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 patrticularly,
to a method and package for the packaging of Ball Grid Array semiconductor

devices. (PPRSEIRIAT PERE RERMNE SEDICRdsior RRYIGEERX ;EInCe

the inception of the semiconductor technology been improved in device
performance by packaging more function per package. Not only is the
functional capability oBa €&HOROniNIRtOFdEVICENDACKAGeNncreased,
ancurIE@&I)éiﬂa@e gliee.pfthe package in which the semiconductor devices are
mounted continues to be decreased. The process of packaging
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gag/ers of interconnect lines and vial are formed that connect the devices to its
HSUnding circuitry. Many different approaches are known and have been
(Bed foretee privoutithg Ruiak interconnecting of multlple semiconductor
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Plastic Leade Chlp Carriers (PLCC) and Flat Packages (QFP).
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substrate serves as an interconnect medium, multiple chips are connected to
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densityednd dense chip wiring. The chip wiring contains layers of
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Package (QFP) has been created to achieve high pin count integrated
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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 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 (I/O)
connections for these packages are typically established by closely spaced leads
distributed along the four edges of the flat package. This limits the I/O count of the
packages and therefore the usefulness of the QFP. The Ball Grid Array (BGA) package
has been created whereby the I/O connects for the package are distributed around the

periphery of the package and over the complete bottom of the package. The BGA package
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periphery of the package and over the complete bottom of the package. The
BGA package 1 can therefore support more I/O 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
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mounted in an arra onf uration and can use 40, 50 and 60 mil spacings in

siegl BBt B ide Rk pAfernutnBlire PRt IcsgHAE SEptR el dlitthat in

Haialusa @efcsmallﬂ:@ iRahips Thevflip d@hiRdoa ﬁ@r@mag@camod@\ﬁﬁﬁt&ha&rcuu
I&Qﬂgjuc Mgrs fo med on |és top surface, .external electrical
m‘i%

Kects e RS Y AR R R AL I AR 6B S e By >0 2nd €0
selsptaemmmsrggum oovdgmtivé pagtens to surrounding circuitry or

IntercoRp&eL NGkl éQPc§Htr {ReERLIRS TP LIRS, M&%ﬁlgﬁ%lﬁ‘éﬁl&'t‘i‘he flip

so-called solder bumps. At the time of assembly of the flip chip, the chip is
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bonding. US 6,034,427 (Lan et al.) shows package/method with Cu foil,
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accordance with the objectives of the invention a new method and package is
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, cavity down, print
screening and wire bonding.

US 5,696,666 (Miles et al.), US 5,620,928 (Lee et al.), US 5,583,377 (Higgins, III),
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 those 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 is attached to the substrate, in the second embodiment of the
2



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 is attached to the
substrate, in the second embodiment of the 2 invention an adhesive film is
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the copper foil under the first embodiment of the invention and to the film
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the invention again commonly proceeds with providing a black ink topping,
pegBiRinghaniiHR ahdposistisis i asplasrAgradiderceriies toithe dimssthiehe
prevdsing |Q§€JtW@r_|§iﬂQ§iﬁﬂeﬁ’frt]§ Elﬁﬁkd;jnlﬁ‘_&@i@@iﬂg agﬂﬂﬂkt&gﬁﬁﬁgﬁf%hﬁrdéd&ds with
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ows a cross section of a third prior art semiconductor pac
8RUARsa 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 invention. Fi ing.steps required for
the secqnd embo .&%E%gémﬁﬁ%ﬁ@%éﬁm&% THE
PREFERRED®NVBODHIENTDTHEN R, pEntian jsraiseadbedr srekaast
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special attention will be paid to three inventions, that is US Patent 5,696,666

(Miles B¢al PPO% B ATAN: B0, 8928 (IEPUPLY. SR PRIGTY A& Patent
5,583, B/ ) dHoevdinstrtefexeroedipaterinildmRatenp k20 28 Leeial. ), is
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of the invention.

