WO 2005/ 026965 PCT/ US2004/ 029686 ADAPTI VE CACHE ALGORI THM FOR TEMPERATURE
SENSI TI VE MEMORY Background This invention relates generally to electronic
menori es which nmay be sensitive to higher tenperature environnents. |In many
cases, el eWIOrBPINZ6EnDri es may be subjected to 5 hi ghePCTASEUIAIEHe
operating environments. For exanple, within a notebook or nobil e personal
conputer, elevated tenperatures may be encountered. Sone types of nenory
may cease to function corr @QARLINE GRCEBEJBHGOREPEN at ures. Ferroel ectric

pol ynmer menory uses a pJEOREEMMRAIEREQSENOIPAYE MEME@R¥Ct r odes.

Ferroel ectric polyner nenories may be subject to vol tage based di sturbs at
hi gher tenperatures. At higher t elpekgroreg, a ferroel ectric polynmer nenory
may S|OM/dOMﬂ pliS era |n 0 |on ¢ ndency
to reduce spee At g%ﬁ?ﬁéeg 8?§§u?éﬁé m&f gbnpt% 1% P%e %p%gatlon of
t he SySteml‘Wftll’Cl‘mal’yEbIeESeQBlthhé ternbghect trantp qxa tyurer ermznnroylmehtet her
tenperature sensitive nmenories. The slower data transfer rate

unexpect ed by tife Me8¥t C6FCEneCLeStERPLSi TREC RS Mévaidtd&ibdrc Fﬁa¥9ystentnay
not be sawai &1y tthephirgher-ct 8FReR AL HE Co ik £HHHHHEONS Foékanihe  unexpect ed
speed reductlion may create unexgected probl ens in processor-based syst ens

t hat rely Wwithirthés @orelorkesr fopibfappreotar WYY p@lsdeésd Thus, there
is a need a ba re
senai 11 ve VOIS Aek 5o mhY: B BREGERELEeaPoRRRE MY il eRIRT LAY ¢ &
schemat i ¢ depiectiocorfuoictdoe eahmdchﬁytabfextended temperatures.

Ferroelectric polymer memory uses a polymer between a
10 pair of electrodes. Ferroelectric polymer memories may be
subject to voltage based disturbs at higher temperatures.
At higher temperatures, a ferroelectric polymer memory may
slow down its operation in order to function correctly.
This tendency to reduce speed at extended temperatures
15 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
20 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.

25 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
30 Figure 3 is a flow chart for one embodiment of the

present invention.



the present invention; Figure 2 is a state diagramfor a cache driver in
accordance with one enbodi nent of the present invention; and 30 Figure 3 is

a flow cha embodi nent of the present inventig " W RS/ 026965
PCT/USZOO4?%E%@%%£&§EtaiIed Description Referring to Figg?%1¥¥$;

processor-based system 10 may be any conventional processor-based system

i ncludi ng nobile systens that e5§te on battery power. Exanples of nobile
5 systens include | aptop conpdﬁ%%@%ggegggﬁéigé#%gtaI assistants, digital
caneras, and cekrdfdmfidelephionese 1Howeyesceddwer asentsyisteantlioonagay be
applicable to any of a w de range of processor-based systens. The_ system 10
may i ncl udléeaalﬁ)Y%%tlﬁagoﬁﬁpgasFﬂrbﬁ%se‘iosyasrw't é(f’t‘%ﬁ'ru(?lt“& JOREHBr y

control huBydfend e R PG aFRY ohNbat HE By DEoworP! etk dnp 1803 idFPHobautput
control hub 18 in that “architecture. T%e i nput/output control hub 18 may be

coupl e t oSEsERBK Wrdlded apt@racenenEeremPSr TNalTd dddee  nenory 22 may
be temper LUt ps SENR gty /29 RAAERLES: ahdecdbl LRPRARRENSI Live cache
e a ctric po fla

menory may erroe yier menory or a h nmenory. The nenory

22 may i ncHodevar t erfpenatasemtsénsent24nimay one agyidddiaiset tof anlye ofir @sent

i nventi on. ure sensog 24 nay be a silicon diode forned on or
PREBn2

The tenper
integratedngﬁ FHE tHe BRERSFY 22 ehB%Hi ment. Al t hough a particul ar
architecture isThé lshsdttat ad may Fhgut@ela phecdyRSEN2 iddu@llddonni sndependent
on no 10 architecture to a memory control hub 16. The hub 16 may in
turn be coupled to an input/output control hub 18 in that
architecture. The input/output control hub 18 may be
coupled to a disk drive 20 and a cache memory 22. The cache
memory 22 may be temperature sensitive. As examples, the
15 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

20 into the memory 22 in one embodiment.

