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THROTTLI NG MEMORY | N A COMPUTER SYSTEM BACKGROUND
Techni cal Field [0001] Enbodi nents of the present
w0 noenidgsen generally relate to nmenory devi ces. P@bUS2005/015886
particularly, enbodinments relate to throttling nmenory
in a conputer system Discussion [0002] Wile recent

comput i ngHRGT TNE MEMOR LY & CEMEDTERIBYSTEM, o

been desirable to consuners, these trends have
presented a nunber of challenges to conmputer system
designers as well as manufacturers. For exanple,

desi gni ng not ebook pergnggwbers (PCs) personal

digital assistants (P | ess "smart" phones
an bIeF te difficult due to the snall form factor of
—M—G@E‘ien‘s and their susceptibility to conponent
[000YE' IEdbbaitherlts Sf1thé Chledent GHEERIIN @enengir atlkate stoc amemory
cause processors, nenory devices and ot her.conponents

devieesoJdpea earat:ul@rIVeg@bpﬁmerafatrelﬁtﬁﬁop@r@tsmeme@q%%a computer
syskﬁnsonﬁ cases, overheating can cause device failure.
erheating can al so cause safety concerns with regard
to the surface tenperature of the platformenclosure.
In addition, the applications being designed for
Disgyssianr systems continue to demand an increasing

[00@ Unfynfé rQ@éYﬁrtrerME h Héaéorﬁ pdier §8dusthyf ﬁﬁ@ar@%maller computing
s, %D

erature. For exanple gani ng appl i cations and
plaﬁmimmyandogfea/ter dupstioriditt bave been jdesirables soptansgmgrs, these

vor S5 S b SF o HcBERE e P58 e gesianer

well BEOFRAUAE@Gersit oFsMMBkAmbRY, "adsighing melepsbIe pesysrizt "Bomputers
thermal concerns increase even nore. [0003] To better

(PGmnageeomé digita) cassistantshdRPAshaed nyirelggsy st uphgnes can be
t
BSR40, o R0, BB T i St

to defmipdaent dveriatingr edhopatticbiar, bheegsivad ftempesdfturésj can cause
operate below in order to mnimze overheati ng ?I ed
proggwq;snmﬁmoqyogg\élge%rﬁmdsgft@rycomponents to operate at a Iess than

optimum performance level. In some cases, overheating can cause device failure.
Overheating can also cause safety concerns with regard to the surface
temperature of the platform enclosure. In addition, the applications being
designed for computer systems continue to demand an increasing amount of
power, which has a direct effect on temperature. For example, 3D gaming
applications and “always-on” wireless features are just a sampling of the types of
relatively high power applications available to consumers.  When such
applications are incorporated into small form factor computer systems, thermal
concerns increase even more.

[0003] To better manage the above-described concerns, many computer
designers establish a thermal design power (TDP) limit for a given platform, where
the TDP essentially defines a power threshold that the platform should operate
below in order to minimize overheating-related performance losses and safety
concerns. In particular, it has been determined that accesses to memory units
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concerns. In particular, it has been determ ned that
accesses to nmenory unitssuch as system nenory can
w@onsnidsut e significantly to the power consunpedDUS2H5/015886
the overall system To address this problem sone
solutions invol.ve incorporating a tenperature sensor

suer B4 8y B ka2 B4R BablFEh e o Mimotn of

the dWesall §fstéie TEBREFsEsURiS prbbleht Jdrik ezlueens irvolvesingetporating
value, the nmenory unit is "throttled" b [

d
a tempesatyreiaaser tihler i B1EBORYh BOMERHRNy N ( :é'ﬁbg%h]g?WheeMCH
con pAPREE3 HEAGIULIA E G, UL o8 htaure o
the M@ZHhiexceBds @ meiset,valley thenpmmadryr enitresisthretiled thyi neducing

t he MCH doeﬁ_ not. reflect the actual internal
me”t%)’rﬁ@?%ﬁﬁ’@ igto e MR MM t . As a result,

rr I t t j
[0008F Wil e Ab(HBSIRA BEPRACA!NAS tebn NS Upider certain
circunmstascesyca esimipen ohdifficulties remafr. s dtort éxamplek the temperature

meap{iegh YRR, B BICE AOED igk Totett i il Bterf e BBratuse of the
menfd??rlﬁfif?r ALESREUR! edrrdiatingStheninkhsaid REAPEMIIEECR the actual

oSses. Another difficulty with the conventi onal
tempgiptusacanrhg diffislttand ey sasedt in iraccyraciesr thuthesmore deeoffset

Y | GES S '
the [REREANAEFE 1 LHporsS HRERLARL. MABAT g Pilove overy
constélnﬁv:zgtg/@t témpe@mrreama}itentaadth aad _tlmyefqrrﬁq alssclsciamlwim significant
shutdown i n cases of gverheating. e relative on
perferaaisgslessesre Aotheredificiiy rW'tbehﬂ C%\fﬁrﬁ@eﬁf aﬂeﬁxié?lsrr?%tes to
be @b et t r j ' j
respfide, ey iy BARKRIAT he | RENRY B67L4 huldh s Ryptyronous
dyndgg\?gﬁngﬁméﬁstsgg‘érﬁﬁ\é@wwCI:IS?ce‘EhbawmrreI?tigely hi?r_\ current
.ages enbodi nents .o resent inyention..
surgey Yo bah S B, BTl Ishulad i clses B PueniEating
&3 i | ddrivahtionalaibréase Hsebver, t
The é@gﬁhéélg %ﬁgrébéyobgfwelﬁgngfﬁg édhe fgmmé dr aw n_gsv,eri?}1ay "o
be alte tchdetpobthg] ovarteating i #mplheckuge Mg temperaiureds appasured at
the '?'I%‘E menory unit according to one enbodi nent of the
n

tion; [0007] FIG 2 is a block diagram of an

exanpl e of a system according to one enbodi nent of the
i nventi on;
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The various advantages of the embodiments of the present invention will

become apparent to one skilled in the art by reading the following specification
and appended claims, and by referencing the following drawings, in which:

