WO 2006/ 004781 PCT/ US2005/ 022976 DYNAM C LANE, VOLTAGE AND FREQUENCY
ADJUSTMENT FOR SERI AL | NTERCONNECT Field of Invention [0001] The field of
i nvention relates generally to conputing systens; and, nore specifically,
to dynam c | ane, voltage and frequency adjustnent for a serial

|nterconn’§‘ét’-0wﬂﬁ‘8¥éground [0002] Figure la shows a deffi"e¥¥¥ROG74 bus 120.
A bus 120 is a "shared nediunt conmmuni cation structure that is used to

transport comaNAafeld |REd ONa and
11Ca. Shared nedthI%L%%n{s&'tq{ﬁat tlngﬁ?gnl%@g}Yts W ﬁF jé)ERI 11 Ca t hat

comuni cate with one another physically share and are connect ed to the
sane electronic wring 120. That is, wiring 120 is a shared resource that
is used by &ieldaf Inventipments 101 a - 1 ONa and 110a to conmuni cate w th
any other of conponents 101 a - 1 ONa and 11 Ga. For exanple, if conponent

101 a wi shesbg1g cmlmimérmoﬁ@@mwe@ane%ccm tekd:angoul d send
I nformation along wiring 120 to conponent 1 conponent 103a wi shed

to conmuni C%@réébe@:ﬁi&ﬁ%@@ﬁyﬁé‘mi@@an&@ Bhd #Q@?en[wg%gﬁ &ﬁfowforﬁatlon

along the sane wiring 120 to conponent Oa et nputi ng systens
have traditigpa| lnyerga%cpse of busses. For exanple, with respect to
certain | BM conpati ble PCs, bus 120 corresponds to a PCl bus where
conponents 10la - 1ONa correspond to "I/ O conponents (e.g., LAN

net wor ki ng adapter cards, MODEMs, hard disk 1

Background

[0002] Figure 1a shows a depiction of a bus 120. A bus 120 is a “shared
medium” communication 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 sarne wiring 120 to component 110a, etc.

f0003] Computing systems have fraditionally made use of busses. For
example, with respect to certain IBM compatible PCs, bus 120 corresponds
to a PCI bus where components 101a - 10Na correspond to “//Q”
components (e.g., LAN networking adapter cards, MODEMSs, hard disk

1




WO 2006/ 004781 PCT/ US2005/ 022976 storage devices, etc.) and conponent 11
Ca corresponds to an 1/0O Control Hub (ICH). As another exanple, with
respect to certain multiprocessor conputing systens, bus 120 corresponds
to a "front side" bus where conponents 10la - | ONa correspond to

ni cr opr ocR9ZBPOMBY conponent 11 Ca corresponds to X TEWHYRHtrol ler.
[0004] OmMng to an artifact referred to as "capacitive |oading", busses are

| ess and | es Chl.& j 0 i ly, as the
capaci 11 ve | SSTAREAGcHs, B, AR dtholt G RERERAF Al LT Vi o
that wiring NSO | nf ormat i on, decreases.  That is, there is an
inverse rel g'@?étmdé'ﬁr f%é’ﬁ%ﬁ%fne"é%ﬁ%i"ﬂ@ T&SEE i%F?’it% W%%P?@Saﬁd that sane
wiring's speed. Each co nent that is ded. to a wre causes that wire's
capacitive | 8%?%‘619(%5%%”‘?&39,0"5835 C{Bti’séré?gt $19%)i Rus WherBoupl e nul tipl e
conponents, bus wri ng 120 is tg ically regarded as being heavily | oaded
with capacit SoyEEONgNERHAE]2 1 A0NAE ‘gﬁ%ﬁo,“d\ﬁﬂé'ﬁ OBRFGEPIG 8¢ SOMPOBRBIck speeds
were rel ati vela/ sl ow, the capacitive | oading on the conputing systenis
busses was nbll&corsesppBdsiq a g canEdiarhe degr aded maxi num speed of the
bus wiring éowi ng to capacitive |oading) still far exceeded the conputing
system s i Ab@Q4lal Qwipg ko apaifact reieered doras Ceanseitive doasting], fusseatard east sone
of today's conputing systens. That is, with the continual increase in
conput i ng syleseand lasskoragicatias caraputinigesygtene speadsayrope Bhsablly, addie s
conputing systens are reaching (and/ or perhaps exceedi ng) the maxi num
speed of wi reapachisze leadindefanyl wirihg ibezhses] therampdaurespeedat @lhicks bus wi ri ng
2

that wiring can transport information decreases. That is, there is an inverse

relationship between a wiring's capacitive foading and that same wiring’s

speed. Each component that is added to a wire causes that wire's

capacitive loading to grow. Thus, because busses typlically cotiple 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




WO 2006/ 004781 PCT/ US2005/ 022976 120. Ot her problens associated with

I ncreasing bus speed is signal distortion. [0006] Therefore conputing
systens are migrating to a "link-based" conponent-to-conponent

I nt ercon {] ene. Figure | b shows a conparative _exanpl e vis-a-vis
Fi gure IQQ% 00@6&9%?29 to the approach of Figure 1b, cBﬁBH%%O éo"%vgtem
conponents 10la -10Na and 110a are interconnected through a nesh 140 of

hi gh speed bisgli pasdyl Qb AR I ' 130N. A
bi -di recti onal poi ntr-ﬁg@%%‘?(ﬁise??lﬁ%dt@g{l '@gﬁe%émbc%gr%r%‘?’fag%g Sj&%ﬁr st
unidirectiong“o%grpt-to-point link that transmts information in a first

direction and a second unidirectional point-to-point link that transnmts
i nf ormati on g S | rection that is opposite that of the first
di recti on. égé% see@%E%P% é"éﬁ?'i'tmaﬁﬁ%éﬁ'%?f?tfﬁﬁ 160 8 ﬁ'?(k"gﬁﬁdcal ly has a
single endpoint, | capacitive loading is substantially |ess than that of
a shared neﬁ?rﬂp%&'%‘fﬁ@%??n%dﬂtebqﬂnﬁw%‘-%ﬁm&IE'ERT%%SW%énStruct ed
with copper or fiber optic cabling and approprjate drivers and receivers
(e.g., singl€Braragiys eXBRIEVIR-21visTogrre @ Acerdingde dhe/apoadt ofcopper based
cables; and LASER or LED E/Otransmtters and O E receivers for fiber
optic cabl esFigugs dby compidinggysiem gompprents 4812 n 1PNg@nd 11Paiage si npl i stic in
t hat each co_r’rPonent is connected by a point-to-point link to every other
conponent . | IAERgmectasiipraughiamesh Adees highispeat bhditettions! mintéowor k havi ng
routing/ swtching nodes. Here, every conponent need not be coupled by a
poi nt - t o- poi RAINY linkg 130 otheateghy 13 eA bedingaiioeal pdimtstbadht lihio ppicadly 0ss a
plurality of links may take place through routing/swtching nodes in order
t o transpor tcamgrisesatfirsirunidirectional point-to-point link that transmits information

in a first direction and a second unidirectional point-to-point link that

transmits information is a second direction that is opposite that of the first

direction. Because a unidirectional poini-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 transmitters 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
3




