WO 2004/ 109759 PCT/ US2004/ 016517 | NTEGRATED HEAT SPREADER LID This
application clains the benefit of US utility application nunber 10/449940
filed on May 30, 2003, incorporated herein by reference in it's entirety.
Field of t I on The subject matter disclosed gen I s to the
field of hgﬁ? 2@?@2%-}62“ on devices for electronics corrpgli\cgllﬁljt'%f"{‘@éﬁgigr ound

I nformati on Many nodem el ectrical devices, such as conputers, include
integrated circuits having nmany small circuit conponents that are
fabricated on a fragile chip or "die." Practical circuit conponents
generate heat during operation. The conplexity, conpactness, and fragility
of the circuitry on the die presents _several challenges to designers of
heat di ssipation devices fSWTEHBAIEQJHQMHSRBEARERHéQt di ssi pation device
must facilitate adequate thermal egression to prevent an associated the
fromreaching an excessive tenperature. Second, the heat dissipation device

must be el ectrically.isolated fromith ircuitry on the dj ot to
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steps, such as attachnent of a heat sink. One conventional strategy intended

to nmeet the ﬁb@V&dcq§¢lﬁnge is to encapsulate the die in an epoxy or other

encapsul ant » h fills the space between a heat spreader cap and
an underlying st.rate board tq whi the die Ls,electrically.connected. An
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encapsulanﬁ ﬁunrounds and protects the die and al so
electronics componetits.

Background Information

Many moderm electrical devices, such as computers, include integrated circuits having
many small circuit cotnponents that are fabricated on a fragile chip or “die.” Practical circuit
components generate heat during operationt. The complexity, compactness, and fragility of the
circuitry on the die presents several challénges to designers of heét dissipation devices for the
die. First, the heat dissipation device must facilitate adequate thermal egression to prevent an
associated die from reaching an excessive temperature. Second, the heat dissipation device
must be electrically isolated from the circuitry on the die so as not to interfere with the operation
of the circuit. Third, the heat dissipation device must provide ‘adequate rigidity to allow the
fragile die to be handled without being damaged in subsequent manufacturing or assembly
steps, such as attachment of a heat sink.

One conventional strategy intended to meet the above challenge is to encapsulate the die
in an epoxy or other encapsulant material, which fills the space between a heat spreader cap and
an underlying substrate board to which the die is electrically connected. An advantage of this
conventional strafegy is that a thick layer of encapsulant surrounds and proteets the die and also

supports and attaches the heat spreader cap. Because the encapsulant layer supporting the heat



supports and attaches the heat spreader cap. Because the encapsul ant | ayer
supporting the heat WO 2004/ 109759 PCT/ US2004/ 016517 spreader cap is thick,
it is relatively conpliant in shear and so does not present an edge

constrai nt 0§ 2hdifed7Ber mal  expansion of the cap relative /JSQ(?) Sphstrate
board. Thermally induced stresses due to the m smatch of coe f‘l crent of

t hermal expansion (CTE) between the cap and the die produce stress near the
center of the cap, but stresses that would be caused due to CTE m smatch
between the cap and the substrate board are relieved by shearing of the
thick encapsul ant |ayer. One reason why this is jnportant is because,

t ypi cal | y,SPfeﬁgertcéRTﬁé}P&lﬁ dirigrelalively sprapliant gshsgeand soeerot PSRt Amedzgubst r at e
board is larger than the tenperature difference between the die and the
cap. HoweveOPSuai an thsiharel Gransionof thespgreltiveioithe whetetehnaet i hemallvf ers from
practical _problens and assenbly difficulties associated with the control of
a rel ati velnguced plerasey gneieghomismgich oS esteffigiont efdhesmelgrpusiont(CITR) ketween the cap

mass- manuf acturi ng environnent. A conventional strategy to reduce these
manuf act urduddhegli¢ piogusetstress npay thecpentet ofithranap, hubelresies dlat wodd bs cdvagit duedy er and
instead support and attach the heat spreader by formng a lip around its
peri phery €Ramisomtdbdretieadn thercep tdjthe substtatcbogrist refieedbyahariby ofthbtindti ng | ayer
that is significantly thinner than previously used encapsulant |ayers.
Today, sucimczgpsiemidiyey Omereasonvdlythihizvepatanhis bkaesstybesly, thedemkr#arerm  Such
a conventional heat spreader typically has a cavity in its center region

t hat att acdifferefice betveen theeliccand thesabstia® boad seldrpepthin thantdniperapae Kidfgtenes
substrate. The die is thermally coupled with the. heat spreader lid by
ei t her direstecadiiddcindahe dpa a thernmal interface material situated between
the die and the inner surface of the cavity in the lid. The raised
peripheral |i p Hdwereptheatididhibrbgrateg v dhip enCap@lntis e fogvmidiciine substrate
board and is bonded to the substrate board. A netal

problems and assembly difficulties associated with the control of a relatively large volume of
pre-solidified encapsulant in a mass-manufacturing environment. A conventional strategy to
reduce these manufacturing difficulties is to eliminate the thick encapsulant layer and instead
support and attach the heat spreader by forming a lip around its periphery that is bonded directly
to the substrate board by a bonding layer that is significantly thinner than previously used
encapsulant layers. Today, such a bonding layer might have a thickness less than 0.25 mm.
Such a conventional heat spreader typically has a cavity in its center region that attaches to the
die and that is raised up from the packaging substrate. The die is thermallﬂr coupled with the
heat spreader lid by either direct contact or via a thermal interface material situated between the
die and the inner surface of the c;vity in the lid. The raised peripheral lip, formed around the
cavity, extends down toward the substrate board and is bonded to the substrate board. A metal
plate called a heat sink, which may include metal fins to increase heat transfer to the
surrounding air, is typically bonded, perhaps by a thermally conductive adhesive, to the

typically flat, upper surface of the heat spreader lid.



