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30 The present invention relates to a structure of a sem kage.
Fuel | ed by exponential increases in device clock speeds, m@@mm@mmmmm@&h
nmust be dissipated in electronic devices has grown dramati ent
years. Poor heat dissipation in packaged el ectronic devices |*'% device
performance and the size of the nodule: In sone cases, the [
external heat sink to manage the thermal dissipation has Nwmm%gwm“mmmhze
of a smakmimodduetor padkpgeduéthwhrak FBTABESKN tune with the, key,
technol ogy trend. Electronics gadgets are growing snmaller in size so that
ever smaller nodul es containing an ever increasing density of devices are
desi r edThieptredensi pateanibs aeloneseasi ag probkemrandfi mpsewddoriecal
managenment Is required. To date, this problem has not been satisfactorily
sol ved te&raragked€-particularly for sinple |owcost heat dissipation. One
solution is the cavity-down approach. However, the routing space for

signals, powers and grounds traces is |imted which results in |ower I/GCs.
Al so, tlFeeddednily experesesakhr andrerpedl tnwidavifigghchater PRPEASd F&kagi ng

costs. US 6 339 254 Bl disclo acke Lz CRi I . Redudi ng
A e i
havi ng RERGMa®Alda23RoNH Nngetont eyaarnal. s Foort Heeali edasdipat &pvorine @adhs

bet ween the die, and also ex ternal contacts. % Us 5,681&%£§:discl%§es a
heat sprasdeelestmosr cs ey Gark I iding 49hS PSEF RIS ATRET f%T i al

por foned | to SEBLIET Beals Gl Cagieds POLhLOREH b 4Bl dadererantedd i p.
The | "manufacturing cycles wll not cause a bow ng of the second 5 strip
or of theaheato spreagertisedtticonsl U8 65315886, @Phad dalwised L£hregize of

transferring cjrcuit_substrate including|ayer f..coppe d.J r ich
has |iM%(ﬁﬁ%%%rﬁﬁgué?p§ﬁéi '-proAuéL &hlgﬁ i3 HotCORPELLAR Jf@ﬁitﬂw
key technology trend. Electronics gadgets are growing smaller
in size so that ever smaller modules containing an ever in-

15 creasing density of devices are desired.

Heat dissipation is an increasing problem and improved thermal
management is reqguired. To date, this problem has not been
satisfactorily solved to a extent particularly for simple low-~

20 cost heat dissipation.

One solution is the cavity-down approach. However, the routing
space for signals, powers and grounds traces is limited which
results in lower I/Os. Also, the assembly processes are diffi-

25 cult with high material and packaging costs.

US 6 339 254 Bl discloses a stacked multi-chip assemblage in-
cluding a plurality of integrated circuit die directly at-
tached to a substrate having pads corresponding to terminals
30 on the die and interconnections between the die, and also ex-

ternal contacts.



. 10 'US 5, 358, 795 di scl oses a heat-conductive material which receives and
rel eases heat evenly, has excellent thermal conductivity and can have any
desired thernmal expansion coefficient. 15 US 5,736, 785 di scl oses a
structure, shown in Figure 5a, where a planar heat spreader is nounted on
the top surface of a sem conductor die, which in turn is nmounted on and
electrically connected to a substrateFiThe pl anar heat spreader conprises a
central recessed portion protruding fromthe bottom 20 surface of .the heat
spr eadeUSsE; 68LnE6Q ﬁ?salﬁﬁaﬁaﬁih?aéfSBﬁ@F@GFegaéFlﬁﬁeSEHéBs?nfﬁgddpg i's
coated with a |ayer.qf hesi erj | S0 HNO; N & esmatitlaehi ng
the di et %Wﬁgséggﬁgafgg i%bgﬁgggécfﬁgga ég'abﬁ?ﬁ??ggat%g?%%I efficiency.
25 1t i neafe ghjendenf pohe iphesentth naentéoded osproviddes b Hack dgergal
structure offering an enhanced,&hernal managenment solutkgp. Iges%%g%% and
ot her oBRBSESCEHEIBE| VAIFIRE t HellndTenGBHES pat RPWETEI B8 FiFt F&T

i nprove ; e gl [ hgdepgreerkcpabart. clainms. 30 The invention
prof?deg%gﬁﬁi%?ef aéggbg%a%e%pthe die and the heat spreader which is
bridged in part by adhesive or solder. 3 A fluid adhesive gives good
physi cal __c t between th i d er. f;aC td ui d
conpens&F%gﬂgggéﬁ%ﬁ%ﬂé&%é%ﬁé %c%i%%%? E%gﬂggé?%g?gtEé?#gﬁ%cgﬁgﬁg??be
proper t ij@s 138 nbouRgdrd atdhesipres windcrare alhsichathdsedsimigad |thedmediri 5
cally conductive as they contain netal particles. These cannot be used in

t he str fPFEIPN-US 5, 736, 785 as the adhesi ve al so covers the bonding wres
andlUndesirabIe el ectrical shorts between the bonding wires and heat
spreader will occur. 10 The present invention provides a sem conduct or
package Unpy 358 ngoh devicdesear ri ehehsvicpgdacpivealnatepiakobael H%as, a
sem conductor die having a plurality -of die I he.sdges. of
its actiSRVER A% rr%lﬁﬁ%eetf Bbealtheev é'{}iyc’eqicaasr %?%f?ll%gﬁ%]%%%glngcans to

el ect ri Gal) it S UMEHart vl eapadiedivddie Hdrnihile dxparei aronteet f arimst on the
device carriér, a device contact nmeans such as a solder ball array on the
bottom side of the device carrier, and a heat spreadi ng neans which

i nclude r fQOL ¢k | cBpBiet Hudes furem sa bolhere

surh ce%§$q%ﬁ§ﬂﬁﬁ€£%a% %?gggﬁﬁ ah%gﬁh?gu%%éi?ioned betméin t he 20 di e pads
on the agtptanaur frece sephettiatr dscavpuyted ooy nelde béOReefut frChe st 2

spreadi ng neans_and the,actiye surfac t he cayi i fild e Ld s an
agher i nggﬁ%’a?%n#?ﬁ%?’ﬁoﬁﬁgct iw\r%‘glC?‘nelrﬁegPrgpﬁg’agﬁ%gﬁ(gnggarﬁldt h%l%%%ﬁ/e

