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(54) CHANNEL TRAINING USING A REPLICA LANE

(57) Systems, apparatuses, and methods for utilizing
training sequences on a replica lane are described. A
transmitter is coupled to a receiver via a communication
channel with a plurality of lanes. One of the lanes is a
replica lane used for tracking the drift in the optimal sam-
pling point due to temperature variations, power supply
variations, or other factors. While data is sent on the data
lanes, test patterns are sent on the replica lane to deter-
mine if the optimal sampling point for the replica lane has
drifted since a previous test. If the optimal sampling point
has drifted for the replica lane, adjustments are made to
the sampling point of the replica lane and to the sampling
points of the data lanes.
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Description

BACKGROUND

Technical Field

[0001] Embodiments described herein relate to data
communication and more particularly, to performing
training of bit-serial data links.

Description of the Related Art

[0002] The data throughput of integrated circuits con-
tinues to increase as applications’ demand and con-
sumption of data increases. For example, the rate of im-
provement in microprocessor speed continues to exceed
the rate of improvement in memory speed. Increasing
the rate at which data is transmitted increases the timing
requirements of the circuitry used to transmit and receive
the data. In many circuits utilized in computing devices
and computing systems, data is transferred within these
circuits using a global clock. For example, the rising edge
of the clock may load the data coming in to a flip-flop,
and then the data can be passed on or processed from
the flip-flop. In some scenarios, a single clock is used in
a data bus of multiple data lanes, with each data lane
carrying a separate serial bitstream. However, this limits
the speed of the data bus because the transition of the
clock has to be used for the whole data bus, but some
bits of data may take longer to get down the bus relative
to other bits of data. If the variation between data lanes
is too high, then a location for placing the clock edge to
correctly clock in the whole data bus may not exist. Ad-
ditionally, temperature or voltage variations may cause
a phase alignment of a lane to drift over time. Correcting
for such variations can cause a disruption in the flow of
data, interrupting important operations and delaying the
transfer of data.

SUMMARY

[0003] Systems, apparatuses, and methods for per-
forming training of a bit-serial data link are contemplated.
[0004] In one embodiment, a training sequence is im-
plemented to test delay settings between a transmitter
and a receiver. The transmitter is coupled to the receiver
via a communication channel of multiple data lanes. In
one embodiment, the communication channel includes
an extra replica lane. This extra replica lane may also be
referred to as a periodic tracking (PT) lane. In various
embodiments, the replica lane does not carry system da-
ta. Rather, the replica lane is configured for the transmis-
sion of test data only. The transmitter periodically exe-
cutes a series of training sequences on the replica lane
while the data lanes are carrying normal system data.
The training sequences are performed in order to detect
small timing changes on the replica lane due to temper-
ature variations, power supply variations, and/or other

factors. When a change is detected in the phase timing
of the replica lane, control logic updates the phase timing
in the replica lane and in the regular data lanes.
[0005] In one embodiment, the transmitter sends a test
pattern on the replica lane while simultaneously sending
first data on at least a second lane of the channel. If the
receiver detects one or more errors in the received test
pattern on the replica lane, the transmitter and/or receiver
determines that a sampling point is misaligned on the
replica lane. In response to determining that the sampling
point is misaligned on the replica lane, the transmitter
and/or receiver performs a first adjustment to the sam-
pling point of the first lane and performs the first adjust-
ment to a sampling point of the second lane. The first
adjustment to the sampling point of the second lane is
equivalent to the first adjustment to the sampling point
of the replica lane. After making the first adjustment to
the sampling point of the second lane, the transmitter is
configured to send second data on the second lane.
[0006] These and other features and advantages will
become apparent to those of ordinary skill in the art in
view of the following detailed descriptions of the ap-
proaches presented herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and further advantages of the meth-
ods and mechanisms may be better understood by re-
ferring to the following description in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram of one embodiment of a
transmitter and a receiver of a computing system.
FIG. 2 is a timing diagram of one embodiment of
performing a training sequence on a replica lane.
FIG. 3 is a block diagram of one embodiment of a
system with a transmitter and a communication
channel.
FIG. 4 is a block diagram of one embodiment of a
system with a receiver and a communication chan-
nel.
FIG. 5 is a diagram of one embodiment of a data eye.
FIG. 6 is a generalized flow diagram illustrating one
embodiment of a method for adjusting the phase tim-
ing of a multi-lane channel.
FIG. 7 is a generalized flow diagram illustrating an-
other embodiment of a method for utilizing a replica
lane to adjust sampling points on other lanes of a
channel.