pl ate called a heat sink, which may include netal fins to increase heat
transfer to the surrounding air, is typically bonded, perhaps by a
thermal |y conductive adhesive, to the typically flat, upper surface of the

heat spreadgs 2dolifaere WO 2004/ 109759 PCT/ US2004/ 016517 i e die,
substrate,@ﬁdeat spreader lid, and heat sink do not all Eggfggﬁ'h%%g%?re

coefficients of thermal expansion. Differences in the coefficients of

t hermal expansion can lead to the creation of significant stresses during
operation. Such stresses can be expected to cyclically vary because all the
conponents are _typically subjected to tenperature cycling during operation
of the devi ce. TraiFallnthasipcsubsiate kesharededidpandibagsimnkidaant Hbkayve fesameol der ed
to a notherboard and placed in a conputer are typically subjected to

t enper at urceelgigients aftheumal prpangenRiffetenesp oy the asfficionts of teemphleexpinsivn cim lead
tenperature cycling may be a tenperature variation between the

envi r onmene die crastipesiFigifeaiisirgses duong dpnpena Sutharesseccan fve expexiedtom el ect ri cal
conponent operating tenperature (e.g. 100C). Resulting peri-odic variations

i n t her malcyslicaby sary heoausel aflithetoedpgnanessind typicailyf ubjetiedoabmperstiercysingdating al
failure, including cracking of the die, = adhesive failure between the lid
and t he sulpsiatiai &f thodavite. Aoddxanplsapmicahdietvr beikugse that hevelbe¢h RBredttde t her nal
interface material thermally coupling it to the die. For exanple, cyclically

varying trhehdrBdardiddgssesd inhddnpaids fre Dpidalliubjdort i Repehhitd @ chigsdurispr eader
lid or underlying substrate board, which, in turn, can cause the thernal

i nterface bkl erdion Thg eRdng!d SARH BRpGreROt MRy YehBethRaiRGatidiBnheat
spreader lid. Such mgration (or punping) of the thermal 1 nterface material

can cause Rfvedh dRehiiefnicAG! @ﬁﬁ@raéufb (b BerobRRERFRkatire Pindth ORabRlRERN{e die and

the heat spreader |id, and therefore can cause functional failure.
component operating temperature (e.g. 100°C). Resulting periodic variations in thermal stress
may ultimately result in functional and/or structural failure, including cracking of the die,
adhesive failure between the lid and the substrate board, and/or separation between the lid and
the thermal interface material thermally coupling it to the die. For example, cyclically varying
thermal stresses can cause periodic warping of the heat spreader lid or underlying substrate
board, which, in turn, can cause the thermal interface material to migrate from the gap between.
the die and the heat spreader lid. Such migration (or pumping) of the thermal interface material
can cause an undesired increase in the thermal isolation between the die and the heat spreader
lid, and therefore can céuse functional failure.

The heat spreader lid material typically has a greater coefficient of thermal expansion
than the undeﬂing substrate board. Therefore, as temperature increases, the Iid expands and its
deformation is constrained by the bonding of the edge or “lip” of the lid to the substrate. As the
lid expands, it may warp in such a way that the center portion of the lid’s cavity rises away from
the die, or it may cause the substrate board to warp. Such warping degrades the interface

between the lid and the die, impeding heat flow, and puts stress on the adhesive bond. If

temperature cycling is severe enough, then the bond between the lid and the substrate board can



The heat spreader |lid material typically has a greater coefficient of
thermal expansion than the underling substrate board. Therefore, as
tenperature increases, the lid expands and its deformation is constrained
by the bondj e edge or "lip" of the lid to the s the Iid
expands, iswq%@ﬂkg?% in such a way that the center port?gﬁ&%ﬁ%ﬁwgéﬁid's
cavity rises away from the die, or it may cause the substrate board to
war p. Such war pi ng degrades the interface between the lid and the die,

i npedi ng heat flow, and puts stress on the adhesive bond. If tenperature
cycling is severe enough, then the bond between the Iid and the substrate
boar d can 13l /e ¢igdid@g Aslemipatr/fusethe fheond Sugtlace materialregultingtih degraddd can

delami nate fromthe thermal interface naterial resulting in degraded

t her mal pehdrmelpenionnapte ofthe spstem  Si gni fi cant war pi ng due to thermal
expansi on agai nst an edge constraint is a problem that does not present
itself in the Sasdicait vemgiagdud tatlednaticgpancibn gpapatrdocgee comsfraigiis apioblemhavi ng
heat spreader cap that lacks a lip that is bonded to the substrate. This is
because i nhaudods noeprespsitseHtiethe Bise b akhulated kigocttp pickgier ahfi ggion having
encapsul ant | ayer between the between the cap and the substrate is so thick
that it i sehteshfthderehpythaiangkk b #ipthat R bshddho $O sibiRite.t Tids BHRsduk&fnuelpes not
present an edge constraint to the thermal expansion of the cap. Al though
changi ng tdagapd@sted MidrSchiSacRagd R gaRiBhs B EncARAENNSrBaN et Be bithedfth@ heat
spreader. Iid and the substrate in non-encapsul ated m crochi p packages m ght

al S0 ser Ve;p and Mk hiteRdteistsh afifPthatSt i§ @398y cSApINGt FRhERBo Mat MO skt afkact i cal
probl enms. Specifically, the use of soft adhesives in a precision

Tnuf act roNgeeaYid QREBILLGRN. WIAGEER ARl esuE apont rol over | the ultimate
position of the conpdnents and/or the robustness of their attachnment, and
can cause Although changing the design to use a more compliant bond between the lip of a heat

spreader 1id and the substrate in non-encapsulated microchip packages might also serve to

mitigate thermal stresses, doing so can bring other practical problems. Specifically, the use of

soft adhesives in a precision manufacturing environment can unacceptably reduce control over

the ultimate position of the components and/or the robustness of their attachment, and can cause

unacceptable contamination, outgassing, etc. What is needed is a heat spreader lid having a lip

that can be bonded to the substrate board by conventional methods that are used in typical non-

encapsulated chip packages, yet that can also be thermally cycled with improved reliability.



