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As will be appreciated by those skilled in the art, communication networks and
their operations can be described according to the Open Systems Interconnection
20 (OSI) model which includes seven layers including an application, presentation,
session, transport, network, link, and physical layer. The OSI model was developed
by the International Organization for Standardization (ISO) and is described in "The
Basics Book of OSI and Network Management" by Motorola Codex from Addison-
Wesley Publishing Company, Inc., 1993 (First Printing September 1992}, and which
25  is incorporated by reference herein.

Each layer of the OSI model performs a specific data communications task, a
service to and for the layer that precedes it (e.g., the network layer provides a service
for the transport layer). The process can be likened to placing a letter in a series of
envelopes before it is sent through the postal system. Each succeeding envelope adds

30 another layer of processing or overhead information necessary to process the
transaction. Together, all the envelopes help make sure the letter gets to the right  —
address and that the message received is identical to the message sent. Once the entire
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2 package is received at its destination, the envel opes are opened
one by one wa 98/4599%6¢ letter itself emerges exactly as wPCTAIS98/07272
In a data conmmuni cation transaction, however, each end user is unaware of
t he envel opes, which performtheir functions transparently. For

exanpl e, an automatic s bank teller transaction can be tracked through
the multi-layer OSI system One multiple | ayer system (Open System A)
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etc.) t 0 bansectiomreiated tasks such as debitinpm dcSuitadispanigf duerhby, derédig
all seven Iayer%ac\e/garﬁh are summari zed bel ow in the order in which the
data actually flows as they | eave the source: Layer 7, the

application layer, pfeWirkdata flow bgtwesartheipye ppaat sysienisdGphn Systget Aiand Qjfen
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(i.e., nmakes sure the bit configurations that pass rou l'aye
the source are ttoﬁ’(?paegﬂgn%% t hose that pass through layer 5 at the
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Layer 7, the application layer, provides for a user application (such as getting
25  money from an automatic bank teller machine) to interface with the OSI application
layer. That OSI application layer has a corresponding peer layer in the other open
system, the bank’s host computer.
Layer 6, the presentation layer, makes sure the user information (a requesf for
$50 in cash to be debited from your checking account) is in a format (i.e., syntax or
30 . sequence of ones and zeros) the destination open system can understand.
Layer 5, the session layer, provides synchronization control of data between
the open systems (i.e., makes sure the bit configurations that pass through layer 5 at
the source are the same as those that pass through layer 5 at the destination).
Layer 4, the transport layer, ensures that an end-to-end connection has been
35  established between the two open systems and is often reliable (i.e,layer4 atthe —



destination confirmthe request for a connection, so to speak that it has
received wo098/45996 om | ayer 4 at the source) RQI/EPI8072The
network | ayer, provides routing and rel aying of data through the

networ k (anmong ot her things, at |layer 3 on t3he outbound side an address
gets pl aced 5 on the envel ope which is then read by layer 3 at the
destination). Layer 2, the.data |ink layer, includes flow
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open system an t hr t he eer | ayer in the ot her open system
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e s ety URbS0obEPR TGS LR SRS
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referred to as 100Ba e 10QBase- dards followt
10Base- X 365 @a#%e% ﬁarcaﬁﬁip Brsica angd ﬁa*itlﬁ TS ROSHTISE 1 at e
i ncreases from fufictidaad modules that spebﬂ@ thbphysxéﬁm&aﬂﬁﬁBﬂsmﬁécﬁa aritblﬁfedva)hwvwmf
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The 100B as X sareovefrgednatines,| and ghe fosmatihe Bafoonation musttakis inf ender to be transmitted.
I nterconnecisl ng Whild €iYdre &% s%%‘zfal ﬁme%mgieé W &E%ha?@ﬁhérﬂé&?ﬁ? B the

cable. The 100 Base-T standards is pul ar
i nexpensi ve LANPPSH mﬂggr nhaeEthsmet staudards 1ncﬁxde protocols for a 10 Mbps baseband

transmissions typically referred to as 10Base-X. Computers equipped with a 10Base-
X Ethernet interface attachments may link to other computers over an Ethernet LAN.
These Ethernet LAN's provide fast and reliable data transmission networks.

30  Nevertheless, the need for faster data transmission has led to the development of faster
standards. One such standard includes the Fast Ethernet standards typically referred
‘to as 100Base-X. The 100Base-X standards generally follow the 10Base-X standards
except that the baseband data transmission rate increases from 10 Mbps to 100 Mbps.

The 100Base-X standard, however, retains the original CSMA/CD medium access
35  control mechanism. —
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In March 1995 an | EEE 802. 3 task force was fornmed for devel opi ng 5
transcei ver wapssesshgecat i on on an | EEE 802. 3 100Base- T2. nedi a typE/USQBYONHZCh

5, 1996 a prelimnary | EEE draft was published identifying changes
to | EEE st andard 802. 3 100Base-T des#gnated | EEE standard P3802. 3y.
The standard specifies the fam |y of physical |ayer inplenentations
I ncl udi ng one for 1OOBase T2 whi ch uses two pairs of 1SOIEC 11801
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glhsq avi'il |Lab| e gcs PURAFEb S idiRE fh aﬁ;ﬁ w@dﬁﬂ\lgagé-[ﬂnﬁinyllméﬂ@ﬂbfﬁcest andar ds.
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| EEE St andard 8 ‘ - >
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As t he 1802.88p6Baseahdesignatedididsstamdasd %By heaoipieeprpyeieger s are
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the Ether net stH}‘FB%Q"éE 9rvfa€°répﬁ)%%§§gf%‘érﬁlchusest‘we£ H %%Ccﬁ%ecawgom 4,
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t he LAN. her net connect
devi ces typi cal Physieal Aapendevices ma}’éﬁﬁ@&b@“ﬁ&%@ﬁ?& logy franscgivess. fO‘FHEP@‘é\lpces

package t he jglat ak1T 0100 B4R X, SI00Ws6T4, or 1 Gigabitabetoshié itudinpacket . Each
Et her net packet i.ncl.udes a preanble (62 bits | ong), a

t%gl cal LX
start of frame AWPPREYUAHOR QRGPS (1Y "3 destination address (6 bytes
long), a 3 0 sour dhedBBEstandasl 81!2.331;00]31@9)1‘ Fast Btiparnéti and draftl dhangss (RIEEE

bytes 1ong), %aé fiobBhek- 4§c1ﬁ&m hamsmjs fgﬁtﬁxtn%éo zﬁﬂﬁh)of fheflial pB0E KHBGK
P J008: Bpchanisyts f

sequence (4 byte sent “over a
networ k which’i d@@Mbﬂsﬁéaévgrdompr@e%more widely adopted, CW@“EB%‘F& beingieaninped tdth

achi eve aut agne@hdradtiimBriadesithat ragsxatd aﬂfb@ﬂﬁm Mbips and 100 MIHIC mlah&m@gduahah n

ndivi dual 1y ot s peneiEred 6 br EiternlapBit R A hldgrende pui se

Thi s bur st exchange informatfonbbutabeir abilitieer Thid, induas aHowatite deivides pul se

(FLP) burst. etfoty ?ﬁt; ?rfaflg %Qﬁﬁﬁ.ﬁ&rﬁ to%elect a co El ﬁﬁn&ﬂcdﬂoﬂlﬁn@&dover the

tertlary t est p orm ernating C a sequenc
Extraction of tW@kd&ieaen@llysawmsth@ompmwgmtqumwe ed miatphirgotps mudticspedrht

identifies 25 devices ona LAN. Multi-speed Ethernet interfaces can then take advantage of the
highest speed offered on the LAN.

After establishing an Ethernet connection, network devices typically transmit
encoded baseband serial data. The devices package the data into frames sometimes
referred to as a packet. Each Ethernet packet typically includes a preamble (62 bits

30 long), a start of frame delimiter (2 bits long), a destination address (6 bytes long), a
source address (6 bytes long), a type field address (2 bytes long), a data field (46 to
1.5K bytes long), and a frame check sequence (4 bytes long). These packets are
physically sent over a network which interconnects devices.