[0006] FIG. 1 is a block diagram of an example of a memory unit according to
one embodiment of the invention;

[0007] FIG. 2 is a block diagram of an example.of a system according to one
embodiment of the invention;

[0008] FIG. 3 is a block diagram of an example of a serial presence detect
device according to one embodiment of the invention; and

[0009] FIG. 4 is a flowchart of an example of a method of managing a memory

device according to one embodiment of the invention.
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[0008] FIG 3 is a block diagram of an exanple of a

serial presence detect device according to one
weodsdiasent of the invention; and [0009] FI G BECT/ESE05/015886

flomchart of an exanple of a nmethod of nmanaging a

menory device according to one enbodi nent of the

i nventi on. DETAI LED DESCRI PTI ON [0010] FIG 1 shows a

menory unit 10 that provides a nunber of advantages

over conventi onal peEaMILEDWESERIPTIONrti cul ar, the
menory unit 10 has a pI urallfr% of nmenory devices 12
alsp

[00101L2F |G shows @ mmrmyatmt &0 proyifas: 2 rmkﬂndl)%r afsadvantages

over Gt AR URNS. EVRRGRGE ety bR 8 ResSatiaty
of rrfél#rﬁdryn@\ﬂ@éﬂ 1en{i2ae1 2many dareemberdtite Biéd\é).:r@rfnehhenodule 14
typically used in notebook personal uters
coup@eug!,q thTrm@em@ﬁbﬂwGﬂis 11210 AsonligbadissUssed, ini areaten) halpw, the
r I
merfl 815, ESH SRR SOETRADY o) st so-oim o

the typetypicaiugsety mandieboek pensarat essputens (PGHDRAMG memory unit
devij ces, which [ rrent sur

| . hi .
10 coplth$ieenpd cRal G & By Giksizs, PIMA B cBidpal, ysed in
deskyFpegatt the wairé &hd MEmBRY d@%cé@% %ﬂB%RXn@hﬂdnobg dynamic

escri be respect to SO DI Mvs devi ces,
randphre aenessjmnmnosy &DW) niemes()wfmre haye ketatively thigh current
deed

sSSP 0 65, DA ORTE e

numBéF of ﬂ?ﬁeaéiér?ﬂéé will Bé dé%@n@é@ﬂﬁih%ﬁbéctd@ssmitbmms and SDRAM
Not wi t hstandi ng, there are a nunber of aspects of
devises, umnmwlmmaébec@yenmn vaechotk 88 Brlitﬁ@h pliedeed, any

S REATGE uPARE ot oo AR5 v used v
partlﬁg ftdéﬁ e phture ﬁnd[?rﬁrcﬁ tiod ea'mohllméntlsmﬁsmbe?y Niwitbstanding,
measurin e in t he
ther@r@ﬁ%@yn@!@{??(:@g 330 Fa e Or '344\/'% 0, SORAM R V@?&ei%vm"éh the
prmcﬁéle c{é%bﬁlﬂ@d’f\ %ﬂ@&r ol l'er hub (MCH, not

S errpera ure

! measur enent nodul e 14
[001sll] gnThe cillostratedbvermpesaturen vesasusement onodules 1dvpeasures an

merhaamahaes ok G380 iy kST o ARG Bb P itema
tem;Sé?r% dérg:]ofttgé urﬂ%ﬁo?%@@g{cgggf%\r/éé?%t h{édwrnl/ehrﬁﬁl/t@ﬁQerh&re of a
neighbodhg y memeoryc csondiglieonaub  (MCH, 2 rlmqg srl%(\:/vn)nntrhe temperature
measurement module 14 significantly obviates conventional concerns over
accuracy and response time. For example, temperature measurements made by
the module 14 more accurately reflect the die temperature of the memory devices
12, and can be used to detect overheating much more quickly than conventional
temperature measurements.

[0012] Turning now to FIG. 2, one example of a system with an improved
memory unit is shown in greater detail at 16. In particular, the system 16 includes
a SO-DIMM 10, an MCH 22, a system management interface 26 and a system
memory bus 24. The SO-DIMM 10’ can have a 144-pin configuration that
supports 64-bit transfers, a 72-pin configuration that supports 64-bit transfers, or

any other acceptable configuration (see e.g., PC133 SDRAM Unbuffered SO-
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tenperature neasurenents. [0012] Turning now to FIG

2, one exanple of a systemw th an inproved nenory
wa2ios/1ioshown in greater detail at 16. | n pare@musmp3/015886

the system 16 includes a SO D MM 10', an MCH 22, a

syst em managenent interface 26 and a system nenory bus

4 SO
o BelpEs e Bee BRI Bfohiion. J-RRC SEAIA G, o1
0ctobeat2m3;porﬁesnr@étrbtetd SORDHVIRY $0' lodis érplu:’elhtyeof SDRAM devices
acceptabl e configuration (see e. PC133

