; €36$JB6X Tl ~ HEAT SPREADER ANCHORI NG & GROUNDI NG METHOD & THERVALLY
ENHANCED PBGA PACKAGE USI NG THE SAME BACKGROUND OF THE | NVENT

. . : THE I ON 1‘1' Fi el d
of Lhe Invention The [nvention relates to i zenzf‘ﬁgac:aa";asfk;gmﬂllﬂlﬁlﬂ Jifih|

anchoring and groundi ng of a heat spreader that is used as part of*Gepoo*
thermal |y enhanced Plastic Ball Gid Array (PBGA) package. (2) Description
of the Prior Art The sem conductor industry has since its inception

achi eved iHENTO\SFRERDER ANCAORPNG or OROTKRD G SEMTHEM Gl CHHER MMV YC ENHANCEeVi ce
m niaturization and by increasing the device packaging density. f One of

the origi nal approaches thabghaspherAgHSEsIN® BiLad@sur f ace nounted, high
pin count integrated circuit packages has been the use of the Quad Fl at

Pack (QFP) with various pin configurations. For the QFP, closely spaced
| eads al ong the four edges of the flat package are used for making

electrical ' connecti ons %%Ek@%ﬁ e t.h | i connections are
distributed to the surroundf%b C|rcuPtP%,%¥ﬁef$¥%ﬂ?ﬁgﬁtput (170

connections that can be nmade to the QFP are therefore confined to the edges
of the flat package, which |imts the nunber of I/O connections that can be

made to the QFP even in applicati.ons where the pin to pin spacing is small
The QFP h&%)f&ﬁﬁgkféﬁ%éj5£§¥“@FFé8Pive for semiconductor devices where the
device 1/0 pin _count does not .exceed 200. To circunmvent this limtation, a
new package, al'BalInV§Hd A& LA} EBEAFOpaERafBPRAS2bERA Pht IR RFREeFor the
BGA package, the electrical contact points are distributed over the entire
bot t om suffagel bfde e qfclaqge more particularly, to a method and package

for anchoring and grounding of a heat spreader that is used as
part of a thermally enhanced Plastic Ball Grid Array (PBGA)

package.

(2) Description of the Prior Art

The semiconductor industry has since its inception achieved
improvements in the performance of semiconductor devices by
device miniaturization and by increasing the device packaging
density.

§

One of the original approaches that has been used to create
surface mounted, high pin count integrated circuit packages has
been the use of the Quad Flat Pack (QFP) with various pin
configurations. For the QFP, closely spaced leads along the four

edges of the flat package are used for making electrical

A
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thereby elimnating the restriction of having I/O connects only around the
periphery of the package. Mire contact points wth greater spacing between
the contact points can therefore be all ocated across the BGA package than
was the case with the QFP. The contact points that are used for the BGA
package are typically solder balls that have the added advantage of
facilitating fl ow sol dering of the package onto a printed circuit board.
Prior Art substrate packagi ng uses ceram c and plastic BGA packagi ng.

Ceram C sgbhgid @ LoRACHKRM Mhere enReBIeverapd] NasnRESYEMS Oatd M t the
performance of the overall package. Recent years have seen the energence of

plastic Bef\:PACKAHI%s WHe s%rro&l?ﬁiiﬂgi B@rBé%Pﬁ?oﬁﬁetﬂ?pﬁ@}&éﬁd@a{;ﬂlﬂﬁSi gn

and is frequently used in high vol ume™BGA package fabrication. "The astic

substrate g;% E&ﬁg 'Hf%k rtar at.{.sf orjly -

| ow densi ct:y ‘.gé; chip ;%%%I ?J%t ?\n%dgﬁr%%e%h%f afﬁ)ft? nékéen%%\%?ﬁ%&s%?coérﬁ%neeq Cis
high, that is in excess: qQf 3 ins,.or if the nupber of, pins.com om
the i c i o7 el (EBESET B dne BinPag. ovhrEr t Piekage St T/ Tor

if the chi ower dissipation,is high (in,ex s of 4 Watts per chip), the
pl astic s?&t‘]@?‘\flﬁeorbsec Ehps Eaf dt§n5h8x§§ sTVe! Wea?%*ﬂg?ﬁtijo‘ﬁly
addresses concerns of heat spreader anchori n? and groundi ng of thermally
enhanced PEEYE gk Rjds ThALT SPIFANEi 67 FPBYT deshadvaRt 2R sf IR IR RS cal

performance and advant ages of assenbly while the package neets conventional
nmanuf act uePHly of tertalrds LAUS BEEENgsrtokafEHaFey whovs Bhpadxahee ith an
anchored heat spreader. US 5,977,626 (Wang et al.) reveals a thermally
enhanced PBGAeurt hias sprteadweedefi0gn. TOSc6ro8@y8s5 (hMsenpimttation.armd US
5,710,459 (Tang et al.)
new package, a Ball Grid Array (BGA) package has been
introduced. For the BGA package, the electrical contact points
are distributed over the entire bottom surface of the package
thereby eliminating the restriction of having I/0O connects only
around the periphery of the package. More contact points with
greater spacing between the contact points can therefore be
allocated across the BGA package than was the case with the QFP.
The contact points that are used for the BGA package are
typically solder balls that have the added advantage of

facilitating flow soldering of the package onto a printed

circuit board.

Prior Art substrate packaging uses ceramic and plastic BGA
packaging. Ceramic substrate packaging is expensive and has
proven to limit the performance of the overall package. Recent

years have geen the emergence of plastic BGA packaging; this



show ot her heat spreaders. 3 SUMVARY OF THE | NVENTI ON A principle
objective of the invention is to provide inproved anchoring and positioning
of a heat spreader onto the substrate of the PBGA package by the use of
pre-formed anchoring posts on the surface of the substrate. Another
objective of the invention is to provide for accurate placenent of the heat
spreader over the surface of the substrate. Yet another objective of the
invention is to provide for inproved planarity of the heat spreader and the
t her ewi t hoaSs0fiad athss Mesicmat ehet hanabytavahdiegi gl ahd | Bs hf mgnondilyeedi ng
into exposed portions of the heat spreader. A still further objective of

the inveniéed is Higipralie &aRepletabBataprevgpisndiTiestrHiwli ng bet ween
a ground pad on the surface of the substrate of the package and a | ower

surface ofyfdier{leatpEpr @alay) ?)facﬁda%epﬁ%gégﬁmsl 5a 8LEP5SEHEE Y rter Rised

obj ectives of the invention a new et and assenbly is provided for

anchori ”gféﬁel&,?—a&er%qrtgﬁ%riip:l cgfi?)f I%'gggﬁfpéﬁéaﬂﬁmﬁﬁteg% %ﬁg%ﬁﬁéi@g eof .

Anchor features are made pa t he package, eat ures

are proviged, aver he syrigce of e substrale of the PAGA packgoe.cThe

anchor features align w dpeni ngs crea Spreader” stand-of f,
t hus al |l ow for. qui ck and rell abl osiitioni ng and an ri f the heat
spr eader BURFET e RITREE B e BuELPr AFe 5l LERE pAERated B B

DESCRI PTION OF THE DRAWNGS Fig. 1,is a crosi sectiop of a conventi onal
PBGA packﬁ uire overall packé%e size 1s small, or if the chip power

dissipation is high (in excess of 4 Watts per chip), the plastic

structure becomes complicated and expensive.

The invention addresses concerns of heat spreader anchoring
and grounding of thermally enhanced PBGA packages that in
addition provides advantages of electrical performance and
advantages of assembly while the package meets conventional

manufacturing standards.

US 5,616,957 (Kajihari) shows a package with an anchored

heat spreader.

UsS 5,977,626 (Wang et al.) reveals a thermally enhanced

PBGA and heat spreader design.

US 6,032,355 (Tseng et al.) and US 5,710,459 (Tang et al.)

show other heat spreaders.



