus 804 to transport data signals within transceiver component 1104. However, the

presence of data buses such as data bus 804 may introduce noise into signal transmitted
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thereon, which in effect may introduce noise into the received radio frequency
communication signals. Accoridngly, data contained at the one or more target frequencies
may become corrupted by the introduction of such noise, thereby degrading receiver
performance.

[00108] In order to counter the effects of such noise, transceiver component may be
provided with encoding circuit 100 and decoding circuit 700 to encode and decode data
transmitted over data bus 804. Accordingly, encoding circuit 100 may be configured to
encode data transmitted over data bus 804 in such a manner that noise contribution at the
one or more target frequencies is reduced. As previously detailed, encoding circuit 100
may be configured to send an encoded data symbol or an alternate data symbol based on
the encoded data symbol following an analysis of the spectral contribution of the encoded
data symbol and the alternate data symbol at one or more of the target frequencies.
Encoding circuit 100 may then transmit either the encoded data symbol or the alternate
data symbol based on which will minimize spectral noise contribution at one or more of
the target frequencies, thereby creating a notch in the energy spectrum at the selected
target frequencies. Noise contributions by data bus 804 may therefore be reduced, which
may potentially result in improved receiver performance.

[00109] Encoding circuit 100 may encode data transmitted over data bus 804 in order
to create notches at a plurality of target frequencies or in the transition-dependent
common mode spectrum of the data. As previously detailed, encoding circuit 100 may
calculate one or more phasors based on an encoded data symbol or an edge-detected
version of the encoded data symbol. Encoding circuit 100 may then analyze the plurality

of phasors in order to determine which of the encoded data symbol/edge-detected data
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symbol or a corresponding alternate data symbol will reduce the spectrual contribution at
the frequencies corresponding to the plurality of phasors. Deocding circuit 700 may then
decode the transmitted data in order to recover the original data.

[00110] It is appreciated that the benefits of data bus transmission system 800 may be
realized if placed in additional locations within radio communication device 1100, and
thus is not limited to implementation in a transceiver component. Furthermore, data bus
transmission system 800 is not limited to wireless receiver applications, as it is
understood that the noise contribution to essentially any frequency-sensitive data may be
improved through the use of data bus transmission sysem 800 (in particular encoding
circuit 100).

[00111] In a first exemplary aspect of the disclosure, radio communication circuit
1100 may include an encoding circuit (encoding circuit 100) configured to select a
transmit data symbol for transmission over a data bus (data bus 804), anda decoding
circuit (decoding circuit 700) configured to receive data over the data bus, wherein the
encoding circuit comprises an alternate symbol generation circuit configured to generate
an alternate data symbol based on an encoded data symbol scheduled for transmission
over the data bus, and a decision circuit configured to select the encoded data symbol or
the alternate data symbol as the transmit data symbol based on a plurality of phasors,
wherein the decision circuit comprises a plurality of phasor generation circuits configured
to generate the plurality of phasors based on the encoded data symbol and a plurality of
target frequencies.

[00112] Radio communication device 1100 may therefore include in a second

exemplary aspect of the disclosure an encoding circuit (encoding circuit 100) configured
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to select a transmit data symbol for transmission over a data bus (data bus 800), and a
decoding circuit (decoding circuit 700) configured to receive data over the data bus,
wherein the encoding circuit comprises an alternate symbol generation circuit configured
to generate an alternate data symbol based on the encoded data symbol scheduled for
transmission over the data bus, and a decision circuit configured to select the encoded
data symbol or the alternate data symbol as the transmit data symbol based on a first
phasor, wherein the decision circuit comprises an edge detection circuit configured to
generate an edge-detected data symbol based on the encoded data symbol and a phasor
generation circuit configured to determine the first phasor based on the edge-detected
data symbol and a target frequency.

[00113] The following examples pertain to further aspects of this disclosure:

[00114] Example 1 is an encoding circuit. The encoding circuit is configured to select
a transmit data symbol for transmission over a data bus, and includes an alternate symbol
generation circuit configured to generate an alternate data symbol based on an encoded
data symbol scheduled for transmission over the data bus, and a decision circuit
configured to select the encoded data symbol or the alternate data symbol as the transmit
symbol based on a plurality of phasors. The decision circuit includes a plurality of phasor
generation circuits configured to generate the plurality of phasors based on the encoded
data symbol and a plurality of target frequencies.

[00115] In Example 2, the subject matter of Example 1 can optionally include wherein
the decision circuit is configured to select the encoded data symbol or the alternate data

symbol as the transmit symbol based on an analysis of the plurality of phasors.
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[00116] In Example 3, the subject matter of Example 1 can optionally include wherein
the decision circuit is configured to select the encoded data symbol or the alternate data
symbol as the transmit symbol based on whether transmission of the encoded data
symbol or the alternate data symbol will reduce a cumulative phasor over time at one at
one or more of the plurality of target frequencies.

[00117] In Example 4, the subject matter of Examople 1 can optionally include
wherein each of the phasor generation circuits is configured to generate a respective
phasor of the plurality of phasors by calculating the phasor of the encoded data symbol at
a respective target frequency of the plurality of target frequencies.

[00118] In Example 5, the subject matter of Example 1 can optionally include wherein
a first phasor generation circuit of the plurality of phasor generation circuits is configured
to generate a first phasor of the plurality of phasors by calculating the phasor of the
encoded data symbol at a first target frequency of the plurality of target frequencies.
[00119] In Example 6, the subject matter of Example 5 can optionally include wherein
a second phasor generation circuit of the plurality of phasor generation circuits is
configured to generate a second phasor of the plurality of phasors by calculating the
phasor of the encoded data symbol at a second target frequency of the plurality of target
frequencies.

[00120] In Example 7, the subject matter of Example 6 can optionally include wherein
the decision circuit is configured to select the encoded data symbol or the alternate data
symbol as the transmit symbol based on the first phasor and the second phasor.

[00121] In Example 8, the subject matter of Example 5 can optionally include wherein

a second phasor generation circuit is configured to generate a second phasor of the
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plurality of phasors by calculating the phasor of an edge-detected data symbol at a second
target frequency of the plurality of target frequencies.

[00122] In Example 9, the subject matter of Example 8 can optionally include wherein
the first target frequency is substantially equal to the second target frequency.

[00123] In Example 8, the subject matter of Example 9 can optionally include wherein
the first target frequency is different than the second target frequency.

[00124] In Example 11, the subject matter of Example 1 can optionally include
wherein the decision circuit further includes a plurality of integrator circuits each
configured to generate a first adjusted integral phasor and a second adjusted integral
phasor.

[00125] In Example 12, the subject matter of Example 11 can optionally include
wherein each of the plurality of integrator circuits is coupled to a respective phasor
generation circuit of the plurality of phasor generation circuits and configured to receive
a respective phasor from the respective phasor generation circuit.

[00126] In Example 13, the subject matter of Example 12 can optionally include
wherein each of the plurality of integrator circuits is configured to generate a phasor of
the alternate data symbol at a respective target frequency of the plurality of target
frequencies by calculating the additive inverse of the phasor of the encoded data symbol
at the respective target frequency of the plurality of target frequencies.