12 ((Rautad)y aed sdermaraiuse @Wem@@?mp%éﬂf i X\Qi"leof?ur SDRAM

oo L ke 3ned S AP e Aor 1508 45

be u@@a i C'Hie ﬂe’inpérbﬁa’e médsmrgmmwtanbdulpmzﬁtmcledaeanseemlﬁmesence
dul e

detet (31281 dievise SheA1chd AUFILY SNRERS) §1eAEs: SLd2Ra OBy where

each“éietﬂet ?r‘?nél‘?ﬂ&?és’"ﬁ@’f@e% ?Hé@'ﬁ?aﬁe BPtHe SDRAM 'dé%ldé@»elSZ'

serial presence detect (SPD) device 18 and
[0015] urlal addition to rstoning cdnfigleatian infeoaation e. gmmo@ubawlie data

gt il Sotade 854 2 e RS il RuBEC g teros. no
shov&?r‘})nfa't Od{fs¥rOBtdrilfier MBé | SPD( Aelice MBdW aatfé Zt@, temsfer internal
speed and voltage) used by the basic

tempetptwé@of e SDRAM evisiess]2 o the Rusiam BBnagsmant interface 26.

e S}t ek ERPBALE 2o o oAUB SIS e o

interpPtepiparanres Bxoted thetémperalore fﬁn&r&ydtwhermtmgb’r@ﬂtﬂ can

redukgtrﬁér&%%ﬁeéc?q%ﬁ?afﬂéﬁin&f et eSOl i o PR to the

e gfe the MCH 22 can reduce nmenory access
throfieF e S'gﬂg throttle) the SOD MM 10' in

[0014§sS pmﬂﬁmlt:alat hthet |htusitatbd rsgstemmtmaﬂagangerﬁl interfage 12§ includes a

B 5kt ek WA TS ARTERLE 200 & ssom
contfé]lé‘?' qd 5gt 0 Nb‘ferﬁpqngﬁégérﬁeﬁﬁ é@ﬂr@le?ysérﬂn k&yBo=ell | ontroller,

'st em nmanagenent controller and keyboard
SME/KRG)B0 eoupl@d/mb Mm:;ygenbmpagame@t bus 28y sthersystem controller

s0 BRGS0 S SR 18 %55 158 v

manad@nfanttiss PRNagenfdres bine %rn@bmpemtum Itmttlaenmi’nperature
teénperatures to the tenperature threshol d

thregfesidrandegengrateshihs: thrpit,lg‘ngcgtmtf%sgnqjﬁ 4 e lptqrﬁgl temperatures
exceec} frl r}%lnpe(?%?é fHrdERSa.

[0015] In one example, the system management bus 28 is an inter integrated
circuit (1C) bus (e.g., I’C Specification, Version 2.1, Phillips Semiconductors,
January 2000), which can physically consist of two active wires and a ground
connection. The active wires, termed serial data line (SDA) and serial clock line
(SCL) are both bidirectional. In such an approach, each component connected to
the bus can act as a receiver and/or transmitter depending on its functionality. In
any given transaction, the component acting as a transmitter is considered the
bus master and the remaining components are regarded as bus slaves. Thus, the
SPD device 18 can function as a bus master and the system controller 30 can

function as a bus slave with regard to the transfer of the internal temperatures. In
4
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exceed the tenperature threshold. [0015] In one
exanpl e, the system management bus 28 is an inter
wo oosaraved circuit (12C) bus (e.g., |2C SpeciPCTES$10051015886
Version 2.1, Phillips Sem conductors, January 2000),
whi ch can physically consist of two active wires and a

cascl O, SRR RBBE) S SRulh e A PR gipcticaly
erasBbldi pRsgra@ingdble | feadil ohlyamérRPrOEEPRQNH mtnpmwn; for BIOS
connect ed to the bus can act as a receiver and/

purppsemdhe syslenieprifRlieng0dnay est asfia PenaIastss. afldwth&@PD device
18 n%r \éfﬁgﬁ%q(irfggﬂ.% bL%‘sIaR/Ee corrponent act i ng as a

SHITter 1's consi ered the bus naster and the
[001 BE e e Ry stepnasagemant bus @28 ded alsoboperatenveder HuSMBus

frameyrie i SonBMiTyse SPooTEAION  KETSIoh 20 S5, ImblameMers frum.
AugLfsEfQQ{JGi ).t OahNEMBRN R8s (s 170 eddks bEERSIrR, UaRS - enables

cases where configuration information is being
compenerntsv it gassmmassSges eback rarshifosth eratbamithan merely tripping

o e RPBL LR “eHef SyLolioat it Brrisraut Wie/ LY MafBhy unis

sucrpé’sStHBaSDelDIMWG hﬁhl@ﬁ’@féi\%?é@%lilﬁ daey'td BI®S) on as the

| ave. [0016] The system managenent bus 28 can
[oo1a|| soTb@dh@tratamwte@hmgnsggmenarPémqe 26 also inglusips a chipset

ous R0 BRI Pl SR S Sob LA ISEF 2 Albust 2002)
32 d@)@@l@@oftﬁthe’iéylst@ﬁﬁbbﬁﬁomnwnanﬂtmputmmplstscmgﬂhagdmtbaﬂl-l) 34
forth rather than merel n
couni@%ttm%phnpﬁﬁbbus B2 habniestace i SaHRIPA.S 406 JoHca4 and the
Mo 2 TP ) I o (LA, B 6 it syt
contﬁc}ime}m owendhe whipset btis 3Raard fzﬁwardmthmmnjmi@gnai& tm@’eﬂ MCH

