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COPPER HEAT SINK FOR COOLI NG | RGH PONERED M CROPROCESSOR 5 Techni cal
Field This invention relates generally to a heat dissipation device for an
i nt egr at MOSMEEAIt assenbly, and nore particularly to theCtuseudos’e of a
heat sink. 10 Background M croprocessors and other related conputer
conponents are becom ng.nore and nore powerful w th increasing
capabilities, resulting in increasing amounts of heat generated from
these conponents. Packaged units and integrated circuit die sizes of
these 15 conponents are decreasing or renmai ning the sane, which increases
the anmount of heat energy given off by the conponents for a given unit of
surface area. Furthernore, as conputer rel ated equi pnent becones nore
powerful, nore and nore conmponents are being placed inside the equipnent
which is also decreasing in size, resulting in additional heat 20

generation in a sl pARA ETEPIATERINGIN RVHEIFEOFPRIEHIAYT SINK*"
potentially danage t Eﬁglne ents of the equi pnent reduce
lifetime of the indivi &g’r% HIGH:FQ WM CHSSORre, |arge

anounts ofsheat produced by many such integrated circuits nust be

di ssi pated, and thGrefare nust be acc d fQr..in designing the 25
integrated circuit nmounting and packa#%é%ﬁ@gs. In current packagi ng
techni ques, heat sinks This nvention rofatés gereratly todleeat dissipationdievioé for an

m Cr opr ocessors havhﬁ%ﬁeg &s%nﬁﬁ &ﬂg@ cessors.
The overall size of the, heat sinks |ggﬁamtegﬁgy une co%gtral nts
of the housing. To gke the anount of heat 30 dissi pat ed fromthe had
produci ngigonponents, there is a need tBackground

Microprocessors and other related computer components are
becoming more and more powerful with increasing capabilities,
resulting in increasing amounts of heat generated from these
components. Packaged units and integrated cifcuit die sizes of these

15 components are decreasing or remaining the same, which increases the
amount of heat energy given off by the components for a given unit of
surface area. Furthermore, as computer related equipment becomes
more powerful, more and more components are being placed inside the
equipment which is also decreasing in size, resulting in additional heat

20 geuneration in a smaller volume of space. Increased temperatures can
potentially damage the components of the equipment, or reduce the
lifetime of the individual components and the equipment. Therefore,
large amounts of heat produced by many such integrated circuits must
be dissipated, and therefore must be accounted for in designing the

25 integrated circuit mounting and packaging devices.

In current packaging techniques, heat sinks are often applied to
the front side of microprocessors having a die to dissipate heat from the
microprocessors. The overall size of the heat sinks is limited by the
volume constraints of the housing. To improve the amount of heat

30 dissipated from the heat producing components, there is a need to
increase convention surface area of the heat sinks without increasing
the volume of the heat sinks. The current techniques require the
reduction of spacing between fins of the heat sink to increase surface
area of the heat sink. However, this results in tighter spacing between
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increase convention surface area of the heat sinks w thout increasprfgjyit g
vol'ume of the heat sinks. The current techniques require the reduction of
spaci ng bejgagrihkins of the heat sink to increase surface_ area of the
heat sink. However, this results in tighter spacing betwe&&TSSAHRGUTE
SHEET (RULE 26) 2 7 JUL 2006 WO 01/61751 PCT/ B0i/040%$7 fins, which in
tamincreases air flow resistance resulting in higher thernmal resistance.
For the reasons stated above, and for other reasons stated bel ow which

wi || beconme apparent to those skilled in the art upon reading and 5
understanding the present specification, there is a need to increase
convection surface area of a heat sink w thout having to reduce the
spacing between fi nsfisoWhichdn tum incagesminflovn esistantcaresiilting @uhighged heat

di ssi pation by the hfieima$ rédlstangeef Descrlptlon of the Dravm ngs 10 In the
drawi ngs, like nunerals gescribe substanti a simlar conponents

t hroughout the several i #Re Tepsopa siatedaboy ather tiascns stated Heldw er

_suffixes represent dwhitiewilhbedons Eﬁﬁtteftho%U%Il&P %%@Mﬁ%
| fren

conponent s.e Figure ect| vi ew of qne

present 15 invention sﬁoizmvmaﬁ %#Wﬁﬁ@ 18 gneedioinetsae i s a front
vi ew of one enbodi mvwhmhwfmmofmdhwmkwﬂdwhﬂvﬁ téredudd@hepect i ve

vi ew of one enbodi n'zzgﬁb&wémp n neral |y the fin
structure including Lhe Surface area erﬁ\éﬁﬁé‘m% ﬁég&"?ﬁﬂ Bure 4 is
a side view of one AR /Y ths in structure show ng generally the