[00127] In Example 14, the subject matter of Example 12 can optionally include
wherein each of the plurality of integrator circuits is configured to generate the first

adjusted integral phasor by adding the respective phasor to an integrated phasor value and
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generate the second adjusted integral phasor by subtracting the respective phasor from the
integrated phasor value.

[00128] In Example 15, the subject matter of Example 14 can optionally include
wherein the integrated phasor value is a historical integrated phasor over time of
previously transmitted transmit symbols at a respective target frequency of the plurality
of target frequencies.

[00129] In Example 16, the subject matter of Example 11 can optionally include
wherein the first adjusted integral phasor is associated with the encoded data symbol and
the second adjusted integral phasor is associated with the alternate data symbol.

[00130] In Example 17, the subject matter of Example 11 can optionally include
wherein the decision circuit further includes a first summing circuit and a second
summing circuit, and wherein the first summing circuit is configured to calculate a first
sum based on the first adjusted integral phasors generated by each of the plurality of
integrator circuits and the second summing circuit is configured to calculate a second
sum based on the second adjusted integral phasors generated by each of the plurality of
integrator circuits.

[00131] In Example 18, the subject matter of Example 17 can optionally include
wherein the decision circuit further includes an evaluation circuit configured to perform
an evaluation of the first sum and the second sum, and wherein the decision circuit is
configured to select the encoded data symbol or the alternate data symbol as the transmit
symbol based on the evaluation.

[00132] In Example 19, the subject matter of Example 18 can optionally include

wherein the evaluation circuit is configured to select the encoded data symbol or the
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alternate data symbol as the transmit symbol based whether the magnitude of the first
sum is greater than the magnitude of the second sum.

[00133] In Example 20, the subject matter of Example 17 can optionally include
wherein the decision circuit further includes one or more weighting circuits configured to
apply a weighting coefficient to the first adjusted integral phasors and the second
adjusted integral phasors generated by each of the plurality of integrator circuits to
generate a plurality of weighted integral phasors.

[00134] In Example 21, the subject matter of Example 20 can optionally include
wherein the first summing circuit is configured to calculate a first sum based on the
plurality of weighted integral phasors and the second summing circuit is configured to
calculate a second sum based on the plurality of weighted integral phasors.

[00135] In Example 22, the subject matter of Example 1 can optionally include further
including a combining circuit configured to generate the encoded data symbol by
combining a source data symbol with one or more encoding bits.

[00136] In Example 23, the subject matter of Example 1 can optionally include
wherein the alternate symbol generation circuit includes at least one inverting circuit, and
wherein the alternate symbol generation circuit is configured to generate the alternate
data symbol by logically inverting at least one bit of the encoded data symbol.

[00137] In Example 24, the subject matter of Example 1 can optionally include
wherein the alternate symbol generation circuit is an inverting circuit, and wherein the

alternate data symbol is the logical bitwise inversion of the encoded data symbol.
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[00138] In Example 25, the subject matter of Example 1 can optionally include
wherein each of the plurality of target frequencies corresponds to one or more radio
frequency bands used to receive wireless signals.

[00139] In Example 26, the subject matter of Example 1 can optionally include
wherein at least one of the plurality of target frequencies corresponds to a Global
Navigation Satellite System receiving frequency.

[00140] In Example 27, the subject matter of Example 1 can optionally further include
a selection circuit, and wherein the decision circuit is configured to supply the selection
circuit with an encoding control signal indicating the selection of the encoded data
symbol or the alternate data symbol.

[00141] In Example 28, the subject matter of Example 27 can optionally include
wherein the decision circuit is configured to supply the selection circuit with the
encoding control signal based on an analysis of the plurality of phasors.

[00142] In Example 29, the subject matter of Example 1 can optionally include
wherein each phasor of the plurality of phasors is the phasor of an edge-detected data
symbol at the respective target frequency of the plurality of target frequencies.

[00143] In Example 30, the subject matter of Example 1 can optionally include
wherein the decision circuit further includes a plurality of edge detection circuits
configured to generate a plurality of edge-detected data symbols, and wherein each of the
plurality of phasor generation is configured to generate a respective phasor of the
plurality of phasors by determining the phasor of an edge-detected data symbol of the
plurality of edge-detected data symbols at a respective target frequency of the plurality of

target frequencies.
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[00144] In Example 31, the subject matter of Example 30 can optionally include
wherein each of the plurality of edge-detection circuits includes a unit delay circuit
configured to accept a feedback bit as input, a selecting circuit configured to select one or
more leading bits of the encoded data symbol, a combining circuit configured to combine
the feedback bit with the one or more leading bits of the encoded data symbol to produce
a shifted data symbol, a logical operation circuit configured to perform a logical XOR
operation on the encoded data symbol and the shifted data symbol to generate an edge-
detected data symbol of the plurality of edge-detected data symbols.

[00145] In Example 32, the subject matter of Example 1 can optionally include
wherein the alternate symbol generation circuit includes a selection circuit configured to
select the odd-numbered bits of the encoded data symbol, and an inverting circuit
configured to logically invert the odd-numbered bits of the encoded data symbol.

[00146] In Example 33, the subject matter of Example 1 can optionally include
wherein the decision circuit further includes a first edge detection circuit configure to
generate a first edge-detected data symbol based on the encoded data symbol, and a first
mode selection circuit configured to provide the encoded data symbol or the first edge-
detected data symbol to a first phasor generation circuit of the plurality of phasor
generation circuits based on a first control signal.

[00147] In Example 34, the subject matter of Example 33 can optionally include
wherein the decision circuit further includes a second edge detection circuit configured to
generate a second edge-detected data symbol based on the encoded data symbol, and a

second mode selection circuit configured to provide the encoded data symbol or the
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second edge-detected data symbol to a second phasor generation circuit of the plurality of
phasor generation circuits based on a second control signal.

[00148] In Example 35, the subject matter of Example 34 can optionally include
wherein the first mode selection circuit is configured to provide the encoded data symbol
to the first phasor generation circuit according to the first control input signal and the
second mode selection circuit 1s configured to provide the second edge-detected data
symbol to the second phasor generation circuit according to the first control input signal,
and wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit data symbol based on a first phasor generated by the
first phasor generation circuit and a second phasor generated by the second phasor
generation circuit.

[00149] In Example 36, the subject matter of Example 35 can optionally include
wherein the first phasor generation circuit is configured to generate the first phasor of the
encoded data symbol at a first target frequency of the plurality of target frequencies and
the second phasor generation circuit is configured to generate the second phasor of the
edge-detected data symbol at a second target frequency of the plurality of target
frequencies.

[00150] In Example 37, the subject matter of Example 36 can optionally include
wherein the first target frequency is substantially equal to the second target frequency.
[00151] In Example 38, the subject matter of Example 36 can optionally include
wherein the first target frequency is different from the second target frequency.

[00152] In Example 39, the subject matter of Example 1 can optionally include

wherein the decision circuit further includes a first edge detection circuit configured to
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generate a first edge-detected data symbol based on the encoded data symbol, and
wherein a first phasor generation circuit of the plurality of phasor generation circuits is
configured to generate a first phasor of the first edge-detected data symbol at a first target
frequency of the plurality of target frequencies and a second phasor generation circuit of
the plurality of phasor generation circuits is configured to generate a second phasor of the
encoded data symbol at a second target frequency of the plurality of target frequencies.
[00153] In Example 40, the subject matter of Example 36 can optionally include
wherein the first target frequency is substantially equal to the second target frequency.
[00154] In Example 41, the subject matter of Example 36 can optionally include
wherein the first target frequency is different than the second target frequency.

