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This tendency to reduce speed at extended temperatures
may complicate the operation of the system which relies on
the ferroelectric polymer memory or other temperature
sensitive memories. The slower data transfer rate may be
unexpected by the rest of the system, since the remainder of
the system may not be aware of the higher temperature
conditions. Thus, the unexpected speed reduction may create
unexpected problems in processor-based systems that rely on
these memories, for example for caching purposes.

Thus, there is a need for a way to adapt processor-

based systems to temperature sensitive memories.

Brief Description of the Drawings

Figure 1 is a schematic depiction of one embodiment of
the present invention;

Figure 2 is a state diagram for a cache driver in
accordance with one embodiment of the present invention; and

Figure 3 is a flow chart for one embodiment of the

present invention.
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Figure 1 is a schematic depiction of one enbodi nent of
the present invention; Figure 2 is a state diagram for
W@ 2@a0k@exiri ver in accordance w th one enbodi PERUSIIN4/029686
the present invention; and 30 Figure 3 is a flow
chart for one enbodi nent of the present invention. 1
WO 2005/ 026965 PCT/Jd32Q004/ 022634 iPatiajd ed Descri ption
Referring to Figuré I, a processor-based system 10 may
be §ﬁ§eééﬁ0€nﬁpoﬁaguﬁﬁoéeséoprbﬁgéaOSyb@éﬁﬂ prekedi A may
h e a po
o e T B h Lo B B ARe e Bt op coHgPEr Bopite
SyﬁEEmSnahadlgpéahteaSSIBhﬁﬂéSy fdbgetal Easmpass afidmobile
ular telep ones However, the gresent i nvention
Syﬁ§§mﬁelﬁﬁgP98a PREPB GRUPBESES WwPBESPRAgedbgital
asBhOERREal - BagedasyehRBPas TNEngysLt €M 10, MBY1 EPRLHES . @
processor 12 coupled in one 10 architecture to a
Howelery &bat PoPSADD 1BveThéohubageoemypphicebie be any of a
u tg.a / u con hub 18 in that
nggcﬁgﬁgctgFegr gg%n%u%go pu¥é%on§fol hub 18 may be
couphedsyetamdi8kmdyi vec20dand ﬁr@@@@@oﬁEDDr&oﬁﬁleahﬁn one
nenoré 22 may be tenperature sensitive.

h
arERERBFEEICI FE 357PRNBEr GPUT BobaReP 7 e cBeReLHRmDFynay in
tuHﬁbeec@TﬁﬁéH°€be§ﬁriﬁpu@@&ﬂ@?ﬁtnggﬁfyofrhébfi@sbn that

menor e nenor de a tenperature sensor
arthtﬁctun@ enﬁbeln@putééutm@tp¢@89n®lihwbnlBomayTbe
rature nsor 24 e_a silicon diode,forned
copf B Bh e orid Lt hne AT tRRen netony SonPhY o © TES cache
meRObodRPERLy be temperature sensitive. As examples, the

temperature sensitive cache memory may be a ferroelectric
polymer memory or a flash memory.

The memory 22 may include a temperature sensor 24 in
one embodiment of the present invention. The temperature
sensor 24 may be a silicon diode formed on or integrated
into the memory 22 in one embodiment.

Although a particular architecture is illustrated in
Figure 1, the present invention is dependent on no
particular architecture. Thus, a wide variety of other
processor-based architectures may be utilized in other
embodiments.

The processor 12 may include a storage 14 that stores a
cache driver 14 that executes on the processor 12. The
cache driver 14 adapts the processor-based system 10 to the
vagaries of the cache memory 22 and, particularly, to its
temperature sensitivity. For example, in one embodiment,
when the temperature rises, and the memory 22 has a slower
data transfer rate, the cache driver 14 may enable the

system to adapt. The driver 14 itself may adapt to make
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Al though a particular architecture is illustrated in