22 oxgi s piainteeceab) A arad, G080, biodct32is Bffute thpotte the

SO- Ph@wﬁxwg%é‘d)%fmb' &5t s |s nﬂHtth%Ufegjéﬁ'd coy épétbﬁf 16 may

4 coupled the c set bus and a hub
inclidet ethbacoermmnemqa(rw srmwmesumswr@@ﬁfsprﬁa avephigs conyyellers,

vl BT S AL BELLS BeoBhgl b B SR

dewﬁeéwqﬁl Meesg:mmm 161 Bpalay b thdieydlehh 22emunr buke4 and/or
hub interface 36. As already noted, the MCH 22 is able
MCH @2t hrottl e the SO-DIMM 10' based on the control

[Ooﬁ]gnf}o? exhmpld! & gfpAitdeortiiie? ¥l B Pré@ksing a 3-dimensional
(3D) gaming application that requires frequent accesses to one or more of the
SDRAM devices 12’ over the system memory bus 24, where the MCH 22 has the
ability to modulate traffic on the system memory bus 24. If the increased activity
of the SDRAM devices 12’ results in an internal temperature of the SDRAM
devices 12" that is above a particular threshold, the system controller 30
generates a throttling initiation signal, which ultimately causes the MCH 22 to
restrict memory access traffic on the system memory bus 24. By measuring the
more accurate internal temperatures of the SDRAM devices 12’, the system 16 is
able to implement more aggressive memory throttling. Furthermore, the system
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i ncl ude ot her conponents (not shown) such as

processors, graphics controllers, network interfaces,
we@t@sidshat desire read and/or wite access t oPCTES2005/015886

SDRAM devi ces 12' on the SO DI MM 10' by way of the

system nenory bus 24 and/or MCH 22. [0018] For

T

Systérhgquent accesses to one or nore of the SDRAM devi ces
12' over the system nenory bus 24, where the MCH 2

[0018hs Turaingoinow >totlaGmau|oa1taeappwct%nwmewmﬁmperawre
mea @méﬁtkﬁ@n D! éeels's@\%ﬁlqﬁyna idekdivato{s:t iR ggﬁﬁ@ér the

resuts inan in tenperature
illustSEANS BBV device 118’ inblatdes sa adunnent ssqueice i 38ultkzat injects a pair of

measwegIaI SIgnFIR TG Eeeh & Bimneriral ciofes (ARMERy "2hutbere the
meagﬁ%nw ﬁﬁoélg r%@ﬁftrlhcé té‘ﬁﬁ@l‘éfu@@éﬁén&érﬁf\flcblﬁag‘éndtfle?entlal for

system ne . By nmeasuring the nore accurate
each ﬁteemahldlctcbmwmtajmcmemth@%mm igeshiaws asobeingart of the

I
SPOLARARA 1P ndie PORPRITBPE M angon & eiPREEihER [P gstom
Essdrliallg "B gir st He8serieinkeft d%ﬁél HERAy GUrdnny cufrent is |njected into a
conventi onal systens. 019] Turning now to FIG

glvetzmleerapﬁirdb@@} W FQT@IGefhﬂféhm&?@Uf%’ﬁ@'é‘r slg0RlresEls i éh%rﬁ’t voltage

oros, s, HRHAEP el b A niing o

knower bﬂgégt |ISQltder¢ mjé’cﬁeti?@t? gge Jtﬂﬁ@mg'?"%m rresliltm(l)@asa rsesend voltage
nto each o

dTOPWhgiré?et He fsward a'\%sqfsugﬁ@haf g&f'rrt%?%ioée 1(51‘@3#59{9% of die

tem{%gﬁf?g b dff?erteﬁg Bl E&H f’@% Svel%qmé‘ﬂg)st@ aldPa flﬂ\&i@ﬁ of die

e curren source bei ng art of
tempdratus€D dEor cexarable t tee cdnffemrtcesonaycebeapreateo Bt high die
| ocat ed el segr in t

tomRRIABPR AN Sb I A PRI S S THEoRIE0R Fuehss 116 tHyrfal Blpae for
the WY Medstierfient §l§|ﬁ§1§|th§|‘e@6¥% defiisea tépéiatsie dependent voltage

nmeasur enent si gn results in a first voltage dro
diffecentiabs It iseouldebeanotadotbet atemadivaly, reeami%mﬁstgem@at signal

coula hég H'E?ae\gd Irﬂg @z)talﬁgéﬁ %tﬁeéﬁt vé{l’?asgéeg gﬁ lf;i% go dfﬂeo vtahgtlon in

voltagjenéfréritechaeameristiosi fsossitHepmial diodeb eh(o\heverabambratles may be
i's a function of die tenperature, the difference

needrd teeebiaimen eaeentabledguelf assuracyinsier SUED A0 aRRTO8Eh.
[002%'] The illustrated SPD device 18’ also has a multiplexer 40, which selects

between the thermal diodes based on a selection signal from control logic 42.
Selection can be in a “round-robin” fashion, or based on some other parameter
such as memory device usage. In response to the selection signal, the
multiplexer 40 connects the current source 38 to one of a pair of ports. For
example, the control logic 42 can signal the multiplexer 40 to select ports DP1 and
DN1, which may correspond to the anode and cathode terminals of thermal diode
20a (FIG. 2), respectively. The control logic 42 then causes the current source 38
to inject the first measurement signal into port DP1. The voltage between port
DP1 and port DN1 therefore represents the voltage drop across the thermal diode.