' 7 Although a particular architécture 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

25 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

30 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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particular architecture. Thus, a wide variety of other processor-based
architectures may be utilized in other 25 enbodi nents. The processor 12 may

i ncl ude a s o dftsthat stores a cache driver 14 that t he
2?%?02
processor cache driver 14 adapts the processor- lra)asedﬂsys @?n 10 to

t he vagarles of the cache nenory 22 and, particul arIy, toits 30

temper at ur gosenslLiple e FQls xambe: a0, EMBRdiER, ophen.the

tenperature ris has™ a sl ower ata {Fanster rate, the
cache driveacid bayedknablies hmowsxaslt;ermfotlaedaq:ﬁche'l'he arinegrt tétiat sel f may
adapt to make 2, WO 2005402%?65 @CT/ U§2g04/ 029686 nore optinmal decisions
about what 8% at? o’ CHER FSEECESEnECBREEN B1T i t s knowl edge of the

cache's currentygiédérer alte idriwieewlaf mhhes deteshecd enpeaiad waeheWienever the
driver 14 nmakes a_request to the cache 5 menory 22, a status code is
returned. TRAPST¥t2tus® COFEUS FOOGdesS i‘i\ﬁ%’t‘ﬁ%‘?dtheﬂﬁpﬁarsd:tai B $6€eeded or

failed, whehRehde &I LIRY e iopR MRS oAPPLESLadowWMGh was apRrlthed, and the
cache's tenperature environnment. Referring to Figure 2, nor mal operation is

i ndi cat ed arroqoc%@ecsttnazrev@@ applasfmahovprrch ivE A imsho epd22hfay be a

write-back g %ﬂ“eﬁedﬂtjlg%n %%Eggﬁggt nodi fications to data in the cache

are not cople ot her cache source and the cache
si mul t aneously. Réfermlmwluaaﬂﬂ@um@gﬁ caohmalkmpﬂxaﬂuuuyﬂsrmnduﬂaﬁeﬁ ab be

eI L el e L BTE LI B S Bl e T gt (he
write-back cache. In a write-back cache, modifications to
data in the cache are not copied to the disk drive 20 or
other cache source and the cache simultaneously. 1In a
write-through cache those changes may start to be written
15 simultaneously, but since the disk drive is much slower, 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

20 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

25 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

30 causes data to be written incorrectly. The use of the
memory 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

3



The system 10 transitions fromthe normal operation state 26, to a reduced
speed operation state 28, for exanple when the cache nenory 22 is exposed

to an el ev erature environnment called the thr ature
ST RS RS,

range. In one’e I'ment, the tenperature sensor 24 may
hi gher tenperature environnent has been encountered. This higher or

thiotlle TSIRSIANULE (R LORTRDL 1By, ey A LEIPSLALS 0! REgfange, of 60 to

80C 25 in er e cache menor I's a erroél ectric
pol ynmer nedotry . tdamsteirs ratiest thent ehperathe enamenge 22t hencacheenehpry 22  nay

be exposed_to valtage disturbs.if it does not .reduce i.ts data transfer
rate. A vo??%%%gﬁis%ﬁfﬁ’ié%g 36?%%%e9an e:ﬁfqgéﬁge O&&Faopo%bg witten

i ncorrect | ylemdhe As@naBf beheloweaoaywZ2 nmay be adj usted for reduced speed
operation, if any, at state 28. For exanple, in one enbodi nent, the cache
driver 94 may Vi [Ser OPGRE FPREC pRRETAIAN FFde theths WOSbEM5/ 026965

