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Title; ETHERNET | NTERFACE OVER ATM CELL, UTOPI A, xDSL IN SINGE AND

MULTI PLE CHANNELS CO\I\/ERTER/ BRIDGE ON A SINGLE CH P AND METHOD OF

OPERATI ON Field of '"the Invention [0001] This invention relates to the
field of Ethernet switching/transm ssion donain to ATM Cell

swi tching/transm ssion world and in parti-cular, a circuit convertertbrl dge
bet ween Et hernet Frane/Bus to UTOPIA Cell/bBus in single or multiple
channel s. Background of the Invention [0002] Ethernet is the nost w dely

used Local Aregidiet wor krizeANET BERIG AQY OVER AtM CLLR OrOLES, x®SLAN- COost
hi gh- speed, general - pusineser ANDARATPL R CHAGNELS CONVER TER/BRIDEE ON.

Swi tching offers a ways GiNngsETCHIENBNETHOD Of apdmATIONt greatly

increases its performance without requiring changes to network adapters or
conputer software.- % 0003] An Ethernet switch is a device with multiple

Et her net connections, or ports. The Ethernet swi tch needs hi gher speed
ports for file server or backbone connections via Fast Ethernet, or ATM
The Ethernet switch can be scalable up to 10-giga-bit, Gga- bit ,100-Mega
bit switching HieldefithtInvemtbnmadi ng or hierarchy tree structure or dai sy-
chai ned topology. The term"switch”" is usually reserved for a device that
has many00®Hf her net Pus ingontinhirclees todh fidld of\Bthethetsanitching Epsmission damaifite
packets simultaneously at the full rate of the connected LAN nedia. [0004]
- ' An Et her neATd\Cel iswitohing/trensmission world -and dn pavdiselpr, of cifssit anyegonisdepacket s
of data between ports entirely by electronic |ogic. Mcroprocessors and
sof tware do nobetwpenrEtherng Xrame; Slﬁ‘agﬂ'@?ﬁ‘a@%lmi%\ﬁéﬂ%% or iyliple glannalgy t chi ng
procedures can be encapsulated 1 entirely within Application-Specific
Integrated Grcuits (ASICs). Bridges and routers, in

Backeround of the Invention

[0002] Ethemet is the most widely used Local Area Network (LAN) technology.
Ethernet provides a low-cost, high-speed, general-purpose interface for users sharing
information. Switching offers a way of using the Ethemet standard- that greatly
increases its performance without requiring changés to netwof_lc adapters or computer
software.

10003] An Bthemet switch is a device with multipie Ethernet connections, or ports. The
Ethernet switch needs higher speed ports for file server or backbone connections via
Fast Ethernet, or ATM. The Etherﬁet switch can be s.cal'ablc up to 10-giga-bit, Giga-
bit ,100-Mega bit switching system by cascading or hierarchy tree structure or daisy-
chained topology. The term "switch" is usually reserved for a device that has many
Ethernet ports, all or most of which can accept or transmit packets simultaneously at the
full rate of the connected LAN media.

[0004] - - An Ethernet switch interconnects a large number of ports moving packets of data
between ports entirely by electronic logic. Mictoprocessors and software do not

participate in basic data movement. Ethemet switching procedures can be encapsulated



contrast, typically use high performance Rl SC mi croprocessors to nove data
packets. Packet novenent by m croprocessor is either nore expensive or
slower, and requires |arger devices, |larger cabinets for a given nunber of
Et her net segnents, and nore electric power. [0005] Fig. 1 shows the

Et hernet packet structure. In order to maintain correct operations of the
Carrier Sensitive Miulti-Access/Collision Detection (CSMAICD), the Ethernet
packets are spaced out between each other for at |east 96 bits 21. The.
packet start s eMirblp withPOsplitatioy-BERER Thiggkic® CirpliB {ABICR). Bridpesgind Squtedsy éh t hen
followed by 8-bits of start frame delimter, 48-bits of destination
address 25, 43 chitfastOfypRaly @@ highdfeeBfinadde RESMmickdpestesorkto Midve idptagadkes! d' 29.
The rest of the packet is the payload 31, and then the CRC error-checking
code 33. The nphdkepdly@icarsy flcrdphRedsbihie el nidie bARnsve iy dlavdryandmeluires |
flexibility. The variabl e packet sizes nmake it easy to adjust the -
transm ssi on f iy deWices] BSEP RNt fdrhe givap ntinbdt auf Jitharhet egmenty awd miroad
condition. The full-distributed nature of the Ethernet nakes it possible
to build an ungrewgpéwdrAN at very | ow costs. [0006] The Asynchronous
Transfer Mbde (ATM protocol is a connection-oriented.: protocol that is

i deal f qooos)i ce, ViEgo1aidwslaha EaeARY phdkat btaesire. ATIM érderatonahintrik correct

t echnol ogy based on transferring data in cells or packets of a fixed sjze.
The cell used oférittonfSRibe Cakrith Sthsithe Mualtiictess/Cailision Peteotion{GSMA/CEY, the t h

ol der technol ogies. [0007] ATM creates a fixed channel, or route, between
two poi nts whemheniet piakdts ark spaesd eut bomgemeach ihiesfod aff et 86 bitolh. TR gapket | n
whi ch nessages are divided into packets and each packet can take a

di fferent rout etafts with a Shbiteytaraizatiompreandre stithg 23, dnd fhen deltoaved by Beits iof
easier to track and bill data usage across an ATM network, but it makes it
| ess adapt abl etattdrasi dielimitess #8cets of destinatino aitdress 26.£48cbit of spueoadbiresaiinagd| | s
frommultiple sources and nultiple, destinations are asgnchronouslékc

then-a 16-bit type field 29. The rest of the packet is the payload 31, and then the
emor-chiecking code 33. The main advantage of the Ethernet is its simplicity and -
flexibility. The variable packet sizes make it éasy to adjust the transmission flow, in
response to the rapid change of network workload conditions. The full-distributed
nature of the Ethernet makes it possible to build an unmanaged LAN at very low costs.

[0006] The Asynchronous Tran-sfer Mode (ATM) protocol is a connection-oriented :
protocol that is ideal for voice, video and data communications. ATM is a network
technology based on transferring data in cells or packets of a fixed size. The celi used
with ATM is relatively small compared to units used with older technologies.

[00071 ATM creates a fixed channel, or t_'oute, between two points whenever data
transfer begins, This differs from TCP/IP, in which messages are divided into packets :
and each packet can take a different route from source to destination. This difference

makes it easier to track and bill data usage across an ATM network, but it makes it less

adaptable to sudden surges in network traffic.



mul ti pl exed between nultiple packet switches. Every circuit on each |ink-
of the network is identified by unique integer fields called the Virtual
Path Identifier (VPI) and Virtual Circuit Identifier (VCl). ATM sw tches
are responsible for switching cells between ports, buffering cells,
translating VPIIVCrs, guaranteeing QOS, connection set-up, and connection
tear-down. [0009] Fig. 2 shows the structure of an ATMcell. Each cel Pis 53
bytes long, with 5 bytes reserved for the packet header and 48 bytes

reser veqmjazg: t he paytagis fhe oi@aieiourcbegidnuliplé Besfindtions afasgehmnauslyf | ow
control (GFC) 41 information. This field is used to ensure fair and

ef ficient dccegmliprkieeaws bR siekt cesicibarEvety airaiingd eadisink phethsor k
Interface (LTNI). Following the GFC 41 field is an 8-bit virtual path
i dentifier (VPhdtwhkisidomied byl Gnifictinteget filds callbbthe VirtiatiPath Identéfier (WRI) 9nd45. The
VPl 43 allows a group of virtual connections, called a virtual path, to be
identified andviffl ¥&buif RehtiRat(vEie sSATMeswitchel ak despbnsitile foradwitbingeellsi ons
w t hin each virtual path. [00101 Follow ng the VPIfVCl information is the
3-bit payl oad tyeen Foks, Bulffcking loells, Tamlatihg VPL/VIET'S, guadinteing XQR; eonmsetiaont r ol
data. If the first bit indicates user data, the mddle, bit indicates
congesti on, andet&nP,&nHasﬁneﬁiohtéaﬂdémt es the end of frdne. The next field is
the | - bit cell l[oss priority (CLP) 49 bit permts two-priorities of cell
to be dgbdosdd wher eFip e shome thvuostactomyof i AT dell. oliachreelbris §3/bides! long, (iliey
congestion conditions. The header error check (HEC 51 fiel ddglr ovi des an
S-bit redundaneyteckaseddor thipackerhbgiat sndai bylve resaivéd fohtageyload Ok Ipadehe
UTOPI A (Uni versal Test and Qperations PHY Interface for ATM interface is
defined by t hebegEviiios bir ofpeperizvlarecantrel (GFEH A informptivne v Biis fighd dy pesd &
bet ween ATM devi ces and ATM PHY or SAR (segnentation-and Re-assenbly)
devi ce. The UT@Riufe fair atdbefficicr abrass tmiwegn biuttiplbadedicessbaringc sindd Uwedletos t hat
are able to store ATMcells in 3 o :