Figure 1, the present invention is dependent on no
w@a0osiozaebar architecture. Thus, a w de vari et yPOf/Us1004029686

processor-based architectures may be utilized in other

25 enbodi nents. The processor 12 may include a storage

mork4 dftdimagt Q@S sd onGache udr whert ddthhab exetidt esdomotthe
processor 12. The cache drlver 14 adapts the

cagheo ResSer Waddd® PHERIDE OF (The CFEGAT SeSUS He data
rat‘“eaoﬂhe JIRIPIE 2 A RALH Gl b@.Its 30

tenperature sensitivity. For xanpl e, in one

enﬁ@rﬁnwrar th\mheirruvme: tldnperkatsuee reisies,t ded thive Cache

menor, S .a sIo data transfer . rate, the cach
merfGr 17 HaR HER . TSR0 dhdnt SoRe AR
inchi4iddss iHe ty Et@@ptoﬁe&art&@ %u\ﬁ@e%@@@/ @26%65 1ed, whether

PCT/ US2004/ 029686 m)re ti mal deci si ons about V\,hat

Srupqt £ALFCAAE AFE AP Licsbh&Wadeghovaist $PRHdRded G brthe
ca higee ca« E)esra e%tmq%to% ate in view of the detected
t

terrpera enever the driver 14 nakes a request to
t he{ecmhangs tmermrgylrzz 2 ,a rstratals opede tiionr dtsurdmed.cated at

]S 0, SRS S8 MG 1 SR8 D0 e

wr iaRRId R dHBMéFK”IdM#5Wﬁﬂﬂé4ﬁ&ck§@%ch@e m@ﬂﬂﬁid&tlons to
tenperature environnent. Referring to %re 2, nornal
datgpémattiben dashienditcatred- fOPIEQ ttlﬁPe%%ll@a drlwenéﬁom

o EALD o IR TR B2 SRS B Ak sl

W I0RGHe AN BN ata ctEpite b 40 dHam giss knagr iswe 120 tor beothrtten
sin?ualcthaeneso%usrl%/e, % Cii: tsqenc%agc%% Sé{ | td?fr_]l_%oeu %lsy 'muI Cq’l aslower, the
operation takes longer, and thus the performance is lower.

The system 10 transitions from the normal operation
state 26, to a reduced speed operation state 28, for example
when the cache memory 22 is exposed to an elevated
temperature environment called the throttle temperature
range. In one embodiment, the temperature sensor 24 may
detect that a higher temperature environment has been
encountered. This higher or throttle temperature
environment may be a temperature in the range of 60 to 80°C
in an embodiment where the cache memory 22 is a
ferroelectric polymer memory.

In this throttle temperature range, the cache memory 22
may be exposed to voltage disturbs if it does not reduce its
data transfer rate. A voltage disturb is a voltage that
causes data to be written incorrectly. The use of the
nemory 22 may be adjusted for reduced speed operation, if
any, at state 28. For example, in one embodiment, the cache

driver 14 may avoid operations like pre-fetching or other
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write-through cache those changes may start to be

witten 15 sinultaneously, but since the disk drive is
wornoh/ozddeswver, the operation takes |onger, andPeTius20041629686

performance is lower. The system 10 transitions from

the normal operation state 26, to a reduced speed

speepgkativen dafrat @c2@.istiadicaxanhbe mw@enebbesdaehe e ey
22 is exposed to an el evated 20 tenperatur

datgn{iressaiest redctedheRe thRr GACRE f“@ﬁ‘ﬁéﬁ’a@@r @anr shg&enitdy

sup %te”bﬁﬁ'%Enkhet@%mlﬁﬁp%ﬁakﬂéec%%@§%& 2dgTRY ondehect
hat a hlgher tenperat ure environnment has been

mem@mwoaﬁt@ﬁ@dbeTﬁﬁQWRdgd@wnor throttle tenperature

B0C7 58 IS "EHGa AERECWAEP S LR : SERE gy 52 e 4"

mayf @raesiedbh &opahy e raRABhY salfe Ebm3sbﬂﬁ@htbautdown
tenperature range, the cache neno may be exposed
state vwol-t adeidi SRy BScuE wbeaoééenéﬁmpéaaéér@t?eC@aﬁé even

