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of 1C’s are known to diminish as the temperature to which they are subjected increases, so it becomes

increasingly important to adequately dissipate heat from IC environments, including IC packages.

30 An IC substrate may comprise a number of metal layers selectively patierned to provide metal
interconnect lines (referred to herein as “traces”), and one or more electronic.components mounted on one or
more surfaces of the substrate. The electronic component or components are functionally connected to-
other elements of an electronic system through a hierarchy of electrically conductive paths that include the
substrate traces. The substrate fraces typically carry signals that are transmitted between the electronic

35 comnonertts, such as IC’s, of the system. Some IC's have a relatively large number of input/output (I/0)
terminals (also called “Iands”), as well as a large number of power and ground terminals oﬁ lands. -

As the internal circuitry of IC’s, such as processors, operates at higher and higher clock frequencies,

and as IC’s operate at higher and higher power levels, the amount of heat generated by such 1C’s can
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As the internal circuitry of 1C s, such as processors, operates at higher =
and hi gher clock frequencies, and as IC s operate at higher and higher

power |evels, the amount of heat generated by such ICs can 1 1li, WO .~ '

02/ 061825 PCT/ US01/ 44650 ‘increase their operating tenperature to o
unaccept abW® R&¢WRE. For the reasons stated above, and forpcgf‘@@r"“ﬁ@asons

~stated bel ow which will become apparent to those skilled in the art upon’

readi ng and understanding the present specification, there is a signifi cant

- need in thgcraethef operatippenpetiusto ancembe kots f or packagl ng an 1C on a
substrate that rﬂoﬂhé&a%cﬁs sh’a%‘e@labo@ a%&fo%h@d@on%&@h@d%hmﬁwﬂ%&%éa@ﬁaﬁﬁtw th-hi gh

- clock frequ ies. a ensities 0 he Drawi n
FIG 1 i sqag‘?fF 8‘3’!‘2‘1 [s! ?’5@?‘5%1 ‘C?Em%lat’i eé%“f‘?"(?r’i'?‘*(?”?%‘f“‘é%ﬁ“?“ﬁé‘&‘feffd‘tsﬁ?‘ '%“eﬁ'%’ | east ong

| el ectroni c thesgospppratugdddd mithols fer pvkaging mdP erci shbyirateltteimrimihizd hedt dissdpaipeprphiemac cor danc e

. package with a high capacity t [Beefibrdcriy IR
¢ enbodi nent of the |nvent| on;, FIG 4 |Ilustrat es a cross-sectional

wth one5en‘ggghtm{hh@ﬁd&pgeq{léﬂg{g%lhgg owkldiasing, 1 | | ustrates a cross-sectional
representation of a prior art IC paci’(age FIG 3 illustrates a

cross-sectional representation of an eI ectronl c assenbly conprising an IC %
) @eingsi N accordance with one

~representation o r oni sse ri.sin | .ti-chi 15 1C
package with a hlifla‘ﬁl CF ﬁ'@e& ?"“’i PeREng 3 gaét WESPHLRREFY h anot her

enbodi nefit wfthaHigh capmmrmd frterfacgin @corfnge Ivtlltlugib pretoéimentof e pesticseCct | on al

representation OﬁIG@:ﬁUst&Es&c@d@@é&éﬁ%ﬁé}r&d&@é’nﬂ%oﬁa‘}h&%%ﬁ‘ckﬁ grmed on an i nt egrat ed
of the invention;, FIG 6

heat spreader, G ance with
il ust Pat es a crﬂgg’ lgétf?fef %%%ﬁ‘sc?‘grb’lr@éeéﬁ?%ﬁ’l gaﬂdﬁcf“méf HIDH CHEEE P her nal

i nterface t eacksge withfajhigloetpactty therntanigrface} in beeqydends evith dreatbodiprnimdtienventiolt accor dance

Wi th anot her enbﬂdlmates)at cr&dnsecub;ﬁvreﬂﬁsénﬁaﬁbn o] elbchraic adkentisBy oﬁnﬁﬁkxﬁ‘é’!n@tftl—cﬁipwaf er of ()
: di am)ndd[ hegcga | %t? lg‘%ce cq;mpl llrtteafac i Hﬁg 19;{;16)% %m‘)%entoﬁte Veniio from an
"IHS, an REPHRBECIIP AR SHYIY PFEP 51‘1“3?? o -t "ACESance with
~anot her enbodi neNE. 5 ityfstratehecrdsypaintal represeniatida o3 high copmitghefrpabipjerficaigmedanef a net hod
-of fabricat luﬂgratgcmeh%m@ mgaerdanbermta%@mﬁmﬁﬁoﬂmemmme enbodi ment of dt hef
“invention; an 0 ods o
‘affixing a | ayerélgfé ﬁ%’téareﬁaaﬁnTss'SB%' na}’V lféﬁfsTng m“%%?”%dtﬁ%‘%m ’ﬁwf&aﬁ?%t@er aixegdd heat
~spreader (| MS)*mte%?@ﬁﬁ@@ﬂ‘[%sle@mﬁwmhaﬁmﬁmémmﬁﬂsmwh@he | nvention 30 In
the fol law ng detial 1iechihQsCwdtapbii aRidord ther@alAG bR I, Qlflchtl'lkh%eein@ﬂé@ﬂfeﬂmﬁﬁ,

;ﬁ;er ﬁn\(/:\lﬁl Icﬁmm anq%ﬁtagdgs%xent%grgo?% ¥ ac) elggoavq}fgqgacvco@ %wa er emh&uart her eof

in whi ch t hefPaigeerions may be practiced. These enbodi nents are described in
sufficient detai FiGt Ois emsilagark 7@ a@h&Hor hbrieding 50 10 fadkagaif actoftardé ﬁiﬂltohcﬂe t he

| nventi on, %&mmtentoﬁhengm}?& %Qderst ood t hat

Ion speciftic pre efred enbodi ment s

25 FIG. 9 is a flow diagram of two aliernative methods of affixing 2 layer of thermally conductive
material to an integrated heat spreader (1HS).

I

Deiailed Deseription of Embodiments of the Invention

30 In the following detailed description of embodiments of the invention, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way of illustration specific
preferred embodiments in which the inventions may be practic«?d. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be undetstood that
other embodiments may be utilized and that structural, mechanical, compositional, and electrical changes

35  may be made without departing from the spirit and scope of the present inventions. The following detailed

description is, therefore, not to be taken in  limiting sense, and the scope of the present invention is defined ;

to &

only by the appended claims,
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ot her enbodi nents may be utilized and that structural, nmechanical,
conpositional, and electrical changes 35 may be nmade wi thout departing from
the spirit and scope of the present inventions. The follow ng detail ed
description is, therefore, not to be taken in a limting sense, and the
scope of the@igmseszs i nvention is defined 1'l only by thePEpfSmadsc] ai ns.
2 W02/061825 PCT/ U01/ 44650 The present invention provides a solution to

t hermal dissipation problens that are associated with prior art packagi ng of

integrated cir Cu'”lth§pr£59@-£we%¥ Eomemonwoﬁ ﬁ%h'aﬂnal@@ﬂ;ﬁh&%roﬁglﬁi; axan@etass@maaﬁhe at high

cl ock speeds ,and hi hower | eyve " hi t ther mal
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spreader. Varkdigspoeerirodsi wempleyingrbigh dyladlls theratl adtedahd s Beeliitdien b‘ﬁ‘@P@F?PT 5 In one
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to provide foLthebsrieadund i dephiRadyl vk a fabldRikrnaldslaRBLRARNL fralideRiticenRgt h. FI G |
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but not limted 't m croprocessor m crocont r ol
i nstruction %ﬁp%o?fﬁi?f‘ hesi (Propessey WW%WB&@E@E?P”@&"‘W@G%&@G““i’tﬁ’glfef’iﬁét| on set
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any ot her type of I’OCG SOr I’OCeSSI ng circult O h pes of circuits

that can be PR ‘é‘f“bstgl’arl B'ﬂqesé‘” HE8ABY e P %fp’fic"éﬁﬁ’s"f B Pﬁesé‘f‘gr“ﬁ‘ﬂ‘lt ., an
appl i cati®n- speci Gthectymemf@g:watﬁetbamhe inciured in {lgaBInE)agsendhly dtatee cisiok@ircuisech as, for

T 6l 005 D G e el U ol U e mi’?’?"‘"e‘ﬁ'g’s té‘é‘msu{ ors,
t fo- way radi 6%""'“’5{}%“"&1 HPH A O PR P‘?§3€ ‘3%&8’%’%@% eésalf?ﬂ%k FBYTH-any ot her

type of functwoeoay radios, and similar electvonic systems The IC can perforin any other type of function.

