30 December 2005 SUPER THIN/SUPER THERMAL BALL GRID ARRAY PACKAGE
BACKGROUND OF THE INVENTION (1) Field of the Invention The invention relates to the fabrication
of integrated circuit devices, and more particularly, to a method and package for the packaging of Ball
Grid Array semiconductor devices. (2) Description of the Prior Art Semiconductor devices have since
the inception of the semiconductor technology been improved in device pgryfosaner Py2paskaging
more function per package. Not only is the functional capability of a semiconductor device package
increased, concurrently thigPsire TH ENZ JuirEkROEHIFRIAICIBiXIE S6mICoMRRAtOr PAEKIEEE are mounted
continues to be decreased. The process of packaging semiconductor devices typically starts with a
substrate that is ceramic or plastic baSéGKPROUNi€ds Ak MdlYFEBION the surface of the substrate
while layers of interconnect lines and vias are formed that connect the devices to its surrounding
circuitry. Many different approaches are known and have been used for the mounting and
interconnggting of multi emiconductor devices, such as Dual-In-Line packages (DIP), Pin Grid
Arrays (PGA), ﬁ?a'téﬂg Lé)fdg ecrﬁrbvggﬁllgps (PLCC) and Quad Flat Packages (QFP). Multi-layer

structures have fyghghbespi T dPRUNQT RNSIqall §losebonrageqd ﬁ‘t@@@%c@ilﬂ&%wh each 1
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devices, and more particularly, to a method and package for the

packaging of Ball Grid Array semiconductor devices.

(2) Description of the Prior Art

Semiconductor devices have since the inception of the
semiconductor technology been improved iIn device performance by
packaging more function per package. Not only is the functional
capability of a semiconductor device package increased,
concurrently the size of the package in which the semiconductor

devices are mounted continues to be decreased.

The process of packaging semiconductor devices typically
starts with a substrate that is ceramic or plastic based, the
devices are mounted on the surface of the substrate while layers of
interconnect lines and vias are formed that connect the devices to
its surrounding circuitry. Many different approaches are known and
have been used for the mounting and interconnecting of multiple
semiconductor devices, such as Dual-In-Line packages (DIP), Pin
Grid Arrays (PGA), Plastic Leaded Chip Carriers (PLCC) and Quad
Flat Packages (QFP). Multi-layer structures have further been used

to connect physically closely spaced integrated circuits with each



other. Using these techniques, a single substrate serves as an interconnect medium, multiple chips
are connected to the interconnect medium forming a device package with high packaging density and
dense chip wiring. The chip wiring contains layers of interconnect metal that are interconnected with
interconnect vias, layers of dielectric (such as polyimide) or insulating layers separate metal layers
that make up the interconnect network and the vias and contact points thag estaialisfegonpestions
between the interconnect networks. The Quad Flat Package (QFP) has been created to achieve high

pin countoategrated pagkeigesavite statityseein cofigiyhdonsbdbrapin SyrueQuiplt{l/O) connections
for these packages are typically established by closely spaced leads distributed along the four edges
of the flafi pAckagarTeRit liraid wie |/@ Eblpl of thd peacltgg@oaneahedeftre the usefulness of the QFP.
The Ball Grid Array (BGA) package has been created whereby the I/O connects for the package are

distributel HAFRBREBeAFHEH of 118 pRBKagd AR D\RAGKR% L bt HEtb RastAR Wit kage. The

BGA pac(l:/}ga n thghrti:-;ore support more 1/O pl%nts %nd pvgovides aén%redesi!able é)aé:#age for high
/ on [

e
circuit densi )S/"/w}/h %?g gount. the BGA% a%t%o'nﬁ’ts are SOlder bals that i addition facilitate

the procesg&f flovnselderinend’ hisapaskacs prie GoRriBtsebarGiitHPGRER Adihaeldenhalls can be

mounted in an array configuration and can use 40, 50 and 60 mil spacings in a regular or staggered
pattern. Aayers of dielectric (such as polyimide) or insulating layers

separate metal layers that make up the interconnect network and the
vias and contact points that establish connections between the

interconnect networks.

The Quad Flat Package (QFP) has been created to achieve high
pin count integrated packages with various pin configurations. The
pin Input/Output (1/0) connections for these packages are typically
established by closely spaced leads distributed along the four
edges of the flat package. This limits the 1/0 count of the
packages and therefore the usefulness of the QFP. The Ball Grid
Array (BGA) package has been created whereby the 1/0 connects for
the package are distributed around the periphery of the package and
over the complete bottom of the package. The BGA package can
therefore support more 1/0 points and provides a more desirable
package for high circuit density with high 1/0 count. The BGA
contact points are solder balls that in addition facilitate the
process of flow soldering of the package onto a printed circuit
board. The solder balls can be mounted In an array configuration
and can use 40, 50 and 60 mil spacings in a regular or staggered

pattern.



30 December 2005 Another packaging concept is realized with the use of so- called flip chips. The flip
chip is a semiconductor device that has conductive layers formed on its top surface, external electrical
interconnects can be made to these conductive layers by wire bonding selected points of the
conductive layers to surrounding circuitry or interconnect lines. The top surface of the flip chip is
further provided with so-called solder bumps. At the time of assembly of the Hiecehipe thegbip is
turned over (flipped over) so that the solder bumps are now facing downwards and toward the circuit
board, typically a printed circuit board, on which the flip chip is to be mounted. It is clear from the
above that a method and package that can be used to package a semiconductor device with high
reliability, low pAtREhiTy peskagd roseriiosidkdge skeldied vditbidtRebleseonfpatftive advantages
in the semiconductor industry. The invention addresses such a package. US 6,103,550 (Camenforte)
shows a fhAEH EPERHPHEE for' ndikiby GRAk: BScRagEPHAMEUALNG. 15y Kop1 ARaH et al.)
shows a ggﬁﬁa%%/metl-fd with gavit (cilown, 5) int Ecreenin and Wiretbongp% IU§ t6r9§§'|427 (Lan et

al.) shows pacli(ag'e\frene F.‘Xﬁﬁltﬁa%ﬁ‘y ‘Fon,%“s ecember 2 %eda\%)t(y 85\9vn, pnn% screening and wire

bonding. {3 cBARBEE (Milehet AabieUeoO eiat ThbhRE P&l PaydPs by wire

bonding selected points of the conductive layers to surrounding
circuitry or interconnect lines. The top surface of the flip chip
is further provided with so-called solder bumps. At the time of
assembly of the flip chip, the chip is turned over (Flipped over)
so that the solder bumps are now facing downwards and toward the
circuit board, typically a printed circuit board, on which the flip

chip 1s to be mounted.

It is clear from the above that a method and package that can
be used to package a semiconductor device with high reliability,
low packaging cost and a small package size offers considerable
competitive advantages in the semiconductor industry. The invention

addresses such a package.

US 6,103,550 (Camenforte) shows a molded tape support for a

molded circuit package prior to dicing.

US 6,114,760 (Kim et al.) shows a package/method with cavity

down, print screening and wire bonding.

