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Embodiments allow for the use of the SS modulation tech-
nique (and thus for significant reduction of EMI due to clock
transmission) in scenarios involving tight synchronization
requirements between two devices. In particular, embodi-
ments can be used in high-speed communication networks
(e.g., high-speed Ethernet) where a clock signal embedded in
the data stream at the transmitter and recovered from the data
stream at the receiver is the only source for synchronization
between the transmitter and the receiver (i.e., no other syn-
chronization channel available). Embodiments are also espe-
cially useful in communication systems utilizing echo can-
cellers.
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RECOVERY AND SYNCHRONIZATION FOR
SPREAD SPECTRUM MODULATED CLOCK

BACKGROUND
[0001] 1. Field of the Invention
[0002] The present invention relates generally to clock

transmission and recovery.

[0003] 2. Background Art

[0004] Embedding a clock signal in a transmitted data
stream is a known method for transmitting a clock signal from
a transmitter to a receiver in applications requiring clock
synchronization between the transmitter and the receiver.
One problem associated with this method is the electromag-
netic interference (EMI) caused by transmitting the clock
signal in the data stream. Specifically, embedding the clock
signal into the data stream causes additional EMI components
at harmonic frequencies of the clock frequency to be imposed
over the broadband EMI spectrum due to the data transmitted.
[0005] One technique for reducing EMI due to clock signal
transmission uses spread spectrum (SS) modulation to spread
EMI components due to the clock over frequency. However,
the SS modulation technique causes jitter in the transmitted
clock in the time domain. For this reason, the SS modulation
technique for reducing EMI cannot be used in systems that
require tight clock synchronization between the transmitter
and the receiver, such as in high-speed communication net-
works (and especially networks which use echo cancellation
between transceivers), for example.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0006] The accompanying drawings, which are incorpo-
rated herein and form a part of the specification, illustrate the
present invention and, together with the description, further
serve to explain the principles of the invention and to enable
a person skilled in the pertinent art to make and use the
invention.

[0007] FIG. 1 illustrates the effects of frequency modula-
tion on the frequency spectrum of a clock harmonic.

[0008] FIG. 2 illustrates an example communication
arrangement.
[0009] FIG. 3 illustrates an example communication

arrangement implementing embodiments of the present
invention.

[0010] FIG. 4 illustrates another example communication
arrangement implementing embodiments of the present
invention.

[0011] FIG. 5 illustrates a proportional-integral-derivative
(PID) controller.

[0012] FIG. 6 illustrates an example process according to
an embodiment of the present invention.

[0013] FIG. 7 illustrates an example process according to
an embodiment of the present invention.

[0014] FIG. 8 illustrates an example system using echo
cancellation.
[0015] The present invention will be described with refer-

ence to the accompanying drawings. Generally, the drawing
in which an element first appears is typically indicated by the
leftmost digit(s) in the corresponding reference number.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Embedding a clock signal in a transmitted data
stream is a known method for transmitting a clock signal from
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a transmitter to a receiver in applications requiring clock
synchronization between the transmitter and the receiver.
One problem associated, with this method is the electromag-
netic interference (EMI) caused by transmitting the clock
signal in the data stream. Specifically, embedding the clock
signal into the data stream causes additional EMI components
at harmonic frequencies of the clock frequency to be imposed
over the broadband EMI spectrum due to the data transmitted.
[0017] FIG. 1 illustrates one technique for reducing EMI
due to clock signal transmission. The technique uses spread
spectrum (SS) modulation by, for example, frequency modu-
lating the fundamental clock frequency of the clock signal.
The result in the frequency domain, as illustrated in FIG. 1
with respect to an example clock harmonic, is an amplitude
attenuation of EMI spectral components due to the clock
signal as well as a spreading of the spectrum of the EMI
spectral components over frequency. In the time domain,
however, frequency modulating the clock signal results in
changes in the period of the clock signal as a function of the
modulating frequency, which can be observed as deviations in
time of the clock signal timing (edges) or jitter.