Electronic system 1 can also include an external memor)? 18, which in turn can include one or more
30 memory elements suitable to the particular application, such as a main memory 12 in the form of random
access memory (RAM), one or more hard drives 14, and/or one or mare drives that ﬁandle removable media
16 such as floppy diskettes, compact disks (CDs), digital video‘disk {DVD), and the like.
Electronic system 1 can also include a display device 8, one or more speakers 9, and a keyboard
and/or controtler 20, which can include amouse, trackbali, game ‘controllef, voice-recognition de'vice,vor any
35  other device that permits a system user to input information into and receive information from the electronic
system 1. '
FIG. 2 illusirates a cross-sectional representation of a prior art IC packdgeBO. 1C package 30
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2 i1l ustrat 68q fcak QAR 2 RR6hal 190594 of B U%%?n@&%& FoPiati wifh adiitlom palbdingkifacipackage 30.
I C package 3(3? Slwr\é\o 02/ 061825 PCT/ US01/ 44650 represents a typical prior art,
Tu

des an 1 C die 40 mounted in "flip-chip" orientation with

on the Upperloﬁéﬂﬁxﬁ*@&%m@éver@mst%%feﬁ@dﬁm mrmgﬁm eSirAde rﬂeaahtlms;oeémmnpts 42. =
oal | can
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from i nt @ Nakic MlahdiCetnet areadem | atamniagmmasa nagnai fo@%&, pr&uiaatbman h@maaﬂat near I ts

| ower surface di ssi pat its
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surface that is iTefulbsdissivete igpitfim diaepidderioh a befeink Sfroptiopdily athela?Bt fisy$28ader 60

that is typi arkéokpida@s IR chrdader (WEHR sink U dRsiBites GRRRENe AbieAbddilabn To inprove the |
‘thermal conducti vatxaaegehm?aamlmmﬁaa&m@ ARdieldRe &m@etm apf&aﬁa%rsépaﬁeamt hermal ()

interface material .70 is often provided between di e 40 and heat spreader

:60. The tther epgrbting litepofhg devicprdinetion iempepureisgfingtivh bAthriedacterst jmechopdb-anpisht or gr ease
‘cont ai ni ng métmadl rggsiamts, piwerslissipation, shdantbles rempkrages. [ pduebelaxperbsed iy@noafivedt  spr eader
160, a heat sink 80 optionally having heat fins 82 is often coupled to heat
ispreader 60. Heat |nk 80 di ssi es heat into the anbient environnent. An
‘increase in £HEM ct| on tjélng(@r"g'

.can adversely affect the C) 15 operating lives of the device. Junction
‘tenperatuyge is a\;cﬂdr@ggw:qﬁhcmteﬁpgmeee(fnaggmsr@ juncti on-t o-anbi ent thermnal
‘resistance, power di 551

‘by Equation 1: (Equat
‘tenperature (in degreeBd me(d}sapﬂﬁﬂntﬂﬁe(lnmﬁtapd)n t o-ambi ent thermal resistance
(in degrees C/ watt);T, Pdnmmﬁmrd@uﬁﬁb@@@)l on at Tj (in watts); and Ta =
-anbi ent tenperature (i n degrees C). 25 The junction-to-anbient thernal

resistance (is can be represented by Equation 2: (Equation 2)
(j a=(] c+@és+( sa The junction-to-ambient thermal resistance (ja can be represented by Equation 2:

e Tj of an electronic device on the IC

t b d
by ROnpBT Rop SR st P Ty < | unct s on

(Equaﬁon 2) (ja = (jc L P =

®
C

wherein (jc = the junction-to-case thermal resistance (in degrees C / watt);
30 (g = the case-to-sink thermal resistance (in' degrees C/ watt); and

(sg=the sink-to-ambient thermal resistance (in degrees C /7 watt);

In the foregoing definitions, the pertinent location of the case is the top center of the IC package,
including any IHS forming part of the IC package. The pertinent incation of the sink can be the geometric
35  center of the heat sink. -
The IC package 30 of FIG. 2 is for most purposes no longer capable of meeting the thermal-

dissipating requirements of today’s bigh performance elecironic assemblies, as expressed in teyms of the -
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tr wherein c the junction-to-case thermal resistance (in degrees C/watt); ~
30 (cs = the case-to-sink thermal resistance (in degrees C/ watt); and (sa
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subst ant i abdckagé wipar: Gidiecapabiey tpedaf ineri@ADEN @fordaive withethe dnthbdirehtalde mvatier | al s and

I ntegrated TK&Q@Laci&QJ c%ﬁﬁ.@és § die o) sfunted o dn h%a%& 4 %ﬁ arfhy @dL%ﬁ%ul%ﬁ&é ) %lﬁh

representation of l ectronic asse npri si ng 1C,_ package with

a hi gh capdtFes ‘F‘ﬁ & ‘iﬁdé’f () {20y Phifean QL S“"F*F?teéféli‘f’(‘i’f’ d’&ﬁ’iﬁ?“t\}ﬁ"?“ﬁ"“é‘r‘?@ igf¥odi ment of
t he i nvagnt koouse with THELAAGupEckad ey clmppeiobeistrge ceh be erflloysip Uintl@phclogs ilmsiraled gani ¢ | and

grid arraym(F%—g;‘eQnfo?lupéttoféﬁtc@onégwenﬁipgsh%mFIatlegfeafé&gbeh@ﬁ&tyﬁaofn%ﬁéjer (I'HS) 120.

While an OLGA substrate is shown, the present inventionis not limted 20 to
use with affefieatiabtHtE and any ot her type of substrate can be enpl oyed.
The |1 C package In[FICu3 tie &t @dprisés p plprhliS, of @gng sandrictons otz tof tereingeth eloticd assenbly 4

shown i n Fldaactslor 1akds 6n o burbBe (Gt sheRYortiY RE Thebd1arBdt8n be SHRQD (¥BBondihl € 40 is a

roces S r.
P electrical contacts or Jands 52 representing signal, power, or ground nodes on the upper surface 56 of OLGA

substrate 50 by appropriate connections such as C4 solder bumps 42. A suitable underfill (not shown), such
— as an epoxy material, can be used to surround C4 solder bumps 42 to provideé mechanical stability and
Q strength.
- 8till referring to FIG. 3, an integrated heat spreader (JHS) 120 forms a cover over die 40, THS 120
30  isthermally coupled to an upper surface of die 40 through a high capacity thermal interface 110. Die 40 can
thus dissipate a substantial amount of heat both laterally and vertically through thermal interface 110 to IHS
120, _
Thermal interface 110 comprises a material that is capable of conducting heat at a high rate. In one
embodiment, thermal iriterface 110 comprises diamond. A layer of thermal inter_face 110 comprising
T 35  diamond has a very high thermal conductivity in all directions within the layer. In other embodiments,
thermal interface 110 can comprise other materials with thermal qualities that are only slightly inferior to

diamond, such as a diamond composite, or graphite. A suitable diamond composite can comprise a mixture
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In FIG 3, die 40 conprises.a plurality of. signal conductors (not shown) . . ..

‘that terminate in electrical contacts or |ands on the bottom surface (not
‘shown) of die 40. These | ands can be coupled to corresponding 25 electrical
contacts or |ands 52 representing signal, power, or ground nodes on the '
upper surfa¥® 8861825 OLGA substrate 50 by appropriate conne®@Craissysigsth as C4
sol der bunps 42. A suitable underfill (not shown), such as an epoxy :
material, can be used to surround C4 sol der bunps 42 to provi de nechani cal
stability astlamsddp@igh dd paBicied df anbiBér @bktintQsuéhQs Filnlum3r copfar. WHilegipait @dn heat
spreader (| gélller;lt%gmglggnmﬁto&n&gyggmgl\ﬁ% f %ﬁwﬁ&t&nai Hﬁnf}tggood %Qxﬂal%onrdl {i H?l Iy

coupl ed to an surtace of o] ro capacit er mal
interface 1%““0&@ ispermpl 47 plapen Heweyiraplia gy s ﬁ@@%%’%‘f"i"%ﬁm ?:HWUFft‘"Eof heat both
| at eral | y angimdieletnabaskipaiiont hr ough t hermal interface 110 to IHS 120. Ther nal

interfacg 110 Coﬂi@ﬁio?]%ﬁcglé‘aﬁﬁ%ﬁawﬁsﬁdemf&suh ?g%;e)llzg @@mﬁ%@eﬁjﬂéﬁio  heat at a :

‘high rate. In one erma conpri ses di anond

| ayer of thé?%ﬁwmilﬁ%‘ewef%Péaée%fbtdda%faﬁrv@uﬂﬁgws@uwa%ﬁ@ Fropae ebodipens hi gh ther mal
-conduct i Vi t yheimal iddrfaced iOfisefixtdasitic Minddte 0 1id 122 | ayer. 1 n other enbodiments, .
‘thermal interfacg, ﬁéﬁm&é‘é@ foQEHRL f’oﬁx%dg‘nénh w%?%ﬁleﬁt@ohﬁ W Exgaﬁxbﬁaﬁrﬁgknte%@' Ities

