, ©3e44~~6T? -1 NETHOD FOR DYNAM CALLY CHANG NG THE SI ZES OF
POOLS THAT CONTROL THE P HIlMIN ON LEVELS OF MEMORY DEVI CES MMRENDD OF

THE | NVENTLGH o] ae3pr esent inyl%}&l,on relates to the power and pihgiso®isss?
managenent of conputer systens and devices, Mre specifically, the present

invention relates to an apparatus, method) and system for dynamically
controlling the power consunption |evels of nenory devices in a nenory

system BAWWISE” APPARAD ?@R@@?‘Aﬁ@@ﬂiﬁ’@%@é%ﬁ@ IZES

continue to econe nore conp fective and efticient power

and thermal naproeRRits o1 2P TRONGRGIE YHIEPOWE ST SINSBMIAYONEEPRE ST € and

nore critical 1'n systemdesign and i nplenentation. Since conputer devices

and systenms can only operate propemNEMORYSBERIYESi t hin certain el ectrical
power and tenperature ranges, it is inportant to ensure that there is

sufficient power supply to operate various devices when they are needed. In
addition, it is also inportant to ensure that thermal conditions do not
exceed sone RIBLEsOBI THEIWVENIN@N ar e consi dered safe for the operations of
these various devices. In general, conputer devices such as nenory devices
are designed to Haweprisehtraentiopaekatentp thedeewer andwesrmnl marsgement of
correspond to different |levels of performance and Sower consunption. The
di fferent opemRYtRySyeeas Hd grises sMoraspasdicalhy| the @resent inveanpnaelatast i ve
node, standby node, nap rmdﬁ, et cd Generfal |y, devi @gs operate faster in
active node PPREMRAED Mo Methahand i fo icalhy gortzellingdhe PEWSHNE mor e
power and generate m)rF hgat I n_actiyve. node than t he% tdo I n other nodes.
Keepi ng al | @8SRRESIHEVRE LyOFmery SeXiser i3 2R F g SUER oper at i onal
| at ency and therefore

BACKGROUND OF THE INVENTION

As computer devices and systems continue to advance and become more

complex, effective and efficient power and thermal management of computer

devices and systems have become more and more critical in system design and

implementation. Since computer devices and systems can only operate properly

and safely within certain electrical power and temperature ranges, it is important

to ensure that there is sufficient power supply to operate various devices when

they are needed. In addition, it is also important to ensure that thermal

conditions do not exceed some threshold levels that are considered safe for the

operations of these various devices. In general, computer devices such as

memory devices are designed to have different operating modes or power states

that correspond to different levels of performance and power consumption. The

different operating modes or power states may include, for example, active

mode, standby mode, nap mode, etc. Generally, devices operate faster in active

mode than they do in other modes. However, devices also consume more power

and generate more heat in active mode than they do in other modes. Keeping all

devices in the system in active mode reduces operational latency and therefore
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per formance. However, keeping all devices in active node consurfesMARIE?
power and geoeriaiE® nore heat dissipation. In addition, evenpcfiuisie1633tem
power supply source is sufficient to powerpall devices in the system sone
of these devices may be idle anyway and therefore it would be a waste of
resources to keep themin active node all the tine. System performance
requi r enent siAPEbvEE SiSArR OMetallipaderTheftel Heowavér, Regmnt allkhadAncRdiveT0
mai ntai n a bal ance bétween system performnce and system power usage and
heat di ssi pajrideie, conbubhtesoes pawyr hnd lgengrasesmiorainde disipaton.dasdditian,

i nactive node to reduce power usage and heat dissipation. Depending on the
appl i cat i onsewerdifthe sppemappwrakupply sounceeistspffidientriiapoereradll deviceem the be
kept in inactive node may vary. The system constraints and tradeoffs
descri bed absystewi someadfpbese deyiessipay be idednysayiandbgegiare #ppbyldheal |y
to nmenory devices in nenory system |In their active or nost power-hungry
node, nemor ywaeis feeseurass 48 kagm thare ip adisingde all shedims: \Syatrangerdermeance

AR AL R N O
than th do wh th in _j ti de. As lt, t

e PO LY A Y B oS ot S ent

di ssi pati i f ' .to.be k N

Pl 0 T T T

devi ces |0 3GiNATRARCERDUOGUIRRY rol HEUbERS | DebipBps, e can be

speci fied by asl c put / out rogram system start up
(boot) or syghematRsRlandBRAGSRIGnATenMtbAhFEUhE AR Me? of M edtdds (8 JEads,and
whi ch devices are in inactive node can be acconplished through a definition
of pools of geviaeRsSe Hhdde Ay wiyed to keep track of the operational npde or
power state (e.g., active or inactive) of the individual devices. A pool of
devices in this cDReexétenetefisradintsandapaldoffsatestrilsdd afovdevithagspedtoMAR
2002 WO 01/01230 PCT/USQ011483?. -3 that are in a specific operational node
or power statempkoar dedogd io, gemeealpeely equallyetomaembsy dedicesirkeemornack of
the devices that are in active node and anot her pool may be nmaintained to
keep track ofystéra. devheigactivgor mestipewWerdenigye masitemeomeiyrdenices sughoaser
managenent schene, the devices represented in one of the pools are assuned
to be oper at ARBAT BRI ACFESS FRGTACT IO AND de vises pagkate Bsirethandherdoef or e
consunming a c rta'bn amount of, devices that ar

. F | e,
represent ed MCRHBERATE VR IKGHY %@%@é%@%ﬁ”a@p@ogﬂn}domvﬁtﬁw%de.
The nunber _of \gevi ces i.n avch 8§°'a mar% buemezarm' BPd thg d tertm' ne, t he anmount
of power bei AgVIGeRd Bt s ST Pre H‘S PIHIDS ST ERPTeRRV e PG isy dyiten
utilized to &%?garg.riﬁ%a&{vet %d?.p%aatfegﬁ?ltormﬁﬁta?ﬁa%Q%Ee%te?&/gex‘?f the
vari ous menory’devices are al'so referred to as the power-control or

power - savi “QFPHBJIﬁ?H&Y ShAYMrco 3 S??ghﬁ}ﬁ% h¥at didigpdt gsgalrﬂé AU fRfRLLY

each pool (also referre 0 ast he pool® or Si ze

her ei naf t er) of BRI dBHEQIMAY n2PE¢b bk REptov driRa&idimdHe 36 @bhsdRePow &S et
and |l eft unchanged during syStem operations because of the conplexity of
accounting fand tdudeonedt disdipatig.i Dite Atirabesoodevadds il avii e@malie amd tigny
proposed transition. For exanple, a system operator or system user nay
speci fy thr ongmbBt Obdeeiaep it iradctiva enodedaarbeadpecified be tHe Basiednipsit BOamplut he
nunber of inactive devices is 24. These two nunbers are used to determ ne
t he maxi mum Btdgraeb{B Q%) ey stefn dantivpgbootar sgstemizesstn Mamagerhénteofamtich

i nactive pools, respectively. Such a static and inflexible pool

confi gur at i ofleyisemare inffcsiveimedeaand efticiodevices are rinastiva gnedecarybeem
performance requirenents with the system power and heat dissi pation

r equi r ement safsesmplsheserangh e\deHnEIef RASET at d9vdces shafi ar disedipykespdrack
during the course of the system operation, which coul.d requi t he, pool
configurati oﬂht}'t? %réﬂaﬁﬁle‘a‘ofjsprPﬁé"eﬁ?f%ﬁ'g'oa%‘é’ﬁtolrHﬂf’é:“t"g%f)g?ea’t”é“b'rdé‘ﬁérI Y,
safely, and efficiently. In various.instances, for_example, .it ul.d be
veeful to bedtBre- A RAdl ey Fbfit BEHPTGRRS [OhREPRE St HEhRhITHERS 2e
21 MAR 2002



WO 0! 101230 PCT/ US00/ 14832 of the active pool and inactive pool, etc.)
during the system operations in response to various external stiilMAR@i0?
changes i n qaepadibsnal conditions since the sizes of the poolpgraisRonsiss to
mai ntain a proper bal ance between system perfornmance and system power
consunption (and heat generation). For exanple, the sizes of the pools may
need to be changed in response to a tenperature condition that exceeds the

system acceptahl £ grﬁ%{;m&%@f&%% ofdd d} SRIANER. FyrtkarfifleBhL BB Al

the systemis operating frombattery power ‘source due to a ure or

outage. In aﬁ,ds;yt bOMhaiffAénd megfniékeomehéyﬁaytmea@ema@ﬁv%%t@e%cﬂue to
changes in the 'system operational characteristics such as changes in the

nunber of syghemdiSRIcs nitli BhraateirRld tb lebp etk biehslgadres ilat d1eliRTiRI@iviehe
power consunption l'evels of the nmenory system As a result, there exists a

need to dynamedé.| Yndecoudh gpoeenmatiagagent sebefiez tse dévigeyeéprosited!in poel S
of nmenory devices during the course of the system operations. SUMVARY OF
THE | NVENTI ONf Tieeppole semassumveshitol mnoperetingl ésa aerteirhopkratippat atade orgpelver
system for dynam cally changing the sizes of power-control pools that are
used to cont stite ahd therréoreconsumpiy aAertainanowit afmeaysr. dear exesnplendeviges
enbodi ment, a request to change the sizes of the nenory power-control pools
i s received. that aTesppiesented lﬂg}é%i’qi}"r?gPQ%éf? agueed tabe RRfEIngIR abtives of
the nenory power-cgntrol pools, .the nmenpry devicges are placed in a specific
oper at i ng  mo&OH- %\EF”@F&P@%‘PF%?‘“E@EEQOP F'ég%’?eed‘ai”ﬁnﬁdﬁ@r SereINedffesh

SYSLZS i tne el eﬁf%@%&i@%ﬁ?&' e %@mé*ﬁ?%w?iy&ys o ?f%eéff&iévazé%o?s e
i ! i j ' . 21
VAR 2002 vo BhEa 30 Bei FokE By B o AR B bR P B s

The featuresnﬁé}ﬂ?ggé{é’xm:@sgﬁ‘% oo e rd e, Wé??éo?x@rdﬂdr'g/é}?gﬁ?&épglﬂolo}%

understood by re ence to the acconpanying draw ngs, in ure 1 is
a bl ock di agpnapiphiene enbodi nent of a systeminpl enmenting the teachings of
the present invention; Figure 2 shows a bl ock diagram of a nenory

control | er havi ngGonveRBbNalPWRE naaiter GPHéitestardiatRlpoDt ¢A188irsfErrdd @Hsethd

illustrates a bl ock a diagram of one enbodi nent of a nmenory
size of the pool or pool size hereinafter) is configured or specified by the BIOS at
start up or reset and left unchanged during system operations because of the
complexity of accounting for the power consumption states of all devices during
any proposed transition. For example, a system operator or system user may
specify through BIOS setup that the number of active devices is 8 and the
number of inactive devices is 24. These two numbers are used to determine the
maximum allowable number of devices that can be in the active and inactive
pools, respectively. Such a static and inflexible pool configuration is not effective
and efficient in balancing the system performance requirements with the system
power and heat dissipation requirements because certain events and operating
conditions may occur during the course of the system operation which could
require the pool configuration to be changed for the system to continue to

operate properly, safely, and efficiently. In various instances, for example, it

would be useful to be able to change the pool configuration (e.g., change the size



control unit containing a pool manager; Figures 4A~C illustrate an,exanple
of one enbodi nent of a nethod for managi ng vari ous power-contr 11 Q/&ﬂ)ﬁ@ t hat
are used tavepp80 ack of and control the operational statespafruseopsy:

devices; Figures 5A-5C illustrate an exanpl.e of one enbodi nent of a nethod
for managi ng power-control pools that are used to keep track of and control
the operational states of nenory devices; Figure 6 shows a state di agram of

one enbodi MRpthOfictiy B8R ihaEt Pe pbel, BraYdacingethe ¥RSRhY opefdtasty in
operations; Figure 7 shows a state diagram of one enbodi nent of a process

for perfor mragpdret teshrioneeriernaistiruliegpbanges in pérativaal coaditivsis ztche
power control pools; Figures 8A-8B show an exanple of a reconfiguration of
t he power caht sigs phiblepdats arspsEasty tairtaires pespet balapst betwémn ponen
control pools; Figure 9 is a block diagram of one enbodi nent of an
appar at us f qerfdymanceahd gy sthenpowgr ichesginpgiorofanddreat gepesegiorgolor ol pool s;
example, the sizes of the pools may need to be changed in response to a
temperature condition that exceeds the system acceptable thermal tolerances or
in response to an indication that the system is operating from battery power
source due to a power failure or outage. In addition, the sizes of the pools may
need to be changed due to changes in the system operational characteristics such
as changes in the number of system users which generally affect the usage and
therefore the power consumption levels of the memory system.
As a result, there exists a need to dynamically reconfigure or change the

sizes of power-control pools of memory devices during the course of the system

operations.

SUMMARY OF THE INVENTION

The present invention provides a method, apparatus, and system for
dynamically changing the sizes of power-control pools that are used to control
the power consumption levels of memory devices. In one embodiment, a request
to change the sizes of the memory power-control pools is received. Inresponse
to receiving the request to change the sizes of the memory power-control pools,
the memory devices are placed in a specific operating mode or power state after
being refreshed in a periodic refresh cycle. In response to a signal indicating that
all memory devices have been placed in the specific operating mode, power-
control pools are resized according to pool size values corresponding to the

request received.



