TEMPERATURE CONTROL MECHANI SM ON A MEMORY DEVI CE
[0001] FIELD OF THE | NVENTI ON [ 0002] Enbodi nments of
wo b@oiomseant i on relate to the thermal managenmeneCDUS2005/022770
el ectronic conponents. In particular, enbodi nents of
the invention relate to a nethod and system for
determ ni ng when an operating tenperature of an
el ectroni c conmponent is above a threshold tenperature.
BACKCGRAUNDPERQOBB | cOVERYL MECEANISMI €N GOMPERENDPE/IAE e
sensitive to tenperature. For exanple, an electronic
conponent such as a nenory device has a well -defined
threshol d tenperature such that if the operating
tenperature of the device noves above the threshold
tenperature, then the device may fail, operate
u 1jably, or becone damaged in sone fashion. Hence,
the operating tenperature of an el ectronic conponent

hpfELD CETRENNVEINTONSO that it remains bel ow the
threshol d tenperature. [0004] Accordingly, there are
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method and system for determining when an operating temperature of an
electronic component is above a threshold temperature.

BACKGROUND

[0003] Many electronic components are sensitive to temperature. For
example, an electronic component such as a memory device has a well-defined
threshold temperature such that if the operating temperature of the dévice
moves above the threshold temperature, then the device may fail, operate
unreliably, or become damaged in some fashion. Hence, the operating
temperature of an electronic component has to be controlled so that it remains
below the threshold temperature.

[0004] Accordingly, there are thermal management systems to detect when
an operating temperature of an electronic component is above the threshold
temperature, and to take steps to bring the operating temperature back to
below the threshold temperature.

[0005] In at least one such thermal management system known to the

inventor, the operating temperature of the electronic component is determined



bel ow the threshold tenperature. [0005] In at |east
one such thermal managenent system known to the

WO povenowre the operating tenperature of the el BCT/DS20022770
conmponent is determ nedusing a tenperature sensor that
measures a voltage or voltage differential, for
exanpl e, across two junctions in a diode, to determ ne
the operating tenperature. Since the voltage or
voltage differential is small, such a tenperature
I8iRPA térapetaturbaensootat measlmsta voltage drovaitage diffarémtial, for
vol tage/voltage differential. This pushes up the cost
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sensor has to be periodically read or sanpled by a
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tenperat ure. ving to periodically sanple
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DESCRI PT]. ON TH W NGS, [ 000 Fi qure 1 shows, a
HallRGP ola0e ere k] imPURNES U Jhe rohifiné I<iEheigule gensor.
nmenory device, and a nmenpry contraoller, in accordance
viurthesribedamparatuio: sessof has fnbe reriegicallsed orsagpled by a
shows a functional block diagramof sone of the _
comtrolleminordér torget thaiatgst seluiedor the operating tenaeeratured Having
one enbodi nent of the invention; [0008] Figure 3 shows
aofpeniotiicaipbamplecthedempermturef sehsoehas theheffect of reducing the

number of memory cycles in a given period.



conmponents of the control logic circuit of the nenory
device of Figure 1 ; [0009] Figure 4 shows one

WO ppbeosns ati on of a circuit to inplenment partPCHES2005/022770
functionality of the nmenory device of Figure 1, in
accordance wi th one enbodi nent of the invention; and
[0010] Figure 5 is a graph showing the rate at which a
capaci tor discharges, at different
t enper at ur es. DETAI LED DESCRI PTION [001 1] In the
f BRIEHIISCRRSTION DRTHE BRAWIREESS of explanation,

cific detai

numer ous. spe s are set forth in order to

0 L de aih | . 0y . . |
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thatH the invention can cﬁelng)r act i cegr “VI thout these .
sPstides @ ey devicR, gtd Memay fodkeliers n geqardariceyith one
devi cg_s are _shown in block diagramformin order to

a9 TeadisnRt of they)inveBtiGMyent i on. [ 0012] Reference in

this specification to "one enbodi nent" or "an

e[A09d1 ne figuresd shows atfunctipmet blogk diagramtaliseme of the
structure, or characteristic described in connection
wcaorhpohente o toe mentory device |12¢ edadoordandearitit omsembodiment of
enbodi nent of the invention. The appearances of the
pthediageritiom; one enbodi nent” in various places in the
specification are not necessarily all referring to the

