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SPREADER LI D This application clains the benefit of US
wadd4iy7sappl i cati on nunber 10/ 449940 fil ed onPCWAB203/016517

2003, incorporated herein by reference in it's

entirety. Field of the Invention The subject matter

di scl osed generally relates to the field of heat

di ssi pation devices for electronics conponents.

Background | nformati on Many nodern el ectrical devices,

such as conput [ 1N j its having
many snal | cirj@ﬁgxgg%tgﬂgﬁhé&ﬁﬂggégﬁgﬁ¢%ﬁ$icated on a
fragile chip or "die." Practical circuit conponents
generate heat duri ng operation The conplexity,

%?atgg écl,?f 190 glgﬁins th agenﬁf f % ng teltélht§ ap 1ca918'111 ﬁﬁr}{begri 0{?&6?40 filed on
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ation devjces |rs the heat
Ma%%i‘?(ﬁamcswoaé R b rerhtye i wlilguat ot her ol
egression to prevent an associated die fromreaching
an excessi ve tenperature. Second, the heat dissipation
@@Eﬁgggﬂﬁﬂ%¥@%e el ectrically i sol ated from the
circuitry on |e SO a erfere
o paha ity Pper FrsTaste Eherily Flpietfo i BT b bt dpyices for
devi ce nust provide adequate rigidity to all ow t he
electrorief qoEgnents.o be handl ed wit hout bei ng damaged in
subsequent manufacturing or assenbly steps, such as
attachnent of a heat sink. One conventional strategy
aokenoypdi Infermatien t he above challenge is to encapsulate
the die in an epoxy or other encapsulant materia
whMsRy mRqden qleriricah@evacec g 5 CORNIERS, I%Cét%a@grateéﬁﬂawtﬁ having
an under|ying substrate board to which the die is
mang smell cirgut ¢oynm¢m:ethta’eaje fohmicaidd ame Aggiloship pf ‘Glie.” Practical circuit
conventional strategy is that a thick |ayer of
compnzapchante hsarduciug dgerativeh. [Fhetcemprxitheodipectassd, alddmgility of the
supports and attaches the heat spreader .cap. Because
circdift§ oft RARS Pieddiits Jedatel challgpes fol degighdie ofleat dissipation devices for the

dte. 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 strategy is that a thick layer of encapsulant surrounds and protects the die and also

supports and attaches the heat spreader cap. Because the encapsulant layer supporting the heat
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thick, it is relatively conpliant in shear and so does
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expansi on of the cap relative to the substrate board.

Thermal Iy induced stresses due to the m smatch of

coefficient of thermal expansion (CTE) between the cap

and the die produce stress near the center of the cap,
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difference between the die and the cap. However, the
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CTExssaridttedvesintthe ¢dpend drtsabdtracs board &k adlieved lyy $hengmeg of the thick
volume of pre-solidified encapsulant in a
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strategy to reduce these manufacturing difficulties
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i nstead support and attach the heat spreader by

beth g{ll’tﬂ eQndﬂthﬁfound its periphery that is bonded
I'rect to the substrate board by a bonding |ayer
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thermally coupled with the heat spreader lid b

redugg theee mamfacinringditficattics s tgieiminateibe thagk @mm@maat:%yer and instead

material situated between the die and the inner

supulr fndegtaddf the heat spreadey by fortoiveg 4 liplaroTindity pdripbery that is bonded directly
peripheral |ip, formed around the cavity, extends

to thdaubstiaeimiact Bihebaidigt1agd chab Gasighifoadtly thilhended previdualy used
substrate board. A netal plate called a heat sink,

encafyBil6Mt 18RYs. | TodaydaciBbaldidd 1Bgertnfightare ASBcIHE At edsHRASH 25 mm.
to the surrounding air, 1s typically bonded, perhaps

SuclP¥ cénvehgsihéay sendy %ic‘éﬁy AANESI ¥ in tehREregion that attaches to the

die and that is raised up from the packaging substrate. The die is thermallsf 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 ca\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.



typically flat, upper surface of the heat spreader

lid. 2 WD 2004/ 109759 PCT/ US2004/ 016517 Typically the
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not all have the same coefficients of therm

expansion. Differences in the coefficients of thernal

expansion can lead to the creation of significant

stresses during operation Such stresses can be
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cycling during operatlon of the device. For ex
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. operation. An exanple of such tenperature cycling my

cyclizallp vargrpeauat all thevampatentrre typtoaky subfdveedgovemmnatertcgtling during
tenperature (e.g. roomtenperature) and the maxi num
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100C). Resulting periodic variations in thermal stress
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| ure, 1 ncluding cracking of di e, adhesive

com{:ﬁ'ﬂe% FatRR! VEEK ch 'sﬁichqgﬁﬁ&gﬁu é&gﬁgﬁ ﬁ'lttdﬁ bQQ%nQperature variation

r separation et ween e thermal

betv%._egﬁ ﬁ{e e%gﬁ?lgﬁén%ﬁ t?rla%&%]rﬁ{ tgﬁ%ﬁg&rn%tan& ?} trlr'l]eSm%{n% elecmcal

