WD 2005/ 116800 PCTI US20051015886 THROTTLI NG MEMORY I N A COVWPUTER SYSTEM s
BACKGROUND Technical Field (0001] Enbodi nents of the present invention
generally relate to menory devices. Mire particularly, enbodinents relate
to throttli ngoneasuresod n a conputer 0 system Discussi orrCHuUS200500688] Wil e
recent trends in the conputer industry toward smaller conputing platforns
and greater functionality have been desirable to consuners, these is trends
have presented a nuMﬁnﬁﬂhﬁﬂﬁ&%ﬂ%%&ﬁﬁﬁgmwﬁﬁ?ﬁﬁﬁi gners as well
as manufacturers. For exanple, designing notebook personal conputers (PCs),
personal digital assistants (PDAs) and wreless "smart" phones can be quite
difficult due to the small formfactor of these systens and their
susceptibility to conponent overheating. In particular, excessive

t enperatsures can cause 20 processoBACKEBROUNDevi ces and ot her conponents to
operate at a less than optinmm performance |evel. In sone cases,

over heat i ngTécHnicalLEieldlevi ce failure. Overheating can al so cause safety
concerns with regard tg the SL#rface tenperature of the platformenclosure.
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tenperature. For exanple, 3D gamng applications and "al ways-on" wrel ess
feat ureso argystemt a sanpling of the types of relatively high power
applications available to consunmers. When such applications are

I ncorporated into small formfactor conputer systens, thermal concerns
I ncrease evbisci@sion 30 (0003] To better manage the above-descri bed concerns,

many conput er esigners establish a thernal desi ower DP) limt for a
ot ol e Bonad s RES "o HaBoh 38 4k FAPPYRL g bRt T sl bamBiia o
the platforphLbend dnaPgreatéar fltRtionali? HVEChedd desiatibZ® RURsIHAAL, NHede! at ed
performance | osses and safety <concerns. In particular, it has been

det er m hed trenpds havepesented araHmber ghrhallenges to computer system designers as
' well as manufacturers. For example, designing notebook personal computers

(PCs), personal digital assistants (PDAs) and wireless “smart” phones can be
quite difficult due to the small form factor of these systems and their susceptibility
to component overheating. In particular, excessive temperatures can cause

20 processors, memory devices and other components to operate at a less 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

25 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.

30 [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. [n particular, it has been determined that accesses to memory units
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WD 20051116800 PCT(US20051015886 such as system nenory can contribute
significantly to the power consunption of the overall system To address
this problem some solutions involve incorporating a tenperature sensor
into a Menokyos9h{sgsd €r hub (MCH), where the MCH contrlgaass8aiass 0 the
nenory unit over a nmenory bus. If the tenperature of 5 the MCH exceeds a
pre-set value, the nenory unit is "throttled" by reducing nenory access
traffic to the nmenory unit. [OO%H@”& tJ}[e above-descri bed appr.oach has
been suit aB¥@ ahakseeMenaly cap i eigaificantly fopthe RAWEY; GaNSUMPUPROf r enmi n.
For exanpl ghe dverall SYSEMATY SddrEBR i Séblnt,dind S6luibrd MoeReMdorpsilifgt t he

actual internal tenperature of the to nenory unit. As a result, correlating

t he neasur adtemnefRitee $easel intpea Joemary coriiglier huby EMEEH, beheref tiecMGH and may
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performance | osses. Aqotf{;]ﬁéo ﬁ]ief ficul t% le th the conventional approach
rel ates toMEEQEELGTRSSAINGH NEINERPEY WM ar, sone menory devices such as

synchr onougn0ody naNhfle [tAE BYBvasReabeE ERpioachIRVbe &8 \YuraBlehander &dredin vel y
hi gh current surge transients that nmay require i medi ate shutdown in cases
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foll owi ng tHeavk@$ inadturdteclempeP@fd niddSuremerst, andnyodlsighadnvoivefoveny exanpl e
of a nmenory unit accordi one enbodi nent of the |[nventjon; rgi 007] FIG

2 19 & bl ObRISHYRINEnETRPEIHES JiFS, 200 ares JASTEore RTOS A Hth MaN A rent
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and 15 response time. In particular, some memory devices such as synchronous

dynamic random access memory (SDRAM) devices have relatively high current

surge transients that may require immediate shutdown in cases of overheating.

The relatively long response time of the conventional approach, however, may not

be able to detect the overheating in time because the temperature is measured at

20 the MCH.

