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WO 2006/ 007139 PCT/ US2005017654 CONTROLLI NG STANDBY PONER OF LOW PONER
DEVI CES 5 BACKGROUND Technical Field [0001] One or nore enbodi nents of the
present invention generally relate to power managenent. In particular,
certain enbodinents relate to reducing the voltage supplied to a computing
syst em conpHPEOTHID scussi on [0002] As the trend tonBFHUSMORNIE centr al
processing units (CPUs) with nore transistors and hi gher frequencies
continues to grow, conputer designers and manufacturers are often faced

Wi th correspondi ' ' f W '

Furt her nore, mn‘gémmmi@%a Fg'r oVi dgwg@tttggwaﬁr% smal | er
conponents can at the sane tine result in increased | eakage power.
Particularly in nobile conmputing environnments, increased power consunption
can |ead to overheating, which nmay negatively affect performance, and can
significantly reduce battery life._Becau tteries typically have a
limted320 capacity, running the a nobile conputing system nay
drain the TegRAfcal Fidl@' e qui ckly than desired. [0003] Sonme nodern nobile
conputing SYStens take i nto consideration the dynam c nature of conputer
appl i cati of@0G1} oPuerort Mo eswodimentstafrthe qugsant tigventioor genesaly latedoy

o per f oPRitkE BarSRafelly “lot PerLieG; Corfl Bfindofis, tHiate, 6 bERalBES Fov,
power oper gbitaije sUppliee 36 adjonigitingisystetrecamponghite whi l e waiting for user

input). By Ilimting the high frequency and hi gh voltage operation of the
CPU to ®he time periods in which high performance is needed, the conputing

system canpg ig§ @ significant anount of power. For exanple, when the
CPU anti ci pa%‘ei‘ng idle, 30 the CPU can instruct the voltage regulator to

drop the c§@092fol Aachet tverd towardiadvaneadatentralvprocesging Sinitsl (CPYs) witan t he

PUis to tr)ﬁaorcta L{Far}l%%té)rfsfanc} n%h%?rr‘teeq\ﬂgrllct:igsc’%ontinues to grow, computer designers

and manufacturers are often faced with corresponding increases in power and

15 energy consumption. Furthermore, manufacturing technologies that provide faster

and smaller components can at the same time result in increased leakage power.

Particularly in mobile computing environments, increased power consumption can

lead to overheating, which may negatively affect performance, and can

significantly reduce battery life. Because batteries typically have a limited

20 capacity, running the components of a mobile computing system may drain the
capacity more quickly than desired.

[0003] Some modern mobile computing systems take into consideration the

dynamic nature of computer applications in order to conserve battery capacity.

For example, many computer applications cause the CPU to consume relatively

25  high power at high performance for short periods of time, while requiring relatively

low power operation the rest of the time (e.g., idle while waiting for user input). By

limiting the high frequency and high voltage operation of the CPU to the time

periods in which high performance is needed, the computing system can conserve

a significant amount of power. For example, when the CPU anticipates being idle,

30 the CPU can instruct the voltage regulator to drop the core voltage to a minimum

operating voltage. Similarly, when the CPU is to be turned off, the core voltage

can be further dropped to a minimum sustainable voltage that is programmed into

the voltage regulator during the CPU manufacturing or board assembly process.
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can be further dropped to a m ni num sustai nabl e voltage that is programred
into the voltage regulator during the CPU manufacturing or board assenbly
process. 1 WD 2006/007139 PCT/ US2005/ 017654 The m ni num sust ai nabl e

voltage maintains the internal state of the CPU. Since active and | eakage

pover are cPEHPYYEPated to voltage, reducing the vol t aBfel/ESOSUAED| e

greater power savings, |lower tenperatures and |onger battery life. Wile
t he above approach has been acceptabl e under certain circunstances, there
still s remains considerable roomfor inprovenent. [0004] In particular,

manuf act ur gtk avniprne BUStairRiME UettaRehnBintaiRs g intermal bfRe Ofthe OFU.aGIMJd Sti cs
fromone part to the next. For exanple, two CPU parts resultl\;g fromthe

same rranuf%WB@WGBK%B@W%?%@{%B'H |r¢|ﬁ@deWtVQWaBPn[ﬁﬁ% Hienditage Gap| t ages.
Convent i ongly bﬁ’@gﬁa&g@g@ﬂéﬁgﬂm ,g{n{@étcc%‘@peg?f&‘f@é’ 8hd 16fg&Battory W e, yY]fﬁI% case

m ni num sustai n tage f a given type an I's val ue
to progr antherabovel appgeachelyas been actepisbleainten-ceptaimeircumstances, dhereastilabl e

voltage is _shared appn 1 nces of gi ven conputing system conponent.
The same | @Wq%c?'%’@%ghgrmf}m%af@éﬂ?gﬁ@eﬁgr aneters such as the mni num

oper ati ng [00b4pg4an pticulare madrufadtiRdEIrapoientd terftd exhidit dNgRtPRiiffer@ht pPower
saving 1s paraneters, which often results_in m ssed power saving

oppor t uni t¢fte§actep§#qsrfmmmr@ pais i dne ingxkal Farpgx@meleeéwgcp*ﬁutpqﬁsf fﬁsultmse CPU
to change fr&ﬁ Brsf‘a?ﬁé A %{%‘lp‘f@ dé%'%drgﬁg‘?f b ifleliY Snini Qfﬂahbbﬂey to

tailor the vol age regu a nponents rat n-a group
of conponevuitagef0 CBRMEIEMdDESﬁE&W@ﬁ' tr@NagEmEhEaﬂRAﬁthm hp&(m‘VE] s’éllm:t admioosts

d t f,th nbodi f .t t t
S el R S s BhsoRTor HECPLl 4 5k B b e B UA"P*
appended Ctbag fgramnehebYoltRfee rég\flatag. ”Fﬁué%'W-Oﬁtlrﬁélamﬁmwwsmmﬂe [ 0006]
FI G I's a block diagramof an exanple of a power managenent 25 appar atus

accor d| ng YQtagads éﬁ‘ﬁfﬁﬂ AEeng Al Pﬁ'@"icﬁ%&fltal given copwuting| systemcompanest k
di agram ofrah SR Gnff 16 BiHErdddwer ShvifQ Puthind%rs such as the minimum

operating voltage. As a result, the majority of parts use non-optimal power saving

15 parameters, which often results in missed power saving opportunities.
Furthermore, conventional approaches do not permit the CPU to change the
preset minimum value and therefore have limited ability to tailor the voltage
regulator to individual components rather than a group of components.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The various advantages of the embodiments of the present invention will

become apparent to one skilled in the art by reading the following specification

and appended claims, and by referencing the following drawings, in which:

[0006] FIG. 1 is a block diagram of an example of a power management
25  apparatus according to one embodiment of the invention;

[0007] FIG. 2 is a block diagram of an example of a plurality of computing

system components having dedicated power saving parameters according to one

embodiment of the invention;

[0008] FIG. 3A is a block diagram of an example of a computing system
30 component according to one embodiment of the invention;

[0009] FIG. 3B is a block diagram of an example of a voltage regulator

according to one embodiment of the invention;



syst em conponents havi ng dedi cat ed power saving paraneters according to one
enbodi nent of the invention; [0008] FIG 3A is a block diagramof an exanple
of a conmputing system 30 conponent according to one enbodi ment of the