Interface (UNI). Following the GFC 41 field is an 8-bit virtual path identifier (VPI) 43,

and a 16-bit virtual channel identifier (VCI) 45. The VPI 43 allows & grqup of virtual
connections, called a virtual path, to be identified and the _ VCI 45 identifies the
individual virtual connections within each virtual path. : |
[oo10] | Following the VPI/VCI information is the 3-bit payload type (PT) 47 field. The
first bit indicates user or c':onlml datz;. If the first bit indicates user data, the middle bit
indicates congestion, and the last bit indicates the end of frame. The next field is the 1-
bit cell loss priority (CLP) 49 bit permits two priorities of cell to be defined where the
network may discard low priority cells under congestion conditions. The header error
check (HEC) 51 field provides an 8-bit rédundancy check on the contents of the cell ‘_
header. |
" [0014] The UTOPIA (Universal Test and Operations PHY Interface for ATM) interface -
is defined by the ATM Forum to provide a standard chip-level interface between ATM
devices and ATM PHY or SAR (segmentation and Re-assembly) device. The UTOPIA

interface has an 8-bit data bus and includes FIFQs that are able to store ATM cells in

3



transmtting and receiving direction. It supports cell |evel handshaking
and optionally parity bit generation and checking. The UTOPI'-A interface

i npl enents a full duplex bus wth separate data and control signals in
both directions. [00121 ATM Cell switching is very, popular in the- Digital
Subscri ber Line (xDSL) system (last mle, up to 9kn). xDSL technology is a
means. by which plain old tel ephone service (POIS) can be used to send ATM
cells overa pair of copper wires to the central station of a phone

company.  ATM OUehetile o84 kEEiTinD basRCR dufiBl Ot oveR GERSRIE A bRBrAIGT ~and -

smal|l office environnment. Several standards are being developed in'these

areas, includi i {BERIrit{of afld Slelidie. %g@ﬁﬁb' ﬂ?ﬁgkﬂa&%{;}%ﬂ%&afmmh&éﬁﬁ&al ADSL

(UADSL), G SHD Symretric H gh-speed DSL) and VDSL (Very high speed

DSL). These teghpQk gt@ga@mcg%lgiminbgﬂgmqig‘%‘ copper wres,that connect

the local central office in a user"s nei ghborhood to the custonmer's phone

jack. Ingogsy ar ealﬂ?ﬂvf et sWRtidhe iso%A§_%ﬁﬁ?% bR $bsdribed Rin (MDSOY €:

network run by a tel ephone conpany. over XDSL service preserves the

hi gh- speed chargglRr(last infls, @t D, VY ILERSyAN A hdllsy Fnih§1E008 ATM
networ k wi t hout “changi ng protocols. This creatés the potential for an

end-t o- end ATM{RGINARYE derdi@ ®@OEST &aibd 80E % Qhd ATR éall%wfeirf'ﬁ'%aip B@%ﬁ&r witedto 3.
shows an xDSL services delivery architecture. In xDSL, Digita Subscri ber

Li ne Access Milihd dn@X@iiatioPBt AhontebmipSny! SEEM e SadSLY 6¥ferb higRERRD QetidBier net
access. The function of DSLAM 751 is to aggregate digital data traffic from

XDSL 73 bef or Gcdeks iidm! th8 kRl du@kniafl SFice dMrsiihen€ N Severdindtidmnaé afdy Bdige ol
(I'P) router 753. A typical DSLAM supports a couple of hundred xDSL

channel s per shiidlofed i gt afcad; KindBURY asEitashsd Wgitadubisbiiben GineO(ADMI)de are
one or nore trunk lines that carry the multiplexed traffic fromthe DSLAM
to a switch or unBeis@rADSI{CADSES), GISHDSLS$Anase thgth-speed DSL)l ant DB (Ve .
Therefore in the DSLAM 751 side needs an even nore powerful CPU to. handle

| ar ge anmount ofhighhypeudabSi.). These technologies use the local loap, the copper wires that connect

the local central office in a user's neighborhood to the customer's phone jack. In many
areas, this local loop comnects directly to an ATM core netwprk run by a telephone
company. ATM over xDSL service preserves the high-speed bharacteristics and QoS -
guarantees available in the core ATM network without changing protocols. This creates |
the potential for an end-to-end ATM network to the residence or small office.

[0013] Fig. 3 shows an xDSL services delivery architecture. In xDSL, Digital
Subscriber Line Access Multiplexer (DSLAM) 751 is used to deliver broadband Internet
access. The function of DSLAM 751 is to aggregate digital data traffic from xDSL 73
before it is transferred to an ATM swiich or Internet Protocol (IP) router 753. A typical ;
DSLAM supports a couple of hundred xDSL channels per shelf (a single rack mount
chassis). On the network side are one or more trunk lines that carry the multiplexed |
traffic from the DSLAM to a switch or router, which _is in turn connected to the Internet
77. Therefore in the DSLAM 751 side needs an even more powerful CPU to handle

large amount of channels,



4 (00141 For xDSL system it has to pack and unpack the ATMcells to and
fromthe |P/Ethernet packet. This inplies that it needs an expensive RI SC
CPU and huge nenory to process these cells. CPU of the central office side
has to handl e the conplicated ATM protocol of |arge amount of channels.
Furthernore, the rapid increase in conputing power, conputing resources
and the requirenent to interconnect these conputing environnents led to a
requi renent for f4tor networks. These requirenents led to tho devel opnent

and stangg{4]i zati onggpf Ma! £ lnd e WAV Qe indEhdigkmet . '
G gabi t r[Et h‘gr net prn%d\?ixggg%miﬁg% g)renﬁalei atrli F@/Ja%f Et herrete, at ! 1, 000, 000, 000

bits per secongp/phlddohactier Biliohfplict MRk Gt foelis b cRpANIRTISE TPLS i hegeand
fast converterl bridge between the Ethernet Packets to ATM UTOPI A ‘

interface, in Hef@he o PRBRE O telfsheCky r Qe Eenthl 8ffics @Rty ith MRAdIe (KePE) and
mul tiple channels for the DSLAM side. Specially for the DSLAM side, an

ASI C based devicganiichidi £ HipRYdE df Bigk R & BRbAg Ghahdfble, ke rdple

correspondi ng xDSL channels is very nuch denmanded for a | arge scal e

Ethernet  swi t glaeag Y% ShEiling P¥REr, XAStRElWRAFdes ard R BiHirathent BinleRvmidEi ON
[ 0016] One aspect of the present invention is to provide an Ethernet

interface over e ebmpddhg inPiroiesCRE | to COMMMBITbRENL Dot Gl Attty 6TRY, NOTheds -

operat or. Another aspect of the present invention is to provide a :
convent er/ bri dggulehsmeerd B aer @edlofttmt bl dEHdRldBatidausE 4 MOGNbYG [Beheaiet aRd Ti pl e
channels. A further aspect of die present inventionis to provide a
si ngl e-chi p solkdnl HDGigab Etldmies GighMOEREmMBIPRYidisRY the FaMliailg bf Efhamspar t:
between the Ethernet and ATM networks. [00171 The pre-sent invention.
relates to a cQqpee080000it fgsedpipl ed 'to Ethernet bus interface and
UTOPI A bus interface via a first bus and a second bus: The '

, [0015] Therefore, there exists a demand for simple and fast converter/bridge between

-the Ethernet Packets to ATM UTOPIA interface, in single channel for the Custoﬁ'ter
Premises Equipment (CPE) and multiple channels for the DSLAM side. Specially for

" the DSLAM side, an ASIC blased device that can convert multil_alé Ethemnet Channels to |
the corresponding xDSL c\hanneis is very much demanded fof a large scale Ethernet _

switching system over xDSL network.

Summary of the Invention

[0016] One aspect of the present invention is to provide an Ethernet interface over
| xDSL, UTOPIA, ATM cell convexter/bridge and method of operator. Another aspect of '
the present invention is to provide a converter/oridge between Ethernet bus to UTOPIA |
bus in single or multipie channels. A further aspect of the present invention is to
provide a single-chip solution, which is aimed at providing a low cost transport between
the Ethernet and ATM networks.
{o017] The present invention relates to a converter/bridge coupled to Ethernet bus

interface and UTOPIA bus interface via a first bus and a second bus. The



5 converter/bridge includes a first conversion device and a second
conversion device. The first conversion device is used for receiving and
converting an Ethernet data packet over the first bus into 53-byte ATM
cells over the second bus. The second conversion device is used for
receiving and converting 53-byte ATM cells over the second bus into

Et hernet data packet over the first bus. [0018] The first conversion device
further includes a first conversion unit for converting Ethernet data
packet into subrogeiter/daigainkcludésh firstivonvEdidnalelicBunli fa@Econd cdnvEsion devid, IThag - a
group of sub-cell data field and inserting the Cell Signal byte in the.
header field offirstivenvessidu deeice isiumddforreSedrilydnd cévditiag bh Etaindt datd paskas overt i ng
unit for transmtting the 53-byte ATMcell in ATMcell format. The second
conver si on devithefifstins hee 53-bge ATdEcells ovee theisstiondbusn iThe feondehectiondeviche Cel |
Signal Byte in the first byte of the ATM Cell Header field, a conversion
unit for converis iusgy fr geraivitg sndt ontértndREDYyis i ATM | cell§ ovdrt the rsteind Mué iftois and
converting associ ated data nibbles to the RXDA of the Ethernet M| bus,
and a transm t tEthegetidate pdcbet overdinsfinstting.ng t he Et hernet data packet in