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
25 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;
30 [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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[0009] FIG 4 is a flowhart of an exanple of a nethod of managi ng a nenory
devi ce according to one enbodi nent of the invention. 2 WD 2005/ 116800

PCTI U82005/015886 DETAI LED DESCRI PTION [0010] FIG 1 shovvs a nermry unit 10
that provi dggg3, of advantages over conventi onal btsﬁ
particul ar, ?1e rrermry unit 10 has a plurality s of rrermry VI ce

(12a-12n) and a tenperature neasurenent nodule 14 coupled to the nenory

devices 12. As will be discussed in greater below, the nenory unit 10 may
be a small outline dual inline nenory nodule (SO-DIMV of the type
typically used in notebook pergepg| &s) - The nmenory unit 10
could also be a mcro DDMM o nore comonly used in io

deskt op PCH001BYr tFAE. Mostows Bememooy ynrﬂem thekproridesya bamben off radvantageynam c

d |
oo o ave fevahpra My Siss 8 patfiyfar, 18, Betbn ik Sthak A Prely o,
Wi I e as ngfrafimety dé\ﬁbé%an:(hza 12h) lan@ea demperdieeé méabufeeﬁmcmoamesﬂ DI Mvs

and SDRAM devices, the enbodi ments of the invention are not so linited.

| ndeed, angoumedrionthe Wryedwﬂ%&te%pwﬂlab@p@%@%erémeqi@f belowatt® can be
d with t
gzgcr},mbed?%gjtd\ﬁtuhlst? gnrhléggr% §1€mgﬁ‘tgﬂg@gad;ug}mngé'rrﬁeorﬁérgsrﬂgg?lgt(@ @WI\/K/B and

SDRAM devi thestype typitaliytuseden rmtebnnkmm’somh}s:ompmwsr(é’ﬁsb n Tdmeema(ﬂd’y Bt t ed
[0011] The, il lu d tenper remen ul 1

I nt er nal AWPE{ agge% % q{ogtﬁlwﬁegﬁ@n&" 'Z(?ew\@&g @"? he
internab Hesrep POS! @wdhetrhardrmmmbmyueﬂsesliz h@yrw syrimrortdus dymfaaﬁ@al :
tenperature of a neighboring nenory controller b (MCH, not shown), the

t enper at ur BNIRELIGERSFe H‘te’TﬂRIMLIQS@%MX i4gIces.c wihiahy hé\b‘i‘/l"ﬁ'@@!&e'b{dﬁ% rﬁqr@tﬁ‘él
Concur oeny Sog RS indidn 168RAIE D HERy SRECMKATR) Bof BERRI SIHIA o
t enper at ur sumbet dithemxamplesewilldesdestpbed mithcaspednt tm§éliDﬂMM$earEtSDRsM4 heati ng
mich, Tore Sl BB e, BRG] 218" RO LT el 046
15 memory device having temperature dependent performance can be used without
parting from the nature and spirit of the embodiments described. Notwithstanding,
there are a number of -aspects of SO-DIMMs and SDRAM devices for which the
principles described herein are well suited.
[0011] The illustrated temperature measurement module 14 measures an
20 internal temperature of each of the memory devices 12. By measuring the internal
temperature of the memory devices 12 rather than the internal temperature of a
neighboring memory controller hub (MCH, not shown), the temperature

b

S measurement module 14 significantly obviates conventional concerns over

accuracy and response time. For example, temperature measurements made by

25 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

30 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-
3



menory unit is shown in greater detail at 16. In particular, the system 16
i ncludes 30 a SO-D MM 10', an MCH 22, a system nmanagenent interface 26 and
a system nmenory bus 24. The SO DI MM 10' can have a 144-pin configuration

t hat suppor‘i,ézg},g,lpdsg%transfers a 72-pin configuration %@%%gg{ 4 bi t

transfers, or any other acceptable configuration (see e

Unbuffered SO 3 WO 2005/116800 PCT/ US2005/015886 DI MV Reference Desi gn

Speci fication, Version 1.02, JEDEC Standard No. 21-C, October, 2003). The
i 11 ust r at eBINSY, Befavenee DesignSpraification.,Versios R4 JRIIFCStandard Na.2gi-Cl2d )

and a t enpeyafar ,2003)° “l'“rf’e”ﬁiﬂ% &B&“é(? DifiM 18V hdLaf ﬁtﬁ‘a @%Rﬁﬁw 'd%ﬁ%eé‘ave

been shown,” @ gr'eater or sna nunber of nmenor sed. The
t enper at ur 62 'nfd as'wt2eteand aﬁdmlperalulre imeesurésenh mosluienti4 pr\élftme(feur 8BRAM ( SPD)

devi ce 18 nd _a plur I|t of thermal diodeg 20 Qa wh each of the
her el i Ba0eSs BaYd Bes Shfun: ArirSnter 6 SRleaRuRRPhal Miekiory Heviees e, °!
addi ti og t Be sised| nme:mmfnpegamé iMeasurdrnentaibaile (B tncludexdal serial pﬁbsedéé a

wi dt h, speed and_volta he basi c |n ut / qut put fpystem( not

db
e oy tech (RS dplich. 1 Snara rslitioay, Bermndl diodas 2D (20 23aNs WAR® nt or nal
t enper at ur gserpbf the therhfAMiode¥ 12098 efbedtied ﬁmsnéxﬁﬁu%rsmm@ﬁeas ypterface 26.