mork! @1skek o HatelnﬁoﬁglEﬁ%@dﬁh@k%rbubiné %OE%%%% thab

causes data written | ncofrectl he use of t
tharemsr y erawplb@tadpupbédmé@rmemdmgedt@peedaapeﬁﬁtm@w be

i f any, stat e, 28. r exa dlnent
encpnatERERe St SET ey AL A L ST Ohe th g ¢

pr enf ehehistg ter 30t hehe3 sWo:2R05002696%2hes to a write-

PCT/ US2004/ 029686 specul ative data acquisitions that

thr@wghn@@@@émﬂaﬁégﬁwgﬁ@m aggt dirkynSpeRer A8§St Han et-me those
tha%?%g%ew% e%% %@ﬁt%%ﬁr%8t|%5t§ﬁpﬁgﬁbr %Qe %ﬁ%shed

t e control logic
Thesbqw&@mdd@nmaS'Eeon&bhe meduhedu@peedtem@eaam@mesbate

andded e system may transition Lo an gperayion sale ..qn
driver 14 software or its hardware equivalent, changes
algorithms so that it can shut off at any time without
compromising data integrity. The driver 14 may cause the
memory 22 to operate as a write-through cache rather than a
write-back cache so that there is no dirty data in the
cache.

The next transition, to the cache shutdown state 32,
may occur at a shut-off temperature of about 85°C in the
embodiment in which the cache memory 22 is a ferroelectric
polymer memory. In this transition, cache lines may be
invalidated and the cache memory 22 may be shut off.

The system 10 then waits for a reduced or critical
temperature range to introduce hysteresis in state 34.
Alternatively, the system may wailt until a reboot/resume
before resuming reduced speed cache operations. From the
hysteresis state 34, the system 10 may transition back to
reduced speed operation state 28 by initializing a cache

state, beginning the use of the cache, and using reduced
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state 30. This may occur when the tenperature becones

even nore elevated. In one enbodi nent, using a cache
wWOoreewene9zY that is a ferroelectric pol yner neP@r/ys2004629686

state 30 may be 10 encountered at a critica

tenperature of 80 to 85C. In the state 30, the system
speld SWghehedmsq aIw ithe- reduesdhspaehi ngeahgdont bireard 28,

dirty cache lines (i

, i.e., those that have _not Ef
ity FECR o0 LEYBEERENS DT FFeaPd StRUSRRAME Y TREISF St ERELO
alg@@ﬁt@%.%595§upqtEg%eﬂpgﬁérﬁ%ﬁgﬁ%atB&@n@ﬁal@ shatofhing,

tenperature o e cache nenory 22. Thus, the cache
as dnidiertd4d sof Fwate thei norhalderesasdonyaltese, 26hatgéde

al gorithnms so that it can shut off at any time wthout
NOTHGL FSHPSTRG UdSt 4% 9fegrity. The driver 14 may cause

t heraf@eiynd2 e dpekpieras dywthketthpeurghuecackhensor 24
rather than a 20 wite-back cache sq that tgere i S no
thagy prpvdstes ithet renregefereThetreRe terandPt L8R, 86 €Enhe

dri%%&h%4SQH;qgﬁgog%ég%e§§bcpg%¥oqc%ﬂ% %be@a%&%h‘%&ngﬁ

tenperature out 8 in the enbodinment in wh
systthen ddiche Foenexpn@ e s ia féer sekestition2s, pshener

menory. In this transiti,on, he | b
terBRrA e GETTOT e TRdCHESHSRSRy S5 ey e SRIPSSAETTe
rantRe 1SRN hd herneaids vker 1a .r edueed rafhseiiibinc@ may be

~ Tenperature range to introduce hysteresis in state 34.

inifipdesating sloppase $Psfemtity Ofdi Cefperptyre range and

thd GHAGILAIMR 0, BRf AbRi el 09, redycedespeedneache
operations. Fromthe hysteresis state 34, the system

detEtiay torfamsishiudo fifadlentoe ratedec ed Thee ¢d appértdono® may be
state 28 by initializi a.cache . state, .beginnin

the, ke st b 19 @a@ﬁ@;u§n& i &lPQdﬁgé& Erltica temﬁ%ﬂg%%re.

