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
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devices have since the inception of the semiconductor technology been

improved in deviceﬁg&@ﬁ&w Bﬁ%q&@%&?ﬁ%ﬁtion per package.
Not only is the functional capabllity of a semiconductor device package
(1) incleesed, thedovemenily the size of the package in which the
semjconducion davices are fpoyaied somines fa.be ogreasela TN and more
process of pagkaglng semiconductor devices ypﬁ:a y starts with a
partisubstyate thattisoderadniednapasiicthageckipmgeVlitadl 4re dndumjestonconductor
devit%esz surface of the substrate while layers of interconnect lines and vias are
formed that connect the devices to its surrounding circuitry. Many
(2) diffexsntipppnozicthesare Kaown and have been used for the mounting

?)T% Iﬁlﬁi{&ﬁ@@&% '&%\}?ge@ g!é&;éegflﬁc%%%nﬁl%g q{ogféAf)%%ﬁ%%Q&lsduggg 8ﬁPﬁlology

Ine packages ( rrays astic Lea
beenQarpierec(PinGiEyian @ @itamhaftat Paphkegesn@iEpic Mulkttiay pespadtages Not only
.. h : r ed-to icalk integr
o O R I ienny e
size gertbe agckagntencomndtitheeskoreombitiple dbipecararconnented tonhigues to be
decr&tseer&onnect medium forming a device package with high packaging

density and dense chip wiring. The chip wiring contains layers of

intdrbe mmeetsn efapahbeging intersomdocted danihan tarionhe stariasyisdlyersubstrate

that :?é diglagy %ﬁiﬁ?ﬁ%sb%?é&”ﬁf’eeb&ﬁ&%%?éi [HEES R SRE"AIEADE B ¥ Rostrate

_that make up the interconnect network and the vias and contact points .
whilthdaysstablisivtesrmeetoinbetnde it eaistdrcomethatietworket Tive@uiads to its

surr&dﬁhﬁ%%‘?&ﬁt@':ﬁll %H?&Qn?rg ?&E%@SCQI'Q‘{&M H{H ﬁg%moeen used for the

integrated packages With various pin configurations. The pin Input/Output
mouflfing aehnectormnfstitltesé padkalyescarcopdiceiily dstaptisherbyasl bl In-Line
packa3@s E')i??dﬁindé}{ﬂo%ﬁ%é'%P@A'}?ﬁ?iéﬁ@ci%%ﬁég @ﬁﬁ'@a?ﬁ&%%a@ﬁ;ér@fand Quad
limits the 1/O count of the” packages and therefore the usefulness of the

Flat Gapagere(REP G ﬁ@hirmyqs@wymékagée thahse s ararrstitoyhenapyt thleysically
clos«!:/19 QBQE&F%{QHQQJOQ%%&@ udishiuisdar OUQﬁéhﬁqese 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 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/0)
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 1/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

can es{hSofiBRRY SRk PACRIGESOHE Risnidey direare desirgdienragkgs, for high

circil@! §ehaity e MP WA HIDABARHAY RO THIGU ainNRN D 6ATIsUSR: 48186 Al 16Qhat in
mil spacings in a regular or staggered pattern, Another packa%ing concept

addiflopy ApcHtialGtth @105658f Yo LaMedotlsEhin ST Hhe MpFkasp fntp a printed circuit
boar3eMieUGBh HIeVicEh AfMRAGaaAAACHYR) YR RHIGH A trieBe 40, 50 and 60

surface,. external electrical interconnects can be made to these

mil PGSR RS Wit H56FliRRERIected points of the conductive

layahisot@ L Faekad g Ghed i Oreligsgonieehings.ofRe-domeauipcehpstiEne flip
flip chip is further provided with so-called solder bumps. At the time of

chib s BniBREPRANCHTE dRpicthaahiBas ERTLEVer BIpDEtPEIES) 96 thattResurface,

extefRltlelcbtiopSiraEecoaMe facthip devwwiards sk tevvaliet the Tafg boaveke bonding
ed circuit board, on which the flip chip is to be mounted, It

typjcally a print .
seleglddantiiof the %m’dwﬂwsfayméﬁ%%ﬂamgg&%ﬁaf 85I qRungqhlines. The
top fiRekagerahsenpemisuctarten s vidd Nigh reliabilisy ssepdakagingtodst time of

