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

MULTI PLE CHANNELS CONVERTER/ BRI DGE ON A SINGLE CH P AND METHOD OF

OPERATI ON Field of the Invention [0001] This invention relates to the field
of extendi ng ETiter neETHERNKETE HNTFRFAGENDOIFER AT &ELL, oURDWILL XDSL IN
swi t chi ng/ transm ss¢ AN ARG i , RARIPd ircuit
bet ween Et her net Fr%lﬁgl;l\é%)?bg%d UT*%‘%’[&E’@&@%&E&? Q%Ng;ﬁm or nﬁ@?ﬁ’g
channel s. Backgr oun¥™NStLE (A IPANBYIEAHQR O OBERATION i's t he nost widely
used Local Area Network (LAN) technol ogy. Ethernet provides a | ow cost,

hi gh- speed, general -purpose interface for users sharing information.
Switching offers a of ysing the Ethernet standard that greatly
increases its Il hout requiring changes to network adapters or
conputer software. [0003] An Ethernet switch is a device with nultiple

Et her net W8%Hect i onkhis or invegsions . rekies Etther At digldt cof needending hdithepaied
ports for file server or backbone connections via Fast Ethernet, or ATM
The: Et her net ssitchinggrmnsmiesier slbmbinetoupTivb Cell Gwgichjagtriabsmicio world, and00- Mega
bit switching system by cascading or hierachy tree structure or

dai sy-chai ned papoillaagy. cohhertdrbridyd sntdic betwesn USshiahdtyFraasMBuseshdt OITOPIAdevi ce
that has many Ethernet ports, all or nost of which can accept or transmt

packet s ‘si mul t @pussh ¥ingle of hltipld thahadie of the connected LAN nedia. [0004]
An Ethernet switch interconnects a | arge nunber of ports noving packets of
data between ports entirely by electronic |ogic. Mcroprocessors and
software do not participate in basic data novenent. Ethernet swtching

procedures ¢ a&rrﬁm&a&ﬁﬁ@ ithveStion

[0002] © Ethernet is the most widely used Local Area Network (LAN) technology.
Ethemet provides a low-cost, high-speed, general-purpose interface for users sharing
information. Switching offers a way of using the Ethernet standard that greatly

- Increases its performance without requiring changes to network adapters or computer
software,

[0003] An Ethernet switch is a device with multiple Ethernet connections, or
-ports. The Ethernet switch neéds higher speed ports for file server or backbone

- connections via Fast Ethernet, or ATM. The Ethernet switch can be scalable up to
- . 10-giga-bit, Giga-bit, 100-Mega bit switching system by cascading or hierachy 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 intercommects a large number of ports moving
packets of data between ports entirely by electronic logic. Microprocessors and
software do not participate in basic data movement. Ethernet switching procedures

can be encapsulated



| entirely within Application-Specific Integrated Crcuits (ASICs). Bridges
and routers, in contrast, typically use high performance RI SC

m croprocessors to nove data packets. Packet novement by m croprocessor is
ei ther nore expensive or slower, and requires |arger devices, |arger
cabinets for a given nunber of Ethernet segnents, and nore electric power.
[0005] Fig. 1 shows the Ethernet packet structure. In order to maintain
correct operations of the Carrier Sensitive Miulti-Access/Collision

Det ecti on ( CSMétisay withineApphitdtion-Sptcifiainlegtated Slirsuity(AS80s) oBrdgse prdonesgigh |
other for at least 96 bits 21. The packet j starts with a 56 bit 1
synchroni zat i onomstatybicallysusebigh [28formande REGH micpirocaseprhip Wovs dafa packetst 4y t
frame delimter, 48-bits of destination address 25, 48-bit of source
address 27, an®acketeovemeiGbybinicrapygressbi & aith@omorgleapansiye op slowp aphENBIS| 5 t he
payl oad 31, and then the CRC error-checking code 33. The mai n advant age of
the Ethernet i larger slewicewplargsr togbinetsl forf 4 giviehinkinber, of TRexpgt pagBieBtspaRdk@Oes| zes
make it easy to adjust the transmission flow, in response to the rapid
change of net welkekrinpeskdroad conditions. The full-distributed nature of :the
Et hernet makes i't possible to build an unmanaged LAN at very | ow costs.

[ 0006]  [R@0SAsynchr ofigud shoamdhe Ethvbt padkEnstsiuse.ochl ofdgr do maintain correct
connection-oriented: protocol that is ideal for voice, vide dat a;
comuni cat i ons opetativhs of tie @r@%&miﬁ@&i%rws@gﬁwndﬂ“?@&ﬂ@w&@’% ain
cells or packets of a fixed size. The cell used wth ATMis relatiyely-
smal | conpar ed Ethsmehpacketuare dpasid putdictresen eashiothsr &yiak leastSdutr 2l 'B?cé es a .
fi xed channel, or route, between two points whenever datﬁa tr si I btegi ns.
“This differs fstris Witk ISPbitismehrnizatioreprsaplle sEng 23 apd fhep QH?‘ES“E‘Q‘E 'EF%" and
each packet can take a different route from source h@'gestig@éiogﬁ %%kf

di fference nukey flame dolititar, 48bitsiof dpstinatipnisaemess i 45-PiE b PUEERGEE 1

network, but it makes it |ess adaptable to sudden suyr i et ;
traffic. then-a 16-bit type field 29. Theprest of the packet 1s the payﬁloa%%ﬁ, anr(!*l tﬂen M\\Q Eﬁc

error-cliecking code 33. The main advaﬁtage of the Ethemet is its simplicity and -
flexibility. The variable packet sizes make it ¢asy to adjust tl?e 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 ldw costs.
.[0006] The Asynchronous Tran;fer Mode (ATM) protocol is a connection—orientedé
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 cell used

PR
R
N

with ATM is relatively small compared to units used with older technologies.

[OOOTj ATM creates a fixed channel, or route, between two points whenever data
transfer begins. This differs from TCP/IP, in which messages are divided into packets
aﬁd each packet can take a different route from source to destination. This difference
makes it easier to track and biil data usage across an ATM nchnrork, but it makes it less -

adaptable to sudden surges in network traffic.



2 [0 0081 ATMcells fromnultiple sources and multiple destinations are
~asynchronously nultiplexed between nmultiple packet switches. Every circuit
on each link of the network is identified by unique integer fields called
the Virtual Path Identifier (VPI) and Virtual Crcuit ldentifier (VCQ).
ATM swi tches are responsible for switching cells between ports, buffering
cells, translating VPUVCl's, guaranteeing Q0OS, connection set-up, and
connection tear-down. [0009] Fig. 2 shows the structure of an ATMcell .. ‘
Each celfpbgso3 byt eaTivPBdis fdni buftipldssurss smdamilipld deginatidue apaskehroheslfer and
- 48 bytes reserved for the payl-oad. The header begins with 4 bits of
generic flow cqpfiifiéxed Fcbdech lmilfiper paakdt asvitches.ThEeerf ictbult os cagednk of tensur e
fair and efficient access between nultiple devices sharing a single
User - Net wor k | jatvtf RG&ntiEbd Dy urfi@leliftéden GeldheliGH e Airtial Batbl Idestifm (BRIpand
virtual path identifier (VPI) 43, and a 16-bit virtual channel identifier
(VCl') 45. The VRhufAiaduitoMentdied (VOD. OATM switthés are anspendible fer, switching delis
virtual path, to be identified and the VCI 45 identifies the individual
virtual connectiegiten Wokthli BufRaad calis] trlating VPL/VICEE,1 Qardntieing V@OY doheection / VCl
information is the 3-bit payload type (PT) 47 field. The first bit
i ndi cates user gf.yf;eid éodhedtioh Rar-idwi.he first bit indicares user data, the
mddle bit indicates congestion, and the last bit indicates the end of
frame. Tipeogiext fi elrgh. Rsshbwethe-stbéthrealah ATOS selpr Eauhi celf-if € Bytestlongivithper i t s
two priorities of cell to be defined where the network may discard | ow -
priority cells uypdesserongeihd mioka hadiet indri8 bylEh estreatifor thempepipad. cFhe dRadeHEC)
51 field provides an 8-bit redundancy check on the contents of the cell
héader. [0011] teams WiGR Hits(dfieneeicShiw dasol (GFT) Cpafamatos Bty fitktieredde for
ATM interface 1is defined by the ATM Forumto provide‘a standard '
chi p-1 evel i nt egnbde Gihaiduifivienddddessthetricer swbiply daTineskintingra Srgle Ysedkivotat i on
and Re-assenbly) device. The UTOPI A . :

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 a grqup of virtual
connections, called a virtual path, to be identified and the . VCI 45 identifies the
individual virtual connections within each virtual path. |
-[0010] | Following the VPI/VCI information is the 3-bit payload type (PT) 47 field. The
first bit indicates user or <':ontrol 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- |

bii: cell loss priority (CLP) 49 bit permits two priorities of cell to be defined where the