[00155] In Example 42, the subject matter of Example 1 can optionally include
wherein the alternate symbol generation circuit is controlled by a control signal, and
wherein the alternate symbol generation circuit is configured to logically invert one or
more bits of the encoded data symbol based on the control signal in order to generate the
alternate data symbol.

[00156] In Example 43, the subject matter of Example 1 can optionally include further
including a plurality of mode selection circuits, wherein each of the plurality of mode
selection circuits is configured to provide a phasor generation circuit of the plurality of
phasor generation circuits with the encoded data symbol or an edge-detected data symbol.
[00157] In Example 44, the subject matter of Example 1 can optionally further include
a plurality of mode selection circuits, wherein each of the plurality of mode selection

circuits is configured to provide a phasor generation circuit of the plurality of phasor
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generation circuits with the encoded data symbol or an edge-detected data symbol
according to a mode selection control signal.

[00158] In Example 45, the subject matter of Example 44 can optionally include
wherein the edge-detected data symbol is based on the encoded data symbol, and wherein
each of the plurality of phasor generation circuits are configured to generate the phasor of
the plurality of phasors based on the encoded data symbol or the edge-detected data
symbol.

[00159] In Example 46, the subject matter of Example 44 can optionally include
wherein the alternate symbol generation circuit is configured to generate the alternate
data symbol based on the encoded data symbol according to the mode selection control
signal.

[00160] In Example 47, the subject matter of Example 1 can optionally include
wherein the alternate symbol generation circuit is configured to generate the alternate
data symbol based on the encoded data symbol according to a mode selection control
signal.

[00161] In Example 48, the subject matter of Example 47 can optionally include
wherein the alternate symbol generation is configured to generate the alternate data
symbol by logically inverting one or more bits of the encoded data symbol according to
the mode selection control signal.

[00162] Example 49 is an encoding circuit. The encoding circuit is configured to select
a transmit data symbol for transmission over a data bus, and includes an alternate symbol
generation circuit configured to generate an alternate data symbol based on the encoded

data symbol scheduled for transmission over the data bus, and a decision circuit
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configured to select the encoded data symbol or the alternate data symbol as the transmit
symbol based on a first phasor. The decision circuit includes an edge detection circuit
configured to generate an edge-detected data symbol based on the encoded data symbol,
and a phasor generation circuit configured to determine the first phasor based on the
edge-detected data symbol and a target frequency.

[00163] In Example 50, the subject matter of Example 49 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on whether transmission of the
encoded data symbol or the alternate data symbol will reduce a cumulative phasor over
time at the target frequency.

[00164] In Example 51, the subject matter of Example 49 can optionally include
wherein the phasor generation circuit is configured to determine the first phasor by
determining a phasor of the edge-detected data symbol at the target frequency.

[00165] In Example 52, the subject matter of Example 49 can optionally include
wherein the decision circuit further includes an integrator circuit configured to generate a
first adjusted integral phasor and a second adjusted integral phasor based on the first
phasor.

[00166] In Example 53, the subject matter of Example 52 can optionally include
wherein the integrator circuit is configured to generate the first adjusted integral phasor
by adding the first phasor to a historical integrated phasor, and generate the second
adjusted integral phasor by subtracting the first phasor from a historical integrated

phasor.
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[00167] In Example 54, the subject matter of Example 53 can optionally include
wherein the historical integrated phasor is an integrated phasor over time of previously
transmitted transmit data symbols at the target frequency.

[00168] In Example 55, the subject matter of Example 53 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on whether the first adjusted integral
phasor is greater than the second adjusted integral phasor.

[00169] In Example 56, the subject matter of Example 55 can optionally include
wherein the decision circuit further includes an evaluation circuit configured to determine
whether the first adjusted integral phasor is greater than the second adjusted integral
phasor.

[00170] In Example 57, the subject matter of Example 49 can optionally include
wherein the decision circuit further includes an additional phasor generation circuit
configured to determine a second phasor based on the edge-detected data symbol and an
additional target frequency.

[00171] In Example 58, the subject matter of Example 57 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on the first phasor and the second
phasor.

[00172] In Example 59, the subject matter of Example 58 can optionally include
wherein the decision circuit further includes a plurality of integrator circuits each

configured to generate a first adjusted integral phasor and a second adjusted integral
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phasor based on the edge-detected data symbol and a respective target frequency of a
plurality of target frequencies.

[00173] In Example 60, the subject matter of Example 59 can optionally include
wherein each of the plurality of integrator circuits is configured to generate a first
adjusted integral phasor by adding a phasor of the edge-detected data symbol at a
respective target frequency of the plurality of target frequencies to a historical integrated
phasor, and generate a second adjusted integral phasor by subtracting a phasor of the
edge-detected data symbol at the respective target frequency of the plurality of target
frequencies to the historical integrated phasor.

[00174] In Example 61, the subject matter of Example 60 can optionally include
wherein each of the first adjusted integral phasors generated by the plurality of integrator
circuits is associated with the edge-detected data symbol and each of the second adjusted
integral phasors generated by the plurality of integrator circuits is associated with the
alternate data symbol.

[00175] In Example 62, the subject matter of Example 60 can optionally include
wherein the encoding circuit further includes a first summing circuit configured to
calculate a first sum based on the first adjusted integral phasors generated by each of the
plurality of integrator circuits, and a second summing circuit configured to calculate a
second sum based on the second adjusted integral phasors generated by each of the
plurality of integrator circuits.

[00176] In Example 63, the subject matter of Example 62 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the

alternate data symbol as the transmit symbol based on the first sum and the second sum.

54



WO 2016/209422 PCT/US2016/032962

[00177] In Example 64, the subject matter of Example 62 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on whether the first sum is greater
than the second sum.

[00178] In Example 65, the subject matter of Example 64 can optionally include
wherein the decision circuit further includes an evaluation circuit configured to determine
whether the first sum is greater than the second sum.

[00179] In Example 66, the subject matter of Example 49 can optionally further
include a combining circuit configured to generate the encoded data symbol by
combining a source data symbol with one or more encoding bits.

[00180] In Example 67, the subject matter of Example 49 can optionally include
wherein the alternate symbol generation circuit includes at least one inverting circuit, and
wherein the alternate symbol generation circuit is configured to generate the alternate
data symbol by logically inverting at least one bit of the encoded data symbol.
[00181] In Example 68, the subject matter of Example 49 can optionally include
wherein the alternate symbol generation circuit is configured to invert bits at odd-
numbered positions of the encoded data symbol.

[00182] In Example 69, the subject matter of Example 49 can optionally include
wherein the target frequency corresponds to a radio frequency band used to receive
wireless signals.

[00183] In Example 70, the subject matter of Example 49 can optionally include
wherein the target frequency corresponds to a Global Navigation Satellite System

receiving frequency.
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[00184] In Example 71, the subject matter of Example 49 can optionally include
further including a selection circuit, and wherein the decision circuit is configured to
supply the selection circuit with an encoding control signal indicating the selection of the
encoded data symbol or the alternate data symbol.