[0018] As aresult, conventionally, the SS modulation tech-
nique is only used in situations where the receiver is able to
tolerate the amount of jitter caused by the technique or where
both the transmitter and receiver receive the same frequency
modulated clock signal from the same source, in which case
the relative timing of the clock signal edges between the
transmitter and the receiver is constant (i.e., there is no jitter
atthe receiver relative to the transmitter). For example, the SS
modulation technique may be used between a microprocessor
(transmitter) and its external memory (receiver), where both
the microprocessor and the memory are on the same clock
domain and receive the same frequency modulated clock.
[0019] However, because of the jitter that it produces, the
SS modulation technique is not used conventionally between
systems that use separate clock domains but which require
tight clock synchronization between them. For example, in
high speed communication applications, link-up between two
devices each operating on a respective clock domain cannot
be established if the two clocks are not synchronized to within
a very tight timing tolerance. As an example, in gigabit Eth-
ernet (1000BASE-T PCS and PHY), the master and slave
clocks must be synchronized to within 100 ppm in order fora
link between a master device and a slave device to be estab-
lished. The master device embeds a clock signal in the data
stream transmitted to the slave device. Thus, the embedded
clock signal cannot deviate in transmission by more than the
maximum 100 ppm tolerance, which generally precludes the
use of the SS modulation technique to reduce EMI.

[0020] Embodiments of the present invention, as further
discussed below, allow for the use of the SS modulation
technique (and thus for significant reduction of EMI due to
clock transmission) in scenarios involving tight synchroniza-
tion requirements between two devices. In particular,
embodiments can be used in high-speed communication net-
works (e.g., high-speed Ethernet) where a clock signal
embedded in the data stream at the transmitter and recovered
from the data stream at the receiver is the only source for
synchronization between the transmitter and the receiver (i.e.,
no other synchronization channel available). Embodiments
are also especially useful in communication systems utilizing
echo cancellers.

[0021] Embodiments will be described below with refer-
ence to an Ethernet communication link. However, as would
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be understood by a person of skill in the art based on the
teachings herein, embodiments are not limited to the use in
communication applications but extend to any application
involving clock transmission and recovery between two
devices (e.g., microprocessor and memory), where tight
clock synchronization is required. Further, embodiments are
not limited to scenarios involving the SS modulation tech-
nique by frequency modulation of the clock signal, but extend
to scenarios using other modulation techniques of the clock
that produce the same spreading effect of the EMI due to the
clock.

[0022] FIG. 2 illustrates an example Ethernet communica-
tion arrangement 200. As shown in FIG. 2, example arrange-
ment 200 includes a master device 202 and a slave device 204
connected via a twisted-pair cable 206. Master device 202
and slave device 204 each includes, among other compo-
nents, an Ethernet connector port 208, a transceiver module
210, and a local oscillator 212.

[0023] Transceiver module 210 includes a MAC (medium
access control) interface 214, a PCS (physical coding sub-
layer) module 216, a DSP (digital signal processor) 218, a
hybrid coupler 220 for separating the transmit and receive
paths of the transceiver, and a CDR (clock and data recovery)
module 222 for recovering the data and clock from the receive
path. The timing recovery method used by CDR module 22
may be decision directed using the Mueller-Muller algorithm,
for example, or some other non-interpolative method. Addi-
tionally, transceiver module 210 may include a phase tracking
module 224 (which is shown in FIG. 2 in the slave device
transceiver only, but may also be available in the master
device transceiver), and a reference clock module 226 for
receiving a local clock 228 from local oscillator 212.

[0024] In operation, master device 202 and slave device
204 each has a local free-running clock of a certain tolerance
(ppm requirement) provided by its respective local oscillator
212. In addition, the master clock is used as a reference clock
for both sides of the link. Accordingly, master device 202
embeds its local clock signal in the data stream transmitted to
slave device 204. Slave device 204 recovers the embedded
clock signal from the received data stream using CDR module
222. However, because the communications channel pro-
vided by twisted-pair cable 206 can be very noisy, the recov-
ered clock is not directly used by slave device 204. Instead,
local clock 228 at slave device 204 is phase aligned using
phase tracking module 224 to the best estimate of the recov-
ered clock. In gigabit Ethernet (which is bidirectional), slave
device 204 uses its phase-aligned local clock 228 in transmit-
ting data to master device 202. Master device 202 recovers a
clock from the data transmitted by slave device 204. The
recovered clock at master device 202 is substantially fre-
quency-locked to the local clock at master device 202.
[0025] Ideally, it is desired that the phase shift between
local reference clock 228 and the recovered clock at slave
device 202 be constant. In practice, the phase shift must be
only slowly varying within a tight tolerance in order for slave
device 202 to be able to perform precise clock recovery. As a
result, the use of the SS modulation technique to reduce EMI
(with the clock jitter that it produces) is precluded in conven-
tional high-speed communication networks, such as gigabit
Ethernet, for example.