Figure 10 is a block diagram of one enbodi nent of an apparatus for

dynam cal |y changi ng the sizes of nmenory power-control pools; 22 MARRB912002
WO 0NnonMD ~ChiGPIB~ -6 Figure 11 shows a bl ock diagram of onperanedident
of an apparatus for dynam cally changi ng t_§1_e si zes of menory power-control
pool s; Figure 12 shows a flow di agram of one enbodi nent of a nmethod for
dynam cal |y changing the sizes of nenory power-control pools in response to

a request froma processorgpfd Egcﬁl;rﬂ%ﬂg%pqq_@gm{;\wfqégagram of one

enbodi mrent of a nmethod for dynam ca changi ng the sizes of nenory
power -control pools in response to hardware-detected systemevents; and
Figure 14 illustrates a flow di agram of one enbodi nent of a nethod for

dynami cal | y changimhg fédteresi RBadfaritRgay of tRe\WREsciRhVERtiROAiE bembRSRANSE tO
] understood by reference to the accompanying drawings, in which:

Figure 1 is a block diagram of one embodiment of a system implementing
the teachings of the present invention;

Figure 2 shows a block diagram of a memory controller having a memory
power consumption control mechanism;

Figure 3 illustrates a block a diagram of one embodiment of a memory
control unit containing a pool manager;

Figures 4A-4C illustrate an example of one embodiment of a method for
managing various power-control pools that are used to keep track of and control
the operational states of memory devices;

Figures 5A-5C illustrate an example of one embodiment of a method for
managing power-control pools that are used to keep track of and control the
operational states of memory devices;

Figure 6 shows a state diagram of one embodiment of a process for
performing normal memory refresh operations;

Figure 7 shows a state diagram of one embodiment of a process for
performing refresh operations in response to a request to resize the power
control pools;

Figures 8A-8B show an example of a reconfiguration of the power control
pools in response to a request to resize the power control pools;

Figure 9 is a block diagram of one embodiment of an apparatus for
dynamically changing the sizes of memory power-control pools;

Figure 10 is a block diagram of one embodiment of an apparatus for

dynamically changing the sizes of memory power-control pools;



processor's request or hardware-detected systemevents. DETAI LED
DESCRIPTION I n the follow ng detail ed description numerous spécl MAR0etail s
are set fomdwgioizzorder to provide a thorough understandi ng ofct/istoprerent
invention. However, it will be obvious togne skilled in the art that the
present invention may be understood and practiced w thout these specific
details. In the discussion below, the teachings of the present invention
are utilized to Figiremdnhowsebhak diagranpHratesmbodirtymast aodpparstugrior ng
the sizes of nmenory power-control pools that are used to keep track of and
control the dypemitdlynelarging ¢be oizey af nEmsornepowerdentoépoolsn one

enbodi nent, the refresh process normally used to refresh the various nenory
devi ces is nodi f Faglired 2redioavs aéloradiagrameheons endpidimentof 2methsgpéwi fi ¢
operational state, e.g., the nap state, after being refreshed in response
to a requestdynemitedlygdhangingithesizes of MEM@HHPYWSSWONIOb PP ingesnanst tpeol s.
After the various nenory devices have entered the specific operational
state (e.g. requrst ffap 3tPAPEYSSOFfhe sizes of the nmemory power-control pool s

b h d to. di to th t.. | 21 MAR ,2002 WO
01/ 01230 PC T/ USHERTAS3 | GREEsbRr R BT A & CSG RE PO el GemeiheddPs s of
th - t r,ol I initiated b t
uni ts that FaPEmIRed ngne a5t O Mot S P B L RS B aserBb it 1 o
pools. In og}grgﬂg%q(g&%gtte, %Jé@%r;\eeq)ég&t;a q change the sizes of the nenory

power - cont r pools can a e initrated, wthout system software

[ ntervention, | ng(e309030.L0a0RLLALKaRraRR dH eéi’nﬁé’c?i'hgéﬂt%\f%%etp fffor

exanpl e a signal ma systemtherna unit or menor

control uni tdjn@ﬂii@@igj&&rig@ﬁ% th€5RES 8f HetnHaSp 6% eRERH oRpbHIseR hdnbeVs) -
The teachings of thé present invention are applicable to any schene, nethod

and system fRpcdaoyey rddRiea96MRBFd WhrdTBeREY UGt vehigvever, the present
invention is not limted to the power and thermal managenent of nenory

devi ces and can be applied to t HREpANeEDINESCREPHEINmanagenent of ot her
devices. Figure 1 shows a bl ock di agram of one enbodi nent of a system
configuration in which the teachings of the present invention are

i npl emrented. The system configuration 100 includes a plurality of central
processi ng unit sl m@lmp%&tade@émrypmwmerﬁubsp@ql@@dfz@ﬂléuarwno as

menory control unit) 111, a P64 control unit 121, ap |nput/output (10
control uni fortB1n Oéz%j'rtékﬂﬁoé’éd%Bﬁk‘?’iﬂq%urldlﬁfsﬁﬂpépgﬁ?tt}éﬁ Bre§PabmvestieRibsyst em
151, and a plurality of nmenory devices 1.. For th ur poses of the present
speci ficati g'r[]?Wf‘ff’é' tarith bepgg&é)égdp-on&skﬁ%gun ﬁ(f'kgfaéf g"ﬁé{‘gﬁfﬁﬁ‘?ﬁ&mvﬁﬁ“? at is
capabl e of executing a sequence of instructions and.shall. be taken to

i ncl ude, butm??ot’]e ng?ﬁsrtﬁ’?(gana&raﬁté%ee@{gllﬁ‘ﬁﬁ% "bl?)essg Sr?ietc:lrflgp??e(t)%lg%sors, speci al

pur pose i cropr oggﬁﬁggg&b@g%-fg@g,B%QQM% 8t &) ST GROEAN L Al Bl1Eredet C-

I n one enbodi nen are gener urpose m Croprocessors

that are ca XLGIk I rrshi ] i i . The
CPUs 101a-|8?§{“ Plemerid, cE*h‘?‘?Sf‘afﬁ?’ia?ﬁ?;‘[\,@?ﬁ%ﬁ?%“if‘ Rty et}@rlgéz%grognd t he

AGP graphi C%&HB# ?bw@ﬂ-icbn%l pobRahst hfecuseristostacRnBYof N EffrolfHe Vi a the
menory control ufdit 111. The menory control unit 111, in one
operational states of various memory devices. In one embodiment, the refresh
process normally used to refresh the various memory devices is modified to
make the various memory devices enter a specific operational state, e.g., the nap
state, after being refreshed in response to a request to change the sizes of the
memory power-control control pools. After the various memory devices have

entered the specific operational state (e.g., the nap state), the sizes of the memory

power-control pools can be changed to new values according to the request. In



21 MAR 2002 WO 01/01230 PCT/ US00/ 14832 -s enbodi nent, is responsible for
servicing all menory transactions that target the system nenory 1d4AR 6is
161. The neworoy/ocotrol unit 111 can be a stand-al one unit, 2QTIUSEHE3X ed
part of a chipset, or a part of sone |larges_unit that control the
interfaces between various system conponents and the system nenory devi ces
161. The P64 control unit 121 provides the interface control between a
plurality ofoRGmbbdsinehs thezeqieht tbeharg®tlye siged 6ithe wiérhodlpowdheontedl
control unit 131 provides the interface control between the nmenory unit 111
and various pédldesnhdtesinitittes byt ptavebsuti orgothlee uRh tisdtdtase andeBEor clyagfisg
133, a plurality of USB ports 135, a plurality of IDE ports 137, and other
| O devi ces 13@.siZdse0fAGR rgemphny povertondtolradls. 14ione emboddisnarttetheregudsate
control between the graphics subsystem 151 and the menory control unit 111.
The struct urchaage thesuadsedshememerpapiey-contral prolssan alspibesingtiatedcr i bed in
greater details below. For the purposes of the present specification) the
menory devi cwithegt sEstermsefiware indepEngiPRa iR FeSPOREDIA GRIBEHE HERtHed DI

devices. It is we]l known that Mis a type of M t hat , uses vol atile
storage cel | &8RN {08 SARERIE 2 BT r@%&#@ﬁﬁ@&rmﬁ%%m@ema The

f f h f f_r.ef h ' d di h DRAM
Uaed, the. arbGHESoF ORBHbR) AGIAH BT ot 10 R AP U BB & ey B

menory, etc. the. djs i LEy] t
menory devi c’gjépﬂes? ggm%sc&%ﬁ%é%gs %ﬁé&?g%rg%% aef_?élrléraggljeatjtoza%gzg% &%ﬁ%ﬁﬁe nﬁ?a%bcgr e
desi gned by FamFol Bowe mil 1 of RUMIE9 dRES! BrowetREUPD IR} Scussed
herein, however, is equally a I cable to other types of Nglnc udi ng
conventi onal ;nDBANGH if adt liRA6R! PER AdWd ahRtMEm A rhARGeheRbArRM ory EDO)
DRAMS, burst extended data out (REDO DRAMS, synchronous DRAMS ( SDRAMs),

doubl e dat a déticeshiAben CRRIP phleBAYEhe Fbwmr@ﬁméﬁmbhmlahawt(oﬁdﬂﬁ%%) :

etc. Figure ? shows a bl ock di agram of one enbodi nent of the nmenory control
unit 111 desdsvdibed in Figure 1. In this enbodi ment, the nenory control 21
MAR 2002 wo ononb Pcr~soonas3~ -9unit 111 contains three major blocks, the
host group (HG 2HigureAesho®ya blask(diagam 2f ongrehliddemdnt of aysystam(DG) 231.

I n one enbodi nent, the host group 211 functions as_a host interface for the
nmenory cont reanfiguratigprs Véhlcgﬁbe tepshingsref thermresans inyantionare ysplegrasnted.211

i nclude receiving transaction re%ests fromthaj_ CPUs 10la-101d, generating
appropriate HenPareR enikpiRtieRd 0P angreapa Pluraliy of Ot PAOFFHOE Lo,

i Vi f the 1O ~?1 d th t 231, d
GRS CHCE SARATLER IO R W N LR T e
ddition, t h ) 211 1 I i b . i
cddition. (hehosie gt b 3hteLeRBRTSLIN, Lol aSHer ohl 00 20000

group 231, &&wswct&ugﬂe&WQgﬁéﬁoieggggs}fsgéggt1;ﬁ Q5 plﬁgﬂoﬂy;o@%rﬁyx& ~71,

in one enbodi nent, functions as or the uni t

111. More spebliteLadl Yrod e JJLQP%M t%%ipr@mlsﬁécmbﬁidmwie%e' rBEkoNS
bet ween the data group 231 and'the P64 control ‘unit 121, the 10 control

unit 131, angk tGRUIMRRYS €S a6 9 Hhi@ine fdt id dpalla cobecafinpdisegidnceldie data
group (also referred to as data cluster) 231 is responsible for dispatching
and conpl et i ingtrat tion® ant\shalldresakén eninclinde, tuamgebe tihdtesto) ganeRbRAYPosd N
one enbodi nent, the data group 231 contains two |ogical subconponents: a
data unit (Dmiirbprotessopsespeniaigpurpese mticraprbeessershamiltt-snexfia semuiolheys and
transactions to the RDRAM devi ces via the RAMBUS channel controller (RAC)
and t he buf fmicrgapntroBars, ejc. tihamneiembedipaenti e Pds 18leqlidaragenenal-f eri ng,
and delivering data that are pulled fromor pushed to the RDRAM devices
across the nRWIRGFEHTISTORICFESTAF Ehatade capakleh exeaatingan Infel A ehiedtureccept s
menory read,. wite, and refresh requests fr t he Bunit. The requests are
decoded to dJ@eEUEIIRE sEhelke S{Hs ]d}lgtﬁédnﬁ?ﬁnﬁég a1 'é‘ﬁsi tegy gnit
targeted. Thg Dunit the enerates the appropriate conpands or instructions
(al so call ed lhéngef@ﬁeﬁ‘gy%ﬁée ’§§§?§}“9§u{}§ﬁ#$ 6T e YD P A Y 8 quest s

and queues the packets for_ transm.ssi acro h ry.bus. In

addi tion, thEIDA; tF‘eé?g%‘oglﬁgﬂVSﬁPQ{e}éig'aggletr?%lﬁéfyeéoﬁﬁqgupl cl?[%‘slg Al ock
boundary between the 21 MAR 2002 WD 01101230 PO "1 USOO 1d832 -10 core
frequency and the base frequency of the nmenory bus. The Bunit, in one
enbodi nent, receives requests for nenory data fromthe host gTOUp 211 and
the 10 group 221 and generates the appropriate nmenory access requests to
the Dunit as descri bed above.




