22 March 2006 SEMICONDUCTOR PACKAGE HAVING HEAT SINK ATTACHED TO PRE-MOLDED
CAVITIES AND METHOD FOR CREATING THE PACKAGE BACKGROUND OF THE INVENTION (1)
Field of the Invention The invention relates to the fabrication of integrated circuit g%vices, nd2r(‘51 re
particularly, to a method and package for thermally improved Plastic Ball Grid Arfay (NﬁaEfGC ) packaging.

(2) Descriptignfr thenpriervi Thesemiconductacindustry assinceritsineeption achieved pep
improvements in the performance of semiconductor devices by device miniaturization and by increasing

the device packaging densityr©One ofithe wriginab approaches thathasHreernasedsto 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 connections from where the electrical connections are distributed to the
surrounding circuitry. The input/outpsik (KGRComTEGDNS AF2 2 MarciT 2006

(1) Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method and package

for thermally improved Plastic Ball Grid Array (PBGA) packaging.

(2) Description of the Prior Art

The semiconductor industry has since its inception achieved
improvements 1in 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 wuse of the Quad Flat Pack (QFP) with wvarious pin
configurations. For the QFP, closely spaced leads along the four
edges of the flat package are used for making electrical
connections from where the electrical connections are distributed

to the surrounding circuitry. The input/output (I/0) connections



that can be made to the QFP are therefore confined to the edges of the flat package, which limits the
number of I/0 connections 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 deV|c where th ice I/O
pin count does not exceed 200. To circumvent this limitation, a new package, a ]%arldc,&rray ?eé/

package haskheenintroducess Eorthe BGA grackage, the electical C@@E@ﬁ&ﬁ@iﬂtsﬂf e gistritided over the
entire bottom surface of the package thereby eliminating the restriction of having I/O connects only

around the periphery of the package. Mare contackpeintsonith greatesrspaging petweasinthet egmntact
points can therefore be allocated across the BGA package than was the case with the QFP. The contact
points that ake- usedh fortheBleAtpackage are typically soldesballs fhatdrayevthe radded-adviantage of
facilitating flow soldering of the package onto a printed circuit board. Prior Art substrate packaging uses
ceramic apdrplasticB@A packaginglCeraimnric SEbstrate packaging s expensive antifas: prevefoto limit
the performance of the overall package. Recent years have seen the emergence of plastic BGA
packaging;<hisc packaging hashecome theanain sireamidesign and (s frequentlyuuseddndrighrvotume
BGA package fabrication. The Plastic BGA

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 Dbottom 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 seen the emergence of plastic BGA packaging; this
packaging has become the main stream design and is frequently
used in high volume BGA package fabrication. The Plastic BGA

(PBGA) package performs satisfactorily when used for low-density



(PBGA) package performs satisfactorily when used for low-density 2 22 March 2006 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 smal£,2orl\%f the 025%8 wer
dissipation is high (in excess of 4 Watts per chip), the plastic structure becomes comp?i%ﬁ%le an

expensives The-inveption@dgresses eprcersebthersral perHformance-efi the RBGA paskagecthatdn
addition provides advantages of electrical performance (such as low parasitic inductance being added

by the package) and advantages of asseisbly fsugh @s fow sGost being atflexible:splutionsthatdags not
require a redesign of the substrate over which the die is mounted) while the package meets conventional
manufacturing standards. U$b,872,39%6s(Fujseto)shewsxobeabspreader usinga meofd ecarepellnd and a
mold cavity. US 5,641,987 (Lee) shows another similar heat spreader design. US 5,977,626 (Want et al.)
US 6,201 203kHpang)iard WS 5834,839 (Merial) show related beat spreaderseand methosgsh i gh

(in excess of 4 Watts per chip), the plastic structure becomes

complicated and expensive.

The invention addresses concerns of thermal performance of
the PBGA package that 1in addition ©provides advantages of
electrical performance (such as low parasitic inductance being
added by the package) and advantages of assembly (such as low
cost, being a flexible solution that does not require a redesign
of the substrate over which the die is mounted) while the package

meets conventional manufacturing standards.

US 5,872,396 (Fujimoto) shows a heat spreader using a mold

compound and a mold cavity.

Us 5,641,987 (Lee) shows another similar heat spreader

design.

Uus 5,977,626 (Want et al.) US 6,201,301 (Hoang) and US

5,834,839 (Mertol) show related heat spreaders and methods.



3 22 March 2006 SUMMARY OF THE INVENTION A principle objective of the invention is to provide a
Plastic BGA package of improved thermal performance. Another objective of the invention is to provide an

integrated circuit package of enhanced electrical performance. Another objective ggthe inv%nt'bo& ig to
. . o S Mar 0
provide an integrated circuit package of a structure that can be maintained as theé current standard

Plastic Ball Grid Array package format. In accordance with the objectives of the invention a new method
and package is provided for face-up packaging of semiconductor devices. The semiconductor device is
mounted over the surface of a semicegngductordeyicerpounting Support using conventional methods of
device packaging up through device bond wire interconnect to electrical traces on the surface of the
semiconductor device mounting support over which the device is mounted. An internal mold cap is
formed over the device, the internal mold cap has an opening exposing the surface of the device. An
external mold cap isgermed surroundingdthéeraternal mold cap, wethcd cavity sepacating theiexteraal mold
cap from the 4

Plastic BGA package of improved thermal performance.

Another objective of the invention 1s to ©provide an

integrated circuit package of enhanced electrical performance.

Another objective of the invention 1s to provide an
integrated circuit package of a structure that can be maintained

as the current standard Plastic Ball Grid Array package format.

In accordance with the objectives of the invention a new
method and package is provided for face-up packaging of
semiconductor devices. The semiconductor device 1is mounted over
the surface of a semiconductor device mounting support using
conventional methods of device packaging up through device bond
wire 1interconnect to electrical traces on the surface of the
semiconductor device mounting support over which the device is
mounted. An internal mold cap is formed over the device, the
internal mold cap has an opening exposing the surface of the
device. An external mold cap is formed surrounding the internal

mold cap, with a cavity separating the external mold cap from the



22 March 2006 internal mold cap. Thermally conductive epoxy is deposited in the opening of the internal
mold cap and in the cavity between the internal and the external mold cap. A heat spreader is placed and
attached after which a thermal epoxy and mold cure is applied to the package. Tla% packa%e iz""oer her
completed by the application of contact balls to a first surface of the semiconductor dedice motn Ing

support, the semiconduster deyjce hascheen mpuatadiover i @ seepask surfaceiebiheisaraicondugter
device mounting support. BRIEF DESCRIPTION OF THE DRAWINGS Fig. la shows a cross section of a

first prior a 8GA packagenkig.hshowsia a(oss sectipn of @ sesonchprios artiBGApackage. Figs 2
through 7 show the processing sequence of the invention, as follows: Fig. 2 shows a cross section of the
Front-Of-Line {F@4) pracessing of the invention. %122 March 20061F-igr3 shaws aicross seetibnaafter an
internal and an external mold cap have been provided over the surface of the

attached after which a thermal epoxy and mold cure is applied to

the package. The package is further completed by the application

of contact balls to a first surface of the semiconductor device

mounting support, the semiconductor device has been mounted over

a second surface of the semiconductor device mounting support.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la shows a cross section of a first prior art BGA

package.

Fig. 1b shows a cross section of a second prior art BGA

package.

Figs. 2 through 7 show the processing sequence of the

invention, as follows:

Fig. 2 shows a cross section of the Front-Of-Line (FOL)

processing of the invention.



semiconductor device mounting support. Fig. 4 shows a cross section after thermally conductive epoxy
has been inserted into the opening in the internal mold cap and in the gap between the internal and
external mold cap. Fig. 5 shows a cross section after positioning a heat spreader %ger the sﬁn%%rg. Fig. 6
shows a cross section after the heat spreader has been attached to the structure. |gM‘?]§ﬁows a cross

section after contact balls hayeheen -attaghedsto thesemigondeetor deyice mousating supped ofthe
package, creating a complete package. Fig. 8 shows a simplified first cross section of the package of the

invention wheeehysa planacheatsink hasdeesr provideds Fige 9 shows a simplifiad-secand gross section of
the package of the invention whereby an extended heatsink has been provided. 6 22 March 2006 Figs.
10a and 19ashaywntnpetiewsof the package-afithe dnyention .during formation of an internal and an

external mold cap and after heatsink attachment thereover. DESCRIPTION OF THE PREFERRED
EMBODIMENTS
Fig. 4 shows a cross section after thermally conductive

epoxy has been inserted into the opening in the internal mold cap

and in the gap between the internal and external mold cap.

Fig. 5 shows a <cross section after positioning a heat

spreader over the structure.

Fig. 6 shows a cross section after the heat spreader has

been attached to the structure.

Fig. 7 shows a cross section after contact balls have been
attached to the semiconductor device mounting support of the

package, creating a complete package.