Fig., 2 shows a cross section of a conventional nethod of connecting a heat
spreader to a substrate. Fig. 3 shows a cross section of the nethod of the
i nvention of connecting a heat spreader to a substrate. Fig. 4 shows a
cross section providing detail of the anchoring feature of the invention of
connecting a heat spreader to a substrate. 5 Fig. 5 shows a cross section
of the anchoring feature of the invention, whereby optionally a | ayer of
thermally conductive naterial is provided. Fig. 6a shows a cross section of
t he conventional nethod of securing a heat spreader over a substrate. Figs.
6a through 6¢c show exanples of the nmethod of the invention of anchoring a

heat spreader over the surfagviiary subshEatfyeifieogubstrates of the two
representations are different. Figs. 7a through 7g show a first flow of

creating a PBGA package using the anchoring nmethod of the invention, this
first nethod incorporates enhancing the conventional die attach tool. Figs.

anchor  ng. et Hod o e S RYASErons ohi € %. ?’%énfﬁf*dp e e éﬂﬁanc. g

t he conventl onal . heat olsépr ead%r attag oL h CR;P;I’ %Ier o o the
PREFERRED 0588+ 6t fagl?y And~Fefdrence,” &b of Cart

heat spreader |nterconnect nethod y, for. thernal y en nced PBGA package
will first® drPfé P s & u SRy Pﬁg g BYshiei s ?3-?“@3 PRGRGring

applications where the die-up nethod of nounting |s
posts on the surface of the substrate.

Another objective of the invention is to provide for
accurate placement of the heat spreader over the surface of the

substrate.

Yet another objective of the invention is to provide for
improved planarity of the heat spreader and the therewith
associated substrate, thereby avoiding mold flashing or bleeding

into exposed portions of the heat spreader.

A still further objective of the invention is to provide a
method that prevents direct grounding between a ground pad on
the surface of the substrate of the package and a lower surface

of the heat spreader of the package.

In accordance with the objectives of the invention a new

method and assembly is provided for anchoring the heat spreader



appl.ied and where the device does not neet thermal requirenents, the

di e-down nethod is frequently used whereby substrates are used that have
been provided with nmetal heat-distribution surfaces (heat slugs). A

di e-down BGA package typically has better thermal perfornmance than the

di e-up PBGA package, since the heat that is generated in the die can be

di ssipated effectively fromthe backside of the die to the netal heat

sl ugs. However, the assenbly cost for this die-down arrangenent is

consi der abt ya e pddiaiyd @b the duBsHpaft fRer&bf NOAMELEY Seiireiduelor
devices. Shown in the cross section of Fig. 1 are the follow ng el enents of
a di e-up f0es B dy ShaRcesdRBEACRAgKa0Rheze 10nchbe SO GUWUGLOr die of

the thermal |y 'enhanced PBGA package, nounted over the surface of substrate

12 - 12, hatd ate O e genducter cdie i I topd !;[ggg e
under stoo%%ﬁlgfé conventtik%ngllul ygg%bs?rgge i@?giigegdé?g@?t h%BC%:p% atl C?#%df

mul tipl e, ..conpl verl yi | aye Qf 7. _interconnect traces; these

| nt er connBdt THatde REVL TS “Bagn KGR PERCSITT it HESH 008 ‘WE s of Fig.
1 and essenti all onngect. cont act ints or contact pads that .are provided
over a fisf‘%ﬁeas%ﬁ%/ascg st &Feaggoww é%’ﬁt%’&c oeg)rﬂfgsreo]rlacbolrﬁ act pads
that are proyvi ded over a sng_%]%r%d surface of substrate 12; exanples o

cont act AAHDE AR 488 8f ShBshrateSREEIRe DETh Do SRt h
contact pads highlighted as 22, exanples of contact pads over a second
surface o?f stltstFurss reE eh@fe theeRP2pKa9Rded with contact pads highlighted as
24 and 26 - 14, the heat sink of the package - 16, a first sol der mask

| ayer, typically conprising a patterned and etched | ayer of dielectric,
with openings that align wth the contact pads 22; first solder mask 16 is
created over a first surBaiBFOPESORSPTEON R THE DRAWINGS

Fig. 1 is a cross section of a conventional PBGA package.

Fig. 2 shows a cross section of a conventional method of

connecting a heat spreader to a substrate.

Fig. 3 shows a cross section of the method of the invention

of connecting a heat spreader to a substrate.

Fig. 4 shows a cross section providing detail of the
anchoring feature of the invention of connecting a heat spreader

to a substrate.



- 18, a second solder mask | ayer, typically conprising a patterned and
etched | ayer of dielectric, with openings that align wth the copper traces
24; second solder mask 18 is created over a second surface of substrate 12
- 20, interconnect vias provided through substrate 12, creating el ectrical

i nterconnects between contact pads on a first surface of substrate 12 and
contact pads on a second surface of substrate 12 - 22, conductive traces or
contact pads on a first surface of substrate 12; conductive traces 22 are
connected to tFiafess Xhdws & creanseetivhast20héerabyhdenns Bfataiderof

i nterconnect traces (not shown) that are part of the substrate 12 - 24,

ground pagse PIoX eV &ihed <315C ORE ioHEN agea0f apebstf atigeda1 These gr ound
pads 24 are the physical interfaces between the heat spreader 14 and the

substr at ecdductZBre 3RS A luebhakels conventional ly provided over the
surface of ground pads 24 for positioning and interfacing with the heat

spreader 14 - 26, contact points provided over the second surface of
substrate 12 - 28, solder balls for further interconnect (not shomn) of the
package that i .shqyn i,n g;os%u%pctlgn LN F| sur{g%

el ectrical ci rcuﬁ’[r or é”fecatrlcal goﬁﬁonen?s '(-'not ot t“h soq éaer
ball s that are, showaln t he cross section 8f Fi , |t nust be noted that

some of tTHeSE U ' 1SPTeATET YeLoPdER BEF?QQS, do not penetrate

t hrough the | ayer 16 and therefore do not make direct electrical contact
with points of electrical contact provided in or on the first surface of
substrate 12; other solder balls, such as solder ball 28, conpletely

penetrat e t hr GUEES t H SAHRISngsk shevardarReref of ot hakest keshtlctth t h

conductive traces over the surface of the
invention of anchoring a heat spreader over the surface of a

substrate, the substrates of the two representations are

different.

Figs. 7a through 7g show a first flow of creating a PBGA
package using the anchoring method of the invention, this first

method incorporates enhancing the conventional die attach tool.

Figs. 8a through 8f show a second flow of creating a PBGA
package using the anchoring method of the invention, this first
method incorporates enhancing the conventional heat spreader

attach tool.



substrate 12; other solder balls again, such as solder balls 28", partially
penetrate through the sol der nask 16 and nake 9 contact with contact pads
22 provided over a first surface of substrate 12 - 30, a layer of thermally
conductive adhesive interfacing between die 10 and the second surface of
substrate 12 - 32, points of electrical contact provided over the active
surface of sem conductor die 10 - 34, bond wires for the interconnection of
die 10 to contact pads 26 provided over a second surface of substrate 12 -

36, a nold conpound fomseEer DvRIN (01 181 feReeERkEDheMBbDERENTE, Which further
al so surrounds bond wires 34. Conventional nethods that are applied for the

i nprovenent of thermally enhanced PBGA packages concentrate on: increasing
the density of the copper that is used in the creation of the substrate of

the package | nedig.dind ner easidg, kL epl apLal Layers: Lt ipubstrate

of the package applyi'ng mnet anced |ntegrat| e heat

spr eader of th ackage into.the, package |c in R2an ad e for
this purpS e |($101$eaztle%cotrﬁléectthmglgﬁegs%% Yt %X{) lt?e Pf r%lannctehcgeps%u\i‘strate

f th kage, _ an ddi ng, .mor e t d ot t d
Col dor baIQUds (T L iuTiart B SEHESPACRAOES LhRer To0al 15 PRI 3 eas

of the substrate that align with the thereover nounted sem conductor die of

the packagtd: Spedid @émlytq«'ﬁtgmsgwtl@ae RREhELRT R SMEERRT oF PO it e

applied and where the device does not meet thermal requirements,
the die-down method is frequently used whereby substrates are
used that have been provided with metal heat-distribution
surfaces (heat slugs). A die-down BGA package typically has
better thermal performance than the die-up PBGA package, since
the heat that is generated in the die can be dissipated
effectively from the backside of the die to the metal heat
slugs. However, the assembly cost for this die-down arrangement
is considerably higher than for the die-up method of mounting

semiconductor devices.

