WD 2005/ 039052 PCT/ US2004/ 033065 A COVPUTER SYSTEM HAVI NG CONTROLLED COOLI NG
BACKGROUND OF THE I NVENTION 1). Field of the Invention 5 [0001] This
invention relates generally to a conputer system and nmore specifically to
systens that_are used to cool a mcroelectronic die of t system
2). D scussi' VR 2WF R4t ed Art 10 [ 0002] As sem conduct or qgg&ﬁg&g}ngguch as
processors and processing elenents, operate at continually higher data
rates and hi gher frequencies, they generally consune greater current and

produce nore he i } i i devi ces
Wi thin certain @t&ﬁabﬁlépwmﬁ’{ mﬁﬂég(ﬁﬂﬂe ng“aEs]§$6Ofr‘f§ﬁg;eot hers.
Conventi onal heat transfer mechani sns have restri cted 15 the operation of
such devices to | ower power levels, |ower data rates, and/or | ower
operating frequencies. Conventional heat transfer nechanisns have |imted
heat transfer capability due to size and | ocation restrictions, as well as
thermal | i ngA@KGROUNBROFTIEESGRIERATON OF THE. DRAW NGS 20 [0003] The
invention is described by way of exanple with reference to the acconpanying
drawi ngs, wherein: | ----- TR

1). Field of the Invention

5 [0001] This invention relates generally to a computer system, and more
specifically to systems that are used to cool a microelectronic die of the computer

system.

2). Discussion of Related Art

10 [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

15 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

20 [0003] The invention is described by way of example with reference to the

accompanying drawings, wherein:



WO 2005/ 039052 PCT(US2004/ 033065 [0004] Figure 1 is a block diagram

Il lustrating conponents of a conputer system according to an enbodi nent of
the invention; [0005] Figure 2 is a graph of notor voltage and

t hernoel ectric voltage as controlled by a controller of the conputer system
of Figure 1;wenehs®39o8006] Figure 3 is a block diagram i | IR€IGSAN0HG3E06%Ur t her
conponents of the conputer system DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0007] A conputer systemand its nethod of cooling are provided; A vapor 10
chanber serves as a heat spreader for heat fromthe mcroelectronic die. A

t her noel ect [0D@4]noighee & ira/block diagpain itthetratimgxrompengsds obmdompiitarai n pr oper
functioni ng of the vapor chanber, thus keeping the mcroelectronic die

cool ed. A %@f&rﬁ,‘ﬂck@idiﬁgwwéﬁbbﬂﬁﬂéntfdf%ﬁ{v‘éﬁﬁbﬁﬁperatUre_ sensors, and
utilizes thé input to <Control current to the thernoel ectric nodul e and

vol t age/ cur t t or t 1 [ a f ' i tional
cooling. A @ﬁﬁ]enﬁg@éﬂg&a %‘fa:i&g\v\% xﬁ%tg)r b%@%ﬁ%’%ﬂ‘f&e%ge%ﬁﬁ%?&ggggl imt power
provided to the thernoelectric nodule. [0008] Figure 1 of the acconpanying
drawi ngs i | ¢ansralledédy aepnienilenof the campetenpyatern of Figwmliandaccording to an
enbodi nent of the invention, including a conputer processor 12, a cooling

appar at g 1{4)00@ Figared ipableock ﬂi%@@ﬁﬁﬂﬁs&&in@ﬁﬂt}%@ cempomentsl ofdhear at us 16
for the cooling apparatus 14. [0009] The conputer processor 12 includes a

package substr %§ d a mcroelectronic die 20 nounted to the package
substrate 1§c¥mﬁ%r %?&glél ectronic

DETAILED DESCRIPTION OF THE INVENTION

[0007] A computer system and its method of cooling are provided. A vapor
10  chamber serves as a heat spreader for heat from the microelectronic 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
15  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
20  acontrol 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