and a small package size. offers considerable competitive advantages jn
a55e LSS MM ey PRGN LIATELRER oh e gdumps
are h0B.&0Q (oameniastel Shows @ toldedittpaalpppié /0y a moldat Gielitboard,
acﬁ efﬁ%or to dicing. US 6,114,760 (Kim et al.) shows a
on “8’5\8 313% ARSIt RUIRMS@m, print screening and wire bonding. US
6,084s4A¢a(Laone tiad. ) showvb packagesmetdoshekitiz Cihdodas détysdddpackage a
rint screeping and wire pbonding.. US 5,696,666. (Miles et al.), US :
sem B0 (Ebordl RS BT (A o b e packaee size
offefdMasidthzabliehcetrple)ithze aO2MhGIE¢ Kkathezeon) andltSod Mads2d2 The invention
Horiuchj et al.) show related patents. SUMMARY OF THE INVENTION A
addréf‘ﬁ?éif)‘f@‘b%j%%‘f f the invention is to provide a method and package for

padkagin 3ehicoddineitiocleyiskswhasaenddetistipa vgspdhirfdadl @otted circuit
ackage. In accordance with the objectives of the invention a new

kArra&
PACKIRSRS raﬁ) pcéf:lﬁage IS

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
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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

invegHfRsie Ailhe 18 talRel @i elibendie sBhotaksidganetiiegntistesasyinues by
attachiidcRAtBe HiBd @ Jppeeapnami@il vRd e dheniksianbediMmeet®fdh€on and to the

invention and to the film under the second embodiment of the invention.

film AdetHiRereARSC ETRRGRISHE M BCiHRRRAR, 1Of e v RN GaRTERsCcoptinues
identRRIRVEBEHARWVIER StERDOdigiNg, PfagainclaaningwiiesegRding capiigal plasma
inspection, plasma cleaning.and providing a molding around the die and

cleapipg, iFdEccBARYOEA IBMHHR dRSPECHtRe RESBI SRiBOEntaMt BiKding a molding

aroultVeRdiQhic thedfith isviiew deiachied anthieplaced it asopREEttbdMiRht of the
this the, prqcessing for two embodiments of the invention again commonl

InveRHSZe S VAR Brobiting Hasidk I toPHE dpdHGh i BRFInkCand it this the

procBeldCUid, aitachingsldentdalis tadhmsenstintagpioVidiMenlATST proceeds with

markings on the black. ink topping, singulatjon of the di%"?spection algd
Providing & AT H TR By RSP MR AR S AR S BTt YS Sspiatigghing solder
ball¥evibesuBRHRE, PRSIERIPTRENRE R B BIHNGRIEigphislaOWH uGkSS of the

. section. of a first prior aft semiconductor package. Fig. 2 shows a cross
dic, SETSHGH AULLNE D art Th  Ea SRS bR BIRS & completed
devi€eess 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 invention. FiggRIERdWNESE RO EQA I thE IplaBLswiMy(steps required

for e $eHORA Lmbodiment of Lhﬁr'é@i‘ﬁ?faﬁj% Qﬁﬁgﬁfﬁ’%@%%% LHE

PREFERRED EMBODIMENTS The invention is described rst
deddgbing prie e arosphisititivpisathetomd stivl osetymeserdbieothpagiagation,

spegial-atieRiion wilbe Al 12 SiRGPYEPHANSHINALIS,US: A

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

(US Ratethio8s583 P BEcling 6if shesfundeisnly pataickas: patdstiBYGRO ORS

(L%g‘?t_@kﬂo@saé’@l@?z%%féféf-t_h':e’?%g&‘!iﬁlgt&&?%ﬁﬂh@a%‘%‘a%&fembodimem
producing an ultra-thin Ball Grid Array. This is
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 III (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
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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

apprgpchailaliss of infes SHSAUIMIBheHRY T thelr plERAHHY 8oadpryXEn itngs that
interiohh &SIV GQAEMIGIH dRMER] ZoalechicrRiYSposiusthradreesutbat (1/0) and 3) an
interconnect the device with external (to the package) points of

encapAISBlRieH) dhef syeAPEHales stistSAMERRILA thatlih s Rgtkignheol the

clec@fAliGopsIERION dienabes PurtiansipdshguBlestiisaHbhsonNductvaltraseshe following
Using these sub-components, Lee et al. use the following procedure for

procislng fRr MARY A UHRS A ddearUEH e Hdlfo PRk RSk 28 te M SEmpgrary support

subsEURPEN b ikaleoRTdeariaids Rravéidad ywipishrisHesEd dersigopertithetiat the IC is
. during the time that the IC is being assembled. The semiconductor die is

beinge ATSOTHHT (b foP THYEMEE LTS IE SRBRCRIME R b SitAthH 4R g sided

adheSURP el SUbsaal Whild dhaipieetrindiyrsenauatvenératasridypjcalliductive traces,
C tained.inél,substr te, are equally positioned on the surface of th