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

embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention is described after first describing prior art applications that most
closely resemble the invention, 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 IIT (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

3



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.
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a semiconductor device, 2) electrically conductive traces that interconnect
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PEB e ding RHES LK RS IENE WHES) 4¥8'eHba StIR@a Thid Ere il this
itgitdc package cﬁftﬂmedﬁﬁq(ﬂmd tbembsﬂat&whidbﬁrpmwm&hbei@edmnm @elt part
gfal ﬁleesin-[pr 0 Ipe%%ggu\!&%losnsg P 4L OE(%lfcfle&/tl?gg ha esgl{]é%?&gtéﬁ?ﬂ{% ac?%gpsea rigid
substrate that contains the conductive traces that is In contact with the

detkaize sidethadhesine téise spstivecedhishieonenea phelatisrcameeeigigaces. The

CREPANANCRIIRIR IR e digandiihe BeCRNNart SHOSHRIS A enderoAVED the
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al. is thinner than other ) , )
connected to contact balls. A protective coating may be applied over the bottom surface of

the die, no points of electrical interconnect are provided in the bottom surface of the
integrated circuit die.

The thickness of the package that is provided by Lee et al. is thinner than other
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
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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
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(containing the conductive traces) can therefore be flex tape whic
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Mﬁ\@f@ﬂ%ﬁa@&i&%ﬂﬁ'ﬁgﬁ% halls i @;second surface of the flip chip which

are connected to the interconnect substrate by means of bonding wires. Fig.
1 shows &l @rédanse@iaonstiRoHzs bssate sririfdted from Lee et al. The

elements 1&1%@6&@%%&&%%& are the following: - 10, a temporary

support substrate carrier - 12, a double sided adhesive tape - 14, a
semicondirttéreiecopduegiafidiectric interconnect substrate containing

interconnggt ACRS. AR ORGRIOhRAS ReBLSIEASHIMNING IMRIEORNRE traces; an

substrate, the die 14 is placed inside this opening; this interconnect

substrate YRk RA Ot AR the ITEPIRSE IS SPvRs-inherdis bbdtidhapsd
Fig. 1 suchagesingle sthing amskthrdikaidhe savgber ohlayersehiiareennectne

traces contained within the interconnect, substrate is also pot determinate -

16, Dol WITBS T CBRHBLR ST PO G (el B UL BB AP : the
contact pointsthatthiayelseen provideddn thedopsuniace ofithie ifdterooarmechect
substrate s]p%s'u%% 2 Rymholic.and, sepresentative) interconnect between

contact points on the top surface of interconnect substrate 16 and contact
points on tiie tadoiresutfaceoshese jansreoppiatt sutiberse 161200 of dentherith

point proviged Q1 dhe Dot R RLHaseRE IR dNeTRONDS SLsubS R e 2nfect

contact point provided on the top surface of the interconnect substrate 16
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 the 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 and placed in correct position with respect to
the interconnect substrate 16, placed on the top surface of the temporary support substrate
10. After the interconnections (18) have been established between the die 14 and the
interconnect substrate 16, the two latter units are encapsulated (28) and can, after the
encapsulation material has hardened, be removed as one unit from the surface of the
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- 26, contact points provided on the top surface of the IC die 14 - 28, an
encapsulant the 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

ygm&gg B@S‘Sﬂ nkaegtposition with respect to the interconnect substrate

16, placed on the top surface of the temporary support substrate 10. After
the int&fd6hé &ioPR1dS) foave BY R staiiBRtd 1ty rBEh tHEleh AKX 3iTd IE0SS

itersoanest pubsisatendbistpo iR datieminisane engapsyiated:(28)5a66canthe
after the. encapsulation material has hardened, be removed as one unit from
HeLFraea %fl?rfp% t&€mporary support substrate 10. Miles et al. provide for a
low prefilssexpesetdiduchipdiarrier package, a cross section of the package

that is proyided by Miles et al, is shown in Fig. 2. Shown in.the cross secti
of Fig, 5 & B LG e B S B R oAb oot ] s
an openinge¢notdaigh lightedimerign 2) kasidoedncoreditedOfor the insertion of
semico_ndggtgr gl(l)g %% 613t4a1%§|r0f9 t%%dagntgggssd‘ﬁgi%olded encapsulation - 36,

a contact pointon t surface of the PCB - 38, a conductive via through
the PCB 3%.-4@mwvirepooridcdrmecfisabéieB 32point of contact in a

surface of3giea§ %ﬂﬂi%@?ﬁ@%%%ﬁ%@npéﬁ%wn in Fig. 2) on the surface of
PCB 32 -47, so der balls or bumps on the bottom surface of the PCB 32 -