rylng esses

comaﬂlae&? Py 151%3&%%%'%3? it %bﬁé?r 6% h%@wg?ﬁg? i Fristiofi Hept stess

he thernal terfa terial from.the_ ga
maydRRER Tetibin dE g R st 5%1@5% s g craghine of e,
m gration (or npi ng) of the thernal interface
adhegitedpilup betpigen gxﬁ&@@ng ihe sbieia oard, ard/ enspparption priween the lid and
thermal isolation between the die and the heat
the thpmesd dwerfack inthterahthetrmedlyebuplingdite thadise Foueratrpbm ayclically varying
failure. The heat spreader lid material typically has
thermalyteadee carceebd petiodictwapping béthehkatappads lidor uhdalyiigwibstrate
underling substrate board. Therefore, as tenperature

boaldMvhRBSiASurn} ¢¥@ chigd texiBarmels iréthck riiterfdBfoGhigRité BBmi tBe gap between
const r ai ned by the bonding of the edge or "lip" of the

the dib @nd PehBf pHRSLNRL SuctRidiMon (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 cause functional failure.

The heat spreader lid material typically has a greater coefficient of thermal expansion
than the underling substrate board. Therefore, as temperature increases, the lid 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



lid expands, it may warp in such a way that the center

portion of the lid' s cavity rises away from the die,
W@Rr004t109T8y cause the substrate board to warp. BUDS2004/016517

war pi ng degrades the interface between the lid and

the die, inpeding heat flow, and puts stress on the

adhesive bond. If tenperature cycling is severe

enough, then the bond between the lid and the

.. Supstrate board .can .3 004/.109 4/ 016517
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. interface material resulting in degraded thernal

therpal psiommprcs obfheshge®yst em  Signi ficant warping due to
thermal expansion agai nst an edge constraint is a
pr Signéfgant Warpingskis toderpal exearsion againgt an gdgenonstaaiet ipp problem
encapsul ated m crochi p package configuration havi ng

that ldeestno presed ésel€mphd trae of enchyssuletdd mpictdevhip paskdge mdefiguraion having
the substrate. This is because in such encapsul ated

heatspsadaitap tHaakkiagelic haf is undditotir subsrarn daisis badiisd @ayach
bet ween the between the cap and the substrate is so
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the substrate does not present an edge constraint to
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ultimate position of the conponents and/or the

mitiggp thermalsgresses, dpmgro st branether pragtigel eaebleras sypecifically, the use of
unaccept abl e contanination, outgassing, etc. Wat is

soft pdleadiyds insa predisian nepwigeititng bm!romntrvgn angdegptahlfi sedugeipontrol over
be bonded to the substrate board by conventiona

the wititdated®sitloabf e eompeknisrntijppileabbustrss efithepatichment, and can cause
chi p packages, yet that can also be thermally cycled

unadtebtablie ¥pfitaMaRti6:€loutbdingd ¥tc. AVhat 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.



WD 2004/ 109759 PCT/ US2004/ 016517 BRI EF SUMMARY OF THE
| NVENTI ON A heat spreader lid, coupled to an
wanaenbyrsng el ectroni ¢ conponent that is el ectPCT/EB1094/016517
connected to a substrate board, the heat spreader lid
conprising a center region, an outer periphery region
which includes a |ip adapted to be bonded to the
substrate board, and a strain isolation region
| ocat ed between t colk 3
periphery regi on. ; THE€ D
i n%Iﬁ??t sr;Prleader i rcggp, ec? & Cl I ?r?yln%?lgcgtrmn?co{bgrg) ég%corag%(&gc%ncally
i nvention
confeg5ghé rfq?ng St g SBWP@% e sompRrtyef geen ehidn g
view of an integrated heat spreader lid according t
peripher FRgE Wigh ms}% deg hip plapisdrie be hondstl o the gakamaty board, and a strain
t hrough-sl ots, shown covering a sem conductor package;
1solaroga¢eomlqcste@bWte@mthﬁ wentelyegiph ved {he ewico periphershiggion.
.enbodi nrent of the present invention having through
slots; Figure 4 is a bottonrperspectlve VIGM/Of an
embodi ment of t hBREERE . Ak, Hapi ons of
reduced lid thickness; Flgure 51is a cross section of
a Fegure b duabsrsegankdgaemivohdidiargpadnagte nichgimet andntegmted heat
spreader lid according to an alternative enbodi nent of
sprebde ljdresstting tdxesrthbimba \of 8@ pre&ghtdfentibn hiai fgtbnk bfreduced lid
thickness. In these figures, simlar nunmerals refer to
thickddds;| ar el enents in the drawing. It should be
understood that the sizes of the different components

i n Pﬁ@ﬁe hi II&WOE% cf:'&?r/ ea?ls tegrﬁte?glreﬁ't% }egd?erd aefor ﬁ%gn ?mbodlment of

proportion, \ sua [arity~an

the }!njggen[) HII;IQI%?O% h%(ling )ﬁﬁlofiléh%lbtg,nshoém covering a semiconductor package;

LJ

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.
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Di sclosed is a heat spreader for electronic circuit
weompoment s. Referring to FIG 1, a sem conduR€DUS2004/016517

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 lid 16 is thermally coupl ed

to the die 12 via thermal interface material 14.