PG EMAIRINEA JB GH LB LRGP 1A RN RONGO8ESH B AR FHHA SRS fmporary

suppeenclusivgdr atrssafigi gadestop dithensuriaca cetibel e R eURREY are placed
substrate i taﬁrelative position that is the same as the relativ{gﬁposi

ion in
on G S AR Qb U S BT R A SURRO Th B G AR Y S TRy %‘E/Ff‘ﬁﬁéme as the

relatb@NPEOINUGID iR st NG wanbReled tatbechntactpriia thathavedsesibly. The
rovjded in the surface of the electrical

ly conductive traces, typically . .
semig@ARIOn 15ifs SORREPTRRS SiERDS ROHAH BPIRE g@%"lﬁ% E%y%‘ﬂ‘dﬁ‘é‘tw&ed in the
surfit@ces isheoripigteathe cdiddacivwithadeal papicafiihedimgreondeoting Wisdtr this
. such as bond wires) are encapsulated. This.creates a rigid package o
it TP R A R R B T Bt s oth that par
of tlendapatdatiestingswietsasiadied thenduifaes)afrtherdispaundttide Subsuaiges a rigid

that contains the cqnductive traces that is in contact with the double-sided
DAl Gl e e Dt P G AR AR Bhe e PG TGy Caces. The
encapeumpiiisingadh e clie flactdbalintenctionadt gitdhdicaiadtte ramovad tieindhetains the
emporary support substrate, expasing the (not affected by the
cond R TSt B SRS 48 05 e et Aol gnd of the
encaparitacinpabs epgd pravistediin toenpatiog tieridiecand the interconmattsubstrate are
substrate, these contact pads can now be connected tq contact balls,
rem e KA AR B S SUET AL odBRS B e SF O i s by the
encapeuiisi of etectocakinfeceasfnghet dike gord vicdeoh ier theneottomb sstataceontdbiepads are

provJSPIRIR gheut die, The ickness of the package AL BIMARARL A Sow be
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 _
traC%SSpaoﬂeps HHOVRRRI B N inspbiePallp gkt Wb stids e e hAtdiBofiecmaking

cont@tdSHaIecRNRIPHIG theteendieiie drages) SR theiobedexdadea flip chip
which comprises one or more layers of interconnect lines. Additional

apprafsBotiidhesa L &f Aropidinaadsiinralsenstsidetisps faxctiqad surface of the

flip INQrGARALEESEHSIE e CNRNINGEsReennassirh it aseskadlur ebiRling wires.
approach with solder balls on one surface of the flip chip maki;rg contact
4

with & taRPPAds SIS SRl s A Rstdr&sHreEdsiprkes &hdla il clements

that 6FMigRRRENWFHR theRdHiiR efvpigviding additional contact balls in a
second surface of the flip chip which are connected to the interconnect

substrafk iFMBARSCTRROSINYRAFRE 81l shows a cross section that
has been g¥iiasiedifamiggiet #pthe elements that are highlighted in

Fig. 1 are the following: - 10, a temporary support substrate carrier - 12, a
doublel idest aatmsiveteapie- 14, a semiconductor die - 16, a dielectric
intercolr%)nect %utistrate coptaining intergonntect tra

— a 1 C Stra

, € %ctrlc mterconngct s11E E ﬁ‘l C(gntcaeﬁ{.nagn iﬁ%%?fglqge%g St{ﬁces; an
been créated In the interconnect substrate, the die IS placed Inside tnis

openingetinisg rites doreme ctestdabtnatehcanttakenioron s dbkeasethdie the fdris placed

that is sh%/vr{ In cross. section in Fig. 1 SL{Ch as sipgle sttri S ?nd the like;
lnsllj) € lf ogenlnfg 1S _1nter otn ect_substrate~can take F]IIIS others’ than the
the number of Tayers ofinterconnect traces contained within the

intercdionadhaub shaie i alsesrettdetamtinate sut8, dsenlyisespthatd the like; the

connect c%ntactfp?ints on fthe to surfatcg of die 14 with con act points
number 0 zv(ars 0 hntetr onne(‘f races, contained “within Pge mtterconnect
that have been provided in the top surface of the interconnec strate