The basic mechanism to achieve auto-negotiation is to pass information
35  encapsulated within a burst of closely spaced linked tertiary test pulses that —
individually meet the 10Base-T transmitter waveform for linked test pulse. This burst
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t he operational node supported by the renote device, as well as sone
I nf ormati on wo®s/s99ésed for the auto-negotiation function's hapdsiusbso7272

mechani sm Ml tiple technol ogi es may be advertised via the Link
Code Wrd, and each device nust support the data service ability
for a technology it adverti ses. U S. Patent No. 5,610, 903,
entitled AUTO NEGOTI ATI ON SYSTEM FOR A COVMUNI CATI ONS NETWORK,

i ssued March 11, onfi;%?%ls Es‘)ﬁek&&dﬁo aFa By (BEL? 8?1%8 gfle,%?llaurst. aﬁﬁei ¥ gu}s{) HIVANSE z(ij
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pattern of |ink Extraction of &tdabibitsSFom TREFLP Hardt ?ﬁdﬁtmﬁgwgg% g{;ali chtnﬁﬁgs

transmtted to pfovide.for tk}@ | ndication of e trres
such as hal f duﬁL%?p%"ﬁHW% mpodg sypRortedihy the reyrotsrdevice, as welk apganeminformation

conmuni cati oss ngewdériche adfo-negotiation functidif’s KatidshdkeGRédhahish) MURIpIE &thflogies
function is respansibl

for determ.ni t connmon node " of
operation shared™®°f F‘ﬁ%rg%?ﬁvﬁ%ﬁ’f% &8? Q’?%féo?’%ﬂ ¢AgRAlgVice grust support the datgnon
nodes. Since twseddes gelitynday atteohsology it qulvertsbi.| i ti es in common, | EEE
hi ghest -comon " o helltndloh itk O SREARET: feSbogs B TE delimining the
enabl e the aut orregampmmoda of gperatiemshared hlisk pattndraignd fogtessobéngunultiplent ai n
an aut onegotipat | QbR IERCE IR twd Hé‘vi@éétrﬁékeﬂﬁei lﬁﬁlhg& ﬁ%e Fﬁéﬁig?&%‘go& \ftH:‘

first check to i f auty ne%o_tl_a,tl_on I's enab] [

aut onegot i at i on §02-3fan - HSPeE Ry 2 prioritizatiogy schemed isisys thatithe highest comimgon
state. |f aut onefpmbimidtorabilitydnakdsed, the state nmachine di sables

transm ssion, waits f.Qr eniod of ti aranteed to eak .the link with
the 2 5  connected %F{?antg? ?’eélrli‘aonteﬁ%t}?‘qﬁg QR g’iﬁ’fsﬂ) &é’ﬁ deviemwil eendain

as descri bed aboneautonegotiatiosstate macbined Themownepetidtionlstdts matkhike willtfiiset dheskl

devi ce transpit gok@sir &E&ﬁgﬁfﬁitgﬁqs enablefihaéﬂ%? ir&ﬁf@%@%@%&otka&%n%’ gt]i)tlseglg\lngit the

technol ogi es to the conpec evi ce. ocal ‘devi C¢
for either fast Y knqsmr@égmem_s 31 Hiwstatec ﬁ%?‘ﬁ@lﬁ%oﬁéftlmtls@h_adcé,ﬁbc statecmachine

t echnol ogy disdblestarisimidiion, Waltsl fdha PR d T HRRCH BRaREM 16 Dreaklh }m.]( with the
Thi s second net hod i S, %n% as raJBI el detection, .However, p raf e

det ecti on causes °RPEFELP %F"Igﬁs%‘} CHINS Ty aptopERQYation prose eseribed Ahavel e
t echnol ogi es andAsmentibnddp beceathe link iRerokéen; dhsldcal devitetranemite FostdVink Patisebe
enabl ed : [ 1 on at _requi.res
nore expensi Ve | %hlﬁg(%%{ehg ?% Qvﬁfgbgentg@@%@%f@‘é{ﬁé 3?@%%%?2% ¥iFg E@S Tloca? devies
Thus, it can be dskwaithir eitherfastilinkpulsss ar signals charasteristireofizospecificdegtinobazyby

the r ecei g @etradnithd tiathacbMecRaiReickon. 5 It can also
be seen that there |s,{§ need f or t[{ua receivers to be enabled for a

f ¢
brief period of time |BS&FRODE method iskngpaaspagalist deteetione Hpwasgr.aaglials, and
t hegl bg (Hesatioa dafises aproblem ig Phlysieen bm@eir Dévi@is f&dﬁrﬁn&ﬁfr@rﬁuﬁﬁﬂé“g f
i 1. . | t4,: t hat '
I%E;lsi gal agglyjér 68%1}%0%0 l%soar']ntdz/ﬁr r{?%l&%%”po%s.s RedSivars Tor each tec%ng{co%y In?us?bg gﬁa%leg [)n
each port causing power consumption that requires more expensive IC packages and

heat dissipation techniques.

Thus, it can be seen that there is a need to decrease the power required by the
receivers during parallel detection.

30 It can also be seen that there is a need for the receivers to be enabled for a brief
period of time to check for the presence of the required signals, and then be disabled
for a much greater period of time before being enabled again.

It can also be seen that there is a need for Physical Layer Devices containing

multiple ports that can stagger the enabling of the receivers so that only one port’s
35 receiver is active at any given time.
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mul tiple ports that can stagger the enabling of the receivers so that only
one port's W0 98/459%cei ver is active at any given tine. PCT/US98/07272
AVENDED SHEET

6

SUMMARY OF THE INVENTION
To overcome the limitations in the prior art described above, and to overcome
other limitations that will become apparent upon reading and understanding the
present specification, the present invention discloses a Physical Layer Device having

5  power savings features operable during auto-negotiation for multiple technologies.

The present invention solves the above-described problems by decreasing the
power required by the receivers during parallel detection.

A system in accordance with the principles of the present invention includes a
plurality of ports, with each port including a parallel detection receiver for receiving

10  data and messages from a connected device, the data and messages including
autonegotiation fast link pulses indicating a technology capability of the connected
device, a cycler for enabling the parallel detection receiver for a fraction of an
autonegotiation period and a controller for controlling the cycler. The enabling of the
receiver for each port is staggered to prevent more than one receiver from being

15 enabled at one time. _

Other embodiments of a system in accordance with the principles of the
invention may include alternative or optional additional aspects. One such aspect of
the present invention is that the Physical Layer Device includes a parallel detection
receiver for detecting a technology ability of a connected device, a shift register for

20  receiving a port identification code, the shifting of the identification code allowing an
indication of port enablement, a duty cycle counter for controlling the shifting of the
port identification codes in the shift register and for providing a disable signal for
disabling the parallel detection receiver, and an autonegotiation arbitration state
machine for receiving the indication of port enablement from the shift register and for

25  receiving the disable signal from the duty cycle counter, the arbitration state machine
enabling the parallel detection receiver upon receiving the port enablement indication
and disabling the parallel detection receiver upon receipt of the disable signal from the
duty cycle counter. _

Another aspect of the present invention is that the receivers are enabled for a

30  brief period of time to check for the presence of the required signals, and then
disabled for a much greater period of time before being enabled again.

Another aspect of the present invention is that the Physical Layer Devices
contains multiple ports that can stagger the enabling of their receivers so that only one
port’s receiver is active at any given time.