DETAILED DESCRIPTION OF EMBODIMENTS

[0008] In the following description, numerous specific
details are set forth to provide a thorough understanding
of the methods and mechanisms presented herein. How-
ever, one having ordinary skill in the art should recognize
that the various embodiments may be practiced without
these specific details. In some instances, well-known
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structures, components, signals, computer program in-
structions, and techniques have not been shown in detail
to avoid obscuring the approaches described herein. It
will be appreciated that for simplicity and clarity of illus-
tration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions
of some of the elements may be exaggerated relative to
other elements.
[0009] Referring now to FIG. 1, a block diagram illus-
trating one embodiment of a transmitter 105 and a re-
ceiver 110 of a computing system 100 is shown. Trans-
mitter 105 is coupled to receiver 110 via channel 155.
Channel 155 includes any number of data lanes, depend-
ing on the embodiment. Channel 155 also includes a rep-
lica lane, a clock lane, and/or one or more other lanes.
Computing system 100 also includes clock 145, clock
150, and one or more other components not shown to
avoid obscuring the figure. For example, computing sys-
tem 100 includes one or more processing units (e.g.,
processor, processor core, programmable logic device,
application specific integrated circuit), one or more mem-
ory devices, and/or other components. The one or more
processing units are configured to execute instructions
and/or perform one or more types of computations (e.g.,
floating point, integer, memory, I/O) depending on the
embodiment. In various embodiments, the components
of computing system 100 are interconnected by one or
more communication buses. In one embodiment, trans-
mitter 105 and receiver 110 are in the memory path of a
processor. In various embodiments, the memory coupled
to the processor is a double data rate synchronous dy-
namic random-access memory (DDR SDRAM). In other
embodiments, the memory is implemented using other
types of memory devices.
[0010] Transmitter 105 includes buffer 115 coupled to
channel 155. In one embodiment, buffer 115 is a tri-state
buffer for driving an output on channel 155 or creating a
high impedance state when transmitter 105 is waiting to
receive feedback from receiver 110 on the status of a
training sequence. Transmitter 105 also includes control
logic 135 for generating training sequences, controlling
delay settings for the lanes of channel 155, and/or per-
forming other functions. Transmitter 105 also includes
counter 125 for counting supercycles. In various embod-
iments, a supercycle is ’N’ clock cycles long, with ’N’ be-
ing a positive integer. For example, in one embodiment,
a supercycle is eight clock cycles long, while in other
embodiments, the supercycle is other numbers of clock
cycles. In one embodiment, clock 145 provides the clock
signal for clocking counter 125.
[0011] Receiver 110 includes buffer 120 for connecting
to channel 155. In one embodiment, buffer 120 is a tri-
state buffer for driving a feedback result on channel 155
or creating a high impedance state when receiver 110 is
receiving data from transmitter 105. Receiver 110 alsos
include control logic 140 for detecting training sequence
indications on channel 155, comparing received test pat-
terns to expected values, controlling delay settings for