staggered surface area enhancer gﬁ%ﬁs a perspective

view of angt her embodi mgpty O wmgs like numerals describe substantially similar
components throughout the several views. Like numerals having
diﬂmleﬁusuﬁxesrepmmtdiﬁamtiustmmofsubstanﬁany
similar components.
Figurelisaperqwctiveviewofoneembodimentofthepresem
15 mvention showing generally the heat sink.
Figure 2 is a front view of one embodiment of the fin structure,
Figure3isapempecﬁveviewofoneanbodimentofthepresent
invenﬁonshowinggena'allyﬂmﬁnstmcmimludingﬂlesmfaoem
enhancer structures.
20 Figure 4 is a side view of one embodiment of the fin structure
showing generally the staggered surface area enhancer structures.
Figure 5 is a perspective view of another embodiment of the
prfasmtinveuﬁon,ahowinggmaﬂlymemomﬁngofafananda'
microprocessor to the heat sink,
25 Detafled Description
In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in whichis -
shown by way of illustration specific embodiments in which the
invention may be practiced. These embodiments are described in
30 suﬂicientdetai]tomableﬂ:oseskilledinthearttopracticethe
invmtion,anditisbobeunderstoodthattheembodjmentsmaybe
combined, or that other embodiments may be utilized and that
structural, logical and electrical changes may be made without
deparﬁngﬁ‘omthespiﬂtandscopeofthepresentinvenﬁon. The
2
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present invention, show ng generally the mounting of a fan and a

m croprocessor to the heat sink. 25 Detailed scription In the fol 12l g 2004
detail ed description, reference is made to the acconpanyi ng draw ngs

whi ch f oi W@O0Pe&751 her eof and in which is shown by way ofpdtstajelgabi on
specific enbodinments in which the invention nmay be practiced. These
enbodi nents are described in 30 sufficient detail to enable those skilled
in the art to practice the invention, and it is to be understood that the
enbodi nents nmay be conbined, or that other enbodi nents may be utilized
and that structural, logical and electrical changes may be nade w thout
departing fromthe spirit and scope of the present invention. The 2
SUBSTI TUTE SHEET (R UL. 2004 01/ 61751 PCTI USO1/ 04087

fol | owi ng detail ed esﬁ%?ﬁﬂ‘iﬁ"fﬂﬁ’é’ﬂl potite) 5%@1@@3
linting sense, anémsnanddb@mpéofﬂlepmsanwmum/ﬂﬁbﬁﬁwb fppcnsh by the
appended cl ai m8 andpbf¢! dr ngs, i neral s
descri be substantlgl aid arﬁ@gﬁpg%tﬁehttﬂ ngﬁﬂﬁ Vi ews.

Li ke 5 nuneral s havF\’R}"{%iﬂﬁﬁn mmgmmmemmm: Liler ent
instances &f subst atinefild havighdifferen %iiﬁﬁﬁr?@gﬁ éﬂiﬂ?ﬂ&aﬁ i bes,
anong ot her things, heat sh‘r}@qgaw n an enhahced convecti O ggﬂi@ ace
area. This is acconﬁ&fs?r\’gﬁu ment by havi ng a thermal |y

conductive base incl udi ThisalotGmedtdesdribesy; ationg i ng
upwardly fromthe tig H@nkéq QH#E The I ur I | gtuctum
further conprising a p ura |t tsgl%é’c E‘fhé{q%ures

ext endi ng out war dl y y@nd!qumbneamludmpi fin

struct uredoto increphﬁﬂﬁyeﬁﬂﬂmmm?%{hgﬁgﬁﬁys' nk for a
gi ven vol ure. conductive base. The plurality of fin structures further comprisi
comprising a
phnaﬁtyofsm‘facemmhms&uctmesextmdingoutwardlyﬁ‘oma
first surface of the plurality of fin structures to increase a convection
surface area of the heat sink for a given volume.
15 Figurelisapmpectiveviewi]hm&aﬁnggmemlly,bywayof
example, but not by way of limitation, one embodiment of a heat sink
100. Thermally conductive base 110 includes a plurality of upwardly
extending fin structures 120. The plurality of fin structures 120 have a
gencrally planar first surface 123, and a plurality of surface area
20 enhanwrsu-ucturesISO.Inoneanbodimanﬂleplma]ityofsmface
area enhancer structures 130 extend outwardly from the first surface
123 to increase a convection surface area for a given volume of the heat
sink 100. In another embodiment a second plurality of surface area
enhamersu'ucunes(notshown)extendomardlyﬁ'omamond
25 surface 125 of the plurality of fin structures 120. In one embodiment the
second surface 125 is disposed opposite the side of the first surface 123.
In one embodiment the first surface area enhancer structures 130 are
arranged in an array pattern. In one embodiment the plurality of fin
structures 120 are attached laterally to the thermally conductive base
30 110 having a predetermined gap 127 between the fin structures 120.
Also in this embodiment the heat sink has a top surface 150 on the
plurality of fin structures 120, and a bottom surface 160 on the
thermally conductive base 110 and across from the top surface 150. In
thisembodjmentthcphn'a]ityofﬁnsu'ucnmhaveaphralityoftabs
3
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15 Figure i is a perspective view illustrating generally, by way oz7J 00
exdnpl e, but not by way of limtation, one enbodi nent ofa heat sin f%g.
Thermal Iy g@n ﬁébve base 110 includes a plurality of upwardly extending
fin structures The plurality of fin structures 120 hX¢a/UH01/g408T1