unaccept abl e contam nati on, outgassing, etc. Wat is needed is a heat
spreader lid having a lip that can be bonded to the substrate board by
conventional methods that are used in typical non- encapsulated chip
packages, W n also be thermally cycled with i ility. 4
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spreader lid, coupled to an underlying el ectronic conponent that is
electrically connected to a substrate board, the heat spreader |id
conprising a center region, an outer periphery region which includes a lip
adapted to be bonded to the substrate board and a strarn i sol ati on region
| ocat ed between the center BRI 2 {LELE I regi on. BRI EF

DESCRI PTION OF T e 1 is_ a cross sectron of a sem conduct or
package i ncl udith G%FPIF#@%@%‘%H%&‘E un Y‘B%Ei@?tfq“t"cf"ﬁ’é’e]i‘ﬁnﬁfhﬁbls? clhfp Ay

enbodi nent of the present inventjon having regions of reduced |lid

t hi ckness: “qBngfigddo 2 splstrate bagyd, theligabsprepder ligcampasingle FRESE Tegite aIRleT | d
according to an enbodi nent of - the present invention having through sl ot s,
shown covePSripgery regiqn weirineludes adwda@@d tope Gorded B the substse beaid.pad 8 peait i ve

vi ew of anot her enbodi nent of the present invention having through slots;
Fi gure 4 iolationoegiomiqsaied priwedntbe vantenregionand brouiat peeipheryfregione pr esent

i nvention having regions of reduced lid thickness; Figure 5 is a cross
section of a sem conductor package including an i nt egr at ed heat spr eader
lid according to an alternatBRiE N GF THEDRASINAIS | nvent i on havi ng
regi ons of

»
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Figure lis a cross section of a semiconductor package including an integrated heat
spreader lid according to an embodiment of the present invention having regions of reduced lid
thickness;

Figure 2 is a top view of an integrated heat spreader 1id according to an embodiment of
the present invention having through-slots, shown covering a semiconductor package; |

Figure 3 is a bottom perspective view of another embodiment of the present invention
having through slots;

Figure 4 is a bottom perspective view of an embodiment of the present invention having
regions of reduced lid thickness;

Figure 5 is a cross section of a semiconductor package including an integrated heat
spreader lid according to an alternative embodiment of the present invention having regions of
reduced lid thickness.

In these figures, similar numerals refer to similar elements in the drawing, It should be
understood that the sizes of the different components in the figures may not be to scale, or in

exact proportion, and are shown for visual clarity and for the purpose of explanation.



reduced lid thickness. In these figures, simlar nunerals refer to simlar
elements in the drawing. It should be wunderstood that the sizes of the
di fferent conponents in the figures nay not be to scale, or exact

proporti onyPhbyaoieshown for visual clarity and for th
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Di sclosed is a heat spreader for electronic circuit conponents. Referring to
FIG 1, a semnm conductor package is conprised of a substrate 10, a die 12,
and an optional thermal interface material 14. A heat spreader lid 16 is
bonded to substrate board 10 via bonding layer 18, and the |id 16 is
thermally coupled to the die 12 via thermal interface material 14. Thernal

interface material 14 is optioEE:; igi rggﬁigﬁg thernar coupling can be
acconpl i shed either by direct f the lid with the
under |l ying el egtroni.c c O vl a hysi. cal cont of t I|d wth a
t her mal |nter$§§goﬁ§f%7 %Wh¥%§?:??%ﬂ??@gggﬂ@é?n??%ﬁﬁﬁ QﬁﬁﬁgPlﬁﬁ

el ectronic co ther y .con tive materials are SU|tabIe for
use as th&MHa? ]Faéﬁéy EF‘i ”‘ﬁfﬁf‘t&iﬁ% it} and angrsiopal ierpalt er i al s

i ncl ude slli one or polyner basgd adhesi ves doped with alum num silver,
boron ni t FtgEce gatedpl I Auisptipreadadid Ioyshaaged to ﬁ’él?SHﬁF bogrd @ wjaderdinglesst al s

al so |nclude Iead old, or tin solder_ utilized in a reflow netal interface.

Typi cal | y 13 2hé theidd iethermaily eonpledrie Medie EZﬁ@fbﬁhﬂa@bmﬁﬁaﬁa@@ maleriglddeThermalyes from

zero, in the case of thermal coupling via direct contact, to 0.2 nm The
bondi ng | #Rsfacq Bategalilg s entiopsl; the requirshereal qoapling cambe aqcempljshed eifiterby ess t han
0.75 mmthick. Alip 9 is formed near the outer periphery of the heat
spreader Hirert pléysical aontapti of thetidl wittothe undsdyibe eldestbniceeotripenanh dievit plivsigalsubst r at e
board 10.

contact of the lid with a thermal interface material that transfers heat from the underlying

electronic component. Many thermally conductive materials are suitable for use as thermal
interface material. Typical thermal interface materials include silicone or polymer based
adhesives doped with aluminum, silver, boron nitride, or aluminum nitride. Tj'zpical thermal
interface materials also include lead, gold, or tin solder utilized in a reflow metal interface.
Typically, the thickness of the thermal iﬁterface material layer ranges from zero, in the case of
thermal coupling via direct contact, to-0.2 mm. The bonding layer 18 is typically an adhesive
layer that is typically less than 0.75 mm thick. A lip 9 is formed near the outer periphery of the
heat spreader lid 16 to enable the lid to be bonded to the underlying substrate board 10.