[00185] In Example 72, the subject matter of Example 71 can optionally include
wherein the decision circuit is configured to supply the selection circuit with the
encoding control signal based on an analysis of the plurality of phasors.

[00186] In Example 73, the subject matter of Example 49 can optionally include
wherein the decision circuit further includes an additional edge detection circuit
configured to generate an additional edge-detected data symbol based on the encoded
data symbol, an additional phasor generation circuit configured to determine a second
phasor based on the additional edge-detected data symbol and an additional target
frequency, wherein the decision circuit is configured to select the encoded data symbol or
the alternate data symbol based on the first phasor and the second phasor.

[00187] In Example 74, the subject matter of Example 49 can optionally include
wherein the edge detection circuit includes a unit delay circuit configured to accept a
feedback bit as input, a selecting circuit configured to select one or more leading bits of
the encoded data symbol, a combining circuit configured to combine the feedback bit
with the one or more leading bits of the encoded data symbol to produce a shifted data
symbol, and a logical operation circuit configured to perform a logical XOR operation on
the encoded data symbol and the shifted data symbol to generate an edge-detected data

symbol of the plurality of edge-detected data symbols.

56



WO 2016/209422 PCT/US2016/032962

[00188] In Example 75, the subject matter of Example 49 can optionally include
wherein the alternate data symbol generation circuit includes a selection circuit
configured to select the odd-numbered bits of the encoded data symbol, and an inverting
circuit configured to logically invert the odd-numbered bits of the encoded data symbol.
[00189] In Example 76, the subject matter of Example 49 can optionally include
wherein the phasor generation circuit is configured to determine a second phasor based
on a further encoded data symbol and the target frequency, and wherein the decision
circuit is configured to select the further encoded data symbol or a further alternate data
symbol as a further transmit data symbol based on the second phasor.

[00190] In Example 77, the subject matter of Example 76 can optionally include
wherein the alternate symbol generation circuit is configured to generate the further
alternate data symbol based on the further encoded data symbol.

[00191] In Example 78, the subject matter of Example 49 can optionally include
wherein the phasor generation circuit is configured to determine a second phasor at the
target frequency based on a further encoded data symbol or a further edge-detected data
symbol according to a mode control signal.

[00192] In Example 79, the subject matter of Example 78 can optionally include
further including a mode selection circuit configured to provide the further encoded data
symbol or the further edge-detected data symbol to the phasor generation circuit
according to the mode control signal.

[00193] In Example 80, the subject matter of Example 79 can optionally include
wherein the decision circuit is configured to select the further encoded data symbol or a

further alternate symbol as a further transmit symbol based on the second phasor.
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[00194] In Example 81, the subject matter of Example 80 can optionally include
wherein the alternate symbol generation circuit is configured to generate the further
alternate data symbol based on the further encoded data symbol.

[00195] In Example 82, the subject matter of Example 80 can optionally include
wherein the edge-detection circuit is configured to generate the further edge-detected data
symbol based on the further encoded data symbol.

[00196] In Example 83, the subject matter of Example 80 can optionally include
wherein the decision circuit further includes an integrator circuit configured to generate a
first adjusted integral phasor and a second adjusted integral phasor based on the first
phasor and the second phasor.

[00197] In Example 84, the subject matter of Example 80 can optionally include
wherein the integrator circuit is configured to generate the first adjusted integral phasor
by adding the second phasor to a historical integrated phasor, and generate the second
adjusted integral phasor by subtracting the second phasor from a historical integrated
phasor, wherein the historical integrated phasor is based in part on the first phasor.
[00198] In Example 85, the subject matter of Example 84 can optionally include
wherein the historical integrated phasor is an integrated phasor over time of previously
transmitted transmit data symbols at the target frequency.

[00199] In Example 86, the subject matter of Example 84 can optionally include
wherein the decision circuit is configured to select the further encoded data symbol or the
further alternate data symbol as the further transmit symbol based on whether the first

adjusted integral phasor is greater than the second adjusted integral phasor.
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[00200] In Example 87, the subject matter of Example 86 can optionally include
wherein the decision circuit further includes an evaluation circuit configured to determine
whether the first adjusted integral phasor is greater than the second adjusted integral
phasor.

[00201] Example 88 is an encoding circuit. The encoding circuit is configured to select
a transmit data symbol for transmission over a data bus, and includes an alternate symbol
generation circuit configured to generate an alternate data symbol based on an encoded
data symbol scheduled for transmission over the data bus, and a decision circuit
configured to select the encoded data symbol or the alternate data symbol as the transmit
symbol based on a plurality of phasors, wherein the decision circuit includes a plurality
of edge detection circuits configured to generate a plurality of edge-detected data
symbols based on the encoded data symbol, and a plurality of phasor generation circuits
configured to generate the plurality of phasors based on the encoded data symbol and a
plurality of target frequencies.

[00202] In Example 89, the subject matter of Example 88 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on an analysis of the plurality of
phasors.

[00203] In Example 90, the subject matter of Example 88 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on whether transmission of the
encoded data symbol or the alternate data symbol will reduce a cumulative phasor over

time at one at one or more of the plurality of target frequencies.
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[00204] In Example 91, the subject matter of Example 88 can optionally include
wherein each of the plurality of edge detection circuits is configured to generate a
respective edge-detected data symbol of the plurality of edge-detected data symbols
based on the encoded data symbol.

[00205] In Example 92, the subject matter of Example 91 can optionally include
wherein each of the plurality of phasor generation circuits is configured to generate a
respective phasor of the plurality of phasors based on the encoded data symbol and a
respective frequency of the plurality of target frequencies.

[00206] In Example 93, the subject matter of Example 88 can optionally include
wherein each of the plurality of phasor generation circuits is configured to generate a
respective phasor of the plurality of phasors based on the encoded data symbol and a
respective frequency of the plurality of target frequencies.

[00207] In Example 94, the subject matter of Example 88 can optionally include
wherein the alternate symbol generation circuit includes at least one logical inverter, and
wherein the alternate symbol generation circuit is configured to logically invert one or
more bits of the encoded data symbol to generate the altemate data symbol based on a
mode control signal.

[00208] In Example 95, the subject matter of Example 94 can optionally include
wherein the alternate symbol generation circuit is configured to logically invert every bit
of the encoded data symbol to generate the alternate data symbol if the mode control
signal indicates a first mode of operation.

[00209] In Example 96, the subject matter of Example 95 can optionally include

wherein the alternate symbol generation circuit is configured to logically invert every-
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other bit of the encoded data symbol to generate the alternate data symbol if the mode
control signal indicates a second mode of operation.

[00210] In Example 97, the subject matter of Example 88 can optionally include
wherein each of the plurality of phasor generation circuits is configured to generate a
respective phasor of the plurality of phasors by calculating a phasor of the encoded data
symbol or a respective edge-detected data symbol of the plurality of edge-detected data
symbols at a respective target frequency of the plurality of target frequencies.

[00211] In Example 98, the subject matter of Example 97 can optionally include
wherein each of the plurality of phasor generation circuits is configured to calculate a
phasor of the encoded data symbol or the respective edge-detected data symbol of the
plurality of edge-detected data symbols according to a mode control signal.