Shown in the cross section of Fig. 1 are the following
elements of a die-up thermally enhanced PBGA package:
- 10, the semiconductor die of the thermally enhanced PBGA
package, mounted over the surface of substrate 12
- 12, a substrate or semiconductor die mounting support; it must
be understood that conventionally substrate 12 is used for the

creation of multiple, complex and overlying layers of



t he heat spreader standoff features 38 of the heat spreader, which formthe
surfaces and nethod of interfacing the heat spreader 14 with the substrate
12 of the PBGA package. Heat spreader 14 may conprise netal of may conprise
thermal |y conductive epoxy. One of the conmmonly experienced probl ens using
a PBGA package that has been shown in cross section in Fig. 1is

hi ghlighted in the cross section of Fig. 2. Specifically highlighted in the
cross section of Fig. 2 are: - 25, the adhesive glue, which nay be

conduct i véntdrdttheaducidewy, theak hLftefSophi€yt Otisdyed EH Attt Heevi ded
over the surface of the ground pads on which the heat spreader rests - 27,
a degr ee WighoiyHiaNan thhe Woeh seBYeshi gparly, i sns &l t he
surface ofsieat spreader 14 due to a nunber of influences of stress and

llack of plapaddd k&fta%{:plia%&trﬂt'%go§ufzgﬁ€§§t' ﬁa@gdtﬂé@”afé) ;mwlr@d Yover a

i ntroduced stress in the "heat spreader. In the presence “of

e P i 6 g SRS L &fﬁeéf?%h?%roefs gresent in

t he cont act p0| € he e un ylng

gr ound pad S|n nold flashin %f
conpound.® %génég‘ g veh Fo?ﬁ?ﬁﬁd §P ?ﬁn ngallke
for both |ntersects betmeen th heat sgnfader 6&&%@&? adhesi ve gl ue 25,

t he nol d %ﬁ?mﬁiﬁf f QPG &eA CKET thRAbURY SUPHAF S HE heat
spreader 14 is prone tqg be not evenly distributed surroundln%Ethe die 10

and the MRS HFETARHOESRL ¥ tH GRPFREANPRYS cREAPLIIRRA (ARIH2 ¢ IRXHBAES

spreader 14 and spread out over the surrounding substrate 12. Fig. 3 is a
cross sectf otPnrtiit esiAs Qe dcsepenft supdace hef coietatpiir haste dieen
invention, between the heat spreader 14 and the underlying substrate 12.
The mai n preesigted ovitdhowmgcthpadsobsgbétghoadods R4yg.ai3l i35 t o hi ghli ght
that the non-planarity
- 14, the heat sink of the package
- 16, a first solder mask layer, typically comprising a
patterned and etched layer of dielectric, with openings that
align with the contact pads 22; first solder mask 16 is created
over a first surface of substrate 12
- 18, a second solder mask layer, typically comprising a
patterned and etched layer of dielectric, with openings that
align with the copper traces 24; second solder mask 18 is
created over a second surface of substrate 12
- 20, interconnect vias provided through substrate 12, creating
electrical interconnects between contact pads on a first surface
of substrate 12 and contact pads on a second surface of
substrate 12

- 22, conductive traces or contact pads on a first surface of

substrate 12; conductive traces 22 are connected to traces 26 by



27, Fig. 2, of the conventional nethod of nmounting the heat spreader has
been elimnated using contact points 29 of the invention. This wll be
explained in detail follow ng. The application of contact points 29 mnust
concurrently provide for openings in the |ower portions of the heat
spreader stand-off 38 where the heat spreader stand-off 38 interfaces with
the underlying substrate 12. In the absence of such openings, the contact
points 29 would be of little value since the absence of 12 such openi ngs
woul d i nhhédisis tdf pieetIAtdrobyomeanst 3¢t ophent Sn2drtdiive dther @ - @idt 38 of
the heat spreader. The contact points 29, also referred to as anchor posts

can be crepdwe) ushg LROWAAO oMithle tLBeesa0E $2| ver have been added or
sol der paste or a solid netal. Fig. 4 shows a cross section of the section

38, Fig. 1,34 heghsata PBARAGRAIGLELOL EBENEALLSPAEAUSE diths WU

hi ghlights: a first surface of the heat spreader 14 is seated directly over

a second f ! ftﬁ?@s@f%ﬁcﬂﬁl {jaba%sf %ea}% gﬂgé%é’&ngfH@ﬁfi§a.fp§]£“¢]ea o df1e

interface etmeen t spr eader stra spreader

st and- of f 6%$Q3Qﬁ§i§_1g£él% ehgﬁbsegreadeE 14, a seated over the second

surface d? T means of a posrtronrng and anchorrng post 31
that is pre d over the rface of sub trat 12 anc n ost. 31 is
cont er od i 1 (RCIRATS F iR HRCor CodOPFBLOR AN boRATLI YA SRS been
provi ded for thrzﬁgurpose in the heat spreader stand-off 38 35 hrghlrghts
PGt

the consi $¢EMRCS @4tﬁ€rh88?1§b9@aﬂﬁra&ﬁ A R

possi bl e by t he drrect contact 13
the heat spreader 14

- 26, contact points provided over the second surface of
substrate 12

- 28, solder balls for further interconnect (not shown) of the
package that is shown in cross section in Fig. 1 with
surrounding electrical circuitry or electrical components (not
shown); of the solder balls that are shown in the cross section
of Fig. 1, it must be noted that some of these solder balls,
such as solder ball 28, do not penetrate through the layer 16
and therefore do not make direct electrical contact with points
of electrical contact provided in or on the first surface of
substrate 12; other solder balls, such as solder ball 287,
completely penetrate through the solder mask 16 and therefore
makes contact with conductive traces over the surface of the
substrate 12; other solder balls again, such as solder balls

28", partially penetrate through the solder mask 16 and make



bet ween the heat spreader stand-off post 38 and the substrate 12, w thout
~any intervening |ayers of glue, paste and the like. Fig. 5 shows a cross
section this is the cross section of Fig. 4 with the addition of an
optional layer 37 of electrically and/or thermally conductive materi al.
This optional |ayer 37 provides for firmer seating and | ocking of the
standoff 38, in addition |ayer 37 enhances thermal conduction fromthe heat
spreader 14 to the surface of substrate 12. This optional |ayer 37 can be
deposi t ethdiiatd it @bnthcgUphdas22Ppxyvi@edhbEdr t4 atiass tofsgiflaver dfave
been added or solder paste or a solid netal. The cross section of Fig. 6a
shows a cqQpusd@nals el ectrically conductive path between the heat spreader
14 and the underlying substrate 12, as follows: froma second surface 46

of the heatsspreader 14 Qpe &Rslﬁz?ngaﬁaw@laé%@és Hh themdalkground pad

24 to (not shown) “a groun ring I's conventionally provided™as a

Conponentbeg]we ci atl% %gld %ﬁe ghgﬁd Q\? fﬂcge 6(9f pét?o:/éotq:eab urtzher det ai |

regar di ng spreade anch orrng o € i nven y hlghllghtlng t he
foll owi ng el ement,s of this arrangenent:; 14 eat spreader.,. this heat

spreader e b@UER &F &4 ﬁ’&rf‘rﬁgil SBHERT h%f%ﬁcﬁ%cg OV WS VEoat ed a

| ayer of nickel or therewith electrically and thernmally equivalent material
- 39, thSWIRARAl ESHERGAYGECERSIEnY8nti on: this anchor is prefornmed over
the surface of the netaln%round pad 24 and therewith over the surface of

substrat e B4, ARKbViFSSmaPrhbEher dBEEUCORNAGE 2P pbXdL ] o WHI IFAVEEEs of

silver are added or
pads 26 provided over a second surface of substrate 12

- 36, a mold compound formed over the surface of the structure,

which further also surrounds bond wires 34.