Thermal interface material 14 is optional; the
required thermal co ' C. i shed either
by di rect physical- i) ighs with the

1301%6(53%:?}}?%‘5%1%56% ff%élni%f ecrcrlrrﬁ?ut c&{n@ g%/slz ﬁ:ma rrln oIFIG. 1, a
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. suitable for use as thermal, interface nma
mterfgpa. prial I Aot sprcsReTick) rinbanded e SYbRaa deard, lp.Véaobf@dmg layer
ol ymer based adhesives doped with al um num

18, egxdl tg@hd 1o srthermally eounded tothedieih? Migrhermel intrefacayngiegial 14. Thermal
thermal interface materials also include |ead, gold,

interdacetmatersad [1 4l &roptibndlj the dequirechtheshd] ovnplegabn be amomhdled either by
Typically, the thickness of the thermal interface

diresth@sit A lcohtagt@F tHedidgeish fhe aftet B elédirohieeofmeRendbr via physical
thermal coupling via direct contact, to 0.2 nun. The

contR@A HRAid RIS thbBnhlSntedideGRdthryal Mt &Qﬂﬂs@&b Hént fﬂoﬁytfhé uhéisdlying
IS typlcally less than 0.75 mmthick. Alip 9 is

elecfr&ﬁl bt. tlﬁ%lyoﬂigﬁﬁallg%%cﬁﬂﬁ{fé/m@fenﬁlg Gre éﬂﬁ@&e $R"Ra8Ehermal
Id 16 to enable the Iid to be bonded to

mtell‘lf%:%:ﬁit%(ﬁepg Tgflﬁpaﬁ ttﬁe?ﬁqglolg%gf gef &Qteﬁgig ﬁl hﬁ@%ﬂﬁpﬁ@&%ﬁythér%ased

AR B L B SR PR g
e 1 B AL e B B g

ni ckel for corrosion protection. The size of the heat
Typisghp brethickness jof thetaerae bigrtepiicq Matespldayes rangpsfiom zero, in the case of

underlying die and adjacent conponents, and the anount
therpia] dveplingyeindirattedntaethiodk? innf. | Thertoading fayes % is typically an adhesive

overlying heat sink). A typical size to accommbdate a
layemidefsnypdeiyrieds thandcEsmnrityick. 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 lﬁrotection. 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,



unit (CPU) integrated circuit die is 18 nm X 18 nm

square to 45 mm X 45 mm square, 6 WO 2004/ 109759
wWEAAWBZe04/ 016517 however, other sizes and sPEpP®S2004/016517

m ght be required to accommopdate different packagi ng

strategies, different electrical conponents, or future

el ectrical conponents of the sane type. A netal

conponent call ed a heat sink (not shomn in Fig. 1),

ol B i*dﬁessr"ﬁfﬁx el R Mt aneny
Strata%lﬁ%éﬁiﬁéentﬁ Siel coBones gt Hinss FrheRpalo i pe. A

. Processes for manufacturing the heat spreader
meterl.cammeieea?ﬁﬂﬁé @ hetper{potssheyss 1y gl LePiigh neyARKpFgmetal fins to

coinin pi ercing, deburring, cleanin pl ating, and
promgig sogmectiphef sxespsve hoat, difypically ﬁ%g‘&hﬁ # elip orehoadledaperhaps

taken froma copper coil into a finished part. One or
withnthernwlly tchiebetise afissive, sothie tassurfaee 20 efithe heptapmdader lid 16.

i nspection steps, can be repeated during the course of

t h@rocemeg/for@tantiat@ripg dedrat spAatidraidolt caappeseveal stspsdncluding

strips are referenced as raw material in this process
blanﬂﬁi%cé’dnﬁhg Yisrcing, EBAMING, e Bl QAdd hﬁgéch@ﬁ OtTRIsteps, in sum,

suit abl e heat - conduct I ve material can e substituted

trandfBfm Wﬂgﬂ'enaﬂgl?e RISt cOReP ol £ 4 FnibhR JHRNWRGE WrdI8F these steps,

process Is Usual | y to sever square or rectangul ar

suolﬁ%qg%ég%pﬁf&nﬁeg%%& Sdds! B bl_l?cg)‘écéatfe& ﬁ&v{lﬁé;ﬁk BoRbERr HaN

usi ng brogre IV ng diein a
i.n ste

hj E¥§ eed d
man BB Ry 7 SLELOrPE Canal Ty B¢ EBr R e smetpbn o
for | i.ds .havi a li r the pe E and, a
PTOGESAASpSHRtiANY bk %@OE at e Bt  hey Ot g aggerial can
with oil prior to the coining step. The third step of
be sylityiedhior e@PaTi ng process is to formstrain isolation
regions, configured according to the present
i nuba firsh mairt gep ngheeeufactinizg proeashisrusgalbrie sewer equapg or rectangular
formed
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.