‘that are onI I| er| or to conposite, or
graphi te. ST i O BTIPYRE ppfeee M“%W@%ﬂeéf“ﬁﬁeﬂeﬁfdé’g FIS- S0

02/ 06182% P@l’t&h&ﬁ@f&l tﬂeﬁﬁnﬁ&erfaaa‘mhaﬁmmdeqammmﬁ Iress 2@dnalsup@dubrilg biied oid BAOL her
subst ance, Sis r ile graphite is an excellent

t her mal con ﬂ%’?(l)zr?j w%ﬁ@d%ﬂmrgéz@dﬁggﬁgnsemﬁl raphite material, it is not a
-good t hermal conB@easEpodimgnt, éhemtﬂ'i iptertass 1pas asurtacy E‘S"aﬁﬁl‘sﬁﬁ’lm‘tﬁt‘}’yéh"ﬁqﬂ‘éi’ﬁéhe However ,
graphi t e maotifsireerc @hid applsivieadd] forsapiad FIAG, thirhal i 116 copt wiveltiatyher mal

o

| (di ssi pation.y 3,4 R o?n%‘gfaéeflaﬁld‘&e%eﬂnél Jngyfal%%oéﬂ oy @Lrgrﬁ/ 6&’\/\\%;1 coftfey HRPRET member ()

| “124. Thermal interface

is in contact surface 58 of |id
122 and Wi t Breebel%hpper surface of die 40. In one enbodi nent, thernal
| -interface 110 i siHsffd oeed mbdbantliile subfored g apling s shypelt retiBer 1i|?¢hemmbar surfticessf ace 110

| ‘can be for megqidh s%suéte%@%ugh%n&ﬁe séa%t%‘trn 0B YSodih S, m@%ﬂﬂ%ﬁ'n{%mb& heLBlq! Nterface
... 110 can be forned gpd?% It on the | ower surtace d 122, as

| expl ai ned flﬁ'fmd’é’fph‘?"’é‘ﬁ Oy in gher Bmf@?‘%“ﬁ@ﬂ‘fia‘tz? F 120 ‘faﬂé’P%*Fy“f’Hwer face 110
.can be for neshpapeemberiziom | RS 120 and subsequently affixed to lid 122 of IHS

1120, as gxpl ai eGSR SooEhGR B0 &5 ok QAR T0OK B!

: ‘ ithermal interface 110 has a surface area IS substanti.al t he same as
| ithe bott omSe2eEa! ey Birmetrersh o Wyv"f”éﬁ)é‘?]'a“yﬁ‘}’rd“%‘fé‘é‘?ﬁﬂ“é oan FfpPse G, 3,
I thermal i nt eutidsef rktlr glpyibesallg cloicivatbahdefr). t he entire bottom surface of lid

. 122, Thermal int @sm&ﬁmﬂek@m&@t@ow &Elﬁianh@éoﬁhﬁk 12%, athQathﬁ: 8b BF af MBS Srapdd t D
. ‘support 15 penper mechani ca orted Dg%ilgcoupl i ng

its support (Wﬂﬁ*f’ﬁ‘é?p“i'ﬁﬁ‘“f @’slsﬂ’é“aﬁb%é?d &Pt wiwe'l ge °°5ﬁjé¥iﬁ_‘f§ BT 50 t hrough
.a suitabre semtarkce §6elid 122 S RWbodi nent, the support nenber 124 is |ocated

OLGA substrate 50 can be of any type, including a multi-layer substrate. OL.GA substrate 50 can

;

be mounted to an additional substrate 130, such as a printed circuit board {PCB) or card. OLGA substrate 50 Q _

can comprise, for example, a plurality of lands 126 that can be mechanically and electrically coupled to
corresponding lands 128 of substrate 130 by suitable connectors such as ball grid array (BGA) solder balls

36 127

' While 2 BGA arrangement 125 is illustrated in FIG. 3 for coupling OLGA substrate 50 to-substrate
130, the present invention is not limited to vse with a BGA arrangement, and it can be used with any other
type of packaging technology. Further, the present invention is not to be construed as limited to use in C4
packages, and it can be used with any other type of IC package where the herein-described features of the

35  present invention provide an advantage.

| FIG. 4 illustrates a cross-sectional representat:on of an electronic assembly 200 comprising a multi-

chip IC package with a high capacity thermal interface, in accordance with anqther embodiment of the
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at the periphery of IRS 120. However, in other enbodinments the lid 122 of

| HS 120 can extend beyond the support menber 124. 20 Seal ant 66 can
conprise a thermally conductive material such as a thermal grease or gel, or
a beat- curable material such as a therno-setting resin or epoxy. The
thermal Iy corpimbisse material can conprise particles of mpglyshi; 4giloher
thermal | y conductive substance(s). To further increase the rate o#
dissipation fromIRS 120, a heat sink 80 of any suitable shape (i ncluding

opt i onal hea ! . d;.siZ8 L£a i nag I ed to or
formed as %nLcmf %%gdeﬁlg’% mertsé’?wnsﬁﬁ?' ace of Tha 5‘1%% %ﬁeﬂ °5 ﬁs’i‘@%ﬁ%ﬁ

substrate 5@6@%“% ngflimgpdjo Wgﬂes sipghed € 8 19 sty ba“sPﬁfPrtPP"kﬂgbzg'@‘lﬂt‘Péﬁ}S§tqﬂat e. OLGA
supstrate_SQm@aamﬂb&m&ﬂﬁﬂt@dﬁ@anammaddmﬁmemahusmbsﬂrate 130, such as a .
print ed circuit En(#c a%s 1]%?28(5)00?%3{ ?P}urgty%lcsﬁp ﬁé trorarrLo(la’dmeOM %Q‘Qﬁh%laﬁrrepr ise, for

exanple, a plurality o electrically

coupl ed o TEHfeH EIPHBYTH 1@ Yemhigeeq 256 ofsPbsigatp et (Whithsaninen W@Eﬁs‘%ﬂ&b‘lﬁ’e connectors

such as bal lcorgpbiingotdabai(s RGAps 3] Weile abal &5 subsiile il Shdwn, Mbiblettionis BOMiRE hangenment
125 is ill u§l§ é&% &Q)LGQ sgbktgfe, a§d aL)poﬂ}eﬁ'?pLel Qtl s?bs%tegh%b‘ergplrl dl{ rl‘f?étm%]égﬁ ;ng I% ubstrate

130, the pres I nvent1 on arrangerrent and
it can be uS’@E}mW‘PﬁIGaﬁ?“fﬁt"ﬁé’?“e’?yp@a@?m%%@llﬁfﬂe@h%l Yoo beiPher, the
present i nvewps. ke kfbolinint, Hi024PR 2 GERGEHT Ued as |imited to use in C4 packages,

and it cgn be usg m%r?e@of@i@éé?l%h‘%e hx%:épa?prgguce}sgné)tﬁe?/kégo gvmoeﬁ{@ 2502&%'

her ei n-descri bed features o esent 1 nventi Ouﬁn advant age.
FIG 4 il ustriesnpsse hishoprsdl hapg infegiren F?’é’fﬂf“é‘%éﬁ‘t?éi g ﬁ43@fﬂeraﬁh*é1 teema} oni ¢
assenbl y 200Qutp@apt drhermgiihbcoupish tothe utitisipe 5ComATRAGRubighcapacilyitghnadaphet t y
thermal int . . i, her. i . nue;
/ 061825 p‘é%*%‘fc%w 3P1aB57 RRRCE: dehdt R e SIRREb TR B R & 5
has been dedtsipmsed: Hpwementhe i atfiedheps! igterdipsf) derpativelyd thgame a8 FrgmleR AL | on i s

not |i m' ﬁed e @idpE kadld, RGxemplifig] bp thbrGal ot 2008 Mob@er s @dmdons (ase hagalng nmul tipl e
ICs. Ica% bé 3 lo‘eﬁ'g thghﬁ% lliok 5«%%'1‘91‘ e!(a Ba(ﬁé%?gﬁe &Erm%}te%ces%m b@pcgﬂﬂgm% e shown

in FIG 4 Elect roni ¢ assenb conprises a plural sinthe form
of dice 241°‘?ﬂﬂ°°"?ﬁ]’ﬁ“?f‘?¥"&'?‘l§r°f§e’}?ﬁﬁ?ﬁed to lands 252 on an upper surface 256
of substrate 2501HSwbN inkuds an 2REandnsidlifor sphs inealeed24 vitamal Gerfiespiomd2iig sol der -

bal I s or buqa@maéa%mmlo@ermac%;ﬁa%mmeuamssnewofdkbﬁl L@yantion is not

limted to use wt substrate, and any ot her type of substrate can
be enpl 0739ed l"‘35*"F‘Ff%“’l?fruI t| -Chl p m)dul e illustrated in FIG 4 can form part of
el ectroni ¢ assentysy20kasta owahanicaly bebu@d bi colipliogits2ubjerRakdibeg 204 tobie uprer serfige 25¢ ype. | n

one embodi rr%ﬁémAOLbetr&%théug@a maagem@fse Agne%ﬁatd?ég&di 3% sgb&ene%&l 244 are
hi gh heat produ ers, and t r espondi ng

hi gh capaci £¢ $HePepes aHf‘eé’FergeE"é’?HS Pob E"é”)"(‘ﬁhﬁl"@er e‘a‘?"é‘é‘e'ﬁ%‘f ‘@%’g °%§9% &ferate
hi gh t her malextend beygyd the suaped member 224 & Frethek ipcreagiiplreahf keat diskiptiandrdin HSG2Q ehe@?58 of | HS
220 t hr oi4gh shi @ stoRBfdnd HitbiD hg R atedidl) b sf28GL Sptionally be coupled to or formed as part of
the upper surface of the lid 222 of THS 220.
C'_ OLGA substrate 250 can be of any typs, including a multi-layer substrate. OLGA substrate 250 can
be monnted to an additional substrate 230, such as a printed circuit board (PCB) or card. OLGA substrate
250 can comprise, for example, a plurality of lands 226 that can be mechanically and electricaily coupled to