SED0SE "D FigURS shoWs adURctiPBRIBER dRigrah lo?sBAfd ofthe

enbodi nent s
components of the control logic circuit of the memory device of Figure 1;
[0009] Figure 4 shows one implementation of a circuit to implement part the
functionality of the memory device of Figure 1, in accordance with one
embodiment of the invention; and

[0010] Figure 5 is a graph showing the rate at which a capacitor discharges,

at different temperatures.



nmut ual Iy excl usi ve of other enbodi nents. Moreover,

various features are described which may be exhi bited
whyosoms7enbodi ments and not by others. Sim | ap¢TPS2005/022770

vari ous requirenents are described which nmay be

requi renments for sonme enbodi nents but not other

enbodi nents. [0013] Figure 1 of the draw ngs shows a

hi gh-1 evel bl ock diagram of a system 10, in accordance

wi th one enbodi nent of the invention. The system 10

i DETAMIEDDRSGRIRTION I ce 12 which is coupled to a

menory controller 14 via a communi cations path 16,

WooaH] i nlmtheoioliowing désthiptiors fempurgosesndf expldriztion, numerous
i nvention may include a bus.[0014] In accordance with

ogFediito@staIe ate St foieir ohaertd &@mde@tmmgww&éfrs@ﬁdﬂ% of the

may i nclude the architecture shown in Figure 2 of th
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e menory devic es a ural
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el enents, etc. The menory device 12 is nounted on a
pPhsauERg dhe inYentiebar d (PCB) 13. I n one enbodi ment, a
nunber of menory devices 12 may be coupled to form an
al004¢] on Referenge irethiscepeciiicationite éneoembbdiment mre'dn

circuit board (PCB) 13. A serial presence detect (SPD)
dembodiment” means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one
embodiment of the invention. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all
referring to the same embodiment, nor are separate or alternative embodiments
mutually exclusive of other embodiments. Moreover, various features are -
described which may be exhibited by some embodiments and not by others.
Similarly, various requirements are described which may be requirements for
some embodiments but not other embodiments.

[0013] Figure 1 of the drawings shows a high-level block diagram of a
system 10, in accordance with one embodiment of the invention. The system
10 includes a memory device 12 which is coupled to a memory controller 14 via

a communications path 16, which in accordance with one embodiment of the

invention may include a bus.



22, which is essentially an electrically erasable
progranmabl e read only nenory (EEPROM device that

W@ @eesi6ts i ti cal paraneter information about tPET/DE2005/§22770

device 12, is nounted on the PCB 13For exanple, these
paranmeters may include nenory type, size, speed,

vol tage interface, nunber of rows, colum addresses,

el ement banks, and other critical information. The
paranmeter information is sent over the comuni cations
{a014]L6 Incaddoedareewith cone emtlodamertdfitime mvestion,dhe memory
facilitate configuration of the system10. As will be

Skeite thmayeneluye devarchitdctunl scowmirl Eidase @ of dipadidwings.
24, a charging circuit 26, a timng circuit 28, and a

Wéf@ﬁfr@tterﬁ ure gl it wilPoe Q‘é’éﬂ fHalt thePRefnory deliek lJl‘iﬁlﬁcludes a

control” routines to control the operatlons of

SRR 58 Beflr oo P 1) e e
Q%angg gzerw"*‘qvfmz%mgh% X iney B Gk 4cSite vitn any

I f
oD Eehpebar AT M iorouarpiads BRANESEmenisiaraY,
t he operat IF?% tenperature of _the nmenory device 12.

@lewments, PDR PRANM elgmments, efsy il be memory dgyigeat2is meunipd on a
operating tenperature above the trip tenperature, then

frrinted eirait hderd fREB) Y1 3d kvongeemRodiayerdca oum behokmemory

one enbodi nent, the function of the nmenory controller
devicest1® myitfemOuplmi tocforre matarray arf mcheoryelevicgs de@vhoented
12, and to performan action in order to reduce the
Gifthatgritded circuit board (PCB) 13. A serial presence detect (SPD) device
22, which is essentially an electrically erasable programmable read only
memory (EEPROM) device that stores critical parameter information about the
memory device 12, is mounted on the PCB 13For example, these parameters
may include memory type, size, speed, voltage interface, number of rows,
column addresses, element banks, and other critical information. The
parameter information is sent over the communications path 16 to the memory
controller 14 in order to facilitate configuration of the system 10. As will be
seen, the memory device 12 also includes a capacitor 24, a charging circuit 26,
a timing circuit 28, and a comparator circuit 30. Control logic 32 includes

control routines to control the operations of the various circuits of the memory

device 12, as will be explained in greater detail below.



