DYNAM C LANE, VOLTAGE AND FREQUENCY ADJUSTMENT FOR
SERI AL | NTERCONNECT Field of Invention [0001] The

wo e@b@o481 i nvention rel ates generally to conmpupPCTyS2005/022976
systens; and, nore specifically, to dynam c | ane,
vol t age and frequency adkust nent for a serial
i ndf K‘ebANEsgak-gA&ﬁ]e UENGYr ADJUSTEMENT FOR SERIAL
depi ction of a bus 120. INTERE ¢E a "shared mediunt
comuni cation structure that is used to transport

Cc nicati ons between el ectroni c conponents 10la -
1&@MMShared medi um neans that the conponents
101la - 10Na and 110a that communicate wi th one anot her

pf8e0al IThesfieldeof imiention relatesegererally ta bempatimg systems; and,
electronic wiring 120. That is, wiring 120 is a shared

r enoty spedificilly] fo ul)‘&ﬁini@}{aﬁ@,wwf_%gé@mfw&!ﬁeﬁc%%fd]@stment fora
a

10Na and 110a to comunicate with any other o

c - 10Na and 110a. For exanple, if
c%%ﬂﬁ%ﬁfé%é@w shed to conmmuni cate to conponent

10Na, conponent 10la would send information al ong
wiring 120 to conponent 10Na; if conponent 103a w shed

t cRmTuni ate to conponent 110a, conponent 103a woul d
s&i&-ﬂﬁﬂéﬂé‘ati on along the same wiring 120 to
component 110a, etc. [0003] Conputing systems have
t [02]i ofigure fasbowsea dépibliers ofa biasr120x aNplus,120iit la “shared
respect to certain |IBM conpatible PCs, bus 120
canedispvreddnmunication structure that is used to transport communications
between electronic components 101a - 10Na and 110a. Shared medium
means that the components 101a - 10Na and 110a that communicate with
one another physically share and are connected to the same electronic
wiring 120. That is, wiring 120 is a shared resource that is used by any of
components 101a - 10Na and 110a to communicate with any other of *
components 101a - 10Na and 110a. For example, if component 101a
wished to communicate to component 10Na, component 101a would send
information along wiring 120 to component 10Na; if component 103a
wished to communicate to component 110a, component 103a would send
information along the same wiring 120 to component 110a, etc.
[0003] Computing systems have traditionally made use of busses. For
example, with respect to certain [BM compatible PCs, bus 120 corresponds
to a PCI bus where components 101a - 10Na correspond to “I/O”

components (e.g., LAN networking adapter cards, MODEMs, hard disk
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to a PCl bus where conponents 10l1a - 10Na correspond
to "I/ 0" conponents (e.g., LAN networking adapter

W@ 2006904780DEMs, hard di skst orage devi ces, et c.PCEHOB2005/022976
conmponent 110a corresponds to an I1/0O Control Hub
(ICH). As another exanple, with respect to certain
mstorggecdedess, etapndicompoyent f0a lcorrespondia ars yONDsntrol
to a "front side" bus where conponents 10la - 10Na

cofule$IBHY A afbihiep BXKARDTS With RIBPEORIRIN niistocessor
correﬁpon)gs to a nenory controﬁégr. [ 0004] Omﬁl)‘g to an

ar L q . L L i DG

AT SBTind BEE, blie 125 corBREGdS KFa RO %@%;%%J@ﬁéieds
row. Basi.cally, the capacjitive |oading o n

wi SRR 4098 TN COmsSHAN O BISRIPCRRRRR andiomponent

W ring can transport information decreases. That is,

t hElQa ¢ayregpandsde semematy conttaller. bet ween a wiring' s

capacitive |oading and that sane wiring' s speed. Each

c (i e ntOwingt toian anifiect referedvibras ‘capaeitivé badding”; busses are

capacitive loading to grow. Thus, because busses

t Yips$ ahdl Yeswopwaichcands! ¢athSutir SRAEH shecdd rviv! IBYLIA, as the

is typically regarded as being heavily | oaded wth

g bfti%%adi\[pé%@%g:vﬂr{i{@ Eo?@%%eosww ﬁ1a‘3<ﬂﬂHH1‘ éé&ﬁgt%ﬁ%

| ock speeds rer € capaci
I i ng. on_the co tin ystem s busses was, not. a .
s a A R P b et feuasdinn DAl s <pRRiiSGn inverse
the bus wiring (owng to capacitive |oadi n% still far
exXelaligaghiprhetweap @ Wiigos canasitye laadingand:ihat Rarmeawtag’s
The sane cannot be said for at |east sone of today's
capeedi ricachycarepeneritithat is addedttb at Wite cansésithadt wire’s
i ncrease in
capacitive loading to grow. Thus, because busses typically couple multiple
components, bus wiring 120 is typically regarded as being heavily loaded
with capacitance.
[0005] In the past, when computing system clock speeds were relatively
slow, the capacitive loading on the computing system'’s busses was not a
serious issue because the degraded maximum speed of the bus wiring
(owing to capacitive loading) still far exceeded the computing system’s
internal clock speeds. The same cannot be said for at least some of
today’'s computing systems. That is, with the continual increase in
computing system clock speeds over the years, the speed of today’s

computing systems are reaching (and/or perhaps exceeding) the maximum

speed of wires that are heavily loaded with capacitance such as bus wiring



computing system cl ock speeds over the years, the
speed of today's conputing systens are reaching

w@ andboersper haps exceedi ng) the maxi num speed PET/WE2005022976
that are heavily | oaded with capacitance such as bus
Wi ringl20. O her problens associated with increasing
buk2(s potheripoblegmabsshciated withnincie2B0] bid epeddiscsignal
computing systenms are migrating to a "link-based"
CcIBORRIR. - t 0- conponent i nterconnecti on schene. Figure
1b shows a conparative exanple vis-a-vis Figure la.

in 10 u- »
AL C?W%E%@E?ga?ﬁf#ﬂﬁ%{sﬁ%%tg fighgting BB Based
|nterconn t ed throu nmesh 140 qf hig speed
SO B RN Ffatkss igURe; T ShoWS &

b| dlrectlonal point-to-point link typically conprises
a qampArative gxeeple vis:A-visdrigure dapdiasording ko theapproach of
transmts information in a first direction and a
sdtignre dbj domeating sgstepocompbneptsi 10114 4 TdN4 laatd 110a are
transmts information is a second direction that is

opRRtdrechat tHbugha rhibss tadiof ﬁfdhl %ée@&%f&&iﬁggl %oint-to-

uni di rectional pornt-to-point linktypical
SI | paght | 1S . .
TSI, sl P R APl g sty

0007 Each oi nt C e structe

[ R issae Ta unlcERRR ) m'@éern%@q hah{5RegTIta iormation

drlvers and receivers (e.g., single or differenti al

| iima fust diegctionrand a serqad Slnlddfﬁctt@pﬂ:l Pointdedintdimkdbat

and LASER or LED E/O transmitters and O E receivers

f dransimitsrinfopiationds besscond tdirektior treat i eppdsife tias of thedirst

in Figure 1b is sinplistic in that each conponent is
direction. Because a unidirectional point-to-point link typically has a single
endpoint, its capacitive loading is substantially less than that of a shared
media bus.
[0007] Each point-to-point link can be constructed with copper or fiber
optic cabling and appropriate drivers and receivers (e.g., single or
differential line drivers and receivers for copper based cables; and LASER
or LED E/O tranémitters and O/E receivers for fiber optic cables;, etc.). The
mesh 140 observed in Figure 1b is simplistic in that each component is
connected by a point-to-point link to every other component. In more
complicated schemes, the mesh 140 is a network having routing/switching
nodes. Here, every component need not be coupled by a point-to-point link

to every other component Instead, hops across a plurality of links may

take place through routing/switching nodes in order to transport information
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connected by a point-to-point link to every other
conponent. In nore conplicated schenes, the nesh 140

WO 2008/00381v0r K havi ng routing/ switching nodes. PeEF/ES2005/022976
every conponent need not be coupled by a
point-to-point link to every other conponent |nstead,
hdgsm acssse aomfxoheh't toya destination coyipéreard. [Depehding on
t hrough routing/swtching nodes in order to transport

| inplarRéntaton tfedotf /%ﬁljt&ﬁiﬁgq{]ﬁ&brma? bt@‘ﬁéeEfa‘?\ﬁtéIQﬁ‘e

conponent. Dependi ng on i npl énentati on,

r ' . ' u [ St | one .

