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METHOD AND SYSTEM FOR AN INTEGRATED
DUAL PORT GIGABIT ETHERNET CONTROLLER

CHIP

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY

REFERENCE

[0001] This application makes reference to, and/or claims
priority to and/or claims the benefit of U.S. patent applica-
tion Ser. No. 60/487,007 (Attorney Docket No.
13946US01), filed Jul. 14, 2003.

[0002] This application also makes reference to:

[0003] U/S. patent application Ser. No. (Attor-
ney Docket No. 14999US02),filed Jul. 8, 2004.

[0004] The abovestated application is incorporated herein
by reference in its entirety.

FIELD OF THE INVENTION

[0005] Certain embodiments of the invention relate gen-
erally to high speed networking hardware. Morespecifically,
certain embodiments of the invention relate to a method and

system for an integrated dual port gigabit Ethernet controller
chip.

BACKGROUND OF THE INVENTION

[0006] High-speed digital communication networks over
copper and optical fiber are used in many network commu-
nication and digital storage applications. Ethernet and Fiber
Channel are two widely used communication protocols,
which continue to evolve in response to increasing demands
for higher bandwidth in digital communication systems.

[0007] The Ethernet protocol may providecollision detec-
tion and carrier sensing in the physical layer. The physical
layer, layer 1, is responsible for handling all electrical,
optical, opto-electrical and mechanical requirements for
interfacing to the communication media. Notably, the physi-
cal layer may facilitate the transfer of electrical signals
representing an information bitstream. The physical layer
may also provide services such as, encoding, decoding,
synchronization, clock data recovery, and transmission and
reception of bit streams.

[0008] As the demandfor higher data rates and bandwidth
continues to increase, equipment vendors are continuously
being forced to employ new design techniques for manu-
facturing network layer 1 equipment capable of handling
these increased data rates. Chip real estate and printed circuit
board (PCB) real estate is generally extremely expensive.
Accordingly, the use of available chip and PCB real estate
is therefore a critical fabrication consideration when design-
ing chips and/or circuit boards. Particularly in high speed
applications operating at high frequencies, a high device
count and pin count may result in designs that are suscep-
tible to interference. Notably, high device and pin counts
may significantly increase chip real estate and accordingly,
significantly increase implementation cost.

[0009] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to
one of skill in the art, through comparison of such systems
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with someaspects of the present inventionas set forth in the
remainder of the present application with reference to the
drawings.

BRIEF SUMMARY OF THE INVENTION

[0010] Certain embodiments of the invention provide a
method and system for on-chip processing of network data.
On-chip processing of network data mayinclude receiving
data bya first Ethernet controller integrated within a chip
and receiving data by a second Ethernet controller integrated
within the same chip. An arbitrating scheme maybeutilized
to arbitrate which oneofthefirst Ethernet controller and the

second Ethernet controller may transfer data over a single
bus interface integrated within the same chip. A successful
arbitration for the first Ethernet controller or the second

controller may be acknowledged.If the first Ethernet con-
troller receives the acknowledgementof the successful arbi-
tration, the received data may be transferred from the first
Ethernet controller to the integrated single bus interface. If
the second Ethernet controller receives the acknowledge-
mentof the successful arbitration, the received data may be
transferred from the second Ethernet controller to the inte-

grated single bus interface. The method may also include
tagging the data received from the first Ethernet controller
with a first unique identifier and tagging the data received
from the second Ethernet controller with a second unique
identifier.

(0011] Data may be received from at least one device
external to the chip and coupledto the integrated single bus
interface. A determination may be made as to which one of
the first Ethernet controller and the second Ethernet con-

troller should receive the received data for processing. The
determining may further include determining oridentifying
a first unique identifier identifying the received data to be
processed by the first Ethernet controller. Additionally, a
second unique identifier identifying the received data to be
processed by the second Ethernet controller may be deter-
mined. The received data may betransferred from the single
integrated businterface to the first Ethernet controller and/or
the second Ethernet controller. The received data transferred

to the first Ethernet controller may be independently pro-
cessed by thefirst Ethernet controller. Similarly, the received
data transferred to the second Ethernet controller may be
independently processed by second Ethernet controller.

[0012] Another embodiment of the invention provides a
dual port Ethernet controller. The dual port Ethernet con-
troller may includea businterface, a first Ethernet controller
coupled to the bus interface and a second Ethernet controller
coupled to the bus interface. The first Ethernet controller,
second Ethernet controller and bus interface may all be
integrated within a single chip. The integrated bus interface
may be a PCI businterface although the invention is not
limited in this regard. The dual port Ethernet controller may
also include an arbiter coupled to the first Ethernet control-
ler, the second Ethernet controller and the bus interface. A
plurality of shared resources may be coupled to one or more
ofthe first Ethernet controller, the second Ethernet controller
and the arbiter. The shared resources may include, but are
not limited to, a non-volatile memory and a general purpose
input/out interface. The non-volatile memory may includeat
least one of an EEPROM, a Flash memory, a SMBus
interface and a serial programming interface (SPI). The
general purpose input/output interface may includeatleast
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one general purpose input/out pin that may be utilized by at
least the first Ethernet controller and the second Ethernet
controller.

[0013] At least one of the first Ethernet controller and the
second Ethernet controller may include an Ethernet trans-
ceiver, a MAC controller coupled to the Ethernet trans-
ceiver, a DMA controller coupled to the MAC controller
and/or the arbiter, a memory coupled to the MAC controller,
a transmit CPU coupled to the MAC controller and/or the
memory, a receive CPU coupledto at least one of the MAC
controller and the memory, and at least one control and
status register coupled to one or more of the bus interface,
the Ethernet transceiver, the MAC controller, the DMA
controller, the memory, the transmit CPU and the receive
CPU. The control and status register may include a bus
interface register, a status register and a control register. The
control and status register may also includeat least one MII
interface register.