2 WD 2005/ 039052 PCT/ US2004/ 033065 die 20 has a mcroelectronic circuit
formed therein. The package substrate 18 provides structural support for
the mcroelectronic die 20. The package substrate 18 also has netal |ines

t hrough whi &Y]h? iJO%P%'@b_ power, and ground can be provi degC&%m%dgﬁog%She

m croel ectr The m croel ectronic die 20 heats up
circuit is operated. Heat generated by the mcroelectronic die 20 has to be
renoved, preferably in a controlled manner, in order to avoid danage to the

circui t duggl 9 RXE %ﬁﬁ%ﬁ'o%léfggﬂfé'ﬁ ldﬁtefﬁr L8 %eqlam-rhﬂ'\(f&?a%kéégs 1 e'i@i&’s 14

I ncl udes a vapor ¢ er noe ectrlc at sink 28, a
fan 30, and a tor 32. 10 [001}%}% The va or cha é ﬁ’ﬁe' S Iocat on the
mi cr oel ect rRSAVideg susralsuppert fiok the micxge 8@%‘9}1‘}6 1§ 2 nTheRackage s& %’@F‘F oni ¢

die 20 through a lower wall of the vapor chanber 22. The vapor chanber 22
has a | ar g8 dlsadtgsrmatal tihesthroeghrivbidredigudls, qruveer, ainé gp@undhcah lser ves as a
heat spreader that spreads heat comng fromthe mcroelectronic die 20. The

vapor Cha”ﬁ%Bv%%d%%hé‘nﬁh%le@&oﬁdei@Q@'r?h@ﬁuéﬂ&%ﬁE&éhcjcﬁe 20 hfe@@%z: whenal |'s
t her eof Is filled wth a fluid that can condense onto or vapor at e

i o 20 & agbt SOLT InAbarR Gy Herb At PR areroertrse aie AHE B ber vl | o
t he vapor chanber 22, and the fluid then condenses on the wicking structure
on an uppe rremh/bd,queferebkyap@rconh@ﬂbé mamer, therdenideavoididamage ta then 20 1 ows
back in the wicking structure to the lower wall, where it is again
circuit due to excessive temperatures.
[0010] The cooling apparatus 14 includes a vapor chamber 22, a thermoelectric
module 26, a heat sink 28, a fan 30, and a motor 32.
10 [0011] The vapor chamber 22 is located on the microelectronic die 20 so that heat
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
15  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
20 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,



evaporated. The tenperature of the lower wall of the vapor chanmber 22 has to
be accurately controlled in order to maintain the processor 12 bel ow a
predeterm ned tenperature. 3 WO 2005/039052 PCT/ US2004/ 033065 [0012] A

| ower ceram ¢ _plate 33 of the thernoelectric nodule 26 i t he
vapor chanbeV02%5088% conducts fromthe upper wal | of t%é’JTagg@rq}a%ﬁ%nber 22

through the electrically insulative |lower ceramc plate 33 to an upper
surface of the |ower ceramic plate 33. An upper surface of the | ower

ceram c pl 3 A ; t lggqpmgd &Mﬂ{ JoEEQE SN SHer eof .
[0013] Theq?ﬁlez?m%&gg%rrc%gaﬁloéo@\ﬁg%%&gﬁggﬁ%%ﬁf es t eLr'lrme 1gct rai C conponents
35 located on the 6‘?(—) r ceram | ate 33. The ti;ﬁ:r el ectrigﬁalglﬁghpﬁgents 35
are typi capgr gham r\é\ﬁ't e@F"H@B&ﬁ%’é‘hﬁ%‘ﬁﬁR@t‘% EoMSorfERt & urrent
is provided to the sem conductor conponents, the sem conductor conponents

can 10 punphtueggh theetectiealkyiinswlativalowextcetameic ipdate 3340 pnmppér derfacedd on t he
dopant type of the sem conductor conponents and the direction of the

current . Thee Ieda@tdrhf HIRAE AALBpkIAAck B IRELWd: Bttt hsiedier e not

described in detail herein. Suffice to say that current 34 is provided to

the thernoelectric dule 26, which.causes the thernoelectric conponents 35
to purrp5he§?‘%1e’f{?ﬂ1?%gg’fgtﬁm;°%%rr%aﬁe eﬁf"%i[' 33 to an electrically