[00212] In Example 99, the subject matter of Example 98 can optionally include
wherein the decision circuit further includes a plurality of mode selection circuits each
coupled to a respective phasor generation circuit of the plurality of phasor generation
circuits, wherein each of the plurality of mode selection circuits is configured to provide
the respective phasor generation circuit of the plurality of phasor generation circuits with
the encoded data symbol or the respective edge-detected data symbol of the plurality of
edge-detected data symbols based on a mode control signal.

[00213] In Example 100, the subject matter of Example 98 can optionally include
wherein the decision circuit further includes a plurality of mode selection circuits each
coupled to a respective phasor generation circuit of the plurality of phasor generation
circuits, and wherein each of the mode selection circuits is configured to receive a

respective mode control signal of a plurality of mode control signals, and provide the
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respective phasor generation circuit of the plurality of phasor generation circuits with the
encoded data symbol or the respective edge-detected data symbol of the plurality of edge-
detected data symbols based on a mode control signal.

[00214] In Example 101, the subject matter of Example 88 can optionally include
wherein the decision circuit further includes a plurality of integrator circuits each
configured to generate a first adjusted integrated phasor and a second adjusted integrated
phasor.

[00215] In Example 102, the subject matter of Example 101 can optionally include
wherein each of the plurality of integrator circuits is coupled to a respective phasor
generation circuit of the plurality of phasor generation circuits and configured to receive
a respective phasor of the plurality of phasors from the respective phasor generation
circuit, generate the first adjusted integrated phasor by adding the respective phasor to a
respective historical integrated phasor of a plurality of historical integrated phasors, and
generate the second adjusted integrated phasor by subtracting the respective phasor from
the respective historical integrated phasor of the plurality of historical integrated phasors.
[00216] In Example 103, the subject matter of Example 102 can optionally include
wherein decision circuit further includes a first summing circuit and a second summing
circuit, and wherein the first summing circuit is configured to generate a first sum based
on the first adjusted integrated phasors generated by each of the plurality of integrator
circuits and the second summing circuit is configured to generate a second sum based on
the second adjusted integrated phasors generated by each of the plurality of integrator

circuits.
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[00217] In Example 104, the subject matter of Example 103 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on the first sum and the second sum.
[00218] In Example 105, the subject matter of Example 104 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit symbol based on whether the first sum is greater
than the second sum.

[00219] In Example 106, the subject matter of Example 105 can optionally include
wherein the decision circuit further includes an evaluation circuit configured to determine
whether the first sum is greater than the second sum.

[00220] In Example 107, the subject matter of Example 102 can optionally include
wherein each historical integrated phasor of the plurality of integrated phasors is an
integrated phasor over time of previously transmitted transmit data symbols at a
respective target frequency of the plurality of target frequencies.

[00221] In Example 108, the subject matter of Example 88 can optionally include
wherein one or more of the plurality of target frequencies corresponds to a frequency
band used to receive wireless signals.

[00222] In Example 109, the subject matter of Example 88 can optionally include
wherein at least one of the plurality of target frequencies corresponds to a Global
Navigation Satellite System receiving frequency

[00223] In Example 110, the subject matter of Example 88 can optionally include
wherein each of the plurality of edge-detection circuits includes a unit delay circuit

configured to accept a feedback bit as input, a selecting circuit configured to select one or
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more leading bits of the encoded data symbol, a combining circuit configured to combine
the feedback bit with the one or more leading bits of the encoded data symbol to produce
a shifted data symbol, and logical operation circuit configured to perform a logical XOR
operation on the encoded data symbol and the shifted data symbol to generate an edge-
detected data symbol of the plurality of edge-detected data symbols.

[00224] In Example 111, the subject matter of Example 88 can optionally further
include a selection circuit, and wherein the decision circuit is configured to supply the
selection circuit with an encoding control signal indicating the selection of the encoded
data symbol or the alternate data symbol.

[00225] In Example 112, the subject matter of Example 111 can optionally include
wherein the decision circuit is configured to supply the selection circuit with the
encoding control signal based on an analysis of the plurality of phasors.

[00226] Example 113 is a radio communication device. The radio communication
device includes an encoding circuit configured to select a transmit data symbol for
transmission over a data bus, and a decoding circuit configured to receive data over the
data bus, wherein the encoding circuit includes an alternate symbol generation circuit
configured to generate an alternate data symbol based on an encoded data symbol
scheduled for transmission over the data bus, and a decision circuit configured to select
the encoded data symbol or the alternate data symbol as the transmit data symbol based
on a plurality of phasors, wherein the decision circuit includes a plurality of phasor
generation circuits configured to generate the plurality of phasors based on the encoded

data symbol and a plurality of target frequencies.
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[00227] In Example 114, the subject matter of Example of 113 can optionally include
wherein the encoding circuit, the decoding circuit, and the data bus are components of a
transceiver device of the radio communication device.

[00228] In Example 115, the subject matter of Example 114 can optionally include
wherein one or more of the plurality of target frequencies correspond to one or more
reception frequencies associated with the transceiver device.

[00229] In Example 116, the subject matter of Example 114 can optionally include
wherein one or more of the plurality of target frequencies correspond to a Global
Navigation Satellite system receiving frequency associated with the transceiver device.
[00230] In Example 117, the subject matter of Example 113 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit data symbol based on whether transmission of the
encoded data symbol or the alternate data symbol will reduce a cumulative phasor over
time at one or more of the plurality of target frequencies.

[00231] In Example 118, the subject matter of Example 113 can optionally include
wherein a first phasor generation circuit of the plurality of phasor generation circuits is
configured to generate a first phasor of the plurality of phasors by calculating the phasor
of the encoded data symbol at a first target frequency of the plurality of target
frequencies.

[00232] In Example 119, the subject matter of Example 118 can optionally include
wherein a second phasor generation circuit of the plurality of phasor generation circuits is

configured to generate a second phasor of the plurality of phasors by calculating the
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phasor of the encoded data symbol at a second target frequency of the plurality of target
frequencies.

[00233] In Example 120, the subject matter of Example 119 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit data symbol based on the first phasor and the second
phasor.

[00234] In Example 121, the subject matter of Example 118 can optionally include
wherein a second phasor generation circuit 1s configured to generate a second phasor of
the plurality of phasors by calculating the phasor of an edge-detected data symbol at a
second target frequency of the plurality of target frequencies.

[00235] In Example 122, the subject matter of Example 121 can optionally include
wherein the first target frequency is substantially equal to the second target frequency.
[00236] In Example 123, the subject matter of Example 121 can optionally include
wherein the first target frequency is different than the second target frequency.

[00237] In Example 124, the subject matter of Example 113 can optionally include
wherein the alternate symbol generation circuit includes at least one inverting circuit, and
wherein the alternate symbol generation circuit is configured to generate the alternate
data symbol by logically inverting at least one bit of the encoded data symbol.

[00238] In Example 125, the subject matter of Example 113 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit data symbol based on an analysis of the plurality of

phasors.
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[00239] In Example 126, the subject matter of Example 113 can optionally include
wherein each of the phasor generation circuits is configured to generate a respective
phasor of the plurality of phasors by calculating the phasor of the encoded data symbol at
a respective target frequency of the plurality of target frequencies.