[0026] Embodiments of the present invention, as further
described below, recognize that if both the indication of
whether the local clock at slave device 204 is leading/lagging
the local clock at master device 202, and the relative phase
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shift versus time of the transmitted master clock (embedded
in the data transmitted to slave device 204) are available at
slave device 204, then slave device 204 can use this informa-
tion to phase align its local clock with the local clock of
master device 202 even if the phase of the transmitted master
clock exhibits large phase shifts during transmission (e.g., if
the master clock is frequency modulated). As such, the SS
modulation technique can be used and its benefits of EMI
reduction can be realized in high-speed communication net-
works, such as gigabit Ethernet, for example.

[0027] FIG. 3 illustrates an example communication
arrangement 300 implementing embodiments of the present
invention. Example arrangement 300 is similar to example
arrangement 200 described in FIG. 2 above. However,
example arrangement 300 is configured to implement the SS
modulation technique. As such, at master device 302, a spread
spectrum controller (SSC) module 306 provides a spread
spectrum modulated (e.g., frequency modulated) local clock
310 to transceiver module 210. At slave device 304, trans-
ceiver module 308 includes a phase offset register 312 (in
addition to other components described above with reference
to FIG. 2). Phase offset register 312 communicates with phase
tracking module 224. In addition, slave device 304 includes a
microcontroller 314 (which may be integrated in transceiver
308) and a Numerically Controlled Oscillator (NCO) or Volt-
age Controlled Oscillator (VCO) 316. The choice between a
NCO and a VCO depends on the amount of phase variations
expected; typically, a NCO can have a larger phase excursion
than a VCO, allowing larger depth of modulation or percent-
age of spread of the clock.

[0028] In operation, master device 302 and slave device
304 begin by performing a negotiation process (further
described below) to determine the support of the SS modula-
tion technique (e.g., FM modulated clock) at both ends of the
communication link as well as (optionally) the propagation
delay of the cable. At the end of successful negotiation, mas-
ter device 302 begins to transmit a SS modulated clock in the
data stream transmitted to slave device 304.

[0029] At slave device 304, CDR module 222 recovers the
SS modulated clock from the received data stream and deter-
mines a phase offset between the recovered clock and its local
clock 320. The phase offset value is stored in phase offset
register 312. In an embodiment, phase offset register 312 has
a sign bit which is used to indicate if the phase offset is
positive or negative (i.e., if the local clock is leading or lag-
ging the recovered clock).

[0030] Microcontroller 314 retrieves the phase offset value
from phase offset register 312. In an embodiment, microcon-
troller 314 implements a discrete version of a proportional-
integral-derivative (PID) controller algorithm. A block dia-
gram of a generic PID controller 500 is shown in FIG. 5. As
shown in FIG. 5, the PID controller operates to eliminate an
error signal 502 by generating an output signal 504 based on
(e.g., weighted sum of) proportional 506, integral 508, and
derivative 510 functions of error signal 502, and subtracting
the generated output signal 504 from a setpoint signal 512.
[0031] Microcontroller 314 uses the phase offset value as
the error signal (corresponds to error signal 502 in PID con-
troller 500) in its PID controller algorithm and generates an
output signal 318 (corresponds to output signal 504 in PID
controller 500) based on the phase offset value. Output signal
318 provides a new setpoint value for NCO/VCO 316. The
new setpoint value is equal to a previous setpoint value plus/
minus a phase adjustment value. Upon receiving a new set-
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point value, NCO/VCO 316 ramps local clock 320 to a new
frequency based on the new setpoint value. The new fre-
quency of local clock 320 reduces the phase offset between
the recovered clock and local clock 320.

[0032] In an embodiment, microcontroller 314 samples
periodically phase offset register 312 to retrieve a new phase
offset value. The process described above is repeated with the
new phase offset value so that local clock 320 tracks the
recovered clock as the phase of the recovered clock varies
over time.