I nvention; [ Fl 3B is a block diagramof an exanple of a voltage
regul at or a‘gggwﬂ"ﬂ%}%o one enbodi ment of the invention; ECTY¥520B30676807139

PCT/ U52005/ 017654 [0010] FIG 4A is a block diagramof an exanple of a
conmputing system conponent according to an alternative enbodi ment of the

i nvention; bePoiLl] FrdGC4AR 1S pock! Gigkrdth 3" &M edanidle edﬁ‘aﬁpé&nﬁfxtir@ \“pstbape

regul ator "according to an alternative enbodi nent of the invention;, 5 [0012]
FIG 5 is aopmspentiaceprdingdo anmitesnative embodimefisfitee bweptioning syst em

according t e oG t ] Nt} Qn; I i har t
of an exgnﬁﬁ%mf ?@ﬁa% r?g?ipo% %rl%%gfdr%g 'foio%/)\}*e(ry':ll aegc(%@?% ﬁg é;ovogtﬁggeﬁe#gﬁ%nt of
t he i nvent igeeordidifitddn altéshativeembodinwnt 6Etheriavdritionchart s of exanpl es of _
orec ook Thotho Q& ¥ Aol ALt o0 o il & ool couuing rBBi ng o
power sa%@ﬁl rp]%e,ﬁggq)% InRef fHe i ﬂ%m)odi ment of the invention.

DETAI LED FI'G 1 shows an apparatus having a controller
20, whi ch d0p13]es FiG. Gostadlowchannaf arokexampler efyal method2of managingnpowent 24

of a conmputin stem (not .sho Wil e certain enbodiments will be

descri bed ﬂ%_ﬁfq?'i%@r%{‘e[%mh°ﬂ'8}%‘\3?m§'“ ?}ﬁ'f’@m conponent that is a central
processi ng [0014] ( FREB. MQhwm’gﬁdVDEQté flelvchans ofmegampd of roeéssee bi Nt ed.
| ndeed, the conponent 24 could include core 20 logic, a dynam c random

access WendPJuUGMREAHAgEAGEOFHRY t(helﬁlgpginaﬁr.g%oﬁt,hp\j@ve kpbeNd 3 conpact di sk read
onl'y ”E”Drgoé M. 8Mis A HoWERMH of SHRKahHe of BShrIEksS BP IBRItiInG A pdRbch
power manadenent is an Issue of concern.

saving parameter according to one embodiment of the invention.

DETAILED DESCRIPTION

15 [0016] FIG. 1 shows an apparatus having a controller 20, which applies a
voltage from a voltage regulator 22 to a component 24 of a computing system (not
shown). While certain embodiments will be described with regard to a computing
system component that is a central processing unit (CPU), the embodiments of
the invention are not so limited. Indeed, the component 24 could include core

20 logic, a dynamic random access memory (DRAM), a modem, a hard disk drive
(HDD), a compact disk read only memory (CDROM), or any other computing
system component for which power management is an issue of concern.
Notwithstanding, there are a number of aspects of CPUs for which the
embodiments of the invention are well suited. Similarly, the voltage regulator 22

25  may include a switching regulator having a metal oxide semiconductor field effect
transistor (MOSFET) driver, a switching transistor stack, a bulk capacitor, etc., but
other types of voltage regulators can be used without parting from the spirit and
scope of the embodiments of the invention. The voltage regulator 22 and
computing system component 24 may be on the same or separate dies.

30  [0017] In conjunction with a transition of the component 24 to a low power
state, the controller 20 is able to reduce the voltage applied to the component 24
based on a power saving parameter 26 that is dedicated to the component 24.

The power saving parameter 26 may be a minimum sustainable voltage, which
3



Not wi t hst andi ng, there are a nunber of aspects of CPUs for which the

enbodi nents of the Invention are well suited. Simlarly, the voltage

regul ator 22 25 may include a switching regul ator having a netal oxide

sem conductqf 2499@ effect transistor (MOSFET) driver, a sw tching

transi stor stQ&WEIF, k capacitor, etc., but other typé’§T6152Qﬂé’Dt7é@e

regul ators can be used w thout parting fromthe spirit and scope of the
enbodi ments of the invention. The voltage regulator 22 and conputing system

conponent ZhinfBnsfe QhteFnd siété’eofothesc@h%@feﬁt dires. mﬁﬂnﬁ&oéﬁdrahﬁ%%ﬂhg@ﬁ i on

with a transition of the component 24 to a | ow power state e control | er
20 i s abl eand sp&iucushtheppwergavingoparametes 3@1@'%@9@1@?9@4“@%@6 agn a

power savi pgo hgy 8%\?6 Thé dvs?erdgévlrﬁggtroal rhek e?% CONRC AR b84 %p% power

savi ng paraneter be a n| mum e voltTage, whi
2006/ 007139pﬂ67§/etﬂ%0.@5bh@&‘$6&n necessdriy the mimmumt \aitage levelt Eoobxannpler; d@nponent

oar amet & TV Retaseied, it Bonaf Be 28 suny B, syl aE NoTEd B

saving par aaﬁtngvoéﬁ\\ﬁ%lk/eltadgé%f b%oanwew&ild BePUsén BBealsd YEch féatfolta'geriet
necessarily the mnimumvoltage | evel. For exanple, it s nmay be determ ned’

that al t hoogtimakizom dheipersprative eh same athes ppwer saving parashetar. part is 700mV, a

bor oot | vATBIETS AL 9Kl HiE Pongl S BHEndtel 96 1B3fie compRRER{'2A, RO | 0°
pover savi figspatedmapgsoadlh érmbide thenparameter226 fohee tlokelyt talibest a@aneach

enabl es the ara ter 26 to be_closely tailored to.the, to indivi
char actlr ROl HRRon O 94 COMRPRETIOPRe TS oINS APYP GI8AKs 1 at ed

in FIG 2, dléﬁlbﬁQtrétEB‘iﬁ FRG P2, UWhiith %MO\F)E acﬂ(ﬁ%ﬂ%y dfg:o'ﬁYpiﬁiﬁ s%f@?ﬁ’e@ ir;éner?@

(28a-28n) having a corresponding plurality ower s vi'ng paraneters
(30a-30n), ZMaBa-aBaecmaymgea mapgnfjmgapluwty 2B powed ssdiving parameterss 30

Co e POnC A SHP A8l st ror, S BRTIRRG bR 20000 T RboRHRE B, 88" °°
conponent ScorrEsﬁonex@rT@cbmpomém Z8)MThas Nthe2€dmpanerits 28bdE nbb sharpargoweri ni mum
volt agelst hEsi;:]vmg parameter that is non-optimal to one or more of the individual components.
For example, the component 28b may be able to support a minimum voltage that
is lower than the minimum voltage supported by the component 28a. In such a
case, the power saving parameter 30b would reflect the lower minimum voltage,
which in turn would enable reduced leakage current and greater power savings for
20 the component 28a. Simply put, each computing system component 28 is able to
have a low power mode that is based on its own internal characteristics.
[0019] Turning now to FIG. 3A, an architecture 32 is shown in which a voltage
regulator 34 has a controller 36 that applies a voltage from the voltage regulator
34 to a computing system component 38 and reduces the applied voltage based
25 on a power saving parameter that is dedicated to the component 38. In the
illustrated example, the component 38 includes multiplexing logic 40 that receives
a notification of a power saving event and identifies the power saving parameter
based on the notification. The notification, which may be provided to the
multiplexing logic 40 by way of a component sleép signal 42, a platform sleep
30 signal 44, etc., could inform the multiplexing logic 40 of the component 38 entering
an idle (e.g., standby) state, an off state or some other type of low power state. If
the power saving event corresponds to the component 38 entering an idle state,

the multiplexing logic 40 might identify a minimum operating voltage as the power
4 .