N

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. |
’ [0011] The UTOPIA (Universal Test and Operations PHY Interface t.‘or ATM) interface
is defined by the ATM Forum to provide 2 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 FIFOs that are able to store ATM cells in

3



interface has an 8 -bit data bus and includes FIFOCs that are able to store
ATMcells in 3 transmtting and receiving direction. It supports cel

| evel handshaking and optionally parity bit generation and checking. The
UTOPI A interface inplenents a full duplex bus wth separate data and
control signals in both directions. [0012] ATM Cell switching is very
popular in the Digital Subscriber Line (xDSL) system (last mle, up to
"9km . xDSL technology is a nmeans by which plain old telephone service
(PATS) can be %?a%r?mﬁtﬂlgsﬁﬁqec%mg%{écﬁ%nf@r‘l&?g@o&adeh 18] GRRARLInYLAESptbRallyt he

-central station of a phone conpany. r xDSL offers high-speed network

access froni't he,RRig: %ﬁ&aé&ﬁlnﬁ cRicking S TRIWTOPATRRE face BRYBMBILs §?uﬂs ugéﬂﬁusar e

bei ng devel oped I'n these areas, iIncluding asymmetric digital scri-ber

line (ADSL), ngﬁ% dﬁl@%édﬂﬁ%@mls%?&ﬂﬁﬁ&ﬁﬁé.mt ric Hi gh-speed DSL)

and VDSL (Very speed DSL). These t nol ogi es use the local |oop,, the

COopper VW"S that coffigCten Hiifnl qg'veﬁrewigﬁﬁil ;}:Pihfei 5igitdl BuBsdBE Lide I(xDS.IT) !

nei ghbor to the custoner’'s phone jack. many ~ areas, this local l'oop

connect s di ' ecthen @0 vATMGAE ASE WA, EhoRley s WChERRAovERTRANKIA ATM

over xDSL service preserves the high-speed bharacteristics an
guarant ees avaihloe ké}vi!i:@?’(%?i)%aﬂé\ﬁs&?{o%ﬁd%mtdaﬁé%vep_@ PRSLBp i UeER S.
o the

This creates the potential for an end-to-end ATM networ resi dence

-or sha |1 of ficCope [:Qﬁ%ﬁitatﬁjngof @p@h@%@rmﬁdﬂgxm ST UDRE Soffied ﬁiglﬁlépéed network
architecture. In xDSL, Digital  Subscriber Line Access Miltipl exer (DSLAM

751 is used to gelst R MORARAAEH LANELARE endcdiRRat SBRrdl RGN aref bepl AM
751 is to aggregate digital data traffic fromxDSL 73 before it is

thansferred t0 aReldfelll BVEEE HRbas] MRIINB! adfiRicRR0Hipth PhubseHbee ind SADIA), -
typi cal DSLAM supports a couple of hundred xDSL channels per shelf (a.
singl e rack nDURlversahADSL IWADOR), IASHDSL (S kmHiciHightsBecd TBSI) and WDSL(Veiyk
lines that carry the nultipl exe traffic fromthe DSLAMto a sw tch of
router, which iigh épeéd DBLY. OTHREE tefltholoRich B thé o€l Mp, the copper wites that connect

the local central office in a user's neighborhood to the customer's phone jack. In many

areas, this focal loop connects directly to an ATM core netwprk run by a telephone

éompany. ATM over xDSL service preserves the high-speed i:haracteristics 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.

[6013] Fig. 3 shows an xDSL services delivery architecture. In XDSL, Digital

B 'W . : 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 switch or Internet Protocol (IP) router 753. A typical
DSLAM supports a couple of hundred xDSL channels per shelf (a single rack mount
‘-chaissis). 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.



77. Therefore in the DSLAM 751 side needs an even nore powerful CPU to
handl e |arge anount of channels. 4 [0014] For xDSL system it has to pack
and unpack the ATMcells to and from the |IP/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 handle the conplicated ATM
protocol of |arge anount of channels. Furthernore, the rapid increase in
conputing power, conputing resources and the requirenent to interconnect

t hese conputing environnents led to a requirenent for faster networks.
These rétRiement s | Bd 3PL; sistegpiehasgamack andiurnagh dher 4T ¥aedllsto end &om o0Mb/ s

Et hernet and even a G gabit Ethernet. ,G&gabjt Et hernet provides all the
fam liarity of BeABERamet packet.obs aoplicsoBatbit meedseaan s@seieE RS C5U

and
Therefore, there exists a demand for sinp| d fas nverter/byidge
botween the. B ol SRR PEVES terpetoRl PG craEe o SElertgh & Bdfnel £ or
the Custoner Prem ses..Equi t (CPE) and nultipl hannels for the DSLAM
side. Specially &PWH&Q&%E?P&&O% ﬁ@e@%%glg&?ﬁgwg kﬂlﬁlfer@gﬁ” fhvert
mul ti pl e Ether . | he rre nding. xDSL _channel s .is v much
Gormnbed for a PhdGIARAE E Apltf BRLGT PR RdcEe ST Myl

Summary of the ih{é\l&ﬂ,}lg& nthEQ:O l&hﬁg@”@ﬁxﬂmﬁﬁﬁﬂ i féﬁnEOS aoﬁe)tghfgfmg{ﬁ%g&ster

i nvention seek to provide an net 1 nterface over ATM

cel | converter/ Qa8 fhde TRINRHenQ e RETRL @dvelopiRnEXRITRARIRIRA(L Y S Seek

to provide a converter/bridge between Ethernet bus to UTOPI A bus 1n single

or nultiple chappeihs Ethb@et sodieh @ GERGIHEMRA S Gttt EheiePPiodRied all the
single-chip solution, which is ainmed at providing a | ow cost transport

bet ween t he Et hfamilédritpofiEMEMen et MOIKE00,000 bits per second.

{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 Customer Premises Equipment (CPE) and multiple channels for the DSLAM
side. Specially for the DSLAM side, an ASIC based device that can convert
multiple Ethernet Channels to the corresponding xDSL channels is very much

demanded for a large scale Ethernet switching system over XDSL network.

Summary of the Invention

[0016] Example embodiments of the present invention seek to provide an
Ethernet interface over xDSL, UTOPIA, ATM cell converter/bridge and method
of operator. The example embodiments seek to provide a converter/bridge
between Ethernet bus to UTOPIA bus in single or multiple channels. The
example embodiments seek to provide a single-chip solutioﬁ, which is aimed at

providing a low cost transport between the Ethernet and ATM networks.



5 [0017] According to a first aspect of the present invention, there is
provided a single and nmultiple channels converter/bridge respectively
coupled to an Ethernet bus interface and a UTOPI A or Asynchronous Transfer
Mode (ATM bus interface via a first bus and a second bus, the
converter/bridge conprising: a first conversion device for receiving

Et hernet data packets conprising a MAC address over the first bus and
converting the Ethernet data packets into 53-byte ATM cells over the
second bus; a second conversion device for receiving the 53-byte ATMcells
over th&WEétond bus Ansdrdinipes first gispdse of Brehyreseniiiventédn, shdrqisoproFided anet
dat a packets conprising the MAC address over the first bus; wherein said
conver t er/ bri dgéngg anshpyltiplerohannetsconsetmbridentespestively gewpledts agrlethernet
Application- Specific Integrated Crcuit (ASIC) based or FPGA based or
System on Chi p bup Iutsyface andl op 18TORIA. ok oApmelrenensdilrasfies Medse (ATMyt bus
conversion device further_includes a first conversion unit for converting
Et her net data paEKate Yiaadirshys and p sereng bps, dheconverterkrideeermpnniag @rdirstni ¢ f or

i ni f. b-. | data field d i ti th [ 1 i |
o e B FaBrStioR i Tor e el Sapackas coppasinens MAG RIS o
ot itti it t 11ti t he, 53- t M [] .i U |

Formet i 09 ok RLAGLPIT B terlutol g dihendt AR pelels inBo Bl BYa it ¢ 1 or
det ect i th | i | B i th i t byt f he ATM | .. Head
TTera ' 09 Comy Rl oRrIRE ool Bubih dertnd bbbt ufte D Re AT SERo of

Ethernet MT b %TMagbglsC&aUé? thd is Pﬁlsbﬁ.lgcdnﬁt foq%vgrr%l 11% bj%h%?e tAofl\%Iﬂ%llgﬁﬁé of the

Et hernet M| _ bus, a ransm uni ransm tting rnet
data packet in gg{acneka Bﬁ’cekgt@tcomfpﬁgi@tthe MAC address over the first bus; wherein

said converter/bridge or said first and second conversion devices are Application- -
Specific Integrated Circuit (ASIC) based or FPGA based or System on Chip
(SoC).