[0033] FIG. 6 illustrates an example process 600 imple-
mented by microcontroller 314. Example process 600 imple-
ments a PID controller algorithm with the integral control
term K, and the derivative control term K ; set to zero (see FIG.
5). Thus, example process 600 implements only a propor-
tional function of the error. As would be understood by a
person of skill in the art based on the teaching herein, embodi-
ments of the present invention are not limited to example
process 600, but extend to any implementation of a PID
controller algorithm which can be derived from the generic
PID controller algorithm of FIG. 5.

[0034] Process 600 begins in step 602, which includes con-
verging the proportional control term K, of the PID controller
algorithm (see FIG. 5). Step 604 includes reading a phase
offset value. In an embodiment, step 606 includes microcon-
troller 314 reading the phase offset value from phase offset
register 312. In step 606, the error signal E(t) of the PID
controller algorithm is set to the read phase offset value. In
step 608, the sign of the error signal or the phase offset value
is determined. If the error signal is positive, a phase adjust-
ment value “Phase_adj” is set to ~K,.E(t) in step 610. Other-
wise, if the error signal is negative, the phase adjustment
value “Phase_adj” is set to +K,.E(t) in step 612. Finally, in
step 614, the output of the PID controller algorithm is
adjusted by the phase adjustment value. Because the output of
the PID controller algorithm represents the setpoint of the
NCO/VCO 316, the local clock 320 output by the NCO/VCO
316is also adjusted by the phase adjustment value in the same
manner.

[0035] As described above, in an embodiment, microcon-
troller 314 samples periodically phase offset register 312 to
retrieve a new phase offset value and perform a PID controller
process, such as example process 600. The sampling fre-
quency of phase offset register 312, required to precisely
track the recovered clock, depends on the rate of change of the
phase offset between the local clock and the recovered clock.
As aresult, when the SS modulation technique is used, a large
sampling frequency of phase offset register 312 is needed in
order to precisely track the recovered clock, placing a heavy
load on microcontroller 314.

[0036] In an embodiment, the sampling burden placed on
microcontroller 314 can be reduced by the use of a predictive
algorithm that predicts changes in the phase of the recovered
clock in between sampling cycles of phase offset register 312
by microcontroller 314. The predictive algorithm can make
use, for example, of known characteristics of the modulation
(e.g., frequency modulation) performed on the master clock
as well as the cable length (propagation delay). In an embodi-
ment, the modulation characteristics are pre-set and known at
both sides of the communication link.

[0037] FIG. 4 illustrates an example communication
arrangement 400 implementing embodiments of the present
invention. Particularly, in example arrangement 400, slave
device 402 implements a predictive algorithm that predicts
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changes in the phase of the recovered clock, in between
sampling cycles of phase offset register 312 by microcontrol-
ler 314 (not shown in FIG. 4).

[0038] As shown in FIG. 4, slave device 402 includes (in
addition to other components described above with reference
to FIGS. 2 and 3) a FPGA (Field Programmable Gate Array)
module 404. FPGA module 404 implements a digital PLL
(Phase Locked Loop) 408. Optionally, FPGA module 404
also implements a low pass filter (LPF) 406. FPGA module
404 may be implemented within transceiver module 308 or in
a separate module from transceiver module 308, as shown in
FIG. 4.

[0039] Inanembodiment, digital PLL 408 is used to predict
a change in the phase of the recovered clock based on known
characteristics of the modulation (e.g., frequency modula-
tion) performed on the recovered clock. A control circuit (not
shown in FIG. 4) uses the predicted change in the phase of the
recovered clock to calculate a predicted phase offset value,
and then uses the predicted phase offset value to control
NCO/VCO 316 in the same manner as microcontroller 314.

[0040] Periodically, the predicted phase offset value calcu-
lated by the control circuit is checked and corrected by micro-
controller 314. In an embodiment, microcontroller 314 per-
forms a periodic read of phase offset register 312 and corrects
the predicted phase offset value, as needed, according to the
actual value of the phase offset read from phase offset register
312. In an embodiment, this is done by adjusting or interpo-
lating the DPLL accordingly.

