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A COVPUTER SYSTEM HAVI NG CONTROLLED COOLI NG BACKGROUND
OF THE INVENTION 1). Field of the Invention [0001]
wabeos/osqesent i on rel ates generally to a conput ePCEHYS1084933065
and nore specifically to systens that are used to cool
a mcroelectronic die of the conputer system 2).
Di scussion of Related Art [0002] As seni conductor
deAiCOMPIIEERSY STEHEMsHA CING GODNEROLDER) €@OIING
operate at continually higher data rates and hi gher
frequencies, they generally consune greater current
and produce nore heat. It is desirable to maintain
operation of these devices within certain tenperature
ranges for reliability reasons, anong others.
BACKGROAUNID IF FE& INYENSHON nechani sns have restricted
the operation of such devices to | ower power |evels,
| oner data rates, and/ r |ower operating frequencies.
1). CGoiskest ieNakeheah transfer nechani snms have limted
heat transfer capability due to size and | ocation
restrictions, as well as thermal |imtations. BRI EF
[OOSR &t vieNtion Tela t E3RAM NEDy f® A Q@3 pliter systemn) and nhere
descri bed by way of exanple with reference to the
; [
speiE AP A it HeR0 Bed EEEU AR e lb Al B el fomputer

system according to an enbodi nent of the invention;
system.

2). Discussion of Related Art

[0002] As semiconductor devices, such as processors and processing elements,
operate at continually higher data rates and higher frequencies, they generally
consume greater current and produce more heat. It is desirable to maintain
operation of these devices within certain temperature ranges for reliability
reasons, among others. Coﬁventional heat transfer mechanisms have restricted
the operation of such devices to lower power levels, lower data rates, and/or
lower operating frequencies. Conventional heat transfer mechanisms have
limited heat transfer capability due to size and location restrictions, as well as

thermal limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The invention is described by way of example with reference to the

accompanying drawings, wherein:
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[0005] Figure 2 is a graph of notor voltage and

thernoel ectric voltage as controlled by a controller
w@Roosha9osonput er system of Figure 1; and [ 0006PCTFUSINE033065

3 is a block diagramillustrating further conponents

of the conputer system DETAI LEDDESCRI PTI ONOF THE

I NVENTI ON [ 0007] A conputer systemand its nethod of
[00@Kol Figgrat és pbckdhidgraf bparatiippetirposeaity ©f aadngputent

spreader for heat fromthe mcroelectronic die. A

sysfeﬁ?rﬁggﬁcﬁﬁértbﬁnw m%%‘c\ﬁ?&éﬁv‘éﬁﬁ%)ﬂt he vapor chanber

and mar ntarn’ proper unctl oning o ‘e vapor chanber,

us_keeping the m croel ect roni c die coo
[00Q53ntl?lguree? 15 2 SEARMQL MRRR valtags m%@erm%lﬁcaﬁw%ltage as

sensors, and utilizes the input to control current to

onﬁb@ledwm@@m@@? thodohpaadsystdrhag @igelerl;antl to a
notor that drives a fan and provi des additi onal

Toof™: il R PIGER S BERR BBy datheR BhHRreRts &P

nodul e. [ 0008] Flgure 1 of the acconpanyi ng draw ngs
computgEsYHde®s conponents of a conputer system 10,

according to an enbodi nent of the invention, including

a conputer processor 12 a cool i ng apparatus 14 for

t he conputer processor and a control apparatus 16

DE A RSeR ] S%éfﬁiﬁﬁi@§§9§iﬁit fate 16 and a

m croel ectronic die 20 nounted to the package

substrate 18. The m croel ectroni cdie 20 has a
[00G¥] c r d speritensystenand its methed of peelingaremprevidedaferapor

substrate 18 provides structural support for the
chaffilfel 86hRBtak Aheat ShReadlr fdltReal BOMHRe BHOeldt®nic die. A
thermoelectric module serves to cool the vapor chamber and maintain proper
functioning of the vapor chamber, thus keeping the microelectronic die cooled. A
controller receives input from five temperature sensors, and utilizes the input to
control current to the thermoelectric module and voltage/current to a motor that
drives a fan and provides additional cooling. A current sensor allows the
controller to monitor and limit power provided to the thermoelectric module.
[0008] Figure 1 of the accompanying drawings illustrates components of a
computer system 10, according to an embodiment of the invention, including a
computer processor 12, a cooling apparatus 14 for the computer processor 12, and
a control apparatus 16 for the cooling apparatus 14.

[0009] The computer processor 12 includes a package substrate 18 and a

microelectronic die 20 mounted to the package substrate 18. The microelectronic
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18 al so has netal l|ines through which signals, power,
and ground can be provided to the mcroelectronic die
WQ@QR005/088®5m croel ectroni c die 20 heats up when PEEUS2004/033065
circuit is operated. Heat generated by the
m croel ectronic die 20 has to be renoved, preferably
in a controlled manner, in order to avoid damage to
die 0 bas hmigiroeldcteonio caxui<simed tieerpar. af e packdgRGibbtrates]s
cool i ng apparatus 14 includes a vapor chanber 22, a

' . i , f
POt S P e o e roficRig 20 Je i gubytrate
n the mcgroelectronic, die 20 _so that heat can conduct