30  comesponding lands 228 of substrate 230 by suitable connectors such as ball grid array (BGA) solder balls
' 227. ‘ .

While a BGA arvengement 225 is illustrated in FIG. 4 for coupling OLGA substrate 250 to
substrate 230, the present invention is not limited to use with a BGA arrangement, and it can be used with
any other type of packaging technology. Further, the present invention is not to be construed a5 limited to

35  use in C4 packages, and it can be used with any other type of IC package where the herein-desctibed
features of the present invention provide an advantage,

While in the embodiment shown in FIG. 4, individual thérmal interfaces, such as thermal interfaces
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,205 and 210, respectively. Normally, the thermal interface is wder than the
‘die, as exenplified by thermal interface 205. However, the width of the
‘thermal interface can alternatively be the sane as or smal | er than 15 the.
width of the die, as exenplified by thermal interface 210. Moreover, the
di mensi ons WO 28¢18¢hermal interface can be tailored to thecuivsoiabsspots.
For exanple, one or nore thermal interfaces can be positioned over a
correspondi ng nunber of die hot spots. IH8 220 includes a lid 222 and a S|de
wal | or suppmedd 2 Rdacteendided T eny@kain diRt, ek :ﬁﬁ:@&f#?@ﬁzﬂﬁdazﬁﬂzaemlﬁﬂ:ﬂentcﬂ'acont act

f wi th the lomﬁ-cﬁﬂ'{ﬁofdﬁg Qco&%ﬁtrug{her{nh%ltﬁ%‘%gla)%pcgul e%l%vx[‘]%%et%&g oft?nyéilealﬁ- 4 of dice

241 and 243, 20 respec Ive anlca secured by
‘coupl i ng |t§1§ﬁbﬁ8??“#Eﬁ%éwdﬁﬁﬁmﬁbmﬁﬁ@°ﬁﬂﬁ@ﬁagﬁFFaﬁémQBBI“%%MILGA substrate
250 t hr ough caaxtisikivetwathihebo’@aduait arcdGfiid 285 ment i oned regarding FIG 3, the
‘support mber K 220; however, =«
in otherggnbodlﬁéﬁ?gk§h§gﬁm@ % %@&%ﬁﬁﬁ%u§%ga &g%§€§%&333?§ﬁﬁ t he support
‘menber 224. %idEyrt her increase the rate of heat di ssipation fromINS 220, a
heat 25 sink (not shown) of any suitable shape material, and size can
optionally be coupled to or formed as pg{ t he upper surface of the lid
222 of IHS 220. OLGA substrate 250 can any type, including a
mul ti-layer substrate. OLGA substrate 250 can be nounted to an additional
substrat® 230, smeﬁm38mam@mwnmmﬂbﬁﬂmﬁumk“hmmfdwﬁﬁgiﬁm&mmsmmdnmﬁk&%wsubstrate
250 can conpr S

m&) f!nﬁg iag{r gi{: mgg%%gﬂﬁ’ tﬁe’rma?mt@ al e B}léﬁ %LSQ gs dla:%pnq It Eél?o l;np ﬁg F] tg Q’H}étgtg of

-nechanlcallg coup correspon al
substrate 23g %EPG‘E'GF{“&B‘I“%&?FG??W%‘& t"(‘%" §“d§ﬁ€°rf’f 5 aplijes '@ Fhp 1P Pé’i)"' deptyde sol der

ball's  227. sihbtjuired a dic BEe Bat saag)iy B3xaiable2 Aban bifbollinbrkiSHereRitti@ theinial ibtdriaie isgrobor
coupl i ng OLGh BUPAL F81S; &5%&&@%&@& iy bRl PR ARtk GNt [ ON S not

limted to use wt r angenent e use any ot her
type of Pac R@‘@?%&eaﬁt&%ﬁﬂ%’g?‘ﬁa‘Fﬂ‘F‘E‘ﬁ@P““‘ itprcey Fesh efite abagrmsrtiqnedfecios Wbt to be

1 -construed asow bemdistrideli i @ffidibnt UeB td efbbicdne piedioag €51 in eldt tb ind@adnd e pretgechewi t h any

| “other type @f. L& package where the herein-described features of the present
I invention provide an advantage. Wile in the enmbodi nent shown in FIG 4,

1 i ndi vi dual t her nHP- §ipteeter ageagsectionirppregratation efahigh capagitydpermaptiterfeced 1 Apsmgd ) 061825

i PCT/ USOL/ 44 6 THP1R2B, ircedrdahtOwithlosaeabddidem oftic@iventlend As@entioneh yarlegtéradl n di ce, such
as dice 241t 2 nod. BaRBPLIRIELRPL “rﬂ%mm@é il ol 5k orfifliop. gl e, &

~continuous thermal Iinterface |ayer coul rovid d between all of the dice
241- 244 and “Eppaimeqhg 1a3es of agprphopger E"?’mﬁa@ﬂﬂ‘?‘“&"dt”r%‘?“ﬂﬁ’l‘ supfice 2R upinesualle 1 d have a
surface ar eahetnivalepbsiosuddstiqimtt aathenyical epescp@itisl (CEDWGkdsr2ihpiyootdlioen surf ace area

of Iid 222. ;5,108 pieﬁpéhlto%upwﬂs Bnofilbelalce BAGHARNEs SRR HLELRPA NI gh capaci t y

thermal interface will now be described. Fabrication
charactenstms
25 In order to grow a diamond layer on a bare (unplated) surface 58 of lid 122 of THS 120, one or more

adhesion layers 131-133 of a suitable material must first be affixed to surface 58. It is assumed that [HS 120
is formed of copper in this example, but it can be formed of different materials than copper.
The one or more adhesion layers 131-133 can comprise metal from a group that includes chromium, k)
gold, nickel, platinum, silver, titanium, tungsten, and vanadium, or alloys thereof. Because diamond that is
30  grown through a CVD process adheres well to fitanium, titanium is generally used for Iayers that are in
contact with diamond., However, tungsten could be substituted for titanium,
A layer 131 of nickel is first formed on surface 58 of ljd 122,
Next a layer 132 of nickel-vanadium is formed on layer 131. Either platinum or chromium could be
substituied for nickel-vanadium.
35 Next a layer 133 of titanium is formed on layer 132. -
Next a thermal interface layer 110 of diamond material is formed, for exatnple using CVD, on the
adhesion layer 133, The layer of thermal interface 110 can be formed of a thickness that is suitable for the -
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101 n order to successfully fabricate an I C package with the advantages
descri bed above, it is necessary to forma |ayer of high capacity thermal
interface material, such as dianond. It is also inportant to affix the high
‘capacity thermal interface securely to the under side of IHS as well as to
the top si NOPH6HLHKE die. To do so requires a die surface tREFIUSOHH46EHdI |y

sol derabl e. I n an -enbodi nent wherein the thermal interface is grown r apart
fromthe IHS, it is also inportant to have an IHS that is readily

sol der abl e.thettal reqiraresoof the ¥ paciiple.6Thbids, & cap be thicks fqp highet Ide disdpatioe eegfirereie  sol der abl e

surface on ¢ fignd BAEIRIaddis Rk iRGE1on FRGEnOL. TP BicBbO VBN a8 Lagt ors Wil |
now be described i of qgrdinary skill in the

n suffjicient detail to enabl e one of.
art to undePStERE HTese t?bli‘ﬁ?‘éﬁn ?‘%‘Bat“”i‘?’i\zséﬁfr?“éﬁf loef Qﬁat dbsipiPlystrates a
cross-secti onal Teppideswibisildonblofige titighovweaphciof ernd) pterfat 1 10vbear baee 110

formed On @fkichdrEnckidDayelsMaa66Hd dagce Wi th one enbodi ment of the invention,
As nmentioned earlier interface éﬂlo ang 5) can be forned

b.thetr | .20 i (FIGS. 3
by growing it off PHEURE Qe FAg &g it pregpd pammal ifefdaerdifhodi nent, a
| ayer of anor phdersalaer 3dbipcielrahaihisfemdionrnid4.i Bty plaivm grbrenivi @gldbsb8 usi ng
sui tabl e chemieal nfepRskihon met hods, such as chem cal vapor deposition

