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ACTIVE IDLE COMMUNICATION SYSTEM

INVENTOR

GEORGE A. ZIMMERMAN

1. Priority Claim
[001] This patent application claims the benefit of and priority to U.S. Provisional Patent

Application Number 60/987,327 which was filed on November 12, 2007 and entitled
Active Idle Communication System.

2. Field of the Invention.

[002] The invention relates to data communication and in particular to a method and
appartus for entering a power saving idle state in data communication systems.

3. Related Art.

[003] Numerous prior art communications systems, such as current 10G-BaseT
systems enable communication at high rates of speed over substantial distances.
Solarflare Communications, located in Irvine, California is the leading design and
product development entity for 10 Gigabit Ethernet communication systems. ‘While
such communication systems operate as specified and desired, there is a global desire
to reduce power éonsumption,‘such as electric bower consumption, without degrading
performance.

[004] In prior art Ethernet systems, such as 10 Gigabit systems, the communication
system is always active, such that either data or idle frames are always transmitted,

received, and processed by the receiver. The idle frames may comprise scrambled
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sequences of 1 and O bits which are arranged into special codes that indicate that the
frames are idle frames, and not data. Active operation of the transmitter, receiver, and
receiver processing elements consumes substantial power and as such, is the primary
source of power consumption in a communication system.

[005] As can be appreciated, during periods when a 10 Gbit/second communication
system is not exchanging data, idle frames are still being generated, transmitted,
received and processed at 10 Gbit/second rate. This consumes substantial power even
when data is not being exchanged, hence.

[006] One proposed solution is to reduce the transmit rate to reduce power
consumption. For exarnple, in a 10GBase-T system, it has been proposed to reduce
the rate during idle states to save power. The amount of power saved is proportional
to the reduction in rate. This proposed solution suffers from several drawbacks. One
such drawback is that power savings are less then the solution proposed herein.
Another drawback is that to reactivate communication at the full data rate, significant
reconfiguration to the settings of the communication system must occur which
requires an undesirably long delay, This delay, referred to as the transition time or
transition latency, degrades performance and hinders the user’s and network’s ability
to rapidly exchange data.

[007] As a result, there is a need in the art for a method and apparatus to reduce
power consumption of a communication system while concurrently minimally

affecting performance.
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SUMMARY

[008] To overcome the drawbacks of the prior art and to provide additional benefits,
a method and apparatus is disclosed for monitoring idle periods and entering the
communication system into a power down state. During the power down state,
periodic communication and signal processing occurs to maintain the transceiver’s
communications settings, such as synchronization and equalizer coefficients. Re-
activation occurs in response to active data or a reactivation request.

[009] In one embodiment, the innovation comprises a method for reducing power
consumption in an Ethernet communication device. This exemplary method
comprises monitoring for an idle frame and upon detecting a predetermined number
of idle frames, entering a reduce power consumption state in which idle frames are
not processed. Then, monitoring for a transmit period and responsive to a transmit
period, receiving one or more idle or training frames. This method optionally adapts
the communication system based on one or more of the one or more idle or training
frames. After optional adaptation, the system may re-enter a reduced power
consumption state in which idle frames are not processed.

[010] In one embodiment, the predetermined number of idle frames comprises one
idle frame. In addition, the step of monitoring for a transmit period comprises
receiving a timer output such that the timer output signals the transmit period. It is
also contemplated that optionally adapting may comprise analyzing the idle or
training system to determine channel conditions and then comparing the channel
conditions with prior channel conditions. Based on this, the method then adapts the

communication system if the comparing reveals a change in channel conditions
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greater than a threshold. This method may receive and detect an activate frame and,
responsive thereto, restore data communication.

[011] Also disclosed herein is a method for maintaining a communication link
during periods of non-use of the communication system comprising detecting an idle
period in a communication system. Then, responsive to the idle period, initiating a
counter or timer for a first time period, as part of an idle frame sequence, and sending
idle frames during the idle frame sequence. Then, monitoring for an end of the first
time period and responsive to the end of the first time period, stopping the sending of
idle frames. This method then initiates a counter or timer to start a second time period
and monitors for the end of the second time period and responsive to the end of the
second time period sending a sync or idle frame to an opposing receiver. Then the
method receives and processes the sync or idle frame at the opposing receiver to
maintain one or more settings of the opposing receiver.

[012] In one embodiment, the counter or timer times a predetermined period of time.
For example the counter or timer may count or track frames. In addition, stopping the
sending of idle frames may comprise sending no signal. In addition, maintaining one
or more settings of the opposing receiver may comprise performing timing
synchronization, adaptation, or both. In addition, the step of stopping the sending of
idle frames further may comprise powering down one or more aspects of a
transmitter.