16 - 26pbs(sytmisciisoand depras@atative) interconnect between contact

points he top.surface of interconnect substrate 16 and contact points )
oo the RO SUBCET el UG S e o B3 e 14 with
point previgtechomthehhotione Sudageofithd inteheonpesisubistsatethel terconnect
24, a cogtacttg?iéwt provided on the top surface of the interconnect

1§

substral

— 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,

CMRGHEYHRIPRA SHPSRECEY in correct position with respect to the

inteygRRNGCEBYhskale 14, plasedastibectgRssfare afipheatermPpieige, a cross
support substrate 10. After the interconnections (18) have been

sectignr b idKeRPBEARR EtHE BIQideantyiAdilsstetnRetiQtibitdiie16; town in the

Crosgvygcta&%mg akgencapsulated (28) and can, after the encapsulation
material has hardened, be removed as one unit from the surface of the 5
tempornA SGBPEPPSUBST &€ 10. Miles et al. provide for a low profile

eXIO_05‘3§,dJQ)ﬁﬁitgd:@ﬁ?&[ipﬁ%ﬂg,%ﬂx&{féﬁsﬁﬁﬁgﬂﬂggf(%? lﬂgﬁlﬁgﬁﬁe&hﬂtﬁ% 2) has

provided by Miles et al. is shown in Fig. 2. Shown in the cross section o
Fig. 2 been captel Semifomdeition afeserszoadugtnedici@uit Board, in which
an opejjing ﬂ)%tcfg' Gp%ﬂ?&éﬂﬁﬂd@a has, gg%%gﬁeated for the insertion of
semiconductor die 30 - 34, a glob top or trpans er molded encapsulation -
36,-a dimtacopoictt mnithenshfaoefafctoé tREPCIP32 38, a conductive via

through the PCB 32 - 40, wire bond tions between a point of

conta §naac88 VG %ﬂg%%ﬁﬁ;é pad (not shown in Fig. 2) on

the suffaceieé B6HA 38mée:i soldRiwalls Ppoimmpscentthe oty @080 and
the PCB 32 - 44, ball bond or first bond on the surface of the die 30. The

meRH B iRisk BNy i cohan s suEasd UstiPBCH 32 is clear

from the crogs $RGUQR hahR shanHbig: RirRade et ing /0
interconnect points of die 30, these pads 44 are connected to

intercotth®el tharskqsotstipenih @che SQTB_?,ngéhg gicothd wires 40. The
PGB, 32 0a% 8y &R Bans: lana s bt o sE LGREAl @@E@??&dc_l%ar from

therein (not shown in Fig. 2), these interconnect traces make contact wit

the gyofgeieptinmpdias skealishiiigah Srdaridarisats R angrrasstoetingenl die 30,
thes@@gés%llaeﬂg é&nﬁ:@éﬁ %2 iherdia R 'ﬁd@é@rmqg WgQWdtiﬁ&ns of bond

circuitry. Higgins et al. provide a pad array semiconductor devicé havinga
wirepel). siievifaBa 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

substra@HE e, 5ibe R RIbeiharRePE foiits bf aBAGRAN ek 56
traces pyoyiglagrinaiNerraninetmstateonficade RRAUSHVE MRS It ARds 69

provided through the interconnect substrate 46 - 53, bond wires that
conneBf QUARSCEHHISESEH MRS EaeL® of die 47 with conductive traces 48
proyidgg’grhgyf? SHiface of interconnect substrate 46 - 54, the width of an
opening that has been provided through the interconnect 6 substrate 46
fortheSihséribasebarsemicoheniciok dévice 47 and a heat sink 56 - 55,
solder hal NterGo nductive pads 50 with solder pads 69
providgqtﬁé%&%%%%gr%ﬁ %?%3%8 - 56, a heat sink - 58, the base portion
of heabt2jrfkabges @hsidewalis of heatsink 56 - 62, flanges of heat sink 56