Et her net acket format. [0019] The present invention also relates to a
met hod ol00&@nver t i nghEfilveronedrsictadexice fixthikeinsludes b Girséfddversioh sniafd caoartiag t i ng
ATM cell s into Ethernet data packet. The nethod includes the follow ng
steps. First, rHtkesieyidstypanket ivorsvierce!] dagp Hold, BnbAsiv €ell dhaffer upiafok edmldnieg 2 a.
first bus into 53-byte ATM cells over a second bus. Then, receiving and-
converting 53- igyaue ohvwt-esll dats fepldoandtihesrting dlorCellRignai byte irbxhh deadet fiddbfthpacket
over the first bus. [0020] The present invention also relates to a nethod
of control|ing 4T celbttp ¢ Shte AGM callyendygmsmigtingrrinit foudidnemiting the Fhlyte
‘on-and-of f schene to the TX CLK to slow down the Ethernet transmt speed
due to the rel &TMeel ig| MsesBlgment. tFre sepmdaomraniopdayvice further includes a |

receiving unit for detecting the Cell Signal Byte in the first byte of the ATM Cell f
Header field, a conversion unit for converting Signal Bit to the RXDV signal of _‘I
Ethernet MII bus and converting associated data nibbles {6 the RXDA of the Ethernet :
MII bus, and a transmitting unit for transmitting the Ethemet data packet in Ethernet 7
pﬁcket format.

[0019] ‘The present invention also relates to a method of converting Ethernet data
packets into ATM cells and converting ATM cells into Ethernet data packet. The
method includes the following steps. First, receiving and converting an Ethernet data
packet over a first bus into 53-byte ATM cells over a second bus. Then, receiving and "
converting 53-byte ATM cells over the second bus into Ethernet data packet over the _
first bus.

[0020] The present invention also relates to a method of controlling the data flow from
the MAC transmit buffer by using on-and-off scheme to the TX_CLK to slow down the |
Ethemet transmit speed due to the relatively slow speed of the xDSL/ATM/UTOPIA

transmission.



transm ssion. 6 [00211 The present invention also relates to a nethod of
controlling the data flowto the MAC receiving buffer by using on-and-off
schene to the RX-CLK to sl ow down the Ethernet transmt Wd due to the
relatively slow speed of the xDSUATM UTOPI A transm ssion. [00221 The
present invention provides a USB to UTOPI A convertertbridge, including a
USB to Ethernet bridge connecting Ethernet M| bus to USB 1.1~2.0. Brief
Description of the Drawings [00231 Fig. 1 shows the structure of Ethernet
packet; [00DIJ241 Fi glhedrsbdisrehtton akb ralatésts @ nethodoMonablling the AR Fidwko the 3
shows xDSL services delivery architecture; [0026] Fig. 4 shows an
enbodi ment ‘of MreC piceisiap buffervignising on-and-0f¥ 2dkkbmkite) the RIS ICIMS toRsidve doved tivVAC P14Y
bus interface standard~ [0028] Fig 6 shows an overvi ew of Ethernet Franes
converting to ElchkAGATilt speidldae to [H0QAMvelyi oW spchd wb e DISLAATMAN QA
UTOPI A(ATI A) cells converting to Ethernet Franes; [00301 Fig. 8 (a), 8(b)
show of fl ow cemismidsiord ' | X- CLK schene of transm ssion path and reception
path; [0031] Fig. 9 (a), 9(b) show anot her exanple of flow controlled
TX- CLK J@0gfje of tTienpsaesdbhentiopardvidend USBde RITOPDHA pertvierter[baidSR junckidipg a 10
shows an enbodi nent of the present invention of UTOPIAto MT interface,
(0033] Fig. | USBhokdicmsat edpodinnetitg BheréidMIpbeseFEBilavadit i on whi ch coupl es
to Ethernet bus interface and UTOPI A bus interface in single channel;
[0034] Fig. 12 shows an enbodi ment of the present inwention which couples
to ' Et hernet E
Brief Description of the Drawings

4

[0023] Fig. 1 shows the structure of Ethernet packet;

[0024] Fig. 2 shows the structure of ATM cell,;

[0025] Fig, 3 shows xDSL services delivery architecture;

[0026] Fig. 4 shows an embodiment of the present invention;

[0027] Fig. 5 shows Ethemet MAC_PHY bus interface standard;

[0 628] Fig 6 shows an overview of Ethernet Frames converting to UTOPIA(ATM) cells;

[0029] Fig 7 shows an overview of UTOPIA(ATM) cells converting to Ethernet Frames;

[0030] Fig. 8 (a), 8(b) show of flow controlled TX_CLK scheme of transmission path :
and reception path;

[0031] Fig. 9 (a), 9(b) show another example of flow controlled TX_CLK scheme of

transmission path and reception path;

[0032] Fig. 10 shows an embodiment of the present invention of UTOPIA to MII .
intetface;
[0033] " Fig. 11 shows an embodiment of the present invention which couples to Ethernet

bus interface and UTOPIA bus interface in single channel;



bus interface and UTOPI A bus interface in nultiple channels; [0035] Fig. 13
shows a bl ock diagram of an Ethernet to UTOPI A/ VDSL design using the off

t he-shel f -conponent; [0036] Fig. 14 shows anot her bl ock di agram of an

Et hernet to UTOPI A/ VDSL design wusing the off-the-shelf-conponent; and
[0037] Fig. 15 shows anot her enbodi nent of the present invention extend the
Et hernet interface to USB interface so that the converter/bridge is an USB
interface to UTOPI A bus converter/bridge. Detai | ed Description of the

I nventi 038] Th ent _inyention eI

bet weeno@P %@r net i nF‘&r ai‘gws L g Fhﬂp "&g%um%nc\ﬁ% ﬁlﬁés tgﬁ{h%\%s in
sinplified blogk d ram Odl present i nvention. The
converterl bridge:! “%4 qu!gﬁ{‘/g Symt?:oaﬁf) s E@e&k{%‘%ﬁnet bus interface 11

and UT us inte J‘a 13 Vi Et her 1 Eﬁ: 9!%,5 113.
The conv@ﬁ?@r/bri dgg 83e5hr? es?ﬁglafg fr‘%ortll\lle'(&ajlfeg|E°otr1‘1rr evi ce W

second conver5|tﬁ)e sﬁeﬁf 91? pe fi rst conversion device 101 recei ves and
converts Etherfiet  data pac ®Bver the Ethernet bus 111 into 53- byte ATM

cells ov OoPl A h Qg £ dﬁ?oﬂ'ﬂﬁvb%%é{ and
convertsﬁggéﬂ)—yt e ATEALé' 1%%}.%310;3%?@%{%&,99@}@190 baﬁs : T% |er_1t 0 Et hernet d%rtﬁa
packet over I %uﬁ d] |on t he Ethernet bus interface is
selected for m Bﬁl ﬁ%ﬂjeffcoéﬁﬁnl%a SS- SM I‘ TBlI and ot her Ethernet
interfac The Eth t E£56RE Q@Hﬁg bsteS ' @WMEHeheFi ‘g, 5.
UTon A HRESTIN G, oo RS sndfiCarltl rodfn%}fCPlA A R e e e A s
level 4 bus. 8 jerfuce to USB interface so that the converter/bridge is an USB iriterface to UTOPIA. -

[00391 Fur e first conversion devicel Ol i,ncludes a
conversion uni tbt“t’ig@%a{ ?/gn&éé ,

n-

Detailed Description of the Invention

[0038] The present invention relates to a converter/bridge between Ether_net interface
| _ bus to UTOPIA interface bus. Fig. 4 shows, in simplified block diagram form, an
embodiment of the present invention. The converter/bridge 10 respectively couples to -

Ethemnet bus interface 11 and UTOPIA bus interface 13 via an Ethernet bus 111 and a
UTOPIA bus 113. The converter/bridge 10 includes a first conversion device 101 and a |
second conversion device 103. The first conversion device 101 receives and converts

Ethernet data packet over the Ethernet bus 111 into 53-byte ATM cells over UTOPIA

bus 113. The second conversion device 103 receives and converts 53-byte ATM cells

over the UTOPIA bus 113 into Ethernet data packet over Ethernet bus 111. In addition,
the Ethemnet bus interface is selected form GPSI, MII, RMII, SMII, GMIL, SS-SMII,

TBI and other Ethernet interfaces. The Ethernet MAC_PHY bus interface standard is
shown in Fig. 5. UTOPIA bus interface is selected from UTOPIA level 1, Level 2,

Level 3, and level 4 bus.