[0041] Inanembodiment, the tracking accuracy of the sys-
tem can be improved by filtering out high-frequency noise
components (i.e., jitter due to channel characteristics and
interference) from the recovered clock phase information
signal. In FIG. 4, this is implemented using a LPF 406 before
DPLL 408. LPF 406 is designed to pass the bandwidth of the
clock modulating signal (used to modulate the transmitted
clock) and to reject other frequencies. It is noted that because
the frequency of the clock modulating signal is typically
much lower than the frequency of the clock itself, time varia-
tions of the recovered clock phase are relatively slow and thus
low pass filtering of the recovered clock phase signal does not
affect the recovered clock phase information.

[0042] In another embodiment, spectral lines in the wave-
form transmitted by the master device can be further reduced
by using the transmit scrambler to modulate not only the data
but also the transmitted clock signal. Typically, a scrambler is
a shift register that outputs a pseudo-random number given an
input. Scramblers are traditionally used to modify the data
stream before transmission to ensure that a repetitive data
pattern is not transmitted onto the twisted pair cable. By using
the scrambler to modulate the clock signal, a direct sequence
spread spectrum (DSSS) type spread spectrum waveform is
produced. In an embodiment, a self-synchronizing scrambler
(i.e., one that does not require initialization to recover
unscrambled data from scrambled data) is used to reduce
initialization complexity. In an embodiment, the master
device uses the data scrambler or a scrambler derived from the
data scrambler to generate clock 310. In an embodiment, for
gigabit Ethernet, the transfer function for the data scrambler
at the master device is G, (x)=1+x"*+x>>, and at the slave
deviceis G, (x)=1+x>2+x"", for example. At the slave device,
a shift register aligned with the shift register at the master
device (i.e., the transmit scrambler) is used to modulate the
local clock (e.g., clock 320) to match the incoming signal.
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[0043] As would be understood by a person of skill in the
art based on the teachings herein, embodiments are not lim-
ited by the example implementations provided herein. For
example, according to embodiments, one or more of the com-
ponents described above as being external to the transceiver
module can be integrated into the transceiver module. For
example, at the master device side, the SSC module 306 can
be integrated into transceiver module 210. As such, a non-
spread clock is input to transceiver module 210 instead of
spread spectrum modulated clock 310. Similarly, at the slave
device side, any of the circuitry required for clock recovery,
phase detection, phase tracking, and synchronization can be
implemented into the die of the transceiver. In addition, any of
the modules or circuits described above can be implemented
using digital, analog, or mixed digital and analog compo-
nents.

[0044] As described above, embodiments enable the use of
the SS modulation technique to reduce EMI in high-speed
communication networks, such as gigabit Ethernet, for
example. To enable interoperability and backwards compat-
ibility with existing devices, embodiments may be provided
as optional features to be enabled on demand. For example,
embodiments may be enabled at either side of a communica-
tion arrangement when both communicating devices (e.g.,
master and slave in an Ethernet link) support the SS modula-
tion technique. Alternatively, embodiments are disabled
when only non-modulated clock transmission can be used.
[0045] According to embodiments, to determine whether
the SS modulation technique can be supported, a negotiation
process is performed between the two communicating
devices. If the negotiation process is successful, the master
device begins to transmit a SS modulated clock in the data
stream transmitted to the slave device. Initially, however, for
a short period during linkup, the two communicating devices
may operate without clock modulation, until the link is estab-
lished and meets a certain quality threshold. This allows for a
simplified timing recovery circuit at the slave device which
does not require a very wide bandwidth to lock onto the
master device.

[0046] In certain applications, the cable propagation delay
must be taken into account. According to embodiments, the
cable propagation delay is determined using time domain
reflectometry (TDR) or other equivalents methods, or if the
cable length is fixed in an installation such as an automobile,
airplane, or bus, the cable length can be programmed in
memory (e.g., via EEPROM). In any case, the propagation
delay of the cable according to embodiments is made avail-
able to the algorithm so that the step size and filter parameters
can be set.

[0047] For the purpose of illustration only, an example
negotiation process 700 is provided in FIG. 7. Example pro-
cess 700 assumes an Ethernet setup. However, embodiments
are not limited by example process 700, and other negotiation
processes can be used depending on the particular application
of embodiments.