The heat spreader lid 16 is typically composed of a high thermal conduc;tivity material,
such as copper, aluminum, or a metal matrix composite having thermal conductivity in excess of
100 Watts/meter®K (W/m°K). A copper heat spreader lid may be plated with another metal such
as nickel for corrosion Iﬁrotection. The size of the heat spreader lid is dictated by the size of the
underlying die and adjacent components, and the amount of heat generated (which influences
the size of overlying heat sink). A typical size to accommodate a modern central processing

unit (CPU) integrated circuit die is 18 mm X 18 mm square to 45 mm X 45 mm square,



The heat spreader lid 16 is typically conposed of a high thernal
conductivity material, such as copper, alumnum or a netal matrix
conposi te having thermal conductivity in excess of 100 Watts/neterlC

(WnK). A GogR§liheas spreader |id maybe plated with a”%&@ﬁ@gﬁ%@ﬁég?“Ch as
rrrdis

ni ckel for corrosion protection. The size of the heat sprea

dictated by the size of the wunderlying die and adjacent conponents, and the
anount of heat generated (which influences the size of overlying heat
sink). A typical size to accommpbdate a nodem central processing unit (CPU)
integrated circuit die is 18 nun_ X 18 nmsquare tQ 45 mm X 45 nun square, 6
WO 2004/ 108 7sEerptisr sigetmd/sbanss might heyraviesd to grepmmodats differsnpipackagings i ght be
required to acconnodate different packaging strategies, different

el ect ri cal SU@isgish Jiferant elggtripal correonsnts of filwrs Fleelsp) sprapensnis of thesamafyee.t pe. A
nmetal conponent called a heat sink (not shown in Fig. 1), which may include
met al fi nsmetd) coppenent ellphphent sink (not shown inFigelcwkich way nshde mietal fiygtocal | y
attached by a clip or bonded, perhaps wth a thermally conductive adhesive,
to the topprouett zapid @@vestion hfexgesaive bpat.aatypically aftadi®d bPaclip sssidédy perhaps

manuf acturing the heat spreader |lid 16 can use several steps including

bl anki ng, with mihpgnallp cenducting, adbesbigr pithegop airfaean?ngf thepheat sprgderdidd 6i nspect i on.
The steps, in sum transformraw naterial taken froma copper coil into a
fini shed part. Powessey formuenfadturidgabecheat sppeader lif U6 kamssetsbverat kieprineigdian d

i nspection steps, can be repeated during the course of the manufacturing
process. Alidkggtoiting péscitgideifurig, Sletdifs pRfig, aﬁmﬂﬁa@@ﬁ Tlige stapw ifBARr i @l i n
this process description, it should be understood that another suitable
heat - condugdnkféfim Ft @htedd] t4a@R froR: YRS tbil tedfidised pRIPPOhe orkiidte bi thede si¥pd, N St ep

in the manufacturing process is usuall y to sever square or rect angul ar
such as the cleaning and inspection steps, can be repeated during the course of the
manufacturing process. Although copper coils or sirips are referenced as raw material in this
process description, it should be understood that another suitable heat-conductive material can
be substitute(i for copper.

The first main step in the manufacturing process is usually to sever square or rectangular
blanks from a copper strip. This first main step can be accomplished using a progressive
blanking die in a high speed press.

The second main step of the manufacturing process is usually to coin the blanks to form
lids having a lip near the periphery and a cavity in the center region. The blanks may be coated
with oil prior to the coining step.

The third step of the manufacturing process is to form strain isolation regions,
configured according to the present invention, to the extent that such regions were not formed
during the earlier blanking and coining steps. In the case of strain isolation regions comprising
through-slots, it is preferred that such through-slots be punched using a piercing press.

The fourth step of the manufacturing process is to debuur, clean, and dry the lids. A

grinding step may precede the deburring step if necessary to bring the lid into compliance with



bl anks from a copper strip. This first main step can be acconplished using a
progressive blanking die in a high speed press. The second main step of the
manuf acturi ng process is usually to coin the blanks to form I|ids having a

i p near thaypesispeesy and a cavity in the center region, may be
coated wth oil prior to the coining step. The third stgg¥§$ﬂ?%@&§ﬁ

manuf acturing process is to formstrain isolation regions, configured
according to the present invention, to the extent that such regi ons were not
formed during the earlier blanking and coining steps. In the case of strain
i sol ation regions conprising through-slots, it is preferred that such

t hr ough- s| dle@etsrrifiraHens. & §ﬁ9|‘§m§tbﬁﬁf‘eﬁ“’@ﬁﬁ]§e lifls @aay beTirded wdrthen atedwigh a t he
manuf act uri ng process is_ to deburr, clean, and dry the lids. A grinding
step may pretERbsuchas yekehr Aldibons! dpanite apd mseestien/stens niayimepedther fhlilalv dnyted
conpliance with 7 WO 2004/ 109759 PCT/ US2004/ 016517 fl at ness

speci fi cat itesieps describati ahgve: Hagingsssepbly of the lidiins semigoriducter mhkage sadbiestveen
plated with a material such as nickel. Additional cleaning and inspection
steps may praydegtacedt orf vieewalh nfthotip of thelid e fsilitktsbmidingdo ths eutestrat®bpirdg
assenbly of the Iid in a sem conductor package, adhesive nay be placed on
some or all of Thepirpgse of the Himishédheat sprehdec is to pateet the diti ang td dispchse tsatast r at e
board. The purpose of the finished heat spreader is to protect the die and
to di sper sgetdmedigahe digengngitechebnyioh. MEhedhighl Wit erniady cbisiuotermdtéris tydibglyhi ghl y
thermal |y conductive materials typically wused for the lid typically have a

great er coebéd for talid elpidaliphaila et 06dfdlerkt BEMRernAC expasesd thitOthe SatRslingat e
board. As a non-encapsul ated senm conduct or package heats up, the |lid expands
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whi ch may go around the
expansion is constrained at the periphery by the bonding layers 18 which may go around the
entire edge of the lid 16. This peripheral constraint causes stress in the expanding lid- 16 which,
in the case of a conventional lid, may cause it to warp in such a way that its center portion lifts
away from the die, or may cause deflection in the underlying substrate board 10. Separation of
the lid from the die 12 will degrade the thermal coupling between them, and therefore reduce the
heat transfer away from the die — possibly impairing system performance. Thermally induced
warping also puts stress on the bond layers. Ifa non-encapsﬁlated semiconductor package gets
hot enough and there is enough difference between the coefficients of thermal expansion of the
lid and substrate, catastrophic structural failure of the bonding layer may result. Furthermore,
cyclic thermal loading can cause cyclic warping which can pump the thermal interface material
out of the interface between a conventional lid and die.