i nsul ative u& er ceramc plate 37 thereof. The upper surface of the

t her noel ect[PPI3] nddhelthermaoelectriganodide 26 alspringludes Higamoelegiricrompanentnid

located on the lower ceramic plate 33. The thermoelectric components 35 are
typically a plurality of doped semiconductor components. When current is
provided to the semiconductor components, the semiconductor components can
10 pump heat, and the direction that the heat is pumped depends on the dopant type
of the semiconductor 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
15 lower ceramic plate 33 to an electrically insulative upper ceramic plate 37 thereof.
The upper surface of the theﬁnoelectric 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
20  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



[0014] The heat sink 28 includes a hot plate 36 and a plurality of fins 38
extending fromthe hot plate 36. The hot plate 36 is |ocated on the upper
surface 20 of the thernoelectric nodule 26. The heat conducts fromthe

upper surface of the thernoelectric nodule 26 through th (Ellgﬁ 6 to
the fins 38,‘%998(?#0\?\??3?e the heat can convect to surroun&" S&B‘#“%ﬁ@ 15] The
fan 30 is coupled to the notor 32 so that the notor 32 rotates the fan 4 WO
2005/ 039052 PCTI US2004/ 033065 30 when current 40 is provided to the notor

32. The fa | ver 1 0 , ' | .t fer of
heat from P%Oz&P?#\gxggﬁ@e% %é‘l’lrﬁ%gcgr’\ﬂ?%%w?%%éra%g?}égegr&?ﬁgu |§¥s&% and the
air. [0016] The control apparatus 16 includes_ a controller 42, a junction

t enper at ur e38, whighinsreages the transteraf deat zomdha fins §86‘iﬁ%‘rdl%9n theyot - si de
tenperature sensor 46, an anbient noisture sensor 47, an anbi ent

t enper at ur etesgpesaturebof theéina 38 andahé airsensor 50. [0017] The junction
tenperature sensor 43 is typically |ocated wwthin the mcroelectronic chip

20. The col {rd JyaelcTs ' ' P n upper
surface of @Rgdll grm%e? C er@%ﬁ@%ﬁ{g@%ﬁ%@ t§ @*?ﬁ@?n%% lag%ﬁdé@%%r% . The
hot - si de_ t enper ature gﬁnﬁor 46 is typically located on a |ower sufface of
the upper ¥@FeiA%aspitaidgtemprratyagensentd, @ BPHsISE demPSFRIUITENEPif: a0
tenperature sensors 43, 44, and 46 are all connected to the controller 42
and provi dearhbiedbawisttire semsor £ anraphbient téthpefattiteseansop4d, aindraecuofertthe
m croel ectronic chip and the tenperatures
sensor 50.
[0017] The junction temperature sensor 43 is typically located within the
microelectronic chip 20. The cold-side temperature sensor 44 is typically located
10  onan upper surface of the lower ceramic plate 33 of the thermoelectric 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
15  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
20  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



15 at the bottomand top of the thernoel ectric nodule 26, respectively. The
controller 42 can control the current 34 provided to the thernoelectric
nodul e 26 based on the tenperatures sensed by the junction, cold-side, and

hot-side tenperature sensors 43,44, and 46. The junctio r [e sensor
43 provi des WP %%t i on to the controller 42 when the%@ﬁ@&%@%@ggof t he

m croel ectronic 20 chip 20 approaches a predeterm ned nmaxi mum in which case
current provided to the thernpelectric nodule 26 is increased. The

Lerer at ur o 06 parl 22 SHEE 6 HeRRARRERFD Myt AEU LRI R nS T

punped by the thernoelectric nodul e 26. 5 WO 2005/ 039052 PCT[ US2004/ 033065
The cont r ol thejunctirutempsratuge senser 43 wikvn a paedefermingddangend subspaeat ur e
sensed by the junction tenperature sensor 43 within a predeterm ned range.