[013] Also disclosed herein is a system for saving power in a communication device
comprising an input/output port configured to connect to one or more channels and a

transmitter configured to transmit data over the channel via the input/output port.
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Also part of this embodiment is a controller configured to interface with the
transmitter. The controller may be configured to detect idle periods, control the
transmitter to initiate a silent period by no longer sending a signal over the channel
after a predetermined idle period, and reactivate the transmitter periodically to send
sync or idle information, and reactivate the transmitter in response to active data to be
transmitted. The sync or idle information to be used by an opposing receiver to
maintain the opposing receiver settings.

[014] In one embodiment the system further comprises a detector, the detector
configured to detect incoming or outgoing signals. It is further contemplated that the
system further comprises a timer configured to time idle periods. The memory may
be configured to store information regarding the length of a predetermined idle
period. In addition, the system may further comprise a clocking system having a
clock signal, and during a silent period the clock signal it not provided to two or more
transmitter apparatus. In one embodiment during the silent period, the controller turns
off one or more aspect of the transmitter and one or more aspects of the opposing

receiver are also turned off.
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BRIEF DESCRIPTION OF THE DRAWINGS
[015] The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention. In the figures, like
reference numerals designate corresponding parts throughout the different views.
[016] Figure 1 illustrates a prior art frame stream.
[017] Figure 2 illustrates a frame stream in accord with one embodiment of the
present invention.
[018] Figure 3 illustrates a block diagram of an example embodiment of the present
invention.
[019] Figure 4 illustrates a detailed block diagram of an example embodiment of a
transceiver in an on state.
[020] Figure 5 illustrates a detailed block diagram of an example embodiment of a
transceiver in a power save state.
[021] Figure 6 illustrates an operation flow diagram of an example method of idle state

transition and operation.
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DETAILED DESCRIPTION

[022] Figure 1 illustrates a prior art frame stream. In this prior art frame stream,
during periods when data is not transmitted, idle frames are transmitted to maintain
the communication device synchronization and equalizers. Data is defined herein as
user information which is transmitted between communication devices for higher
level application levels. Idle frames are digital content sent during periods when data
is not sent, such as when the communication device is not in use by a user.

[023] During a frame sequence 104 a user or the communication device is utilizing
the communication channel for the exchange of data. As such, data is being
transmitted and receive by opposing transceivers and the communication system is
functioning as desired to perform data communication. Thereafter, during a frame
sequence 108, the communication devices stop transmitting data and become idle.
During idle periods, idlé frames, containing scrambled 1’s and 0’s are transmitted
between stations and processed. The idle frames do not contain user data and as such,
are transmitted to maintain the communication link. Maintaining the communication
link may include maintaining timing, maintaining equalizer adaptation, maintaining
echo and crosstalk canceller adaptation, as well as physical link security keeping the
system informed that the far-end device is present and still connected by physical
cabling. As a drawback, transmitting and processing idle frames during inactive
periods undesirably maintains power consumption at the transmitter and receiver. As
can be appreciated, transmitting idle frames during periods of non-use is wasteful.

Some network connected computer may be left on all night and consume power the
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entire night. Power consumption also leads to heat generation and additional cooling
requirements. Upon a user or other machine restoring active communication, data
frames are transmitted again at frame sequence 112.

[024] To overcome the drawbacks of the prior art and to provide additional
advantages, a method and apparatus is disclosed herein to reduce power consumption
in communication system by entering a reduced power mode (state) during idle
periods. Idle periods may be any time when data is not transmitted, received, or both,
or when the rate of data transfer is sufficiently low to allow for a reduce power mode.
[025] In one embodiment, during periods of reduced traffic, the transmitter, receiver,
and received signal processing elements may be powered down or power down for
time frames during the idle periods. These periods may be referred to herein as silent
periods. Figure 2 illustrates a frame stream in accord with one embodiment of the
present invention. As shown, frame sequence 204 comprises data frames as discussed
above. Thereafter, at frame sequence 208, the data is complete and the system enters
an idle state. During this idle state, idle frames are transmitted. Any number of idle
frames may be transmitted, but after a predetermined number of frames, the system
may be configured to transmit a start silent frame during frame sequence 212. The
silent start frame comprises a frame containing a code that initiates the silent period.
Alternatively, the silent period may start automatically after the predetermined
number of idle frames.

[026] During the silent frame sequence, 216 the system may enter a sleep or power

down mode. It is contemplated that numerous different levels of operational
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reduction may occur. This may include shutting select certain systems down, slowing
operation, or initiating periodic operation.