35 These and various other advantages and features of novelty which characterize —
the invention are pointed out with particularity in the claims annexed hereto and form a
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other limtations that will becone apparent upon readi ng and under st andi ng
t he present specification, the present 7nvention discloses a Physi cal
Layer Device having 5 power savings features operable during

aut o-negotiation for nmultiple technol ogies. The present

i nvention solv Hfedt Plovedes %r'ahﬁﬁeﬂhﬂ@fs%xdé%f%fn@éﬁid?ﬂlﬂz E@vanta&es Rayer
required by the receivers, durin ara{el e

et stem
in accordance vihe Rbiepts obtained;ty| 15Qisg,re FFé‘cf)gé’é’g‘ﬁ’eW@%Fﬂthﬁﬁ@V%ﬁMb@hﬁy

Pl urality of poﬂhhﬁe (g})%’ﬂﬁkraﬁcﬁldﬂﬁlabcdrﬁj?hﬁﬂgﬂﬁsc@lpﬁﬂé tﬁdaheﬂd ndﬁ'hfbﬁtthéﬁé\ afeeCeli ve(r]I
or receivi ng e rom,a connected device a an
nmessages i ncl u H@tra andgﬁ:[sgﬂ%a \gcéﬁ"r%"" }gl%sto(i?apf’ﬁp‘b‘ﬁ u§é‘§aqcﬂfﬂa8‘é?WHS%ée

t echnol ogy apaiaveéntion. of t he connect ed device, a cycler for enabling
the parallel detection receiver for a fraction of an aut onegoti ati on
period and a controller for controII|no the cycl er. The enabl ing of the
receiver for each port is st&dgerdd F MVIDEES recei ver from
being 15  enabl ed aRefR9ng héW o the drawmgs in wh@hrlﬁ{e r@fé‘?&ﬁb'ﬁﬁﬂfb’érﬁpﬁsé&ﬂ em
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det ecti f ted
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shifting of the idenFig RdHustratesdbelEelds bbthiedgnkCode Woidsdi cati on of port
enabl ement, a duty C)“gdg1§Q%fgc§rd1£s%2£r¥ﬁmaﬂh%mgei’%ﬂ&'ﬁl&t% Ohudhe

port |dent|f|cat|on cades 1In er an ng a disable
si gnal for negodighien Refwere aegah Physicad é@ﬁ%rthchq andd mote mam@ﬂ% Layer

aut onegot i aj§ onpayiet hs Adguied sy ane machi ne for recei ving the indication
of port enabl enent f

di sabl e signal from hﬁa“dgg}a Qgi‘ﬁuﬁtﬁ%‘ﬁ‘g&ec frog ﬁ’letfsiF%%‘?erg I V]{fgg‘gttﬂﬁchl ne

enabl i ng the pateahhies] cdpaksilitiesoby theddnk €odeifiord fexcthe YEBB 80283 setectordusb Paggnt
ndieation e sind Fi 3k it NRushAGH dEe %ﬁsﬁgg'bmgﬁ%&i EHYRY g ecel Pt

of the disable si romt
Anot her aspect st Ih‘d q@p@@bﬁ@s ¢ﬁﬁ/@¢wqedw thg itaCodérWard derl a/Brst pagee enabl ed
for a 30 bgief periggdeqf a&éﬁl@rép@esﬁﬁﬁfé(thfe%hohﬂesd%ﬁﬂg@&etheftec‘hﬁ ngfcgu' red

signals, and the reater ,period o efore
bei ng enabl ed a Pﬂﬁedthm“g%‘ttﬁeimk &H‘éﬁ Wex Sé‘étﬁé‘%oﬂ?quoﬁ?sésent i nventi on

is that the Physi cal Figayellufdeatesceblock diagranoof #Phgsical Lay e Bevies dcotding 1 e
stagger the enablin ng. of .nejr receivers so that only one port's

receiver is actPVE At A 081 ven tine. 35 These and vari ous ot her
advant ages and f eat uFes S8cafbone skdws/ongtnarodithemtanditee present invention fier énabkmg aon

are poi nt edout il RACtLA YERiVek Tn bk dffe oY HFa ARMENEH dBGiElMgand forma

Fig. 9 illustrates a flow chart of the method for conserving power by

staggering the enabling of parallel detection receivers in a Physical Layer Devices.

DETAILED DESCRIPTION OF THE INVENTION
30 In the following description of the exemplary embodiment, reference is made

to the accompanying drawings which form a part hereof, and in which is shown by
way of illustration the specific embodiment in which the invention may be practiced.
It is to be understood that other embodiments may be utilized as structural changes
may be made without departing from the scope of the present invention.
35 The present invention provides a Physical Layer Device having power savings—
features operable during auto-negotiation for multiple technologies. A Physical Layer



7 part hereof. However, for a better understanding of the invention,
i ts advant ayems/4ayhs t he objects obtained by its use, refBEENSES/ERBUI d
be made to the drawi ngs which forma further part hereof, and to
acconpanyi ng descriptive matter, in which thére are illustrated and
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Referri ngd_now tpe\;i&e?%bad&h %tth'b @iéﬁ@ﬁﬁhvéﬂtk)%_ dll@f#%rt&f‘ @nfrtte?ﬂfeﬁit ?e%%&wers
correspondi ng parts thr out : i-g. i.ITustra e . . .
oot oo negot i ati e et St hon b derpeased, Thasodiver Bl BaBRa i o prief peried)
r ef er ence nodelofttimé trecHedRIfE@IMAprERetca\of tlse required signals, and hen digabiléd festarmbeds
the fields of the Link. . o has . Fi Ls Lagram
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Physi cal Layer datdiniagamdtiplerponts:the phablingaf thesseeeivess is stiggaredsathat enlyioned

by T2; 's rddefler & dcBiv@at A% Bvéd dimgt rating the technology bit filed
for identifyi ngpq[rh%r rt e(?hXi. gaﬁc%ﬁabill It eg,bi/ Ee Link Code Word for
the | EEE 802. 3 sel ecTht apigaegptigjion function specified ine %é §02.3u,hergip igeorporated

i1l u; t lr at ing t fmy teerbie®, isgnukt'rdted with deﬂefjdhcé ttethe }cﬁﬂpﬁﬂ?dmﬂ)tO of the 0@3 efefente
capabilities of ‘a ce e r a fig.s e: \ .
Fo 605 o taoreinayPat TN CRAI R e 108 e Bt iR, 1 THE BrRdmkrgogdn
i dentified tohr othgl©SIheodsdl ctarrépoediforitie ngical link oontasli (bhC)A08 @sd the media access
Fig. 7 illust I kg 1+ ' W b E
g 7 11T ust ] ainopaiace @i N CoAILD ks LOYCTERN AR 366010 S0k

of the present PlmedeloldCenrresprngs Fmgleaegslcﬂiféjpaﬂmr 14dithe medium éndepordent n
olnle OI tPe por]Elﬁlt&faca1my,lér§cd-tﬁephysﬂ@ﬁmgyermce118. _ Fi g- 9
illustrates a flow chart. of. the Q . CONSerVi ng .pawer,. :

st aggeri ng the enabl &EQE)B}’S%F;E—QV@W&& Lﬁ{’inﬁﬁ’ F%g’giR;’gﬁlggiq?dglgéﬁpsde?hyE‘&%r
Devi ces. 15 medium attachment 122, tHeFphAkicRlmBESERIdpEh @t OF4, Tarid thélhid | ON 30
In the follown [ 1Rl ' t i de
to the accompantRaeRiphiuieitntlod. MoBERAlng bhy ARUMTER depbichl ST} 1AW
shown by netyspetified forstO0BrseoRXt he specific enbodi nent in which the

enbodi rant 8 ey b, ui T} ooy specificaioh foftnk Bhpdedl 1 SRR s ML he |
departing from Pﬁ@i“é’i gharagipristice Otfl’&é@ﬁ‘ﬁmi‘%?wgcﬁﬁm (gepically an e?ecmeﬂi i Fsent
i nvention pzovi eide,althbygt fibdr dpiyeor Witelesstramamissiprpisweed imesontedinplementations)
f eat ures oper abl g gt N8, 3450 REER0h Fdn? the R4tidTHb thlrnshBEHINPLRANSS - This

Physi cal Layer ) . :
_ specification addresses physical specifications, including plug dimensions, the

number of pins in the plug, and the placement of the pins. Also addressed are
electrical issues, such as the voltage levels of the signals that flow on the wire, and
25  functional issues, such as the meaning of a particular voltage level on a given wire.

