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WO 2005/ 116800 PCT/ US2005/ 015886 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 throttling menory in a conputer to system Discussion [0002] Wile

recent trend¥orewsuhoconputer industry toward smaller comoiiusaes/opdses f or s
and greater functionality have been desirable to consuners, these 15 trends
have presented a nunmber of challenges to conputer system designers as well

as manufacturers. For AN r onputers (PCs),
personal digital assig@&%"?ﬁsﬂgﬁ%?w;@F@@gﬁbzﬁgﬁgghyﬁes can be quite
difficult due to the small formfactor of these systens and their
susceptibility to conponent overheating. In particular, excessive
tenperatures can cause 20 processors, nmenory devices and ot her conponents to

operate at a less than optinmum peBACKBROUNBVeEl . I n sone cases,

over heating can cause device failure. Overheating can also cause safety
concerns WitdeHfiea'Elel® the surface tenperature of the platformenclosure.
I n additi o, cations being designed for conputer systemnms continue

to demand d800hLr dzmmbodimentural te Presephainyemtioneigenatally cilatec to ehemory on

tenperature,  F . ] . | ] ' S-on' _w.rel ess
fearur s arie s, MOEhEreigh BN mERELAR (ol iR £ Bhumfleet

appl i catg onsystemi | abl e to consuners. Wen such applications are

I ncorporated into small formfactor conputer systens, thermal concerns

I ncrease even nore. 30 [0003] To better manage the above-descri bed concerns,
many conput@iscud§iononers establish a thermal design power (TDP) limt for a
given platform where the TDP essentially defines a power threshold that
the pl at f or[#08RbulWhilg eecent trepds divther computer drdusitryi tovaed stnalleeeompyting:| at ed

Bt LOr T bR B 08 YOO Thye' ol debhABR to Cbndifie?Hese
15 trends have presented a number of challenges 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 computéer 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. In particular, it has been determined that accesses to memory units
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| WO 2005/ 116800 PCT/ US2005/015886 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 nenory controller hub (MCH), where the MCH controls accesses to the
menory unit woesosailesenory bus. If the tenperature of 5 thaidd@isesds a
pre-set value, the nenory unit is "throttled" by reducing nenory access
traffic to the nenory unit. [0004] While the above-descri bed approach has

R oxamp Suh HE SFefPetdhy cahl LA SERicAn B e, Pwel SonitroRart *he
e sty en@eralbapster( (Reradross this probieIy Some solutidis mvohve htorporting! ot
e Ty et . SenaE . A JPemons, conraler hethdMEI ahorten e MCka" ™
t enper at Ur gofRsis WEESENES: to TREnSIRBHOMN bURO) HRrRbI9TBUS. §IRS SéBblatste of

tenperature limts and are therefore associated with signiflcant

per f or mancthe bt Lxcaads e prerset valuet Jhevmemenyeunit i ¢ ﬂnmtéiﬁdl bypiedueiog
relates to & sonme nenory devices such as
synchronougq]e%drﬁ%eegsssr ré@gﬁﬁ) ygg@%@%’éﬁ@r&y (SDRAM devi ces have rel atively

hi gh CUI’l’9[0004§Ul’%||érthBSamJVbSdééﬁabedTmpprmhl has bevrduitables bntddovertain cases
The rel ative response tine of the conventional

f h I
gpp(r)\(;gcr:heat | %@?"C%ya AYmD 9663/ a@ﬁ@%{t@s deran. e xpmpigaths emperfure
because thedsg rﬁ&Mthé%Cﬁ"ﬂ‘&é&s‘aﬁ’oﬁ’eﬂeﬁ%ﬁ dr\f'h(}eﬁﬁl fém Fofl thll OF THE

DRAW NGS [ 0005 he vari ous advant ages | ments the present
i nvent ilon wdnhory bénito mAsap pesdlht cartelating thel meaduted temperaturetortbediatyplt he
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performance losses. Another difficulty with the conventional approach relates to
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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30 [0008] FIG 3 is a block diagramof an exanple of a serial presence
detect device according to one enbodi nent of the invention; and [0009] FIG
4 is a flowhart of an exanple of a method of managing a nenory device
according to one enbodi nent of the invention. 2 WO 2005/ 116800