18 ofsaas e hliies deraghonichysi gnate ROV S GRILTPHRE CaRdS
of the vapor chanber 22. The vapor chanber 22 has a
proviglegeto the ahiordelécttdrin di20. MThe pdtweldcerinic dle2(PReatang when
serves as a heat spreader that spreads heat com ng

the HEQR i\Sp LR EE 0ol 1y 0 mithSe14ARGNic H8 7 s £ be

as a w ng structure on rnternal Suffaces o
thereof, and is fille ith a fluid that can condense
remgyed, Blfef%wgse%% eomﬁr@lﬂﬁm FENREB RN R der fartQifeange adhe
conducting fromthe mcroelectronic die 20 evaporates

circtiteldd tol ekcbssive tdmeparatldeslg structure on the [ower wall
of the vapor chanber 22, and the fluid then condenses

| GKI t tyr: L t .
oo % e R I eRReER Y RREF Rl T Rl
W cking structure to the lower wall, where it is again
modulgFér ateat simke8; @ fseddinda Botehd.| ower wal | of the

vapor chanmber 22 has to be accurately controlled in
[0019] deThe apB diadiber2RGs RIAERES® FhelphibReRM@nic die 20 so that heat

predet er m ned
can conduct from the microelectronic die 20 through a lower wall of the vapor
chamber 22. The vapor chamber 22 has a larger footprint than the microelectronic
die 20, and serves as a heat spreader that spreads heat coming from the
microelectronic die 20. The vapor chamber 22 has a wicking structure on internal
surfaces of walls thereof, and is filled with a fluid that can condense onto or
evaporate from the wicking structure. The heat conducting from the
microelectronic die 20 evaporates the fluid from the wicking structure on the
lower wall of the vapor chamber 22, and the fluid then condenses on the wicking
structure on an upper wall of the vapor chamber 22. The condensed fluid then
flows back in the wicking structure to the lower wall, where it is again
evaporated. The temperature of the lower wall of the vapor chamber 22 has to be

accurately controlled in order to maintain the processor 12 below a predetermined

temperature.
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tenperature.[0012] A lower ceramc plate 33 of the
thernoel ectric nodule 26 is |ocated on the vapor
W@ b@sioags22. Heat conducts from the upper wal | POf/US1964/033065
vapor chanmber 22 through the electrically insulative
| oner ceramc plate 33 to an upper surface of the
| ower ceramc plate 33. An upper surface of the | ower
[0012¢r rlavert carenddplate 38 of thethermpeleoticimadale Rais lmcated on the
| oner surface thereof. [0013] The thernoel ectric

vapSPERb&2 2! Fleat étﬁ{diﬁ?ssﬁbﬂmalfé?tv(rél? of ﬁ@@é}%’ﬂ&aﬁg’oer 22

| ocated on the | ower ceramc plate 33. The

e S B B FRTREGE o3 PR Bl Gt o

provi ded to the sem conductor conponents, the
the bandrcenaiuit plate 3pAnaper cantape op theclatweraedarmiteplate 33 is at a
direction that the heat is punped depends on the

] conponents and the
low erh¥ig tﬁ%‘ﬂ Lhewee %HQE&#%E&Sf. m

I rection of e current. rnoel ectric nodul es are

d
00155 e ReabpicciistFPgia 2 day adlisien therGRELesarie components 35

provided to the thernoel ectric nodul e 26, which causes
locatdtbon ke lnvedrectramic plabgpdth eths tidfnicelquinrip comgionents 83 dre
| ower ceramc plate 33 to an electrically insulative

. 1 . . r .
typitBPE pEARRE) Bf AbBLA s icchMERIr cobifoniae) uir AB5eis
| ower surface thereof. [0014] The heat sjnk 28
PTOYIH\éﬁ (iadhe seiongdustqr cogipanenss, She pamiqopdgictqr geanpenents can
extending fromthe hot plate 36. The hot plate 36 is

punlhslets0t ecerciauta obuped epent e op e
of td @miconductor components and the direction of the current.

Thermoelectric modules are known in the art and are therefore not described in
detail herein. Suffice to say that current 34 is provided to the thermoelectric
module 26, which causes the thermoelectric components 35 to pump heat from the
lower ceramic plate 33 to an electrically insulative upper ceramic plate 37 thereof.
The upper surface of the thefmoelectric module 26 is then warmer than a lower
surface thereof.

[0014] The heat sink 28 includes a hot plate 36 and a plurality of fins 38
extending from the hot plate 36. The hot plate 36 is located on the upper surface
of the thermoelectric module 26. The heat conducts from the upper surface of the
thermoelectric module 26 through the hot plate 36 to the fins 38, from where the

heat can convect to surrounding air.

[0015] The fan 30 is coupled to the motor 32 so that the motor 32 rotates the fan
4
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thernoel ectric nodule 26 through the hot plate 36 to
the fins 38, fromwhere the heat can convect to
waososmdt ng air. [0015] The fan 30 i s coupl edP¢DUB1064/033065
notor 32 so that the notor 32 rotates the fan 430 when
current 40 is provided to the notor 32. The fan 30
bl ows air over the fins 38, which increases the
30 whensireniof0 sgabvidedot the nhotos 328 Thddme Bdibbgws airt dver the fins
tenperatures of the fins 38 and the air. [0016] The
38, WANH iAkrARRA A Hsn k8 ALY ‘?Foj% WEARS F;Q | ch@ﬁcfan%g An the
junction tenperature sensor ,a cold-si‘de
temperature sensor 44, a hot-side tenperature sensor
tempegraturesofshe fins 9§iaadithe aensor 47, an anbi ent
tenperature sensor 48, and a current sensor 50. [0017]