3 WD 2006/ 004781 PCT/ US2005/ 022976 from a source conponent to a
destination conponent. Depending on inplenentation, the routing/swtching
function may be a stand alone function within the mesh network or nay be

or ocescor O MBI on ol er . 110 unit, etc.). [o0bBIC IR IR hous &
‘zoomin" of a type of uni- dlrectional point-to- point link that may be
mal 1+ ane. i ol st pat P4 pEbBERY SPRReAR reBooRB g, ol 1y "o

cxarml e, | corh ”fe”eﬂaeyw@nefsw i ries e B A SBAAOT ¢ hi n a1 nic
E?iﬁﬁnéﬁ?pb‘ﬁm&w%ﬁnw%%&%eéﬁ EStREReT g by oeneter BB sapaatve

uni di recti onal int- to poi nt 1ink between them 205 i ncludes N | anes LANE,
t hrough LANERQM nb? the SAMPYHEO PYStaMd8:0: AArocassah arernercoptaliase i npl enent ed
as, for exa le, a differential signal line, a single-ended signal |ine or
a fiber optiMOuglhaiedl . In operation, transmitter 203 receives data to be

transmtted over the link 205 to receiver 204. Transmitter 203 spreads the
data recei vEWPO&l Figure 2niowsvaizoptmeinh\of atype of Boi-diescliapaledirit-tohe i nput to
the transmitter 203 is an 8 byte word and if N= 8, then, a sinple
transmtter phigilighthabmay be redersed to asa fmulﬁilawwi-diﬁ'eathaai popnittowor d over
| ane O0; a second byte of the input word over lane 1; . . . etc.; and, the
ei ght h byt e pminttihie Anpuiti-laver dnialirectionzd peiniNtd-pdiat imkNnelu@ds a phealitgcei ver 204
woul d receive the eight bytes,

of serial channels referred to as "lanes”. Referring to Figure 2, as an

example, component 201 may be viewed as a first component within a link-

based computing system and component 202 may be viewed as a second

component within a 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,




4 WD 2006/ 004781 PCTI US2005/ 022976 ensure their alignnment, and present the
8 byte word at its output (thus conpleting the transfer of the word from
conponent 201 to 202). [0010] In other approaches, the |anes do not
transport ﬂata froma sane parallel word but instead are treated as
separate YHEPVOHRE! communi cation 1anes. For exanpl e CVPSPHR2G0 ¢ r ansmits
as a first comunication channel and lane 1 transmts as a second

communi cat i ogn4ilya s aiig{?ﬁ?erﬁ,oéﬁdcﬁregéntttﬁgs b&gér\ﬁﬁlﬁ%fﬁﬂs%@ﬁ ﬂbgge 0 (e.g.,

that entity that sent the data to transm't di fferent that
t he source -ofnhbet ' : 0011{}‘ praoblemis that the
transmtter g|f;s g%t"q%@b‘gﬁd‘%és’?’gﬁ@%‘”&ﬁﬁ‘”@i%’hﬂ"{‘? fqgaibﬁzis a CMOS
circuitry) C jncr.easi.ngl re power as, th speed of the |anes
i ncrease. 5&%02]082‘?5%&%8 Sugfgaé?%g%g?gtrarﬁpg[j YOI MRe present
invention is.il trated b f exanple, and not Ilimtation, in the
figures of tI%éel'ag%MéH&nﬁéaga@égﬁrﬁa%qaq?ma@{e indpddug! spmnaiestionndi cat e
simlar el errfents Fmd i n vvhi_gh: %)0013] Figure la shows conponents
i nt er connect 8% hr YuRiRMPIgJElane Ogranemitsiasa trst epramenisatiompsneed s
i nterconnected through a mesh of point-to-point |inks; [0015] Figure 2
shows a mul t9Md 18Re 1fansnis@siasraong siommunicaiionmhannelkthe gonedesdf the gur e 3
shows a trangnitter for a nulti |ane unidirectional point- to-point |ink
havi ng | ane gariedihy iangB ée-gofthatcaritipethabsarns thndata hie trangmitter 203)

would be different that the source of the data carried by lane 1.

[0011] A problem is that the transmitter is apt to be designed with circuitry

(such as a CMOS circuitry) that consumes increasingly more power as the

speed of the lanes increase.




vol tage as input paraneters; [0017] Figures 4a - 4c show different

i npl ementations for effecting control of the three paraneters described

above with respect to Figure 3. [0018] Figure 5 shows an exenpl ary nodel
temusing point-to-point |inks between an 1/0O control

of a corrpuéizg% s%]s |
hub and I YOXBIPEES 6 WO 2006/ 004781 PCTI US2005/ 0229 76CT HRA%Y VR
Description [0019] Figure 3 shows a transmtter design 303 for a nmulti-I|ane

uni - directi ghoi nt-to-point link that provides for variable control
over three Tabl es that together determne the transmtter's power
consunpti on b i dih..1) |.ane. ed; 2) the, nunber of, active |anes;
and, 3) supB@Q]voﬁﬂggégéﬁ%#ﬁen{'%[sﬂiﬁﬁﬁf‘%ﬂWW?VPB%XQ(W%{ﬁ’sE?ﬂdt R shoul d be

under st ood tlo. mean, tﬂe bandwi_dt h of the multi-|ane unjdirectional

poi nt - t o- poi 'HEELCAIN thGfawies of fe agcempanyingdrawings épwhighfike t or ed by t he
nunber of active |lanes. For _exanple, if there are eight active |anes that
each run at '§EPES IBFicaigrimilgy alemens andinwhigdadwi dt h of the nulti-| ane

uni -directional _point-to-point link associated with the transmtter is 6.4
Gb/s (i.e., W80 Figuwedasipwsmomponents inte@gnsipctefidioRoph Bybust | owi ng t he

| ane speed, the nunber of active |anes and the supply voltage to be

pr ogr anmmabl 00341 anEigire 1 showsreamponentsrintssconnecteddniough medestoofoper at e at

an appropriate bandwi dth with reduced power consunption. Before discussing
how t hese priittdenpaistténksir aneters night be used to provide for acceptable
bandw dt h and reduced power consunption, however, a discussion of the

desi gn of t 0916} anFigure & siees amulti lane unidirectional point-to-point link:

[0016] Figure 3 shows a transmitter for a multi lane unidirectional point-
to-point link having lane speed, the number of active lanes and the supply
voitage 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 /O control hub and 1/0 devices




Figure 3 will first be provided. [0021] According to the transmtter design
303 of Figure 3, each |ane has a queue that queues parallel bits of

i nformation; where, each unit of parallel bits of information may be
referred to as "word". For exanple, continuing wth the exanple discussed

in the baRFPB0H*here each lane from ampngst a t ot B¥TBFOEYEHS acti ve
| anes is provided with a different byte of 7 WO 2006/ 004781