¢ SHBcRa bt Mot HEbio™ of Bl e réuBRiL g B Systangive
into a substantive cqonponent of the conputing system

( &0@.‘90'}9'1&9£§L%99mﬁ’é syetemm &o@-k BFOCEsses, (Mrhoryegqntioller,
[0008] Figure 2 shows a "zoomin" of a type of

uO dniteetci)onal point-topoint |ink that may be

referred to as a "nulti-Ilane"” uni-directional

P[0008]t oiFigute 2 ishws/A fAsbni-irl” dfe typé of uhieditétivakl Foint-to-
point-to-point link includes a plurality of seria

hyRaink thsﬁﬁépgﬁ feferféd td 2883 multRed ’hhﬂﬂ{x%%idjigggbﬁlt-to-

c
2, as an exanp conponent 201 may be vie

fi 0 1t hiene:a L co tin stem .
RO RS AT el iR b AR o RaB e BB Rty
w thin a link-based conputing system The_observed

urff geraghasmels wﬁerﬁ@%& tt%aﬁ'éiangsfi Refeging i Figure 3, sen

i ncludes N | anes LANE through LANE N. [0009] Each

| &xample,ccarapongnt A04rmey behdewed astacfirstrpdrapeonertiwitisin a link-
for exanple, a differential signal line, a
sibagkd-contrdingi gystdm landecampaendrit 202 may be vidwemak a ¢étond

operation, transmtter 203 receives data to be

t IcaRsIBnehe ditAite4 link-based computing system. The observed
unidirectional point-to-point link between them 205 includes N lanes LANE
through LANE.
[0009] Each lane is a serial channel that can be implemented as, for
example, a differential signal line, a single-ended signal line or a fiber optic
channel. In operation, transmitter 203 receives data to be transmitted over
the link 205 to receiver 204. Transmitter 203 spreads the data received at
its input over the N lanes. For example if the input to the transmitter 203 is
an 8 byte word and if N= 8, then, a simple transmitter design would
transmit: a first byte of the input word over lane 0; a second byte of the

input word over lane 1; . . . etc.; and, the eighth byte of the input word over

lane N (where N = 8). The receiver 204 would receive the eight bytes,



the link 205 to receiver 204. Transmtter 203 spreads

the data received at its input over the N |anes. For
wez@apb4esi f the input to the transmtter 203 i BCHOSB05/022976

byte word and if N= 8, then, a sinple transmtter

design would transmt: a flrst byte of the input word

o\,@}sqrgmeloallgnrgen’ro add tgresemtﬂhe Bebyta mord \ab itd oortsut (thase

1; . . etc.; and, the eighth byte of the input word

ovempleting bhd taasfer bF theBvordhem @tRbYIRInt 294 tBUAjZZ.
recei ve the eight bytes, ensure their alignnent nd

PO 08 PSSR o e ) e
04 0 31U o0 e o aGRon

aj al':at e indjvidual conmunication |anes. For

ﬁrﬁ#e, of exagRie, i lane Adransiitssasa firstomypumnieatiemchannel
channel and lane 1 transmts as a second communi cati on
clenshiene 1t inansroits ae acfecond amaunizatior chhgnelnthedsource of the
(e.g., that entity that sent the data to transmtter

2@i3ta carrled belatield (.61 thathsrtity frfat 8@
carried by IIb))gne 1. @:5%011 A Ip)Iri obl emetsh%tdtétatt?ﬁaﬂgﬁmerZOS)

t rvé’dlﬂ@‘bbtcﬁffer‘e?lt it tﬁé’ sﬁﬁrc%%f'tﬂ@ A el I%Q%)}y (s u ch

as a circuitry) that consunes | ncr ea
L) a@rﬁ’@@?ﬁﬁ?ﬁﬂaf{h\?yﬁﬁeﬁ%ﬁﬂgﬁ's{ IS EReROAH Wi cspuitry

Z qﬁg limtation, in the flgures of the

a %%%ﬁ ﬁWLHtgx) At Whn%mneﬁs ereagingly mere power as the
indicate simlar elenents and in which: [0013] Figure
1&8pead®f theolanesdnereaset er connect ed t hrough a bus;

[0014] Figure 1b shows conponents interconnected

t hrough a nmesh of



poi nt-to-point links; [0015] Figure 2 shows a multi

| ane unidirectional point-to-point link; [0016] Figure
w@2@bowusse transmtter for a multi | ane uni di rEBCT/US2085/022976

poi ntto- point |ink having | ane speed, the nunber of

active lanes and the supply voltage as input

pBicuresers; [0017] Figures 4a - 4c show different

i npl enentations for effecting control of the three

pgmg?t e%eokﬁ‘égéhﬂﬁdeﬁthﬂyﬁ Mét#été@w%y 610?@&;51&%% not

Fi gure shows an exenplary hod

C?ﬁﬁﬁ%'hﬁ el bf%“%ééﬁﬁa&é@fdﬁ %hﬁé&wﬁwﬁﬁﬁn "

9] Fi ure sho ransm fter design 303 for a

{1% én in %?W—:’ Pntﬁo'fi inWiEBi nt 1 nk t hat
prOV|des for varlable control over three vari abl es
t K081 3] og Fiigrare ti@ sbowscompenentsinterconaected flnoeigh a bus;
consunption and bandwi dth: 1) |ane speed; 2) the
nfd@dd] oFigute Ve shawsonspuhenty lrﬁemDhMeM@Utth@ﬁlghFé?ﬁ%sh of
the bandwi dth of the transmtter should be understood
t @oias-pdist Iinkgdwi dt h of the nulti-lane unidirectional
poi nt -t 0- poi nt ilnk which, in turn, is the |ane speed

013 e SRSl B RSB0 TR

S of _.800 /s h bandwi d of the )

B P FiB%n ¥ 2Hing £ Fahaimias Tar Srbulde uniiectional point-

associated with the transmtter is 6.4 Go/s (i.e

8®00intiink havingdensspeed, thenumber)of gativedanasyand thensupply

the | ane speed, the nunber of active |anes and the
voltage as input parameters;

[0017] Figures 4a — 4¢ show different implementations for effecting
control of the three parameters described above with respect to Figure 3.
[0018] Figure 5 shows an exemplary model of a computing system using

point-to-point links between an I/O control hub and 1/0O devices



supply voltage to be progranmmabl e paraneters, the

transmtter can be configured to operate at an
wappsopt7sat e bandw dth with reduced power consPEPURING/022976

Bef ore di scussi ng how t hese programmabl e paraneters

m ght be used to provide for acceptabl e bandw dth and

r Bétaitet Deseriptiorsunpti on, however, a discussion of

the design of the transmtter 303 of Figure 3 will

f joceioy e Figare Q@mmiso&?rélgsé Cﬁe?rd% 363 dr% hhﬂp%%tdn“r‘f

SRRl A et R b

wor d' Xa contan|ng with the exanpl e
d.\@é@??@&g?htq%@? Aatgronadhafransmitiers pawer ¢ansumption and
anongst a total of eight active lanes is provided with
a h#indnddtbnfl) Ianeespsfadn ) theaniimber obactivel langgraré J)isupply
i nput, each queue woul d receive one of these different
byioitagen tHeracthechdridwiethi ofitiié erangitieroshoudd Befdicroas to
a word (e.g., queue 3 1G would receive a flrst