Fig. 8 shows a simplified first cross section of the package

of the invention whereby a planar heatsink has been provided.

Fig. 9 shows a simplified second cross section of the
package of the invention whereby an extended heatsink has been

provided.



A Ball Grid Array (BGA) is an array of solderable balls placed on a chip carrier, such as a Printed Circuit
Board (PCB) or, more generically, a semiconductor device mounting support. The balls contact a printed
circuit board or a semiconductor device mounting support in an array configuratio Wl\f)lere,k?ft 60r§heat,
the balls connect the chip to the printed circuit board. BGA's are known with 40, and 60 mi spacings

in regular or staggered amray patteins: §he BeAwpackageis par ofxlargee paekaging approachdhat is
often referred to as Chip Scale Packages (CSP) . This is a packaging approach that is considered to be

different fromy éhe: Myt Ghip Medule (MeM)approach.nn the: dieldof hightdensity: interepanecio1d
technology, many integrated circuit chips are physically and electrically connected to a single substrate
commonly-tgferad te asearmubizehipmodide sMcGM) ¢ Thissladier,approach is applied to achieve a high
wiring and packaging density, whereby it is necessary to fabricate a multilayer structure on the substrate
to connect integrated circuits to one another. Typically metal and power and ground 7 22 March 2006
planes in the substrate are separated by layers of dielectric such as a Laminate or Polyimide. Embedded
in other dielectric DESCRIPTION OF THE PREFERRED EMBODIMENTS

A Ball Grid Array (BGA) 1is an array of solderable balls
placed on a chip carrier, such as a Printed Circuit Board (PCB)
or, more generically, a semiconductor device mounting support.
The Dballs contact a printed circuit Dboard or a semiconductor
device mounting support 1in an array configuration where, after
reheat, the balls connect the chip to the printed circuit board.
BGA’s are known with 40, 50 and 60 mil spacings in regular or
staggered array patterns. The BGA package is part of a larger
packaging approach that 1is often referred to as Chip Scale
Packages (CSP). This is a packaging approach that is considered
to be different from the Multi Chip Module (MCM) approach. In the
field of high-density interconnect technology, many integrated
circuit chips are physically and electrically connected to a
single substrate commonly referred to as a multi-chip module
(MCM) . This latter approach is applied to achieve a high wiring
and packaging density, whereby it 1s necessary to fabricate a
multilayer structure on the substrate to connect integrated

circuits to one another. Typically metal and power and ground



layers are metal conductor lines within the range of about 1 to 4 mils wide with vias (holes) providing
electrical connections between signal lines or to the metal power and ground planes. Flip Chip packages
have in general been used to accommodate increased I/O count combined with igcz‘rel\?sed hi%rh%
requirements for high performance Integrated Circuit (IC) devices. Flip chip technolog?/]?acglrica es bumps

(typically gampesing Rb/SAsoldanser atuminua padsyand irtarcepnecisithe bumps directlyte:the
package media, which are usually ceramic or plastic based. The flip-chip is bonded face down to the

package threugh dhe shontesti paths. This approaeti ean bezappliedslo single«ahip packagingaand ¢o
higher integrated levels of packaging (in which the packages are larger) and to more sophisticated
packaging meshas that caceopymodateseveral chipsde farim farger tunctianalainits. Wisreguireddo provide
adequate thermal performance of a BGA package for cavity-down and enhanced BGA devices that has a
direct grownd sonnecidbetween theil&schiprantkethe heatsinkdirihe sudace otwhichcthen&cehipiss
mounted. In a cavity down/enhanced BGA package arrangement, a substrate layer that may contain two
or more layetsietimtercgnaéct trfaces isused ta BL2asdh 2@@Er and ground planes.

Flip Chip packages have in general been used to accommodate
increased I/0 count combined with increased high requirements for
high performance Integrated Circuit (IC) devices. Flip chip
technology fabricates bumps (typically comprising Pb/Sn solder)
on aluminum pads and interconnects the bumps directly to the
package media, which are wusually ceramic or plastic based. The
flip-chip is bonded face down to the package through the shortest
paths. This approach can be applied to single-chip packaging and
to higher integrated levels of packaging (in which the packages
are larger) and to more sophisticated packaging media that

accommodate several chips to form larger functional units.

It is required to provide adequate thermal performance of a
BGA package for cavity-down and enhanced BGA devices that has a
direct ground connect between the IC chip and the heatsink on the
surface of which the IC chip 1is mounted. In a cavity
down/enhanced BGA package arrangement, a substrate layer that may

contain two or more layers of interconnect traces 1s used to



connect the IC chip to surrounding circuitry using wire bond connections between the IC chip and a
substrate. The contact points of a cavity down/enhanced BGA devices make contact with contact points
on the top surface of the substrate layer, the substrate re-distributes (fan-out) the %avl\iqtg dohwnz(glalganced
BGA device contact points. A molding is encased between the lower surface of t%e cavﬁ;? down

enhanced-BGAdaviceand the uppeb surface githesubstigte cAheat sink istypicgllyattaghegdagthe

lower surface of the IC chip. For purpose of packaging semiconductor devices and for addressing

thermal congcaras of such packages, present trend-ini the industyy ista-plage ircreased deypands on the
thermal performance of packaged devices coupled with low assembly and unit cost of the completed

package. &enerally cthese inereased demandsmaredsat bydnllondng ese onaase eithefeltowing h
approaches: by increasing the percentage of copper that is contained in the substrate over which the
device is mountetd; thiscart be @ccarmplished bystor flastancefincreasingubetroutirg density of the
interconnect lines over the surface of the substrate or by increasing the paddle size of the die paddle
over whichihe tdesices aee dicuntedutes (fan-out) the cavity down/enhanced BGA
device contact points. A molding is encased between the Ilower
surface of the cavity down enhanced BGA device and the wupper

surface of the substrate. A heat sink is typically attached to

the lower surface of the IC chip.

For purpose of packaging semiconductor devices and for
addressing thermal concerns of such packages, present trend in
the industry 1s to place increased demands on the thermal
performance of packaged devices coupled with low assembly and
unit cost of the completed package. Generally, these increased
demands are met Dby following one or more of the following

approaches:

® Dby increasing the percentage of copper that is contained in
the substrate over which the device is mounted; this can be
accomplished by for instance increasing the routing density of
the interconnect lines over the surface of the substrate or by
increasing the paddle size of the die paddle over which the

devices are mounted



9 22 March 2006 Dby including additional layers of metal in the substrate over which the device is
mounted by increasing the thickness of the metal planes contained in the substrate over which the
device is mounted; this by for instance using a two-ounce thickness layer of copper gs o Roséedoté) using
a one-ounce thickness layer of copper, and by the addition of thermal pads, vias ‘and soider ba?ls over

which thedeyice isneunted, Inadgitian, am approachithakis fraquenty takgn isto, provide fog an,external

heat sink, which can for instance be of a pin-fin or circular design; such a heat sink can be attached to a

die-up PBGA package:, Lhe pror art applicationsthat are shown in cross section in Figs. la and Ib are
examples of a die-up mounting method since the contact points to die 12 are mounted in an upward

position. Forapplications where the dieyp pgthod of moppting the device, faes notipegtlagrma)

requirements, the die-down method is frequently used whereby substrates are used that have been

provided with metalheatrdistributign.suriages thea, slugs),, £ dieydown, BGA.package typically:has better
thermal performance
instance wusing a two-ounce thickness layer of copper as

opposed to using a one-ounce thickness layer of copper, and

® Dby the addition of thermal pads, vias and solder balls over

which the device is mounted.

In addition, an approach that is frequently taken 1is to
provide for an external heat sink, which can for instance be of a
pin-fin or circular design; such a heat sink can be attached to a

die-up PBGA package.

The prior art applications that are shown in cross section
in Figs. la and 1lb are examples of a die—-up mounting method since
the contact points to die 12 are mounted in an upward position.
For applications where the die-up method of mounting the device
does not meet thermal requirements, the die-down method 1is
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

10



than the die-up PBGA package since the heat that is generated in the die can be dissipated effectively
from the backside of the 10 22 March 2006 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 m ul\r)ltirrl se%%ogductor
devices. Shown in the cross section of Fig. la are the following elements: - 10, thé 'hea smﬁ% of the

package 4lL ceptachpointsprovidedonsthesyirfage v substrate d 3a s 42md semiconduetor dienmeunted
over the surface of - 13, a substrate or semiconductor device mounting support - 18, a layer of thermally

conductive aglhesive - 48radayeraf thermalyeenductive aghesive sempaund that serkes @sa-up
conductive path between the die 12 and heat sink 10 15, interconnect vias provided through substrate 13
- 26, condustivie trac€es wounfirsh gudace obsubsttate 13ewhichs are interconnected with traces 11 and
28'/30' by means of vias 15 - 27, a solder mask layer with openings that are aligned with the copper
traces 26 - 28 and 30, bond wires for the interconnection of die 12 to
Shown 1in the cross section of Fig. la are the following

elements:

— 10, the heat sink of the package

- 11, contact points provided on the surface of substrate 13

— 12, a semiconductor die mounted over the surface of

- 13, a substrate or semiconductor device mounting support

- 18, a layer of thermally conductive adhesive

- 19, a 1layer of thermally conductive adhesive compound that

serves as a conductive path between the die 12 and heat sink 10

- 15, interconnect vias provided through substrate 13

- 26, conductive traces on a first surface of substrate 13, which

are interconnected with traces 11 and 28'/30’ by means of vias 15

- 27, a solder mask layer with openings that are aligned with the

copper traces 26

- 28 and 30, bond wires for the interconnection of die 12 to

conductive traces on the second surface of substrate 13

— 28’ and 30’, conductive traces on a second surface of substrate

13 to which bond wires 28/30 are connected

- 34, a mold compound 34 formed over the surface of the

structure, which further also surrounds bond wires 28 and 30.