tenperature of the nenory device 12, if it exceeds the

trip tenperature. [0016] In one enbodi nent, under
weonwbnele7ef the control |ogic 32, the chargi ngPCI/D8200%/022770

26 periodically charges the capacitor 24 with a charge

so that the capacitor has a potential of V. Over a

period of tinme, charge fromthe capacitor 24 |eaks or

di scharges until Vc of the capacitor 24 is zero.

Figure 5 of the draw ngs show a graph of the discharge

r[@045bf From Figrare 3 of theadrawings; #avillibé seer that the control logic 32

tenperatures T 1, T2, and T3, where T3 > T2 > T 1, and

viheluded atrmod@ragister34nin dhe embedihéntothieanpds adgister 84
the menory device 12. As will be seen, the higher the

qReabs BY/alRITRe aafil tempérurd! ﬁ/ﬂk‘ﬁrdér h@s Al pRY IIN’ﬁt'fGﬁthe
the capacitor 24 discharges. |In one enbodiment,

téﬂErQﬂng@ nﬁ#érhttﬁ@ofﬂ{é @%ﬁ%hrﬁ‘déhﬁé Jzt ety f?@!}ﬂﬁfﬁhé’ﬂ%‘now

froma r val ue I'sS I ndicate e tr

TR e ¥ Gt R PG B lerdtrs gBOYE R b Topprature
{FRR GRS PEine MSBaR dBviEs JamataroT JhUsHD 48 qabodiffent, the
2,700,000, which is a value representing thetine |t
visoetion aldbemaemeryecaniioder 14is to/mepialitae ?ﬂn@%ratwe

operating tenperature of the nenory device 12 vvere
7gemoryxevis&ilR| anod tnpetfermaan actiwuindordppiogedace theneperating
the operating tenperature of the nenory device 12 is
geapdeestutdrainthédtembrnddvies ¢20hit ekoseddtheittip tahhperaturge

in a shorter tine. Alternatively, if the operating

t gﬁB% ﬁéu’f@@énibbdlmﬂﬁdéi'@dnﬁ@l df2hk eoh@sidogie B2, HEC
charging circuit 26 periodically charges the capacitor 24 with a charge so that
the capacitor has a potential of V.. Over a period of time, charge from the
capacitor 24 leaks or discharges until V; of the cépacitor 24 is zero. Figure 5
of the drawings show a graph of the discharge rate of the capacitor 24 at three
different temperatures T1, T2, and T3, where T3> T2 > T1, and where T1t0 T3
represent the operating temperature of fhe memory device 12. As will be seen,
the higher the operating temperature, the greater the rate at which the capacitor
24 discharges. In one embodiment, the timing circuit 28 includes a timer that
counts down from a counter value, which is indicated by the trip temperature in
the mode register 34. For example, if the mode register 34 has a value of 78°C
for the trip temperature, then in one embodiment, the timer of the timing circuit
28 will count down from the value 2,700,000, which is a value representing the

6



capacitor 24 will take a longer tine to discharge.

Accordingly, in one enbodi nent, under control of the
w@ewbed67¢ ogi ¢ 32, the conparator circuit 30 CPOPHSBS5/622770

signal indicative of the charge left in the capacitor

24, with a signal indicative of whether the tiner of

the timng circuit 28 has counted down to zero. Based

on the foregoing, it will be seen that if the

capaci tor 24 has discharged, while the timng circuit

2ime dt weyld itaksrion thengaprsilar 24 to disghangerif theiaperatinioctemperature

that the operating tenperature of the nenory device 12

ecfdbe dsermbry davige 12wees Z80. eOnetskitied ia thesart, waould @preciate

in the above exanple. In this case, the control |ogic

Shab if e ap&rating témf;@@tmretof tie fleendip deviteCIONt ighdater thhf.78°C
The nmenory controller 14, includes control |ogic 16,