V\Qﬁgér*i’me?baﬁd\ﬁidi% 3?-@% MRKLIENE %?dl?é% iBnalfsdi Eo-eolphhqk

wor d/ byte, etc. For sinplicit e CII‘CUI

0
ﬁﬂéwﬁ%eai%itﬂe”%ﬂé&@é%%ﬁf%d R FRRLD LR ror
and r ed b ar aLI e| to serial and encodin
b|ea@ &g eﬁ v lanegiat@ach m@apwd)ﬁi 800

gueue 3 10 S processed by parallel to serial and

efdl/si thenp the kasdaidth ofitheoulli-lapeswedirectiona peird-t6-point link
is processed by parallel to serial and encodi ng bl ock
32@Bociated With Ahe traabinitterti® 6 eGbAl (i.20Bx800adbRO= BYOG Mb/s =

performs two functions: 1) parallel to serial

C(y_wgbgé)(_)n; and, 2) seri al
[0020] By allowing the lane speed, the number of active lanes and the
supply voltage to be programmable parameters, the transmitter can be
configured to operate at an appropriate bandwidth with reduced power
consumption. Before discussing how these programmable parameters
might be used to provide for acceptable bandwidth and reduced power
consumption, however, a discussion of the design of the transmitter 303 of
Figure 3 will first be provided.
[0021] According to the transmitter design 303 of Figure 3, each lane has
a queue that queues parallel bits of information; where, each unit of parallel
bits of information may be referred to as “word”. For example, continuing

with the example discussed in the background where each lane from

amongst a total of eight active lanes is provided with a different byte of
7



encodi ng. [0023] Parallel to serial conversion is the

process of converting word into a serial bit stream
WO-0060I8P| €, agai n continuing with the exanpl BCTHI82005/022976

the lane word size is one byte, the corresponding

paral l el to serial conversion would convert each byte

f rigf@rmation frone ailatger £4 tHt input, sachajuesierweuld reeeivaione of

encoding is a process that attenpts to reduce the

prthbad differgntdiytes tnd @achufiférens byteandild O referrdd REh$ BGvord

data patterns and the manner in which these specific

dé{b?q.P@Ltlél% 850 AhBul rREBRRES iRt .\nfol'ﬁ?/bgfec ghéh@ B190NRAd receive
t he codi ng ni-gues

ane. Various forns of serial e tec

£ SerdiafindR. 8B L b bl wREH vy i eSFR s e

which bits present thensel ves alogng the serial bit
sthRYLAYaHes 310 @r’@&tsge“@ymtﬁlgufﬁaaal lel to serial

conversion process (and, typically, the serial encoding

t E032] gGechenapeusd waed isiramovad emiitd quelgandpradessed by a
serial encoding circuitry is timed by a cl ock signal,

t tparaltelte sddalkcandedcddihg bﬂ(ﬁ’)k@lélﬁ% ebel® mrgf (i.ehahe word
frequency of the clock signal. The clock signal is

0§BRIOVEA%rdMY qRelB2T® 'iéfjﬁJ‘oéeQQé’d ()? llplg?altgl f&géritialléﬁgn%%ding

is presented to each1o the para 0 seria
CHAK S8 AP g B8R 16, B b8 32 o
F setaL#Rd <Bpodiia HiRak S2hap el k1 AgRraiimpenalina enaosing
enbodi ment, input 360 flows to the PLL's feedback
diblockeperfamssiwa functions:s! ypasalled te gerial conversion; and, 2) serial
encoding.
[0023] Parallel to serial conversion is the process of converting word into a
seriél bit stream. For example, again continuing with the example where
the lane word size is one byte, the corresponding parallel to serial
conversion would convert each byte from the queue into an 8 bit serial
stream. Serial encoding is a process that attempts to reduce the probability
of data corruptions stemming from specific data patterns and the manner in
which these specific data patterns are processed at the receiving end of the
lane. Various forms of serial encoding techniques exist such as 4B/5B and
8B/10B.
[0024] It is important to note that lane speed is determined from the rate

at which bits present themselves along the serial bit stream that is created

by the parallel to serial conversion process (and, typically, the serial
8



mul tiplication of its input oscillation frequency. In

a second enbodi nent, input 360 sets the PLL input
wos@slobasi on frequency outright (e.g., by nultPEl/EX1008022976

in signals fromdifferent input oscillators, or using

an input oscillator ca;)abl e of configurable

0s@NFQding teehniquaasiwg)l). Becawie theperial tasparadiet andhsevial

the PLL output clock signal frequency is controll ed,

nogrcading cirtwbtrylis timey byoa clatkrsignalf theaboee piwsdabéd rateds a
of three aforenentioned paraneters that can be

cofiiction ©f tHefredidhdy' GFRECIICR sighiht: T'ﬁ%ték%l% %g}r]gl’d's enerated

recalling that 'ane speed was ihitially re ' _
f ' r not |
£ o2 atieg KK BBpTPLL) BHGREMY éﬁéi%ﬁée%@ﬁsfﬁa%&?f;ﬁa
' [ f PLL o | ock si ency -
| cpatalieigisef g Rhcedigaiiecs #40 sbioligh a20idiang dase 350
the first of the adjustnment paranmeters: |ane speed.
[ Rpdepigiadindigure Bhuing, it is inportant to note that

in some enbodi nents the serial encoding function may

b§0025]ni hierechatetthatehg PLThetcuits340 inelueie egLinput 366! forasetting
integrity problens is (for whatever reason) not

a&hgﬁfédmeg OEEREPLD otpREISIRCAGhAY mfe]om@ﬁﬁmﬁaainfi’&ﬂ!‘input
perfornmed "higher up”" in the syStemthat the

tr j j - & Lrcuitry
ST RIS (HERLLS f8edds et b S s FAT S rehiiead 1%
bl ock. t.hat i udes, parallel _to serial circuitry
( @aff'P}'%ﬁm&ﬂSéPP%g%%‘%@P frasHRRCY 1 2 qesong erivadiment,
second_of the three confsitg%ur.abl e parameters is the
nURB 36 selsithe £LLdnp.t osoilladiopdreguescy outrighti(alg., by
conversion and encoding is conplete, the encoded
sanulliplexing intsigrats fiom differentdapetcbstillaterseactsiag tanviaput
| ane i s sent
oscillator capable of configurable oscillation frequency).
[0026] Regardless as to how the PLL output clock signal frequency is
controlled, note that the ability to control it corresponds to one of three
aforementioned parameters that can be configured for the transmitter 303.
Better said, recalling that lane speed was initially referred to as one of the
three configurable parameters, and noting from the discussion immediately
above that lane speed is a function of PLL output clock signal frequency — it
follows that input 360 to the PLL corresponds to the first of the adjustment
parameters: lane speed.
[0027] Before continuing, it is important to note that in some embodiments

the serial encoding function may be eliminated entirely. That is, the

exposure to data integrity problems is (for whatever reason) not a
9



to a driver circuit (e.g., the encoded serial bit
stream produced by bl ock 3201 is sent to driver 330i,

wao b@eoooeded serial bit stream produced by bl or&T/BDB5/022976
is sent to driver 3302, etc.). Adriver is: 1) an
el ectronic circuit designed to drive an electronic bit
stHRIHCRLSONSRMEQE am gBEOWNG (HAReRSS ks begn parformed “higher up”
el ectro/optic transmtter that converts an el ectronic

biin the system thad the rAnsmitier 308 it ayarheld larduehacdsiebeircuitry
optic cable for transm ssion over an extended

di3R0ecHrtbe MEWS a¥BRAMO belrtfa ParR fo SSPAI BIbE ng;tﬁﬂgs

are electronic or elec?ro/optlc, note that eac

[ : ' n ' j Oi

L P S SRREPARRADIR 68 et 28 Seflal BB o

C e driver .t e "enabl ed" ,so as to performits
R st ofife e LonBaTRbIS Paliueierd uhaiumber of
i nput causes_the driver to "disabled" so as to be

uRshve lanas: dPRee paraliel o seyial cabversion @ee aneedingds complete,
driver circuitry (and/or |ight source in the case of

aitheleacoded setialditistracm thatds efdatet ialrig/each aetivedbhe is sent
when the driver is disabled, the driver consunes

sitgal drivereitit (€85 RO BRENRPSeridl Hissiriara
conpared to V\,h(kengit i s enabl ed. [OCI)SO] Th?r(g@f%grbybb(:k

e I i | &k Q VA

5020, 30 el 056, FOGhERIA! 06 ST Alm DMLYy bock

ef.faect  the .powner supptign, of the overall = =

¢ P2Rs b o8B er B0 SREL Ratier o) Shapetnis crodhoun

in Fjgg‘ure 3,.an enable line that flows to a particular

| Sgsidned\fedrive,anuelestroic bilsdream enabae catendedddistance; or, 2)

circuitry preceding the lane driver (e.g., the lane's

panaléetro/pptic trahamittendhatreomdierty anl eletramid/bitrsttdzen into light

| ane' s queue). As
that is launched onto a fiber optic cable for transmission over an extended
distance.