I's lower than the m ni num vol tage supported by the conponent 28a. In such a
case, the power saving paraneter 30b would reflect the | ower m ninmum
voltage, which in turn would enable reduced | eakage current and greater
power savin t he conponent 28a. Sinply put, each conputing system
conponent 2 Eﬁg/%‘ﬁ%gto have a | ow power node that is bRSEYSHSPIES4own

I nt ernal characterl stics. [0019] Turning nowto FIG 3A, an architecture 32
s shown in which a voltage regulator 34 has a controller 36 that applies a

vogt agg frgas{.trx]@qaarmhta%;e AF?ulaﬁ\t«e}y |f§l4e tg@mrcsaw ea@wtsmtespondmormet h3§3

an reduces e a e VO age ase on a power savi n r a i s
dedi cat ed P%’“Pﬁ@e'%o%é)cﬁ%‘?ﬂng?,@ fESFH@ the mulkniexing legis goaﬁﬂ;&t%@ 8nent 38
i ncl udes myfidiie g% &ina gﬂs Golt e dxthe RARdr@Rin ga?éfghieftércalh'él g?fcaéeplﬁlé’er

saV|ng event an entiflies tne power saving anmet er based on the
noti ficati wentifiee voltage i isadedinatedhioc thersopmponent\d8d@ndt tefidiets thel adtgalexi ng

aa; crod, tostaeenth GRECHRooBOrEE e Bon & “woPu bR MR R pridsd O

ent ering éﬁ10h§|rﬁulf|§|eg>omwn%ﬁtéby) state, an off state or sone other type of
| ow power st ate. power savi ng event corresponds to gﬂ\e conmponent 38

entering alP028le E'ﬂ%t’@-“tm'@ﬁ@g 109ici49 delerpines@ contiolyjue 3% tasithe powesi ni num
t [y
oper a 110" gl 08 ARci B fies nd AR AR 303 AT VLRGORAIAEP 44 21 "0

par anet er . OWer saving event c
conponent wwattheivujﬁage oftie sbailr@i valtee 38ucan psseritially lestablishGa cefatecedent i fy

a mni_pum sust abl e volta s.the r..sav ranet er e| t her
case, tihe V 9lgaeq$tat1°rh e‘bse\?o‘Pt‘%Q&gq @%’é‘&f'@@?@ﬁ"%gPhﬂ%c\@?‘r\&%éﬁgu'é?r ﬁd reflects
the act ual [gp2alpar fsé RlusFrhiedscomhpdrient G8rasy RIBIudRS o Aidhtdry IdeRitea46, Wiigte case”
value that is shared anong nultiple conponents. [0020] The nul ti pl exi ng

| ogi ¢ 40 dmeemmmré 384REEI¥eS the RRWETSaVEIY RHaMGERIIFOM SRPRESHENENES 8r and
Ok nes. RO BkSedSet & L8 AhIASTRICEn EIY) ordrtnc e
vol t age tooperatlagobystem-mirrtacteb pbweer maﬂagemeaw (OSHPNY proceds 52plet@pgand
regul at or g’t%res the power saving parameter to the memory device 46. One example of the
manufacturing process 48 would be a component manufacturing process in which
the component 38 is fabricated and tested, and power saving parameter data is
written to the memory device 46 based on the testing results. Another example of
the manufacturing process 48 could be a board assembly process in which the
20 component 38 is tested at the time of its assembly together with other
components on a circuit board and the power saving parameter data is stored to
the memory device 46.
[0022] The memory device 46 could be a register, programmable fuse,
erasable programmable read only memory (EPROM/Flash), or any other suitable
25 type of memory device. It should be noted that, depending upon the
circumstances, multiple power saving parameters could be stored to the memory
device 46, where the multiplexing logic 40 selects the appropriate parameter
based on the notification received. It should also be noted that using the memory
device 46 to store the power saving parameter data provides much greater
30 flexibility than conventional approaches because the voltage regulator 34 can be
effectively be programmed long after the manufacturing process. Indeed, the
control value 39 can be based on a power saving parameter that changes

throughout the life cycle of the architecture 32. For example, the OS-PM process
5



[0021] The illustrated conponent 38 also Includes a nenory device 46, where
t he conponent 38 receives the power saving paraneter froma process such as
a manufacturing process 48, a basic input/output system (Bl OS) process 50,
an operati o yg@&ﬂ}directed power managenent (OS-PM process 52, etc., and
is stores th 23 g%ving paranmeter to the nenory devi c®CT@IS2Q@H617654anpl e of
the manufacturing process 48 woul d be a conponent manufacturing process in
whi ch the conponent 38 is fabricated and tested, and power saving paraneter

data is WsDtdRM detelime MBPIE SEWeceavity PadRibtanslidld RSihtREsEE Hik!ts-

Anot her ex%%.e of the manufacturing process 48 could be a board assenbly
process i ndgigrierationeoftbecamansnt 38soves timest & sueh eneass, the power saxiegenbl y

toget her w ban SR t | i e |,ng

par anet er Bé{ég?%tg'esc?%r ed ?%Hwt ﬁ‘gafﬁgramr E@E’bbcﬁqﬂ%&eﬁg%% tfﬁg%rﬁ?%&devi ce
46 coul d beevce dgi ster, progranmabl e fuse, erasable programmable read only
menory (EP I ,.0r any other sujtaple 25 type of nenory devigce. It
Shoul 4 bo RASSY cFIA.'8 ShodAA MgChRo Al 1468ty oA PR SeYIng RABIMAE Hoblor

savi ng par | &k t; BB hé&i ,

mul ti pl exi ﬁgg}pg%(f%csg% gbe%g? s"glP %g"%'g%‘? Egtrh I at eh%lgﬁ(a%?glfe 44)?;(2?83)(\));01% g

noti fi cati competing \8ystemt carmpoanentatsiog banyh ciuiidbleh hardwaneg antéor neoftware devi ce

rextbil o ProcEmPi nehlees, Pl 3 PFie A6 bbRES B iy DY Bl din, o4
can be ef tpglicatien wpkeifiprintegratee dirtuin(ASICY) eds blset o mEtactions e bprsiereds .
I ndeed, the control value 39 can be based on a, power savij ng@%ar amet er that

changes!? t RRGugIRSHING Fradapie. magdiyra, of apy cogtoinationcthgreofaln C\élﬁb_rﬂiﬁe, t he
A e e i
conponent B88tepingran i off.state baséd corc dsee,natifieatippwesignahvi Hgsopéheameinimmuroan be
readily modl LERdpRvditade P tf ShhbSh&ils Laledfed & BiBSk BB rbeeSSHy Block®:
60 provides for determining whether the component is entering an idle state based
15 on the notification signal. If so, the minimum operating voltage is selected at block
62. Other minimum and/or power optimized voltages could also be used.
[0024] FIG. 3B demonstrates that an alternative architecture 64 can be used in
which the multiplexing logic 40 and memory device-46 are incorporated into a
voltage regulator 66. In this embodiment, although the voltage regulator 66 still
20 reduces the voltage applied to a computing system comporient 68 based on a
power saving parameter that is dedicated to the component 68, the data relating
to the power saving parameter is stored on the voltage regulator 66 rather than
the computing system component 68. The power saving parameter value can be
received from a manufacturing process 48, a BIOS process 50 or an OS-PM
25  process 52, and can be subsequently changed as already discussed. The power
saving parameter can also be received from a process 70 of the computing
system component 68. As also ailready discussed, the voltage reduction is in
response to a notification that may be provided to the multiplexing logic 40 by way
of a component sleep signal 42, a platform sleep signal 44, etc.
30 [0025] Turning now to FIG. 4A, an alternative approach to determining the
power saving parameter is shown at architecture 32'. In particular, the
architecture 32' includes a computing system component 38" with calculation logic