Figure 3 shows a bl ock diagram of one enbodi nent of the nenory control unit
111 that contains a refresh unit 311, a packet generator 321, 2gndARallfiool
manager 33lyolfiRidsgnctions of these units and the interacti opgThbyess: t hem
are described in nore details below As ngntioned above, the nmenory control
unit (MCU) 111 is responsible for handling nenory transactions recewed from
various sources in a tinely fashion. The nenory transactions received from
vari ous sour : : i b -

equests. I nEe R R G M PEPR Y Pl e Rt

requests r 6055\@% rfléH{BI\r/}rQﬁvY&EHQP.STﬁ@er%%yi d¥n@r ot @pRBNAScal 3¢ adkfhd-alone
under st ood by the RDRAM devices that are coupled to the MCU 111 via the

menmory bus. hR, &OIATESERed pAer (ﬁtaQQﬂD%éAby, driepRDBAb e Va R Uit Ehat coRerdRBIRAM
native requests) are also called RDRAM request packets or sinply packets
herei n. The paeKeiesdwiefeahaarions bys3erh cohogyendnts &nd)tinesBtem rnleenatyi devices
~n,~ithin the MCU 111 that is responsible for creating and sendi ng packets
to the RDRAMG6&leVvTheB64 tononkuritbdtiprnendes thednidfdcg tontrol hetsweeres phusility e

f or RDRAM nai nt enance operations such as refresh and calibration. As

expl ai ned abof/BCI-BbRMNE 125 araé thgnestarg copRaivnnidihoThgO epsdsohwniailpl e
storage cells which nust be refreshed perjodically in_order to_hol d data.
The MCU 311 B@Wléﬁﬁﬁh%lé%%ffwWﬁéﬁ%@v%ﬁé}‘éﬂ%ﬁgrmm#éé&Iaélfi YarieusEPs by

di kets t t he RDRA to | t th f t hei r, . dat 1
oo b g o NEEFices wtd PoEl nCREAE T ets ZRA P hgeth o A kEoRegP 117
th f h it 311,.sh i Fi f.ormt
e ot enance. Bots 195 aRAlRORDE et Al End el ekt 150 “EREMGP 1 i ns
t d to,k track .of , - .
B o 3o e RS Al P i O M IR0k b MR RO0Rachics
Wen the refg&éﬁsgﬁkgﬁ)ﬁ}iﬁghﬂéﬁ&r%ﬂ%l LRat112. MReRLERANGS Y Rl tieeds to
e , It pla

be perforned on-t es a request to the packet generator
321, which ifhd Mbmhdrye3ned! LAR 1aPRIOBEAbed fPBAMiEcaMans bRRfkEL s that cause
t he RDRAM devices to " performthe required maintenance functions (e.g.,
refresh or calibr Béejhe gt ReObf tiveprgent spdcifications fansiemdryf dévie@pdi 4v@ t he
power consunption |evels (also referred to herein as the operating nodes or
power st at esjssafnddier ROBANh g iandsm Aseesxpleaioreg (DRAAME devizesr Heis viedl
mai ntai n the bal ance between system perfornmance and system power usage,
menory devi cksownehdeBiRyedsdypavbRAM thatarses vplatid stogpgeocdls whixth are
correspond to different performance levels (i.e., speeds). In the present
enbodi nent, pexodpRANEeeshadeisiqgAedta wld slpéa. sERere obpriresh efragdency of
active, standby, nap, and power down. Thes&four di fferent operating nodes
of the RDRAMEIESSE \HTiasi FRPFNEHELERN thRdYPALtR M usedethe HORENt O REIABTY on
| evel s and their performance | evels. For exanple, a RDRAM,n active pode is
ondy to | Al ORI GaRHOR Pl HeaElesh IR 6. TBOIRRIEH RSO ADN | s
al so higher }pn, active mode than.in t s.. . Lhe f i
power consurrt)cmoo © Ilte\§§llss° %ﬁ?ﬂ"}ggrth %tr%Eg%é;mpgg%g%fuﬁ@?}é@rﬁ&%ﬁ%@%@ﬁé@&\ﬂ%i ng
to the four gj i P r ' ow,
Crere ain it BiEbdRBRNONINITHER B Recihdtfby Rtk 0 Brckeltfhn’ S,
of power congyuapt-oRy Ryt 8, RARMY aREusbed Retdis, RLEATRM RISV pIEab
corresponds to t'h%ﬂaﬁlogﬁleaé!t’ﬁlee\/el of per?orr?ance. Tablré %ﬁ%ﬁp@erﬁng
RDRAM Power  SIPRAM F&y oD RaN e iR nPeveverdicHat DREAVIS Uk t pape BRI (FRRye!

DRAMs, extended data out (EDO) DRAMs, burst extended data out (BEDO)

DRAMs, synchronous DRAMs (SDRAMs), double data rate SDRAMSs (DDR

SDRAMSs), synchronous-link DRAM (SLDRAMs), etc.

Figure 2 shows a block diagram of one embodiment of the memory

control unit 111 described in Figure 1. In this embodiment, the memory control



WO 01101230 -12 21 MAR 2002 PCT/ US00/ 14832. 4 = highest, | = lowestl 1 =
fastest, 4 = sl owestActive4lStandby32Na?Power - Downl4 As il | ustp atMAR 2000
table 1, RDRMYRi1@pesate faster in active node than mthe ot hesct/hsmasgndes.
However, RDRAMs al so consume nmuch nore powgr in active node than in the

ot her three nodes. Power consunption and al so heat production of nenory
devices (e.g., RDRAMs in the present discussion) can be reduced by pl acing

one or nore RBORAMB] kdhtairlsQWRle rRHOEbIJTREENE Bodt grEildEy 21M3¢he 105 r- down
node). As expl ai ned above, power and thermal managenent in noderh ard often

conpl ex conpyl@G)9ysifAittheaista pragnD @23 . dacbriedrabodirhealthe hosygicRip 211
desi gn and i nplenentation. To achi eve sone acceptabl e bal ance bet ween

syst em per f orfamotiensuda hysttinterfaosvéor the msempty controlldh $drae of ohe Aspeivds t o
heat dissipation), systenms are typicall ?/ configured so that only a fixed
nunber of nerperfordead ke the kosg groRDEAMEXde rekeivirg tlansaptédmtequastarbitvthe
node. As expl ai ned above, depending on the applications and
CPUs 101a-101d, generating appropriate commands to both the IO group 221
and the data group 231, receiving responses from the IO group 221 and the data
group 231, and transmitting the responses received to the host (CPUs 101a-101d).
In addition, the host group 211 is also responsible for generating snoop requests
to the data group 231, receiving snoop responses from the data group 231, and
transmitting snoop responses to the host. The IO group 221, in one embodiment,
functions as an IO interface for the memory control unit 111. More specifically,
the IO group 221 handles the interface functions between the data group 231 and
the P64 control unit 121, the IO control unit 131, and the graphics control unit
141. In one embodiment, the data group (also referred to as data cluster) 231 is
responsible for dispatching and completing all memory transactions that target
the system RDRAMs. In one embodiment, the data group 231 contains two
logical subcomponents: a data unit (Dunit) that performs the intricate mechanics
of sending transactions to the RDRAM devices via the RAMBUS channel
controller (RAC) and the bufter unit (Bunit) that is responsible for sequencing,
buffering, and delivering data that are pulled from or pushed to the RDRAM
devices across the memory bus (also referred to as the RAMbus). The Dunit
accepts memory read, write, and refresh requests from the Bunit. These requests
are decoded to determine the status of the memory pages to which they are
targeted. The Dunit then generates the appropriate commands or instructions
(also called the packets) necessary to carry out the memory access requests and

queues up the packets for transmission across the memory bus. In addition, the

Dunit also synchronizes data transfers that cross a clock boundary between the



system operational environnments, the nunber of nenory devices to be kept in
active node varies. For exanple, in a systemconfiguration usi ﬁd’M 1¥DRAM
menory devimaegoiertain systemconstraints may dictate that porys@/1d8s2i num
of 4 RDRAM devi ces can be allowed to be agjive at any given tinme. As

descri bed above, the maxi num nunber of devices in active node, in standby
node, or in nap node, etc., can be specified by the system user through
system Bl C5.gfe f§ér’%}e€{é‘(%fn%lrt‘hel&s_@rfrécﬁ§e@{cy JdfRRaaesmbly Blis MIheB gy icege are in
whi ch operating de {e.g., active, standby, nap, etc.) can be acconpli shed
using a def iefidod@fent, recelleM¥q U8R onanéemoty datfrofi tieooasdoup D31 paglthe of
devices (also referred to as power-control pools) that are used to keep
track of andOgpoip ARl bhd gemerastes hije apgdeommiatpanemosy ateessfreghests tulihei Dot
menory devices. A pool in the present discussion refers to a mapping or
li st of nemasyesteibededbavieat are in a specific operating node or power
state. Continuing with the present discussion, as noted above, RDRAMs can
consume a subst ahiguae 3ahowg a blockohiagram®! pasambedimnentirfithatmemoriount  of
heat when operating in active no result, it would be beneficial to

operate as KARFORIRANEL ﬂ?tépétﬁiflggﬁe@%ﬁﬁi‘lﬁ‘iglﬂoﬁ/P&Skléfrg%‘%%f?@f 323, b
menory devi 08 TERGEST THe RS RS e TGATh R A RO TR oy ces
o et ve. et are BRI Tstare SeREtae A meGoRsd 3Per e the e at o
“hto ert her Catrp{R MG 10 ke bR fob Ralltind HlelB) Bk e erhves

bal ance bet yeen sySLEt RRe! & (RAGel,HAShiANThe ABRIID e Albac ABRY rétefRal | xed

nunber of menory devices shou e’put into nap at any given time.

Consequent | yponwwo§9§r@mfcleg<e»c{tmwmersggffen{mmd@@é/h@%o@r 8alaeR8 ak8RYriden
active or standby node at any given finme. Conputer progranms are unaware of

the operati pequEaee IAlorRAMbodinadre, tiie MYUJITT erarthires thed@aidcend Whie ef or e,
t he operating node of a given nenory device may need to be changed by the
MCU bef ore tréqiespakteioad drormehemvpribesisoarceainsecamoearasrbabate dridenstaoti on.
Referring again to Figure 3, the pool manager 331 within the MCU 111 is
by the RDRAM devices that are coupled to the MCU 111 via the memory bus.
The commands understood by the RDRAM devices (i.e., the RDRAM native
requests) are also called RDRAM request packets or simply packets herein. The
packet generator unit 321 shown in Figure 3 is the unit within the MCU 111 that
is responsible for creating and sending packets to the RDRAM devices.
In one embodiment, the MCU 311 is also responsible for RDRAM
maintenance operations such as refresh and calibration. As explained above,
RDRAMs, like any other DRAM technology, uses volatile storage cells which
must be refreshed periodically in order to hold data. The MCU 311 perform
these maintenance operations at regular intervals by sending packets to the
RDRAMSs to instruct them to refresh their data or to calibrate their electrical
characteristics. In one embodiment, the MCU 111 uses the refresh unit 311

shown in Figure 3 to perform the RDRAM maintenance operations. Inone

embodiment, the refresh unit 311 maintains a counter used to keep track of the



the unit responsible for maintaining the bal ance between the power
consunption of the RDRAM devi ces and their correspondi ng perf @rnMAR#0?

level s. Mrg q)%?‘jsf)i cally, the pool manager 331 keeps track gfcfi@os14832
operating rmge each i ndi vi dual msm)ry_gg_vi ce and takes appropriate
actions to nove the nmenory devices fromo operating node to another based
upon various factors Z 1 MAR Z002 WD 01/01 230 PCTI US00/ 14832 - 14i ncl udi ng
the maxi mum QURRGL oPLindPKEEGSIdHRURL: clBARILPBAIEL | AfheTRHE retttlC it e

is required to service a particular nenory transaction,

embodi ment . a0 dBfeflinka tRAEH HRaihMRBCEALL BReHD IS b efoPRiet! SR RIRAMY

device, the pool manager 331 requests the packet generator to send the

appr opr i at e ifFekatSrdduedt to BUNPRINES pehdratdle3 TE RPHXh 38 VG EcreliRt tharst ruct the
menory device to performthe required function (e.g., changing from active
to standby apgeopstiate/RIDBIANM reosstyiaaieythhbeaisse e RDRAM devicéstoipatsinved
above, in one enbodi nent, the pool nmanager 331 maintains informtion about
t he operati rige raoghéreaf ma#ctenande furdtiains ¢egi, cefegh oecaliwhie)h devi ces are in
active, standby, or nap nodes) through the use of a plurality of pools
where each pool Tbkgo!masagr@dilngresponsible fir menpgieg thagoweare in a
specific operating node or power state). In one enbodinment, the pool

manager 331cervynplipadeyr)si(alse sefesed torherringgs thecorasaiing mefessa@OWsT t he
menory devices. One of th ools, called the active poql or pool, A is used
to keep traélates Om%ﬁm%&‘@%"ﬁﬁér exglained appye ipgader temagtaertheool |
called the standb ool or _pool is used, to keep track of which devices
operating i Eagf‘é?lﬁﬁ oy Stgﬁbp‘?rg%??ﬁ%gar}ﬁdoﬂfs,te@arﬁ?‘gar E¥ECn TS BE819€81 %D ool
C, is used to keep track_of ich ' rati in.n no Each of
the three pSEﬁ ‘ge?g%?cé?%tﬁgvgg\é\{?%ri%ﬁég?é%‘agﬁ%n%g’?e? %h?q%é) fﬁé&?@%? gﬁgﬁre%re in a
specific op [ -pover. a I: , '(ﬂgr tion
in the actiééﬂ%gggngﬁggfﬁéb%fgﬁggégbggFh%.gggﬁgge ?%ﬁ%ﬂéé?égﬁﬂieglg ers

while the na@sigfa@& té)ﬁa'&@Eéeéﬁmbﬁgratf%g{ﬂﬂ%déé’:bc{crti@@ it‘éﬁd%};’,qt?aﬁié aflfi polifemenory

devices that afe not found in efther the active poo standby pool .

