9 November 2004 HEAT SPREADER ANCHORING & GROUNDING METHOD & THERMALLY
ENHANCED PBGA PACKAGE USING THE SAME BACKGROUND OF THE INYEWMY 1) (i¢ld of the
Invention The invention relates to the fabrication of integrated circuit devices, and more particularly, to a
method and package for anchorin roundln of a heat spreader that is used as part of a thermally
enhanced SnglFéHEBAW N pécl@b% D) BEsEptidntor thé Pror At Thé NEmtomductor
industry has since its inception achieved improvements in the erformance of semiconductor devices by

device miniaturization and by mcreggﬁﬁ‘ thé G p%%ﬁgﬁlna Eeﬁégﬁ 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 %;%c‘fé&&’o%ﬁ‘%%“%ﬁ?%ﬂ&?ﬁ&% Ogvember 2004 connections from

where the electrical connections aré

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and 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



distributed to the surrounding circuitry. The input/output (I/O) connections that can be made to the QFP
are therefore confined to the edges of the flat package, which limits the number 8fNiYeabien20tdns that
can be made to the QFP even in applications where the pin to pin spacing is small. The QFP has found
to be cost effective for semiconductor devices where the device I/O Ein count does not exceed 200. To

circumveMARSIThitaith, B RBw'Patkags s BRI ArRY (BEIA) agé HasDeen introduced. For the
BGA package, the electrical contact points are distriquted over the entire bottom surface of the package
thereby effmitiating the e Sictio of HAVRG 1O BEniTects Bhly™ Brouritfthe BetipheRBFthe Weckhge. More

contact points with .greater s acir\%gl%b%\%veen he contact paints can th refor% be allocated across the
ith the

BGA pacl?éjgnenﬁ]%ﬁlwgss the ‘Ease” > TRe toftatt Bof?ifseth% are uSéd forthe B package
typicall Id lls that.h th ded t f facilitating fl Ideri fth t
g Ay e%%g%ﬂ et e 15T s%acgg‘é?”eage Qlcﬁc'ﬂf‘n{i‘%gfaﬁs%%%e@ﬁ%g o %%&age ono

a printed circuit boar or Art substra g’usvés ceramic an packaging. Ceramic
e EAR00. Sse aes N ot R e S 11 eyl . Recen

where the pin to pin spacing is small. The QFP has found to be

cost effective for semiconductor devices where the device I/0

pin count does not exceed 200. To circumvent this limitation, a

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/0 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 seen the emergence of plastic BGA packaging; this
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9 November 2004 packaging has become the main stream design and is frequently used in high volume
BGA package fabrication. The Plastic substrate BGA (PBGA) package performsdshistanterily0sdhen used
for low-density flip-chip IC's. If the number of pins emanating from the IC is high, that is in excess of 350
pins, or if the _number of pins coming from the IC is less than 350 but the required overall package size is
small, or F e eFip oW disSipation i Righimexdess®t £RAtE et thip) StheRgsid stllcture
becomes complicated and expensive. The invention addresses concerns of heat spreader anchoring and
grounding'6Ftherally 8RhYfced B BEX pREKAREThAFIRT AdaitioR ProvidEs AddsithGes of electrical

performance and advantage(ls of assembly while the Eackage meets conventi?nal manufactéring

standards’ %F@l%%??@a‘ﬁl%% ShBs agaeclé%@g With'&n %%Eﬁ&fe%l%éja]ilsp eéﬁle?pugsﬁ, 77,626
(Wang et

I.}brjveals a thermally enhanced P%GA anflg tspreadber design. US 6,032,355 (Tseng et al.)
. Ay Sox anpnea) A3y

and US 5%31 : é)éq('fiaenngsété/l.) slhl Sthef heat §prea ers. 3 9'NiGvember 2804 ° Smanattid

from the IC is high, that is in excess of 350 pins, or if the

number of pins coming from the IC is less than 350 but the

required overall package size is 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.

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

PBGA and heat spreader design.

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

show other heat spreaders.