S5a



[ 0019] The exanpl e enbodi nments relate to a nmethod of converting Ethernet
data packets into ATMcells and converting ATMcells into Ethernet data
packet. The method includes the follow ng steps. First, receiving and
converting an Ethernet data packet over a first bus into 53-byte ATMcells
over a second bus. Then, receiving and converting 53-byte ATM cells over
the second bus into Ethernet data packet over the first bus. [0019a]
According to a second aspect of the present invention, there is provided a

hod i vi d J Et.h K fi b i
55- byt el ORI cel | s By BFTE BRBRAIRs: teohBt Pafion dudieHBeLinREe Ger (| ng
Et h t dat - Nj d fiel d 4- ni bbl field
naving a 3. birs camemial pis o et ind Bl B GeeRlinle SHRF sfatRB L. ©

Ki th - TP t - f I tipl
4 bl € data 17 o eGP ARE St AR, SR b MRl Al B DG
transmtting thRegheyR obl l@}’ﬁnﬂlt‘{yyt@%J[h[eol{.%%%-if&llc?of‘lﬂlg!Apﬂh%eﬁiiﬁﬂoddss%ﬁg the

5-byte of header in ATM ce f or’mat ] According to a third aspect of

the present i nwami il and ReFaBsrhitidll @M1 f8 SafsmifRicNAd 5584t LG NG AN
converting Ethernet Packets over a first bus into 53-byte ATMcells over a

second bus, cooyl f&inag Theageind tgivalidnCRRicerfiithg iEI@sNetectiting uliefdfet S
into 9-byte data fields, each 9-byte data field having an 8-byte data field
and an associ atleectmigghalCebh\®ignalviBiyteoint thel fipst dvtengf th & TRITEsIINAEadea Ckkl 5;
conbining a group of five multiple 9-byte data fields with a 5-byte of
header. and .3 r eswersenh unfifyforecanvering SiBrabBiteo ENM XBV|sjgnahal EthemstiiviIltiusg t he
group of five 9-byte data fields wth the 5-byte of header and 3 reserved
bytes in ATM caid congenting asspoigted clptaadbldesdiorie REDWA oHibe Htheasgy adH bos, anthe
present invention, there is provided a nethod for receiving and converting
53- byt e ATM ceP|[t@ngpidingaunit o fepngmiiting the Ethernet data packet in Ethernet packet

format.

{0019] The example embodiments relate to a method of converting Ethernet data
packets into ATM cells and converting ATM cells into Etheret 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.

[0019a]. According to a second aspect of the present invention, there is provided a
method for receiving and converting Ethernet packets over a first bus into 53-byte
ATM cells over a second bus, comprising: receiving and converting Ethernet data

packets into 4-nibble data fields, each 4-nibble data field having a 3-nibble data



Et her net packets over a first bus, conprising: receiving a group of
twenty-four multiple 4-nibble packets, each 4-nibble packet including a
3-ni bbl e data packet and an associ ated signal nibble, conbined with a
5-byte of header; converting the group of twenty-four multiple 4-nibble
packets and the 5-byte of header into twenty-four 4-nibble packets, each
4-ni bbl e packet including the 3-nibble data and the associated signal

ni bbl e; converting each 4-nibble packet into an Ethernet data packet

wi t hout packin he TNIceIl nto th Eth rnet ket d tran nlttlng
the Ethernet d @ Re3559! %‘gﬁ"étm ?‘"’i“[go%ffaﬁﬁelﬂﬁtcﬁ F‘ﬁ’g to a

fifth f
r;cé|v?ﬁgeghd08%ﬁ€@ regggé QFEHXf%WHQPF@{ éﬁmEJE gﬁ@‘ Epgﬁqﬁg %fhernet
k f f tiple 9-
ggcbgtz gggLe?g&hégénggggt paé@hﬂgﬂhSF@§#V|H%anq%yt oﬁ% 5”%%@? ;ﬁddan
ted d 3 reserve
byt es: - conver t RaRIpERRRERARL BRF S By BoP it SN IR L o The 8- byte
of header into five 9-byte packets; converting each 9-byte packet into an

Et her net data packet w thout packing the ATMcells into the Ethernet

packet S[ [Ogé‘got r ansmAEEdrﬁ%g tggabﬁgﬁee{sﬁ Y of ql?et %‘t; kl%;e hgn %&? Brovfd’ieﬁket

format . he exanp S also Tate i of ¢
controlling th r rand- o
schene to tg he '%lfq%t_i%m {eléas % %wﬂh@%&hﬁégﬁiﬁtggﬁ%%f&?ugzﬁ g o t he

B T )
to the MAC recgidkeRAntdUf -HRE da fitis)daddno-BRE -dafal ficd & MaRBe b sttiRe Mita Eel§
and an associated signal byte without unpacking the Ethernet packets; 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 fields
with the 5-byte of header and 3 reserved bytes in ATM cell format.
[0019¢] According to a fourth aspect of the present invention, there is provided 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-nibble packet including a 3-nibble data packet
- and an associated signal nibble, combined with a 5-byte of header; converting the
group of twenty-four multiple 4-nibble packets and the 5-byte of header into
- twenty-four 4-nibble packets, each 4-nibble packet including the 3-nibble data and
the associated signal nibble; converting cach 4-nibble packet into an Ethernet data
-packet without packing the ATM cells into the Ethernet packets; and transmitting
the Ethernet data packet in Ethernet packet format.
[00194] According to a fifth aspect of the present invention, there is provided 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 five multiple 9-
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to sl ow down the Ethernet transmt speed due to the relatively slow speed
of the xDSL/ATM UTOPI A transm ssion. [0022] The exanpl e enbodi nents
provide a USB to UTOPI A converter/bridge, including a USB to Ethernet
bri dge connecting Ethernet MI bus to USB 1.1/2.0. Brief Description of
the Drawi ngs [0023] Fig. 1 shows the structure of Ethernet packet; [0024]
Fig. 2 shows the structure of ATMcell.; [0025] Fig. 3 shows xDSL services
delivery architecture; [0026] Fig. 4 shows an enbodi nent of the present
invention; [0027] Fig. 5 shows Ethernet MAC_PHY bus interface standard;
[0028] Fig 6 shufdacketseaand-evic picket ineluding abrfabps date padket dndgintassddibGRl A( ATI\/9
cells; [0029] Fig 7 shows an overview of UTOPI A(ATM cells converting to
- Ethernet Frangignaljbytrzepmbingd wigha)5-b¢ bf headenandf3 resaoveddutesy einverting ¥heCl K
schenme of transmission path and reception path 0031] Fig. 9(a), 9(b)
show anot her eSHNpIY fie WPW%W&HFE@ dofler infoafiesPdateon” pat h

10 shows an enbodl ment of the present

and recepti On&%t_ish; [0032] Fig
i nvention of FI& ©o0YAGng Fi‘ﬁhebeé(EFePa‘{ka3@P  Fthemmet aBupackst avihedi ment
of the present inventio h ernet. bus jnterface and
UTCPI A bus i nt BiFME ﬁ?&%‘g@é ‘Etﬁatﬁﬁgthm?et[%‘égﬂ god Jrangmitting the %‘ﬁemet
enbodi nent of t e i nvent. ch couples to Ethernet bus
interface and Eﬁ@?kegﬁggtpwgﬁaﬁl&egﬁ? at‘ml tipl e channel s;

[0020] The example embodiments also relate 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 Ethernet transmit speed due to the relatively slow speed of the

xDSL/ATM/UTQPIA transmission.
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[0035] Fig. 13 shows a bl ock diagram of an Ethernet to UTOPI Al VDSL desi gn
using the off-the-shelf-conponent; [0036] . Fig. 14 shows another bl ock

di agram of an Ethernet to UTOPI AJVDSL design using the

of f-t he-shel f-conponent; and [0037] Fig. 15 shows anot her enbodi ment of the
present invention extend the Ethernet bus to USB interface so that the
converter/bridge is an USB interface to UTOPI A bus converteribridge.