[0029] Whether the drivers 3304 through 330y are electronic or
electro/optic, note that each has its own corresponding enable/disable input
3804 through 380n. Activation of a driver’'s enable input causes the driver to
be “enabled” so as to perform its driving function. Inactivation of a driver's
enable input causes the driver to “disabled” so as to be unable perform its
driving function. Because the driver circuitry (and/or light source in the case
of an electro/optic driver) is effectively turned off when the driver is

disabled, the driver consumes significantly less power when it is disabled as

compared to when it is enabled.
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such, for a fixed | ane speed per |ane, increasing the
nunber of active lanes will increase transmtter power

weonwsoqigi on as whol e (because nore circuitry PET/US1965/022976
"on"). [0031] Moreover, at least for CMOS circuits,

[ Si the | ane speed of an active |ane (b

: E@ siﬂ% Fﬂ\éefﬁflae%%ff)ig%@g'%hmﬂ? thesefore GQUEQ%NQW many

al so increase transmtter power consunption. Thus,

t AGtived@rRs Ak to exist andyiie so doing; aiscceffentdle power bensumption
| ane speed not only determ nes overall transmtter

bafdhe dveraidsantmittes 368, iHere adltidughtndtpebrghlPsRsive fn
this detail ed description) - but also plays an

| TQuieaBtarf @R4I9E Iind tHSE ﬁi@p\lt?%. giné? %&jﬂﬁllég‘rﬁ%?ldkig%may also be

transmtter power consu ner

C t] 1/S; take Low, particularly in the case
o ATP BBt i S heuk @sEﬁd'agﬁﬁsEZrb%dE@m@t@e

o as to extend operation. life time under battery
basns's ooty e andendading.pioak anglorave lansgs anede). s
Figure 3, which is capable of adjusting the | ane speed
asichhior afixnesklaoe speed \per lane increasingitise nandidres astive lanes
particul ar desired bandwi dth to be configured that

t aile hcrease transtittenigolver lkBnbopptien aksehié (Becddi® more
transmtter's power consunption. [0033] For exanpl e,

agiontrydvill pat“opower consunption increases nolinearly
Wi th e'gch increﬁ?ent in clock speed frequency and

(OB Y Mpleo BRI TFARE EMOS ol meine e s speed of
B PRI e e e e
and, 2) "hi gh bandwi dth" |inks exhibit their |owest
p8lReringisnsa insotienrewer eansuotption: HFhusy takertiogktten, vk
number of active lanes and the lane speed not only determines overall
transmitter bandwidth (as discussed in detail at the beginning of this
detailed description) — but also plays an important factor in determining the
overall transmitter power consumption. Generally, power consumption is
best kept low, particularly in the case of battery operated devices such as
laptop computers (so as to extend operation life time under battery power).
[0032] The transmitter design 303 depicted in Figure 3, which is capable
of adjusting the lane speed and the number of active lanes, likewise
enables a particular desired bandwidth to be configured that takes in
account, with the hope of reducing, the transmitter's power consumption.

[0033] For example, assuming that power consumption increases no-

linearly with each increment in clock speed frequency and linearly with each
11



| ane speed at the expense of increased active |ane

count. As an exanple of the forner, a 100 Md/s |ink
woreapeloes78onf i gured with a single active | ane tP@EX/US2005/022976

operates at a 100 Mo/s (i.e., the nunber of active

lanes is reduced to the mninumvalue of one). As an
ex@gtiyatedolanehit nhay tirn oait that: law bandwiddly” links exhibit their
configured with all N=16 | anes bei ng activated and

cdoWegtipedet cormuenptich aperafig Moird through reditictidrdfactive lanes
speed is nmerely doubled fromthe fornmer exanple but

t : S = . w3
[E%‘éﬁ?@%ﬁé"%?éﬂnﬁe"é%%%?n%%?%ﬁa’o%ﬁé?ﬁeﬁgéi%%%ﬁ* Hiks
n el ' [ that reaches or. east .
i e Epdtie! i Taikritlart SPa0iEy Beish L srauction of
operating,point for a garti cul ar | ink bandw dth can be
dg?@? &Pﬁg@ apihe axpenssrofdpereaged astive lanegaunt.mhsas example
is a function of the underlying technol ogy (e.g.,

elafdhe fermar, adi08dvibts link may bentodfigaredBwititisingle. 2%ivenlane
vs. 90nm etc.). As such, a detailed discussion of how

t dhdtdperatasecattd¢0a div/e & atie pombenat Ative 18n891s reduced to
necessary nor practical for purposes of the present

gtk GR. i gl dj, fof :
3BT % aTiEb BRLE N4 S okaAEEh 1 e E R ik may
| o Gorfighed yhth diny2fR 1S elnd 2ffvatdf ant Bboiicto operate
o 20035 (he o Tsjscsmachs Tereh Soubiag Tioaathe Gmesexample
which is at or closest to a theoretical m ninal

p & the asliveplanercooipé isdincregspdibyta fastondfd &)r ansni t t er

(regardl ess of the transmtter's underlying
t [00349| oDlye predise thmmbirmtion@dilarie speci@hd Bumber @ 3bliveA

third programmabl e feature is the power consunption of

t Riivers that reaches or at least approaches a minimal transmitter power
consumption operating point for a particular link bandwidth can be
determined by those of ordinary skill; and, moreover, is a function of the
underlying technology (e.g., electric vs. electro-optic, CMOS vs. Bi-CMOS,
0.25um vs. 90nm, etc.). As such, a detailed discussion of how to determine
the appropriate combination is not necessary nor practical for purposes of
the present description. That potentially a wealth of different combinations
can be set for any one bandwidth (e.g., for a 2 Gb/s link: one 2 Gb/s lane;
or, two 1 Gb/s lanes; or, four 500 Mb/s lanes; or, eight 250 Mb/s lanes, etc.)

so as to provide a spread of different power consumption operating points —

at least one of which is at or closest to a theoretical minimal power

12



driver itself. The architecture of Figure 3 shows each
of the drivers receiving a sane supply voltage froma

w@oweno4ss 390. Here, it is to be understood tPex/Us1ves/022976

actual supply voltage that is supplied on power bus
390 can be adjusted too. For exanple, according to one
eriss@umption aperating point farl the dranshiitteri (segardbkesstafdhen
power bus 390 can be any of 3.3v, 2.5, 1.8v or 1.3v.
Mirarsrsitter 8 indetdhg fedh - 18 the MR pRirtBTSrepHESIAr
to the enable lines 380), the power bus can be routed
S to j | t; Nolg

7 ELRBY. /7 R! BigbRinfidRy i) i the BRREF AR BUSH bl e

L et Bel " THe bl B 0t RO cBRb SRR AneTs

however, particularly in the case of "off chip"

drIEGRVING 3 gaME SUPPIs VeltagesEpmse pawer Yus 880 giaret ib imtafee
their own, higher supply voltage (as conpared to the

ciunderstogdtthait thp reetiead ssipplyevaliagedhal) isfsupplied pngesverbus 390
driving stronger signals over the |ane to the receiver

(icam be bbijistddPRD Ftdﬁtixah’ﬂﬂe,dééd&dinﬁ}té fon@rdMBodiment, the

Regar dl ess, because | ower supply voltage results in

l%ge%aﬁ%rﬂ?é%&?ﬁé%oé@rﬁér bid 386 taR be any of 3.3v, 2.5,

I
el eclronic circultr consunptron o

ok PYe 1387 aBfhatEr. 4bi8h g oA Fid8 e Sewdr o the

m ni .acceptabl e power supply voltage will be o
c&ﬂa% RQP ?&P), theepewankus car be roHied swasiz supply the circuitry
significant factors that can affect the m ni mum
adbainresedep theedrivarfpt gaciolanages suchytisé powee sonsurhption of
be: 1) the | owest supply voltage that is rated for the
uregehl lsne gha tlerditeetly effectbd thiowgh adjusinéht&inme SibSly voltage.

process); 2) the size of the

[0036] In various embodiments however, particularly in the case of “off
chip” drivers, the drivers are deliberately designed to have their own, higher
supply voltage (as compared to the circuitry that precedes the drivers) for
purposes of driving stronger signals over the lane to the receiver (i.e., the
“load” that the driver must drive). Regardless, because lower supply
voltage results in lower power consumption for most (if not all) electronic
circuitry, the power consumption of each active lane can be further
modulated through supply voltage adjustment.