. The physical coding sublayer (PCS) 120 provides services to the MAC
sublayer 110. The PCS sublayer 120 in a source station is responsible for encoding
the data passed down from the MAC sublayer 110 in a transmitting station. The data
encoding function is responsible for translating the bits being transmitted into the

30  proper electrical signals that are then broadcast over the transmission medium.
~ The PCS sublayer 120 in a destination station is responsible for decoding the
- signal it receives. The decoding function translates received signals into an
appropriate bit stream and passes the resulting data up to the MAC sublayer 110. The
PCS sublayer 120 is also responsible for listening to the transmission medium,

35  notifying the MAC sublayer 110 whether the carrier is free or busy, and detecting  ~—
collisions.
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8 Devi ce according to the present invention allows the power
requi red bywébgaseecei vers during parallel detectiorrdTousss/ 07272
decreased. The receivers are enabled for a brief period of time
to check for the presence of the required siggnals, and then disabled for a
much greater period of time before being enabled again. For

Physi cal Layer Devices containing multiple ports, the enabling of

the receivers is st a@gfp@?ﬁcﬁ%éﬁﬁk a%é%n&ﬂ%% sublayer Pﬁoﬁrog Cfe %gllf"z%étt?glh

active at any gi ven
specified in | PES 8bkysul2® Itperfermsa wahskition functmn betwemﬂaerPé}Scwul@etrﬂéo

conparison 100 ,0f 4 Mangglss'icﬁf xﬁécﬁﬂﬁlel 4eael delifes €h‘é ch%c{sﬁ%cs ofa nvpﬂcm%w
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| ayer 114, the SHHB 1A% TURBEER su ayer entity; kel f ace 116, and the Physi cal
Layer Device 118 The PCS 120 and PMATH22 W@&ﬂﬂnaybyﬂnpﬁmen&ﬂ it 1Be samad dehdse

the physical CO geéaja%gc‘h flé\qgezfplﬁé éﬁ?#f ce be%\%een m@%ﬂhﬂ%ﬁ%&%ﬁ{ﬁ%}dt 22 the

physi cal nedi ur?‘n
subl ayers 126. tfammweron mmumﬁﬁgl(ﬁ\ﬁlPMmmuﬂemn) isqudonanets intrface scalled

not spezifigd fyp M&ﬂﬁemﬁaaem Interface (MDD 15% The VDI EﬁEfo%a idxﬂ?ﬁ%ﬁﬂ ofor

t he phy5|cal | ayer concerns 1SS uch )
characteri sti c?@ﬁnﬁﬁﬁ@ntm%m%@gpﬁﬁn ﬁﬁh?ﬁ??(‘?%l‘if&@@ S%{n@}té&qme@ames\maﬂlédor

20 cabl e, ahé brangbatié)h esnnepiotscfor jmnfﬂgrceble%ngéxﬁ@aﬂa 661r2Btih cabi@Gegrﬁents
tation to the W FaEtent pf et vief o e O i 2anEBRRREH AR R e s ses
physi cal speci ftranamissive, medivinumidingrilyl aogsistsrofagihysisal d:ahb such as coax1ahcaﬂ:be,r of
6l ot ri cal ooy Sis@fiak B, RHREERbA cablel Rl oo o3 M CHRAR R i 1 o,
the wire, and Othg\SlfelessfluﬁetﬂWEﬁé@G@éﬂPl%éﬁaB@n% he rreanl ng of a
particul ar vol tage |EM1%LnégBt1§tlcﬁi Wbo\ﬂnﬁ&ncates with the physical medfﬂ%@aﬁiﬁ!ﬁﬁ&ﬁ'

codi ng subl ayer es t M ub] a

170 "The PCS s umblayEl 125drqughibe Bavstal i pfsettieat porier biteriesi Bchiion

t he data passedegotiatidn'sol2& flexih/ie mdtdxggmtabﬂﬂt@ i prozided dimengh therrglcstlmigl ofm
The data etwr

bits being %Or an156rr]131 %g‘ijdh%g“f ﬁ‘r‘]%‘?g r81%11%8wg&c}elreti’el gftapl EN SI gnal's %@%ﬁcw
are then broadc¥xisgneaded e shavaminRigss.on madl um The PCS sublayer 120 in a
destinati Otht gt ion TR ffe?&@?rﬁéwtt@z am{wfs?z:@i@fewn Hggmglons oftéxe Itenc?%lgg%ly dbhlity
recei ves. e ing functi ransl at es.receive

appropri ate bi tfeéas-géﬁq SRfFisha égtepﬂgn fségﬁflf’}”r?ém@&fdateﬁt%’ QBiehio Jpuerage Bicay er
110. The basic &MSneghiatiye metRihisrs. Gilrsentlye s¢levtst fidid 202 with s valae g 00001
the transmiss! o0 RGN 8307 3 apahElLioY 0 A0t vaHR!206010 A%t BLAES

the carrier t'ec
IEEE 802.9. Two more selector field 202 codes are reserved for expansion of auto-

negotiation. The remaining selector field 202 codes are reserved to be assigned to
standard technologies that wish to leverage this mechanism, yet fall outside the scope
of the currently defined value of the selector field 202.

30 The technology ability field 204 is defined relative to the value of selector
field 202 of the Link Code Word 200. Priority resolution works such that when the
remaining bits in the technology ability field 204 are eventually defined, the new
technology can be inserted anywhere in the list without disturbing the existing
hierarchy. This means that the reserved bits can be assigned without causing inter-

35  operability problems with any auto-negotiation device produced before these bits were-
defined.



9 The physical nedium attachment (PMA) subl ayer 122 provides
servi ces toWMes/45996 PCS subl ayer 120. It performs a transl atPGHUSTRTON
bet ween the PCS subl ayer 120 and the transm ssion nedium 140 and
defines the characteristics of a particular ype of transm ssion

medi um 140. The interface between the MAC sublayer 110 and the 5 PCS
subl ayer 120 (the PCS-PMA interface) defines the services that a PVA

subl ayer ent i t yThe RemopiFdulthif 2063 RECA ISP rasatisstol b1 AmbEOfault 1nformat10n

or i n separ at 0. BV LUK Pafer aﬁf%&%ls&%”@#ﬁ%c&%&s%?e S mehenigtion he

transni ssi on nemechanishito énsereRbbust/data wrmsfet. eThelNeyt Rage dit@10C NPt @dﬁd@ﬁﬁrsftéc €

lled 10 th t 150. Th
ggrt?cul ar fo?mﬁﬂlwwsﬁgﬁ%{sﬂléﬁ )Irtre%gge %ﬁ%‘? ﬁesélpP%% hﬁﬁ% r};agtrfl 23 of
cabl e segnertts fupetien ismsed tresend additionaltinformatiorkbeyahd &e, basivrovatiparasion
forjoining cabl gsaomeR! Bodlchds R ﬁ&ﬁe’ﬁeﬁ%é@a@iﬁgnﬁg{r?ﬁ to eﬁclia%gg%' R e

and term nators, Lflsed at the ends of cabl e segnent
transm ssi on nmeBMeMMaPRi narily consists of a physical cable, such as

coaxi al cable, 15 tmgsaegiaamckdmgmnesomllﬁstrb@ﬁ%}aﬁgeleage@@@'aﬁdNektﬁé‘é%h?d@o

consi st of a mcrowa n sone er net

i mpl ement at i OnSauto-negotxatlonI%etwe'&atado% 3’3??‘5&1%&1 eVieo i sndatesotaPhysicale
physi cal et unLayer feiviver320 as requirad bpifer ThaNdx Pagfunttien Wﬁse@ ?{xe &Bﬁddﬁ&l
attachnent serv e t| lon's. exibiljty
and expandabi | i %ﬁglnseg%t?%lgflgﬁe&il?rﬂsm%%cﬁmgbnggad?ﬁl %taés ‘?6”3 g ﬂEﬁ @P le
The 16 bit wor dNext Rageeefafrmsgtior, whueh fallow 'd)cd@nsmrssﬁo(l laat\pcknbvdedgiiént