[0014] The dual port Ethernet controller may include at
least one of a clock generator and a phase lock loop, which
is integrated within the chip and coupledto at least one of
the bus interface block, the first Ethernet controller and the
second Ethernet controller. A LED interface integrated
within the chip may be coupledto the businterface,thefirst
Ethernet controller and/or the second Ethernet controller. At

least one debug interface may be integrated within the chip
and coupled to the bus interface, the first Ethernet controller
and/or the second Ethernet controller. The debug interface
may be a JTAGorother suitable interface.

[0015] These and other advantages, aspects and novel
features of the present invention, as well as details of an
illustrated embodiment thereof, will be more fully under-
stood from the following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0016] FIG. 1 is a block diagram of an exemplary inte-
grated dual port gigabit Ethernet controller chip in accor-
dance with an embodiment of the invention.

{0017] FIG.2 is a block diagram of an exemplary Ethernet
controller block as illustrated in FIG. 1 in accordance with
an embodimentof the invention.

[0018] FIG.3a is a block diagram of the shared resources
block of the integrated dual port gigabit Ethernet controller
chip in accordance with an embodimentof the invention.

[0019] FIG.35 is a block diagram of the timing block of
the integrated dual port gigabit Ethernet controller chip in
accordance with an embodimentof the invention.

[0020] FIG.4 is a block diagram of an exemplary Ethernet
transceiver module that may be coupled to a MACcontroller
in accordance with an embodimentof the invention.

[0021] FIG.5 isa block diagram ofan integrated dual port
gigabit Ethernet controller chip in accordance with an
embodimentof the invention.

[0022] FIG.6 is a block diagram of an exemplary system
for processing network data for a plurality of processes and
their corresponding functions in accordance with an embodi-
ment of the invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0023] An integrated dual port gigabit Ethernet controller
chip combines two IEEE 802.3 compliant media access
controllers (MACS) with two 10/100/1000 Ethernet trans-
ceivers or PHYs, a shared bus interface such as a PCI or
PCI-X businterface, an on-chip buffer memory,all of which
are integrated within a single, two function PCI bridge-less
chip. In order to provide very low power consumption, the
integrated dual port gigabit Ethernet controller chip device
may be fabricated in low voltage 1.2v CMOS process.
Accordingly, the integrated dual port gigabit Ethernet con-
troller chip may be utilized, particularly in high density
server applications where, for example, real estate is a
premium.

[0024] The integrated dual port gigabit Ethernet controller
chip may be adapted to perform all physical layer functions
for 1000 BASE-T, 100 BASE-T and 10 BASE-Ton standard
Category 5 Unshielded Twisted Pair (UTP) cable. The chip
utilizes Digital Signal Processing (DSP) technology to pro-
vide a highly integrated solution by combining digital adap-
tive equalizers, Analog to Digital Converters (ADCs), PLLs,
line drivers, echo cancellers, crosstalk cancellers, and all
other required support circuitry in a single chip. Two full
featured MACs provide full and half duplex modes at
various operating speeds.

[0025] In an embodiment of the invention, the integrated
dual port gigabit Ethernet controller chip may include a
single PCI v2.2/PCI-X v1.0 bus interface, although the chip
functions as if there are two logical software interfaces.
Interrupts may be handled by interrupt interfaces within the
PCI interface. Each MAC controller may be adapted to have
its own PCI configuration space, which may be individually
managed via an internal MII control. Individual MAC
on-chip memory mayprovide packet buffering for increased
performance and load balancing. Each MACfunction may
include dual transmit and receive on-chip processors which
may be configured to execute custom frame or packet
processing features.

[0026] The integrated dual port gigabit Ethernet controller
chip is a single-chip high-performance multi-speed dual port
Ethernet LAN controller, which may be ideally suited for
network interface cards (NICs) or LAN on motherboard
(LOM)applications. The controller may include two stan-
dard IEEE 802.3 Ethernet MACsthat can operate in either
full-duplex or half-duplex mode. The device may connect
directly to a host using, for example, the PCI or PCI-X bus
interface. At least two powerful DMA engines may be
adapted to maximize system bus throughput and minimize
CPU overhead. At least two on-chip buffer memories are
provided for further enhanced system performance. The
integrated dual port gigabit Ethernet controller chip may
utilize a bridge-less arbitration architecture, which may be
utilized to control data flow between two independent
memory-mapped and PCI configurable PCI functions.

[0027] In another aspect of the invention, although state
machine logic may be provided for at least some controller
operations, the device also incorporates at least two RISC
processors for each PCI function. The two RISCprocessors
may be utilized to greatly enhance the state machine logic.
These CPUs maybe adapted to provide advancedfiltering
and traffic classification as well as support for computation
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intensive TCP/IP operations. A firmware solution, for
example, may also be provided for a full ASF feature set via
a SMBUSinterface.

[0028] Certain embodiments of the invention provide a
method and system for on-chip processing of network data.
On-chip processing of network data may include receiving
data by a first Ethernet controller integrated within a chip
and receiving data by a second Ethernet controller integrated
within the same chip. An arbitrating scheme maybeutilized
to arbitrate which one of the first and the second Ethernet

controllers may transfer data over a single bus interface
integrated within the same chip. A successful arbitration
wonbythe first Ethernet controller or the second controller
may be acknowledged. If the first Ethernet controller
receives the acknowledgementof the successful arbitration,
the received data may be transferred from the first Ethernet
controller to the integrated single bus interface. If the second
Ethernet controller receives the acknowledgement of the
successful arbitration, the received data may betransferred
from the second Ethernet controller to the integrated single
bus interface. The method mayalso include tagging the data
received from the first Ethernet controller with a first unique
identifier and tagging the data received from the second
Ethernet controller with a second unique identifier.