Whihlthe! Eﬁﬂac%it%? ou (il Aisch8rdenh @f sndfer bR AIHmel‘?\{%Xf the

device 12 akes an action 1 n order to reduce

0 o Y% : | 0
SRR SREIEL I oAy BRERY (ERU Rt Tt DeiF
nunber, o cles.issued to the nenpry device
AR on e Bk At e e % lsphitofy ARRRRdhy IR oo
[0017]. In the above descri bed exanple, the node | |
 IEPadignaTs et Gptigpl A IetIcoRa DGR 82t ineForapRTaios ciret 30
by a manufacturer of the menory device 12. |In another
ceAyBpIRres @ signal indicativeeafithe ghargereft juthe: sapacitor@4 with asignal
t hemenory controller 14 sends a signal to the nenory
dadicativel of whethpr thgr timet dfdhentiduing eigcuit 28 hadg coiinted doavn to
trip tenperature. Once the configuration |ogic 14 has
zero. Based on the foregoing, it will be seen that if the capacitor 24 has
discharged, while the timing circuit 28 is still counting down to zero then this
indicates that the operating temperature of the memory device 12 exceeds the
trip temperature, which was set to 78°C, in the above exampile. In this case, the
control logic 32 generates an interrupt to the memory controller 14. The
memory controller 14, includes control logic 16, which upon receiving the
interrupt from the memory device 12, takes an action in order to reduce the
operating temperature of the memory device 12. In one embodiment, the
action may include scaling down a number of memory cycles issued to the
memory device 12, in order to reduce its operating temperature.
[0017] Inthe above described example, the mode register 34 is
programmed, with the trip temperature by a manufacturer of the memory device

12. In another embodiment of the invention, configuration logic 18 of the
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programed the node register 34 with the trip

tenperature, in one enbodinent the control 1ogic 32
wa@ledoenodenes t he counter value with which to i nP@T/85108%022770

the timer of the timng circuit 28. In order to do

this, in one enbodinent, a | ook-up table 36 is

provi ded as part of the control logic 32. The | ook-up

tabl e includes starting counter values with which to

initialize the timer of the timng circuit 28 given

dnérmenecdnttalliep 14 sepds atsigre to fhermermmpteyich42eth progtane the

| ook up table 36 shown in Figure 3 of the draw ngs,

fraedérddister B4 Wigrtat Wwistephpdiafiffe. Oreethé eonfiguratiomgic 14 has
val ue of 3,500,000 will be selected as the initial

W"pﬁf) nthed ife Ho@l%rreglbfertﬂl%‘iﬁ tHe thSrfBﬁlbéFdiur% irﬁoﬁé @mbloﬂlment

be seen that the starting counter value wl

5th& Q‘? 98@99%@20&@?@@?8@' 'tﬁ@@(?ur}t%nh\?alhg W&hl{@wléﬁm f?nt%ﬁzé the

a manu urer evi ce

2 usi evi c C

mﬁ%?mﬁwg@ﬁ& o8t .45 5% ehipBimeat 2 tookup
assomated wiith the tr.i rat.ur

3abie: deisinroviled ap Partgiher ca degic o2 T[r‘iﬁb?Jﬁé'O\[iﬁP'Pdfe@“des
circuits of the menory device 12, are shown on

fefarting eauniey vakies wiawhich te initializg tae §mer phthg tifBlHQt%rCU't 28
shown in Figure 2 may be incorporated into other
adivendifferend trip tenaparatiires)| Boréxarople, baseglorthe lobk updable 36
draw ngs shows one enbodi nent of a circuit that

i sheweniaRigutd8 of thecdranings, farreetripliempetstany 6fB04C, a counter

circuits of the nenory device

starting value of 3,500,000 will be selected as the initial value of the timer. If
the trip temperature is 85°C, it will be seen that the starting counter value will be
5,100,000. In one embodiment, the look-up table 36 is created by a
manufacturer of the memory device 12,using device-specific values for each
trip temperature and associated counter starting value associated with the trip
temperature.