[00240] In Example 127, the subject matter of Example 113 can optionally include
wherein the decoding circuit is configured to receive a receive data symbol corresponding
to the transmit data symbol over the data bus.

[00241] In Example 128, the subject matter of Example 127 can optionally include
wherein the decoding circuit is configured to generate a decoded data symbol based on
the receive data symbol.

[00242] In Example 129, the subject matter of Example 127 can optionally include
wherein the decoding circuit is configured to generate a decoded data symbol as the
receive data symbol or an inverted receive data symbol.

[00243] In Example 130, the subject matter of Example 129 can optionally include
wherein the decoding circuit is configured generate a decoded data symbol as the receive
data symbol or an inverted receive data symbol based on one or more encoding bits of the
receive data symbol.

[00244] In Example 131, the subject matter of Example 127 can optionally include
wherein the decoding circuit is configured to generate a decoded data symbol as the
receive data symbol or an odd-bit inverted receive data symbol.

[00245] In Example 132, the subject matter of Example 131 can optionally include

wherein the decoding circuit is configured generate a decoded data symbol as the receive
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data symbol or an odd-bit inverted receive data symbol based on one or more encoding
bits of the receive data symbol.

[00246] In Example 133, the subject matter of Example 128 can optionally include
wherein the decoding circuit includes at least one inverting circuit, and wherein the
decoding circuit 1s configured to apply the at least one inverting circuit to invert one or
more bits of the receive data symbol to generate the decoded data symbol.

[00247] Example 134 is a radio communication device. The radio communication
device includes an encoding circuit configured to select a transmit data symbol for
transmission over a data bus, and a decoding circuit configured to receive data over the
data bus, wherein the encoding circuit includes an alternate symbol generation circuit
configured to generate an alternate data symbol based on the encoded data symbol
scheduled for transmission over the data bus, and a decision circuit configured to select
the encoded data symbol or the alternate data symbol as the transmit data symbol based
on a first phasor, wherein the decision circuit includes an edge detection circuit
configured to generate an edge-detected data symbol based on the encoded data symbol
and a phasor generation circuit configured to determine the first phasor based on the
edge-detected data symbol and a target frequency.

[00248] In Example 135, the subject matter of Example 134 can optionally include
wherein the encoding circuit, the decoding circuit, and the data bus are components of a
transceiver device of the radio communication device.

[00249] In Example 136, the subject matter of Example 135 can optionally include
wherein one or more of the plurality of target frequencies correspond to one or more

reception frequencies associated with the transceiver device.
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[00250] In Example 137, the subject matter of Example 135 can optionally include
wherein one or more of the plurality of target frequencies correspond to a Global
Navigation Satellite system receiving frequency associated with the transceiver device.
[00251] In Example 138, the subject matter of Example 134 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit data symbol based on whether transmission of the
encoded data symbol or the alternate data symbol will reduce a cumulative phasor over
time at the target frequency.

[00252] In Example 139, the subject matter of Example 134 can optionally include
wherein the decision circuit further includes an additional phasor generation circuit
configured to determine a second phasor based on the edge-detected data symbol and an
additional target frequency.

[00253] In Example 140, the subject matter of Example 139 can optionally include
wherein the decision circuit is configured to select the encoded data symbol or the
alternate data symbol as the transmit data symbol based on the first phasor and the second
phasor.

[00254] In Example 141, the subject matter of Example 140 can optionally include
wherein the decision circuit further includes a plurality of integrator circuits each
configured to generate a first adjusted integral phasor and a second adjusted integral
phasor based on the edge-detected data symbol and a respective target frequency of a

plurality of target frequencies.
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[00255] In Example 142, the subject matter of Example 134 can optionally include
wherein the alternate symbol generation circuit is configured to invert bits at odd-
numbered positions of the encoded data symbol.

[00256] In Example 143, the subject matter of Example 134 can optionally include
wherein the decision circuit further includes an additional edge detection circuit
configured to generate an additional edge-detected data symbol based on the encoded
data symbol, an additional phasor generation circuit configured to determine a second
phasor based on the additional edge-detected data symbol and an additional target
frequency, wherein the decision circuit is configured to select the encoded data symbol or
the alternate data symbol based on the first phasor and the second phasor.

[00257] In Example 144, the subject matter of Example 134 can optionally include
wherein the phasor generation circuit is configured to determine the first phasor by
determining a phasor of the edge-detected data symbol at the target frequency.

[00258] In Example 145, the subject matter of Example 134 can optionally include
wherein the alternate symbol generation circuit includes at least one inverting circuit, and
wherein the alternate symbol generation circuit is configured to generate the alternate
data symbol by logically inverting at least one bit of the encoded data symbol.

[00259] In Example 146, the subject matter of Example 134 can optionally include
wherein the alternate data symbol generation circuit includes a selection circuit
configured to select the odd-numbered bits of the encoded data symbol, and an
inverting circuit configured to logically invert the odd-numbered bits of the encoded data

symbol.
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[00260] In Example 147, the subject matter of Example 134 can optionally include
wherein the phasor generation circuit is configured to determine a second phasor based
on a further encoded data symbol and the target frequency, and wherein the decision
circuit is configured to select the further encoded data symbol or a further alternate data
symbol based on the second phasor.

[00261] In Example 148, the subject matter of Example 134 can optionally include
wherein the decoding circuit is configured to receive a receive data symbol corresponding
to the transmit data symbol over the data bus.

[00262] In Example 149, the subject matter of Example 148 can optionally include
wherein the decoding circuit is configured to generate a decoded data symbol based on
the receive data symbol.

[00263] In Example 150, the subject matter of Example 148 can optionally include
wherein the decoding circuit is configured to generate a decoded data symbol as the
receive data symbol or an inverted receive data symbol.

[00264] In Example 151, the subject matter of Example 150 can optionally include
wherein the decoding circuit is configured generate a decoded data symbol as the receive
data symbol or an inverted receive data symbol based on one or more encoding bits of the
receive data symbol.

[00265] In Example 152, the subject matter of Example 148 can optionally include
wherein the decoding circuit is configured to generate a decoded data symbol as the
receive data symbol or an odd-bit inverted receive data symbol.

[00266] In Example 153, the subject matter of Example 152 can optionally include

wherein the decoding circuit is configured generate a decoded data symbol as the receive
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data symbol or an odd-bit inverted receive data symbol based on one or more encoding
bits of the receive data symbol.

[00267] In Example 154, the subject matter of Example 149 can optionally include
wherein the decoding circuit includes at least one inverting circuit, and wherein the
decoding circuit 1s configured to apply the at least one inverting circuit to invert one or
more bits of the receive data symbol to generate the decoded data symbol.

[00268] Example 155 is a method for transmitting data over a data bus. The method
includes generating an alternate data symbol based on an encoded data symbol scheduled
for transmission over the data bus, generating a plurality of phasors based on the encoded
data symbol and a plurality of target frequencies, and selecting the encoded data symbol
or the alternate data symbol as a transmit data symbol for transmission over the data bus
based on the plurality of phasors.

[00269] In Example 156, the subject matter of Example 155 can optionally further
include performing an analysis on the plurality of phasors, and wherein the selecting the
encoded data symbol or the alternate data symbol as a transmit data symbol for
transmission over the data bus based on the plurality of phasors includes select the
encoded data symbol or the alternate data symbol as the transmit data symbol based on
the analysis.