[0029] Data may be received from at least one device
external to the chip and coupledto the integrated single bus
interface. A determination may be made as to which one of
the first Ethernet controller and the second Ethernet con-

troller should receive the received data for processing. The
determining may further include identifying a first unique
identifier identifying the received data to be processed by the
first Ethernet controller. Additionally, a second unique iden-
tifier identifying the received data to be processed by second
Ethernet controller may be determined. The received data
may be transferred from the single integrated bus interface
to the first Ethernet controller and/or the second Ethernet
controller. The received data transferred to the first Ethernet

controller may be independently processed by the first
Ethernet controller. Similarly, the received data transferred
to the second Ethernet controller may be independently
processed by second Ethernet controller.

[0030] FIG. 1 is a block diagram of an exemplary inte-
grated dual port gigabit Ethernet controller chip in accor-
dance with an embodiment of the invention. Referring to
FIG. 1, there is shown a bus interface block 104, an
arbitration block 106, a first Ethernet controller block 108,
a second Ethernet controller block 110, a shared resources
block 112, a timing block 114 and a debug interface block
116. The businterface block 104, the arbitration block 106,
the first and second Ethernet controller blocks 108, 110, the
shared resources block 112, the timing block 114 and the
debug interface block 116 mayall be integrated within chip
102.

[0031] The bus interface block 104 may be any suitable
bus interface block that may be interfaced to a correspond-
ing bus. The bus interface block 104 may be, for example,
a PCI or PCI-X bus interface block. The bus interface block

104 may be coupled to the arbitration block 106.

[0032] The arbitration block 106 may be any arbiter,
which may include suitable logic and/or software that may
be adapted to arbitrate resource access by the first Ethernet
controller block 108 and the second Ethernet controller
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block 110. In this regard, the arbiter 106 may control access
to the shared resources block 112 and the bus interface block

104. The arbitration block 106 may provide a bridgeless
arbitration function that may be adapted to control dataflow
between two independent Ethernet controller functions.
Each of the independent Ethernet controller functions cor-
responds to one of the Ethernet controller blocks 108, 110.
In a case where the bus interface block is a PCI interface

block, then the arbiter may be configured to control dataflow
between two independent PCI functions.A first PCI function
may correspond with the first Ethernet controller block 108
and a second PCI function may correspond with the second
Ethernet controller block 110.

[0033] Thefirst Ethernet controller block 108 is identical
to the second Ethernet control block 110. FIG.2 is a block

diagram of an exemplary Ethernet controller block as illus-
trated in FIG. 1 in accordance with an embodimentof the

invention. Referring to FIG. 2, there is shown a register
interface block 204, a receiver central processing unit (Rx
CPU)214, a transmitter central processing unit (Tx CPU)
216, a memory block 218, a LED block 220, a DMA
controller 222, a MAC controller 224 and an Ethernet
transceiver (Tx/Rx) 226. The register control block 204 may
include a plurality of registers that may be utilized for
control and/or to provide status information. The register
control block 204 mayinclude a businterface register block
206, a management interface II (MII) register block 208, a
status register block 210, and a control register block 212.

[0034] The bus interface register block 206 may include
suitable logic and/orregisters that may be adapted to provide
status on various operating aspects of the bus interface block
104. Additionally, the bus interface register block 206 may
also be configured to control the operation of the bus
interface block 104. In a case where the bus interface block

104 is a PCI bus, then the bus interface register block 206
may be a PCI register block. Accordingly, the PCI register
block 206 may be read to provide a status of the PCI
interface. Additionally, one or more bit locations in the PCI
register block 206 may be set or cleared to control the
operation of the PCI interface 104 of FIG. 1.

[0035] The managementinterface II (MID block 208 may
include suitable logic and/orregisters that may be adapted to
implement the standardized MII protocol. For example, the
MII block 208 mayinclude suitable circuitry for controlling
standardized MDC and MDIOinterface signals. The MII
interface may be adapted to provide status on the Ethernet
transceivers.

[0036] The status register block 210 may include suitable
logic an/or software that may be adapted to provide status on
any of the components of the integrated dual port gigabit
Ethernet controller chip. In this regard, the status register
block 210 may provide status on any one or more of the bus
interface block 104, the arbitration block 106, the first and
second Ethernet controller blocks 108, 110, the shared
resources block 112, the timing block 114 and/or the debug
interface block 116.

[0037] The control register block 212 may includesuitable
logic an/or software that may be adapted to control the
operation of any of the components of the integrated dual
port gigabit Ethernet controller chip. In this regard, the
control register block 212 may providestatus on any one or
more of the bus interface block 104, the arbitration block
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106, the first and second Ethernet controller blocks 108, 110,
the shared resources block 112, the timing block 114 and/or
the debug interface block 116 of FIG. 1.

[0038] FIG.3a is a block diagram of the shared resources
block of the integrated dual port gigabit Ethernet controller
chip in accordance with an embodiment of the invention.
Referring to FIG. 3a, the shared resources block 302 may
include a non-volatile memory (NVM) block 304 and a
general purpose input/output (GPIO) interface block 306.
The NVM block 304 may include any one or more of an
EEPROMblock 304a, a flash block 304b, a SMbus block
304c and a serial programming interface (SPI) block 304d.
The NVM block 304 may include one or more semaphore
registers that may be adapted to provide access to the NVM
block 304 by a plurality of on-chip devices. The NVM block
304 may be controlled through, for example, the status
register block 210 and the control register block 212

[0039] The EEPROM block 304a may be adapted to store
device configuration information. The device configuration
information may include but is not limited to, a MAC
address for both MACs, a PCI device ID,vital product data
(VPD), a boot code image and power up boot code.

[0040] Theflash block 304b may be adapted to store boot
code, which may be utilized during initialization of the
integrated dual port gigabit Ethernet controller chip. The
SMbusblock 304c¢ may include the necessary logic, includ-
ing registers and timers, and software that may be adapted
to provide alert specification forum (ASF) functionality.

[0041] The serial programminginterface (SPI) block 304d
may be adapted to provide a serial connection to a serial
device such as an EEPROM or a Flash device. The SPI

interface block 304d may be controlled through the status
register block 210 and the status of the SPI interface block
304d may be determined by reading the control register
block 212.