72 to retrieve one or more operational values from a memory device 46’ and
6



5 [0023] FIG 8 shows a process of identifying a power saving paraneter at
54. The process 54 could be inplenented in the nmultiplexing logic 40 (FIG
3A) of the conputing system conponent using any suitabl e hardware and/ or
software p ’ '7% techni que. For exanple, the process 54 nay be

i npl enented 'as”an  application specific integrated circulPCTURKIOENIT6Hs a set
of instructions to be stored i0 on a machi ne readabl e nedi um or any

conbi nation thereof. In particular, the illustrated processing block 56

provi des f galcgiatecthe npowemisaling phfemétermedt ties opPatidriangvaitexf f Tagat e
based on the notifi c?t Il on si gnal . If so, the m nimum sustainable voltage

for the coRpeatienaljvalugs uld eégstgp%lks,ﬁ@riqaﬁig&@ggq% RAragetergoetsy fdrdes for
determ nin h [ [ | e on the
ot 1 1 cat | Sxipier Rulich VBREREEAlia t GIRH BInd bohilinoRt 357 WHERE Bnd 207,

bl ock 62. noréenitsrohtheucorapaiient 38baxer testedi foi faildres olnt thgezasemfladCRUs onee used.

[0024] FIG_ 3B denonstrates that an alternative.architecture 64 c be used
- whi &h SHE HIF TN Aeehg st The SheRbl Jhilh kngEh 10 Beanecitinar o
into a volilshAmits @uizat BrtheScorenvéittige efipasliCRDtis bt RALINTREES & Fet age
regulator 66 still 20 reduces the voltage applied to a conputing system

conponent ©Beratiaral vahies mighhdeflech ihe, tpshiasulte: 200mYafall; 300y it 490MY.t he
conmponent , rel gt t h r [ ' red on
Thervol t agith 20V, Belar® B pith oy okl R BABISRAN Al 2% RBEIL Lt OLE” T
power savi frgmp#reaopéerational valueartobidentifycaimiaimdimosustaimabief soltage thatds ocess

48, a Bl OS process. .5Q,or -PM 25 process 5 apd can subsequent | y
hanged? as DEMEER PO cndsnp it N alheis T RelcwaRamdadls 72 oUH ey

recei ved f 5QBEAhEIEWESR Dasdt valuel (8. COTIV) AStheSHmIrRIMCSUSRANRSHIE VBRages al so
al ready di scussed, the voltage reduction is in resgonse to a notification

that rmay bE0026bvi\Yhile the operationali yaluss eayld bgireceiedifomagn exemal prraesaent

sl eep sign 4 hegnal ' ' ow to
F1 G an Caguolf fo pmBhdbliuTnbea s 4R BI0 pkees 86 o0dE O B BOPOTL <,
i s shown ab2arashalreadyrdisci@sed,| anpaltérnativeaapptdaeh aoaki bectapeoddé thecl udes

o “nor &5 op e EbPHATAISE, WRGdsetipa 74 toueRera i pastagondplues n accordancs © "
with a self-test of the component 38'. The self-test could be similar to a power on
self-test (POST), which is a diagnostic testing sequence run by the BIOS as the
system’s power is initially turned on. Although the POST typically determines
whether the system’s random access memory (RAM), disk drives, peripheral

20 devices and other hardware components are working properly, the self-test could
provide for testing of the CPU to determine the above-described operating values.
The self-test could also include an iterative process in which increasingly higher
voltages are applied to the component 38' until the component 38’ passes. The
voltage resulting in the successful iteration can be used as the power saving

25 parameter.
[0027] The illustrated calculation logic 72 can also determine the power saving
parameter based on a feedback signal 76, which is derived from the voltage
received from the voltage regulator 34. Such a closed-loop approach would
further enhance the reliability of the architecture 32'.

30 [0028] It should also be noted that the test logic 74 could alternatively measure
the power saving parameter directly. In such a case, the power saving parameter
can be provided to the multiplexing logic 40 from either the test logic 74 or the

memory device 46', where the calculation logic 72 Would not be necessary.
7



6 WD 2006/ 007139 PCT/ US2005/ 017654 cal cul ate the power savi ng paraneter
based the operational values. The operational values could be test results,
fabrication process par arreters etc. For exanple, multiple voltages could
be applied tg, 4& &ﬁg;ponent where one or nore units of the conponent
38 are tested 10 Failure. In the case of a CPU, one s PEIASP017654ght be a
cache system (not shown), which is known to be one of the first units to
fail if the core voltage of the CPUis too |ow. Thus, a set of operational

val ues m gig029%f | EIG. 4B16hdws tanb ity lEiteinal(d embotihént iRGOHTNh ahairthitab@@aV,
fail; 520mV, pass... |In such a case al cul ation c 72, coul

ext r apol at 84 %m\tq#t@gsprsgakatqsr@ﬁ with h'\@scqﬁwmlqgfcy?'a %qwqmrﬁ%@tgfﬁnam e
vol t age thah? éést'lB%lP% ’%66%@‘1 IRZN-a @ééee&ﬁ@bt)é?dt%nagb% n%absmhat ion
ou mer Yy sSe ect t he

logic 72 ¢ "'owest pass va

m ni num subeabtainediniemalyyfrom theded]logh i7Her exteroally flomanedmpuatingssysten| d be
recei ved from an rnal -proces ch as_a u urin ce

B B pr SceCimBane ) PRRSS 78l 1han Hacting S1ocds By EAAS hiedtS ol O

al ternati vgrwéﬁémhewulmeb@arcmaﬁbﬁ%gi@ Themayp disumbrgenthe3Bowst shvingst
logic 74 to neasure the er ati onal ues in accordance wth a self-test

of the conparamgtengn a bagk rsignat 76¢ famgtheecampitingr syslem grimeones; 68'.