Wi l e the tgaoh. MhseseffolihelifféRpEeBpetatingthbaes af eheIRDRUSSIS drd@fs8hpuidhbdd
pool s as an exanpl e of a nechanism for maintaining information about the
oper at i ng nbgewodhcivestheirdsoiveesonsumptint tbviets e tlesis pedoanenckeldled in
the art that the present invention equally applies to other nethods,
mechani sns &or exatiip AR RDBAMon@ative BwodReisiresdy tadmmediatefyr srocehs f or

mai nt ai ning and controlling operating nodes of the nenory devices. |In one
enbodi nent , traheadtion. Howsemer Hpemer ¢RNSHBHREOD S alpe highcshs aglivehmode plaart irt o

t he operating node confiqguration of the RDRAM devices. In the first node,
all devi ces thf ethgsspdss. ?U]%@Lirrﬁh&?‘t%POW?fé@PFVE‘RSPT’SIF&ﬁléBVdr?Séfé’.rmlaﬁCEt hi s

et ve. pool [Eveldithe HAKEWIE pt oS Finb o ehe [ty SLPFoISPeathnarRacaere |
devi t hat t ted | | A _As |t,. all, d
repr esent ed I RG S el el BT D 1Y RORAEE)SHIBREOT MR second mode

f . : ! nby _
A1 hr ce poiresrt T he (RUhERSeer BB yeR cBfibutrich AR RDRAMR TR S
represents gld pa@afa{%@engﬁﬁéom%p&orfesrp%aa«g%srehé h@*‘r@spﬁe%ei&eﬁ rfirfhale

st andby node, ‘and poo subtractively'is used to Tepresent ‘a evi ces
that are neither in pool A nor pool B and are therefore assunmed to be in
nap node. I n one enbodi nent, the pool manager 331 enpl oys true

| east -recenthyleused (LRU) algorithmto maintain the |list of devices
represented in pools A and B. Figures =IA-4C illustrate an exanple of the
configuration and mai ntenance of the three pools A B, and C when the MCU
111 operates in the second operation node (i.e., the nenory devices nay be
in active, standby, or nap nodes). In this exanple, both pool A and pool B
are assunegd to be set to the siges of 4 and may therlefore each represent up

to four nepBBRAMOpesating i s a] BORANMUMmder n this eXHPRAM Peeformnannee ajfe

12 nmenory ¢evices in the system |abeled fromAto L+
Mode (Power State) Consumption Level

Level




Figure 4A shows a configuration of the three pools A B, and C at

given point in the course of systemoperations. At this stage, bk@ﬁg@l] in
Fi gure 4A, daviimes0A-D are represented in pool A and theref oPeTas®womesd2t o
be in active node. Devices E-H are represgpted in pool B and therefore
assunmed to operate in standby node. Devices |-L are represented in pool C
and therefore assuned 21 MAR Z002 wo onoma Pcriusoouas~~ -16 to be in nap
nmode. In the present exanple, the device listed at the top of the |ist
(e.g., device Ain Figure 4A) is| @dnbighested =tI9avashst | f bodastest, dsedlowsdt) e
the device |isted at the bottomjof the list (e.g., device D in Figure 4A)
i s considergdictiie | east recently 4sed. Usi ng the poo 1represent ation_shown
in Figure 4A, the three pools A ;)B and C would be tfansfornmed to those
represent ed $9@n3PHure 4R after a Yead or wite to a |Acation in device D

The "D' tokjen representing devi ce, D woul d nove to the3rmst recently used
position (t Napnp of the list) in*pool A —whil nd—C woul d be

unaf f ect ed s'! nce Ege change wth {espect to device gi d not affect the
nunber of d y i ' j

accessed next, then the three pools A - B, and C woul d be transforned to
those shown in Figure 4C. In this case, device 1 was noved to the nost
recently used positi.Qn.i I, A 1B i . p
node to active nné‘g,lﬁ'ﬂset\r/?tggq % t\?\ﬁllecl h%\?gg&t s%ﬁ%%gtfésrtge%znﬁﬁgﬁggag é@%@g in

pool A was na\\ée&hgptﬂgaglrgamg%ﬁ.rﬁsww REFEAMARES EQBuREE RRRK rﬁo%équQ{\Q‘?rint 0

mai ntai n the maxi num a e nunber of active devices In poo

Simlarly, sifige H8MeGRafriMaRe 61HRDEREe MiedBsaFovie cBRSEMbO ol AR HdE, the
| east recently used device in pool B (i.e., device H was kicked out of
pool B and spiidireéionVst mefforgdievicepg@l., RORAPIsdathé pravahnd Btiisdidie) caxbeum
al | owabl e nunber of devices in pool B. Figure 4C therefore represents the
pool repr eserddaice@byoplatireg diw eempoe RORYMBinaridwer pdbwer nidue (eog.r stapabgi ng
devi ces have changed to their appropriate operating nodes. Figures 5A-5C
illustrate anapxanpieentionrencose).i drexpiainecaabovamipotenandghefmahe t hree
pools A, B, and C when the MCU 111 operates in the first node (i.e., the
nermory devi ceenagemessimetpdesngpdraften wmplex compatarisystems Bavmbgspmedegre | n
this exanpl e, <§)OO| A is assuned téio have fhe maxi mum size qf four which
means that upnd OFTEGFitHAY i EStaREles] TRRIERETIRATy el achifiye EPven ti me.

Pool B i t 2 Z00 i ~30 Pcr~ 3- -1 ~used. It is al
asoured 1 LHCEPERATBRETPRRE TR} &4 8 PEDOHRROr S HLOIEE RV Oy eTefio

| abel ed fr Onzvehitcg alrs'o corresponds to heat dissipation), systems are typically configured so

that only a fixed number of memory devices (e.g, RDRAMs) is allowed to
operate in active mode. As explained above, depending on the applications and
system operational environments, the number of memory devices to be kept in
active mode varies. For example, in a system configuration using 12 RDRAM
memory devices, certain system constraints may dictate that only a maximum of
4 RDRAM devices can be allowed to be active at any given time. As described
above, the maximum number of devices in active mode, in standby mode, or in
nap mode, etc., can be specified by the system user through system BIOS at
system start up or reset. Management of which devices are in which operating

mode (e.g., active, standby, nap, etc.) can be accomplished using a definition of



Fi gure 5A shows a configuration of the three pools A B, and C at sone
given point in the course of systemoperations. At this stage, 2dsMABNn in
Fi gure 5A, wowioeso0A-D are represented in pool A and theref oreTaseunmssk t o
be in active node. Devices E-L are subtrggtively represented in pool C
(i.e., since these devices are not represented in pool A they are assuned
to be in standby node). Again, in the present exanple, the device listed at
the top of peels &f de&ies (aliR\ietrdd idasp@uEecdolippolgnhearedséde
recently used while the device |isted at the bottom of pool A (e.g., device
D i n Fi gur etafk dfanclonsitrdthel opratingandde ecpotvey stasedf thdsimijvidieal poarhory
representation shown in Figure 5A, the three pools A B, and C woul d be
t r ansf or med dewvicehogepoelpnebe presgnt disFugpiorerd@sabeenappirepdr bst of inesdryg a
| ocation in device D. The "D' token representing device D would nove to the
nost recent deviceethatoasetin arspecific opefntutg mAde or poyverstagol A, while pools B
and C woul d be unaffected since the change with respect to_device D did not
af fect the nunbeCHTINKEPEMEEh He RARERNt Hsggsionsas nated Abayer RAARAME @& | were
accessed next, then the thrﬁgfrﬁool s, A and woul d be trapsforned.to

|

, C
t hose ishomczﬂ“lff‘ﬁﬁrsé’bé@m’la | ugt BEBQY’EH%’{;‘? 8en§ralea syByiagtia meﬁﬂét "
t iti I A B i | . t
mode to” act FGRL TME et Re TEaciReaOiEs e pest S el RERRECR BV e T
pool A was ng%&ﬁg ag.%a@{ g@ﬁg%laé% ggﬁeapaﬂ%'aw?{vy JRYEL 4O RPBLe C 1N order

to maintain e maxi nu e nu of ac e devices 1n pool A

Fi 5Ct t | ; |
lgure Qg-{ﬁd;ﬁﬁ&,%&%@ﬂf B11 d&@orl?n %bésecﬂfsecﬁfc'iﬁl%’ir%gg gﬁ&g%@ﬁé{?{n%@r Bpo! s

A B, and C e correspondi ng devices have c

appropri at epgRREA; HBGICEREES ; tIRRBRANMY)IRG 2HONMBde iR WRLALAL IndmbA) ance
bet ween the systéem perfornmance, power consunption and thermal safety, it is
necessary t dekirep ceRsEmMB Rk leef poRepiyd thevefoesgemeratd it hmeskehatdhihe rest
of devices in | ower 21 MAR 2002 wo oiioiz30 Pcr~soonas3~ -1 s power
states (e.gtheystiandhytive maje arsteydbyMnode.s BERAMs ah npp rebdeeahhetanu biiigr  of
menory devi ces operating in each of the power states affects the

per f or mancedatrolmatr amlmaghh@td provadeitheindatp to theeWiC3h 11 buaitd théy atremoysdem it
is useful to keep the sizes of the active, standby, and nap pools wthin
sone i niti aintergideractve prtagdby mednrgierpiined phovmse mainigiam kalaneam
per f or manc ower consunpiion and heat productigon. Conventi ?inally, t he

e
maxi mum nunﬁégw?ﬁ“ ISP RRETEATMANSE AN POXER CRRIHMPRORRLY frae fixed sy@bari ed
usi ng the system BI at star or.reset and deft unchanged during the
course oftségwg?'e afireraoud BR gt stGFRe i s %‘?ol ]
configuratipen, i rQyvi i m bal.ance he n..
perfo?mancee%n %emrgt}ﬁcogxn%gér)rr%tg iﬁggc,i nlﬁlgﬁ %\egtOfZ%/efS"é‘grtyi %/)eéj and reeP[ f ib\gé:alger?tt '

bal anci ng t hejsy st ggg\ne%@frﬁsa@wéqgéﬁ .ftto%nwel?.ﬁrtig—ré%fa%mn%ﬁfe gnd

heat di ssipation requirenents. ecause’ variouS events and operating
condi tions pRYoREGHN bﬁBQrP_Bﬁ/e?@ﬂé!E@@fﬁ'fy %ib@n%l/e?ﬁ&? Qeeical ThRsefhY, ¢ coul d
require the initial pool configuration to be changed for the systemto
continue t ooppeitatemdiderstal giversaleetory dRRtteghdy fe@td be changddby thoMIESU t he
conventional nethod of pool configuration and control does not” account for
t he dynam cbefairatkatopartietiauneemsyysd evivegzer setvions meatoretraabadtidry si nce t he
changes in the systemthernmal environnent or systemusage intensity m ght
requi re a change Referrivg agaém & Figgrexddbe pobl mhapaged3di ywithin tesMUl dbl & e
control l ed by the pool manager 331. In various instances, it would be
useful to bthebhd respaisilylgéon maindaining b balrace betveeatuttierprwys cemauopptian i ons
in response to various external stimuli or changes in operational

condi tions BEthUBPRAM dgvices apd thais cprssRoNgliBg peEarmangaiavels ntMarer oper

bal bet ),.Syst f t ti d heat
generat | on. SPHHGAILHG PoRlBeBREG VRl RESRS FE K Na BB Bger 1 o

I f..th ti devi into. de i t d

The. hoat | geMsKIdsh TReaE! B9 6t 20 A ReRBP RIA B 19 EUPCRERIRMG o res
f th I dtob ' j.ndi cat | t hat 21
VAR 2002 voTBURE1 350" SbFPEEitEras A REOREA B AT B 1 o 1 ower

power source (e.g., battery) due to sonme power failure or outage.
Furthernore, the sizes of the pools may need to be changed due to other
changes in the system operational characteristics such as changes in the
nunber of system users, etc. '



As expl ai ned above, the pool configuration conventionally is |eft unchanged
during system operations because of the substantial conplexity] cHARIED in
changi ng t h@opeelasi ze during operations. This is because appoaprsoei 4832
commands nust be sent to the RDRAM devicegg.to transition them from one
state to another, in addition to the novenent or update of values in the
regi sters used to naintain the operating nodes or power states of the
menory devi GRGudiY el hatigtensidrabedobyetites apsdatiantebal o?@%ﬁrﬁr%hﬁﬁieﬁ)f t he
menory devices match the states reflected inside the MCU 111. e present
i nvention sakkiek dehice ipraplisnd tyyseexijdeai pamygudarcinansny erdrsdaictionf etthén baér esh
operations perforned by the refresh unit 311 which requires nenory devices
to be noved embadikeotinpoder tosthanes the apegating nddeof apertictisr mdmaery
specifically, in order to performrefresh operations, all nenory devices
are acti vat etkvide, the peglanznagesd3i nequests theepadkes geperageeta sdndte r equest
packets are sent to them The refresh unit 311, in performng periodic
refresh operaPproprateRackels (e acnamangds) to fammesnewshedesrphastingFuct the
devices are restored by the gackﬁt %?n,er(gt or 321 to their states before the
activation. TFHORedsYShENBCHOETANE TERAGRAMNDBIIME BnbRRAGHESHT O 23R dRess
for performn ormal, refresh operation ich reflects, states of the
nenory devi (,Sé%“{]bﬁfdf‘ogﬁi°§fﬁ?’?\glﬁggﬁomﬁéa?‘i?%%ﬂaﬁrﬁ'?d%le Shnd the packet
generator 321. The refr. It . e . \ t k_601,. \Wen
the refresh counp\ e‘c’ré?sﬁg? gihggggéédgtjo é‘ ekée}é%g?lrng%ﬁg@g{\e ?%@ ’?‘Fﬁéglprln err\pg [gstamw]
bet ween refr. : ) ‘ r f uni t
311 T it at G B P B e R LR T
initiated thal,iRegids dheel RhREBH, APRIRHIRNS) tbﬁ%ﬁgﬁﬂhb%@%f%bﬂﬁ?@litghﬁ
refresh unit begins the refresh operations 21 R 2002 wo oiioiz30
Pcr i usoonas 3zpotstwBeltyeatipdol Gefard @IARpPiAg WaRRt bPpdevicastiatalre imd tpsafior y
devices to the packet generator 321 which In turn issues the appropriate
packets to tdperatipoimpdderipoeser skitehl hcéné2mbaalinmeataht pool wedreagep 331 bses
menory devices is initiated. In response to a signal indicating that all
devi ces havehtregoodsctd kexpadackaofr thgogpsrating meddesdt the Imemooy yedees.cOneicd
initiated at block 631. In response to a signal indicating that all devices
have been r dhe pedlsdsalledrtbgaetye peohappdein. Gaisedds hehatfraﬁi’r@f whichegeitrde
before the activation is initiated at bl %iléqai?\;é After the devices _have

t

been rest or EPerasinghidi actiye apede. hErg PENGIIRO thgistandhy peelrespral fi is 311
re-enters the wait state a lLgck 601 to wait for the next refresh cycle.
o ol ot orsad i kad Badk A v ee te p Pettbnsdnatatdlsy Fade G Fmaiging