[0037] Here, in most cases, the minimum acceptable power supply voltage
will be configuréd for the transmitter. The two most significant factors that

can affect the minimum acceptable power supply voltage, in most cases,

will be: 1) the lowest supply voltage that is rated for the underlying
13



| argest | oad that any one of the drivers is configured
to drive in light of the |ane speed. [0038] In the

w@e ame/0of7’8t he forner, generally, the supply volp@nes2005/022976
shoul d not be set beneath the | owest rated supply
vol tage (unl ess consultation with process and/or
t rtenbnalpgy (¢.gv.el.8dfuri ay0. 26pg CAOS pradéss); 2 hthemizghof the
nodeling is undertaken). In the case of the later, the

silaryest Iddtethaaaag ohel cfale dfivérdas icbifigeredrttidinelif light of the

those of ordinary skill in Iight of various factors
S e length of the | ane between the transmtter
aqgn‘?g glég'er (e.g., "lane length") and whet her or not

t ne i s,.inple ted as a controll ed i npedance

¢ N < I e PRRE SF s iopBr. oty e Spal Sofad spoud not
and the higher the | ane speed, the larger the supply
vdla sefdbanaat the lowast rated sapaly witaged pniassconsyltatipagwith

at the receiver end of the |ink. Again, those of

orptoness asdtor tranaistatdeeel design drgineensognd/at thoraugh modeling
speed, nunber of active |anes and | ane supply voltage

t rieadedbftakémiatinanelcrses of & laferC (Y $igd O thie fargdkt ddd Rreadily
operating point that corresponds to a worKking

O%t%iﬂgb%%)mhs %ﬁ%&i}\gf’% iﬂgfr?ﬂﬁrﬁ'o‘? v?ﬂ{)éé lgzﬂ‘,tors such as the

oper at i ng poi 0ses
BR3P e BRSPS IBA LA S . vane engi)
 AREFhOE! of ok . Bhoih i Breriss S B pa psaans
bandwi dth with three paraneters: |ane speed, the
ndransmissiondiney é5¢narally, the targeanthedane loaxippd thesbighagthe
for purposes. According to Figure 3, the function that
lane speed, the larger the supply voltage needed to ensure data is
acceptably received at the receiver end of the link. Again, those of ordinary
skill can determine the appropriate lane speed, number of active lanes and
lane supply voltage tradeoffs that apply so as to configure a transmitter
operating point thét corresponds to a working operating point (amongst the
possible working operating points) that is at or closest to a theoretically
lowest power consuming, working, operating point.
[0039] Thus to review, the transmitter design of Figure 3 is capable of
adjusting transmitter power consumption for a particular link bandwidth with
three parameters: lane speed, the number of active lanes, and lane power
supply voltage for purposes. According to Figure 3, the function that

determines each of these three parameters for a particular application is

conveniently observed as a bandwidth and power consumption control unit
14



determ nes each of these three paraneters for a

particul ar application is conveniently observed as a
whandod4ish and power consunption control unit3FOT/U$2905/022976

practice, the "intelligence" of the bandw dth and

power consunption control unit that actually

ded 7). ninrractices the Gintalligencafref the Isandwidth amd pawpt comduimption

envi ronnent (e.g., one or nore of bandw dth and

t eJtPEoR Uit @ﬁatrmxuéw detehaies ties! proper pfambler SR fHtAE NY
to any of a wealth of different techm ques such as

Xag)g}nggpggé?{v@gwﬁ (& ﬁﬂ[&{eeaﬁ%fe {:Pbéhdv&i% Hha t {aﬁb&atu@

natori a oglrc circul

oy BR B8t §nﬂﬁs*'§pa$$<§rgdgetoéﬂy L

expected to remain "fixed" over the lifetinme of the

t rtﬁﬁ@?fﬂ%'?%ﬁu@é ag exegylion phgofiwargetaiemmcedapoloektup table,
within a |aptop conputer), the proper conbination can
beprpcassiieg thrnUgleco(rmirgptprialyogin)cimﬁitrtyh eombircations s the above,
descri bed above) and | oaded into a systemthat uses
thgctransmtter as part of the systenm s manufacture
(e.g., loading the proper paraneters into the BIOS ROV

ggoo%toa 2k BHwé?rCHH%Eebémcé%ﬂy WhiR %@eamiﬁéﬁl@eéﬂirrﬁ}{%% is

e transmtter paraneters ar
acgor with t ste factor ttings. ,Sone .
mop et S rihialn el S Be i fBrdiing Faneittr (6Re the fink
bangvvl dt h and power consunption control 370 are
dilg egwean Wmﬁen%nféémmlm ad@pf@w GRNRHteDs fheckroper Forgbingsion
4a through 4c. [0041] According to each of figures
Ficgorke pre-détesnytedie, d.cbyady of fHe techniqiies detsctibed tbove)
some initial information fromwhich all the paraneters
f @nd loaded into a system that uses the transmitter as part of the system'’s
manufacture (e.g., loading the proper parameters into the BIOS ROM of a
laptop computer). Each time the system is turned on, the transmitter
parameters are configured in accordance with the system'’s factory settings.
Some more detailed and possible implementations for the bandwidth and
power consumption control 370 are discussed in more detail below with
respect to Figures 4a through 4c.
[0041] According to each of figures Figure 4a through 4¢,“cloud” 401
provides at least some initial information from which all the parameters for
the particular environment are determined. Here, as discussed above,
cloud 401 can be effected through execution of software, reference to one

or more look-up tables, processing through combinatorial logic circuitry,

combinations of the above, etc. In cases where the transmitter's
15



the particul ar environnent are determ ned. Here, as

di scussed above, cloud 401 can be effected through
wez®eno478n of software, reference to one or noOPET/US2005/022976

| ook-up tables, processing through conmbi natorial |ogic

circuitry, conbinations of the above, etc. In cases

wenvironment issexpeated ko change overdity lifeimex pleutdet0 1t is apt to be

change over its lifetime, cloud 401 is apt to be

erdmidetided in thesysiewh Bmatithrisniiftensd Eéﬁ of (g2 dotﬁfrh?ﬁ’tfng
(e.g., a conputing systemor networking syStem. In

c ; iter’ i [ S cted
¢ 5V eor OF DEMIRIn Ftgy- i %%?&Nh%%‘gﬁg*a@'@épsﬁ
| at i read onl ry. that i . e t

 FPlBhehE R etaled FORE fupd Ryet n el g 491 may be a
system (e.g., .a conputi n%ms{ystem s BIOS ROV . [0042]
Fingay wlatlle ferd espyomgsans that ie iaasiedrwith appransiate Information
parameters are effectively provided and | oaded into

r slyiriogenasyacturingat th&eystene (e.gp aceomputintesystea’ OBIOB e
or nore-registers that can be | oaded with information.