[0018] One skilled in the art, would appreciate that the various circuits of the
memory device 12, are shown only functionally, and that in fact some of the
circuits shown in Figure 2 may be incorporated into other circuits, or into a
single circuit. Figure 4 of the drawings shows one embodiment of a circuit that
implements the function of the above described circuits of the memory device
12. Referring to Figure 4 of the drawings the capacitor 24 of the memory
device 12 is modeled as a field-effect transistor, which is shown as an NMOS

8



12. Referring to Figure 4 of the draw ngs the
capacitor 24 of the nenory device 12 is nodeled as a

w0 p@baessid ect transistor, which is shown as anp@iIVIDR005/022770
ddevice 52 in Figure 4. A voltage source 50 is
connected to the "drain" of the NMOS device 52. \Wen
the "store" pin of the NMOS device 52 is toggled to
|l ogic value 1, the gate of the NMOS device 52 opens
and charge is transferred to the "source" of the NMOS
didavicae5% i Figtired. tAveltage soce 60ds i@ atied, toctbeSdrain’ of the
charged by the voltage source 50. An output of the

NN SIdevice 522 Wheth t Istdre” pintofitie NM©8idesices?2 ishbgdled to
is connected to a conparator 58. In particular, the

%Qiétﬂaltﬁf 11R8 gaid BﬁheCNfMOS?déﬁcé 52 6PBASGha¢hh eﬂs I@r*a'hsferred
of the ‘conpar at or 58 V\hen the N devi ce

ﬁ%@%qr%%’%h%as |s ar 2 doﬂflhgqm@'rﬂet%d t\%‘ﬂMU@d vice

ic zero Is expec

ras el bty @'Pa%@i’a%“E%r%"én%%ﬁ%Jta%@ u&%ﬁ%g%"%e 52is
Neitaa buerisivice 83t 38'4"#@%&2@%2311' y

t he CMOS devi ce buffer 54 vv|II detect t he vol t age

| RAjtieulan the oulput RbtheNtuSiendeyiee o4ds Pearected o a Rit ga ‘of the

over tinme, a counting device (tinmer) 60 counts down

f camparator Gi8e dVben the NMOS deviget5er imichetgesly lagie1 is expected on

tenperature. The output of the counter 60 is connected

tthetpire CdorWhentle NMOS device 52 has discharged, logic zero is expected
on the pin C1 of the comparator 58.
[0019] Once the NMOS device 52 is fully charged, the CMOS device buffer
54 detects the voltage as logic 1. When the NMOS device 52 leaks out charge
over time, eventually the CMOS device buffer 54 will detect the voltage as logic
zero. As the NMOS device 52 leaks the charge over time, a counting device
(timer) 60 counts down from a stored counter value determined by the trip
temperature. The output of the counter 60 is connected to the comparator
device 58, in particular to pin C2 of the comparator device 58. When the
counter 60 is still counting, in other words it has not expired, logic zero is
expected on the pin C2 of the comparator device 58. When the counter has
expired, logic 1 is expected on the pin C2. |
[0020] As will be seen, in process 62, an interrupt is generated if the
capacitor has discharged (a condition indicated by logic zero on pin C1) before

9



device 58, in particular to pin C2 of the conparator

devi ce 58. When the counter 60 is still counting, in
wW@rGveno4s06 ds it has not expired, logic zero i SPERPSIIEER2770

on the pin C2 of the conparator device 58. When the

counter has expired, logic 1 is expected on the pin

C2. [0020] As will be seen, in process 62, an

interrupt is generated if the capacitor has di scharged

(a condition indicated by logic zero on pin C 1)

teé moentee has expired (asomrdifion adidated by thidic reroi ondihegiie©2). For

by logic zero on the pin C2). For all other

calnsthir oviditidriye thaintsrfutilis het dudertads Oricedthe Goastet BO expires,
counter 60 expires, charge is restored on the NMOS

d&iﬁr&@ isrésfofed %HQH@NM@S%@F&;‘V& béReralifg ta@or‘é%lﬂé@énd the

va ue In the counter 60 is resetssro start

é‘ﬁﬂh@ comﬁggé iSRlRE i Qt%{ﬂgé'cﬁa{'nfaow g%a‘?n 1 of

raW| ngs, e apprecra st’em

y eIf form.a subs r.ger, system
%@PZEi rrﬁeiemmagﬂ'g B FOHR L hf Pt s g%@%@@mﬂ ed that
Crgcl ude a entralﬁ'g ocessi nﬁgy uni t Lg 70, is

gsvelem U« may e E%F”b%ﬁtl? § fqr@CEy ‘?Fe%ﬁ%efﬂﬂf Qr gxample,

72 to define a system 74. [0022] Al though the present
ilﬁ\pé\ﬁ?tef'ﬁbpﬁmnbééﬁ latgercsystrra naY includeer @enitéal pEcessing unit
speci fic exenplary enbodi nents, it will be evident
t(GRU )X 7 whaeh susoupbet] foi tbatnhemorarmmntrbﬂerg‘eda by areanms afmdeus 72
to these enbodi nents wi thout departing fromthe
toaediee asgystérh 7af t he invention as set forth in the

clai ms. Accordingly, the
[0022] Although the present invention has been described with reference to
specific exemplary embodiments, it will be evident that the various modification
and changes can be made to these embodiments without departing from the
broader spirit of the invention as set forth in the claims. Accordingly, the

specification and drawings are to be regarded in an illustrative sense rather

than in a restrictive sense.
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specification and drawings are to be regarded in an
illTustrative sense rather than in a restrictive