11



conductive traces on the second surface of substrate 13 - 28' and 30, conductive traces on a second
surface of substrate 13 to which bond wires 28/30 are connected - 34, a mold compound 34 formed over
the surface of the structure, which further also surrounds bond wires 28 and 30. 32]2 22 March Oé) The
prior art package that is shown in cross section in Fig. b is similar to the prior art pac%%éec}?ha as been
highlighted in some detail above, the package that is shown in cross section in Fig. Ib has not been
provided with heat sink 10 and the layer of thermally conductive adhesive compound 19. Figs. 2 through
7 are now described indetail in orderdeduledesciibe the inentionnThe essenfiat poisits ohtheiigvention
are highlighted first, as follows: standard front-of-line (FOL) and end-of-line (EOL) processes and
procedurescare applied e assembly ¢helonseosi therpadly agehanced diersipRBGA pagkages.ekthe
invention the semiconductor device that is mounted over the second surface of the device support
structure isrencapsulatedsn twabsepsratehecrpatadameldshthat issarsintarnalimoldreapsandeati i on

in Fig. 1lb has not been provided with heat sink 10 and the layer

of thermally conductive adhesive compound 19.

Figs. 2 through 7 are now described in detail in order to

fully describe the invention.

The essential points of the invention are highlighted first,

as follows:

® standard front-of-line (FOL) and end-of-line (EOL) processes
and procedures are applied to assembly the low-cost thermally
enhanced die-up PBGA packages of the invention

® the semiconductor device that 1s mounted over the second
surface of the device support structure is encapsulated in two
separately created molds, that is an internal mold cap and an
external mold cap

® customized mold chase designs are required to form the
internal and external mold caps of the package and the thereby

provided cavities

12



external mold cap customized mold chase designs are required to form the internal and external mold
caps of the package and the thereby provided cavities 12 22 March 2006 the inner mold cap is mounted

aligned with the semiconductor die of the package and is provided with an openinggh&t is Sﬁft2 ove the
die of the package, exposing the surface of the die a cavity is provided between the intermal rfold cap

and the extepnal mald cap fhg internal mald gap hasan exposed areadn the suriace,qf e die of the

package thermally conductive epoxy is inserted into the opening (internal mold cap) and cavity (between

the internal agd dhe, exterpalmeld,cap) that havepegn; createdsiprand between the 1pald caps sthe heat

sink is attached to the internal mold cap by inserting thermally conductive epoxy in the centrally located

opening of thgpteenalrold cap, anexterpabhealspreaderds atfached tq.the-package the gedphery of

the heat sink can be attached to the cavity that

® 3 cavity 1is provided between the internal mold cap and the

external mold cap

® the internal mold cap has an exposed area to the surface of

the die of the package

® thermally conductive epoxy 1is 1inserted into the opening
(internal mold cap) and cavity (between the internal and the
external mold cap) that have been created in and between the

mold caps

® the heat sink 1s attached to the internal mold cap by
inserting thermally conductive epoxy in the centrally located

opening of the internal mold cap

® an external heat spreader 1is attached to the package, the
periphery of the heat sink can be attached to the cavity that
is formed between the internal and the external mold cap using
thermally conductive epoxy

® the heat sink can be connected to ground pads which are
provided in or on the surface of the underlying substrate of
the package; the ground pads are provided in the surface of
the substrate that 1is exposed by the cavity between the

internal and the external mold cap; electrically conducive

13



is formed between the internal and the external mold cap using thermally conductive epoxy the heat sink
can be connected to ground pads which are provided in or on the surface of the underlying substrate of
the package; the ground pads are provided in the surface of the substrate that is 2elé:pos.ed Ey %IB% gavity
between the internal and the external mold cap; electrically conducive 13 22 Marc 2%6€cepoxy can be

used for this pyepese, dhus fermningsa grovnd planeand apastial, EMIrshieldsnthe package;igergpnnect
wires can also be used for this purpose the external mold cap is higher than the internal mold cap in
order to maingain.tke package prefileithat comforms e the standatd PB&/x paekagewhan-therkeat sink
overlies the internal mold cap the external mold cap serves as a dam at the time that the thermally
conductive epaxyeis deposied i the caydty bedween itbednteral @nd the external mold cap in a further
improved version of the invention, the heat sink can be provided with a downward protruding pedestal at

the centes ofithe heat sipkthispadestal,can bermatehed Witin the internal mold cap in

order to maintain the package profile that conforms to the
standard PBGA package when the heat sink overlies the internal
mold cap

® the external mold cap serves as a dam at the time that the
thermally conductive epoxy 1is deposited in the cavity between
the internal and the external mold cap

® in a further improved version of the invention, the heat sink
can be provided with a downward protruding pedestal at the
center of the heat sink, this pedestal can be matched with
cavity provided in the internal mold cap for further
improvement of the thermal performance of the package

® in a further improved version, the heat sink can externally
extend over the outside surfaces of the external mold cap

® curing is applied to the package by applying a post-mold cure
process, simultaneously curing the mold compound and the
thermally conductive epoxy of the package

® the invention allows for an optimized heat spreader design
whereby the design of the heat spreader has no effect on the

assembly of the package.

14



cavity provided in the internal mold cap for further improvement of the thermal performance of the
package in a further improved version, the heat sink can externally extend over the outside surfaces of
the external mold cap curing is applied to the package by applying a post-mold ¢ ?re procehss

20%6
simultaneously curing the mold compound and the thermally conductive epoxy of the pac age the
invention allows for an optimized heat spreader design whereby the design of the heat spreader has no
effect on the assembly of the package. 14 22 March 2006 Referring now specifically to Fig. 2, there is

shown a crosse sectiomef anpartiallyconpletecth semieondugtor deviee package comptising thedegliowing
elements: - 40, a substrate or device mounting support over the surface of which semiconductor devices

are mountes+42,ra semicandgeator tlevice thadisomeusted oxer thersurtacerof subsirate 4@ 1ddgan
adhesive interface between the die 42 and substrate 40 - 45, a solder mask applied over a first surface of
substrate 406mp 46 sinteyconred draces treatedaven the: first surface of
- 40, a substrate or device mounting support over the surface of
which semiconductor devices are mounted
— 42, a semiconductor device that is mounted over the surface of
substrate 40
— 44, an adhesive interface between the die 42 and substrate 40
— 45, a solder mask applied over a first surface of substrate 40
- 46, interconnect traces created over the first surface of
substrate 40
- 47, a solder mask applied over a second surface of substrate 40
— 48, interconnect traces created over the second surface of
substrate 40
- 50, contact balls created over the active surface of device 42,
these solder bumps serve to establish electrical contact with
device 42
- 52, bond wires that interconnect ball bonds 50 with
interconnect traces 48

- 54, conductive wvias that establish electrical continuity

between interconnect traces 46 and interconnect traces 48.

15



substrate 40 - 47, a solder mask applied over a second surface of substrate 40 - 48, interconnect traces
created over the second surface of substrate 40 - 50, contact balls created over the active surface of

device 42, these solder bumps serve to establish electrical contact with device 422 - 52, bokrl1d2vpi6%s that
interconnect ball bonds 50 with interconnect traces 48 - 54, conductive vias that €S algﬁ%:hcelec rical

continuity betwepRdntetcannegt-tracesA6 and iRtercannest tiaces 48512 224vlareh 26G6, The stiucture
that is shown in cross section in Fig. 2 is the end result of the above referred to and standard front-of-

line (FOL):-processingrefdhe PBGA package dimustdye peintedaut dhat ope0rdnere layessofof -
interconnect metal can be provided in the substrate 13, that is between and making contact therewith
electrical trages 46 ¢in)the tewerserifirgt siifacecofrspibstratec 13y and traces 48 (ethedippes @r saeond
surface of substrate 13) . These additional layers have not been shown in the cross sections of Fig. 2
through 7tsiace these additional layersase of interconnect metal can be provided in
the substrate 13, that is between and making contact therewith
electrical traces 46 (in the lower or first surface of substrate
13) and traces 48 (in the upper or second surface of substrate
13). These additional layers have not been shown 1in the cross

sections of Fig. 2 through 7 since these additional layers are

not germane to the invention.