The system nanagenent 1 nterface 26 can generate throttling control signals
if the infC3hl Ineaqmcutmet@rlegmﬁgunaaomaﬁpanauqnéﬁghmdidecalzmmt@ t he

o o e oo widif] Sded BB, YGRS ket BY thé Babic indivoutelh Byste EIBsTRRL Lhe
b5 Coyni SENCHE). Al SysiEng cSTaniup, e SRO dée'cemﬁﬁf e é?mmmegt'”e' et bus
S nagoent TRAROrIS ! B REpha Ik Ko M bysiotimRegmer BisiBREZE o ¢ he
Syt em TN TgE P ian NN P gelok A 1 CORELNAY 1 o e

tenperatures fromthe D device 18 over the system nmnagenent bus

conpar es t iéemat temperatueasexceedrtbe temperaéuneethrﬁ@h@tda mghere Hh%N@HcQZaﬂ@n

OEeL o e Rk B BRSO DBt RO KINA 18 i EEPSBL6
managenent thootding&onsrobsignalser i nt egr at ed

[0014] In particular, the illustrated system management interface 26 includes a

system management bus 28 coupled to the SPD device 18 and a system

controller (e.g., system management controller and keyboard controller,

SMC/KBC) 30 coupled to the system management bus 28. The system controller

20 30 receives the internal temperatures from the SPD device 18 over the system

management bus 28, compares the internal temperatures to the temperature

threshold and generates the throttling control signals if the internal temperatures

)

exceed the temperature threshold.
[0015] In one example, the system management bus 28 is an inter integrated
25 circuit (I°C) bus (e.g., 1?’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
30 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



25 circuit (12C) bus (e.g., 12C Specification, Version 2.1, Phillips
Sem conductors, January 2000), which can phys| cally consi st of two active
wi'res and a ground connection. The active wires, terned serial data l'ine

(SDA) and S%s‘%ﬁﬂos/ﬂs%k line (SCL) are both bidi rectlonah,CT)dgz@ ﬂ
approach, each conponent connected to the bus can act as a recel ver and/o

transmtter depending on its functionality. In 30 any given transaction, the

conmponent acting as a transmtter is considered the bus master and the
remai ni ng 586 ¢ sopfiguration infammationys Peindrptdevediram amePDspleckisalive 18

can funct'aatsﬁaregapfjato tﬁé r@énﬂmerﬁorf.bﬂéemmh' fibt ohaAy fof UBie)g on as a

bus sl ave w trans er I nternal tenper tures. In 4 WO
2005/ 11680purpases Srosstensestolleraiomayiact as therliusgnaster end ithe SPRadevice | s

being retr} I rically erasable programmble read only
menory (EE fﬂﬁﬁ%homﬁgf"gs OS purposes, the systemcontroller 30 may

SC'E 08?6% h_?_[obu(i] matee systenh hiaaaﬁﬂﬁedegUsQB tén rago bpe:atémn(;m amSMN%m sl ave.
stem ma cnas te ynder, an us

frarrework O”‘SK%SE r@ggeﬁgnﬁgﬁ% on, ?rssf%‘n gfééls@ RlepeRISE tFSé’l"‘émFor um

August ZOOAU Lfé'? Sd3us AH’WB%Qnt‘éﬁfﬁée LédesaPCl b§ B UdRRBEne,2BAd CEREYIAS

conmponent s to pass nessages back and forth rather than nerely tri ppi ng
i ndi vi dual casopanestts Itbnpass snesssa@mapmlb@@ﬁ r@ﬂpaathec ulh@ﬂl ynarelyr tripping  menor y

uni ts 10 JUGH g?cé for ReD! Wch Gy apftod E§hy G55 Arimbio %ts[ml?]
eds Riigi ace@@ a%s PReI Ud

The illustrat em nmanhagenen es a pset bus
(e.qg.,1d ntsJohrasthe\smmwmbmﬁ‘thBﬁtfans@r‘saF@&tadbeIOSt|on Rev. 1 1 August