Pl anar first surface 123, and a plurality of surface area 20 enhancer
sbuctures 130. In one enbodinment the plurality of surface area enhancer
stnWures 130 extend outwardly fromthe first surface 123 to increase a
convection surface area for a given volume of the heat sink 100. In

anot her enbodi nent a second plurality of surface area enhancer structures
(not shown) extend outwardly froma second 25 surface 125 of the plurality

of fin structures 120,0 HPMIF Feilihd ce..12

di sposed opposite the si dz E tle fl rst ﬁ?ace gggowfﬁpi\ﬁémgﬁggﬂl ment
the first surface a 61 on@rthammh-fmm array
pattern. In one enb@tﬂthudlmtmielmﬁw&iunuucﬁa&ﬁv afd’ ©

attached laterally M 110 having a

pr edet er mi ned gap 127 et ween Wlﬁpgﬁhﬁ thermally h ¢ hi s

enbodi ment *t he heat caRdfictive basg 146 basupluzality afidler 70ibelocple ind isten a0f i N
structures 120, and néicRprdcesbo b b&% ?‘Hﬁcg ctive base
110 and across fromthe su ﬁE]?;ce 15 hi SL ﬂ%‘tr%’#tcl%ph plurality
of fin structures h&Y8 @Bﬁ&m"& Mm@mdwmm 26) 2
7 JUL 2004 WO 01/61WMU8W&6&% gpww ﬁ,rom the top

ocatl

LIS, 150 01,1 S S o 8 e
mtrgdum ﬁ g comeil;elmméén@mmaa&upmmmmmg &)daﬂélhrrc;: I”F 18?
10163 170 o ocat oopmp i GRkl EPray  nll ' |
Figure 2 is a front view illustrating generally, by way of example,
butnotbywayofhmrtanon,oneembod:mentofaﬁnsuuctmelzo

15 having a laterally extending planar first surface 123, The first surface
123 has a first plurality of surface area enhancer structures 130 to
increase a convection surface area of the fin structure 120. In one
embo&mmtmesm&cemenhanmareproh'uaonsextmdmg
outwardly from the generally first planar first surface 123 of the fin

20 structure 120. In another embodiment the surface area enhancer
smwturesarebmnpsexmdingmnwardlyﬁ'omthcgena'aﬂyplmar
first surface 123 of the fin structure 120. In this embodiment the first
phmﬁtyofsm'facemeuhmstrucumslwmmgedinmay
pattern.

25 Figm-e3isapa'spocﬁveviewofaﬁnslructnre1205howinga
first phurality of bumps 330. These bumps 330 can be spherical, cubical,
conicaLormyoma'similarshapesﬁtableformhamingthem'face
area of a heat sink 100. In this embodiment the Tirst phurality of bumps
330 are shown arranged in an array pattern. In one embodiment the base

30 of bumps 330 is approximately in the range of about 0.015 to 0.035
inches,andtheheigbtofmebumpsﬁ-omthebaseisapproﬁmatelyin
the range of about 0.025 to 0.05 inches. For a given volume of the heat
sink, these bumps 330 can generally increase the convection surface
arca and volume of the heat sink by about 10 to 20%, and this can

4
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' B

m croprocessor on to the bottom surface 160 of the heat sink 100.2bn qmﬁ
entodi nent the thermally conductive base 110 and the plurality of f#%
structures_120 are made from an oxygen free, high conductivity copper

all oy, con™H6APlat | east 90% copper. In this enbodi mentPCINEs0iBs0s7
plurality of fin structures 120 are attached to the thermally conductive
base 110 by soldering using an eutectic solder having tin and lead in a
ratio of 63 to 37 respectively. Figure 2 is a front viewillustrating
generally, by way of exanple, but not by way of limtation, one

enbodi nent of a fin structure 120 i5 having a | aterally extendi ng pl anar
first surface 123. The first surface 123 has a first plurality of surface