PCT/ USZOO%Q@%SJL%Q%%UE%" bheogat g AGIU Sid 1:0S dRfeMBYuREERASI tate higher
data transfer rates than the cache nenory 22 can currently support. Al so,

the tim ngsedta i .cofhvisl maggirecon vien YhendropnrzX atayrebdesopeededdn. 5 From

t he reduce e rati t ; SYsi. ransi n,40 an
operation rg% e efe'%r‘/%gcﬁeégen%g hébgo%gg%%’%}gc%é&t% § n%néfkgcg%b%\%ﬁe%ét he
t enper at ur ehdpeciones fevene leoteiel pyayest namcong emzoditrert 30useapgba cache

oo, @2 g il BELCRLAEL e, PERUIEL TR o g Shate 307 MRy be 10

In the state 30, the system 10 switches to a write-
through caching algorithm and dirty cache lines (i.e., those
that have not been written to system memory) are flushed.
The system 10 may be close to the upper temperature or

15 shutoff temperature of the cache memory 22. Thus, the cache
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

20 write-back cache so that there is no dirty data in the

| cacﬁe. | | |

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

25 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 wait until a reboot/resume

30 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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In the state 30, the system 10 switches to a wite- through caching
algorithmand dirty cache lines (i.e., those that have not been witten to

systenlnenq&&bm%@gg%%ushed. The system 10 may be cl ose %éﬁééya¥#g§§£the

t enperature or utof f tenperature of the cache nenor
cache driver 14 software or its hardware equival ent, changes algorithnms so

that it can shut_.of f . ny ti W ut . ¢ room.si .data. lptegrity. The
driver 14 %%?“géﬁﬁgrﬁﬁém%nen%?ggE% %%ﬂﬁﬁ§}§$%%g3g§g§§?%gst%F%ﬂ%hgihche
rat her thamteh 2dudetietbapkreache, sthd hatsttemen® mayneddustytidata in the

cache. The next, transiti.o to the cache shutdown, state 32 nmay occur at a
shut-of f t %ﬁ%ﬂgﬁﬁffgﬂéuﬁpgg PREEH ‘Mﬁﬁbgaﬁﬁﬁﬁﬁiﬁﬁ ﬁﬁFBﬁnf%%’cache
menmory 22 4s indieateal egt ki ct35tRe! yomia Mkt ibn thikget pansttiign, cache

lines may be invalidated and the cache nenory 22 may be shut off. The
syst em”10 ThERRdiFPergtuger 8808@d or critical tenperature range to

i ntroduce hystergesics tiBnst Ak§ B4 sphd1&1 N3 ¥Rl YenbBEaSYSLEBLABY VW t unti |
a reboot/resunme 30 before resum ng reducéd speed cache operations. Fromthe

hyst er esi stsatatprcdd deshéhsy sempetatwey infarsiatiion backheocaskduced speed
operati on A8 % R0 WILLLALSALRD SR sahaths, BEOLALRCHS Use of (e
al gori t hnesydtrent He .r edoecedxapped, operidié arastsdttdod8a, wheh reduced
D oL U Sl U S0, 20) Uola e LS AL Ll ppeed
operation sipfe B-Right RBe cache driver 14. The transition B may be
initiated in response to a critical temperature range and
the transition C may be indicated in response to the
detection of a shutoff temperature. The transition D may be
15 the result of a status indication of a critical temperature.
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.
20 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, it can be done
without loss of data integrity. The cache memory 22
25 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,
30 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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5 normal tenperature range. Transitions may be spurred by the tenperature
sensor 24 that provides the tenperature information to the cache driver 14
to appropriately control the operation of the system 10. For exanple, in
the transi ti%ﬂz&tﬁ/(’%@@ 10 tenperature sensor 24 nay i ndi ca0I/ES2003r00468¢ €
tenperature range through the cache driver 14. The transition B may be
initiated in response to a critical tenperature range and the transition C
may be i nditoat ethoiimesesponseet embdrbimedetsect Uodeof one shiub o¢¢, tiemper at ure. The
transition D 15 the.result. of a.status indication_of a crit,ical