surface é‘é’f‘lf‘%&@ﬁée@éd assepbliupgrsueh . a Thac kigmar2hddt | spreldert agenus t o
attach a heat spreading neans to the upper surfac i

g,of t he d“ﬁéas hegt is
di ssi pat eui semasdseniap lf renasredoRPHt 590 t REPLABAGAFo Ty i BREYAPe not
overheated -Thereci I a [ k@il RS ATBKI ies B hef ehpet r
30 @gl c%%ﬁ%%??oﬁg gﬁ% ﬁ%gﬁe 'g%%g%ﬁggﬁ&for aﬁ e%ﬁzrnal heat §$nk sopthat
the sizeepfutbe aackhgeeilgenot Thecdeéasded Corhsshtyidinla layer of adhe-

give covering also the bonding wires attaching the die to the

substrate. This structure has a limited thermal efficiency.

25 It is one object of the present invention to provide a packag-
ing structure offering an enhanced thermal management solu-
tion. The above and other objects are solved by the independ-
ent patent claims. Further improvements are given in the de-
pendent patent claims.

30
The invention provides an interface between the die and the

heat spreader which is bridged in part by adhesive or solder.



. 4 adhesi ves and packagi ng technol ogy can be used sinplifying the processing
route. A heat spreading neans of high thermal conductivity preferably 5
conprises a material selected fromCu, Al, Ag or an alloy of one of these,
as these materials have good thermal conduction properties thus enabling
efficient heat conduction away fromthe active surface. More preferably the
heat spreadi ng neans conprises Cu as pper has good thermal conductivity,
is read 10 ily available and is the |east costly material. The heat

spreadi Ag ferss adhesivehedves (FROACPRVEISALF SOEGCHIRN FPREVERR 8%

spreadi ng ﬁﬂshgﬁgl%gﬁgaagruggg%agggtgsaadeGiHnE%%b%hs%Q%% IFloRd sur -

protruding rromt ttomsurface. 15 The heat spreadi ng neans preferably
i ncl udesagr dmpetniee tlicrat.edEven tihet uppethptma e, cohdugpéiveuPEoPRTEIGSng

bet ween the cavity and.the upper .surface of th L pl i abl es
the cavPty £6UpE %Plﬁgﬁqﬁﬁﬂﬁsa8ﬁé§%v8rﬁa gFPaF%oﬁ%%%ﬁe%aggﬁg}Fﬂéiﬁggns from
above affenyt henbert iver sadeheiagsdieennPhaced 2Aredcdeshe Theme Hamnatper

pl ate of thé heat spreading nmeans is preferably laterally uagre sqQ as to
be conmpdei blsedniirh thee s5aettiwee R5eHl §- V?ﬁe7éﬁda?st5‘@e e eft%egroal ly
| arger than_the,w dth of . el I Qi £35S e L SSI ion.
Prefer alﬂoyetrﬁe%Pgogjoﬂdﬁélgizgﬁt%%e%ﬁ%l fgg%ﬁg%,blgo egs%r to E:g\}e%:hr%t;s?%st
cont act taje@m Wheh Hohel idice wiaesa drel dietatgrspateadetrhari lheodwmimght of t he
connecti ng nmeans above the upper sur 30 face of the die so that the upper
pl ate section of the heat spreading neans is not in contact with the

conpgct i NBARSe AN 18hRGkNiceal p SHRLdé MY adoasmindiceiir phekaidt feai- t he
f oot S ring smaller than the distance between_ the die pads on opposing
si des ofpttifing @ atgViceocahuietuniesirabpePéEaLityalric SRTHACH LIRAS made

bet ween t he heat reader. ect] : dfasdcRad ial

di rect c%rﬁeé%%ccfféf teonrt#}%g%%§9£%r%ah?%agﬁngg sogn?l%h active surface of
the di e flacidddent est tihes dicsipatdantafe heatntdd qugitle stmticeurderief,

| ayers thereby enhanci ng heat _di ssipation. 10 Pref rabéggthe adher i means

is a t hefQRNQGE IBhITRINY et RJRSSIHE 168 YaS EPGEF ot aPEAE (B ]
thergal grease of.!iguigd-engapskl aAt thd eedetet @airfieaye hepdvilissigat i on
fromthe die to t%e eat spreadi ng neans. Preferably the adhesive mate
tact means such as a solder ball array on the bottom side of
the device carrier, and a heat spreading means which includes
an upper plate and a foot ring which protrudes from a bottom
surface of the upper plate and which is positioned between the
20 die pads on the active surface such that a cavity is formed
between the heat spreading means and the active sgurface, the
cavity being filled with an adhering means interconnecting the
heat spreading means and the active surface and methods of as-
sembling such a package.
25
It is advantageous to attach a heat spreading means to the up-
per surface of the die as heat is dissipated upwards away from
the board so that neighbouring devices are not overheated.
There is also easy routing of the wires making up the electri-

30 cal connections and there is no need for an external heat gink

so that the size of the package is not increased. Conventional



.15 rial includes at least in part electrically conductive material as such
adhesi ve has a high thermal conductivity. The structure of a heat spreading
means all ows control of the adhesive neans as the adhesive neans is
contained within the 20 cavity and does not spread into surroundi ng area,
in particular onto the connecting neans. This enabl es the use of

el ectrically conductive adhesi ve whi ch® has superior thermal conduction
properties, thereby enabling inproved heat dissipation. 25 The present

i nvent i edhglsdveseatepackagetBodSCHNorOTNt CRG §es€ﬁﬁéoﬁ&HE9&ﬁyﬁéﬁk§§@. A
met hod cogpris%% tgguigeps of attaching a sem conductor die, 30 which has a
pIuraIin nggiegpa S on its active surface, to a device carrier such as BT
or |lead frame having contact areas by, for exanple, a die attach process.