the lanes of channel 155, and/or performing other func-
tions. Receiver 110 also includes counter 130 for count-
ing supercycles. In one embodiment, clock 150 provides
the clock signal for clocking counter 130. In another em-
bodiment, receiver 110 uses a clock signal received on
channel 155 as the clock signal for clocking counter 130.
[0012] Transmitter 105 is configured to send test pat-
terns over the replica lane and one or more data lanes
of channel 155. The test patterns are utilized to determine
the optimal sampling points of the replica lane and the
data lane(s) of channel 155. The delay of the replica lane
and the data lane(s) is adjusted based on the results of
the test patterns and then normal data operation may
begin. On a periodic basis, transmitter 105 is configured
to send additional test patterns over the replica lane while
the data lane(s) are carrying system data. If system 100
determines that the optimal sampling point for the replica
lane has drifted since the previous test, then system 100
adjusts the sampling point of the replica lane so that it
aligns with the optimal sampling point. System 100 also
makes the equivalent adjustments to the sampling points
of the data lane(s). In this way, a drift in the sampling
point of the data lanes due to temperature variations,
power supply variations, and/or other factors is corrected
without interrupting the flow of system data.
[0013] Receiver 110 is configured to capture the test
patterns sent by transmitter 105 on the replica lane and
data lane(s). Receiver 110 then checks the captured test
patterns for errors. In one embodiment, after sending the
training pattern, transmitter 105 disables buffer 115 and
waits for receiver 110 to send feedback regarding the
captured test patterns. Receiver 110 enables buffer 120
and sends the feedback to transmitter 105 after deter-
mining if any errors were detected in the captured test
patterns. Transmitter 105 captures the feedback and
then uses the feedback (along with the feedback from
other tests with other delay settings) to determine the
data valid period (or "data eye") of the given data lane.
After capturing the feedback, transmitter 105 determines
whether to perform another test or to return to normal
data operation. In another embodiment, receiver 110
makes adjustments to the delay settings of the replica
lane and data lane(s) based on the number of detected
errors in the captured test patterns.
[0014] System 100 is representative of any type of
computing system or computing device which includes
a transmitter 105 and a receiver 110. For example, in
various embodiments, system 100 is a computer, a serv-
er, a compute node, a processor, a processing device,
a programmable logic device, a memory device, a
processing in memory (PIM) node, a mobile device, a
television, an entertainment system or device, and/or oth-
er types of systems or devices. System 100 also includes
any number of other transmitters and receivers in addi-
tion to transmitter 105 and receiver 110.
[0015] Turning now to FIG. 2, a timing diagram 200 of
one embodiment of performing a training sequence on a
replica lane is shown. The training sequence is imple-
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mented between a transmitter (e.g., transmitter 105 of
FIG. 1) and a receiver (e.g., receiver 110 of FIG. 1) over
a multi-lane channel (e.g., channel 155). The multi-lane
channel includes a replica lane and a plurality of data
lanes for carrying system data.
[0016] The cycles of the system clock 202 are shown
in the top row of timing diagram 200. In one embodiment,
the cycles shown in the clock 202 row of timing diagram
200 represent supercycles. A supercycle is ’N’ system
clocks, where ’N’ is a positive integer greater than one
and where ’N’ is stored in a programmable register. In
one embodiment, both the transmitter and the receiver
include counters to count supercycles. In one embodi-
ment, a supercycle is eight clock cycles in length, and
the counters are modulo-8 counters. In other embodi-
ments, the supercycle is other numbers of clock cycles.
Replica lane state 204 shows the state of the replica lane
of the channel during the clock cycles shown in timing
diagram 200. Replica lane 206 shows the data being sent
on the replica lane. Similarly, data lanes state 208 illus-
trates the state of the data lanes and data lanes 210
shows the data being sent on the data lanes during the
clock cycles shown in timing diagram 200.
[0017] During an initial testing phase, the transmitter
sends test patterns to the receiver on the replica lane
and the data lanes. This is shown as test data 215 on
replica lane 206 and test data 220 on data lanes 210. In
one embodiment, the test pattern is a pseudo-random
binary sequence. Prior to sending the test pattern on the
replica lane and the data lanes, the transmitter sends a
training sequence indication to let the receiver know a
test pattern will be sent. When the receiver receives the
training sequence indication on a given lane, the receiver
gets ready to receive the test pattern on the given lane.
Test data 215 and test data 220 correspond to any
number of tests which are performed with different delay
settings.
[0018] The receiver receives the test patterns on the
replica lane and data lanes and check whether there are
any errors in the received test patterns. In one embodi-
ment, the receiver sends feedback about the presence
or absence of errors in the received test patterns to the
transmitter. This occurs during the "wait" state of the rep-
lica and data lanes. The system uses the results of the
test patterns to identify the data eye of each of the replica
lane and the data lanes. Then, based on the results of
the test data, the system updates the phase timing on
the replica lane and each of the data lanes. Each lane is
updated independently of the other lanes based on the
results of the received test patterns on the lane. It is noted
that if the results indicate a given lane is already config-
ured for the optimal sampling point, then the delay set-
tings of the given lane are not adjusted during an update
phase timing period.
[0019] After the first update to the phase timing of the
replica lane and the data lanes, the replica lane sits idle
while the data lanes carry system data 230. After a certain
period of time, the system tests the replica lane to see if