(CVD). GCenerally, polycrystal]line . diamnd.i ferred to anorphous
di arond, becaus m*l”ﬁélla%b{}ﬁgfrgaﬂﬁém SRS cé?%f@[d g Hﬁe#ﬁr gc’@har acteristics.
25 I n older to &radiiom onticamuerdhcsianiaers hi-143 dyebe érnfed ppthartperdjurfse F7foldiet058 of |id

122 of | HS il to OB buitiBN niiteri AR RS oM mbsBIBEiS 1dvarhi3d ot dusObo @ «Bihid, abl e materi al
nmust first be aF |xegt i S.as 120 is forned

o surface 58. It suned t ha H
of copper in thi*¥EREMSIE: aliﬁ’ff?ﬁ’\ SRR BT S BPPET fefs%’ggrdé?g?‘ mat eri al s than
pper. The oneNeita imorid2 efdilekiagadivin dnfens! of Ber 113 Fitba platponprirgdumetldbe from a
roup that RahiadesiaeVe@@idm gold, nickel, platinum silver, titanium

tungsten, and vanadium _ or_al| qys .thereqf. Because di.a d that is 30 grown
t hrough™ CvD p%&@‘é%@ye %ﬁ&fﬁgéw%’rﬁd"’f Iﬁwi}i%(‘%"i%%rc’ﬁ“lét%f?%ﬂf“tgpn{g & 9eneral Iy used
for layers that Pdorievidersdumeidectelion 1 hite Seomidolder prterearplicd @pgstishiotoul d be
subst i t ut edayt@i36bdati BNk MS 1200 hA¥BH thd Brbotit indbktedt brrdws 1177] sb ke 1@ 1IBeheON SUr f ace
58 of lid 122 Next a |layer 132 of nickel-vanadiumis formed on |ayer 131.
Ei t her pl at' RORTOP ¥ i um coul d be substituted for nickel -vanadi um 35
Next a |ayer 135 oofempidinegnti thatitanigm fapirsreeprpiimptely 200-500mestrasdts) ipthickyess: |

interfage |@yebandib 19&s S BIBOELFBEDIAL bl th SldflHé@bppréiiategXo00pl € usi ng CVD, on

the adhesion |ayer..133. The | ayer of t.he nterfa n be formed of
a thickness t ha?%? é‘nusstﬂ%,ets3%?5%“?“8%(3???{%53“%0"\7‘&%f ‘5%%%?%%#%@8&%2%650 t her mal
requi r ementaffixesfio RS IPC i pacokangronith Pivther ejnbodiment ofghg fnveplion; hi cker fur hi gher heat
di ssipation r eqxﬁk t'h@]fhmme&iierﬁlfe tffceﬂianﬁl&facefl@l!'caﬂ 12 $osmed G Rt G 110ead sudiqsaipat i oln
requi r enent ] t hi ckne inter X , r exanpl e,
500 micr onsa%x?)d-rl;o 'fgﬁ l%vﬁr Wégf ﬁ(%flgdslﬁ%%ﬁ sﬂf?#, o) rwrﬁ;?'gwfﬁ%%cé%%é%?%%&llzgﬁéﬁrm gat ‘

di ssi patf on. ToApprepghene orpolymistitgsidiemend fayre 1A o &° Esennba e swipplemmitiod Sifer sur f ace
of thermal hibh&sdBEe111 3 varDddfen@ifg upSARIER thermal requirements of the IC package. In onc

( ’ embodiment, layer 111 is several hundred microns thick; however, the invention is not limited 1o any

-

particular thickness.
To facilitate affixing the thermal interface layer 111 to the under surface 58 of IHS 120, one or

30  more adhesion layers 121 of suitable material can be formed on the under side 58 of lid 122. Inaddition,
one or more adhesion layers 151-153 of suitable material can be formed on the upper surface of thermal
interface layer 111. In addition, one or more adhesion layers 154-156 of suitable material can be formed on
the lower surface of thermal interface layer 111 to provide a suitable bonding platform for a connection with
the upper surface of die 40 (FIG. 5).

35 Adhesion layers 121 and 151-156 can cdmprise'metal from a group that includes chromium, gold,
nicke}, platinum, silver, titanjum, tungsten, and vanadium, or alloys-thereof. In one embodiment, layers 151

and 154 comprise titanium; layers 152 and 155 comprise nickel-vanadium; and layers 121, 153, and 156
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,addition, one or nore a

“formed on the uppdt®urrLReEndy c"f‘ﬁ‘&f"ﬁﬁ?“’”aﬁ‘sri‘ffé‘f'dft%l@@""t’eé?'@?"e €408 H% 3% di ti on,

, 5 additional adhesion |ayers 134-136 are added. |n one enbodi nent, aayefr—-—-
134 of titaniumis first applied to thermal interface |layer 110. Next a

| ayer 135 of nickel-vanadiumis forned on |ayer 134. Either platinumor, ’ )

- chromium could be substituted for nickel-vanadium Final I%‘;a | a§4 52136 of

gold is fortRE¥Payer 135. Nickel could be substituted fRrVEsH4e590 | n
addition, one or nore adhesion |ayers 141-143 can be forned on the upper
surface 57 of die 40 in order to provide a suitable material for the

| ower - nDst  SHPRES ph Hpagyesyes megtipogrkabqvepsganding FiCoS, g gigialt guld pysubsifatedidbodi nent, a-
| ayer 141 ofhest pattiautdr siiddtdns.f or med on t he upper surface 57 of die 40. Next a

| ayer 142 of ni %ﬁjm%gepgt@ﬂ%édmr d&l?& QURAL fans QNG asgeﬂéapfgé ybﬁéi.r%ﬁ‘&‘ hum or

chrom um coul d be ni ckel - vanad é}sa | ayer 143
of gold is POFAEGH |ﬁ%@9‘@?nalfat%facwywbws Byl Ipthe firecdondngicpted y arepvE 18. 590l d.  Pri or

t 0o under goi g l30hDdesmes Rfok@act wah Byt 2Abl e fl ux and sol der paste are applied to

one or both of ' Gl oAin8fthdiids o 28, I, 20 hAPHSH sk hgedlyr ect i O

i ndi cat ed by arr ows ayer ones 1 nto contact th | ayer .

143. In one @m@aﬁmm &ndﬁéo tbrmgama epﬁvﬂsagﬁéptgerwm%ﬁhww%w bowed 500

Angstrons (A) i Nt itoekeeded cohjaeition MBnendidal Rimbit aRbikiclbiaj et nGreR e@mplppr OXi mat el y
3500 A; andoﬁﬂQ%mQ&'m@ntJnﬁXt%[e‘?m{% ?pmﬁgéh%%% 51000 A. FIG 6 illustrates a
1t

cross-sectional representation g} capa thermal interface 111 to
be affilfed to aH%I7HQ ViEwef 2 vpfyr 140 pidiaeed %‘“W"Eeﬁa%ﬁﬁ“ﬁ‘e‘f’h‘%hﬁéﬁwﬁm of the
invention. AparseitiniadHSChneaEdmie 145 thelR6r phidt @1atiRbmehtd 2 (HSAHE @ccdrdzheeaath aerf Or Med

~apart from Lﬂ%dlgig@of@n@ﬁv&%gsequent ly affixed to the | ower surface 58 of |id

122 of IHS 120 now be ‘expl ai ned regarding FIGS. 6 and 7. 25 An
anor phous or poI%P‘ﬁ’%’f‘&!‘erf?“ﬁé“d?s%{wlﬁéy‘éﬁmm“F‘Y@é"rﬁ“”b‘@f‘*’ijﬂﬂvﬁ“ B any suitable S
met hod. Thetypitdty RiftrR&iSn Ofrgel waige140 dodnriserg Mplitdiey\of il @pdanl chedrgGilyp@inc ivd embdie r mal 2

t I
: Lﬁﬂg'r regﬁﬁlncﬁ%;ﬁfghe&%m%?gc O V\Jé%%%d fr&nﬁvéa?é?‘?zao o BQO B et 145@%%&%%%&& omEVera