The transition E may be the result of a status indication of
a throttle temperature range, while the transition F may
result from a status indication of a normal temperature
range.

When the temperature sensed by the temperature sensor
24 is rising, the cache memory 22 is switched to write-
through caching, so if the temperature rises further, and
cache memory 22 shutdown is necessary, 1t can be done
without loss of data integrity. The cache memory 22
operates in a shutdown safe mode without dirty data in the
cache. The critical range is set sufficiently below the
shutdown temperature to allow margin for writing the dirty
data before the temperature rises to shutdown.

If the temperature reaches the shutdown temperature,
the cache memory 22 is no longer used. The contents of the
cache memory 22 are invalidated so that, in case of a crash
and recovery, it is clear that the contents of a cache

memory 22 are invalid. As the temperature cools, there are
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WD 2005/ 026965 PCT/ US2004/ 029686 speed al gorithnms. In
the reduced speed operation state 28, wth reduced

w0 egoper@bur e, the system 10 nmay adjust the al pO¥/US1903/029686
for full speed operations, eventually returning, as
indicated at F, to the nornmal operation state 26 at

twol MR oi2eROk Ml theneebatihentangeundeanshti cheinmy hiee

spurred by the tenperature sensor 24 tha§C provi des
systtlem tl@m_@@lnalﬁ/v@ﬂé uptédnat F6ROPE PReTEAERE “8r isgélrtlh?pt &he

ppropri at ely rol t - gt gn t S .
2B TERG &2 FHoCHe t PARSTEoh (R Tehe S0 Fooanr aturs”
waiitﬁ RSGS t:1L2 %ﬁl@ﬁehi%@ir@&h& ea ishbeflble thenpeistigree range

rough the cache driver 14, The transition b

Lemp@HAtATEd | E3pdifise CB6Ca EPFL FEEMSt &) mé’?‘é’t ?Fgﬁﬁ’néee
reifid sl dd any Lol Cdmey dpe chipdicated in response to

etection of a shutoff tenperature. The |
t r desietiomaD teay Igeres 3y héheesaicheofirg vefratlds 117 one
I ndi cation of .a.criti

al .t ra et TRE BT 41
e i P PSP £PEER G FGermiiar VAN ol
thidd¥iald enrmeiatine s ageedsl las timelitoedrsi tinoml iRmemd
result froma status indication of a nornpal

36 ¢ erffermurdle CRRFELISD Wier e el atire "$8E s By T©
cacg'gae $.8MRET AT ,,SRRSRIT Ahdoherity RE thee stacken MMy be

is swtched to wite- through caching, so if_the
modiefipat atarelaptse fare koveahdPasst P e¥atiap &F the cache

shut down i s, necessary., i.t, can done wthout |oss of
me%lf%d%%]taesgrjﬂ -C ee({plzfc elorrc%m% 22 25 operates in a
shufdown safieedpde Witdhid dio tdetdate ries tietheache: not a

The critical range is set sufficiently bel ow the
crishigalovirerirgipra e s Poan GF SRS foﬁfe it i T (FRehe

meﬁg£§y22 may be switched to operate as a write-through
cache as indicated in block 42. Also, any dirty lines may
be flushed as indicated in block 44.

Thereafter, the driver 14 monitors for the occurrence
of a shutoff temperature as determined in diamond 46. If it
is detected, the cache memory 22 may be shutdown as
indicated in block 48. Thereafter, the memory 22 may
transition back through a hysteresis state 34 to a reduced
speed operation state 28, back to normal operation as shown
in Figure 2.

Thus, despite temperature sensitivity, some memories
can be used as cache memories, for disk caching purposes for
example, when the operating range is less than the possible
temperatures experienced in real life usage. In one such
case, the cache memory 22 may be utilized as a disk cache to
cache information read off the disk drive 20.