_44, balt béﬁql@réib@pdmodmntm_bgtfm_ @metdiface@t.a}?rhie mettow of die 30 and
IntercopagrIng ARSI AOURDIFRCErFeis giear from the cross

section that is shown in Fig. 2. Pads 44 are the I/O interconnect points of die

30, these‘Batidden balds cohrBdreentd berenAadeteatid8pPeRdEd in PCB 32
by meansaf pApd, M GS#9-bhRE SHGR 3¢ M PaYERN§Or more layers of

interconnect metal comprised therein (not shown in Fig. 2), these

intercohtfeltetheded iikeorBERERE MAtRISHIHT BLH LB Ing A AiR Hih slar from
gecticakpatbnaheonduetivitin lREWEEPL LS 44 BB nterasinde: hendieSdeiso,

e o R R e A € RS BRI
wires 40. The PCB 32 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 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 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
6



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 ¢ #ORIUGLVRLRALS 113l Q16 LR HPRA PRI A7 CORAVEN ink 56

traces provided in interconnect substrate 46 - 52, conductive vial that are
provided throsgdeh&aHteedinHietcsnpttatendsctisg nsghdWiraehtrratdesrividet 69

contact pojRfs @ eruiace@kdig.4g with conductive traces 48 provided on
the surface of interconnect substrate 46 - 54, the width of an opening that has

been provietitfitbtigh the interconnect 6 substrate 46 for the insertion of a

semicondggtencdepicpoAloand reheakisik 56 - 55, solder balls that
interconnect conductive pads 50 with solder pads 69 provided on the user

substrate 88 Y65 4 RLPEHR85E the base portion of heat sink 56 - 60,
sidewalls ¢f [TeaiginkS@at@hiflsmges of heat sink 56 - 64, die attach material

used to mouni the die 47 on the hase portio 588 0 feat sink 56 - 66,
e e L R R g
ledge of thakniérconnect substrate 46 - 67, a molded package body which

encapsulajes e 47 08, AR SYRSUAIE BIAIEINE PCRIR GRS o the

attached - 69, solder pads provided on the surface of the user substrate 68, -
70, a therinddly dohel itieobmetingsteitetial that can be applied between the

heat sink 69 g%}ﬁg\dlﬁgk te B8h Iggé;gg{ngt&%g@eciﬁcally to Fig. 4,

there is shown a cross section of the BGA package of the invention.
Highlighte@Pirt Figt shyeatsdroriaiinbe ragkagespibsridaebst substrate which

can compgis ARHpLad SirauiaNA ohiex jrak SubsHale-aE 8y other
conventional interconnect substrate that is
— 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:

e 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 both
surfaces of the interconnect substrate

e 74, a semiconductor die that is mounted in the package of the invention

e 75, ball bond pads or bonding pads on the surface of semiconductor die 74 that
provide electrical access to die 74

e 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

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

e 78, copper traces that have been provided overlying top surface 71 of substrate
7



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
both surfaces of the interconnect substrate 74, a semiconductor die that is
mounted in the package of the invention 75, ball bond pads or bonding pads

on the siriace 95?&“@&%@991%% A& A REPWAR SIGeUITAERSBRIUE A in
74 76, a copper toil that |%{prowded over the surface of the substrate 72

under & FirdtbApHEMYIdR BY Dol AMEEEHRGR 7 did sFEpEEREdnd embodiment
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film to which an additive has been provided for improved adhesive
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the bond wiree 803 ahchpaiibataerntact pads 86 78, copper traces that have

been provided overlying top surface 71 of substrate 7 72: these copper .
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have beep,proyided it @@ dhe surface 73 of substrate 72 84, a solder

mask overlying the surface 73 of substrate 72, openings in the solder mask

provid® a&leS83¢dHdictBaba Ve irsa tAst Hathe BRdr provRiet Mirdie 72 for

surface ofygebsbiaie ohic &b agtpads/that have been provided in the
surface 73 of substrate 72 for wire bond connections 80 with die 74