PCT/ US2005/ ONG3®§/116800TAl LED DESCRI PTI ON [ 0010] FI G 1 shorex/es2omsronssge unit 10
that provides a nunber of advantages over conventional nenory units. In
particular, the nenory unit 10 has a plurality s of nmenory devices 12
(12a-12n) and a tenperature neasurenent nodule 14 coupled to the nenory
devices 12. As will be discussed in greater bel-ow, the nenory unit 10 may
be a small outline dual inlindDEEALED DESGRIPTEINDI M) of the type

typicall [ tebook personal ¢ ers (PCs). The nenory unit 10
coul d al SolBEK TFIEF o BNy Boemery,urt ap.babPriidents alatharat vackaes n 1 o
deskt op PCgverfuoni/BRlidHaI therhbr§ UFREDIIN pdftitufel SthbZmBROnP BnR NIDCHELE PHialfty nani ¢
random access mm%mg&ﬂdew ces, which have relatively high current

surge t#an8f gnory dada) Padna Jamperatuie: praasueernentomeduieai4 ng.
Wiile a nH‘E‘Bﬁ ﬁ:gp& ] [ ] r DI Mvs
an:j SDRAM vﬁg%gés fﬁ‘{]ﬁ"e&ﬁ odi rr%ér% ii'm?ﬁst eplﬁ‘%\ygsﬁftaﬁg%&?‘rg?%%gpgghwrﬁed.

| ndeed, angebiorymmiiry) may beca berail ngtiineruat mline eanerappnciedulep@0-DiMd)oé can be
used wi t hoyt arti.ng from.the nature and spirit of odi nents .

oscr | bed. o BE RSl s i Hordiek perSiel iPhtauterR (B, R el Mtinie and
SDRAM devi ¢gcollf alsbi 5é) at AcroDIMIAI B @sfullasiAd DA hABRE BominfordE lused Gh t ed.
[0011] The illustrated tenperature neasurement nodul e 14 neasures an 20

i nt er naf t dagiderbPGse Rarthegpares the memasydeyices (2 ety he symshrapeus dynagie he -

i nt I ' t i |
terper at ur TGP, 306, ety (SHIRAM) RACSEE whicH Rl relgiiely Bt b, .
t enper at ur surgegessients and rwad therefore Heghighlycustéptibdée 1o averheating.e Whilena|

Ot kg S Ak i Rb s S PRI ST K
t enper at ur gefted, "heNBAMOYINGAUS C6Sthe invention are not so limited. Indeed, any
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
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-
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12, and can be used to detect overheating nuch nore quickly than
conventional tenperature neasurenents. [0012] Turning nowto FIG 2, one
exanple of a systemw th an inproved nenory unit is shown in greater detail
at 16. In particular, the system 16 includes 30 a SO DI MM 10', an MCH 22, a
syst em manageoeeus/1iasoer f ace 26 and a system nmenory bus 24cThiRodsfeidgkdvM 10
can have a 144-pin configuration that supports 64-bit transfers, a 72-pin
configuration that supports 64-bit transfers, any ot her acceptable

or
pem Uez00s PRI BERerEnth Perbh S steelo VrsigL £62 BRI 8A°3PE, ) eoec
o O ot o
odut e 11 T2GiPRe Ay A ERamperatbic Beanvetest S0l 1A, WhIBSRESDBAN | e
nunber of FBYBEY hERY bEES sABWND altfrelifeP@r shitef gmeabwh?enfm%m%a dul e

14' includes a serial presence detect (SPD) device 18 and"a pluralitly of
t her mal 5 di belessedo [heotermmripturereeasurement modulect4’ tincludes aisatiad presence

enbedded i V] ' ; [ $ ) <P No) i ng
confi gurat ?%t%efﬁ%??rgg Y@Waga 8 ﬁ%‘ﬂ‘ﬁ %fi tzh%ﬂgég{“ghg%a%f k]é,daég%@d \@f]egé

vol t age) uesch btythegleerh% Hmdepmuiﬁéwpbwdgﬁmbmf ﬂile@)f RAM dévzicéelhmzm) at
system start-up, the evj ce is able to transfer internal

t enper at ur Eosmgi) tReA Q&tAringsconigugaiop ja ogygﬂm?rﬂnd'@@&@ﬁts'?%t@t@ ace 26.
The syst emyigwpa il gn rat; | & 0, | sjgnal s
If the inter n’alg terrtpagpa%ﬂfd;@g%geg?p Rge%%rﬁg@a%?gt{thér%@ (glb%en?égt he
MCH 22 1ganshowrjuet systasm ystasdas sther $P0 device( i18eis, able dot transfendntsmabl MM 10