Fig. 3 shows a cross section of the structure after the
internal mold cap 57 and the external mold cap 56 have Dbeen
applied over the surface of the structure. It must be noted in
the cross section of Fig. 4 that the internal mold cap 57 has
been provided with opening 16 and is mounted aligned with the
semiconductor die 42. Opening 16 penetrates through the internal
mold cap 57, exposing the surface of die 42. Opening 14 is an
opening (or separation or cavity) between the internal mold cap
57 and the external mold cap 56 and completely penetrates to the
surface of substrate 40. The surface of die 42 is exposed through
the opening 16 that has been created in the internal mold cap 57,
the internal mold cap 57 therefore provides an exposed area to

the surface of the die 42 of the package.
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not germane to the invention. Fig. 3 shows a cross section of the structure after the internal mold cap 57
and the external mold cap 56 have been applied over the surface of the structure. It must be noted in the
cross section of Fig. 4 that the internal mold cap 57 has been provided with openér%g 16 and |355?)O6L1nted
aligned with the semiconductor die 42. Opening 16 penetrates through the interna m(% cap
exposing the surface of die 42. Opening 14 is an opening (or separation or cavity) between the internal
mold cap 57 and the external mold cap 56 and completely penetrates to the surface of substrate 40. The
surface of die 42:is exposgditbraughe thecopeningsliéothat hasybeen;sreatedbisdhe ipterna) meld eap 57,
the internal mold cap 57 therefore provides an exposed area to the surface of the die 42 of the package.
16 22 Marchs20066As anealternateitodbe pbove highlighted wpening 16h whicht bas beemedescribed as
penetrating through the internal mold cap 57, the internal mold cap 57 can be designed such that
opening 167 does aot peretrate through dhe irdernahmate: cale 57 gineawthish ceasenthe sustacerof dies42 is
not exposed. It must further be noted in the cross section that is shown

does not penetrate through the internal mold cap 57, in which

case the surface of die 42 is not exposed.

It must further be noted in the cross section that is shown
in Fig. 3 that the external mold cap 56 1is higher than the
internal mold cap 57 by a measurable amount, this to assure that
the package conforms to standard PBGA package designs when the

heat sink 60 overlies the internal mold cap 57.

Fig. 4 shows the cross section of the structure of Fig. 3
after the application of conductive epoxy 58 in the opening 14
(created between the internal mold cap 57 and the external mold
cap 56) and opening 16 (created through the internal mold cap
57). The amount of conductive epoxy that 1s deposited into
openings 14 and 16 must be of enough volume so that the epoxy 58
makes contact with the thereover to be placed heat spreader of

the package.

The cross section that is shown in Fig. 4 makes clear that,

because the external mold dam 56 is higher than the internal mold
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in Fig. 3 that the external mold cap 56 is higher than the internal mold cap 57 by a measurable amount,
this to assure that the package conforms to standard PBGA package designs when the heat sink 60
overlies the internal mold cap 57. Fig. 4 shows the cross section of the structure ozfi!:i%. 3 %fteéél&e
application of conductive epoxy 58 in the opening 14 (created between the interna mo‘?&%ap and the

external ragldl cap H6) and opening-46 {createdithrengh the infernal mold capi &4). The-ameunt pE
conductive epoxy that is deposited into openings 14 and 16 must be of enough volume so that the epoxy

58 makesiceplagkwith the thereoverdenbel placed heatspreadepek $he package. The cross section that
is shown in Fig. 4 makes clear that, because the external mold dam 56 is higher than the internal mold 17
22 March 2006 dam 57, the external mold cap serves as a dam during the dispensing of the thermally
conductive epoxy 58. Fig. 5 shows a cross section where heat spreader 60 is placed above and aligned
with the surface pfi the layer S6oafihes maldcoimpeund.i thhe haat sink 6@ is-therptare@stached toithe
internal mold cap 57 by the inserted thermally conductive epoxy

placed above and aligned with the surface of the layer 56 of the

mold compound. The heat sink 60 1is therefore attached to the

internal mold cap 57 by the inserted thermally conductive epoxy

58 in the centrally located cavity 16 of the internal mold cap

57. The periphery of the heat spreader is attached to the cavity

14 that is formed between the internal mold cap 57 and the

external mold cap 56, thermally conductive epoxy 58 is used for

this purpose.

It will be noted in the cross section of Fig. 5 that the
lower surface of the heat spreader 60 is not of planar design but
has a profile that follows the profile of the openings that have
been created in or between the mold caps 56 and 57. The heat
spreader 60 1is placed on the surface of external mold cap 56 by

moving the heat spreader 60 in direction 62.

It must be noted from the cross section that is shown in
Fig. 5 that the heat spreader 60 can be attached to ground pads
which are provided for this purpose in or on the surface of the

underlying substrate 40 where this surface is exposed over the
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58 in the centrally located cavity 16 of the internal mold cap 57. The periphery of the heat spreader is

attached to the cavity 14 that is formed between the internal mold cap 57 and the external mold cap 56,
thermally conductive epoxy 58 is used for this purpose. It will be noted in the Cross sectionhoff%.65 that
the lower surface of the heat spreader 60 is not of planar design but has a profilé %hgtl%l?ows e profile

of the openingssthatdrave heencreated inof betwegn theameld capsiR6 angiss The heat spraader 60 is
placed on the surface of external mold cap 56 by moving the heat spreader 60 in direction 62. It must be

noted fromdhe grasswsection Rat fF»shewn in, Fig 5 thatitheraat spieagder 60.¢an belattachgddo ground
pads which are provided for this purpose in or on the surface of the underlying substrate 40 where this
surface ispgexposed ovErthent& 22 March 2006 hotioge of apening d4nEhis candess deae by Ushdgoe
electrically conductive epoxy for epoxy 58, thus forming a ground plane and a partial EMI shield in the
package. literconnectwires canadsoebe dised foe this pyrposelusiag techaiquesdikegnire bonding. Where
the cross section of the heat spreader 60 that is
Where the cross section of the heat spreader 60 that is
shown in Fig. 5 shows a heat spreader that does not horizontally
expand beyond the surface of the external mold cap 56, the heat
spreader that is used with the package of the invention is not
limited to an extension over only the surface of the external

mold cap 56 but can expand beyond the surface of the external

mold cap 56.

After placement of the heat spreader 60 over the surface of
layer 56, the cross section of the structure is as is shown in
Fig. 6. The placement of the heat spreader over the surface of
layer 56 can Dbe performed either manually or automatically
(machine insertion). Pressure can be applied to the heat spreader
after insertion in order to assure surface planarity of the

completed structure.

After the structure that is shown in cross section in Fig. 7
has Dbeen created, a step of thermal cure 1is applied to the

plastic mold compound 56/57 and the thermal epoxy 58, assuring
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shown in Fig. 5 shows a heat spreader that does not horizontally expand beyond the surface of the
external mold cap 56, the heat spreader that is used with the package of the invention is not limited to an
extension over only the surface of the external mold cap 56 but can expand beyo&j tple s%fa §(% the
external mold cap 56. After placement of the heat spreader 60 over the surface o Iaygrrg , the Cross

section ofdhe $trettles isoas isshemuninthig. Bekhe placement obthefieat spreagen averdhe suface of
layer 56 can be performed either manually or automatically (machine insertion). Pressure can be applied

to the heat spreader adterinsertiondn arderdto assusesudfaceslanatty etthe completednstsuctuse. After
the structure that is shown in cross section in Fig. 7 has been created, a step of thermal cure is applied to
the plastieraeldcompaundb6/5Eandribe shermal € pory S8phassuring 19 22 March 2006 good adhesion
between the heat spreader 60 and the mold compound 57 and between the mold compound 56 and the
solder mask 47 created over the second surface of substrate 40. Attachment of contact balls 64, Fig. 7,
completes the PBGA
Attachment of contact balls 64, Fig. 7, completes the PBRGA
package of the invention. As a final cross section is shown a
completed package prior to the attachment of the contact balls

64, the now familiar elements of the package have Dbeen

highlighted continuing the previously used numbering scheme.

It is clear from the processing sequence that has been
highlighted under Figs. 2 through 7, that the invention provides
for a wide range of designs of the profile of the heat spreader.
This is made possible by the sequence of the invention whereby
the heat sink is added to the package before curing of the mold

compound and the epoxy fill.