[0016] e Thenwinte) appapeustl 8itcladasatordidoller 4 Iagﬁﬁtﬂiofn temperature
| ocated within the mcroelectronic chip 20. The

| d- si . S 4 4 Rl I
seng 4 800 OTNER RS BB} 4k bR p LS g 46, an

the thernoel ectric nodul e 26. The hot-side tenperature
ambjepfspisterd sensghié N ynbisph tesapeiatard sspeer 48 angkca cwrent

t he upper ceramc plate 37. The junction, cold-side,
sengft@ohot - si de tenperature sensors 43, 44, and 46 are

all connected to the controller 42 and provide

f, k [ f._ th ,
poothe 4iint ot BpRPRER sPaniha RevbiRpkaRT e ifinthe
bott om and tofOrOf t he thernoel ectric nodul e 26,

micresdgsduiiv ehip, 20ThEhecoltraide tamperatane seoser 44 isttypically located
current 34 provided to the thernoel ectric nodule 26

on %ﬁrﬁdﬁ%@}gﬁ{&g %@ﬁ&g gvg%@eeﬁﬁnﬁ@pﬁ%iswf thehed®kicRfric module 26.
The hot-side temperature sensor 46 is typically located on a lower surface of the
upper ceramic plate 37. The junction, cold-side, and hot-side temperature sensors
43, 44, and 46 are all connected to the controller 42 and provide feedback to the
controller 42 of the temperature of the microelectronic chip and the temperatures
at the bottom and top of the thermoelectric module 26, respectively. The
controller 42 can control the current 34 provided to the thermoelectric module 26
based on the temperatures sensed by the junction, cold-side, and hot-side
temperature sensors 43, 44, and 46. The junction temperature sensor 43 provides
an indication to the controller 42 when the temperature of the microelectronic
chip 20 approaches a predetermined maximum, in which case current provided to
the thermoelectric module 26 is increased. The difference between the

temperatures sensed by the cold-side and hot-side temperature sensors 44 and 46

is indicative of the degree of heat that is pumped by the thermoelectric module 26.
5
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tenperature sensors 43, 44, and 46. The junction
tenperature sensor 43 provides an indication to the
W@ ous0sdoser 42 when the tenperature of the PCT/US2004/033065
m croel ectronic chip 20 approaches a predeterm ned
maxi mum in which case current provided to the
thernoel ectric nodule 26 is increased. The difference
Thédeaintedterdeaneopemoh the esrrestired yirtain theltdmpedetuaasensed by
hot - si de tenperature sensors 44 and 46 is indicative

the fmcU e RRuRL st ST hpma BUREE e nge, A substrate
control the current 34.to intain the te rature

temperaluge 6@%@%@.@39@5%@ eackase wthsbgte MSandmipHide
predeterm ned range. A substrate tenperature sensor

tenqrenatoee fearcibhekl to thd dontpabded@anstiehd of at én 48d#aiuh for mwp'dﬁction
tenperature feedback to the controller 42 instead o

tel‘rﬁ%&t@]r@ ﬂ%stog%g to the junction tenperature sensor 43.

ient noisture sensor 47 provides data to

the controller 42 of noisture percentage in the
[00%g]; r%ém%gergimmswr@ SERERTEHT PROVASRS GAta ?‘% the pepfroller 420f

al so connected to the controller 42 to provide

mofselﬂﬂmkeﬂtaﬁé hetleostrrGlhdihg4dr. ofhdamhigae naingpeeatalre 8érisor 48 is
sensed by the anbient tenperature sensor 48 at a

ol Q5580 ) 8385 LIOEYS U7 PR AMMERTAN L Lot
per cent age and anbi ent tenperature allow the

tempenatuse PEairsengesl by g nmbienitemperaduteirnsat 48t a location
surrounding air. The controller 42 regul ates current

dista@it Hiven thesiiee tegiponentillub@aid ihithe dedwanTBTRE Eofnbated
condensation on cold parts is avoided. The tenperature
reagfngts 8 0S¥k lre %eegfcaerrrlitggéo A8 gm%%en%‘c’cer%%te%%tu%g allow the controller 42
to calculate moisture content of surrounding air. The controller 42 regulates
current to the thermoelectric module 26 in such a manner that condensation on
cold parts is avoided. The temperature of the lower ceramic plate 33 as detected
by the cold-side temperature sensor 44 will, for example, be held proportionately
higher with a higher moisture content of the surrounding air.
[0019] The current sensor 50 detects the magnitude of the current 34 provided to
the thermoelectric module 26. The current sensor 50 is connected to the controller
42 so that the controller 42 receives feedback of the magnitude of the current 34.
Based on the resistance of the thermoelectric module, the controller 42 can
calculate the voltage provided to the thermoelectric module 26 (R=V/I). The

controller 42 can also control the current 40 provided to the motor 32. An increase

in the current 40 provided to the motor 32 will be due to an increase in voltage

6
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by the col d-side tenperature sensor 44 will, for

exanpl e, be held proportionately higher with a higher
wOoriososaos2 cont ent of the surrounding air. [001B(T/TRM04/033065

current sensor 50 detects the magnitude of the current

34 provided to the thernoelectric nodule 26. The

current sensor 50 is connected to the controller 42 so
providat tbltbe ourtor 82.1 er 42 recei ves feedback of the

nagnitude of the current 34. Based on the resistance

[00261l ferfﬂﬁfe% af {Hdv +HD %t T vBR%g&%‘M R fREn bRl voltage

ate t tage prow ed t t hernoel ectric

dul e R=V/ 1 roll er can also co troI
canggéoetrpﬁsﬂ@yme ,spétrpﬁea ol flﬁ e 8?1%%%9 thergp
in the current 40 provided to the notor 32 wll be due