contact pads (ARARRAIH N bevRRsg Rakideliatbs #4Tared Bﬁf&fg’si%‘sﬁﬁ 2 for

connectioasnvatiiiais anthyohaaniatidmells B2l1dB8must be pointed out that the

term substrate as used i e method and package of. the invention refers to
bR S gRer o e e e AR PRCCEAS O I YRR FRIES of
therfavenTananid? 3ocf sisatate 7dathas heetihprovalsbeeh providédlndthcieontact

spidetynasks B4Ana gpanngsdhal MAKE-His ey sES4I01RRSRIHEM M@t thatk

has further been provided ) _
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 insertion of die 74. The creation of
these openings is therefore not considered part of the process of the invention. These
elements of the package that is shown in 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.

To summarize, the process of the invention starts with a substrate 72 that has been
provided with:

— 78, the copper traces on surface 71 of substrate 72

— contact pads 86 and 88

— solder mask 86



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 sectjon infﬂgfgg Eﬂ&ﬁé«é‘?ﬁ%ﬁ%‘% Zﬁ% that is used for this process has

already been provided with openings for the insertion of die 74. The creation
of thekeupemingsnd theesforsoghpedimsidenedy partig thelsrocpsshaf tierequired

{pveRtiennikheRaglemenis fsthenRackadt that iR @i PSR SECHRNHY first
Fi% 4 are therefore assumed to be present on the surface of a substrate and

SPerimerei el s BeaRiadidhs Boudiagiam tidde Glentbntesharhediaest of

be areatednas part of the method and package of the invention. A layer 78 of

copper trace has alsolg n, royf'deddover thqhs%econ surfac%Yl f 46. st
obarais R e L MO A RS RSN wna 0 seps
gubbstratetadindtmaccheen providedwidncuyRdihe defpesitrecdbeomeibdeand

foQldRilsHiaiR £ e ROMACL PRASEO RO 88 arkAlARE M2skiB6 8120 RRRAIRG ot

or the insertion of die 74. Keeping in mind the cross section that is shown in
PR AN IKES S T AL SR FARHAr UM BB R B S T P Sk alfP RN T el SERepHiuRE, 25
paingkbedovddagramef fignha oethadirshecibotimentgitiae: imearitioedandhe

e flow diagram_of Fig. 6 for the second embgdiment of, .the invention. In this
e RS o Rl LB B 58 O F SR B
tatcastusiandare theaveluge shvilie notebediscussed in detail since the

methogg ang BES QhENESHSIBPIHRGIWEILABOURAR: e ATt RCAINGE are

in addition these steps are not what makes the invention unique. Among this
gy bivstpsdtall such procedures as pre-bake procedures, curing,
plasma clean and shenlikpocbhese steps are mentioned in the flow diagrams
of Figs. 5 and 6 since these steps, although well known, are essential to
succesSsful JPolERES YRR YBR AYPEPHE SR BISHBHN S P IR 5 cessing
steps for the fitst eaibadimeinteaf the drventips are highlighted in Fig. 5: 101,
start of. theéd%rogess 102, %sgepc%g_%n of the die prio gcc)l die mounting an

dicing procey S‘[ e substrate aked for improved adhesion of over mgqayers (of
adhesive film) and for minimizing moisture
e 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
e 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
e 112, the surfaces are plasma cleaned
e 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

9



104, the wafer is mounted to a dicing tape 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, foi| 5 iﬁ%&%‘iﬂ'ﬂépﬁoﬁﬁcgﬁ?‘%%#&%fda}%ﬁl%ﬁ S.\égrque#égs%gqg}ﬁ\ﬁpctions,

that has been pre-appli ver the surface o oil 110,t
semicontfaetomaieinasigrdseetikein the opening that has been provided for

this pugpopgsiniihe, spbstale.fiptlighswnstiale 72 is subjected to a curing

cycle in order to improve adhesion of attaching die 74 to the copper foil 76

112, tHe sldfadesmapidpladrhi oreaited sureupdiacibadeanaprditiopisddp /drand the

establighed s 80NARES 5”ﬁh9¥l&@ri@ath%ll9r9$§rﬁa%§t{9@ b nthskN€4 that has
electrical interconnections_between contact points 75 on the surface of the