Conventional methods that are applied for the improvement

of thermally enhanced PBGA packages concentrate on:

e increasing the density of the copper that is used in the
creation of the substrate of the package

e including an increasing number of metal layers in the
substrate of the package

e applying methods of enhanced integration of the heat spreader
of the package into the package, typically using an adhesive
for this purpose

e increasing the thickness of the metal layers in the substrate

of the package, and

10



sol der paste or a solid netal - 38, the heat spreader stand-off - 24, a
metal ground pad that is connected to a ground plane; the ground plane may
be provided in a second (or upper) surface of the substrate 12 or in an

i nner ground plane (not shown) for substrates that conprise nultiple |ayers
of interconnect netal - 12, the substrate of the package - 41, a plated

t hrough hole - 40, a |l ayer of a non-conductive naterial, created over the
first surface of the heat spreader 14 by coating or by depositing or

chem cal ly tu@ahgNgotBerhbighl BPrdActuaf 1 NeHa 3R €348k éfkdwsbfﬂdér balls

non-conductive nmaterial; this l‘ayer provides a first surtace 40 of heat
spreader 14 that i L icakl uct ; 3 of
electrically cgngugF?vgg%% e?#a?h%ﬁ%vﬁgggho§%¥sF#§c€%% ug i%gkgﬁgéor post
39, and - 4Q, the nop:conductive first surface of heat.spreader_ 14. Fi.g. 6cC
shows a croggeggc ?ogh?h%F i3 ﬂ%rtqiﬁtﬁ;%%ﬂeﬂgt%hgg séhSEGSVSEb?PP%F%dlz
wher ei n nultiRLe ngegs of , conductive interconnects have been provided,
speci fi cal | §EMAFEPEUGSOT 48142t 471 H2MATH one or nore may be used as
signal interconnects or ground planes or power lines and the like. A plated
t hrough hole 41' has al so been highlighted in the cross section of Fig. 6c.
Specifically, fromthe cross section that is shown in Fig. 6¢c it is clear
t hat the path St daalilyahicbddgbtedninokhe hgBoes oseckien ivh Hig.ad are
follows: fromthe second or upper surface 42 of the heat spreader 14 to
t he conduthe \eeatatsaresldenett asldowr) fdeposes edl8 overthdehaat apkeaddmce of
heat spreader 14 to 37, the layer of conductive material deposited over
t he which form the surfaces and method of interfacing the heat
spreader 14 with the substrate 12 of the PBGA package. Heat
spreader 14 may comprise metal of may comprise thermally

conductive epoxy.

One of the commonly experienced problems using a PBGA
package that has been shown in cross section in Fig. 1 is
highlighted in the cross section of Fig. 2. Specifically
highlighted in the cross section of Fig. 2 are:

- 25, the adhesive glue, which may be conductive or non-
conductive, that is, as previously indicated, provided over the
surface of the ground pads on which the heat spreader rests

- 27, a degree of non-planarity, which conventionally is
encountered in the surface of heat spreader 14 due to a number
of influences of stress and lack of planarity of supporting
surfaces in addition to thermally introduced stress in the heat

spreader. In the presence of the non-planarity 27 it is to be

11



anchor 39 to the conductive anchor 39, the anchor posts of the invention,
conprising conductive nmaterial, that have been created over the first
surface of heat spreader 14 to 16 the ground pad 24 to plated through
hole 41' to a thermally conductive |layer, such as |ayer 43, provided as a
| ayer of substrate 12. Figs. 7a through 7g and 8a through Sf are provided
to show the heat spreader attach processing steps of the invention before
the nolding is applied, these two figures are differentiated as follows: -

Figs. 7adxdpeeied taashoveirbp bpdésates dtovund npl eRntestbytepbanesngst he
die attach machine, and - Figs. 8a through 8f show the indicated flow,

|l emented aknephantind Lhecsaayent i gnal i aheal ipieadenndl bash gachine.

The processing flowthat is showmn in Figs. 7a through™7g, which conprises

h [ - [ - j ' ' j4 fii foll o 1.
Flg 7a Gids 1) agehar Hotre oo 1obee S, MY B W IR St o

the tinme of die.attac r_after w re_bonding, .canducti ve .epoxy.is, used. for
thi's. pur SOTBORE pafle B8 ABShEhe R o PHb ey et ¢ S PRREY chfs. 08

ti h th t he | ' be i npl d.b h [ the d
St tach mEthAle SuCR™( RAF 1 MECGTGo4LT doFE T NE CERC (RoAdaLEi 0 fBCand.
si nul t anequs mﬁth,depositing the layer 30 of thernak%&_l? ; conductive

adhesi ve & SAPPSiNeePLEE Ag’ bERGEBAL Y ¥ 10 hd Yt hSWFOmEIEGr £8€e of

substrate 12, also deposit conductive ,
semiconductor device 10 and the heat spreader 14 is prone to be

not evenly distributed surrounding the die 10 and the heat
spreader and can significantly escape from under the heat

spreader 14 and spread out over the surrounding substrate 12.

Fig. 3 is a cross section that shows contact points 29, the
contact points of the invention, between the heat spreader 14
and the underlying substrate 12. The main reason for showing the
cross section of Fig. 3 is to highlight that the non-planarity
27, Fig. 2, of the conventional method of mounting the heat
spreader has been eliminated using contact points 29 of the
invention. This will be explained in detail following. The
application of contact points 29 must concurrently provide for
openings in the lower portions of the heat spreader stand-off 38
where the heat spreader stand-off 38 interfaces with the
underlying substrate 12. In the absence of such openings, the

contact points 29 would be of little value since the absence of
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epoxy 39 2. Fig. 7b, step 2, this is the step of curing the deposited
~conductive epoxy 39; this step of curing can be perforned in line or as a
bat ch over process 3. Fig. 7c, step 3, the wire bonding step, wires 34 are
provi ded, these conductive wires interconnect contact points on the active
surface of die 10 (not shown) with contact pads (not shown), simlar to
conductive pads 26 of Fig. 1, provided over the second surface of substrate
12 4. Fig. 7d, step 4, heat spreader 14 is attached as a first operation in

a first sdiadi apeafirddee werald spheader tpét gehet £t i oSN Edriadthigh iRitspose
pi ck & place operation 52 5. Fig. 7e, step 5, deposit a |layer 37 (see also