t enper at ur es.ys%eqt%r SRS Vi5h BTy at)eretbr?g%r 8§uffsg?ga£§t SEET i i Y i on of

a throttl e deematiore panggaimhi | &l tdeatriandiyt i eheFspayemregutdn from a
status indication of a normal tenperature ragge. 20 Vheg the tenperature

sensed by tHeTt mfdrathfe tSBRSHRT UL J5 BELefngliet RELEACRE nenory 22 is

switched t q apdelr@tult-Br OUgR 83EMdNGaskd ithet Bachemienstyir 22 rsespd urt her, and
cache nenory 22 shutdown is necessary, it can be done wthout |oss of data

integrity. rRieitdehézrendry 2bapid &FPtH-a shut down safe node wit hout
dirty data in t@%fe?:ﬁtﬁgﬁ' Fggai%#%!§althrea%%%{1!esd§%e§uffl' cignily below the

shut down t enperature a i for witing the dirty data before the
t enper at ur emnticsdsend, shaydomntidIly hehacdnper deteenieachiestivée St down

erpor 2 ur<,.,39 L8 RREDR PO, SRdcl® Ln9gt uagdy Theacqipnts of the
it is abear3d.hatrft he,centeppsroticen cachd thremabhy 22cheemeémyayi 22, Ahd he
tenperaturez;gﬁg %ki%ggr?4?rgr other components of the system 10 may be
modified to adapt to the slower speed operation of the cache
memory 22 as indicated in block 38.
Next, a check at diamond 40 determines whether or not a
15 critical temperature has been exceeded. If so, the cache
memory 22 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
20 of a shutoff temperature as determined in diamond 46. If it
is detected, the cache memory 22 may be shutdown as V
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
25 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

30 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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5 WO 2005/ 026965 PCT/ US2004/ 029686 two choi ces in sone enbodi nents. Under
one choice, the system 10 can wait until a reboot or resune to start up the
cache nmenory 22 again. Alternatively, the system 10 can i il the
tenperaturex$§mﬁ%ﬁﬁmﬁthe critical 5 tenperature. In eithgﬁ@@ggﬂpﬁ#%% cache
menory 22 may be reinitialized and started fromenpty. Referring to Figure
3, the cache driver lﬂq in one enbodi nent, y initially check to determ ne

whet her t he®™¢ 1370t t1e-t SMPEFSLGEE REESEXLR HEFHASEEE i n di amond 10
36. If so, {heiopess it @Rt herct he coediidenat dde hpencaghe driver
14, or other_ conponents of the system 10 nay be nodified to adapt _to the
sl ower spee@ldbey AIGT cfllt BecarRelfpeabignDANMS viatdiaddoed 28 BRéék 38.
Next, a chegkety dhamand 4 deher ghaescuhetSier prs Mo nrlarGehiieal

t enperature has been excee . I'f so, the cache nory 22 may be switched
to operdte as a Whdt e- lrlaugled dache as indicated in block 42. Al so, any
dirty lines. may be flushed as indicated in block 44. Thereafter, the
driver 14 nonitors for the occurrence 20 of a shutoff tenperature as
determned in dianond 46. If it is detected, the cache nenory 22 may be
shutdown as indicated in block 48. Thereafter, the nenory 22 may
transition back through a hysteresis state 34 to a reduced speed operation
state 28, back to normal operation as shown 25 in Figure 2. Thus, despite
tenperature sensitivity, some nenories can be used as cache nenories, for
di sk cachi ng purposes for



exanpl e, when the operating range is |less than the possible tenperatures
experienced in real |ife usage. In one such 30 case, the cache nenory 22 may
be utilized as a disk cache to cache information read off the disk drive
20. Wiile the present invention has been described with respect to a

i mted nunber of enbodi ments, those skilled in 6 W 2005/ 026965

PCT/ US2004/ 029686 the art will appreciate nunerous nodifications and
variations therefrom It is intended that the appended clains cover al