The control logic 42 then causes the current source 38 to inject the second
6
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tenperature. For exanple, the difference may be
greater at high die tenperatures than at |ow

wo eovpri@bur es. The vol tage across the thernal PODUS2008015886
the two neasurenent signals therefore defines a
tenperature dependent voltage differential. It should

enotdthtal |veI. .sin [
meaBFeR R i LB, Fobiund S o IHG8 T pcross e
therval Woddue TtHe tdmer\éabeabémeém trel M@ebcltﬁgeerdrops (e.g., the
characteristics across thermal di odes, howeve
tempesatupe ﬂepéﬁdﬂﬁtywﬂéagﬁ?e@'ﬁ@ﬁeﬂt@')o wehisth can %@HS@% Felated to the

temdq‘?%!@lr? %Et i d Joyiloicy |§[§%ﬁp Qnaé}PJIQ@?@ g{%@%ghvéﬁﬁ% (ADC)

so has
44. whi ch sel ects between the thernal dlodes based on a
sel ection signal, m.control logic 42._Sel ection _can

[0024} ilp %facl?'%n%dq'tb‘?ﬂaz 'CIFCHERY; BIRY Uﬁﬁéedz YrEBRRCo QW Pass
filter Q%rnaﬂgh%d %H%nﬂﬁ/enﬁd@é Bfrdilﬁ‘(hé %lﬁé?éﬂﬁ’al Wé‘véf@ﬁﬁ Uhealchopper

sel'ection signal, the nmultiplexer 40 connects the
stabitined amphﬁeu cae tesuses tman'@ilfyaarp;chrecttﬁy tr]g)dtf@rerlmai waveform to
he co t ic 42 can.s
prodhie 18 pitact St (St e PoPBBICIA B Yierentinh, Such
CIrCLﬁ’t%f h&S PBNHeé® illuBRafiisLag ndt tRbBSERe neor r@&év%noﬁaspects of the
hermal di ode 20a (FIG 2), respectively. The control

embbdlg'l@ta@fthﬁetﬁlveat@bs the current source 38 to inject

o0z, 4 AT o e o itrs

into [le_aeﬁrgﬂéﬁt@t@lal IheT e, tm@glhmFDpoﬂCd:mtﬂ;‘Mt@nt hsrargombined: .current
e control | ogi t

Sourg andl AIRE RORENGBBHHIRE 2 HEENEHBI0YP GHANNPh a0 A BP0t can

funcgc?r? ggtd %b@}eﬁ%ﬁ%ﬁ@%%ﬁ@ﬂ@@ﬁ@@a% PBAt. “Fﬁe&ﬁﬁfrﬂﬁl'oglc 42

et ween the”two v I'tage drops
may(theg. procbed ttenther méxir paid @f godtsnand dhe gyecess is repeated. The

oo D S R B T e o
the Ag 481ty al&%‘t\é%b%te@ﬁ@%n%ra{u@é)@%} tHe A6y G@\/lces based

tional circuitry nay be used. For exanple,
on thrmdrgltbl sigealscan be used to renove noi se fromthe

ool ! 4544 oy BLFIGLE, B0 P8 BRI o cvie i

showh f f ehenmidthodey®f @InmbleO ipplederted i beeiernons enit (§6Y any
vol tage proportional to the differential., Such

appropriste basgdwage ansYomeefhvane| RIograPRNNG techniqys. Fgr example, the
mett?zﬁdz 24 V%Lﬂﬁ "Go TEAGNAHCoRRERISIMS dSppRAnER i integrated

In i ‘on.
circuit (ASIC) of a serial presence detect (SPD) device and/or system controller.

Alternatively, the method 48 can be implemented as a set of instructions to be
stored in a machine readable memory such as RAM, ROM, flash memory, and so
on. The illustrated method 48 provides for injecting a pair of measurement signals
into a thermal diode embedded within a memory device at processing block 50.
The measurement signals resuit in a temperature dependent voltage differential
for the thermal diode. Block 52 provides for converting the voltage differential into
a digital signal and block 54 provides for calculating an internal temperature of the
memory device based on the digital signal. The internal temperature is compared

to a temperature threshold at block 56, and block 58 provides for determining
7
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[0022] The ADC 44 can convert the tenperature

dependant voltage differential into a digital signal.
wabws/1iaach DP port can function as a conbi nedPCUUS®N/015886

source and ADC positive input for a thermal diode

channel, and each DN port can functi on as a conbi ned

ol 5 o e R SSELLN . TP TP St
|ssueRf %%%érﬁoﬂﬁ@@ﬁﬁ@fér Hie dt| Blosk 168t e OthBRvide)Y itee nbXt memory

al so has a tenperature calculation circuit 46 coupl ed
devigepistselectextat black 62aandithe Rrocass isnepeatad.t enper at ur es