While the present invention has been described with

respect to a limited number of embodiments, those skilled in
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data before the tenperature rises to shutdown. If the
tenperature reaches the shutdown tenperature, 30 the
we2mhe2avehory 22 is no | onger used. The cont enPGT/U820041€29686
cache nenory 22 are invalidated so that, in case of a
crash and recovery, it is clear that the contents of
the eaeheimenmepyrddiace howakbds Asdibechenmpacabupe
cools, there are 5 WD 2005/ 026965 PCT/ US2004/ 029686
vagigténpecéserafsone erbodsmbAtsndeddehasnehehappendete
cl%lﬁ%egb%grc ﬂl“@h&h“ﬁ%ghf§c5€98§% Qha! $aUTEC8n3! AL £a11
cac e nenor agaln t er nat y, e
w1$%3heﬁhé0t¢aa sm@rﬂtuahdlsthpeteﬁpéhabupEeBSnbehﬁmehheon.
h@b %I ngergturg. In either case, the cache
§ ésnﬁ§ B¢ &Pnitialized and started from
enpty. Referring to Figure 3, the cache driver 14, in
one enbodinment, may initially check to determ ne
whether the throttle tenperature was exceeded as
indicated in dianond 10 36. If so, the operation of
ei ther the cache nenory 22, the cache driver 14, or
ot her conponents of the system 10 may be nodified to
adapt to the slower speed operation of the cache
menory 22 as indicated in block 38. Next, a check at
di anond 40 determ nes whether or not a 15 critica
tenperature has been exceeded. |If so, the cache
menory 22 may be switched to operate as a
wite-through cache as indicated in block 42. Also,
any dirty lines,may be flushed as indicated in bl ock
44. Thereafter, the driver 14 nonitors for the
occurrence
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46. If it 1is detected, the cache nenory 22 may be
w@hwsaass as i ndicated in block 48. Ther eaf t ePCT/URI®04/029686

menory 22 may transition back through a hysteresis

state 34 to a reduced speed operation state 28, back

t o nor mal reperat icempas sshewn 25 in Figure 2. Thus,
deSpI te terrper ature senS| tivit sone Nenori es can be

used as OAHETHET0IES TR A S &hiPn § AT 68 HGr 21

exanpl e,; WA J NG OREY &l I JaNee ioF leseridhan diie
possi bl e tenperatures experienced in real |ife usage.

codmmm,smmmnq rtéleca:@lt?élenmwyzir@ay derite-back
tilized as . a % che cache informati on read
Caéﬁ%1¥%€'¥§ﬁ? e the present invention has
been descri bed Mﬁth respect to alimted nunber of
enbodi nents, those skllled in, WD 2005/026965
PCR/-US2 (s @J@gfé@ei Atheladi i HnCapisied fiodimerersudhe

terﬁ}eq:'a aﬁ%t' Sideci ro‘é@réﬁfl@%otl%{e%f Qand tmérrﬁ)ry

I'nten e appended Iai'ms cover all such
nndlflcatlons and variations as fall wthin the true

spi d scq%cgg)&g S prgsent i nvent }86{21@%21 V\ha% S

opél?%tﬂl% C'CQEW'FH | SHdtEm MIHPIFaE Whendgnper af Wief a
cache nmenory; and 1in response to a detection of a

t empanPEUAIeUraEd c OY S BN IS dvsithicoRiatG THOTc &dhé rerhsE -
seddH dntaerﬁ%’értaeclﬁaeCk 25618 d0 oy Wid &ddHOUGRf ARG 5 te-

back cache to a write-through cache.

4. The method of claim 3, including slowing an

operation of said system at said first temperature.

5. The method of claim 3 including reducing pre-

fetching at said first temperature.

6. The method of claim 3 including adjusting what
data is cached based on the detection of said first
temperature.

7. The method of claim 3 including shutting off the
said cache memory at a temperature above said second

temperature.

8. The method of claim 7 including monitoring for a

temperature lower than sailid second temperature.