area enhancer structg&lﬁﬁ LEeas onv area of the
fin structure 120. In ﬁﬁgﬁﬁ%ﬁﬁ}%t\ ‘ﬁ@ﬂﬂﬁ ﬁ%‘t’%g"’é‘imﬁgﬁs%ﬁe
prﬂrusr ons e]z(tteﬂdr P‘B cmmw;m&hwmd%%nﬂmﬁmtmhfr rstf
suffice 0 e fi7n t l‘méﬁ?.’ 5’??5 %?TBQ 1) e surface
area enhancer strug%cti]fg%mg;&%é s extend] ng %Mﬁ e general ly
planar first surfa ephminiyrrent t he
fast plurdity of memeSMmm@&ﬂyﬁmﬂmtﬂéﬁﬁs&&QmérlQ apranged in

array pattern 25 F| giﬁl@ |ve vrewl?ﬁhafrn structure 120
showing a first pl uraﬁ Q#;}é 1ix"ﬂ”nerlcal

cubi cal, conical, ﬁ&df&eﬁwﬂlt)wfﬁimthM|Mbl e for enhancr ng the

surface area of a heat pi 4309 &n!ﬁsﬂpggh@m |r t rality of

bunps 330 are shovvg)‘s gﬁk | SIL<£;11,1r=1 array pa Bg nt t he

base 30 of bunps 33 otaaﬁabtmtmelms to 0.035

i nches, arid t he hei Having| &e@ﬁfﬂt 1 y in the
SR PRy BE ),

t hese BLWS?"EEOOC% 33??9'%&%5@5%%@%@%&%&%@%@% and
vol ume of the -heat klﬁiblsablbodlmﬁtﬁnﬁiﬁﬁﬂumwafbmp@m&meﬁmt
mm&celﬁms&ggaedm&respecttoﬂaeseeondphmhtyofbmps
332 on the second surface 125 to eliminate any mechanical contact with

15 thcblmpsonthe:ﬁrstandsecondsurfaoeslﬁandlﬁofad]acentﬁn
structures 120, when a predetermined gap 127 between the fin
structures 120 is less than or equal to sum of the height of the first and
second plurality of bumaps 330 and 332, In this embodiment the first and

_ second plurality of bumps 330 and 332 (not shown for clarity) are

20 arranged in an array pattern. It will be appreciated that the first and
second phurality of bumps 330 and 332 can be arranged in different
patterns, and the present invention is not limited to an array of bumps.
For example, the first and second plurality of bumps 330 and 332 can
be arranged in a circular pattern.

25 Figure 5 is a perspective view illustrating generally, by way of
example, but not by way of limitation, one embodiment of a heat sink
assembly 500 having a heat sink 100. In this embodiment the heat sink
has a thermally conductive base 110, and a plurality of laterally and
upwardly extending fin structures 120 extending from the thermally

30 conductive base 110. In this embodiment the heat sink has a top surface
150 on the plurality of fin structures 120 and'a bottom surface 160 on
the thermally conductive base 110 and across from the top surface 150.
In this embodiment the plurality of fin structures has generally planar
first and second surfaces 123 and 125 as shown in Figure 1. In this

5
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SUBSTI TUTE SHEET (RULE 28) | 2 7 JUL 2006 WO 01/61751 PCTIUSC&lO48§
significantly increase the heat dissipation rate by about 10 to 2 A)dyéJW&
t he conve j7speat sinks having no bunpl 330 in the fin structure 120.
In one enbodi ment the plurality of bunps 330 are cheni cal RET/USOEOAO8T f r om
the fin structure 120. In another enbodinment the plurality 5 of bunps 330
are integrally fornmed with the fin structure 120. In another enbodi nent
the plurality of bunps 330 are attached to the first surface 123 of the
plurality of fin structures 120. Figure 4 is a side viewillustrating
generally, by way of exanple, but not by way of l[imtation, one

enbodi nent of a fin structure 120 10 having staggered first plurality of

bunps 330 and seconmm@eﬁﬁamummdﬁﬂﬂ‘amlnhﬁdlmﬁﬁ(mﬁ%aurfaces

élzﬁrglnldtygf O];)uﬁfgg ];130 or?the ﬁrg%:%@&ép ace 53%@%8@8

respect to the secorlBCIERSGAROnYSotign syriaes MMMﬂmsurface 125 to
el i mi nate any necharenstidirenttestieat'dihiasbémb lﬁmeg étfaﬁﬁcdg[)‘d second
surfaces 123 and 12%9#%@@%%%#ﬁ S f%en a preset erm ned
gap 127 between the r fhis. embodiment-she fap smm of
the height of the flmmmmmmumlmafsowwgnm