semicONBL eI d! Rd e HALS BeobBYRIRAGIFthe SOmsRd BikRpautomatic
substraietifciisfof ikiagniteahaading dialy mithunoldrog ae iwires! cande piepdsdhe
end of .thel jre Bf)nﬁls re connected t(a '[(Iile bo'ﬂg pads o& thefsubsttrhate % foil
ultra sonic hieating, melting aid bonding the ends of the bond wires 16 e ' "
contact padifg tikthdtedinitresi{gpiically) inspected for any poor or missing
conneglions, e?éi{fc%%gd WSS AN G U %rﬂojrfpfeﬁ“ﬁlﬁHﬂé%%%dﬁ gain

plasma cleaned 120, the'molding 77 Is provided surrounding t
semicondlidtotidie ddearidlth & 2bond iwvicbsd80s i Itin goTde funidsésr fastiallguide in

overlagﬁghggwécggfdg}%%%tg%r; epﬁgqh%ra}ﬂgﬂ@&{e%the first surface 73 of

the substrate 72; conventional or automatic methods of using a transfer
moldint Wil materchagens isarorgeedioptitpisetheopreyipiabk imeiep difigksink
provid@(gb r the exposed surface is the copper foil 76, using methods of
screen printing 124, ink cure and post mold cure are Ferformed

simultdnebi8iyha 28! Rt SHId e BN B2 shxidethcHig! BB Sorfer Hiaskech

84 as gigwlidenin cphagingh thessoldaiealsndidthikespect to the substrate 72

128, laser marking.is provided overlying the re_viouslty applied black ink .
tOppiné 32, the Singulated package is (Optically) inspecfed for any irregularities that

are visually observable

e 134, the singulated package is electrically tested

e 136, the singulated packages that pass the electrical tests are packed for

shipment

e 138, the singulated packages are shipped.

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 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 film
10



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

?i%%'@stﬁ{%&ﬁﬁl@%?pﬂ%%&?ﬁ%tﬁﬁﬁlﬁfé%%E?é{ﬁﬁfffﬂﬁﬁl‘ee&ﬂ% 8P B Rions

38, the singulated packages are shipped. In view of the S|gn|f|cant similarity

BEtiEe Ao 3skesteaadrRr g bR Khs sameRIITFREPE drads Vissetttbrhagond
shﬂ:wrm bigc& apcibedetprasabRitiau: of ihe fiksin @mbodimenbicthds as under

vention IS sho n |n F 5, all reference numbers of the o figures

e e s e R ea e e e e e Brovied.
Mterahwestnmrﬁl@ré cstdfxg% and difﬁﬂenénta‘albmltfhélﬂafesem&)vmﬁb&rstmampper
have %ezﬂmal%e&ﬂﬁé:'@ol?véh?&?J%Q@ﬁ?l&mgrﬁl% Gigy .02y ?pl%?ﬁ‘acgév?@ Hat

new numeric value and are, in addition, highlighted with an asterisk (*
provibres aFeuilsd mstbe %‘F@Gﬁ\bhﬂﬁﬂlpﬁ&t@&n(}f@mmﬂ“@ﬁ|Er€6ffﬁ%&$l§@ﬁslpf

wchaar éh@%@é@ﬁh%@&ﬁh@nﬂ&ﬁhﬁ@]h@lﬂtﬁfﬁ@fam& invention is, under the
secon %ﬁ)dlment f the invention, r%%acedw ith step 140, where at this i
time in Sc%i*élogﬁ AFnEsVEHIT R Atk led%}S‘;S’BeWa%%%l?‘é* y
thgltliplared hréempnovitedstd thsesdsondsurfaces/hadilthenshb stiffitec d&:s THeisveen