Det ai | ed Description of the Invention [0038] The present invention relates
to a conlf®2ikr/ bri dgdhbeksmpgln eBbbdinmets alionthtd taceméthed afvbntddIGRE: Ahd diter f ace

bus. Fig. 4 sho i i fied.blpc iagram fo an enbodj f_ the
present inventi \(%f]o.w {i}htge %gerﬁeévrl?%EF%&’&%W%Q%&@'%@F mec@ﬂbggg—t K

Et her net bus i ntteslbacdwiltha BthedlORbhsnhiv Spded tdae tage rélatioei'c?aslaw spéddesps  bus
111 and a UTOCPI ngﬁ 11\1/12H The conve,rt_er/%ri dge 10 includes a first
conversi on devi AIMAHEORLA tansmiss@thver si on devi ce 103. The first
conver si gmoevi ce 10 I } ; ﬁ%ﬁg er the
Et her net Evgug}alll int_(a)r hgg_ﬁ%ﬁfgl&é%&k_?ﬁﬁﬂﬁg@ﬁ%@%@ig %u%({1%%ggg&%ﬁ%% & setond
conversi on devi decludiag 2 §S8 to Etheanad bridgesaameeing Rihyroe MIThhcel USB 4)\é2.0t he
UTOPI A bus 113 into Ethernet data packet over Ethernet bus 111. In
addition, the Ethernet bus interface is selected from@Sl, MI, RMI,
SMI, GMI, SS-SM 1, TBI and other Ethernet interfaces. The Ethernet
MAC_PHY

Bu.s f nterface _stapndard is shown in Fig. 5. UTOPIA bus interface is
sel ected—%@ﬁs@w&@% Vingsvel 2, Level 3, and level 4 bus. 8 [0039]

Furthernore, the first conversion device 101 includes a conversion unit

1011 andw%gg, nTM Ceﬂ;ig‘ E%Hot’\%rtheu&%&?%io%@ﬁﬂ?% Etrcpgal%é&j tting unit 1015 and a TX

CLK flo trolle ock uni Vérsion unit 1011 is used for
convertipgpihe 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 Ethernet MAC_PHY bus interface standard;
[0028] 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
interface;
[0033] Fig. 11 shows an embodiment of the present invention which couples to

Ethernet bus interface and UTOPIA bus interface in single channel;




Et hernet 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 at ed
signal nibble. The signal bit is the TXEN (transmt Enable signal bit) in
the M FEtfpesqlet Bus. Amgh 4Dend #h Ehifddinettiop Ble _rés%ntﬁﬂ?enﬁ&@%ﬁfh%uﬁl@sr fnsm t

Data bit 3-0.) The associated signal nibble indicates the presence of the

assoct ated dal Bubindd ths el ald DROMA B BrierftBC i RGNH BHalrs, Et hernet  Franes
h own in Fig. 6 wh

to UTOPIA (ATM cell transm ssion path 1s s ich depicts

how t he net franes. ar nvert 1o AT |s. . Th uf f er

uni t 101'5{0 ihgélused f or ?@%?ﬁ%ﬁg aaf;laragﬂlﬁg%?l ?M\f@ tQP!‘i‘%g? %-E%&ﬁﬁeé%%ﬂgﬂbl e
sub-cell data field nﬁi i,nserting the Cell Signal byte in the header field
“of the ATM Cel 15 %Otg't %@eﬁeﬁo@pﬂ Yell. The header further has an unused
data fi elﬁé r out band, managenent conveying the status and controlling

" local and% %ot e node. Fignd* shovenanether blagk dingran of 3 Fdhepsele YHBPPHYYRSHK tti ng
the 53-byte ATMcell in ATMcell format. [0040] The flow control C ock
1017 is to sl olgsigpweing Hee atf-thershelf-compensni; 9ad on  speed due to sl ower speed
in the xDSL transm ssion. The Ethernet MI TX CLK «clock rate shall be
runni ng al00FHVhz - speedFighil § Bhdwbatotlidsi dathlodinvdnd e the sk i) entiah @xtehdithe t he
nom nal speed of interface 11 is running at 100Mips. The UTOPI A bus shal l
be running at HefmbhEusCclodCEB ridteFace\V¥d thaBtHei donvér@ebadsct ReanUTSRlifclb& fohe
speed of interface 13 is also running at 100Mops. This clock rate schene
results in sinprppnYbudogvdidhbaigdranagenent. Furthernore, for the flow
control that when 1011 inserting the Signal nibble, this will add 25% of
the signaling overhead. So the TX CLK shall pause for one 25Whz C ock
cycle 81 after receiving 3 nibbles of Ethernet data field as shown in Fig.

8la). Thi s 1 ooplhfed BeleiBlioROF e ThUSHAS' M ' bus and UTOPIA bus are

[0038] The present invention relates to a converter/bridge between Ethernet

interface bus and UTOPIA interface bus. Fig. 4 shows in simplified block diagram
form an embodiment of the present invention. The converter/bridge 10 respectively
couples to Ethernet 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 Ethernet bus interface is selected from GPSI, MII,
RMIlL, SMII, GMIIL, 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.



w th 25% si gnal nibbl e overhead. The actual data transm ssion is 75Mops.
Furthernore, for the flow control schene that when UTOPI A stops sending the
TXCLAV (Transmt Cell Available) to the interface 13, this neans that

previ ous [ogsL/ ATM cel by RSmBRE ¢ %&&9%%%&%@@%&&90 n%gnf' ¢l

result in buffer full situation of 1013. en t appened, ow
control d ock 7 I he . TX CLK (25 cl qck unti |
Che AT Gt EiE dnd S ATYEOUR B PP POl ehtteminid Gt s B _Eek
transmtted to,interfac 3. Sin e header fi.e af t ATM cel |, has
limited utiliZ& ST e‘?ﬁ‘éﬁ"lﬂwtf‘ﬁﬁu & GOTBYRFSOn e lk(ﬂrlﬁ “ﬁ?&%f WRVEHRE theader
been used as égg Cell Sig al_byte indicating the Cell data has the Ethernet
data field asCBEPFicdad Prsetshalorf-gihble sib-qetoletq figide cachbnilbleambeel idat
device 103 al so includes a receiving unit 1031, a conversion unit 1033, a
transm tting ulifld incheimg o haibbledetcfietdfand wn esntintstl Isedalolibdk Thersignall§BE. The
receiving unit 1031 detects the Cell Signal Byte in the first byte of the

ATM Cel | Headethe fTXdN (teandmg dirableonigmg] bieinAhd/MIFEtheetat Bu.48ndyhid34ta field
conversion unit 1033 Cell buffer. The Cell Data is conposed of twenty-four

mul tiple 4-ni biiblde isshdTX@® §3:0] hranshiitbala b3 a) PhotishlldtedSdibnt gibbledatiatdsi el d
including a 3-nibble data field and an associ ated signal nibble ahead. The

conver si on unithe HG8n@OBY et Sssbdiftedd@alicld Bt tht Ech&ifeREEY fiRegRinyew Dat a

Avai |l abl e) signal of Ethernet M1 bus and converts the associated data

ni bbles in th 9, 1 t RXRidsfy I t it 3-0)

of the Ether ng%thtlg\l/ljn% bus.gs %ﬁéﬁ?%gﬁ@ %‘%\lgtrunl tlgs%g%ﬂ}( g%ﬁcggﬁéﬁ} @?’ éWth

transmtting e dat acket in_ Fthernet cket t

overvi ew of CUSRCR IO Tt RS S ootV P (R e ARH e mite

depicts hom1the.A%NlCells are c%nverted to. the Ethernet franes.§%0042] The
ckd'd

flow control G 08 Pses T sombiing b euPHY eARrire mulipls dindble el due

to slower speed in the xDSL reception. The Ethernet M T RX CLK cl ock
: : 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 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 transmitting the 53-byte ATM cell in ATM cell
format.

[0040] : The flow control Clock 1017 is to slow down the Ethernet transmission
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) TXD [3:0] data
bus, the nominal speed of interface 11 is running at 100Mbps. The UTOPIA bus shall
be running at 12.5Mhz clock rate. With 8-bit wide of the UTOPIA bus the speed of
interface 13 is also running at 100Mbps. This clock rate scheme results in simplying
the buffer management. Furthermore, for the flow control that when 1011 inserting
the Signal nibble, this will add 25% of the signaling overhead. So the TX CILK shall
pause for one 25Mhz Clock cycle 81 after receiving 3 nibbles of Ethernet data field
as shown in Fig. 8(a). This results in that both Ethernet MII bus and UTOPIA bus are

running at 100Mbps



rate shall be running at 25Whz speed. Wth 4-bit (N bble wide) RXD [3:0]
data bus, the nomnal 10 speed of interface 311 is running at 100Mops. The
UTOPI A bus shall be running at 12.5Mhz clock rate. Wth 8-bit w de of the

UTOPI A bus  t heygpesd, {@mtﬁm@csﬁ kalt? TR 300100, Rl AV TSVERLS

cl ock rate schene resu s in sinpli t he bu er nmanagemen

in the case that,the onv Si o stri

Si gnal nlbbleq‘qa Fgmﬁfﬂ rlﬁ?q%@bp%% g?ﬁggm%%gﬁQ%%%FW?%QQE%EgHw So
the RX CLK sh for .one 25 cycle 85 after receiving

ni bbl es of %?ﬂ%%gﬁﬁl&@f CFl A éﬂé:'\m i lrxﬁegfacesf D) this ppcags HE redown ¢ hat
Ethernet M1 bus is runnlng at 75Mops speed while the UTOPI A bus is
running at 1008 AT celhBasynt deen eesppletgly ranspwitiednThis Wikl seraan huEer loPI A
stops sending the RXCLAV (Receive Cell Available) to the bus 13, this
means that no sapirece IXBSIWikTiMhischdppervds thiveltow comtedi Gleck Y@lt7. shEHi farthr| |
result in buffer enpty situation of 1033. Wen this happens, the clock

unit 1037 shal paubaithic X (I $25 NiliveclBoksCR K u @bt 2 TN atkisBuffentuinlt 100% has at
conversion unit 1033 has at | east one cell buffer 87 to be transmtted to

interface 13. 9484 cAnetfiartodehamaRel (©finbitRePResRat te@ndd il bitHeher
provides an enbodiment, including a first conversion device and a second

conver si on deviegs thﬁas fitnfi&d uGIRAUEH %BQHe AEMI G8ruiSo LRS! HE $BstAyeOBY RleST ON
unit 1011, an ATM Cel | Buffer unit transmtting unit 1015, and