Theé fourth step of the manufacturing process is to deburr, clean, and dry the lids. A

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



during the earlier blanking and coining steps. In the
case of strain isolation regions conprising
wao boogg1ssl ots, it is preferred that such throR@ituS1004/616517
be punched using a piercing press. The fourth step of
t he manufacturing process is to deburr, clean, and dry
the lids. A grinding step may precede the deburring
step if necessary to bring the lid into conpliance
wth .7 W 20 109759 PCT/ 004/ 016517 fl at.nes .
ﬂatngifée?cm]l@gp% oy eﬁgepfﬁﬁéé SPEhe cifigg opf Yoy o
et ched and then plated with a, material such as
mategiabgush as mgkielt Asidiional depringgnd HEPFTHOP StPs BYY Brespds qrdgllow any of
precede or follow any of the steps described above. _
the staps dpsgribeb ety Dofing brsembly of thedidsa pisewitanductnr neelega.gdhesive
adhesive nmay be placed on sone or all of the |ip of
maytble@ldcedion samd arcdll ofttla kip bithelliddo fawilitite beudisg teathe sihstiatd board.
The purpose of the finished heat spreader is to
pr Thepiirpbdeefdhcefidsitdtheatdppdd detotphctediald die gadier difpetkeltlye heat
the die during its operation. The highly thermally
cendFABEBE thie \iee ERIn@ifsdbSratidPi DR Hi%h_ly Hefdalfyodontif@ive inshterials typically
typically have a greater coefficient of therma
usedSPAB T Wik 1§ habb g gfé’élﬁi:? Edeffient DL RR LA LR p AR Ghar¥Re Anderling
non- encapsul ated sem conduct or package Reats up, the
[ ands t i [ ' ' f1:
subs%rétrg; ibgﬁg'r ;}\%bay& —egc%%ﬁ%?e)&% oﬁ(ﬂlctoi gﬁ%%% E@dﬁa ) i lid ﬁléds but its

Ing 1ayers go aro

the .entire of .the |i 6. .This rJ pher al

expaagn i e i epip i b e Racib el TR, e By go around the
.which, inp the case . af conventional |id, may caus .

entine EdgPt e B4 16 Tl RouDle) CPIREFITY FAUSEERYID S FPBRAING Ke L6 which,

~ away fromthe die, or may cause deflection in the o

in thg gererdl picaryestipral lidt mapeppeit iOWardp spchtd oy Gt its qeater peytion lifts
fromthe die 12 will degrade the thermal coupling

awap §omebadichermayerdse deflectiarie theauhdedying subshreigboanddifs fSeparation of
away fromthe die - possibly inpairing system

the lpkfiératiadie @2 wilhdegradd thie thedad eduplingrbptwign dhesig apditlerefore reduce the
stress on the bond | ayers. If a non-encapsul at ed

heat$RAEIOMHICE G tHeaE&agessiiy Bnpaltdts synetgerfontaricBeTRerilly induced
enough difference between the coefficients of thernal

warfiXP RS h@Y stdss BP ¢he Honfl 1888, SLPSIH-SHcBpsufRdPsehti @RBIGor package gets

structural failure of the bonding l'ayer may result.
hot &%ﬁéﬁﬁd@ér@ 1is 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 plurality 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



cyclic thermal |oading can cause cyclic warping which
can punp the thermal interface material out of the

W0 nioen16€6e bet ween a conventional |id and di e. PCIUk2004/016517
thermally induced warping and its potential adverse
effects on system performance can be reduced
according to the present invention. According to an
enbodi ment of the present invention, a plurality of

strain.isqlation regions,. suc s regi.ons of reduce
presgiyiREREQY Uaualh ol AT of TRign® of rebsd fcRISE ey pybially or

i nduced stress. and isolate thermally induced strain |n .
complefghpihrough theith  esgregmns pigesairdiia RERt P?%@%w%ﬁi around the

spreader |ids according to an enbodi nent of the 8 WO
periplponsfithe g so EOP/culrwe At 63ie7 andiselsietrainnvhilg subptantially

t hrough slots and/or regions of reduced thickness are
maintaiempele lpat spredding cpabiktyrdketlal. Ydeahperipgiaral logationg for the strain