AROMt portion 403a of the register's contents are
used to set the PLL output clock frequency (i.e.,

oOER] b B bR o Bl e e, FEERER o

portion e register s con escCri

n f 1 that are.to, be actjvated. 043] In

cinsing re o Bfet iy Birfideh fc MiadeddpRoiadistonsasaida

4g, the register content describes the nunber of |anes

t Rasislsr paca 8dhe e Bf ABe prrosrRdegksiers doicues be igided with

circuitry 404a converts the binary representation into

a informaation. Arfirsideattion dOdatof de pagistéBeaoniEmts areudead to set
the PLL output clock frequency (i.e., corresponds to PLL input 360 of
Figure 3). A second portion 406a of the register's contents describes the
number of lanes that are to be activated.
[0043] In an embodiment that can conform to the depiction of Figure 4a,
the register content describes the number of lanes to be activated in a
binary format and decoder logic circuitry 404a converts the binary
representation into a “one-hot encoded” format output 480a. The one-hot
encoded format provides a bit for each lane where a first bit state (e.g., “1”)
signifies the corresponding lane is to be activated and a second bit state
(e.g., “0") signifies the corresponding lane is to be de-activated. Each bit is

routed to the lane that it corresponds to in order to control its activation. A

third portion 407a of the register space content indicates the appropriate
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encoded format provides a bit for each | ane where a

first bit state (e.g., "1") signifies the
weorsespendi ng | ane is to be activated and a sePCDOR2005/022976
state (e.g., "0") signifies the corresponding |lane is

to be de-activated. Each bit is routed to the |ane
t rsupply veltageepgy itsbinary forovatewhich is tverr plovides! to a
activation. A third portion 407a of the regi ster space

c qerogrdmiTable slsisly VBRage BoGREI 4U3zsuppl y vol tage (e.g.,
in binary format) which is then provided to a

ARG %ﬁ%ﬁfﬁ% OEFIiFe P, the ekl rsgipn 4060 of
| il TRablar sppog bPRuR Pkt St e mimbaypARiveelaS Can be
descri bed above with a binary to one hot decoder 405b.
THERgMeptasas dew@@d@pwﬁmmnwﬁp lopevhntidegedar 405b.
related in a way that enables the supply voltage to be

dethe RLheatbdkrfoequenicyrastd pagensuptgboltdge &re retged ireh way that
space 402b that determ nes the PLL output clock

f rertamasthe siply véikeyd io 156 dé@@h%&@ém a firskPegdl6A %B@%ﬁ the

above with respect to Figure 4a (i.e., 1t sets

supét%evﬁég“emééf‘é¥t’eh@%e§ ‘?ﬁ%ﬂ"?%ﬁﬁ?%ghﬂ%ha%ﬂ% Here,
PP s 0Bt N R AT
appro ate supply voltage in light of information

praﬁw P oiru grapkdreaiiancy) hulss alshusediskselhe supply

410, in response to this information, provides a

pa/lOdtHEGer (e.g., a word) that descri bes t he

appropriate supply voltage. In response to the

r [O045]i NtHert, thel infopMation tedt ddtemiPes e PIRRIWout clock
frequency is forwarded to a look-up table (LUT) 410 that determines the
appropriate supply voltage in light of information provided from register
space 403b. The look-up table 410, in response to this information,
provides a parameter (e.g., a word) that describes the appropriate supply
voltage. In response to the receiving of this parameter, the programmable
supply voltage 405b provides the appropriate supply voltage for the
configured PLL output clock frequency. Here, LUT 410 could be
implemented with a non-volatile ROM or random access memory.
Alternatively, LUT 410 could be implemented with combinatorial logic that
calculates the correct supply voltage outright.

[0046] Figure 4c is similar to that described above with respect to Figure

4b except that the PLL output clock frequency is set as a function of the
17



supply vol tage 405b provides the appropriate supply
vol tage for the configured PLL output clock frequency.

WoH006/00478IT 410 coul d be inplenented with a nonP@DUS100$/€22976

ROM or random access nenory. Alternatively, LUT 4 10
could be inplemented with conmbinatorial |ogic that

cahppbpriate supply voltage. Thalis yregistersmacad0dgrovidedGa 6]
Figure 4c is simlar to that descri bed above with

r edgsibtibn oFitigs! hanber exaaRirstth Ble ddivafdd4cst icél? l$Rkn

frequency is set as a function of theapproprlat

' | ace . 402c borovid
e A %ﬁ?,o?%@daca%goﬁi%e
0 which is th d d into one-hot fornmat by
o3BabtBafhe oA BedaE AL bt <heelBo b PedBoition
sy g_ly_voltage 407c. In response to its receiving of .
t HB icatior of thshpewer siepply welitagriABT S, LST d46e pravides Intrmation
410c provides information 460 that sets the PLL'Ss

outfilithat setsktherRiduie natput Atpekiredughcy.l Againy LU D210 could be

i npl emented with a non-vol atile ROM or random access

mEMplemerledanitital non-YolatiRA#LoCiaitddnt Scd 8! RERRNE

wi th conbinatorial |ogic that cal cul ates the correct

St 0 8 B B B
7 sPetqued the GouEeLaRAl o Suladhl. Mg Teast the
ol efoknalecyshioedigere Sabis abariast v abtesthat the receive

receive channel circuitry that follows the receiver

swide aka dinllcabsimilaiy adjust pakénoatumyptionsier aglarticular

parallel circuit). O course, the nunber of active

| aeswidthtbyeadjusting at least the number of active lanes and/or the power
supply voltage of each channel’s receiver (and perhaps various receive
channel circuitry that follows the receiver such as a decoder circuit followed
by a serial to parallel circuit). Of course, the number of active lanes on the
receiver side should match thé number of active lanes on the transmitter
side.
[0048] Receiver side circuitry typically mirrors its transmitter side circulitry,
thus, referring to Figure 3, in one embodiment, the receive circuitry for each
lane would include a receiver, followed by a serial to parallel and serial
decoding circuitry, followed by a buffer. Here, a programmable power
supply would be coupled to the power supply input of each lane’s receiver if

not one or more elements of the receiver’s follow-on circuitry. Each lane

could be configured active or inactive as described with respect to the
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recei ver side should match the nunber of active |anes
on the transmtter side. [0048] Receiver side

w@Rreoe478y typically mirrors its transmtter sSPCEUS2005/022976
circuitry, thus, referring to Figure 3, in one
enbodi nent, the receive circuitry for each | ane woul d
i ricansgheitter ciscuitry e Thef relcbived dtlduk feoradhé dlansmittear sidé @lould be
and serial decoding circuitry, followed by a buffer.

Helised @ dloGIotHRTaRBIscadiveRhaHeR! y woul d be coupled to
the power supply input of each lane's receiver if not

. ' ' |
ofsodn, TPigure &SRS o orh BRI 'ﬁ?‘?&&?@gﬂg@i’%ie_”rtsi The
[ ' ' i t het er
DRy SorhBa S75eth o Ejokre Soneliest st mere

side woul d be used to clock the |ane's active

c HIARRSSOrs P03 48) amempry eordra sibadMGiHh5a2;rdm system memory
conmputing system The exenplary conputing system of

Fi 1% (of Whictc difidesnt typewerisbsucipase DDR EFMOEDBRAM, 6id,); 4) a
a nenory control hub (MCH) 502; 3) a system nenory 50

. . . i u .
5508 ) tho e o508 GrofKEs Bt 7300: 7

S8 B ORI S Al e o
P, A AR T b Gl N B,

or nore |/ O devices 508; %()%one or nore data _

t reders /i o0e 0§ mre /G devises 568; fheae or orresiata trepsmitters 509.
execute instructions in order to perform whatever

s dieveneeor owre pescassors 50 execufesystrutionsih erduttts pefoam
instructions frequently involve sone sort of operation
peviateversoftwaretdliines the computing system implements. The

instructions frequently involve some sort of operation performed upon data.
Both data and instructions are stored in system memory 503 and cache
504. Cache 504 is typically designed to have shorter latency times than
system memory 503. For example, cache 504 might be integrated onto the
same silicon chip(s) as the processor(s) and/or constructed with faster
SRAM cells whilst system memory 503 might be constructed with slower
DRAM cells.
[0050] By tending to store more frequently used instructions and data in
the cache 504 as opposed to the system memory 503, the overall
performance efficiency of the computing system improves. System memory
503 is deliberately made available to other components within the

computing system. For example, the data received from various interfaces
19



Both data and instructions are stored in system nmenory

503 and cache 504. Cache 504 is typically designed to
whawe/oe4ert er | atency tinmes than system nmenor ypGDBS20p5022976

exanpl e, cache 504 m ght be integrated onto the sane

SI|ICOﬂ chip(s) as the processors) and/or constructed

rthe gemputingAystam (e.gwHiayboar sné mausep prinso port, AN port,

be constructed with sl ower DRAM cells. [0050] By

t endden part, sttel) er netrievéd éoneah linterrt didrage elsrhentnss taad

data in the cache 504 as opposed to the system nenory

5QbmpithgPRtam! (eRE! hard &R %r@éf are mte?%éggﬁlg queued into

conputi ng system inproves. System nenor

T Sconpu%“a’@@&ﬁéﬁ%@\%"@%ﬁ%ﬁée%iU§§$ B8 ot rore

fromvarl rfacetothe Co utlng system (e. g.,

keqfss%ﬁ%?réﬁo 0dhe TiPRAmantati of & sakWaEs Brogretem

port, etc.) or retrieved froman internal storage
@@ﬂt Sfmflaib’ datepthat agoftyeare program deteamihes should be sent

drlve) are often tenporarily queued into system nenory

5dmthe computihg isysteen twan petside dntitythrdught dike 6NReo!
nore processor(s) 501 in the inplenentation of a