SUMMARY OF THE INVENTION A principle objective of the invention is to provide improved anchoring
and positioning of a heat spreader onto the substrate of the PBGA package by theNuserabgarédietmed
anchoring 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 ﬁQW%f%e he&t ﬂ}é%@ﬁ&’ﬁb 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 su stra%of the package and a lower surface of the heat I%preader of the

package. In accordahed With the Bbjectives of the invention a"Hel thetifod 8nd 2e%s %Iy is provided for

anchorin%%werré%at spreader r4 9 Novggpbeor 821()94Oor1; lanPBGfA pa keagg tg th gggstr%tgttgeﬁ% Anchor
features are” made panlf1 of the PEGA pa&age, thess anchor featires are prowdred over the surface of
theSUbﬂg%%g{ﬁg%@BS%\E%%«%gtA 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 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



The anchor features align with openings created in the heat spreader stand-off, thus allowing for quick
and reliable positioning and anchoring of the heat spreader over the surface of halsuhsatiateifdthe
package. BRIEF DESCRIPTION OF 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? 3EHAVLA critdSsectioh bt e RittHGd 6f theShGStion i ithetfing Biifeat $pfeader to a
substrate. Fig. 4 shows a craoss section providing detail of the anchoring feature of the invention of
connectif®dfieBESre8der 15 a'stiBstr ?e?%a@%l’ovgﬁweo%? 2D04 G, 5 SAGWS G%rBSS section of the
anchoringﬁ?aturg (;g the inverﬂtion, thereby o%tio%ally arg%er of ther?all%1 coglgluctive mf\terial is
provided. iﬁ.v 65 ShoWwd Alcrb8€ sedtior 61 th cohlentiolal Méthod 9f s &ring ngﬁe%?gpl%%ﬁer over a

substrateTﬁlfgs. 6b§md 6§estloa/\£ eéagw%%snof V}Q%Pm%ggg iorf1 tge ér}\%%?ct'eog c;fnan%wgrlﬁg aatheat spreader
St rates of the'two re%resen ations are

anchor El
over the surface O% a su rate, the su
spreader stand-off, thus allowing for quick and reliable

positioning and anchoring of the heat spreader over the surface

of the substrate of the package.
BRIEF DESCRIPTION OF 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.



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 atfasbeabdrig808a
through 8f show a second flow of creating a PBGA package using the anchoring method of the invention.
This second method incorporates enhancing the conventional heat spreader attach tool. 6 9 November
2004 DESCRIPTIBN OF TREBREFERRED EVBEDIMEN TS Fot punsdseiof ciaity Bndtference, a
prior art heat spreader interconnect methodology for thermally enhanced PBGA_package will first be

discussed USingHE RFos¥ sectidh SHaWn R Fig 't 'For dbplicdfidnWhéfstHE%did-(ip method of mounting

is applied and where the device does not meet thermal requirements, the die-down method is frequently
used wher&by SabstiateS aFE Usdd thit RAE BEST 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 mefel heat siugs, Howeyer, the gssermbly oot for this die-down aangerment, ¢

securing a heat spreader over a substrate.

Figs. 6b and 6c show examples of the method 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 second
method incorporates enhancing the conventional heat spreader

attach tool.



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 RBGenpacka@e: - 10,
the semiconductor die of the thermally enhanced PBGA package, mounted over the surface of substrate
12 - 12, a substrate or semiconductor die mounti%g supé)ort; it must be understood that conventionally

substrate 12 is used for thB=cfeatibn %@%Lﬁﬁplg}{ rﬁB }QEﬁf&E&/eFrWI%%Pg& 7 9 November 2004

interconnect traces; these interconnect traces have not been highlighted in the cross section of Fig. 1
and essentially connect contact points or contact pads that are provided over a first surface of substrate
12 with contact points or contact p%ds tlhat are provided Quer a second surface of suth.trate 12;

examples of contact [%%EPO?/%?% fitst Sirfece of stibdtrate T2 Have’ béer? 6rb%deadr\}§it Chtact pads
highlighted as 22, I f contact d surf bstrate 12 ided
i contadi paToHTnead 48 23 and 26 1A e Hoa ime S e hackage 568 hrit Sthder mask

with contasé%rpads%lgrﬁlg K e package - irst solder mask

layer, typically comprising 4 patieraed and siched jayerof digleciric, with openings thal, .,

Fig. 1. For applications where the die-up method of mounting is
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
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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 diglesteiabait00penings
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 COMEECTATEGT afréCSiitface™ 6PSubStitE 92 i SorftadtFats 67 § seebnd SBRace of
substrate 12 - 22, conductive traces or contact pads on a first surface of substrate 12; conductive traces
22 are coNh8REU98 tRites 268 9195 FeribEr 2604 fleans%f vias26'of By s dfother interconnect

traces (not shown) that are part of the substrate 12 - 24 1}%Elounczagads Ereovided over a second surface of

substratecfﬁ;ntﬁgge %?3&@0‘: als 24 5fe e Sﬁf/ls%@aqiint% el BatwEEIT e REALSSread&F 14 and the

substrate 12 - 25, adhesive glue that is conventionally provided over the surface of ground pads 24 for
o T e B S Do