Invention is not limt to any

particul ar PHFdfhess. To facilitate affixing the thermal interface |ayer 111
to the under surflacds 58w GifigrandBa haidd ofFadbSeatiig an IB Gackaps, B axoii@sd voth obeayer s 121 of

suitabl e m%ﬁﬁoh;ﬁxknt&%m@&tacixofﬂlﬁgm@%egﬁngﬁﬁbnder side 58 of lid 122. In

hesi on | ayers 151-153 of suitable material can be

one or ror e agickgedd deat shrade (15S) 16 172DF6G.aF. Fertiirtha bidtails qomeraing thik orgmifionpreferfior ned on

‘the |ower sgid @&@moqum“lg;{bgm interface Iayer 111 to provide a suitable
-bonding platformfor a connection with the upper surface of die 40 (FIG

'5). 35 Adhesi on Fa3fet Eesiopqdic{pg 44 B1C: ﬁ?%““&%ﬁq"‘b
Ji ncl udes chreisoma layed soHace of¥heodeste, coypledib conespyndigg dostets {e.2t 52t G 3uwn thetupmig st en, and
vanadi um  og,alhayss 1518%5891Esub4tr9:e0ne enbodi ment, layers 151 and 154 corrpri se

fedee bt D15 B Y Poup t hat

conductive matenay ism

titanium_ |ayers_ 152 an ri se njckel -vanadj u ers 121, 153,
and 156 rgé y In 322, the IHS is mounte ov at least one die so that the thennaqu uci [

contact with an upper surface of the die.
In 324, the THS wall (e.g. 124, FIG. 3) is coupled io the upper surface of the substmte with a ()
thermally conductive material (e.g. 66, FIG. 3). ;
A suitable process for performing 322 and 324 will now be described with reference to FIG. 3.
30  Solder paste is first applied to the back side of the die 40. Alternatively, the solder paste could be applied to
the surface of the thermally conductive element 110 that faces the back side of the die. Then a suitable
sealant 66 is applied to the OLGA substrate 50 where the periphery or boundary of JHS 120 will make
contact when it is positioned over the die 40. .
Next, the THS 120 is aligned, and an appropriate force can be applied, for example using a spring, to
35  hold IHS 120 in position. The package is then put into a suitable heating environment, such as a flow
furnace, for solder reflow. Following solder join of the thermal interface, the sealant at the 1HS boundary is

cuted in a conventional oven. Post cure, the securing spring is removed.
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WD 02/ 061825 PCT/ US01144650 conprise gold. However, as nentioned above
regarding FIG 5, other materials could be substituted for these particul ar
substances. Prior to undergoing solder reflow, a suitable flux and sol der
paste are applied to one or both of |ayers 121 and 153, and thernal
interface |wpeendikts is noved in the direction indicated byperweowsidsh8, so 5
that | ayer 153 cones into contact wth layer 121. Wi le in the enbodi nents
illustrated in FIGS. 5 and 6, thermal interface 110 is described as being

affixed to I H5 1ﬁ,ngggjﬂg§,atgy,,¢H§Qe,t,ciggt@ggh the use of sol der ot her attachnent
t echni ques coul Ilglso The above- %gs ri bed c tlon di mensi ons,

nunber, and ord c?f’sﬁﬂﬁ\}g‘?%ma?p@m AEPivE meiods ala%?f" ﬁﬁ’ﬂﬂ’f‘}’f’ent s
i |1 ustrat edmataialdo tntimsgraigd watigodaden@ iz F16.¢ clb@rajes yppt I0MYFIGL® FIG 7 is a view of a

vaf er 140 of di aBgch detk@fohlBA is huid: @ﬁethaqeay&%@&haﬁ} conmw@;hatehasst@s%g@wganom
separate 145 th rior to attachnment to an

IHS, in gccg‘?}(ﬁgﬂ(?‘g};%"ftﬁﬂqg%gpﬁs tgeme %&w‘i‘?ﬁtﬁ? 6b‘1’h° B YPRPERISh. The ther mal
interface 111 delsa®idyedhesionlaft (Ge of or ingrckysdil Hef 3R FE. A dhesidonthk Bifeurgeel 51- 156,

will typically IQ@OSfQﬁy@%@'thérrﬁhllﬁcohcﬁ&ﬂ@ma‘%ﬁ!%g ﬂiéQ‘I(PE)‘T%dw%bMe @hea&?&ﬁ.ldft ybof
Se el ene S, ..can e

i ndi vi dual con ve, €

separated f ?’8%’8\3}3%‘%% tem?—'%#”“b?f&ﬁ’ﬁ? ‘é’“mférfgéﬁ‘gﬁ‘f’fmdﬁq?"’ﬁ‘yswﬁpé’gﬁ “%dnébﬂ&l?‘t&t ed from
waf er 140. Fl G 18310gsaleyerfof thaymatly @oruetive wfterial (qeetIhGE5. Gfis dhenb ppad &om thgfHan | C
package,joi Nsuiece OfHd ARGAI ;Me@@@p coﬁmQQﬂdtmmk aQfamrld Conlpi¥tE MaleRphite. TS nEt hod

begins at 3 nal I y conductive material is affixed
to the Iowegyeéﬁ'PP‘?’;\%"‘M‘("tﬁale (méfg tof],% 20 an integrated heat spreader

(I1HS) (e.g. 120,InF12@n adysion Bt (e-£ metohrewre IdaetsaﬂHéG,EI@nﬁiérfthwgn ttiepssonpprefpeat i on,
ff er to F],f@e;age,aﬂggnhaﬁmoﬁhaa,eg,{m&hgon below. In 320 at | east one die (e.qg.
Q, FIG 3) is @yﬂtlgad vnﬁzg thermaﬁl? cc{néluctava% ents g 1§ L’IBﬁGe gx;'?%ap dted%r mlhhatt)wnel ectri cal

contacts on a | ow&r- suf e ar Cor respondl ng contacts
(e.g. 525 Fe@- 3) on the upper surface (e.g. 56, FIG 3) of the substrate.

25 :jn 322, the Ixhlﬁlei lﬁdnﬂfﬂﬂ&Erﬂﬂly&ﬁ@fcﬁ@%laﬂ;\eﬂ@ﬁ&seﬂ:&@to@ieﬁndf&@id&c’ﬁ‘@icfhﬁ-llﬁ@e.% her mal | 3?:2
conducti ve i is.in_ canfact wth an upper surface of the die. In 324,
the I HS wal F%P% G?TE Ethoffleﬂa%é§ is coupled to the upper surface of the
substrate wit h aﬁ@pera@mwwq apove pittreretct to e rneﬁitcéspliuanatec(!eFf@S BeloFmiE 3). A

sui t abl e pr pemsd h QUITHET diddf Finfi@seAddivaihereid24 W | | now be described with

referen to FI s first a i.ed to the de of the
ng\l Gl“he %J'ove— escr%ec! cgox eaip a?e}'ngs Ieome P r (p Rﬁr dxmfmsmng 1nd cum?ﬁxq" K-n 'f

di e 40. ternative sur f ace of
t he t her mal iaxﬁrse@whm’emﬁ fvefﬁwse%ﬁfemkllewtem cma’él@garteﬁ@ %@é prdiggrpplill Gtheaie  di e.
Then a sui t abhtnize s Sb@BliperfifmatcSorappickgdd t 0 the OLGA substrate 50 where the

per i PRery (of  boURgAbiQlesbd 8 ochfBarth bl GemGOR ARkisfi ko2l 651 11 OnE
used, such as plating, sputtering, vapor, electrical, screening, stenciling, chemical including chemical vapor

25  deposition (CVD), vacuum, and so forth.
Before deposition of the one or more metal layers, the surface of the die can be prepared with a
C sputter eich, if desired, to improve the adhesion of the adhesion layer to the clje surface; however, a spuiter
etch is not essential. Nor is the condition of the wafer surface essential. The wafer surface can be in
unpolished, polished, or back-ground form.