El ectrical connections 6 between the die and the suhbst.ra r by,
for exafpheatatPLERCRE %G \lg%s}‘&m R é’loél% Y slvalrtl:aj gjorfle ucItnaleb\c/ig'
traces Quih8 2ubs rider NEXt seBebead SRERAMUN] ATBATRy vhi 6R ialdloydest an
upper plate and foot ring which protrudes froma 5 bottom_surface of the
upper plaatee,off $hres t i ahethdse waeherhaldi Bap8dgoed tHeTHE RONIHIEER! of
the di e _such that Vi 1.s.far ; e dizRgTedks, and

t he act iné’pseLfrtflae(?eéthcllgse %é@#?f/ﬁgs@ﬁ%&%ﬁ%}ﬂ% (rahdégvlﬁet %@‘g‘gﬁé‘?i{ﬁg r?g%ns such that
t he adhejHegadenns sateacennsoire thwe flraatblspridaeli hgahesps eadd NP0 MeANSict i ve

surface and curing the adhering neans.. Preferably the cavity is filled with
an adherqq@rri‘@é?r%%d&/acﬁ %&%3‘%%%& tgoa\'ﬁﬂbcpte]r‘fhtr%’ |'6tated in the

heay ospreafli Bga7gaBs casahdi S SNRbles1Lhg: adhanive wacentel L heneawnddt |y
from above. The spread of the adhesive to be contained largely within the
cavity. gpfeading mesttmdisoaprackedt he shepscsivat sxeriasse Pdhedhtfict or

die, which has a plurality of die, S LtsS LV S peci al
cont act ﬁh%ih@??ﬂéb*ﬁ?éﬁ?%eweaﬁﬁe%B%guﬁggnég ngg&dgG%%g %g%?%g} Haf?ng a
plural ity of £BY actnqrsass riEdagg riceh tonnestianssaréaddien made bet ween
the die and the substrate. Next, a heat spreading neans, which includes an

upper plate and foot ring which protrudes froma bottom sur 25 face of the

uppels Pl ALE nlit p?@%‘ﬁ%ﬁ'i%%t hetween +hee fiis1 padsconqkbe aactdpeartiurd ave- such

that "a cavity Is ween the heat spreading neans and the actjve
sur f ace.catwd cani thei sippeen gidted wWie hapekderenedtsnaida HRetes oRd8ict or

package heated such_ihat the solder neans.interc t atn3Bes
Spreadinﬁﬁﬁhﬁﬁsa %dt%ﬂeuEEFFvgug FF&C&% $He ﬁ%pé%"E%éé%.r¥hP§ tn
the cavity to be filled with adhesive material or other adher-
ing means from above after the heat spreader has been placed

20 onto the die.

The upper plate of the heat spreading means is preferably lat-
erally square so as to be compatible with the existing assem-
bly line and is preferably laterally larger than the width of

25 the die in order to increase heat dissipation.

Preferably the foot ring is laterally square, so as to have
the greatest contact area with the die has a height greater
than the height of the connecting means above the upper sur-
30 face of the die so that the upper plate section of the heat
spreading means is not in contact with the connecting means

and electrical shorting does not occur. The width of the foot



. If a solder neans is used for adhering the heat spreader to the active
surface of the die, the sem conductor die may be provided wth speci al
contact areas for the solder on its active surface. Sol der nmeans has good
thermal conductivity and 5 the foot ring stops the sol der from spreading
onto the die pads and bond wires so that shorting between the device and
heat spreader is prevented. There are Two nethods for mounting the

enbodi ment which inl0 cludes sol der adhering neans. The sol der neans nay be
spread onng tsmeldenrf a;én@mfthmedmt@awq heet wern dilee pdds Béiﬂér ent H’@H‘?@at

spr eader, |sp5|t| n 0 the e et i

spreadeﬁ ngr & Sp8§|$%§n ggégﬁgerngggggﬁﬁgﬁ%e% mnthln t he foot
ring of tihe heat nwemddeg Hm&réen | Bhéb Hedts eplreddeentand icommEctiggessary
for the heat spreader to contain an aperture in the upper plate. The
package Meé&Bhen heated so that the sol der interconnects the foot ring and
thergfore the heat spreader with the active surface of the die. 20

Al ternatively, the heat spreader is positioned on the die and the sol der
means ditieersed eplwtopghrttikd ajjeraar edntadte b@ﬁpf@erpltélee hepte %Pé?ﬁmct or
package |s t hen ted a_that the sal S r t

spreadi M§ O{;ﬁf St eacseur%fge%e le% fél?ﬁ%l Oa&ga\e/sgntﬁjagrﬁo t he
presentgdﬁﬁﬂﬁ'&@ héath&hﬂdugﬁfﬁrsmal$lmmhbdﬁwmmosayeneuthemdhw enhanced
t hermal managenment whereby the current conventional assenbly packaging tech
30 nol odprsfing Ihedth &t aaddgd can still be used. The invention can be
used.for all existing sem conductor devices. It elimnates the need for an
exteérnal heat sink which doubles or tri 8 ples the size (in terns of

t hi ckness)e ffraidley ok agdhericpnpearsat isThi s;h@frﬁ@dtly ttendariale afbemsi on

of the nmodul es qr applicati board rese i nver S | es
i npr oved® ¥ T ARHIEY) %\}iﬁ S]eﬁﬁtsﬁ% Tavii ?/r%wé]?%egr%nn *
agenent SO Ui OfSauldier | Wepthen Eavemb&obeaheeltssimﬂmmwmnftmthe

active surface which neans that heat is dissipated away fromthe board.
This is Mgy tdesitea ericearding dﬂ%@%at?ltﬁ%%ﬂbﬂ-sél% AP HEV YR e

car r| er d. o t _th cent E,m&g{ -
appl P caﬁjo“%‘lJi boa%ldug%%ea;éoﬁlgec%ta f‘{] ﬁgg@%\@gﬁﬁé\gggg udesﬁg&n&laffe%% ed
circuit ey ces Mmletrydltmmamaspa datigh , thdredhl ceondectivbiposite of

The structure of a heat spreading means allows control of the
adhesive means as the adhesive means is contained within the
20 cavity and does not spread into surrounding area, in particu-
lar onto the connecting means. This enables the use of elec-
trically conductive adhesive which has superior thermal con-
duction properties, thereby enabling improved heat dissipa-
tion.
25
The present invention also relates to methods of mounting a

semiconductor package.