the phase timing of the replica lane has drifted. The sys-
tem continues to send system data 230 on the data lanes
while test data 225 is simultaneously sent on the replica
lane. Then, after test data 225 is sent, the system deter-
mines if an adjustment should be made to the phase tim-
ing of the replica lane. If the optimal sampling point has
drifted since the previous test based on the results of the
received test pattern(s) on the replica lane, then the sys-
tem updates the phase timing on the replica lane, which
is shown as update 235 in the replica lane state 204 row.
The system also performs the same update 240 to the
phase timing of the data lanes based on the assumption
that any drift on the replica lane will occur on the data
lanes as well. In various embodiments, updates to the
timing of the data lanes are performed while data trans-
mission is active on the data lanes (e.g., while transmit-
ting system data 230). In other embodiments, the data
lanes temporarily pause transmission of data while timing
parameters are adjusted during an update phase (e.g.,
240). Both approaches are contemplated. After the up-
dates 235 and 240 to the phase timing of the replica lane
and data lanes, respectively, the system returns to send-
ing system data on the data lanes while the replica lane
returns to an idle state. Going forward, the system con-
tinues to periodically test the replica lane and apply any
changes to the replica lane and data lanes if the phase
timing of the replica lane has drifted.
[0020] Referring now to FIG. 3, a block diagram of one
embodiment of a system 300 with a transmitter 305 and
a communication channel 320 is shown. Communication
channel 320 is representative of any type of communi-
cation channel connecting a transmitter 305 and a re-
ceiver (not shown). Communication channel 320 in-
cludes a replica lane 325A and any number of data lanes
325B-N depending on the embodiment. Replica lane
325A is configured to carry test data to determine if the
optimal sampling point has drifted since a previous test.
In normal data operation, replica lane 325A is not utilized
to carry system data but rather is idle. Each data lane
325B-N is configured to carry a serial bitstream of system
data. Communication channel 320 also includes a clock
lane (not shown) and/or one or more other lanes.
[0021] In one embodiment, transmitter 305 includes
control logic 310 and delay elements 315A-N. Each in-
dividual set of delay element(s) 315A-N includes one or
more delay elements to choose delay settings for a cor-
responding lane of lanes 325AN. In one embodiment,
the one or more delay elements include a coarse delay
adjustment and a fine delay adjustment to be applied to
a single lane of lanes 325A-N.
[0022] Transmitter 305 is configured to send test pat-
terns on all of the lanes 325AN to test delay settings on
lanes 325A-N during an initial testing period. For exam-
ple, this initial testing period occurs on start-up or after a
reset. After transmitting the test patterns, the transmitter
disables its output buffer (e.g. buffer 115 of FIG. 1). The
output buffer is a tri-state buffer that is switched to a high
impedance state by the transmitter 305 after the trans-
