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REVERSE DATA DE-SKEW METHOD AND 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. provi 
sional application No. 60/259,968 filed Dec. 30, 2000, No. 
60/260,079 filed Jan. 4, 2001, No. 60/260,628 filed Jan. 8, 
2001, No. 60/261,868, filed Jan. 10, 2001, No. 60/272,635, 
filed Feb. 28, 2001, and No. 60/273,763, filed Mar. 5, 2001 
which are hereby incorporated by reference as if set forth in 
full herein. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates generally to parallel 
data alignment, and more particularly to Synchronization of 
high Speed parallel data transmissions. 
0003. The capabilities of information processing systems 
are constantly expanding. Such systems are increasingly 
called upon to process large amounts of information very 
quickly. The ability of information processing Systems to act 
on information is dependent on the rate at which the System 
may receive information and the Speed at which the System 
can process that information. In order to receive information 
more quickly, the Systems are often provided information on 
parallel data lines. The information provided on the parallel 
data lines is generally associated together to form blocks of 
information. The use of parallel data lines allows a System 
to receive multiple pieces of information at any given 
moment. 

0004. A problem with parallel data lines is that transmis 
Sion times acroSS the data lines may vary, or skew, due to line 
lengths, process variations, aging, and environmental con 
ditions If the data transmission times are sufficiently differ 
ent, then the information processing System may not group 
pieces of information received on the data lines in the proper 
format. The increased rate at which information processing 
Systems proceSS information also results in a decreased 
tolerance of variation in data transmission time. Thus, if 
information processing Speeds increased by a factor of 10, 
Such has occurred in the last Several years, the allowable 
variation in transmission time decreases significantly. 
0005 Furthermore, information processing systems have 
increasingly been linked in ever greater computer networks, 
Such as the Internet. The demand for information acroSS 
these networks is tremendous, and has largely been met by 
ever increasing the rate in which information has passed 
between network nodes. For example, fiber optic transmis 
Sion Systems have increased data throughput Such that data 
transmission rates have increased from 1.25 gigabits per 
second (Gb/s) to 2.5 Gb/s, 10 Gb/s, and are shortly expected 
to reach rates of 40 Gb/s. While specialized components 
may be able to receive data at Such increased rates, the data 
rate is often slowed down for processing of the data by leSS 
Specialized components. A common method of reducing a 
data rate is to deserialize, or put in parallel, received Serial 
data. For example, Serial data transmitted at 40 gigabits per 
Second may be deserialized into a 16 bit bus operating at 2.5 
gigahertz. At 2.5 Gb/s, however, skew tolerance for proceSS 
variations and other factorS is often minimal. 

SUMMARY OF THE INVENTION 

0006 The present invention provides parallel data de 
skew Systems and methods. In aspects of the present inven 
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tion a Sample data channel is provided in parallel to parallel 
data channels to allow for deskewing of the parallel data 
channels. The Sample data channel carries Sample data, 
which in Some aspects is data Sampled from data for 
transmission over or transmitted over the parallel data 
channels. In Some aspects the Sample data channel carries a 
reverse data Sample in the opposing direction of transmis 
Sion as data transmitted over the parallel data channels. In 
aspects of the present invention the Sample data is compared 
with data transmitted over the parallel data channels to allow 
for adjustment of skew in Signal paths of data transmitted 
over the parallel data channels. 
0007 One aspect of the invention is a de-skew system. 
The de-skew System comprises a processor configured to 
receive input data and generate parallel data, a de-skew unit 
receiving the generated parallel data and a timing Signal and 
adjusting timing of the generated parallel data, based on the 
timing Signal, to generate a plurality of data Signals, and a 
control unit configured to collect portions of the plurality of 
data Signals and to receive a loop data Sample and generating 
the timing Signal based on a comparison of the collected 
portions of the plurality of data Signals and the loop data 
Sample. 
0008 One aspect of the invention comprises receiving a 
loop back data Sample, determining a data channel Specified 
by the loop back data Sample, determining a delay for data 
from a specific channel when the determined data channel is 
the Specific channel, and delaying data from the Specific 
channel by the determined delay. 
0009. One aspect of the invention comprises providing 
parallel data over a plurality of parallel data lines, Succes 
Sively providing Sample data over a Sample channel, the 
Sample data corresponding to data of the parallel data, and 
using the Sample data to align the parallel data. 
0010. One aspect of the invention is a system including 
deskew functions comprising an upstream unit providing 
parallel data to a downstream unit over parallel data chan 
nels, a downstream unit receiving the parallel data from the 
upstream unit over the parallel data channels, and a Sample 
channel coupling the upstream unit and the downstream 
unit, the Sample channel carrying Samples of the parallel 
data. 

0011. One aspect of the invention is a system of two units 
coupled by parallel data lines comprising a first unit pro 
Viding parallel data over N parallel data lines, a Second unit 
receiving the parallel data over the N parallel data lines, a 
Spare channel in parallel with the N parallel data lines, the 
first unit providing data of the parallel data lines over the 
Spare channel, the Second unit receiving the data of the 
parallel data lines over the Spare channel, a return channel in 
parallel with the N parallel data lines, the second unit 
providing data of the parallel data lines over the return 
channel, the first unit receiving the data of the parallel data 
lines over the return channel, and at least one unit in the first 
unit deskewing the N parallel data lines using data of the 
parallel data lines received over the return channel. 
0012. These and other aspects of the present invention 
will be more readily understood upon review of the accom 
panying drawings and following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram of a de-skew system in 
accordance with aspects of the present invention; 
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0.014 FIG. 2 is a further block diagram of a unit provid 
ing a Serial/parallel interface function; 
0.015 FIG. 3 is a flow diagram of a process of providing 
data on a Sample channel; 
0016 FIG. 4 is a block diagram of an upstream unit 
performing a preskew function using data from a Sample 
channel; 
0017 FIG. 5 is a block diagram of a downstream unit 
providing data on a Sample channel; 
0.018 FIG. 6 is a flow diagram of a process performing 
a de-skew operation with a loopback data Sample; 
0.019 FIG. 7 is a flow diagram of a Subprocess for setting 
the transmit point of a first channel and locating the corre 
sponding loopback data; 
0020 FIG. 8 is a flow diagram of a subprocess for 
determining a delay for the data channel data; 
0021 FIG. 9 is a flow diagram of a subprocess for 
de-skewing the data channels, 
0022 FIG. 10 is a semi-schematic diagram of one 
embodiment of a processor performing a preskew function; 
0023 FIG. 11 is a block diagram of an upstream unit 
performing a preskew function; 
0024 FIG. 12 is a semi-schematic diagram of one 
embodiment of a downstream unit providing a loop-back 
data Sample, 