US 6,034,427 (Lan et al.) shows package/method with Cu foil,



5,583,377 (Higgins, Ill), US 5,986,340 (Mostafazadeh et al.) US 6,020,637( Karnezos) and US
5,943,212 (Horiuchi et al.) show related patents. SUMMARY OF THE INVENTION A principle
objective of the invention is to provide a method and package for packaging semiconductor devices
that results in a very thin Ball Grid Array package. In accordance with the objectives of the invention a
new method and package is provided for the packaging of semiconductogodeweesbéheaneirod and
package starts with a semiconductor substrate, the substrate is pre-baked. In the first embodiment of
the inventiani eycefper,foirs attanhesktioi e anbstaie indheisgeond embodiment of the invention an
adhesive film is attached to the substrate. Processing then continues by attaching the die to the
copper foil under the first embodiment of the invention and to the film under the second embodiment
of the invention. After this the processing continues identi%%gy for the two embodiments of the

invention with stépsPaPGif§pIQeMERIEhhiAY - WireSordf0 -OpfcAliR€pELiG, -Plash™ cleaning and

providin Idﬁijg]- around -the di dt ir opnected tq the die, For the second. embodiment
of the in%&%%%f e fi ﬁg%brwaefe!?ﬁéd%%rl(\;g r’s‘[’%;édegg §f ﬁfﬁ%@ﬁﬁ% %95'60% vﬁ?nc}a c%épper foil. After
this the psoeeesing Fer kuprRpbesimeaty$fshedaventor aerin cRIMBRNM PoGgRfs With providing a
black ink topping, performing an ink and post mold cure, attaching solder

related patents.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a method
and package for packaging semiconductor devices that results in a

very thin Ball Grid Array package.

In accordance with the objectives of the invention a new
method and package is provided for the packaging of semiconductor
devices. The method and package starts with a semiconductor
substrate, the substrate is pre-baked. In the first embodiment of
the invention, a copper foil iIs attached to the substrate, in the
second embodiment of the invention an adhesive film is attached to
the substrate. Processing then continues by attaching the die to
the copper foil under the First embodiment of the invention and to
the film under the second embodiment of the invention. After this
the processing continues identically for the two embodiments of the
invention with steps of curing, plasma cleaning, wire bonding,
optical inspection, plasma cleaning and providing a molding around
the die and the wires connected to the die. For the second

embodiment of the invention, the film is now detached and replaced



balls to the substrate, providing laser markings on the black ink topping, singulation of the die,
inspection and testing after which the devices are packed and shipped as completed devices. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 shows a cross section of a first prior art semiconductor
package. Fig. 2 shows a cross section of a second prior art semiconductor package. Fig. 3 shows a
cross section of a third prior art semiconductor package. Fig. 4 shows a csos$eeetipe ©f 1065
semiconductor package of the invention. Fig. 5 shows a flow chart of the processing steps required for
the first emilvbdineapptihefpivEntiaft &4y .t BHovrsea gty ebaingf therprogessingdiepsneguired for 5
30 December 2005 the second embodiment of the invention. DESCRIPTION OF THE PREFERRED
EMBODIMENITS Theantdationdd tieseabadrdiemfisceedsriviighpropdicdngicatiotaciat mhost closely
resemble the invention, special attention will be paid to three inventions, that is US Patent 5,696,666

(Miles et SPRPHETna R EOEPB DAL Kt aNY HOFHIYAs F1'(6 s PLIEH Y BB S8 H Frhe first

referencad,pptery U RATRR 20020 (L9341 JRTHERRIALLS LR NI L ptent s &

topping, singulation of the die, inspection and testing after which
the devices are packed and shipped as completed devices.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a first prior art

semiconductor package.

Fig. 2 shows a cross section of a second prior art

semiconductor package.

Fig. 3 shows a cross section of a third prior art

semiconductor package.

Fig. 4 shows a cross section of the semiconductor package of

the invention.

Fig. 5 shows a flow chart of the processing steps required for

the first embodiment of the iInvention.

Fig. 6 shows a flow chart of the processing steps required for



producing an ultra-thin Ball Grid Array. This is accomplished by minimizing or eliminating the
thickness of the substrate on which the device is being mounted and replacing this substrate, during
the assembly of a semiconductor package, with a temporary supporting substrate or carrier to support
other components of the package. Lee et al. make use of three sub-components in their packaging
approach, that is 1) a semiconductor device, 2) electrically conductive trage e Hiptercoppect the
device with external (to the package) points of Input/Output (1/0) and 3) an encapsulation material
that encagisellatesdhée sammdihniictobdierand i pogiarivaf the electrically conductive traces. Using
these sub- components, Lee et al. use the following procedure for manufacturing an integrated circuit
(IC) device package. A temporary support substrate or carrier is provided which is used to 6 30
December 2005 support the IC during the time that the IC is being assembled. The semiconductor

die is temporarily (by for instaREaRY ubﬂ%\lsm:edTHaFdi?&Er\'/:@?gEQ) HEORAYRY tRe support substrate

while the electrically conductive traces, typically contained in a substrate, are equally positioned on
the surface of the temporary support substrate. The semiconductor die and the electrically conductive

traces are placefh,an fhgsiiane §EthelPRBERS Y#WorfﬁPgﬁtréé%d'Pi%i‘?ﬂétiM? RAsitig that is the
same as the relative position in which these two elements are to be mounted In the final assembly.
The semmepliiciaridiesstiew onnneatddde tye cassattlgoiote thalvention, special

attention will be paid to three inventions, that is US Patent

5,696,666 (Miles et al.), US patent 5,620,928 (Lee et al.). and

Higgins 111 (US Patent 5,583,377).

The First referenced patent, US patent 5,620,928 (Lee et al.),
is addressed first. Provided in this patent is a method of
producing an ultra-thin Ball Grid Array. This is accomplished by
minimizing or eliminating the thickness of the substrate on which
the device is being mounted and replacing this substrate, during
the assembly of a semiconductor package, with a temporary
supporting substrate or carrier to support other components of the
package. Lee et al. make use of three sub-components in their
packaging approach, that is 1) a semiconductor device, 2)
electrically conductive traces that interconnect the device with
external (to the package) points of Input/Output (1/0) and 3) an
encapsulation material that encapsulates the semiconductor die and
portions of the electrically conductive traces. Using these sub-
components, Lee et al. use the following procedure for
manufacturing an integrated circuit (IC) device package. A

temporary support substrate or carrier is provided which is used to



have been provided in the surface of the electrically conductive traces, typically using bond wires.
After this interconnection of the die to the conductive traces is complete, the die (and with that part of
the interconnecting wires such as bond wires) are encapsulated. This creates a rigid package of the
die and the substrate which contains the interconnect traces. The encapsulation has not affected the
surface of the die and the substrate that contains the conductive traces that iSdBcaERChh the
double- sided adhesive tape. At the end of the encapsulation, the rigid component comprising the die
and the igigspontethsulisiraierdrey renwovathéonhite thimppranssoppog swstriecaxposg the (not
affected by the encapsulation) bottom surface of the die and the interconnect substrate. Contact pads
are proviget ieenduskwomdsarfase imherinrckéynibyt falstrartanese xoMeabtlgasd dad now be
connected to contact balls. A protective coating may be applied over the_bottom surface of the die, no

points of BERLYF7 EPBL RHBENSHoE0intb sitRRe She PHBSHIRER M A6ttdhEsurface of the

integrated, circuit die., The thickness of the package that i§ provid %-b ee et al, is_thinner than other
el TS T el MR A T T A S M T R

been elimipated, beiay Peie ShIMsIheAOTNP¥AERI SrSeRUCRRHiNEIPA rfeGp urtper removes the

need for rigid support of the die while the die is being mounted because this rigid support is provided

by substrate. The semiconductor die and the electrically conductive
traces are placed on the surface of the temporary support substrate
in a relative position that is the same as the relative position in
which these two elements are to be mounted in the final assembly.
The semiconductor die is now connected to the contact points that
have been provided in the surface of the electrically conductive
traces, typically using bond wires. After this interconnection of
the die to the conductive traces is complete, the die (and with
that part of the interconnecting wires such as bond wires) are
encapsulated. This creates a rigid package of the die and the
substrate which contains the interconnect traces. The encapsulation
has not affected the surface of the die and the substrate that
contains the conductive traces that is in contact with the double-
sided adhesive tape. At the end of the encapsulation, the rigid
component comprising the die and the iInterconnect substrate are
removed from the temporary support substrate, exposing the (not
affected by the encapsulation) bottom surface of the die and the
interconnect substrate. Contact pads are provided in the bottom
surface of the interconnect substrate, these contact pads can now
be connected to contact balls. A protective coating may be applied