[OOZ?I)OZQIUSTU rxegc(?ﬁgcélvcet%s dggé‘ﬁsjeépometrglﬁ gérg lﬁ%l O%og%‘l §9nlf cantly

mpr@vé@f&ﬁdrydﬁmtﬂmglawcﬁfh@nmm dbsigmetdwet idSystembeuch as servers,
npl enented in menory unit usi riate

deskial Bk Goiaheck PBr PAEPBahHiSiALAN SIS LTARaLavirgigss “smart’

phor@28Rl S0 6#61@%Hi‘&ﬂ|a48th%%gu R RRAS: ésBGi‘é’iétPMher%tebook

nto an application specitic mtegratecja circurt (AS

PCs OPDAsszmd ainanrmrmiesqnaﬂmwaldy (eseOhedwelves tarthecamqu;mnts of
troll t tively, th . b .

the %&Enﬁ&%n?Earté“grrﬁc?@&rhé%oﬁhé@@waLhawg g8t high, cyrrent

surg%%é\@htéqgg ag/nf&jllj‘?r%h ym%HéBlaf’é sPAMowWrOM chbés bf overheating,

nenory, | ustrated nethod 48 provides
can !Demefltrqoesxiler@blyafrpm HWGOPFIWQQHMﬁse@ gnals into a

ouzh] o B8 8o RS BB PTBIR o SY, G8eE4 pppon

direc® or FHRRICRI tHEEefStles @@ﬁimumbétﬁﬂftdjlaﬁ(é%@m aatosfsqueﬁmterface in
thermal di ode. Bl ock 52 provi des for converting

queatl@nt a‘@l@us1| ggupliag tmight wnﬁwﬂ%lrw@m%latesp@mapn%@ bT'a% icoupling
f ti n e r e

ot BRI 6 SEREUNE B Moo SR B i o

Comhﬂﬁnﬂj’dm@h t enper ature is corrpar ed to at errper ature

hold at bl ock 56, and bl ock 5§gcpro idfes far e
[002§kt oF oS shliadtindhe; a1t Gany eRASCIR JbR Toreqning flesgrition

that Qe tﬁ‘o%c{i‘rtgéﬁrh (s P thé %lml%(ﬂﬁm%'nté of itRe Lﬁ?@sérﬂ iAVERABH Xan be

controller hu at bl ock herwi se, the next nenory
mplelmentem iirs aseaeetyedf formis. oc%eﬁefoa@dehﬂe tpeoembgdlrgents of this

. ted 00 t h h

inveqin Bave b SbrgR 1 eanaqion b ya UL SF et F1 R the

truegﬂﬁ Iefkﬁftml eﬁ%bﬂﬂerﬁ@%l‘rth'eWnWﬁﬁcﬁF%héUl@thtSbéeéo/ﬁfrﬁted since
E not ebook PCs, personal digital assistants

othe¢ moxdsﬁqatmnsavllébecommnparmtdﬁébe skilad fpaetitionen upon a study of
the (ﬁ%”' Cg%%{aclﬂtcgt?ons %ld foflé)\xlmgfc"ﬁ;ﬁ%'r.s associated wth
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PCs, PDAs and smart phones particularly | end

t hensel ves to the enbodi nents of the invention.
wa2shssaor e, nmenory structures having rel ati vesdyU$10g31015886

current surge transients that may require i mredi ate

shutdown in cases of overheating, can benefit

considerably fromthe prg’ ggm es di scussed. [0025] The

term "coupled" is used o refer to any type of

What M8Rileds; di rect or indirect, that enables
— communicatton to take place across the interface in

guestion. Thus, coupling m ght include internediate

comonggﬁemg&:u@pg%éﬂgpgzght al so provide for

el ectr ctromagne , optic and other forms of
Comymogidevive; [2@d26] Those skilled in the art can

appreciate fromthe foregoi descriptign that the .
 DrbdgmperedEasseT el B oHPSChIo i TBgRhdevice, the
temdﬁgé’t%?% 'rﬂ@a%n&%t' MBLEREWY $hedduré ¥lih@ryaloterhPérture of the
ere I'le f th

ore, t he enbodi nents o I'S 1 nvention
memoay €ebieen descri bed in connection with particul ar
exanpl es thereof, the true scope of the enbodi nents of
the invention should not be so |limted since other

mogli {1 Cpfhd pism¥y iniP6F 813 m AR RHRBIN the fehpeikiiure eleasurement
practitioner upon a study of the drawi ngs,

modsledurthecmclusies: and fol | owi ng cl ai ns. CLAIMS What i s

clainmed js; 1. Hni L. SLRG: nor
de¥ hegmaéﬁ&ad:? ?'ﬁﬂ%@&%ﬁ ﬁ’.‘@%&?ﬁg@rﬁﬁp ggrriggﬁﬁa@@couzl ed
t 03 kBRaINFEBENCS @¥iect(SPDEJE0P ebapleddonra theranat diode.
nodul e to nmeasure an internal tenperature of the

menory device. 2. The nenory unit of claim1, wherein

the t e{‘?@e:é g{d%mgmgﬁda%ﬁ% %?@iﬁtﬁ&éb@&e&i&éhd&ﬁ?&e

g: &
t hér ma e nenory device; and a
ses icurrept evaraetal dtjecita ESRD)f theasurencentpsigdalsdntchthe thermal

o h A o SSien sl 5oL P Bl AR eniPBER Jotae
diffeRtial By tHE ASeHhEIIeidesi gnal s into the thernal

an analog to digital (A/D) converter coupled to the thermal diode to convert
the voltage differential into a digital signal; and

a temperature calculation circuit coupled to the A/D converter to calculate

the internal temperature of the memory device based on the digital signal.