0025 FIG. 13 is a block diagram of one embodiment of 
a downstream unit providing a loopback Sample data; 
0.026 FIG. 14 is a semi-schematic diagram of portions of 
a unit performing pre-skew operations, 
0.027 FIG. 15A is a block diagram of a system utilizing 
a spare channel and a return channel for deskew purposes, 
0028 FIG. 15B is a block diagram of a downstream of a 
System utilizing a Spare channel and a return channel for 
deskew purposes, 
0029 FIG. 15 illustrates a flow diagram of one embodi 
ment of a process for testing and providing data and de 
skewing data using a spare channel and a return channel; 

0030 FIG. 16 illustrates a schematic of one embodiment 
of a unit providing a return signal; and 
0031 FIG. 17 illustrates a flow diagram of another 
embodiment of a process for testing and providing data and 
de-skewing data using a spare channel and a return channel; 
0.032 FIG. 18 illustrates an exemplary header transmit 
ted with a data Sample. 

DETAILED DESCRIPTION 

0033. In one aspect of the present invention a sample 
channel is provided in parallel with a plurality of data 
channels. The Sample channel carries copies of data carried 
by the data channels, and the Sample channel is used to time, 
or Synchronize or de-skew, the data channels. 
0034. In one embodiment the sample channel is provided 
data from the data channels at the receiving Side, and the 
data of the Sample channel is received by the transmitting 
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Side. The transmitting Side compares the data on the Sample 
channel with corresponding delayed data from a data chan 
nel to adjust delays in transmission of the data in the data 
channels. In a further embodiment, a Spare channel is used 
to provide data, from the data channels, from a transmitting 
Side to a receiving Side, and a Sample channel provides data 
from the data channels and/or the Spare channel from the 
receiving Side to the transmitting Side. The use of the Spare 
channel allows for alignment changes of the data in the data 
channels without potential corruption of data intended for 
downstream processing. 

0035 FIG. 1 illustrates a system in accordance with the 
present invention. AS illustrated, the System includes a 
serializer/deserializer (SERDES) 101. In alternative 
embodiments the SERDES is replaced by a processor or 
other unit, with the processor or other unit containing 
functions Such as, for example, those hereinafter described. 
The SERDES receives communication data over a transmis 
sion link 103. The transmission link is often a fibre optic 
cable coupled to a photodiode, transimpedance amplifier, 
and other receiving circuitry (not shown). The SERDES 
deserializes the communication data and places the deseri 
alized data on a bus 105, including an output bus. In the 
embodiment illustrated the output bus is a 16-bit bus. The 
SERDES is therefore a 1:16 deserializer, and the output bus 
includes 16 data channels. 

0036) The output bus is coupled to a processing unit 107. 
The processing unit processes the deserialized data. AS the 
data transmitted on the output bus includes data received 
over a plurality of clock cycles from the transmission links, 
a clock cycle of the output bus is, in the embodiment 
described, 16 times longer than that of the transmission link. 
Thus, the processing unit may operate at clock Speeds that 
are a fraction of the clock speed of the SERDES. 
0037. The processing unit in various embodiments per 
forms a variety of functions. In one embodiment, the pro 
cessing unit receives data on the output bus and arranges the 
data in frames. For example, when the processing unit is 
utilized as part of a SONET communication system, the 
processing unit descrambles the data as appropriate and 
frames the data using, for example, the A1A1A1A2A2A2 
framing pattern. In other embodiments the processing unit 
may perform forward error correction processing or other 
processing. 

0038. The SERDES also receives data from the process 
ing unit over the bus, as illustrated including an input bus. 
The SERDES serializes the data and provides the data over 
the transmission link. 

0039. Also coupling the SERDES and the processing unit 
is a Sample channel 111. In one embodiment, the processing 
unit places information from different channels of the output 
bus onto the Sample channel at predefined intervals. In 
another embodiment the processing unit places information 
from different channels of the output bus onto the sample 
channel in response to a command or request from the 
SERDES. The information provided on the sample channel 
allows the SERDES to adjust for transmission time varia 
tions, or skew, in the data channels. 

0040 FIG. 2 further illustrates a further block diagram of 
a pre-skew system with a SERDES 1400 and a processing 
unit 1402. The SERDES receives serial data via first trans 
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mission connection 1404 and Supplies Serial data via a 
Second transmission connection 1406. The received serial 
data is de-Serialized and provided as parallel data via a first 
parallel transmission connection 1408 to the processing unit. 
A Sample or Samples of the received parallel data, e.g., a 
reverse or loop back data Sample 1416, is generated and 
provided back to the SERDES. Based on the received loop 
back data sample, the SERDES adjusts the timing of the 
parallel data transmitted to the processing unit. 
0041. The processing unit also supplies the SERDES 
with parallel data via a Second parallel transmission con 
nection 1410. The SERDES serializes the received parallel 
data and transmits the data via the Second transmission 
connection. The SERDES, in one embodiment, also gener 
ates and Supplies a Sample or Samples of the received 
parallel data, e.g., a loop back data Sample 1418, back to the 
processing unit. Based on the received loop back data 
Sample, the processing unit adjusts the timing of the parallel 
data transmitted to the SERDES. Additionally, the process 
ing unit receives parallel data and Sends parallel data to other 
units (not shown) via a third and fourth transmission con 
nection 1412 and 1414. Accordingly, the SERDES and 
processing unit have a parallel interface, with the parallel 
interface including data Signals and a Sample Signal associ 
ated with the data Signals. 

0042. In various embodiments the sample unit selects 
data Streams for transmission to the other component using 
various criteria. In one embodiment the Sample unit peri 
odically Selects a particular data Stream, with the data 
Streams Selected, for example, in round robin fashion. In 
Some embodiments the Selected data Stream is based on a 
Signal generated by the other component. For example, in 
one embodiment the other component provides a signal 
commanding Selection of a particular data Stream, and in 
another embodiment the other component provides a signal 
that Serves as a start Signal for Selection of a particular data 
Stream followed by periodic Selection of other data Streams. 

0043. In various embodiments, the SERDES may be a 
transmitting unit, or upstream unit, providing data to a 
downstream unit or a processing unit, Such as a framer or 
FEC processor, may be the transmitting or upstream unit. 