iﬂéinePB?d'cF‘ér”ftty?ea%@ arr%&‘*‘ﬁ‘% oSkt ) 3n e %@ﬁaﬂsﬁmﬁz (no
gpprem at eg Itgaél ]Epgmfthﬁ;ws rlmomﬂnoﬁglbuphmmmm 332 can
l;ama[regn?e n arrayég‘télgﬂwr%gi ﬁfzg?mexgﬁn&b#u gl rst \aﬁﬁ%secor@ afurahty
of bunps 330 and 33 fo.a battopsurface, e gure 5
is a perspective vi dhmaﬂymﬁmhmba;eﬂw#ﬂhyhehwmmooinmmbut not
by way of Ii mitationne fidfmRARPQHIRNE blle 07 Atackid S the microprocessor 530
by using a fastener which extends into or through a plurality of holes
540 in a printed circuit board and holes 170 in the base 110. In this
15 embodiment the plurality of fin structures 120 includes a predetermined
gap 127 between the plurality of fin structures 120. In this embodiment
aconvectionmedimnisintmdnoedbythefanSlOﬂn'oughthetop
surface 150 into the predetermined gap 127 of the fin structure 120 and
around the first and second plurality of bumps 330 and 332 such that
20 meconvecﬁonmedilmhasaunbul@mﬂowinmepredetc:minedgnp
127 and around the first and second plurality of bumps 330 and 332 to
substantially enhance the heat dissipation from the heat sink 100.
Conclusion
The above described heat sink provides, among other things, an
25 enhanced heat dissipation from a microprocessor. The enhanced heat
dissipation is accomplished by having a plurality of surface area
enbancer structures on a plurality of fin structures attached to a
thermally conductive base of the heat sink to substantially increase a
convection surface area of the heat sink.
30 Itis to be understood that the above description is intended to be
illustrative, and not restrictive. Many other embodiments will be
apparent to those of skill in the art upon reviewing the above
description. The scope of the invention should, therefore, be
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assenbly 500 having a heat sink 100. In this enbodi nent the heat mfﬁ&mpﬂﬁa
a thermal |y conductive base 110, and a plurality of laterally and

upwardly extending fin structures 120 extending fromthe thermally 30
conduct i va"BAY&78H0. | n this enbodi ment the heat sink hasPer/Usq/oaesrf ace
150 on the plurality of fin structures 120 and' a bottom surface 160 on

the thermally conductive base 110 and across fromthe top surface 1SO In
this enbodiment the plurality of fin structures has generally planar

first and second surfaces 123 and 125 as shown in Figure 1. In this 5
SUBSTI TUTE SHEET (RULE 26) 2 7 JUL 2004 WO Ov61751 PCT/ US01104087

enbodi nent the first and second surfaces 123 and 125 have a first and

second plurality of jouons 3 32 ot shown). .t o

i ncrease a convecti gn sur ace ar%ﬂ%mﬁew "3‘6‘8?{%5%@5

enbodi ment t he heat Seapgief agtvalests toseiich suchelhisos arefeatitlédl 0 att ached to 5 the
top surface 150 of the heat sink 100. In this enbodinent the fan 510 is

| ocated and fastened to the top surface 150 of the heat sink 100 by wusing
a plurality of tabs 140 (Figure 1), on the plurality of fin structures of
t he heat sink 100, which extend into or through a plurality of holes 520
in the fan 510. Also in this enbodi nent the heat sink assenbly 500 10

i ncl udes a m croprocessor 530 attached to a bottom surface 160 of the
thermal |y conductive base 110 of the heat sink 100. In this enbodi nent

the thermally conductive base 110 is attached to the m croprocessor 530

by using a fastener which extends into or through a plurality of holes

540 in a prinWcircuit board and holes 170 in the base 110. In this 15
enbodi ment the plurality of fin structures 120 includes a predeterm ned
gap 127 between the plurality of fin structures 120. In this enbodi nent a
convection nmediumis introduced by the fan 510 through the top surface
150 into the predetmm ned gap 127 of the fin structure 120 and
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around the first and second plurality of bunps 330 and 332 such t 60
the convection nediumhas a turbulent flowin the predeteerninedqggﬂ L 108¢
and around the first and second plurality of bunps 330 and 332 to
substantially enhance the had dis pabon fromthe heat sink 100.