4. The memory unit of claim 2, further including a plurality of memory
devices with a corresponding plurality of embedded thermal diodes, the SPD
device including control logic to generate a selection signal, a multiplexer coupled
to the control logic, the memory devices and the A/D converter to select between

the thermal diodes based on the selection signal.

5. The memory unit of claim 4, wherein each memory device includes a

synchronous dynamic random access memory (SDRAM) device.
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di ode, the neasurenent signals to result in a
t enper ature dependent voltage differential for the

w0 bwsmedsoadi ode; an anal og to digital (A/ D) CONRET/USI005/015886
coupled to the thermal diode to convert the voltage
differential into a digital signal; and a tenperature

| at,i ' it. t . ne
o5 ot RGP LS 940 SbBEh%: FOPNBR Bt oces o
smalfgvilife deasriinemémendingdurl (SOMMM). 4. The nmenory unit
of claim2, further including a plurality of nenory

devices with a corresponding plurality of enbedded

thfer mlAgp%ﬁ?COﬁ@@?iﬁgD devi ce including control |ogic

to ‘generate a sel n signal, a nmultiplexer coupled
t ca eaneryrdontiolieoile (MOH); menory devi ces and the A/D
converter to select befvveen tm hermal di odes based
orP ydearmemnany husicoyried 1o the MCHeBBRy unit of claim

3’ a BRI pfboﬁgr@ar Yo dRY| %t%rwggs bB¥NGRE OfRHTory unit

yham c random access nmenor ice.6. The
includingoa ymemiory aeviceaamd 8, tewiparaiune trheasureoment umddule coupled to

i ncludes .a spall outline dual inline ry mdule .
the r08BOB| RRyceeseayeralife BiRmbu gl SoREREymERsiecen kyemal
tempaBturdefine Meficiy @@vaNOry bus coupled to the MCH and

a nenory unit coupled to the system nenory bus, the

menory unit including a nmenory device and a

g:@?gga'w% ESB{LE‘%@S?’F "Bih PIAhErS ztiﬁleﬁgedtn?gltsiﬂﬁrem?ﬁ@ééﬁrement

ature measurenmne O neasure

modar further imeludegnper ature of the nenory device. 8. The
systemof claim7, wherein the tenperature asur enent

noRl thesmal diader emhedde within thednamoryfewee «dt dded
gl e :
BSR4 a0 s e S e

I'ce coupled
system of claim@8, wherein the SPD device includes: a

O g st S wAsPh g SelEASS st 2
r es Wufren sBuF@REIMHE £ pafREMAeBEurePhéMOsignals into the thermal
diode, the measurement signals to result in a temperature dependent voltage
differential for the thermal diode;
an analog to digital (A/D) converter coupled to the thermal diode to convert
the voltage differential into a digital signal; and
a temperature calculation circuit coupled to the A/D converter to calculate
the internal temperature of the memory device based on the digital signal.

10. The system of claim 7, further including a system management
interface coupled to the SPD device and the MCH, the system management
interface to generate a throttling control signal in response to the internal
temperature exceeding a temperature threshold.

11.  The system of claim 10, wherein the system management interface
includes:

a system management bus coupled to the SPD device; and
10
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differential for the thermal diode; an analog to
digital (A/D) converter coupled to the thernal diode
wa zosorvsert the voltage differential into a diRi1/e$2005/015886
signal; and a tenperature calculation circuit coupled
to the A/D converter to calculate the internal

b d he di git al
e e S e

contﬁﬁﬂé? fMdtRiRARBEBAerhAlteMmpafRuLHEMERetSPD R vRIFL WS the 8ystem
and the MCH, the s%stem managenent interface to

manggement bus, eampane fhegntasnaltempsirgivse to the temperaturegthreshold

and @Eﬁg@%?@@ ?ﬁrftttﬁﬁ[@ :cro%@ glﬁ]ﬁéfﬁqﬂgrﬁeﬁr&élq\g\,ﬁﬁe@éwé exceeds the

temperafueenthirasaggnent interface includes: a system
managenent bus coupled to the SPD devi ce; anda system

controller coupled to the system managenent bus, the

Sy$s em fﬁé;pggdérﬁr of YUifCaHYewhideir '?ﬁ@rﬁ%]telhe S\'He%t bus

fromthe evi ce over_the system nanagenent ,
inclucesyamr mterhategnamdrratcuite(w?@rmis,l tiee SFD devicentpduaciioreas a bus

mas{er AaNe BIEHR CoNERIR SR et 8 RS e R MifeRel B transfer

of thEkesihémperaturdie system of claim 11, wherein the
system rmnggemsnt bus i ncludes an inter i ntegrated

circuit (12C) bus, the SPD device to function as a bus

ST Tt svagar i EBTr Efooref a4t EhRgASeent fntortace

furthbeeflicesur e. 13. The system of claim 11, wherein the
syst em managenent interface furt her i ncludes: a

cha sb@lsebb@s coupleddo the sytemyeantrallebnt rol | er; an

S G S (6 Bl S b, g
angl I'Mbelntéifécet beupl€t tbahe dC# wadtthe Mm-btthéi 04 tomnécaive the

gnal fromthe systemcontroller ver t he Chl'ﬁ WC%US
throig £entiel SInAL TFdTh ol §M§‘eﬁbrﬂ°f‘HP & GNsr the etesgicpus and

forwaMPthe!tAfottiHg dontrl SRSt tolthe MCFESVEGh& RlBNnteHAGe.