WG 200s0046ZAI M5 What is clainmed is: 1. A nethod, PCT/US2005/022770
conprising: periodically charging a capacitor nounted
on an el ectronic conmponent; initializing a tinmer to
countdown from a counter value, once the capacitor is
charged; determining if the capacitor has di scharged
before the tinmer has counted down to zero; and if the
c@bA&MBor has di scharged before the tinmer has counted
down to zero then generating an interrupt. 2. The
nAthadds claimlediist 1, wherein the el ectroni c conponent
conprises a nenory device. 3. The nethod of claim1,

wher ei A méthod ocorhpiisingl ue conprises the length of tine
for the capacitor to discharge at an operating

t enper sérnddicaAg ¢Abrdifg & dabé&?&%guﬁtmﬁreﬂ{ élb@trér% cbRfponent;

el ectroni c cofmponent. 4. The nethod of claim1l

f Hﬁtfah?ih g &t o# H%ecé&nfcﬁ%ﬁtnjﬁ{)ﬂga BoGRBF {/ﬂhe Sél%éathefcrag%lgor is

menory erm ni ng ‘counter

ba.?aq_ge&n t he control

determining if the capacitor has discharged before the timer has counted
down to zero; and
if the capacitor has discharged before the timer has counted down to

zero then generating an interrupt.

2. The method of claim 1, wherein the electronic component comprises a
memory device.
3. The method of claim 1, wherein the counter value comprises the length

of time for the capacitor to discharge at an operating temperature equal to a
threshold temperature for the electronic component.

4, The method of claim 1, further comprising receiving a control signal from
a memory controller, and determining the counter value based on the control
signal.

5. The method of claim 4, wherein the control signal comprises a trip
temperature defining an upper limit for the operating temperature of the

electronic component.
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signal. 5. The nethod of claim4, wherein the control
signal conprises a trip tenperature defining an upper
WO 20vb004606 t he operating tenperature of the el BCT/DS008022770
conmponent. 6. The nmethod of claim4, wherein
determi ning the counter val ue conprises selecting the
counter value froma |l ookup table, using the trip
tenperature as a key. 7. The method of claiml1,
wherein the interrupt is to a nenory controller. 8. A
n@&nor yT lieemiettend afaigim 4, wigereirodetemhiningthe colantdr value comprises
i ncludes a node register to store a trip tenperature
dedl & étingthe koURtee Valukefidm fadboldip RIBRY, Asinghé &P &irpetature as a
of the menory device; a capacitor to store a charge; a
ging circuit to periodically charge the capacitor;
atimng circuit to countdown froma counter val ue
ce t ' N st r
Vi e T8 BRBRE! Sr¥ialkEr RSN B b Eis g R gHich Tcontroter
cgn'par tor cirguit to gener_ate an interrupt if the
capaci gremyy V?@hﬁ?@' 8588t ore the tini ng circuit has
counted do to zero. 9. The nmenory device of claim8,
wher eiGPNERElogicMbigh NGRS 2 BiRde registaria starg g tipdemperature
for the capacitor to discharge at an operating
tdefisdncan upperdinait for an operating temperature of the memory device;

a capacitor to store a charge;

a charging circuit to periodically charge the capacitor;

a timing circuit to countdown from a counter value once the capacitor is
charged, wherein the counter value is based on the trip temperature; and

a comparator circuit to generate an interrupt if the capacitor has
discharged before the timing circuit has counted down to zero.
9. The memory device of claim 8, wherein the counter value comprises the
length of time for the capacitor to discharge at an operating temperature equal
to the trip temperature.
10.  The memory device of claim 9, wherein the control logic determines the
counter value by selecting the counter value from a lookup table using the trip
temperature as a key.