Fig. 8 shows a simplified cross section of the package of
the invention whereby heatsink 60 is no of a planar design. Other
elements that have been highlighted in the cross section of Fig.
8 have previously been explained. A cross section that is similar
to the cross section of Fig. 8 1is shown 1in Fig. 9, whereby
however the heatsink 60’ has been provided with downward sloping

extremities 61 that reach down to the surface of substrate 40 and
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package of the invention. As a final cross section is shown a completed package prior to the attachment

of the contact balls 64, the now familiar elements of the package have been highlighted continuing the

previously used numbering scheme. It is clear from the processing sequence that has bee% hé'
0

o Bictte NG heat

under Figs. 2 through 7, that the invention provides for a wide range of designs of the pfro?i e
spreader.+ hhis is madepasaipieiby the segugnas-efibeinvention whereby theheatsink is added to the
package before curing of the mold compound and the epoxy fill. Fig. 8 shows a simplified cross section of
the packageofcthedpventianovheredy heatsink 60 is no of a planar design. Other elements that have
been highlighted in the cross section of Fig. 8 have previously been explained. A cross section that is
similar to the cross section of Fig. 8 is shown in Fig. 9, whereby however the heatsink 60" has been
provided with downward sloping extremities 61 that reach down to the surface of substrate 40 and 20 22
March 2006 thatrareg €emhetdeshia algap batweervthesntersalanold cap 57 and the external mold cap 56.
Figs. 10a and 10b show top views of:

e Fig. 10a, the external mold cap (82) and the internal mold cap
(80) are created on top of the surface of the substrate (40),
and

® Fig, 10b, the package of the invention after heatsink (72)

attachment.

Specifically, the top view that is shown in Fig. 10a is a
top view of the package of the invention during the mold process.
This top view is shown in order to highlight the following
specifics as they relate to the application of the mold compound:
e 70, an external mold gate wused for the creation of the
external mold cap 56, Fig. 7

® 90, an internal mold gate wused for the creation of the
internal mold cap 57, Fig. 7

® 68, air vents (three in total) of the external mold gate 82
that are required for the application of the external mold cap

56, Fig. 7, and
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Fig. 10a, the external mold cap (82) and the internal mold cap (80) are created on top

of the surface of

the substrate (40), and Fig, 10b, the package of the invention after heatsink (72) attachment.
Specifically, the top view that is shown in Fig. 10a is a top view of the package of2t9e Ig\é%qﬁgéoﬁogﬁﬁg the

mold process. This top view is shown in order to highlight the following specifics‘as {

gy re

applicatiop of;the mold corapeund;  /.an exterpglmpold gate ysed for, the ereation.efthe, exteragl mold

cap 56, Fig. 7 90, an internal mold gate used for the creation of the internal mold cap

57, Fig. 7 68, air

vents (three ip;tgtal) of the external ineld.gate, 82 that arerequired forthe applicatiomof the exterpal mold
cap 56, Fig. 7, and 21 22 March 2006 66, air vents (three in total) of the internal mold gate 80 that are

required for the application of the internal mold cap 57, Fig. 7. Fig. 10b shows a top view after the heat

spreader 72 has been

Fig. 10b shows a top view after the heat spreader 72 has been

attached to the package of the invention.

Figs. 10a and 10b can be summarized as follows as providing

the ability to:

® create an external layer of mold compound (layer 56,
being an external mold cap, comprising at least one
mold gate 70

® the external mold gate 70 has been provided with

plurality of air wvents 68, the first plurality of air

Fig. 7),

external

a first

vents 68

is located around a periphery of the external mold cap 82, the

first plurality of air vents 68 releases air (not shown) from

the external layer 56, Fig. 7, of mold compound during the

process of creating the external layer 56, Fig. 7,

compound

of mold

® create an internal layer 57, Fig. 7, of mold compound, being

an internal mold cap, comprising at least one internal mold

gate 90
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attached to the package of the invention. Figs. 10a and 10b can be summarized as follows as providing
the ability to: create an external layer of mold compound (layer 56, Fig. 7), being an external mold cap,

comprising at least one external mold gate 70 the external mold gate 70 has beeﬁpﬁ)videﬁ \%%g first
plurality of air vents 68, the first plurality of air vents 68 is located around a periphery of tiie' eternal mold

cap 82, the firgtplurglity,of air vepys 68 releases @ir (not shown) fram, thesexterpaltiayer 56, &gy, of

mold compound during the process of creating the external layer 56, Fig. 7, of mold compound create
an internal '%%%1@9%/71 SF mold-cappeunds being ran interpaimeld cap; ¢ompaging at-legshane

internal mold gate 90 22 22 March 2006 the internal mold gate 90 has been provided with a second
plurality of aisyents 66.4hgsegond plurality ofair yeRts, 66 isclocated areund,.a periphery of thesinternal

mold cap 80, the second plurality of air vents 66 releases air (not shown)
the second plurality of air vents 66 releases air (not shown)
from the internal layer 57, Fig. 7, of mold compound during

the process of creating the internal layer 57, Fig. 7, of mold

compound.

The invention can be summarized as follows:

¢ a method and package is provided for the packaging of BGA

devices

® the method uses standard FOL and EOL processing

® the standard FOL processing is followed by encapsulating the
BGA device in a mold compound

® the mold compound of the package consists of two separate
mold caps, an internal mold cap that 1is surrounding by an
external mold cap

¢ the external mold cap is higher than the internal mold cap

e after the device has been encapsulated in a internal and
external mold compound, a heat spreader is attached to the
surface of the mold compound

® the heat spreader of the invention can be of a suitable

design to meet heat transfer requirements
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from the internal layer 57, Fig. 7, of mold compound during the process of creating the internal layer 57,
Fig. 7, of mold compound. The invention can be summarized as follows: a method and package is
provided for the packaging of BGA devices the method uses standard FOL and I;S)Ll\lproc S IB% 6the

standard FOL processing is followed by encapsulating the BGA device in a mold compaoru%d e mold

compound of the package.consisis-ofdwo separgle mold.caps, an internglmald gap that js surreynding

by an external mold cap the external mold cap is higher than the internal mold cap after the device has
been encapsulateg:in aipternaband rexternal mold camneundya heatispreadgrisattached to the surface

of the mold compound the heat spreader of the invention can be of a suitable design to meet heat

transfer requiremgnts 23 22 March 2006  the heat spreadgr ofthe inyention canbe.a hegt,spreader that

overlies the internal mold compound of the package
that is embedded in the external mold cap of the package

® heat spreading requirements of the package can be met by
applying thermally conductive epoxy to the surface of the

internal mold cap of the package, and

¢ the heat spreader of the invention may overlay the mold caps
of the package or may complete enclose the mold compound of

the package.

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 recognize
that wvariations and modifications can be made without departing
from the spirit of the invention. It 1s therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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the heat spreader of the invention can be a heat spreader that is embedded in the external mold cap of
the package heat spreading requirements of the package can be met by applying thermally conductive
epoxy to the surface of the internal mold cap of the package, and the heat spreaéjgr of thehing%r&téon may
Mar,c
overlay the mold caps of the package or may complete enclose the mold compound of the package.
Although thesipvention has,bgen 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 theartwil] recegnizea that yariations anshmedifigatiens-canbeimade without gepasting
from the spirit of the invention. It is therefore intended to include within the invention all such variations
and modificatienscwhbichifalt withirnthesscopesafahe appraded claims rand equivalents-theseefr 24 22
March 2006 What is claimed is: 1. A method for packaging a semiconductor device, forming a Plastic Ball
Grid Array (PBGAY packidgey coraprising tife-steps of: processing of at  least  one
semiconductor device mounted on a semiconductor device mounting
support, said semiconductor device mounting support having a
first and a second surface;
creating an external layer of mold compound having a first
height over the second surface of said semiconductor device
mounting support, said external layer of mold compound having
been created in a closed loop form at the periphery of said
semiconductor device mounting support, said external layer of
mold compound having been kept out from said at least one
semiconductor device and interconnect wires to said at least one
semiconductor device;
creating an internal layer of mold compound having a second
height over the second surface of said semiconductor device
mounting support, said internal layer of mold compound overlying
and surrounding said at least one semiconductor device, at least
one opening having been provided in said internal layer of mold
compound overlying the surface of said at least one semiconductor
device, further encasing said at least one semiconductor device

and said interconnect wires to said at least one semiconductor

device in said internal layer of mold compound, said internal
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providing Front-Of-Line processing of at least one semiconductor device mounted on a semiconductor
device mounting support, said semiconductor device mounting support having a first and a second

surface; creating an external layer of mold compound having a first height over trbe secon%s%g%cg of
. . ) . . 2 Marﬁ
said semiconductor device mounting support, said external layer of mold compound having been

created ima glosedloopdarm atdhe peripheary of said premicenductar-dpuicerpousiing suppert said
external layer of mold compound having been kept out from said at least one semiconductor device and