0044 FIG. 3 illustrates a flow diagram of a process 
performed by, for example, the processing unit or SERDES. 
Those of ordinary skill in the art will recognize that gener 
ally the process of FIG. 3, and various other processes, is 
generally implemented in hardware, with the hardware func 
tions described, for example, through the use of a design 
language such as HDL, VHDL, or the like. The design 
language is thereafter Synthesized and otherwise processed 
to provide the hardware component layout. 

0045. In Block 201 of the process of FIG.3 a channel is 
Selected. The channel is one of, for example, 16 data 
channels. In Block 203 the process creates a header. The 
header comprises, in one embodiment, a channel number 
and status word. The channel number is indicative of the 
Selected channel. The Status word allows for transmission of 
further additional information, or other out of data channel 
information, from the SERDES to the processing unit. The 
header is described in greater detail in reference to FIG. 18. 
0046. In Block 205 the process copies data from the 
Selected channel. The copied data is a predetermined number 
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of bytes from the selected channel. In Block 207 the process 
transmits the header and copied data from the processing 
unit to the SERDES. The header and copied data together 
comprise a reverse data sample. In Block 209 the process 
determines if an exit has been commanded. If no exit has 
been commanded, the process returns to Block 201 and 
Selects a further channel for transmitting a further data 
Sample. In one embodiment the channels are Selected on a 
round-robin basis, although in other embodiments other 
Selection criteria are used. 

0047 FIG. 4 illustrates a block diagram of an upstream 
unit in accordance with aspects of the present invention. In 
FIG. 4, a serial data stream 1402 is provided to a processor 
1404. The processor in this case may perform a deserializa 
tion function, or other functions, and provides a parallel data 
stream 1406. The parallel data stream is provided to a 
pre-skew unit 1408. The pre-skew unit delays each of the 
data Streams making up the parallel data Stream on a data 
Stream by data Stream basis. The pre-skew unit provides a 
parallel output data stream 1410, which is provided to 
downstream units 

0048. The parallel output data stream is also provided to 
a control 1412. The control also receives a Serial Sample 
channel data Stream 1414. The Serial Sample channel data 
Stream is provided, for example, from a downstream receiv 
ing unit. The Serial Sample data channel Stream includes data 
Selected from the parallel output data Stream. On a varying 
basis, at any particular moment the Serial Sample channel 
data Stream contains data from a particular one of the 
parallel output data streams. The control provides a signal to 
a pre-skew unit which indicates on a channel by channel 
basis the appropriate delay per channel. 
0049. In operation, the control compares the data in the 
Serial Sample channel data Stream with corresponding data in 
the parallel output data Stream in order to Set a pre-skew 
delay for that particular data Stream in the parallel output 
data Stream. In one embodiment the control includes delay 
elements So as to delay the data Stream from the parallel 
output data Stream to allow for comparison with correspond 
ing data from the Serial Sample channel data Stream, which 
is a looped back Signal from the other unit. In another 
embodiment the parallel output data Stream is provided a 
repeating pattern which allows for the determination of the 
delay. 

0050 FIG. 5 illustrates a downstream unit in accordance 
with the aspects of the present invention. The downstream 
unit receives a parallel data stream 1502. The parallel data 
stream is provided to a processor 1504 which processes the 
data and provides a further output data stream 1506. The 
processor, for example, may perform a framing function in 
one embodiment or a forward error correction function in 
another embodiment. The parallel data Stream is also pro 
vided to a sample unit 1508. The sample unit selects one of 
the data channels forming the parallel data Stream and 
provides the data in the Selected data channel to the origi 
nating unit in a sample channel 1510. 
0051. The upstream unit performs a process such as 
illustrated in the flow diagram of FIG. 6. In the process of 
FIG. 6 a first data channel is set to a transmit point in Block 
901 and corresponding loop back data is located. In Block 
903 a delay for the first data channel is determined so as to 
match the loop back data. In Block 905 the transmit point of 
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each of the remaining channels is Set So as to match data 
delayed by the delay with the loop back data for each 
channel. 

0.052 A flow diagram of a subprocess for setting the 
transmit point of the first data channel and locating the 
corresponding loop back data is illustrated in FIG. 7. In 
Block 1001, a deskew circuit for the first data channel is set 
at its midpoint. In Block 1003 data from the first channel is 
selected to be provided to a delay element. In Block 1005 the 
proceSS receives a reverse or loop back data Sample on a 
reverse or loop back channel. In Block 1007 the process 
determines the corresponding data channel identified by the 
loop back data sample. In Block 1009 the process deter 
mines if the corresponding data channel for the loop back 
data Sample is the first data channel. If the corresponding 
data channel is not the first data channel the process returns 
to Block 1003. Otherwise the process returns. 
0.053 FIG. 8 illustrates a flow diagram of a subprocess 
for determining a delay for the data channel data. In Block 
1101 the process compares data from the delay element with 
the data from the loop back data sample. In Block 1103 the 
proceSS determines if the data matches. If the data does not 
match, the process adjusts the delay time of the delay 
element in Block 1105 and returns to Block 1101. If the data 
matches, the process returns. 

0.054 FIG. 9 illustrates a flow diagram of a subprocess 
for de-skewing the remaining data channels. In Block 1201 
the process Selects a data channel to provide data to the delay 
element. In Block 1203 the process receives loop back 
sample data. In Block 1205 the process determines if the 
loop back Sample data corresponds to the Selected channel. 
If the loop back Sample data does not correspond to the 
selected channel, the process returns to Block 1203. If the 
loop back Sample data corresponds to the Selected channel, 
the process compares the data in the loop back Sample data 
with the delayed data from the selected channel in Block 
1207. If the data matches, the process returns to Block 12.01 
and Selects another channel. If the data does not match in one 
embodiment the proceSS determines a skew delay for the 
data channel based on the results of the comparison. In the 
embodiment illustrated in FIG. 10 the process adjusts the 
skew of the selected data channel in Block 1209, and 
thereafter returns to Block 1203 to await receipt of a further 
loop back data Sample for the Selected channel. 