SUﬁaceoéads that are provided over a second surface of substrate 12;

examples of contact pads over a first surface of substrate 12
have been provided with contact pads highlighted as 22, examples
of contact pads over a second surface of substrate 12 have been
provided with contact pads highlighted as 24 and 26

- 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

8



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 (no? Shosynheo2 00 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 WitA Pt Tof'didctricdl ntddt Brdaed it of bR3Re HirdtSEAZEE Of Ssubsirafs 12 ther solder
balls, such as solder ball 28°, completely penetrate through the solder mask 16 and therefore makes
contact with €8RYuEiE tradss &erth sukice %lﬁﬁfetgﬁggtr&t% 12; other solder balls again, such as
solder balls 28", partially penetrate through the solder mask 16 and make 9 9 November 2004 contact
with contact patis 22 radIded buer 3 Tat SUHASEf SuBSABTL2 30, fyaf of tHernally Sonductive
adhesive ir}terf%ﬁngebetween O1dig :}g arbdllthe see_c&rl\g surrlface of guklasgate 2 - 32bpqcints of eé%%trical

contact provide over tHé Attive Sstirface of Semiconddctsrdis jond wires for the intérconnection
of die 10 Eoe%QCntact

Spreader 14 and the substrate 12
- 25, adhesive glue that is conventionally 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 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



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 methodsdhahbee Hodlied for
the improvement 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 including an increasing number of

metal lay&Th & dbstrafPBihe pdekdge “applying MHefod¥ of eAhdhcetintegrafiGs of the heat

spreader of the packaqae into the package, typically using an adhesive for this purpose increasing the
thicknessFifi& Migtdl Iagers in the substrate of the package, and 10 9 November 2004 adding more

thermally conductive parts, vias and solder balls to the substrate of the package, specifically to surface
areas of tﬁegs%bs{arat]eatﬁgf aﬁgti Wwith tHE ?ﬁr@/re&%lrdr%%ﬁt\é% g %?csoﬁé%ctlo?tﬁger gfj %enﬁackage.

Specificaﬂy Ql‘ggg ht deini € Cross tsi%:ti%ré o(f) rIfi . S1 q:r?athee tg)%atss r%%q:ertseta%off features 38 of the
heat spreaﬁer, which form thé stirfaces Snd Methdd o m?erfacmg e heéat

- 32, points of electrical contact provided over the active
surface of semiconductor 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 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
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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 problemdlostngher 2BEZA
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
conductiv® of igATComtiictivé AR BL ¥ previeusly ntdicated tprovitdettoiet thé Osiee st thé ground
pads on which the heat spreader rests - 27, a degree of non-planarity, which conventionally is
encountered ? tHé*su SR spfeddst PSS HRa nBiRfsel féfAftdendes oTatfeasand lack of
planarity of supporting surfaces in addition to thermally introduced stress in the heat spreader. In the
presence of theStoh-planafify ZERTHPHE 11 NodembRr Y0064 ekpEctbl IREUTRVERRFERTs present in
the contact points 25 between the heat spreader 14 and the underlying ground pads 24 (Fig. 1), causing
mold flashing*6FBle8Btigdfthe Héld ¢b a2 fiiéSabsence of an even joining, a joining that must
be alike for both intersects between the heat spreader 14 and the adhesive glue 25, the mold 36, Fig. 1,
surrounding the

Specifically highlighted in the cross section of Fig. 1 are
the heat spreader standoff features 38 of the heat spreader,
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



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 $preadeatbt4 2id 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 showifig B tras<Section STy, FisoTHighiyH IR TRE nbR-pidRafiy 27 HigP2 1ot the Tonventional
method of mounting the heat spreader has been eliminated using contact points 29 of the invention. This
will be exPRINELH detsil FSidlving T3 applicatii of dontad PomntE PemisteBHeuREntly provide for
openings in the loyer portions of theg at spreader standé ff 38 .where _the heat spreader stand-off 38
interfaces WitH the%UnacéﬁW@nﬁjb%?r i(fe gg I%ﬁg%bggn g%?gﬁ&%ﬁgniﬁag, tlﬂgggontact points 29

would be &f; IITilttlguvaCIiue §irqc% thea sence ofo 9 NO\(;amberOZlOOiAfnsuch Ope”i?ﬁ% wogligaighibliltt e
penetration ofcontact pomts% ifito the stand-off 38 of thehieat sp?éadaer.j?ﬁe contac poinIFs 39, also

referred tg as Anchor pasts, ca b ereated ysing epoxy 10 which rages of siver hayg begn added or
solder paste or a solid metal.
the adhesive glue 25, the mold 36, Fig. 1, surrounding the
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