interconnectyires 4& said adlleasthones semicenductardeviegicregtingaminteraal iayer obmelten
compound having a second height over the second surface of said semiconductor device mounting
support, said intermal dayes 10f motd coaipburc dverlying andsusrowtdingosaid aldeastone, sesrcenductor
device, at least one opening having been provided in said internal layer of mold compound overlying the
surface ofszaid atl ldast ghe semiconductos rdevice, furthief encasing saibatdeast onersearcandulictor
device and said interconnect wires to said at least one semiconductor device in said internal layer of
mold compoundtsaié iitemak P5surfaces of said external layer of mold compound
intersecting said semiconductor device mounting support under an
angle;
dispensing layers of thermally conductive epoxy 1in said
opening provided in said internal layer of mold compound and in
said cavity provided between said external and said internal
layers of mold compound;
providing a heat spreader over the surface of said external
layer of mold compound, said heat spreader having a first and a
second surface, said first surface of said heat spreader facing
said at least one semiconductor device, said first surface of
said heat spreader having at least one protrusion being aligned
with said at least one semiconductor device, thereby converting
said internal layer of mold compound into an internal mold cap
with reference to said heat spreader, thereby furthermore
converting said external layer of mold compound into an external
mold cap with reference to said heat spreader; and

curing said mold compound concurrent with curing said

thermally conductive epoxy.
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22 March 2006 layer of mold compound having been surrounded by said external layer of mold
compound, a cavity having been provided between said internal and said external layers of mold
compound, said second height being lower than said first height by a measurable 2amount e>§t86r%al
: : : ) ) 22, March
surfaces of said external layer of mold compound intersecting said semiconductor ‘device motrnting

support undermaie angte; chspensinglayers, ofdthermalseonductivg €poxy b saidi apering provided in
said internal layer of mold compound and in said cavity provided between said external and said internal
layers of mold compound; providing a heat spreader over the surface of said external layer of mold
compound, said heat spreader having a first and a second surface, said first surface of said heat
spreader facinth saitkatieastcanecsemicongucian deviee,tsaie fiest suface ob :said heatspreaderRaving at
least one protrusion being aligned with said at least one semiconductor device, thereby converting said
internal layenatimold-eorapowryd into an internal mold cap with reference to said heat spreader, thereby
furthermore converting said external layer of mold compound into an external mold cap with reference to
said heat spreader; and
4. The method of claim 1, said providing Front-Of-Line processing
comprising the steps of:
providing a semiconductor device mounting support, said
semiconductor device mounting support having been provided with
conductive interconnect metal;
mounting at least one semiconductor device over a second
surface of said semiconductor device mounting support; and
connecting said at least one semiconductor device in a face
upward position by facing an active surface of said semiconductor
device away from said semiconductor device mounting support,
using interconnect wires Dbetween said conductive interconnect
metal provided for said semiconductor device mounting support and

contact points provided in an active surface of said at least one

semiconductor device.

5. The method of claim 1, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-1line processing comprising steps of connecting contact

balls to the first surface of said semiconductor device mounting
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curing said mold compound concurrent with curing said thermally conductive epoxy. 26 22 March 2006 2.
The method of claim 1, said heat spreader comprising metal. 3. The method of claim 1, said heat
spreader comprising thermally conductive epoxy. 4. The method of claim 1, said %rgvil\(/}lér%gcﬁrg%-[%f-Line
processing comprising the steps of: providing a semiconductor device mounting Support, sai
semicondygiop sevice maaitingisupperhavingbegn providedwith sanductivedntarconpeqttpeta);
mounting at least one semiconductor device over a second surface of said semiconductor device
mounting supRraricand connecting said at least one semiconductor device in a face upward position by
facing an active surface of said semiconductor device away from said semiconductor device mounting
support, using interconnect wires between said conductive interconnect metal provided for said
semiconductor device mounting support and contact points provided in an active surface of said at least
one semieondrictor tleviceds. dhe aleithad af claimdy tri addition prowidingg@ndzofdineund plane
surrounding said at least one semiconductor device by filling

said cavity between said internal and said external layer of mold

compound with an electrically conductive epoxy.

7. The method of claim 1, additionally forming a Electro Magnetic
Interference (EMI) shield surrounding said at least one
semiconductor device by filling said cavity between said internal
and said external layer of mold compound with an electrically

conductive epoxy.

8. The method of claim 1, said external layer of mold compound
being used as a dam during said dispensing layers of thermally
conductive epoxy due to said second height exceeding said first

height by a measurable amount being used.
9. The method of claim 1, said Plastic Ball Grid Array (PBGA)

conforming to standard Plastic Ball Grid Array (PBGA) package

dimensions.
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processing for said packaging of said semiconductor device, said end-of-line processing comprising
steps of connecting contact balls to the first surface of said semiconductor device mounting 27 22 March
2006 support, completing creation of a Plastic Ball Grid Array (PBGA) package. 6, The metlgogoogglaim 1,

additionally forming a ground plane surrounding said at least one semiconductor2 ev%/clzaérbcy filling “said

cavity betwgen said intesnal end said external layer efynelde sompounsgiwithgan eleetrically cendugtive
epoxy. 7. The method of claim 1, additionally forming a Electro Magnetic Interference (EMI) shield
surrounding saighatilgast:one- semicensusiey qeviceby fiking said cpdtyhetweensaid internal and said
external layer of mold compound with an electrically conductive epoxy. 8. The method of claim 1, said
external layer of mold compound being used as a dam during said dispensing layers of thermally
conductive epoxy due to said second height exceeding said first height by a measurable amount being
used. 9. The.methed oficlaimdl, said RlastienBall GridiAaray €RPBGA) sanfosming ¢ standadd Plastic Ball
Grid Array (PBGA) package

spreader being in a plane with the surface of said second layer

of mold compound.

12. The method of claim 11, further providing a connection
between said heat spreader and ground pads provided in or on a

second surface of said semiconductor device mounting support.

13. The method of claim 12, said connection being provided by
interconnect wires mounted in said cavity between said first and

said second layer of mold compound.

14. The method of claim 12, said connection being provided by
electrically conductive epoxy applied in said cavity between said

first and said second layer of mold compound.

15. The method of claim 1, said first surface of said heat
spreader extending over the surface of said internal layer of
mold compound, further extending over said cavity provided

between said internal and said external layer of mold compound,
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dimensions. 28 22 March 2006 10. The method of claim 1, further optimizing heat spreader design in
order to improve package thermal performance. 11. The method of claim 1, the second surface of said
heat spreader being in a plane with the surface of said second layer of mold conigound. lg Zggénethod
of claim 11, further providing a connection between said heat spreader and groun paag%rovi edin or

on a secand-surdace-efrsaid semiconduciordeyicemmeunting support 18- The method of glaimdiz; said
connection being provided by interconnect wires mounted in said cavity between said first and said

second layemgiomald. compound. 14. The method of claim 12, said connection being provided by
electrically conductive epoxy applied in said cavity between said first and said second layer of mold
compound. 15. The method of claim 1, said first surface of said heat spreader extending over the surface
of said internal layer of mold compound, further extending over said cavity provided between said
internal and saidrexternad tayet ofafiolddampound,,29 further providing a connection
between said heat spreader and ground pads provided in or on a

second surface of said semiconductor device mounting support.

17. The method of claim 16, said connection being provided by
interconnect wires mounted in said cavity between said internal

and said external layer of mold compound.

18. The method of claim 16, said connection being provided by
electrically conductive epoxy applied in said cavity between said

internal and said external layer of mold compound.

19. The method of <c¢laim 1, said first surface of said heat
spreader expanding beyond the surface of said external layer of

mold compound.
20. The method of claim 19, further providing a connection

between said heat spreader and ground pads provided in or on a

second surface of said semiconductor device mounting support.
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22 March 2006 further extending over the surface of said external layer of mold compound. 16. The
method of claim 15, further providing a connection between said heat spreader and ground pads
provided in or on a second surface of said semiconductor device mounting supp%r& 17. The TSEP d of
claim 16, said connection being provided by interconnect wires mounted in said cawtyebe weén said

internal and saitextersalayer of meld-gempoond. k8 I he methed of glaip: 16.ssajskepnnestionheing
provided by electrically conductive epoxy applied in said cavity between said internal and said external

layer of mpitt eempauad.t19% Thednethod ot alainh 1,ssaid firsk surfaceraf saick heat aspreadgraxpanding
beyond the surface of said external layer of mold compound. 20. The method of claim 19, further
providing arepnsectior hetween said keatspreader anshground pads provided in or on a second surface
of said semiconductor device mounting support. 30 22 March 2006 21. The method of claim 20, said
connection being provided by interconnect wires mounted in said cavity between said internal

22. The method of claim 20, said connection being provided by

electrically conductive epoxy having been applied in said cavity

between said internal and said external layer of mold compound.

23. The method of claim 1, said first surface of said heat
spreader extending over the surface of said internal layer of
mold compound, further extending over said cavity provided
between said internal and said external layer of mold compound,
further extending over the surface of said external layer of mold
compound, said heat spreader additionally overlying said external

surfaces of said external layer of mold compound.