9. The method of claim 8 including, upon detecting a

lower temperature, resuming operation of said cache memory.
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2. The method of claim11 including nonitoring the
tenperature of a ferroelectric polyner cache nenory.
w@200Fhs9net hod of claim 1l including adjusting PEEUS2004/029686
operation of a systemusing said nmenory at a first 10
tenperature and, in response to the detection of a
hi gher, second tenperature, transitioning the cache
froma wite- back cache to a wite-through cache. 4.
Thelfet hd@coieghafinPs, ciptnuli hgcspdhnagvantingefari an

pofbroBLdigveLenal gl hhr slheMBELRLULE, 15 S The

Farm37rnc ng re ng pr e- fetchlng at
said first tenperature. 6. The nethod of claim3

[ di ng, ad a dat a cached pased on
ot Sti oaner FEEh G pFoeLai Bpet AEhrat n0shut FhaSnaf Aoaaid

caBheChahBy$ bhal udiya0ighdt hingaeht Ibﬁessﬁhds§§8h§ache
menory at a tel’rperat ure above said second

mepggper ature. 8. The nethod of claim 7 including
nmonitoring for a tenperature |ower than said second
tenperature. 25 9. The nethod of claim 8 including,
upoh2det €bti mgthod| ofilecls emper ahdl edingsalusPing a cache

.operation _of said cache nenor 8 WD 2005/ 026965
L1 PbT] US3008/ B28A86™SROTY THeA nehhBdnGF BFaRNPBL FAel ubiRguIh

toWai 5bAgckoheRorponer cycle before resum ng cache
operations. 11. The method of claim7 including
shutting off said cache nmenory and invalidating cache

linf§.inAﬁaggtfngecgmg?fg{XQ a medium storing

instructions that, i1f executed, enable a processor-based
system to:
monitor the temperature of a cache memory; and
in response to the detection of a temperature
condition, transition the cache memory from a write-back

cache to a write-through cache memory.

14. The article of claim 13 further storing
instructions that, if executed, enable a processor-based
system to monitor the temperature of a ferroelectric polymer

cache memory.

15. The article of claim 13 further storing
instructions that, if executed, enable a processor-based
system to adjust the operation of a system using said memory
at a first temperature and, in response to the detection of
a higher, second temperature, transition the cache memoxry

from a write-back to a write-through cache.
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12. The method of claim 1 including flushing a cache
line in said cache nenory that has not been witten

WO boosgr6s t o a source nmenory. 13. An article cPOPUSR0N41029686
a medium storing 10 instructions that, if executed,
enabl e a processor-based systemto: nonitor the

t enper at yhe af-raccache HEHE&V13QEGrthBrV§§QEEﬁS to the
detection of a tenperature condition, transition the

ingiEHetiensr {hREomid aKPEBLBdekenableaghproeegsor-based

Liezth h c y rticl f clai

o P e R s g rel Rt vucerBnstrnafY oF ' € Beufafntire

abemabkeid peocedstempasaetursystemto nonitor the
tenperature of a ferroelectric polynmer cache nenory.

20 15. The article of claim 13 further storing

i nsgruct rpBsathatiei frexesiheds ?ﬁ?ﬁh@rastorin
processor-based systemto adjust the operationh of a

ingysvemiosbnghsehi difeavegutad, achabde &eppecassoe-haded

' espo o_th etection of .,a higher, secon
Sy%gﬁ%eigtgigéht?aﬁg?g?ogl?%el%aﬁﬁﬁgn%ﬁg?? Q%m?F¥n$5at has
nowr btenbackttenatmebtight bo oaghoeachemeRo P, 2005/ 026965

PCT/ US2004/ 029686 16. The article of claim 13 further
storing instructions that, if executed, enable a

proggssornbased; csystemi g shid sffibe §gé>9iﬁache

_ nenory at a tenperature above said secon
ingbnpetacus ethat 17if Thecanted) eemdbld ad pdScésisdhebased

ri Instructions that, if executed, .enable,
sy%%%@eggo@g%é QY for a temperature lower than salg second

temperature.

19. The article of claim 18 further storing
instructions that, if executed, enable a processor-based
system to resume operation of said cache memory upon

detecting a lower temperature.

20. The article of claim 18 further storing
instructions that, if executed, enable a processor-based
system to wait for a power cycle before resuming cache

operations.

21. The article of claim 16 further storing
instructions that, 1f executed, enable a processor-based
system to shut off the cache and invalidate all the cache

lines.