h i h h dur,i i .th
e Wﬁv&%ifﬁgie?&%% 0 BRSO Po Eds HRA PP ARRS LAl P nich e RIS S0 e
are pl aced \dhefbr S &a&crggag.efam %@{gm g @%)%ﬁﬁ\%?ef@éj@om% nd Ne8R%E

f t he
refresh proc tea ust nappin e devices that were in nap

node before i Lo TR S al,l RAR! n 331 to
sinply resettr‘?t&g@i(pe)%)go?{-gétt h{p:)gc}r? atﬁ%ae%(l:fg@rr%ﬁg‘?i“gﬁ Igfwagto?g)f resrft%gé?gﬁngn when such
a pool recorfigydiRkhORhé ffdanhfiea iflUhé A&tiddBo6I0AHE trelfta A5} PHOPRRY RbiedNS -
In one enbodi nent, the nodified refresh process is initiated b;~ a request
from the pogh aRBefa@Eistedd vilitd the x’ﬂ@ﬁ%odﬁlﬁs irégreenteddgnftequirtatd@iveisabset of
required. In one enbodi nent, when all devices are napped down at the end of
t he nodi fi edhe efetesty guviceshat dreenqtdoued igeitbentlor acdve @l dritbe seidbgh uni t
signals the pool manager 331 to indicate that the pools may now be

reconf i gur egpoot. Waiilei the &¢achis abitbe presenp doventicivarextiecnssed dvereigurseng or
reinitialized, the pool manager 331 can resunme its nornmal operation since
it i s capablpoolsfasm enaanple 0§ atrhechiodsms far maintairingtinfassnagion pleout thevi ces
are known. Figure 7 illustrates a state diagram of one enbodinment of a

modi fi ed r efAPEEINg OSSOl MemaIpsirvacasoit v peigl R pbyigus &2 aReiskilled igrthe gl ze

t he power 1 R 2002 wo ovonBo Pcr~soouag~— -21
P tﬁat tmgpresent invention equally applies t5 other methods, mechanisms or



control pools. The refresh unit 311 enters a wait state at block 701. Wen
the refresh counter that is used to keep track of the tine intktMak 02

bet ween refy&shfsser €aches a predeterm ned target nunber, theppgfiyshiiygisni t
311 initiates e refresh operations. At block 711, a refresh request 1Is
initiated that begins the refresh operati fis. As mentioned above, the
refresh unit begins the refresh operations by sending a request to wake up

Ccsues the ERRVORFIR PARAERE 4R E-RERE P ARIRE IS O S

request to yake. up all menmory devices is initiated. In response to a signal
i ndi cating that all devices have been activated, a request to refresh all

menory devices i g bAk bhoREnfint HHRMCIB111 kahn hBV 6 to%¥aBHEs of bpdratidsSiied
that the pool manager has initiated a request for pool resize. Because a

request to r&pederolthe dpReAtinfasodeesnfigiratiaheast the RDRAM elevited CREtHe T st O

bl ock 741 to restore the states of the devices that were in nap node before
t he acti vat nwie, il elepices assaggumed ds bedn kithek irvadtiteonstandbwiadel IorABY Y
devices at the end of the refresh and signal the pool manager when all

devi ces haveomfgmiratiappaltiacown deVines prevapresariied bydokens imspobleA \(dietacsivat e at
bl ock 701 to await the next refresh cycle. As expl ained above, by nodifying
t he refreshppphcees,B wyunused, podipasd§f supiraatively eemtabns alt HeeigesthaFaramats
SA- 8B show an exanple of a configuration, of the three pools A, B, and Cin
response t orepreeyied in pgol Asjdpapg ﬁd’gll devifes represeg: pook Gareasstmedhool
is to be resized to e and the standb o9l s to be resized to, one al so.
Fi gure 8A sﬁ‘b&%m{ﬁénggé of P’IﬂéeﬁeﬁPBé "8‘6‘8‘? Qk QpPerativn Hy MemRiyideyieyst em

[ . _Fi e 8 h h f h I he ..
Conpl et on BIPYBAiEee: 1o B 3B eREehin AT MRl fr BBl Biagd
s A (th L V€. - t t d
BT ooy e BBt I e G M PV R MeRRRS BB r el

manager nOWdE?iEesrﬁélﬂﬁ?eint&aﬂfab ; oee,ealrraibeascggbﬁgm&é}'yg\;o Lg% %%Sesent

according to the new sizes o e pools. 21 MAR 2002 _
PCT/ US00/ 1~§}?rzieuias_tﬂzdt%lﬂé BlefthePaBoa! Alrikpobl BoradTh R theRefofdRRd il Hf an

apparatus for dynam cally changi ng the sizes of the power-control pools
used to mai i Adpinasde. control the operating nodes of nenory devices. In one
enbodi ment, the power control unit 931 and the DRAM control unit 941 are
cont ai ned wi t hi nlraoneembydiment,ahe goiol n8kgehddl employstrubéedseasihntig- of t he
present invention described herein to dynamcally resize the power-control
pool s. | n omeedfliid) ahgntithintte peimeircthetlistof davice9sipresentadns paclsodbnd
managi ng unit (i.e., a pool manager) that is responsible for maintaining
and contr ol Bi rlfggqrﬁ&4§i—%<gslhé$tr@t|$@rbwpk?cﬂﬁtfhwo iR magpenanderny
nodes of the nory devices. In one enbodi , the DRAM control unit 941
functions t&heibres BPoleKE éﬂ%ﬁyﬁ%’hﬁ?"yﬁ’ﬁﬁgeﬁwgs ’trhgllesteé‘?'g‘gPP?%éloﬁermry
devices and _al so.to orm vari.ous mai.nt.enance pe ations suc c’}lS ref.resh
oy S)- {h

f
and cal i braf® (bﬁ'efl'geteﬁrr‘(?ﬁ%orgs AT MREPeABSTRVE ' SHIBE TREAE PrRAM
trol i 9~1. i d f i t h th
oo Chat " pxigle, PAILSR, £ Al p65B Hil dss BRRAMACKE Lo BREALE Oy StER9 1

CPus) are couil@de bod G DR F AN RImetRbly d8dick® REVMISEEIUERLS il Bli; POO!

resize. As explalne I ng the course system opéerations, 1t nmay

be necessar xxﬁﬁemﬂst iHer@hrd 92 GRARGE, HBAICS] mahe Q) stehE INOMBH 1R QL Pool s
in response to Vvarious changes in system operati dns and conditions, for

exanpl e changes Figus¥aheyRovies dBhfiglvatIoNGiRhE tRfeepslem, Bsage d &aweh®e N
order to maintain a bal ance between system performance, power consunption,
and heat prgd@atﬁo@m inehidicoarsndisyswhe wperatiors. ditathiesthge datshohedtin Rifiere
processor 911 initiates a request to resize the power-control pools to the
power contr dhA, deviteOR1D arerepresemteddinrpee] A and thespione esfwmed ¢ebe irmartize
request to resize the pools, the pool manager within the power control unit
931 will i nimddet Oevicesdutbare weprasentiRhin poelth and theneforemsstmed toppertasi ci ng
menory transactions until_all DRAMS have been refreshed., As described
above, in t i s$aedee madee Pevicenkhajerepfesentarddn porttrand therefonragsumedt r ol
unit 951 that a pool resize request has been initiated 21 MAR 2002 WO
01/ 01230 PCT/ US00/ 14832 and therefore all menory devices are to be napped
down upon conpletion of the refresh. Mire specifically, the DRAM control
unit 941 will performthe nodified refresh process described above so that

all menory devices will be placed in a known state (e.g., the nap node)
upon conpletion of the refresh. The pool manager within the power control
unit 931 will then reinitialize the pools with new sizes upon receiving a

signal fromthe DRAM control unit 941 that all nmenory devices have been

.. AL 2



WO 01/01230 -24 21 MAR 2002 PCT/ USQ00/ 14832 controller to respond to various
thermal conditions in a configurable manner that is capable of7 ¢ Mipg] i ng
down the poygy.GRssunption levels of the menmory devices qui ckly¥nRpshiddss hout
system softlnrare Iintervention. In one enggginent, t he pool manager

descri bed above can be coupled to receive a signal indicating that a
thermal condition exceeding sone threshold level (i.e., thermal overl oad)
has been detggc . [ PR Yol [ - -1 on
Can com 11 ot PRI O TS PG e b et TRleatihe g oP AL

moni toring the tharrdl ﬁpﬂgitu&é 2R3 iftorsReatRE nYst ﬁé@hﬁgusswmlé the

addition, th ignal 1ndicating the thermal overload condition can comne

from ot her haspualistelhattheBoLH0M &f thelidthie ey e Wi Figuse @A? @RI EY
devi ces thenselves. I n one enbodi nent, either condition will cause the

syst em har dwiededs? ré@§IbBNdsdd) Ubiiggtetposl S&Jﬂ'e&miﬁérhghmm@m Foaitenua|, theol s
to sone safe values in order to quickly reduce the power consunption |eve
of the nenorgursypoelnA,IB, arkCenboll] betransteamedso tikoseakpesenfedtingigond 4B can
be provided by the system software and stored in a register. For exanple)
t he i nf or matafter a redidoat wnige tha ledation ipfdevice e ilhe é D doken bgpreserdingageyicel s
can be provided by the systemsoftware and stored in a re?%ster accessi bl e

by the pool Remewedrmovrdn the st sgerslyarsed Resitiithe tap eoisthgdistidnapolthe
"t he T ogr SebiiepgoThate « MeH e RO Rp NG e RaNEs b NS REOPHSIRA cos
conei dor ed SHFGA "B SE8ck 8 “AREL A J GRS bYEER@Oe) S ASHHEL 1t at i on
the Sever i {yRo1ed hiretsafearh e BRE Hsbeeiamit R Pein Kb abu B i 1 or ont

| evel s of s j C : j fior di r r
var i at i ons. CREFER ey e A R PEE T e R e YRR Tl o
appar at us f%ogmeéﬂwhw%/gaangjm& Vé)&ﬁ A1 BESUGE dbTiRe PAMRhERREd BorPAhS i N
response to vari ous 21 R 2002 01101230 PCTI USO0/ 148327 _2/7_ system

events W t haubds¥s heiivé Aldd@idevidet @ iutaet WaB thd a1 caiogid®ddvicd iepssp!
manager 1020 is responsible for controlling the sizes of the power-control
pool s wi t houA vBasinened @b ttha heost héaantBnisedpositioroinep v iBadi ore s to Maentain nore
registers are utilized to store the sizes of the pools that are consi dered
safe sizes tthebpaxisednimloveblpoambaredigetivd Gevicesiarpad A.sSimelehs aincet o
resize the pools in response to sone specified events indicated by the

out put si gnadevife €heasarhaymged frog0actiMeaned¢ to stppdby orodgnthe/laastaecanily used
thereof, in one enbodi nent, can be provided or programed by system

sof tware. | ri%mee Enprrlithem, deviee Hiprasicked ot dRoghPandonbmagkivelyme from

two di fferent sources. gpe of the two {nputs to the OR %ﬁgelggn c?ge.from

some.har dwarBOHEY e BoPk gBRIABT & M MR h PR YR SO KEP RN URBREPE FeYisesH
ifi t th t | | th t tt t

Povel | Tho ORIl B fbut e CBe R et 65t (BF moff Y Riam i ot e T om

th I i i . i i t th I

bondi t1 one. GOQIRE BEAGIEE Sl SAMABRING I AaTBRRAREL b 1o oL

the OR gatezﬁ%%%phﬁ&Hﬁ?ﬂaﬁﬂﬁhﬂgHE§te to the pool nmanager 1020 that a

t hermal over condition Has been detected. In response to the output

signal of the OR ;gg&f‘eslsl&!?;c fIRARAGOhN wﬁﬁ@roflﬁaeomg&}&abﬁ%na rh @& RInck0
the DRAM controller 1040 to resize the pools as described above, using the

safe size valfuRs tisle@ Ridls A, Bhend €ivtiearthd MOU 171 @pefatdslinsthe i smbHe ¢ke.,

di agram of one enbodi nent of an apparatus for dynam cally changi ng the
sizes of thehpen&hopodbvizes pAoasSuinted BspeNste cithefin Asiveeriseidist mbaen
processor (illustrated in Figure 9) or in response to a hardwaredetected
si gnal i ndi cais e@neplehpoobh iDussuroed tabaid the onaxiasins biaewf fourRivhichangys | n
this enbodinent, either a resize request received fromthe processor |110
or a signal thebupthéoORieires are3dlowed to b apgive at Ry |godn timeadeo! BiPoot o
generate a request to the DRAM controller 1140 to resize the pools using
the nodified refresh process described above. As expl ai ned above, if the
processor initiates