30 The particular implementation of the IC package is very flexible in terms of the orientation, size,
number, order, and composition of its constituent elements. Various embodiments of the invention can be
impleménted using various combinations of substrate technology, IHS technology, high capacity thermal
interface material, adhesion materials, and sealant to achieve the advantages of the present invention. The
structure, including types of materials used, dimensions, layout, geomery, and so forth, of the IC package

35 can be built in a wide variety of embodiments, depending upon the requirements of the electronic assembly

of which it forms a part.
FIGS. 3-7 are merely representational and are not drawn to scale. Certain proportions thereof may
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. Next, the IHS 120 is aligned, and an appropriate force can be applied, for
. exanpl e using a spring, to 35 hold IRS 120 in position. The package is then

~layer of the IHS

‘layers; rrec?iﬁ%’l’%%fo
by one of C)d’niﬂ&dﬂﬁﬁtywﬁmréddd}laﬁpafeh&ﬂ&:&ioforﬁ]ﬁhr)(mﬁllilm‘a&ﬂ 1Ha Genteht€ mBEdaisper f or mance of

‘the paCkag AQ‘XS ?1% nsi ntg,lat?d sgq?xénpeog r?txon a@by%iﬁiq ?éafhgjlgr%%{aggép met hods, for

put into a suitable heating environnment, such as a flow furnace,. for sol der
reflow.  Follomep@esol der join of the thermal interface, theraRel Rk af the
| HS boundary is ~ cured in a conventional oven. Post cure, the securing .
spring is renoved. 10 WD 02/061825 PCTI US01144650 The method illustrated in
Fl G end fgégtgd‘ wl{llhg?ilersn] *'éemmmtuz 9"‘%18'& @-g I:clr%mtegcjedéovmitrgtLgagqu ative methods of

affi XI ng a nt egr at ed heat

- spreader (I ‘I“B‘)’“e“t?i’lf’ﬁ"f op ‘@’I"‘é‘HU{aé‘taéEe vagsesigodzebargprripplcrariad ouj by thgf orgipary

det er m nat isgibinite asgade whet her a | ayer of thermally conductive material is to

~be grown on 5 the lower surface of the IHS. If yes, the nethod proceeds to

306; otherwi se, it proceeds to 310. In 306, an adhesion |ayer (e.g. one or

nore layers 131-133, FIG 5) is f or risePugen t he | HS surface. In 308, a Iayerz

of thermally conductive materi al (e g. 110, FIG 5) i's grown on the adhesion

di amond, a dl amon CY%EQ;I{T“% n%ontprovi%es of an e ectrac‘:ﬁm %ssemt:l]'; q.?f ods mlanu ctura ?reo? {!'ze::]?raﬂc y d
conduct i ve et thams! digipgjion prpiems w@teda)ﬁh Pigh Ry dfivasp AP Pleewwssemen%ﬂs 10
surface. Theta podeRing Sbten that néofbfetbsiGe @ MOY PectEMtShsrhbiRtghaniilielihagraaglinveatiodi anond
2:2210)?3 IF %L%d%rth%gﬁt{ ve?y mﬁg ggqﬁr edlgn?iyes a?socmp ed \9{?1 hggﬂ p%! malﬂ:e 1IntQ eratgd%l;ciqats;%? sg‘xcl}]/_\lg‘g_e ;_ 56,
FIG 6) is FEFaEeheHoraport ‘@ﬂ@%‘clﬂﬂhﬁt‘@Wf ace of t he I ayer of thermally

.conducti ve nat eBi abstantiany ﬁ&ﬁsmghﬁ@dﬂmﬁialdﬂﬁﬂattdnm%ﬂmﬂeyorﬁﬁmuﬁﬁoﬁlvﬁseﬁbl&ﬂ'ent s (e.g.
145, FIG 7slwh§1

eé?romc a5 aé%tecfgn bff. (p2 IE;.IE]CJ att.lmcrgscg Yok tfrequ?nﬁes %eamath§ svi]' géqoxfmrllenlt vi dual

thermal | y conducti Ve PUare Secur ed each I HS ()
(e.g. 120,caFre@ergy atfeﬁwedchaelt%@w*e@%w@tmsmmiwemm@ﬁe%fﬁf"eywssa%re‘@@lﬂv bed above

‘with respect t 0 Ak hﬁwmieiﬂ Qﬂqare;eht htﬂ&ﬁx&n&,ﬁ;ﬂﬁ implmErhein.a nBmtadvldiferéafdmbdiinentier f or med

inadiffer,
choi ce of nat onposi tion of

ludm Of l'reaei chssn o nrgre{uc Oes, gn in er%a fed clrc%glﬁ&gée%h Qem&% assem%lyago%grmqg scri bed
’F'tPg: ‘&fﬁﬂﬂm@FSH@SY“ﬁﬁ G“dé@@@rm%ds 3@%?&@%%’& ‘Packtge-Mher be vari ed

deposi ti ng ayers’ can suc uttering,
vapor, é&f ec‘P‘i“F%?tS screeni ng, st enC| I i ng, chem cal including chem cal vapor
25 deposition ( GV sertaiB@etAfions ha&é\&erﬁdascfm fieRin réB@ilet &p&emsioﬁr&rmarf@és, it he one or

t al Cl tt
more et a \lﬂﬁye a‘?ers{ogﬂgatt%%g Jes%gg?cﬁs are r d{]ﬁe ggﬁxaoq}%pwﬁ.\gd bg%ﬁe%gl{ ) 1 g&cpagéawer sputter

etch, if des rove yer to the die
surf ace; ho‘W@Wér“e’é&ﬁ'@ﬁmqt@msWf@?‘éﬁen?@%{'m’é%ent| al. Nor is the condition of
t he waf er surf ac@nRgSedRit @bodimkREhvefeailusitatel M Ses@iBdd hb@n, it Will be appreciated by

25  those of ordinary skill in the art that any arrangement that is calculated to achieve the same purpose may be
substituted for the specific embodiment shown. This application is intended to eover any adaptations or

variations of the present invention. Therefore, it is manifestly intended that this invention be limited only by (m

S

the claims and the equivalents thereof,

30
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unpol i shed, polished, or back-ground form 30 The particular inplenmentation
of the I C package is very flexible in terns of the orientation, size,
nunber,« order, and conposition of its constituent el enents. Various

enbodi nents of the invention can be inplenmented using various conbi nations
of substrate technol ogy, IHS technol ogy, high capacity thermal interface
material, ailhes on materials, and seal ant to achieve the advantages of the
present invention. The structure, including types of materials used,

di nrensi ons, |ayout, geonetry, and so forth, of the |IC package 35 can be
buil't in ajw deayappRiths Bdmmmagdi ments, depending upon the requirenents of
the el ectronic assenbly of which it forns a part. FIGS. 3-7 are nerely
repr esent at i onad Subgi@ntally plenar beaiwpreader dadng a fics serfidos apgappor t i ons t her eof may
1 WD 02/ 061825 [ 44 erated.  while ofher e

i m 2ed. Fos Ao ting ochen SRR Sty Y05 @B RBET ons o
t he i nventippadedaid acstoodibsudfacketosdoopie t@ atlindqepatasitoaiteliy) titsihtegeedoditculdy t hose
of ordi nar({i skill in the art. 5 Conc] PSi on_ The present .invention provides
for an el cHf PRYINE 2 sxcondsysfacs seearubsigwaliy smale: randhe st syrdicegreas Bae i ni i ze
ther mal di @ahnRalicBRuRFHIDERARN isfoSfantbddlatt gh power delivery. An

el ectronic system and/or data processing systemthat incorporates one or
mor e el ect r oni ct éssteons| adbesiarhlayerdointddzm thtthepmallyaondustivestenent. 10 can handl e
the relatively high power densities associated with high performance
integrated circuits, and such systens are therefore nore conmmercially

attractivey. By Hiehpbaatusatditéd inEla@as whereitite bhiRssTBhe adifeSioR dyeP Rt fhin@d hi gh
performance el ectronic assenblies, such electronic equipnment can be

ngf at ed 20 the 8t gardase of thetherpally eprdusive demeitnat i vel y, such equi pnent can
be._operated at reduced cl ock frequencies but wth | ower operating -
tenperatures for increased reliability. 15 As shown herein, the present

i nventi on an #heiappiretus ntéoitedd imclainn2i mthereirothe di iedst penadheribo diyeristfermedncl udi ng

a heat -di ssi pati structure, an.integrat.ed circuit package,. an electronic
assenbl y, RATELIPGHAE SUpEPRFHTING A REroPEITh 1. Jickel PHRERe S Hy system  and
vari ous neithaes @hedtabkhe dlaamndn | C package, Qther enbodinents will be
readily apparent to those of ordinary skill in the art. The el enents,

materials, geonetries, dinensions, and sequence of operations can all be
varied to suit rti I: ] L: I
operatio ns4s‘ have eaé%&gtlé‘ ggﬁcﬁgég‘aﬂé{r}g} ﬁ’g'?%ﬁ]gt# |é ét?@?sggﬁ%%&ég%ubﬁ zliaﬁrglr fs?%r\%gfl "
surfaces, dntthe seicbhd hefasadehsticeaalihedndubibselaeseri ptors are rel ative, and
that they would be reversed if the |IC package were inverted. Therefore,

these terms are not intended to be limting. Al though specific enbodinents
have been g4 || U%E%}; (B8 fecHES Y dIARY WRERINhe hilleddt bhe Qﬁleﬁ&ﬂ)[a?@ﬂ RiGehely 25

t hose of ordinar il inthe art that any arrangenent thaf is cal cul ated
t o achi evefnaterishfremphe gosip comsjsting of chromium, gold, nickel, platinum, silver,

_ titanium, tungsten, and vanadium.

6. The apparatus recited in claim 1 wherein the thermally conductive element has a

surface area that is substantially the same as the surface area of the heat spreader.