These regions are located in preferred | ocations
isol=Aioh adpieE: cah Gelp dvboid entefferendelvattyheaf tradséer lfioch the casral area of the

enhance stress relief and isolate strain, while
cent&UBSHABE th3I1dy whére ity Bé bir@gprbi@ehertimsspreadi ng

capability of the Iid. Near peripheral |ocations for

t e 3Rl Abodi Ot iR brELRH iBRStiof A ShB&h Ry BNOD dHeat spreader Iid 28 is
interference wth heat transfer fromthe central area

s SO A M R 0, 0 s

e nost heat.
: resent inventign i,.s _shown,in Fi.q. ,2. at _spreader .
berfRe RS eper gt o Sp B L e 1 e P o E D o s
10. A plurality. of through-slots 30 are positioned :
embsgm@te M 978IeE 5%1%3%@@8 Coneglag toofg‘e 8\1‘%&4 Fie/tgeion 34 via four
region 34 which conprises a lip. In_ this enbodinment, .
ConReRRONS O FRELONSEY icoppespory Mhﬁ’éhlég??ﬁ%%fi thglig i the gengepregion 32 is
periphery region 34 via four connections or regions
typieallycbossadn thenags.0.5Ten torf rofespressht-tseappligations.t arough-slots 30
center region 32 is typically chosen in the range 0.5
mayrbapacialy wmiifliyrseged wéth ta-sdidablafiidrinca¢riabrssch a4y pnighershatsal. The
30 may be partially or fully sealed with a suitable
widthidf e bughadlets Balis tysidally @dsé to Ok yiaRsweathar érilhalffhethickness of the

wi dth of through-slots 30 is typically chosen to be
lid 524 foRElot &rﬁ?&ﬂiﬁ@@c'o"ﬂ #efpréas: ihntikRe$he Ridth BEconnections 36 for a four-
slot embodiment of the present invention is typically chosen in the range of 0.5 mm to 15 mm.
Another embodiment of the present invention utilizing through-slots 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 comprises a lip. This cavity is typically deep enough to
enclose the die 12 and the thermal interface material 14. For example, one contemporary 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.



lid for a four-slot enbodi nent of the present
i nvention. The width of connections 36 for a four-

W@ bat/1eardodi ment of the present invention is tR@i/UsSi004016517
chosen in the range of 0.5 nmto 15 nm Anot her
enbodi nent of the present invention utilizing
through-slots is shown in perspective viewin Fig. 3.
A cavity is forned by the recession of center region

ﬁﬁﬁ%ﬂhgtg' V§ cfl@ﬁntto?ﬁkregalf%sgﬁtl ventl Hesr% f))/)er}(s]pé"@tweexﬁgv& 11ﬁF1g 4. A
oo SIS S e o e B S a@%&%‘* Syrgion 6 which

requires a cavity depth of approxi matel
compiased iay- (Tsesavitglsdypirallydeen enqygh fyensfose é’@rql‘?)h%?%ﬁ the thermal
region 46. A plurality of through-slots 42 is

inteyfassimateried d4 bBoudinglayer(netshowy) affixeso frebutes pedphery region 56. A
peri phery region 46. In this énbodi nent, the center

singlearggion ofrbdneaddidhickwass 84 fsepo siitionetcﬂmtwwtcentep@giopliérayd outer
region 46 via four connections or regions of

periftRiyReion®s. 48 thiQeM¥d 2084/ thO Lofidh HCIdUGP RO tHidkhess154 comprises a
Anot her enbodi nent of the present invention is shown

singletoREEFRE SEdoVE ritn W allthd w8y ardund'cdn®¥ rdgior 2. F o thdf such a
the recession of center region 52 relative to outer

prodREid {?:E%y &E)gérpt% b%@n g{eé r&{ée of ertb $6%, tthd Rera g@ bk o5 of the lid

cavil typically enough to encl ose

in th?; lei;t&hx% gloﬁ ) n?ifften 'ﬂ{g V%Cﬁp 1ﬁrbe%ss L}aﬁ ZEE%d '] gnétﬁ%ggnbodlment

xes 0 the“ou peri phéry T égi

si\n educed I|d t hi ckne
(not Sl SREEFIED B opli g Sragpein vast AtG Sqar ien g
hery regi on t.hi s enbaodi ne t he re
typl?azlwgwn?{m Hletr?ﬁ%?»@% @%%kgﬁﬁ%m «ile@él%t%lg?% Hipgp ds dep S case
conti guous groove running all the way around center
wheredily 8190815 agediie havsta fag bpttem. Hragegien (& regipnsg of yeguced lid
chosen to be in the range of 20%to 80% of the average
thickdescik waise etdhed beshithat its bptternés Y-ehaped or eteovissiaper@d ineoss-section,
the groove depth will be less than 2 nm |n another
suchegstroglomesttrediicad thickinessry shewip irueradsi-seytionf in i -1 cthet itguadt of such
grooves is used. The width of such a grove is
a rediyPisGHpitallyCdheseno b id the ringﬂ geo¥ tirBerdtsibih tb it Beignek it depth.