21 MAR 2002 WO 01/01230 -26 pcr/usoonas32 the request to resize, the new
si ze values can be supplied by the processor 1110 at the ti me9of MifhB)?
request. Th@vd‘@"\ﬁ $:L02es val ues can al so be pre-stored and det gwg/l »t he
pool nanager 1 éd" ased upon the type of the request received fromthe
processor 1110. If the output of the OR gate 1130 signals a thermnal
overload condition, the safe size values to be used can be retrieved from
the register 3 ; | RE; i I £ d d
by system sof T . e R e A e Pl OB
dynam cal |y mglatﬂgeeéf@gsm% t.he pools in response to a resize request
fromthe processor 1110 or in response to a signal fromthe OR gate 1130

i ndi cating a ther Fpjure\sX bleews & @oflfigieitionFofgHe &uk@lpioblsu@IB,aérﬂﬂiCaatféd?Mé

di agram of one enbodi nent of a method for dynamically changing the sizes of
t he power - cogivenl pginoirs thencauerspofisstdam operatmpmes Attthisrsesiez as showrairpFigues sor
or other systemunits. The nethod 1200 starts at bl ock 1201 and proceeds to
| oop 1205. APA| deyiceod5D arepeptesemiaddge poalvdiansl therefare asguestd twbe éshetive he
pools fromthe processor. Upon receiving a request to resize fromthe
processor, tHE® od?e\ﬁﬁ?ﬁaéé:farﬁrss@éréangtrewserﬁéd|1@@9011@(§5e-t siricaithesgt e a
request to a DRAM controller to resi z? the pools at Ql ock 1209. At | oop
1213, the DRARYEBMTCOMNPIiePprsRtasta RAR! ‘pftheharegspumeddp beinstapdby mede)i me

f h th : devi h At bl ock 1217, i .th
[osi 2o T oqueABALRRIAE BIEBY EFEM B0 P ASAA Lo P &l Aol PRhEp FsbisSs as
d i bed abqv.e d. d.t L devi ' . ifi
operat i ng modd drEpBen gt b ARy BRI dhetHbAE R Beil%iet plan,
| g mt A8y, ap Hode)” & el
momory devi ol oy P AR AR A G AR P TiREE S e Bty

devi ces aft efsdd1eysid@Vige 5l réSeb&itAGSh sl%wﬁ'ix???xgggk tﬁélﬂﬁ)lxﬁgi odolSACB

reinitialized by the“pool” nanager upon receivin sl gha cat1ng that

al | menory dgvd cewohidd BeRERRIdHNRGED thBsd@reprasbnidiindqPdre/ M8 kP 22304 or

PC TI USO0/ 14832 known, specific operating node or power state (e.g., nap
node) . The neirhedo khetativroedeldcd D. dihd “@" tokex kepr2gehtirfg dewiee LBwiddldst r at es
a fl ow di agram of one enbodi ment of a nmethod for dynamically changing the
si zes of thempvegothemonrepmdlysused posgjpon(iee top cfithe &int) énm @oiod Apivhibert
software intervention. The nethod 1300 starts at block 1301 and enters a
wait state apodledraridbwontd he sinaffedted pigice the ¢chgnge mrith resipeotter dexdide D did
condition is detected, the nethod then proceeds out of |oop 1305 to
generate a reofaffact the pagbes of devissoplbowed ynpeoldh z Asswming that daviesd wso®.

AL oop 1315, Lhe CRAN sont o)t rockeds out ol LIe ALt L00p A1 hen
L0 LR T oSl 2 L SNE 0o SR e, 0801, FRHROEE o LT Lo LR
spect 1 ¢ opeLaiig e, of BRYEL SLALELLSe BanglEN RGeS0 0ot P
act1 Va1 10 o e oot BN BRI RR LSRG, AR BEP T

recei ving a ghigbhod] W apatsuBtratfiadly dhovedBRIds] dani 88 RAYRIREENtHY aced in a
known, specific operating node or power state (e.g., nap node)) the pools

are reiniti anazgulyallbwapRaumbsragertivs degiceaineddl 26 MalivesCaberaspondi ng
to the detected thermal overload condition. As described above, in one
enbodi ment, tepeeseatetiss peolvaprmssntatiohef tisethrespods poBs and « afteheiaral
overload condition or variations thereof can be programed by system

sof twar e andc@tespending devizgs baee chrenged $0 bhair apropeiapoopenatinggaprdeThe

met hod then proceeds to end at block 1391. Figure 14 shows a flow di agram
of one enbodi ment Aefexplaipedhaboteto MpiatAircabilpnesbatyiean thersytemes of the
power-control pools in response to a reguest to resize received froma
processor (dREEPTHRCE POVETEOPFHREPR and therma) safety, 3Yis recessaretpbrer to a

har dwar e- det ect ed si gnal, indi cating a thernal
some numt?er of memory devides in active mode and the rest of devices in lower



21 MAR 200Z wo oiioi z30 pcrnmsoonma3~ overl oad condition (as descri bed above
with respect to Figure 13). The nethod 1400 starts at bl ock 140tMAMH0?
proceeds t owvdaecorsoOn bl ock 1405. At decision bl ock 1405, thePa®iUsool14832
proceeds to decision block 1409 if no thetsal overload condition is
detected. Otherw se the nmethod proceeds to block 1413. At decision bl ock
1409, the nethod | oops back to decision block 1405 if there is no resize
request fronpower pates ésgostandbliammazemoide) nM dredspecdisedsssinoe bhookmbetDf At
. block 1413, the pool manager initiates a request to resize. At |oop 1417,
t he DRAM contmeniargdepices eperatiogtinsachigs thppoweassgatea affegisdhe piesfarimamceo
refresh the nenory devices has, cone. (ﬁtﬁ_bl ck 1421, in response to the
resi ze requeReWHiRESAIERIIgRANthBe3 R0 HS@@?Yelé pyssemy afipaspiditodesp as
descri bed abogve.is rforned to

gbihs:

| | | devi . 1.1 ific
operating modé€ SHes acélt"_ﬁt \_%ta{‘@.glﬁ'%cne%gﬁp Wg’g@? %&hlﬁ‘é'@%&ﬁ&&&léﬁ% a @h’?%’ﬁﬁ
ooy devi deImatAiD ASTISHS S BRSWGPY SeS L BE R AR G SRR BPTORERgh y
devi ces aft & atth?gC% r}%\éﬁ‘x o?ﬂe%?i%ﬂgggetq‘fe rﬁ‘g %Qﬁtn&r%?bje o'flag()icreg%glbwen i
FRGCThar al 1o nenory i

signal indi cat at al Vi'ces have been placed m-a kKnowmn,

specific Ope{f%h%ghﬁgﬁﬁg{ué&)&\ﬁé ectriﬁé(fugﬁlﬁg'hﬁ es\%@&rﬂ%)&atts%t B@O&Sre@éte

reinitialize e pooP manager using t si ze val ues corresSpondi ng

to the CondiJﬂcpléfttd?ﬁhaﬁgécgﬁﬁfiﬁgtthg cbBEJeZSt FySRR DperatiodNSUDS 4@tk anuest is
triggered by the processor, thé new size values to be used can be either

suppl i ed by ihAexiBleassst %@Mig@ﬁmdnhwmreop@marng anh inidhBSy té1e BRSMASbetWeen
pre-stored and determ ned by the pool nanager based on the request type
recei ved frosarfdrenapeoand goiwerlconsimptizsi, zenoeefliesive and effgpatted bayaridnes
signal indicating a thermal overload condition, safe size val ues
cor r espondi nietspsteinepettétrendned redueiremients et thothe systen posverarel bisetd by t he
pool manager to reinitialize the pools. As described above, in one
enbodi nent, dibsipatdreresjuiremeaiitsieShisgs becapsed aripuseayeotsend opsrating mal
overl oad condition or variatjons thereof c be programmed by = 21 MAR 2002
WO 0i i 0i z30 PEAHINEIRAS JcUr SNrRE; e Kaugpe ?bee SyrdeBnesations whidyrawlsy
accessi bl e by the pool .nmanager.. The net hﬁ;ﬂ t.hen rt%ceeds to end at, bl ock

|

1491. The i f¥8HIE th Al R00H CorRAYTAHIOR OrPTIMNRIC PO MG Y HETHE Ganinte ted

oTOO0! O ek S DR LR KD RROCLSBOARE |

of the for e%%%d%‘?%%& péx{f?éhratioa]anm%n%pcﬁ%oes not account for the dynamic
nature of computer system operations and reliability since the changes in the
system thermal environment or system usage intensity might require a change in
the operating modes of the memory devices which are controlled by the pool
manager 331. In various instances, it would be useful to be able to change the
sizes of the pools during system operations in response to various external
stimuli or changes in operational conditions because the sizes of the pools are
used to maintain a proper balance between system performance, system power
consumption and heat generation. For example, system overheating could be
used as a trigger to place some of the active memory devices into nap mode in
order to reduce the heat generation capacity of the memory devices. In addition,

the sizes of the pools may need to be changed in response to an indication that



30 What is clainmed is: 1. A nethod of dynam cally changi ng thg s@ﬁewﬁma
power control pool that is used to manage the power consunpti n ry
devi ces i nwonpmmsly system the nethod conprising: receivingPETUESQUESs2t o
change the size of the power control pool-19placing the nenory devices in a
specific operating node after they are refreshed in a periodic refresh
cycle; and changing the size of the power control pool based upon a new

si ze val ue ahsseysitahds opetatirtghfrorrelpvest power esyerge gt, battesy pdak to betineat i ng
that the nenory devi ces have been placed in the specific operating node. 2.
The net hod gfovedrdaiimee imrteger Fhetheomeestthesizesaighe phelsinay needtthédepover
control pool is initiated by a processor unit. 3. The nmethod of claim?2
wher ei n t he chenges dee apther |ceaeeespm e detqrn@psrm Ghargcteristits suehasst .

4. The nmethod of clajm 2 eln t he new size value is pre-stored. 5. The
met hod of cICHPRBEE 1BE BHARR O ﬁ@ﬁﬁﬁé‘%f‘s?ﬁ 8ange the size of the power

control pool is i,nitiated,b nal nerated b contr dev |ce 6. The
met hod 01I‘O cl ai m DSHS %‘Pﬁdlaﬁg"g'lt % B‘F&PW%X?rhveema?]dl VI ceis

Varue. 7 ke g%é‘%#ﬂ%‘ﬁg%t%ﬁgé%zﬁeofﬂ“aaeﬁ%siee%?r%slsuﬁé%% Bt e
t

method of ciobyain i gttt B paOINiLe BB ol henBREPTHiSIE bebakee bradhfits. | ng

the thermal gaRRildoRuef bOidRto4BY RISRAM deVh@s @e&aa%ﬂin ﬂk% Bon g’ﬂeg

the new size value is maintained in a storage unit The netho aim

9 wherein theafbQleadd Addifios eBid SRVt AT UPURe bEYhRIRN A thd Jegidiaes r@dhod
of claim 1l wherein receiving conprises: receiving the request to change t he

size of the t@mmamﬂier@erpaﬁg rhodes ar poaeesees oflthe mbsorptdeaitesf Talskm 1
wherein receiving conprises etecting a signal froma thermal control unit
i ndi cati ng metéssitatet] tyvikelrandaterttiat therstates sif diee ofentdry devioey eyt tha  13.
The nmethod of claim1 wherein receivi ng_[ conprises: detecting a signal from
a thernmal cotatesieflanted insidedhe MigUt Het  Theepresapeiraentiensbl vdsethisepmoblersy st em
has exceeded a threshold |evel.
by exploiting a characteristic of the refresh operations performed by the refresh
unit 311 which requires memory devices to be moved into known power states at
regular time intervals. More specifically, in order to perform refresh operations,
all memory devices are activated (i.e., transition into active mode) before refresh
request packets are sent to them. The refresh unit 311, in performing periodic
refresh operations, normally asks that, upon refresh completion, the devices are
restored by the packet generator 321 to their states before the activation.
Figure 6 shows a state diagram of one embodiment of a process for
performing normal refresh operations which reflects states of the memory
devices that exist in both the refresh unit 311 and the packet generator 321. The
refresh unit 311 enters a wait state at block 601. When the refresh counter that is
used to keep track of the time intervals between refreshes reaches a
predetermined target number, the refresh unit 311 initiates the refresh

operations. At block 611, a refresh request is initiated that begins the refresh

operations. As mentioned above, the refresh unit begins the refresh operations



21 MAR Z002 31 14. The nethod of claim 1 wherein placing the nenory devices
in the specific operating node conprises: performng a periodid MABT20E s h
cycl e includ ewggizscti vati ng the nenory devi ces; refreshing tHeE/ussnms8s2
devices after the nenory devices have beepgactivated; and placing the
menory devices in the specific operating node after the nenory devi ces have
been refteshed. 15. The nethod of claim 1l wherein changing the size the

power cont rgy spRAIngCOTR{ISEE wakdaip ogattheatpalienemont doviceo the@akrét ect
that the nenory devices have been placed in the specific operating node;

and changi ngetdratsd ¥ whidhhier fponessuesrthe epppomiate patkets nethesinemoral ue
associated with the request received. 16. The nethod of claim1l wherein the
speci fi ¢ opdedengAtbtek 2laanaguessde. wake upallapemomt devites isdyitiatddc alinl y
changi ng the size of a power control pool that is used to nanage the power
consunpt i onresporsede g signal éedicaiing thehall deviges bave baea activated, dgequsst thavi ng
active and inactive operating nodes,  t h(g aB@ng}éus conpri sing: receive

| ogi c to retedresd all megist degeenisdgeiatee ak 1t Heresaapse ©ohsignal pool :
special refresh logic t | ace the nmenory devices in the inactive operating
node after ’trﬁ’g?%rﬂgﬂ?aéfaﬁe‘g?\"éﬁeﬁ hpve been rc%feég?%farggﬂe%tﬁl”@}’ Cﬁ”?é@ﬁ’&ﬁ%e to
the request ,tqo change the size_ of e _po contral .p : da | ogi c
t o change tﬂ@?g‘( gE 1gfnaﬂ1rgo§8®vglfor&)th? ragﬁv%ﬁép 18 ltéﬁﬁ%\?ngidfg%gg'l H‘gteéélg%ci at ed
with the regque t r j res ced in
the i nact | vaegges By Ehers furROiERY & REH S5Rs RKRe PRER ORIk RAh BRI

request to gﬁp@%{e@%}% %2it%ate® th HI@SOPWEQ{{%P%M&FEéf@shicﬁgfed by a

processor unit. e apparatus of claim 18 wherein the sig gener at ed

by the control deyifRw forlls8YnkRrid AshfERLRRNIITERIBbWeRREhEbDFoRXEgedi Ny a
predeterm ned threshold value. 20. The apparatus of claim 18 wherein the

recei ve | 0gélarGARRthe 8es b he pbolsicRathy Systhe dpeaatisis) (the phasRaeirfieatiohr om
the processor. 21. The apparatus of clalm 18 wherein the new size value is
suppl i ed byrmridekfips deeedmshwyirbbesshiesratied abov@o thehell alepaeattisplatediraa m 18
wherein the new size value is pre-stored.

specific mode, for example the nap mode, at the end of the refresh process

instead of just napping down the devices that were in nap mode before the

activation. This method allows the pool manager 331 to simply reset its pools

upon the completion of a refresh operation when such a pool reconfiguration is

desired during the course of system operations. In one embodiment, the

modified refresh process is initiated by a request from the pool manager 331 that

a pool resize or reconfiguration is required. In one embodiment, when all

devices are napped down at the end of the modified refresh process, the packet

generator 321 and the refresh unit signals the pool manager 331 to indicate that

the pools may now be reconfigured or reinitialized. Once the pools have been

reconfigured or reinitialized, the pool manager 331 can resume its normal

operation since it is capable of maintaining the pools after the states of the

devices are known.