The Syst ehpG okamel; 69, o5 ooy PATRRAA b WAL ARUBRR.S0RE 1Ne"Yelbhnp) B 2
det er m nes whether laggiverheoltages! lkad nesulmﬂmra faderess nenory (RAM), disk drives,
he. Soitp-t IS ou G Bowcle Fls. St eris i IPRSORYSRAN dS cbome ¢RER

t he se ou e

above- descfﬂd?)‘?%fotﬁérﬁdv@%éé%w@@ featﬂ?é% ér@'nﬁcdrﬁéltatéd)‘rﬂté 2 hiobile Ensingn
iterative procCess in_which increasingly higher voltages are appliedto the

conponent 8psteani Bl tThé aokjie eompBg pialeds?8 Thay bela agteboekuperserali n t he
e A BB PE) ek el S RENTSA 2 lond e RRFESRSS anf 02"
paranet er baoad Dime Hlubkakbidesystern FiBaincldbes afpov#erlsup@h/ sumxysfemmt heCRUI t age
15 82 and a voltage regulator 34 coupled to the power supply subsystem 80 and the
CPU 82. The power supply subsystem 80 includes an alternating current (AC)
adaptor 86, which converts an AC voltage into a direct current (DC) voltage, a
battery 88, which provides a DC voltage, and a selector 90, which selects
between the AC adaptor 86 and the battery 88 as a source of power for the mobile
20 computing system 78. The voltage regulator 34 steps the voltage from the
selector 90 down to the desired core voltage V.
[0031] The illustrated system 78 is similar to that of the architecture 32 (FIG.
3A) described above in that the voltage regulator 34 has a controller 36 that is
capable of applying a voltage such as the core voltage to the CPU 82 and
25 reducing the core voltage based on a power saving parameter that is dedicated to
the CPU 82. In this embodiment, the CPU 82 includes the multiplexing logic 40,
which receives a notification of a power saving event by way of a CPU sleep
éignal 42' or a platform sleep signal 44’ and identifies the power saving parameter
based on the notification. The multiplexing logic 40 determines the control value
30 39 for the identified power saving parameter and applies the control value 39 to
the voltage regulator 34 to reduce the core voltage. In the illustrated example,
data relating to‘ the minimum contro! parameter can be received from a BIOS

process 50 or OS-PM process 52 associated with the platform, or a manufacturing
8



received fromthe voltage regul ator 34. Such a cl osed-|oop approach woul d
further enhance the reliability of the architecture 32'. 30 [0028] It should
al so be noted that the test logic 74 could alternatively nmeasure the power
savi ng para r directly. In such a case, the power saving paraneter can
be provided%ﬁ£ﬁPﬂth§ItlpIeX|ng | ogic 40 fromeither thePFg@@ﬂmﬁgW@M74 or
the nenory device 46', where the calculation logic 72 woul d not be
necessary. 7 WO 2006/ 007139 PCT/ US2005/ 017654 [ 0029] FIG 4B shows anot her

al ternati versgeediareidt isseparstd wmath@mlémwr As Gffealiphoted,otheagsitagegul at or
66' with the calcul ation Io(%a , menory device 46' and test logic 74

di scussed @miator ph and GPY &amay QGHBCQTB@%QQ' m#h%ar@s&le&udeﬁer% e%-ai ned
t |

oL el et Lo Z§.rﬁgst;ﬁﬁgs'z%%@bfefs%&ﬂﬂ%@é@"ga%V%ozmpiﬂ

process 523A)ethe systensald utcauld olve | I@gdﬂy Taodified dios mdras elaskly peflest thavi ng

For “oxapl reraetiees (i Yrineldrontédls o o OB IR SBhELACERIBR" ©°

determ ne ggheir cdntivatibnvabiege has resulted in a failure. io [0030]
Turning now to FI 5, a particular &BI enentation is shown in which many
of the abol@D3scTuming n@\attngéﬁ 8§ @ metbed 9ereftraanaging pawes s seowdJiei ng

system 76, itfod™ IcnCBIPHAaRefisE! e’ Sl SeletheBaRE 8RS Riabie

conput er ( a persona assl s a wre phone
and so onhai’dwarélalnd&irrsmftwdrespmgearnﬁmg techniges. fopwampmmpéyneibm;rmyem 80,

CPU 15 8 d t 3 dt bsyst
80 and Bhe beaPRISEENg 25 aa tiadion) habdyRiee A sprRRidsRecily Bleata @l ng
current (A@Drcu.ﬁ(éAsr@r 6a b of lﬁ&ﬂ}b‘ﬂbﬁ§ 8"\ Gtoralt ae%lrﬂbeh.ae%@aéslecurrent
(DC) vol t age, tery 88, which provides a DC voltage, and a selector 90,

whi ch sel emedlurbepm@am Qomblmaimuﬁpﬂr@af gt padiculae theitrnethpds$2 providesoiarce of
e o CnoBPEy TR 1l AR He SRR 1 sl Bhe A ph PR e = =
at processing block 94. The voltage is reduced at block 96 based on a power
15 saving parameter that is dedicated to the component. As already noted, the
power saving parameter could include a power saving voltage level such a
minimum/power optimized sustainable voltage or a minimum/power optimized
operating voltage. '
[0033] FIG. 7A shows one approach to reducing a voltage to a computing
20 system component in greater detail at block 98. Block 98 can therefore be readily
substituted for block 96 (FIG. 6) discussed above. In the illustrated example,
reducing voltage can include “online” processes as well as “offline” processes.
For example, block 100 demonstrates that one approach is to receive the power
saving parameter from a process such as a manufacturing process, a BIOS
25  process, an OS-PM process, etc., offline. The power saving parameter is stored
to a memory device at block 102, which can also be performed offline.
[0034] The remaining processes of the illustrated block 98 are conducted
online. In particular, block 104 provides for receiving a notification of a power
saving event and block 106 provides for selecting a power saving parameter in
30 response to the notification. A control value for the power saving parameter is
determined at block 108 and the control value is applied to the voltage regulator at
block 110 to reduce the voltage.



[0031] The illustrated system78 is simlar to that of the architecture 32
(FIG 3A) described above in that the voltage regulator 34 has a controller
36 that is capable of applying a voltage such as the core voltage to the
CPU 82 and Ilng the core voltage based on a power savin ar anet er
that is dedﬁ%%@%%ﬂ the CPU 82. In this enbodinent, thé’C@ﬂiﬁﬂgQgVﬁ%l udes
the multiplexing |logic 40, which receives a notification of a power saving
event by way of a CPU sleep signal 42" or a platformsleep signal 44' and
i denti fi es [0085] poVemirgprowdo FAGanB] an altbmative apptoaehotreducing thenvolteige

mul tiplexing,logic 40 determ nes the control value for t L.dentified
power " savi 18 sacerieitie SRt spriRansinE oy a Blod 4225 dhus. biok 181 BAge
regul ator 3fql10 s@SHGRed RS me&egagfntm? disclsddtfabdvelSit cah B seeAtRbfthe dat a

relating to the mninum control parameter can be received froma Bl
process 50 oplineogroprsgasdirvesnatrhanged framethevdiscussion ¢fi klocko9d(FiG. 74), but

f t i 05 i
Conar aca"t M th® ofing HIGGekaes Fave diariser o éRaieleh R 114 Broits It ang
Crlu 8t2 rrfly r@cewimon%mrmcﬁg dpﬁratliddaevalaﬁlrathe; trl:iandhéfpﬂvm_t tsadir@spzarahﬁ:bgre g R)e
| ustrate SVS m S near rese es e arcni tec r ,
Lhe oyst ertsall o JhR oReETaIa VElbasare: S1ama B Aavemensderios ek 116.ang
hit t : 1 ' Fl A t hi t
on " (Fr e Vrerded T ) méienadelichoat HSuSH 18 ™! Block™ 20| BbRIEENFdCC UM o