Fi gs. 6b Andb Ghe Yt HRNEHGt BBec@POKY RNEE LPResyeFace of the cured epoxy
39, as a second operation in a second station of the heat spreader attach

tool, using dispensing needle 50 for this purpose 6. Fig. 7f, step 6,
perform epoxy cure, curing the deposited |ayer 37 of epoxy, and 7. Fig. 7g,

step 7. complets. thenackage ot bhe LowentLen iarroviging e amld) g, 30

under neat h and overlying € heaf “$preade e proces |"ow

that is shown in Fjgs.. 8a through 8f. ich co IS enhanci t he
convent i el KA b ioi sRaey £P: Henchmehrass B 19 e A SRt SERE s
follows: 1. Fi Sa, step 1, anchqor post 39 (see also Fig. 6a and 6b? is
created &7t} qﬁn?%ﬂthOFéabéﬁgﬁﬁgmgFa fter wire bonding, conductive epoxy
is used for this purpose, dispensed through the dispensing needle 50; it
must be noted in the cross section that is showm in Figs. 8a, step 1, that

the bond wires 34 are present at the tinme that the conductive epoxy is
Fig. 4 shows a cross section of the section 38, Fig. 1, the

heat spreader standoff of the heat spreader 14, which
highlights:
e a first surface of the heat spreader 14 is seated directly
over a second surface of the substrate 12
¢ no adhesive glue is provided in the interface between the
heat spreader 14 and substrate 12
e the heat spreader stand-off 38, and therewith the heat
spreader 14, a seated over the second surface of substrate
12 by means of a positioning and anchoring post 31 that is
pre-formed over the surface of substrate 12
e anchoring post 31 is centered with respect to and inserted
through an opening 33 that has been provided for this
purpose in the heat spreader stand-off 38
e 35 highlights the consistent seating height of the heat

spreader 14, which is made possible by the direct contact

13



deposited; this reflects the fact that for the flow that is shown in Figs.
8a and 8b, the conventional die attach machine is not nodified and
therefore perforns only the die attach operation which is conventionally
foll owed by wire bond connect 34, providing the cross section that is shown
in Fig. 8a, step 1 2. Fig. 8b, step 2, this is the step of curing the
deposited conductive epoxy 39; this step of curing is a quick or snap cure
that can be perfornmed in-line 3. Fig. 8c, step 3, heat spreader 14 is
attached as pefiveeh eper Bbh@Nspreddéi rstarsd-AfOPHRt Glee aheathepr eader
attach tool, using for this purpose pick & place operation 52 4. Fig. 8d,
step 4, deposlutaserheréetz?:?wteﬁsuel H 0% Al 180 186k r@f cgoaduet i sseeoxy
over the surface of the cured epoxy 39; this cross section Shows that the

i nvention cag ech 1 h gpl enented by enhancing the heat spreader attach
machi ne such t at the eat spreader attach nmachine can, in addition to and
follow ng the placenent of the heat spreader 14, al so deposit conductive
epoxy 37 5. Fig. 8e, step 5, perforntepoxy cure, curing t he deposited Iayer
37 of epoxy, which can be_perforned in-| tep 6

er for m epoxsi8ar 8, & @arﬁna PheSteRosii gy Tayors FreF cefﬁ&y%y,se%ﬁﬁeﬁ 88n be
per f or med pff-llne as .a ch t pe oven Curi ng. process t sho ) 7.
conpl ete ¥+ p d%%&ﬂa?ﬂet ﬁanPEFBdilLﬁyﬁBI%Y %E nd
overlying the heat spreader The,lnventlon can _be summari zed as folloms:
the i nvemBfOPrigveael lah GansisrdyemBphsdiat - pBRiei ORF HePahdl 3R] ng of
the heat spreader with respect to the underlying substrate by using

pr e- f or mepiravneds | fgr fostmer tseetamehendndopbsng of the stardefbrs fr dvi de

for inproved
addition layer 37 enhances thermal conduction from the heat

spreader 14 to the surface of substrate 12.

This optional layer 37 can be deposited using a material
such as epoxy to which traces of silver have been added or

solder paste or a solid metal.

The cross section of Fig. 6a shows a conventional
electrically conductive path between the heat spreader 14 and

the underlying substrate 12, as follows:

e from a second surface 46 of the heat spreader 14 to
e the conductive glue 25 to

e the metal ground pad 24 to (not shown)

e a ground-ring that is conventionally provided as a component

of substrate 12.
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accuracy in the placenent of the heat spreader over the substrate the
anchoring posts of the invention provide for inproved planarity of the
surface of the heat spreader with respect to the surface of the underlying
substrate 20 the invention provides for the prevention of nold flashing
or bleeding by preventing that the nold can escape al ong the (exposed)
surface of the heat spreader the invention provides for avoiding direct

el ectrical shorting between a ground pad, provided over the surface of the
underlying stubstrabeanandctpeohipdd Spraaderdedaiqe debartihgt tae hewer
surface of the heat spreader is provided with a |layer of non-conductive
material gghesddWeHdiytRiPWrdesel @hvandi bRChy m?ap@m@ﬁ;g ncheonduct i ve
pat h between a second or upper surface of the heat spreader and a ground

pl ane prﬂ&f@E&fﬁgCHE%MEhﬂ%h%fPE%E%SaQEahggmHHQ?r'yi”9 substrate; a ground
pad provided over” the second or upper surface of the substrate provides a

direct el eciyi cale IUEY face belween, Lhe heal spLeader. ad. the substiate

from where groun o can be conp erconnecting

conducti ve ts between t round, pad and a_groun | ane of the

substrat €' Tte proc et?% g IaS%s oghgpgﬁgvés b‘é‘é?\gg‘ﬁo?l\gl%)ﬁﬁe%i %fg.nl'/"g‘etlh Bugh 7g
and 8a through 8f can be,surqpriz d as follows: Figs. 7a through 7g,

enhanci ng"RHeSEd S Tacadity atRerBR A KeSTPHF RNt 3 he sequence:

1. die attach 21 2. anchor post creation , . .
- 39, the conductive anchor of the invention; this anchor is

preformed over the surface of the metal ground pad 24 and
therewith over the surface of substrate 12; anchor 39 may be
created using an epoxy to which traces of silver are added or
golder paste or a solid metal

- 38, the heat spreader stand-off

- 24, a metal ground pad that is connected to a ground plane;
the ground plane may be provided in a second (or upper) surface
of the substrate 12 or in an inner ground plane (not shown) for
substrates that comprise multiple layers of interconnect metal
- 12, the substrate of the package

- 41, a plated through hole

- 40, a layer of a non-conductive material, created over the
first surface of the heat spreader 14 by coating or by
depositing or chemically treating the first surface of heat
spreader 14 with a non-conductive material; this layer provides
a first surface 40 of heat spreader 14 that is electrically non-

conductive
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3. curing of the created anchor posts 4. wire bonding 5. attaching the heat
_spreader 6. depositing of epoxy over the created anchor (optional) 7,
curing the epoxy deposited over the anchor posts, and 8. providing the nold
compound, encl osing the nmounted sem conductor die and partially overlying

t he heat spreader. Figs. 8a through 8f, enhancing the conventional heat
spreader attach machine, inplenented by the sequence: 1. perform ng
conventional steps of die attach and wire bonding 2. creating the anchor

posts of they i nvankien o3 etk RecheyCE8REEE BRE Rt OIS dddrildee overap
curing) 4. attaching the heat spreader 5, depositing of epoxy over the

created anhQUoRRRHIS VORMABR! bosP- 36UrkRg the epoxy deposited over the
anchor posts, and 7. providing the nold conpound, enclosing the mounted

sem conduct j _ i AV i heat eggg[. ough t he
i nvention h4§fs’ %&%n%g%s%??%ggltgﬁg ?"?F%gt?g Ee%&\a/vi (f]ﬁ }}ez er nceadteéI Fslge'ci fic

illustrative enbodi nents thereof, it is not intended that the i nvention be
l[imted to those illustrative enbodi ments. Those skilled in the art will 22

recogni ze that_yvariati ons and nodifications_can ge de wi.t hout departing
fromthe spirit%f &hEROHPet FORSS| PEFEL PRt T or et MThded 1 Har&sudée
within the invention all such variations_and. nodifications which fal

Within t HESQpé FURSEE 24 SpdRdeBSERAR U AREP B9 ut G BhtE tIRIBEELVES  What

is clainmed is: 1. A nethod for anchoring a heat spreader of a Plastic Bal
Gid interconnects have been provided, specifically layers 43, 45 and

47, of which one or more may be used as signal interconnects or
ground planes or power lines and the like. A plated through hole

41’ has also been highlighted in the cross section of Fig. 6c.