voltage amay earhaasieciaasyd linagdy Gptlosh dedebse inftherobling 32.
[0020] Figure 2 illustrates how the notor voltage and

reqﬁlpgp%ﬁﬁ{dgﬁﬁégﬁk% gec‘ﬁQJrﬁé‘Q?e PSS gﬂ{o{?féc'u%’vmf%é@&ay be

not of Vo age an er noel ec
vol t age each be increased linearly w

limifed Fe- R EOKMbY Hee TP IRT 4200 hatimly ihdmotpvoltage is increased

m croel ectronic die 20. The thernoel ectric vol tage nay

whéiemlorétdslihg B réquireli tthaly prbgeteamindl d@ouA?, Thermhbekctric
only the motor voltage is increased when nore cooling

ol SRS ES S S R BRI g e

therefore require a | arge anmount of power. However,
Howevesy pewier sen be sgnsarsgd %y limiting pgwebtrthe thermeelectric
t hernoel ectric nodul e 26 and providing nore power to

mod e 20y gl%gfldﬁ\ gSHbid powet tRIRUAbtE 320 B ffiGerddrhbunt of
provided to the thernoel ectric nodule 26, so as to
povxir(eerelg s&ft %row\geed to the thermoelectric module 26, so as to keep the lower
ceramic plate 33 at a temperature sufficiently low to ensure that the temperature
of the processor 12 remains below a predetermined maximum temperature.
[0021] It can thus be seen that the vapor chamber 22 serves as a heat spreader for
heat from the microelectronic die 20. The thermoelectric module 26 serves to cool
the vapor chamber 22 and maintain proper functioning of the vapor chamber 22,
and the temperature of the processor 12 below a predetermined maximum
temperature. The controller 42, in this embodiment, receives input variables from
five temperature sensors 43, 44, 46, 47, and 48, and utilizes the input variables to
control the current 34 to the thermoelectric module 26 and the current 40 to the
motor 32 that drives the fan 30 and provides additional cooling. The current

sensor 50 allows the controller 42 to monitor and limit power provided to the

thermoelectric module 26.
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ceramc plate 33 at a tenperature sufficiently lowto
ensure that the tenperature of the processor 12
WO e0vaios®sbel ow a predet erm ned maxi num t enper apCF/8S2004/033065
[0021] It can thus be seen that the vapor chanber 22
serves as a heat spreader for heat fromthe :
m croel ectronic die 20. The thernoel ectric nodul e 26
[002%r iEigute3 obthe adtempmmying HeavbirgsARusinatesfitrtheit components of
proper functioning of the vapor chanber 22, and the
SERRAS st 10! TheRORRSHEPbyten DRl RhaEekShBad 2
theFle mum %ye?rrper ature. e cg%}m}o er&gg?eri n tﬁi S
nbodi nent, receiyves input variables fromfive
havmmt@%@&ﬁg Pzgee%a@; 1% sachermegpyysld 6, giggn memory 118,
utilizes the input variables to control the current 34
a flapepyt Heive @0 medrmphct diskpehd-enRenwmoty(E€RAROND idrie 122, a
the notor 32 that drives the fan 30 and provides

har@ QLK &ﬁ@éhzgr loRgor 108 hﬁg#ﬁ%cr@?ﬂ With 2 915?41%)? ggeélt, ?%eyboard

controller to nonitor power pro
the_thernoel ectric npdul e 26.[0022] Figure 3 of the

126 spnd ApREHA N Sd i iRfsnpirpeensindheformios o RIogHIRSaNde stored

of the conputer system 10. The conputer system 10

on, faif dbhefiplens b@kﬂ%actadibld andile loadedin ganapcROM idiBreel2?. The
the processor 12, cache nenory 116, main nenory 118, a

. I M C i e -

instp ARG ¥ Po g BT B e RS N DR TR Y g the
124 having a screen wth a display area, a keyboard i

MainIBempiy lg&mvshé@ mag of he ingtrustions gnasueasidsmen e eorapact disk
formof a programcan be stored on, for exanple, a

andCoRRGard] dikk apthdigarldoddesl The HBppFRRAM Y b Be122d disk

The instructions of the program can be |oaded into the
e G R B0 5 CERRATRE 23 5
the computer system 10. The instructions can be read by the processor 12ina
logical manner which ensures proper execution of the program. A user may
interact utilizing the mouse 128 or the keyboard 126. A respective signal can be
generated by the mouse 128 or the keyboard 126. The signal is sent through the
bus 112 and ultimately to the processor 12, which responds to the signal to modify
an execution of the program. Execution of the program by the processor 12
results in control of how information, stored in the main memory 118, the cache
memory 116, the hard disk drive 123, or the CD-ROM drive 122, is displayed on
the display area of the monitor 124.
[0023] While certain exemplary embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are