[0048] Process 700 is performed at the master device. As
shown in FIG. 7, process 700 begins in step 702, which
includes determining whether a special auto-negotiation bit is
set. The auto-negotiation bit determines whether negotiation
for the purpose of using the SS modulation technique must be
performed. If the auto-negotiation bit is not set, process 700
proceeds to step 704, which indicates that normal IEEE Eth-
ernet without the SS modulation technique will be used.
Alternatively, if the auto-negotiation bit is set, process 700
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proceeds to step 706. Step 706 includes determining whether
auto-negotiation with the slave device is required. If auto-
negotiation is not required (e.g., the link has already been
established), process 700 proceeds to step 708 in which clock
modulation (e.g., FM modulation) begins. Otherwise, pro-
cess 700 proceeds to step 710, in which the master device
waits to receive an OK status from the slave device. When the
OK status is received from the slave device, indicating that the
link has been established, clock modulation can begin.

[0049] As noted above, embodiments are especially useful
in communication systems using echo cancellation. This is
because systems that use echo cancellation (e.g., gigabit Eth-
ernet) require tight timing tolerance between link partners.
Echo cancellation is a well-known method whereby the local
and remote devices transmit simultaneously on the same pair
in the same frequency band. This allows full-duplex trans-
mission over one pair, increasing bandwidth efficiency of the
system. In an echo-cancelled system, there will be interfer-
ence, or cross-talk, from the local transmitter onto the
received signal from the remote device. The transmitted sig-
nal is subtracted from the received signal via an adaptive filter
using digital or analog means, increasing the ratio of the
received signal to the transmitted interference.

[0050] When spread spectrum modulation is applied to an
echo-cancelled system, propagation delay of the link
becomes important. Thus, according to embodiments, the
algorithm implementing clock adjustment on the slave side is
made aware of the cable length when setting its own clock and
the clock is set by accounting for propagation delay. In this
way frequency offset between the master device and the slave
device is minimized as much as possible. The propagation
delay may be determined using TDR or equivalent tech-
niques, or if the cable length is fixed the propagation delay or
the cable length can be maintained in memory. The propaga-
tion delay can be determined from the cable length using
known relationships based on the cable type. For example,
with Cat-5e cable, the propagation delay is specified at 570 ns
per 100 m

[0051] FIG. 8 illustrates an example gigabit Ethernet com-
munication system 800 with echo cancellation. Example sys-
tem 800 includes a transceiver module 802 connected to a
twisted pair cable 206. As shown in FIG. 8, transceiver mod-
ule 802 includes (in addition to other components described
above with reference to FIG. 2) an echo canceller 804, a D/A
converter 806, an A/D converter 808, a summer 810, and an
equalizer 812.

[0052] In gigabit Ethernet, devices transmit and receive on
the same baseband frequency range simultaneously (full
duplex) over four twisted pairs. As such, the transmitted sig-
nal combines with the received signal in hybrid coupler 220
and is reflected as an echo in the signal received from hybrid
coupler 220. Typically, the transmitted signal is much larger
in amplitude than the received signal. However, since the
transmitted signal is known, its echo can be subtracted out
from the signal received from hybrid coupler 220 to recover
the received signal only. This can be done, as shown in FIG.
8, for example. Echo canceller 804 receives as input the
transmitted signal and generates a scaled version thereof.
Summer 810 receives as inputs the signal received from
hybrid coupler 220 (after A/D conversion by A/D converter
808) and the scaled version of the transmitted signal, and
subtracts the latter signal from the former. The resulting sig-
nal is equalized using equalizer 812.
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[0053] A key requirement for echo cancellation, however,
is that the transmitted signal and the received signal are
phase-aligned in order for summer 810 to subtract in-phase
the scaled version of the transmitted signal from the signal
received from hybrid coupler 220. As such, low timing uncer-
tainty between the transmitted signal and the received signal
as well as compensation for cable propagation delay are
required. For this reason, systems using echo cancellation can
benefit greatly from the embodiments described above. Par-
ticularly, embodiments allow systems using echo cancella-
tion to continue to work properly in environments where the
modulated clock appears as jitter to a non-modulated clock
domain, such as, for example, in communication networks
using spread spectrum modulated clocks.

[0054] Embodiments have been described above with the
aid of functional building blocks illustrating the implemen-
tation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been
arbitrarily defined herein for the convenience of the descrip-
tion. Alternate boundaries can be defined so long as the speci-
fied functions and relationships thereof are appropriately per-
formed.