met hod 92 ektrapoiaiijigiigorpdhe opetatiohalwaluekHo thenpowet saving parareetenpl enented in a

comput i ng m sl v.Ssui tahl har re.and/or sof r rogr.amm ng
computt B TR, RS Wbt 78 e RSB LSl W i 8
functi onal ichphphangepstem anbRieR! 1228twich $a6 BWd sGbdtinitedrfar etbckcas SHG' g)ASI O) ,
as a set of instructions to be stored on a nmachi ne readabl e nediu

conbi nat i ofiscHEsasbPbOYE, pANiS SuPediman ifeidestcal 2o, ths tkeak 142 (FiGp ABng a

voltage fr ' at

br ocossi ng P ASRLAPER, ERGUREL b drRrtARe Daes Blo GBI nHbEHERE X'

savi ng par avithteeselt-teat of the dedipomeatiat otk t24 onmponent . As al ready noted, the
15 [0037] FIG. 7D shows an additional approach to reducing the voltage to the

computing system component at block 126, where block 126 can also be
substituted for block 96 (FIG. 6) discussed above. In particular, block 126 is
identical to block 98 (FIG. 7A), except that the power saving parameter is
measured at block 128 in accordance with a self-test of the component rather than
20 received from a process such as a manufacturing, BIOS or OS-PM process.
[0038] The techniques described herein thereforé provide a unique approach to
power management that enables greater power conservation, longer battery life,
lower temperatures and enhanced performance. For example, dedicating power
saving parameters to computing system components allow each component to be
25 optimized based on its own characteristics. Furthermore, enabling the computing
system component to communicate the appropriate power saving parameter to
the voltage regulator provides greater flexibility in achieving maximum power
savings.
[0039] Those skilled in the art can appreciate from the foregoing description
30 that the broad techniques of the embodiments of the present invention can be
implemented in a variety of forms. Therefore, while the embodiments of this
invention have been described in connection with particular examples thereof, the

true scope of the embodiments of the invention should not be so limited since
10



power saving paraneter could include a power saving voltage |evel such a

m ni muni power optim zed sustai nable voltage or a m ni nrum power optim zed
operating voltage. [0033] FIG 7A shows one approach to reducing a voltage
to a CO”p“tWﬂg(m%Rn§ stem conponent in greater detail at block 98. Bl ock 98
can therefore be readily substituted for bl ock 96 (FI G PEVUFYWEAYEHd above.
In the illustrated exanple, reducing voltage can include "online" processes
as well as "offline" processes. For exanple, block 100 denonstrates that
one appr oagdhédrinddificRions vl bB@orﬁ@\é%gareﬁ@’bﬁ the SkiledBrhetitioneP Wpan BrAG@ESF such
as a manufacturing process, a Bl OS 25 process, an OS-PM process, etc.,

of fIine. THee gtRNdRgS sPpAfcationaapddeliowingelgin®l to a nenory device at bl ock
102, which can al so be perforned offline. [0034] The renunining processes of
the illustrated bl ock 98 are conducted online. In particular, block 104
provides for receiving a notification of a power saving event and bl ock 106
provi des for selecting a power saving paraneter In 30 response to the
notification. A control value for the power saving paraneter is determ ned
at block 108 and the control value is applied to the voltage regul ator at

bl ock 110 to reduce the voltage. 9 WD 2006/ 007139 PCTI US2005/ 017654 [ 0035]
Turning now to FIG 713, an alternative approach to reducing the voltage to
t he conputing system conponent is shown at block 112. Thus, block 112 can

al so be substituted for block 96 (FIG 6) discussed above. It can be seen
that the online processes have not changed fromthe discussion of block 98
(FIG 7A), but s that the offline processes have changed. For exanple, bl ock
114 provides for receiving one or nore operational values rather than the
power saving paraneter itself. The operational values are stored to a
menory device at block 116 and retrieved fromthe nenory device at bl ock
118. Block 120 provides for extrapolating fromthe operational values to

t he power saving paraneter. io [0036] FIG 7C illustrates yet another
approach to reducing the voltage to the

11



conputing systemat block 122, which can be substituted for block 96 (FIG

6) discussed above. This enbodinent is identical to the block 112 (FIG

713) discussed above, except that the operational values are neasured in
accordance wth a self-test of the conponent at block 124. is [0037] FIG
7D shows an additional approach to reducing the voltage to the conputing
system conponent at bl ock 126, where bl ock 126 can also be substituted for
bl ock 96 (FIG 6) discussed above. In particular, block 126 is identical to
block 98 (FIG 7A), except that the popgpmavi ng paranmeter is neasured at

bl ock 128 in accordance with a self-teST—UﬁLThe conponent rather than 20
recei ved What is qlaimed$s:such as a manufacturing, BIOS or OS-PM process.

[ 0038] The techni ques described herein therefore provide a unique approach
to power nanagenent that enabl es greater power conservation, |onger battery
life, |ower tdnmperAtmethwdamhmisienced performance. For exanpl e, dedicating
power saving paraneters to conputi system conponents al |l gw each conponent
Do be 25 opt | mAPBYTISHE AItagR FTOM 8o \aRs FaGuiator $¢ ACEompenant & ormPulitdb! i ng

t he conpug?ggnugy@tenlconponent to communi cate the appropriate power saving
paranmeter To the voltage regulator provides greater flexibility in

achi evi ng maxi nednongwhe veltagenbased 00 aopowerosayving patamaeten thatds dedicated
appreciatq fromthe f reﬁoiqﬂ d scri&tion 30 iQﬁt,the broad techni ques of
the embodifitfift SOBPORGE: WHEEURIEqURNETE YR!tRGR Mrlides

npl emented in a variety of

forms. Therefore, whidedvibdpa rotifeatiorest $poiet sHving Evetnt i on have been
described in connection wth particul ar exanples thereof, the true scope of

the enbodi nents of SAEcting Hia pomMerssRyiNGPIaMeter kasedon thedatifigation; apdwo
2006/ 007139 PCT/ USZQ,%%&%@G&% %%€ﬁ§9%§|64r%@%§?@asgdl Bn bf%@io?ﬁﬁﬁg ﬁiﬂt to

the skilled practitione pon aw ngs, specificatl and
foll owi ng cl ai e cdrhpChétMVs

2. The method of claim 1, further including:

receiving the power saving parameter from either a manufacturing process,
a basic input/output system (BIOS) process or an operating system-directed power
management (OS-PM) process;

storing the power saving parameter to a memory device;

determining a control value for the power saving parameter; and

applying the control value to the voltage regulator to reduce the voltage.

3. The method of claim 1, further including calculating the power saving

parameter based on one or more operational values.

4, The method of claim 3, further including:

receiving the operational values from either a manufacturing process, a
basic input/output system (BIOS) process or an operating system-directed power
management (OS-PM) process;

storing the operational values to a memory device;

retrieving the operational values from the memory device; and

extrapolating from the operational values to the power saving parameter.