12



Fig. 4 shows a cross section of the section 38, Fig. 1, the heat spreader standoff of the heat spreader 14,
which highlights: a first surface of the heat spreader 14 is seated directly over & d¢cosdbeu a4 of the
substrate 12 no adhesive glue is provided in the interface between the heat spreader 14 and substrate
12 the heat spreader stand-off 38, and therewith the heat spreader 14, is seated over the second
surface oF8ubstRRE 12 B§ nWé’éHsdoflaPB&QﬁSniﬁB%rﬂ%%ﬁﬁ@%s%l TRAE FredBrMEd ovér the
surface of substrate 12 anchoring post 31 is centered with respect to and inserted through an opening

33 that has iéert Brovidéd for Ais plrpdse M the fiéat spPré&detSstand-off 38 35 highlights the consistent
seating height of the heat spreader 14, which is made possible by the direct contact 13 9 November 2004

between the heat spreader stand-off post 38 and the substrate 12, without any intervening layers of glue,
paste and the lie, Fig.5 shows 2 croes sgetion that s identical fo fhe grosg, section of Fig. 4 with
exception of the ‘addition of an oﬁtlona

can be created using epoxy to which traces of silver have been

added or solder paste or a solid metal.

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

e 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, is 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



layer 37 of electrically and/or thermally conductive material. This optional layer 37 provides for firmer
seating and locking of the standoff 38. In addition, layer 37 enhances thermal cOnductiabdr@d0the heat
spreader 14 to the 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 conv&iRiohaf blé&ficARAdortRitde pathetvéentheteat sproader 144nd the underlying
substrate 12, as follows: from a second surface 46 of the heat spreader 14 to  the conductive glue 25 to
the metal grouRd PRt 24t (ot sHoWARP o grotihd-rig that IS EshvertiGhally droided’ad s tmponent of
substrate 12. 14 9 Noven’ib.er 2004 Figs. 6b and 6¢ provide further detail regarding the heat spreader
anchoring of the Rvenition 6}]/<ﬁ“ghlighting the following elements of this arrangement: - 14, the heat
spreader, this heat spreader may be created using metal over the surface of which is coated a layer of
nickel or therewith electrically and thermally equivalent material

Fig. 5 shows a cross section that is identical to the cross
section of Fig. 4 with exception of the addition of an optional
layer 37 of electrically and/or thermally conductive material.
This optional layer 37 provides for firmer seating and locking
of the standoff 38. In addition, layer 37 enhances thermal

conduction from the heat spreader 14 to the 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.

14



- 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 bé® NreaiatdcuiOQian epoxy
to which traces of silver are added or solder 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) suffa8é - of tRe BDstEePTL Bit fitart el Grodiid fahe (REESHLVWAD) ToF SsubSfthtes that
comprise multiple layers of interconnect metal - 12, the substrate of thelrFackage - 41, a plated through

hole - 40, P Iay&F6f a HORTNUURtIVE matériai"deated BvetthE st 3ftace 8f theheat spreader 14 by

coating orfb ldeép.ositin%;lor chetmicay treating the first surface of heat spreader 14 with a
non-conductive iratetial; t%linselgygr 8 ovides® atirSCAFFALR 40 of heat spreader 14 that is electrically non-
conductive 15 9 Ngvember 2004 - 37, a layer of electrically conductive material provided over the
conductive anbhot Foet 36 artE A6 1H8 non sdiciie i Saribe Ut Heltsirbatar L4 1o nc

metal over the surface of which is coated a layer of nickel or
therewith electrically and thermally equivalent material

- 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
solder 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