[027] Next, during frame sequence 220, the operation may send a sync frame
between the transmitter and the receiver. The sync frame as shown in sequence 220
may comprise one frame or any number of frames. It is contemplated that the sync
frame may be sent at a predetermined time which is commonly know by the
transmitter and the receiver and referred to herein as a sync frame time. It is also
contemplated that an idle frame may be sent instead of the sync frame. Upon receipt
of a sync frame, the receiver may perform processing to maintain the clock
synchronization, timing, and perform adaptation to adjust equalizer and canceller
coefficients. The sync frame could also be a wake-up code frame to restore active
communication.

[028] Thereafter, in Figure 2, the frame sequence 224 contains further silent frames.
During this period, the system is still not in use and as such, it continues in silent
mode by not transmitting frames. Power consumption is reduced. At frame sequence
228, which may comprise a single frame or multiple frames, a stop silent frame is
transmitted. The stop silent frame comprises a frame containing a code that is
transmitted to the receiver and indicates to the receiver that active data
communication is requested. It is thus contemplated that the receiver may monitor for
an incoming frame and upon detection of an incoming frame, such as the stop silent
frame sequence, then the receiver may resume active communication.

[029] Alternatively, the system, namely transmitter / receiver pair, may be

configured to await the next sync frame 220 to restore active communication. Thus,
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in this configuration, the receiver and transmitter can only resume active
communication at one of the predetermined times.

[030] Thereafter, at frame sequence 232 active communication resumes. In one
embodiment, it is contemplated that data may be contained in the sync or idle frames.
This allows for a slow rate data exchange, but still maintains the power saving
benefits. This may be beneficial when only a low data rate is required or only a small
amount of data need be periodically sent. Thus, data could be transferred for M ‘on
frames’ for very N ‘off frames’. Overhead and housekeeping data, such as timing
information or precoder coefficients could also be sent. In either situation, the timing
lock and frame sync may be maintained. And a wake cycle to refresh DSP
coefficients is not necessary.

[031] In one example embodiment, during idle mode, instead of continually
transmitting, receiving, and processing idle frames, which consumes substantial
power, the system enters power save mode and only transmits idle or sync frames
every M out of X frames and is silent, i.e. powered down to some extent, N out of the
X frames. M plus N equal X and the value of N is contemplated as being greater than
the value of M. The values M, N, and X may be any positive whole number.

[032] By way of example, during a 10 frame window during idle mode (power save
mode), one (N) idle symbol frame may be sent and the system will be silent (powered
down) for the remaining 9 (M) frames. As a result, notwithstanding standing leakage
current, for the components that are powered down there is a 90% power savings. In
addition, the transmit processing, receive processing is also the most power intensive

aspects of the communication system. Even though other aspects of the transceiver
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may remain active and powered up, by substantially reducing the power consumption
of these aspects, overall power consumption is greatly reduced. It is also
contemplated that leakage current may be reduced or eliminated by gating off power
connections to one or more devices.

[033] For communication systems that remain idle for long periods, such as when
the user is on the phone, away at lunch, in meetings, and at nights, the power savings
can be substantial. The power savings are further increased if the ratio of idle frames
to silent frames is increased, such as 100 to 1 or 1000 to 1. Based on testing and
estimation, the time between transmission of an idle frame during idle silent periods
can be up to minutes. It is contemplated that the period between transmission of an
idle or sync frame during a silent periods could be any ratio or time depending on
network and communication usage, priority, and desired power saving, keeping as an
outer time limit a time which maintains system timing, synchronization, and
adaptation.

[034] One factor which may determine the ratio of silent periods to idle frame
transmit periods, i.e. time periods between transmission of frame(s) containing idle
frames is the rate of change of the channel in terms of the channel echo and crosstalk
signature. It is contemplated that adaptation of one or more filters within the
communication system may be sufficiently maintained by the exchange of the idle
symbols during transmit frames even though the transmit frames may be spaced
between significant periods of silent frame, 1.e. time periods when the system is silent
and powered down to some extent. In such an embodiment, seconds or minutes may

pass between transmission of the idle symbols and adaptation will occur based on
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analysis of the idle symbol during the transmit frame sufficient to maintain the
communication link and the optimal (full rate) transmit rate. Due to the short duration
in which sufficient synchronization and adaptation may occur, only a few sync or idle
frames need be transmitted to maintain the transceiver.