depth to eight times it epth, in the case

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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where the groove is fabricated to have a flat bottom
If aregion (or regions) of reduced lid thickness is
W@ 104009784 ched such that its bottomis V-shapePCDUS2004/016517
ot herwi se tapered in cross-section, such as regions
of reduced thickness 24 shown in cross-section in Fig.
1, then the width of such a regionis typically
chosen to be in the range of one times its depth to 15
tines ts.depth. ..As t eratur.e | tr
s epi Bt T RIS oG RERFE RS bR e
. provide stress relief, resulti in.a | ower .nmeghani cal :
thicf eSS SROYRE R ERSRIGHCRIES 1 F LS R Setipaql iy Here, the li
Thi s decreases the chance of catastrophic nechani cal )
60 i Hhejqupcs PEHRNCThteEIR Heds Refdhipker dhandhe thickness ¢t e lidg the center region
device. As tenmperature increases and the heat spreader,
64. Hoovessmp thedip, 60t HE psetrugenin the eyter nesinhers gemenshenoprl to facilitate
stress relief, resulting in |less thermal warping of
bondihg td' the sdhrstratedboandri@éryl nyétnayls Shey stercaneenitionsldn thersagenof non-
envi ronnent characterized by cyclic tenperature
encapaiilatell nderochip @askagelcdnlfigtmEibnanar pi ng | eads to reduced
m gration of optional thermal interface material that
may help thermally couple the lid to the die. That, in
t ullnshotildighiderkBodhaEthe @ivestion i@ AGE lirgitdd to flwgpkeifio dhiatigters,
and inproved reliability. 10 WO 2004/ 109759
matéifald ARG doscriVed Ablet. N@Hbl‘!’s&ﬂ@dlﬁ@ﬂioﬁ?ﬁiar ‘Bg a6 within the
[

present invention having regions of reduced
scofelUreid ISt BvaliRun in a semconductor package in .
Figure 5 1s cross sectional view Here, thelip 60 in
the outer periphery region 62 is not thicker than the
thi ckness of the |lid in the center region 64.
However, the lip 60 still protrudes in the outer
peri phery region 62 enough to facilitate bonding to'
the substrate board 10 by nethods that are
conventional in the case of non- encapsul at ed
m crochi p package configurations. It should be
understood that the invention is not |limted to the
specific paraneters, materials and enbodi nents
descri bed herein. Various nodifications naybe nmade
wi thin the
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scope of the present invention. 11 WO 2004/ 109759

PCT/ US2004/ 016517 CLAIMS What is clainmed is: 1. A
wheat/1epseader |id, coupled to an underlyi ng ePEDUSING/E16517

conmponent that is electrically connected to a

substrate board, said heat spreader |id conprising: a

center region; an outer periphery region which

includes a |ip adapted to be bonded to the substrate

board; and a strain isolation.r n | ocated between

the center region and the ouggﬁL%%fiphery region. 2.

The heat .spreader lid of claim1l wherein the strain
Whatdsflaiinedds:r egi on i ncl udes one or more through-slots.

3. The heat spreader lid of claim1l wherein the strain .

i sol ati én r edilsAt spresdenlise sounhl te an yadeal vingglestionigrcomponent that is

reduced lid thickness. 4. The heat spreader lid of
electricallyreannegted toi snsubkizate heasdighiddicsitspreade lisenorpaising: or

conpletely sealed with a filler material. 5. The heat

spr eaden ckitel rofion] ai m 2 havi ng nore than one

t hrough-slot, the through-slots being separated from

each ot kebutbypPhesatEiog whithiigisdes @ lip Bdgptbeatbedondabiethe
lid of claim3 wherein a single region of reduced lid

subdteHOARS snUr rounds the center region. 7. The heat
spreader lid of claim3 wherein the regions of reduced

lid 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 whérein' 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



t hi ckness conprise one or nore grooves. 8. The heat

spreader lid of claim5 wherein the thickness of the
wheat/105pY eader |id at the |ocation of at | easPCDI82004/016517

the connecting regions is reduced relative to the

t hi ckness of the heat spreader lid in the center

region. 12 WD 2004/ 109759 PCT/ US2004/ 016517 9. The

heat spreader lid of claim5 wherein the width of at

| east one connecting regjion.i.s less than 1 10

The heaP- spr &Rt fRrepdst I%:PQHI??‘P’S% Wﬁ%ﬁe’é‘i tﬁe ngh gfn Hlgpshome

at least one through slot is nore than one half the
connieRiikiseny ipfess fhan h%ﬁlm-spr eader lid in the center

region. 11. The heat spreader lid of claim5 wherein

at | east0.0neTh$ heahspreadenlidpt daiot Swhersinghewidsh of gt leaphene through

heat spreader lid of claim5 wherein at | east one of
slot tsheortk Mitamugle half diesthicksesaottthe Wead sprieaden §H 415 thetcentéS3regidhe

heat spreader |id of claimb5 having four

t hr ough4is! ot $he Reat kpreddet hd oLQiim SivhtreRrd last dhefod the through-slots
t hr ough-sl ot being centered on a transverse centerline

is aRdlet he heat spreader lid. 14. The heat spreader |id of
claim7 wherein at | east one groove is less than 2 mm

deep. 1%, Theyhgat %p?QJd%@g(?B{]éléiﬁi OhnElef MhsBRIE R tBlough-slots
s a depth at

| east one groove h | east 20% of the
.. _average thickness of the |id in the center regi on but
lsagFV%Ds(n§g¢§%T the average thickness of the lid in