12



What is clainmed is: 1. A method conprising: applying a voltage froma

vol tage regul ator to a conponent of a conputing system and reducing the
vol t age based on a power saving paraneter that is dedicated to the
conponent, wherein reducing the voltage includes: receiving a notification
of a power saving event; selecting the power saving paraneter based on the
notification; and nodifying the power saving paraneter based on a
deterioration of the conponent. 2. The method of claim11, further

including: recgi Vi nghthRethoWRN claftid) urBitr #BRidRgf rom ei ther a manufacturing
process, a basic input/output system (BI OS) process or an oEerati n

syst em di r ect eNgaSHENY thenapeiatinnal( waues)in pacrasdances mathi agsel @Sfbcﬂf,e%esavi ng
par amet er Céﬂ‘ %ngﬁ{mry device; determning a control value for the power
savi ng par e , 'and applying the control value to the voltage regul ator
to reduce the etdringgdhe operdtionanedibesitood nemomdevideyr t her i ncl udi ng

cal cul ating the power saving  paraneter based on one or nore operational

val ues. 4. Ther‘fﬂtB?WBE the OEP%t'ﬁﬁQ',V%"dﬁst{ﬂ%m tls‘ﬁé'PechPergquﬂ%éPQi ng the

oper at i onal vabséﬁs%ﬁ%gﬁ%gfhh% @emmﬁa@%m&é ROtHY kS Ssavihg Paa

( hfetca'.
i nput/ out put syste process or an operating systemdirected power
managenent (OS-PM process; storing the operational values to a nenory

device; retrieving e operagtional values.fromthe nmenory device: and
extrapol ating rom hﬂs %%@Pat%[)?m‘_biﬁ”ﬂ&’g"ﬁ%“@H%- power saving paraneter. 12
5. The method @heddudngitRe powek BaVing Paraifetd in BBESTHAhES withea SRt PR
val ues in accordance with a self-test of the

component; and

storing the power saving parameter to a memory device.

7. The method of claim 1, wherein reducing the voltage further includes:
determining a control value for the power saving parameter; and

applying the control value to the voltage regulator to reduce the voltage.

8. The method of claim 1, wherein receiving the notification includes
receiving a notification of the component entering an off state, the power saving

parameter including a minimum sustainable voltage.
9. The method of claim 1, wherein receiving the notification includes
receiving a notification of the component entering an idle state, the power saving

parameter including a minimum operational voltage.

10. The method of claim 1, wherein the reducing includes reducing the

voltage based on a feedback signal from the voltage regulator.

11.  The method of claim 1, wherein the applying includes applying a core

voltage to a central processing unit.

13



conponent; storing the operational values to a nenory device; retrieving the
operational values fromthe nenory device; and extrapolating fromthe
operational values to the power saving paraneter. 6. The nethod of claim1,
further including: neasuring the power saving paraneter in accordance with a
self-test of the conmponent; and storing the power saving paraneter to a
menory device. 7. The nethod of claim 1, wherein reducing the voltage
further includes: determning a control value for the power saving

par anet er; and1appl Wnrappanatus @otrpoisingal ue to the vol tage regul ator to reduce
the voltage. 8. Th thod of claim 1, wherein receiving the notification

i ncl udes recei®df rogghg’t??&%é’t‘( ﬁgsgffq"h@ ﬁﬁ@ﬁ@ﬂ@la%ttgﬂ ?@“Hﬂn%tf&@‘t ate,

t he power | AR WGl el b & [ hetst& . The
met hod of C?ﬁ*gdrﬁlgg,w\%{her e?ﬁF?%%itvgxgg?%%%%ﬂ%mﬁ s{&ﬁﬁgﬁpdée(rg recg?l\?i ng a
noti fi cat iindeditateddo doerpomeanerthandi ng an idle state, the power saving

paraneter incl udi @3 a._m Ini rru[}}doger.at i_onal.. Vﬁ| ta%e. 10. The .net hOdthfé‘gjgl aim
1, wherein the "Plél 8?('98 PHE P &8 & MRY'AHEN oPt%%erbag\é'Hgoﬁveé’ feedback
si gnal fr gaddithe/pdwadsavimppaahtter Bdseddtetheridtifidatidn, cl ai m 1, wherein the
appl ying includes applying a core voltage to a central processing unit. 13

12. An appar at Wheseifpthe dpRgratas ésotet mepifether powgpsaving paranaeier based anvol t age

regul at or deferfbrSROP 8 At ompcﬁ?nfonputi ng system and reduce the vol tage based
on a power savi hg par arecer at’ is dedicated to the conponent; and

multiplexing logic to receive a notification of a power saving event and

sel ect the power, sayjng paranpeter base n the notjfication, erein the

Sppar atus i 5 t domaiT g B AR Sad g, BMErIneRdlngsadnemosy devics. the
apparatus to receive the power saving parameter from either a manufacturing
process, a basic input/output system (BIOS) process or an operating system-
directed power management (OS-PM) process and store the power saving

parameter to the memory device.

14. The apparatus of claim 12, further including calculation logic to

calculate the power saving parameter based on one or more operational values.

15.  The apparatus of claim 14, further including a memory device, the
apparatus to receive the operational values from either a manufacturing process, a
basic input/output system (BIOS) process or an operating system-directed power
management (OS-PM) process, and store the operational values to the memory
device, the calculation logic to retrieve the operational values from the memory

device and extrapolate from the operational values to the power saving parameter.

16. The apparatus of claim 14, further including:

test logic to measure the operational values in accordance with a self-test of
the component; and

a memory device, the apparatus to store the operational values to the

memory device, the calculation logic to retrieve the operational values from the

14



A

deterioration of the conponent. 13. The apparatus of claim 12, further
including a nenory device, the apparatus to receive the power saving
parameter fromeither a manufacturing process, a basic input/output system
(BI OS) process or an operating system directed power managenent (GS-PM
process and store the power saving paraneter to the nenory device. 14. The
apparatus of claim 12, further including calculation logic to calculate the
power saving parameter based on one or nore operational values. 15. The

appar at us mémehataviéd antduéktifioldtd Gtomlithe opefaivABY vaRES a8, the owaRaivigus t o
recei ve the operational values fromeither a manufacturing process, a basic

i nput / out RAAWSIrem (BI OS) process or an operating systemdirected power
managenent (OS-PM process, and store the operational values to the nenory
device, the calculation logic to retrieve the operational values fromthe
menory devi ce 1dnd Gherapparatue of claim tiRefuriher atclaied: val ues to the power

saving paraneter. 16. The a ratus of ¢laim 14, further including: test
logic to neasurt%Sttl?r@Cé?J@?eﬁng‘gg]e RWefeavViNg %ﬁ‘@%ﬁh‘@@%f%n&e%magégt of

t he CO”porléﬁtto'ftﬁé‘eoﬁpBﬁéﬁt“&néeVi ce, the apparatus to store the operational
val ues to the nenory device, the calculation logic to retrieve the

oper ati onal valamenfarpdevice, thedappanatug tostare éhexpdwek savipglparamétenho thee
operational values.to the power saving paraneter. 17. The apparatus of
claim 12, mﬁ'ﬂ“@%&‘f% uding: test logic to measure the power saving
paranmeter in accordance with a self- test of the conponent; and a nmenory
device, the apparatus to store the power saving paraneter to the menory
devi ce. 18. Thél8appdihgt appraratus afnelaim 1dhewberein Hee nimuitintexng rdegicolgi o is to

det er i ne @ eARhEd HAHSA08 15MhPRYRE: SNhGDPARBIE Sy 36ty ARE! cbrkBP

control
value to the voltage regulator to reduce the voltage.