0.055 Asemi-schematic diagram of one embodiment of a 
unit performing a pre-skew function is illustrated in FIG. 
10. The unit includes a processor, which in a SERDES, for 
example, may perform deserialization. The processor pro 
vides parallel data to de-skew, or pre-skew, units 63a-p. 
Outputs of the de-skew units are provided to output drivers 
65a-p for transmission to a processing unit (not shown). 
Outputs of the de-skew units are also provided to multiplex 
ers 67a-e for selection of data from data channels DATA0 
DATA15 by a controller 161. The selected data from mul 
tiplexers 67a-d are provided to multiplexer 67e which 
provides one of selected data to a delay element 69. In one 
embodiment the delay element is a String of latches, as also 
may be the case in Some embodiments previously described. 
The delay element contains Sufficient delay to approximate 
the round trip time of data from, for example, a SERDES 
and returned on the loop back channel L2. The delay element 
is controlled or adjusted by the de-skew controller. 
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0056. In a further embodiment, both the upstream unit 
and the downstream unit include Sample generator and 
de-skew circuitry, and multiple Sample/control channels, 
e.g., data Sample channel S6 via buffer 65g, are provided 
between the units. Thus, in various embodiments, a control 
Signal is provided to the units So that one unit performs 
de-skewing while the other unit performs error monitoring, 
and also provides additional control Signals between the 
units. 

0057. In FIG. 11, a processor 51 receives input data I5. 
The input data, in one embodiment, is information provided 
via an optical link. More commonly, the information is 
provided by a parallel interface, thereby reducing processing 
efforts by higher speed SERDES units. The processing unit 
de-Serializes the data and Supplies the data, in parallel form, 
to a deskew unit 53. Based on a timing signal T5, the deskew 
unit forwards data to drivers 55. The drivers transmit the 
data to, in one embodiment, another processing unit (not 
shown). 
0058. The deskew unit also forwards data to a selection 
unit 57. A control unit 59 is coupled to the selection unit and 
commands the Selection unit to generate or Select specific 
Samples or portions of data received from the deskew unit. 
In one embodiment, the data Selection is performed in a 
round-robin fashion. The Selection unit aggregates the 
Samples of data to form a data Sample signal S5. The 
Selection unit transmits the data Sample Signal to the drivers 
55 and a delay unit 151. The delay unit is adjustable by the 
control unit and adjusts the timing of the data Sample signal. 
The delayed Sample signal is then Supplied to the control 
unit. 

0059. The control unit also receives a loop data sample 
L1. The control unit compares the loop data Sample to the 
delayed data Sample. Based on the comparison of the loop 
data Sample and the delayed data Sample, the control unit 
generates the timing Signal. AS Such, the control unit is able 
to adjust the data from the deskew unit to be Synchronized 
with the timing of the loop data Sample. 

0060 FIG. 12 illustrates a semi-schematic diagram of 
one embodiment of a downstream unit. In FIG. 12, a data 
processor 95 receives signals on data channels DATA0 
DATA15. The signals are provided to buffers 91a-p, and 
then to latches 93.a.p. The output of the latches is provided 
both to a data processor 95 and multiplexers 97a-d under 
control of a sample controller 99. The five 4x1 multiplexers 
97a-97e are utilized to select a loop back data sample. 
Accordingly, data samples DATA0-DATA3 are provided to 
a first multiplexer 97a, data samples DATA4-DATA7 are 
provided to a second multiplexer 97b, data samples DATA8 
DATA11 are provided to a third multiplexer 97c, and data 
samples DATA12-DATA15 are provided to a fourth multi 
plexer 97d. The output of each of the first, second, third, and 
fourth multiplexers are in turn provided to a fifth multiplexer 
97e, whose output is provided to a sample controller 99. 
0061 The sample controller controls the selectors of the 
multiplexers 97a-e So as to be able to select data from a 
particular data channel. The Sample controller also provides 
data to the output buffer for the data sample. Thus, the 
Sample controller Selects a data channel, Sets the appropriate 
Selectors from the multiplexers, receives the output of the 
fifth multiplexer, and appends the data from the data channel 
to the header to form a loop back data sample L7. The 
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Sample controller provides the forward data Sample to the 
buffer 91g for transmission to another unit, for example, a 
SERDES (not shown). 
0.062. In the alternative embodiment the processing unit 
performs functions analogous to the functions described 
with respect to the process of FIG. 4. Accordingly, and as 
illustrated in FIG. 13, input drivers 172 receive input data 
I7. The input data, in one embodiment, is information 
provided from a SERDES (not shown). The input data is in 
parallel form and, in one embodiment, includes Sixteen data 
channels. The input driverS Supply the parallel data to a 
buffer unit 173. 

0.063 A clock signal C7 is also supplied to the buffer unit. 
Based on the clock signal, the buffer unit transmits the data 
to a data processor 175. The buffer unit also forwards data 
to a selection unit 177. A control unit 179 is coupled to the 
Selection unit and commands the Selection unit to generate 
or Select Specific Samples or portions of data received from 
the buffer unit. In one embodiment, the data selection is 
performed in a round-robin fashion. The control unit aggre 
gates the Samples of data to form a data Sample signal. The 
data Sample signal is Supplied to output drivers 180 which, 
in one embodiment, transmits the data Sample S7 to a 
SERDES (not shown). 
0064. Thus, for example, the SERDES and the processing 
unit, both previously described, are able to de-skew parallel 
data channels, and to do So without the use of training 
patterns or the like being transmitted in the data channel, 
although in Some embodiments it is convenient to use Such 
patterns to further data channel de-skew. In one embodi 
ment, for example, preemphasis adjustment to the outgoing 
waveform is adjusted by SERDES, i.e., a downstream unit, 
to increase the ability of the processing unit to read trans 
mitted data. In a further embodiment a control Signal from 
the processing unit to the SERDES provides information to 
the SERDES for use in waveform shaping. In some embodi 
ments the information provides information regarding the 
nature or characteristics of the processing unit, and in other 
embodiments the information provides commands as to 
waveform adjustment. In addition, in further embodiments 
the System continues operation once de-skew is complete in 
order to monitor alignment of the data in the data channels, 
and to recommence de-skew operations when data is out of 
alignment. Further, in various embodiments the Sample 
channel is also used to provide information on the Status of 
the interface or other out of channel information. 