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mitter 305 has sent the test patterns to the receiver. After
a period of time of preparing the feedback, the receiver
activates its output buffer and sends the feedback to the
transmitter. In one embodiment, the feedback indicates
if there were any errors in the received test patterns. In
one embodiment, the feedback is a single bit. In other
embodiments, the feedback utilizes multiple bits to indi-
cate the number of errors. The transmitter receives the
feedback and utilizes the feedback to determine if the
current delay settings were inside or outside of the data
eye. After the transmitter receives the feedback, another
test is performed or the transmitter goes into normal data
operation
[0023] In one embodiment, transmitter 305 transmits
test patterns on each lane, and then the receiver (not
shown) sends feedback to the transmitter 305 with a
number of detected errors in each test pattern. Control
logic 310 of transmitter 305 then utilizes this feedback to
determine the data eye of each lane 325A-N. For exam-
ple, the transmitter sends a plurality of test patterns with
different delay settings for each lane 325A-N of channel
320. The feedback from the receiver for these test pat-
terns is used by control logic 310 to determine the location
of the data eye for each lane. Control logic 310 adjusts
each of delay elements 315A-N to cause the sampling
point on the receiver for the corresponding lane to cor-
respond to the optimal sampling point based on the lo-
cation of the data eye. Each of the adjustments to delay
elements 315A-N is made independently of the adjust-
ments to the other delay elements 315AN.
[0024] Then, after the phase testing sequence has
been performed on all lanes 325A-N, system 300 goes
into normal data operation. During normal data operation,
data lanes 325B-N are utilized to carry system data while
replica lane 325A is idle. In other words, replica lane 325A
is not used to carry system data. Then, during normal
data operation, system 300 periodically utilizes replica
lane 325A to perform phase testing to see if the phase
timing has drifted since the previous test. Depending on
the embodiment, phase timing on replica lane 325A drifts
based on temperature variations, power supply varia-
tions, and/or factors. System 300 performs the phase
testing on replica lane 325A while the data lanes 325B-
N are carrying system data. In this way, system 300 is
able to test the phase timing of replica lane 325A without
interrupting the flow of system data on data lanes 325B-
N.
[0025] If system 300 detects a drift in the phase timing
on replica lane 325A, then system 300 corrects the timing
of replica lane 325A by making an adjustment to delay
element(s) 315A. Also, system 300 makes the same ad-
justments to the other delay element(s) 315B-N which
will affect data lanes 325B-N. In many cases, the drift
that has occurred in the phase timing on replica lane 325A
will also have occurred on data lanes 325B-N. Accord-
ingly, system 300 is able to correct for the drift in phase
timing on all lanes 325A-N by only performing tests on
the single replica lane 325A. In one embodiment, system