Such thermally induced warping and its potential adverse effects on system performance

can be reduced according to the present invention. According to an embodiment of the present
invention, a plmality of strain isolation regions, such as regions of reduced thickness 24 shown

in Fig. 1, can reduce thermally induced stress and isolate thermally induced strain in a heat

spreader lid 16. During manufacturing of heat spreader lids according to an embodiment of the



entire edge of the lid 16. This peripheral constraint causes stress in the
expanding lid 16 which, 1in the case of a conventional |id, may cause it to
warp in such a way that its center portion lifts away fromthe die, or may
cause deflection in the underlying substrate board 10. Separation of the

lid fromthevgh@slad7s | | degrade the thermal coupling beg,t\@%g Ot(,p,@lr&”and
therefore reduce the heat transfer away fromthe die - posm%l y I npairing

system performance. Thermally induced warping also puts stress on the bond
| ayers. If a non-encapsul at ed sem conductor package gets hot enough and
there is enough difference between the coefficients of thermal expansion of
the Ilid and substrate, catastrophic structural failure of the bonding |ayer
may resul t PrERCRERSY g’,mu%ﬁf?ﬁ @%ﬁ@gﬁﬁﬁ 0 Irﬁiﬁlﬂ?‘l@l‘:@%‘ﬁs a5 gesated petirlly Sfar pi ng
whi ch can punp, the thermal interface material out of the interface between
a convent i cREPletelthiouah thedid. Shess reerwe aw)lospted preeredunciiong amaiged araunsihent i al
adverse effects on system perfornmance- can be reduced accordin? to the
present i nwerpPheanof thglibyansie crbencgniressibdigf sndrisolae straire while séwtantiallyvent i on, a
plurality of strain-‘isolation regions, such as regions of reduced thickness
24 shown impiRpiging the heatrspreading eapabiéityred tieidi ANsarcedpbaraldestionsdoi thosteie
thermally induced strain in a heat spreader |lid 16. During manufacturing of
heat spr eadsnlation ckgicus cor iilmayoibinkrfemndsodirheatt trap$fet fnan gre\dontp0 a4 60759

PCT/ US2004/ 016517 present invention, through slots and/or regions of
reduced t hicekimesgioankthe héatted: thadiebfibd produces thompkidiestl y t hr ough the i d.
These regions are located in preferred |ocations arranged around the

peri phery of t hanbther esthodinenoofahdipraeet intdndasisshdvireh Fgnd. iTeed spicads tinag iy
whil e substantially maintaining the heat spreading capability of the |id.
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interference with heat transfer fromthe central area of the
between the center region 32 and outer periphery region 34 which comprises a lip. In this
embodiment, the center region 32 remains connected to the outer periphery region 34 via four
connections or regions of connection 36. The thickness of the [id in the center region 32 is
typically chosen in the range 0.5 mm to 8 mm for present-day applications. Through-slots 30
may be partially or fully sealed with a suitable filler material, such as a polymer material. The
width of through-slots 30 is typically chosen to be narrower than one-half the thickness of the
lid for a four-slot embodiment of the present invention. The width of connections 36 for a four-
slot embodiment of L;he present invention is typically chosen in the range of 0.5 mm to 15 mm.

Another embodiment of the present invention utilizing through-siots is shown in

perspective view in Fig. 3. A‘cavity is formed by the recession of center region 44 relative to
the outer periphery region 46 which compﬁses alip. This cavity is typically deep enough to
enclose the die 12 and the thermal interface material 14, For example, one conteimporary CPU
die requires a cavity depth of approximately 0.6 mm. Bonding layer 18 affixes to the outer
periphery region 46. A plurality of through-slots 42 is positioned between center region 44 and

outer periphery region 46. In this embodiment, the center region 44 remains connected to the

outer periphery region 46 via four connections or regions of connection 48.



center region of the lid, where the die often produces the nost heat.

Anot her enbodi nent of the present invention is shown in Fig. 2. Heat
spreader lid 28 is shown in top view as bonded to substrate 10. A plurality
of through- s{y@f HospdeRHE positioned between the center regofkddiég; out er
peri phery region 34 which conprises a lip. In this enbodinent, the center
region 32 renmai ns connected to the outer periphery region 34 via four
connections or regions of connection 36. The thickness of the Iid in the
center region 32 is typically chosen in the range 0.5 mMmto 8 nmfor

present-day appljcations. . .Through-slots 30. nay be.partially or fylly seal ed
Wi th & suitabl 6 AT9REFPRAEERRH e it Ry ouiond] SR SRR Vi Meidieh of
t hrough-slots 30 is typically chosen to be _narrower than gne-half _the.
t hi ckness of?WH& tj"F'P"d‘y@&ﬁe @c%ﬁ‘ﬁ? okqeier BHB 35 FraAttVe by outef @erpheisgion A6 @hichon.
The wi dth of copnections 36 for a four- slot enbodi nent of the present
i nvention i SOMBFEPLAIR-yIEhERvER 1S trpigaHy deeprrgaugsrto ondpspiferdie iangiihe thersizher
enbodi ment of the present invention utilizing through-slots is shown in
per spect i velnf§risge materpld4. ﬁpnﬁn&awrt@otislso%ﬁfées toyhe quéer pednhssy 16giown H6-dent er
region 44 relative to the outer periphery region 46 which conprises a lip.
Thi's cavi t ysingle fsgisnodrgdpcefidsldhiskupsytf is positeoned batweanivente regivon Samel et t her mal
interface material 14. For exanple, one contenporary CPU die requires a
cavi ty dept berpherypegionxiardn dhiyergba@iment, tBomgibmof redueed fid thickhéss vd sompriseha out er
periphery region 46. A plurality of through-slots 42 is positioned between
cent er regi singlddomigdousgmicae npwimgpH dreyvayepuod cdfer régiort 58, sThendbptbliofrmwh 2 t he
center region 44 remains connected to the outer periphery region 46 via
f our connecpicovisis typidabigclonen wfbe Githe exnpe afiP048to 80D EHE7agOMTERess of the lid
PCT/ US2004/ 016517 Anot her enbodi nent of the present invention is shown in
per spect i veirmheyented rdgich 524 .Offdn the groove depth will be less than 2 mm. In another embodiment

(not shown), a plurality of non-contiguous grooves is used. The width of such a grove is

typically chosen in the range of one-half times its depth to eight times its depth, in the case

where the groove is fabricated to have a flat bottom. If a region (or regions) of reduced lid

thickness is cut or etched such that its bottom is V-shaped or otherwise tapered in cross-section,

such as regions of reduced thickness 24 shown in cross-section in Fig. 1, then the width of such

a region is typically chosen to be in the range of one times its depth to 15 times its depth.