200 is encoded g&cadiP¥dused i tHe Bése Link Code Word 20018 1&%&%%%1& i‘c‘?legpégéo@gt o

allows 32 different definitions of the technology ab

coexist. The intention is to allow standard technologies to | everage the
ba|3| c a]yto r&gotlatlhnFﬂgeRHmﬂtBWSl@IL&ﬁdﬂD@hceSQﬂeclwrexf:hﬁif B'%%%P‘A% A
val ue of 00001 n an rofie with a
val ue of 00010 g‘g“%éseﬁ’e%g‘ggﬁgw‘%n E g% t”%age%;%‘? ﬁ\ge’%g?%f‘c’feg}“?f%@% 202
codes are reser showvm)odhe NeanBagsr304thenmay be transmigtgdtad the iremote Pigysicahbaydrng
sel ector field ﬁ@@icEQQ@STH{ fenldeS %?i%fLQyQQ%@?@ ﬂ@%ert ﬂ,}ts the ret?%ﬁ&'gﬁreghPage

t echnol ogi es thﬁé W sh ever S _Trechani sm

scope of tAY iR 2 E‘?ﬁt‘qt‘if (Bey H‘é’H) Vhichds Brengead 1%4 Banegenang Eptity A0 ohe
Thfa t 1(_'achnol MYy relidté Pkys‘ictaQB!Ld é%Q)bvlicﬁ: Ipef lmdcahaddgy legwuﬁthghll\’ﬁéﬂ@la%tfes are

sel ect or iority resoldtion
wor ks such t hat gé\ﬂg ﬁa‘%’g@ Reat 15 aylgg Vﬁ?ﬁggb%%@‘i‘sﬁ £ traPlenieRtrd| Wik mapagsment
field 204 are embllm Inordesfto ipeaiide NextrRage capabilityechnol ogy can be inserted
anywhere in the |isty gﬁs@,ﬁ’é&d il epénggtc}ﬁl ?W?{}l'ﬂge 304 exchg.ﬁgé’ ?50(1:1@/ %%C-II_‘%S

neans that the reserve can assi g
operability proBp¥iinkCode Jgrds3eb &V@d@@nmh@ng@ew@@ Ppge)a extheegoineludesse

bits were- 25  the@@frhalefito-negotiation arbitration process to send Next Page messages 304. Two

message encodings are defined to control the Next Page functionality. These are
Message Pages and Unformatted Pages.
Fig. 4 is a table 400 illustrating the technology bit filed for identifying the

technical capabilities by the Link Code Word for the IEEE 802.3 selector Base Page.

30 The technology bit field includes bits D5 through D12, i.e., A0-A7 402 respectively.
Bit A0 404 indicates that 10Base-Tx is supported 406. Bit A1 408 indicates whether
a device supports 10Base-Tx full duplex mode 410. Bit A2 412 indicates whether a
device supports 100Base-Tx 414. Bit A3 416 indicates whether a device supports
100Base-Tx full duplex 418. Bit A4 420 indicates whether a device supports

35 100BASE-T4 422. Bits AS-A7 424 are reserved for future technologies 426. —
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35 | COBASE- T4 432, Bt L5 Ay AT AL, B0l ERTL N0 | b LU, LEgTal ogles

lowest priority. Full duplex solutions 602, 610, 622 are always higher in priority than

25 their half duplex counterparts 606, 618, 626 respectively. 100Base-T2 602, 606 has
priority over 100Base-Tx 610, 618 and 100Base-T4 614 because 100Base-T2 runs
across a broader spectrum of copper cabling and can support wider base of
configurations. 100Base-T4 614 is ahead of 100Base-Tx half duplex 618 because
100Base-T4 614 runs across a broader spectrum of copper cabling.

30 Fig. 7 illustrates a block diagram of a Physical Layer Device 700 according to
the present invention. The Physical Layer Device 700 may include multiple
technology transceivers 702, 704, 706 such as 10 Base T, 100 Base X, 100 Base T4,
or 1 G at each port. Furthermore, the Physical Layer Device 700 provides
autonegotiation functions 710 to control the autonegotiation process described in

35  Clause 28 of the IEEE 802.3u specification. —
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S
identifies 5 disahlesrapsmissign, ‘aalwefgf@peraqﬁ filmsg%raete?ﬁmnwa Fii with e
as a slave. BitpnfRtei/paeihds, and thenBégdins mlﬂkﬁxﬁgbﬁmow&%ﬁ mCér&fetlﬁﬂd il ave

seed bits 528, 5 e 600 i ng
the priority s &’iéﬁﬁﬁ‘r g’eﬁB‘Pal frdcs E%‘P?HBP&ngaﬁg'smE IJ“?SSF avg’r\% ?’F’@Hmi (j‘ﬂe@ﬁe Li nk
Code Word aut o-tegtgologidsito thepronnesad devideBds alsd Hvaits Fdr elther fistlirkxprO3 drsignals

ked nunb

Lo oo boRsBMG DA RER oS LORRRSRIR 02 calHOLEY B0R,
100Base- 10 Tx fulThrasqﬂongﬂ@ckmkemgwwk@dlemmm Hgwsyer, asm@ma@@drx
ful I dupl ex 6lcéaﬂﬁzr,paralle'1€@t'é@t%rpéé@§esl 2JrBBIRAr ihh mM‘L r'D'bv{ mggd nunber 4

616. 100Base-T4 614 i s OV Eer aIf ex ich is
ranked nunber BHWCHI’@SB&%IEP}FF 108}?&{#’% g N ] %‘u B‘H’tso‘%?%%
10Base-T full duwpl RecéizrsWiRc04, 306 forleach fwnﬁlﬂbgﬁare enablG@én ehchport 922, 724,

108 -T full | .622 .

whi asfi S r;nke%fﬁﬁﬁfg ?0%’%%&%#{ gtI’OV rwleﬁ@?% m-or)é x&s 12# %ﬁ%/tg(?gr%‘ﬂ ai ght
f orwar d. 15 Ipacmggear‘fd heas dissipation BRBnignes. t%rdfmsﬁ’hmlmmnyeteﬂmena@@)r
and therefore h‘ﬁ. ol to the fe@é’fﬁ‘?ﬁveﬁ%&r?&é&é’aseﬁ%\b%c&l?wtﬁﬂ Wéx%ﬁné% 610,

622 are al ways |or| hel r ex cognter arts

606, 618, 626 rELYPVIS| 029| 'iQﬁCBagléed@r panallelgtstectign only for Bbrigt perjo

| OEBaSS TX 610tt0%8cl@f6@|tﬂe%§@e Jtkh6 Ihulred sigasls.| DEBacRIvVES 706311304 706 226 Hiams
a broader spectr.um o P .ca ase of

confi gurati ons.‘ilf”@ﬁﬁg@ fﬁ-‘%ﬂeﬁ %tpgﬁgiﬂggfne%gﬁggg%fnﬁ@ﬁ 3P ex 618
because 20 1 OOBaskerRhySitdl Layes Davices#) (rcdntaimidg mgppletpoumn732, BdpEas, the

cabling. 30 engbling Ef&e rgcewehm o 36£9708 ol af%g ﬁé@&;@m (g{] & Cg%(éﬂsq%enb&yer

Devi ce 700 accofr f esént i nve
Devi ce 700 nmy ismelivems anyiigiveptisne. Tnis redupascho Aximum SHEEHGraw of th ec}mce 706

such as 10 Base T 1%115@&@P%swlipﬂaﬁ§%vi% 700 of Fi r7 ifluéralés aﬁ‘ﬁﬁmﬂ@f)én

Furt her nore, hy.si e .70 rov ot.l ation

functi ons 710 t V&%@Zo%‘f Iﬁgg f@ﬁ'e‘bfc ?eotﬁ q}egg‘?t&bgd’v eiggach

Cl ause 28 ofs5 t hport iskhpdie oBonlg pae t)fple(bﬁtdohﬂology, those skllled in the art will recognize
that the invention is applicable to Physical Layer Devices wherein either one or

multiple ports are provided, but with each port capable of more than one technology.
For example, the Physical Layer Device 700 of Fig. 7 may include only a single port
722 having a parallel detection receiver for technology types 702 and 704, Thus,

30  during autonegotiation, the parallel detection receiver for each technology may be
cycled on and off thereby reducing total power consumption. In addition, if more than
one technology requires parallel detection, the enablement of each technology may be
staggered to guarantee that only one receiver is enabled at a time to further reduce
power consumption.