A method comprises the steps of attaching a semiconductor die,
30 which has a plurality of die pads on its active surface, to a
device carrier such as BT or lead frame having contact areas

by, for example, a die attach process. Electrical connections



.15 either Cu, Cu alloys, A, Al alloys, Ag and Ag alloys is nounted onto
this device using thermally conductive adhesi ves such as epoxy gl ue,

seal ant resins, thermal grease or even liquid encapsul ant. Sonme of these
adhesi ves can al so be used to attach devices to a carrier such as a BT
substrate or lead 20 franme in the die attach process. Packagi ng of
stack-di e has al so used such adhesi ves® when attachi ng two devices together
stacki ng them one on top of the other . One enbodi ment of the invention
woul d bbethWeenselhsf db¢eandd tiet evigtiake phife "@GSHRY ( CEPTT KR Sheat
spreader and.an epoxy.glue fornulated 2 it R Qi hesiye

vi scosi ﬁtftﬁrcgﬂrél?tiggxgs The"t heq%ler%ftﬁegl cgr}%gI ctglleeglg% es?a\?%ds/ to atL{C‘aE\grYet he
heat spreades @i cchdesdbetrAteontept i nt rroshicespraadhegpmesant Whied i on

can al so be seen 30 in the design of the aperture. i.n th S di_ng
nmeans. THICIUSESs s WPRSMnBl 255 F‘Hﬁt ftor?g S }énpﬁgt?ﬁ?%gd-&%ﬁﬁ} Kt ough
thi sgf upgle JoP ddes ot taehm@plerofpltdte: head pofisporedebetnicent huhedi e

top. The funnel -1i1ke design allows the adhesives to be contained within the
boundar ylief gavs heat tker eatiévei siefaggl 1of il FEOneRels thptefi (FOLY

adhesive preventjng. .t fr snudgi . f f | ; ch 5
wel | - def’isﬁé"d’rb‘}e é’%é:w&?ﬁi (r)corR(':‘, q%%a% c rﬁeggl%g{ gge%gles'(t)vaver%a&nect eea'r%etaltw%guelzﬂer
base anddhe dires tap suyfaserkenl didled betRnhdhgednto reare eptdhmirhat

adhesi on between the heat spreader and the die top and in _addition cr(gat es
a

al so an thernfhepinaedes HREETFPARSFE? bAEhReRhi SPISH G&Ach P HaAN
direet anfach.AQ drent. of heats spieaderntondie dpmedtd ace by means of

di spensi ng adhesives 1 nproves its thHernal properties. The concept can be
applied differently, e.g. by exposing the copper heat spreader or by

buryi t he_ heat der. b . | .at.i [ 1.1 - Both
ol vor AFRESHATTEG Thcr R L H 0, Pt 15 acent® (AR i8R - 20

spr eader, o b hagh e ket t ehrboghmehndi Ssépaiton Jperdtedaice. thae kest gn
can be c%osen o suit the kind of assenbly process that has

been
est abl i sterEadindaneury ed® | UnbF PRARIVT it IFREPIER S ?n'b?Bz%‘%lu%?Ybn
|ing. The yi/mf%g;[ni Oari)oﬁgﬁn. g'glélga%‘jﬂrléa%fe by 1X- Rayh % JJd1et Baderg8oRE a 8a6& LI ed

co nenttY C6A78NtT 0 agirng technol ogy can be used w thout having to
change orardélpdutcehiam e icgvitnew as25 senbly process line. An enbodi nent
of the invention will now be described by way of exanple with reference to
the drawi ngs. 30 Fig. 1 shows a cross-sectional view of the structure of a

sem condyCkQi-t RAaGK 3@ hRBlC Ukl de tiige | Byepsi off anntachlilhg a semicon-
ductor die, which has a plurality of die pads on its active

20 surface and special contact areas for the solder adhering
means, to a device carrier having a plurality of contact ar-
eas. Electrical connections are then made between the die and

the substrate. Next, a heat spreading means, which includes an
upper plate and foot ring which protrudes from a bottom sur-

25 face of the upper plate, is positioned between the die pads on
the active surface such that a cavity is formed between the
heat spreading means and the active surface. The cavity is
then filled with solder means and the semiconductor package
heated such that the solder means interconnects the heat

30 spreading means and the active gsurface.



. Fig. 2 shows a perspective and expl oded view of the sem conductor package
of Fig. 1. The sem conduct or package 1 conprises a device carrier 2, a 5
sem conductor die 3 which is electrically connected to the de vice carrier
2 by bond wires 4 and a heat spreader 5 which is nounted on the upper
active surface of the die 3. The device carrier 2 conprises an insulation
carrier 6, nultil0 |ayer copper distribution traces 20, a plurality of
contact areas 7 on its upper surface, a plurality of via contac%gglg and a

plurali ff of stlder wvearacts 8isnd | fer pathekLBYr f&ce NeR} 48P ES are

attached.to the devi tact : [ r U8 £ tdee dRYiC®
carrier -3¢ &9 HT%t?gfgg ?nggig%ﬁﬁ %@gbyeagy%§ ﬂVW)via ébntacps ¥8 &%ich
connect paov@lkdC widheapkaiidlh @ortdedtcenxsas aber 8thaheodder3ons ikgudCed on

the device carrier 2 and it has a plurality. of die pa d t he
edges oftives %Hpﬁ?rces'urs‘?bé?ﬁc@?aﬁﬁn%la\ﬁi r C}/dll T dh gﬁgégggg%%%ﬁgﬁt he
contact (alLagodt ekepll ifdldy eranectideie fiiem3speebendevorteo cahei elie2. A
copper heat spreader 5 is nounted on the upper active surface of the die 3.
The heatpasisr extfer bendnalisgss s tpper Spraténgs PEEWGRT atReofSViRg £2%hi ch
protrudes fraom.the hotto f of the upper plate 11. The foot ring 12
i's inte&ﬁﬂt\ﬂ9ﬁ$ﬂ:%§ dﬁb F%%%E?%E&l. The upper plate 11 is laterally |arger
than the width of the die 3 and includes an aperture 13 located in the