2002 32 t troller 30 t/ t troll
207 o BT a5 e AoheoAbSiy Rt A4 BRSO SBlkA 1
the | CH 34p@@.d."mtel® 16vipir dourthePd %ﬁmyaﬁrdah@ntké@tﬂln @s:rmogj

signals fromthe system controller 30 over the chipset bus 32 and forwards
t he contr o$2 spgpled éottBeterétem:IQO”QQ“QSv@ amnpyigutpyt @pma@l@rstwb fASHI 34 ady

noted, t h the! &Ilﬁ&?ﬁ ‘Bu%1 %Zt%}{sofée hlu? éﬁt%g?cec' lbﬁ'eﬁo{o th83EA S ahdsheont rol

signals. I'n s re e ot her conponents (not
shown) 1sucMCab 22« ocﬁ% deHl, recaiyds dise dbrattling | tm‘rttrol Xigmads vioork thet eysteoes,

etc., that d?rohtrere 30 g%jr tﬁ@dc/h?prse%us %Zac%ef%rwar stthee cg%'\éignals to the MCH
22 over the hub interface 36. As aiready noted, the MCH 22 is able to throttle the
SO-DIMM 10' based on the control signals. In this regard, the system 16 may
include other components (not shown) such as processors, graphics controliers,
20 network interfaces, etc., that desire read and/or write access to the SDRAM
devices 12' on the SO-DIMM 10' by way of the system memory bus 24 and/or
MCH 22,
- [0018]) For example, a graphics controlier could be processing a 3-dimensional
(3D) gaming application that requires frequent accesses to one or more of the
25 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
30 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



devices 12' on the SO DI MM 10" by way of the system nenory bus 24 and/or
MCH 22. [0018] For exanple, a graphics controller could be processing a
3-di nensional (3D) gami ng application that requires frequent accesses to

one or nore‘p{)é‘%ogﬁm&,s SDRAM devi ces 12" over the systemjyemooy Bus.24,

where the has the ability to nodulate traffic on the system nenory
bus 24. |If the increased activity of the SDRAM devices 12' results in an
i nt er nal terrperature of the SDRAM devices 12' that is above a particul ar
t hr eshol d 16 fie ablpsta-FRach i@ temperature SpikaseMaicBImare: guiskly|thag Ganventianabn

si gnal , {é’[\emgtl mat el y causes the MCH 22 to 30 restrict nmenory access
trafflc on system nenory bus 24. By neasuring the nbre accurate

i nternal tEe38} at'[urBE\QOﬂOWth §IL@AI\'71 dens @ppropeh, to impleganting 1emperatine e to

I mpl ement roRe, i
R A L A e T
much nos e ifjustetey SFPlandmne/dBt ilrmmades aycuresmt .soufiel 3B that rimjegtsnavpamoFl G 3,
houn | n_ gEabuiem gnels i Sauthop e fhellal RgES 20 (RIEL): MEtE 9D dev
shown in g ustr evi ce
18' i ncl udgadureridnt Higra! resulh hhéhw;ﬂe?dt@féi ae@ermenlt veitageaﬁwéremtfosl gnal s
into each of the thernal diodes 20 (F 2), where the Teasurenent signals

result in @aghethesmat diodedc\ybiteldhe cuefet\hwr@e 38ds cahowal as deingepant of Hag nal
di ode. Wi éﬁot&lﬁn&“ié' e GRH %oé&e'rﬁa?ggwgbegiﬁ mg%iséwé qh thed'Systeinl devi ce

18", the curre sour te nay a SO be | ota ere In he SysS em to
Essent i@l | Essentiily,sd f rs%meﬂsemmnentssngnallhavmg adknawkinausrent us nrqed:ted dntorg ect ed

into a given her | ISt easun enen sults in a
1t ot “vor e BRI siclss Wiers e, Brst feasu et AL ERE s Bt Al 38E g el

al so_havi N@rop a&ﬂ@ymn@uﬁémﬁﬁn dlédé hem ddtbag trhgadurémehh 8ignae gy haiingea
resulting in a second voltage drop. Since the forward bias current of the

ther mal di b purentis then 'Bﬁctﬂd 'ﬂt%thﬁéhQrm%émﬁuf%U”WBé"(ﬁ sacend yokiagrt ween
s E R e
t enper as ur tesnperatare;dhe dgferermedMWBBe thmbvamcbltagecmeps isralso a functlon of die
temperature.  For example, the difference may be greater at high die
temperatures than at low temperatures. The voltage across the thermal diode for
the two measurement signals therefore defines a temperature dependent voltage
differential. It should be noted that alternatively, a single measurement signal
20 could be used to obtain an absolute voltage value. Due to the variation in
voltage/current characteristics across thermal diodes, however, calibration may be
needed to obtain an acceptable level of accuracy under such an approach.
[0020] 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.

()

25  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 terminais of thermal diode

30 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 voitage drop across the thermal diode.