0065. The transmitting, or upstream, device adjusts the 
transmit time of the data channels to perform de-skewing. 
Thus, the receiving, or downstream device, provides a loop 
back data Sample on a Sample channel to the transmitting 
device. The processing unit may be the downstream unit, 
although in b alternative embodiments each may be either or 
both the downstream unit and the upstream unit, as would be 
understood by those of ordinary skill in the art. 
0.066 FIG. 14 illustrates portions of a preskew function. 
Each of 16 parallel data lines are provided to buffers 1507. 
The buffers may take the form, for example of FIFOs, 
including tapped FIFOs. Each of the FIFOs receives poten 
tially varying control or clocking Signals, allowing for 
alignment and Synchronization of the parallel data lines. 
0067 Referring somewhat more specifically to the 
embodiment of FIG. 14, in FIG. 14 an external reference 
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clock 1501 is supplied to a phase-locked loop (PLL) or 
digital locked loop (DLL) 1505. The PLL or DLL is coupled 
to a clock phase generator 1503. The phase-locked loop 
circuit ensures that the clock Signal Supplied to the clock 
phase generator does not vary, e.g., remains in phase, from 
the external reference clock. In one embodiment, the exter 
nal reference clock 1501 is supplied directly to a clock phase 
generator 1503. 
0068 The clock phase generator slices the reference 
clock. In the embodiment described, the phase generator 
creates a number of clock Signals, each of the same fre 
quency, but phase-shifted with respect to each other. Thus, 
in one embodiment the clock phase generator creates the 
external reference clock into Sixteen clock Signals, each 
phase shifted 22.50 degrees from another clock signal. 
0069. The clock phase generator Supplies an output signal 
to each FIFO unit 1507a-1507q. Each output signal is based 
on the Sixteen clock signals. In one embodiment the output 
Signal is merely one of the Sixteen clock signals. In another 
embodiment the output Signal is a weighted Sum of the 
Sixteen clock signals, in one instance as is described in U.S. 
patent application Ser. No. 09/265,725, the disclosure of 
which is hereby incorporated by reference. A phase Select 
per channel signal 1509 selects, or determines, the clock 
Signal, or weights of clock signals, for the output Signal 
supplied to each FIFO unit for each channel. In other words, 
the phase select per channel signal 1509 is supplied to the 
clock phase generator to Select the output from the clock 
phase generator, e.g., a clock signal from the clock phase 
generator. The phase Select per channel signal is provided by 
a de-skew controller (not shown in FIG. 14). 
0070 The FIFO units also receive a clock signal 1511 
and a respective data channel DATA0-DATA15, as inputs. In 
one embodiment the clock Signal has a Substantially higher 
rate than the data rate for the data channels. Information, 
digital data, on each data channel is clocked into the 
corresponding FIFO unit by the clock signal. Information on 
each data channel is then clocked out by the output from the 
clock phase generator as Selected by the phase Select per 
channel Signal. 
0071. Thus, this allows digital data for each channel to be 
delayed in a FIFO unit or register for that channel, and 
released from the register at a time that is a controlled 
fraction of a clock period. The clock period, which is 
externally controlled, is not Subject to variations due to 
manufacturing proceSS or environmental variables. There 
fore, the de-skew time, the time differences between chan 
nels, is referenced to the externally controlled clock. In 
many instances, it would be desirable for the de-skew time 
to remain constant. However, there may be cases where 
unavoidable delays in the data transmission path vary in a 
known way with environmental variables Such as tempera 
ture. In this case, the fraction of the clock period used to 
de-skew the channel could be adjusted to compensate the 
known dependency in the unavoidable delay. AS Such, the 
need for clock recovery on the downstream Side of the 
interface could be reduced. 

0072 FIG. 15A is a block diagram of two units, with a 
first unit providing parallel data Streams to a Second unit. 
The first unit also provides the Second unit a spare signal. 
The Second unit provides the first unit a return signal. The 
Spare signal includes data corresponding to data on various 
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data Streams forming the parallel data Streams. The return 
Signal includes data provided on the parallel data Streams 
and the Spare signal. 
0073. As illustrated, the first unit is a processing unit 
2500 and the second unit is a SERDES 2502. Accordingly, 
the SERDES serializes data on parallel data streams 2508 
and provides Serialized data 2514 over a Serial transmission 
link 2514. A spare data stream 2510 is provided by the 
processing unit to the SERDES. The SERDES provides a 
return data Stream 2512 to the processing unit. 
0.074. In operation, data is provided over N of the N+1 
lines providing data to the SERDES, with one of the N+1 
lines being potentially deskewed at any given instant. 
Deskew is accomplished by providing data from the line 
being deskewed back to the processing unit as the return 
Signal, with the processing unit determining preskew for the 
line. If the line being deskewed provides data meant for 
further downstream users, the Spare channel may be pro 
vided data normally provided by the line being deskewed to 
allow for passage of the data without temporary potential 
corruption due to the deskewing of the data line. 
0075 FIG. 15B is a block diagram of an embodiment of 
a second unit of FIG. 15A. The second unit receives N+1 
parallel signals, including N parallel signals 1202 and a 
Spare signal 1200. The parallel signals are provided to a 
sample unit 1208. The sample unit selects one of the N+1 
parallel Signals and outputs the Selected Signal as a return 
signal 1210. The sample unit also provides N parallel data 
signals 1212 to a processor 1204. As illustrated in FIG. 15B, 
the processor outputs a Serial Signal 1206, and therefore 
performs a Serialization function. 
0076 FIG. 15 is a flow diagram of an embodiment of a 
proceSS for performing deskew using a spare channel and a 
return channel. In Block 253 data is copied from a data 
channel onto a spare channel. The data channel is one of a 
plurality of data channels provided by a first unit to a Second 
unit. The spare channel is also provided by the first unit to 
the Second unit. The Second unit returns the data on the Spare 
channel to the first unit on a return channel in Block 253. 
The Spare channel is then deskewed by the first unit, using 
for example preskew techniques earlier discussed. 
0077. The process then loops through each of the data 
channels, deskewing each in turn, although in one embodi 
ment the Spare channel is deskewed after deskewing of each 
data channel. In somewhat more detail, in Block 257 the 
proceSS Selects a data channel. In Block 261 the proceSS 
copies data from the Selected data channel to the Spare 
channel. In Block 263 the process returns, from the second 
unit to the first unit, the data from the Selected data channel 
on the return channel. The proceSS also acts on the copied 
data on the Spare channel as if it were provided on the data 
channel. This further ensures use of data on the Selected data 
channel during deskew adjustments to the data channel. In 
Block 265 the process deskews the selected data channel as 
earlier discussed. 