19. The apparatus of claim 12, wherein the power saving event is to
include the component entering an off state and the power saving parameter is to

include a minimum sustainable voltage.

20. The apparatus of claim 12, wherein the power saving event is to
include the component entering an idle state and the power saving parameter is to

include a minimum operational voltage.

21. A system comprising:

a power supply subsystem;

a central processing unit (CPU); and

a voltage regulator coupled to the power supply subsystem and the CPU,
the voltage regulator having a controller to apply a core voltage from the voltage
regulator to the CPU and reduce the voltage based on a power saving parameter
that is dedicated to the CPU, wherein the CPU includes multiplexing logic to
receive a notification of a power saving event and select the power saving
parameter based on the notification, and wherein the system is to modify the
power saving parameter based on a deterioration of the CPU.

15



. i

value to the voltage regulator to reduce the voltage. 19. The apparatus of
claim 12, wherein the power saving event is to include the conponent
entering an off state and the power saving paraneter is to include a

m ni num sust ai nabl e vol tage. 20. The apparatus of claim 12, wherein the
power saving event is to include the conponent entering an idle state and
the power saving paraneter is to include a m ninmmoperational voltage. 21.
A system conprising: a power supply subsystem a central processing unit

(CPU); and a voht agerh%%ge?ﬁ% cféﬁHpiﬁQVﬁé?eihhﬁgM@?g%ﬁﬁh&uﬁé‘?%yrﬁéﬁmgg”d the

CPU, the voltage regul having a control a core voltage from
t he vol t agievigeegtheat GPUt dot ecelrt) thed pawkrcesaving \paramgterbdeed either power

savi ng paraneter. .that is dedicated to th U, _wher gj he CPU i ncl udes

il t1 1 oxi TG BHHENS oPracBsS v BRStor MPLSITpEh YRR pHIDS) o BIRGES e Blrth and
sel ect theypepyfig SPMteRBdirddedFivisr Rkagdement eSM) fireeédsOAnd agtdreMiRs ei n
the systemis to nodify the power saving paraneter based on a deterioration

of the CPWowWss sayingmasaretardmtios mamenndeyicewher ein the CPU further incl udes
a nenory device, the CPU to receive the power saving paraneter fromeither
a manufacturing process, a basic input/output system (BI OS) process or an

operating syst @ di Mhetsdter\weclairarzigenenéin tRSCRY) furthee assudatdeaitglatort he
power saving paranmeter to the nmenmpry device. 23. The system of claim 21,
wher ei n t Hediedp qalguiate the RIWRIIVIN palametehbases PR ans' eamane Aperatigdahower
savi ng pargjfiier based on one or nore operational values. 24. The system of
claim23, further including a nenory device, the CPU to receive the
operational values fromat |ease one of a manufacturing process, a basic

| nput/out put syzs4t' emT(h%I %lerﬁ ro Cc aslrsn i’i fﬁrqhgﬂ%l%ljngga ﬁYesrﬁgrg}éjeivrlcee?tlﬁed CB?)NH
to receive the operational values from at lease one of a manufacturing process, a
basic input/output system (BIOS) process or an operating system-directed power
management (OS-PM) process, and store the operational values to the memory
device, the calculation logic to retrieve the operational values from the memory

device and extrapolate from the operational values to the power saving parameter.

25. The system of claim 23, wherein the CPU further includes:

test logic to measure the operational values in accordance with a self-test of
the CPU; and

a memory device, the CPU to store the operational values to the memory
device, the calculation logic to retrieve the operational values from the memory

device and extrapolate from the operational values to the power saving parameter.

26. The system of claim 21, wherein the CPU further includes:

test logic to measure the power saving parameter in accordance with a self-
test of the CPU; and

a memory device, the CPU to store the power saving parameter to the

memory device.
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managenment (OS-PM process, and store the operational values to the nenory
device, the calculation logic to retrieve the operational values fromthe
menory device and extrapolate fromthe operational values to the power
saving paraneter. 25. The system of claim 23, wherein the CPU further

I ncludes: test logic to neasure the operational values in accordance with a
self-test of the CPU, and a nenory device, the CPU to store the operational
values to the nmenory device, the calculation logic to retrieve the

operational vabges frhamgykhen BEERIN 219@KEFSn aawfe%&v.ﬁg@vahﬁsftb%i&&ethe
operational values to the power saving paraneter he system of claim

21, wher eiGPY leatering anoff istate iand|thel power saving pgrameter isetesinelede rempowem savi ng

parameter in with a self- test of the CPU, and a nenory devi ce,
t he CPU tgug{a&a@?{ﬂ@?ﬁ Sver savi ng paraneter to the nenory device. 16 27.

The system of claim 21, wherein power saving event is to include the CPU
entering an off state and t he power saving paraneter is to include a m ni num

sust ai nabl e vol tsage hegystemg °§9I§!"@r%1owh§f%“ 2ROWGNERENG SveRt i dawcluieyi ng
event is fe idsy) .ngﬁ?mid;%nqa‘é SfHkE EnB%hE Tdvikie ?ﬁﬁgf a?éme%gqs RBWR%IH&@‘Q ng

par amet er |s to inclu a mnimum operationa

conpri si ngnininegraiopenaficnabgokagesavi ng paraneter from either a manufacturing
process, a basic input/output system (BIOS) process or an operating
systemdirected power nanagenent (OS-PM process; storing the power saving
paranmeter to aJgempymdtddcempihg'i N9 a voltage froma voltage regulator to
a conponent of a computing system receiving a notification of a power

savi ng event; receiving a power saving parameter from either a manufacturing process, a

basic input/output system (BIOS) process or an operating system-directed power
management (OS-PM) process;

storing the power saving parameter to a memory device;

applying a voltage from a voltage regulator to a component of a computing
system;

receiving a notification of a power saving event;

selecting the power saving parameter based on the notification,;

determining a control value for the power saving parameter; and

applying the control value to the voltage regulator to reduce the voltage
based on the power saving parameter, the power saving parameter being
dedicated to the component, wherein reducing the voltage includes modifying the
power saving parameter based on a deterioration of the component.

30. The method of claim 29, wherein receiving the notification includes
receiving a notification of the component entering an off state, the power saving

parameter including a minimum sustainable voltage.
31. The method of claim 29, wherein receiving the notification includes

receiving a notification of the component entering an idle state, the power saving

parameter including a minimum operational voltage.
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sel ecting the power saving paraneter based on the notification; determning
a control value for the power saving paraneter; and applying the control
value to the voltage regulator to reduce the voltage based on the power
savi ng paraneter, the power saving paraneter being dedicated to the
conmponent, wherein reducing the voltage includes nodifying the power saving
paraneter based on a deterioration of the conponent. 30. The nethod of claim
29, wherein receiving the notification includes receiving a notification of
the conponent @pteriTRg msthetf ofstiaing 29 Wehdpeinethesappipisg iRBILABEtIplyimglaudi ng a
m ni mrum sust ai nabl e vol tage. 31. The nethod of claim29, wherein receiving

t he not i f iCOER VOJtRgertelaermiral peeesissingdindt- not i fi cati on of the conponent
entering an idle state, the power saving paraneter including a mninmm
operational voltage. 17 32, The nethod of claim?29, wherein the applying
includes applying a core voltage to a central processing unit. 18
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