The control logic 42 then causes the current source 38 to inject the second
6



the two neasurenent signals therefore defines a tenperature dependent
voltage differential. It should be noted that alternatively, a single
nmeasur enent signal 20 could be used to obtain an absol ute voltage val ue. Due
to the vari gd SyashisseovOl t age/ current characteristics acrgﬁnjs%g/ﬁﬁh i odes,
however, calibration may be needed to obtain an acceptable |eve o?
accuracy under such an approach. [0020] The illustrated SPD device 18 also
has a mul ti pl exer 40, whjch seh&g&i l_gbetwe n the thermnal gi odes based on a

[

. ! Wee
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devi ce usage. In response to the selection signal, th mul'tipl exer 40

connect s tlemperatuendependant vellage diffesendial)a whigh can bpaditectly relatediaiis e, t he
control | ogj i [L e el d DNi1,
wni ch rmy SoReAuER HetRtmarifode it RnEK i Ralcd BLIGE BRI A0S Goe 30
20a (FIG 4., respectively. The control |ogic 42 then causes the current
source 38 i nject the first asurenent signal pnto port DPl. The voltage
bet veon pdPP31bR1R ReSR, pdBRena ALY, Doy & Bekh: 5Ot ReBTble: A OWIPESS acr oos
t he t her mefiiteflicaf®e uddttts Asthd W nbiegiffond the Bifferdiia KavefoRmCand andhopper ce 38
to inject the second 6 WD 20051116800 PCTI US2005/015886 neasurenent signal

into port $tepilized-amplifierranbeused hamplfy:angereghitythe differentialavavefeinmita di ode.
The diff | | : t
o o <t g8 gD R0 e S@BRto 1o O 4

dependant vo renti al I'rect

t enper &t urerooftryt res ndtdreenl illehtrated so as aehto abscare mioed talevant dispectalof fenvert er
(ADC) 5 44. 021] | racti.ce, additional circuitry may be used. For

- bstiedts ofinB it

exanpl e, a“TBHPES (NN be used to remove noise fromthe
di f f er ent i po22RY afer ADEMY gars BERRST theSteptperatarsldapatdant Qbitaq diferaial t o

anplify and rectify the differential waveformto  produce a direct current

(DO) vol t 4Bt prdigialisignall Tous.Head PPeper Gl funglie asoa Gamekined wurrgst not
embodi ment S FE ADTS pBBlive MoRPES ol MoffRAINCH, Sditiel Mo ONSTEean, ot ure
dependant fuottiangas dicombingd currentisinkaang ADGi negiative inpadt.. ThigwoptreblopicE2 por t
can funct ir(r)lgy ek p?géggdnf%dth%uﬁéﬁnﬁair of ports and the process is repeated. The

illustrated SPD device 18’ also has a temperature calculation circuit 46 coupled to

the ADC 44 to calculate the internal temperatures of the memory devices based

on the digital signals.

20 [0023] Turning now to FIG. 4, a method 48 of managing a memory device is
shown. The method 48 can be implemented in a memory unit using any

appropriate hardware and/or software programming technique. For example, the

1

o method 48 could be readily incorporated into an application specific integrated
circuit (ASIC) of a serial presence detect (SPD) device and/or system controller.

25  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 result in a temperature dependent voitage differential

30 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



source and ADC positive input for a thermal di ode channel, and each DN port
can 1ls function as a conbined current sink and ADC negative input. The
control logic 42 may then proceed to the next pair of ports and the process

i s repeat edw(}'%mkkdfustrat ed SPD device 18 also has a %g%ﬁé&‘”ﬂ@%m

cal cul ation circui 6 coupled to the ADC 44 to calcul a

tenperatures of the nenory devices based on the digital signals. 20 [0023]
Turning nowto FIG 4, a nmethod 48 of managing a nmenory device is shown.
The met hodwHeéherthebthresipdld nas: belen exaeedador Jf smi & theattling acontrohsignapis at e

Cout o bo raste] y By NBHORAT bUG AR BT SR iRe e “needfionPBl "¢ *°
glorntcglolt I (eﬁdﬁ\/i?ée |efse§rc;]m{?t\i;ﬁel?wezendmeim$s isFepdatddvi ce and/ or system

Coatr uct + J9058h s the dRCHHOuES BRerse BRpsiR ot b ised Jon SRETRARNY Fov

flash nemmprowfheRiory Birottiliifahd kh&hfa%éﬂgﬁ%b%ﬁ' it Sydtemyi iR dsOserlérsecting a
pair of neasurenent signals _into a thernal diode enbedded w thin a menory

devi ce at qasktapsBCagneteberk HE:s, Wfﬁé’”ﬁbd@ﬁab@ﬁﬁta@ﬁdﬁgﬂﬁl)f Wﬁ@bﬁs i smart”
t enper at “;&(ﬂ\oge&q@ 85 oko! Ih%ﬁ]‘?‘ncqhér %Iﬁofrﬁiofafz %Q&cﬁé\@& Wé\l rgt?tggﬁok Bl ock