22. The article of claim 13 further storing
instructions that, if executed, enable a processor-based

system to transition the cache memory from a write-back to
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systemto flush a cache line in said cache nenory that

has not been witten through to a source nenory. 18.
wab@saedost| e of claim 17 further storing 10  PCT/US2004/029686

instructions that, if executed, enable a

processor-based systemto nonitor for a tenperature

cakBeetot Banrsadtseeaqd chenpenahbed. at9 fm%s@rth@bﬁer
of claim18 further Storing instructions that,

teppexatege andbke adpﬂéée§§@rtbaséaowsrsyﬁﬁ@drpé tbguﬁ@che
atio d t n Iomer
e B BB R PErE MR e SR et
tesperengrei.nstructi ons that, if executed, enable a
processor-based systemto wait for a power cycle

bef ore resum ng cache 20 operations. 21. The article

of ghai mrk6 hurthee SEORNAGm bpsknuehbengtbbahg
execut ed, enable a processor-based systemto shut of f

inphsugaéhasahbliatnvafi daeeubetl, t Aeableha prpnessoz5baged
sygESPaEglgggu8g Eg%'eﬁééﬁfg%th er§£géhgg%§ggStg;§%é§$ao

f “éxecut e e a processor-b
tempamattiren the cache nenory froma wite-back to 10 WO
2005/ 026965 PCT/ US2004/ 029686 cache to a wite-through

cache nenory at a first, higher tenperature and to

adj ygt f@ﬁetQ§t§59@eafsefgﬂm0§ztBﬁrgﬁ&PestH?EH y at a
second tenperature |lower than said first tenpérature.

ingtggctipesarbit) elbf exeainhed? €nrbheraspoocagsor-based

system to reduce pre-fetching at said second temperature.

25. The article of claim 22 further storing
instructions that, if executed, enable a processor-based
system to adjust the caching of data based on the detection

of said second temperature,

26. A processor-based system comprising:
a processor;
a disk drive coupled to said processor;
a cache memory coupled said processor; and
a storage to store a cache driver to monitor the
temperature of said cache memory and in response to the
detection of a temperature condition, transition the cache
memory from a write-back cache memory to a write-through
cache memory.
27. The system of claim 26 wherein said cache memory

is a ferroelectric polymer cache memory.

28. The system of claim 26 wherein said cache memory

is a flash memory.

11



10

15

20

25

instructions that, if executed, enable a

processor-based systemto reduce the speed of
woep@saridens at said second tenperature. 24. TPET/US2004/029686

article of claim?22 further storing 10 instructions

that, if executed, enable a processor-based systemto

reduce pre-fetching at said second tenperature. 25.

The article of claim22 further storing instructions

t hat?-i f TeRegiieEqM ehabllaim gPorBSEEENbASEd SEpseem BEOres

1n§?&H§E bhe %ﬁg@'eaagﬁedaaétQagﬁﬂign ghsed%&%ghgan 15

said secon t enperature rocessor - based
systen1conprising' a processor; a disk drive coupl ed

br 000 S0 PoaRd 861 0%t ELAYE T8 EH6FE R eAiAooHPEIEE pEoTes

1n§@@hb@&ohgethb%”@ﬁb%&@r%h@f ?@t@mcﬁghgdgﬁggr¥o§ngeﬁﬁced
response to the detection o a tel’rpera ure condition

Spﬁﬁdn@??ﬁéﬁlpﬁeaéaéhélrﬁﬁnbﬁyPEr@ﬁvaewwSwetbhckocacWelte—
thgsggﬁycg?hg m%hgggtm%ogggecgﬁahﬁl ﬁ r¥e Zgr urggeand

em of clarm erern sard
inﬁaﬂidetectabhepmhyﬂeranachuHEHﬁfyth28caEhe ﬁymbeg1at
ET % gh in said cache nenory is a flash nenory.
stitlve B6E5FE269BBSEEFFER2004/ 029686 29. The system of
claim 26 wherein said storage stores instructions
that enable dirty lines to be flushed. 30. The system
of 8lai nThe @kereinnofardasmnoBlgessidresorage further

storing instructions that enable the cache memory to return

to full speed operation.