24. The method of claim 23, said heat spreader further being
connected to ground pads provided in or on a second surface of

said semiconductor device mounting support.
25. The method of claim 24, said connection being provided by

interconnect wires mounted in said cavity between said internal

and said external layer of mold compound.
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and said external layer of mold compound. 22. The method of claim 20, said connection being provided
by electrically conductive epoxy having been applied in said cavity between said internal and said
external layer of mold compound. 23. The method of claim 1, said first surface of E%id heat SpJ 8(ger
. Ly March § .
extending over the surface of said internal layer of mold compound, further extending over sai cavity

provided betweenesaiddntesnal and said extepng| layer of neldcompaimdpéurther gxtendingioverthe
surface of said external layer of mold compound, said heat spreader additionally overlying said external

surfaces efisaid extesnalJayes.of mald cempeung. 24k -dThegmethed of slaime2B, saidhead spreadet further
being connected to ground pads provided in or on a second surface of said semiconductor device

mounting iseppedn2salihe methachaficlaim 24 asaid conseetion beingprovided by tersonnect wires
mounted in said cavity between said internal and said external layer of mold compound. 31 22 March
2006 26. The method of claim 24, said connection being provided by electrically conductive epoxy having
been applied in said cavity between said internal and said external layer of mold compound.
27. The method of claim 1, said at least one opening having been
provided in said internal layer of mold compound exposing the

surface of said at least one semiconductor device.

28. The method of claim 1, said at least one opening having been
provided in said internal layer of mold compound not exposing the

surface of said at least one semiconductor device.

29. The method of claim 1, said creating an external layer of
mold compound being an external mold cap comprising at least one

external mold gate.

30. The method of claim 29, said external mold gate having been
provided with a first plurality of air wvents, said first
plurality of air vents being located around a periphery of said
external mold gate, said first plurality of air vents releasing
air from the external layer of mold compound during the process

of creating said external layer of mold compound.
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27. The method of claim 1, said at least one opening having been provided in said internal layer of mold
compound exposing the surface of said at least one semiconductor device. 28. The method of claim 1,
said at least one opening having been provided in said internal layer of mold congoound nqg e§<88§|ng the
surface of said at least one semiconductor device. 29. The method of claim 1, sai cregtlng an external

layer of mald campound-being am extertal mold capicomprising aldeast one:external maldgate, 80. The
method of claim 29, said external mold gate having been provided with a first plurality of air vents, said

first pluratitylef aibwgnisheingloggtedhareund anperiphery of sgidcexiernal meld-gate csaid fiest plurality of
air vents releasing air from the external layer of mold compound during the process of creating said
external layet of maldreompagdrde 32 22 March 2006 31. The method of claim 1, said creating an external
layer of mold compound being an external mold cap comprising at least one internal mold gate. 32. The
method of claim 31, said internal mold gate having been provided with a second plurality of air vents,
said second
32. The method of claim 31, said internal mold gate having been
provided with a second plurality of air vents, said second
plurality of air vents being located around a periphery of said
second mold gate, said second plurality of air wvents releasing

air from the internal layer of mold compound during the process

of creating said internal layer of mold compound.

33. A semiconductor device package, comprising:

a semiconductor device mounting support having a first and a
second surface, at 1least one semiconductor device having been
mounted on a second surface of a semiconductor device mounting
support, said semiconductor device mounting support having been
provided with conductive interconnect metal, said at least one
semiconductor device having been mounted 1in a face upward
position by facing an active surface of said semiconductor device
away from said semiconductor device mounting support, using
interconnect wires between said conductive interconnect metal
provided for said semiconductor device mounting support and
contact points provided in an active surface of said at least one

semiconductor device;
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plurality of air vents being located around a periphery of said second mold gate, said second plurality of
air vents releasing air from the internal layer of mold compound during the process of creating said

internal layer of mold compound. 33. A semiconductor device package, comprising' a semi og%tbcgor
. . : . L0 M?rc .
device mounting support having a first and a second surface, at least one semiconductor device having

been mounted oma secoadrsirfage oba semiceriLgtordryise MIOUAHRG ey PROME Saigksemicongiictor
device mounting support having been provided with conductive interconnect metal, said at least one

semicondyetor device havinghleenmaured ip@ face dpwasa 1 paesitien:by facingwan-active sdrfaee;of said
semiconductor device away from said semiconductor device mounting support, using interconnect wires
between saigcondyctiveiiatescannect metaly provideddor saidssamicanduction devies srountiag segport
and contact points provided in an active surface of said at least one semiconductor device; 33 22 March
2006 an external layersefdimald cpmpgaeund having adirspbeighih cover the secontl sueface ofisaidt or
semiconductor device mounting support, said external layer of mold compound having been created

device mounting support, said external layer of mold compound

having been kept out from said at least one semiconductor device

and interconnect wires to said at least one semiconductor device;

an internal layer of mold compound having a second height

over the second surface of said semiconductor device mounting

support, said internal layer of mold compound overlying and

surrounding said at least one semiconductor device, at least one

opening having been provided in said internal 1layer of mold

compound overlying the surface of said at least one semiconductor

device, further encasing said at least one semiconductor device

and said interconnect wires to said at least one semiconductor

device 1in said internal layer of mold compound, said internal

layer of mold compound having been surrounded by said external

layer of mold compound, a cavity having been provided between

said internal and said external layers of mold compound, said

second height being lower than said first height by a measurable

amount, external surfaces of said external layer of mold compound

intersecting said semiconductor device mounting support under an

angle;
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in a closed loop form at the periphery of said semiconductor device mounting support, said external layer
of mold compound having been kept out from said at least one semiconductor device and interconnect
wires to said at least one semiconductor device; an internal layer of mold compou%j havincgha g&gnd
height over the second surface of said semiconductor device mounting support, said intetia layer of

mold compound pyedyipg and sureuRdingssaidshieast ene seaticonductorgdavices at least ong: gpening
having been provided in said internal layer of mold compound overlying the surface of said at least one

semicondugtor 1dryiga; Jurtbrrencaskwisaid at least ape sescansiugtor sigyicen and saidiintergaanect
wires to said at least one semiconductor device in said internal layer of mold compound, said internal
layer of meid;campaunsihavdag beerwvswirounded by saigd-exteraal slayer of smeldrcomposndra cavty
having been provided between said internal and said external layers of mold compound, said second
height beinglawebthasisadd first height by a measurable amount, external surfaces of said external layer
of mold compound intersecting said semiconductor device mounting support under an angle; 34 22
March 2006 a heat spreader provided over the surface of said first
layer of mold compound, said heat spreader having a first and a
second surface, said first surface of said heat spreader facing
said at least one semiconductor device, said first surface of
said heat spreader having at least one protrusion being aligned
with said at least one semiconductor device, said internal layer
of mold compound comprising an internal mold cap with reference
to said heat spreader, said external layer of mold compound
furthermore comprising an external mold cap with reference to
said heat spreader; and
said mold compound having been cured concurrent with curing
said thermally conductive epoxy wherein said external and

internal layers of mold compound are a different material than

said thermally conductive epoxy.

34. The semiconductor device package of claim 33, said heat

spreader comprising metal.

35. The semiconductor device package of claim 33, said heat

spreader comprising thermally conductive epoxy.
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layers of thermally conductive epoxy dispensed in said opening provided in said first layer of mold
compound and in said cavity provided between said first and said external layers of mold compound; a
heat spreader provided over the surface of said first layer of mold compound, saig eat sggeaﬂ% gaving

. . . . . Mar
a first and a second surface, said first surface of said heat spreader facing said atleast one
semiconductor device, said first surface of said heat spreader having at least one protrusion being
aligned with said at least one semiconductor device, said internal layer of mold compound comprising an

internal mod, caphwithgeterepeeitesaid heat speeadar isaigkextarnal layer obmpldcoampounes 11y
furthermore comprising an external mold cap with reference to said heat spreader; and said mold
compouna having-heenscuacoecencyiiegt with/curing saich thermmallyeanduciive epaxy wheteingajd
external and internal layers of mold compound are a different material than said thermally conductive
epoxy. 34cdhesemieenductordevice package of alaimn &3, said teat spreaderscamprising metali 35. The
semiconductor device package of claim 33, said heat spreader comprising thermally conductive epoxy.
semiconductor device mounting support, completing creation of a

Plastic Ball Grid Array (PBGA) package.

37. The semiconductor device package of claim 33, a Electro
Magnetic Interference (EMI) shield additionally having Dbeen
formed surrounding said at least one semiconductor device by
filling said cavity between said internal and said external layer

of mold compound with an electrically conductive epoxy.