Figure 7 illustrates a state diagram of one embodiment of a modified

refresh process in response to a request to reconfigure or resize the power-



23. The apparatus of claim 17 wherein the request to change the size of the
power control pool is initiated by a signal generated by a cordtlrMAR Béi ce.

24. The appaadis2zef claim 23 wherein the control device is apdheddiRkss2
sensor nonitoring the thermal condition of,.the nenory devices. 21 MAR

2002 32 25. The apparatus of claim 23 wherein the control device is a
thermal sensor nonitoring the thermal condition of other devices. 26. The

appar at us ofc el gk, WhEIRERsh Ml FECLUE LU SRUPL! BBSK 70 INhehndel oCt

t he signal genera y the contro evi ce. e appar at us clarm 23

wherein the fRewssidenied!iHe: jssus@aitat@eg%cikrbfahétrgﬁ@gﬁtewélg beRfeenMBfreshes
apparatus of claim27 wherein the storage unit conprises one or nore

registers. 2@acHdie pRiRt@imed tatg@ininBeiVies fiffedthenii BeT imtiatestherdirdsAgi C
conprises: activation logic to place the nenory devices in the active

operati ng nosigsratiogd. CAt blackf71ds b refrestnenpregt danittetedahhebedihethelraitestbeen
activated; and logic to place the nenory devices in the inactive operating
node after tdpyatione Asenentédmebalzole, Bk reftashappabagirs tbé refreshropefatidver ei n
the update logic conprises: logic to update the power control pool to
refl ect thatby $endimgrempquestitoesakevp dsaetivpiesad bthemotyhdevipestoithe pagatat i ng
node; and |l ogic to change the size of the power control pool to the val ue
associ at ed vgargratee 3ebychish in sed) iseues the apprapapppaghess bt theimempnyy wher ein
i 32.. An appar atus for, _dénarri cally

the i ti ti de.
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been placed fefubdtGo$PSEk thE pBBRHHs AN iR¥fAted, instead of proceeding to block 741
to restore the states of the devices that were in nap mode before the activation,
the process proceeds to block 751 to nap down all memory devices at the end of
the refresh and signal the pool manager when all devices have been napped
down. The process then re-enters the wait state at block 701 to await the next
refresh cycle. As explained above, by modifying the refresh process, dynamic
pool configuration can be achieved. Figures 8A-8B show an example of a
configuration of the three pools A, B, and C in response to a request to resize the
pools. In this example, the active pool is to be resized to one and the standby
pool is to be resized to one also. Figure 8A shows the status of the three pools at
some point during system operations. Figure 8B shows the status of the three
pools upon the completion of a request to resize the pools. As shown in Figure
8B, both pools A (the active pool) and pool B (the standby pool) pool are empty
and all memory devices are represented in.pool C (the nap pool). The pool

manager now can resume its normal operations to maintain the pools according

to the new sizes of the pools.



33. The apparatus of claim 32 wherein the request to change tg ki@ of the
power control pool is initiated by a processor unit. 34. The g&@ ls of
cl ai m 32 whas @ig123ohe request to change the size of the powerrayargmaksizool
is initiated by a signal generated by a ggntrol device. 35. The apparatus
of claim 34 wherein the signal generated by the control device is used to
indicate a thermal condition that exceeds a predeterm ned threshold val ue.
21 MAR 2002 33 3Bigulh® shepad abisckadiagtam bf Sde windobdimeimeoien dpparaeasior ng
conprises: means for detecting the signal generated by the control device.
37. The appa?ﬁ&m&ad)lfy dHaaigin@ Zhavbieesontheganerfcontyl poblsgusekleormaabr tyirdand ces
in the specitic operating node conprises: neans for activating the nenory
devi ces; ancomesirthefoperathg estdespitrhemeendeviceevingms ethbediméent, Hempoyer
devi ces have been activated. 38. The apparatus of claim 32 wherein neans
for changi ngonthel wiiy 831 prdbad?R Abheewrolpant 94loarscratadnedriva HYnfaomenpRtt i ng
the power control pool to reflect that %.he Hvry devj ces ,havcgnggign pl aced
in the specfontEolgiait 321 HeptasnRloyaihe tAsRINEr tNe REGRGPh I YeRECR; deschPethe

trol | to th [ I ifated.with t . t

Fecel ved. 300 APRN Y o AR AR a1 RACEndS PhE SBRPTRITc heand

ti I | s. t.ai.nj- i pl 1
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upon a fi

a first lis ase st nunber, the first Iist indicating which

DRAM devi ceprbein@rdbltlift BiT Bin@iek ab togroinee vakibas hidmbryngahaictiordi cat i ng
t he maxi mum nunber of DRAM devices allowed to be in the first operating

node; | 0gi CtHA tigeetverRieguésticéarchabg o perdofm vations menhtdranae new val ue;
and logic to update the first list and the first nunber in response to the
request to opengentkeach s sefrashrbed caldifratidhepempeonaas slesdriddaalodd whemei n
the logic to update the first list and the first nunber conprises: logic to
request theemblotipest, DRARIIAM centrolounibd4l includles a refreslsundraadoppaekdetng node
after being refreshed; and N

generator such as the ones that are described in Figure 3. One or more processor

units (e.g., CPUs) are coupled to the power control unit 931 to send requests for

pool resize. As explained above, during the course of system operations, it may

be necessary or beneficial to change the sizes of the power-control pools in

response to various changes in system operations and conditions, for example

changes in system thermal environment or system usage levels, in order to

maintain a balance between system performance, power consumption, and heat

production requirements. When such a change is detected, the processor 911

initiates a request to resize the power-control pools to the power control unit 931.

In one embodiment, in response to receiving a request to resize the pools, the

pool manager within the power control unit 931 will initiate a request to the

DRAM control unit 941 to stop servicing memory transactions until all DRAMSs

have been refreshed. As described above, in this case, the pool manager will also

instruct the DRAM control unit 951 that a pool resize request has been initiated



logic to reinitialize the first list after the nultiple DRAM ?ﬁ]vhlé@elﬁ bei ng
pl aced in the second operating node. 41. The apparatus of cl at QGrt her
conprisi ng:wbeisesh logic to refresh the nultiple DRAM devi CBBST/US00/14832
periodically. 42. The apparatus of clainmp39 wherein the first operating
node is an active node and the second operating node is a standby node. 43.
The apparatus of claim 39 wherein the first operating node is an active

mode and t hgngeRERILRPAN AldrgryldecdsaratdBnappel dowalu phiRcafiReB4n44 thdhe
apparatus of claim 39 wherein'the first operating node is a standby node

and the seceogglest)enire @Eecﬁﬁé&llyi, sheaDR&Mnoderol dhit 941 veilioperf exontthe inhed iffealr
dynam cal |y bal anci ng the perfornmance and power consunption levels of a
nenory syst egfresinprocessidesaritietipbeve yo dwit allmaeciony devies witiimr placBRAva
devices, the nmultiple DRAM devices having at |east two different first and
second oper knhonm stetie, gt the Hapmodepepen templativa ofshe sefsesili AhePeoh hi gher
| evel of performance and power consunptjon than the second operating node,
the menory coanager vethieghsmosyaigonfret pay 931 yylldhen reiptiadizg thedanls Mg e
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placed in t e sRAMM:ORRFta8onPecanalsupblpeidiafsreidteahipdicaitg the new
sizes with the request to resize. In another embodiment, the new size
information can be pre-stored and the pool manager can determine which new
sizes to be used by the type of request received from the processor 911.

Applying the teachings of the present invention which enable the dynamic
configuration of the power-control pools, system software or programs can be
modified or designed to monitor system thermal conditions and generate
appropriate requests to the power control unit to change the sizes of the pools
when necessary, as illustrated in Figure 9, to keep the system operation within a
safe temperature region. Unfortunately, thermally induced errors might prevent
the system from operating normally and therefore may block the system
software from having its chance to remedy any potentially damaging conditions.
More specifically, system software may not respond fast enough or may itself
become inoperable due to thermal errors. Because of this, there exists a need for
dynamically changing the sizes of the power-control pools without system
software interventions. To solve this problem, the teachings of the present

invention can be utilized to provide for a mechanism that allows the memory



logic to reinitialize the first list after the nultiple DRAM 2?\” ckes bei ng
pl aced in the second operating node. 47. A system for dynam cél MA H8llanci ng
t he perfor maca/o#3d power consunption |evels of a nenory systrIm/csnonassni ng
mul ti pl e dynam ¢ random access nenory (DR devices, the nultiple DRAM
devices having at least two different first and second operating nodes, the
first operating node corresponding to a higher |evel of perfornmance and
power consurgyn@ilef farespbad sevariduepreahalngriditions iMe copfigaraisle fMsnsdibat a
processor; and a nmenory controller coupled to the processor, the nenory
control |l er cerppdtde afthrottingsovmothepbwer ebnesinptivn leuélsiailthe BRANbeeViI ces
periodically; and a pool manager to control the performance and power
consunpt i on deswess spuidkly aad maithowt sy sBRAMOfRvaredstasvapiiosi hyonkegilbodioent,
maintain a first |ist based upon a first nunber, the first |ist indicating
whi ch DRAM déeipeekmisapger dgscriped pbpre capdesoumedririeeceivieea signat inflipating

i ndi cating the maxi mum nunber of RAM devi ces al | owec{ to be in the first
oper ating nddeta thepmalgendifion exseqdiggsorpe fugeheld 1gveldy e therrpalguasipad) he
first nunber, tq a EW\@ . and logic to update the first list and the
first nunberhdsrperagpteise. { bia HEnFUHARNNES 7Rl oV EFlgAd FARSRON 881 The

f claimA7 wherein the |ogi d he first i d.the fi
number conpri Sk SmR R e tece Brasdanice S of g ca”
umoe gl . oy o T
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perfor mance and power consunption | eve menory system cont al ni ng

nul ti pl e dynaBhitors3RE eHerad @8 AdITRIMRIOf thPRAhoe HeGREs tHdiRsdTUkS.i R SndRAM
devices having at least two different first and second operating nodes, the

first oper atdmighdin@at,cothee sprdidiongyilDcaudei thb ey slegy Bhrddbafierd aspondeoand
power consunption than the second operating node, the system conprising: a
processor t ahang ttetszes afehepsiveraoniari godde sambsafeofaliEAM orlarces
allowed in the first operating node; a thermal control unit to generate a
si gnal i ndi ontitkly rededesthaplovsordnsimptockerdi ofgthe mbmomalsysteneshoboe val ue;
and a nmenory controller coupled to the processor and the thernmal control
uni t, the neambgdicentrsefd Bze edwgs PEthrypools can be provided by the system

software and stored in a register. For example, the information indicating the
sizes of the active, standby, and nap pools can be provided by the system
software and stored in a register accessible by the pool manager. When a
thermal overload condition is detected, the pool manager will resize the pools
according to the safe size values stored in the register to reduce the power
consumption level of the memory devices to a level that is considered safe. The
sizes of the pools that are considered safe, of course, can vary depending on the
system configuration, the power consumption levels of memory devices in
different power states, the severity of the thermal overload conditions, etc.
Moreover, different levels of safe size values can be provided for different
system events or variations thereof.

Figure 10 shows a block diagram of one embodiment of an apparatus for

dynamically changing the sizes of the power-control pools in response to various



refresh logic to refresh the nultiple DRAM devi ces peri odi cal Ig; and a pool
manager to control the performance and power consunption | evel 1 MAR 208%

mul tiple DRAMgeMsses conprising: logic to maintain a first Ilgshydagsash upon
a first nunber, the first list indicating,ahich DRAM devices be?ung ?n the
first operating node, the first nunber i At cat i ng the maxi mum nunber of
DRAM devices allowed to be in the first operating node; logic to receive a
request to i P e 1 0g| t e
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HTR t the system level. The other input to the OR gate 1030, in o bodiment
GN| wr mhc”Y] ]aca]ecsgi ggi gg]eca] cal ca] éafca] cal ca] cga] caj ca]lréafgae]r%aci clg]egé] ca] ca]

ca] ca] ca] caterabsabard Gedraiil sardoradiCRatidiriTe. dbV He&eb ponsM RUGK ndnitSHAHHEE () -
#109G&' () - #109&' () - 109G& ()-109%:& ()-/vyi K-
MLO%EE' () - StBdfERedrdi RO YR Ine@AYIYst9m. @ dAKERIHOdiment, the output signal
1096&' () - @ 10%6& () -!
of the OR gate 1030 is used to indicate to the pool manager 1020 that a thermal
overload condition has been detected. In response to the output signal of the OR
gate 1030, the pool manager 1020 initiates a request to the DRAM controller 1040
to resize the pools as described above, using the safe size values stored in the
register 1010.