centre of its lateral plane. The foot ring 12.is | ocated aldy
around1ﬁhﬁﬂQN@F@uBWﬁaW@%ﬂQ@%ﬁE@ﬁe“ﬁﬁﬁ&ﬁgﬁl 17" 9%%m%§?g%§9% fﬁg f oot
| Mo 2 iyl d«#‘anBB?iH@' glbnel iMe handiev resads ahaye Behespingpat
active surface of the die 3 711 and its width is smaller than the di stance
bet ween drite dilee pausfageorrDppbsi g ssivwesh the dlie padhe REQTrSsprider 5

is positioned so that the f I 12 i C rehdy QR .t hendipper
surf ace 5135 8P%° ?ﬁiﬁ%f@ﬁ%%%{%ggs %8l§¥%%ngg?%§g$sﬁﬁ$a§e of the foot
ring 12 ds§]ddy paid i ida€ospachdait hreheouppen tionkdc e heft e deld&Er The

cavity 14 fornmed by the aperture 13, by the fqot ring 12.10 and by t

upper_SLﬁﬁQkﬁi¥ﬂdthF§ﬁQeEﬁ?szQWIQ&FQWQ¢1éhﬁ\ S %ék%ﬁ?%ﬁglﬁfa e g

adhg%' V& R e%x'nﬁéad%:ﬁehé highly adhesivessdias 8ol owhki $es teprdsddhetsnl |y

condtctive and Tncludes at least in part electrically conductive naterial.
contain an aperture in the upper plate. The package is then
heated so that the solder interconnects the foot ring and
therefore the heat spreader with the active surface of the
die.

20

Alternatively, the heat spreader is positioned on the die and
the solder means dispensed through the aperture in the upper
plate. The semiconductor package is then heated so that the

solder means interconnects the heat spreading means and the

25 active surface.

One further advantage of the present invention is that it of -
fers a simple low-cost solution for enhanced thermal manage-
ment whereby the current conventional assembly packaging tech-
30 nology of a laminate package can still be used. The invention
can be used for all existing semiconductor devices. It elimi-

nates the need for an external heat sink which doubles or tri-



15 °As can be seen in Fig 1, but not Fig. 2, inconplete contact between the
bottom surface of the foot ring 12 and upper surface of the die 3 results
in discrete gaps 19 in the interface. These gaps are filled with the
adhesive material 15. 20 The die 3, bond wires 4 and heat spreader 5 are
encapsul ated by a plastic cover 16. As can be best seen in Fig. 2, the
plate 11, foot ring 12 and aperture 13 whi ch conprise the heat spreader 5
are in this em25 bodi nent of the invention laterally square. There are
many popiebl thal eéraativesersst fé ERHBUNAEA! Sho eiﬁaFﬁagﬁiaErSSWPPﬁ an

enbodi ment . not, shown LN, theyfi 11t Bendari 68 62r ther mddusekeplragpd by a
subst raflsnﬁhi %Hlﬁs%ﬁ%\%ﬁgi ﬁhgog?%gaé%at emof the art sucF]1 as BT or

| eadf r apeicEbeotli Bosmdshe Ty rsevEarundintert davi 2bser epriLap AyPEPVEEyi ces
but the invention is _particular advant ageous__f. i inch 12
gener at ETACPor Y ARt EYTHEV S h%fi ﬁéllsg lg%rraya\{nlgcryr epi acegﬁ%w‘gﬁyw&a tabl e

devi$e %%%hgﬁtci Rg1(eapse.such as pins. The heatspreader 5 may be nmade from
any the y conductive 5 material such as Ag, Al or on of their alloys, a

Cu-alloy. A netal/lnvar type conposite is al so possible which also has the
advant a in_reducing.h ifferen i ARG B SSRARS iFHHP ILORE IHdtaSre

bet \Neen%?"ﬁela]ivg lgﬁldftaﬁrguhgaglg’ﬁr eadér B°fhe form of the upper plate 11 of
t he heatspirerderwliés nearistpehbtanthex but ndisdipatedundadi sEroRedfonal

gi ven QRS TRBIFo S ATY FSSLIATNG £2 CHR bE Ao o (R (e ont act

ar eq,betyreny fhe J Qb idig dRiiandudigdigate Hy edijcidhrareapaferte whien 3 s
maxim sed. It is therefore clear that any lateral 15 form of the heat

spr eademdnraredl tondce ftdree appditqptisrt $G7eE%i bl e. The wires 4 nmaking up the
el ectrical connection between the die 3 and the device carrier 2 may be
repl aced by other connecting neans. The package may or nmay not be '
encapsul e d-aneephecFopnsw fianerfidhei hehidps eaderd negrat edhycigtube en20
capsul ated. The steps in the nethod tg asseg‘ol g sem %onducé Qr cpsalcé%aggf are
as fol | clevies wiersby nehat barhn8RECBASE: dVEL5% 628 F&vitSTHTTer- 2 usi ng

di e at t agh nl epial 47, hapg o rep, 4 cadiipshedennaeng haldogspatis 10
andThe Ttontact areas 7 to électrically connect the die 3 with_the, device
carrier moudfedhenteathspr daveces viss nghdmesda lilivo Bt Hee |pHReSLEE? ve

surface of the die 3 and.the cavity .14 r ned a rin
12 and uPpeR 86 ERBbf 99H8'diseeasla|ynstf|r{eg§é‘ggw %6&%1 PELLHEE b &8k g

liquid encapsulant. Some of these adhesives can also be used
to attach devices to a carrier such as a BT substrate or lead
20 frame in the die attach process. Packaging of stack-die has
also used such adhesives when attaching two devices together
stacking them one on top of the other. One embodiment of the
invention would be the use of selected material i.e. pure cop-
per (Cu) for the heat spreader and an epoxy glue formulated
25 with high adhesive and low viscosity properties as the ther-

mally conductive adhesives to attach the heat spreader onto

the die.