300 is configured to perform these tests on single replica
lane 325A at regular intervals. In another embodiment,
system 300 is configured to perform tests on replica lane
325A in response to detecting one or more conditions
(e.g., increased error rate, temperature variation, power
supply variation).
[0026] Turning now to FIG. 4, a block diagram of one
embodiment of a system 400 with a communication chan-
nel 405 and a receiver 415 is shown. Similar to system
300 of FIG. 3, system 400 is configured to correct the
phase timing of data lanes 410B-N based on detecting
a drift in the phase timing of replica lane 410A. However,
in contrast to system 300, system 400 makes the correc-
tions in phase timing in receiver 415 using delay ele-
ment(s) 420A-N. In this embodiment, rather than sending
feedback to the transmitter (not shown), control logic 425
of receiver 415 utilizes the feedback on received test pat-
terns to make adjustments to delay element(s) 420A-N.
[0027] Referring now to FIG. 5, a diagram of one em-
bodiment of a data eye 500 is shown. Data eye 500 is
one example of a data valid period which is monitored
by capturing the bit transitions on a lane of a channel
(e.g., communication channel 320 of FIG. 3). In one em-
bodiment, a system (e.g., system 300) is configured to
perform multiple training sequences at different delay
settings to detect the boundaries of the data eye 500.
The system is configured to utilize feedback generated
by the receiver (e.g., receiver 110 of FIG. 1) regarding
the results of each test.
[0028] The system runs multiple tests at multiple delay
settings, and when the feedback goes from bad (i.e., one
or more errors) to good (i.e., no errors), the system rec-
ognizes that particular delay setting as coinciding with
the opening 510 of data eye 500. The system adds delay
in small increments and performs additional tests, and
when the feedback goes from good to bad, the system
identifies the closing 520 of data eye 500. The system
then takes the average of the opening 510 and the closing
520 to calculate the center 530 of data eye 500. The
delay settings corresponding to the center 530 of data
eye 500 are considered the optimal delay settings for the
given lane of the channel. In one embodiment, the system
performs these tests on the replica lane of the channel
and then utilizes the results of these tests to update the
delay settings for the data lanes of the channel.
[0029] Turning now to FIG. 6, one embodiment of a
method 600 for adjusting the phase timing of a multi-lane
channel is shown. For purposes of discussion, the steps
in this embodiment are shown in sequential order. It
should be noted that in various embodiments of the meth-
od described below, one or more of the elements de-
scribed are performed concurrently, in a different order
than shown, or are omitted entirely. Other additional el-
ements are also performed as desired. Any of the various
systems or apparatuses described herein are configured
to implement method 600.
[0030] A system with a transmitter coupled to a receiv-
er via a multi-lane communication channel implements
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training sequences on multiple lanes of the channel con-
currently (block 605). In one embodiment, the communi-
cation channel includes a replica lane and one or more
data lanes. As part of implementing training sequences
on multiple lanes of the channel, the system updates the
delay settings for the lanes to cause each lane to sample
the incoming data at the optimal sampling point.
[0031] Next, the system may utilize the data lanes for
normal data operation (block 610). During normal data
operation, the replica lane of the channel is idle. Then,
the system determines if a given amount of time has
elapsed since the last training sequence was implement-
ed (conditional block 615). For example, the system has
a timer which tracks the given amount of time, with the
given amount of time being programmable and varying
from embodiment to embodiment.
[0032] If the given amount of time has elapsed (condi-
tional block 615, "yes" leg), then the system implements
one or more training sequences on the replica lane while
simultaneously sending system data on the data lanes
(block 620). If the given amount of time has not elapsed
(conditional block 615, "no" leg), then method 600 re-
mains at conditional block 615. After block 620, the sys-
tem determines if the training sequences implemented
on the replica lane indicate that the optimal sampling
point for the replica lane has drifted from the previous
test (conditional block 625).
[0033] If the optimal sampling point for the replica lane
has drifted from the previous test (conditional block 625,
"yes" leg), then the system applies a first adjustment to
the delay settings of the replica lane to realign the sam-
pling point of the replica lane (block 630). The system
also applies the first adjustment to the delay settings of
the data lanes of the channel to realign the sampling
points of the data lanes (block 635). The system operates
under the assumption that any drift in the optimal sam-
pling point on the replica lane will also occur on the data
lanes. Accordingly, the system applies the same adjust-
ment to the delay settings of the data lanes that the sys-
tem applies to the delay settings of the replica lane. For
example, if a delay of a first amount was added to the
delay settings of the replica lane, then the delay of the
first amount is added to the delay settings of the data
lanes. If the optimal sampling point for the replica lane
has not drifted from the previous test (conditional block
625, "no" leg), then the system maintains the current de-
lay settings of the replica lane and the data lanes (block
640). After blocks 635 and 640, method 600 returns to
block 610 with the system continuing to utilize the data
lanes for normal data operation.
[0034] Referring now to FIG. 7, one embodiment of a
method 700 for utilizing a replica lane to adjust sampling
points on other lanes of a channel is shown. For purposes
of discussion, the steps in this embodiment are shown
in sequential order. It should be noted that in various
embodiments of the method described below, one or
more of the elements described are performed concur-
rently, in a different order than shown, or are omitted