L, ConUer ¥ AL B R8T SR, SRESRIEL bk 8L L 31 vons
slot g]&gg h{ierrd t}arrc])%gh-isltots beqr?gp (t:erllltekr)eydt onI e? t?gnsggrgg] ccafnitcafrﬁfeeor}‘ tlgeiz gegl% spirttaasder 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



17. The heat spreader lid of claim13 wherein at | east

one of the through-slots is a round hole. 18. A
wa@emiaaTsuct or package conprising: a sen condRCT/U82004/016517

die; a substrate board; a heat spreader |id, said heat

spreader |lid conprising; an outer periphery region

which includes a |ip attached to the substrate board,

13 WO 2004/ 109759 PCT/ US2004/ 016517 a center region

and a1§trajn,i ol ati on region | ocated between the

cetEFE81°%n™and the outer periphery region. 19. The

sem conquct or package cl aim 18 wher.ein e sfrain
I HER G ARG GO oRge heodh e SEE TGHED e B Gt Paibhery
20. The sem conduct or package of claim 18 wherein the
reglel-rain isol ation region includes at |east one region
of reduced lid thickness. 21. The sem conductor ] _
package 18fThslsginfaondudtenriapkpgerof elainh bhwbereintthe eitrin iselagen region
the through-slots being separated from each ot her by
incloden nelebdt oge thegigbrsdot. 22. The sem conduct or package of
claim19 wherein the wwdth of at | east one through

sl ot i s200Te sthédnditorpatikagt beclhith tkwhasinathe tthen bektion region
spreader lid in the center region. 23. The

inclS@RERAAYAL RiciRFkaBBePlid Blickngds20 wherein the regions
of reduced [Iid thickness conprise one or nore

\%L g ?\e/iers1 Qtl %’ghets%?lgcfﬁlglg%&gﬁ%% BE (élgi?l‘f k& mblehi &k 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 comprise 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 rgduced 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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spreader lid at the location of at |east one of the
connecting regions is reduced relative to the

wao bioglogss of the heat spreader lid in the cenP@r/us2004/016517
region. 25. The sem conduct or package of claim 21
wherein the width of at |east one connecting region
is less than 15 nm 26. The sem conductor package of
claim 21 having four through slots, a first

t hrough-slot ., and a thjrd throu Iot b ed
on a0t Zhover BESeelrppr R et T2 Mbra AR CF Fggoove ess
Th duct I
depjh@éaastgﬁgeg@tggg@ggg)e%ﬁlpggé j%gﬁﬁ 1qaﬁ1ixpc alagg%f)’l egvffgg {i}@ at most 80% of the
2004/ 109759 PCT/ US2004/ 016517 28. The sem conduct or
avejgge toaakacssfof dedidinzle ¢onter &9girvat | east one groove has a
depth at |east 20% of the average thickness of the lid
in the @ént efThe eghioonduator packagesef cBi9H25f whenen ableast agegroove has a
thickness of the lid in the center region. 29. The

widgethitdo gduiet tan ftadémal butdésscheai fifte2d tintee ite deptht | east one
groove has a wdth that is greater than its depth but

| ess thao. fiAkansgréddeslid, s sgeptig tddheatproedied Hpag ad@dlying
lid, for spreading the heat produced by an underlying

elecﬁjoﬁl%tcf)ﬁ’lﬁbﬂen@ HIPRRERIrchINEornScted R dub&idid Yok @ @Qﬁq{eﬁ’c@pie@der lid
a substrate board, said heat spreader lid conprising:

COH@ cepter region; coupling means for thermally coupling
enter region to the underlying
el ectroni ¢' -conpaonent; an outer periphery region

i ncl udi ﬁ@eléteﬂeﬁ o

coupling means for thermally coupling the center region to the underlying
electronic-component;

an outer periphery region including a lip;

bonding means for bonding the lip to the substrate board; and

means for limiting thermally-induced deformation of the center region.