15



Fig. 6¢ shows a cross section that further illustrates the use of a substrate 12 wherein multiple layers of
conductive interconnects have been provided, specifically layers 43, 45 and 47,90Nesudatbar@04 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. 6¢. Specifically, from the cross section that is
shown in Fig Bc #t i< CREGF tl the paftr ofdiecticar [ctiSf fOPthE tidssF8ettion s a8 Yoifows: from
the second or upper surface 42 of the heat spreader 14 to the conductive material (not shown) deposited
over the SEEONdCEISde SFhEt Eprdaditia 1o 3722 layer of conductive material deposited over the
anchor 39 to, the conductive anchor 39, thefanchor OStif of the%n ention, com%) ising conductive

material, that have beeR Breadd Vel the firdtstinateofHeat Bpreddet 13769 ovémber 2004 the

ground pad 24 to plated through hole 41' to a thermally conductive layer, such as layer 43, provided as a

Fig. 6c shows a cross section that further illustrates the
use of a substrate 12 wherein multiple layers of conductive
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. 6cC.

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

e 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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layer of substrate 12. Figs. 7a through 7g and 8a through 8f are provided to show the heat spreader
attach processing steps of the invention before the molding is applied, these twSgts ahtigtip@84are
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
conventichal'di€ heapspréasefatidct-machine. The processing flow that is shown in Figs. 7a through 7g,
which comprises enhancing the die attach machine, will be highlighted first, as follows: 1. Fig. 7a, step 1,
anchor posts3% (se@ dlso Fipleahandd6B) ‘aré ereated 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 skhows thatthea invgntion dan tievimplementedsy-enkancirgy the dig attachvingehinessuch that the
die attach machine can, in addition to and simultaneous with depositing the layer 30 of thermally 17 9
November 2034;eanductivelashesive (€poxy) interfacing between die 10 and the second surface of
substrate 12, also deposit conductive
Figs. 7a through 7g and 8a through 8f are provided to show

the heat spreader attach processing steps of the invention

before the molding is applied, these two sets of 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 7g,
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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epoxy 39 2. Fig. 7b, step 2, this is the step of curing the deposited conductive epoxy 39; this step of
curing can be performed in- line or as a batch over process 3. Fig. 7c, step 3, thedowite,babelirrg&tep, wires
34 are 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 sUBSIFECTS HeFRIFASLED 4 FRAF Epreyef 1435 ARG chad 48 airSt Dpefatididn a first
station of the heat spreader attach tool, using for this purpose pick & place operation 52 5. Fig. 7e, step
5, deposit a 15J&r $7 (8K a8 Figs Bband Lg%i of @5%&&Weae]p%9<y%%? fe- sHPAE 6 théTured epoxy

39, as a second opeer;g ion in a second station of the heat spreader attach tool, using dispensing needle
50 for this pﬁl%%éé ig. 7f, step 6, perform epoxy cure, curing the deposited layer 37 of epoxy, and 7.

Fig. 79, sigp &, somplete e pagkags,of e Imysuionfy, Prgvidg fhe msldng 36 undergeath and
conductive epoxy 39; this step of curing can be performed in-
line or as a batch over process

3. Fig. 7c, step 3, the wire bonding step, wires 34 are
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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9 November 2004 The processing flow that is shown in Figs. 8a through 8f, which comprises enhancing
the conventional die heat spreader attach machine, will be highlighted next, as follNwg:mbdrig084, step 1,
anchor post 39 (see also Fig. 6a and 6b) is created at the time of wire bonding or after wire bonding,
conductive epoxy is used for this purpose, dispensed through the dispensing needle 50; it must be noted
in the cross Egaicﬁffﬁ%?%s% iFigsl84, stép 14t tHe bbhd S\Niréé‘Sﬁgré?@%‘?@sé?iﬁ 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 conveltiohal §ie SatR Tadiife IS hRY mduifictPANG tHer8fte pRHorhS dhiy the<fi& @ftach operation

which is conventionally followed by wire bond . connect 34, providing the cross section that is shown in
Fig. 8a, &56 T%‘. g}&_ ,ns?ép b s g%eth?éls?&% 698&%99 frgeex&époag' egoﬁgr?dvusctive epoxy 39; this step of

curing is %q%lck or snap ctueret at can eoggerforrr%e%@-li Seeé. Figé8c,Esltep 3 Qeg% rea eri%4 is
attached as a first opéraﬁon th a first'station &t the heat preaa%r attach %ool; using for this purpose pick