entirely. Other additional elements are also performed
as desired. Any of the various systems or apparatuses
described herein are configured to implement method
700.
[0035] A transmitter sends one or more test patterns
to a receiver on a first lane of a multi-lane channel while
simultaneously sending first data on a second lane of the
channel (block 705). The transmitter and receiver are
components within a host system. The first lane may also
be referred to as a "replica lane". The one or more test
patterns are sent to the receiver on the first lane as part
of training sequences to test delay settings on the first
lane between the transmitter and the receiver. These
training sequences are used to determine the location of
the data eye for the first lane and to determine if the data
eye (and the corresponding optimal sampling point) has
shifted from a previous test.
[0036] Next, the system determines if a current sam-
pling point for the first lane is misaligned based on the
results of the test patterns received by the receiver (con-
ditional block 710). For example, the system runs multiple
tests on the first lane at multiple delay settings, and when
the received test patterns go from having one or more
errors to having no errors, the system recognizes that
particular delay setting as coinciding with the opening of
the data eye. The system adds delay in small increments
and performs additional tests, and when the received test
patterns go from having no errors to having one or more
errors, the system identifies the closing of the data eye.
The system takes the average of the opening and the
closing of the data eye to calculate the center (or optimal
sampling point) of the data eye. The system then deter-
mines if this new optimal sampling point matches the first
lane’s actual sampling point. In other embodiments, the
system utilizes other suitable techniques for determining
if the optimal sampling point has drifted for the first lane.
[0037] If the system determines that the current sam-
pling point for the first lane is misaligned based on the
results of the test patterns received by the receiver
[0038] (conditional block 710, "yes" leg), then the sys-
tem makes a first adjustment to the sampling point of the
first lane to bring the sampling point back into alignment
with the optimal sampling point (block 715). Also, the
system makes the first adjustment to the sampling point
of a second lane of the channel (block 720). The system
also makes the first adjustment to the sampling points of
one or more other lanes of the channel. For example, in
one embodiment, the system makes the first adjustment
to the sampling points of all of the data lanes of the chan-
nel. If the system determines the sampling point for the
first lane is aligned properly based on the results of the
test patterns received by the receiver (conditional block
710, "no" leg), then the transmitter sends second data
on the second lane (block 725).
[0039] Variations in the signal delay occur for the first
lane and the other lanes in a similar fashion due to tem-
perature variation, power supply variation, and/or other
factors. Accordingly, detecting a change in the optimal
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sampling point for the first lane typically indicates that
the other lanes have experienced a similar drift in the
data eye and that a change to correct the first lane is also
the same change that is needed to correct the other lanes
of the channel. Therefore, the first adjustment made for
the second lane (and for any other lanes) of the channel
is the same as the first adjustment made to the first lane.
For example, if the first adjustment is an increase in the
delay added to the first lane by one fourth of a clock cycle,
then the delay is increased for the other lanes by one
fourth of a clock cycle. Alternatively, if the first adjustment
is a decrease in the delay added to the first lane, with the
decrease equal to one eighth of a clock cycle, then the
delay is decreased for the other lanes by one eighth of
a clock cycle. In other embodiments, other delay incre-
ments are added or removed from lanes in an equivalent
manner to the adjustment made to the first lane. In one
embodiment, the adjustments to the sampling point are
made by the transmitter. In another embodiment, the ad-
justments to the sampling point are made by the receiver.
[0040] After block 720, the transmitter sends second
data on the second lane (block 725). The transmitter also
sends additional data on one or more other lanes of the
channel after making adjustments to the sampling points
used for other lanes. After block 725, method 700 ends.
[0041] In various embodiments, program instructions
of a software application are used to implement the meth-
ods and/or mechanisms previously described. The pro-
gram instructions describe the behavior of hardware in
a high-level programming language, such as C. Alterna-
tively, a hardware design language (HDL) is used, such
as Verilog. The program instructions are stored on a non-
transitory computer readable storage medium. Numer-
ous types of storage media are available. The storage
medium is accessible by a computing system during use
to provide the program instructions and accompanying
data to the computing system for program execution. The
computing system includes at least one or more memo-
ries and one or more processors configured to execute
program instructions.
[0042] It should be emphasized that the above-de-
scribed embodiments are only non-limiting examples of
implementations. Numerous variations and modifica-
tions will become apparent to those skilled in the art once
the above disclosure is fully appreciated. It is intended
that the following claims be interpreted to embrace all
such variations and modifications.