Specifically, from the cross section that is shown in Fig. 6c
it is clear that the path of electrical conduction for this
cross section is as follows:

e from the second or upper surface 42 of the heat spreader 14
to

e the conductive material (not shown) deposited over the second
surface of heat spreader 14 to

e 37, the layer of conductive material deposited over the
anchor 39 to

¢ the conductive anchor 39, the anchor posts of the invention,
comprising conductive material, that have been created over

the first surface of heat spreader 14 to
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Array (PBGA) package to the surface of an underlying substrate of the PBGA
package, conprising the steps of: (a) providing a substrate for a PBGA
package, said substrate having been provided with heat spreader anchor
posts over the surface thereof, said heat spreader anchor posts being
separated by a first distance; (b) providing a heat spreader for a PBGA
package, said heat spreader conprising: (i) a horizontal portion, being
parallel with the surface of said substrate of said PBGA package; (ii) heat
spreader ot ghd-gfbudgatauesi ddii) said heat spreader stand-off features
having a contact surface providing contact between said heat spreader and
said substrate; (iwv) _sal.d.contact, surface of said heat spreader stand-off
features%haQ#%%e%e%%r%ﬁ?ﬁnﬁﬁ; %ﬁthﬁﬁbenings t here-through; and (v) said
openi ngs provided through said contact surfaces being separated by a

di st ance *of 2sEirerrat sy eprdugidere (@vedl i ghchgasaldvahichdr poaYsden A8 ded
over the surface of said substrate with said openings provided through said
contact suritares of substmatadoff features of said heat spreader; and 24
(d) inserting said anchor posts provided over the surface of said substrate
into said openings provided through said contact surfaces of said stand-off
features of said heat spreader, creating anchor posts protrudi ng through
sai d openi ngsgPl ova delt-dugough 8l GaC ahiratiyhsEf aeespravidde @t sigsly of
claim1, said anchor posts conprising deposits of thermally and

el ectri calHey eerdygticwBerahethah, psatésd ey reddpe A @l Glnviesdlilon
conductive material having been cured after deposition thereof. 3. The

met hod ofpedltieMrhe #@LAiRBCAAT aPPSLEqCOMRESS i Figures are
differentiated as follows:
- Figs. 7a through 7g show the indicated flow, implemented by
enhancing the die attach machine, and
- Figs. 8a through 8f show the indicated flow, implemented by

enhancing the conventional die heat spreader attach machine.

The processing flow that is shown in Figs. 7a through 74,
which comprises enhancing the die attach machine, will be
highlighted first, as follows:

1. Fig. 7a, step 1, anchor posts 39 (see also Fig. 6a and 6b)
are created at the time of die attach or after wire bonding,
conductive epoxy is used for this purpose, dispensed through
the dispensing needle 50; this cross section shows that the
invention can be implemented by enhancing the die attach
machine such that the die attach machine can, in addition to

and simultaneous with depositing the layer 30 of thermally
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material selected fromthe group consisting of epoxy to which traces of
.Silver have been added and sol der paste and a solid netal. 4. The nethod of
claim1, said heat spreader having a first and a second surface, said first
surface facing said substrate, said first surface having been provided with
a layer of electrically non-conductive material. 5. The nethod of claim 4,
said providing said first surface of said heat spreader with a | ayer of

el ectrically non-conductive material conprising a nmethod selected fromthe
group consi sbhigclbve afheonte NQ-mie, depasirdfiarg ngndetheshcalikby1breasi ng t he
first surface of said heat spreader. 6. The nethod of claim1, said anchor
posts havi ngnhbegacen@atedr apd| yi neLyBhads 125 dilgeensbBgier cBhaRLE Pge Of
electrically and thermally conductive material. 7. The method of claim 6,
said conducg§g§¥n§§er|al conpri sing epoxy to which traces of silver have

been added he nmet hod of claim1, said anchor posts having been created
appl yi ng yieghgds,gf sol

€4 bH'qu 0:fs %Ifmcf‘%yglgt lt?lgefi I!l?ge thod of

claim1l, mntE addrfion ? steps of - ep05|t|ng a PFica ly and

thermal |y cgn Y over. sald an ROsts _pr trud| t hr ou

sai d openlnésggﬁgtlggggéﬁ %ug% §§?&3005F351 §ﬁf gaR ESrBS gﬁ%?ﬁdfﬁg a
surface area,of said hea% géeader sur roundi ng sald openi ngs provi ded

t hrough sai 4 B5nPhcRS sArPALeR: O Uy RAR9STF sai d deposited | ayer of

electricall¥,and thernall¥ conductive material. 10. The nethod of claim?9,
sai d el ectrFidr| yCandteRet matrs Worki RO T&REEP) alViE6FpPAsRRE a materi al

sel ected fromthe 26 . . ‘
provided, these conductive wires interconnect contact points

on the active surface of die 10 (not shown) with contact pads
(not shown), similar to conductive pads 26 of Fig. 1,
provided over the second surface of substrate 12

4. Fig. 7d, step 4, heat spreader 14 is attached as a first
operation in a first station of the heat spreader attach
tool, using for this purpose pick & place operation 52

5. Fig. 7e, step 5, deposit a layer 37 (see also Figs. 6b and
6c) of conductive epoxy over the surface of the cured epoxy
39, as a second operation in a second station of the heat
spreader attach tool, using dispensing needle 50 for this
purpose

6. Fig. 7f, step 6, perform epoxy cure, curing the deposited
layer 37 of epoxy, and

7. Fig. 7g, step 7, complete the package of the invention by
providing the molding 36 underneath and overlying the heat

spreader 14.
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group consi sting of epoxy to which traces of silver have been added and
sol der paste and a solid netal. 11. A nmethod for creating a Plastic Bal
Gid Array (PBGA) package, conprising the steps of: (a) providing a PBGA
substrate having points of electrical contact over the surface thereof, a
| ayer of thermally conductive adhesive having been provided over the
surface of said substrate, at |east one sem conductor device having been
positioned over the surface of said |ayer of thernmally conductive adhesive
usi ng a di eThét pebcPsOLes St 1Al tthaposid iskidiwig iaf FSaed ak tkrastglnerf,
sem conduct or devi ce being perfornmed such that contact points provided in
an acti vessiWH aehpRfisedl dnadtinkbeagt tR8ecSRMREIOTSIMCT i dMd e Rficddeexposed
and facing away fromthe surface of said substrate; (b) creating anchor
posts ovelrdNg HAdAE 0li381 BeSHRSHI 8iBred A& @NCNOTE PO DEI NG separ at ed
by a first distance; (c) curing said created anchor posts; (d) electrically
connecti ng id nt i | ded Lign acti.ue rface { d: at
oast one s SEPEobAlcy SrP o Ty R Pt SapUerad:  Paar e SRk
provi ded over the.surface of sai ubstrat usin h | bondi n
ped JETAEE e odtdr\n? re tbO%dgthéi g E 89%%@%@ , 9

27 (e) pr85?ﬁlng a heal spreade or sal package; ~Sal

d iLsing: (i hor i t.i bei |lel . wth
U face of SEPAUSRDLE e el LI baA BRCgUrPePry HeRPoupraaterous

stand-off features; (iji) said heat spreader stand-gft fegtures havi ng a
contact surFAEedpFBSREITY RO t° betitedslaPs REEEIspPebBEr CEAES sai d
substrate;

gsection that is shown in Figs. 8a, step 1, that the bond
wires 34 are present at the time that the conductive epoxy is
deposited; this reflects the fact that for the flow that is
shown in Figs. 8a and 8b, the conventional die attach machine
is not modified and therefore performs only the die attach
operation which is conventionally followed by wire bond
connect 34, providing the cross section that is shown in Fig.
8a, step 1

2. Fig. 8b, step 2, this is the step of curing the deposited
conductive epoxy 39; this step of curing is a quick or snap
cure that can be performed in-line