PCTI US2005/ ﬁﬁgﬁ% D'egéﬁﬂﬁé' on froma larger 64 bit input, each queue woul d
recei ve one . rent bytes and each different byte woul d be
referred to .d_(e.0. eue 01 would receive a first word/ byte,
queue 3102 \R@@gj \;\?&?Vefs'go‘@%%grﬁﬂsﬁﬂgéﬂéﬁ?%ggétﬂ?fﬁ mutslang URbl i city, the
circuitry th%t f,eﬁ%s the |l ane  jnput queues 310 is not shown in Figure 3.
[ 0022] Each tetrRl Pajigrta-nodnt link At arqvides fpg ergbla eondilioyerdbreesed by a
parallel to serial and encoding block along each lane (i.e., the word
removed fronyaiigbles thaidegelhepreiersivedheirapsmifiers power eensuaiptian@ndncodi ng
bl ock 3201; the word renoved from queue 3102 is processed by parallel to
serial and craiswidih: b) lgor sBeed:2) thenymber gfactive inesparsk 3) alippnd encodi ng
bl ock perfornms two functions: 1) parallel to serial conversion; and, 2)
serial encodiltage. Heo23he bandwidt ofttbe fransmittec shodd Hieamdesstddietopr ocess of
converting word into a serial bit stream For exanple, again continuing
wi th the exanphethsheargdwidthef trmmuitdade shideetttonahpoihttoepoitti@kcor r espondi ng
parallel to serial conversion would convert each byte fromthe queue into
an 8 bit serwith, istureainthSéricadpeed ¢adddred bythe npfmbee sbadtivalariist FEpt S to
reduce the probability

example, if there are eight active lanes that each run at a speed of 800

Mb/s; then, the bandwidth of the multi-lane uni-directional point-to-point link

associated with the transmitter is 6.4 Gb/s (i.e., 8x800 Mb/s = 6400 Mb/s =

6.4 Gh/s).

[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 paraliel

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




of data corruptions stenmng fromspecific data patterns and the manner in
whi ch these specific data patterns are processed at the receiving end of
the Ilane. Various forms of serial encoding techniques exist such as 4B/ 56

and 8B/ ]@tzg&%g%g is inmportant to note that |ane ffﬂ:}gz%"{s det erm ned

fromthe |ch bits present thenselves al ong P58 %pbit stream
that is created by the parallel to serial conversion process (and,

typically, tiﬁﬁ)rﬁ'%'hbﬁk‘ro& AargO08 BPhpBL eBEHhH?%’@éPIQ%@@&@e of@6Pdi Ng

techni que as well). Because the serial and serial encoding

Func ELZO% S‘t“'ﬁé“;"??feeﬁé’u"é?s’x@ 7 A reigh(Y g%‘é!@“@kﬂ% £ g%%ﬁda h
340

of the. par A& AR ol feE st WS rfﬂﬂﬁ BB 506 ol ong

ELSC.en?FSde?s%??‘W?% o F'ﬁ95’2 ?&%'wghc'@h@efcarguuya 05/ Beds e 100 output

cl ock si gnaI[. ) %b rrent nlput 360 rovvs to the PLL's feedback
divider to s8P tﬁﬂ@”ﬁﬁﬁ § P% fi@Yieti cation of its input oscillation

frequency. secand enbodi ne ut 360 sets the PLL input
oscillation @@dugﬂ@yeww H’YO Eés Efmo‘%f/i from, jtg ﬂB?'éS(ﬁ%Pf%eﬁ%fE'éY@ from
different in CI | | ators, using an input oscillator capable of

confi gur abl eg é?”%ﬁ“fjre@&ﬂ‘é'ﬁﬁﬂo [Almetackdeng dieedhe word o how the PLL
out put cl ock si gnal frequenc controlled, note that the ability to
control it d’@ﬂ%@ﬁ@'ﬁﬂt%@%ﬁé@ﬂi praseased bif paretiel to serm@ng@nandingr s t hat can

be configured for the transmtter 303.
block 320+; the word removed from queue 310, is processed by paralle| to

serial and encoding block 320z; etc.). A parallel to serial and encoding
block performs two functions: 1) paraliel to serial conversion; and, 2) serial
encoding.

[0023] Parallel to serial conversion is the process of converting word into a
seriéi 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 se‘rial encading techniques exist such as 4B/5B and
8B/10B.

[0024] Itis 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 fo serial conversion process (and, typically, the serial
8




Better said, recalling that |ane speed was initially referred to as one of
the three configurable paranmeters, and noting fromthe discussion .

i medi ately above that |ane speed is a function of PLL output clock signal
frequency, - |l ows that input 360 to the PLL correzgonds to the first

of the ad‘?’ﬁ%%ﬂtﬁ@ﬁ{@l paraneters: |ane speed. [0027] Bef B8V EERF R ng, it is

I nportant to note that in sonme enbodi nents the serial encoding function

b i m aad [ . B&¢ tad.ntegrity
robl o 15 (Tor oy as Hed), BocalsR e SR AR Bl 300! 022076

signi i cant cRafmdIciRiuis SRRRCEIRERSRRS, ARSaRRBNIRERI M 1 gher up”

In the systemthat the transmttler I's & par n such” case

oY, RRCk30oRfe A (54 TR RPN S85PLbEY A Seifeil o oc!

that includes parallel to's crrcul seri al

ter). 0 f. three confi Uﬁbleprarretersisthe
ﬁﬁ%gi of) a%’?%’g'h?%n%g%‘jg@m@@ﬁﬁ'(@%%ﬁ%@'&&ﬁ%ﬁ"% Qiogﬂ]ednd en(r:]odi ng is
lete, t ded serial hit stre that is created al ong each active
Icgﬁlne) iGSesentggrﬁg&ggaﬂl?)eqndcﬁ"tce g b?‘@.“@%gbt E@O%%éa@égﬁr&m@% stream
roduced by bl qck 201.is nt to driver 3301, the encoded serial bit
gtream proéu%sé‘geﬁﬂflte I"E)%kgur‘?égz is sent to driver 3302, etcb): A driver is:
1 | ect | ¢ circuit esigned to drive an electronic bit stream over
a)n 2>r<]t gnggdr[@%aneﬁfe' gpte tg?t thgr’? LE1 el S4B fraludes eanapiti3eaiior seitingonver t s an
electronic bit streaminto light that is launched onto a fiber optic cable
for transni sEPHPATREY @fiine RL-b oyt clack signeb . injaoirsoembedimiest, intd dri ver s

3301 through 330N are el ectronic or -
360 flows to the PLL's feedback divider to set the PLL’s frequency

multiplication of its input oscillation frequency. In a second embodiment,
input 360 sets the PLL input oscillation frequency outright (e.g., by
multiplexing in signals from different input oscillators, or using an input
- 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




el ectro/optic, note that each has its own corresponding enabl e/ di sable
i nput 3801 through 380N. Activation of a driver's enable input causes the
driver to be "enabled" so as to performits driving function. Inactivation

of a driver' | e i nput causes the driver to "dis " sQ as to be
unabl e pe E)gﬁqﬂoﬁ{}g}) driving function. Because the driggﬂl/ﬁgzio?%oﬁ?gf?y (and/ or
| i ght source in the case of an electro/optic driver) is effectively turned

of f when t hesighifivant cofcstinsitEhashcoding piédasshas BReH HeFofheHidHeR Dk ¥ | ess
power when itgi s di sabl ed as corrpargepgéto when itrﬁi%s enabl edd. 1% WO