over the bottom surface of the die, no points of electrical



the temporary support substrate. The interconnect substrate (containing the conductive traces) can
therefore be flex tape which comprises one or more layers of interconnect lines. Additional
embodiments of Lee et al. provide for the use of flex tape (as the interconnect substrate containing
interconnect traces), a flip chip approach with solder balls on one surface of the flip chip making
contact with contact pads in the surface of the interconnect substrate ang@ fipcdHpapproash with the
addition of providing additional contact balls in a second surface of the flip chip which are connected
to the intérconnantisebstiaie byroebdsdofibordiagbuttes: g rfalwws attrossrsanjicatddt has been
extracted from Lee et al. The elements that are highlighted in Fig. 1 are the following: 10, a temporary
support substatd ¢htder 12, a double sided adhesive tape 8 30 December 2005 14, a semiconductor
die 16, a dielectric interconnect substrate containing interconnect traces; an opening has been
created in the interconnect substrate, the die 14 is placed inside this opening; this interconnect

substrate can t eefO{Wis&thers thq:n %ng fﬁrm that i%hs wn in F(r)c\)/ssdggc%on ir(1a gi%tl siJE:hl%s single

. : k . }
strips and the like; the num ee“,?'rsmplayers. ofinterconnect traces tontained \Xntlhln the intefconhect
substrateggie MAfeieH A prior art packages because the substrate that is

typically required to support the integrated die has been
eliminated below the die. This method of mounting a semiconductor
device further removes the need for rigid support of the die while
the die is being mounted because this rigid support is provided by
the temporary support substrate. The interconnect substrate
(containing the conductive traces) can therefore be flex tape which
comprises one or more layers of interconnect lines. Additional
embodiments of Lee et al. provide for the use of flex tape (as the
interconnect substrate containing interconnect traces), a flip chip
approach with solder balls on one surface of the flip chip making
contact with contact pads in the surface of the interconnect
substrate and a flip chip approach with the addition of providing
additional contact balls in a second surface of the flip chip which
are connected to the interconnect substrate by means of bonding

wires.

Fig. 1 shows a cross section that has been extracted from Lee
et al. The elements that are highlighted in Fig. 1 are the
following:

- 10, a temporary support substrate carrier

- 12, a double sided adhesive tape



18, bond wires that connect contact points on the top surface of die 14 with contact points that have
been provided in the top surface of the interconnect substrate 16 20, a (symbolic and representative)
interconnect between contact points on the top surface of interconnect substrate 16 and contact
points on the bottom surface of the interconnect substrate 16 22, a contact point provided on the
bottom surface of the interconnect substrate 16 24, a contact point provided paderep wdace of the
interconnect substrate 16 26, contact points provided on the top surface of the IC die 14 28, an
encapsulant that £ncapsseiaiesriiadhithaisterconnects 18 and the interconnect substrate 16. The
above highlighted method and procedure is clear from the cross section that is shown in Fig. 1. The
die 14 is,togetht with iz extoetnbénke0soaneqliasebsit ek cqustion vdth respect to the
interconnect substrate 16, placed on the top surface of the temporary support substrate 10. After the

interconnBEHRRSAYG FavE BEES =TI el PERN IR EA LR/ M Higrconnect substrate 16,

the two Iater uoits areiecapslaled (38).ad can, after e eneapsuialion  nateral figh bardened, be

r
e
removed as one unit f?om € surfacé o e temporary support su

this interconnect substrate can take forms others than the form
that 1s shown in cross section in Fig. 1 such as single strips and
the like; the number of layers of interconnect traces contained
within the interconnect substrate is also not determinate

- 18, bond wires that connect contact points on the top surface
of die 14 with contact points that have been provided in the top
surface of the interconnect substrate 16

- 20, a (symbolic and representative) interconnect between
contact points on the top surface of interconnect substrate 16 and
contact points on the bottom surface of the interconnect substrate
16

- 22, a contact point provided on the bottom surface of the
interconnect substrate 16

- 24, a contact point provided on the top surface of the
interconnect substrate 16

- 26, contact points provided on the top surface of the IC die
14

- 28, an encapsulant that encapsulates die 14, the interconnects

18 and the interconnect substrate 16.

The above highlighted method and procedure is clear from the

cross section that is shown in Fig. 1. The die 14 is, together with



Miles et al. provide for a low profile exposed die chip carrier package, a cross section of the package
that is provided by Miles et al. is shown in Fig. 2. Shown in the cross section of Fig. 2 are: - 30, a
semiconductor die 32, a Printed Circuit Board, in which an opening (not highlighted in Fig. 2) has
been created for the insertion of semiconductor die 30 - 34, a glob top or transfer molded
encapsulation - 36, a contact point on the surface of the PCB 32 - 38, a gongusbwpeia tiyesigh the
PCB 32 - 40, wire bond connections between a point of contact in a surface of die 30 and a contact
pad (not shawpliadeld. &) arvthesurfassi ¢ 66 B BEH 2 e3pdet beds tidoumpsavitiebettom surface of
the PCB 32 44, ball bond or first bond on the surface of the die 30. The method of interconnecting
semicondudtst st 801esing kPeB an IO dcumber Pacs GP itheedefipor sy ceopPeEttion that is
shown in Fig. 2. Pads 44 are the I/O interconnect points of die 30, these pads 44 are connected to

interconnetP FHEEHidéd e PAB S BHFREARESFIIORG vitdd 402 hPeeB 851A8Y Alirfone or

more layers,of interconnect metal ¢ rised.therein %\0 shown in Fig..2), these _interconnect traces

make cor?l)t%%\fvs\ﬁph gﬁl%e% 'b%rlr?f)?s %?Dg%blrs Eﬁ&cgﬂne gétr%é ‘?’)a{’ﬁ%?gc%?éndu%%sn;%%tween pads 44

and 42. QP42 units are encapsulated (28) and can, after the encapsulation
material has hardened, be removed as one unit from the surface of

the temporary support substrate 10.

Miles et al. provide for a low profile exposed die chip
carrier package, a cross section of the package that is provided by
Miles et al. is shown in Fig. 2. Shown in the cross section of Fig.
2 are:

- 30, a semiconductor die

- 32, a Printed Circuit Board, in which an opening (not
highlighted in Fig. 2) has been created for the insertion of
semiconductor die 30

- 34, a glob top or transfer molded encapsulation

- 36, a contact point on the surface of the PCB 32

- 38, a conductive via through the PCB 32

- 40, wire bond connections between a point of contact in a
surface of die 30 and a contact pad (not shown in Fig. 2) on the
surface of PCB 32

- 42, solder balls or bumps on the bottom surface of the PCB 32

- 44, ball bond or first bond on the surface of the die 30.