35 Fig. 8 shows one embodiment 800 of the present invention for generatinga —
signal 802 to enable a parallel detection receiver in one of the ports of a multi-port



12 After reset, an autonegotiation state machine 712 first
checks to S¥@9BM5996  autonegotiation functions 710 are enabl BET/USPSHTI2
aut onegoti ation functions 710 are not enabl ed, the autonegotiation
state machine 712 remains in this state. |f Bhe aut onegoti ation
functions 710 are enabl ed, the autonegotiation state machine 712 5

di sables transm ssion, waits for a period of tinme guaranteed to break the

link with th he tdev1c|e¢Q‘P1€@i€é jeblpeltstinelinde eHedAbioasg di%bﬁ%rbh?ltl@h&ﬁt@%ﬁdlﬂx?é 1D
C I a a
DS ok ik st bed iy AR bt 80353, A iy SO AL Calh I ich gk o wil™

device. It al seountet that incremerieevdrpdtms amktimes bew long ﬁlega@dmer is enabled and a

characteristic 1% %%%RE%&S{ §P¢1ﬂ,ﬁ&ﬁq¥ li(ae@%vx{hr é:"ﬁ'ﬁiﬂh Fgﬂq I%y%tof}?r gé)di'xri?o(i{ fi)d

device. |0 nown "as ara
However, as5mermadkssage that thecenpbling of the regeivers uémgﬂedﬁo tedyse maempummwmnt n

a PhyS|caI Lay
204, 706 and/ O‘r?fr?.»pe*’f'hﬁ%hﬁ‘p%rglséer 816@8@«&?@% sieh 'Eﬂﬂt'bitm 8 SB%P@%QE% ?30659%706

for each techndhHigd a‘E}Feﬂmgﬁ‘eé‘&% Sﬁéﬂﬁcaﬁét 137%’4&" into ﬁ’? 9 causi ng
power consunption t thra]!léiQiétefcﬁﬁn OBt ExheReiy ABIDIPYTRETHCT) Gefidd ihhe

packages and he di ssi n t ech ues ore S|
bevi ce 700 Aveieasiit il PaetRu L UG8 PhEe T o ingBmPRHEL B priHEE herein.
consunpt i onoby ]Bmﬂig theABHATY DETE@T: sﬂatﬂelthe re0&iyers Gdat ré’cﬁﬁrer;mqallai ddtettion are

Il el detect
prl o1 e R B i e U bR 9
di sabl ed for a wmn@amama@deqﬁmtbqrmwmm@rpﬁmt@hn@hoggsmﬁm portagibe. 20

For Physi cal Laaiea[méaevnf@@smeea%@tm wlsmlmel aak&legsﬁatfonﬂzam&aéhts £8&h afi Ne
enabl i ng of the re(l:e?l vers 702,, 704, 706 %geﬁl ere so t.hat only qQne

port's recei verparallel defegtion pecgiversican e i PReEPHARRILRIOCES 1$raxi mum

cg E) re ][lt dr aw Offlit}xblﬁhdckt\wmeh pomt only the hlgheéﬁkbhmdrgﬁclBiUGg}gfgknhﬁiﬁf I7Eﬁmg2 thi&s

7 of Fig. 7 illustrat eyice ,

capabl e of mul tBFERFS oSV sSmiisy for BLR regeBfof And 88 o0 @E spditic,

capabl e of onl wednmld:gbpecafvensemﬂrbalemgbkedtahﬂsesamcitim@dOtﬂy thia FLBrrecaiivér will

recogni ze applicable to Physical Layer Devices
B?Hd thé el &%ﬁ%}’ kﬂ%ﬂthé

wherein either Bhe orts are provided, but with each port

capabl e of nore t han“@lﬁ‘,i tb@éﬁmrsswtmn State Maghins hhisdn apy, statergtberthen they er
Devi ce 700 Rf FABILITYEDETRCIIWeRe, Al Duty SEl8ICouRti 814 is resetadd thePbi IDBhift

dur ?Lgeéufﬁtniét reoife ﬁga%ﬁr\a#*reﬁ%a‘f@Ftbﬁ%%f@@eﬁs&”f’ S84 ochnol ogy

nmay be cyABéHI'IB:ﬁ DETECHT fstattishebyunterdic ingretnents eveynk msendshergtifton. | n
addi ti on, 6 shifis to ‘&Ybenéx%ﬁ@g bR | %&'cﬁ&% eﬁgéﬁ%& Be &%h?e‘%ts'lﬁ'}%att
the enabl errent 5 eac 0 guarantee t

only one recei viés tenglr@ha@né@f 1 é 147 rr@hG BCVuElﬂ%béﬂ? SlE@@ltﬁQ@ enables
consunpti orps 35detection receivér TheRAVENELIER GFMWHPI% adV@ wHenlthe nﬁfs?s e nt
BRI A D e el RN e
. the shift register 816 is a logic 1. This enables the parallel detection receiver for 1/4
of the time that shift register for that port is active. The receiver for that port will be
disabled the entire time that its shift register 816 is inactive.
30 As an example, assume this is a four port device. The shift register 816 in port
0 will be loaded with the value “0001”" where the “1” is loaded into bit 0. Likewise,
the shift register in ports 1, 2, and 3 will be loaded with the values “0010”, “0100”,
and “1000” respectively (not shown). When the Autonegotiation State Machine 812
in Port 0 reaches the state ABILITY_DETECT, the counter 814 will be at “000000”
35 and bit 0 of the shift register 816 will be “1”. This means that Port 0’s parallel —
detection receiver will be turned on initially and all other receivers will be off. After
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13 device. The nmajor [err]include the Autonegotiation Arbit [err]

St at e, Machi We B#13996 which is described in O ause 28 of B0ZUSISORTDuUtY
Cycl e Counter 814 which is a 6 bit counter that increnments every 1
ms and tines how |l ong the receiver is enabled, and a Port 1D Shift

Regi ster 816 which is | oaded with a unique Port ID 840 for each port to 5
make sure that the enabling of the receivers is staggered to reduce nmaxi num

current 168 \¥he Ehenten8 14 wilb@hst ﬂfe v&lkfé 408 od@nz’l m@ﬂcﬁﬁﬁl@ 's Rédeivri S

shifted into bit etc. nost
si gni ficant bitW %lé—besmetde‘?ff ﬁ?rothBPFx'(fﬁg ms, a?fjpargl 28 detecuorptaﬂtcﬁll"leﬁl W@I]Cejlfee‘éé i@bn
occurs int ge swhich tiAR the FNiDEregister 86 fin Rort O wilk dhéft to the valueAi00il 0F.aThisrkeSpat e
D agram | n a T T
the’r acet ver s g paiaue! ddiddioddecdir eiblt enalda et bl G T prepister 63k Grms
receivers 5 tothe E%lug OQQals whieh mléhame@rh%tms:la@rgml tresftimestheédmspergyd
it will remin fﬂﬂ &ndl‘ﬂe'}?aral e, detectidrPieBeiver \§1lf &f]ox?fcli‘Q% rﬁ?ﬁpﬁlg%x?&# 815%11@
di sab

that port wll | ed. éﬁﬁs are recel yed
aut onegot i at i orMFddii %‘Fréﬁf*’swzt:h s |0r §e&5 eﬂ’PEFhed@%CQP%thPé‘déﬂma@% be

fllh salﬁ! eﬂ u?t |1 I 5Af&trﬁ5m$ﬁm&ilh@ﬂl$hmMIﬁed !h@ltédhﬁdlo@z o\fﬁilﬂsféhnﬂ%ltéu e&ﬁiely
e highes co s _ena i S cedure, only
the receiver reﬁmwgﬂwﬁqfqnﬁﬁ% §tgt§e ﬂﬁgﬁdi‘%%ée fr ¢ es?i%'&“} fic

t echnol ogy 1oec eulapenehngnohlthd:)t}:chmdbg)ednthbuttlbgard to the counterg 14 iomene SHift yedister FLP
receiver will e led the majority of the tine. When t he