merely illustrative and not restrictive of the current invention, and that this

8



and on the hard disk of the hard drive. The fl oppy
drive 120 or the hard disk drive 123 nay be used
w0 psm3@snf the CD-ROM drive 122 to | oad i nstrRCL/USIU84/033065
into the conputer system 10. The instructions can be
read by the processor 12 in a |ogical manner which
ensures proper execution of the program A user may
inventioaria oot pestiicteilig théepenific eonst81ations hadeaydegamentsghown
A respective signal can be generated by the nouse 128
and HeséilGek 61MPO M SHifidSionsNBa$ l0da@ to tho8€BEdihAFBHIAIEAEN the art.
bus 112 and ultimately to the processor 12, "which
responds to the signal to nodify an execution of the
program Execution of the program by the processor 12
results in control of how information, stored in the
mai n menory 118, the cache nenory 116, the hard disk
drive 123, or the CO-ROM drive 122, is displayed on
the display area of the nonitor 124. [0023] Wile
certain exenplary enbodi nents have been descri bed and
shown in the acconpanying drawings, it is to be
under stood t hat such enbodi nents are nerely
illustrative and not restrictive of the current
invention, and that this 8invention is not restricted
to the specific constructions and arrangenents shown
and described since nodifications may occur to those
ordinarily skilled in the art.CLAI M5 Wat is cl ai ned:
1. A conputer system conprising: a mcroelectronic
die having an integrated circuit fornmed therein; a
t hernoel ectric nodule thermally coupled to the
m croel ectronic die so as to
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punp heat fromthe mcroelectronic die when current is
provided to the thernoel ectric nodule; a col d-side
W0 e0opeB@tur e sensor at one side of the ther nDeP@r/UR1004/033065
nodul e; and a controller connected to the tenperature
sensor to receive an indication of tenperature at the
tenperature sensor as an input into the controller,
CLAIMScontroller controlling the current provided to the
t hernoel ectric nodul e based on the input. 2. The
conputer systemof claim1l, further conprising: a

\Y a{tigPl%ﬂPlg& bet ween the nmicroelectronic die and the
t hermoelectric nodule; and a fluid in the vapor

chanber, the fluid being evaporated when heat
1.t Aqgenpeuter shiglest, sopBiAingie m croel ectronic die and
condensi ng when heat transfers therefromto the

t HenioRRll@atdiic diPHAViAg ab infdpRaedrmrduel forirrdaieding| ai m
2, wherein the cold-side tenperature sensor is between

PR e ARG Dy PSR e R RRrgr ale' as o

claing, further conprising: a hot plate thermally
punzp hphtdfdomothehpiaraeectvenie chie inhemouutrent isprovicded to the
t hernoel ectric nodul e between the m croelectronic die

therdiSblb g chRdbdpleat €, and a hot-side tenperature sensor
on a side of the thermoelectric nodule of the
a cold-side temperature sensor at one side of the thermoelectric module; and
a controller connected to the temperature sensor to receive an indication of
temperature at the temperature sensor as an input into the controller, the

controller controlling the current provided to the thermoelectric module based on

the input.

2. The computer system of claim 1, further comprising;:

a vapor chamber between the microelectronic die and the thermoelectric
module; and

a fluid in the vapor chamber, the fluid being evaporated when heat transfers
thereto from the microelectronic die and condensing when heat transfers

therefrom to the thermoelectric module.

3. The computer system of claim 2, wherein the cold-side temperature sensor is

between the vapor chamber and thermoelectric components of the thermoelectric

10
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hot pl ate and opposing the m croel ectronic chip, the
control |l er being connectedto the hot-side tenperature
W@ 2008089060 recei vean indication of tenperaturePEl/Us1064/033065
hot si de tenperature sensor, the controller controlling
current provided to the thernoel ectric nodul e based on
an input fromthe hot-side tenperature sensor. 5. The
moduleput er system of clain? further conprising: a
junction tenperature sensor within the mcroel ectronic
die, the controller being connected to the junction
tenperature sensor to receive an indication of

t erature at the junction tenperature sensor, the
4 SRR r Shatee) o iR ar el GPBUTIRAET o 1 he
t hernoel ectric nodul e based on an input fromthe
j aretipdatettbemnally aoepledrie dhe tiernikieteatdoputdule syithetre of
clainb, further conprising: an anbient tenperature

theGROSEEtrGh 881 Wetf8eh $RE nliEMRRIAIHEIRS artl the G ARLe; and
fromthe mcroelectronic die and the thernoel ectric
t

moqul e, . the controller being, co cted to . the ambient
BRI RS ORLYR sebeoraubh s e dherznoelptiic MdAle of the

tenperature at the anbient tenperature sensor, the
hot pdateraold grpasomg thed micrgeleatrorittchip phe vodadllepbeing connected to
t hernoel ectric nodul e based on an i nput fromthe

the g@%;ﬁgm@ﬁﬁ@& WEfs0r 8058 %eive an %c&%w dt Fé'méé(ﬁtt@f@ &fthe hot-

conprising: an I ent nol sture sensor
., detecting anbi ent_ . noi st Lﬂ'e of air distant froaw@qshe
sideicapRRIPBELISSAPRYL Srecuntriier confefngerwaent Rrarided & thene

control |l er being
thermoelectric module based on an input from the hot-side temperature sensor.

5. The computer system of claim 2, further comprising:

a junction temperature sensor within the microelectronic die, the controller
being connected to the junction temperature sensor to receive an indication of
temperature at the junction temperature sensor, the controller controlling current
provided to the thermoelectric module based on an input from the junction

temperature sensor.