38. The semiconductor device package of claim 33, said external
layer of mold compound having been used as a dam during said
dispensing layers of thermally conductive epoxy due to said
second height exceeding said first height by a measurable amount

being used.
39. The semiconductor device package of claim 33, said package

conforming to standard Plastic Ball Grid Array (PBGA) package

dimensions.
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35 22 March 2006 36. The semiconductor device package of claim 33, additionally end-of-line processing
having been provided for said package, contact balls having been connected to the first surface of said
semiconductor device mounting support, completing creation of a Plastic Ball Grigfrl\r/lay %PB%@
package. 37. The semiconductor device package of claim 33, a Electro Magnetic Ihterfersnce I@II)

shield additionafynkavisgrbeesn farmes-sugenndiag ssidrkleast one semicandygtor device byefilting said
cavity between said internal and said external layer of mold compound with an electrically conductive

epoxy. 38sFhesemicendicier daviea packageiofclaime33, said extesnl layes of 1old compednddaving
been used as a dam during said dispensing layers of thermally conductive epoxy due to said second
height exgeeding saidHissthaighidnra meastsable amount being used. 39. The semiconductor device
package of claim 33, said package conforming to standard Plastic Ball Grid Array (PBGA) package
dimensions. 36 22 March 2006

41. The semiconductor device package of claim 33, said at least

one opening having been provided in said internal layer of mold

compound exposing the surface of said at least one semiconductor

device.

42. The semiconductor device package of claim 33, said first
opening having been provided in said internal layer of mold
compound not exposing the surface of said at least one

semiconductor device.

43. The semiconductor device package of claim 33, the second
surface of said heat spreader being in a plane with the surface

of said external layer of mold compound.

44. The semiconductor device package of claim 43, further a
connection having been provided between said heat spreader and
ground pads provided 1in or on a second surface of said

semiconductor device mounting support.

37



40. The semiconductor device package of claim 33, said heat spreader design further having been
optimized in order to improve package thermal performance. 41. The semiconductor device package of

claim 33, said at least one opening having been provided in said internal layer of%ghold corkrgp%la%
exposing the surface of said at least one semiconductor device. 42. The semicon uctordevice package

of claim 335saidiisstseparingd davingrbeanprevidesdn sqid ipterpaklayersaf, malgi gompaHad Hobn
exposing the surface of said at least one semiconductor device. 43. The semiconductor device package

of claim 38athenseaendnswiase: efsaithheahspreadenbeing in aqlanewith dbe surface ©of saigdiexternal
layer of mold compound. 44. The semiconductor device package of claim 43, further a connection having
been providedsbetweenisnid heat spreadetasd igrosnd pads provided iner OB Bisecondsuttace of said
semiconductor device mounting support. 37 22 March 2006 45. The semiconductor device package of
claim 44, said connection having been provided by interconnect wires mounted in said cavity
46. The semiconductor device package of claim 44, said connection
having been provided by electrically conductive epoxy applied in

said cavity between said internal and said external layer of mold

compound.

47. The semiconductor device package of claim 33, said first
surface of said heat spreader extending over the surface of said
internal 1layer of mold compound, further extending over said
cavity provided between said internal and said external layer of
mold compound, further extending over the surface of said second

layer of mold compound.

48. The semiconductor device package of claim 47, a connection
further having been provided between said heat spreader and
ground pads provided in or on a second surface of said

semiconductor device mounting support.

49. The semiconductor device package of claim 48, said connection
having been provided by interconnect wires mounted in said cavity

between said internal and said external layer of mold compound.
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between said internal and said external layer of mold compound. 46. The semiconductor device package
of claim 44, said connection having been provided by electrically conductive epoxy applied in said cavity
between said internal and said external layer of mold compound. 47. The semicoglguctor evi%:&%ackage

of claim 33, said first surface of said heat spreader extending over the surface of <aid Ihtethd ayer of

mold compound, further extending over said cavity provided between said internal and said external layer
of mold compound, further extending over the surface of said second layer of mold compound. 48. The

semicondyotor de¥ice fackage of elaim ddv aconpeeticry durterdiaving hegn providesbbetweenssaid heat
spreader and ground pads provided in or on a second surface of said semiconductor device mounting
support. 49 Fhesseptieenduetor devicelpackage ot claim 43, saidConpectonshaxingdieenipravided by
interconnect wires mounted in said cavity between said internal and said external layer of mold
compound.a38122 Marck 2006+56= T hessamiconduciar device packagexafctaim 48,:8aid corneciion
having been provided by electrically conductive epoxy applied in

compound.

51. The semiconductor device package of claim 33, said first
surface of said heat spreader expanding beyond the surface of

said external layer of mold compound.

52. The semiconductor device package of claim 51, a connection
further having been provided between said heat spreader and
ground ©pads provided 1in or on a second surface of said

semiconductor device mounting support.

53. The semiconductor device package of claim 52, said connection
having been provided by interconnect wires mounted in said cavity

between said internal and said external layer of mold compound.

54. The semiconductor device package of claim 52, said connection
having been provided by electrically conductive epoxy having been
applied in said cavity between said internal and said external

layer of mold compound.
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said cavity between said internal and said external layer of mold compound. 51. The semiconductor
device package of claim 33, said first surface of said heat spreader expanding beyond the surface of
said external layer of mold compound. 52. The semiconductor device package of g&alm 51, a %oor&ectlon
further having been provided between said heat spreader and ground pads provi &dlinbF on a'second

surface ofssaid semiceralcionderied MouRting-suppeItkad;d he semicanductos device packages ef claim
52, said connection having been provided by interconnect wires mounted in said cavity between said

internal ard saidexternaklayer ofdneld compound. 54+ Ehelsemiconducton devae packagerofLlaim 52,
said connection having been provided by electrically conductive epoxy having been applied in said
cavity betwees:said inteenad andosaichexternat dayer.elanold cemipeunde 39 2dWliatch 2086 5% dhe
semiconductor device package of claim 33, said first surface of said heat spreader extending over the
surface ofcsaid tiptepraltayerof ivald €compeouand, furtherextending ovet said xeavitygirovided between
said internal and said external layer of

mold compound, further extending over the surface of said

external layer of mold compound, said heat spreader additionally

overlying said external surfaces of said external layer of mold

compound.

56. The semiconductor device package of claim 55, said heat
spreader further having been connected to ground pads provided in
or on a second surface of said semiconductor device mounting

support.

57. The semiconductor device package of claim 56, said connection
having been provided by interconnect wires mounted in said cavity

between said internal and said external layer of mold compound.

58. The semiconductor device package of claim 56, said connection
having been provided by electrically conductive epoxy having been
applied in said cavity between said internal and said external

layer of mold compound.

40



mold compound, further extending over the surface of said external layer of mold compound, said heat

spreader additionally overlying said external surfaces of said external layer of mold comp
semiconductor device package of claim 55, said heat spreader further having be%ré conne
pads provided in or on a second surface of said semiconductor device mounting “support.

ound. 56. The

el o

semicondygtor devicespackagesefalaim 56;saikcannectior hawing heen providedhby intereennect wires

mounted in said cavity between said internal and said external layer of mold compound. 5

8. The

semicondugtp fleviee package-efglainn §6,1saichgonaectiont baviag been proviged hyeleciricalyn
conductive epoxy having been applied in said cavity between said internal and said external layer of
mold compourad <40 22 March2006 5% e semicenductor device pagkage of claim 33, said external
layer of mold compound being an external mold cap having been created applying at least one external
mold gate. 60. The semiconductor device package of claim 59, said external mold gate having been

provided with a first plurality of air
60. The semiconductor device package of claim 59, said ex

ternal

mold gate having been provided with a first plurality of air

vents, said first plurality of air vents being located around a

periphery of said external mold cap, said first plurality

vents releasing air from the external layer of mold co

of air

mpound

during the process of creating said external layer of mold

compound.

61. The semiconductor device package of claim 33, said in

ternal

layer of mold compound being an internal mold cap having been

created applying at least one internal mold gate.

62. The package of claim 61, said internal mold gate having been

provided with a second plurality of air wvents, said

second

plurality of air vents being located around a periphery of said

internal mold cap, said second plurality of air wvents rel
air from the internal layer of mold compound during the p

of creating said internal layer of mold compound.
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vents, said first plurality of air vents being located around a periphery of said external mold cap, said first
plurality of air vents releasing air from the external layer of mold compound during the process of

creating said external layer of mold compound. 61. The semiconductor device p e of cla% , Said
internal layer of mold compound being an internal mold cap having been create app ?/ﬁﬁ:] at eas one

internal mold, gatee 62.chfie-packagenf clritnih sgictinteyaalynoldigate having begn pravided with a
second plurality of air vents, said second plurality of air vents being located around a periphery of said
internal meldhean, said secosd tarality; efpiraents releasingsair tram theintemhadiayes of melg ce
compound during the process of creating said internal layer of mold compound. 41 22 March 2006 63.
The semiegndactor device packagewf €laim 38wagroussiplanen edditionallyrsurreanding saiskatdeast one
semiconductor device by filling said cavity between said internal and said external layer of mold
compound sthraroeleatsically capductivewapaxyad2electrically conductive epoxy.
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