an ATM Cel | Buffer unit 1013, a transmtting unit 1015 and a TX CLK fl ow
controlled clock unit 1017. The conversion unit 1011 is used for
converting the Ethernet data packets into 4-nibble sub-cell data field,
each 4-nibble sub-cell data field including a 3- nibble data field and an
associ ated signal nibble. The signal bit is the TXEN (transmt Enable
signal bit) in the MVEthernet Bus. And the Data field nibble is the TXDATA
[3:0] (transmit Data bit 3-0.) The associated signal nibble indicates the
presencegpge]t he asm%aﬁ&&* tHLaﬁ@t cfohy%lrs%n'dawt:él%l Eki&@éé’hﬁéonﬁéiaonﬂ E100Y Ghd/| €W gf

Ethernet Frames to UTOPI A cell transmssion path is shown in Fig.
“whi ch depicts aawmeelﬁhbﬁérnﬁk 16r3a£r&§nsm%ﬁg EROES 5 'b@ ) ARVKGE bhrtondd’e ATM

Cell Buffer unit 1013 is used f nmbining a group of” twenty-four

nul tipl e 4-ni bRiwgk aHip16£].| Tﬂééﬁwéﬁlﬁﬁ dnie 1611 RSREL foNoﬁJ%ﬂnngQiré EBbABadan byt e
in the header field of the ATMCell into a 53-byte ATMc The header

further has apaskdlds@RE 49Mvh Jub%lalﬂdaftspﬁel@%cmﬁmblmmﬂ%atﬁcﬁﬁ%ﬁa&hgg 31 he
status and controlling local and renote node. The transmtting unit 10

i s used for t=mibdatal fiddatd s Rrchicl Bignd bt The kl?naN;MIé:@lla hrsdE @Rhsmil 00401

The flow control Cock 1017 is to slow down the Ethernet transm ssion speed

due to slover wR@Ad sighl LRRINEBSMIVERASTENS] A thd Det EeEHRE idht TXBAGAK clock
rate shall be running at 25Mhz speed. Wth 4-bit (N-bble w de) XDATA

[3:0]] data bug3:0f(aensofionitn it 390CEk: @ﬁocia&H%[gﬁﬂGﬂJbiehﬁdiba&esrﬂdé‘ﬁﬂe%c@éf P O0Mops.
The UTOPI A bus shall be running at 12.5Mz clock rate 8-bit wi de of
the UTOPI A bus aisbeiatsaasifi€ll in e Blefaus 1 The brervidv 6 Hikuiidt Pehnak tolﬁﬁm Thi's
clock rate schenme results in sinplifying the buffer managenent.

Furthernore, OfATMEcé isansaiasitn peth ishRdwnvA &, § hichidesior how ghe EtBemebifigmad -
ni.bble, this will add 25% of the signaling overhead. So the TX CLK shall
pause for oneavheernel ackKThyclle BHe ATKMaCellr®mERE wnin 013 in udebIferscoaibidmgher net
data field as shown in Fig. 8(a). This results in both Ethernet M| bus
and UTOPI A bus group of twenytfolOmMbiple 4hibble sub-cell data field and inserting the Cell Signal

byte in the header field of the ATM Cell into a 53-byte ATM cell. The header further 5
has an unused data field for out band management conveying the status and controlling |
local and remote node. The transmitting unit 1015 is used for Eransnﬁtting the 53-byte |
ATM cell in ATM cell format.

[0040] | The flow contr_ol Clock 1017 is to slow down the Ethernet transmissioﬂ speed
due to slower speed in the xDSL transmission. The-Ethernet MII TX_CLK clock rate
shall be running at 25Mhz speed. With 4-bit (Nibble wide) XDATA [3:0]] data bus, the
nominal speed of interface 111 is running at 100Mbps. The UTOPIA bus shall be :
ﬁmning at 12.5W clock rate. With 8-bit wide of the UTOPIA bus the speed of
interface 113 is also running at 100Mbps. This clock rate scheme results in simplifying
the buffer management. Furthermore, of the flow control that when 1011 inserting the
Signal nibble, this will add 25% of the signaling ovethead. So the TX_CLK shali pause
for one 25Mhz Clock cycle 81 after receiving 3 nibbles of Ethernet data field as shown

in Fig. 8(a). This results in both Ethernet MII bus and UTOPIA bus running at 100Mbps

9



wi th 25% si gnal nibbl e overhead. The actual data transm ssion is 75Mops.
Furthernore, for the flow control schene in the situation when UTOPI A stops
sending the TXCLAV (Transmit Cell Available) to the interface 113, this
means that previous xDSLJATM cell has not been conpletely transmtted.
This will result in a buffer full situation of 1013. Wen this happens,
the flow control Cock 1017 shalt further pause the TX CLK (25Mhz cl ocks)
83 until the ATM Cell Buffer unit 1013 has at |east one cell buffer to be
transm tted to yi eishACkmbl dibnll Beandai® 188 URR] | dlad uffs hunﬂgybflﬁb has

limted utilization by he ATM forumso only the Tirst header

been used as t%r@e[h{ms'f&nﬁé ﬂmk&wﬂﬁh&ﬁé?% &Q&oﬁ%ﬂenm &ﬁdﬁé her net

data field as depicted'in the Figure 6 The se conversi on

device 103 al sopé @m&d‘ﬁs(’ﬁnﬁﬁﬁ@ewﬁﬂ%ldﬂy)ﬁo &lg%iterfafécl '?.l?(i Eﬁbrg"lhéf?fe%oag?’?’ a

transmtting unit 1035, and a fl ow control uni't 1037. The

receiving unit J85latRt @athes h&%e@?kdmpﬂtaﬁ%nsﬁﬁﬁﬁ 'I'!ﬁs'uh éshﬁg:[ a BY é?f&lf the
ATM Cel | Header field and sends only the ATM Cel | data yt es ?

conversi on uni tsinARadr0e1d. WHé @is hagdass, @ﬁldow%hﬁov@o&om@mﬁi fﬁ’xfthe}}‘)‘ﬁgéy four

mul tiple 4-ni bble sub-cell data fi'eld, each 4-nibble sub-cell afield

including a 3- nhblykecort@snii diskkans @ai maJIRE Calt Bfs R Thdbt Raalgad. The
conversion unit 1033 converts the Signal Bit to the RXDV (Recelve Data

Avai | abl e) si gnall veffers Bekdrehididingand 1% CfNRheheh e g $0Gk Alrefcenday &
nibbles in the follow ng data byte to the RXDA [3:0] (Receive Data bit 3-0)

of the Ether naimitdilutiBzibion b} ehet AN Fotufnlsh RElyURd firsl B3O of Hhe HERk Jebd used as
transmtting the Ethernet data packet in Ethernet packet format. -An
over vi ew of UT@R ell igadi bae irldicaRgand Candapatal the StheGlaO0dh fidld K @pictéd Bthe
depicts how the ATM cells are converted to the Ethernet franmes. [0042] The
fl ow control ClHigied037 is to slow down the Ethernet receiving speed due to
sl ower speed in the xDSL reception. The Ethernet NRI RX CLK clock rate
shal | bel0041nni ng afTh®sddond speedion\divice4td3i ilsd Michidbe avdeckiyindRATACBE: O] dat a
bus, the nom nal

conversion unit 1033, a transmitting unit 1035, and a RX_CLK flow controlied clock .'

unit 1037. The receiving unit 1031 detects the Cell Signal Byte in the first byte of the -
ATM Cell Header field and sends only the ATM Cell data (48 bytes) to conversion unit
1033 Cell buffer. The Cell Data is composed of twenty-four multiple 4-nibble sub-cell
data field, each 4-nibble sub-cell data field including a 3-nibble data field ahd an
associated signal nibble ahead. The conversion unit 1033 converts the Signal Bit to the
RXDYV (Receive Data Available) signal of Ethernet MII bus and converts the associated
data nibbles in the following data byte to the RXDA [3:0] (Receive Data bit 3-0) of the
Ethernet MIT bus. The transmitting unit 1035 is used for transmitting the Ethenet data
packet in Ethernet packet format. An overview of UTOPIA (ATM) cell reception path is
shown in Fig. 7 which depicts how the ATM cells are converted to the Ethemet frames.
[0042] " The flow control Clock 1037 is to slow down the Ethemnet receiving speed due to |
slower speed in the xDSL reception. The Ethernet MII RX_CLK clock rate shall be

running at 25Mhz speed. With 4-bit (Nibble wide) RDATA [3:0] data bus, the nominal
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10 speed of interface 311 is running at 100Mops. The UTOPI A, bus shall be
running at 12.5Mhz clock rate. Wth an 8-bit w de UTOPI A bus, the speed of
interface 113 is also running at 100Mops. This clock rate schene results
in sinmplifying the buffer managenment. Furthernore, in the case what the
flow control conversion unit 1033 is striping the Signal nibble, this wll
cut 25% of the Ethernet Bus Receiving speed. So the RX CLK shall pause for
one 25Mhz C ock cycle 85 after 'receiving 3 nibbles of Ethernet data field

h in Fi : i [ £ i Et I b I i t
22, 20" 10,7 Spr Sy S5t e 5 e b shABRLEC, 3
th fl cont r@l .. UTQP] A di t he RXCLAV ive Cell
0,1 L Con Bl BERRIE S TP RSOV S PSR,
b i ved yet i i) | |4 .0 n, buffer ty. Si.t i f
AR T T SR S T S
CLK (25MWn | | i i 1033 t |, t, .cell
0L (2530, <l oohelihd rABengANIChE b0 bt Bl S B 251 o
the present. | ey OR, &l AGbt, REQYLPEE 2 Ao ATPRALAE Ny, nobBEkYEln0 @ fd o1