32. The system of claim 30 wherein said storage stores
instructions that enable the system to wait for reduced
speed temperature range to resume cache operations after
shutting off the cache memory in response to a temperature

condition.

33. The system of claim 30 wherein said storage stores
instructions that enable the system to resume cache
operations after shutting off the cache memory in response
to a cache condition by initially resuming reduced speed
operations in a first stage and thereafter resuming normal

operations.

34. The system of claim 26 wherein said cache memory

includes a temperature sensor.

35. A circuit comprising:

12
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20

instructions that enable the systemto adjust for
reduced 5 speed operation at a first tenperature,
wWGEMOsO9D a wite- through cache nenory at a BEDUSIH04/029686
hi gher tenperature, and invalidate cache |ines and
shut off the cache nenory at still a higher
t enper at ar eomBéneiihetsystesioé shainy30atsahdost enage
v further 10 ztoring i nstructions that enable the cache
SHRHBFYUES Pet @r ieChd PEPPLEpRRd bPefaveopl 32sighel to
trsystemaf tebakgxR8 M@ﬁéﬁynf§§mdas&9£@&5b§&ﬁr§§che to a
instructions that enable the systemto wait for
wrikguekEousheedchenperaespensanyge saldesempecatchee
in@PgLatjgns after 15 shutting off the cache nmenory in
response to a tenperature condition. 33. The system
of claim30 wherein said storage stores instructions
thagﬁen le the systemto resune cache operations
*sh

af t TingrOFF the SHrHR Prenthsrein respbneenpongnt to

vaﬂyC@E@?oﬁ@BQtlé@ngpya'§%§ﬁémlﬁbr§§?ﬁ@@gféfdﬁﬁgdt§$%§§gture
operations in a first stage and thereafter resum
affrehed opperiaionnet Sid Teclhsystemof. cl ai m 26 wher ei n
said cache nmenory includes a tenperature sensor. 25
35. Acircuit conprising: 12 W 2005/ 026965 '
PCT3 US20004 0206861 0 £OMPINent3d ayHaasiy es A | sl Satd.on o
of the tﬁgperature of a cache nenory and to devel op a

25 Yndt TP ARSI AN Yhe T ddife Tiatony it oragponse to a
tenid £ B-Dacki £Rhe 1 &From said memory.

38. The circuit of claim 36 wherein said component to

shut off said cache in response to a temperature indication.

39. The circuit of claim 38 wherein said component to

invalidate a cache line in said cache memory.
40. The circuit of claim 35 including a cache memory.

41. The circuit of claim 40 including a ferroelectric

polymer memory.

42. The circuit of claim 40 wherein said cache memory

includes a temperature sensor.
43. An integrated circuit comprising:

a ferroelectric polymer memory array; and

a temperature sensor.

13



write-through cache in response to said tenperature 5
i ndication. 36. The circuit of claim35 wherein said
weowpoxes to vary the operation of a system POI/ES}004029686
for the tenperature affected operation of said cache
menory. 37. The circuit of claim36 wherein said
conp@nentyt0c3110uad) Bt caa¢AChBNgnePeL At 5aRg0E RS is a
systemin response to a tenperature indication from
cashedmamavyy. 38. The circuit of claim 36 wherein said
conmponent to shut off said cache in response to a
tenperature indication. 39. The circuit of claim 38
wherei.n sakdcéonponest toaihb4unwhkirdahesaigaaheali ne a
.in said cache nmenory. 40. The circuit of claim 35
dipfcraahRgMgmea¥ihe nenory. 41. The circuit of claim 40
including a ferroelectric polyner nmenory. 42. The
circuit of claim40 wherein said cache nmenory 20
includes a tenperature sensor. 43. An integrated
circuit conprising: a ferroelectric polynmer nenory
array; and a tenperature sensor. 13 WD 2005/ 026965
PCT/ US2004/ 029686 44. The circuit of claim43 wherein
said array is a cache nenory. 45. The circuit of
claim44 wherein said array is a disc cache nenory.
14
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