[035] Dliring such idle states, it is contemplated that the timing circuit may be
maintained in an active state, to maintain synchronization, but the clock to the echo
and next cancellers may be disabled. Other components of the system may be
enabled and disabled as desired. As can be appreciated in CMOS applications,
eliminating the clock eliminates the power draw, except for leakage current.

[036] As a result of the sufficient adaptation during the transmit frame during idle
state and maintaining the timing circuit active during idle state, the communication
system may rapidly reactivate and enter full rate communication with minimal
latency. For example, in contrast to other proposed power reduction schemes, which
may take in the milliseconds or more to restart to full rate mode, the method and
apparatus for power reduction disclosed herein is able wake to full rate
communications in within microseconds or less. Recovery time may depend on the
number of silent frames in relation to the number of idle symbol transmit frames. For
example, a high performance network or user may recover faster as based on
administrator settings which set a fewer number of silent frames between transmit
frames. A standard or low level network or user may increase the number of silent
frames between idle symbols (transmit frames). Power savings vary accordingly.
The settings may be established by a network administrator and be based on user,

network link, network, time of day, date, or type of frame or activity.
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[037] In addition, even during idle periods, when a user is not demanding data
exchange, a physical change in the echo and crosstalk signature which is sufficient to
require significant adaptation or retraining, can be detected upon reception of a
transmit frame, containing an idle syrﬁbol(s) and the significant adaptation or
retraining may occur before a user even requires full rate data exchange. If a need for
retraining is detected, additional symbols may be sent to achieve such retrain.
Thereafter, the system may return to idle mode. As a result, even a physical change to
channel or surrounding channels may be detected and adapted to before a user
requires full rate data exchange. This is true because it is unlikely the physical change
(or any significant change requiring a full retrain) to the channel will occur at the
generally same exact time that a user initiates a return to active mode.

[038] It is further contemplated that there may be different levels of idle or power
saving states. In one such state, the clock may be disabled from select components.
In another state, all power is cut to select components, which will eliminate power
consumption from leakage current.

[039] Figure 3 illustrates a block diagram of an example embodiment of the present
invention. This is but one example embodiment of a power saving transceiver and as
such, it is contemplated that other embodiments may be created which do not depart
from the claims that follow. In this example embodiment an input/output (I/O) port
304 provides a signal to a transceiver 306. Receiving the signal inside the transceiver
306 is a hybrid 308, which is known by those of skill in the art as a signal splitter.
The I/O port 304 may comprise any type input and have any type connector or

number of channels. In one embodiment, the input comprises one or more twisted
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pair conductor. The hybrid 308 connects to a transmitter 316 and receiver as shown
and as is understood in the art. The hybrid 308 has an output that connects to the
receiver 312. The receiver 312 includes apparatus that process incoming signal to
establish the signal for use by higher level applications. The hybrid 308 receives an
input from the transmitter 316 as shown. The transmitter 316 includes apparatus that
process incoming signals from higher level application to establish signal for
transmission over a channel. These elements are not shown in detail in this example
block diagram. In one embodiment the receiver and transmitter operation is
according to Ethernet protocol. In one embodiment the receiver and transmitter
operate at 10Gbits per second. The transmitter 316 and receiver 312 connect to the
upper level application layers via input/output ports 350A, 350B.

[040] A detector 320 connects to and monitors the transmit and receive paths as
shown. The detector may comprise any hardware, software, or combination thereof,
configured to detect frames or communication on the monitored paths. The detector
320 may also connect directly to the receiver and/or transmitter as shown to thereby
access the internal components of the receiver and transmitter.

[041] Connecting to the detector 320 is a controller 324. The controller 324 may
comprise any controller or processor capable of monitoring for idle symbols, causing
the communication system to enter a silent period, and thereafter, restoring active data
communication.

[042] The controller 324 also connects to a counter or timer 328, a clock 332, and a
memory 340. It is contemplated that the controller 324 may connect to or

communication with additional components in the transmitter 316 and receiver 312.
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In this example embodiment the counter or timer 328 is configured to determine when
to enter silent power save mode, and determine when to synchronize and adapt during
silent power save mode. It is also contemplated that instead of a timer or counter, a
clock signal may be used. The memory 340 may store machine readable code for use
by the processor or controller 324. The memory may also store operation parameters
including, but not limited to time before entry into power saving mode, the sync and
adaptation schedule, such as how often to sync or adapt during silent periods, and how
long to signal before resuming operation or any other operation parameter. The clock
332 may comprise a common clock shared by the transmitter 316 and the receiver
312. In one embodiment, the controller 324 may shut down the clock, or switch the
clock away from the transceiver components as part of the silent power save mode.