such nodi ficatlons areethed sempriingias fall within the true spirit and scope
of this present inveeriteing thetenmngratirs bk eacreeneimory;and. A et hod conpri si ng:
moni t ori ng t he tenparrasponee tofa detectiothef aempempfuracehdition; sapameeng thea det ecti on
of a tenpescht meenarpfidirt 4 write-backcadhieitoawnge-thieughcadiee nmenory from a
write-back cache tofuather intRdingradjigiingthe bpsratidn dftaesystemalsingi safll raethoigtat ng t he
oper at i on a@frstIerFycFited and | inGespohst toeBelechbdn offa hikhdé! secePRmpbtahe,and, in

response Ttxﬁnstn}%nﬁjéatth@%dh@%d?ﬁ a @vrﬂé BAR caclRBE QRetitd- iAdadh€, transitioning
the cache froma wite-back cache to a wite-through cache 2. The nethod of

claim 1 '”C'“dgng ”?Héh@ﬁmg%f@ﬁﬁ?ﬁ%ﬁﬁf1ﬂ%MB1u§ Qhe%ﬁ&%Qﬁh§8%£'C pol ymer

cache WEWE?I’#O Stric Ogy 14 ng an operation of
sai d syst a? N A A g‘f t%%%lyat ure. 4. The rret hod of claim1 including
reduci ng prefetching at said first tenperature. 5. The nmethod of claim!]

i ncludi ng adjusting what data js cached based on the detection of said
first tenperat gre. The method of claim 1, including slowing an operation of said system at

said first temperature.

4. The method of claim 1 including reducing prefetching at said first
temperature.
5. The method of claim 1 including adjusting what data is cached based on

the detection of said first temperature.

6. The method of claim 1 including shutting off the said cache memory at a
temperature above said second temperature.

7. The method of claim 6 including monitoring for a temperature lower than
said second temperature.

8. The method of claim 7 including, upon detecting a lower temperature,
resuming operation of said cache memory.

9. The method of claim 7 including waiting for a power cycle before
resuming cache operations.

10.  The method of claim 6 including shutting off said cache memory and
invalidating cache lines in said cache memory.

11.  The method of claim 1 including flushing a cache line in said cache
memory that has not been written through to a source memory.



6. The nethod of claim11 including shutting off the said cache nenory at a
t enper at ure above said second tenperature. 7. The nethod of claim®6
including nmonitoring for a tenperature |ower than said second tenperature.
8. The method of claim?7 including, upon detecting a | ower tenperature,
resum ng operation of said cache nmenory. 9. The nmethod of claim 7 including
waiting for a power cycle before resum ng cache operations. 10. The net hod
of claim®6 including shutting off said cache nenory and invalidating cache
lines in said cache nenory. 11. The nethod of claim 1l including flushing a
cache line in said cache nenory that has not been witten through to a
source menory. 13 12Ananticle coropmsiepamedivinrsipringredivgtionst thati Wgxéqusads uct i ons
that, if eradespocessenbdsked systqmn ocessor - based systemto: nonitor the
tenperature of a caeatvaitoEiietempeddigkeiofia cathp omeseory;antihe det ection of a
tenperature conditi @irespdnd@dl the Betedtivn of @ dHyRrat@RRONditibOTaAsbA tiR- back cache

to a witadtRmdidly FRENE wWildIBAk-cadi?: to AR@italitirbediecathe ﬁbﬁbf}l.lz further storing
instructions that, if executed, enable a processor-based systemto nonitor

the tenperature of a ferroelectric polyner cache nenory. 14. The article of
claim12 furt hgg st Hht 4 iclenog{cqalill%ltl?%ﬁhetrrs‘f%&ipg 'ir];strgﬁ)ﬁao%ls'hleag’if %%9‘!58, endble
processor - based syst em t o us Be %ﬁ)era? OE or @ sgs’t er Usi n% sard nenory
Bt & 111 st PREBEPAT S ERAS MoptpeplHRErre oha eaeFlsE e o N S i gher
second tedy&t%ure, transition the cache menory froma wite-back to a
write-through cache. 15. The article of claim 12 further storing
instructions that, if executed, enable a processor-based systemto shut off
t he sai d cache lAenordye atticke afetpparidifunier sioone instiuetions shabritiexesnigdreaskie e.