7. An integrated circuit package comprising:

a substrate;

at least one die positioned on a surface of the substrate;

a substantially planar heat spreader positioned over the at least one die, the heat
spreader having a surface area substantially larger than a surface area of the at least one

_die;
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substituted for the specific enbodi nent shown. This application is intended
to cover any adaptations or variations of the present invention. Therefore,
it is manifestly intended that this invention be limted only by the clains
and the equivalents thereof. , 30 12 CLAIMS 1. An apparatus conprising: a
substantially planar heat spreader having a first surface area; a thermally
conductive elenent conprising a first surface coupled to the heat spreader
and a second surface to couple to an integrated circuit die, the integrated
circuit die having a second surface area substantially smaller than the

first surface ar her cond ve el e risi i anond;
and at | east or?e?“é%‘?‘?i@c(?ﬂé‘?"gyg ¢ Frn@é}pgaﬁjﬁf%‘e{lﬂ@ ﬁﬁW%&M&Q‘? %tjeaéf ement .
2. The appgHeafidhe BEH coRdiickité Bleth W @NRrRinkMan@ind: 8@t one adhesion layer
is formed on the first surface of the thermally conductive el ement. 3. The
appar at us reci tadpaptrpnglaghesion fayrs fetnrediondhethermeallytconductivdlglesiesh | ayer is
formed of material fromthe group consisting of chromum gold, nickel,
plati num silver, titanium tungsten, and vanadium 4. The apparatus
recited i r.cl aiThelintefr@tedi circtiit ackhgd @aidd artimdheldren theoytdéast snefadhegdsh on the
second surface of the thermally conductive elenent. 5. The apparatus recited
in clai m 4%R&tweqnfhe g?atlslérﬁé‘{er 3’&&@%@?&5"‘? giveelemelined  of materi al
fromthe group consisting of chromum gold, ni ckel , platinum silver,

titanium tungsten, and vanadium 6. The apparatus recited in claiml
wher ei n tk?e thélﬂwamtbgratedmﬂmilt packagd renibatt in lcbasm &8 wisaneif dloceat deastorelaathesion

substanti rface are eat s r. 7. An

i nt egr at ed® P’E‘BCEQZIE& Bﬁ% “HUND Conﬂatér@o%ftt Bﬁﬂ"@umag e%fggeﬁ one die

‘posi ti oneq;mmual SIWJraﬁﬁann tungstenl Rl vada@iung substantially planar heat

S@gr eader positioned over the at least one die, the heat spreader having a
surface area substantially larger than a surface area of the at | east one
die; 13 ajpher l it %n;g neat ader and
t he at Iea?t gﬁ% %{}e%',g{étther&‘?ﬁg 2k agegﬁgggittﬁ\?e %}ﬁm%&g%ﬁprlsaﬂﬁég}ﬁ anond,;
and layer is between the thermally conductwe element and the at least one die.

11.  The integrated circuit package recited in claim 10 wherein the at least one
adhesion layer is formed of material from the group consisting of chromium, gold, nickel,

platinum, silver, titanium, tungsten, and vanadium.

12.  The integrated circuit package recited in claim 7 wherein the thermally
conductive element has a surface area that is substantially the same as the surface area of |

the heat spreader.

13.  The integrated circuit package recited in claim 7 wherein the substrate is an

organic substrate and wherein the at least one die is positioned on the substrate through a

land grid array.

14. A method of fabricating an integrated circuit package, the method comprising:
coupling a layer of thermally conductive material to a surface of a substantially

planar heat spreader, the material comprising diamond.

15.  The method recited in claim 14 and further comprising:

14



at | east one adhesion |layer fornmed on the thermally conductive el enent. 8.
The integrated circuit package recited in claim7 wherein the at | east one
adhesion |ayer is between the heat spreader and the thermally conductive

el enment’. 9. The integrated circuit package recited in claim8 wherein the at
| east one adhesion layer is fornmed of material fromthe group consisting of
chrom um gold, nickel, platinum silver, titanium tungsten, and vanadi um
10. The integrated circuit package recited in claim?7 wherein the at |east
one adhesion' layer is between the thermally conductive el enment and the at

| east one die. 11. The integrated circuit package recited in claim10
wherein the at TMeWdingAfe on dsubstighe. pathatelectrigab corteptoen aigvest sulfaceod et he

gr oup CONS g bid\ghlod IOLRAMcoRAb onh Bl suriledrilihordhb v L1 ani um

tungsten, and vanadi um The 1 ntegr circuit package recited in claim
7 wherein the tinewntilglthe hend sptaader veerdbedie st thatithe daystiof themadlyeandurtive i s

substantially .the.sa s.the surfacg ar f, the heat spreader. 13. The
i nt egr at ed'né‘l’x"fl?:ldi;fn%og“fq?g&éthrﬂéec‘ilﬁpgﬁsqrﬁc%Pg&ﬁ]&f'vvherei n the substrate is an
organi ¢ substrate and wherein the at | east one die is positioned on the

substrate through a land grid array. 14. A nmethod of fabricating an

i nt egr at edl&i r chhamgfhedkergited indaimet faghes cPwpPrgne: coupling a | ayer of
thermal ly cond i rial . hal nar heat
spreader, the un%{-délr gﬁ%%%?ﬁgﬁeﬁgﬁd%%%gﬁeﬁi@g %ﬁg?ﬁ%ﬁ%&ﬁ rcé%{?lfcgggi n claim
14 and f urmhiverialeodkd sikfage of thd hemupeadey. a die on a substrate, so that

el ectrical contacts on a |ower surface of the die are coupled to electrical
contacts on an upper surface of the substrate; and nmounting the heat

spreader oper Ui diBobrecitbfin ddR 163WRIeif thed A KR dead 6N G r EfortiBA €71 @l 'S
H&cont act with the upper surface of the die. 16. The nethod recited in
clai m 14 addndterial fiom the gravpsiongjstingofiehregivm, gddstickshelatibos sibver) ayer bet ween

the | ayer tﬁ%@ﬁ@“ﬁ%ﬁgﬁgﬁ’e I%%‘jé%ei r]materi al and the surface of the heat

spr eader. claim 16 wherein the at |east one
adhesion layer is formed of material fromthe group consisting of chrom um

gol d, nickel, plati nurgnli silver,  titanium tungsten, and vanadium 18. The
met hod r ecli®t ed ihs iegthgdwesisedsingiain, Orad fathep F9BPHINE ouNt i ng a die on a

substrate, so tdnifhGed df RbutsRik Ao Bat AkcRich PRl achWYn| AlofePlurfdl€ of the
die are coupled to electrical contacts on an upper surface of the substrate; and
mounting the heat spreader over the die so that the layer of thermally conductive

material is in contact with the upper surface of the die.

19.  The method recited in claim 14 and further comprising:
forming at least one adhesion layer on the layer of thermally conductive material

(: : and not contacting the heat spreader.

20.  The method recited in claim 19 wherein the at least one adhesion layer is formed
of material from the group consisting of chromium, gold, nickel, platinum, silver,

titanium, tungsten, and vanadium.
21.  The method recited in claim 19 and further comprising:

mounting a die on a substrate, so that electrical contacts on a lower surface of the

die are coupled to electrical contacts on an upper surface of the substrate; and
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die are coupled to electrical contacts on an upper surface of the substrate;
and nounting the heat spreader over the die so that the |ayer of thermally
conductive ''Il material is in contact with the upper surface of the die.
19. The nmethod recited in claim14 and further conprising: formng at | east
one adhesion layer on the layer of thermally conductive material and not
contacting the heat spreader. 20. The nethod recited in claim19 wherein the
at | east one adhesion layer is forned of material fromthe group consisting
of chrom um gold, nickel, platinum silver, titanium tungsten, and

vanadi um 21. The cited in nd further
vanadi un 23, AaRERatl SFLEL S LR AIG CHLRLOSSRIAS A%,
surface Qfontabmltmﬂ@%pamﬂa@é@ﬂhémeel ectrical contacts on an upper surface

of the substrate; 15 nmounting the heat spreader over the die so that the
at Ieast one adhesion layer is in contact with the upper surface of the

di e. I 1 “g]-gérm C rom ng
t he | ayer of rﬁﬁ?er na(fcﬁ%b%%ﬁgl?(qzht@vg %ﬁ?ﬁgﬂ% r‘ﬁ%{s%gl%ac o? ﬂaﬁzﬁgo%eat
spreaderthaﬁmuyhmuheuhnmamaahnemesmﬁmbafﬂwlﬁmmmﬂmémn form ng conpri ses:

growi ng the |ayer of thermally conductive material apart fromthe surface of
the heat spreader; and securing the layer of thernmally conductive materi al

to the sunfacerneimdiial ReRdd in SRR A48 herdh® forming comprises:

growing the layer of thermally conductive material apart from the surface of the

heat spreader; and
securing the layer of thermally conductive material to the surface of the heat

> spreader.
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