S MorR it gy A imtel 8 e8d | or%tﬁiséd%*o\’an fbdhal 8 % element, is

sof tware program determ nes shoul d be sent

?%@2&%‘%@9@%@? P ooty 08 At %tb?’.e”e‘iqf’f d
| eEipgited REnBrecc B EHbR0S i TesBoBbIAgor PaRuRd el seeh
stored The I CH 505 is resgIga sible for ensuring that

s §laka ispropedy passed betwegnsthe systemenembey 593 aachitsenor y
503 and its -
appropriate corresponding computing system interface (and internal storage

device if the computing system is so designed). The MCH 502 is
responsible for managing the various contending requests for system
memory 503 access amongst the processor(s) 501, interfaces and internal
storage elements that may proximately arise in time with respect to one
another.
[0052] One or more I/O devices 508 are also implemented in a typical
computing system. I/O devices generally are responsible for transferring
data to and/or from the computing system (e.g., a networking adapter); or
for large scale non-volatile storage within the computing system (e.g., hard
disk drive). ICH 505 has bi-directional point-to-point links between itself
and each I/O device 508. In one embodiment, each bi-directional point-to-

point link consists of two unidirectional lines where each line’s direction is
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appropriate correspondi ng conputing systeminterface
(and internal storage device if the conputing system

w0 g00s0047es5i gned). The MCH 502 is responsi bl e fPCT/US2005/022976
managi ng the vari ous contendi ng requests for system
nenDry,Sgs access anpngst the processors) 501
i ARRosiedom e pihes, A\ data trapamites 599nay berplacesgn the
proximately arise in time with respect to one another.
[ abBajg end ob anynpointitd-Paiteivinkd betiraeactal/Oadevice 508 and ICH
i npl enented in a typical conputing system 1/0O devices
gegpm)al |y are responsible for transferring data to
and/or fromthe conputing system (e.g., a networking

A" n e ol SAEaRERoR, BE nURhn hisBefhRSprivea

I CH,505 has hi-directional point-to-point |inks .

oS HRERCTNCE P SRRATE SEMblasicRbeamshis tareahet wil, however,
enbodi ment . each bi-directional point-topoint |ink
chisevedentdhat vayiaus modifisationsiand ichesgemmay hantadsi thereto
direction isopposite fromthe other. A data

t ritienit departb@Iromaythé readerespiritraridscopei ofithg imveshtioh as set
any point-to-point |link (between each I/0O device 508

arfdrth (AtHeOapperldédodains) The sbé&iﬂ%&ﬂaf@é?%\&ihggt&{%n’

the i nvention has been described wth eren

SRRl T Ay SRRSTARR T kb e sonse

changes may be made thereto wi thout departing fromthe
broader spirit and scope of the invention as set forth
in the appended clains. The specification and draw ngs
are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.d ai ns
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In the clainms: 1. A nethod, conprising: propagating
el ectronic signals within circuitry conprising a

W e@emei7st er to: select a nunber of said transP@T/US2005022976
| anes; set a speed for each of said |anes, said nunber
and speed determning said transmtter's bandw dt h;
akzgl t a driver supply voltage for each of said
| anes wherein, power consunmed by said transmitter as a
consequence of said selecting and both said settings
i 1 thesdaimigin a power that woul d have been consuned by
said transmtter had another avail abl e conbi nati on of
| ane nunber, |ane speed and supply voltage been
el f detghadrcomprising:ansni tter. 2. The nethod in clai m
1 wherein said selecting and both said settings has
the | epedpagating etesionisignalsi withif @irBuigTdonptising a transmitter
bandw dt h anongst all avail abl e conbi nati ons of ™ nu
ofo:| anes, | anes speed and supply voltage for said
transnitter.3. The method in cl ai m 1 wherei n said

el ectronic §él%@?£§\uﬁ{b%r%?\§g%t? e | ers 1dhes regl ster.

set a speed for each of said lanes, said number and speed
determining said transmitter's bandwidth; and,

set a driver supply voltage for each of said lanes wherein,

power
consumed by said transmitter as a consequence of said
selecting and both said settings is less than a power
that
would have been consumed by said transmitter had
another |

available combination of lane number, lane speed and

supply voltage been effected for said transmitter.

2. The method in claim 1 wherein said selecting and both said settings has
the least power consumption for said particular bandwidth amongst all
available combinations of number of lanes, lanes speed and supply voltage

for said transmitter.
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4. The method in claim2 further conprising performng
bi nary to one hot encodi ng downstream from sai d

WO e@h®04e81t 0 sai d sel ect nunber of said transnPCT/E82085/022976
| anes. 5. The nethod in claim1 further conprising
setting a phase | ock | oop output signal frequency to
s8t Thaintethaddn slzmd! wherdihsaite¢leottonic sigreaisnate dbensiream
sai d phase | ock | oop output signal frequency is a
f froad & oesgiefersai d supply voltage. 7. The method in
claim1l wherein said supply voltage is a function of
sai d phase | ock | oop output signal frequency. 8. An
apparatus, conprising: a transmtter, conprising: a

p | o loop, cirepi . having an input .to adjust an
o4 5 e ittt 38 By Histhe' GRmERisbcRearning ok gs oné hot
circuit for each of a plurality of |anes, each |ane

c eReeding sonmstreanyfromssaidsmegisier 40 said seleetarunaber of said
circuitry downstream froma cl ock signal output of
stradsimittes’s lapes. | oop circuit; an enabl e/ di sabl e i nput
node to activate/ deactivate its correspondi ng | ane; a
plurality of line drivers, conprising: a driver

coupl ed downstream from said serial encoding

C5T $HE Metho@ M claim 1 further comprising setting a phase lock loop output

signal frequency to set said lane speed.

6. The method in claim 1 wherein said phase lock loop output signal

frequency is a function of said supply voltage.

7. The method in claim 1 wherein said supply voltage is a function of said

phase lock loop output signal frequency.

8. An apparatus, comprising:
a transmitter, comprising:
a phase lock loop circuit having an input to adjust an output
frequency of said phase lock loop;
a lane circuit for each of a plurality of lanes, each lane circuit
comprising its own:
parallel to serial circuitry downstream from a clock

signal output of said phase lock loop circuit;
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a programmabl e supply voltage source coupl ed at | east

to said driver of each said lane circuit. 9. The
w@ppanet’ss in claim8 further conprising bandwdt/oSmN022976

power consunption control circuitry coupled to said

phase |l ock loop circuit, said voltage source, and said.

enabl e/ di sabl e néfecnable/disablasingut aede & aclivate/deactivede its

apparatus in claim9 wherein said bandw dth and power

consunpti on cont cotregponding ignd;ur t her conprises: a

regi ster conprising: a first output coupled to said

| nput of sal d phassiutdikof INRRIGIrS dmpdsiageond out put

coupled to an input of 'said parallel to sefia

out put coupt ed to° sai & UNEECEn eEvrafsaR B8Ry sgria

said lane circuits; and a third output coupled to said
progr anmabl e supply v@PFQ@QgéwﬁP@@ g@d’The appar at us

in claim9 wherein said bandw dt h and power

consunpt i on GoPogRMAabie supRly Valtage soutmesaunied atleast to
regi ster conprising: a first output coupled to both
said input of smidd phase | ock |oop circuit and | ook-up
table circuitry; and

driver of each said lane circuit.