6. The computer system of claim 5, further comprising:

an ambient temperature sensor detecting ambient temperature of air distant
from the microelectronic die and the thermoelectric module, the controller being
connected to the ambient temperature sensor to receive an indication of

temperature at the ambient temperature sensor, the controller controlling current

11



10

15

20

connected to the anbi ent noisture sensor to receive an
i ndi cation of noisture at the anbient noisture sensor,
wo b@sosmsz ol | er controlling current provided tRPCT/H82004/033065
t hernoel ectri c nodul e based on an input fromthe
anbi ent noi sture sensor. 8. The conputer system of
clain2, further conprising: an anbient tenperature
provistesido the themoer]ecinicireoduledmped ananeingiut fiom dhe anpient
fromthe mcroelectronic die and the thernoel ectric
tem?gpéﬁlgesgr{g@rpontrol | er being connected to the amnbient
enperature sensor to receive an indication of
tenperature at the anbient tenperature sensor, the
controller controlling current provided to the
t hernoel ectric nodul e based on an input fromthe
7. aitheenmpdapsydemref dansofurther Tomprmmgit er syst em of
claiml, further conprising: an anbient tenperature

SSASMLiERE #hdtlke &HRLE Htetegﬁﬂg ahithCnPlstatd ofhi® Uathnt from

i
fromthe mcroel ectronic die”and the thernoel ectric

modul e, the controller being connected to the i ent
the PRRSTSetTaic At thelheBRer et PR 407 somigplier being

tenperature at the anbient tenperature sensor, the
connedrted @b kler ambidritahbistigrecans@rtb rédyiveundedichtiohlvé moisture at
t hernoel ectric nodul e based on an i nput fromthe

the gﬂgiﬁxgm?f’s@%s%%ﬁ the E‘&{{J}olle;r%fogny;?ﬁlgﬁ% ERHEAL ?&ﬂ&@&%&éhe
t

urther cofpri Sing: a notor couple

o the fan to rotate the fan so that the fan, cools the
thermoelectric module based on an input from the ambient moisture sensor.

8. The computer system of claim 2, further comprising:

an ambient temperature sensor detecting ambient temperature of air distant
from the microelectronic die and the thermoelectric module, the controller being
connected to the ambient temperature sensor to receive an indication of
temperature at the ambient temperature sensor, the controller controlling current
provided to the thermoelectric module based on an input from the ambient

temperature sensor.

9.  The computer system of claim 1, further comprising:

an ambient temperature sensor detecting ambient temperature of air distant
from the microelectronic die and the thermoelectric module, the controller being
connected to the ambient temperature sensor to receive an indication of

temperature at the ambient temperature sensor, the controller controlling current

12
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m croel ectronic die when power is provided to the
nmotor, the controller controlling power provided to
W0 b@s08%062 such that power to the thernoel ect rPCT/IBZNNY/@33065

is limted and fan speed is accel erated when power to
the thernoel ectric nodul e reaches a predeterm ned
maxi rum value. 1 . The conEuter systemof claim,

provided e the-depriosiasgric madaie basedl en AptiBPULEAp! the ammbiené
fan to rotate the fan so that the fan cools the

temﬁé@ﬁg@l&ﬁg@@ni c die when power is provided to the
notor, the controller controlling power provided to

the notor such that power to the thernoelectric nodul e
is limted and fan speed is accel erated when power to
the thernoel ectric nodul e reaches a predeterm ned

10. nElvé nompuiddnayster of Thémdp fpcther caypprisingsf ¢l ai n2,
further conprising: a fan; and a notor coupled to the
fapd, anpgotate the fan so that the fan cools the
m croel ectronic die when power is provided to the

notor, the cqntroller 13contyollin r .provi.ded to
{hEGiBT SPURIGEHOthE FTb AR he fan £ BIARSeF G 7S Hiiul e
is limted and fan speed is accel erated when power to
mictdetectioaicdiz when powards peovidead e shanmprtex ¢éhe comtmelder
maxi mum val ue. 13. The conputer system of claintl
contr i3G50 A PEIvIHED to e ABtordMh that power to the thermoelectric

module is limited and fan speed is accelerated when power to the thermoelectric

module reaches a predetermined maximum value.

11. The computer system of claim 4, further comprising:

a fan; and

a motor coupled to the fan to rotate the fan so that the fan cools the
microelectronic die when power is provided to the motor, the controller
controlling power provided to the motor such that power to the thermoelectric
module is limited and fan speed is accelerated when power to the thermoelectric

module reaches a predetermined maximum value.

12. The computer system of claim 2, further comprising:
a fan; and
a motor coupled to the fan to rotate the fan so that the fan cools the

microelectronic die when power is provided to the motor, the controller

13
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a notor coupled to the fan to rotate the fan so that

the fan cools the mcroel ectronic die when power is
w@e@siosa2t o the notor, the controller contr ol PCTYS2004/033065

power provided to the notor such that power to the

thernoel ectric nodule is limted and fan speed is

accel erated when power to the thernoel ectric nodule )
confreHistgeRowep peeraded e Heaimeds stish that pawer 40 thgyghermoelectric

comput er system of clainl, wherein the integrated
modileGdliinited] @nd frtsphdedfis acql@aasb®henfpowaeto e rhéinkodlgctric

a nenory and an input/ output device connected to the

r.acessor. 15, cQ ter .syste conprising: a

modiIBF TR B s PRy R PRt at ed i reui

fornmed therein; a thernoelectric nodule thermally

coupled to the mcroelectronic die so as to punp heat

fromthe mcroelectronic die when current is provided
13. t Tht kenifirerph&@atdfictaifP YuetheR ch@lprigidt:e thermal ly

coupledto the thernoel ectric nodule with the

thgrqoel ctric nodul e between the microelectronic die

af Vi hot pl ate; 14a hot-side tenperature sensor on

a side of the thernoelectric nodule of the hot plate;

aadnetor ontpled terthe dam bz tagdtet thetftne sh thatdhddan coplsthe ur e

sensor to receive an indication of tenperature at the

micRlec i u@éweﬁtcwv@eﬁg B2EVided t8the AMtbr, Ak @ohf8ller
controller, the controlter controlling the current

raovided to the thernpelectric :
cong‘oﬂﬁ*lg power prov1de(q 6 the motor such that power to the thermoelectric
module is limited and fan speed is accelerated when power to the thermoelectric

module reaches a predetermined maximum value.