2006/ 004761 [RGHS SRAERTAREL Hans kAR BD3 1018 pdflof STn GRANIRLI LA li nes 380

therefore control how many active | anes gre to exist and, 1n so doing,

al'so ef T ect SAPCAPHEVIGRIMTbY Beifa Bgf‘aél&"t‘érﬂiéleﬁr{é@{@g} htfleglds. e €.

al t hough not specifically sho e 3, an chani e that flow_stto
ticul Lyar o] n isable the circuitry
br ecedi ﬁ;b?r edf?“;ﬁég%%ﬁfa@gﬁf‘éw%?ueﬁo%ralréiﬁoes%r%sggtrgwggtg cerial and
ueue) .
ggrco?jggg i hcre gﬂﬁll%rﬁekgﬁ%ﬁﬁﬁgﬁﬁrg cggﬁ%%éfaaq?&me(ﬁ@ |St|1ﬂ8l"€'§§%°gtransm'og t]er
| I . g it ill be "on"). [0031
or cover - atetia repo O acheale ELseral Spieraaa Ay entedina ospuse §)f [ﬁn
i I by i i ng..t PLL t put cl ock signal frequenc Wi
a1 so | nor eadBS ERLRLH S B siterm St st es o a3el pelkerenagaenty . t he
nunber of a%ti ve | anes and the | ane speed not only determ nes overall

transmitter BEAAWCHEFCYHE Qi B8 gosedrd seripb bl siream preduasddiviiocky of this

detailed description) - but also plays an inportant factor in determ ning
t he 3204 Is sent'to driver 3304, the encoded serial bit stream produced by block

| 320, is sent to driver 330, etc.). A driver is: 1) an electronic circuit
designed to drive an electronic bit stream over an extended distance: or, 2)
an electro/optic transmitter that converts an electronic bit stream into light
that is launched onto a fiber optic cable for tfransmission over an extended
distance.

- [0029] Whether the drivers 330 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 (andfor 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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i i tion is
overal | transmtter power consunption. Generally, power consunpt
best kept |ow, particularly in the case of battery operated devices such as
| aptop conputers (so as to extend operation |life tinme under battery power).

: . : . . : . lo
0032] The..t tter design 303 depicted in Figure 'm?'rh capab
E)f adj] us[@ﬂﬁgﬁt%ﬁ@%lane speed and the nunber of active %%%ﬁ@ 3 FJK(’Z se
enabl es a particular desired bandwi dth to be configured that takes in

account, w §0030]e Trepirivef enableciisadle Krive 380ansmkdk bnfolNEhafPnSUNPt i on.
[ 0033] For exanple, assumi ng that power consunption increases no- linearly

Wi th each i nactwedaries areab esist SRE6A sb Hﬁﬁhg?é‘l% effBg thirerg:%%l' ¥oﬁ@uﬁ{bﬁ§ ch 1% Vo
2006/ 004781 PCTI US2005/ 022976 activated |lane, 1t y turn ou at: 1)

"1 ow bandwi difftfie bieds texBinRidr 3bb.eiHere,'éPm8§§h ﬁﬁ["?ﬂecﬁﬁﬁ@’%}dnﬁﬁcoper ating

poi nt through reduction of active [anes at the ﬁxpenle 0 re?sed | ane
ed; and, el G S ot hd ejr | owes owe

igﬁsurrpti on %%lérreg’%lr?g poi nglﬁgﬁ%ﬁ%%?e%ﬁgﬁﬂ{:@# I@%‘f i"ﬁﬁ'é:"%@%ﬁ gta tlgg %/pgnse

f increase t:) AS: ] 0 e f,ormer,

i nk may bqucs%ﬁft?gﬁ?%%%ﬁgyes?'ﬁg|t@5§% E‘SH@(‘: fﬂ‘é%ft(‘ﬁﬁg?%i_eiu at a 100

Mo/s (i.e., '511184 nes ig reduc 0, e mnii _

one). As an '%Q%%g?@%ﬁ‘ﬁ_‘?é@fa@ér'? :g"ys??@%?@z?rl fﬁ;ﬁz?g@eg?ﬁgb 8u'r\/g;jsw t h

(e the TR 8L 88 tnkEleaRo Tao o erAsiohe nBTeGeT estianes but t he

acfﬁ/é | ane is.ncreased by a factor of 16). [0034] The preci‘se

conbi nati on V@ﬂﬁ%ﬁegﬁé’ém ?'TCPOHT%S. epsiRpligras wholg (peeause muge r:;a;:ﬂes gir n?t

| east approachef ail%gl,ma, transmtter power consunption oper gnp

for a parti CUPHFY M"hRE hdwi dt h can be

[0031] Moreover, at least for CMOS circuits, increasing the lane speed of
an active lane (by increasing the PLL output clock signal frequency) will
also increase transmitter power consumption. Thus, taken together, the
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, Ii_kewise
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




determ ned by those of ordinary skill; and, noreover, is a function of the
underlying technology (e.g., electric vs. electro-optic, CMOS vs. Bi-CM3S,
0. 25pmvs. 90nm etc.). As such, a detailed discussion of how to determ ne

t he appropri nbi nation is not necessary nor practical for purposes of
the pr eseﬁ{‘”?@i‘%?%?bu on. That potentially a wealth of PEPP%’P%W&;
conbi nations can be set for any one bandwidth (e.g., for a 2 G/s link:

One 2 bl's | aBiatedlane! Whal tGh Sut FERET I bartdibin? fMBrioil dBRS: OT. el gt

250 Mo/s lanes, etc.) so a&s to provide a sprea erent power
consunpti on QREISALHRNG: B - f ich.js at or clgsest to a
theoretical m nlsrrg? .povverSB@t'%%ES@ﬁgkﬁ%%rM%gg% gazafé'y% Iar](",E’Snsurrpti on
operating poi f . ] r. (regardi of the. transmtter's
under | yi ng tggﬁﬁoﬁ%‘g&%@?}&'ﬁ?&?%& %@F&%‘S‘%rﬂ”%ﬁi@hgﬂcﬁﬂd%o Athird
progr anmabl e_§ re is the power consunption of .the driver itself. The
ar chi t ect ur eeglﬁgii'—'ﬁfﬁr%w%ﬁs% CRURYMHO %r@mg\m@qh%@@rw%ma ofame supply
vol tage from.a power s 390. Here, it is to be wunderstood that the actual
suppl y vol tglj"@etsﬁg?d ?EH?WPP%"{)‘HCW aghye 180 conin Asarnseaiied t oo. For
exanpl e, accoydi to on nbodi ment, the supply voltage that is presented
on power busoé’gg?%ﬂ??rb%@ﬁ&m? ﬂ@k migy be eonfiguredwitgra single aciive eeeer , al t hough
not shown in Figure 3 (and simlar to the enable |ines 380), the power bus
can be rout etfatepgatasata i) Mbis{eee thecimbsr of @stive lenee isdeducdrbtodr i ver for
each |l ane. As such, the power consunption of each |ane can be directly
ef fect ed t hr B&JANEAOyalenf ose).t Ae an eppmplevaithe tpter, a[XRS6Ys link may i ous
embodi ments however, particularly in the case of "off chip" drivers, the
drivers are beronigumcewih abdi=jadenasddiny activatsdraralwonfigighieo operate

at 200 Mb/s (i.e., the lane speed is merely doubled from the former example

but the active lane count is increased by a factor of 186).