A concept introduced in the present invention can also be seen
30 in the design of the aperture in the heat spreading means.
This acts as a funnel so that the adhesive can be filled-in

through this funnel to make the attachment of the heat



13 ‘adhesive material 15. The gap 20 between the foot ring 12 and upper
active surface of the die 3 is filled with the adhesive material 15 which
flows fromthe cavity 14. After the adhesive material is dispensed into the
cavity 14, it is given an ap 5 propriate curing treatnment to attach the
heat preader 5 to the die 3. The structure of the heatspreader 5 assures
that the adhesive material 15 i s conta ned | argely within the cavity 14 and
does 10 not spread onto the die pads 10 and wires 4. This enabl es the use
of ther aRregdesnOnEr dreadhesi vermatbei JUnpilcl ke Aebidt et +PYal Fhe
conduct L ve, esiLve i l.es fAJ chent.yli sgRati on
of the ﬁég?sggggrgﬁd%dggy ?%i@%‘%@/e%ﬁgg}ég sif]llrIl ac@gﬁd%tlﬁ}e g?e t31‘.ljé 1§E$Ee
packagespsehben enaapswhaled Wy ch noirdimyg processirndofobdbesbyel pre-are
attached to,the devijce contgcts 8. on thefbotto %#éfa e of ngegevh%%
carrier VOREFRE 461 P hATEG RPabl'e EHE Bﬁgkﬁgg 5 beWounted onto a
ciraglit yhoardefnakashomsle sd c2Ritike ,t rensf eordfact gagka fsanweaxt ethal
devices (also not shown) . In_an alternative enbodi ment_ of the anention
the enchpsil soreaderepase crpdt Bae JSeTREOPHENT IF&TereR e bYLBRePqi €73 i s

di ssi pa n i J . t ry ) o] { ria
15" and MArgein s dbnidhh e fen ar T e S B as e Ih
provi deghen dieprepedndpwar dddierioa ceeadest mleopanh ayenug0 fionr soghetrher e
is a physical contact between the heatspreader, 5 and thﬁ.ugﬁgr a tive
sur f ace N6REt hEagisfer maldyndF)iSapbPyps 0Pt MLt 7 o T PRt A Y er f ace
are; il Lhadbyoft hged spldahes! atRl@ld atogSsulhfbedl by thearghesi W s-

mat eri al 1% cont al ns aF least in part metal particles providing the

adhesi veemstiag aldhgistiiveisnpmpred eshditpalt heagingdc BroPedtdi®srti es. The heat is
then finally dissipated into the air by radiation fromthe 5 heatspreader 5
and/ or plastic cover.

The concept can be applied differently, e.g. by exposing the
copper heat spreader or by burying the heat spreader by encap-
15 sulating it within the package. Both deliver the desired ther-
mal dissipation except that the exposed heat spreader would
have a better thermal dissipation performance. The design can
be chosen to suit the kind of assembly process that has been
established in the conventional platform of the process / pro-

20 duction line.

The invention can be easily seen by X-Ray on the package or
assembled component. Conventional packaging technology can be
uged without having to change or introduce an entirely new as-

25 sembly process line.

An embodiment of the invention will now be described by way of

example with reference to the drawings.

30 Fig. 1 shows a cross-sectional view of the structure of a

semiconductor package according to the invention and



15 '‘Ref erence nunbers 1 sem conductor package 5 2 device carrier 3

sem conductor die 4 bond wire 5 heat spreader 6 insulation carrier 10 7 8 9
10 11 15 12 contact area device contact solder ball die pad upper plate
foot ring 13 aperture 14 cavity 15 adhesive material 16 plastic cover 20 17

die attach material 18 via contact 19 gap 20 distribution trace 16 Patent
d ai ns 1

Fig. 2 shows a perspective and exploded view of the semi-

conductor package of Fig. 1.

The semiconductor package 1 comprises a device carrier 2, a
5 gemiconductor die 3 which is electrically connected to the de-
vice carrier 2 by bond wires 4 and a heat spreader 5 which is

mounted on the upper active surface of the die 3.

The device carrier 2 comprises an insulation carrier 6, multi-
10 layer copper distribution traces 20, a plurality of contact
areas 7 on its upper surface, a plurality of via contacts 18,
and a plurality of device contacts 8 on its bottom surface.
golder balls 9 are attached to the device contacts 8. The in-
ner structure of the device carrier 2 is illustrated in Fig. 1
15 by way of two via contacts 18 which connect a contact area 7

with a device contact 8.

The die 3 is mounted on the device carrier 2 and it has a plu-
rality of die pads 10 located at the edges of its upper sur-
20 face. Bond wires 4 between die pads 10 and the contact areas 7

electrically connect the die 3 to the device carrier 2.

A copper heat spreader 5 is mounted on the upper active sur-
face of the die 3. The heat spreader 5 includes an upper plate
25 11 and a foot ring 12 which protrudes from the bottom gurface
of the upper plate 11. The foot ring 12 is integral with the
upper plate 11. The upper plate 11 is laterally larger than
the width of the die 3 and includes an aperture 13 located in
the centre of its lateral plane. The foot ring 12 is located
30 centrally around the longitudinal axis of the upper plate 11.
The height of the foot ring 12 is greater than the height of

the bond wires 4 above the upper active surface of the die 3



1.'A sem conduct or package (1) conprising the followng fea tures: 5 - a
device carrier (2) having a plurality of contact areas ( 7 ) - a

sem conductor die (3) having a plurality of die pads (10) of an active
surface, the sem conductor die (3) being nounted on the device carrier (2),
10 - connection neans (4) to electrically connect the die pads (10) to the
contact areas (7), - a heat spreadinglheans (5) nounted on the active
surface of the die (3), wherein the heat spreading nmeans includes an upper

pl ate 18nd1ifsandldth ode ramegl (em) thaR clihsr oA 2eRIECe r BREWEEB: tOif sBiface of
t he uppﬁgdglf6eo£1&é 8%9 ﬁhEEHeésoP°§£ i gngd;between the die pads (10) on
e Bhch tHa 13?

the acttve surfac t a cavity is formed between the heat

spreadi ng neans (5) and the active surface, the cavity being filled with 20
an adherj ng, nmeans

15). i nter,connecti.ng the heat spr.eading_ neans .and th
active SOFfAE8T gpgﬁaggﬁﬁ o&&u&oﬁltﬁfg‘%égo( %ahaatcgrt}?%li%%g‘f o- ti'di g‘r?)llg ©
charfict gpi,2eddi Behbah125 bhecadhapheg BBARSCEO0BPr Hses3aniadhasiye (18)
and/or a solder. 3. A sem conductor package (1) according to claim/1_or
cl ai m 2pade &Rar Tbeeborsen mudface I H&w ptedding heans 1B) PREERAdes an

aperture | ocai ed. Ln u a ) s:Lhe aperture (13) extending
17 betmggﬁggkg ggg&tghflﬂ%ggﬁdggﬁgaggp%? é%%fgé% gf the upper plate ( 11 )
4. A sem conductor package (1) according to one of the afore5 nmentioned

Clalms’The cavity 14 formed by the aperture 13, by the foot ring 12
10 and by the upper surface of the die 3 is filled with adhesive
material 15. The adhesive material 15 is highly adhesive, has

a low viscosity, is thermally conductive and includes at least

in part electrically conductive material.