e Por S frtgblifes ik SOREM HAUBRR1A% Al 805k oS dhel R o e
28 coupl edThe systemSindgement ihtertaced 26 carsgeneratecthtottiihg @onfrol signals yfthem
Syst om manURHEHEMRABESS SHEe, LedRMBSHRIHER epshals. herb B NIGH #6.CoRt cr nal
tenper at ur gy kk PRerhbf atidessl FafficoBe OHfRbttE | heSIGIIMM 10’ in response to the
15 throttling control signals.
[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
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managenment bus 28, conpares the internal tenperatures to the tenperature
threshol d and generates the throttling control signals if the internal
tenperatures exceed the tenperature threshold. [0015] In one exanple, the
system managenent bus 28 is an inter integrated 25 circuit (12C) bus (e.g.,
12C Speci fi omoas/1168e0 sion 2.1, Phillips Sem conductors, pchaiNiaisio1sked0) ,

whi ch can physically consist of two active wires and a ground connection.
The active wires, terned serial data line (SDA) and serial clock line (SCL)

are both bjdirecilan h one onnected to

the bus capesss e nglbiBH ntofafiy (- ey rFved BERGAR Sras Siedrcaiy

f unct i onal etagablen pagramynabiles vead r onig antimory (EEPROMp ot néhovat) frig BIOS
transmtter is cor}éi der.ed th? bu§ nast er aggethe remai ni ng conponents are
regar ded aBUTHQSES|Ae systemeantrofig.30 may agtas the bigs master ang:the PRI dgvias

mast er and1g%fmﬁgﬁdﬁ§§ﬁ{g@]§§5véo can function as a bus slave with regard
to the transtfer of the Internal tenperatures. In 4 WO 2005/116800
PCT1US2905 (9163 86T he systenimanageorent diusa?8 @ani alsoroperatenunderban idMBusri eved

not shown) TPBERRI A6 By, SYEESBRa ieBHB0 AR 7 SES BRPHEPR RSe bus
mast er andAufestSPOD)devAs eSMBEs ninterfacacuses 145 dshéts buackblonse.and BAGBIES The
syst em managenent bus 28 can al so operate under an SMBus framewark (e.g

S ‘o
SMBus Specf mearenis tovdass oW?§$QEeSSpI§SC'F Ik it efadherothan medghy dEiPRINg) . ~ An
SMBus i nt ernhmﬂ%gﬁtr&%ﬁe@.s Siich ﬁﬁ“ébBRi&%h i@Pin%U%IPIz%eﬂgFfHPﬁ%fﬁrz unfts Pass
d a ly trippin I ndi vi dua

nmessages back an orth rather than nere ontrol
| i nes. 16uchuchasither 3QdNMM 15 mhichulransforssRD datd torBI@Swry units o such as

Syat om rmanbofeth: T AR Syl BiAneREal Buciracs 2 dsb haloBs s enisd el ()
| ow pin cops (d.8CInteIEIhagiA cBprRELIPC datetfate SPevificdtich, RVt A2g08)20

coupled to_the systemcontroller 30, an input/output controller hub (ICH 34
coupl od 1 hd2 RUBlEe: tonihe ystemccantiollér 30 ap PapuYoNtPUE spiTalier BUB HICHIA 34 and

the 15 MCHyggpled fife PSSR 32 8nd Behdt intirdck 6 CaUPIEPto MeatH 84 fdndthé he

system
15 MCH 22. The ICH receives the throttling control signals from the system

controller 30 over the chipset bus 32 and forwards the control signals to the MCH
22 over the hub interface 36. As already 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 controllers,
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 controller 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

able to implement more aggressive memory throttling. Furthermore, the system



controller 30 over the chipset bus 32 and forwards the control signals to
the MCH 22 over the hub interface 36. As already noted, the MCH 22 is able
to throttle the SO DI MM 10' based on the control signals. In this regard,
the system 16 may include other conponents (not shown) such as processors,
gr aphi cs corWe@0isatespo 20 network interfaces, etc., that desiwosspassand/ or
wite access to the SDRAM devices 12' on the SO D WM 10" by way of the
system nenory bus 24 and/or MCH 22. [0018] For exanple, a graphics

control | ef 1604 laB1ePf RS 35 teiBerbteire dTRIN IR mofeBlickRiaN ARhdHd on t hat

requi res frequent accesses to one or ces ' over
t he systensysiemsy bus 24, where the MCH 22 has the ability to nodul ate

traffic on syst em nenor 4. If the increased activi of , t he SDRAM
devi ces 121981 TURRG W 1 B15.i3"; et aatanc I TRt tehndtente T,

that is abpmeasarepfant it dh SPD Hedse® showin grealer detmdt@'| B paficupRé ates a
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Turni g notPeh teral doden CAEUS K thatehl SdhB8 AHNE! St A BB, PRt A€ enent
in an SPD gpp @évides 18 hMencurferdseaice mag bikol betlocafed. elséwivéretin ahé 8ystefmie s

illustrated SPD device 18" includes a current source 38 that injects a pair
of meadtir ekEsentigllyr fiestimeasusemanbsignalchaving adnownoeidreentds injectedanto aher e