Aut onegoti ation State Machine 812 is in any state other than the
ABI LI TYDETECT st at e, Figh8 iligtiptes\adfiasv cliarh @0 ofithe methedfwiconsedvinggomer by | D

Shift 20 Reﬂb@ée?ﬂhg@ﬂ@eﬂa%h%lz Tgﬂ'aﬂéltdét&ﬁbﬂ rébeieRd n@}@'sfcapﬁé?/etr(i’)e%xéegg' c

1. When in the e counter Cremen

every 1 ms and the shifft@ {2 shift register 1§ @F&W‘gﬂ%l’%’ﬁlq‘epg figagionealyre942. sthagearmn
the 1 Khz cisockaldlityedetévtion tphecesoisihiciated BO4it6 dafermine atechﬂoﬂ@gﬁ@&aabm& ofgunt

det eoti on recel FEP Bt BPE nufter FABSSE el tR BB Biabon yate. s o -
5 si gni f i canen aperabek detestionrecetven ﬂné all parallal deted®h racaivarh eot ¢dredsparsding
signi ficant bityqhe ort 1dent1tf|3§tloi‘hl? béreclgé firfdd &%@?Gsﬁi”‘thle%aﬁtx# IQhﬁ?tgPﬁb les

the parallel det ect on receilver

register for thERUNHBENP{tE aﬁ?dW‘WW@EBMPI therparaliel dggqatgorwepq:wgre%s

ils sabl ed t him enWhef thd predétBahinkd qutSfﬂtthe [saghéﬂeﬁ@og e 'pﬁr;ﬂlf@ﬁ&étbétﬂm recelgir is
an exanpl e, S s a four port devic i.ft.regqist |n

port 3 00 o R pIA THE ol huRE e 8 st e e 91 T By

into bit O. L| kpneidetermined cutoffitime istredched &3 2 salbreceiveysare off hnd 2he mgibted iwi | I

be | oaded with : PR N p ' y

(not shown). V%g’eﬁr%ﬁ%%&lnﬂut oﬁglqmrlngteﬁ %%Qg%%thg'ﬁg ﬂenﬁﬁcg&%&’gglue ofa! %b%‘&ﬁé

reaches the st aP®@cs|ite tfhe ahjlitycofifhe équgidewcq: is dptermringhPH0O" and

bit 0 of thgsshift rﬁﬂétﬁﬁlﬁérye'i@hy\élbél U&?er Devicd Bée%rdfﬁé?@ﬂfe'}ﬁ‘&seﬁ?fﬁvegtx& has

parallel detect] S 35vm Feanures 6 eravgle dunr? g.llftgpn%dogar.]clolnn oE' Imé}ll’u le te (i!mal Ot er
recei vers will BEVEHH ﬁffe@f P g g P ologies
Physical Layer Device according to the present invention allows the power required
by the receivers during parallel detection to be decreased. The receivers are enabled
for a brief period of time to check for the presence of the required signals, and then
30  disabled for a much greater period of time before being enabled again. For Physical
Layer Devices containing multiple ports, the enabling of the receivers is staggered so
that only one port’s receiver is active at any given time.
The foregoing description of the exemplary embodiment of the invention has
been presented for the purposes of illustration and description. It is not intended to be
35  exhaustive or to limit the invention to the precise form disclosed. Many modifications—
and variations are possible in light of the above teaching. It is intended that the scope




14 16 ns, the counter 814 will reach the val ue "010000" at which

time port OVEOP#EWP&er will be turned off. For the next 48CTrEs98zi7R72
paral |l el detection receivers will be off at which tinme the shift
register 816 in Port O will shift to the valiye "0010". This keeps t he

paral |l el detection receiver enable signal 802 off until the shift register
816 returns s to the value "0001" which wll happen 192 ns later, i.e
three tines theffe fveRGdh BSlimited nof “ﬁthehﬁ%fﬁlead Rt/ exd%; L
receiver will be on fq6?16 ms in a period of °s IBE ﬁhrﬁh §E(%§E§
192 = 256 ns or?PBeBIANSDHe ime. Once the Autonegotlatlon

Arbitration State Machine 812 has determ ned the technology of its

connect ed partner, it leaves the ABI LI TYDETECT state and controls the
recei ver enable signals 10 depending on the technol ogy without regard to
the counter 814 or the shift register 816. Fig. 9

illustrates a flow chart 900 of the method for conserving power by
staggering the enabling of parallel detection receivers in Physical Layer

Devi ces. First a shift register is |oaded with a port
identification value 902. Then an 15 ability detection process is
initiated 904 to determ ne a technology capability of a renot e device

when a port nunber matches the port identification value. This turns
on a parallel detection receiver and all parallel detection receivers not

correspondi ng to the port identification nunber are turned off 906. In
the neantinme, a counter is counting up to a predeterm ned cutoff tine
for the parallel detection receiver 908. 20 When the predeterm ned cutoff
time is reached 909, the parallel detection receiver is turned off

910. The counter counts up to a predetermned quiet tine 911. Wen the
predeterm ned cutoff tinme is reached 912, all receivers are off and the

register is shifted until the port nunber matches the port
identification value 914. Then, the process is cycled until the
ability of the renote device is determ ned 916. 25 In summary, a
Physi cal Layer Device according to the present invention has power
savings features operable during auto-negotiation for nmultiple

technol ogies. A Physi cal Layer Device according to the present
invention allows the power required by the receivers during parall el
detection to be decreased. The receivers are enabl ed for a brief

period of time to check for the presence of the required signals, and then
30 disabled for a nuch greater period of tinme before being enabled again.

For Physi cal Layer Devices containing nultiple ports, the enabling of
the receivers is staggered so that only one port's receiver is active
at any given tine. The foregoing description of the exenplary
enbodi nent of the invention has been presented for the purposes of

illustration and description. It is not intended to be 35 exhaustive or
tolimt the invention to the precise formdisclosed. Many nodifications-
and variations are possible in light of the above teaching. It is intended
that the scope
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appended hereto. VWHAT IS CLAI MED I S: 1. A Physi cal Layer
Devi ce conpri sing: a plurality of pérts 722-726, each port

conpri si ng: a parallel detection receiver 702-706 for

recei ving data and nessages from a connected devi ce, the

i ncl udi ng aut owepgr IROIAIMBBMS] i nk  pul ses indicating a 'ﬂ ’mﬂﬂm
capability of the cpnnec devi ce; . a cycl er 8

coupled to the parat’ el ?&gg{%ﬁa){péP&vbcgrcon*p&sm%nab| ing the par aI I eI
detection receiver ziphnaiitjlroﬁpol'rtsmadfpoxncmpnmgot I ation period; and

a control ler 814, operat el rauped r&&n‘é?\%g%ﬁéﬁ{ntgn&a% mﬁ@pgs%égfﬂ tahe

cycler;
recei ver fdr ecooneged devige,dhadaa a@@m@aﬁ%mh&d%a\éon@mm@mﬁast b@bpw@vas from

bei ng enabl ed 1ﬁ&cﬁﬁ§% E'téEﬂnology capablhty%fthe coﬂ?a@ct@&)déh@@e' Layer Device of
claiml wherein the Tractio he aut.one otla\t)lon

period, where n is the n@f¥ Ff’G‘P Sif%the Pmaﬁlel gete“?“ receiYfe [9ni7pebling theay er
Devi ce of cl aigardilsMdeteetion tdteweyfdrarfracaanbfaeautonegotxauon@eﬁbd fdndr egi st er