15 As can be seen in Fig 1, but not Fig. 2, incomplete contact
between the bottom surface of the foot ring 12 and upper sur-
face of the die 3 results in discrete gaps 19 in the inter-

face. These gaps are filled with the adhesive material 15.

20 The die 3, bond wires 4 and heat spreader 5 are encapsulated

by a plastic cover 16.

As can be best seen in Fig. 2, the plate 11, foot ring 12 and
aperture 13 which comprise the heat spreader 5 are in this em-

25 bodiment of the invention laterally square.

There are many possible alternatives to the embodiment shown
in the figures. In an embodiment not shown in the figures, the
device carrier 2 is replaced by a substrate which is known in
30 the state of the art such as BT or leadframe. The die may be
any semiconductor device or plurality of devices but the in-

vention is particularly advantageous for power devices which



characterized in that the upper plate (11) of the heat spreadi ng neans (5)
and/or the foot ring (12) are laterally square. 10 5. A sem conductor
package (1) according to one of the afore nentioned clainms, characterized
in that the upper plate (11) of the heat spreading neans (5) is laterally
| arger than the width of the die (3)._15 6. A sem conductor package (1)
according to one of the af or ement i oned?cl ai ms, characterized in that the
hei ght of the foot ring (12) is greater than the 20 hei ght of _the

connect PeRerBhAs3( 4Ptabdy dedte rsahderadealofs thendly ePe geplaced Ry

sem condyugct Qr. . g a ' o] of o] ntioned cl ai ns,
25 chargggegp%ggﬁiﬁ ?ﬁg%Ethggg%gg?Q wggg?YaFEPg ggtﬁgpgglly conductive
adhesi ve such as epoxy glue, sealant resin, thermal grease or liquid
encapsul ant

TR AN M LI T A0 NP R RN R

el ecd ri gakbyigonduehi v g eranl or9oA et hok o JEs 2 Secicandeet on
package (1) conprising the 5 follow ng_steps:

metal/Invar type composite is also possible which also has the

advantage in reducing the difference in thermal expansion

propertiegs between the die 3 and the heatspreader 5. The form

of the upper plate 11 of the heatspreader 5 is not important

10 but may be a round disc, hexagonal disc etc and can be as

large as necessary to dissipate the heat from a given die 3.

The form of the foot ring 12 can be chosen so that the contact

area between the foot ring 12 and the heat producing areas of

the die 3 is maximised. It is therefore clear that any lateral

15 form of the heat spreader 5 and therefore cavity 14 is possi-

ble. The wires 4 making up the electrical connection between

the die 3 and the device carrier 2 may be replaced by other

connecting means. The package may or may not be encapsulated

and the top surface of the heatspreader may or may not be en-

20 capsulated.

The steps in the method to assemble semiconductor package are

as follows:

25 After the attachment of a die 3 to a device carrier 2 using
die attach material 17, bond wires 4 are attached between the
die pads 10 and the contact areas 7 to electrically connect

the die 3 with the device carrier 2.

30 The heat spreader 5 is then positioned on the upper active
surface of the die 3 and the cavity 14 formed by the aperture

13, foot ring 12 and upper surface of the die 3 is filled with



- providing a device carrier (2) having a plurality of contact areas (7), -
attaching a sem conductor die (3) on the device carrier (2), the

sem conductor die (3) having a plurality of 10 die pads (10) on an active
surface, - making electrical connections between the die pads (10) and the
contact areas (7) using connection nmeans (4), - placing a heat spreading
nmeans (5) on the active surface of t ht3die (3), the heat spreadi ng neans

i ncluding 15 an upper plate (11) and a foot ring (12)_ which pro_trudes from
a bott opafibapideemaEerhalupfer Thicatan 2O Ratrsit dhe sEpRki ¥iBded2bebfeen

t he dieu?ﬁ@? Sé@lv@”shgﬁaﬁ%tB%et§ﬂgﬁﬂ§§d§uﬁ? fffie@-@é&ﬁtﬁhéléhhé§i§?{ﬁﬁd

bet ween e heat spreading neans (5) and the active 20 surface, - filling

t he cavinayewiah ah wihehi Aijomsafisohlbhesaetiitiral 4t hafadlethrgadbesdvels)

i nterconnects the heat spreading nmeans (5).and_the .active surface, - curing
t he adh@?Fﬁﬁlﬁiaﬁ§ @%§P63ﬁ§%kﬁé%9mfh%dé?%lﬁ%uﬁ?’al emitonti(tt of “pakage
(1)_53009%%9%1:@ eLigh Ayl@reahaicatt &/d 284 4dh thad héerstenaes 6i kbi naet he
cavity with an adhering neans (15) 30 conprises the step of dispensing
adhesi vdifredns through an aperture located in the heat spreading neans.

19 11. A method to nmount a sem conductor package conprising the foll ow ng

steps: - providing a device carrier having a plurality of cons tact areas,
- att achthegsarsenucendifcttdre dientorprdeaiaie Vs cesgares ethat hehserdbesduret or

die having a.plurality of die pads on.an active surface, - Ki_ng

eIectriEﬁgefﬁshe&gi6ﬁsCBEFﬁé8ﬁgtﬂ@rgﬁéypgdgkéﬁdt § Fﬁglgghgggﬁngrgﬁfsusing
conect hgR BRRBAd orRlAGHY B heMdS Pl CashddwiBa8S40NThAS agkblessSkhkace of
the die, the heat spreading neans including an upper plate and a foot ring

whi ch puser ufesthennahl porcoodusiiivgc adiies Hiee uppeerppat evhmh whs cllise

pOSitiogﬁgc%%ically conductive. Such adhesive material enables the
more efficient dissipation of the heat generated by the active
upper surface of the die 3.