¥ oo SR TR, LR nd B GRS SafaRERdeTl YKo
as being pdrap efrossethe SRermialvdiode.18A, sedond cneasuremeotsignatraafs@lhavingea | ocat ed
oL Seuner ki BT € e RoERRERd e H FARY R bel M @
measur emengrdp. dBilcer e UWohkardnbias fdufeht vPtHeAiermal diodes is a function of die
15 temperature, the difference between the two voltage drops is also a function 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 terminals of thermal diode
30 20a (FIG. 2), respectively. The control logic 42 then causes the current source 38
ta 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



drop across the thernmal diode. A second neasurenent signal also having a
known current is then injected into the thermal diode, resulting in a second
voltage drop. Since the forward bias current of the thermal diodes is a
function of die 1s tenperature, the difference between the two vol tage drops
is also a f WRWOPHGHO die tenperature. For exanpl e, thePdirfusetosntsessmay be
greater at high die tenperatures than at |ow tenperatures. The voltage
across the thermal diode for the two neasurenent signals therefore defines

a tenper atpes epeRfsighalintd pak Dﬁif.fréﬁﬁlﬁggf irgé-sehbné K}gré'é%es gg:wgéﬁags et

alternatively, a singlFe neasurenment sign could to obtalin an
absol ut e Vibetraajedindeue. Theedifferance betwean dhei two welitaggedmpsr deg., the
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i '] ust r at admperatdeyottheliiermalsdiodeiss entitd aplamalg 0digitdli somveree(ABC) bet ween
the thernmal di odes based on a selection signal fromcontrol logic 42. 25
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into port DPl, The valtage between port DP1 and port DNL therefore
r epr estht scw[cngy\}@st%é)e@%dlﬂys&r@ﬁ%go § 80t toobacure Mo releviant aspaets @f theygi ¢ 42

then caus J &th f6n38 to inject the second 6 WO 2005/116800
g«frstzgtgg%ﬂf Sfthe Hintis

PCT/ US200 nmeasurenent signal into port DPl, resulting in a second
vol t age dr[0p22kcr dde ADE 44 ban canvert thectenTesaturd tependant voltagee diffenantialvo

Lol B0° TR oot bR, TR S0 BB elGh A0S hhREG IR o ¢

an anal og doured ghd ADC positvé mpuf fIP@) thetmdiddiodd) 82drinel,rardy @ésdH DR, pattiear | onal

cireul Esr Y fﬁﬁgtio?leasug%gmbli:r?erd g&rzriern:t)ls(iarik éincJ RBVCp r?esgsative input. The control logic 42
may then proceed to the next pair 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
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 voltage 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
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filter can be used to renove noise fromthe differential waveform and a
chopper stabilized anplifier can be used to anplify and rectify the
differential waveformto produce a direct current (DC) voltage proportional

to the differential. Such io circuitry has not been illustrated so as not to
obscure nor evg seyvRedo aspects of the enbodi ments of the picNRBfokA{kssel 0022]
The ADC 44 can convert the tenperature dependant voltage differential into

a digital signal. Thus, each DP port can function as a conbi ned current
source and A ve i.nput for a the i ode channel eac DN port
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pai r of neasurenen nto a erma a menory

devi ceimt m@@mmegtsbtmlméﬁ)reqm'deeumwae:smteesfwtdowngnadasesemd\terheatmg,
t enperature %&e@gent F e differential, 30 fo the t hermal di ode. Bl ock
di ?’ﬁb

52 provi ded YiFRm $hs prRGiPIGS Aiscy into a digital signal

and bl ock /g 629{)0Wr@eferﬁpfcd&§|e‘€lm|§1tds€6 -he?éini Bt I%fé}aio éWeabF'bSnﬁéctfohe
menory devi ce ‘based digital signal. The internal” tenperature iIs

conpared digchor ndisect thatenehlesemmunicationdolaks plage aaesscibedatesfiaerinies f or

gggﬁr (ranxglae eg?o%{\?@\gjgyca%ﬁﬁ@?mﬁﬂ Hr@g%r o%%agégal%?&%mé h?‘h&%ﬁﬁm’d 4 has