[00270] In Example 157, the subject matter of Example 155 can optionally include
wherein the selecting the encoded data symbol or the altemate data symbol as a transmit
data symbol for transmission over the data bus based on the plurality of phasors includes
selecting the encoded data symbol or the alternate data symbol as the transmit data

symbol based on whether transmission of the encoded data symbol or the alternate data
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symbol will reduce a cumulative phasor over time at one or more of the plurality of target
frequencies.

[00271] In Example 158, the subject matter of Example 155 can optionally include
wherein the generating a plurality of phasors based on the encoded data symbol and a
plurality of target frequencies includes generating each of the plurality of phasors by
calculating the phasor of the encoded data symbol at a respective target frequency of the
plurality of target frequencies.

[00272] In Example 159, the subject matter of Example 155 can optionally include
wherein a first phasor of the plurality of phasors is the phasor of the encoded data symbol
at a first target frequency of the plurality of target frequencies and a second phasor of the
plurality of phasors is the phasor of the encoded data symbol at a second target frequency
of the plurality of target frequencies.

[00273] In Example 160, the subject matter of Example 159 can optionally include
wherein the selecting the encoded data symbol or the alternate data symbol as the
transmit data symbol includes selecting the encoded data symbol or the alternate data
symbol as the transmit data symbol based on the first phasor and the second phasor.
[00274] In Example 161, the subject matter of Example 155 can optionally further
include performing edge detection on the encoded data symbol to generate an edge-
detected data symbol.

[00275] In Example 162, the subject matter of Example 161 can optionally include
wherein a first phasor of the plurality of phasors is the phasor of the encoded data symbol

at a first target frequency of the plurality of target frequencies and a second phasor of the
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plurality of phasors is the phasor of the edge-detected data symbol at a second target
frequency of the plurality of target frequencies.

[00276] In Example 163, the subject matter of Example 162 can optionally include
wherein the first target frequency is substantially equal to the second target frequency.
[00277] In Example 164, the subject matter of Example 162 can optionally include
wherein the first target frequency is different than the second target frequency.
[00278] In Example 165, the subject matter of Example 155 can optionally include
wherein the generating an alternate data symbol based on the encoded data symbol
includes generating the alternate data symbol by logically inverting at least one bit of the
encoded data symbol.

[00279] In Example 166, the subject matter of Example 165 can optionally include
wherein the alternate data symbol is the logical bitwise inversion of the encoded data
symbol.

[00280] In Example 167, the subject matter of Example 155 can optionally include
wherein each of the plurality of target frequencies corresponds to one or more radio
frequency bands used to receive wireless signals.

[00281] In Example 168, the subject matter of Example 155 can optionally include
wherein at least one of the plurality of target frequencies corresponds to a Global
Navigation Satellite System receiving frequency.

[00282] In Example 169, the subject matter of Example 155 can optionally include
wherein one or more of the plurality of phasors is the phasor of an edge-detected data

symbol at the respective target frequency of the plurality of target frequencies.
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[00283] In Example 170, the subject matter of Example 155 can optionally further
include performing edge-detection on the encoded data symbol to generate a plurality of
edge-detected data symbols.

[00284] In Example 171, the subject matter of Example 170 can optionally include
wherein the generating a plurality of phasors based on the encoded data symbol and a
plurality of target frequencies includes generating one or more of the plurality of phasors
by determining the phasor of an edge-detected data symbol of the plurality of edge-
detected data symbols at a respective target frequency of the plurality of frequencies.
[00285] Example 172 is a method for transmitting data over a data bus. The method
includes generating an alternate data symbol based on an encoded data symbol scheduled
for transmission over the data bus, generating an edge-detected data symbol based on the
encoded data symbol, determining a first phasor based on the edge-detected data symbol
and a target frequency, and selecting the encoded data symbol or the alternate data
symbol as a transmit data symbol for transmission over the data bus based on the first
phasor.

[00286] In Example 173, the subject matter of Example 172 can optionally include
wherein the selecting the encoded data symbol or the alternate data symbol as a transmit
data symbol for transmission over the data bus based on the first phasor includes
selecting the encoded data symbol or the alternate data symbol as the transmit data
symbol based on whether transmission of the encoded data symbol or the alternate data
symbol will reduce a cumulative phasor over time at the target frequency.

[00287] In Example 174, the subject matter of Example 172 can optionally include

wherein the determining the first phasor based on the edge-detected data symbol and a
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target frequency includes determining the first phasor by determining a phasor of the
edge-detected data symbol at the target frequency.

[00288] In Example 175, the subject matter of Example 172 can optionally further
include determining a second phasor based on the edge-detected data symbol and an
additional target frequency.

[00289] In Example 176, the subject matter of Example 175 can optionally include
wherein the selecting the encoded data symbol or the alternate data symbol as the
transmit data symbol includes selecting the encoded data symbol or the alternate data
symbol as the transmit data symbol based on the first phasor and the second phasor.
[00290] In Example 177, the subject matter of Example 172 can optionally include
wherein the generating an alternate data symbol based on an encoded data symbol
includes generating the alternate data symbol by logically inverting at least one bit of the
encoded data symbol.

[00291] In Example 178, the subject matter of Example 177 can optionally include
wherein the generating the alternate data symbol by logically inverting at least one bit of
the encoded data symbol includes logically inverting bits at odd-numbered positions of
the encoded data symbol to generate the alternate data symbol.

[00292] In Example 179, the subject matter of Example 172 can optionally include
wherein the target frequency corresponds to a radio frequency band used to receive
wireless signals.

[00293] In Example 180, the subject matter of Example 172 can optionally include
wherein the target frequency corresponds to a Global Navigation Satellite System

receiving frequency.
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[00294] In Example 181, the subject matter of Example 172 can optionally further
include generating an additional edge-detected data symbol based on the encoded data
symbol, and determining a second phasor based on the additional edge-detected data
symbol and an additional target frequency, wherein the selecting the encoded data
symbol or the alternate data symbol as a transmit data symbol includes selecting the
encoded data symbol or the alternate data symbol as a transmit data symbol based on the
first phasor and the second phasor.

[00295] In Example 182, the subject matter of Example 172 can optionally further
include determining a second phasor based on a further encoded data symbol and the
target frequency, and selecting the further encoded data symbol or a further alternate data
symbol as a further transmit data symbol based on the second phasor.

[00296] In Example 183, the subject matter of Example 182 can optionally further
include generating the further alternate data symbol based on the further encoded data
symbol.

[00297] In Example 184, the subject matter of Example 72 can optionally further
include determining a second phasor at the target frequency based on a further encoded
data symbol or a further edge-detected data symbol according to a mode control signal.
[00298] In Example 185, the subject matter of Example 184 can optionally further
include selecting the further encoded data symbol or a further alternate symbol as a
further transmit data symbol based on the second phasor.

[00299] In Example 186, the subject matter of Example 185 can optionally further
include generating the further alternate data symbol based on the further encoded data

symbol.
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[00300] In Example 187, the subject matter of Example 185 can optionally further
include generating the further edge-detected data symbol based on the further encoded
data symbol.