[0042] The general purpose input/output (GPIO) interface
block 306 may include a plurality of GPOI pins that may be
controlled and monitored through the bus interface or PCI
register 206. Each MAC controller may include registers
that may be configured to share the GPIO pins in the
input/output (GPIO)interface block 306. A contention reso-
lution prevention scheme may be implemented to prevent
dual access to the GPIO pins.

[0043] The timing block 114 may be adapted to provide
clock timing and reset signals for the integrated dual port
gigabit Ethernet controller chip. FIG. 3b is a block diagram
of the timing block of the integrated dual port gigabit
Ethernet controller chip in accordance with an embodiment
of the invention. Referring to FIG. 3b, there is shown a
phase lock loop (PLL) block 312 and a clock generator block
314. The PLL block 312 and the clock generator block 314
may be configured to generate clocks having rates such as 25
MHz, 66 MHz, 125, MHz and 166 MHz, for example. The
generated clocks may be supplied to the bus interface block
104, the arbitration block 106, the first and second Ethernet
controller blocks 108, 110, the shared resources block 112,
the timing block 114 and/or the debug interface block 116.
The generated clocks may be utilized for device initializa-
tion and for resetting one or more internal or external
devices.

[0044] The debuginterface block 116 maybe anysuitable
debug interface. For example, the debug interface block 116
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may be a JTAG block. In this regard, the JTAG block may
include pertinent logic and/or software that may be adapted
to process JTAG signals such as TCK, TMS, TDI and TDO.
The JTAG block may be compliant with the standardized
JTAG debug interface.

[0045] Each of the Ethernet controller blocks 108, 110
mayincludea receiver central processing unit (Rx CPU) 214
and a transmitter central processing unit (Tx CPU) 216. The
receiver central processing unit 214 may be a RISC proces-
sor or other suitable processor, which may be adapted to
process channel information. For example, the receiver
central processing unit 214 may process information for the
MACcontroller 224. In one aspect of the invention, the
receiver central processing 214 and the transmitter central
processing unit 216 may be adaptedto run at a clock speed
of about 133 MHz and may be adapted to process 32-bit
wide data, for example. Either one of the receiver central
processing unit 214 or the transmitter central processing unit
216 may be configured to operate as a boot processorfor the
integrated dual port gigabit Ethernet controller chip. In this
regard, the boot processor may contain a ROM,which may
be adapted to store bootstrap code.

[0046] Each of the receiver central processing unit 214 or
the transmitter central processing unit 216 may include a
scratchpad memory, an instruction cache and a data cache.
The receiver central processing unit 214 or the transmitter
central processing unit 216 may include master/slave inter-
faces to the integrated dual port gigabit Ethernet controller
chip. At least one semaphore register may be configured to
permit the Tx CPU 216 and the Rx CPU 214to share the
same hardware resources.

[0047] The memory block 218 may includeat least one or
more of each of the following memory blocks: register
block, memory windowblock, configuration memoryblock,
Rx-CPU scratch pad block, Tx-CPU scratch pad block,
Rx-CPU ROM block, Tx-CPU ROM block, mailbox
memory block, DMAdescriptor block, send ring data block,
standard receive and send ring memory block, jumbo
receive or send ring memory block, a buffer block,
unmapped memory space blocks, reserved memory blocks,
and page memory blocks. The various regions of the
memory block 218 may be memory mapped. Accordingly, a
host processor’s memory space may be memory mapped to
the memory space of the integrated dual port gigabit Eth-
ernet controller chip. In certain instances, a host processor
may be adapted to address various portions of the memory
block 218, such as the register block, without windowing.
The integrated dual port gigabit Ethernet controller chip may
include a base address register (BAR) from which all the
components of the memory block 218 may be accessed as an
offset to the BAR.

[0048] The LED block 220, may be a LED interface which
may include a LED control register and one or more LEDs.
The LED block 220 may be configurable via the LED
control register and may permit the LED block 220 to
function in various operational modes. In general, the LED
modes may be adapted to permit the LEDsto be driven from
either the MAC controller 224 and the LED control register
or from the Ethernet transceiver 226. The Ethernet trans-

ceiver 226 may also include one or more LED modesthat
may be utilized to drive the one or more of the LEDsin the
LEDblock 220.
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[0049] The a DMAcontroller 222 may be any suitable
DMAcontroller that may be adaptedto facilitate the access
and transfer of information to and from the devices such as

the first Ethernet controller block 108, the second Ethernet
controller block 110, the arbitration block 106, the bus
interface block 104 and the shared resources block 112.

[0050] FIG.4 is a block diagram of an exemplary Ethernet
transceiver module 400 which may be coupled to a MAC
controller 420 in accordance with an embodiment of the

invention. Referring to FIG.4, there is illustrated a com-
puter system 405, a medium access control (MAC)control-
ler 420, a bus controller interface 415, an electrical and/or
optical network 410, a PHY device 430, an electrically
erasable programmable read only memory (EEPROM)440,
a PMD transmitter 425a and a PMD receiver 425b. PMD

transmitter 425a@ and PMDreceiver 4255 may beintegrated
into a single PMD 425 such as a chip or IC. Transceiver
module 400 may be an integrated device, which may include
the PHY device 430, the EEPROM 440, the optical trans-
mitter 425a and the optical receiver 425b. Computer system
405 may interface with MAC controller 420 through bus
controller interface 415 and may communicate with the
electrical and/or optical network 410 through the transceiver
module 400. The bus controller interface 415 may be a PCI
or PCI-X interface. Notwithstanding, the invention is not
limited in this regard. In a case where the PHYis adapted to
interface with a copper plant, the OTx 425a and ORx 425b
are not present.