52 provid r’converting e vol eren Into si gnal
and bl ock B@s PDAs ded shaart phdmead partlagarlyarendrthamselb/es wm&zramboeinwnm bk

dev, b d igital si | .. Th £ t
Compared D6 BVERIer dUEnmAik SRETIPNACTHELERS S8VIngn RIS Pl (e ics 1 o
OO e g (UPRAOPrEA G450 RS ARBBLRL S A b hoeaing o "o

been exceeded. If so, a throttling control signal is issued to a nmenory
control | ercanpengfit gonsiderably fam dheprinciples dispesaedrenory  device is sel ect ed

at bl ock qﬁer 9 e férrﬁic%ﬁgle?j" i&hsed %elh%zrﬁ}er-rﬂaﬁ%ny wﬁe BFEBH:'\

descri bed n can be used to significant nmenory rottl i ng
and t her medirege st gudirpcivthatienablestcomenunicationstodakes plese acdesskthepntedace it ebook
PCs, personal d| gi ones,.and s

o 1 hC bordtstibh i, 3G Pight e intetieBiste dompanierts. o SPeRERRITD s
PDAs apgl siigght @6@sevidar forceledtronic, ertroRfaghetio,esplic dnde offErOfbrABNbE of

the invention. Furthernore, nenory structures havi ng relatively high current
communication.
[0026] Those skilled in the art can appreciate from the foregoing description
that the broad techniques of the embodiments of the present invention can be
implemented in a variety of forms. Therefore, while the embodiments of this

20 invention have been described in connection with particular examples thereof, the
true scope of the embodiments of the invention should not be so limited since
other modifications will become apparent to the skilled practitioner upon a study of

o the drawings, specification, and following claims.



to surge transients that may require i medi ate shutdown in cases of
overheating, can benefit considerably fromthe principles discussed. [0025]
The term "coupl ed" is used herein to refer to any type of connecti on,

direct or i Rgbb®efHissdonat enabl es communication to take plagq; Apssd he
l.nterface in question. Thus, coupling mght include internedi ate

conponents. The coupling is mght al so provide for electronic,

el ectromagnetic, optic and ot her forﬁ g[ comuni cation. [0026] Those
skilled in the art can appreciate fr foregoi ng description that the
broad techwHi#$scRimblgsenbodi nents of the present invention can be
inmplenented tn a variety of forms. Therefore, while the enbodinents of this
20 invention have been described in connection with particul ar exanpl es

thereof, the tjgue ients of the i nvention should not be
e T Rt chiteofiERing:

so limted since Icatrons™w || becone apparent to the skilled
practitsoner upomemarydeyicefand he drawi ngs, specification, and follow ng
clainms. s WD 2005/116800 PCT/ USZOOS/tOlq‘thuiG CﬁAhl\{B VWhat is claimed is: 1. A
menory unit corfbi$rOpPeigiuresMgagurenient mequle, couplgd 1o, e Temqly Heyicks e ment

nodul e couhgsbritord fedtm@rhentenddufs té tReaduPERAT AitdinRl TBAPEFRGRNbf MRelul e to
nmeasure an internal tenperature of the nenory device. 10 2. The nenory unit

of cl ai m 1MeRIREY 8eYiCehe t enperature neasurement nodul e further includes: a
t hermal di ode enbedded within the menory device; and a serial presence

detect (SPD) device coupled to the thermal diode. 1s 3. The nenory unit of
clai m 29 whereiz thdhePDetwry tivitiofclaimes whereinrthe temperatare measurgment a pai r

of measure t, S .S ) the thermal diode, the nmeasurenent signals to
result in ﬁ%p%'ﬁﬁg’?@‘?ﬂdﬁ@“@%%endent voltage differential for the thermnal
di ode; a thermal diode embedded within the memory device; and

a serial presence detect (SPD) device coupled to the thermal diode.

15 3. The memory unit of claim 2, wherein the SPD device includes:

a current source to inject a pair of measurement signals 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

20 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
25 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.

30 5. The memory unit of claim 4, wherein each memory device includes a
synchronous dynamic random access memory (SDRAM) device.



an analog to digital (AID) converter coupled to the thermal diode to convert
20 the voltage differential into a digital signal; and a tenperature
calculation circuit coupled to the A/D converter to caI culate the internal

t enper at ur eyef, dggnory device based on the digital g@g{i nmenor y
unit of cl am 3 é’ﬁurt her including a plurality of menory szg(és\ﬂ%gég with a

correspondi ng pI ural ity of embedded thernal diodes, the SPD device

i ncl udi ng control glc to generate a selection signal, a nultiplexer
coupled to thé conﬂ' eImemgne unit 1k Qﬂ%ﬁbﬂywﬂéﬁ"&égedﬂﬂmpﬁéuﬂft[ﬂ‘@w%ﬁt er to

sel ect bets\ﬁ%ﬂrbutlfr{éeddél‘ﬁ{lmlmé’rhe Eaégmrylmﬂ& sel ection signal. 30 5. The

menory unit of claim wher ei n “eac ce includes a synchronous
dynam ¢ random access nenory (SDRAM device. 9 WO 2005/116800