Concl usi on The above descri bed beat sink provides, anong other things, an

25 enhagged THER AW @ getion froma mcroprocessor. The enhanced heat
di ssipalton 15 acconplished by having a plurality of surface area
enhancer structures on a plurality of fin structures attached to a

t her mal hy conducti,ve base of the heat sink to substantially increase a
convect fon séirieatHnk, COMPLSWE: heat sink. 30 It is to be understood that

the above deggfdnpbiiPPordachivd GRESHdt 0 be illushati and not ' ve ,
restrictive. Many other enbodinmarts will be apparent to those of skill

in the art upqiumabityi efvfingstriveured extendidg supwapdly dnom Tthe tharoadly ofontlineive
I nvention shaul d, therefare, 6 SUBSTI TUTE SHEET (RULE 26) 7 JUL 2004
W0 01 658 ETe B ooty STPURRGR HAYS, &1 EREFALY PN ird, SustiE
cl ai ns, c&h@ﬁ%n%’%tﬂistt Brality) bf suRfHeP GredfenBiitel Hrechires, [WhatbinGhe $ikt blghRiyns are

S
entitled. TI TUTE SHEET (RULE 26) 27 JUL 2004; WHAT |S CLAFMED I'S: 1.
A heat ef surface argprenbanegr stauatires havd 3 base ragproximatelydn ¢he range af ahhawt 016y of

fin structures endi n pwar.d fro he thermal |l y conductive ase,

wher of niTERE 1 (P4} oo A Beigh froimcie e ety ) U Sohiy OF PR

sur f ace(,025 inches to 0.05 inches, wherein the heat sink has a top surface on the fin structures,
and a plurality of tabs extend upwardly from the top surface of the fin structures.

2. The heat sink of claim 1, wherein the plurality of fin structures further have a
generally planar second surface opposite the first surface, the second surface comprising a
second plurality of surface area enhancer structures wherein the second plurality of surface
area enhancer structures have a base approximately in the range of about 0.015 inches to
0.035 inches, and a height from the base approximately in the range of about 0.025 inches
to 0.05 inches,

3. The heat sink of claim 2, wherein the plurality of fin structures have a
predetermined gap between the plurality of fin structures.

4. The heat sink of claim 1, wherein the first plurality of surface area enhancer

structures are arranged in an array pattern.

5. The heat sink of claim 2, wherein the plurality of surface area enhancer structures

are protrusions extending outwardly from the first and second surfaces respectively.

6. The heat sink of claim 2, wherein the first and the second plurality of surface area

enhancer structures are bumps extending outwardly from the first and second surfaces.



conmprising a first plurality of surface area enhancer structures,zwhgmpﬂmk
the first plurality of surface area enhancer structures have a base
approximately in the range of about 0.015 inches to 0.035 inches, and a
hei ght fromthe base approximately in the range of about 0.025 inches to
0. 05 inches, wherein the heat sink has a top surface on the fin

struct uges, I rface
of the fin stranen B SIS Yndrfnhe WiERhH MDY oo Et b OB 7o
of fin ednsistingofsutficalf dpheridedyandaonigelner al | y pl anar second surface opposite
the first surface, the second surface conprising a second plurality of
surface area enhancer structures wherein the second plurality of surface
area_enpancefpsheMClime of J@ﬁﬁ%,%ﬁﬁéﬁ B8 Riufips e %M%‘a!l‘%tf%édaﬂﬂﬁ thd figbout
0.015 inches to 0.035 inches, and a height fromthe base approximately in
t he ransmeuatdreabout 0.025 inches to 0.05 inches, 3. The heat sink of claim
2, wherein the plurality of fin structures have a predeterm ned gap
between the plurality of fin structures. 4. The heat sink of claim1,

wher ei ngt he irh& fkatPink 8F kla¥m ¥, wWHediA e BluRfs SRNMARCally EiéHeB oA Shé TR
arranged in an array pattern. 5. The heat sink of claim2, wherein the

pl ural i stpuctdresur f ace area enhancer structures are protrusions extending
outwardly fromthe first and second surfaces respectively. 6. The heat
sink of claim2, wherein the first and the second plurality of surface
area ephancehe Rédt Yink Wi 6 whefBRSthe bufipd altCat@bhdiad Fhe/fin s@wrhe first and
second surfaces. 8 2 7 JUL 2904 7. The héat sink of claim®6, wherein the
bunps have a shape selected fromthe group consisting of cubical,

herical, i cal .. 8. The heat .sjnk of clai.m. 6 in the b
Thtearatly f ShsBE iRt imy . e o indor R R St g sGeb R MG *
wher ei Nrdshdt WTRS bafis reHeCalcbid StuFit@ttof 4018 hibehdrihl ShieHefente wiitDthe The

heat sink of claim®6, wherein the bunps are attached to the fin structure.
11. Thebwmps whemithepredetarmingd gap deevesn ithe fipsystumss s Hessithas or equal 4ee@ are

staggered wWijh .. r t .to the bunps on the second surface to avoid
rechant Sar OF frd hefeB? BF o ity ¢ e

12.  The heat sink of claim 1, further comprising a fan attached to the plurality of fin
structures of the heat sink to introduce a convection medium between the plurality of fin

structures.