TX_CLK flow C%taﬁtg-lbeglgué'éd%ght et Uilsii e 111?a<‘tmtm%{he3@etﬂt£%h QihegHeRd rﬁ’l il t

1011 is used for convertrng acke € Sub-cel
data field, ata field including an 8-byte data field
and an aSSOCIgﬁzﬁa%g%wa?f%gqgﬁg$ﬁg associ ated signal byte indicates the
presence gf t he a5500| ted data field in Ethernet Bus as shown in Fig. 6.
The ATM d@8P4lBuff er ¢ sepondgeonyersiopdleyise 18hals0 Hichdes ireivine gnit Pk a

mul tiple 9-byte packets wth a 5-byte
conversion unit 1033, a transmitting unit 1035, and a RX CLK flow controlled 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
and an associated signal nibble ahead. The conversion unit 1033 converts the Signal
Bit to the RXDV (Receive Data Available) sig,nal. of Ethernet MII bus and converts
the associated data nibbles in the following data byte to the RXD [3:0] (Receive Data
bit 3-0) of the Ethernet MII bus. The transmitting unit 1035 is used for transmitting
the Ethernet 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 Ethernet frames. |
[0042] The flow control Clock 1037 is to slow down the Ethernet receiving
speed due to slower speed in the xDSL reception. The Ethernet MII RX CLK clock
rate shall be running a;c 25Mhz speed. With 4-bit (Nibble wide) RXD [3:0] data bus,

the nominal
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of header and 3 reserved bytes into a first 53-byte ATMcell. The reserved
bytes are wused for out band managenent conveying the status and
controlling local and renmpte node. 11 The transmitting unit 1015 is used

for transmt ts’pQ&i éﬂﬁte%céjyf lels'A%MuﬁElalt 10% ldTOI;Ierg{Etshal[l %94"&11111 OéA'%uf | ow

control Cock 1017 1s to slow down"the rnet transm ssi on spee eto

sl ower speed |, SSI . et M k rate
shal | be runni rrlsg Cl?% svgléﬁi le?’ﬁ OI:[% ﬁpﬁﬂg}méth\ﬁsggsdxﬂgléf%ﬁ)ffﬁata
bus, the nom nal eed o erfac 1.is running at 100Nb The OPl A
bus shal | bd PURAPHE o 100y T sk, B S FreBlsi o ST RL Do BB CPI A
bus the speed of |nterface 13 is_al so running at 100Mops. This clock rate
schene resul tB3ageRipFyhegRorenis hafopes thanHs rentrot GpRYFETIR BB 193F ist he
flow control situation when conversion wunit 1011 is inserting the Signal
ni bbl e, thi s swning thedSigml Biblt thikevild |cgfn%§%r¢§ﬂl.w@h¢mqoBus Beeetvimes PKedClN¢ shal |
pause for two 25Mhz O ock cycles 91 after receiving 16 nibbles of Ethernet

data field ashsREWCLKnsHallgrausy foy .ond RiShhe &Stk eyclen8s hiadr roadivingBhébiiet of M |
bus and UTOPI A bus are running at 100Mops with 12.5% signal nibble

overhead. TiEhatétudda daldaast SRASMNSBig0B(H)S THIE. leMieSn thatr EEHBOREL biPfs t he
flow control schene when UTOPI A stops sending the TXCLAV (Transmt Cell

Avai | abl e) t%ﬁlhg% htniswmﬁeed%ﬂetthe @mqm& hatnRhe¥ RdmEPIdhiMhGel | has

not been conpletely transmtted. This will result |n a buffer full

i @@%@gﬁf‘%@xﬁ%@@s&gﬁ% ot et ork.atan |
the header 18R ThEat Lol Flnort it %‘%‘%ﬁlﬁe"a@%ﬁ e Eeritor um
so only the first byt he header_. been used as the Cell nal byte
i ndi cating t Heceived )>ét %hls wﬁl result in buffer empty situation of 1033. When thls gappens the
clock unit 1037 shall further pause the RX CLK (25Mhz clocks) until the conversion
unit 1033 has at least one cell buffer 87 to be transmitted to interface 13.
[0043] Another embodiment of the present invention further provides an
embodiment, including a first conversion device and a second conversion device. The
first conversion device has includes a conversion unit 1011, 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 converting 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 indiéates the presence
of the associated data field in Ethernet Bus as shown in Fig. 6. The ATM Cell Buffer
unit 1013 is used for combining a group of five multiple 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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Cell data has the Ethernet data field as depicted in the Figure 6. [0045]
The second conversion unit 103 al so includes a receiving unit 1031, a
conversion unit 1033, a transmtting unit 1035 and RX_CLK flow controlled
clock unit 108l tralR3RithiRE Bhi 3034 lﬁgﬁl B S used
for detecting the Cel IE%Z gll%l%alymBe;(}tfe |n81§Jl rggtg b‘g%t}é toeH HQM\/?

Header field apd,sending only the ATM Cell data to ATM Cel | buffer. The
Cell Data is conposed of five mJItlpIe 9- byt e data fieI ds and a 5- byte of

header an reserved t ata fie . yte
data fiel @Ogﬂd an asso?%a?%’&' Csofléﬂl ‘310% (Z”de’ﬁ%Slc?g ‘E)hglﬂ'ﬂ tr?&?ggss}‘? used
for converti n% A%’M data into Ethernet data pac ket The transmtting
unit 1035 is TS T‘%Fo Fngﬁ”s Areet it ghe ﬁ]eSIEtt’ﬁ‘@i‘Iﬂ’é‘Em’HaT@ Bikerogt MIh T GEKnet
packet format. [0046] The flow control C ock 1037 of the enbodinent is to
sl ow down t he cleskyateribell e smingri 28Mbe apasdeWith 4stiviMibble pédal THD [3H deSL
reception. The Ethernet MT RX CLK clock rate shall be running at 25Wnhz
speed. Wth 4-Wistthe Nobislabsneed ef inteR(Be [ BisGhnrdhas &t 10081bps. e ATIGRAlbus gedld of
interface 311 is running at 100Mops. The UTOPI A bus shall be running at
12. 5Mhz cl ock beatuaningiat h2.8Mbiztclosk dete. OWith Bebit el A thdUTOPE bapartpedd of
interface 13 is also running at 100Mops. This clock rate schene results in

si npl i fyi ng t hiatebfuéd €3 ismagenBe bt 100MBPRETRDER ck Bte tdhemb |r%\ﬁ/lt§91r§n§191|ym%hat
when conversion unit 1033 is striping the Signal nibble, thi s w | T " cut

t1 5\05;@5%; ?:IeoctEE Bgf;fégﬁggrﬁgéngﬁ gdqegg%ﬂ%% ggielﬁ (tblﬁliogég t% 5[5 her nergrglgﬁ)?l af >
field h .
running a;  75NBLe b SIS th’e?i%a&ﬁ?ﬁ?é%av‘gf’@‘%l i Grelongiet
h UTCRI A
cending the RALAY TRetER SRR Mtoray hieeslis Ml arermraine 367

nibbles of Ethernet data field as shown in Fig. 9(a). This results in that both Ethernet

MII bus and UTOPIA bus are running at 100Mbps with 12.5% signal nibble overhead.
The actual data transmission is 87.5Mbps. Furthermore, for the flow control scheme
when UTOPIA stops sending the TXCLAV (Transmit Cell Available) to the interface
13, this means that previous xDSL/ATM cell 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 transmitted to interface
13. Since the header field of the ATM cell has limited utilization by the ATM forum
so only the first byte of the header been used as the Cell Signal byte indicating the
Cell data has the Ethernet data ficld as depicted in the Figure 6.