As temperature increases and the heat spreader lid expands, the strain isolation regions
provide stress relief, resulting in a lower mechanical load on the bond between the lid and the
substrate. This decreases the chance of catastrophic mechanical failure and increases the life
expectancy of the device. As temperature increases and the heat spreader lid expands, the strain
isolation regions provide stress relief, resulting in less thermal warping of the lid or the
underlying substrate board. In an environment characterized by cyclic temperature variation,
reduced thermal warping leads to reduced migration of optional thermal interface material that
may help thermally couple the lid to the die. That, in turn, results in more robust long-term

functionality and improved reliability.
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cavity is forned by the recession of center region 52 relative to outer

peri phery region 56 which conprises alip. This cavity is typically deep,
enough to enclose the die 12 and the thermal interface material 14. Bondi ng
| ayer (not s Lxes to the outer periphery region i.ngle region
of reduced I?@V!ta%/@ Jr?gss 54 is positioned between center spgjeTétl?sc%Plos“g} %éﬁd out er
peri phery region 56. In this enbodi nent, the region of reduced lid thickness
54 conprises a single contiguous groove running all the way around center
region 52. The depth of such a groove is typically chosen to be in the
range of 20%to 80% of the average thickness of the lid in the center

regi on 52. OF t en AR AETRAES Gabefupe ofhe preprat jngentiop hayinoregions oiredycsd Ky

enbodi nent  (not shown), a plurality of non-contiguous grooves i s used. The
wi dth of subtckaesgisolrawn i 2 seppsangduater Paskeseit Rignre his crosmspstional gigw. Hamesthe lipres
its depth to eight tines its depth, in the case where the groove is
fabricated 6®inih¢euter reripherpesgion 2 is ot thigkerthamth¢ thicknesg iobihg Jid ot the senteseeion d

t hickness is out or etched such that its bottomis V-shaped or otherw se

t apered in é4.oHewssttthedip 60 still photadesrin glieontst péripherguegieh §2vnoughete gaclitatshown i n
cross-section in Fig. 1, then the width of such a region is typically
chosen t o bkondingth¢hersabayatedbardrié by metwds thst ade@inkertiond in thie e of hen-dept h.  As
tenperature increases and the heat spreader |id expands, the strain

i sol ati on r egiapsuintedpniosochie psdkagsenfiglrateing. resulting in a | ower nechani cal

| oad on the bond between the lid and the substrate. This decreases the
chance of catastrophic nechanical failure and increases the life expectancy
of the deVice. A shaiperatiasieod thertbamestiant tohimitektd ttempeafiepardmaerex pands,
the strain isolation regions provide stress relief, resulting in |ess

t her mal war piategialetnd érabddimfentys dekdrbed reier Vationgmsdifisatioas mapbaundde withia the

envi ronnent characterized by cyclic tenperature variation, reduced thernal
war pi ng .| eagspt of the grecaelinvergioal i on of optional thernmal interface material
that may help thermally couple the |lid to the die. That, in turn, results
in nore robust |ong-term
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functionality and inproved reliability. 10 WD 2004/ 109759 PCT/ US2004/ 016517
An alternative enbodi mnent of the present invention having regions of reduced
lid thickness is shown in a sem conductor package in Figure 5 is cross
sectional view Here, the lip 60 in the outer periphery region 62 is not

t hi cker than the thickness of the Iid in the center region 64. However, the
lip 60 still protrudes in the outer periphery region 62 enough to facilitate
bonding to the substrate board 10 by methods that are conventional in the
case of non- -gng ul ated m crochi p package configurations. It should be
understood that the invention is not limted to the specific paraneters,

mat eri al s and enbodi nents descri bed herein. Various nodifications naybe nade
within the svigps Qdindelgs:present invention. 11 CLAIMS Wat is clained is:

1. A heat spreader lid, coupled to an underlying el ectronic conponent that
is electrically connected to a substrate board, said heat spreader |id
conprising: & Adwttepraades loh coupledin arunderlyippelegtromgicompuwinng that iscllestheslla | i p

adapted to be bond to the subsira board; .and a strain isolation region
ocat ed bet veRRrE & &RiisiedRth A GeriB et d B atrBinery "r egron. 2. The
heat spreadeq chigr @biogl @ m | wherein the strain isolation region includes
one or

an outer periphery region which includes a lip adapted to be bonded to the substrate

board; and

a strain isolation region located between the center region and the outer periphery region.

2. The heat spreader lid of claim 1 wherein the strain isolation region includes one or

more through-slots.

3. The heat spreader lid of claim 1 wherein the strain isolation region includes one or

more regions of reduced lid thickness.

4. The heat spreader lid of claim 2 wherein the through-slots are partially or completely

sealed with a filler material.

5. The heat spreader lid of claim 2 having more than one through-slot, the through-slots

being separated from each other by connecting regions.

6. The heat spreader lid of claim 3 wherein a single region of reduced lid thickness

surrounds the center region.

7. The heat spreader lid of claim 3 wherein the regions of reduced lid thickness comprise

one or more grooves.

8. The heat spreader lid of claim 5 wherein the thickness of the heat spreader lid at the
location of at least one of the connecting regions is reduced relative to the thickness of

the heat spreader lid in the center region.