: S :
conver si on device and a“second conversion device. e ?o;n

devi has i ncl | ' d-cel.l. Buf f Pt
1015, a tranom e SaPtr oo SR el A R BB 1017
S arly o SRR RASEARa bl 1S o). YRE (kbR EARKELLL DB L% AL el

data packets into 9-byte sub-ce eac e sub-ce

field includi ng psMsshyded viab &Jﬁﬁ?ﬁ@%&'&ﬂm@s{t%gﬁb&d RBRorD ¥ Spe ThE
associ ated signal byte indicates the presence of the “assoclated (fa_ a.field
in Ethernet BuSioRScaud@Mictee Fkkn BTORNE sOBM sCilidy Bidf k@ic#.ﬁ! ;(Rgc;egr}/}f’(e:élg f used

far conbining a group of five nultiple 9-Dyte packets.w

header and 3 r @sglabRY th¥ieSSusi MO fmbdnd thad Fo R4EBIRA TSR ITM TH] 131@%%5&’ ed

bytes are used for out band nanagenent conveying the status an
control ling | oebivedibt.r BR® a1 BQMSn buffer empty situation of 1033.:When this happens, the

clock unit 1037 shall further pause the RX_CLK (ZMZ clocks) until the conversion
unit 1033 has at least one cell buffer 87 to be transmitted to interface 113, |
- [0043]) Another embodiment of the present invention further pfbvides an embodiment, |
- inclﬁding a first conversion device and a second conversion device. The first _
conversion device has includes a conversion unit 1011 and an ATM cell Buffer unit
1013, a transmitting unit 1015, and TX_CLK flow controlled clock unit 1017. Similarly, |
the conversion unit 1011 is used for cohvcrting the Ethernet data packets into 9-byte
sub-cell data field, each 9-byte sub-cell data field including an 8-byte data field and an |
associated signal byte. The associated signal byte indicates the presence of the
associated dafa field in Ethernet Bus as shown in Fig. 6. The ATM Cell Buffer unit
1013 is used for combining a group of five muitiple 9-byte packets with a 5-byte of
header and 3 reserved bytes into a first 53-byte ATM cell. The reserved bytes are used

for out band management conveying the status and controlling local and remote node.
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11 The transmtting unit 1015 is used for transmtting the 53-byte ATM cell
in ATMcell format. [0044] The flow control Cock 1017 is to sl ow down the
Et hernet transm ssion speed due to slower speed in the xDSL transm ssion.
The Ethernet MJ TX CLK clock rate shall be running at 25Mhz speed. Wth
4-bit (nibble wi de) XDATA [3:01 data bus, the nom nal speed of interface
111 is running at 100Mops. The UTOPI A bus shall be running at 12.5NMhz
clock rate. Wth 8-bit wide of the UTOPI A bus the speed of interface 113 is

al so running atrh @edRRging Thit §o1<shpﬁéedrf&tt%n§ﬁlﬂﬁg% S%SWtéﬁ‘Iquﬁ'ﬁ’%IMXéﬂ‘g the

buf fer managenent. Furthernore, of the flow control “situation
conversion uniggmhPll is inserting the Signal nibble, this will add 12. 5%
of the signaling overhead. So the TX CLK shall pause for two 25Mz d ock

cycles qboad]t er recehfie cdfirod CREL 8617 Rfto QB@Ql'bﬁ'ﬂtthedE&@mUért'tﬁhgnig%ns gup in

Fig. 9(a). This results in both Ethernet MT bus and unning at

100Mops with 13ud¥ ﬁb\%i%beeﬁllmﬂlegcmeﬁﬁﬁﬁﬂﬂsmn-rhﬁe 8akHRI MIETR LK aidsikasion 1S

75Mops. Furthernore, for the flow control scherime when UTOPI A st ops

sending the Txgiaﬁ\be(lirﬁrﬁﬁ@mﬂﬂ\@@k}%ee&\vﬂmtﬁ Akt iLB19 wida§ XIDNT [330)Qath bis, the)i S

means that previous xDSL/ ATM cel s has not been conpl etely transmtted

This will resulbmingl gheedef iRéfitail1ll 6 hudihg QP 160MAR13he WIORIA tus shappened,
the flow control Cock 1017 shall further pause the TX CLK (25Miz cl ocks)

93 until the ATivnfagldt BUEMIRS clodk fate] Glith BaR wigé of ARSUTORPR ®8d khebypbdess t0 be
transmtted to interface 113. Since the header field of the ATMcell :has

limted utili zaiéroe D13 ishRo ATiMnE @t LODMDs. OisYeldoR @até bohSine RYGIE lﬁfsnﬁpln%&%ader
has been used as the Cell Signal byte indicating the Cell data has the

Et hernet data fthechufifer Agnajembm! Gtrthétmbles ofFihg Wo @ntrblBion WagnSRERATD

conversion unit 103 al so includes a receiving unit 1031, a conversion unit

1033, a transmubit 10l isbistrtii )85 Stpndl BOICIts fvilbaddaarses of the digadling loveihidal.
So the TX_CLK shall pause for two 25Mhz Clock cycles 91 after receiving 16 nibbles |
of Ethernet data field as shown in Fig. 9(a). This results in both Ethernet MI bus and
UTOPIA bus running at 100Mbps with 12.5% signal nibble overhead. The actual data
transmission is 7SMbps. Furthermore, for the flow control scheme when UTOPIA stops
sending the TXCLAV (Transmit Cell Available) to the interface 113, this means that
previous xDSL/ATM cells has not been completely transmitted. This will result in a
buffer full situation of 1013. When this happened, the flow control Clock 1017 shall
further pause the TX_CLK (25Mhz clocks) 93 until the ATM Cell Buffer unit 1013 has
at least one cell buffer to be transmitied to inferface 113. Since the header field of the
ATM cell has limited utilization by the ATM forum so only the first byte of the header
has been used as the Cell Signal byte indicating the Cell data has the Ethernet data field
as depicted in the Figure 6.

[0045] " The second conversion unit 103 also includes a receiving umit 1031, a

conversion unit 1033, a transmitting unit 1035 and RX_Clk flow controlled clock unit

1037. The receiving unit 1031 of second conversion unit is used for detecting the Cell :
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1037. The receiving unit 1031 of second conversion unit is used for
detecting the Cell 12 Signal Byte in the first byte to the ATM Cel | Header
field and sending only the ATM Cell data to ATM Cell buffer. The Cell Data
is conposed of five nultiple 9-byte data fields, a 5-byte header and, 3
reserved bytes. Each 9-byte data field including an 8-byte data field and
an associ ated signal byte. The conversion unit 1033 is used for converting
ATM cel | data into Ethernet data packet. The transmtting unit 1035 is used

The 11 ow cont r o8 Bk mugh B AP REBATRE Col Redb (AU PRGAT U, 1 or et
R LK ol otk 1< ara G ATALET nRE e Gy & OBipde S RyidfS v T, ™

i d RDATA [ 3. , ] ' . i [
2t 100Mops, Tha ras R uatrand oA (e, MaARRAL RO Rl phiel T 50

bit wide of thgyy o f Tl 31053 & |
a; 18%N§pg. Th?QMJ#§EEL¢;F2ﬂ§€ﬁ§ﬁe§§§§ﬂﬂ?g T%“L@ﬁﬁﬁﬁﬁﬁéﬁnghﬁﬁg1%%%?%?”'ng

management . Fur, A8y e £ h : ersion
i 103033 | 5 P CUABATN 8l diiplo EAfOR] Pk Hhe St JHID € BRCT

Et h t B f t 25Nhz
erne us ReGRhyhitele HR885Lme D ﬁ%{% Lg;%%eﬁ B%H]t fatge for two z

Clock cycles 95 after receiving 1 ernet .data field as shown

in Fig. 18648]. This TRsodv Sodifdi ERAL 1037 P GhboNdenfid S0 kR w doWAI HPE Emdi>Mops
speed while the UTOPI A bus is running at 100Mops. Furthernore, tor-the

flow control seheRRigkhal e lower BN MERBEA ebARa. TREBAERS N R XRIEKAV

(Receive Cell Available) to the bus 113, this nmeans that no conplete

XDSL/ ATM cel | RSk R@Cshall @6 @inhf A 85Mh besd. Winlidh 41R6iHbId ﬂiﬂ@}quﬁﬁmqmpy
si.tuation of unit 1033. Wen this happens, the clock unit 1037 shal-

further pause ufe budRieGolfidaRSWVOTZofGhBEES B 111 tnkrnink2€ 1600MBH8 ThOOTORIA buk033 has

at |l east one cell buffer 97 to be transmtted to interface 113.
shall be running at 12.5Mhz clock rate, With 8-bit wide of the IJTOPIA. bus the speed
of interface 113 is also running at 100Mbps. This clock rafe scheme results in
_ simplifying the buffer management. Furthermore, of the flow control that results when
conversion unit 1033 is siriping the Signal nibble, this will cut 12.5% of the Ethernet
Bus Receiving speed. So the RX_CLK shall pause for two 25Mhz Clock cycles 95 after |
receiving 16 nibbles of Ethernet data ﬁ(::ld as shown in Fig. 8(b). This results in that
Ethermnet MII bus is running at 75Mbps speed while the UTOPIA bus is running at |
100Mbps. Furthermore, for-the flow control scheme that results when UTOPIA stops
sending the RXCLAV (Receive Cell Available) fo the bus 113, this means that n:o
complete xDSL/ATM. cell has been received yet. This will result in buffer empty -
situation of unit 1033. When this happens, the clock unit 1037 shall further pause thé
RX_CLK (25Mhz clocks) until the conversion unit 1033 has at least one cell buffer 97
to be transmitted to interface 113.