[0045] The second conversion unit 103 also includes a receiving unit 1031, a
conversion unit 1033, a transmitting unit 1035 and RX CLK flow controlled clock

unit 1037. The recetving unit 1031 of second conversion unit is used for detecting the

Cell
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means that no conpl ete xDSL/ ATM has been received yet. This will result in
buffer enpty situation of unit 1033. Wen this happens, the 1037 shall
further pause the RX CLK (25Mz clocks) until the conversion unit 1033 has

at | east one Cﬁb‘flal %fté( falthe ﬁl%t Eﬁe R)ethe ANz '@eh q érQie d;én%rsrﬂ:l?tﬁ% ?1%%¥ tl-[eofgflM] For

i nproving the performance of the converteri br| tween

Interface bus qu?a}l%frgAar @%IFI;J (t;.gl'hlté"aa’ll ]5a d 18 croeli)(e)%{d of?i\t/fg?rt[u tg)cfk yt\ewclléa mthe

preambl e and rang imter herne

receiving the er net t from,the Ether i nvention
only transmt stE‘% “gé‘s:i gﬁ Flbﬁi‘?d §§Sewe§2meé ?%SEM?&%&W @%& R\QP”& an

payl oad, and the CRC of the Ethernet packet over UTOPI A bus. Additionally,
when recei vi ngs-BYialaladield prshan psesisted pigral Hyies Ehe convarsiontngr 033) dssusesh or
preanmbl e and the start frane delinmiter in front of the receiving franme and
transmts to EomEeag AU celfidat iid Ethernot date pedkst. ghef tanamitteg byit 10350
(8/64). [0048] Fig. 10 shows another enbodi nent of the present invention
coupl ed UTOPI ket tis tiansmittirgabe iharneuddia pdoketfih Edfernetpaketifdinat Mat chi ng t he
address of UTOPIA level 2, level 3, and level 4 interfaces 13, the present

i nvent i onfoedgipor ti ng ¢ ifpkecontBR MRk SLO3WRL e 3dbsdimbitak $o slowr 84 the
including an address decision unit on UTOPIA bus 100 for distinguishing a

proper first bggetne: kﬁﬁﬂﬁglsﬁee@td?ﬁrtﬂ%iov&@tsﬁeeﬁaiﬁktﬁé spsLae &ﬁlioﬂz. ithe Brleraftows an

enbodi ment of the present invention which couples to ernet bus

interface and Mﬁgkﬁctft;%cttrste 5ﬁ‘ﬁﬁbé ﬂnﬁmggat%]leﬂé@ge%d Wi < 4%19 BHRAdk

t he converter/br IS made up 1n a S|ng verter brldge
Py Sivféisi%%’?ﬂ?tﬁgﬁ decrnafe BiFbgbhe A bbRbrer leﬂitéﬁ%%a@@@@m Fna
UTOPIA bus shall be running at 12.5Mhz clock rate. With 8-bit wide of the UTOPIA
bus the speed of interface 13 is also running at 100Mbps. This clock rate scheme
results in simplifying the buffer management. Furthermore, of the flow control that
when conversion unit 1033 is striping the Signal nibble, this will cut 12.5% of the
Ethemet Bus Receiving speed. So the RX CLK shall pause for two 25Mhz Clock
cycles 95 after receiving 16 nibbles of Ethernet data field as shown in Fig. 8(b). This
results in that Ethernet MII bus is running at 75Mbps speed while th.e UTOPIA bus is
running at 100Mbps. Furthermore, for the flow control scheme that results when
UTOPIA stops sending the RXCLAV (Receive Cell Available) to the bus 113, this
means that no complete XDSL/ATM has been received yet. This will result in buffer
empty situation of unit 1033. When this happens, the 1037 shall further pause the
RX_CLK (25Mhz clocks) until the conversion unit 1033 has at least one cell buffer -
97 to be transmitted to interface 13.
[0047] For improving the performance of the converter/bridge between Ethernet
interface bus and UTOPIA interface bus, the present invention may trim the preamble

and

13



subnet in an attenpt to cut down the anount of traffic. The Ethernet PHY
device 1702 provides the physical |layer interface to one standard Ethernet
nodes connected over wiring appropriate for standard Ethernet. An Ethernet

transforner deyj HSimm ' r . &L I GUl and
coupl e signalgﬁ gﬁﬁégﬁéahégw#%2?3%9¥B%Q&H%§g&t 5%5%%%%%%?%éﬂ§§3§J&F%350]
The enbodi nent. 17 0 i d a UTCPl A master 170 a xDSL. P 1706 and
& UTOR A 51 av e DA g dTALT IR Fephhn PR b tf TR
initiate and control, data tr ers fromand to the OP| A sl ave buffer
1709, xDSL PHYCyE§6rddrss: fyae Eﬁir prxtoagy i gégﬁéié th’gxwmﬁm N PYE 1706
provi des the %ﬁﬁghfsical | ayer interface to one standard xDSL node

connect ed overUlPPIGusphidifenally e whep reepivapg) g rrickapdrom [(FHBHIA, Tthe pesse| A
buffer 1709 is responsible to receive data fromoriginal UTOPIA  The

UTCPI A sl ave bofdngion @dds the ducannble and thengarATibing rdglisitersisi foont of e peeigimgt
invention allows data streamtransmtting between UTOPI A interfaces by the
UTOPI A buf f erfrdid® 8nd capled td Etllerhgithal THAT MilUTRode esperfoi@atdEDRI 2. 5PaSt er
1705 handl es the original ATM UTOPI A bus and the converter UTOPI A bus. The

UTOPI A naster (86495 transmits original ATMcells and converts Ethernet
packets to the UTOPI A bus. A xDSL transforner device 1707 is used to

provi de t ransf or meggi rneu Y| n r 1708
nd the AUV Ycul e 1706 |8 e ARGTEC HRbRInEhORELS IRk ER R TR

P ocesser LA ORy Sl B 1| B Sl B DR
D T e SO S 10RO SVBER sl
channels, up to 32 channels, further including an address decision unit on UTOPIA
bus 100 for distinguishing a proper first bus to transmit Ethernet data packets.
[0049] Fig. 11 shows an embodiment of the present invention which couples to
Ethernet 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 Ethernet bridge 1701 and an
- Ethernet PHY device 1702. The Ethernet 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 Ethernet nodes connected
over wiring appropriate for standard Ethernet. An Ethernet transformer device 1703 is
used to provide the transformer circuits and couple signals between a connector 1704
and the PHY device 1702.
[0050} The embodiment 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

14



For exanple, there are 8 channels in the enbodinent. In this enbodi nent, .
the converter/bridge 180 is nade up of 8 channels in a single chip. The:
enbodi ment of the present invention includes an Ethernet bridge of 8
channel s 1801. The enbodi nent 180 also includes a UTOPI A master 1805, a
xDSL PHY 1806 that multiplexed 8 channels of ATMcells buffer. The UTOPI A
master 1805 is responsible to initiate and control data transfers from and
to the UTOPI A sl ave buffer 1809, xDSL PHY 1806 and the Ethernet . bridge

1801. The 'xDSL . C 0 rovi des, t sical, l.ayer.i.nterface to one
st andard xDSL ﬁ@@cagg%%\re@fee e&?/%fw i ?‘ﬁﬁdd‘[gsgbﬁo%rcf’%'legte? 8¥°rsvt”5ﬁ%iﬁ?p(5"p>‘i‘53L,

[ 0053] The-UT yf fer 1809 is responsible to receive data from
ori gi nal ATM%%}M%EEWCPI A sl ave buffer 1809 can ride on existing ATM

bet Qégjns‘?}br%'gi A1 nt e pEOR0RA BUER YT aéf@%ﬁ'nzbﬁ??acss‘% ?5‘350%{3‘3%?%1&5%9%? ginal
ATM UTOPI A . 1805 . i O oPlI A
t hlel convgr t elrJS lﬁ%ﬁg&%@;kﬁﬁg@é %’?‘Eﬁgl IA(%H%%EG ’é‘?un%gégkftj’%h%ﬁi‘s?@ o%&ipﬁeéf’“tx\'slman

. . . D!
e a0 om0 B BAGHEL S Bl AR5, BESBRUTATTT
| gﬁmi‘enneﬁt Cg{]g?ﬁff%ilﬁﬂ%g‘g‘l’%ﬁg? Selfell WV QR B S R OPRA Pt g it :nE

. I N :
butter 1 5 necdey EaralREREETORA B 4id e onfiRe! Birobh B, "Ry B Ay S
shous, & bl ockraghalnl AT EARSl, o HLER! MRS desl WSt bl

of f-t he-shel f - conponent's converting s 1nto

~sub-cell dat a af y15¢yd " . i i ]
syl e 98t o SRR Ol T FUAPRL bl BRI e,
1‘2r18h1 ?/EE C_'?LJGZgifén%% PJFtweEt'i ANSSREATT 17080 af L e EPIYT Bifthce’ $70% OVth dadiBy, 51162479

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 1.
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 UTQPIA master 1805, a xDSL PHY 1806 that multiplexed & channels of °
ATM cells buffer. The UTOPIA master 1805 is responsible to initiate an{i control data -
transfers from and to the UTOPIA siave buffer 1809, xDSL PHY 1806 and the Ethernet
bridge 1801. The xDSL PHY device i806 provides the physical layer interface to 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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Ethernet switch 210 is provided by ATAN8992 from ATAN. The M| to UTCOPI A
converter 220 is provided by Lattice Sem conductor 1spMACH4 series. Two
FIFO 225 is provided by I DT 7200. The VDSL data punp 230 is provided by

| nfi VDS 1 g ) i i ded
0t neon VDol prE oogy 5utd e Rnft ol Sl TUODT 0P bl ] BTeRaX: TEC,

VDSL PEF- 228 R ang . rom ARPC 260 i s | ded

APC-77 1 12/ 7 asi%.n%f) g&%@ﬁigﬁg{hg?’hﬁﬁ‘g{sﬁﬁgb%fﬁb‘% At S cgRyert QS ORI g’f‘s'aﬁ‘::/’