3. Fig. 8c, step 3, heat spreader 14 is attached as a first
operation in a first station of the heat spreader attach
tool, using for this purpose pick & place operation 52

4. Fig. 8d, step 4, deposit a layer 37 (see also Figs. 6b and
6c) of conductive epoxy over the surface of the cured epoxy

39; this cross section shows that the invention can be
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(iv).said contact surface of said heat spreader stand-off features having
been provided wth openings there-through; and (v) said openings provided

t hrough said contact surfaces being separated by a distance of said first

di stance; (f) aligning said anchor posts provided over the surface of said
substrate with said openings provided through said contact surfaces of said
stand-off features of said heat spreader; and (g) inserting said anchor
posts provided over the surface of said substrate into said openings

provi ded thiQpyBment&d Ciopt @tharieiincete Meatrispreband- attabnrahsersnef said
heat spreader, creating anchor posts protrudi ng through said openings

provi ded t hgQuahtgat degOMhast SWdALAS atkdchl8chBhBOdaAl ¢hahanildiosaid
anchor posts being created during said die attach process. 28 13. The

met hod of cigi fhdlro$BbiA9Chid PO HRTRE $HaIndgaROShESaQEt DEr MR by and
el ectrically conductive nmaterial”. 14. The method of claim 11, said anchor

posts conpr |;SiNg. I e romthe group consisting of epoxy to
whi ch trace§§%€g§?Ig@égﬁgggvﬁégﬁﬁégggg and sol der paste and a solid netal
15. The net hod OE cla%n1%%, sai d heat spreader havhng ghfirst ang g second
surface, dafddtiPSt SuFPate i SRR Ys (B Cr af 8L 188 §PFi PEPORhFF4ce
havi ng been grovided th a | ayer of el ctric%ll%FBon-c nductive material .
16. The net hodSbf 3¢l aF nPASYY satf Pt SATHINTy PEAT @At RS LTS cBY of SEEP o heat
spreader with a |layer of electrically non-conductive material conprising a
net hod sef eEi€d PEonFEPR §r RF THTS ISR W ScogUFAgIaRfcdepBSFiFag and
chemcally treating the first surface of said heat spreader. 17. The net hod
of clai m1lllagard3anehoePpest sWwivksh ritprbdyen perdaraedappiyligenaehadeatah
di spensing or printing of

type oven curing process, and (not shown)

7. complete the package of the invention by providing molding

underneath and overlying the heat spreader.

The invention can be summarized as follows:

e the invention provides an improved method of positioning and
anchoring of the heat spreader with respect to the
underlying substrate by using pre-formed anchoring posts

e the anchoring posts of the invention provide for improved
accuracy in the placement of the heat spreader over the
substrate

e the anchoring posts of the invention provide for improved
planarity of the surface of the heat spreader with respect

to the surface of the underlying substrate
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electrically and thermally conductive material. 29 18. The met hod of
claim17, said of electrically and thermally conductive material conprising
epoxy to which traces of silver have been added. 19. The nmethod of claim
11, with additional steps of: depositing a |layer of electrically and
thermal |y conductive material over said anchor posts protrudi ng through
sai d openi ngs provided through said contact surfaces, thereby including a
surface area of said heat spreader surroundi ng said openings provided

through saj dep@nt AGtnstibh asesSviddierely Wl peehiheds ok Hlbweﬁﬂgﬂix‘i’?
printing; and curing said deposited |l ayer of electrically and thermally

conductive ”Bg%ié‘édiﬁ 'bg Fﬁé@éﬁ&%@fth‘éta'tﬁrﬂel%olﬁabgnele%ééécé‘ié% anle
thermal | y conductive terial conprising a material sSelecte fFom T he group
consi sting of _epox o._which tr s qf silver have been added and sol der
paste and a é%fgasﬁ%iafgr A @%ﬁ% ﬁmf%prEFggﬁflg, wi th additional steps
conprising nol ding and, encapsul ati on processes. 22. A nethod for creating a
Pl astic Bl | ChRi §RAPRRYOT ABRY1dRE KRfe 28 Irigs Fig echecdERELERL 30 (a)
providing a PBGA substrate having points of electrical contact over the
surface ther 8BPrtangahetwen t heFraind Rashd peovveeddrusicy EhRasr§apeent

provi ded over the surface of said substrate, at |east one sem conductor

devi ce havi nghbesndpotyinonseboveate hammsuthecdeot sprdablayesinfet beenal |y
conductive adhesive using a die attach process, said positioning of said at
| east one seffiestdoet boweevewef dms ngf peref drererd spuehder is provided with

a layer of non-conductive material

¢ the invention provides for a direct interconnecting
conductive path between a second or upper surface of the
heat spreader and a ground plane provided as one of the
planes of the underlying substrate; a ground pad provided
over the second or upper surface of the substrate provides a
direct electrical interface between the heat spreader and
the substrate, from where the ground connection can be
completed with interconnecting conductive posts between the

ground pad and a ground plane of the substrate.

The processing flows that have been shown in Figs. 7a

through 7g and 8a through 8f can be summarized as follows:

Figs. 7a through 7g, enhancing the conventional die attach
machine, implemented by the sequence:

1. die attach
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that contact points provided in an active surface of said at | east one

_sem conduct or device being exposed and facing away fromthe surface of said
substrate, said contact points provided in an active surface of said at

| east one sem conductor device having been electrically connected with said
points of electrical contact provided over the surface of said substrate,
usi ng nmethods of wire bonding; (b) creating anchor posts over the surface
of said substrate, said anchor posts being separated by a first distance;
(c) curim. satHoer pasedcpestiosn posts, appl yi ng nmet hods of in-line or snap
curing; (d) providing a heat spreader for a PBGA package, said heat

spreader £OBFisGNEF (he Srdidd UHAoPYPddt@n, being parallel with the
surface of said substrate of said PBGA package; (ii) heat spreader

stand- of f4 f Galurgsnaddg (iii) said heat spreader stand-off features having
a contact surface providing contact between said heat spreader and said

substrate; gwgcﬁg}é El?@tﬁ&e%s%g{ G&,0f said heat spreader stand-off

f eat ures having provi %%’openings t here-through; and (v) said

openi ngs prqvided through said contact surfaces_bein eparated, by a
di st ance %‘f 8‘%8?8”%%%"% %?%}%ec;)ve(re)a&a icgrr(ﬁange%sgflﬁhggc%gg%g? ) provi ded

over the,;urface ofhsaid substrat e %%th sai%ﬁgpenkngs grovided t hrough said
contact stur FHEERI oF P8 aFRCXY SR U F T A e d Gt 2BEPE BB Epr 88der, using
met hods of pick,and place; and (f) inserting said anchor Eosts provi ded

over the &uPFI¥&IHRIsERY Bt FARC Y 0 SB5LPSEPEntRGs BBV E8ed t hr ough sai d

contact surfaces of said stand-off features of said heat
semiconductor die and partially overlying the heat spreader.