12



nore through-slots. 3. The heat spreader lid of claim1l wherein the strain

i solation region includes one or nore regions of reduced |id thickness. 4.
The heat spreader lid of claim2 wherein the through-slots are partially or
conpletely sealed with a filler material. 5. The heat spreader lid of claim
2 having nore than one through-slot, the through-slots being separated from
each other by connecting regions. 6. The heat spreader |id of claim3
wherein a single region of reduced |id thickness surrounds the center

region. 7. Therhe ﬂéaﬁg{eg&q’qfd Arf‘cqan%fs ShaLii g, Wi gﬁfl J?th@t lﬁ%i{)ﬂ% (;Iglgglé%?élgné%

lid thickness co nor € grooves.

claim5 \Aherelegsthdhemﬂnnﬁkness of the heat spreader lid at the |ocation of
at | east one of the connecting regions is reduced relative to the thickness
of the heat spreader lid in the center region. 12 9. The heat spreader lid
of claim5 wiér Eherhedtsprgpdir hideif chiim|Sewkareionke wisthinetatileayt osyihorughslotissssret han

15 10. T h f i h dt h of |
onen?tnhrough gﬁ%'}gl}%tsha?fﬁpgﬁl %?5?15 ?d)fntg h%qt]sprg?..cge m‘%ﬁ'}r‘? §t§tegfevgfcﬁ’te hgat agprgggter

lid in the center region. 11. The heat spreader lid of claim5 wherein at

| east one of fhepd Héa@@%a@ér@iﬁ%f'aﬁmﬁ S'WIHe%m a@-%ast-gﬁ@ o?ﬂﬁttcur gﬁgﬁ) isla 10

claim5 wherein at |[east one of the through-slots is t hrough- sl ot .

12. The heat spreader lid of claim 5 wherein at least one of the through-slots is a curved

through-slot.

13. The heat spreader lid of claim 5 having four through-slots, a first through- slot and a

third through-slot being centered on a transverse centerline of the heat spreader lid.
14. The heat spreader lid of claim 7 wherein at least one groove is less than 2 mm deep.

15. The heat spreader lid of claim 7 wherein at least one groove has a depth at least 20%
of the average thickness of the lid in the center region but at most 80% of the average

thickness of the lid in the center region.

16. The heat spreader lid of claim 7 wherein at least one groove has a width that is

greater than its depth but less than fifteen times its depth.

17. The heat spreader lid of claim 13 wherein at least one of the through-slots is a round
hole.

18. A semiconductor package comprising:

a semiconductor die;

a substrate board;

a heat spreader lid, said heat spreader lid comprising;

an outer periphery region which includes a lip attached to the substrate board;

13



13. The heat spreader |lid of claim5 having four through-slots, a first
through- slot and a third through-slot being centered on a transverse
centerline of the heat spreader lid. 14. The heat spreader lid of claim?7
wherein at | east one groove is less than 2 mm deep. 15. The heat spreader
lid of claim7 wherein at | east one groove has a depth at |east 20% of the
average thickness of the |lid in the center region but at nost 80% of the
average thickness of the lid in the center region. 16. The heat spreader
lid of clai i | east one groove has a width that is greater than
its depth btﬁgﬁnﬁgégh&nﬁ ifteen tines its depth. 17. The heat spreader |id
of cl ai m 13 aimieisnlatibn repst looated bétwiere thichentegtegiinaing thes owter wutiptlerytrogion. 18.
A sem conduct or package conprising: a sem conductor die; a substrate board;
a heat spreader lid, said heat spreader |id conprising, an outer periphery
regi on whi chl d&F seisondycdtey nackage b glats 18 mehesaim thersiran 159latien regiom includast er
regi on; and I Nl atj.on region | ocated between the center region and
t he outer pe@ﬂpgggknpggggﬁkh'19. The sem conduct or package of claim 18
wherein the strain isolation region includes at |east one through-slot. 20.

The sem conduy tipe s@afekABR 1@ paskale®f LRiMN8hRicheih R stalrAikMalisPledldnARcli@GI ON
includes at |east one region of reduced lid thickness.
at least one region of reduced lid thickness.

21. The semiconductor package of claim 19 having more than one through-slot, the

through-slots being separated from each other by connecting regions.

22. The semiconductor package of claim 19 wherein the width of at least one through

slot is more than one half the thickness of the heat spreader lid in the center region.

23. The semiconductor package of claim 20 wherein the regions of reduced lid thickness

COMPIiSe One or more grooves.

24. The semiconductor package of claim 21 wherein the thickness of the heat spreader
lid at the location of at least one of the connecting regions is reduced relative to the

thickness of the heat spreader lid in the center region.

25. The semiconductor package of claim 21 wherein the width of at least one connecting

region is less than 15 mm.

26. The semiconductor package of claim 21 having four through-slots, a first through-
slot and a third through-slot being centered on a transverse centerline of the heat spreader

lid.

27. The semiconductor package of claim 23 wherein at least one groove is less than 2

mm deep.
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21. The sem conductor package of claim 19 having nore than one through-slot,
the through-slots being separated from each other by connecting regions.
22. The sem conduct or package of claim 19 wherein the width of at |east one
through slot is nore than one half the thickness of the heat spreader |id
in the center region. 23. The sem conductor package of claim 20 wherein the
regions of reduced lid thickness conprise one or nore grooves. 24. The

sem conduct or package of claim 21 wherein the thickness of the heat spreader

i 8t the 1ACThL Ol Bl dr338{ag00P il DUSHSONBALLIY 90008, Sudchjced

relative to ckness eat Spreader 1 I C ion

25. The senilegnd0ftadthd@ckagehiokness af the 2id inier@hRr tdpgonbidtahmek: s, beast one
connecting region.is less than 15 mm 26, The sem conductor package of

cl ai m 21 haAveEEe Hueknehy ofuinlid inths cepter fegion. t hr ough- slot and a third

t hrough-sl ot being centered on a transverse centerline of the heat spreader

lid. 27. Th i conduct or package_.of. claim23 erein at least o roove
i ess t hart®s THh s e Clor Paged pt leinh St EeistoRe. ibost A b s et
wherein at |i§?§etate9ﬂﬁn9fs%ﬁﬁl Hafesa AR RlReRtimet @R86ptRO% of the average
thickness of the lid in the center region but at nost 80% of the average

t hi ckness of the lid in the center region. 29. The sem conductor package of
cl ai m 23 whelkeiAnmethod efstanoietugr favteahgscalenlid tdr sprradingitlse lgrae ptodncddigrani t s
depth but |ess than Iifteen tines its.diyth.