[0034] The precise combination of lane speed and number of active

drivers 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 skiil; 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 detalled 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
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supply voltage (as conpared to the circuitry that precedes the drivers) for
pur poses of driving stronger signals over the lane to the receiver (i.e.,
the "load" that the driver nust drive). Regardl ess, because | ower supply

vol t age r&ggh%%glo,@\kl ower power consunption for npst (Iéﬂ%%tgﬂs?qlﬁl? 7ﬁe| ectronic

circuitry, 't r consunption of each active |ane t er
nodul at ed t hrough supply vol tage adjustnent. [0037] Here, in nost cases,

the m ni mum Mrﬁﬁh%pﬁ%%ﬁiﬁ%%%Wﬁ?@ﬁiﬁterﬂeﬁé{o@&s%%% gured for the

transmtter. The two nost s I cant ctors't can affect the m ninmum
accept abl e pe¥ERIms ' DS w1 . t he | owest
supply vol tage trﬂagpiggx?%@@atggpnéiﬁ%ﬂﬁn' éﬁ?@%ﬁbpqg %%@%04781
PCTI US2005/ 6 ) 8v. for a 0.25pm ClVD% rocess); 2)
the size of QE ﬁei I aArg‘i@{w‘{’ﬁfgﬁ"‘ﬁ%‘?mﬁ@}edﬁH“%W"YGF{&OH?WB?@ ? §P'%onf igured to
drive inlig f e | ane. speed.. [.003 In the,case of the forner,
general ly, t Veszﬁélﬁy-r(}%?fcﬁaﬁ Ef?o?fléigwgg SW%%EC“&@Z@%&W%% | owest rated
supply vol ta%e &unl ess COI’]SL1| tation_wth \Brocess and/or transistor |evel
desi gn engi nESPYNGRPYPe SHER'Y YEHRIR BN TP WerdUSEr tHaren is tphet he case of
the later, the, size ?f the |argest load is readily determ nable by those
of ordinary ‘Yidarstopd that e actralsmpplyi@ltage thatis wnﬂﬁeégntpﬁwer be$g8® of the
| ane between the transmitter and receiver (e.g., "lane length") and’
whet her or N bdadivgied toe Ferpamme.crcarding e embedmentéaance
transm ssion line. Generally, the larger the |ane |oad and the higher the
| ane speed, SUPPY valigee thatds pigsphipdvasl pQvRr hvsE98danbeammord.3la b, s
acceptably received at the receiver end of the Iink. Again, those of
ordi nary 1.8v or 1.3v. Moreover, although not shown in Figure 3 (and similar to the
enable lines 380), the power bus can be routed so as to supply the circuitry
that precedes the driver for each lane. As such, the power consumption of
each lane can be directly effected through adjustment of the supply voitage.
[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 ali) electronic
circuitry, the power consumption of each active lane can be further
modulated through supply voitage adjustment.
[0037] Here, in most cases, the minimum acceptable power supply voltage
will be configufed 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




skill can determ ne the appropriate | ane speed, nunber of active | anes and
| ane supply voltage tradeoffs that apply so as to configure a transmtter
operating point that corresponds to a working operating point (anongst the
possi bl e rKki perating points) that is at or closg a_theoretically
| owest po%?b(oéﬁﬁgglm ng, working, operating point. [OO%‘gl‘]tméfﬁfl?@”[%“ review,
the transmtter design of Figure 3 is capable of adjusting transmtter
povier_consumBLhAglofple 6, AAHLA b5 ICRRREG Py inE e dige par anet ers:
| ane speed, the nunber~ of active nes, and | an€’ power supply voltage for
pur poses. Ac ' t ' , cl i et . n each of
these three I%ﬁ%he%%grtga{%%ﬁp%rt?% gﬁY%g%a%dpq%gng{&érgr@gn Iﬁﬁﬁg ently
observed as Igeg?s@g%dth and power consunption control unit 14 WO
2006/ 004781 05/ 022976 370. In practice, the "intelligence" of the
bandw dth a wer consunpt.i.on.. control ynif that actually determ nes the
proper par aﬁ@q s&f ‘f%ﬁ?&%@f%&@ﬁ@%ﬂ%ﬂ&%ﬁ%ﬂy V?@Qf.s,hy%'ﬁje”‘ﬂr nore of
bandw dt h a;h()j te era% ure) my bﬁ in&l engnted "on-the-fly" according to
any of a weal® REIGENGRHY bpdowestratef suppfy yolaga (Upless,capsiltagion withsof t war e,
reference to a | ook-up table, processing through conbinatorial |ogic
circuitry, CURBRFRANMPIISisiordevl desion epgineersorrer tharaygharodslisegs,
particularly, where the aPpI i cable environment is expected to remain
"fixed" overiSundentaken) frethefcasnef thedaterithe size(od thye largdstload ikreaddy bet ween
conponents within a | aptop conputer), the proper conbination can be
pr e- det er mi ridemaingble byyheseofardinary akilloh fighiue vadeus fackes sadiossihe and | oaded
into a systemthat uses the transmtter as part of the systems

length of the lane between the transmitter and receiver (e.g., “lane length™)

and whether or not the lane is implemented as a controlled impedance
transmission fine. Generally, the larger the lane load and the higher the
lane speed, the larger the supply voltage needed to ensure data is
accepiably received at the receiver end of the Iink. Again, those of ordinar)}'
skill can determine the abpropriate lane speed, nuhber 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




manuf acture (e.g., loading the proper paraneters into the BIOS ROM of a

| apt op conputer). Each tinme the systemis turned on, the transmtter

paramnmeters are configured in accordance with the systems factory settings.
and possible inplenentations for the bandw dih and

il
ngnzrnggﬁ‘ggﬁ‘%@og‘ﬁg%ontrol 370 are discussed in nore dEYHPPPBEP&R with

respect to Figures 4a through 4c. [0041] According to each of figures

Figure 4a t hgpslom diacticd, F}T@""intéﬁ} end?’ Bt’fgggo%Pg&vidtﬁ%éB gg%}acé ubdrtion.