15
The package is then encapsulated by a molding process and sol-
der balls 9 are attached to the device contacts 8 on the bot-
tom surface of the device carrier 2. The solder balls 9 enable
the package to be mounted onto a circuit board (not shown) and

20 the transfer of signals from external devices (also not

gshown) .

In an alternative embodiment of the invention the encapsula-
tion step is omitted.
25
The heat generated by the die 3 is dissipated by conduction
into the foot ring 12, into the adhesive material 15 and into
the upper plate 11 of the heatspreader 5. The heatspreader 5
provides an improved upward thermal conductive path as,
30 firstly, there is a physical contact between the heatspreader
5 and the upper active surface of the die 3. Secondly, any

gaps or imperfections in this interface are filled by the ad-



15 tween the die pads on the active surface such that a cavity is forned
bet ween the heat spreading neans and the active surface, the cavity
contai ning a solder nmeans, - heating the sem conduct or package such that
t he sol der 20 means interconnects the heat spreading neans and the active
surface. 12. A nethod to nount a seniignductor package (1) according to
claim 10, 25 characterized in that the“cavity is filled with sol der neans
before the heat spreadigg nmeans i s positiqned on the diie, 13. A nethod to
k

mount ahSEAVEomaLerdRlpatkagbitd)YacEBRIPAGERSVS0MBFEF APT0 1o RRFLALERI zed
in that ;. 20Q tsl'ee.izpl &' inedRPSitd.0ned an $he, aglhye By hanesel et hatdie so

that the solder i ontained within the cavity of the heat spreader when
t he heatrispr @adhngmpemved 3 subsdgqueondyc ot tPorrerohe® heThpehest is

A LA BED Ardardy AafihpleBal ARG ABhe A28 Ay AYaddaR iBn APFoR3RAE0 O

5 heatspreader 5 and/or plastic cover.
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5 heat spreader
6 insulation carrier
10 7 contact area
8 device contact
9 solder ball
10 die pad
11 upper plate
15 12 foot ring
13 aperture
14 cavity
15 adhesive material
16 plastic cover
20 17 die attach material
18 wvia contact
19 gap

20 distribution trace
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5 - a device carrier (2) having a plurality of contact ar-

eas (7),
- a semiconductor die (3) having a plurality of die pads
(10) of an active surface, the semiconductor die (3)
being mounted on the device carrier (2),
10 - connection means (4) to electrically connect the die
pads (10) to the contact areas (7),
- a heat spreading means (5) mounted on the active sur-
face of the die (3),
wherein the heat spreading means includes an upper plate
15 (11) and a foot ring (12) which protrudes from a bottom
gsurface of the upper plate (11) and which is positioned
between the die pads (10) on the active surface such that
a cavity (14) is formed between the heat spreading means
(5) and the active surface, the cavity being filled with
20 an adhering means (15) interconnecting the heat spreading

means (5) and the active surface.

2. A semiconductor package (1) according to claim 1,
characterized in that
25 the adhering means comprises an adhesive (15) and/or a

solder.

3. A semiconductor package (1) according to claim 1 or claim
2,
30 characterized in that
the heat spreading means (5) includes an aperture (13) lo-

cated in the upper plate (11), the aperture (13) extending
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and/or the foot ring (12) are laterally square.

10 5. A semiconductor package (1) according to one of the afore-
mentioned claims,
characterized in that
the upper plate (11) of the heat spreading means (5) is
laterally larger than the width of the die (3).
15
6. A semiconductor package (1) according to one of the afore-
mentioned claims,
characterized in that
the height of the foot ring (12) is greater than the
20 height of the connection means (4) above the upper gsurface

of the die (3).

7. A semiconductor package (1) according to one of the afore-
mentioned claims,
25 characterized in that
the adhesive material is a thermally conductive adhesive
such as epoxy glue, sealant resin, thermal grease or lig-

uid encapsulant.

30 8. A semiconductor package (1) according to claim 8,

characterized in that
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the adhesive material (15) comprises electr1ca1£) conduc- 0)-

tive material.

9.A method to mount a semiconductor package (1) comprising the
following steps:

- providing a device carrier (2) having a plurality of
contact areas (7),

- attaching a semiconductor die (3) on the device carrier
(2), the semiconductor die (3) having a plurality of
die pads (10) on an active surface,

- making electrical connections between the die pads (10)
and the contact areas (7) using connection means (4),

- placing a heat spreading means (5) on the active sur-
face of the die (3), the heat spreading means including
an upper plate (11) and a foot ring (12) which pro-
trudes from a bottom surface of the upper plate (11)
and which is positioned between the die pads (10) on
the active surface such that a cavity (14) is formed
between the heat. spreading means (5) and the active
surface,

- filling the cavity with an adhering means (15) such
that the adhering means (15) interconnects the heat
spreading means (5) and the active surface,

- curing the adhering means (15).

10.A method to mount a semiconductor package (1) according to
claim 10,
characterized in that
the step of filling the cavity with an adhering means (15)
comprises the step of dispensing adhesive means through an

aperture located in the heat spreading means.
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following steps:

- providing a device carrier having a plurality of con-

5 tact areas,

- attaching a semiconductor die on the device carrier,
the semiconductor die having a plurality of die pads on
an active surface,

- making electrical connections between the die pads and

10 the contact areas using connection means,

- placing a heat spreading means on the active surface of
the die, the heat spreading means including an upper
plate and a foot ring which protrudes from a bottom
surface of the upper plate and which is positioned be-

15 tween the die pads on the active surface guch that a
cavity is formed between the heat spreading means and
the active surface, the cavity containing a solder
means,

- heating the semiconductor package such that the solder

20 means interconnects the heat spreading means and the

active surface.

12. A method to mount a semiconductor package (1) according to
claim 10,
25 characterized in that
the cavity is filled with solder wmeans before the heat

spreading means is positioned on the die.

13. A method to mount a semiconductor package (1) according to
30 claim 10,

characterized in that
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