Claims

1. A system comprising:

a receiver; and
a transmitter, coupled to the receiver via a com-
munication channel having a plurality of lanes;

wherein the system is configured to:

send a test pattern on a first lane of the channel;
send first data on a second lane of the channel
while simultaneously sending the test pattern on
the first lane;
responsive to determining that a sampling point
of the first lane is misaligned:

perform a first adjustment to the sampling
point of the first lane; and
perform the first adjustment to a sampling
point of the second lane of the channel.

2. The system as recited in claim 1, wherein:

the system is further configured to set the sam-
pling point of the first lane and the sampling point
for the second lane, responsive to training both
the first lane and the second lane concurrently
and/or

wherein the first lane is not utilized for carrying sys-
tem data.

3. The system as recited in claim 1, wherein the receiv-
er is configured to:

receive the test pattern on the first lane while
simultaneously receiving the first data on the
second lane; and
convey an error indication to the transmitter via
the first lane that indicates whether any errors
were detected in the test pattern.

4. The system as recited in claim 3, wherein responsive
to receiving the error indication on the first lane, the
transmitter is configured to change a delay setting
for the first lane to cause the first adjustment to the
sampling point of the first lane if the error indication
indicates an error was detected.

5. The system as recited in claim 3, wherein responsive
to receiving the error indication on the first lane, the
transmitter is configured to change a delay setting
for the second lane to cause the first adjustment to
the sampling point of the second lane if the error
indication indicates an error was detected, wherein
the first adjustment to the sampling point of the sec-
ond lane is equivalent to the first adjustment to the
sampling point of the first lane.

6. The system as recited in claim 5, wherein the first
adjustment to the sampling point of the second lane
is made without sending a test pattern on the second
lane.

7. An apparatus comprising:

a receiver;
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a transmitter; and
a communication channel comprising a replica
lane and at least one data lane;

wherein the transmitter is configured to:

send a test pattern on the replica lane;
send first data on a data lane of the channel
while simultaneously sending the test pattern on
the replica lane;
responsive to determining that a sampling point
of the replica lane is misaligned:

perform a first adjustment to the sampling
point of the replica lane; and
perform the first adjustment to a sampling
point of a data lane of the channel.

8. The apparatus as recited in claim 7, wherein:

the apparatus is configured to set the sampling
point of the replica lane and the sampling point
for the data lane, responsive to training both the
replica lane and the data lane concurrently,

and/or
wherein the replica lane is not utilized for carrying
system data.

9. The apparatus as recited in claim 7, wherein the re-
ceiver is configured to:

receive the test pattern on the replica lane while
simultaneously receiving the first data on the da-
ta lane; and
convey an error indication to the transmitter via
the replica lane that indicates whether any errors
were detected in the test pattern.

10. The apparatus as recited in claim 9, wherein respon-
sive to receiving the error indication on the replica
lane, the transmitter is further configured to change
a delay setting for the replica lane to cause the first
adjustment to the sampling point of the replica lane
if the error indication indicates an error was detected.

11. The apparatus as recited in claim 9, wherein respon-
sive to receiving the error indication on the replica
lane, the transmitter is further configured to change
a delay setting for the data lane to cause the first
adjustment to the sampling point of the data lane if
the error indication indicates an error was detected,
wherein the first adjustment to the sampling point of
the data lane is equivalent to the first adjustment to
the sampling point of the replica lane.

12. The apparatus as recited in claim 11, wherein the
first adjustment to the sampling point of the data lane

is made without sending a test pattern on the data
lane.

13. A method comprising:

sending a test pattern on a first lane of a com-
munication channel; sending first data on a sec-
ond lane of the channel while simultaneously
sending
the test pattern on the first lane; responsive to
determining that a sampling point of the first lane
is misaligned based on a number of errors de-
tected in the test pattern received by a receiver:

performing a first adjustment to the sam-
pling point of the first lane; and
performing the first adjustment to a sam-
pling point utilized by a second lane of the
channel.

14. The method as recited in claim 13 further comprising:

setting the sampling point of the first lane and
the sampling point for the second lane, respon-
sive to training both the first lane and the second
lane concurrently, and/or

wherein the first lane is not utilized for carrying sys-
tem data.

15. The method as recited in claim 13, further compris-
ing:

receiving the test pattern on the first lane while
simultaneously receiving the first data on the
second lane; and
conveying an error indication to a transmitter via
the first lane that indicates whether any errors
were detected in the test pattern.

16. The method as recited in claim 15, wherein respon-
sive to receiving the error indication on the first lane,
the method further comprising changing, by the
transmitter:

a delay setting for the first lane to cause the first
adjustment to the sampling point of the first lane
if the error indication indicates an error was de-
tected,
and/or
a delay setting for the second lane to cause the
first adjustment to the sampling point of the sec-
ond lane if the error indication indicates an error
was detected,

wherein the first adjustment to the sampling point of
the second lane is equivalent to the first adjustment
to the sampling point of the first lane.
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