[0047] For improving the performance of the converter/bridge between Ethemet

interface bus to UTOPIA interface bus, the present invention may trim the preamble and -

1
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[ 00471 For inproving the performance of the converter/bridge between
Ethernet interface bus to UTOPIA interface bus, the present invention may
trimthe preanble and 13 the start frame delimter of an Ethernet packet
when receiving the Ethernet packet from the Ethernet MAC. The present
invention only transmts the destination address, source address, type
field, payload, and the CRC of the Ethernet packet over UTOPI A bus.

Addi tional ly, when receiving a- packet from UTOPI A, the present invention

adds the preanid gaefisiné SdinStAdianHIRER Tﬁ&kétm@fecawng HRMthedfet pitRetREET Vi NG’
frame and transmts to Ethernet bus. Il inmprove the performance by

12. 5% ( 8/ 4 [ 00484 Ethrérlet MAC S TR SreRUGHRSonCsHOGHNERIY the HestiftioR kERQRsodbyy €N 1 ON
coupled UTOPIA bus interface via nultiple first buses 111. Mat chi ng the

address of UTORUdvedserpt fidld, payeoad) and, theORCl 6B ErheinBi ickdt @er, UTORIAPRRS €Nt
i nvention supporting nultlple channel s, up to 32 channels, further

i ncl udi ng an addiditiesaliye ehen Reiving ta ;ﬁﬂceUﬁQm vaoops, #0prkent inGainibi & AgHditRhi ng a
proper first bus to transmt Ethernet data packets, [0049] Fig. | 1 shows

an enbodi ment - pleatnhiz Jnd eincsirt frtieddininr WD oMY RlcaiSing Graft A6 Besmib s
interface and UTOPI A bus interface in single 'channel . In the enbodi nent,

t he converter/Eﬁrenmgmslmsmaumd@veunwerroﬂna&berlglle%(smmhe converter/bri dge
of the present enbodinent includes an Ethernet bridge 1701 and an Ethernet

PHY devi[0048]702. Theig. Hi itemsehothér dgedihfilofann st intaitsn Ragial BToPIANI N a
subnet in an attenpt to out down the anount of traffic. The Ethernet :PRY
devi ce 1702 pr bus thesfatdreia phytinlcfilst biagerl1i NMatchiag ehe dddresnel STEPIAEEE] Bf her net
nodes connected over w ring appropriate for standard Ethernet. An Ethernet
transf or ner devevels, bidBvéld insefatet, theprayuitdevettvn shppmifzonultyle chanadls, up tand
coupl e signals between a connector 1704 and the PHY device 1702. [0050] The
converter/bri dgé chagels| fisthendicldig zn AIBRS Alecizion awit IH0BTORIA BBE 1PRYor 1706
and a UTOPI A sl ave buffer 1709. The UTOPI A naster 1705 is respon5|ble to

distinguishing a proper first bus to transmit Ethernet data packets,

[0049] Fig. 11 shows an embodiment of the present invention which couples to Eihemet .

bus interface and UTOPIA bus interface in single channel. In the embodiment, the -

converter/bridge 170 is made up in a single chip. The converter/bridge of the present :'

embodiment includes an Ethemet bridge 1701 and an Ethemet PHY device 1702. The

Ethemet bridge 1701 controls data packets within a subnet in an attempt to cut down the

amount of traffic. The Ethernet PHY device 1702 provides the physical layer interface .

to one standard Ethemet nodes connected over wiring appropriate for standard Ethernet.

An Ethemet transformer device 1703 is used to provide the transformer circuits and

couple signals between a connector 1704 and the PHY device 1702.

[0050] The converter/bridge 170 also includes a UTOPIA master 1705, a xDSL PHY
1706 and a UTOPIA slave buffer 1709. The UTOPIA master 1705 is responsible to
initiate and control data transfers from and to the UTOPIA slave buffer 1709, xDSL

PHY 1706 and the Ethernet bridge 1701. The xDSL PHY device 1706 provides the
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initiate and control data transfers fromand to the UTOPI A sl ave buffer
1709, xDSL PRY 1706 and the Ethernet bridge 1701. The xDSL PRY device 1706
provi des the 14 physical |ayer interface to one standard xDSL node
connected over wiring appropriate for standard xDSL. [00511 The UTOPI A
buffer 1709 is responsible to receive data fromoriginal UTOPIA  The

UTOPI A sl ave buffer can ride on existing ATM transm ssion. The present

i nvention allows data streamtransmtting between UTOPI A interfaces by the

UTOPI A buf fer Qe FHR} .91 AL LA bus, The.UTOPI A nmster
1705 handl es tll%Q garqi inggr%%ﬂpﬂ#%?@a us %’nlggf?ﬁ%mg%{%%%‘fefwoﬁ%? Ls.
The UTOPI A mast@f samis@Xpgfansmits original ATM cel l's and converts Ethernet
packets to the UTOPI A bus. A xDSL transforner device 1707 is used to

ct I ATbUs. | _ .
1708 andl T g Pry doured TDrgh o o Sk R et ROB i AR SFORR. o

1710 duPEAIM I af.alni.ng.th . d d
01 the- UTCPI A net of Orithaien bt G, Al oBk Rt Bhikhins il THF o™

present invent igpnlith Yitwe al QRMGT &%&Wﬂm& BROBPA @t%ﬁcés&gﬁhg %ﬁ‘BﬁAe b:US

i nterface and UTOPI A bus interface in I pl' e chann xanp

there are 8 chapsgl fobRodphe t@&é?@ﬂ'# Kgﬂtcg'rb {hlisS Tﬁé‘g?éiﬂfgéséﬁ}lg% handles

converter/bridge 180 is rmade up o annel s 1 n a sinhgl

enbodi ment of  ttheoriga® 3QM UTOBED biQihd dRSlones: ﬁ*ﬂoﬁﬁbﬁﬁégl@l}eﬁdﬁﬁ n%rggg a

channel s 1801. The enbodi nent 180 al so includes a UT mast er

xDSL PRY 1806 tifyes amshdits higifdh 81 CHBHAE o vefis Eﬁl.l(}){lfp%gﬂt{e} Buhd Q&PP%G?SUTOP' A

master 1805 is responsible to initiate and contr transfers from and

to the UTOPI A A aBSL kuiisiserl@9Re 170953k ufth dH8e MB dakdhGimELBRL{AEInG Bilidoe
1801. The xDSL PHY devi ce 1806 provides the physical layer. interface to

og(; ] standard xigbhls et onBaGkask PV03 add HeNBHRPMARR' 1S TP ladditiaH) dfeé d
g - embodiment also includes a processor 1710 and SRAM 1711 for maintaining the status
and the commands of the UTOPIA master 1705. |
[0052] Fig. 12 shows an embodiment of the present invention in which converter/bridge \
180 couples to Ethernet bus interface and UTOPIA bus interface in multiple channels.
For example, there are 8 channels in the embodiment. In this embodiment, the
converter/bridge 180 is made up of 8 channels in a single chip. The embodiment of the
present invention includes an Ethernet bridge of 8 channels 1801. The embodiment 180
also includes a UTOPIA master 1805, a xDSL PHY 1806 that multiplexed 8 channels of -
ATM cells buffer. The UTOPIA master 1805 is responsible to initiate and control data -
transfers from and to the UTOPIA slave buffer 1809, xDSL PHY 1806 and the Ethernet
bridge 1801, The xDSL PHY device i806 provides the physical layer. interface o one |
standard xDSL node connected over wiring appropriate for standard xDSL.
[0053] " The UTOPIA slave buffer 1809 is responsible to receive data from original
ATM UTOPIA. The UTOPIA slave buffer 1809 can ride on existing ATM transmission.