information fromwhich a t he parane rt1 cul™ar "envi ronment

are determ n%tro'ﬁﬁﬁi?thgg%cmaﬁgHét'r%grﬂingg Weepl:[og(é}b ﬁ%gmge?ér r%?gorllﬂi%ef fected

t hrough execution o twar erence k-up tables,
processing t ' rial logic circuitr conbi nati ons of the
above, etc. %Bn& #ég@g(sé%&ﬁ%%gﬁw?QT STh 'P?@P%%%*(% 3p9 Erorsi e
PCT/ US2005/ 022976 . _envi ronment . i xpected to change ogver its lifetine,
cl oud 401 is™&Y et'@pgénerg%‘ggﬁh@&%ﬁa %é’§9§? 8hY Phavegitb pedifferest i s a part
of (e.g., a copputin system qr ngtworki ng system. In cases where the
transm tt er ' €CMUAYES execubgmetiativare, rgieréncesig alpek-upttablei f eti ne, cl oud
401 may be a_ non.volatile read only nmenory that is |oaded with appropriate
i nf or mati on PTAGPISINY MERHENLANTRINAgrigilogip sireyitty. enkinafions of femheveng systend s
BIOS ROM. [0042] Figure 4a corresponds to an enbodi ment where all three
paraneters &6 effectively provided and | oaded into register space 402a.
Regi ster space is the area of one or nore registers that can be | oaded with
i nf or mat i on[00401i Isothepcasam padigulady, where theyapplzable aviroemest iar e used to
set _

expected to remain “fixed” over the lifetime of the transmitter (e.g., the link

is between components within a laptop computer), the proper combination

can be pre-determined (e.g., by any of the techniques described above)

and 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 fo one

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

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




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
nunber of | anes that are to be activated. [0043] In an enbodi nent that can

conformto the depiction of Figure 4a, the register content describes the
nunmber of‘%éﬁ%@"‘ggl be activated in a binary fornat %‘%‘I}'&%&%’@é‘?w? ogi c

circuitry 404a converts the binary representation into a "one-hot encoded"

format out pusmAdAsent gees)@gt&-gg?% Cg&ﬁﬁé)%%} -ttstﬁgélff@ﬁ, ﬂogj\sgi Ss ggp{otbef or each

i .
| ane where a first bit ) he™ correspondi ng | ane

corr espondi rg e e 6R Rattansbih T axBitsie o d ol to the 1 ane
that it corr in_order to,control it ctivation. A third portion
107 o T SHNEPDy Sottulititols il i 100

X up, vol. (e.g.,
shich v Ut APOVFICS erﬁe%tfg p Ea?&ﬁ%ﬁgwtéthsgﬂgm difadonviog. 05 oo
According to the roach of Figure 4 e second regi. >
r egi stergspa{l@m@ﬁ‘gf only, memars dhatisloada with gppepprialedinformaien can be i
i npl emented as described above with a binary to one-hot decoder 405b. The
PLL cl ock frifingmeanuiaciuringalthe sysiep (ead-1 agemarting sysiera’s BIOSa way t hat
enabl es the%ﬁ ly voltage to beﬁdeterm' ned froma first region 403b of the
regi ster spﬁQBﬁOZb that determ nes the PLL output clock frequency. Here,

the first region 403b is as descri bed above with respect to Figure 4a
(i.e., it Bl?!l‘ialthﬁiwg%mowspmda:tb v e it witreizdl tatego used to set the

supply voltage.
parameters are effectively provided and loaded into register space 402a.
Register space is the area of one or more registers that can be loaded with
information. A first portion 403a of the register's contents are used to set
the PLL output clock frequency (i.e., corresponds to PLL input 360 of
Figure 3). A second portion 408a of the register's contents describes the
number of lanes that are to be activated.
[0043] Inan 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 {ane 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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[ 0045] Here, the information that determ nes the PLL out put clock
frequency is forwarded to a | ook-up table (LUT) 410 that determ nes the
appropriate supply voltage in light of information provided fromregister

space 403 ok-up table 410, in response to this_ information,
provi des goﬁg&g)ﬂﬁb? r (e.g., a word) that describes th]éc'ﬂﬂ%lbﬂ?qu?%{fe supply
voltage. In response to the receiving of this paraneter, the programabl e
supply volta i : " e} e for the
configured Pﬁfp@gigaétgeg}ébég’ﬁﬁéi%%ﬁ&. '?@%tﬁgﬂmﬁ(’ eéﬁlothf’ag be inplenented
with a non-v i sg=enory.” Alternatively, LUT 410
could be i in'?%ér{b@ng%\%lﬁ{p%@gﬁg}%ﬁ&gl 5C)gi c that calculates the correct
supply volt utight. [0046] Figure.4c is,simlar to that scri bed

" above with 3@@%‘&%‘9@&“&&?%‘3 %.%Drgg@%ﬁé 'BhER 46ht5]el5§E° tegian 44 frequency
is set as a unctj?n of thg 1&@%/\0@0?6/ 04781 PCJ/ US2005/ 022976
appropri ate SHJFOSE)SPReR A0 haE indic e awugoes phagiveshiversi i kfes a
description of the nLAnbe of drivers to be activated 406¢c (which is then
decoded i nt oMHHEMRRE faérc{?éP”tPﬁF’ AswEh adinary topne-hetrecadercddSbon of the
proper power_supply voltage 407c. In response to its receiving of the
i ndi cation ofh§ EELMFT%IHBWW&%WW@U@Q%\{OKBQH arg] refatet iroy well $hatnf or mat i on
460 that sets the PLL's output clock frequency. Again, LUT 410 could be
i mpl enent ed §aiesathesupply valtagetcRapreierminsd dronag died segiemddsb of the
Al ternatively, LUT 410 could be inplenented with conbinatorial |ogic that
cal cul at es tlegisterrapace 4682 fhaj detsirmings tbaPLL ghutput cRK TleqBediayt Hatescussi ng
Figure 5, it is inmportant to note that the receive

the first region 403b is as described above with respect to Figure 4a (i.e., it

sets the PLL output clock frequency) but is also used to set the supply

voltage.

[0045] Here, the information that determines the PLL output clock
frequency is forwarded to a look-up table (L.UT) 410 that determines the
appropriate supply voltage in Iight 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




side of a link can simlarly adjust power consunption for a particular
bandw dth by adjusting at |east the nunber of active |anes and/or the power
supply voltage of each channel's receiver (and perhaps various receive

channel c‘ivé%l‘%}gé‘}é?lt hat follows the receiver such as apgl{e/ﬁ%ggﬁz%%iggcuit
y

fol |l owed lal to parallel circuit). O course, _ r of active
| anes on the receiver side should match the nunber of active | anes on the

transmitter agh@Briafe ]y \%ﬁ?%"%aﬁ&%g%&ér%ﬂ%%é é?égé/u@jgg@leg)é mrrors its

transmtter side circurtry, us, referring i'n one

Fol I owed by SoxsPRefof St (B8 o BT 4B et BIFEE, ol | owed
pover suppl y S Ese ORI By PR Sler R Sheoeh bieaden AbMe el enent s of
or i nact 1 ve BOPECERPPLSIbHY Viondlze: T mophiers Inceegoonobiees
transm ttor CRECARH] IoFBesSHBDlY BoteSA0Tan LT B0 raddes lamaril 5. [ 0049]
Figure 5 sho%&é%ggb%%ﬁnt of a conputing system The exenplary

conmputing sy Ls quiyt Glask fregyengye Againd T 410 owddbers 501; 2) a
menory control hub (MCH) 502; 3) a systemnenory 503 (of which different
types exist GRigMgate mmn—gpj)@jll_ Meargalpdom peeessonemens04; 5) an 1/ 0
control hubc&l CH) 505; f%) a graphics controller 506; 7) a display/screen
507 (of whi chitamativehe kTt 4ok be impletientas! with todeinRayial Byieeh4tCRT) , Thi n
Film Transistor (TFT), Liquid Crystal Display (LCD), DPL,
calculates the correct supply voltage outright.
[0047] Before discussing Figure 5, it is impottant to note that the receive
side of a link can similarly adjust power consumption for a particular
bandwidth by adjusting 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 the number of active lanes on the transmitter
side.
{0048] Receiver side circuitry typically mirrors its transmitter side circuitry,
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 cireuitry, 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
18




etc.; 8) one or nore I/0O devices 508; 9) one or nore data transmtters 5009.
The one or nore processors 501 execute instructions in order to perform
what ever software routines the conputing systeminpl enents. The

i nstruct iﬁﬁﬁg&fﬂﬁ@#’f”t ly invol ve sone sort of operati O'{}:@@%Bog‘i?gz%gﬁ upon dat a.