816 for receiving a port |dent flcatlon code of .t
i dentification code all o&ncﬂlétr £ ot %ge}y %ou(??e%tge(b 8¥|a{%r’ HP“OQW& the

an aut onegit i atychar; arbitration state machine 812, coupled to the shift
register, for receiyhoQd fig ehQﬂkr%géﬂtR@r&EwQ dr 208 Bﬁﬁ@ﬁéﬁe&fﬂg ﬁ@veﬁx‘?&&&re

register, the arbitration hi ne ena |ngt e para tection
recei ver upon ‘lhébén‘ﬂ%wtehé"oﬁb‘?qm% feshat one tie- cat i on. : The
Physi cal Layer Device of claim3 wherein the controller corrprl ses a duty

cycle counter 814 f | i.nq,t he hft| of t or entlflcatlon
codes in the shift 2eg| st F?)hﬁﬁmﬁ&fayﬁ? FY'af ﬂgglﬁ 18l qr& s‘}t‘ﬁ Aptiqrfomprises
di sabl i ng the patndfthe adenegdtiation peded, wdiere n is the number of ports.

3. A Physical Layer Device, comprising:

a plurality of transceivers for supporting transfer of data and messages with a
connected device, the data and messages including autonegotiation fast link pulses

20 indicating technology capability of the plurality of transceivers and the connected
device;

a cycler, coupled to the plurality of transceivers, for enabling the plurality of
transceivers, the enabling of the plurality of transceivers being staggered, wherein
only one of the plurality of transceivers is enabled at once; and

25 a controller, operatively coupled to the cycler, for controlling the cycler.

4. The Physical Layer Device of claim 3 wherein the cycler comprises:
a shift register for receiving a port identification code, the shifting of the
identification code allowing an indication of port enablement; and
30 an autonegotiation arbitration state machine, coupled to the shift register, for
receiving the indication of port enablement from the shift register, the arbitration state
machine enabling the parallel detection receiver upon receiving the port enablement
indication.

35 5. The Physical Layer Device of claim 4 wherein the controller comprises—
a duty cycle counter for controlling the shifting of the port identification codes in the
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5. The Physical Layer Device of claim4 wherein the arbitration state
machi ne. 812wieespisyss t for the duty cycle cobOTRISS#NTL72

di sabl es the parall el Hﬂlﬂ mﬂﬂ'mmﬁ” upon recei pt of the diable signal
formthe duty cycle counter. t

AMENDED SHEET __gnl *v ** 0- 6. The Physi cal Layer
Device of claiml1 wherein the controller conprises duty cycle counter 814
for controllingghhe. E\:h; ﬁ.ﬂcpﬂ)r ;ovﬁ(gﬁ%ﬁ(aﬁstable%? il (iﬂéa'kl))ﬁﬁﬁ alldl dteflﬁ%tlﬁﬂ' ft
register and for providing a |sa si gnal |sa t'he para

detecti on receregewer. : The Physi caI Layer DeV| ce of claim1
wherein the enabling of the first paral l el detection receiver is cycled to
reduce power consunption by _the Layer Devi ce. 8. The
Physi cal Layer Devi c& of &%#‘W‘"‘PF%FQ?W‘% OTRPRFIAZL paral | el detection
receiver 702s5is capahlparaliel detédtiontredeyyas forf deteuting alteghinolvpy abil&efactopatcbd el
detection receiver. 704 is capable of a second type of technol ogy.

9. The Physi 3‘flc7_’ayer Device of claim1 wherein enabl ement of the

paral | el detection rechifiregisteafer reseiving atnmrtriddmtﬁ's:apiomoda;mhﬂss]ﬁﬁhigmf the

10, The Physi cabukael SRLLGGyAl 8 iRkiTiddn pleifenfycl i ng of the
paral |l el detection recelvers st ag ere re’vent si nul t aneous
enabl enent to reduceammm%mwtﬁﬁw %Fe&lﬁérs lftwsmt,ralhrxgat;:eshlﬁmg
Devi ce. 10  of the port identification codes in the shift register and for providing a disable signal

for disabling the parallel detection receiver; and
an autonegotiation arbitration state machine, coupled to the shift register and
the duty cycle counter, for receiving the indication of port enablement from the shift
register and for receiving the disable signal from the duty cycle counter, the
15  arbitration state machine enabling the parallel detection receiver upon receiving the
port enablement indication and disabling the parallel detection receiver upon receipt
of the disable signal from the duty cycle counter.

7. A method of conserving power by staggering the enabling of parallel
20  detection receivers in a Physical Layer Devices, comprising the steps of:

(a) loading a shift register with a port identification value;

(b) beginning an ability detection process to determine a technology
capability of a remote device when a port number matches the port identification
value;

25 (c)  turning on a parallel detection receiver;

(d) counting up to a predetermined cutoff time;

(e) turning the parallel detection receiver off when the predetermined
cutoff time is reached;

® waiting for a predetermined quiet time wherein all receivers are off;

30 (g)  shifting the shift register until the port number matches the port
identification value; and

® repeating steps (b)-(g) until the ability of the remote device is
determined.
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11. A nmet hod of conserving power by staggering the enabling of parallel

detection r ®EISME0% | i r Devices, conprising thersteps2of
(a) | oadi ng a shift r’ﬂlﬂgt@r"mmtljglﬁort identification value 902;
(b) begi nni ng an abiiitey detects rocess to determne a technol ogy
capability of a renote device when a port nunber matches the port

I dentification (c) turning on a parallel detection receiver
906; (d) ount 4 HRf U RISHEE eyt of f él
(e) turning the p,argl I elﬂc;i%rtnggltoi Ol’fl‘ receiver ﬁ@%&?@&ge roggggg‘?l}lﬁnﬁg&e

cutofftime is resekNgdcording to the abilityrdetermingg) withayt regarditosthe gerntenvnthd shift et

time wherein alfeoisgel vers are off 912; (9) . .shiffting the shift
register until the port nunber matches the port identification value 914;
and () repeating steps (b)-(g) until the ability of the renote

device is determ ned. The memoﬂbfclaixﬁfﬂet'u@éﬂmﬁlpﬂsir@dt_hé @’tei;bfznﬁhi iif t
I Si th | ] ej.ve ccording.fo.the ability
ot orm ned i ¢ oy Sebt ieBen ot WrndsBERINED R PR eircfiion Sudiber

13. The met hod of claim 12 further conprising the step of turning off

paral l el detection rggei VEhySRhl %t DePREdbAFrLige! he port identification
nunber . . . . .
a port comprising a first parallel detection receiver for receiving data and

10  messages from a connected device, the data and messages including autonegotiation
fast link pulses indicating a technology capability of the connected device;
-a cycler, coupled to the first parallel detection receiver, for enabling the first
parallel detection receiver for a fraction of an autonegotiation period; and
a controller, operatively coupled to the cycler, for controlling the cycler;
15 wherein the enabling of the first parallel detection receiver is cycled to reduce
power consumption by the Physical Layer Device.

11.  The Physical Layer Device of claim 10 wherein the port further
comprises a second parallel detection receiver, the second parallel detection receiver
20  capable of a second type of technology.

12.  The Physical Layer Device of claim 11 wherein enablement of the
second parallel detection receiver is cycled to reduce power consumption.

25 13, The Physical Layer Device of claim 11 wherein
the cycling of the first and second parallel detection receivers is staggered to prevent
simultanecus enablement to reduce the maximum current draw for the Physical Layer
Device.
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