PCTI U82005/015 86 . The V. unit of claim1, wherein the nmenory unit
i ncl udes a Pl o&ﬁyﬁ%@gﬁ'ﬁ”%ﬁai ne menory nodule (SODIMM. 7. A system

conpri gi ng: s a memerycorydilephle (MOHY, (MCH) ; a system nenory bus coupled to
the MCH, and a nerm uni t rclwupl ed tg the stem menory bus, the nendry unit

i ncl udi ng a nmeAdYyteddnereony hysgougliedds e, urement modul e coupl ed to
the menory deviiCmentdly LRIMBUBIR! B W%&%%erﬁ@ﬁ:ﬂbﬁst Qhétae o\%%ut' nter nal

io tenperature of the nmenory device. 8. "The systemof claim7, erein the
t enper at urircluding @r eesary devivel and artemperaturel m@eguremetﬂt anegdule cqoygl@detﬁbedded

coupl od. t 0% TPt RkIcEingTRthvlefaithe el BiehE FREI R Mebajs af infffa” Sop

devi cejoi ndémpeatura of thie memarpdecieet 0 i nject a pair of measurenent signals
into the thernmal diode, the neasurenent signals to result in a tenperature
dependent voltage 20 differential for the thermal diode; an analog to

digital (AID) gonverhersystatal 8¢ didimt e vithesintheditampelureO Mveisrement
module further includes:
a thermal diode embedded within the memory device; and
15 a serial presence detect (SPD) device coupled to the thermal diode.

9. The system of claim 8, wherein the SPD device includes:

a current source to inject a pair of measurement signals into the thermal
diode, the measurement signals to result in a temperature dependent voltage

20 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.

25
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.
30

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

a system management bus coupled to the SPD device; and
10



the voltage differential into a digital signal; and a tenperature
calculation circuit coupled to the AID converter to calculate the internal
tenperature of the nenory device based on the digital signal. 25 10. The

system of claa) stos/11680d" t her i ncl udi ng a system managenent pcrkaoaggscoupl ed
t.o the SPD device and the MCH, the system managenent interface to generate

a throttling control signal in response to the internal tenperature
exceeding a tenperature threshold. 30 11. The system of .claim 10, wherein
The Syst om mandbSHIRR FENIeE CRUPeA P I8 SySIpra JRnaGem e b6 BYSRoup! o
to the SPQugwlieto rabélve te WeraBembeRitiie AEmNEBPRPAEISS80er the SYStefiM

controller coupled to the system nanagenent bus, the systemcontioller to
recei ve th@anagement busegpapare the infeshaltempsratuigetpi the telnperatiee thyeshold

TRn0STE e BIPRS00kl i IS B

t hreshol d 'and genera g contr erna

t enper as urtempecatantsthréshold t enperature threshold. 12. The system of claim
11, wherein the system managenent bus includes an inter integrated circuit
(12C) bus, the SPD device to function as a bus master and the system

controll er to ogger attheagysteRudf didite 1M tWheréifiathe sPsterfMaragenhénht obug he
I nternal tenperature. 13. The syste of claim1l, wherein the system

nmanagenentiNFiHEes pAdrter injegnatad CiFRUit (4 € bus. the PRBrdayie tooluction 88 & bis syst em
controll erp.l ' t Jalgig I pset
bus; and amﬁléj%r ?ﬁ? gﬁ?g%s{gé?@o%gg to ﬁ%&t?é}%ﬁé& %ew}efg%é& Fbcf_r‘g 'ﬁsggfecei ve
t he t o otofitheinternat teoipesatyranl from t he systemcontroll er over the chipset
bus and forward the throttling control signal to the MCH over the hub
interface. 20 14. A nethod conpri sing:

13.  The system of claim 11, wherein the system management interface
further includes:
a chipset bus coupled to the system controller;
15 an input/output controller hub (ICH) coupled to the chipset bus; and
a hub interface coupled to the ICH and the MCH, the ICH to receive the
throttling control signal from the system controller over the chipset bus and
forward the throttling control signal to the MCH over the hub interface.

20 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.

25 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.