11. A method, comprising:
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to the trip tenperature. 10. The nenory devi ce of

claim9, wherein the control |ogic determ nes the
weomwnvers7eal ue by sel ecting the counter val ue PECDDOSH05/022770

| ookup table using the trip tenperature as a key. 11.

A net hod, conprising:sending a signal to a nenory

device to program a node register of the nenory device

with a trip tenperature being the upper limt for an

operating tenperature of the nenory device; and if a

si gnal seéndingasigradi td a omemonyedavice togprogmanm a maodb eafister of the

that the capacitor has discharged froma fully charged

covetiidry devics withss trighiempdrature bging thé uppeElirit foreat Gserbiing
the trip tenperature, then performng an action to

| RnRierhiife OPRHcAbRory 86VEE 2y € of the menory device.
12. The nmethod of claim1l1l, wherein the action
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control logic that, if a signal is received fromthe

nepRyaling tamperatuse of the memory device.

12. The method of claim 11, wherein the action comprises scaling back
memory cycles issued to the memory device.
13. A memory controller, comprising:

configuration logic to send a signal to a memory device to program a
mode register of the memory device with a trip temperature, being the upper
limit for an operating temperature of the memory device; and

control logic that, if a signal is received from the memory device to
indicate that the capacitor has discharged from a fully charged condition in less
than the length of time indicated by the trip temperature, performs an action to
lower the operating temperature of the memory device.
14. The memory controller of claim 13, wherein the action comprises scaling
back the number of memory cycles issued to the memory device.
15. A system, comprising: |

a memory device which includes:
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i ndicate that the capacitor has discharged froma
fully charged condition in |less than the I ength of

W@ 209e/004806 cat ed by the trip tenperature, perfoPEEUS2V05/022770
action to lower the operating tenperature of the
menory device. 14. The nenory controller of claim 13,
wherein the action conprises scaling back the nunber
of menory cycles issued to the nenory device. 15. A
system conprising: a nenory device which
i ncl udes: ceohtrol logicgomprising a saue regsberdo stgest teip t o
store a trip tenperature, being an upper |limt for an

oper atibiefRURE balnd #h Ghpdrhenitoranlopdeatirgetentperature of the
capacitor to store a charge; a charging circuit to

peri Oghéﬁbbydé\h@é'ge the capacitor; atimng circuit to
count do roma counter value once the capacitor is

char ged, V\@e {]Jé&it&%osﬁg}énéﬁﬁa@%l ue i s based on the
re, an

trip tenpera conparator circuit to generate
an interrupt ,if the. capacitor.h i_scharged before
the ti m ng asharaind rEaR Bopraescbumerds Dirapadiior
menory controller to _control an operation of, the

memory devidcimingdicsit fo cogntdewn figin acospiriyalyegnaethe

to programthe node register with the trip
capacitor is charged, wherein the counter value is based on the trip

temperature; and
a comparator circuit to generate an interrupt if the capacitor has

discharged before the timing circuit has counted down to zero; and

a memory controller to control an operation of the memory device,
wherein the controller sends a signal to program the mode register with the trip
temperature.
16. The system of claim 15, wherein the counter value comprises the length
of time for the capacitor to discharge at an operating temperature equal to the
trip temperature.
17.  The system of claim 15, wherein the control logic selects the counter
value from a plurality of counter values in a lookup table, each counter value
comprising the length of time for the capacitor to discharge at a specific trip

temperature.

14



tenperature. 16. The system of claim 15, wherein the
counter value conprises the length of tine for the

W@ apaoi4606 t o di scharge at an operating tenperBCT/US2005/022770
equal to the trip tenperature. 17. The system of claim
15, wherein the control logic selects the counter
value froma plurality of counter values in a | ookup
tabl e, each counter value conprising the | ength of
time for the capacitor to discharge at a specific trip
t Brperiausystdrfi .of Trmsss Wtereih tiad aiemdry,.contrellern, i iie8ponse to
menory controller, in response to receiving the

| RRESNIngthe iMteFrlpL, ";‘S’érfaﬂnél@h'a%ﬂoﬁ o Faflideshé Bﬁeﬁéﬁﬂbf@éﬂnﬂ@rature
tenperature of the nmenory device. 19. The system of

AfahEmnoifvRien the action conprises scaling down
nmenory cycles |ssued to the nenory devi ce.

19. The system of claim 18, wherein the action comprises scaling down

memory cycles issued to the memory device.
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