A subst r at etenhperprrratenser sambeiocatesd wretHequaakagk aubstrate Ihakdgerovdbdstrate 18
and provide tenperature feedback to the controller 42 instead of or in

addi tion toetnlciﬁ‘e' FedBaciotd BERBhALHELLSHEBRAG of iz{Q&’é?Jo‘ U Qh@ﬁi?{hﬁ&ﬁ
noi sture seFls rﬁ{;ﬁgr g\% 8%3 &dat atot Elg coﬁ%rgolofeﬁ 42 o nrrgi sture
percentage in the surrounding air. The anbient tenperature sensor 48 is
al so comect@PHBUWRENSGREP 0l | er 42 to provide feedback to the controller 42
of a tenperature of air sensed by the anbient tenperature sensor 48 at a
| ocati on 10J0@il8k affhe Ambiert maoistiine sersonpd peoitides dataso tag exhtialler 42 ofir awi ng.
The conbi ned readings of noisture percentage and anbi ent tenperature allow
the control histfide percentage in the surrounding air. The ambient temperature sensor 48 is
also connected to the controller 42 to provide feedback to the controller 42 of a
temperature of air sensed by the ambient temperature sensor 48 at a location
10  distant from the other components illustrated in the drawing. The combined
readings of moisture percentage and ambient temperature 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
15 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.
20 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



to cal cul ate noisture content of surrounding air. The controller 42

regulates current to the thernoelectric nodule 26 in such a manner that

condensation on cold parts is avoided. The tenperature of the |lower ceramc

pl ate 33 as 5 by the col d-side tenperature sen for

exanpl e, ‘ﬂgtzgl)%{ﬁgﬁ%rt ionately higher with a higher msgsfﬂﬂsﬁomoégogent of

t he surround| ng air. [0019] The current sensor 50 detects the magnitude of

the current 34 provided to the thernoelectric nodule 26. The current sensor

50 is conn t Pller 42 so that the controller 42 receives

f eedback of ﬁfehetcrrﬁgntﬁgng)g of the current 34. 20 Based on the resi stance of

t he thernoel e ule, the controller can ul ate the vol t age

provi ded t(f 9?‘@ tﬁigﬁq?g@”@é?ﬂeéhﬁﬂ‘ﬁ eé“?@r("Rﬁ%? ?I‘d CHYREEERICHOURgE can

al so control the current 40 provided to the notor 32. An increase in the

current 40 qande aatrolled biydhevomtrolbst 42i Mhehnotdneoltageand thermmekeciric vol t age 6

WO 2005/ 039052 PCTI US2004/ 033065 provi ded to the notor 32. [0020] Figure 2

i1l ustrates;JjQ %hq; He E?&ﬂ{%&ﬁll éygggeqﬁtthég age can be
S%y gﬁe ¢ € [

controlled troller tor votage andt el ectric

vol t age y each be | eased ]inearl I ncr the copling 5
requir er?ga tieqyremgRt Srﬁr}g‘%gp%r@@ HPEJCd%%%OJBhQ'HF f%'iﬁé‘i %@fargecm@%&’ age may
be limted to 12 volts by the controller 42, so that only the notor voltage
i s i ncr easdimited éml2rwokts by the qomtiadler 42y sortbat Qrﬂ;amhenmt@deqltagmmmm nt .
Thernoel ectric nodules are inherently inefficient, and therefore require a

| 'arge amounyheh nRR¥R6eling is required than a predetermined amount. Thermoelectric

modules are inherently inefficient, and therefore require a large amount of power.
However, power can be conserved by limiting power to the thermoelectric

10 module 26 and providing more power to the motor 32. A sufficient amount of
power is still provided 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

15 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

20  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.