{0051] Transceiver module 400 may be configured to
communicate, for example, transmit and receive, data
between computer system 405 via the controller interface
415 and electrical, optical or electro-optical network 410.
The data transmitted and/or received may be formatted in
accordance with the well-known OSIprotocol standard. The
OSI modelpartitions operability and functionality into seven
distinct and hierarchical layers. Generally, each layer in the
OSI modelis structured so that it may provide a service to
the immediately higher interfacing layer. For example, layer
1 may provide services to layer 2 and layer 2 may provide
services to layer 3. The data link layer, layer 2, may include
a MAClayer whosefunctionality may be handled by aMAC
controller 420. In this regard, MAC controller 420 may be
configured to implement the well-known IEEE 802.3 Eth-
ernet protocol.

[0052] Inthe embodimentof FIG.4, the computer system
405 may represent layer 3 and above, the MACcontroller
420 may represent layer 2 and above and the transceiver
module 400 may represent layer 1. The computer system
405 may be configured to build the five highest functional
layers for data packets that are to be transmitted over the
optical network 410. Since each layer in the OSI model may
provide a service to the immediately higher interfacing
layer, the MACcontroller 420 may provide the necessary
services to the computer system 405 to ensure that packets
are suitably formatted and communicated to the transceiver
module 400. During transmission, each layer may add its
own headerto the data passed on from the interfacing layer
above it. However, during reception, a compatible device
having a similar OSI stack maystrip off the headers as the
messagepasses from the lowerlayers up to the higher layers.

[0053] The transceiver module 400 may be configured to
handle all the physical layer requirements, which may
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include, butis not limited to, packetization, data transfer and
serialization/deserialization (SERDES) in instances where
PHY 430 may be adapted to communicate with an optical
network. Transceiver module 400 may operate at a plurality
of data rates, which may include 10 Mbps, 100 Mbpsand 1
Gbps, for example. Data packets received by the transceiver
module 400 from MACcontroller 420 may include data and
header information for each of the above six functional

layers. The transceiver module 400 may be configured to
encode data packets that are to be transmitted over the
optical medium of the optical network 410. The transceiver
module 400 may also be configured to decode data packets
received from the electrical or optical network 410.

[0054] The MACcontroller 420 may interface with the
PHY430 through, for example, an Ethernet attachment unit
interface (XAUI) 435. The XAUI 435 may be a low pin
count device having a self-clacked bus, which directly
evolved from lower data rate protocols. The XAUI may
function as an extenderinterface for a media independent
interface (XMGID.In this regard, MAC controller 420 may
also include an XGMII extender sublayer (XGXS)interface
450 and a reconciliation sublayer (RS) interface 445. MAC
controller 420 may also include an integrated link manage-
ment (MGMT) interface 455 that may facilitate communi-
cation between MACcontroller 420 and a managementdata
input/output (MDIO)interface of the PHY 430.

[0055] In one aspect of the invention, XAUI 435 may be
configured to utilize a plurality of serial data lanes on each
of its receive 435a@ and transmit 435b interfaces to achieve

compatible GbE operational speeds. In accordance with the
embodiments of FIG. 4, XAUI 435a may be configured to
transmit data from the MAC controller 420 to the PHY 430.

Additionally, XAUI 135b maybe configured to transmit data
from the PHY 430 to the MACcontroller 420. The PHY 130

may be configured to operate in one or more of a plurality
of communication modes, where each communication mode
may implementa different communication protocol. These
communication modes may include, but are not limited to,
GbE, fibre channel and other similar protocols. The PHY
430 may be configured to operate in a particular mode of
operation uponinitialization or during operation.

[0056] The PMD 425 may include at least one PMD
transmitter 425a and at least one PMDreceiver 425b. In

operation, PMD 425 maybe configured to receive data from
and transmit data to the electrical and/or optical network
410. The PMD transmitter 425¢@ may transmit data originat-
ing from the computer system 405 overthe electrical and/or
optical network 410. The PMD receiver 425b may receive
data destined for computer system 405 from the optical
network 410 and transmit the data to the computer system
405. The PMD 425 mayalso be configured to function as an
electro-optical interface. In this regard, electrical signals
may be received by PMD transmitter 425a and transmitted
in a format such as optical signals over the optical network
410. Additionally, optical signals may be received by PMD
receiver 425b and transmitted as electrical signals to the
computer system 405.

[0057] The transceiver module 400 may also include an
EEPROM 440. The PHY 430 may be coupled to EEPROM
440 through an interface such as a serial interface or bus.
EEPROM440 maybe programmed with information, which
may include parameters and/or code that may effectuate the
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operation of the PHY 430. The parameters may include
configuration data and the code may include operational
code such as software and/or firmware, but the information
is not limited in this regard.

[0058] FIG.5 isa block diagram of an integrated dual port
gigabit Ethernet controller chip in accordance with an
embodimentof the invention. Referring to FIG. 5, there is
shown an integrated dual port gigabit Ethernet controller
chip 500 coupled to a host system 514. FIG. 5 also illus-
trates a first Ethernet controller 502, a second Ethernet 504,
an arbiter 506, shared resources including an NVM and a
GPIO collectively referenced as 512 and a timing block
including a PLL and a clock generator collectively refer-
enced as 510. The first Ethernet transceiver block or PHY

516 of the first transceiver 502 may be coupled to a first
network connection and the second Ethernet transceiver

block or PHY 504 may be coupled to a second network
connection.

[0059] The first Ethernet controller 502 may include an
RxCPU 522, a TxCPU 524, a memory 536, an Ethernet
transceiver or PHY 516, a MACcontroller 518, and a DMA
controller 520. The second Ethernet controller 504 may
include an RxCPU 532, a TxCPU 534, a memory 538, an
Ethernet transceiver or PHY 526, a MACcontroller 528, and
a DMAcontroller 530.

[0060] The host system or host may be a personal com-
puter (PC). The integrated dual port gigabit Ethernet con-
troller chip 500 may be integrated within a network card or
it may be integrated within a motherboard of the host 514 in
a case where the host is a PC. The bus interface block 508

may be adapted to couple the integrated dual port gigabit
Ethernet controller chip 500 to the host system 514. In one
aspect of the invention, the bus interface block 508 may be
a PCI interface that may allow the integrated dual port
gigabit Ethernet controller chip 500 to communicate through
a PCI bus of the host system 514.