Bot h data uctions are stored in system nenor ache 504.
Cache 504 is typically designed to have shorter latency tines than system

o1 con ohi prayenRaarRicng AR reeBte click o bR BARRIES Y foddBeer " "Sram
cells whil St‘]‘geéébﬂen%ﬁgr'%&%g %&é%ﬁ%w&&?_construct ed with slower DRAM

cells. [0050 requently used instructions and

data in th he s.,oppased to.the system nmenory 503, the overall

per f or mance?%q |ciré%g€e fshpﬁ% a@o‘?’?ﬁmq“ﬁ'ﬁng?fé%‘?ﬂ’}? stem.gTh® em nenmory 503

I s deliberatel de avai.lable to or_ther conponents within the conputing
%?S%_'PPB? i

system For ¥ copnpuiting systea e Rigure: 3 Micupgs; § 9ft/epPaces 19 WO

2006/ 004781 PCT/ USZOQ(E/_O%ZQ?G to the conputi ng system (e.g., keyboard and
mouse, pri ntRIPCHEPrS 9QTi) sgnemonperidiel ek {MCHY 803, Bra systern evardoryr om an
internal storage elenment of the conputi ngwg stem ée. g., hard disk drive)
are often t hwhich differaativpes exisksushae é(R/SM5 BOORANK etcg); dhei r bei ng
operat ed upon by the one or nore processor(s) 501 in the inplenentation of
a software prasge &R Poash contrpl hut YCHYHEOS &) legraphiss Eonterller BOGIGHam
determ nes should be sent fromthe conputing systemto an outside entity
t hrough one afisplaw/sceesnhori (afwhightdiffaremtttepdsedst suoh astQatiestid Rép an i nt er nal
storage elenent, is
Tube (CRT), Thin Film Transistor (TFT), Liquid Crystal Display (LCD), DPL,
etc.; 8) one or more /O devices 508; 9) one or-more data transmitters 509.
The one or more processors 501 execute instructions in order fo perform
whatever software routines the computing system implements. Thé
instructions frequently involve some éort 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 avaitable to other components within the

computing system. For example, the data received from various interfaces
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often tenporarily queued in systemnmenmory 503 prior to its being
transmtted or stored. The ICH 505 is responsible for ensuring that such
data is properly passed between the systemnenory 503 and its appropriate

correspongj uting systeminterface (and intern (glevi ce if
t he corrptr}?ll)ggmgj@s emis so desi gned). The MCH 502 |S%Cr@%g%§?%l7e for

managi ng the various contendi ng requests for system nenory 503 access

anongst the forthe esmPULing sfidm (Bl HyBESY MAMbINL HRAter psiAT/RYPoR! €MENt S
thatgmay pr oxi mat e?? a?? s%.gi n (t i@trre vs\(/ith respect tg onep anot hgr. [ 0052] One

or more 110 meuemasrt 8. pbiefeted ndhi STRRIRH didtafe Bidth&tlor yfemPUL | NG

system |/O devices generally are responsi ‘transterring data to
Targe scal o SoP S PERINERYIHS AR S o O SHAR IR BN A 1iT | ar o
and cach’ || 'S Areolg S0P Pkl Ao Apkdtba LR Ry ahe abf BEmare point 1o
s 20 w0 2000 TR e SR ABlEERESBRT o sgBHer 86  ne ot her. A data
R N PR e R S

conpl ary crBRITCAEPERGSa1em o Spepke GO ama gont  hal vari oUS

nmodi fications and changes may be nmade thereto wi thout departing fromthe
br oader spi rfAMRYYAY SYIFE igteriagss. ahainled #io a8 irfenal storage element, is

often temporarily queued in system memory 503 prior to its being
transmitted or stored. The ICH 505 is responsible for ensuring that such
data is properly passed between the system memory 503 and its
appropriate cofresponding 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 computi_ng 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 itseif
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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forth in the appended clainms. The specification and drawi ngs are,
accordingly, to be regarded in an illustrative rather than a restrictive
sense. 21 Clainms 1. An apparatus, conprising: a transmtter, conprising:
a) a pha op ci rcuit having an input to adju si gnal
frequenc?ggfz&’g}g?ﬁ?phase |l ock | oop; b) a lane circui tsécoﬁ&égog@%%a
plurality of lanes, each lane circuithaving: (i) parallel to serial

circuitry dwmke&mﬁmemtt@erchm trahgrnitter 500 Mal befpls@ddoditase | ock | oop
circuit; (ii) an enable/disable input node to acti vat el deactl vat e said

| ane circui tdmirPsrdesmaybdret-tbasdmt link '(bétwaeﬁteh&?r/ofdiéw tj eam from

said parallel to serial circuitry; and a progranmmabl e sup y vol t age
source couplggyat |east to said driver of each said lane circuit. 2. The
apparatus in claim1 further conprising bandw dth and power consunption

control cir y a| d
pr ogr ammabl sé'l.],’ p|'§q't"/%f°?g%‘s'ﬁ%§§r ce, |§rﬁ]§thsegﬁ§n'h8 ﬁ?gbgﬁ‘@g%?(g Hput node of
each said | i.n clai,m?2 |n sai d bandw dt h
and power cgﬁgu%%rlgﬁ%é fo %Jetc-ﬁ)&lex%ﬂ'ﬁ@ir? & @W?%@Fheéﬁ?ﬁqﬁé@s OWeYeEyi st er
COMPriSINY: ye evident that various modifications and changes may be made thereto

without departing from the broader spirit and scope of the invention as set

forth in the appended claims. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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a) a first output coupled to said input of said phase lock loop circuit;
b) a second output coupled to decoder logic circuitry, said decoder |ogic
circuitry having output bit lines respectively coupled to said
enabl e/ di sabl e i nput node of each of said lane circuits; and c) a third
out put coupled to said programmabl e supply 22 voltage source. 4. The
apparatus in- claim2 wherein sai dChImBAr dt h and power consunption control
circuitry further conprises: a register conprising: a first output coupled
to both said input of said phase lock loop circuit and | ook-up table

circuitry Ar&@ﬁp@reﬁ@@j@ﬁqp’t@@t coupled to an input of decoder |ogic
circuitry, said decoder logic circuitry having output bit |ines

respectively %Hﬁﬁﬁfé‘ﬂtqroc%'ﬁpﬂs@ﬁabl e/ di sabl e i nput node of each said | ane
circuit. 5. The apparatil eC gl e |rCU|try
;DHd:Ep 'o%kmoé Sltﬁ'ng g 4n liRRke i somﬁd@gt %r‘f

is further coupled to s vol t'a
apparatus in claim 2 mkmntpuhs@aaldrémrﬁiwydtﬂmahﬁhmmmmunptl on cont rol

o bot h sai d progriimmat PSRRI J61 eage ol bagal el rosr. eachdge o
circuitry; and clrcu1thavmg.
(i) parallel to serial circuitry downstream from a clock
signal output of said phase lock loop circuit;
(ii) an enable/disable input node to activate/deactivate
said lane circuit’s corresponding lane;
{(iiiy  a driver coupled downstream from said parallel to
serial circuitry; and,
C) a programmable supply voltage source coupled at least

to said driver of each said lane circuit.