The method of interconnecting semiconductor die 30 using a PCB

10



the die 30 is interconnected to surrounding circuitry. Higgins et al. provide a pad array semiconductor
device having a heat sink with a die receiving unit. Fig. 3 shows a cross section of one of the
packages that is provided by Higgins et al. Shown in this cross section are the following elements of
the package: 46, an interconnect substrate 47, a semiconductor die 48, conductive traces on the
surface of interconnect substrate 46 50, conductive pads that are the endgepintseiheenrdyotige traces
provided in interconnect substrate 46 52, conductive vias that are provided through the interconnect
substrate346 i3, daEkwitesnihelth € ooness cestad @oinisaan ike shistaceiafl rig 4 2withainductive
traces 48 provided on the surface of interconnect substrate 46 54, the width of an opening that has
been progicedtheolidf thetaeprsasdctruitatetgiisr the.intbeisn pedssetiicorriuctor 11 30
December 2005 device 47 and a heat sink 56 55, solder balls_that interconnect conductive pads 50

with sold P88 Jraviidef bRARBS e rdfsar s 14 alRe BLEINRZ B HRABSs@Portion of heat
sink 56 1%%uﬁﬂ?¥§¥$&§h%%§"3&§632 may have one or more layers of
interconnect metal comprised therein (not shown In Fig. 2), these
interconnect traces make contact with solder bumps 42, establishing
an electrical path of conductivity between pads 44 and 42. From 42

the die 30 is interconnected to surrounding circuitry.

Higgins et al. provide a pad array semiconductor device having
a heat sink with a die receiving unit. Fig. 3 shows a cross section
of one of the packages that is provided by Higgins et al. Shown iIn
this cross section are the following elements of the package:
- 46, an interconnect substrate
- 47, a semiconductor die
- 48, conductive traces on the surface of interconnect substrate
46
- 50, conductive pads that are the end points of conductive
traces provided in interconnect substrate 46
- 52, conductive vias that are provided through the interconnect
substrate 46
- 53, bond wires that connect contact points on the surface of
die 47 with conductive traces 48 provided on the surface of
interconnect substrate 46
- 54, the width of an opening that has been provided through the

interconnect substrate 46 for the insertion of a semiconductor

11



- 62, flanges of heat sink 56 - 64, die attach material used to mount the die 47 on the base portion 58
of heat sink 56 66, adhesive material, used to secure the flanges 62 of the heat sink 56 to the ledge of
the interconnect substrate 46 67, a molded package body which encapsulates die 47 68, a user
substrate to which the package can be attached 69, solder pads provided on the surface of the user
substrate 68, 70, a thermally conductive bonding material that can be appligeenert thebhsat sink
56 and the user substrate 68. Referring now specifically to Fig. 4, there is shown a cross section of
the BGA pexzkagead thednsehtian. Higiligged in Fig. 4 are the following: 72, a semiconductor
substrate which can comprise a Printed Circuit Board or flex tape substrate or any other conventional
interconnect substragothdg is pad\lisetifok prokeinponecd: erotukiEys dladierbénddihraces in one
or more overlying layers, points of electrical access may be provided in one or 12 30 December 2005
both surf&ed %Ttﬁé‘%ﬁe@@oﬁﬁ@é’t'%t?é‘tetf‘& yeemisbhatEdi€®hat is mounted in the package of
the invention 7% ball b@ngtpasq%gr bonding pads on the surface of semiconductor die 74 that provide
electrical access?d die 74

- 58, the base portion of heat sink 56

- 60, sidewalls of heatsink 56

- 62, flanges of heat sink 56

- 64, die attach material used to mount the die 47 on the base
portion 58 of heat sink 56

- 66, adhesive material, used to secure the flanges 62 of the
heat sink 56 to the ledge of the interconnect substrate 46

- 67, a molded package body which encapsulates die 47

- 68, a user substrate to which the package can be attached

- 69, solder pads provided on the surface of the user substrate
68,

- 70, a thermally conductive bonding material that can be

applied between the heat sink 56 and the user substrate 68.

Referring now specifically to Fig. 4, there is shown a cross
section of the BGA package of the invention. Highlighted in Fig. 4
are the following:

- 72, a semiconductor substrate which can comprise a Printed
Circuit Board or flex tape substrate or any other conventional
interconnect substrate that is provided for providing one or
more layers of interconnect traces in one or more overlying

layers, points of electrical access may be provided in one or

12



76, a copper foil that is provided over the surface of the substrate 72 under the first embodiment of the
invention; under the second embodiment of the invention, this layer is an adhesive film, typically a
polyimide based film to which an additive has been provided for improved adhesive characteristics
77, a molding that has been provided surrounding the die 74, the bond wires 80 and part of contact
pads 86 78, copper traces that have been provided overlying top surfacespl pésehstpteda@s these
copper traces are in electrical contact with points of contact (not shown in Fig. 4) that are provided in
the top surface Bd©i stnsteaies’ 2B Heird iosncconneetticd gtataagnnect points of electrical contact
in the surface of die 74 with contact points 86 that have been provided in or on the surface 73 of the
substrate72 82/ 4orfasepdiportictierceitedivatioiconadnpads B8 the packdue®brdviged in or on
the surface 73 of substrate 72 84, a solder mask overlying the surface 73 of substrate 72, openings in
the solder mask'ﬁ%‘?ﬁﬁé Ucess to contact pads 86 and 88 that have been provided in the surface of

RMEIRE T L R R T ek
surface 73 of  gemiconductor die 74 that provide electrical access to die 74

- 76, a copper foil that is provided over the surface of the
substrate 72 under the first embodiment of the invention;
under the second embodiment of the invention, this layer is an
adhesive film, typically a polyimide based film to which an
additive has been provided for improved adhesive
characteristics

- 77, a molding that has been provided surrounding the die 74,
the bond wires 80 and part of contact pads 86

- 78, copper traces that have been provided overlying top
surface 71 of substrate 72; these copper traces are iIn
electrical contact with points of contact (not shown in Fig.
4) that are provided in the top surface 71 of substrate 72

- 80, wire bond connections that connect points of electrical
contact in the surface of die 74 with contact points 86 that
have been provided in or on the surface 73 of the substrate 72

- 82, contact balls that are connected to contact pads 88 that
have been provided in or on the surface 73 of substrate 72

- 84, a solder mask overlying the surface 73 of substrate 72,
openings in the solder mask provide access to contact pads 86
and 88 that have been provided in the surface of substrate 72

. 86, contact pads that have been provided in the surface 73 of

13
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substrate 72 for connections with an array of contact balls 82. It must be pointed out that the term
substrate as used in the method and package of the invention refers to a substrate 72, that has been
provided with points of electrical contact in the surface 71 and 73 of substrate 72, that further has
been provided with the solder mask 84 and openings that make this layer 84 into a solder mask, that
has further been provided with copper traces 78 on surface 71 of substratsn7Befbguaibsitaig 72 that is
shown in cross section in Fig. 4 typically is processed as a larger unit (larger than the one die 74
containing unit thabstshewn7p ffprd)wvirertbendndbanyotesadosthevigatiieof the package of the
invention that is shown in cross section in Fig. 4, the substrate 72 that is used for this process has
already been préfidespiithc bpeaiisg S fertthavieelisn op iy Fded hencreagiopldthitiese7dpehinigs is
therefore not considered part of the process of the invention. These elements of the package that is

shown in cross SEEbRARFIG2 4T FRIBRFEIQNSIMEE0HE BFE&Nn AR @stabd bl 2 substrate

and will thereforgnot be further discussed, since these elements do not need to be created as part of
the method and package of the invention. A layer 78 of copper traces has also been provided over
the second surface 71 of substrate 72. 14 30 December 2005 To summarize, the process of the
invention starts with a substrate 72 that has been provided with:

It must be pointed out that the term substrate as used iIn the

method and package of the invention refers to a substrate 72, that
has been provided with points of electrical contact in the surface
71 and 73 of substrate 72, that further has been provided with the
solder mask 84 and openings that make this layer 84 into a solder
mask, that has further been provided with copper traces 78 on
surface 71 of substrate 72. The substrate 72 that is shown in cross
section in Fig. 4 typically is processed as a larger unit (larger
than the one die 74 containing unit that is shown in fig. 4).
Further, in the process for the creation of the package of the
invention that is shown in cross section in Fig. 4, the substrate
72 that is used for this process has already been provided with
openings for the iInsertion of die 74. The creation of these
openinigs is therefore not considered part of the process of the
invention. These elements of the package that is shown iIn cross
section in Fig. 4 are therefore assumed to be present on the
surface of a substrate and will therefore not be further discussed,
since these elements do not need to be created as part of the
method and package of the invention. A layer 78 of copper traces

has also been provided over the second surface 71 of substrate 72.
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- 78, the copper traces on surface 71 of substrate 72 - contact pads 86 and 88 - solder mask 84 - an
opening for the insertion of die 74. Keeping in mind the cross section that is shown in Fig. 4, the steps
that are required to create this package are discussed next, using the flow diagram of Fig. 5 for the
first embodiment of the invention and the flow diagram of Fig. 6 for the second embodiment of the
invention. In this discussion of the two flow diagrams that are shown in Figs. SxaBfs isteppthat are
standard procedures will not be discussed in detail since the methods and procedures of these steps
are well known rothsuanizaridzsincenie padidessheseiepsarerntiowstanakes il imvention unique.
Among this category of steps fall such procedures as pre-bake procedures, curing, plasma clean and
the like. Phbsd sediss dFe thattidiasd heeme Abavdidesamitdt Figs. 5 and 6 since these steps, although
well known, are essential to successfully create the package of the invention. The following
processiig step&dor HE firPARbobIAEHE o??hé‘ﬁﬁ@@ﬁﬁoﬁjgar%fhiﬁ\mﬁﬁféﬂtﬁl Ffy. 5: 101, start of the
process 15 30 I_Dceo%etrgggr 2995 2a irés%%ction of the die prior to die mounting and dicing process
104, the wafer is mountecPto a |C|ngntape

- solder mask 84

- an opening for the insertion of die 74.

Keeping in mind the cross section that is shown in Fig. 4, the
steps that are required to create this package are discussed next,
using the flow diagram of Fig. 5 for the fTirst embodiment of the
invention and the flow diagram of Fig. 6 for the second embodiment

of the iInvention.

In this discussion of the two Flow diagrams that are shown in
Figs. 5 and 6, steps that are standard procedures will not be
discussed in detail since the methods and procedures of these steps
are well known in the art and since iIn addition these steps are not
what makes the invention unique. Among this category of steps fall
such procedures as pre-bake procedures, curing, plasma clean and
the like. These steps are mentioned in the flow diagrams of Figs. 5
and 6 since these steps, although well known, are essential to

successfully create the package of the invention.

The following processing steps for the first embodiment of the
invention are highlighted in Fig. 5:

. 101, start of the process
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106, the substrate 72 is pre-baked for improved adhesion of overlying layers (of adhesive film) and for
minimizing moisture 108, a copper foil 76 is attached to the copper traces 78 that have been provided
on the second surface 71 of the substrate 72; the copper foil 76 is kept in place by means of an
adhesive layer (not shown) that has been pre-applied over the surface of the foil 110, the
semiconductor die 74 is inserted in the opening that has been provided fgpthis gaHpese 20dBe
substrate 72; the substrate 72 is subjected to a curing cycle in order to improve adhesion of attaching
die 74 to ¢he copper, fol "épdd@i dhestiriasesidee plasoma tlearied iddnwiirg) band eiviegions 80 are
established; this connects, as shown in the cross section of Fig. 4, the electrical interconnections
between contacPpe@®ss/5 on the surface of the semiconductor die and contact pads 86 provided on
the surface of the substrate 72; for_the wire bonding, aluminum or gold wires can be used, the end of

the wire Bonds &&* cofREHTRI thShBRYHERE &Pt 2d645tetBYSiltra sonic heating, melting and
g LM M o AT i RSByl o o

overlying layers (of adhesive film) and for minimizing
moisture

. 108, a copper foil 76 is attached to the copper traces 78 that
have been provided on the second surface 71 of the substrate
72; the copper foil 76 is kept in place by means of an
adhesive layer (not shown) that has been pre-applied over the
surface of the foil

- 110, the semiconductor die 74 is inserted in the opening that
has been provided for this purpose in the substrate 72; the
substrate 72 is subjected to a curing cycle in order to
improve adhesion of attaching die 74 to the copper foil 76

- 112, the surfaces are plasma cleaned

- 114, wire bond connections 80 are established; this connects,
as shown in the cross section of Fig. 4, the electrical
interconnections between contact points 75 on the surface of
the semiconductor die and contact pads 86 provided on the
surface of the substrate 72; for the wire bonding, aluminum or
gold wires can be used, the end of the wire bonds are
connected to the bond pads of the substrate by ultra sonic
heating, melting and bonding the ends of the bond wires to the
contact pad

. 116, the unit is (optically) inspected for any poor or missing
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118, the surface is again plasma cleaned 120, the molding 77 is provided surrounding the
semiconductor die 74 and the bond wires 80; molding 77 further partially overlaps the solder mask 84
that has been provided on the first surface 73 of the substrate 72; conventional or automatic methods
of using a transfer molding with mold chase is used for this purpose 122, a black ink topping is
provided over the exposed surface is the copper foil 76, using methods oi$orReRfbEwingpda4, ink
cure and post mold cure are performed simultaneously 126, the solder balls 82 are attached, using
the solder maskc&dnes aigide isynfainy thepselitei dallsi3P whth tepect to the substrate 72 128,
laser marking is provided overlying the previously applied black ink topping 130, the multiple unit
substratetis dividié8 {skitpilatedfaen Engleaimts) kassiesipbpaneit comprising a single semiconductor
die 74 132, the singulated package is (optically) inspected for any_irregularities that are visually

observable 1341 sl AR EAk e ASeREAYIQRAISHET ARG HhGuSEad PARRUGE R hat pass
the electrical tegig, arg, pagked:for SHIRIMGH1-4385He RERRI LRagRYRR P B abiRas 7 30
December 200
overlaps the solder mask 84 that has been provided on the
Ffirst surface 73 of the substrate 72; conventional or
automatic methods of using a transfer molding with mold chase
is used for this purpose
- 122, a black ink topping is provided over the exposed surface
is the copper foil 76, using methods of screen printing
- 124, ink cure and post mold cure are performed simultaneously
- 126, the solder balls 82 are attached, using the solder mask
84 as a guide in placing the solder balls 82 with respect to
the substrate 72
- 128, laser marking is provided overlying the previously
applied black ink topping
- 130, the multiple unit substrate is divided (singulated) into
single units, each single unit comprising a single
semiconductor die 74
. 132, the singulated package is (optically) inspected for any
irregularities that are visually observable
- 134, the singulated package is electrically tested
- 136, the singulated packages that pass the electrical tests
are packed for shipment

. 138, the singulated packages are shipped.
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In view of the significant similarity between the processing flow of the second embodiment of the
invention as shown in Fig. 6 and the processing flow of the first embodiment of the invention that is
shown in Fig. 5, all reference numbers of these two figures that refer to the same operation have been
kept the same. Where the reference numbers of Fig. 6 are different from the reference numbers that
have been used in Fig. 5, the reference numbers of Fig. 6 have been givgp aBevmpemessoealue and
are, in addition, highlighted with an asterisk (*). This provides an easy method of comparing Figs. 5
and 6. From thig aouyeavison ikhe cisayiingi steix LOBifltheiftgt berobeahinens op ioe dseiiipn is, under
the second embodiment of the invention, replaced with step 140, where at this time in the processing
cycle, anfdhesife tihe isestishentiwddppoittratetzs khuentverbash phowdednofthe-sétond surface
71 of the substrate 72. This adhesive film provides mechanical su%port for the substrate 72,

essentialRMbrhe RIRERRMD NN oRT ofGird 16T SRRAIZSE brodidtEa HR¥RMd @8mpound

around the device and the.bopd wires. The process of the second embpdiment of the invention after
b o STt SR 8 e A T

provided Affgr AbiepteR _Fﬂﬁeﬁsﬁﬁ%P éﬂ'ér?&’@i dA4nie agbesive i iheenaved fiosrdhgqiopper
traces 78 and a copper foil 76 is attached in its place, also over the copper traces 78 that have been
provided b rthecsurfaneedsobsubdates 7 2r Aftei fifisréna pfocesiihg stepe oérlde

numbers that have been used in Fig. 5, the reference numbers of

Fig. 6 have been given a new numeric value and are, in addition,

highlighted with an asterisk (*). This provides an easy method of

comparing Figs. 5 and 6.