[0061] In 10BASE-T mode, Manchester encoding may be
performed on a data stream and transmitted on onepair in a
twisted pair cable. A multimode transmit DAC mayperform
pre-equalization for about 100 meters of CAT 3 cable, for
example. In 1OOBASE-TX mode, the integrated dual port
gigabit Ethernet controller chip may transmit a continuous
data stream on onepair in the twisted pair cable, and receive
a continuous data stream on anotherpair of conductors. The
MACmayprovide nibble-wide or 4-bit data which may be
encodedinto 5-bit code-groups andinserted into the transmit
data stream. The transmit packet may be encapsulated by
replacing the first two preamble nibbles with a start of
stream delimiter (SSD) or /J/K codes and appending an end
of stream delimiter or /T/R codesto the end of the packet.
When the MACindicates a transmiterror, the transmit error
code-group (/H) maybesent in place of the corresponding
data code-group. The transmitter may repeatedly send the
idle code-group between packets. The encoded data stream
may be serialized and then scrambled by, for example, a
stream cipher block. The scrambled data may then be
encoded into MLT3signallevels.

[0062] In 1000BASE-T mode, the integrated dual port
gigabit Ethernet controller chip may simultaneously trans-
mit and receive a continuous data stream on all four twisted

pairs on the CAT 5 cable on the active port. When a packet
is pending transmission from the MAC,byte-wide data from
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the MAC maybe scrambled,trellis encoded into a 4-dimen-
sional code-group, for example, a PAM5 symbolon each of
the four twisted pairs, and inserted into the transmit data
stream. The transmit packet may be encapsulated by replac-
ing the first two bytes of preamble with a start-of-stream
delimiter and appending an end-of-stream delimiter to the
end of the packet. When the MACindicates a transmit error
during a packet, a transmit error code-group may besent in
place of the corresponding data code-group. The transmitter
may send idle code-groups or carrier extend code-groups
between packets. The MAC mayuse carrier extension to
separate packets within a multiple-packet burst. Carrier
extend error may be indicated by replacing the transmit data
input with a suitable code such as OxlF during carrier
extension.

[0063] In 10BASE-T mode, Manchester decoding may be
performed on the data stream. Accordingly, a received data
stream, following equalization and clock recovery, may be
converted from MLT3to serial NRZ data. The stream cipher
block may descramble the NRZ data. The descrambled data
may then be deserialized and alignedinto, for example,5-bit
code-groups. The 5-bit code-groups may be decoded into
4-bit data nibbles. The start-of-stream delimiter may be
replaced with preamble nibbles and the end of stream
delimiter and idle codes may be replaced with a suitable
code such as 0x00. The decoded data may then be provided
to the MAC. Whenan invalid code-group is detected in the
data stream, a receive error may be indicated to the MAC.
The receive error signal also asserts when the link fails or
when the descrambler loses lock during packet reception.

[0064] In 1000BASE-T mode, the receive data stream
may pass through a Viterbi decoder and descrambler, for
example, and translated back into byte wide data. The start
of stream delimiter is replaced with preamble bytes and the
end of stream delimiter and idle codes may be replaced with
a suitable code such as 0x00. Carrier extend codes may be
replaced with a suitable code such as OxOF or Ox1F. The
decoded data may then be provided to the MAC. When an
invalid code-group is detected in the data stream, the inte-
grated dual port gigabit Ethernet controller chip may provide
an error condition to the MAC. The integrated dual port
gigabit Ethernet controller chip may also indicate a receive
error when receiving carrier extend code-groups, or when
the local receiver status becomesunreliable during packet
reception.

[0065] Packet data in the received data path of the first
Ethernet controller 502 may be received by the Rx CPU 522
for advanced processing. After the Rx CPU 522 has com-
pleted advanced processing of the packet data, the Rx CPU
522 may place the processed packet data back in the data
path for normal processing and DMAactivity between a host
and the integrated dual port gigabit Ethernet controller chip.
In this regard, received data from the first network connec-
tion may be received by the Ethernet transceiver or PHY 516
and processed by the MAC controller 518. The processed
data may be bufferedin at least a portion of the memory 536,
from which it may be transferred to the Rx CPU 522 for
advanced packet processing.

[0066] Similarly, packet data in the send data path of the
first Ethernet controller 502 may be transferred to the Tx
CPU 524 for advanced processing. After the Tx CPU 524
has completed advanced processing of the packet data for
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transmission, the Tx CPU 524 may place the processed
packet data back in the data path for normal processing and
DMAactivity between a host and the integrated dual port
gigabit Ethernet controller chip. In this regard, data to be
transmitted may be buffered in a portion of the memory 536,
from which it may be transferred to the Tx CPU 524 for
advanced processing. Data processed by the TX CPU 524
maybe bufferedin at least a portion of the memory 536 from
which it may be transferred to the MAC controller 518 for
processing. The processed data from the MAC controller
518 maybe transferred to the Ethernet transceiver 516 for
transmission over the first network connection.

[0067] Packet data in the received data path of the second
Ethernet controller 504 may be received by the Rx CPU 532
for advanced processing. After the Rx CPU 532 has com-
pleted advanced processing of the packet data, the Rx CPU
532 may place the processed packet data back in the data
path for normal processing and DMAactivity between the
host 514 and the integrated dual port gigabit Ethernet
controller chip 500. In this regard, received data from the
second network connection may be received by the Ethernet
transceiver or PHY 526 and processed by the MAC con-
troller 528. The processed data may be buffered inat least a
portion of the memory 538, from whichit may betransferred
to the Rx CPU 532 for advanced packet processing. Data
received from the second network connection may be
received by the Ethernet transceiver or PHY 526 and pro-
cessed by the MAC controller 528. The processed data may
be buffered in at least a portion of the memory 538, from
whichit may betransferred to the Rx CPU 522 for advanced
packet processing. Processing of data received from thefirst
network connection by the first Ethernet controller 502 may
be independent of the processing of data received from the
second network connection by the second Ethernet control-
ler 504.