[043] In operation, the transmitter 316 transmits data over the channel. The receiver
312 may be receiving data during transmission depending on various factors. During
operation, the system may enter an idle state, wherein a user or machine is not
transmitting active data over the /O port 304. At such time, the transmitter 316 will
enter a idle state and begin transmitting idle frames. Concurrently the timer 328 and
controller 324 may communicate to initiate a timer running. Alternatively, the
controller 324 may count or track the number of idle frames sent over the channel.
When a predetermine amount of time has passed while transmitting only idle frames
or a predetermined number of idle frames have been sent, then the controller initiate a
power down operation to reduce power consumption during periods of non-use. In
one embodirﬁent, this comprises powering down the transmitter. In one embodiment,

this comprises powering down the transmitter and receiver. In one embodiment, this
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comprises powering down the clock or switching the clock away form the transmitter
and/or receiver. In one embodiment, this comprises removing bias from the
transmitter and/or receiver.

[044] Upon entering power down mode, the transmitter 316 stops transmitting
frames for a predetermine time period or frame period. Consequently, it is
contemplated that the receiver processing at the opposing transceiver may likewise be
synchronized and placed in reduce power consumption mode. This state may be
considered a silent state and may last for any predetermined period of time.

[045] At the start of the silent state, the timer 328 or other counting element may
monitor the time from the start of the silent period. After a predetermined amount of
time, the controller 324 will cause the transmitter to generate and sent a sync frame or
an idle frame. Upon receipt, the opposing receiver can process this known sync frame
or an idle frame to maintain and update the receiver settings. For example, it is
contemplated that timing and clock synchronization may occur as well as adaptation
for changing channel conditions.

[046] This pattern may continue wherein the system does not transmit idle frames
when in power savings mode but will periodically, at a time known to both the
transmitter and receiver, send and process sync or idle frames. This sync or idle
frames are processed so that when active data communication is restored, the system
may quickly restore communication without having to undergo a full retrain sequence.
[047] Active data communication may be restored in two different ways. In one
embodiment, the restoration of active data communication can only occur at the

predetermined time for a sync or idle frame when in silent mode. In such an
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embodiment, the sync or idle frame may be supplemented or replaced with a restart
code frame that signals the opposing receiver to restore active data communication.
[048] Alternatively, the detector 320 may monitor the transmit path or receive path
as shown in Figure 3 for incoming idle or other type frames during a silent period. If
idle or other type frames are detected then the detector 320 may signal the controller
324 to restore active data communication. This may occur by reversing the steps
taken to enter power saving mode. In either embodiment, an acknowledgement may
be sent from the opposing transceiver that the request to restore active communication
has been received and acknowledged.

[049] It is also contemplated that the predetermined time period between syncing or
adaptation when in silent mode may be set by the user or the communication system
controller 324. In such an embodiment, the channel characteristics and rate of change
may be monitored. If the change conditions are subject to change, then the sync
frame and adaptation may occur more frequently.

[050] In the case of Ethernet, 10GBASE-T type Ethernet utilizes a fixed-length
LDPC PHY frame, which may be referred to a set framing. This set framing interval
may be utilized to signal reduced frame speed. As such, the receiver can alternate
between ‘off” or silent frames without burning signal processing decoding power. IN
addition, near and far end frames can be staggered for additional savings when frames
are received. Stated another way, opposing transceivers may alternate the time at
which they send sync frames. In this manner, it is contemplated that returning to high
rate active data communication may occur within a single frame. Likewise, other

PHYs can be structured similarly using period sync or idle symbols and their PCS’s.
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[051] Figure 4 illustrates an example communication system receiver, such as may
be implemented in an Ethernet communication system in an on or active state. In this
embodiment, communication channel (not shown) connects to a connector 404. The
signal passes through the connector to a data path 408 where processing of the signal
may occur to recover the data. Echo cancellation and crosstalk cancellation may
occur within the data path 408. Each element is descriptively labeled within Figure 4
and as such, each element is not discussed in detail herein beyond that described
above and below. A control section 112 generates a clock signal and maintains
synchronization of the receiver based on a reference frequency. The data path 108
receives the clock signal from the control section 112. During active data exchange
operation occurs in the system of Figure 4 as is understood in the art. Also included
in this embodiment is one or more control elements configured to monitor for idle
periods and enter/exit idle state as described herein. This may be enabled in
hardware, software, or a combination of both.

[052] In this example embodiment, the transceiver is shown in an on state and it is
contemplated that in this on state, all of the elements shown in Figure 4 are on,
powered up, and active. This state would be considered a prior art power
consumption state since all elements are active.