14. A method comprising:
measuring an internal temperature of a memory device; and
transferring the internal temperature to a system controller over a system

management bus.

15.  The method of claim 14 wherein the measuring includes injecting a
pair of measurement signals into a thermal diode embedded within the memory
device, the measurement signals resulting in a temperature dependent voltage
differential for the thermal diode.

16. The method of claim 15, wherein the measuring further includes:
converting the voltage differential into a digital signal; and
calculating the internal temperature based on the digital signal.

11
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measuring an internal tenperature of a nmenory device;

and transferring the internal tenperature to a system
weosnoisbeer over a system managenent bus. 15. AGEUS2005/015886

met hod of claim 14 wherein the neasuring includes

inj ecting a pair of nmeasurenent Si gnal s into a thermal

dd hi
@ur Z’ﬁq}ep%ﬂaﬁmﬁf cléﬁ&ﬁﬁt ?L'ﬁﬂ})qrr{nglu%ﬁ Eerpaﬁrégpg the measuring
and Ciﬁ@eﬁgﬁfbrﬁf@ tfoge Fliraefedf i ginchfdnduze dfyhéfrrfﬂ'radd@d\e access

he met hod of claim 15, wherein the neasurin
merrfqny t(ﬁ@RAMdldﬁ}’@?S woavernell mutine dual inlige mem@verﬁpﬁale (SO-
DIMVSt o a digital signal; and cal culating the internal
nper at ure based on the di gital signal.17. The nethod
of claim 14, further including repeating the nmeasuring
and the transferrl ng for a plurality of synchronous

dyheam A MRABH WHEEBPHEREry (SDRAM devices in a
S"? luiity [dtCsHéRkondlls d§n rré(n?@rﬂ“‘a@ sync%%rqyoﬁgDRAM)

nory "uni't conprising: a plura
devm‘bmamc random access nenory (SDRAM devi ces;

o1 ety O BBRRRL BiHeRe Corr B RG e piwe\“ﬁe of, SORAM
devi€dd RbtHerman didfe bERgPémbaddéd i oneDRAMed B SIRF of BTURAM

a serial presence detect (SPD) device coupled to the
devmeselamﬂl di odes, the SPD device including control |ogic

o2 SRRBL BleteBeS R (P12 paRbe sByfld (R el pldtes. e

SPDdd@\ﬂeé |ﬁ@§§¢|\god§bﬁtl‘tﬂ Iﬁ?dcel@t g@rﬁ‘erategaaéeleatldru@‘m acmuldzplexer
coupled to the multiplexer and the control

coupleg é@tth%t qeatrol Jﬁglmwimﬂtwge@ﬁm dhempa) @'ﬁegf» rt@Sﬁm on the
sele?t\eog\,gg@a?t%:c i doZJr‘l]‘?@tco I%%jh{a?g{x@ﬁt&xbr aﬁdathe control logic
to injeeeangdir of mé%uraner&m@m@summdhg|tha1ma1cﬂw®es dhe(me'xsurement

coupled to the nultipl exer t ert v
singeribereshl 4 phprafis dapouforicoan Herarlal 1t orml
| gl |
dodE8) AR ol e ?ﬂ?*g?ncgﬂﬁ'e%ggﬁsm?@@%%
the mltaml dn‘fyrmﬁtu@ﬁmm digr&alc@gnwasand antenteratuyet calculation CIrcwt
coupsfeg to tﬁe A/D converter to calculate a plurality of internal temperatures for

the plurality of SDRAM devices based on the digital signals.

19.  The memory unit of claim 18, wherein the memory unit includes a
small outline dual inline memory module (SO-DIMM).

20. The memory unit of claim 18, wherein the memory unit includes a

micro dual inline memory module (DIMM).

21. A machine readable medium to store a set of instructions which
when executed, perform a method comprising:

measuring an internal temperature of a memory device; and

transferring the internal temperature to a system controller over a system

management bus.
12



19. The nmenory unit of claim18, wherein the nenory
unit includes a small outline dual inline nenory
worpash &8¢660O- DI MV) . 20. The nenory unit of cl ai PaB$2005/015886

wherein the nmenory unit includes a mcro dual inline
menory nodule (DIMM). 2 1. A nachine readabl e nmedi um
to store a set of instructions which when executed,
performa method conprising: neasuring an internal
t epmper afie emedivin NEMRIaimdevi adierd@indtie ansasuinirignds tfoe include
internal tenperature to a systemcontroller over a

injecting t 2 pairanbireasyremest smnaih intaeaitoeinedl dicdentoobe embedded

i RSB, JAGY B0 Brh O, g R eheratr
5 depéiteEderage differeritize forahotherdel idicde.t he neasur enent

signals to result in a tenperature dependant voltage
differential for the thermal diode. 23. The nedi um of

clagm 2 - 1Nt ' ; Foni - _
oL 24 g MBS LTy O b el ot s
si goralertimnthecadltageadiffergntinkintona eligital sigpab@nat ur e based

on the digital  si |. 24  The di of claim2 1
e Giiatha G epa Rondausr Basht cndedio A g ¢ ne

10 measuring and the transferring for a plurality of
synchronous dynam c random access nenory (SDRA )
de24.cesThe raedine lof elaim A& wherein the met?:r@ddsyto lveg include

repe(aﬁrg}g D4h'\é|vprr'1easuring and the transferring for a plurality of synchronous
dynamic random access memory (SDRAM) devices in a small outline dual inline
memory module (SO-DIMM).
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