9. The apparatus in claim 8 further comprising bandwidth and power
consumption control circuitry coupled to said phase lock loop circuit, said

voltage source, and said enable/disable node of each said lane circuit.

10. The apparatus in claim 9 wherein said bandwidth and power
consumption control circuitry further comprises:
a register comprising:

a first output coupled to said input of said phase lock loop

circuit;
a second output coupled to an input of said parallel to
serial circuitry, said
decoder logic circuitry having an output coupled to said
enable/disable node of each of said lane circuits; and
a third output coupled to said programmable supply voltage
source.
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a second out put coupled to an input of decoder |ogic

circuitry, said decoder logic circuitry having an
woiopo478pupl ed to sai d enabl e/ di sabl e node of PERTK2005/022976

said lane circuit. 12. The apparatus in claim 11,

wherein said | ook-up table circuitry is further

coupl ed to said progranmabl e supply vol tage source.

13. The apparatus in claim9 wherein said bandw dth

afhd. Poevapparatgs irptiaim Sowhéerein saidriandwigthfand pewer

conprises: a register conprising: a first output

ceomégfplich B@ﬁt?olsc%'cdltﬂf fRgthe pﬁséé#pp' y vol tage
source and | ook up table circui and a second

out put 5 .nput of decoder logic circuitry,
sai d de‘}@gi& eerq; 0gi'C C|¢cuitry havi ng an out put coupl ed

to said enable/ d ach said Lane

circuit.14. afR %{‘Bﬂﬂicﬁ etﬂp Eptg‘i %'qinp‘&/ﬁgﬁﬁﬁdrpllaﬁed“k loop
frequency |ook-up table circuitry is further coupled

to said phase Ioéﬁcwlbé@d akcup table sircaitry; apghar at us of
claim8 further conprising a receiver coupled to said

transm tter a seebrd oedmitocaupteahiorarsinpgt ef decaiexnvgiblcircuitry,
power supply source and | anes that can be
aghigvat ed/ deacti vated. 16. A system conpri sing:

decoder logic circuitry having an output coupled to said

enable/disable node of each said lane circuit.

12. The apparatus in claim 11, wherein said look-up table circuitry is further

coupled to said programmable supply voltage source.

13. The apparatus in claim 9 wherein said bandwidth and power
consumption control circuitry further comprises:
a register comprising:
a first output coupled to both said programmable supply
voltage
source and look up table circuitry; and
a second output coupled to an input of decoder logic circuitry,
said
decoder logic circuitry having an output coupled to said

enable/disable node of each said lane circuit.
25



a DDR system nenory; a nenory controller coupled to
said DDR systemnenory; an I/ O controller coupled to

wa@ a00d/00geDry controller; one or nore |/ O devi CBGT/US2005/022976
coupled to said I/O controller by way of direct
point-to-point links; and, a transmtter, conprising:
a phase lock loop circuit having an input to adjust an
out put frequency of said phase | ock |oop; a | ane

cilAclihe apparaas in clhim 1dl, wheréinysaid freqoescy leakiup tabke CIrcwtry
circuit conprising its owm: parallel to serial

Cig further Yodole 36 sarphisenosk Wsprkirglignal - out put — of
said phase lock loop circuit; an enabl e/ di sabl e i nput

node to activate/deactivate its correspondi ng | ane; a
plurality of line drivers, conprising:a driver coupled

d f d serial dir t
o B ARt G A ffierSoiis ik speaiver Cowled ta said

said driver of each said |lane circuit. 17. The system
i rapsytiary said yeeeiver cRBFision fypIvgFMMEable pawepsueply source
consunption control circuitry coupled to said phase
| and lanespthat cambe  actisatbdiadactigatesiour ce, and sai d
enabl e/ di sabl e node of each said lane circuit.
16. A system, comprising:
a DDR system memory;
a memory controller coupled to said DDR system memory;
an 1/O controller coupled to said memory controller;
one or‘ more |/O devices coupled to said I/O controller by way of
direct point-to-point links; and,
a transmitter, comprising:
a phase lock loop circuit having an input to adjust an output
frequency of said phase lock loop;
a lane circuit for each of a plurality of lanes, each lane circuit
comprising its own:
parallel to serial circuitry downstream from a clock
signal output of said phase lock loop circuit;
an enable/disable input node to activate/deactivate its

corresponding lane;

a plurality of line drivers, comprising:
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18. The systemin claim 16 wherein said bandw dth and
power consunption control circuitry further conprises:
wW@20eQie8er conprising: a first output coupl edP€DUSHDE022976
i nput of said phase lock loop circuit; a second out put
coupled to an input of decoder logic circuitry, said
decoder | ogic circuit aydrivevicagpked downsiteano fiphesait serial
sai d enabl e/ di sabl e node of each of said |ane circuit;

and a third output coepkeding@irgaitey; programmabl e supply
vol tage source. 19. The systemin claim 16 wherein

sai d bandw dt ' t | [ Lr .
urther conr 2aemERBR s Gy VARIAE So g doll i dast’ said
out put coupled to both saiq input .of said phase |ock

Ioog circuit W%fPﬁﬁﬁabﬁa@jﬁm%gﬁ?w uitry; and a second

out put coupled to an i nput of decoder logic circuitry,
sai d decoder logic circuitry having an output coupl ed

to said enabl e/ di sabl e node of each said lane circuit.
207. Tire: systetreim ¢laint N Gifunthisr, comhprising baadwidtb akdypwerb! e
circuitry is further coupled to said progranmabl e

scgmBumptitrt egstrai@ircaitry coupled to said phase lock loop circuit, said

voltage source, and said enable/disable node of each said lane circuit.

18. The system in claim 16 wherein said bandwidth and power consumption
control circuitry further comprises:
a register comprising:

a first output coupled to said input of said phase lock loop

circuit;
a second output coupled to an input of decoder logic circuitry,
said
decoder logic circuitry having an output coupled to said
enable/disable node of each of said lane circuit; and
a third output coupled to said programmable supply voltage
source.

19. The system in claim 16 wherein said bandwidth and power consumption
control circuitry further comprises:

a register comprising:
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2 1. The systemin claim 16 wherein said bandw dth and

power consunption control circuitry further conprises:
wW@200eQ04BEr conprising: a first output coupl edP€DUBIINF022976

sai d programabl e supply voltage source and | ook up

table circuitry; and a second output coupled to an

i nput of deaditistroutpgli coupledto both, saschinpul ef sdidrpHasgilock loop

circuitry having an output coupled to said

enabl e/ di sabl e nggeLiPhn@Rfok-Gtbld dR6uiry shdt . 22. The
systemin claim2 1, wherein said frequency | ook-up

tabl e circujt g f I ed. i : :
| oop circui -gﬁghqr?g%@&%g%%ﬁn%cﬁgﬁnkﬂié@g%%{ﬂr?a?zﬁ?q%gggultry,
recei ver coupled to said transmtter, said receiver
c%éﬂari sing a progranmabl e power supply source and
| anes that can be activated/ deacti vat ed.

decoder logic circuitry having an output coupled to said

enable/disable node of each said lane circuit.

20. The system in claim 19, wherein said look-up table circuitry is further

coupled to said programmable supply voltage source.

21. The system in claim 16 wherein said bandwidth and power consumption
control circuitry further comprises:
a register comprising:
a first output coupled to both said programmable supply
voltage
source and look up table circuitry; and
a second output coupled to an input of decoder logic circuitry,
said
decoder logic circuitry having an output coupled to said

enable/disable node of each said lane circuit.

22. The system in claim 21, wherein said frequency look-up table circuitry is

further coupled to said phase lock loop circuit.
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23. The system in claim 16 comprising a receiver coupled to said
transmitter, said receiver comprising a programmable power supply source

and lanes that can be activated/deactivated.
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