14. The computer system of claim 1, wherein the integrated circuit is a circuit of
a processor, further comprising a memory and an input/output device connected

to the processor.

15. A computer system, comprising:

a microelectronic die having an integrated circuit formed therein;

a thermoelectric module thermally coupled to the microelectronic die so as to
pump heat from the microelectronic die when current is provided to the
thermoelectric module;

a hot plate thermally coupled to the thermoelectric module with the

thermoelectric module between the microelectronic die and the hot plate;

14
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nodul es based on the input. 16. The conputer system of
claim 15, further conprising: a vapor chanber between
wo b@snswesnel ectroni c die and the thernoel ect ri BCHOS200€9033065

and a fluid in the vapor chanber, the fluid being
evapor at ed when heat transfers thereto fromthe
m croel ectroni c die and condensi ng when heat transfers
tbplesiderremperatare bensop enaciide of thatthesmoglectripmodule of the
conput er system of claim 16, further conprising: a

hotﬁg&97§kpe tenperature sensor between the vapor chanber
and the thernoel ectric nodule, the controller being

d h | d-si de,
conomeolict ot eaid s BoP Sl PR HRAE PR affige an
nmodul e based on an i nput fromthe col d-side

indicatinreoftenneerstreat tha Bot-gide dempperatusysanser ag eppnpet ingo the
a mcroelectronic die having an integrated circuit

contk QN thd EsTtRNIbr BntBEIHPH LGk fTBHH&] f@efBbioelectric

coupled to the mcroel ectronic die so as to 15punp

at, the mgroel ectronic die when current is provided
moc{] esth%se%‘rfé‘?ﬁﬁe'fné’ Tic modul e; and an ambi ent

tenperature sensor detecting an anbi ent tenperature of
air distant fromthe mcroelectronic die and the
thernoel ectric nodule; a controller connected to the

16. VEHPESRADMHE: SBRSRS LRiMEGE Fih& e dmphisilgh on Of

a vapor chamber between the microelectronic die and the thermoelectric
module; and

a fluid in the vapor chamber, the fluid being evaporated when heat transfers
thereto from the microelectronic die and condensing when heat transfers

therefrom to the thermoelectric module.

17. The computer system of claim 16, further comprising:

a cold-side temperature sensor between the vapor chamber and the
thermoelectric module, the controller being connected to the cold-side
temperature sensor and controlling current provided to the thermoelectric

module based on an input from the cold-side temperature sensor.

18. A computer system, comprising:
a microelectronic die having an integrated circuit formed therein;

a thermoelectric module thermally coupled to the microelectronic die so as to

15
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the anbient tenperature of the tenperature sensor as a
input into the controller, the controller controlling

w0 b@sosaosent provi ded to the thernoel ectric noRI/@S2004/033065
based on the input. 19. The conputer system of claim
18, further conprising: a vapor chanber between the

m croel ectyonic die and the thernoel ectric. | g;: and
pup Reah TR e IR EHa o heR RE PG P isgr g o e

evapor at ed when heat transfers thereto fromthe
thermioelanetientachde;ardi e and condensi ng when heat transfers

therefromto the thernoel ectric nodule. 20. The

E%T%%)% écst%\ﬁZl elffe §ér%bgﬂé%ctiggtra&eh§%b%%g9é\'/ﬁal bRaredof air

- Si erature sensor or chanber

. and the_ thernoel ectri ¢, nodul e, the controll er bein

distant e tba TRiSTQRIRC G dig st thenihermoglestdemosiulern g °
controlling current provided to the thernoelectric
neebitteolias@tneotedrtoithp tdimpernutewensot th siceive an indication of
tenperature sensor. 21. A conputer system conprising:

e B FEASLERLEOT el Rphrucs ol oL A ARR ) bt
coupled to the m croelectronic die so as t nm _h

the qongrallen sontrotling therqusrant rapwidedde the ﬁh@rsrn%eqﬁgtgk?nﬁagﬁgied@ased
the thernoel ectric nodule; a fan;

on the input.

19. The computer system of claim 18, further comprising:

a vapor chamber between the microelectronic die and the thermoelectric
module; and

a fluid in the vapor chamber, the fluid being evaioorated when heat transfers
thereto from the microelectronic die and condensing when heat transfers

therefrom to the thermoelectric module.

20. The computer system of claim 19, further comprising:

a cold-side temperature sensor between the vapor chamber and the
thermoelectric module, the controller being connected to the cold-side
temperature sensor and controlling current provided to the thermoelectric

module based on an input from the cold-side temperature sensor.