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 memory

from a write-back to a write-through cache.

15. The article of claim 12 further storing instructions that, if executed, enable
a processor-based system to shut off the said cache memory at a temperature above said
second temperature.

16. The article of claim 12 further storing instructions that, if executed, enable
a pracessor-based system to flush a cache line in said cache memory that has not been
written through to a source memory.

17. The article of claim 16 further storing instructions that, if executed, enable
a processor-based system to monitor for a temperature lower than said second
temperature.

18. The article of claim 17 further storing instructions that, if executed, enable

a processor-based system to resume operation of said cache memory upon detecting a
lower temperature.

19. The article of claim 17 further storing instructions that, if executed, enable
a processor-based system to wait for a power cycle before resuming cache operations.

20.  The article of claim 15 further storing instructions that, if executed, enable



16. The article of claim 12 further storing instructions that, if executed,
enable a processor-based systemto flush a cache line in said cache nenory
that has not been witten through to a source nmenory. 17. The article of
claim16 further storing instructions that, if executed, enable a
processor-based systemto nonitor for a tenperature |ower than said second
tenperature. 18. The article of claim 17 further storing instructions that,
if executed, enable a processor-based systemto resune operation of said
cache nmemBPPGHOFDRREE S¥HSM P shut pHitks cachdydinyalidate allghe qa¢he Hpssi cl e of claim
17 further storing instructions that, if executed, enable a processor-based
systemto wait for a power cycle before resum ng cache operations. 20. The
article of claihm 15Thearttinkerof stagmildduithres stotiog instractionathat,iif exsxeteditesahle enabl e 9
a processaprdzassedbssed tsesterh o ghmsiticnfthe tdohe omomloey faod ai wnrtatHadiateecaahd totahe cache
lines. 21.writehrauigh catlee mEmotyadt afikd, highdrh@npesitoreiang td ndjhistforl thoslswehat , i f

execut ed, spiallfthe cach MERESt aReHRE téehAiell OwdrtRdiSiald ARt lehpefadble menory
froma wite-back to cache to a wite-through cache nenory at a first,

hi gher tenperature and to adjust for the slower speed of the cache nenory
at a second teppera | rat I L.: r. T rticle
o2 Seoond ¢ eaper e kAR HON (AL ol b BITRES Sl el TRV
or ocessor ABREEFOLVRIE Y EN P brdhes PR PR LPRIon) &t Y SRCEMBRRR S e c ond
tenperature. 23. The article of claim?21 further storing instructions that,
i f executed, enable _a processor-based systemto reduce pre-fetching at said
second t enper atér e. Thaartipkeofglaimal dugher slogipgnnstrustipns that, iEexsetads enpldle r uct i ons
that, if @pseagseebasdapitem tarodnescrredeiching sesdidspeersiiemperatireist t he cachi ng of
data based on the detection of said second tenperature. 25. A
processor-based system conprising: a processor; a disk drive coupled to
sai d processor 24a caabertioRndicain@lFhelkr S@ridg pisaaaisothat,dfekecuted, enable

a processor-based system to adjust the caching of data based on the detection of said

second temperature.

25. 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.

26.  The system of claim 25 wherein said cache memory is a ferroelectric
polymer cache memory.

27. The system of claim 25 wherein said cache memory is a flash memory.

28.  The system of claim 25 wherein said storage stores instructions that enable
dirty lines to be flushed.

29.  The system of claim 25 wherein said storage stores instructions that enable
the system to adjust for reduced speed operation at a first temperature, switch to a write-
through cache memory at a second higher temperature, and invalidate cache lines and
shut off the cache memory at still a higher temperature.
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a storage to store a cache driver to nonitor the tenperature of said cache
menory and in response to the detection of a tenperature condition,
transition the cache nenory froma wite-back cache nenory to a
wite-through cache menory. 26. The system of claim 25 wherein said cache
menory is a ferroelectric polyner cache nenory. 27. The system of claim 25
wherein said cache nenory is a flash nenory. 28. The system of claim?25
wherein said storage stores instructions that enable dirty lines to be
flushed. 29. The system of claim 25 wherein said storage stores instructions
that enable tRB sydhepystesmn abgleigt 2% spid siornge derthep slerng putragtionnthet a fir st