HQF&J %KEH a&r%?ﬁ MRS EEPARIGA| spPPort for the substrate 72,

ssentl or the subsequent operations of wire bond attach and provided a
moldinBeearApsuiMideareimd the device and the bond wires. The process of

the SeQO”&@Q&QRQ&H&@E&Mﬁ%’B{@%?Qlﬁg@'iﬁﬂ'@epi%e f%h%ﬁ MRARE fhRkaLd
embodiment of the invention up to the point where a molding has been

prowdé%r therthif this step, Fig. 6, step 142 and 144, the adhesive film is

removed fippgdhegonnes dracesd §iandhaleeppaictoly /4 islaitraled thitpsulant
place, also over the c [%Pper traces 78 that have been provided over the

surfac® 1 SPalp¥fiadis?s. ARG H%ep?lf’é%lé‘ér‘f&IEPé’BEdofotﬁat‘?Fré’Fé‘%‘%f“ the
secon(d@mbmdimhemln@wmetm@ﬂmgaeenglﬂ{ghﬂheaﬁgﬁovhmghﬂad;ervatlons are

in orde.r regardi Iﬁ |n tlon ousl hted prior art
ﬂ%ésreyo q odn ? F?r qcp 1st\a,1\;)é)hed the die

packages. servatloh oCus |nIy erences en prior
art apphidations ahdethreltﬂmgnamdhmmmteﬁelgwdmgimmied &ktween a through-

cavity opening and the die perimeter

e 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 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:

e Lee et al. is a cavity up design (the contact points of the die face upwards)

e adielectric substrate surrounds the die

e Lee et al. use flex tape

11



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, Mi tal ing. t r.fransfer molding is
applied; t%]ﬁgeé?g ngl ﬁé‘c’?%%gﬂé%}:é% v‘\//??rs:%{% a%}%cs{%e%r;rlg&tcegrial which is applied
betwedn ¢pptiastgithdzagst apbething it thecti®perimeter for all the

ap p!icatiowoﬁ*@&ﬁﬁ%ym&wﬂ@&i A M”eeéoﬁia@{-p@ﬂﬁ%oaﬂ@ﬁ?@%@ éé%n%\{ﬁy) up
designs and bond wire on top. By contrast with Miles et al., the invention:
the die®is hdtdfeEayP R AR RSB YEES not use vacuum for the

temporaryRASHANE % HARe LG he Javep RN all Ingiapgas, ises adnesive

polyimide and/or copper adhesive film for this purpose the invention can use
either §IEB 65 BRRAH2hERGEHOIHINGth the invertiBNcR{8Pa cavity down design.
Furthes campasingileeselskvithnbe instapt Jpyantéansidiee et al. is a cavity
up design (the contact points of the die face upwards) a dielectric substrate
surrouhdg 88 L bt et Brabsu sk iaper P R diHi8iing compound covers

the entiie éapSuKateHifaeMmasiwvithdeenetdlodhe instant invention: is of a
cavity (.:Iown design (the contact points to the die face downwards) a
dielectfic S0BEHUMEIBMESs a substrate the molding is limited with respect to

the cover @fethedpppka@el oketithes teigaitogddiggias]ll with the instant
inventiop: Hlggine I uses. epoxy betgen the die and a heat sk, fagins iy,
uses a heaat spregaer O% co p(fex odeS|gn. n contrast wi ?—Tlgg S(ﬁL}}%e
msthasimeatiort adodlowst use epoxy

e the package is small, thin and light

¢ the package is assembled without the use of die attach epoxy

e the package has improved thermal characteristics which are achieved by

attaching a copper layer directly to the backside of the die and the substrate

e 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

e 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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uses a copper foil overlying the semiconductor die. The advantages that are
provided with the semiconductor package of the invention can be

summarized as follows: the package is small, thin and light the package is
assembled without the use of die attach epoxy the package has improved
Rermal.eharagteristics which are achieved by attaching a copper layer
directly to the backside of the die and the substrate the package has

improvell HEAShRaaEEcRR FEE KIS ERERRIMAEetic Interference (EMI)

and RadienfieestirngysibtererenteséRidonivkich Jsoachienednpy attaching @cond

copper layer to the package the package has improved electrical inductanc

OB 0 By HHADSEN o FC HEeae N e TR o T
_s:mrﬁatw ofi osgimlf tieenpaokager Asllulham@h th@@vamﬁ@m&@@earbﬂmﬂ@@gntjeen
PlSHRIEE W (ISR IRSPAG I YR HANYE SHRARITENLS a6 Qln flé {3s88fon

intended that the invention be limited to those illustrative embodiments.