The present invention allows data stream transmitting between UTOPIA interfaces by
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[ 0053] The UTOPI A sl ave buffer 1809 is responsible to receive data from
original ATM UTOPI AL The UTOPI A sl ave buffer 1809 can ride on existing ATM
transm ssion. The present invention allows data streamtransnitting

bet ween, UTOPI A interfaces by 15 the UTOPI A buffer 1809 coupled to original
ATM UTOPI A bus. The UTOPI A master 1805 handles the original UTOPI A bus and
the converter UTOPI A bus. The UTOPIA naster 1805 transmts original ATM
cells and converts Et her net packets to the UTOPIA bus. xDSL transforner

e L A L i
nbod | 810 f : h
Et ?f isand 1 hgolé"é’%%ﬁ%%ﬁh ‘3@%‘}“" G Ren e, 37 BRI r’-rg e

054 Lo. 13
SE?V\S ;al ELBFF agr am 0 EE’Q%%F cgusljsﬁ%fﬂ %‘%&gﬁetgcggackEé 8°st|§%‘c1j’T5F%‘l
sub-cell data Tro ?‘?}ﬁ]ﬁ“&%’g?ﬁ’é‘{é%@’ e 1o WReeDe l‘ﬁ;‘&" Bk gk ©
provided to makg }1 Qs@%l:s bm &%{gd%@c%%&?af P?‘Bﬁ@ﬁf@%i%@ﬁlotf\ & oﬁ:P hje 224.

The transforner ernet I'S provi port

220°1 5 pr ovi dod By Tt TROHEL s Boct ?“2‘?%&&&&3& BEBR TR GOIELET
225 are provi deﬂd% debdlnafgDk %Q?oi@gn?&at 1304 U1 Bl @a)ckcg f@ﬁéﬁ?qeéraow ded

I nfi neon VDSL PEF-22812. T anal og front en

I nfineon VDSL %&u@g&l@coﬁﬁ@ﬁmm&hﬁﬁe driver 250 is proyided by Infineon
VDSL PEF 22810. The transforner for VSAL from APC 260 is provided by

APC- TTLIRHERLIO. [ 095513 Bhcks a'tlock MR UL Bherhle Q8 TieRRA Ofesld uBh1er Nt

to UTOPI A/ VDSL design wusing off-the-shelf-conponents rence
bet ween the Fi Ghel 3fARTsHEIr@ompdheits cbfirting Ethemet data packets into 4-nibble sub-cell

data field. The Ethernet to UTOPIA/VDSL of this design is provided to make an SOC
which integrates FPGA 220, MAC 210, and CPU 224. The transformer fo; _Ethemet 205
is provided by PH162479. The 2- port Ethernet switch 210 is provided by ATAN&992.
The MII-to UTOPIA converter 220 is provided by Lattice Semiconductor lspMACH4
series. Two FIFO devices 225 are provided by IDT 7200. The VDSL data pump 230 is
provided by Infineon VDSL PEF-22812. The VDSL AFE (analog front end) 240 is
provided Infineon VDSL PEF-22812, Thg | VS8DL line driver 250 is provided by
Infineon VDSL PEF-22810. The transformer for VSAL from APC 260 is provided by
APC-77112/77110. ' |

[0055] Fig. 14 shows another block diagram of an Ethernet to UTOPIA/VDSL design
using off-the-shelf-components. The difference between the Fig 13 and Fig. 14 is the ‘
Ethemet to UTOPIA/VDSL design counverting Ethernet data packets into 9-byte sub-cell
data field shown in Fig. 14 uses three FIFOs to process more data transmission.

[0056] Fig. 15 shows another embodiment of the present invention. The embodiment

further includes 2 USB to Bthesmet bridge connecting Ethernet MII bus to USB 1.1/2.0. f
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Et hernet to UTOPI A/ VDSL design converting Ethernet data packets into 9
-byte sub-cell data field showmn in Fig. 14 uses three FIFOs to process
nore data transm ssion. [0056] Fig. 15 shows anot her enbodi nent of the
present invention. The enbodi nent further includes a USB to Ethernet
bri dge connecting Ethernet MI bus to USB 1.1/2.0. 16 Therefore, the
present invention can be. used as a USB to UTOPI A. converter/bridge. The
USB to Ethernet M| bridge can be found fromoff-the-shelf device such as
ADM 8511. [ OO0 Thérefoke, Sheoptbsintiavampipn efi @t @dd Bya USE GKITOBA. idvirkemadgk, t:hat
the foregoing description is of exenplary enbodinents only and is not
intended to | it USBao Seiepet Malpldee o Bel foynd m oG AREIhEM dediceiciPhs ADM
invention in any way. Rather, the foregoing description nerely provides
convenient ill ®trations for inplenenting various enbodi nents of the
invention. For exanple, various changes may be made in the design and
ar rangen8@¥7Jof  t helt shonidrtapprddsted bib@d skilled ieheexethittiay Hregoing désommios iher ei n
wi t hout -departing fromthe scope of the invention as set forth in the
appended cl ai mef edempoaemipdinientsAntyamd d doe hiitddédigdintietp e@ipt,u@blcabititypbred t o
an Ethernet bus interface and a UTOPIA bus interface,via afirst bus and a
second bus, cowrprfigeiatign of the finvestionCiarue iy O rRatey, ithe fdm‘gbnrge;laeudptxmg marety -
converting Ethernet data packets over the first bus i.:nto.53-byte ATMccells
over the secongrdvifss canwarondhsortices soonmgdlemedmgf varione cetbodingnandf the
converting 53-byte ATM cells over the second bus into Ethernet data packets
over the fir st ityastion2For Ehampde nareuts ehah@asmbgé:emfade:inahwdékxgnMumngemdmeOf
Et hernet bus ;interface is selected

the elements described in the exemplary embodiments herem vnthout\depattmg from the -

scope of the invention as set forth in the appended claims.
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fromthe group consisting of G°SI, MI, RMI, SMI, GMI, SS-SMI, TBI and

QO her Ethernet interfaces. 3. The converterl bridge of claiml, wherein the
second bus is selected fromthe group consisting of UTOPI A | evel 1, |evel
2, level 3, and |l evel 4 buses. 4. The converter/bridge of claim1, further
coupl ed Ethernet bus interface via a plurality of first buses, and further
conpri sing an address decision unit on second bus for distinguishing a
first. bus to transmt and/or receive Ethernet data packets, said second
bus bei ng sel ec€labngf r om t he group consisting of UTOPIA level 2, level 3 and
| evel 4. 5...The converterlbridge of claim1, wherein the first conversion
devi ce further Lconp S@yﬁﬁ%/bﬁgﬂeslﬂsm@m’vbr@mkﬂ tman Ethgmet bysyiaferfpegpntlia st

Et hernet data packets into first 4- nibble data fields, each first 4-nibble
data fiel.d i nclWHPHg tas intarfee da nfitshbus antha seqnd SNy comprsing: f i r st associ ated
signal nibble;. an ATM Cel| Buffer unit for conbining a first_ group of
twenty-four nultipl ea fitstroppvession dayice foraeesivingpng %nmg%s Ethgrget W&%f,
header into a first 53 byte ATMcell, said 18 .............. .........
header havi ng atveiheiSetbusdniasi-bee ATMaellserer Basgortgement conveying t he
status and controlling a local ;and a renote node; and a first transmtting
unit for transmitting seepadprvstsiongleyic for ageriving|and cpnvamive Sdrvte AR eelher ei n
t he second conversion device further conprises: a receiving unit for
receiving a pl usitfi®y of ATM Cel| data, each ATM Cel i” including a group of

twenty-four multiple 4-nibble-data fields, ,each data field including.a
3-nibble data field é?ren‘éwsa%tg@W@P@&W@ﬁﬁlwﬁiﬂwﬁféﬁbueonﬁi ned with a second

S-byte of 2. The converter/bridge of claim 1, wherein the Ethernet bus interface is selected
from the group consisting of GPSI, MII, RMII, SMII; GM1, rSS-SMII, TBI and other
" Bthemnet interfaces. | !-

3. The converter/bridge of claim 1, wherein the second bus is sclected from the
group consisting of UTOPIA ievel 1, level 2, level 3, and level 4 bﬁses.
4, The converter/bridge of claim 1, further coupled Ethérnet bus interface via a -
plurality of first buses, and further comprising an address decision unit on second bus
for distinguishing a first bus to transmit and/or teceive Ethernet data packeté, said
second bus being selected from ﬂxé group consisting of UTOPIA level 2, fevel 3 and
level 4. |
5. | The conveﬁerfbﬁdge of claim 1, wherein the first conversion device further :
comprises:

a first conversion unit for converting first Ethernet data packets into first 4- :
nibble data fields, each first 4-nibble data field including a first 3-nibble data field and a
first associated signal nibble;.

an ATM Cell Buffer unit for combining a first group of fwenty-four multiple

first 4-nibble data field with a first 5-byte of header into a first 53-byte ATM cell, said
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header; a second conversion unit for converting said ATMCell data into a
second Ethernet data packet; and a second transmtting unit for
transmtting the second --Ethernet- data packet in Ethernet packet format.
6. The converter/bridge of claim5, wherein said first conversion unit
includes a first flow control clock unit for slow ng down an Et hernet
transmtting speed, and said second conversion unit including a second
flow control clock unit for slow ng dowmn an Ethernet receiving speed. 7.