[00301] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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Claims

1. An encoding circuit configured to select a transmit data symbol for transmission
over a data bus comprising:

an alternate symbol generation circuit configured to generate an alternate data
symbol based on an encoded data symbol scheduled for transmission over the data bus;
and

a decision circuit configured to select the encoded data symbol or the alternate
data symbol as the transmit data symbol based on a plurality of phasors,

wherein the decision circuit comprises a plurality of phasor generation circuits
configured to generate the plurality of phasors based on the encoded data symbol and a

plurality of target frequencies.

2. The encoding circuit of claim 1, wherein the decision circuit is configured to
select the encoded data symbol or the alternate data symbol as the transmit data symbol
based on whether transmission of the encoded data symbol or the alternate data symbol
will reduce a cumulative phasor over time at one at one or more of the plurality of target

frequencies.

3. The encoding circuit of claim 1, wherein a first phasor generation circuit of the
plurality of phasor generation circuits is configured to generate a first phasor of the
plurality of phasors by calculating the phasor of the encoded data symbol at a first target

frequency of the plurality of target frequencies.

79



WO 2016/209422 PCT/US2016/032962

4, The encoding circuit of claim 3, wherein a second phasor generation circuit of the
plurality of phasor generation circuits is configured to generate a second phasor of the
plurality of phasors by calculating the phasor of the encoded data symbol at a second

target frequency of the plurality of target frequencies.

5. The encoding circuit of claim 4, wherein the decision circuit is configured to
select the encoded data symbol or the alternate data symbol as the transmit data symbol

based on the first phasor and the second phasor.

6. The encoding circuit of claim 1, wherein the alternate symbol generation circuit
comprises at least one inverting circuit,
and wherein the alternate symbol generation circuit is configured to generate the

alternate data symbol by logically inverting at least one bit of the encoded data symbol.

7. The encoding circuit of claim 1, wherein the alternate symbol generation circuit 1s
an inverting circuit, and wherein the alternate data symbol is the logical bitwise inversion

of the encoded data symbol.

8. The encoding circuit of claim 1, wherein each of the plurality of target

frequencies corresponds to one or more radio frequency bands used to receive wireless

signals.
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9. The encoding circuit of claim 1, wherein at least one of the plurality of target

frequencies corresponds to a Global Navigation Satellite System receiving frequency.

10. An encoding circuit configured to select a transmit data symbol for transmission
over a data bus comprising:

an alternate symbol generation circuit configured to generate an alternate data
symbol based on the encoded data symbol scheduled for transmission over the data bus;
and

a decision circuit configured to select the encoded data symbol or the alternate
data symbol as the transmit data symbol based on a first phasor,

wherein the decision circuit comprises:

an edge detection circuit configured to generate an edge-detected data symbol
based on the encoded data symbol; and

a phasor generation circuit configured to determine the first phasor based on the

edge-detected data symbol and a target frequency.

11. The encoding circuit of claim 10, wherein the decision circuit is configured to
select the encoded data symbol or the alternate data symbol as the transmit data symbol
based on whether transmission of the encoded data symbol or the alternate data symbol

will reduce a cumulative phasor over time at the target frequency.

12. The encoding circuit of claim 10, wherein the decision circuit further comprises:
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an additional phasor generation circuit configured to determine a second phasor

based on the edge-detected data symbol and an additional target frequency.

13. The encoding circuit of claim 12, wherein the decision circuit is configured to
select the encoded data symbol or the alternate data symbol as the transmit data symbol

based on the first phasor and the second phasor.

14. The encoding circuit of claim 10, wherein the alternate symbol generation circuit

is configured to invert bits at odd-numbered positions of the encoded data symbol.

15. The encoding circuit of claim 10, wherein the decision circuit further comprises:
an additional edge detection circuit configured to generate an additional edge-
detected data symbol based on the encoded data symbol; and
an additional phasor generation circuit configured to determine a second phasor
based on the additional edge-detected data symbol and an additional target frequency,
wherein the decision circuit is configured to select the encoded data symbol or the

alternate data symbol based on the first phasor and the second phasor.

16. The encoding circuit of claim 10, wherein the target frequency corresponds to a

radio frequency band used to receive wireless signals.

17. The encoding circuit of claim 10, wherein the target frequency corresponds to a

Global Navigation Satellite System receiving frequency.
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18. An encoding circuit configured to select a transmit data symbol for transmission
over a data bus comprising:

an alternate symbol generation circuit configured to generate an alternate data
symbol based on an encoded data symbol scheduled for transmission over the data bus;
and

a decision circuit configured to select the encoded data symbol or the alternate
data symbol as the transmit data symbol based on a plurality of phasors,

wherein the decision circuit comprises:

a plurality of edge detection circuits configured to generate a plurality of edge-
detected data symbols based on the encoded data symbol; and

a plurality of phasor generation circuits configured to generate the plurality of

phasors based on the encoded data symbol and a plurality of target frequencies.

19. The encoding circuit of claim 18, wherein the decision circuit is configured to
select the encoded data symbol or the alternate data symbol as the transmit data symbol
based on whether transmission of the encoded data symbol or the alternate data symbol
will reduce a cumulative phasor over time at one at one or more of the plurality of target

frequencies.

20. The encoding circuit of claim 18, wherein each of the plurality of phasor

generation circuits is configured to generate a respective phasor of the plurality of
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phasors based on the encoded data symbol and a respective frequency of the plurality of

target frequencies.

21. The encoding circuit of claim 18, wherein the alternate symbol generation circuit
comprises at least one logical inverter,

and wherein the alternate symbol generation circuit is configured to logically
invert one or more bits of the encoded data symbol to generate the alternate data symbol

based on a mode control signal.

22. The encoding circuit of claim 21, wherein the alternate symbol generation circuit
is configured to logically invert every bit of the encoded data symbol to generate the

alternate data symbol if the mode control signal indicates a first mode of operation.

23. The encoding circuit of claim 22, wherein the alternate symbol generation circuit
is configured to logically invert every-other bit of the encoded data symbol to generate

the alternate data symbol if the mode control signal indicates a second mode of operation.

24, The encoding circuit of claim 18, wherein each of the plurality of phasor
generation circuits is configured to calculate a phasor of the encoded data symbol or the
respective edge-detected data symbol of the plurality of edge-detected data symbols

according to a mode control signal.
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25. The encoding circuit of claim 18, wherein at least one of the plurality of target

frequencies corresponds to a Global Navigation Satellite System receiving frequency.
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FIG. 9

Generate an alternate data symbol based on an
encoded data symbol scheduled for transmission 902
over the data bus

L

Generate a plurality of phasors based on the encoded

74
data symbol and a plurality of target freguencies 504

A

Select the encoded data symbol or the alternate data
symbol as a transmit data symbol for transmission a0s
over the data bus based on the plurality of phasors
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FIG. 10

1000

Generate an alternate data symbol based on an
encoded data symbol scheduled for transmission 1002
over the data bus

3

Generate an edge-detected data symbol based on

the encoded data symbol 1004

Determine a tirst phasor based on the edge-detected

data symbol and a target frequency 1006

Select the encoded data symbol or the altemnate data
syrmbol as a transmit data symbol for transmission 1608
over the data bus based onthe first phasor
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