Et hernet to UT VDS i.gn using.the qff-fhe-shelf- onent. The

dit f fe erence bet[\%e)éé)n ﬁlgls_tﬁ gﬁe@:«‘%&ﬁ?}ﬁﬁ’ .m‘ﬁI%Wscebﬁﬁnc%ﬂ‘?@?rﬁﬁﬂ‘?%am?@vr)?
design convertin r net a packets into 9-byte sub-cell data fie
shovv?n in Fig. t&ﬁ%ﬂgﬁ lﬂ’éeﬁ&l& Fé@saf\mfrceﬁewee pYYcie ssedyrrovidethy transfaemsrssi on.
[0056] Fig. 15 shows another enbodi nent of the present invention. The
enbodi ment  f UFICHEY aidhequplfesignalasivesy Fednaceter 1408) adshe BHYedrviond 88%.Her net
ME bus to USB 1.1/2.0. 16 Therefore, the present invention can be used as a
USB t o UTOPI A asidhiger ther tinbpdigent alfhandl@Bst 0 piidessond81Mahd SR Alge 1 814N fdre
found from off-the-shelf device such as ADM 8511. [00571 It should be
appr eci at ed bymaineirtig ihkachnisranid ke esrimitigtof HREUTOPRY aiaber 08BC NoRtthéteti S Of
exenpl ary enbodi nents only and is not intended to limt the scope,

appl i cabi |i ty,padket bafFetfik gedded b&auforubiof thy RMtduPlxinibd@ny way. Rather, the
foregoi ng description nerely provides convenient illustrations for

| Nl enentjofVar | 0y gL RRIcRk AfaakiFor EDRL DY b1 RiEOUS
c? t o he "el'enent's

changes may be made I'n the design a arrangemnen .
described 10 theARIRIR brfiTRAM! IENE ingﬁgﬁe'gg%gqghoggtgf S LbSIt e

scope of the invention as s r t he
eXpressi Ons Of;,, field. The Ethemnet to UTOPIA/VDSL of this design s provided to make an

- SOC (System On Chip) which integrates FPGA 220, MAC 210, and CPU 224. The
transformer 205 for Ethernet is provided by PH162479 from YCL. The 2- port
Ethernet switch 210 is provided by ATAN8992 from ATAN. The MII to UTOPIA
converter 220 is provided by Lattice Semiconductor 1spMACH#4 series. Two FIFO
225 is 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. The VDSL line driver 250 is provided by Infineon VDSL
PEF-22810. The transformer for VDSL from APC 260 is provided by
APC-77112/77110.

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

-10056]. Fig. 15 shows another embodiment of the present invention. The embodiment

further includes a USB to Ethernet bridge connecting Ethernet MII bus to USB 1.1/2.0.
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"Mf' "BXDV', "TXCLK' "GPSP" 'Mf' "RMI" "SMP, "GMP, "SS-SMI1", "TBI"
etc follow and are defined by the | EEE standards. 17 Cains 1. A single
and rmultiple channel s converter/bridge respectively coupled to an Ethernet
bus interface and a UTOPI A or Asynchronous Transfer Mde (ATM bus
interface via a first bus and a second bus, the converter/bridge
conprising: a first conversion device for receiving Ethernet data packets
conprising a MAC address over the first bus and converting the Ethernet

data packets i nfiQreR3s B GediMhGRlibd MR ustdS 2 686 Q{E}Tépﬁq cShvae BRGke

conversion device for recelving the 53-byte ATM cel ['s over the second bus
and conver ti noriehSEE BhehR: PIMHagt b deTbddEResMak-shkat RvRacl 8 LS AP i Si ng
the MAC address over the first bus; wherein said converter/bridge or said
first and secorgdironversion devices are Application-Specific Integrated
Crcuit (ASIC) based or FPGA based or Systemon Chip (SoC). 2. The

convert ejodr]i dge of It ehcaldBe hppradieedtiyone Riell & ih @fcnatthdd s firedodtef Regipiic isel ect ed
fromthe group consisting of G°SI, MI, RMI, SMI, GMI, SS-SMI, TBlI and
ot her Et her net dfrekanflay esbodiBentsTinty xdnysot ireendlat todiget thd scopeaapplidabiliher ei n t he
second bus is selected fromthe group consisting of UTOPI A level 1, |evel
2, level 3, andohlguedtion oftheagvention iihanycwayv Bather fherfordgmnmflesariipgiomnderely ur t her
coupl ed Ethernet bus interface via a plurality of first buses, and further
conprising an adelfidescopueriay o%usaﬁilqmd%r timplemeniingdvasious Fabodinients jof gb¢ shi ng
the first bus to transmt and/or receive Ethernet data packets, said second
bus being sel dBYEEOT Fefifxampde, dmlﬁclaaa&%%ﬂbﬁ@meffm@mwm@\?@rmgzmemt@@el 3

and level 4. 5. The converter./ eof cI m1, erein the first
conversi on deviee q‘i"?ﬁnfsﬁjé?"nﬁ E‘f’§ paly emb entShe’ycvihnm&lO“t‘depmg from the

scope of the invention as set forth in the appended claims. Moreover, the expressions of
“MIP”, “RXDV?, “TX_CLK”, “GPSI”, “MII”, “RMII”, “SMII”, “GMII”, “SS-SMIL”,

- “TBI” etc follow and are defined by the IEEE standards.
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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 conbining a first group of twenty-four nultiple first
4- nibble data field with a first 5-byte of header into a first 53-byte ATM
cell, saig .18 header having an unused data field for out band nmanagenent
conveyinéﬂ¥ﬁ§ status and controlling a local and a renpote node; and a

first transm tat dingle 4hd tmfl@fle chaies donivaigertbhidpd kdsplctivdylivupleAtdlag Hiherhdt ATM
cell, and wherein the second conversion device further conprises: a

recei vi ngutiterfacs rand @cdT QP HYy on Asyngheonpys Tignsfosiipdec(ATMhbuys, intsgfaee A mic| |

i ncludin r - : i . 4-ni bbl e data fields,.each data
tield indlid nagg&gggyéﬁiﬂﬁ:bElb}e{V%%fl@n%%dﬂéﬁﬁéén associ ated si gnal ni bbl e,
conbi ned wi t hadirg ecoredid deyice fof recdieing Ethenmt daz prdtets comprisnpaMAC address
converting said ATM Cel | -dat,a int second t hern dat cket: apd a
cecond t PasreR AR i eof Grhe B ifod R B meke iR a e ATREF R e B ke
in Ethexeghdpacket format. 6. The converter/bridge of claimb5, wherein

said first conversion unit jncludes a. first flow control clock unit for
sl owi ng down &fcoenfh genystsian dexisaqriegsyying e 3-bxigf Micglls overibs §¢rane BiABsi on

uni t i ncl.yeli f r j S i
E her noy viAihedn® SR A ek Oio Bberfledth pdfhcly oRfprsnd WOOALOMARover,

first- cothedirsiibus device further conprises: a first conversion unit for
converting Et Qv%'ér%%;[ Sgl%t gorpv%(r:tlé%r%déengéj s];ddr %}st gén%yggcond conversion devices are
Application-Specific Integrated Circuit (ASIC) based or FPGA based or System on Chip
(SoC).
2. The converter/bridge of claim 1, wherein the Ethernet bus interface is selected from the
group consisting of GPSI, MII, RMII, SMII, GMII, SS-SMII, TBI and other Ethernet interfaces.
3. The converter/bridge of claim 1, wherein the second bus is sclected from the group
consisting of UTOPIA level 1, level 2, level 3, and level 4 buses.
4. The converter/bridge of claim 1, further coupled Ethernet bus interface via a plurality
0f first buses, and further comprising an address decision unit on the second bus for
distinguishing the first bus to transmit and/or receive Ethernet data packets, said second bus
being selected from the group consisting of UTOPIA level 2, level 3 and level 4.
5. The converter/bridge 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 twenty-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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data fields, each first 9-byte data field including a first 8-byte data
field and a first associated signal byte; an ATM Cell Buffer unit for
conbining a group of five multiple first 9-byte data fields with a first
5-byte of header and 3 reserved bytes into a first 53-byte ATM cell, said
3 reserved bytes being used for out band managenent conveying the status
and controlling a local and a renote nodes; and 19 a first transmtting
unit for transmtting the first 53-byte ATMcell in ATMcell format, and
wherein the second conversion device further conprises: a second receiving -
unit for recei bader havipk an mhvised/datef AT far out Yandimprpgementisonvering teistatds aed udi ng a
second group of five nultiple second 9-byte data fields, each second 9-
byte data fi el dentiolimkadeaatpnd agemseingods; e data field and a :
secdi i rkassoci at ed siignal byte, conbined with a second 5-byte of header
and 3 reserved byt esfirstriengmiingsnid fordravamiting the it S3tote ABMvell in AfMsall.d ATM
Cell data into a second Ethernet data packet and _a second transmtting
unit for transsidwhemjn theseownd eonyersiondevien fodhargopadsest in  Et hernet packet
format. 8. The converter/bridge of claim7, wherein said first conversion
unit includes a firsteciving ussrer wreiving eloluality of YT |CGolli datg. e B Gellher net
transmitting speed, and said second control clock uniit.includes a second
f1 ow control clughiingnigroupmf taerdyfayy mubinte Enibbiedate ficlds, sagk daty field inghdmg. 9.
The converter/bridge of claim1, wherein each of said.Ethernet data packets
i ncl udes a pﬁedgﬁéﬂ data field pagd a0 psoaiated dgnal pibblecqombined Jrithagrawd 2-0v% four ce
address, a type field, a payload, and a error-checking code, said first
conversi on devhedes urther trinm ng