Figs. 8a through 8f, enhancing the conventional heat spreader
attach machine, implemented by the sequence:
1. performing conventional steps of die attach and wire bonding
2. creating the anchor posts of the invention
3. curing the created anchor posts (in-line, snap curing)
4. attaching the heat spreader
5. depositing of epoxy over the created anchor posts (optional),
6. curing the epoxy deposited over the anchor posts, and
7. providing the mold compound, enclosing the mounted

semiconductor die and partially overlying the heat spreader.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
ieg not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will
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spreader, creating anchor posts protruding through said openings provided
through said contact surfaces. 23. The nmethod of claim 22, said anchor
posts conprising deposits of thermally and el ectrically conductive
material. 24. The nmethod of claim 22, said anchor posts conprising a
material selected fromthe group consisting of epoxy to which traces of
silver have been added. 32 25. The nethod of claim?22, said anchor posts
bei ng created appl yi ng net hods of sol der bunp creation. 26. The net hod of

clai m 22 rezighiR@att hapr ¢adeht oMk Nend hdd St i A chsd N heS WalGRC §d tHalie
first surface facing said substrate, said first surface having been

provi ded quidefy 13 nkA¥RbnOtne! SELELEAbE YL HOM AARIUCI Ve MMBLLIAlardEe The

met hod of Claim 26, said providing said first surface of said heat spreader
wth a '%%&ren%fede't%Cfih'c‘iﬁlileywﬂ‘BﬂiﬁO\E‘z?élclwé’ntr%r?galgﬂ s%&!?PR)a%’i%Q'%n%EBHBd
selected fromthe group consisting of coating an epositing and ¢ emcally
treating 10g diL3k aur i ace,of .59 d; beal spleadsty J8..pmhe ethod of .6lal m
22, sai d anchor "post’S having Been"treat e apﬁfﬁfng né?ho PH glspen5|ng or
printing of. electrically and thermally conductive material. 29. The nethod
of clai m¥2¥ %ﬁﬁﬁaa&8ﬁaacfg$§e terial conprising epoxy to which traces of
silver have been added. 30. The nethod of claim?22, with additional steps
of : depositing a layer of electrically and thermally conductive nateri al
over said anchor posts protruding through said openings 33 provi ded

t hrough said contact surfaces, thereby including a surface area of said
heat spreader surroundi ng sai d openi ngs
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provi ded t hrough said contact surfaces, thereby using nethods of dispensing
~or printing;, and curing said deposited |ayer of electrically and thernmally
conductive material. 31. The nethod of claim 30, said electrically and
thermal |y conductive material conprising epoxy to which traces of silver
have been added. 32. The nethod of claim30, said electrically and

thermal |y conductive material conprising solder paste. 33. The nethod of
claim30, with additional steps of nolding and encapsul ati on processes. 34
. A A@ A. Ahat is claimed is:
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S@A, . AS@.A8, méEhod £oy AAYIMIPI Y 4 heat spreader of a Plastic Ball Grid
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2. The method of claim 1, said anchor posts comprising deposits
of thermally and electrically conductive material, said
thermally and electrically conductive material having been cured

after deposition thereof.

3. The method of claim 1, said anchor posts comprising a
material selected from the group consisting of epoxy to which
traces of silver have been added and solder paste and a solid

metal.

4. The method of claim 1, said heat spreader having a first and
a second surface, said first surface facing said substrate, said
first surface having been provided with a layer of electrically

non-conductive material.

5. The method of claim 4, said providing said first surface of
said heat spreader with a layer of electrically non-conductive

material comprising a method selected from the group consisting
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7. The method of claim 6, said conductive material comprising

epoxy to which traces of silver have been added.

8. The method of claim 1, said anchor posts having been created

applying methods of solder bump or contact point creation.

9. The method of claim 1, with additional steps of:

depositing a layer of electrically and thermally conductive
material over said anchor posts protruding through said openings
provided through said contact surfaces, thereby including a
surface area of said heat spreader surrounding said openings
provided through said contact surfaces; and

curing said deposited layer of electrically and thermally

conductive material.

10. The method of claim 9, said electrically and thermally

conductive material comprising a material selected from the
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910%¢& () c@@apc/tigb\@r t]h% stJrface therecf, a layer of thermally

conductive adhesive having been provided over the surface of
said substrate, at least one semiconductor device having been
positioned over the surface of said layer of thermally
conductive adhesive using a die attach process, said positioning
of said at least one semiconductor device being performed such
that contact points provided in an active surface of said at
least one semiconductor device being exposed and facing away
from the surface of said substrate;

(b) creating anchor posts over the surface of said
substrate, said anchor posts being separated by a first
distance;

(¢) curing said created anchor posts;

(d) electrically connecting said contact points provided in
an active surface of said at least one semiconductor device with
said points of electrical contact provided over the surface of

said substrate, using methods of wire bonding;
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(v) said openings provided through said contact surfaces
being separated by a distance of said first distance;

(f) aligning said anchor posts provided over the surface of
said substrate with said openings provided through said contact
surfaces of said stand-off features of said heat spreader; and

(g) inserting said anchor posts provided over the surface
of said substrate into said openings provided through said
contact surfaces of said stand-off features of said heat

spreader, creating anchor posts protruding through said openings

provided through said contact surfaces.

12. The method of claim 11, said anchor posts being created

during said die attach process.
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metal.

15. The method of claim 11, said heat spreader having a first
and a second surface, said first surface facing said substrate,
said first surface having been provided with a layer of

electrically non-conductive material.

16. The method of claim 15, said providing said first surface of
said heat spreader with a layer of electrically non-conductive
material comprising a method selected from the group consisting
of coating and depositing and chemically treating the first

surface of said heat spreader.
17. The method of claim 11, said anchor posts having been

created applying methods is dispensing or printing of

electrically and thermally conductive material.
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material over said anchor posts protruding through said openings
provided through said contact surfaces, thereby including a
surface area of said heat spreader surrounding said openings
provided through said contact surfaces, thereby using methods of
dispensing or printing; and

curing said deposited layer of electrically and thermally

conductive material.

20. The method of claim 19, said electrically and thermally
conductive material comprising a material selected from the
group consisting of epoxy to which traces of silver have been

added and solder paste and a solid metal.

21. The method of claim 19, with additional steps comprising

molding and encapsulation processes.

22. A method for creating a Plastic Ball Grid Array (PBGA)

package, comprising the steps of:
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conductive adhesive using a die attach process, said positioning
of said at least one semiconductor device being performed such
that contact points provided in an active surface of said at
least one semiconductor device being exposed and facing away
from the surface of said substrate, said contact points provided
in an active surface of said at least one semiconductor device
having been electrically connected with said points of
electrical contact provided over the surface of said substrate,
using methods of wire bonding;

(b) creating anchor posts over the surface of said
substrate, said anchor posts being separated by a first
distance;

(c) curing said created anchor posts, applying methods of
in-line or snap curing;

(d) providing a heat spreader for a PBGA package, said heat
spreader comprising:

(i) a horizontal portion, being parallel with the surface
of said substrate of said PBGA package;

(ii) heat spreader stand-off features;
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(iv) said contact surface of said heat spreader stand-off

features having been provided with openings there-throug

(v) said openings provided through said contact sur
being separated by a distance of said first distance;

(e) aligning said anchor posts provided over the su
said substrate with said openings provided through said
surfaces of said stand-off features of said heat spreade
methods of pick and place; and

(f) inserting said anchor posts provided over the s
of said substrate into said openings provided through sa
contact surfaces of said stand-off features of said heat
spreader, creating anchor posts protruding through said

provided through said contact surfaces.

23. The method of claim 22, said anchor posts comprising

deposits of thermally and electrically conductive materi

24. The method of claim 22, said anchor posts comprising

material selected from the group consisting of epoxy to

traces of silver have been added.
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and a second surface, said first surface facing said substrate,

said first surface having been provided with a layer of

electrically non-conductive material.

27. The method of claim 26, said providing said first surface of
said heat spreader with a layer of electrically non-conductive
material comprising a method selected from the group consisting
of coating and depositing and chemically treating the first

surface of said heat spreader.

28. The method of claim 22, said anchor posts having been
created applying methods is dispensing or printing of

electrically and thermally conductive material.

29. The method of claim 28, said conductive material comprising

epoxy to which traces of silver have been added.

30. The method of claim 22, with additional steps of:
depositing a layer of electrically and thermally conductive

material over said anchor posts protruding through said openings
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provided through said contact surfaces, thereby using methods of
dispensing or printing; and

curing said deposited layer of electrically and thermally

conductive material.
31. The method of claim 30, said electrically and thermally
conductive material comprising epoxy to which traces of silver

have been added.

32. The method of claim 30, said electrically and thermally

conductive material comprising solder paste.

33. The method of claim 30, with additional steps of molding and

encapsulation processes.
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