underlying electronic component that is electrically connected to a substrate board, the

method comprising:

separating a blank of a desired size and shape from a piece of raw material that is larger

than the blank;

creating a lip at the periphery of the lid to adapt the lid to be bonded to the substrate

board; and

forming at least one strain isolation region in the lid at a location closer to the periphery

of the lid than to its center.
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30. A nethod of manufacture of a heat spreader |id for spreading the heat
produced by an underlying electronic conponent that is electrically
connected to a substrate board, the nethod conprising: separating a blank
of a desired size and shape froma piece of raw material that is |arger
than the blank; creating a lip at the periphery of the lid to adapt the lid
to be bonded to the substrate board; and form ng at | east one strain
isolation region inthe lid at a | ocation closer to the periphery of the

[id than t0 4} SEGNAL: offartlacuF0% R SROT ALY, 0T LAk m 30, wher ei n

the piece of raw material conprises [F%ﬁeas one terl‘ﬁ ‘@VF%CmPWQF&m

conduct i vi t yatdéasabnd matstlamﬁﬁlﬂyth&naiﬁaondﬁh&vltse(ﬁﬁmdka@ﬂIUUinﬂlflath ure of claim30
wherein the steps of separating and formng are acconplished

si mul t aneousl y. 33 The net hod of manufacture of claim 30 wherein the steps
of creating Hhdbeardtherpot rawf%@r@@éplaghéa vdierain therstaps ff yeparatipg and fienrieg hod

of manufactu erein the step of creating is acconplished by
coi ning. 35. & agéon&l%h%ﬂg’%u\ﬁfhné' gture of claim 30 wherein the step of

formng is acconplished by piercing. 36. The nethod of manufacture of claim

30 conpri si ng3 athe lnARdd HMBarRif&RuRlof Plafth '3Ugvher§1¥ theAtdR P ertalig ARSEMRIY Of 2

sem conduct or package including a die and substrate
are accomplished simultaneously.

. 34. The method of manufacture of claim 30 wherein the step of creating is

accomplished by coining.

35. The method of manufacture of claim 30 wherein the step of forming is accomplished

by piercing.
36. The method of manufacture of claim 30 comprising at least one step of plating.

37. A method of assembly of a semiconductor package including a die and substrate
board, comprising :

electrically connecting the die to the substrate board; and

attaching a heat spreader lid to the substrate board, the heat spreader lid having a lip at
the periphery of the lid and at least one strain isolation region in the lid at a location
closer to the periphery of the lid than to its center, wherein the step of attaching includes

bonding the lip of the heat spreader lid to the substrate board.

38. The method of assembly of claim 37 wherein the step of attaching includes at least

one step of putting a bonding material on the lip.
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board, conprising : electrically connecting the die to the substrate board;
and attaching a heat spreader lid to the substrate board, the heat spreader
lid having a |ip at the periphery of the |lid and at | east one strain
isolation region inthe lid at a location closer to the periphery of the
lid than to its center, wherein the step of attaching includes bonding the
lip of the heat spreader |lid to the substrate board. 38. The nethod of
assenbly of claim 37 wherein the step of attaching includes at |east one

step of putti { tial,on.the li.p. 16 .. The net f assenbly
of claim 37 %%rgr%jr%lngﬁﬁ(gd F%esg%g@?/toi?glﬁéﬂq 3Ztc§16‘p8$1 n%heaagﬁftf?&agﬁe%‘égﬁggll%ﬂﬁ %0 a
surface of thetbi@kto spidader thd lbat §deaddr Re¢at spreader |id, coupled to an
underlying el ectronic conponent that is electrically connected to a
substrate board, said heat spreader |id conprising: a center region; an

out er peri phéd.A heajispreadesiid, equplaseletan anderfrinpelecttmiat@pdnenitbetis eleetricellt er
region and the aut eri phery reqi. havi a depth. at |east 20% of the
aver age t hi C&q@gée%%o ?ﬁ"ébsﬁf‘ta b|¥)ﬁrdt gaéﬁ)ggzﬁtsgﬁgac?eg&%&ﬁmgwm& nost 80% of the
aver age thi ckoafier efiohe lid in the center region. 41. The heat spreader |id
of claim40 conprising a groove having a width that is greater than its
dept h but | essotthmperiphetygegioniangds its depth. 42. The heat spreader lid of

(Szle%! (r:noflfgug'? g?trl!sazslé Elgeggrogg%\légtg{i lﬁg{_[weleg tﬁeecserslte% pcagponzan%éj Suter perﬂ')%’erypfe gion

having a depth at least 20% of the average thickness of the lid in the center region but at

most 80% of the average thickness of the lid in the center region.

41, The heat spreader lid of claim 40 comprising a groove having a width that is greater

than its depth but less than fifteen times its depth.
42. The heat spreader lid of claim 40 comprising a groove that is less than 2 mm deep.

43, A semiconductor package comprising;

a semiconductor die that is electrically connected to a substrate board;

a heat spreader lid coupled to the semiconductor die, said heat spreader lid comprising;
an outer periphery region,

a center region ; and

at least one groove located between the center region and the outer periphery region
having a depth at least 20% of the average thickness of the lid in the center region but at

most 80% of the average thickness of the lid in the center region.

17



a sem conductor die that is electrically connected to a substrate board; a
heat spreader lid coupled to the sem conductor die, said heat spreader lid
conprising; an outer periphery region; a center region ; and at |east one
groove | ocated between the center region and the outer periphery region
having a depth at |east 20% of the average thickness of the lid in the
center region but at nost 80% of the average thickness of the lid in the
center region. 17 44. The seniconductor package of claim43 wherein the heat

spreader | Qnpri se wi.dth ater .than its

oo et PR Ror e RRCor i Bt R ADRI AR ER A" LR e

?L cl fzil m 4%0W@h?éﬂgEMdth&Hdt iSpegesan kit de;ﬁ%ﬁnleéssema@ﬁﬁgéxpmes fid@dptil.s | ess
an mm deep

45, The semiconductor package of claim 43 wherein the heat spreader lid comprises a

groove that is less than 2 mm deep.
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