13.  The heat sink of claim 1, further comprising a circuit package thermally coupled to
a bottom surface of the thermally conductive base.

14.  The heat sink of claim 13, further comprising a thermally conductive interface
material between the circuit package and the bottom surface of the heat sink.

15.  The heat sink of claim 1, wherein the thermally conductive base and the plurality
of fin structures are made from an oxygen free, high conductivity copper alloy, containing
at least 90% copper.

16.  The heat sink of claim 1, wherein the plurality of fin structures are soldered to the

thermally conductive base.




bunps when the predeterm ned gap between the fin structures is less than
or "equal to a sumof the height of the bunps. 12. The heat sink 2)? JOL 260
1, further conprising a fan attached to the plurality of fin structures
of the heat sink to introduce a convection nedi um between the plurality of
fin structures. 13. The heat sink of claim11, further conprising a
circuit package thermally coupled to a bottomsurface of the thermally
conductive base. 14. The heat sink of claim 13, further conprising a

t her mal Y. coAcheat siule assambhyf, aoraprisiag;er i al bet ween the circuit package and

t he bottom surface of the heat sink. 15. The heat sink,.of aiml wherein
the ther mal | Hegh ik tevbeh erualy cortuaive Ber 90 aptiioset Rripewd e
made fr oy %Hgﬁﬁw&ﬁf‘f exfth@ing CROAUGE thdrhallp PRRHu@IVeO BascC GkeRéiRli e  at

| east 90% copper. 16. The heat "sink of claim1, wherein the plurality of

fin str poralitesf finestractutkehese generdlly platee firstland scaomdsurfaces, whersin hefirgt J U L
2004 17, heat sink assenbly, conprising. a heat.sink having a thermally
conduct PS8 sutfcesSogmiRe 4 PRI of Fiderel st cobsner sEhes Riendianar o y
ext endi ggwiadfflofiPhie TRETERN s¥oon@ Rt HEdes VahdRASRein WREPIRFATit} HEfin Blrubiates Ao Of

fin structures have generally planar first and second 'surfaces, wherein

t he fi rseparateddbyac temmined gap,cohgreinsthe surfhes alen tephasices girpeiures have a

enhancey structures, extendi n out ly. fro f.rst a ecpn

U { acobes FRiRRE T e ne o AR U e Th Bsrinds, o BEERGem 1y -
pr edet efyg B&S@aﬂﬂ@xinﬂﬂﬁi H ﬂhetrﬁk%e%f rab@@t&).@ﬁﬁ%cl%%h_@ erin%ds}lﬁhéﬂzﬁﬁthh a¥st a
base approximately in the range of about 0.015 inches to 0.035 inches, and

a hei ghsink hesra tem surfacsconathe fnstrustuses, ang atpheralityrefetals extenstupwardbsiromches
to 0.05,inches. whenein the heat sink has a top surface on the fin

struct u%g?pﬁwcgogﬂﬁr%ﬂvuﬁs’tabs extend upwardly from the top surface
of the fin sifafhtHched tda i satice ekt héut 8inkap iftrdduee @ cdhvédiionheatiumi nk to
i ntroduce a convection nedium between the plurality of fin structures;

and a chetween theplwaliy of finestiygturss; adlipl ed to a bottom surface of the

thermal Iy a circuit package, thermally coupled to a bottom surface of the thermally

conductive base.

18.  The heal sink of claim 17, wherein the plurality of surface area enhancer structures
are protrusions extending outwardly from the first and second surfaces.

19.  The heat sink of claim 17, wherein the plurality of surface area enhancer structures

are bumps, wherein the bumps extend outwardly from the first and second surfaces.

20.  The heat sink of claim 19, wherein the bumps have a shape selected from the group

consisting of cubical, spherical, and conical.

21.  The heat sink of claim 19, wherein the bumps are chemically etched from the
plurality of fin structures.

22, A method of increasing a heat sink convection surface area, the method

comprising:
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conductive base. 18. The heal sink of claim17, wherein the pluralZ?%yuof
surface area enhancer structures are protrusions extending outwardly from
the first and second surfaces. 19. The heat sink of claim 17, wherein the
plurality of surface area enhancer structures are bunps, wherein the
bunps extend outwardly fromthe first and second surfaces. 20. The heat

si nk of cl ai P?omi?gcvgfﬁr&i & STUIPRcdAe eﬂm&.}a&pgrf%ﬁi;rﬁs%@ﬂ' gbRcAy piandi’ OUp

consisting o , spherical, and conical. ) e heat sink of claim
19, whefist surfive dfinpleraliteof finstroctitey of thehledt sink fbytchemiqally etdhingythe fiirsti n

structures. 22. A net.hod. of increasing.a,heat sink cgonvection suyrface
ar ca | PTG OF i PLEBHE: T hyrc b Shetkin the Thaagl pURAAGe S Fs Pafands®
plurali §%&Jxe§ﬁ£¢@£ﬁa@rﬁ%rﬁ{ﬂﬁﬁﬁﬁﬁfn thi rhifdeUd b0 0,01 Y eleBeatd §.0B5 dacdes, first
surface of a pl uralltﬁ/1 of fin structures of the heat sink by chemcally