[0055] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the invention
that others can, by applying knowledge within the skill of the
art, readily modify and/or adapt for various applications such
specific embodiments, without undue experimentation, with-
out departing from the general concept of the present inven-
tion. Therefore, such adaptations and modifications are
intended to be within the meaning and range of equivalents of
the disclosed embodiments, based on the teaching and guid-
ance presented herein. It is to be understood that the phrase-
ology or terminology herein is for the purpose of description
and not of limitation, such that the terminology or phraseol-
ogy of the present specification is to be interpreted by the
skilled artisan in light of the teachings and guidance.

[0056] The breadth and scope of embodiments of the
present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined
only in accordance with the following claims and their
equivalents.

What is claimed is:

1. A system, comprising:

a clock and data recovery (CDR) module that receives a
data stream having embedded therein a spread spectrum
(SS) modulated clock signal and that generates a recov-
ered clock signal from the data stream;

a phase tracking module that determines a phase offset
between the recovered clock signal and a local clock
signal;

a controller that reads the determined phase offset and that
generates a control signal based on the determined phase
offset; and

an oscillator that adjusts the local clock signal based on the
control signal, thereby reducing the phase offset
between the recovered clock signal and the local clock
signal.

2. The system of claim 1, wherein the SS modulated clock

is frequency modulated.

3. The system of claim 1, wherein the controller imple-

ments a proportional-integral-derivative (PID) controller
algorithm.
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4. The system of claim 3, wherein the controller sets the
determined phase offset as an error signal in the PID control-
ler algorithm.

5. The system of claim 4, wherein the control signal cor-
responds to an output signal of the PID controller algorithm.

6. The system of claim 1, wherein the control signal pro-
vides a setpoint value for the oscillator.

7. The system of claim 1, further comprising:

a phase offset register, wherein the phase tracking module
stores the determined phase offset in the phase offset
register.

8. The system of claim 7, wherein the controller samples
periodically the phase offset register to read the determined
phase offset.

9. The system of claim 8, wherein the controller samples
the phase offset register according to an expected rate of
change of the determined phase offset.

10. The system of claim 1, further comprising:

adigital phase locked loop (PLL) that generates a predicted
phase value of the recovered clock signal; and

a control circuit that generates a predicted phase offset
based on the predicted phase value and the local clock
signal, and that controls the oscillator based on the pre-
dicted phase offset.

11. The system of claim 10, wherein the digital PLL gen-
erates the predicted phase value of the recovered clock signal
based on known modulation characteristics of the SS modu-
lated clock signal.

12. The system of claim 10, wherein the controller corrects
periodically the predicted phase offset upon reading the deter-
mined phase offset.

13. The system of claim 10, further comprising:

a low pass filter that filters a phase signal of the recovered
clock signal received from the phase tracking module
and that provides a filtered phase signal of the recovered
clock signal to the digital PLL.

14. The system of claim 1, wherein the oscillator is one of
anumerically controlled oscillator (NCO) and a voltage con-
trolled oscillator (VCO).

15. The system of claim 1, further comprising:

an echo canceller that uses the recovered clock signal and
the local clock signal to reduce an echo due to a trans-
mitted stream from the received data stream.

16. A method, comprising:

receiving a data stream having embedded therein a spread
spectrum (SS) modulated clock signal;

generating a recovered clock signal from the data stream;

calculating a phase offset between the recovered clock
signal and a local clock signal; and

adjusting the local clock signal according to the calculated
phase offset to reduce a phase shift between the recov-
ered clock signal and the local clock signal.

17. The method of claim 16, wherein said adjusting step

further comprises:

generating a control signal based on the calculated phase
offset; and

adjusting the local clock signal using the control signal.

18. The method of claim 16, further comprising prior to
said receiving step:

receiving a control signal regarding operability with SS
clock modulation;

sending a status signal in response to said control signal.

19. The method of claim 16, further comprising prior to
receiving step:
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receiving information regarding modulation characteris-
tics of said SS modulated clock signal.

20. The method of claim 19, further comprising:

generating a predicted phase offset based on said received
information regarding modulation characteristics; and

adjusting the local clock signal based on the predicted
phase offset in between periodical adjustments of the
local clock based on the calculated phase offset.

Oct. 4,2012

21. The method of claim 19, further comprising:

generating a predicted phase offset based on scrambler
information regarding modulation characteristics; and

adjusting the local clock signal based on the predicted
phase offset from the scrambler information.
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