[053] Figure 5 illustrates a detailed block diagram of an example embodiment of a
transceiver in a power save state such that the elements of the data path of powered
down. Powering down these elements may occur in any manner known now or in the
future. In one embodiment, the elements are powered down by switching out the clock

signal to these elements which substantially reduces power consumption. In a second
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embodiment, the elements are powered down or have the clocks or supply voltages
switched or gates. This may eliminate leakage power consumption as well, at the cost of
slightly longer recovery time. In one embodiment of the power save state, the block
elements shown in dashed lines may be powered down during power save state. This
save substantial amount of power and reduces heat generation. In one embodiment, the
PCS and PMA synchronization is maintained. This enables blinder return to active data
communication at a high rate. This method and apparatus also overcomes the drawback
with simply reducing data transmit rate. In particular, because different data rates utilize
different PCS elements restoring status to a higher rate requires a time consuming re-
activation of the higher rate PCS. Thus, when transitioning up from one data rate to a
higher rate, the high rate PCS would have to be activated, which takes longer than the
method and apparatus proposed herein.

[054] Figure 6 illustrates an operation flow diagram of an example method of
transition into and out of power save state. At a step 600 the system monitors the
activity status of the communication link. The monitoring occurs to determine if the
link is active, such as exchanging data, or idle and simply consuming valuable power
transmitting, receiving and processing idle symbols. After a set time period of
exchanging idle symbols the system will enter idle state, which may also be referred
to herein as power save state. This occurs at step 604. The amount of time may be
established by the manufacture, network installer, or network administrator.

[055] At a step 608, the system determines the idle state operational parameters.
The idle state parameters may include the degree to which systems are modified or

shut down to reduce power consumption. For example, there may be varying levels
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of power consumption which correspond to different changes to the communication
system. In one embodiment, the clock to the data processing path is switched off. In
addition, the idle state parameters may include the time between transmission of idle
frames and silent frames during idle state. This may be referred to as the silent frame
ratio.

[056] At a step 612, the system turns off the clock to the data path and stops
transmitting and idle symbols. The transmitter may go silent for any number of silent
frames depending on the silent frame ratio. This reduces power consumption. The
timing functions of the receiver/transmitter may remain on to maintain
synchronization. At a step 616, the system initiates a timer or other monitoring
system to determine when to receive and/or transmit one or more idle symbol
frames(s). In one embodiment, the system performs time synchronized monitoring to
determine when to send a silent frame. In one embodiment, a predetermined number
of silent frames may be sent before a transmit frame occurs.

[057] Then, at a step 620, the system detects or determines the assigned time period,
(or frame number) to transmission/reception of an idle symbol and turns on the clock
to the data path. In other embodiments, other events may occur to activate the
receiver/transmitter system. Then, at step 624, the communication system receives a
frame. It is contemplated that at this stage, the frame may be analyzed to determine if
the frame is data or idle symbols. This occurs at decision step 628. If at decision step
628 a data frame is detected, then the operation advances to step 632, wherein the

communication system is restarted or is maintained in active mode and continues
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communication at full rate. Thereafter, the operation returns to step 600. After active
communication, the system may return to power save mode as described above.

[058] Alternatively, if at decision step 628 the system detects an idle symbol, then
the system may stay in power save mode. The operation advances to step 636 to
process the idle frame to maintain system synchronization and adapt to any changes in
channel condition. By processing the idle symbols, which are periodically received,
the communication system is capable of returning to full rate communication at any
time with minimal delay.

[059] The method and apparatus disclosed herein overcomes the challenges of how
to transition rapidly from power save state to active data communication. By sending
a sync or idle symbol for synchronization and adaptation periodically during silent
mode, the settings of the transceivers may be maintained current. Restoring active
data communication may occur quickly. It is contemplated that with this method and
apparatus autonegotiation can be bypassed. In one embodiment, transition time of 1
microsecond may be possible.

[060] The following definitions relate to the abbreviations utilized in the slides,
which are part of this provisional application. |

PHY's — Physical layer transceiver devices

10GBASE-T — 10 gigabit Ethernet transceiver designed to run on twisted-pair copper
media

PCS — Physical Coding Sublayer — a sublayer of a PHY that defines how bits are

encoded and grouped for transmission, and decoded on reception
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PMA — Physical Media Adaptation (sublayer) — a sublayer of a PHY that defines how
encoded and grouped bits are mapped to electrical signals for transmission and
received/demapped on reception. This sublayer is also responsible for any signal
processing and conditioning necessary for reception.

LDPC — Low Density Parity Check code. LDPC codes are powerful forward error
correction codes used in the 10GBASE-T PCS.