) a second coﬁvemion unit for converting sdid A’I‘M ~Cell ‘data into a second
| Ethernet data packet; and
a second transmitting unit for transmitting 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 stowing down an Ethernet u:'ans:mitting speed, and gaid
second conversion unit including a second flow coutt(')l clock unit for slowing down an
Ethernet receiving speed.
7. The converter/bridge of claiml, wherein the first conversion device further _
J) comprises: .
a first convergion unit for converting Ethernet data packets into first ‘9-by'te ?
‘data fields, each -ﬁrst. 9-byte data field 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 5-byte of header and 3 reserved bytes into a first 53-byte ATM
-céli, 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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said preanble and said delimter 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 UTOPI A bus

i nterface, said second conversion device further adding a preanble and a
start delimter in front of a data packet before transmtting to said

Et hernet bus interface. 10. The converter/bridge of claim1, further
conprising a UTOPI A buffer for . coupling to said UTOPI A bus interface and a
second UTOPI A bus i ntefidasRsiitednit &7 ctRa0Re: @M%rs@ﬂﬁi%ﬁew‘l‘hd‘ &uyarmidn The
converter/bridge of claim1, further conprising a USB to Ethernet bridge
coupl ed to " saiuhder st bus and a USB. 12. A nethod for receiving and
converting Ethernet packets over a first bus into 53-byte ATMcells over a

second bus, conpri si ngd whefs té ReorAeneRBRAEE B RehpEks.dat a packets into
4-ni bble data fields, each 4-nibble data field having a 3-nibble data

field and an associ at£gcsidaBabvidyi ! s fe@etdﬁ{gqf?mﬁﬁgﬂfmw CRE datk; ey Areila
m

packets; conbining a group of twenty-four i pte 4-ni bble data fields

with a 5-byte ofellaad@ihg alsetofd gompofiwt il Ledddo-BRddatd fiddDEdch bdond le
group of twenty-four nultiple 4-nibble fields with the 5-byte of header in

ATM cel | for matpyteldhta feldBhO@ding PfechRA0LHyE Mﬁé@aﬂ%@d’ﬁ@a&h@ciﬁ%@ﬁﬁﬂ%ﬁ&ac kets
over a first bus into 53-byte ATMcell's over a second.bus, conpri sl ng:

receiving and combgietwith akbonag BBte QREQAIRAGK S tServdl Wyidydat € data fiel ds;
each 9-byte data field having an 8-byte data field and an associated °

signal byte without wgaelkd avérkien Bhib EsrNhver@BCHRE ATM Cell ‘data into a second

£ . Bthernet data packet; and >

a second fransmitting unit for transmitting the secon& Ethemnet data packet in
Ethernet 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 speed, and said
second control clock unit includes a second flow control clock unit for slowing down an
Ethemet 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 .

) field, 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 fieid, said payload, and said crmr--E
checking code to said UTOPIA bus interface, said second conversion device further .
ad&ing a preamble and a start delimiter in front of a data packet before transmitting to
said Ethernet bus interface.

10. The conv-erter/bridge of claim 1, further comprising a UTOPIA buffer for:

.coupling to said UTOPIA bus interface and a second UTOPIA bus interface via 2
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conmbining a group of five nmultiple 9-byte data fields with a 5-byte of
header and 3 reserved byte into a 53-byte ATMcell; and transmtting the
group of five 9-byte data fields with the 5-byte of header and 3 reserved
bytes in ATMcell format. 14. A nethod of clainms 12 or 13, further
conprising: a step of controlling the data flow from Et hernet MAC transmt

buf f er b%eééﬁhg%aaglghtﬁ%ﬁ]off scheme to TX CLK to sl ow down the Ethernet

transmt "Spee & slower ATMtransmission. 15. A method for

recei vi ndland Taaveiveitebrioge dAmAT Mrtel tanRiip awmcﬂlﬁbrﬁ)ét%ﬁﬂgﬁ@u?lﬁi faer net

packets over. a first s, conprising: receiving a group of twenty-four
mul tiple Sﬁlﬁmmse“aéé%i}s, each 4-nibbl e packet including a 3-nibble data

packet ang an %Sﬁ’l%b@tf&Qe@éi\ﬂHQEnd‘.bmleﬁilng%ﬂé?ﬁa‘iﬂclwtst&eﬁa%{(rgyﬂu@ ith 5@%2@6'“

converting the group of twenty-four mulCiple 4-nibble packets and t
5- byt e 21ABYI caldseyera sepand buswepmyrisirgtir  4- ni bbl e packets, each 4-ni bbl e packet

i ncl udi ng the 3-ni. ta _and..the soci,at e i | .ni hbl.e; copv i ng
each 4-ni bble prgg%égpé ?I}l %ngl% e Etéhreﬁnéef 8%%1? %Cks%‘%& “&'ﬁ’qﬁ%{}? %%gﬁlﬁaﬁbﬁf'ﬁéfeATM
cel | s i ntdatat ficdd Bhvisy aStniblde Wath Heldndl hn anseThtbd kigehl tiidlEwitRéu ainpalaking prCket

in Et herﬁﬁrgack t format. 16. A nmethod for receiving and converting

53-byte dPPsSver a second bus into Ether net packets over a first

bus, conpri si nGonfbafifd ¥ bidtp 8f WPl mhitpe 4MbbleRbE FRARYS PAGHELBheagRCh
9- byt e packet including an 8-byté data packet and an associ at'ed si gnal
byte, coi¥pasdbyerTMcalpyd e of header and 3 reserved bytes; converting

the group of sty Rl frods BbRBABESHRIBRY-Afle BBy hfin He NERIE nehdth-°

in ATM cell format.
13. A method for receiving and converting Ethernet Packets over a first bus into 53-byte
ATM cells over a second bus, comprising:

receiving and converting Ethernet data packets into 9-byte data fields, each 9-byte data
field having an 8-byte data field and an associated signal byte without unpacking the Ethernet
packets;

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 fields with the 5-byte of header and 3 reserved
bytes in ATM cell format.
14, A method of claims 12 or 13, further comprising:

a step of controlling the data flow from Ethernet MAC transmit buffer by using on-
and-off scheme to TX CLK to slow down the Ethernet transmit speed due to the slower
ATM transmission.

15, 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-nibble packet
including a 3-nibble data packet and an associated signal nibble, combined with a 5-byte of header;
converting the group of twenty-four multiple 4-nibble packets and the 5-byte

21



byte packets; converting each 9-byte packet into an Ethernet data packet

w t hout packing the ATMcells into the Ethernet packets; and transmtting

t he Ethernet data packet in Ethernet packet format. 17. A nethod of clains
15 or 16, further conprising: a step of controlling the data flow to

Et hernet MAC receiving buffer by using on-and- off schene to RX_CLK to sl ow

The ot nohareb e SEATR - BBRE P13UR 50 ool ilitoe e PR ingui ng

the techhd sedcitanigalniblae real -time cel | - packet conversion or packet-cell
conversion. 19. A pethod of one of the clains 12 tqo 18, further conprising:

before the st &fMEHgesaet dmidlegcket jute jop tidheget datp ppekep withet packing the A 1GY

ext endi NGel)FHnRPhB Eihetdt pidk@kCadver ATM or UTCPIA with an ASIC based
converter/bridge. 22
transmitting the Ethernet data packet in Ethemnet packet format.

16.© 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 five multiple 9-byte packets, each 9-byte packet including an 8-byte
data packet and an associated signal byte, combined with a 5-byte of header 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 without packing the ATM cells
into the Ethernet packets; and

transmitting the Ethernet data packet in Ethernet packet format.

17. A method of claims 15 or 16, further comprising:

a step of controlling the data flow to Ethernet MAC receiving buffer by using on-and-
off scheme to RX_CLK to slow down the Ethernet transmit speed due to the slower ATM
transmission.

- 18. The method of one of the claims 12, 13, 14, 15, 16, and 17 further showing the
technical content for real-time cell-packet conversion or packet-cell conversion.
19. A method of one of the claims 12 to 18, further comprising:
before the step of receiving data packets or nibble packets, a step of extending

Ethernet interface over ATM or UTOPIA with an ASIC based converter/bridge.
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