& place operation 22 #- Flo- 8d. step 4, dgposita layer 37 (3e¢ alsofigs- 0B 80dy, 1 ging,
conductive epoxy 1is used for this purpose, dispensed through
the dispensing needle 50; it must be noted in the cross
section 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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6c) of conductive epoxy over the surface of the cured epoxy 39; this cross section shows that the
invention can be 19 9 November 2004 implemented by enhancing the heat spregiBioatiabbrrpé@hine
such that the heat spreader attach machine can, in addition to and following the placement of the heat
spreader 14, also deposit conductive epoxy 37 5. Fig. 8e, step 5, perform epoxy cure, curing the
deposited layBP37BFBpEKY, Whith BaR beisertotmedbinline®reatep’s - Fig B éep 6! perform epoxy
cure, curing the deposited layer 37 of epoxy, which can be performed off-line as a batch type oven curing
process, and“(MGPsid\h) 7 Corpidte HeFkahe b thE ThvBAGSH B prétiding maiding: Uidlerneath and
overlying the heat spre dtle . The invention can be summ rizgd s follows: the jinvention provides an
improved metfod Bﬁ p(‘% |o{rﬂ‘ﬁ7§ %%dtlalﬁci?olrﬁncéegﬁﬂg h%gt Epﬁega%?\ti\/itﬁp@gﬁg&]ioq[ﬁé L?nld%?lying

substrate by gin(? Splrg-fgrrpl%d a cpf%riré ggsts3tpe anchoring posts of the invention provide for improved
accuracy in t e% acement of the heat sg?eager over the substrate the anchoring posts of the invention

mDVMefg{F@%gyege’ step 5, perform epoxy cure, curing the deposited
layer 37 of epoxy, which can be performed in-line or, step 6
6. Fig. 8f, step 6, perform epoxy cure, curing the deposited
layer 37 of epoxy, which can be performed off-line as a batch
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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planarity of the surface of the heat spreader with respect to the surface of the underlying substrate 20 9
November 2004 the invention provides for the prevention of mold flashing or blekeNiog:hbgareoesting that
the mold can escape along the (exposed) surface of the heat spreader the invention provides for
avoiding direct electrical shorting between a ground pad, provided over the surface of the underlying
substrate, &ndthe higat Spiekeier BifREtHE SfirsPér [oher RUFHEEE bt tHe Réatkpreaddrds pierdded with a
layer of non-conductive material the invention provides for a direct interconnecting conductive path
between a secohdorafsher Suffic® b hbad spieabier ARd BGrdufa plEREpRVidetPag ohe ®f the
planes of the underlying substrate; a ground pad provided over the second or upper surface of the
substrate providesRy Sfirekt BIEEHRGE iftérfadebefirdenshedEt Spreader and the substrate, from where
the ground connection can be completed with interconnecting conductive posts between the ground pad

and a ground plafe B Yiee dlestrats OThE pPodessimyioves- tiat have beed shownlidHigs. 7a through 7g

and 8a through 8f can be summarized as follows:
shorting between a ground pad, provided over the surface of

the underlying substrate, and the heat spreader since the
first or lower surface of the heat spreader is provided with

a layer of non-conductive material

e 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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Figs. 7a through 7g, enhancing the conventional die attach machine, implemented by the sequence: 1.
die attach 21 9 November 2004 2. anchor post creation 3. curing of the created ahthsepbsis2@D4vire
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 mold compound, enclosing the mounted
semicondtictBPaiAndpartiafy 89&ryiRg the heat spreader. Figs. 8a through 8f, enhancing the
conventional heat spreader attach machine, implemented by the sequence: 1. performing conventional

steps of die &ttHch shd Wir& Bondirg 2° Greiting the RRchSr posts of the invention 3. curing the created

anchor posts (in-Iin%, sn g curing) 4. attaching the heat spreader 5. depositing of epoxy over the created

anchor pcflstsw(%‘)]ﬁﬁo 5]51, .nguring the epoxy deposited over the anchor posts, and 7. providing the mold

compoung,_ eggl%‘lcqgiwg ngntﬁgagergg}croggggtgr die and patrtially overlying 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 mold compound, enclosing the mounted