(2

et chi nganche heighttfrorg uthé dhase approkings¢lyirinl the yange 6f abast F0@E5uinsbes h808i n t he
first pl u[_lal ity of surface area enhancer structures have a base
approxiﬁ‘& eeﬁ'y in the range of about 0.015 inches to 0.035 inches, and a
hei ght fromthe base approximately in the range of about 0.025 inches to

0.05 inches. 23. The nethod of claim22, further conprising providing a
second Bd.ur alThe medfodnficlaime2, further epnpriting providieg & second plugality o sunfacg

pl anar second surface of the plurality of fin, structur f the t sink
D e R s el L . Bhiteally) pltng sdcoP SEHAHS o (68 ifralitirot

st r uct ugragnses Bf thedteat §ifk H9 chadically erhingth®becotd kaeasfahe plitdity of fin
structures have a base approxi natel in the range of about 0.015 inches

t o 0. 03sryctgbesuchathgt thehssrepd plurality o surfangsasea prrapssrnirustupes haverebasgnge of
bout 0 i ' . T ' in th
r ovi i PP i 1R, g of AEAIE D18 netl o T30l nEh Beiehy SUACHEL" (N

conpri Sb&eia?p&gﬁﬂdtb]y if tHevange dftubohii 0.625 inkhiesab 0105 inéhesur f ace area enhancer
structures fromthe fin structures of the heat sink. 25. The nethod of

claim?22, wherein the providing of the first plurality of surface area

:pg:”gﬁ%ﬁ f: ;‘rl*ﬁé HHeBRd TS wheled§ e Wotiifngdritid fildt phufdiic) ¥r QlrrtafeaCe
enhancer structures comprises integrally forming the first plurality of surface area

enhancer structures from the fin structures of the heat sink.

25.  The method of claim 22, wherein the providing of the first plurality of surface area
enhancer structures comprises attaching the first plurality of surface area enhancer
structures to the first surface of the plurality of fin structures of the heat sink.

26. A method of dissipating heat from a microprocessor comprising:

providing a plurality of surface area enhancer structures on a generally planar first
and second surfaces of a plurality of fin structures of the heat sink by chemically etching
the first and second surfaces to increase a convection surface area of a heat sink, wherein
the surface area enhancer structures have a base approximately in the range of about 0.015
inches to 0.035 inches, and a height from the base approximately in the range of about
0.025 inches to 0.05 inches, wherein the plurality of fin structures have a predetermined
gap between the fin structures;

11



structures to the first surface of the plurality of fin structures ot JUhg)
heat sink. 26. A nethod of dissipating heat froma m croprocessor
conprising: providing a plurality of surface area enhancer structures on a
generally planar first and second surfaces of a plurality of fin
structures of the heat sink by chemically etching the first and second

surfaces {0 WRhRRIPHA (b A Bk 0P SAEAURS $akhOhath EAkctRir editheie 1

the surface area enhancer structures have a base approximately in the
range obe aitoeduced AlirSugh thh predeteringd gap raridearoundh dhea phigalightoff supface laesabase
approximgtely in the range of about 0.025 inches to 0.05 inches, wherein
t he pl upa]"f‘?%sgf‘cq“f% %rtai]uctures have a predetermined gap between the fin
structures; ddaching) the A& K AR ickopfodeSsor N Ridsipatd theaOffrdr the
structures such that a convection nmediumcan be introduced through the

pr edet emngropmgcesapr. and around the plurality of surface area enhancer
structures; and attaching the heat sink to the m croprocessor to dissipate
heat fromthe mcroprocessor. 27. The nethod of claim 26, wherein

provi di pg a Thehdthdd/ oPtlafh %60 Gtherdi® pridiap @eplurality UE bWERS A€ BiaRest
integrally formng the plurality of fin surface area enhancer structures

wi t h t heridtyres toomprises s intepgallyT Horming hide  pluralityi of 56, swifacee preat prhaagerachi ng
t he fans&@c%@?%lﬁhftﬁesﬁﬁgﬁﬂlg tp_e fan to the plurality of fin structures. 12

28.  The method of claim 26, wherein the attaching the fan includes fastening the fan to
the plurality of fin structures.
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