DSP - Digital Signal Processor (a way of implementing the PMA)

Acronyms in the block diagram:

DAC — Digital to analog converter

TxTH Precoder — Transmitter Tomlinson-Harashima Precoder — a signal conditioning
device used to provide high-performance equalization for coded systems.

XGMII Interface — The 10(X) Gigabit Media Independent Interface. A PHY-neutral
interface defined by IEEE Std. 802.3-2005 between the MAC and PHY layers. The
XGMII interface is highly parallel (32 bits wide), hence the use of the XAUI interface
externally.

XAUI - The 10(X) Gigabit Attachment Unit Interface SERializer/DESerializer. A 4-
lane serial interface (and it’s associated serializer/deserializer hardware) defined to
efficiently transmit 10 Gigabit Ethernet interfaces across printed circuit board traces.
LNA — Low Noise Amplifier — used in the receiver front end to amplify the weak
received signal without adding excess noise.

PGA — Programmable Gain Amplifier — used to adjust the level of the receive signal.
RxADC - Receiver Analog to Digital Converter — converts the received signal to

digital words for digital signal processing.
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PLL - Phase Locked Loop — a device used for timing recovery and clock generation.
MDIO —- Management Data Input/Output — an interface defined by 802.3-2005 used to
access management registers in an Ethernet device.

[061] The principles discussed herein may apply to any other type communication
system, including but not limited to 10GBASE-T, 1000BASE-T, and 100BASE-T.
Other systems, methods, features and advantages of the. invention will be or will
become apparent to one with skill in the art upon examination of the following figures
and detailed description. It is intended that all such additional systems, methods,
features and advantages be included within this description, be within the scope of the
invention, and be protected by the accompanying claims.

[062] While various embodiments of the invention have been described, it will be
apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible that are within the scope of this invention. In addition,
the various features, elements, and embodiments described herein may be claimed or

combined in any combination or arrangement.
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CLAIMS

What is claimed is:

1. A method for reducing power consumption in an Ethernet communication
device comprising:

monitoring for an idle frame;

upon detecting a predetermined number of idle frames, entering a reduce
power consumption state in which idle frames are not processed,;

monitoring for a transmit period;

responsive to a transmit period, receiving one or more idle or training frames;

optionally adapting the communication system based on one or more of the
one or more idle or training frames; and

re-entering a reduced power consumption state in which idle frames are not

processed.

2. The method of Claim 1, wherein the predetermined number of idle frames

comprises one idle frame.

3. The method of Claim 1, wherein monitoring for a transmit period comprises

receiving a timer output, wherein the timer output signals the transmit period.

4. The method of Claim 1, wherein optionally adapting comprises:
analyzing the idle or training system to determine channel conditions;
comparing the channel conditions with prior channel conditions;
adapting the communication system if the comparing reveals a change

in channel conditions greater than a threshold.

5. The method of Claim 1, further comprising receiving an activate frame and,

responsive thereto, restoring data communication.
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6. A method for maintaining a communication link during periods of non-use of
the communication system comprising:
detecting an idle period in a communication system;
responsive to the idle period, initiating a counter or timer for a first time
period, as part of an idle frame sequence;
sending idle frames during the idle frame sequence;
monitoring for an end of the first time period and responsive to the end of the
first time period;
stopping the sending of idle frames;
initiating a counter or timer to start a second time period,;
monitoring for the end of the second time period and responsive to the end of
the second time period sending a sync or idle frame to an opposing receiver;
receiving and processing the sync or idle frame at the opposing receiver to

maintain one or more settings of the opposing receiver.

7. The method of Claim 6, wherein counter or timer times a predetermined

period of time.
8. The method of Claim 6, wherein counter or timer counts or track frames.

9. The method of Claim 6, wherein stopping the sending of idle frames

comprises sending no signal.
10. The method of Claim 6, further comprising resetting the second time period.

11.  The method of Claim 6, wherein maintaining one or more settings of the

opposing receiver comprises performing timing synchronization, adaptation, or both.

12. The method of Claim 6, wherein stopping the sending of idle frames further

comprise powering down one or more aspects of a transmitter.
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13. A system for saving power in a communication device comprising
an input/output port configured to connect to one or more channels;
a transmitter configured to transmit data over the channel via the input/output
port;
a controller configured to interface with the transmitter, the controller
configured to:
detect idle periods;
control the transmitter to initiate a silent period by no longer sending a
signal over the channel after a predetermined idle period;
reactivate the transmitter periodically to send sync or idle information,
the sync or idle information to be used by an opposing receiver to maintain the
opposing receiver settings;

reactivate the transmitter in response to active data to be transmitted.