21. A computer system, comprising:

16
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a notor coupled to the fan to rotate the fan, so that

the fan cools the mcroel ectronic die; an input
wa@lewsos905and a control |l er connected to the i npRPCT/UB004E33065

to receive a variable fromthe detector as an input

into the controller, the controller controlling the

power provided _to the thernoel ectric,ndul nd.to the

P PR TSR die-RATIRG AR ISR eE e UYdRER e NETRID
thernoelectric nodule is limted and fan speed is

ag ciedrened] edrismeodyekernally beuplodrtotké adtrdetectmyai¢ die so as to
reaches a predeterm ned nmaxi num val ue. 22. The

FRAY £ 5nd trﬁgwél&k i rsRe ViRl thd

pun%por c{%an%%r etmgen&klhg%%%}{regeéﬁﬁ%% Jifée and the
t hernmoel ectric nodule; and a fluid in the vapor

thergreglerric mpodulel i d bei ng evapor at ed when heat
transfers thereto fromthe mcroel ectronic die and
ceigiensi ng when heat transfers therefromto the
thernoel ectric nodule. 23. The conputer system of

. (i e .
eAIoE Ry b 38, SRR AR Ahe 1A S0k Bidten cool e
_thernoel ectric nodule, the controller being connected

micraeledieonigldig;si de t enperat ure sensor and control | ing
current provided to the thernoel ectric nodul e based on

a%ﬁ@p@ﬂdéﬁi@épahﬂe col d-si de tenperature sensor.

a controller connected to the input device to receive a variable from the
detector as an input into the controller, the controller controlling the power
provided to the thermoelectric module and to the motor based on the input, such
that power to the thermoelectric module is limited and fan speed is accelerated
when power to the thermoelectric module reaches a predetermined maximum

value.

22. The computer system of claim 21, further comprising:

a vapor chamber between the microelectronic die and the thermoelectric
module; and

a fluid in the vapor chamber, the fluid being evaporated when heat transfers
thereto from the microelectronic die and condensing when heat transfers

therefrom to the thermoelectric module.

23. The computer system of claim 22, further comprising:

17
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24. A nethod, conprising: operating an integrated
circuit in a mcroelectronic die so that the
wor@sosdosrt roni ¢ di e generates heat; provi di ngPCTYURSIN4/033065

to a thernoel ectric nodule so that the thernoel ectric
nodul e punps the heat fromthe mcroel ectronic die;
and controlling the current based on an i nput frgm at
|eald-sde tenpermutesiens brpween)thg vagpy EQ?IHEQT and e
tenperature sensor between the mcroel ectronic die and

therirvelddngs fruelide tthe comrdlibebeifigichnaedtet tsithkecolelrgide at ur e
sensor on a side of the thernoel ectric nodul e opposing

C ; . e
rembRe LALLM 0N eGP ATGARE chamanaL
fromthe mcroelectronic die and the thernoelectric
modyde breed engninpyt rpm thecolarsidsy tepirpraturs seRgor.
t hernmoel ectric nodule. 25. The nethod of claim 24,
further conprising: transferring the heat fromthe
m croel ectronic die to a fluid in a vapor chanber so

t hat the vapor. evaporates; and transferring the heat
24. fggﬂle{}}?g’ﬁl%ip 1sfn(g.t he thernoel ectric nodul e so that

the 18fluid condenses. 26. The nethod of claim 25,

vieeretingamantagratedtciicyitdn m mitnoetechanicadigso thyt thene

col d-si de tenperature sensor being |ocated between the

micNRRRErdri@aReS erbstes Reat;

providing current to a thermoelectric module so that the thermoelectric
module pumps the heat from the microelectronic die; and

controlling the current based on an input from at least one of the following:

(i) acold-side temperature sensor between the microelectronic die and the
thermoelectric module;

(ii) ahot-side temperature sensor on a side of the thermoelectric module
opposing the microelectronic die;

(iii) an ambient temperature sensor detecting ambient temperature of air
distant from the microelectronic die and the thermoelectric module; and

(iv) the current provided to the thermoelectric module.

25. The method of claim 24, further comprising:
transferring the heat from the microelectronic die to a fluid in a vapor
chamber so that the vapor evaporates; and

transferring the heat from the fluid to the thermoelectric module so that the
18
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thernoel ectric nodule. 27. The method of clai m 24,
wherein the current is controlled based on (H), the

Wl oi0553Me2 t enper at ure sensor being | ocat ed bet MEPNS1004033065
t hernoel ectric nodule and fins of a heat sink to which
t he heat conducts fromthe thernoel ectric nodule. 28.
The met hod of claim?24, wherein the current is

fluid sandensedd based on (iii), the hot-side tenperature
sensor being | ocated between the thernoel ectric nodule
and fins of a heat sink to which the heat conducts
fromthe thernoel ectric nodule. 29. The net hod of

26. CI'Ak hahod WIRILIDS, Reh &bl @RtcurferkQEstkbIRe baseelo® (1), the
(iv), the current bei ng limted and a fan cooling the

colof"@é@?é@%?r%%”%%@%’Pﬁbﬁﬁ@“ﬁﬁ%‘: e B i YiPorcleibi AR e

of cl al.m 24, wherein the current is controlled based
themmoeim’femtrhadlulene of (i), (ii), (iii), and (iv). 19

27. The method of claim 24, wherein the current is controlled based on (ii), the
hot-side temperature sensor being located between the thermoelectric module and

fins of a heat sink to which the heat conducts from the thermoelectric module.

28. The method of claim 24, wherein the current is controlled based on (iii), the
hot-side temperature sensor being located between the thermoelectric module and

fins of a heat sink to which the heat conducts from the thermoelectric module.

29. The method of claim 24, wherein the current is controlled based on (iv), the
current being limited and a fan cooling the microelectronic die being accelerated

when the current reaches a predetermined maximum value.

30. The method of claim 24, wherein the current is controlled based on more

than one of (i), (ii), (iii), and (iv).
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