Figure 11 shows a block diagram of one embodiment of an apparatus for
dynamically changing the sizes of the power-control pools in response to a resize
request from a processor (illustrated in Figure 9) or in response to a hardware-
detected signal indicating a thermal overload condition (as shown in Figure 10).
In this embodiment, either a resize request received from the processor 1110 or a
signal from the OR gate 1130 will trigger the pool manager 1120 to generate a
request to the DRAM controller 1140 to resize the pools using the modified

refresh process described above. As explained above, if the processor initiates
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the request to resize, the new size values can be supplied by the processor 1110 at

the time of the request. The new sizes values can also be pre-stored and
determined by the pool manager 1120 based upon the type of the request
received from the processor 1110. If the output of the OR gate 1130 signals a
thermal overload condition, the safe size values to be used can be retrieved from
the register 1105. In one embodiment, the register 1105 can be programmed by
system software. Thus, in this configuration, the pool manager 1120 can
dynamically change the sizes of the pools in response to a resize request from the
processor 1110 or in response to a signal from the OR gate 1130 indicating a
thermal overload condition.

Figure 12 illustrates a flow diagram of one embodiment of a method for
dynamically changing the sizes of the power-control pools in response to a
request to resize from a processor or other system units. The method 1200 starts
at block 1201 and proceeds to loop 1205. At loop 1205, a pool manager awaits for
a request to resize the pools from the processor. Upon receiving a request to
resize from the processor, the pool manager proceeds out of the loop 1205 to
initiate a request to a DRAM controller to resize the pools at block 1209. At loop
1213, the DRAM controller proceeds out of the wait loop 1213 when the time to
refresh the memory devices has come. Atblock 1217, in response to the resize
request generated by the pool manager, a modified refresh process as described
above is performed to place all memory devices in a specific operating mode or
power state (e.g., nap mode) at the end of the refresh. In one embodiment, the
modified refresh process includes activating all memory devices, refreshing all
memory devices, and napping down all memory devices after they have been
refreshed. At block 1221, the pools are reinitialized by the pool manager upon

receiving a signal indicating that all memory devices have been placed in a
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known, specific operating mode or power state (e.g., nap mode). The method
then proceeds to end at block 1291.

Figure 13 illustrates a flow diagram of one embodiment of a method for
dynamically changing the sizes of the power-control pools in response to system
events without software intervention. The method 1300 starts at block 1301 and
enters a wait state at loop 1305. If a signal indicating a thermal overload
condition is detected, the method then proceeds out of loop 1305 to generate a
request to resize the pools to safe size values at block 1309. Atloop 1313, the
DRAM controller proceeds out of the wait loop 1313 when the time to refresh the
memory devices has come. At block 1317, in response to the resize request
generated by the pool manager, a modified refresh process as described above is
performed to place all memory devices in a specific operating mode or power
state (e.g., nap mode) at the end of the refresh. In one embodiment, the modified
refresh process includes activating all memory devices, refreshing all memory
devices, and napping down all memory devices after they have been refreshed.
At block 1331, upon receiving a signal indicating that all memory devices have
been placed in a known, specific operating mode or power state (e.g., nap mode),
the pools are reinitialized by the pool manager using safe size values
corresponding to the detected thermal overload condition. As described above,
in one embodiment, the safe size values to be used in response to a thermal
overload condition or variations thereof can be programmed by system software
and stored in a register accessible by the pool manager. The method then
proceeds to end at block 1391.

Figure 14 shows a flow diagram of one embodiment of a method for
dynamically changing the sizes of the power-control pools in response to a
request to resize received from a processor (described above with respect to

Figure 12) or in response to a hardware-detected signal indicating a thermal
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overload condition (as described above with respect to Figure 13). The method
1400 starts at block 1401 and proceeds to decision block 1405. At decision block
1405, the method proceeds to decision block 1409 if no thermal overload
condition is detected. Otherwise the method proceeds to block 1413. At decision
block 1409, the method loops back to decision block 1405 if there is no resize
request from the processor. Otherwise the method proceeds to block 1413. At
block 1413, the pool manager initiates a request to resize. At loop 1417, the
DRAM controller proceeds out of the wait loop 1417 when the time to refresh the
memory devices has come. At block 1421, in response to the resize request
generated by the pool manager, a modified refresh process as described above is
performed to place all memory devices in a specific operating mode or power
state (e.g., nap mode) at the end of the refresh. In one embodiment, the modified
refresh process includes activating all memory devices, refreshing all memory
devices, and napping down all memory devices after they have been refreshed.
At block 1431, upon receiving a signal indicating that all memory devices have
been placed in a known, specific operating mode or power state (e.g., nap mode),
the pools are reinitialized by the pool manager using the new size values
corresponding to the condition that triggers the resize request. If the resize
request 1s triggered by the processor, the new size values to be used can be either
supplied by the processor when the processor initiates the request or pre-stored
and determined by the pool manager based on the request type received from
the processor. If the resize request is triggered by the signal indicating a thermal
overload condition, safe size values corresponding to the detected thermal
overload condition are used by the pool manager to reinitialize the pools. As
described above, in one embodiment, the safe size values to be used in response

to a thermal overload condition or variations thereof can be programmed by
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system software and stored in a register accessible by the pool manager. The

method then proceeds to end at block 1491.

The invention has been described in conjunction with the preferred
embodiment. Itis evident that numerous alternatives, modifications, variations
and uses will be apparent to those skilled in the art in light of the foregoing

description.
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What is claimed is:

1. A method of dynamically changing the size of a power control pool that is used to manage the power
consumption of memory devices in a memory system, the method comprising:

receiving a request to change the size of the power control pool;

placing the memory devices in a specific operating mode after they are refreshed in a periodic refresh
cycle; and

changing the size of the power control pool based upon a new size value associated with the request in
response to a signal indicating that the memory devices have been placed in the specific operating mode.

2. The method of claim 1 wherein the request to change the size of the power control pool is initiated by a
processor unit.

3. The method of claim 2 wherein the new size value is supplied by the processor with the request.
4. The method of claim 2 wherein the new size value is pre-stored.

5. The method of claim 1 wherein the request to change the size of the power control pool is initiated by a
signal generated by a control device.

6. The method of claim 5 wherein the signal generated by the control device is used to indicate a thermal
condition that exceeds a predetermined threshold value.

7. The method of claim 5 wherein the control device is a thermal sensor monitoring the thermal condition
of the memory devices.

8. The method of claim 5 wherein the control device is a thermal sensor monitoring the thermal condition
of other devices.

9. The method of claim 5 wherein the new size value is maintained in a storage unit.
10. The method of claim 9 wherein the storage unit comprises one or more registers.
11. The method of claim 1 wherein receiving comprises:

receiving the request to change the size of the power control pool from a processor.
12. The method of claim 1 wherein receiving comprises:

detecting a signal from a thermal control unit indicating a thermal overload condition outside of the
memory system.

13. The method of claim 1 wherein receiving comprises:

detecting a signal from a thermal control unit indicating that the temperature of the memory system has
exceeded a threshold level.
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14. The method of claim 1 wherein placing the memory devices in the specific operating mode comprises:

performing a periodic refresh cycle including:

activating the memory devices;

refreshing the memory devices after the memory devices have been activated; and

placing the memory devices in the specific operating mode after the memory devices have been refreshed.
15. The method of claim 1 wherein changing the size the power control pool comprises:

updating the power control pool to reflect that the memory devices have been placed in the specific
operating mode; and

changing the size of the power control pool to the new size value associated with the request received.
16. The method of claim 1 wherein the specific operating mode is a nap mode.

17. An apparatus for dynamically changing the size of a power control pool that is used to manage the
power consumption of memory devices in a memory system, the memory devices having active and
inactive operating modes, the apparatus comprising:

receive logic to receive a request to change the size of the power control pool;

special refresh logic to place the memory devices in the inactive operating mode after they are refreshed
in a periodic refresh cycle, in response to the request to change the size of the power control pool; and

update logic to change the size of the power control pool to a new size value associated with the request
after the memory devices have been refreshed and placed in the inactive operating mode.

18. The apparatus of claim 17 wherein the request to change the size of the power control pool is initiated
by a processor unit.

19. The apparatus of claim 18 wherein the signal generated by the control device is used to indicate a
thermal condition exceeding a predetermined threshold value.

20. The apparatus of claim 18 wherein the receive logic comprises:

logic to receive the request to change size from the processor.

21, The apparatus of claim 18 wherein the new size value is supplied by the processor with the request.
22. The apparatus of claim 18 wherein the new size value is pre-stored.

23. The apparatus of claim 17 wherein the request to change the size of the power control pool is initiated
by a signal generated by a control device.

24, The apparatus of claim 23 wherein the control device is a thermal sensor monitoring the thermal
condition of the memory devices.



)- XU Ul UU_Uj Ul UcAuVA! {#! #10% U U ()-!#10% U U& () -' ##10% U
)-1#10% U U8 ()-#10% U U& () - | nUoUpUULI VDAVA! [ Y2 109 & ()50 o oo
109 & ()-- SF10% & ()- #10% U U& ()-' #! #10% U U& () - I VWA Wewiniyt [MARVA

U&' (
u& (
y9'!

yF'110% & ()- vyy s10% & () -

25. The apparatus of claim 23 wherein the control dg\%ice is a thermal sensor monitoring the thermal
condition of other devices.

26. The apparatus of claim 23 wherein the receive logic comprises:

logic to detect the signal generated by the control device.

27. The apparatus of claim 23 wherein the new size value is maintained in a storage unit.

28. The apparatus of claim 27 wherein the storage unit comprises one or more registers.

29. The apparatus of claim 17 wherein the special refresh logic comprises:

activation logic to place the memory devices in the active operating mode;

logic to refresh the memory devices after they have been activated; and

logic to place the memory devices in the inactive operating mode afier they have been refreshed.

30. The apparatus of claim 17 wherein the update logic comprises:

logic to update the power control pool to reflect that the memory devices have been placed in the inactive
operating mode; and

logic to change the size of the power control pool to the value associated with the request received.
31. The apparatus of claim 17 wherein the inactive operating mode is a nap mode.

32. An apparatus for dynamically changing the size of a power control pool that is used to manage the
power consumption of memory devices in a memory system, the method comprising:

means for receiving a request to change the size of the power control pool;

means for placing the memory devices in a specific operating mode after they are refreshed in a periodic
refresh cycle; and

means for changing the size of the power control pool based upon a new size value associated with the
request in response to a signal indicating that the memory devices have been placed in the specific
operating mode.

33. The apparatus of claim 32 wherein the request to change the size of the power control pool is initiated
by a processor unit.

34, The apparatus of claim 32 wherein the request to change the size of the power control pool is initiated
by a signal generated by a control device.

35. The apparatus of claim 34 wherein the signal generated by the control device is used to indicate a
thermal condition that exceeds a predetermined threshold value.
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means for refreshing the memory devices after the memory devices have been activated.

38. The apparatus of claim 32 wherein means for changing the size the power control pool comprises:

means for updating the power control pool to reflect that the memory devices have been placed in the
specific operating mode; and

means for changing the size of the power control pool to the new size value associated with the request
received.

39. An apparatus for dynamically balancing the performance and power consumption levels of a memory
system containing multiple dynamic random access memory (DRAM) devices, the multiple DRAM
devices having at least two different first and second operating modes, the first operating mode
corresponding to a higher level of performance and power consumption than the second operating mode,
the apparatus comprising:

logic to maintain a first list based upon a first number, the first list indicating which DRAM devices being
in the first operating mode, the first number indicating the maximum number of DRAM devices allowed
to be in the first operating mode;

logic to receive a request to change the first number to a new value; and

logic to update the first list and the first number in response to the request to change the first number.

40. The apparatus of claim 39 wherein the logic to update the first list and the first number comprises:

logic to request the multiple DRAM devices to be placed in the second operating mode after being
refreshed; and

logic to reinitialize the first list after the multiple DRAM devices being placed in the second operating
mode.

41. The apparatus of claim 39 further comprising:
refresh logic to refresh the multiple DRAM devices periodically.

42. The apparatus of claim 39 wherein the first operating mode is an active mode and the second
operating mode is a standby mode.

43. The apparatus of claim 39 wherein the first operating mode is an active mode and the second
operating mode is a nap mode.
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refresh logic to refresh the multiple DRAM devices periodically; and

a pool manager to control the performance and power consumption levels of the multiple DRAM devices
comprising:

logic to maintain a first list based upon a first number, the first list indicating which DRAM devices being
in the first operating mode, the first number indicating the maximum number of DRAM devices allowed
to be in the first operating mode;

logic to receive a request to change the first number to a new value; and

logic to update the first list and the first number in response to the request to change the first number.

46. The memory controller of claim 45 wherein the logic to update the first list and the first number
comprises:

logic to request the multiple DRAM devices to be placed in the second operating mode after being
refreshed; and

logic to reinitialize the first list after the multiple DRAM devices being placed in the second operating
mode.

47. A system for dynamically balancing the performance and power consumption levels of a memory
system containing multiple dynamic random access memory (DRAM) devices, the multiple DRAM
devices having at least two different first and second operating modes, the first operating mode
corresponding to a higher level of performance and power consumption than the second operating mode,
the system comprising:

a processor; and
a memory controller coupled to the processor, the memory controller comprising:
refresh logic to refresh the multiple DRAM devices periodically; and

a pool manager to control the performance and power consumption levels of the multiple DRAM devices
comprising:

logic to maintain a first list based upon a first number, the first list indicating which DRAM devices being
in the first operating mode, the first number indicating the maximum number of DRAM devices allowed
to be in the first operating mode;
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a memory controller coupled to the processor and the thermal control unit, the memory controller
comprising:

refresh logic to refresh the multiple DRAM devices periodically; and

a pool manager to control the performance and power consumption levels of the multiple DRAM devices
comprising;

logic to maintain a first list based upon a first number, the first list indicating which DRAM devices being
in the first operating mode, the first number indicating the maximum number of DRAM devices allowed
to be in the first operating mode;

logic to receive a request to change the first number to a new value;

logic to detect the signal indicating the thermal condition; and

logic to update the first list and the first number in response to the request from the processor or the signal
indicating the thermal condition.