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
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will
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Although the invention has been described and illustrated with reference to specific illustrative
embodiments thereof, it is not intended that the invention be limited to those illusirsivverabebaddsents.
Those skilled in the art will 22 9 November 2004 recognize that variations and modifications can be made
without departing from the spirit of the invention, It is therefore, intended tg include within the invention all
such vari&iorZand médifiCatchs ikt Ta RRtAiIMHE Stopa of 18 apéndid BIaffs "and éqtivalents
thereof. 23 9 November 2004 What is claimed is: 1. A method for anchorin% a heat spreader of a Plastic
Ball Grid A&y (PBEAS pakddetothe stirfa’é of an uiberying Slbstrate of thE PBGA package,
comprising the s epgs of: (a) prﬁvgin%a sHbstra e for a PBGAé)ackﬁe, saig substrate havin% been
provided With HEAY pFe%dje?% chor polstts 1&veritfie strfaee thétedf, Said v at‘é%?elfotelroa%%h Pgosts
being separated by afirstdistance: () providind,a heat snreader for 2 FBGA padkags, sgid fiset
spreader having a irst and a'second surface, said tirst surface

and equivalents thereof.
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facing said substrate, said first surface having been provided with a layer of electrically non-conductive
material, said heat spreader comprising: (i) a horizontal portion, being parallel wigiNbe:sihidac604f said
substrate of said PBGA package; (ii) heat spreader stand-off features; (iii) said heat spreader stand-off
features having a contact surface providing contact between said heat spreader and said substrate; (iv)
said contdttBurfate of S RedtSpreader stand-off features having been provided with openings
there-through; and (v) said openings provided through said contact surfaces being_separated by a
distance of said 5t idtanE; ?2@%%%&%& 5664 (GRAiGRMG sald afchorisdsts pidvide P ovEr the
surface of said substrate with said openings provided through said contact Surface%of said stand-off
features AFealt hdkt Sprbader; ANd 1) MseRng S Anchbr pddls PROVIAL U HA-Surfatb of said

substrateoir%totshaeid 9 ggigag r%viged (t:horough és,?id contact gurfgc%s of said stand-off features of said
heat spreader, creating anchor goéts pr&?ucf‘lng Ji]ﬁlrougﬁ salaegpenlngs provided through said contact

surfaces. (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 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, 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;

(1i1ii) said heat spreader stand-off features having a
contact surface providing contact between said heat spreader and
said substrate;

(iv) said contact surface of said heat spreader stand-off
features having been provided with openings there-through; and

(v) said openings provided through said contact surfaces
being separated by a distance of said first distance;
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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 a&ft€odepbsitionshereof.
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 pro¥fding Saidfir8Cs ifacd G saia haat Shroduer With"4 14387 bf ERetritafly #oR-cohductive

material comprising a method selected from the group consisting of coating and depositing and
chemicall??ﬁe%tiﬁ@%ﬁé FirSt SUPFREE of 3&d 184 ShPEatier 25 bq%gveﬁﬁﬁé)r”%bf%lfﬁuec HERGS of claim 1,

said anchor posts having bee create%1 applying methods is_dispensing or printing of electrically and
thermally%%ﬁgﬁ&%lge %%tesr?ajr%.slthaen _eﬂ%d gg@gﬁ#{%?sﬁé o %a%ctg\%ea}ﬁafé)rifzﬁ%g%rp’ris?n%gepoxy to
which traces of s'élé(er have bgen added. 7. Th%method gf claim 1i 3ai%1anchor 1pl(gsts havi %been created
applying method 3f solder bum| o?%&r?ta%fl Soi%ipcpe%?ioﬁ. B The methSd 6f claim 1° With Additional steps

of. 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.

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 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.
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depositing a layer of electrically and thermally conductive material over said anchor posts protruding
through said openings provided through said contact surfaces, thereby includingdaNsuetaber &8 of said
heat spreader surrounding said openings provided through said contact surfaces; and curing said
deposited layer of electrically and thermally conductive material. 9. The method of claim 8, 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. 26 9 November

2004 10. A'méttiod oF 3Rthéringa ikt Spreddier of & PiesticAl Gtk Ara (PBEA) Pckhge to the

surface of an underlying substrate of the PBGA package, comprising the steps of: (a).providing a
substrate t6F ;J %A%%EES &, said dslu%ps?rréﬁelﬁlgviﬁgr 1é?ﬁnptr Vided Wi ecgirsb?égdléf aan%??or posts

over the sCLg]:earce atlﬁreof,osaé% Qea% sprr(naggeq_ﬁ :ilgclhor posts being separated by a first distance; (b)
providing a eat spré/acferq‘or a A pacﬁage, said heat spreader comprising: (i) a horizontal portion,
being parallel with the surface

6. The method of claim 5, said conductive material comprising

epoxy to which traces of silver have been added.

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

applying methods of solder bump or contact point creation.

8. 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.