0078. In Block 267 the process determines if an exit has 
been commanded. If So the process ends. If no exit has been 
commanded the process determines if all data channels have 
been selected in Block 269. If not all data channels have 
been Selected the proceSS Selects another data channel in 
Block 257 and continues. If all data channels have been 
Selected the proceSS returns to Block 251 and repeats. 
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007.9 FIG. 16 is a gate level diagram of one embodiment 
of a circuit providing data channels and a Sample channel. 
For readability, only four data channels DATA0-DATA3 are 
shown, but, as one skilled in the art would recognize, 
numerous data channels with associated logic gates could be 
added in accordance with the illustrated embodiment. 
Latches 201a-201a receive data from data channels DATA0 
DATA3. In the embodiment shown, the data channels pro 
vide differential inputs. The embodiment illustrated also 
provides for a spare channel input, and latch 201e receives 
data from a spare data channel SPARED. As with the other 
data channels, the Spare data channel provides differential 
inputs. A differential clock signal is also Supplied to each of 
the latches 201a-201e via buffer 223. 

0080. The outputs of latches 201a-201d are coupled to 
respective 2x1 differential multiplexers 209a-d. As such, in 
one embodiment, at a rising or falling edge of the clock 
Signal, the buffers are triggered. Thus, the data on the data 
channels DATA0-DATA3 are supplied to respective multi 
plexers 209a-d from latches 201a-d. Latch 201e is also 
coupled to each multiplexer 209a-d. Thus, at the rising or 
falling edge of the clock signal, the data on the Spare data 
channel is also provided to the multiplexers 209a-d. 
0081. The multiplexers are coupled to latches 211a-d. 
Selection signals are provided to the multiplexers 209a-d. 
Based on the Selection signals Supplied to each multiplexer, 
a set of inputs are chosen and Supplied to the respective 
latches 211a-d. The latches 211a-d are also supplied the 
differential clock signal via buffer 223. At the rising or 
falling edge of the clock signal, the Selected inputs from the 
respective multiplexers are clocked out of the buffers as 
outputs for the selection unit. Thus, the multiplexers 209a-d 
allow for Selection of the corresponding data channel or the 
Spare channel based on the Selection signals. 
0082 Buffers 201a-201b are also coupled to a first mul 
tiplexer 203a. Similarly, latches 201c-d are coupled to a 
second multiplexer 203b. The first and second multiplexers 
are respectively coupled to latches 205a-205b. Selection 
Signals are provided to both multiplexerS. Based on the 
Selection signals, a particular input or Set of inputs are 
chosen. The Selected input or inputs are Supplied to the 
respective latches 205a-205b. The latches 205a-205b also 
receive the differential clock signal. In one embodiment, at 
a rising edge of the clock signal the buffers output the 
selected inputs to a third multiplexer 207a. 
0083. Similar to the other multiplexers, the third multi 
plexer receives Selection signals and is coupled to a latch, 
latch 213a. AS Such, based on the Selection signals, a Set of 
inputs are selected and supplied to the latch 213a. The latch 
213a also receives the differential clock signal and, in one 
embodiment, at a rising edge of the clock Signal, the latch 
outputs the selected inputs to a multiplexer 209e. Thus, in 
operation the multiplexers 203a, 203b, and 207a serve as a 
4x1 multiplexer, albeit with a delay. The effective 4x1 
multiplexer Selects one of the four data inputs and places it 
on a path allowing for placement on the return, or Sample, 
channel. 

0084. The multiplexer 209e also receives data from the 
spare data channel via latches 201e, 205c and 213b. Each 
latch also receives the differential clock signal from buffer 
223. Accordingly, at the rising or falling edge of the clock 
Signal, the data on the Sample data channel is also provided 
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to each latch in Succession, latch 201e to latch 205c to latch 
213b, and finally to the multiplexer 209e. 
0085. The multiplexer 209e is also coupled to a latch 
211e. Selection signals are provided to the multiplexer 209e. 
AS Such, based the Selection signals, a set of inputs, e.g., 
from latch 213a, the data from data channels DATA0 
DATA3, or from latch 213b, the data from spare data 
channel SPARE0, are chosen and supplied to the latch 211e. 
The latch 211e is also Supplied the clock signal. At the rising 
or falling edge of the clock signal, via the latch 211e, the 
Selected inputs from the multiplexer, is Supplied to another 
multiplexer 215a. The multiplexer 215a also receives input 
from a latch 211f. The latch 211 f is coupled to outputs of an 
XOR gate 221. The XOR gate compares (exclusive ORs) the 
outputs from the latches 213a and 213b, data from the spare 
data channel and the data from one of the data channels 
DATA0-DATA3. The XOR gate thereby simplifies spare 
channel to data channel comparison. The latch 211f also 
receives the differential clock signal and thus at the rising or 
falling edge of the clock Signal, the latch 211f provides the 
output from the XOR gate to the multiplexer 215a. 
0.086 The multiplexer 215a also receives selection sig 
nals. In one embodiment, the Selection Signals are Supplied 
by a controller (not shown). Based on the Selection signals, 
a set of inputs from the latches 211e or 211 fare selected and 
Supplied as an output of the Selection unit. Accordingly, 
input data from the data channels DATA0-DATA3, from the 
spare data channel SPARE0, or the comparison of the data 
from the data channels to the data from the Sample data 
channel, is Supplied as an output from the Selection unit. 
0087. The selection signals supplied to the multiplexers 
203a, b are generated by a series of latches 217a-c coupled 
together. Similarly, the Selection Signals Supplied to the 
multiplexer 207a are supplied by latch 217b. The first latch 
217a, in one embodiment, receives increment Signals from 
a controller (not shown). A set of the first latch's outputs is 
fed back as inputs to the latch. AS Such, the first latch acts 
as a counter and is triggered by the increment signals. 
Another Set of the first latch's outputs are also Supplied to 
the second latch 217b, the third latch 217c and inputs to OR 
gates 219a-d. Furthermore, the set of first latch's outputs are 
also Supplied to the multiplexer 209e, as Selection signals. 
Outputs from a corresponding set of OR gates 219e-h also 
supply inputs to the respective OR gates 219a-d. The 
outcome or outputs of the OR gates 219a-d are the selection 
signals to multiplexers 209a-d, respectively. 
0088. The outputs of the OR gates 219e-h depend on 
outputs from the latches 217b and 217c. The output from the 
latch 217c is also fed back as an input to latch 217b. Thus, 
the latches 217a-c act as counters and are triggered or count 
up based the increment Signals Supplied to latch 217a. 
Therefore, the latch and OR gates provide control to select 
data, data Samples or a comparison of data Samples by 
generating the appropriate Selection Signals. AS Such, input 
data from the data channels DATA0-DATA3, the spare data 
channel SPARE0 and a comparison of the data from the data 
channels DATA0-DATA3 and the sample data channel, 
outputs from the Selection unit via a Series of multiplexers 
and buffers based on the timing of the edges of the clock 
Signal and the value of the Selection signals. 
0089. In one embodiment, and as illustrated in FIG. 16, 
the Selection signals are based on the increment Signal. The 
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increment signal is provided to latch 217a, and latches 217 
and XOR gates 219 act on the increment signal and/or 
resulting Signals to form the Selection Signals. In one 
embodiment the increment signal is provided by a controller, 
or a Sample unit, in the upstream device. Beneficially, in one 
embodiment a signal is returned to the upstream device, with 
the Signal generated by the XOR gates, So as to inform the 
upstream device as to the Status of the Selection Signals and 
information related thereto. 

0090. In one embodiment, the data on data channel 
DATA0 is copied on to the return channel RDATA. Specifi 
cally, data on the data channel DATA0 is supplied to 
multiplexer 215a via buffers 201a, 205a, 213a and 211e, and 
multiplexers 203a, 207a and 209e for output at the return 
channel RDATA. The Selection Signals to each of the respec 
tive multiplexers 203a, 207a and 209e are logic Zeros. As 
Such, the first Set of inputs, i.e., data from data channel 
DATA0, are Selected. At each rising or falling clock edge the 
data is clocked through the buffers 201a, 205a, 213a and 
211e. Thus, in the embodiment shown, in four clock cycles, 
the data from data channel DATA0 is supplied to the inputs 
of multiplexer 215a. 
0091. The selection signal coupled to multiplexer 215a is 
also logic Zero and thus the data is transferred to the return 
channel RDATA and then returned. In one embodiment, the 
data is returned to a processing unit (not shown). In one 
embodiment the processing unit receives the returned data 
and de-skews the data. The de-skewed data is then trans 
mitted which is received by the downstream device via the 
input spare data channel. 
0092. Thus, the data present on data channel DATA0 may 
again be copied on to the return channel RDATA. The input 
spare channel SPARE is selected and output from the output 
data channel OUT0. Specifically, data from the spare chan 
nel SPARE is received and provided to the buffer 211a, via 
buffer 201e and multiplexer 209a. The increment signal 
coupled to buffer 217a is activated which causes the buffer 
to count up. Thus, a logic one is provided to each of the OR 
gates 219a, b, c, d which in turn provides a logic one to 
respective multiplexers 209a-e. As such, data from the input 
Spare data channel is Selected and Supplied to buffer 211a. 
Within two clock periods the data is output from the output 
data channel OUT0. The data copied on the output spare 
channel is returned and the data is de-skewed. 

0093. The data from the data channel DATA0 is then 
selected and output from the output data channel OUT0. 
Specifically, data from the data channel DATA0 is received 
in buffer 201a and provided to the buffer 211a, via multi 
plexer 209a. The selection signal provided to the multi 
plexer 209a remains a logic one and thus the data from the 
data channel DATA0 is selected and passed to the buffer 
2.11a. In about two clock cycles, the data is output via output 
data channel OUTO. 

0094. The data from data channel DATA1 is copied on to 
the return channel RDATA. Specifically, data on the data 
channel DATA1 is supplied to multiplexer 215a via buffers 
201c, 205b, 213a and 211e, and multiplexers 203b, 207a and 
209e for output at the return channel RDATA. The selection 
signals to each of the respective multiplexers 203b, 207a and 
209e are logic Zeros. AS Such, the first Set of inputs, i.e., data 
from data channel DATA1, are Selected. At each rising or 
falling clock edge the data is clocked through the buffers 
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201c, 205b, 213a and 211e. Thus, in the embodiment shown, 
in four clock cycles, the data from data channel DATA1 is 
supplied to the inputs of multiplexer 215a. 
0.095 The selection signal coupled to multiplexer 215a is 
also logic Zero and thus the data is transferred to the return 
channel RDATA and then returned. In one embodiment, the 
data is returned to a processing unit (not shown). In one 
embodiment the processing unit receives the returned data 
and de-skews the data. The de-skewed data is then trans 
mitted and, in one embodiment, received by the Selection 
unit via the input Spare data channel. 
0096. If another data channel, e.g., data channel DATA1, 
is to be Selected the process repeats. For instance, assume 
data from data channel DATA1 is selected next. The counter 
of buffers 217a-c, are incremented and the Selection Signal 
provided to multiplexer 209c, selects the data from data 
channel DATA1. 

0097. Data from data channel DATA3 is copied onto the 
return channel and returned. The counter is incremented 
again, Such that the Selection signal provided to multiplexers 
203b, 207a and 209e select the data from the data channel 
DATA3 to be provided to the output spare data channel 
RDATA. The returned data is then de-skewed. 

0.098 Data channel DATA3 is then selected. The counter 
of buffers 217a-c, are incremented and the Selection Signal 
provided to multiplexer 209d, selects the data from data 
channel DATA3. Thus, data is output via output data channel 
OUT3. 

0099 Data from data channel DATA2 is copied onto the 
return channel. For example, the counter is incremented, 
such that the selection signal provided to multiplexers 203a, 
207a and 209e select the data from the data channel DATA2 
to be provided to the return data channel RDATA. The 
returned data is then de-skewed. 

0100 Next, data channel DATA2 is selected. The counter 
of buffers 217a-c, are incremented and the Selection Signal 
provided to multiplexer 209b, selects the data from data 
channel DATA2. Thus, data is output via output data channel 
OUT2. 

0101 Data from data channel DATA0 is copied onto the 
return channel and returned. The returned data is then 
de-skewed. The proceSS continuously repeats, Such that all 
the data channels are Selected, returned and de-skewed. If all 
the data channels have been de-skewed, in one embodiment, 
the proceSS ends. 

0102 FIG. 17 illustrates a flow diagram of another 
embodiment of de-skewing data channels. In block 2001, a 
test data channel Supplies data to the Spare data channel 
SPARE. The data is output via the return channel RDATA, 
in block 2003. The data from the return channel RDATA is 
then de-skewed by observing the returned data, in block 
2005. In block 2007, a predetermined test data is provided 
to all data channels, i.e., data channels DATA0-DATA3. In 
block 2009, one of the data channels is selected and the 
received test data is XOR'ed to the spare data channel by 
XOR gate 221, in block 2011. The output of the XOR gate 
is returned via buffer 211f and multiplexer 215a, in block 
2013. The output of the XOR gate is then observed to 
determine if the Selected data channel should be de-skewed, 
in block 2015. If so, the selected data channel is de-skewed, 
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in block 2017. Otherwise or once the selected data channel 
is de-skewed, the proceSS is repeated by continuing to block 
2009, Such that all the data channels are selected and 
de-skewed. AS Such, each data channel is Selected in turn and 
the received test data is XOR'ed to the spare data channel 
and the output observed for de-skew. In one embodiment, 
the proceSS continuously repeats. 

0103) In one embodiment, as illustrated in FIG. 18, the 
data Sample frame includes a header containing a fixed 
pattern, the replicated channel number, the Sample length 
and a status word. The remainder of the frame includes a 
fixed quantity of data Sample from the Selected data channel. 
In one embodiment, where interfaces use asymmetric de 
skew hardware replacement, the header is not utilized. AS 
Such, one extra Signal, the clock signal, is Supplied to 
indicate the Start of the data Sample Switching to the first 
channel. The period of the clock would be the number of 
channels times the Sample size. 
0104 Referring again to FIG. 18, the header includes a 
thirty-two bit frame delimiter containing the pattern of 
A1A1A2A2. Following the delimiter, eight bits are provided 
to indicate the channel number CH, i.e., the channel from 
which the sample data will be taken. The sample length SL 
is indicated by an eight bit word. In one embodiment, the 
length of a Sample is indicated in thirty-two bit words. 
Finally, a sixteen-bit status word STO and ST1 is provided 
to indicate, for example, errors. Accordingly, the total header 
size is sixty-four bits in the illustrated embodiment. A 
sixty-four bit data sample D00-D03 and D10-D13 follows 
the header. 

0105 Thus, the present invention provides reverse data 
de-skew methods and Systems. Although described in cer 
tain specific embodiments, it should be understood that the 
present inventions may be practiced otherwise than as 
Specifically described, the bounds of the present invention 
being Set by claims and their equivalents Supported by the 
description herein. 

1. A de-skew System comprising: 
processor configured to receive input data and generate 

parallel data; 
de-skew unit receiving the generated parallel data and a 

timing Signal and adjusting timing of the generated 
parallel data, based on the timing Signal, to generate a 
plurality of data Signals, and 

control unit configured to collect portions of the plurality 
of data Signals and to receive a loop data Sample and 
generating the timing Signal based on a comparison of 
the collected portions of the plurality of data Signals 
and the loop data Sample. 

2. The System of claim 1 further comprising: 
buffer unit receiving the plurality of data and a clock 

Signal and generating a plurality of data Signals based 
on the received clock signal; and 

reverse control unit configured to collect portions of the 
plurality of data Signals and to generate a loop data 
Sample based on the collected portions of the plurality 
of data Signals. 

3. The de-skew System of claim 2 further comprising 
input drivers receiving input data. 
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4. A de-skew method comprising: 
receiving a loop back data Sample; 
determining a data channel Specified by the loop back data 

Sample, 
determining a delay for data from a specific channel when 

the determined data channel is the Specific channel; and 
delaying data from the Specific channel by the determined 

delay. 
5. The method of claim 4 wherein determining a delay 

comprises: 
providing data from the Specific channel to a delay 

element; and 
comparing data from the delay element with the data from 

the loop back data Sample. 
6. The method of claim 5 wherein delaying the specific 

channel comprises adjusting the delay time of the delay 
element when the data from the delay element corresponds 
to the data from the loop back data Sample. 

7. The method of claim 4 further comprising setting the 
Specific channel at a midpoint. 

8. The method of claim 5 further comprising selecting 
another channel to Supply data to the delay element. 

9. The method of claim 4 further comprising comparing 
data from the loop back data Sample with the delayed data 
from the Specific channel when the determined data channel 
is the Specific channel. 

10. The method of claim 9 further comprising selecting 
another channel based on the comparison of the data from 
the loop back data Sample with the delayed data. 

11. The method of claim 9 further comprising: 
determining a delay for the Specific channel based on the 

comparison of the data from the loop back data Sample 
with the delayed data, and 

adjusting the delay of the Specific channel. 
12. A method of deskewing parallel data lines comprising: 
providing parallel data over a plurality of parallel data 

lines, the parallel data lines providing parallel data 
from a first unit to a Second unit; 

Successively providing Sample data over a Sample chan 
nel, the Sample data corresponding to data of the 
parallel data, the Sample channel providing Sample data 
from the second unit to the first unit; and 

using the Sample data to align the parallel data. 
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13. A System including deskew functions comprising: 
an upstream unit providing parallel data to a downstream 

unit over parallel data channels, 
a downstream unit receiving the parallel data from the 

upstream unit over the parallel data channels, 
a Sample channel coupling the upstream unit and the 

downstream unit, the Sample channel carrying Samples 
of the parallel data, the Sample channel carrying 
Samples of the parallel data from the downstream unit 
to the upstream unit. 

14. The system including deskew functions of claim 13 
wherein the downstream unit includes a Sampler for placing 
Samples of data from a Selected parallel data line on the 
Sample channel. 

15. The system including deskew functions of claim 14 
wherein the upstream unit includes a deskew circuitry for 
each of the parallel data channels. 

16. The system including deskew functions of claim 15 
wherein the upstream unit includes control circuitry provid 
ing adjustments to the deskew circuitry based on a compari 
Son of portions of the parallel data and data provided over 
the Sample channel. 

17. A system of two units coupled by parallel data lines 
comprising: 

a first unit providing parallel data over N parallel data 
lines, 

a Second unit receiving the parallel data over the N 
parallel data lines, 

a spare channel in parallel with the N parallel data lines, 
the first unit providing data of the parallel data lines 
Over the Spare channel, the Second unit receiving the 
data of the parallel data lines over the Spare channel; 

a return channel in parallel with the N parallel data lines, 
the Second unit providing data of the parallel data lines 
Over the return channel, the first unit receiving the data 
of the parallel data lines over the return channel; and 

at least one unit in the first unit deskewing the N parallel 
data lines using data of the parallel data lines received 
Over the return channel. 

18. The system of two units coupled by parallel data lines 
of claim 17 wherein the second unit includes a selector for 
replacing data from a Selected one of the N parallel data lines 
with data from the Spare channel. 
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