From this comparison it is clear that step 108 of the first
embodiment of the invention is, under the second embodiment of the
invention, replaced with step 140, where at this time in the
processing cycle, an adhesive film is attached to copper traces 78
that have been provided to the second surface 71 of the substrate
72. This adhesive fTilm provides mechanical support for the
substrate 72, essentially for the subsequent operations of wire
bond attach and provided a molding compound around the device and
the bond wires. The process of the second embodiment of the
invention after this proceeds as under the first embodiment of the
invention up to the point where a molding has been provided. After
this step, Fig. 6, step 142 and 144, the adhesive film iIs removed
from the copper traces 78 and a copper foil 76 is attached in its
place, also over the copper traces 78 that have been provided over

the surface 71 of substrate 72. After this, the processing steps of
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30 December 2005 the first and second embodiment of the invention are alike. The following
observations are in order regarding the invention and previously highlighted prior art packages. These
observation focus mainly on the differences between prior art applications and the instant invention.
Regarding Miles et al.: the semiconductor die is closely fitted inside a cavity that has been provided
for the die in Fig. 2 of Miles et al., the die is held in place by an plastic regip epcapsdanbual small
side areas exposed for the molding compound to enter between the cavity and the die with the
opening hewgrilighthaladgee tanithebiimeir 2 Mitee ei alemdldinggoataker transfer molding is
applied; the die is held in place with an adhesive material which is applied between a through-cavity
opening and the die perimeter for all the applications that are provided by Miles et al., these
application are cavity up designs and bond wire on top. By contrast with Miles et al., the invention: the

die is not closely RteBAhEEBALBRIFIREL NS A ulin 95FfTe TSHREFEYY pbfRioning of the die, the

inventionyp AL INEAAN SR V5P RE0ETY RN IR B0YRHRAPRErARINE UM or it 0
December
observation focus mainly on the differences between prior art

applications and the instant invention.

Regarding Miles et al.:

- the semiconductor die is closely fitted inside a cavity that
has been provided for the die

- in Fig. 2 of Miles et al., the die is held in place by an
plastic resin encapsulant with small side areas exposed for
the molding compound to enter between the cavity and the die
with the opening being slightly larger than the die

- in Fig. 2, Miles et al., molding glob top or transfer molding
is applied; the die is held in place with an adhesive material
which is applied between a through-cavity opening and the die
perimeter

. for all the applications that are provided by Miles et al.,

these application are cavity up designs and bond wire on top.

By contrast with Miles et al., the invention:

- the die is not closely fitted

- the invention does not use vacuum for the temporary
positioning of the die, the invention in all instances uses

adhesive polyimide and/or copper adhesive film for this
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purpose the invention can use either glob top or a transfer molding the invention is of a cavity down
design. Further comparing Lee et al. with the instant invention: Lee et al. is a cavity up design (the
contact points of the die face upwards) a dielectric substrate surrounds the die Lee et al. use flex
tape the molding compound covers the entire top surface In contrast with Lee et al., the instant
invention: is of a cavity down design (the contact points to the die face dagnpe¢dsbadiesstric
substrate overlies a substrate the molding is limited with respect to the cover of the package. Further
comparing Higgpia-gbgéth the instant invention: Higgins Il uses epoxy between the die and a heat
sink Higgins Il uses a heat spreader of complex design. In contrast with Higgins lll, the instant
invention® doestist Uswepbkoruseana uepper b bvelgindtie senficdmanstte dieodd BDecember
2005 The advantages that are provided with the semiconductor package of the invention can be

summariZed as tfol§VeRE AR Ts enfal iy dougHesion-

Further comparing Lee et al. with the instant invention:
- Lee et al. 1s a cavity up design (the contact points of the

die face upwards)

- a dielectric substrate surrounds the die
- Lee et al. use flex tape
- the molding compound covers the entire top surface

In contrast with Lee et al., the iInstant invention:

. is of a cavity down design (the contact points to the die face
downwards)

- a dielectric substrate overlies a substrate

- the molding is limited with respect to the cover of the
package.

Further comparing Higgins 111 with the instant invention:
. Higgins 111 uses epoxy between the die and a heat sink

- Higgins 111 uses a heat spreader of complex design.

In contrast with Higgins 111, the instant invention:

- does not use epoxy

. uses a copper foil overlying the semiconductor die.
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the package is assembled without the use of die attach epoxy the package has improved thermal
characteristics which are achieved by attaching a copper layer directly to the backside of the die and
the substrate the package has improved performance with respect to Electromagnetic Interference
(EMI) and Radio Frequency Interference (RFI), which is achieved by attaching a copper layer to the
package the package has improved electrical inductance due to the cavigy deywedesignobthe
package and due to the thin construction of the package. Although the invention has been described
and illustrated witie retRrentegesspgriic diustiativei eedadinients cheweol civnslnot dntended that the
invention be limited to those illustrative embodiments. Those skilled in the art will recognize that
variationpasidage diffc sl si cve beivradeawithe us departizg &ons tife 1deivis of the invention. It is
therefore intended to include within the invention all such variations and modifications which fall

within the scopeBPtHRAGKPERIEE FARMd anthdguRBtki%htreof. 21 30 December 2005 What is

claimed ig: 1. A mahod pLereafinculizia sERCHCIAPakaaEs samAElng (e sigps of: @
providing a first substrate %%vmg E?aﬂsrs?and a second surface, sal(?%?s?I subsgra?e con?prl Ing:
- the package has improved thermal characteristics which are
achieved by attaching a copper layer directly to the backside
of the die and the substrate
- the package has improved performance with respect to
Electromagnetic Interference (EMI) and Radio Frequency
Interference (RF1), which is achieved by attaching a copper
layer to the package
- the package has improved electrical inductance due to the

cavity down design of the package and due to the thin

construction 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
variations and modifications can be made without departing from the
spirit of the invention. It is 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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(1) a multiplicity of second substrates having a first and second surface; (ii) an interconnect substrate
comprising copper traces for said second substrates, said interconnect substrate having a first and a
second surface, said first surface of said interconnect substrate being in contact with said second
surface of the first substrate; (iii) a solder mask having a first and a second surface for said second
substrates; (iv) points of electrical contact in the first and the second surfgge s &ai@ dirsbggisstrate for
said second substrates; (v) points of electrical interconnect in the first surface of said interconnect
substrate; (vi) saiskbpoiigs of gleeitcakinterconnect provided in said first surface of said interconnect
substrate being connected wit h said traces of the interconnect substrate; (vii) said points of electrical

interconngct provided i thefirs|-suifang A PAIAINRITPRIGH SHIRRYAE fuRherAging, electrically

connected with points of electrical interconnect provided in the second surface ot said second
substratesofipith satgsalbder stagsexgasing points of electrical 22 30 December 2005 contact provided
in the first surface of said first substrate for said second substrates; (ix) said second substrates
provided in said firs{a) providing a first substrate having a first and a

second surface, said first substrate comprising:

(1) a multiplicity of second substrates having a first
and second surface;

(i) an interconnect substrate comprising copper traces
for said second substrates, said interconnect substrate having a
first and a second surface, said first surface of said
interconnect substrate being in contact with said second surface
of the first substrate;

(iii) a solder mask having a first and a second surface
for said second substrates;

(iv) points of electrical contact in the first and the
second surface of said first substrate for said second substrates;

w) points of electrical interconnect in the first
surface of said iInterconnect substrate;

(vi) said points of electrical interconnect provided in
said first surface of said interconnect substrate being connected
with said traces of the interconnect substrate;

(vii) said points of electrical interconnect provided in
the fTirst surface of said interconnect substrate further being
electrically connected with points of electrical interconnect

provided in the second surface of said second substrates;

(viii) said solder mask exposing points of electrical
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substrate further having been provided with a cut-out through said first substrate of a size allowing
insertion of a semiconductor die therein, said insertion leaving a distance between sidewalls of said
die and an internal perimeter of said cut-out through said first substrate; (b) optically inspecting said
first substrate; (c) mounting and cutting said first substrate to a desired size; (d) pre-baking said first
substrate; (e) attaching a copper foil to the second surface of said intercamedmsdiatenls inserting
a semiconductor die in said cut-out provided in said first substrate for said second substrates, said
semicondugieadie pavwipdadirdtrsurfrRcerand@ seedad Susficea ishid Firsitswilidet havingrbeen provided
with points of electrical contact for said second substrates, said second surface of said

semicond@rdr skcherhsimbsdmatewith said first surface of said interconnect substrate; (g) curing
said first substrate; SD plasma cleaning exposed surfaces of said first substrate; (i) providing wire

bond connections b&&iden pSiRtdoPteatical BSHR FRoNERY A d FirsPd e ddd BF said
semicondugtar dieand SR 2P MR BLISA! BPBRRILR SRS S RESS oG AORRreiyface of
said first Su stra?e,

first substrate of a size allowing insertion of a semiconductor

die therein, said insertion leaving a distance between sidewalls

of said die and an internal perimeter of said cut-out through said

first substrate;

(b) optically inspecting said first substrate;

(c) mounting and cutting said first substrate to a desired

size;

(d) pre-baking said First substrate;

(e) attaching a copper foil to the second surface of
said interconnect substrate;

(f) inserting a semiconductor die in said cut-out provided in
sald first substrate for said second substrates, said
semiconductor die having a first surface and a second surface,
said first surface having been provided with points of electrical
contact for said second substrates, said second surface of said
semiconductor die being in contact with said First surface of
said interconnect substrate;

(g) curing said First substrate;

(h) plasma cleaning exposed surfaces of said first substrate;

(i) providing wire bond connections between points of

electrical contact provided in said first surface of said

semiconductor die and said points of electrical contact in said
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() optically inspecting said first substrate for defects; (k) plasma cleaning said first substrate; (1)
providing a mold compound surrounding the semiconductor die and the bond wires for said second
substrates, said mold compound molding partially overlapping the first surface of the solder mask;
(m) providing a black ink topping on the second surface of said copper foil for said second substrates;
(n) curing said black ink topping and said mold compound; (o) attaching soldgs&alsde pejots of
electrical contact provided in said first surface of said first substrate for said second substrates, using
the solder maskias & guidEaoepla€ingaiite Bhidar balis withteespect to the second substrates; (p)
providing laser marking overlying the black ink topping for said second substrates; (q) dividing or
singulating saidifrstopidstekb)ninsarr sttonspddb fiaiet, suhbtseded Bubstefes tdinprising a
semiconductor die; (r% optically inspecting the singulated second substrates; (s) electrically testing the

second substr&tel; R palRagiteAdshPedfstafestishstEate electrical testing; and (u) shipping

the packaged sqqond SURRRIFS. 2id11F BSHRRE o CLIMHBMARIS 2R SHRSURIRiRcgiqoted from 24

die and the bond wires for said second substrates, said mold
compound molding partially overlapping the first surface of the
solder mask;

(m) providing a black ink topping on the second surface
of said copper foil for said second substrates;

(n) curing said black ink topping and said mold compound;

(o) attaching solder balls to points of electrical contact
provided in said first surface of said first substrate for said
second substrates, using the solder mask as a guide in placing the
solder balls with respect to the second substrates;

(p) providing laser marking overlying the black ink topping

for said second substrates;

(q) dividing or singulating said first substrate into said
second substrates, said second substrates comprising a
semiconductor die;

(r) optically inspecting the singulated second substrates;

(s) electrically testing the second substrates;

(t) packaging second substrates that pass the electrical

testing; and

(u) shipping the packaged second substrates.

2. The method of claim 1 wherein said substrate is selected from
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the group of substrates consisting of printed circuit boards, flex circuits, ceramic substrates, glass
substrates and semiconductor device mounting support. 3. The method of claim 1 wherein said step
of attaching a copper foil to the second surface of said interconnect substrate for said second
substrates is replaced with a step of attaching an adhesive film to the second surface of said
interconnect substrate for said second substrates, wherein further additiofipl séeRsmieé reraowing said
adhesive film and attaching a copper foil to the second surface of said interconnect substrate for said
second sitkestatesprehasiisniec eder sait btag afpoaviginpnadaoldi cooyowishsdg ouiidiing the
semiconductor die and the bond wires. 4. The method of claim 3 wherein said semiconductor
substratec i selted driianthe graptobdgisstrattascorsibotg atesimed seouicbodres dlex circuits,
ceramic substrates, glass substrates and semiconductor device mounting support. 5. A method of
creating QRr4LEn RRINESAEuSIRRRkages, comprising the steps of: (a)providing a substrate having a
first and a second surface, said substrate comprising: (i) a multiplicity of second substrates having a
first and a second surface; 25 30 December 2005 (ii) an interconnect substrate comprising copper
traces for said second substrates, said interconnect substrate having a

3. The method of claim 1 wherein said step of attaching a copper
foil to the second surface of said iInterconnect substrate for said
second substrates is replaced with a step of attaching an adhesive
film to the second surface of said interconnect substrate for
said second substrates, wherein further additional steps of
removing said adhesive film and attaching a copper foil to the
second surface of said interconnect substrate for said second
substrates are performed after said step of providing a mold

compound surrounding the semiconductor die and the bond wires.

4. The method of claim 3 wherein said semiconductor substrate
is selected from the group of substrates consisting of printed
circuit boards, flex circuits, ceramic substrates, glass

substrates and semiconductor device mounting support.