t enper at ueablgthiercathetmaeraonyute resurntd bl sghedcensrasionenory at a second hi gher
tenperature, and invalidate cache lines and shut off the cache nenory at
still a higher tenperature. 10 30. The system of claim 29, said storage
further storingli nsThesystemnsf ¢lhiat 29 whabingaidieragangenmemlicyiohothaedrable to ful |
speed opetd dygdm t3 Wait FoLredNcldepedite@pehiitedn e r&utheSatitt Setitid@eafidror €s

i nstructi QRgtih&f 1RNABhEmembS i Y¥SdpBMetd a Y ferdtfe cbRMHEEd Speed tenperature
range to resune cache operati'ons after shutting off the cache nenory in

response to a tenperature condition. 32. The systemof claim29 wherein said
st orage stores,hnstructions at able.  the systemto resune.cach

oper at1 ons, a1 6F SnabE i ek Bin B8 En S Rk Bl iR e i,

condi t 1 on YR PAF eﬁﬁ&'ﬁﬁl@ﬁgﬂﬁ%ﬁ%&&ﬁ% U5 cPShe BHES " ESPPIEL ot age
and  t her @4PERECOPALIGRPY NIHRYNRTPUTRIRE Fedupgsiapecdsaperapons M AHshitage dai m 25
wher ei n s aheaeadige WGP APEIAHRES- 2 tenperature sensor. 34. A circuit
conprising: a conponent to receive an indication of the tenperature of a
cache nenory &8d t dheleystdnopf claigi Znhwherein seidaaghiememonytincledasiae nenory from a
wWri t e- backemparitere semson, Wi t e-t hrough cache in response to said tenperature
i ndi cati on;

34. A circuit comprising:

a component to receive an indication of the temperature of a cache
memory and to develop a signal to transition the cache memory from a write-back cache
to a write-through cache in response to said temperature
indication;

wherein said component to vary the operation of a system to adjust for the
temperature affected operation of said cache memory.

35.  The circuit of claim 34 wherein said component to adjust a caching
operation of the system in response to a temperature indication from said memory.

36.  The circuit of claim 34 wherein said component to shut off said cache in
response to a temperature indication.

37.  The circuit of claim 36 wherein said component to invalidate a cache line
in said cache memory.

38. A circuit comprising:

a component to receive an indication of the temperature of a cache
memory and to develop a signal to transition the cache memory from a write-back cache
to a write-through cache in response to said temperature
indication;

further including a cache memory.
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wherein said conponent to vary the operation of a systemto adjust for the
tenperature affected operation of said cache nenory. 35. The circuit of

cl ai m 34 wherein said conponent to adjust a caching operation of the system
in response to a tenperature indication fromsaid nmenory. 36. The circuit of
cl aim 34 wherein said conponent to shut off said cache in response to a
tenperature indication. 37. The circuit of claim36 wherein said conmponent
to invalidate a cache line in said cache nenory. 38. A circuit conprising:
a conponent to receive an indication of the tenperature of a cache nenory
and to develop a signal to transition the cache nenory froma wite-back
cache to a w3%.e-t hraighitofchan BB inchslmgweroelestdc golysrepereatony.e i ndi cati on
further including a cache nenory. 11 39. The circuit of claim 38 including a
ferroelectric polymer nenory. 40. The circuit of claim 38 wherein said cache
menory includeg)p.a teRPEFaitWEelaik 8B sereifishid Athé RleRBFAINCRIE] 4 fHipbraB@EPr | Si Ng:
a ferroel ggksdi ¢ polymer nmenory array; and a tenperature sensor. 42. The
circuit of claimd4l wherein said array is a cache nenory. 43. The circuit of
claim42 wherein said array is a disc cache nenory. 12

41.  An integrated circuit comprising:
a ferroelectric polymer memory array; and
a temperature sensor.

42.  The circuit of claim 41 wherein said array is a cache memory.

43.  The circuit of claim 42 wherein said array is a disc cache memory.
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