31. A method of manufacture of a heat spreader 1id for spreading the heat
produced by an 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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bondi ng nmeans for bonding the lip to the substrate

board; and neans for limting thermally-induced
waledoanowsd on of the center region. 31. A met hoPICD1S2004/016517

manuf acture of a heat spreader lid for spreading the

heat produced by an underlying el ectroni c conponent

that is electrically connected to a substrate board,

the nethod conprising: separating a blank of a desired

si ze ang,, sh e, fr f .
| ar ger ?2}1 tﬁga ?f ﬁ%nﬁlggctu?rﬁ of gl@frrﬂ'?f %Er@{n thggfel ) erra\);/V material
of the lid to ad t idto b 0

compriags At gt O%Mﬁngﬂm S BeHE Bt ?}ﬂ%asg }‘ﬁd;fﬁ’/]m K
isolation region in the lid at | oc n ¢l oser
the ped$phetye Bethpdal manpfaqiars 0? glaing b bt ﬁrteg’rtge i@p% separating
2004/ 109759 PCT/ US2004/ 016517 32. The met hod of

and feamirfecase aqcemplisherl sivpl@neayilst ei n t he pi ece of raw
material conprises at |east one material having

t her mal 340ndiind methog ofrhamtfadtera of claido 3 WvirkteindBe stgpeof creating and
nmet hod of manufacture of claim 31 wherein the steps of

fornS@pae atdongpliskedbimoliaicnglyar e acconpl i shed
si mul taneously. 34. The nethod of nmanufacture of claim

31 whergsn tge SLOBS oPhakifRRreBGclafifl31 HheRinlie sfep of creating is
acconpl i shed sinmultaneously. .35. The nethod of

i RGh claim 31 mhereln the step of creating
mmd%?l accc}p(’r?'11 %ed by coining. 36. The nethod of

manuf actgre @ ﬁﬂeﬁb@o?ﬂ'xaﬂ‘ﬂg&ﬂe RrERfn 81 §eRin M5} 3G fdriing is

acconpl i shed y pl er cl

accomplished by piercing.

37.  The method of manufacture of claim 31 comprising at least one step of
i)lating.

38. 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 1id 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.

39. The method of assembly of claim 38 wherein the step of attaching includes

at least one step of putting a bonding material on the lip.
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37. The nmethod of manufacture of claim 31 conprising
at | east one step of plating. 38. A nethod of
wasmed7y9 of a sem conduct or package i ncl udi ngPer/Us®04/016517
and substrate 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 I d a t ong s sol at.i.on..re

Che I1a atroRapegar ergash o pRi s Suplfer Saptppy bev of

li,d than to its cent wher ei .ne step of attaching
attaghing %E‘@éSIBJéFRﬂﬂﬁ ﬁ%tetliiF 1Bat6Pre?%éEIHeat spreader lid to

the substrate board. 39. The nethod of assenbly, of

cl ai m 38lwheAdieat sorradst lidh complaeg to 48 Mgyl W%?lﬁfa’é’@lc ceponent that is

| east one step of putting a bonding nmaterial on the
elechriqally t@mige® B0$bOIEMS Bo id3raOpre@dedidrcomyisinghe

met hod of assenbly of claim 38 conprising the

addi ti onakntstegionf attaching a heat sink to a surface

of the heat spreader lid. 41. A heat spreader |id,

coupl ed ah uinpeHierylr¥iog, @ect roni ¢ conponent that is

el ectrically connected to a substrate board, said heat

spreadery Jehd of® Q%B{@lo@ﬁed Bet®B&H BE c&R& rOfion aid @Y bfer periphery
peri phery region; and at |east one groove | ocated

‘ reg191‘*f’ LW} %H%})‘%ln &ﬁ@és‘?ﬁo%‘%ﬁ 't}fé gt e ff Bt oto? 'ElheQﬁf RRELHter region but at

a depth e average
mo%%bf kOF‘ %%avgé%eter é%%le? ned?éﬁ% e T the center
Eg%;)?in S i4 g' a:ll:g?e Bge\% épfﬁ%&f ﬁa gr b ? lakoydhc o{rﬂé%s?ngrg gr:cl)ove having a width that
is greater than its depth but less than fifteen times its depth.

43.  The heat spreader lid of claim 41 comprising a groove that is less than 2

mm deep.

44, A semiconductor package comprising:

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

a heat spreader lid coupléd 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.
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Is greater than its depth but less than fifteen tines
its depth. 43. The heat spreader |id of claim4l
W@ wpnigsng a groove that is less than 2 nm deE€pPUS2044/016517
A sem conduct or package conprising: 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 Iid conprising;
an outer perjphery region; _a center region; . 'and. at i
" | east ofte grEg%ngHHQP@BTE@F%EéEC#HE46@&?8?“P@g?ﬁﬁpﬁﬁ@“hd
the outer perijiphery region having a depth at |east i
compysss 6fgredye haviag agadibrihat ingsajerghan %%edqpﬂabutﬂx%ﬁ Hian difgeip pimes its
regi on but at nost 80% of the average thickness of
depthhe lid in the center region. 17 WD 2004/ 109759
PCT/ US2004/ 016517 45. The sem conductor package of
cl ai m 446 whefTh¢ sentibendoetat pshigeadetaithidd vdemm thedsatapreader lid
groove having a width that is greater than its depth
comBiifeslag@8Soviead if lefd RGN tinh@&pi ts depth. 46. The
sem conduct or package of claim44 wherein the heat
spreader lid conprises a groove that is |less than 2
nm deep. 18
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