14.  The system of Claim 13, further comprising a detector, the detector configured

to detect incoming or outgoing signals.

15.  The system of Claim 13, further comprising a timer configured to time idle

periods.

16.  The system of Claim 13, further comprising a memory configured to store

information regarding the length of a predetermined idle period.
17. The system of Claim 13, wherein the system further comprises a clocking
system having a clock signal, and during a silent period the clock signal it not

provided to two or more transmitter apparatus.

18. The system of Claim 13, wherein during the silent period, the controller turns

off one or more aspect of the transmitter.
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19. The system of Claim 18, wherein during the silent period, one or more aspects

of the opposing receiver are also turned off.

27



PCT/US2008/012749

WO 2009/064439

4

B4

zee 622 y22 022 ol¢ [A%4 80¢ 02
S0 S S S S G G
ejeq | weps dois | Jusjs ° WIS [OUAS | @ e e | JUB|IS | JudlIS HEIS | 3IP e o| 9P| | BJEQ

Yy Joud
L ‘b1 :
AR 801 Y01
eleqg eleqd Ellol| o o 3P| 3P| eleq o o 0 eleq eleqd eleqg

1/5



PCT/US2008/012749

WO 2009/064439

¢ "Bi

ZLE Xy
sjusuodwo?) J1aA1809Y
g0s¢ 0
ove vece
faowapy e 19|j0u0D
Y VY
H 0Z<
zZse JojosleQ
8z¢
20
«V_ 1D sl \
9lL€
sjusuodw o Japiwsuel
O 1 80¢
x| PuaAH
V0SE

v0€

®

90¢

Hod O/l

2/5



PCT/US2008/012749

WO 2009/064439

b1

IYYY)

SI9AI
ou._n_ Jojelpuag
¢l TOH1INOD ; seig

J0aW y

e I PIR s1s169y <> 2014 103U0) | .| aoepdju]

OI1aW OIdW h "1 jonuod
OIanW SINpow >
D Yoo | | Tid gt Joy baug
Japodag Lw_._rwumcn_mu y
R s 2dai = av xy [ °)d |- vod
aguensaq | | UaNRa 7]
x X4 S2d '
x P xXd VINd ﬁ
n M
g | 3 80y N1
2| |8 HLvdY.1va
> 2 13poou] yov
~ ~ 2dal . Buipodaid
> J|quens HIXL VIAd
X1 S3d avaxi
> »{ PUgAH Sonauben (@l | TN

3/5



PCT/US2008/012749

WO 2009/064439

SIaAT]
437 om.._o J0jessuan
TOYINOD ; e
JawW
| ooepeur | sty | [0 6nu0g < »| 20BHAI
OIdnW OIdW [013U0D)
OIaW
npoly >

uso Joo) [

) B
—_ — —_—— — I
Tt I _ r | 19j[eoue) | % —_——
<~ | “epooeqg xad — — 1. | |
> _ 1 [ 2dd] AN/ow3 r|_ Jav Xy o e vod
B | se1quesnsag | L g ]
| | _ | ssz11BNb3 | — — — — L
g lag LTy e - f
= —
sl EN T T .
S —
- S - I 80% g |
IR AR | | Hlvdviva | | |
|||H“1|"_ _nv_ v _.V_ h%%n_u“m | | buiposag | " A\
— 11> _ | saiquens _IV_ HIXLVWG | | !
> | xsod |y OvaxL !
o | | _ _ | — ol pugAH
= = | — — — ] __ HARH |a—p

sonaubey

Joy baiy

14%%

®

YOLD3INNOD

> G

4/5



WO 2009/064439 PCT/US2008/012749

600

=
-

Monitor Activity Status of Communication Link

¢ 604

=

Enter Idle State due to Inactivity of Communication Link

‘ 608

Determine Idle State Operational Parameters Including Silent |5~
Frame Ratio

l 612

Turn Off Clock to Data Path and Stop Transmitting Symbols |
during Silent Frames To Reduce Power Consumption
I 616

P

Initiate and Monitor Timer to Determine When to Receive and/
or Transmit Idle Symbol Frame

i 620

Detect Assigned Time Period for Transmit/Receive of Idle S
Symbol Frame and Turn On Clock to Data Path

‘ 624

=

Receive Frame

628 )/632
Data F Continue Active
I?j |ae Sra:t;aOIor Data Communication
Frarze ? Session at Full
' Data Rate
636
B

Process Idle Symbol Frame and Adapt System

Fig. 6

5/5



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings

