
WO 2005/020513 PCT/US2004/026891  SCALABLE
DEVICE-TO-DEVICE INTERCONNECTION  BACKGROUND 1. Field:
5 The subject matter disclosed herein relates to
interfaces between devices. In  particular, the
subject matter disclosed herein relates to devices
capable of transmitting or  receiving data at more
than one data rate. 2. Information: Semiconductor
devices in a printed circuit board (PCB) typically
communicate 10 through a device-to-device
interconnection (DDI). Such a DDI typically includes
copper  traces formed in the PCB to transmit signals
between devices. A device may be coupled  to a DDI by
solder bonding or a device socket secured to the PCB.
IEEE Std. 802.3ae - 2002, Clause 47 defines a 10
Gigabit Attachment Unit  Interface (XAUI) for
transmitting data between devices in data lanes. Each
data lane 15 typically transmits a serial data signal
between the devices using a differential signaling
pair. A XAUI is typically coupled to a 10 Gigabit
Media Independent Interface (XGMII)  which is capable
of transmitting or receiving data at a data rate of
ten gigabits per second.  In addition, the XAUI format
may be used in transmitting data over an Infiniband 4x
cable  as described in the proposed IOGBASE-CX4
standard presently being explored by the 20 IEEE
P802.3ak working group. BRIEF DESCRIPTION OF THE
FIGURES Non-limiting and non-exhaustive embodiments of
the present invention will be  described with
reference to the following figures, wherein like
reference numerals refer to  25 like parts throughout
the various figures unless otherwise specified. 1 WO
2005/020513 PCT/US2004/026891  Figure 1 shows a
schematic diagram of devices coupled by a
device-to-device interconnection (DDI) according to an
embodiment of the present invention. 



Figure 2 shows a schematic diagram of devices coupled
by four data lanes of a  DDI according to an
embodiment of the devices shown in Figure 1. 5 Figure
3 shows a schematic diagram of devices coupled by two
data lanes of a DDI  according to an embodiment of the
devices shown in Figure 1. Figure 4 shows a schematic
diagram of devices coupled by one data lane of a DDI
according to an embodiment of the devices shown in
Figure 1. Figure 5 shows a schematic diagram of a
device which is capable of selectively  10 varying a
data rate based upon a number of data lanes actively
transmitting or actively  receiving data from a DDI
according to an embodiment of a device shown in
Figures 2  through 4. DETAILED DESCRIPTION 15
Reference throughout this specification to "one
embodiment" or "an embodiment"  means that a
particular feature, structure, or characteristic
described in connection with the  embodiment is
included in at least one embodiment of the present
invention. Thus, the  appearances of the phrase "in
one embodiment" or "an embodiment" in various places
throughout this specification are not necessarily all
referring to the same embodiment. 20 Furthermore, the
particular features, structures, or characteristics
may be combined in one  or more embodiments.
"Machine-readable" instructions as referred to herein
relate to expressions which  may be understood by one
or more machines for performing one or more logical
operations. For example, machine-readable instructions
may comprise instructions which 25 are interpretable
by a processor compiler for executing one or more
operations on one or  2 WO 2005/020513
PCT/US2004/026891  more data objects. However, this is
merely an example of machine-readable instructions
and embodiments of the present invention are not
limited in this respect. "Machine-readable medium" as
referred to herein relates to media capable of
maintaining expressions which are perceivable by one
or more machines. For example, a  



5 machine-readable medium may comprise one or more
storage devices for storing machine readable
instructions or data. Such storage devices may
comprise storage media such as,  for example, optical,
magnetic or semiconductor storage media. However,
these are  merely examples of a machine-readable
medium and embodiments of the present  invention are
not limited in this respect. 10 "Logic" as referred to
herein relates to structure for performing one or more
logical  operations. For example, logic may comprise
circuitry which provides one or more output  signals
based upon one or more input signals. Such circuitry
may comprise a finite state  machine which receives a
digital input and provides a digital output, or
circuitry which  provides one or more analog output
signals in response to one or more analog input 15
signals. Such circuitry may be provided in an
application specific integrated circuit  (ASIC) or
field programmable gate array (FPGA). Also, logic may
comprise machine- readable instructions stored in a
memory in combination with processing circuitry to
execute such machine-readable instructions. However,
these are merely examples of  structures which may
provide logic and embodiments of the present invention
are not  20 limited in this respect. A
"device-to-device interconnection" (DDI) as referred
to herein relates to a data  link to transmit data
between devices. For example, a DDI may be formed by
conductive  traces formed on a circuit board between
device sockets to receive devices. A DDI may  traverse
multiple devices coupled between two devices over a
backplane and comprise 25 conductive traces coupling
the devices to one another. In another example, a DDI
may  3 WO 2005/020513 PCT/US2004/026891  comprise a
cable coupled between two connectors at opposite ends
of the cable. Each  connector may then transmit data
between the cable and a device coupled to the
connector  by conductive traces. However, these are
merely examples of a DDI and embodiments of  the
present invention are not limited in these respects. 5
A data link formed in a DDI may comprise a plurality
of "data lanes" where each  



data lane may transmit data from a source to a
destination independently of other data  lanes. Each
data lane in a data link may transmit symbols in a
transmission medium which  are decoded into data bits
at a destination. However, this is merely an example
of data  lanes that may be used to transmit data in a
DDI and embodiments of the present invention 10 are
not limited in these respects. A "data lane pair" or
"pair of data lanes" as referred to  herein relates to
two data lanes coupled between a first and second
device including a first  data lane to transmit data
from the first device to the second device and a
second data lane  to transmit data from the second
device to the first device. A "data lane interface" as
referred to herein relates to a portion of a device
that is  15 capable of transmitting a signal to or
receiving a signal from a data lane. For example, a
data lane interface may comprise conductive pins that
are capable of being coupled to a  data lane formed in
a printed circuit board by, for example, solder
bonding or a device  socket. Alternatively, a data
lane interface may comprise conductive pins that are
capable  of being coupled to a cable through a cable
connector. However, these are merely 20 examples of a
data lane interface and embodiments of the present
invention are not limited  in these respects. A
"serial data signal" as referred to herein relates to
a signal comprising  information encoded into a series
of symbols. For example, a serial data signal may
comprise a series of symbols transmitted in a
transmission medium where each symbol is 4 WO
2005/020513 PCT/US2004/026891  transmitted in a symbol
period. However, this is merely an example of a serial
data signal  and embodiments of the present invention
are not limited in these respects. A "differential
pair signal" as referred to herein relates to a pair
of synchronized  signals to transmit encoded data to a
destination. For example, differential pair may 5
transmit a serial data signal comprising symbols to be
decoded for data recovery at a  destination. Such a
differential pair may transmit each symbol as a
voltage on each of two  transmission media. However,
these are merely examples of a differential pair and  



embodiments of the present invention are not limited
in these respects. "Actively transmitting" as referred
to herein relates to a state of a data lane 10
interface in transmitting data to a data lane. For
example, a data lane interface may be  actively
transmitting a serial data signal when coupled to a
data lane and, at least  periodically in the presence
of data to be transmitted, applying voltage signals to
a data  lane contact. "Actively receiving" as referred
to herein relates to a state of data lane  interface
in receiving data from a data lane. For example, a
data lane interface may be 15 actively receiving a
serial data signal when coupled to a data lane and, at
least periodically  when the data lane is transmitting
voltages to the data lane interface, receiving one or
more voltage signals from the data lane. However,
these are merely examples of when a  data lane
interface may be actively transmitting or actively
receiving, and embodiments of  the present invention
are not limited in these respects. 20 An "8B 10B
encoding scheme" as referred to herein relates to a
process by which  eight-bit data bytes may be encoded
into ten-bit "code groups," or a process by which ten-
bit code groups maybe decoded to eight-bit data bytes.
An "8B10B encoder" as referred  to herein relates to
logic to encode an eight-bit data byte to a ten-bit
code group, and an  "8B 10B decoder" as referred to
herein relates to logic to decode an eight-bit byte
from a 5 WO 2005/020513 PCT/US2004/026891  ten-bit
code group. An "8B 10B coded" as referred to herein
relates to a combination of an  8BIOB encoder and an
8BIOB decoder. A "state machine" as referred to herein
relates to logic that may define one or more  states.
For example, a state machine may respond to inputs by
changing one or more of its  5 states. A state machine
may receive a data input from a source and provide a
data output to a destination where the data output is
indicative of one or more states of the state
machine. Such a data output may be provided to the
destination in a particular data format  and at a
particular data rate. However, these are merely
examples of a state machine and  embodiments of the
present invention are not limited in these respects. 



10 A "media independent interface" (MII) as referred
to herein relates to an interface  to receive data
from a source or transmit data to a destination in a
forniat which is  independent of a particular
transmission medium for transmitting the data. For
example, a  data transceiver may transmit data to a
transmission medium in a data transmission format  in
response to data received at an MII. Also, a data
transceiver may provide data to an 15 MII in response
to receiving data from a transmission medium in a data
transmission  format. An MII may also receive data
from or provide data to a state machine coupled to
one or more data lanes in a DDI. A "Gigabit MIP (GMII)
as referred to herein relates to  an MII capable of
receiving data from a source or transmitting data to a
destination at a  data rate of about one gigabit per
second. A "10 Gigabit MIP (XGMII) as referred to 20
herein relates to an MII capable of receiving data
from a source or transmitting data to a  destination
at a data rate of about ten gigabits per second.
However, these are merely  examples of an MII and
embodiments of the present invention are not limited
in these  respects. An "attachment unit interface"
(AUI) as referred to herein relates to a physical 25
medium capable of transmitting data between an
attachment to a transmission medium of  6 WO
2005/020513 PCT/US2004/026891  data network and data
terminal equipment. An "Extended Attachment Unit
Interface" as  referred to herein relates to a data
link capable of transmitting data between an MII and
data transceiver. A "10 Gigabit Extended Attachment
Unit Interface" (XAUI) as referred  to herein relates
to an extended attachment unit interface capable of
transmitting data 5 between an XGMII and a data
transceiver. Other Extended Attachment Unit Interfaces
maybe defined for higher data rates such as 40 or 100
gigabits per second. Briefly, an embodiment of the
present invention relates to a device to transmit data
to or receive data from one or more data lane
interfaces at a data rate. Each data lane  interface
may be capable of transmitting a serial data signal to
or receiving a serial data 10 signal from a data lane
in a device-to-device interconnection. The data rate
may be varied  



based, at least in part, upon a number of the data
lane interfaces actively transmitting a  serial data
signal to or actively receiving a serial data signal
from the device-to-device  interconnection. However,
this is merely an exemplary embodiment and other
embodiments of the present invention are not limited
in these respects. 15 Figure 1 shows a schematic
diagram of devices 12 coupled by a DDI 14 according
to an embodiment of the present invention. According
to an embodiment, the DDI 14 may  comprise a plurality
of data lanes (not shown) formed in copper traces of a
printed circuit  board (not shown) or in a cable
coupled between the devices 12. However, this is
merely  an example of how data lanes may be formed in
a DDI and embodiments of the present 20 invention. are
not limited in this respect. Each data lane may
transmit or receive data in  one or more differential
pair signals. However, this is merely an example of
how data  may be transmitted in a data lane and
embodiments of the present invention are not limited
in this respect. For full-duplex communication, a
corresponding pair of data lanes may employ  25 two
differential pair signals (e.g., one differential pair
signal for transmitting data from a  7 WO 2005/020513
PCT/US2004/026891  device on a first data lane and one
differential signaling pair for receiving data at the
device on a second data lane). Alternatively, a single
data lane may employ a single  differential pair
signal for communicating in a half-duplex operating
mode. However, this  is merely an example of how full
or half duplex communication may be implemented 5
using differential pair signals, and embodiments of
the present invention are not limited in  these
respects. According to an embodiment, in addition to
being coupled to the DDI 14, the  devices 12 and 16
may be coupled to other devices in any one of several
data  communication systems or input/output
architectures. For example, either of the devices 10
12 or 16 may comprise a media independent interface
(MII) for coupling to other devices  such as a media
access controller (MAC) (not shown). Such a MAC may
couple the  



device 12 or 16 to any one of several other I/O
devices such as,, for example, a multiplexed  data
bus, multi-port switch fabric or backplane Ethernet
switch. The MAC may also  couple the device 12 or 16
to one or more packet classification devices (e.g.,
for network 15 protocol processing) such as a network
processor or packet classification ASIC. However,
these are merely examples of devices that may be
coupled to an MII through a MAC and  embodiments of
the present invention are not limited in these
respects. In another embodiment, the device 12 or 16
may comprise an MII coupled to a  physical layer
communication device (not shown) for transmitting or
receiving data in a  20 transmission medium such as,
for example, coaxial, fiber optic or twisted wire pair
cabling. However, these are merely examples of data
transmission media that may be  used for transmitting
data from or receiving data at a MII and embodiments
of the present  invention are not limited in these
respects. In alternative embodiments, the device 12 or
device 16 may be integrated with a  25 MAC or physical
layer communication device independently of an MII.
For example, the  8 WO 2005/020513 PCT/US2004/026891
device 12 or device 16 may comprise a transmitting or
receiving state machine integrated  with the MAC or
physical layer communication device independently of a
MAC. However, these are merely alternative embodiments
and other embodiments are not  limited in these
respects. 5 Figures 2 through 4 illustrate the use of
a device 22 that is capable of transmitting  or
receiving data from a DDI having two, four or eight
pairs of data lanes. The device 22  may also comprise
an MIT (not shown) to transmit data between the DDI
and another  device (e.g., a MAC or physical layer
communication device, not shown). Alternatively,  the
device 22 may be integrated with a MAC or physical
layer communication device 10 independently of such an
MII. In either such embodiment, the device 22 may
transmit  data between the DDI and other device at a
data rate. In the particular embodiments  described
with reference to Figures 2 through 4, each of the
data lanes may be capable of  



transmitting data at a set data rate such as 2.5
gigabits per second (e.g., about 3.125  gigabits per
second including overhead), full-duplex. However, this
is merely an example 15 data rate for a data lane and
other embodiments may be directed to data lanes
transmitting  data at different rates. According to an
embodiment, the device 22 may vary the data rate  at
which data is transmitted between the DDI and another
device (e.g., a MAC or physical  layer communication
device, not shown) based upon a number of data lanes
being used to  actively transmit or receive data in
the DDI. 20 In Figure 2, a DDI 24 comprising four
pairs of data lanes 28 coupled to a device 22  (where
a first data lane in a pair 28 transmits first serial
data signal from the device 22 and  a second data lane
in the pair 28 transmits a second serial data signal
away from the device  22) may couple the device 22 to
a 10 Gigabit Media Independent Interface Extender
Sublayer (XGXS) device 26 to behave according to IEEE
Std. 802.3ae-2002, Clause 47. 25 The DDT 24 may
provide a 10 Gigabit Attachment Unit Interface (XAUI).
Accordingly,  9 WO 2005/020513 PCT/US2004/026891  the
device 22 may be configured as an XGXS device to
transmit data to or receive data  from the DDI 24 at a
data rate of about 10 gigabits per second. In Figure
3, a DDI 34 comprising two pairs of data lanes 38 may
couple the device  22 to a device 36 capable of
transmitting data between the devices 22 and 36 at a
data rate  5 of about five gigabits per second (e.g.,
as a 5000BASE-X device). Accordingly, the device 22
may be configured to transmit data to or receive data
from the DDI 24 at a data  rate of about five gigabits
per second. In Figure 4, a DDI 44 comprising a single
pair of data lanes 48 may couple the  device 22 to a
device 46 capable of transmitting data between the
devices 22 and 46 at a  i0 data rate of about 2.5
gigabits per second (e.g., as a 2500 BASE-X device).
Accordingly, the device 22 may be configured to
transmit data to or receive data from the DDI 44 at a
data rate of about 2.5 gigabits per second. In the
embodiments described above with reference to Figures
2 through 4, in  



addition to the device 22, any of the devices 26, 36
or 46 may similarly be configured to  15 transmit or
receive data on one, two or four pairs of data lanes.
In these particular embodiments, a DDT of one, two or
four pairs of data lanes may be used to transmit data
between the device 22 and any of the devices 26, 36 or
46. Any of these devices 26, 36 or  46 may also have
the capability of varying a data rate at which data is
transmitted to or  received from the DDI based upon a
number of data lanes in the DDI. 20 Figure 5 shows a
schematic diagram of a device 102 which is capable of
selectively varying a data rate at an MIT 124 based
upon a number of data lanes 112  actively transmitting
or actively receiving data from a DDI according to an
embodiment of  the device 22 shown in Figures 2
through 4. The device 102 may be formed in one or
more semiconductor devices using techniques known to
those or ordinary skill in the art of 25 logic design.
Alternatively, one or more of the illustrated portions
may be implemented  10 WO 2005/020513
PCT/US2004/026891  machine-readable instructions that
are executable by a processor or microcontroller.
However, these are merely examples of how a device to
transmit data between an MII and  a DDI may be
implemented and embodiments of the present invention
are not limited in  these respects. 5 The device 102
may comprise a physical medium dependent (PMD)
sublayer  section 110 capable of transmitting signals
to or receiving signals from one or more pairs  of
data lanes 112, and a physical coding sublayer (PCS)
section 106 capable of  transmitting data to or
receiving data from the MII 124. A physical media
attachment  (PMA) sublayer section 108 is coupled to
the PMD section 110 and PCS section 106 to 10 transmit
parallel data signals to the PCS section 106 in
response to signals from the PMD  section 110, and to
transmit encoded data signals to the PMD section 110
in response to  parallel data signals from the PCS
section 106. The PMD section 110 comprises a plurality
of data lane interfaces (DLIs) 114 and  115 where each
DLI may be coupled to an associated data lane 112.
Each DLI 114 and  



15 115 may comprise conductive pins (not shown)
adapted to being coupled to conductive elements on a
printed circuit board by, for example, solder bonding
or a device socket.  Alternatively, each DLI 114 and
115 may be coupled to a cable through a conductive
cable connector. Each DLI may comprise a set of
conductive pins to transmit serial data  to, or
receive serial data from, an associated data lane 112.
The associated data lane 112 20 may transmit serial
data signals to or receive serial data signals from
the DDI as a  differential pair signal. For each DLI
115 of the PMD section 110, the PMA section 108 may
comprise a  clock and data recovery (CDR) and
deserializer circuit 116. The CDR portion may
generate serial data in response to a differential
pair signal from an associated DLI 115. In 25 response
to the serial data from the CDR portion, the
deserializer portion may provide a  11 WO 2005/020513
PCT/US2004/026891  ten-bit parallel data word to the
PCS section 106 on byte intervals. Similarly, for each
DLI 114, a serializer circuit 118 may generate serial
data for transmission through the DLI  114 in response
to receipt of a ten-bit parallel data word from the
PCS section 106 on byte  intervals (e.g., through
printed circuit board traces or through a connector
and cable in a 5 l OGBASE-CX implementation). For each
DLI 115 of the PMD section 110, the PCS section 106
may comprise a  synchronization circuit 122 and an 8B
I OB decoder 120. From the ten bit parallel data
received from the PMA section 108, the synchronization
circuit 122 may detect  boundaries between sequential
ten bit "code groups" as described in IEEE Std.
802.3ae  10 2002, Clause 48.2.4.2.1. The 8B I OB
decoder 120 may then decode the sequential ten bit
code groups into eight bit bytes as described in IEEE
Std. 802.3 - 2000, Clause 36 and  provide the decoded
bytes to an alignment and deskew state machine 130. In
response to  receipt of eight bit bytes from a
transmit state machine 126 on byte intervals, an 8B
10B  encoder 123 may encode each eight bit byte to a
ten bit code group for transmission on an  15
associated DLI 114. 



According to an embodiment, the code groups received
at the SB 1013 decoder 120  comprise encoded data and
control symbols such as an alignment character
indicating a  temporal alignment of the of the data
received in the data lane. The alignment characters
may be inserted at random times in the data lanes. For
example, the insertion of alignment 20 characters may
occur during inter-frame gaps or idle periods to
reduce data overhead  impacts. In addition to
providing decoded eight bit bytes to the alignment and
deskew  state machine 130, the 8B I OB decoder 120 may
indicate the location of detected  alignment
characters among the decoded eight bit bytes.
Alternatively, the alignment and  deskew state
machinel 30 may determine the location of alignment
characters 25 independently of the 8B10B decoder 120.
Receiving decoded eight bit bytes from each of  12 WO
2005/020513 PCT/US2004/026891  the DLIs 115 that are
actively receiving data from a data lane 112, the
alignment and  deskew state machine 130 may
concatenate four aligned bytes forming a 32-bit word
to be  provided to a receive state machine 128. If a
serial data signal is being actively received  from
four data lanes 112 (as illustrated in Figure 2), the
alignment and deskew state, 5 machine 130 may select
an aligned byte from each of the four data lanes to
form the 32-bit  word. If a serial data signal is
being actively received from exactly two data lanes
112 (as  illustrated in Figure 3), the alignment and
deskew state machine 130 may select two  aligned bytes
received from each of the data lanes 112 to form the
32-bit word. If a serial  data signal is being
actively received from exactly one data lane 112 (as
illustrated in 10 Figure 4), the alignment and deskew
state machine 130 may combine four consecutive
received bytes to form the 32-bit word. According to
an embodiment, a "local link fault" received on an
inbound or  receive path may be detected at a location
between the device 102 and a remote device  (not
shown) coupled to the device 102 by one or more data
lanes 112. Also, a "remote 15 link fault" provided on
an out-bound or transmit path upon detection of a
local link fault  may be detected at a location a
beyond the remote device. The receive state machine
128  



may receive link fault signals indicating such a local
or remote link fault from the remote  device.
Similarly, the transmit state machine 126 may transmit
a link fault signal to the  remote device indicating a
local link fault or a remote link fault (e.g., a link
fault detected  20 at a location beyond the MAC 104).
According to an embodiment, if four pairs of data
lanes (lanes 0 through 3) are  actively transmitting
data (i.e., each of four DLIs 114 are transmitting a
serial data signal  in a data lane 112 and each of
four DLIs 115 are receiving a serial data signal from
a data  lane 112), link fault signals may be received
by the receive state machine 128 or 25 transmitted by
the transmit state machine 126 as provided in IEEE
Std. 802.3ae-2002,  13 WO 2005/020513
PCT/US2004/026891  Clause 46.3.4. Here, four aligned
bytes, one byte transmitted/received on each of four
data lanes, may provide a link fault signal (e.g., a
sequence control character in lane 0,  data characters
OxOO in lanes 1 and 2, and data character OxOI in lane
3 to indicate a local  link fault or a data character
0x02 to indicate a remote link fault). If a single
pair of data 5 lanes is actively transmitting data
(i.e., a single DLI 114 is transmitting a serial data
signal  in a data lane 112 and a single DLI 115 is
receiving a serial data signal from a data lane  112),
four bytes transmitted/received in series may provide
the link fault signal (e.g.,  transmission of a
sequence control character, two data characters OxOO,
and data character  OxOI to indicate a local link
fault or a data character 0x02 to indicate a remote
link fault). 10 Alternatively, the link fault signal
may be transmitted/received in two serial bytes (e.g.,
a  sequence control character followed by a data
character OxOI to indicate a local link fault  or a
data character 0x02 to indicate a remote link fault).
If exactly two pars of data lanes 112 are actively
transmitting data (i.e., each of two  DLIs 114 are
transmitting a serial data signal in a data lane 112
and each of two DLIs 115  15 are receiving a serial
data signal from a data lane 112), link fault signals
may be transmitted/received as four bytes, two aligned
bytes transmitted in a first byte interval  followed
by two aligned bytes transmitted in a second byte
interval. For example, the first  



two aligned bytes may comprise a sequence control
character and a data character OxOO.  The second two
aligned bytes may comprise a data character OxOO and a
data character 20 OxOI to indicate a local link fault
or a data character 0x02 to indicate a remote link
fault.  In an alternative to transmitting two aligned
bytes in a first byte interval followed by
transmitting two aligned bytes in a second byte
interval, two aligned bytes may be  transmitted in a
single byte interval where a first aligned byte
provides a sequence control  character and the second
byte provides a data character OXOI to indicate a
local link fault 25 or a data character 0x02 to
indicate a remote link fault.  14 WO 2005/020513
PCT/US2004/026891  Upon receipt of the 32-bit word
from the alignment and deskew state machine 128, the
receive state machine 128 may format the 32-bit word
for transmission as a 32-bit  signal data signal in
the MII 124. For example, where the MIT 124 comprises
a signal  format as provided by an XGMII as described
in IEEE Std. 802.3ae - 2002, Clause 46, the 5 32-bit
word may be formatted for transmission as the signal
RXD<31:0> along with a  control word RXC<3:0>.
Accordingly, the receive state machine 128 may
transmit a 32- bit word formatted as RXD<31:0> to the
MII 124 on intervals of a clock signal RX_CLK  such
as, for example, on rising and falling edges of the
clock signal RX_CLK. Similarly,  a transmit state
machine 126 may receive a formatted 32-bit word from
the MII 124 as, for 10 example, the XGMII signal TXD<3
1:0> along with a control word TXC<3:0> on intervals
of a clock signal TX_CLK such as, for example, rising
and falling edges of the clock  signal TX_CLK. Such a
clock signal TX_CLK may be generated and controlled by
the  MAC 104. For each 32-bit word received from the
MII 124, the transmit state machine 126  15 may
partition the 32-bit word among data lanes 112 that
are actively transmitting data  (e.g., one byte per
data lane 112 if four data lanes are actively
transmitting, two bytes per  data lane 112 if two data
lanes are actively transmitting and four bytes on a
single data  lane 112 if one data lane is actively
transmitting). The associated 8B 1013 codec 120 for  



each actively transmitting data lane 112 may then
encode each byte into a corresponding 20 ten bit code
group for transmission to the data lane 112 through
the PMA section 108 and  PMD section 110. According to
an embodiment, the device 102 may maintain two clock
domains, a  first clock domain to control a data rate
at of the transmit state machine 126 and receive
state machine 128 (also, for example, at the MII 124)
and a second clock domain to 25 control the
transmission and reception of the data at the
individual data lanes 112. The  15 WO 2005/020513
PCT/US2004/026891  clock signals TX_CLK or RX_CLK may
be referenced to a first common clock signal
controlling the first clock domain. The first common
clock signal may also control the  execution of the
transmit state machine 126 and the receive state
machine 128. By .  increasing or decreasing a
frequency of the first common clock signal, the data
rate at 5 which the transmit state machine 126
transmits data to the data lanes 112 and the data rate
at which the receive state machine 128 provides data
to the MAC 104 may be increased or  decreased. For
example, by varying the frequency of the first common
clock signal, the  clock signals TX_CLK or RX_CLK
(referenced to the first common clock signal) may
have a frequency of about 156.25 MHz to maintain a
data rate at the MIT 124 of about ten 10 gigabits per
second (e.g., if four data lanes 112 are actively
transmitting data and four data  lanes 112 are
actively receiving data), a frequency of about 78.12
MHz to maintain a data  rate at the MIT 124 of about
five gigabits per second (e.g., if two data lanes 112
are  actively transmitting data and two data lanes 112
are actively receiving data), and a  frequency of
about 39.06 MHz to maintain a data rate at the MII 124
of about 2.5 gigabits 15 per second (e.g., if one data
lane 112 is actively transmitting data and one data
lane 112 is  actively receiving data). According to an
embodiment, a second common clock signal may control
the CDR  and deserializer circuit 116, synchronization
circuit 122 and 8B10B decoder 120 that is  actively
receiving a serial data signal from an associated data
lane 112. Similarly, the 



20 second common clock signal may control the
serializer circuit 118 and 8B lOB decoder  123 that is
actively transmitting a serial data signal in a
corresponding data lane 112. the  Independently of
variations in the common clock signal controlling the
first clock domain,  according to an embodiment, the
second common clock signal may control the
transmission of serial data to or the reception or
serial data from a data lane 112 at a fixed  25 data
rate (e.g., about 3.215 gigabits per second). 16 WO
2005/020513 PCT/US2004/026891  According to an
embodiment, the slower of the first and second common
clock signals may be generated from the faster of the
first and second common clock signals  using clock
dividing circuitry known to those of ordinary skill in
the art. According to an  embodiment, the first common
clock signal of the first clock domain may be
controlled 5 based upon an indication of a number of
DLIs 115 that are actively transmitting a serial  data
signal to a data lane 112 or number of DLIs 114 that
are actively receiving a serial  data signal from a
data lane 112. In one embodiment, the PMD section 110
may provide a  four-bit signal signal-detect <3:0> to
the PCS section 106 indicating which of the DLIs  114
are receiving a signal from an associated data lane
112 (e.g., as provided in IEEE 10 P802.3ak - Clause
54.6.5 where PMD-signal_detect_n indicates whether a
data lane n is  receiving data). Alternatively, the
PCS section 106 may receive data in a register of a
Management Data Input/Output ("MDIO") Interface as
provided in IEEE Std. 802.3ae - 2002, Clause 45.
However, these are merely examples of how a PCS
section may detect a  number of DLIs that may be
transmitting data to or receiving data from a data
lane, and 15 embodiments of the present invention are
not limited in these respects. Based upon a  number of
DLIs that are receiving a serial data signal from, or
transmitting a serial data  signal to a data lane 112
(e.g., four, two or one data lane 112) the frequency
of the first  common clock signal may be set to
control the data rate of the MII 124 accordingly.
While the embodiment shown in Figure 5 includes an MII
124, it should be 20 understood that in other
embodiments a transmit state machine (e.g., the
transmit state  



machine 126) and a receive state machine (e.g., the
receive state machine 128) may be  integrated in a
single device with a MAC or physical layer
communication device  independently of an MII.
Accordingly, the transmit state machine may transmit
data from  the integrated device to a DDI at a data
rate based, at least in part, on a number of data 25
lanes actively transmitting a serial data signal.
Similarly, the receive state machine may  17 WO
2005/020513 PCT/US2004/026891  transmit data to the
integrated device at a data rate based, at least in
part on a number of  data lanes actively transmitting
a serial data signal. While there has been illustrated
and described what are presently considered to be
example embodiments of the present invention, it will
be understood by those skilled in 5 the art that
various other modifications may be made, and
equivalents may be substituted,  without departing
from the true scope of the invention. Additionally,
many modifications  may be made to adapt a particular
situation to the teachings of the present invention
without departing from the central inventive concept
described herein. Therefore, it is  intended that the
present invention not be limited to the particular
embodiments disclosed, 10 but that the invention
include all embodiments falling within the scope of
the appended  claims. 18 19  What is claimed is: 1. A
system comprising: a media access controller (MAC);
and a communication device  comprising: a media
independent interface (MII) coupled to the MAC to at
least one of transmit  and receive data at a data
rate; a plurality of data lane interfaces, each data
lane interface being  capable of at least one of
transmitting a serial data signal to and receiving a
serial data signal  from a data lane in a
device-to-device interconnection; and a transmitter
coupled to the MII to  receive data from the MII and
coupled to selectively transmit the data to one or
more of the data  lane interfaces at a variable rate
dependent upon a number of the data lane interfaces to
which  



the transmitter is transmitting the data, wherein the
transmitter is coupled to receive a transmit  clock
signal having a variable frequency dependent upon the
number of the data lane interfaces  actively
transmitting a serial data signal. 2. The system of
claim 1, wherein the system further comprises a switch
fabric coupled to the  MAC. 3. The system of claim 1,
wherein the system further comprises a packet
classification device  coupled to the MAC. 4. A device
comprising: a media independent interface (MII) to at
least one of transmit and  receive data at a data
rate; a plurality of data lane interfaces, each data
lane interface being  capable of at least one of
transmitting a serial data signal to and receiving a
serial data signal  from a data lane in a
device-to-device interconnection; and a receiver
coupled to receive one or  more of the serial data
signals from one or more corresponding data lane
interfaces, the receiver  further coupled to transmit
the data to the MII at a variable rate dependent upon
a number of the  data lane interfaces from which the
receiver is receiving the one or more serial data
signals,  wherein the receiver is coupled to receive a
receive clock signal having a variable frequency
dependent upon the number of the data lane interfaces
actively receiving a serial data signal.  5. The
device of claim 4, wherein each data lane interface is
associated with a first differential  pair to transmit
a serial data signal and a second differential pair to
receive a serial data signal.  6. The device of claim
5, wherein the plurality of data lane interfaces are
capable of transmitting  data to and receiving data
from a 10 gigabit attachment unit interface. 7. The
device of claim 4, wherein the device further
comprises: a plurality of 8B1013 decoders,  each 8B106
decoder being associated with one of the data lane
interfaces, each 8B10B decoder  being capable of
decoding one eight bit byte from a differential pair
on first intervals of a first clock  signal; a receive
state machine to provide a fixed length data signal to
the MIl on second intervals  of a second clock signal;
and logic to vary the second intervals based upon a
number of the data  lane interfaces actively receiving
serial data from the device-to-device interconnection.
8. The device of claim 4, wherein the device further
comprises: a transmit state machine to  receive a
fixed length data signal from the Mll on first
intervals of a first clock signal; a plurality of  



8B10B encoders, each 8BIOB encoder being associated
with one of the data lane interfaces,  each 8B10B
encoder being capable of encoding one eight bit byte
of the fixed length data signal  for transmission to a
differential pair on first intervals of a first clock
signal; and logic to vary the  second intervals based
upon a number of the data lane interfaces actively
transmitting serial data  from to the device-to-device
interconnection. 9. The device of claim 4, wherein the
device-to-device interconnection comprises printed
circuit  board traces. 10. The device of claim 4,
wherein the device-to-device interconnection comprises
a cable. 20  11. A method comprising: at least one of
transmitting data to and receiving data from a media
independent interface (MII) at a data rate; at least
one transmitting a serial data signal to and
receiving a serial data signal from one or more data
lanes in a device-to-device interconnection,  each
data lane being coupled to the MII by an associated
data lane interface; varying the data  rate based, at
least in part, upon a number of the data lane
interfaces actively transmitting a serial  data signal
to or actively receiving a serial data signal from the
device-to-device interconnection;  and generating a
variable clock signal for timing the transmitting
having a frequency based upon  the number of data lane
interfaces actively transmitting a serial data signal.
12. The method of claim 11, the method further
comprising: transmitting one or more serial data
signals to the device-to-device interconnection in a
first differential pair signal; and receiving one
more serial data signals from the device-to-device
interconnection in a second differential pair  signal.
13. The method of claim 12, the method further
comprising transmitting data to and receiving data
from a 10 gigabit attachment unit interface. 14. The
method of claim 11, wherein the method further
comprises: at one or more data lane  interfaces,
receiving a serial data signal from the device to
device interconnection; decoding the  serial data
signal according to an 8B 10B decoding scheme to
provide an eight-bit byte on byte  intervals;
providing a fixed length data signal to the MII on
intervals of a clock signal having a  frequency; and
varying the frequency of the clock signal based upon a
number of the data lane  



interfaces actively receiving a serial data signal
from the device-to-device interconnection.  15. The
method of claim 11, wherein the method further
comprises: receiving a fixed length data  signal from
the MII on intervals of a clock signal having a
frequency, the fixed length data signal  having a
plurality of eight-bit bytes; encoding each eight-bit
byte into a ten bit code group  according to an 86108
encoding scheme; transmitting the code groups to the
device-to-device  interconnection through one or more
data lane interfaces; and varying the frequency of the
clock  signal based, at least in part, upon a number
of data lane interfaces actively transmitting serial
data to the device-to-device interconnection. 16. The
method of claim 11, wherein the device-to-device
interconnection comprises printed  circuit board
traces. 17. The method of claim 11, wherein the
device-to-device interconnection comprises a cable.
18. A system comprising: a physical layer
communication device to transmit data between a
transmission medium and a media independent interface
(MIl) at a data rate; and a  communication device
comprising: a plurality of data lane interfaces, each
data lane interface  being capable of at least one of
transmitting a serial data signal to and receiving a
serial data  signal from a data lane in a
device-to-device interconnection; and a transmitter
coupled to the MII  to receive data from the Mll and
coupled to selectively transmit the data to one or
more of the  data lane interfaces at a variable rate
dependent upon a number of the data lane interfaces to
which the transmitter is transmitting the data,
wherein the transmitter is coupled to receive a
transmit clock signal having a variable frequency
dependent upon the number of the data lane  interfaces
actively transmitting a serial data signal. 19. The
system of claim 18, wherein the physical layer
communication device is adapted to  transmit data
between the Mll and a fiber optic cable. 20. The
system of claim 18, wherein the physical layer
communication device is adapted to  transmit data
between the MIl and a twisted wire pair cable. 21. A
device comprising: a physical coding sublayer (PCS)
including a state machine to at least  one of transmit
and receive data at a data rate; a physical media
dependent (PMD) section 21  



including a plurality of data lane interfaces, each
data lane interface being capable of at least one  of
transmitting a serial data signal to and receiving a
serial data signal from a data lane in a
device-to-device interconnection, wherein the PMD
section is coupled to the PCS section to  signal to
the PCS section a number of the data lane interfaces
actively transmitting a serial data  signal; and logic
to vary the data rate based, at least in part, upon
the number of the data lane  interfaces actively
transmitting a serial data signal to or actively
receiving a serial data signal from  the
device-to-device interconnection, wherein the state
machine is coupled to receive a clock  signal to time
transmitting or receiving the data having a variable
frequency dependent upon a  number of the plurality of
data lane interfaces that are actively transmitting or
receiving a serial  data signal. 22. The device of
claim 21, wherein each data lane interface is
associated with a first differential  pair to transmit
a serial data signal and a second differential pair to
receive a serial data signal.  23. The device of claim
22, wherein the plurality of data lane interface are
capable of transmitting  data to and receiving data
from a 10 gigabit attachment unit interface. 24, The
device of claim 21, wherein the device further
comprises a MAC to at least one of  transmit data to
and receive data from the state machine at the data
rate. 25. The device of claim 21, wherein the device
further comprises a physical layer communication
device to at least one of transmit data to and receive
data from the state machine at the data rate.  26. The
device of claim 21, wherein the device-to-device
interconnection comprises printed circuit  board
traces. 27. The device of claim 21, wherein the
device-to-device interconnection comprises a cable.
28. A method comprising: at least one of transmitting
data to and receiving data from a state  machine at a
data rate; at least one transmitting a serial data
signal to and receiving a serial data  signal from one
or more data lanes in a device-to-device
interconnection, each data lane being  coupled to the
state machine by an associated data lane interface;
varying the data rate based, at  least in part, upon a
number of the data lane interfaces actively
transmitting a serial data signal to  or receiving a
serial data signal from the device-to-device
interconnection; and generating a  variable clock
signal for timing the receiving having a frequency
based upon the number of data  



lane interfaces actively receiving a serial data
signal. 29. The method of claim 28, the method further
comprising: transmitting one or more serial data
signals to the device-to-device interconnection in a
first differential pair signal; and receiving one
more serial data signals from the device-to-device
interconnection in a second differential pair  signal.
30. The method of claim 29, the method further
comprising transmitting data to and receiving data
from a 10 gigabit attachment unit interface. 31. The
method of claim 28, wherein the device further
comprises: controlling the data rate  according to a
frequency of the variable clock signal; at one or more
data lane interfaces,  receiving a serial data signal
from the device to device interconnection; decoding
the serial data  signal according to an 8B 108
decoding scheme to provide an eight-bit byte on byte
intervals;  and varying the frequency of the variable
clock signal based upon a number of the data lane
interfaces actively receiving a serial data signal
from the device-to-device interconnection.  32. The
method of claim 28, wherein the method further
comprises: receiving a fixed length data  signal at
the state machine at a rate controlled by a transmit
clock signal having a frequency, the  fixed length
data signal having a plurality of eight-bit bytes;
encoding each eight-bit byte into a ten  bit code
group according to an 88108 encoding scheme;
transmitting the code groups to the 22
device-to-device interconnection through one or more
data lane interfaces; and varying the  frequency of
the transmit clock signal based, at least in part,
upon a number of data lane interface  actively
transmitting serial data to the device-to-device
interconnection. 33. The system of claim 1, wherein
the communication device further comprises: a physical
coding sublayer ("PCS") including the transmitter; and
a physical media dependent ("PMD")  section including
the plurality of data lane interfaces, the PMD section
coupled to the PCS section  to signal to the PCS
section the number of the data lane interfaces
actively transmitting a serial  data signal. 34. The
system of claim 33, wherein the transmitter comprises
a state machine. 