[0068] Similarly, packet data in the send data path of the
second Ethernet controller 504 maybe transferred to the Tx
CPU 524 for advanced processing. After the Tx CPU 524
has completed advanced processing of the packet data for
transmission, the Tx CPU 524 may place the processed
packet data back in the data path for normal processing and
DMAactivity between a host and the integrated dual port
gigabit Ethernet controller chip. In this regard, data to be
transmitted may be buffered in a portion of the memory 536,
from which it may betransferred to the Tx CPU 524 for
advanced processing. Data processed by the TX CPU 524
maybe bufferedin at least a portion of the memory 536 from
which it may be transferred to the MAC controller 518 for
processing. The processed data from the MAC controller
may be transferred to the Ethernet transceiver 516 for
transmission over the first network connection. Processing
of data received from the first network connection by the
first Ethernet controller 502 may be independent of the
processing of data received from the second network con-
nection by the second Ethernet controller 504.

[0069] In operation the two Ethernet controllers 502, 504
are independently treated and function as two separate ports.
Forthis reason, each of the Ethernet controllers 502, 504 has
its own associated register blocks 540, 542 and memories
536, 538 respectively. For illustrative purposes, the first
Ethernet controller 502 maybereferred to asafirst port and
the second Ethernet controller 504 may be referred to as a
second port. In order to treat these two ports independently
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and to permit these two ports to share a single bus interface,
each port is separately addressable with respect to the bus
interface. For illustrative purposes, the bus interface 508
may be regarded as a PCI bus interface. Notwithstanding, to
make the ports separately addressable, each port may be
assigned a separate and unique function identifier (ID), for
example, function zero (0) and function one (1).

[0070] In order to access devices through configuration
cycles, for example, a combined bus ID and a device ID may
be utilized. In his case, however, the combined bus ID and
device ID may not suffice to uniquely distinguish the first
and the second ports or Ethernet controllers, since thefirst
and the second controllers maintain the same bus ID and

device ID. Accordingly, the combined bus ID and device
along with the unique PCI function ID mayserve to uniquely
distinguish the first port and the second port. As a result,
each port may be separately identified by using the com-
bined, bus ID, device ID and function ID. In cases wherethe
bus interface is a PCI interface, a PCI bus ID, PCI ID and
a PCI function ID maybe utilized to address or distinguish
each of the ports.

{0071] The integrated dual port gigabit Ethernet controller
chip utilizes shared memory resources to, for example,
reduce cost, pin count and real estate. Since the resources are
shared, the arbiter 506 may be configuredto arbitrate access
to the shared resources. The arbiter may therefore, receive
resource access requests, grant access requests, deny access
requests and/or arbitrate resource access conflicts. After an
access request has been granted or successfully arbitrated for
one of the Ethernet controllers 502, 504, the arbiter 506 may
acknowledgethe access grantor arbitration to the successful
Ethernet controller. The arbiter 506 may then facilitate the
transfer of information for the successful Ethernet controller
to and from the PCI bus interface 508. In accordance with

an aspect of the invention, an arbitration algorithm utilized
by the arbiter 506 may be static or it may be dynamically
configured depending on, for example, operating conditions.

[0072] In accordance with an aspect of the invention, the
arbiter 506 may be adapted to tag data packets for a
particular Ethernet controller function in orderto distinguish
data packets received from orto be transferred to a particular
one of the Ethernet controllers 502, 504, For example, the
arbiter 506 may be adapted to addaparticular identifier such
as unique bit pattern to packets originated from the first
Ethernet controller 502. Similarly, the arbiter 506 may be
adapted to add a different identifier such as a unique bit
pattern to packets originated from the second Ethernet
controller 504. In this regard, the arbiter may direct and
facilitate transfer of packets from a particular PCI process to
a particular PCI function.

[0073] FIG.6 is a block diagram of an exemplary system
for processing network data for a plurality of processes and
their corresponding functions in accordance with an embodi-
ment of the invention. Referring to FIG. 6, there is shown
a host block 602 and an integrated dual port gigabit Ethernet
controller chip block 604. The host block 602 may include
a first PCI process 606 and second PCI process 608. The
integrated dual port gigabit Ethernet controller chip block
604 may include a PCI block 610, an arbiter block 612, a
first PCI function block 614,a first Ethernet controller block
616, a second Ethernet function block 618 and a second
Ethernet controller block 620. The first PCI function block
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614, the first Ethernet controller block 616 and the first PCI
process 606 are corresponding processing entities. The sec-
ond PCI function block 618, the second Ethernet controller

block 620 and the second PCIprocess 608 are corresponding
processing entities. The first PCI function block 614,thefirst
Ethernet controller block 616 and the first PCI process 606
may be adapted to operate independently of the second PCI
function block 618, the second Ethernet controller block 620

and the second PCI process 608.

[0074] In operation, the first PCI process 606 may be
adapted to issue a request to access the first PCI function
614, which handles data for the first Ethernet controller

block 616. The request may be routed through PCI bus
interface 610 to the arbiter 612 for processing. In a case
where the second PCI process 608 issues a simultaneous
request to access the second PCI function 618, the arbiter
612 will arbitrate which of the PCI processes 606, 608 will
be granted access to the PCI bus interface 610 or any shared
resource that may be required to process the request. The
arbiter 612 may be configured to send an acknowledgement
to the PCI processthat wins a successfularbitration. Accord-
ingly, the winning PCI process will be permitted to transfer
data to the PCI function, which will be processed by the
corresponding Ethernet controller block. For example,if the
second PCI process 608 wins a successful arbitration and
has received an acknowledgementfrom the arbiter 612, the
PCI process 608 will start transferring data to the second PCI
function 618. The transferred data will then be processed by
the second Ethernet controller block 620.