9. The method of claim 8, 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.
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of said substrate of said PBGA package; (ii) heat spreader stand-off features; (iii) said heat spreader
stand-off features having a contact surface providing contact between said heat $pieacabarzd(gaid
substrate; (iv) said contact surface of said heat spreader stand-off features having been provided with
openings there-through; and (v) said openings provided through said contact surfaces being separated
by a distahCe ot SARIFMREdEBR" B HighhePsdif AhcREFHESE bréVidéd Byésthtsuifate of said
substrate with said openings provided through said contact surfaces of said stand-off features of said
heat spreGtef! (é)rﬁgéfrtiﬁ aReFPSstS Bravifed BVerthe sutai8 555d SubSfated into said

openings gr(%viged throu%h said %7 9ANoverEber 2004 contact,surfac}%es of said stairiuc.j-off features of said
heat spreél &F, 5%5%5 nEAST p(?s% p?(?t udﬁ%& thr%ﬁlélﬁrsjéusdl Sgerﬁn S SptrS\%‘aea Hrough said contact

surface_s; (e) depo%itig%%\L%yc?{ I%)f e([jlecgi%a”%/ragltcieth%rgaléy chg?uctiv&rggteriaé over said_ anchor posts
protruding throuéﬁ1 sai openlng%I provﬁeé hrough said contac SUTTACES: ﬁfereby including a surface
mea(ﬁs%%gg?ggggaggg§%go @gggg?g%ided 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 comprising:

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

(ii) heat spreader stand-off features;

(11ii) said heat spreader stand-off features having a
contact surface providing contact between said heat spreader and
said substrate;

(iv) said contact surface of said heat spreader stand-off
features having been provided with openings there-through; and

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

(c) 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;

(d) inserting said anchor posts provided over the surface

of said substrated into said openings provided through said
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openings provided through said contact surfaces; and (f) curing said deposited layer of electrically and
thermally conductive material. 11. The method of claim 10, said anchor posts comNisiagbdepogits of
thermally and electrically conductive material, said thermally and electrically conductive material having
been cured after deposition thereof. 12, The method of claim 10, said anchor pasts comprising a
material Sefett8d frorP iePGrotip TonSitiflg BF epdxy i whith™ tagas of siﬁ?e?cﬁ?a@aao%en added and
solder paste and a solid metal. 13. The method of claim 10, said heat spreader having afirst and a
second stifface Safd first Siade rating Saidubkitate” Laid first Sulats Ravingveer providedwith a

layer of 28 9 Nove bez&2004 glectri(é?llg non-conductive material. 14. The method of claim 13, said
providing%ﬁ?&’ firdt Surtide BF Saitfhéat s%%gcfeﬁ' v?iltlrifg“i‘a?fesr’of electrically non-conductive material

comprising a me rél?d aglectsefltfrom tge Jg{_jrptgfpr co%sis 'negC tof cgat‘liri%ag% egggi}fing laﬂg chemically
treating the first rface ot Said heat spreé’ er. 15. The method of élaim 10, said anchor posts having
been conductive material over said anchor posts protruding through
sald openings provided through said contact surfaces, thereby
including a surface area of said heat spreader surrounding said
openings provided through said contact surfaces; and

(f) curing said deposited layer of electrically and

thermally conductive material.

11. The method of claim 10, said anchor posts comprising
deposits of thermally and electrically conductive material, said
thermally and electrically conductive material having been cured

after deposition thereof.

12. The method of claim 10, 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.

13. The method of claim 10, said heat spreader having a first
and a second surface, said first surface facing said substrate,
sailid first surface having been provided with a layer of
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created applying methods is dispensing or printing of electrically and thermally conductive material. 16.
The method of claim 15, said conductive material comprising epoxy to which traceNoftsihter D604 been
added. 17. The method of claim 10, said anchor posts having been created applying methods of solder
bump or contact point_ creation. 18. The method of claim 10, said electrically and thermally conductive

material CommoTising & mateRiarsdiesd tror th&'agrGap Tbnsisting of epoxy to which traces of silver have

been added and solder paste and a solid metal. 29

14. The method of claim 13, 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.

15. The method of claim 10, said anchor posts having been
created applying methods is dispensing or printing of

electrically and thermally conductive material.

16. The method of claim 15, said conductive material comprising

epoxy to which traces of silver have been added.

17. The method of claim 10, said anchor posts having been
created applying methods of solder bump or contact point

creation.

18. The method of claim 10, 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.
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