However, power can be conserved by |limting power to the thernoelectric 10
nodul e 26 and providing nore power to the notor 32. A sufficient anount of
power is still provided to the thernoelectric nodule 26, so as to keep the

| ower ceramic plate 33 at a tenperature sufficiently lowto ensure that the
t enper at ur e wof2oastes9os2 ocessor 12 remai ns bel ow a predet erRETEHI00FHII0ALIM
tenperature. [0021] It can thus be seen that the vapor chanber 22 serves as
a heat spreader for 15 heat fromthe mcroelectronic die 20. The

t hernoel ectric nodul e 26 serves to cool the vapor chanber 22 and maintain
proper funcl003di ntigute 3 pEtheasepmphnyipgrdrawingsiHustrates futpracmpanests afhe
processor 12 bel ow a predeterm ned maxi mum tenperature. The controller 42,

in this enbgdicobiputer §eRinY26. Thedbmpatdrapstes 10 fitther indulieypbualld e sensors
43, 44, 46, 47, and 48, and utilizes the input variables to 20 control the

32 that _dri DAEhE R RY W RO 12 P plciony b Rchibry A5, ™ ©f

sensor 50 allows the controller 42 to nitor and |jmt power ovided to
Che  t har moRflePPY PEVEddMacompact digs toadmrinotmomdF LUBSIAADT8Es 2 [ 0022]
Figure 3 of the acconpanying drawings illustrates further conponents of the

conput er5 sykardndidlodrivhd28,ampohitor Kdshaving 8 séreen dth a disipledearea, dleybbafd
havi ng connected thereto the processor 12, cache nenory 116, nai n nenory

118, a fl ggzga,/ aﬂgh 0&3%01128?‘&%{%%5&41&1%111%4 'eCfoﬁi'di‘ﬁ?C}?graﬁn‘FPaMto?éd ve

122, a 5 h rive 123, a nonitor aving a en wth a display

area, a keycl)algl)’%]g example, a compact disk and be loaded in the CD-ROM drive 122. The

instructions of the program can be loaded into the cache memory 116 and the
main memory 118, while more of the instructions may reside on the compact disk
10  and on the hard disk of the hard drive. The floppy drive 120 or the hard disk
drive 123 may be used instead of the CD-ROM drive 122 to load instructions into
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
15  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
20  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



126, and a nouse 128. A list of instructions in the formof a programcan be
stored on, for exanple, a conpact disk and be |oaded in the CD-ROM drive
122. The instructions of the programcan be |oaded into the cache nenory
116 and the ry 118, while nore of the instructi de on

t he conpact‘ﬁ]skﬂfgﬁggd on the hard disk of the hard dri §%¥ﬁ¥ﬁ§¥0ﬁ g%y drive
120 or the hard disk drive 123 may be used instead of the CO-ROM drive 122
to load instructions into the conputer system 10. The instructions can be

read by thenpsRessisdot ie”sm&eé to Mg&éﬁ&@ﬂ%ﬁcﬁ/&ﬂs%ded}%{ HPIweXxecut i on
of the progran1 user interact utilizing the nouse 128 or the keyboard

A
126. A respe nal e 15 enerate t he,.nou 8, 0r..the
coyboar d 1760 aﬂ%fﬁﬁafefrgo%é@ﬁh% el et STUBRHRGIRY At o ¢ ne
processor 12, which responds to the S|gnal to nodify an execution of the
program Execution of the program by the processor 12 results in control of
how i nformation, stored in the main nenory 118, the cache nenory 116, the
hard di sk drive 123, or the CD-ROM drive 122, is displayed on 20 the
di splay area of the nmonitor 124. [0023] Wile certain exenplary enbodi nents
have been described and shown in the acconpanying drawngs, it is to be
under st ood that such enbodinments are nerely illustrative and not
restrictive of the current invention, and that this 8 WD 2005/ 039052
PCT11JS2004/ 033065 invention is not restricted to the specific
constructions and arrangenents shown and described since nodifications may
occur to those ordinarily skilled in the art.