The converter/ BLladaf ik af Ll data YR 51 bt bR rlobl Sl HOBKEL R Rk RIAGE U L her

conprises: _a first cohfversion unit or converttng ata packets

into first 9-b i 2eflefdnfst 9-byte data field including a
first 8-byte dgérgrﬁpﬁg%gocgfnag‘hg§??°?st e’glggoci ated signal byte; an ATM Cel |

Buf fer unit for conhdi : j : ! £ < fields
with a first 5-byt gt% 0 btﬁ%‘é el?ﬁlgg@t %‘F%dgé&v"%hig{gte? f’)hn% %&g@%e??{ing%g’;/t e ATM

cell, said 3 rﬁﬁ@&rﬂe@gnF%E&%n@@dn@&siﬁ%&g?ﬁnh%ngﬁ%: managenent conveyi ng
an

the status and controlling a | oca a renote nodes; and 19 a first

Lransmitting unit fof d:edns ik koot 4 phublinPck RIVCATHE Shin AIVAGH cel |

format, -and wherein the seCond conversion device further conprises: a

second T ecel Vi Rl g&&,g of Br&it o ROmAl il UiriMthd dhePhie1fsT Mcrthts RlifotugRl N ATM
i ncluding a second group of five nmultiple second 9-byte data fiel.ds,
each second 9 , 3.qibble data field and an associated signal nibble, combined with a second 5-byte of

header;

a second coﬁversion unit for converting said ATM Cell Yata into a second
Ethernet data packet; and

a second transmitting unit for transmitfing the second Ethernet data packet in
Ethernet packet format.

6. The converter/bridge of claim 5, wherein said first conversion unit includes a
first flow control clock unit for siowing down an Ethernet tr'ansxmitting speed, and gaid f
second conversion unit including a second flow control clock unit for slowing down an
Ethernet receiving speed.

7. The convertet/bridge of claiml, wherein the first conversion device further _
comprises:

a first conversion unit for converting Ethernet data packets into first ‘9-by'te :
data fields, each ﬁrst. 9-byte data ficld including a first 8-byte data field and a first |
associated signal byte;

an ATM Cell Buffer unit for combining a group of five multiple first 9-byte
data ‘fields with a first S-byte of header and 3 reserved bytes into a first 53-byte ATM

cell, said 3 reserved bytes being used for out band management conveying the status and

controlling a local and a remote nodes; and
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byte data fields including a second 8-byte data field and a second

associ ated signal byte, conbined with a second 5-byte of header and 3
reserved bytes;-and a second conversion unit for converting said ATM Cel |
data into a second Ethernet data packet; and a second transmitting unit for
transmtting the second Ethernet data packet in Ethernet packet format. 8.
The converter/bridge of claim7, wherein said first conversion unit
includes a first flow control ‘clock unit for slow ng down an Ethernet
transmtting speed, anfistgmnanitting oninfbr commitidlg thd firedSG3thyict AT ebltithe’STM csiecond
flow control. clock unit for slow ng down an Ethernet receiving speed. 9.
The converter/ bfordge of claim 1, wherein each of said Ethernet data-
packets includes a preanble, a start delimter, a destination address, a
source address, a tyrﬂ@dWﬁlbreindhesacqndytbrwadi,ond&whedurmermmpmihacki ng code, said
fist conversion device further trimmng said preanble and said delimter
of said Ethernet dat a sseaikeatcetving unit fmsereiving npluditylof B Callatataperch ddMess,
sai d source address, said type field, said payl oad, and said error-

checki ng code t Gelkinplading OFtepndgienpi of five faltiple sendi9-bete dntd ficlds cachsiemmd @evi ce
further, adding a preanble and a start delimter in front of a data packet
before transmi tWitndpta feldsgaeleling tegeond &-tytesiataficlirand e eecoiﬁbassdbﬁae‘:d signal byte,
converter/bridge of claim1, further conprising a UTOPI A buffer for -
coupling to sai%mbirepmithegesonds-byte afhsadenandd sssrvoAbylesta® A bus i nt erface via
a 20 second bus and a third bus. 11. The converter/bridgé of claiml, .
further conprising aausSpndromyaaiomunit for coryerting suig | AM tQsllsdatadint # secopdis and

a USB. 12. A nethod for receiving and converting Ethernet packets over a
fi rst bus i nt o Ethemet data packet; and S

a second transmitting unit for transmitting the second Ethemnet data packet in
Ethemet packet format,
8. The converter/bridge of claim 7, wherein said first conversion unit includes a
first flow control clock unit for slowing down an Ethernet transmitting sp;aed, and said
_ second control clock unit includes a second flow control clock unit for slowing down an
Ethernet receiving speed.
9. ~ The converter/bridge of claim 1, wherein each of said Ethernet data packets
includes a preamble, a start delimiter, a destination address, a source address, a type
ficld, a payload, and a error-checking code, said first conversion device further trimming
said preamble and said delimiter of said Ethernet data packet and transmitting said.
destination address, said source address, said type field, said payload, and said error- :
checking code to said UTOPIA bus interface, said second conversion device further .
adding a preambie and a start delimiter in front of a data packet before transmitting to
said Bthernet bus interface.
10. The converter/bridge of claim 1, further comprising a UTOPIA buffer for

coupling to said UTOPIA bus interface and a second UTOPIA bus interface via a
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53-byte ATM cells over a second bus, conprising: 3 c2 ., receiving and
converting Ethernet data packets into 4-nibble data fields, each 4-nibble
data field having a 3 -nibble data field and an associ ated signal nibble;
conbining a group of twenty-four nultiple 4-nibble data fields with a
5-byte of header into a 53 byte ATMcell; and transmtting the group of
twenty-four multiple 4-nibble fields with the 5-byte of header in ATM cell
format. 13. A method for receiving and converting Ethernet Packets over a
first bus into. sedond bustasd Athiiegd. | s over a second bus, conprising: receiving
and converting Ethernet data packets into 9=byte data fields, each 9 byte

data field having an Shdiwher@abitgh oblgiman) durtier mgRising a UEES oM bEGse
combining a group of five multiple 9-byte data fields with a 5-byte of

header and 3 r esgiladad sdiyfiet busbud 2USR byte ATM cel | ; "and transnitting the
group of five 9-byte data fields with the 5-byte of header and 3: reserved

bytes in ATM celiR. f or aahethcidfor Redivdhd el JoaverfiCRthathdipadiets cvany ikt bildink3- byt e
ATM cel I s over a second bus into Ethernet packets over a first bus, _

conpri sing: recéBwbyaahTM ctio uer @kechititiis eofnptigingtul ti pl e 4-ni bbl e packet s':,
each 4-nibble packet including a 3-nibble data packet and an associ ated
si gnal nibble, conbi nedeivihg Mdaconteriigt Bthahet et Padkets GRBVaibHINGatd Heldgegump Of
twenty-four nultiple 4-nibble packets and the 5-byte .21 of header into
twenty-four 4-nithitibe datacickt lmying a6 ibbletatalfiet d ek adsodidiel sighangbblge 3- ni bbl e
combining a group of twenty-four multiple 4-nibﬁle data‘fields with a 5-byte |
of header into a 53-byte ATM cell; and ' -
transmitting the group of twenty-four multiple 4-nib|1‘ale fields with the S-byteg
of header in ATM cell format. |
13. A method for receiving and converting Ethernet Packets over a first bus into;f
33-byte ATM cells over a second bus, comprising: l
receiving and converting Ethernet data packets into 9-byte data fields, each 9-2
byte data field having an 8-byte data field and an associated signal byte;
combining a group of five multiple 9-byte data fields with a 5-byte of header;
and 3 reserved byte into a 53-byte ATM cell; and -
 transmitting the group of five 9-byte data ficlds with the 5-byte of header and 3:
reserved bytes in ATM cell format. |
14. A method for receiving and converting 53-byte ATM cells over a second bus.
into Ethernet packets over a first bus, comprising;
| receiving a group of twenty-four multiple 4-nibble packets, each 4-nibbleé
packet including a 3-nibble data packet and an associated signal nibble, combined with a |

S-byte of header;

converting the group of twenty-four multiple 4-nibble packets and the 5-byte:
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data and the associ ated signal nibble; converting each 4-nibble packet into
an Ethernet data packet; and transmtting the Ethernet data packet in

Et her net packet format. 15. A method for receiving and converting 53-byte
ATM cel I s over a second bus into Ethernet packets over a first bus,
conprising: receiving a group of five nultiple 9-byte packets, each 9-byte
packet including an 8-byte data packet and an associ ated signal byte,
conbined with. a 5 -byte of header and 3 reserved bytes; converting the
group of five rafheadetintodwenty-foupdmfbblepackets, tapked-Bibblgypaekebincluding ¢he 3-nibhie five
9- byt e packets; converting each 9 -byte packet into an Ethernet data
packet; and t rdatesnd theiapsgoiptdsimaheibblest dat a packet in Ethernet packet

format. 22 ]
converting each 4-nibble packet into an Ethernet data packet; and

transmitting the Ethemet data packet in Ethernet packet format.
15. A method for receiving and converting 53—b§te ATM cells over a second bus
into Bthernet packets over a first bus, comprising:
receiving a group of five multiple 9-byte packets, ea‘ch\ 9-£yte packet including
an 8-byte data packet and an associated signal byte, combined with.a 5-byte of hea&er |
and 3 reserved bytes;
converting the group of five multiple 9-byte packets and the 5-byte of header .
, into five 9-byte packets; | ‘
converting each 9-byte packet into an Ethernet data packet; and

transmitting the Ethernet data packet in Etherniet packet format.

22