15 might also provide for electromc electromagnetic, optic and other forms of
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
the drawings, specification, and following claims.
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issued to a nenory controller hub at block 60. O herw se, the next nenory
device is selected at block 62 and the process is repeated. [0024] Thus, the
t echni ques described herein can be used to significantly s inprove nenory
throttling and thernmal design power in systenms such as servers, desktop
PCs, notebook PCs, personal digital assistants (PDAs), wireless "smart"
phones, and so on. In particular, the small formfactors associated with

not ebook PCs, PDAs and smart phones particularly I end thenselves to the
enbodi nents of the invention. Furthernore, nmenory structures having
relatively high current io surge traDEAMMSS that may require i medi ate
shutdown in cases of overheating, can benefit considerably fromthe

princi pl esyhpusiaRfed i$025] The term "coupled" is used herein to refer to
any type of connection, direct or indirect, that enabl es conmunication to
take place across the interface in question. Thus, coupling m ght include
internediate c - .ing 15 mght also provide for electronic,
eIectronagﬁeti2?R%%$ﬂ&%gﬁgggyﬁ§ﬁgﬁorns of comruni cation. [0026] Those
skilled in the amenoapdeppecadite fromthe foregoing description that the
broad techni ques of the enbodi nents of the present invention can be

i npl enent ed i n dtepaRgrature greayrament madsie, ceuPIgHtp she feemepodeveat feof this
20 1 nvent 'tﬁﬁlplé?éfﬁrebﬁ?ééSQ?eﬁféhtb%dH% gP'Mtf‘a%h'ré);én rtdinBPtdrh Qﬂaﬁﬁree&@gﬁj €s
thereof, the true scope of the enbodi nments of the invention should not be
so | i m t edneimocededtdesingoalithiéros idote embeddext ontbinaihpamentory device, tiei | | ed

practitiongr upor stu f the draw ng specif.ication, and foll ow ng

cl ai ns. Sr&%ﬁr |%é?oc%hcdquqq d gq 3Shigl Rresence Ciétﬁ‘étrﬁsﬂd) V{C€conprising: a nenory
device; and a tenperature neasurenent nodul e coupled to the nenory device,
the tenperature neasurenment nodule to nmeasure an internal tenperature of
the nmenor¢- deviheemgsionyuait ofelairall, whetrin EitbebBadevige InchideRe menory devi ce,
t he

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 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.

3. 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.

4. The memory unit of claim 3, wherein each memory device includes a

synchronous dynamic random access memory (SDRAM) device.

5. The memory unit of claim 1, wherein the memory unit includes a small

outline dual inline memory module (SO-DIMM).



thermal di ode coupled to a serial presence detect (SPD) device. 2. The
menory unit of claiml, wherein the SPD device includes: a current source to
inject a pair of measurenment signals into the thermal diode, the
measurenent signals to result in a tenperature 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 tenperature calculation circuit coupled to the A/D
converter to calculate the internal tenperature of the nenory device based
on the digital signal. 3. The nenory unit of claim2, further including a
plurality gf ’ﬂ i - Wth a corresponding plurality of enbedded

t hermal di gdeg?\nﬂsée %hgg\%imcde{m i ncluding control logic to generate a

sel ection si gnamemonutontpdllex@ubdb@i)ed to the control logic, the nenory

devices and the A/D converter to s lcﬁCt bg\w@en he thermal diodes based on
the sel ection & YSEM MEMERPYeRIREL IR the | 4% 3, wherein each menory

devi ce incl udeg fherfdMChRIPNAUBIY BAThE J\RRHR TAERERP HUTETRE YmesldRANnitdevi ce.
5. The menory unit of "claim 1, wherein the nmenory unit includes a snmall

out | i ne duag¢ludingisnementary deviasdandc a(tsoperaine mgasuremesytsnedile sapples tag: a

menory congroller hu I\/CI—? system nenory. b coupl ed .to _the - and a
menory un%ec@ﬁmoe% #jeovq(fene hgygqrgﬁ?rﬁgq{srﬁegaéferﬁ%g HJEO??H%/ ténmeasp%g_{aadi ng a
menory devhtetnaAnempetRIRE bRt enerRasutevVieatusimdl BeaBEPURet @mbbbged®EnOry
device, the tenperature neasurenment nodule to neasure an internal

t enper at uréthin thehnmemary devigey thesthesmatdigde iweppigd tai berria msesrce- detpethi n t he
menory de\/('sﬁr% delget hermal di ode coupled to a serial presence detect (SPD)
device. 7. hg system of claim6, wherein the SPD device includes: a current
source to inject a pair of measurenent signals into the thermnal

7. The system of claim 6, 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 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.