ThasESramadupt theligrthgie i cimhiZBs H Aatha s Ui Cativies dshveen

badwage vithautidepatingfiem Hae spist of dhe hventiatolis dharef@i€onductor
intended to include within the invention all such variations and modifications

R within the scope of the appended claims and equivalents thereof.
12 What imeiaioneckcissuhsAnta ltadhini sg migpad tickars paokiagesrcompeisiug) saate
{of0] t id_ semi r rat ' f] ,
B T S S0 VU AR RIE B
Hecon@A Y théhirsecenfiabe wsesaidise pipieadesin stbstraie, Raigs of electrical

SRENCANSLTORS Wastiata haing Reen REe AWt @ Ssauheueh sdidoints

semiconductor substrate of a size allowing insertion qf a semiconductor die

eI SATd THEEPRBRCTeRHG A R adiitdbiy driaRte batieBisRmRRI g rate
baiokdie ardtdeainternaltpetimetppal saiecpteiddtroughidaicksemiconsusioite,
bset{ tr sn(i)tgf: f cto tr strate rei'lgﬂgc C [ {TAGES 1a of electrica
e TSy R ORI AR SRS o et
ePadt iihes bhscce ebstriectsdipiid imieniorrachitiPiHa&econd surface of the

semiconEEtemsHRSER R RRIN S RIvedegtirahdNtalConnREt Helngi Previgdes dictor
the first surface of said interconnect substrate, said points ) ) ,
substrate, said solder mask exposing points of electrical contact provided in the first
surface of said semiconductor substrate;

a semiconductor die being inserted in said opening provided in said semiconductor
substrate, said semiconductor die having a first and a second surface, said first surface
been provided with points of electrical contact, said second surface of said die being in
contact with said first surface of said interconnect substrate, said second surface of said
semiconductor die being about in a plane of said second surface of said semiconductor
substrate;

wire bond connections having been provided between points of electrical contact
provided in said first surface of said semiconductor die and said points of electrical
contact provided in or on said first surface of said semiconductor substrate;

contact balls attached to said contact points provided in said first surface of said
semiconductor substrate, said contact balls having been inserted through openings
provided in said solder mask;

a copper foil attached to the second surface of said interconnect substrate; and

said semiconductor die and said wire bond connections and said first surface of
13



of electrical interconnect provided on said first surface of said interconnect
substrate being in electrical contact with copper traces provided in said
interconnect substrate, copper traces of said interconnect substrate being
connected with points of electrical contact in or on the second surface of said

iareanpeatsKRtaiay &P dehD ARk Qa0 PRGRRIVINd AN Il reated in

surface of said semiconductor substrate, said solder mask exposing points
Hdlsemicanderipactyhrsindebeinanamheddedi iace Brihigegeitbmftidtspp further
pehsiate; dseBNeaNiGIDs diesaring insested it SaidaapeninguRIMEdadealls of
sai§| semiconductor sulstrate, sglid semjconductor die having a first and a

SUCORG SUFEICE Sl WS STTALE UBQéﬁ“éﬁéﬁﬁed with points of electrical
Qo”ta%h%%ﬁrﬁﬁﬁﬂpﬁ'aéﬁe@%c& gfaﬁﬁlq Wﬁe&‘?ﬁn&'&' s&ﬂ[bt&?&u‘%@ sﬁfﬂgrg{élis selected
surface of said interconnect substrate, said second surface of said

Somicom GIRBrodi s UBeife SO Lt N 2E prAams e d HH SEcBAR durfisdecsF ditg ceramic
sesmeanduialonkubhaiEatmdwiaibant aepaeaie o hAN TG RGN Provided
between points of electrical contact provided in said first surface of said
semiconductor die and said points of electrical contact provided in or on said
first surface of said semiconductor substrate; contact balls attached to said
contact points provided in said first surface of said semiconductor substrate,
said contact balls having been inserted through openings provided in said
solder mask; a copper foil attached to the second surface of said interconnect
substrate; and said semiconductor die and said wire bond connections and
said first surface of 13 said solder mask partially and in the immediate
surroundings of said opening created in said semiconductor substrate being
embedded in a mold cap, said mold cap further penetrating between

sidewalls of said semiconductor die and surrounding sidewalls of said

opening created in said semiconductor substrate. 2. The ultra-thin package of
claim 1 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. 14
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