9 CLAIM5 What is clainmed: 1. A conputer system conprising: a

m croel ectronic die having an integrated circuit fornmed therein; a

t hernoel ectric nodule thermally coupled to the mcroelectronic die so as to
punp heat fromthe mcroelectronic die when power is provided to the
thernoel ectric nodule; a fan; a notor coupled to the fan to rotate the fan
so that the fan cools the mcroelectronic die; an input device; and a
controller connected to the input device to receive a variable fromthe
detector as an input into the controller, the controller controlling the
power provEHaMBo the thernoelectric nodule and to the notor based on the
i nput, such that power to the thernoelectric nodule is limted and fan
speed i s avtel iechimel: when power to the thernoelectric nodule reaches a
predet er mi ned maxi num val ue. 2. The conputer systemof claim1, further
conprising: a hot plate thermally coupled to the thernoelectric nodule, with
the thernoelectric nodul e between the mcroel ectronic die and the hot

pl ate; andja hqg-g&g gﬁggg{@$ﬁ gsiggnsor on a side of the thernoelectric
modul e of the hot ﬁgt and opgo%lﬁg the microel ectronic chip, the

controller bei NOm RS rtogl% dtieohatvri]r% arrllqkt_egrated circuit formed therein;

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

a fan;

a motor coupled to the fan to rotate the fan, so that the fan cools the
microelectronic die;

an input device; and

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.

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

a hot plate thermally coupled to the thermoelectric module, with the
thermoelectric module between the microelectronic die and the hot plate; and

a hot-side temperature sensor on a side of the thermoelectric module of the hot

plate and opposing the microelectronic chip, the controller being connected to the hot-

10



10 side tenperature sensor to receive an indication of tenperature at the
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. 3. The conputer systemof claim1, further conprising: ajunction
tenperature sensor within the mcroelectronic die, the controller being
connected to the junction tenperature sensor to receive an indication of
tenperature at the junction tenperature sensor, the controller controlling
current provided to the thernoelectric nodule based on an input fromthe
junction tsdpiemaeraiuee ssaresde recaive ThindieHpu pelempyratistdhe botaidedemperaiieher
conprising: an anbi ent tenperature sensor detecting anbient tenperature of
ai r di st amdenfor ghe céri ol @noellmgtcnoent praiidedan thetthantoklectmoeh @l basecdhwdul e, t he
controller being connected to the anbient tenperature sensor to receive an

i ndi cat i onarahpitgrmemathet-sd@tenipdpitadémet tenperature sensor, the controller
controlling current provided to the thernoelectric nodule based on an input

fromthe anbient tenperature sensor. 5. The conputer system of claim4,
further conprising: an anbient noisture sensor detecting ambi ent noisture of

air distan§ fr e%h% ugigrQelgftgﬁpi kg gﬁdﬁghe t hernoel ectric nodul e, the
controller‘beigg]c8n 8¢t &34 ﬂe anbi entOnbi'Stkire sensor to receive an

i ndi cati on of noisture at the ag?i& t .noi sture sor, the controller
Th

n Se
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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.

4. The computer system of claim 3, 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.

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

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

an input from the ambient moisture sensor.

11



6. The conputer systemof claim11, further conprising: an anbient

t enperature sensor detecting anbient tenperature of air distant from the

m croel ectronic die and the thernoel ectric nodule, the controller being
connected to the anbient tenperature sensor to receive an indication of
tenperature at the anbient tenperature sensor, the controller controlling
current provided to the thernoelectric nodule based on an input fromthe
anbi ent tenperature sensor. 7. The conputer systemof claiml, further
conprising: a vapor chanber between the mcroelectronic die and the

t hernmoel ectric nodule; and a fluid in the vapor chanber, the fluid being
evapor at ed when heat transfers 20 thereto fromthe mcroelectronic die and
condensi ngéwhenTheaaimpureaggdiean sf ¢lher &ffuahericompliging:t her noel ectri c nodul e. 8.
The conputer systemof claim?7, further conprising: a cold-side tenperature

sensor between fhgnd@Re@mshatRatnRndetbdimgtaifidil Rngetdhirg of APt frbhe
controll er being connected to the col d-side tenperature sensor and

controlling
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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.

7. 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 20
thereto from the microelectronic die and condensing when heat transfers therefrom to the

thermoelectric module,

8. The computer system of claim 7, 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.