5. A method of creating ultra-thin semiconductor packages,
comprising the steps of:
(a)providing a substrate having a first and a second surface,
said substrate comprising:
() a multiplicity of second substrates having a first
and a second surface;
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first and a second surface, said first surface of said interconnect substrate being in contact with said
second surface of the first substrate; (iii) a solder mask having a first and a second surface for said
second substrates, said second surface of said solder mask being in contact with said first surface of
the first substrate; (iv) points of electrical contact having been provided in the first and the second
surface of said substrate for said second substrates; (v) points of electricghimigrepiyactandghe first
surface of said interconnect substrate being connected with said traces of the interconnect substrate,
further being electrigdlly) conrectedwitie poirisofleetticatintetognnisi povicledan theaseeond
surface of said second substrates; (vi) said solder mask exposing points of electrical contact provided
in the firsfeurfsrtdofsegdrslisitkatifoteaid sadond ndigrsiemesc tvigwasd satentiaodrates further
having been provided with a cut-out through said first substrate of a size allowing insertion of a

fsemicond:JgrtﬁFd?é‘ﬂw&eﬁ?Fé‘&lﬂ iﬁé‘éﬁﬁ‘ﬁ?leaﬁ_ﬁﬁgj af HistingY 'E)’é"i'\?/%eﬂfsiﬁé‘\ﬂ&lls of said die and an
'S“Jffg‘cﬂ 2?@@%?%@?&1%&%%‘@%‘;%%% GG AL SHPSLRSH O ABENING BFPREI L Ig the second
of the first substrate;

(11i) a solder mask having a first and a second surface
for said second substrates, said second surface of said solder
mask being in contact with said first surface of the first
substrate;

(iv) points of electrical contact having been provided
in the first and the second surface of said substrate for said
second substrates;

) points of electrical interconnect in the first
surface of said interconnect substrate being connected with said
traces of the iInterconnect substrate, further being electrically
connected with points of electrical interconnect provided in the
second surface of said second substrates;

(vi) said solder mask exposing points of electrical contact
provided in the first surface of said substrate for said second
substrates;

(vii) said second substrates further having been provided
with a cut-out through said First substrate of a size allowing
insertion of a semiconductor die therein, said insertion leaving a
distance between sidewalls of said die and an internal perimeter of said

cut-out through said Ffirst substrate;

(b) attaching a copper foil to the second surface of said
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interconnect substrate; (c) inserting a semiconductor die in said cut-out provided in said first substrate
for said second substrates, said semiconductor die having a first surface and a second surface, said
first surface having been provided with points of electrical contact, said second surface of said
semiconductor die being in contact with said first surface of said interconnect substrate; (d) providing
wire bond connections between points of electrical contact provided in sajd fiistewgage ad@aid
semiconductor die and said points of electrical contact in said first surface of said second substrates;
(e) providingergud eompaibad sat@ynding the semiconductor die and the bond wires for said
second substrates, said mold compound molding partially overlapping the first surface of the solder
mask; () attackiny Jdolger bang te saeh poiritd wé edactrital borsadichrentdavt saieMidedulface of said
second substrates, using the solder mask as a guide in placing the solder balls with respect to the

second stBbftalddS i PGiRIGnEYaidaits: STEQPSteSHRS SERbAT-s ktrhRSM SR Uschn
substrateg;comprising & seryisonducter die.8,The method of glaime5 with;adqitiong! steps being
performe(§ priorto s |daattacﬁ|ng a copper?mﬂ said additional's eps “comprising: optically inspecting
said first gypgHate:hdding been provided with points of electrical contact,
said second surface of said semiconductor die being in contact
with said First surface of said interconnect substrate;
(d) providing wire bond connections between points of
electrical contact provided in said First surface of said
semiconductor die and said points of electrical contact in said
Ffirst surface of said second substrates;
(e) providing a mold compound surrounding the semiconductor
die and the bond wires for said second substrates, said mold
compound molding partially overlapping the first surface of the
solder mask;
(f) attaching solder balls to said points of electrical
contact provided in said first surface of said second substrates,
using the solder mask as a guide in placing the solder balls with
respect to the second substratese; and

(g) dividing said first substrate into second substrates, said

second substrates comprising a semiconductor die.

6. The method of claim 5 with additional steps being performed
prior to said attaching a copper foil, said additional steps
comprising:

optically inspecting said first substrate;
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30 December 2005 pre-baking said first substrate; and mounting and dicing said first substrate to a
desired size. 7. The method of claim 5 with additional steps being performed prior to said providing
wire bond connections and after said inserting a semiconductor die in a said cut-out provided in said
substrate, said additional steps comprising: curing said first substrate; and plasma cleaning exposed
surfaces of said first substrate. 8. The method of claim 5 with additional stepbesieheerfogned after
said inserting a semiconductor die in said cut-out and prior to said providing a mold compound
surrounding theesayaichmnglusidid did esid hebsandvdresasaid additional steps comprising: optically
inspecting said first substrate for defects; and plasma cleaning exposed surfaces of said first
substrate. 9. Tpienvhtigocod cfilibavigaaddifibret seypsbemtepddoanmeedsatied saitizgroviding a mold
compound surrounding the semiconductor die and the bond wires and prior to said attaching solder
balls, said additional steps comprising: providing a black ink topping on the second surface of said

copper fail for said secqond substra 'a?gcui g.said black ink topping and said mold compound. 28
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dividing oy, §jBgulating3aid first 5¥asiAtRi32d bond connections and after said
inserting a semiconductor die in a said cut-out provided in said
substrate, said additional steps comprising:

curing said first substrate; and

plasma cleaning exposed surfaces of said Tirst substrate.

8. The method of claim 5 with additional steps being performed
after said inserting a semiconductor die in said cut-out and prior
to said providing a mold compound surrounding the semiconductor
die and the bond wires, said additional steps comprising:
optically inspecting said first substrate for defects; and

plasma cleaning exposed surfaces of said Tirst substrate.

9. The method of claim 5 with additional steps being performed
after said providing a mold compound surrounding the semiconductor
die and the bond wires and prior to said attaching solder balls,
said additional steps comprising:

providing a black ink topping on the second surface of said
copper foil for said second substrates; and

curing said black ink topping and said mold compound.
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after said attaching solder balls to said points of electrical contact and prior to said dividing said
substrate into second substrates, said additional step comprising providing laser marking overlying
the black ink topping for said second substrates. 11. The method of claim 5 with additional steps
being performed after said dividing or singulating said substrate, said additional steps comprising:
optically inspecting the singulated substrates for irregularities; electricallysigstagdhisssecous
substrates; packaging second substrates that pass the electrical testing; and shipping the packaged
second substrateise lze fihedmethed i wla@nws thereiadaid suhalratstispseleiiey fronfahesgroup of
substrates consisting of printed circuit boards, flex circuits, ceramic substrates, glass substrates and
semiconduador devise odritig snppon. $8nJubahitgosal diafimrs Wiserestsakes@ipdof attaching a
copper foil to the second surface of said interconnect substrate is 29 30 December 2005 replaced

with a stélf bPausehPAT b SRS tha bheoka SakdcBUERd Hlierd6mtEdC@bstrate, wherein

further addlfional. sigps of femouing spiP aghesive o ARIaaging S SARReLBll g the second
surface of said interconne riorméd

ct substrate are pe
substrates, said additional step comprising providing laser
marking overlying the black ink topping for said second

substrates.

11. The method of claim 5 with additional steps being performed
after said dividing or singulating said substrate, said additional
steps comprising:

optically inspecting the singulated substrates for
irregularities;

electrically testing the second substrates;

packaging second substrates that pass the electrical
testing; and

shipping the packaged second substrates.

12. The method of claim 5 wherein said substrate is selected from
the group of substrates consisting of printed circuit boards, Fflex
circuits, ceramic substrates, glass substrates and semiconductor

device mounting support.

13. The method of claim 5 wherein said step of attaching a copper
foil to the second surface of said interconnect substrate is
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after said step of providing a mold compound surrounding the semiconductor die and the bond wires.
30
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replaced with a step of attaching an adhesive film to the second
surface of said interconnect substrate, wherein Ffurther additional
steps of removing said adhesive film and attaching a copper foil
to the second surface of said interconnect substrate are performed
after said step of providing a mold compound surrounding the

semiconductor die and the bond wires.
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