2. The apparatus in claim 1 further comprising bandwidth and power
consumption control circuitry coupled to said phase lock loop circuit, said
programmable supply voltage source, and said enable/disable input node of

each said lane circuit.

3. The apparatus in claim 2 wherein said bandwidth and power consumption
control circuitry further comprises:
a register comprising:

a) a first output coupled to said input of said phase lock loop
circuit;

b) a second output coupled to decoder logic circuitry, said
decoder logic circuitry having output bit lines respectively
coupled to said enable/disable input node of each of said
lane circuits; and

c) a third output coupled to said programmable supply
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a second output coupled to an input of decoder logic circuitry, said
decoder logic circuitry having output bit lines respectively coupled to
sai d enabl e/ di sabl e i nput node of each said |lane circuit. 7. The apparatus
in claim6, wherein said | ook-up table circuitry is further coupled to
sai d phase lock loop circuit. 8 The apparatus of claim1l further
conprising a receiver celiftgedsauwceai d transmtter, said receiver
conprising a programrmabl e power supply source and |anes that can be
activated/ deactivated. 23 9. A system conprising: a double data rate (DDR)

Syst em n&nmig/ appar@uP iy cROAtZ WHePEinCsui® IbRfdWedthadrd Emeﬁ)téhﬁﬁﬁliﬂﬁ@iw y; an
I /O controller_ coupled to said nenory controller; one or nore |I/O devices

coupl ed SR CHCYilD fedhereameiisasy way of direct point-to-point |inks; and,
atransmtter {: Qf . one of said point-to-point links, said
transmtter haa\t:/)%{%@rg?ﬁ@ngk}gée | ock loop circuit having an input to adjust

an output signal 4 fiefoetmt colipkaitd wihsaid mpkt bOsald phhse ldekieopi rcuit for
each of a plurality of | anes, each lane <circuit having: (i) parallel to

serial circuitry downst?&ahandlrplup igele cissingianslt put of said phase | ock
loop circuit: (ii)a 88cSNPHLBLELSANLE tb BRUApIOSIIdRdBF IdgiatiFhgggct i vat e

said decoder logic circuitry having output bit lines
respectively coupled to said enable/disable input node of

each said lane circuit.

5. The apparatus in claim 4, wherein said look-up table circuitry is further

coupled to said programmable supply voltage source.

6. The apparatus in claim 2 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 output bit lines
respectively coupled to said enable/disable input node of

each said lane circuit.

7. The apparatus in claim 6, wherein said look-up table circuitry is further

coupled to said phase lock loop circuit.
8. The apparatus of claim 1 further 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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said lane circuit's corresponding lane; (iii) a driver coupled downstream
fromsaid parallel to serial circuitry; c) a programabl e supply vol tage
source coupled at least to said driver of each said lane circuit. 10. The
systemin claim9 further conprising bandw dth and power consunption
control circuitry coupled to said phase lock |oop circuit, said

pr ogr anm@bh eystepplopm@isiagie source, and sai d enabl e/ di sabl e i nput node of

each said | an [ Leui . [ aim9 wherein said bandw dth
and power con%g%{)%o#tagéfﬁdﬁ%?%ﬁ%ﬁ%n}oﬁ#’t her conprises: a register
conpri sing: a3 neerhbRséortdiiBHEoGsIEa 16 @aldoDBRE systdmuhenforgai d phase | ock | oop
circuit; b) a second output coupled to decoder logic circuitry, said 24

decoder | ogi catl/Feepntrallen goviplgddatsgis memoryiceaolespect i vel y  coupled to
sai d enabl e/ di i . S i | LSy dc) a
hird output S8 D9rE8 dPgess BouBRE e R b ontRley BLURY I TeEl D) T
systemin claim9 péiat-ti-poisalicksyamdy dt h and power consunption control
circuitry further conprises:. a re%ister conprising: . a first output coupled

to both said 3 HpDeM¥terdaing prEf oangQf saibpoint-to-point links,

said transmitter having:
a) a phase lock loop circuit having an input to adjust an
output signal frequency of said phase lock loop;
b) a lane circuit for each of a plurality of lanes, each lane
circuit having:
(i) parallel to serial circuitry downstream from a clock
signal output of said phase lock loop circuit;
(i) an enable/disable input node to activate/deactivate
said lane circuit’s corresponding lane;
(i)  adriver coupled downstream from said parallel to
serial circuitry;
c) a programmable supply voltage source coupled at least

fo said driver of each said lane circuit.

10. The system in claim 9 further comprising bandwidth and power
consumption controi circuitry coupled to said phase lock loop circuit, said
programmable supply voltage source, and said enable/disable input node of

each said lane circuit.

11. The system in claim 9 wherein said bandwidth and power consumption
control circuitry further comprises:
a register comprising:
a) a first output coupled to said input of said phase lock loop
circuit;
b) a second output coupled to decoder logic circuitry, said
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circuit and | ook-up table circuitry; and a second output coupled to an

I nput of decoder logic circuitry, said decoder logic circuitry having
output bit lines respectively coupled to said enabl e/ di sable input node of
each said lane circuit. 13. The systemin claim 12, wherein said | ook-up
table circuitry is further coupled to said pro rannable supply vol tage
source. 14. The syst em facedeyilavig ciiseitel havag eubawidei tnes eaﬁwepi\;

consumpti on ~cont ol o1 Eabikh Yo CUid BSLpERIBINS S, o;d%%f%a%&e&ogag@'singr a

first output coupled to progranmma vol rce and

| ook up table circuitrylanengdrcaitseshd out put coupl ed to an input of decoder
logic circuitry, said decoder |ogic circuitry having output bit |ines
respectively coupl B t o2 dBirdoutpas cavpipdde said R‘Waﬁ“i‘ﬁﬁﬂ) ®BUPRlYch said | ane
circuit. 15. The system,ihdd @@ conprising a receiver coupled to said
transmtter, said recelver conprising a progranmmbl e power supply source
and | anes that can be activated/deactivated. 25

12. The system in claim 9 wherein said bandwidth and power consumption
control circuitry further comprises:
a register comprising:
a first output coupled to both said input of said phase lock loop
circuit and look-up table circuitry; and
a second output coupled to an input of decoder logic circuitry,
said decoder logic circuitry having output bit lines
respectively coupled to said enable/disable input node of

each said lane circuit.

13. The system in claim 12, wherein said look-up table circuitry is further

coupled to said programmable supply voitage source.

14. The system 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 output bit lines
respectively coupled to said enable/disable input node of

each said lane circuit.

15. The system in claim 9 comprising a receiver coupied to said transmitter,
said receiver comprising a programmable power supply source and lanes that
can be activated/deactivated.
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