8. The system of claim 6, 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.
9. The system of claim 8, wherein the system management interface
includes:

a system management bus coupled to the SPD device; and
a system controller coupled to the system management bus, the system
controller to receive the internal temperature from the SPD device over the

system management bus, compare the internal temperature to the temperature

10



di ode, the nmeasurenment signals to result in a tenperature dependent voltage
differential for the thermal diode; an analog to digital (Al D) converter
coupled to the thermal diode to convert 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. 8 The systemof claim®6, further including a system
managenent interface coupled to the SPD device and the MCH, the system
managenent interface to generate a throttling control signal in response to
t he i nt er thieshadmndaganeratestie daiotiina acstipbsignat € ther wieroaldtemperatuie syst em

of claim@ r.ei t genent interface includes: a system
R B SRR R

nanagenente th device; and a systemcontroller coupled to
t he system managenent bus, the system controller to receive the internal
tenperature fromthe SPD_devi ce over, t stystem managenent conpare the

. e .bys,
i nternal t'8nperAe $y&teny of ﬁ@'rf‘earp‘/@eé?'ﬁrtge systeih mangeaIen Uééﬂ‘gi"‘a‘?%af‘he
throttlin [ 2 inat
terper at urict PRARRSLARR (G008, e SPORev Bl es SNRIRASET Brd
managenenthdgygstenctontesllenrto operete astaebuatstalecwitb uiegardl &Cfrabater afitbe SPD
device to.function as a bus master and the system control Iter to toperate as
a bus sl al¥eld n regard to transfer of the internal tenperﬁmf’reé"’.‘uﬁl. The
systemof claim9, wherein the system nmanagenent interface further
includes: a chipset bus coupled to the systemcontroller; an input/output
controll er11hungB@M)3te¢Td)Qﬁpl?dfnt9) wheseinhthp syystesy sanagememamerface fyrthes coupl ed
to the ICk the MCH, the ICH to receive the throttling control signal

fromt hecyg/cs &m control ler over the chi pset bus and forward the throttling
control signal atohigseebdcoapled td ke systernrtoatrbiere.
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.

12. A memory unit comprising:

a plurality of synchronous dynamic random access memory (SDRAM)
devices;

a plurality of thermal diodes corresponding to the plurality of SDRAM
devices, each thermal diode being embedded in one of the plurality of SDRAM
devices; and

a serial 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
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

11



12. A nmenory unit conprising: a plurality of synchronous dynam c random
access nenory (SDRAM devices; a plurality of thermal diodes correspondi ng
to the plurality of SDRAM devices, each thernal di ode being enbedded in one
of the plurality of SDRAM devices; and a serial presence detect (SPD)
device coupled to the thernmal diodes, the SPD device including control

|l ogic to generate a selection signal, a nultiplexer coupled to the control
logic to sel ect between the thermal di odes based on the selection signal, a

current source coupled to the nultiplexer and the control logic to inject a
pai r of meadplediedhe &Vigmanyeiter to exleulaieea miuratiy srfasternaldempgsati @aselor

signals t £ [ ent. . . differential for the

t her mal g}éo@@ég,'&ya#.%gg?\%gg\gé%#é?%%egﬁg%v@b%%’%’é%ﬁ) coupled to the

mul ti pl exer to convert the voltage differentials into digital signals and a
tenperature calcul ati on circui oupled to the Al D converter to

.11 c
cal cul at e ' pl (P@IM@RPORE URih L C 12 refufhesmegiory (und ipFiyAes ia §mal  spram
devi ces baggfcon theg,djgitaljgignal s. n‘%fnorghe e ARy a1 dini t OLS@JmW)lz’

wherein the nenory unit includes a sma utline dual inline menory nodul e
(SO-DIMV). 14. The nmenory unit of claim 12, wherein the nmenory unit

I ncl udes q4.m Cﬁ'ﬁe rrqgr%ry' Lr}rlnlt %? c[g%m{?/ wnr?edrgljnetthrandry :{-J%it includes a micro

dual inline memory module (DIMM).
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