[0075] Accordingly, the present invention may be realized
in hardware, software, or a combination of hardware and
software. The present invention maybe realized in a cen-
tralized fashion in one computer system,or in a distributed
fashion where different elements are spread across several
interconnected computer systems. Any kind of computer
system or other apparatus adapted for carrying out the
methods described herein may be suited. A typical combi-
nation of hardware and software may be a general-purpose
computer system with a computer program that, when being
loaded and executed, controls the computer system such that
it carries out the methods described herein.

[0076] The present invention may also be embedded in a
computer program product, which comprisesall the features
enabling the implementation of the methods described
herein, and which whenloaded in a computer system is able
to carry out these methods. Computer programin the present
context means any expression, in any language, code or
notation, of a set of instructions intended to cause a system
having an information processing capability to perform a
particular function either directly or after either or both of
the following: a) conversion to another language, code or
notation; b) reproduction in a different material form.

[0077] While the present invention has been described
with reference to certain embodiments, it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted without departing from
the scope of the present invention. In addition, many modi-
fications may be made to adapt a particular situation or
material to the teachings of the present invention without
departing from its scope. Therefore, it is intended that the
present invention not be limited to the particular embodi-
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mentdisclosed, but that the present invention will includeall
embodiments falling within the scope of the appended
claims.

Whatis claimedis:

1. A method for processing network data, the method
comprising:

receiving data by a first Ethernet controller integrated
within a chip;

receiving data by a second Ethernet controller integrated
within said chip; and

arbitrating which oneofsaid first Ethernet controller and
said second Ethernet controller can transfer data over a

single bus interface integrated within said chip.
2. The method according to claim 1, further comprising

acknowledging a successful arbitration to one of said first
Ethernet controller and said second controller.

3. The method according to claim 2, further comprising:

if said first Ethernet controller receives said acknowledge-
ment of said successful arbitration, transferring said
received data from said first Ethernet controller to said

integrated single bus interface; and

if said second Ethernet controller receives said acknowl-

edgement of said successful arbitration, transferring
said received data from said second Ethernet controller

to said integrated single bus interface.
4. The method according to claim 3, further comprising:

tagging said data received from said first Ethernet con-
troller with a first unique identifier; and

tagging said data received from said second Ethernet
controller with a second unique identifier.

5. The method according to claim 1, further comprising
receiving data from at least one device external to said chip
and coupled to said integrated single bus interface.

6. The method according to claim 5, further comprising
determining which oneof said first Ethernet controller and
said second Ethernet controller should receive said received

data for processing.
7. The method according to claim 6, wherein said deter-

mining further comprises determiningafirst unique identi-
fier identifying said received data to be processed by said
first Ethernet controller.

8. The method according to claim 6, wherein said deter-
mining further comprises determining a second uniqueiden-
tifier identifying said received data to be processed by said
second Ethernet controller.

9. The method according to claim 5, further comprising
transferring said received data from said single integrated
bus interface to at least one of said first Ethernet controller
and said second Ethernet controller.

10. The method according to claim 9, further comprising
independently processing said received data transferred to
said first Ethernet controller by said first Ethernet controller
and processing said received data transferred to said second
Ethernet controller by said second Ethernet controller.

11. A dual port Ethernet controller; comprising:

a bus interface;

a first Ethernet controller coupled to said bus interface;
and
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a second Ethernet controller coupled to said businterface,
said businterface, said first Ethernet controller and said
second Ethernet controller integrated within a single
chip.

12. The dual port Ethernet controller according to claim
11, further comprising an arbiter coupled to said first Eth-
ernet controller, said second Ethernet controller and said bus
interface.

13. The dual port Ethernet controller according to claim
12, further comprising a shared resource interface coupled to
at least one of said first Ethernet controller, said second
Ethernet controller and said arbiter.

14. The dual port Ethernet controller according to claim
13, wherein said shared resource interface comprises atleast
one of a non-volatile memory and a general purpose input/
out interface.

15. The dual port Ethernet controller according to claim
14, wherein said non-volatile memory further comprises at
least one of an EEPROM, a Flash memory, a SMBus
interface and a serial programming interface.

16. The dual port Ethernet controller according to claim
14, wherein said general purpose input/output interface
further comprises at least one general purpose pin.

17. The dual port Ethernet controller according to claim
12, wherein at least one of said first Ethernet controller and
said second Ethernet controller comprises:

 
an Ethernet transceiver;

a MACcontroller coupled to said Ethernet transceiver;

a DMAcontroller coupled to at least one of said MAC
controller and said arbiter;

a memory coupled to said MACcontroller;

a transmit CPU coupled to at least one of said MAC
controller and said memory;

a receive CPU coupled to at least one of said MAC
controller and said memory; and
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at least one control and status register coupled to said at
least one of said bus interface, said Ethernet trans-
ceiver, said MACcontroller, said DMA controller, said
memory, said transmit CPU and said receive CPU.

18. The dual port Ethernet controller according to claim
17, wherein said at least one control and status register
comprises:

a bus interface register;

a status register; and

a control register.

19. The dual port Ethernet controller according to claim
17, wherein said at least one control and status register
comprises a MII interface register.

20. The dual port Ethernet controller according to claim
11, wherein said bus interface is a PCI interface.

21. The dual port Ethernet controller according to claim
11, further comprising at least one of a clock generator and
a phase lock loop integrated with said chip and coupled to
at least one of said bus interface, said first Ethernet control-
ler and said second Ethernet controller.

22. The dual port Ethernet controller according to claim
11, further comprising at least one LED interface integrated
with said chip and coupled to at least one of said bus
interface, said first Ethernet controller and said second
Ethernet controller.

23. The dual port Ethernet controller according to claim
11, further comprising at least one debug interface integrated
with said chip and coupled to at least one of said bus
interface, said first Ethernet controller and said second
Ethernet controller.

24. The dual port Ethernet controller according to claim
11, wherein said at least one debug interface is a JTAG
interface.