30 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



measuring an internal tenperature of a menory device; and transferring the

I nternal tenperature to a systemcontroller over a system managenent bus.
25 15. The nethod of claim 14 wherein the neasuring includes injecting a

pai r of neawor208nssesi gnals into a thernmal di ode enbeddepci§ladsiikdse nenory
device, the neasurenent signals resulting in a tenperature dependent voltage
differenti al for the thernmal diode. 30 16. The nethod of claim 15, wherein

t he rreasuring rth n e the,.volta ferenti into a
digital signal; 14,1 The B qeiaifte 1, “éﬂhﬁpf"q‘{edrﬂ;%f%‘f%%@%‘b?e'ﬂeﬁur

d: gi tall45|a}]idathr$ trhhsi&'}ug@%l‘ 14 h0alityCot Uﬁﬂ@ﬁBh&Jé&ﬁﬁangﬂ rﬁiibemﬁetdfm of f
claim urt he I Nng repeatin ring and the tr ring for
a pluralitW e'BPrys{ﬂé'ﬂg‘ "P%h ﬁ{‘ c‘ﬁ@ié""’\%e %F @Z:S/I ces in
a smal |l oyphivpe dual |nI | ne menory nodule (SO DMV . 5 18 A nmenory unit

conprising: a plurality of synchronous dynam c random access nenory ( SDRAM
devices; a plurality of thermal diodes corresponding to the plurality of

SDRAM i 0 devi Gggs, being enbedded in one of the plurality
of SDRAM devi ggs ﬁrﬁgmtoggr a{wr%'(e?%ﬁ Fce detect (SPD) device coupled to the

t hermal di odesa plmeallt)‘BRD dmahcmouscdywhmig amdbmolactess anémorge (SDRAM)a
selection signal, a nultiplexer coupled to the control logic to sel ect
bet ween t WEVICREr mal di odes based on the 15 sel ection si gnhal, a current

source coupl edat glufdiRy naf! ﬁieﬁhﬁﬁ@iod%@dcdrf&péﬁﬂhﬁofo Itr@@lp}uraw bfusmAm pai r of
measurenent signals into the thernmal diodes e measurenent Eﬂ@?ls to

resul t10 n d&Vtcéﬁpé?%h mmmh@lngcﬂmw@eannf%ﬁt the plugality 1of §
di odes, rhh do digital converter (ADC) coupled to the nultiplexer to
the vo'I

convert age differentials into digital signals and a tenperature
cal cul ati on ci acserial presence detect (SPD) device coupled to the thermal diodes, the

SPD device including control logic to generate a selection signal, a multiplexer
coupled to the control logic to select between the thermal diodes based on the

15  selection signal, a current source coupled to the multiplexer and the control logic
to inject a pair of measurement signals into the thermal diodes, the measurement
signals to result in a temperature dependent voltage differential for the thermal
diodes, an analog to digital converter (ADC) coupled to the multiplexer to convert
the voltage differentials into digital signals and a temperature calculation circuit

20 coupled to the A/D converter to calculate a plurality of internal temperatures for
the plurality of SDRAM devices based on the digital signals.

w 19. The memory unit of claim 18, wherein the memory unit includes a
small outline dual inline memory module (SO-DIMM).
25
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
30 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



20 coupled to the AID converter to calculate a plurality of internal
tenperatures for the plurality of SDRAM devi ces based on the digital
signals. 19. The nenory unit of claim 18, wherein the nenory unit includes a
smal | out || mweo thogi1680dl | ne nmenory nodule (SO DIMM . 25 20pcFf820080RRE¢ uni t of
claim 18, wherein the nenory unit includes a mcro dual inline nenory
nodule (DIMM. 21. A nmachine readable nediumto store a set of instructions
whi ch 30 when executed, performa nethod conprising: measuring an internal
tenperature of a nenory device; and transferring the internal tenperature to
a system contr @2 er Theemedliiyisbe wlaimaagaherdin tHe . measyih@ (8 Stol lfdiede

PCT/ US2005/ 015886 22. The nmedium of claim 21 wherein the neasuring is to

i ncl ude i NPiEsinG@ RalpAf MBAsYfEReNt Signs BtQRathermal diode; t bgaembe to be
enbedded ik RiRe t e mER i in a

t enper atur‘)(gﬂﬁl@ t@%p@ﬁgaﬁt é%ﬁ'F?’ag’SC g}efa %@r%entl y@igra ﬁ% rﬁ%élgﬁg{r r%aqeﬂ"(ﬂ'eﬁ%g%é 23. The
medi um of depsindaatvoltage differential fordhe theérmgl diodeo further include: converting
the voltage differential into a digital signal; and cal cul ating the internal
tenperature based on the digital signal. 10 24. The nedium of claim 21

wher ei n the nmet28d iThetmedium dfeolainn22, witerein ¢ive aidasgrind ¢ toefarber ingluded t he

(SDRAM | devt cedonieting e volasd dREIeaHEI e HREA S rodul o (SOOI . 15
13 calculating the internal temperature based on the digital signal.
10
24. The medium of claim 21 wherein the method is to further include
repeating the measuring 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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