) 6‘1’ d 46.‘t t@%%&gé%&?l lilgﬁgsé% %Orlrjl(r)]t H‘g%hceil iéewél?%;[lht b%seep%rrtho%n% of heat
of heat sin - 06, adhesive material, used to secure the flanges 0

the hesim&itk 56 to the ledge of the interconnect substrate 46 - 67, a

molded package body which encapsulates die 47 - 68, a user substrate

which O SRR AR B A B 8 dURLP Beete B BB 26 to the
surfacafdhs tireimsetostadet 88bstvfle @adhermally conductive bonding

material that can be applied between the heat sink 56 and the user

substrite 8P RGHsRLDedhicgerriy detlite!is shown a cross
sectiopf fheBGisRackaaeiihadpvention Highlightasin Fig. 4 are the

following: 0 72, a semiconductor substrate which can comprise a Printed

CircuittBosetlen prex papadashetraie virtaey ofitbe soprartidns Mterconnect
SUb—Stré}H? Ehfﬁeli’c'mally 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 0 74, a semiconductor die
that is mounted in the package of the invention 0. 75, ball bond pads or

borlding PaFORRFIHESER IS D ELsHRicH AT WithRPtRisobroviget (not shown in

eleptrca) aeess WoliRdHiR (e Bpranpaiciol Bralisshiayited over the
surface of the substrate 72 under the first embodiment of the invention;
under He LaERPRMBOMSRINST the FRABKEED NS 18feflReHirlgReR0e In the

film, typiealix 3 Palyinadeibassatdimianwhishian agdditive-NasR888d in or on the
provided for improved adhesive characteristics O 77, a molding that has

been prolRGed SafEisnibt e de 74, the bond wires 80 and part of
contac Pads 36:Q. (% ARRRGE VAR Rt YR Re SRR QYR RYCL¥NG: BR vided

surface 71 of substrate 7 72; these copper traces are in electrical contact
with pdines o dehsaetageol Sh6MPsraig24) that are provided in the top

S“fiacﬁzf, OJOSIHQIS%&7ngr$§n¥VI{ﬁ b&ﬂ’?a?@ e 8?%@&]—%‘3%[‘%%&111 s in the
points of electrical contact in the “surface of die 74 with contact poihts 88
that havédbeenskrpwidelt imcogsemothenteatizasts ¥8 afdHe shisstratebz2r082yided in

contaqﬁlag%u§fg}%toqr&89@ gc)tgd to contact pads 88 that have been

provided In or on the surface 73 of substrate 72 0 84, a solder mask

overlyidfy thesutfpeds 1B afisviosheate 7idvopehingbdrstntcsclderfrmalsitrate 72 for
providgv %c%es%tgocgnt?ct %HSWE%&%?g,ﬁ that have been provided in the
surface of substrate 72 0 6, contact pads that have been provided in the
suréaces/ 2 eitavbptidiehs? havebeebpnd tdnectiensuowitlB i€ Sibei@8; 72 for
contact fFads that ha\éerz been gro ided in égﬁj%%gface 73 of substrate 72 for

conneEHBREUMR A BrPRA BRESHia R Bsh must be pointed out that
theltennksbbpvaie dousddtiththe methiodrachpaskage tht thethodenmidopackage of

X T YV -
in thprawited Witmthe3sefdebsnaek’ B4landuoheningdteatpriakécthisitayae 8dlder mask
84 air{]cloogeglorllggrtﬂgta ?Ill%lgp ﬁ”tllg ?Sy]}rlrmelrntboe gré(ﬁﬁ%\rligl%csik, 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 openinigs 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
showrfih GreEeS4eKiBis inssigion ehdisuldstrate 72 that is used for this

ProgessiRe il RRONMOERRNRUBRINAR QRSONGSHRY. NGHESEBOMAN H€required

74. The creation of these openinigs is therefore not considered part of the

to crsasedlis gragiaasvarniencrede@brieng Brilo padiagganiel Esnhaverithe first

emb6RSRSESHAR iﬁh@ﬁtié@dﬁdﬂﬂ?ﬁf@w(ﬁ%%% tl%’.% Hfﬁﬁ?é‘ééé@ﬁh%mbodiment of
surface of a substrate and will therefore not be further discussed, since

the ifhggéioBlements do not need to be created as part of the method and

Pagkage ofi (b IVeRqRe %@%W@i?%&%&%ﬁ@f@%@%q}?%%@?@ and 6, steps
provided over the second surface 71 of substrate 72. To summarize, the

that pscebandpif ainrsAtERs staHsWoknbs diptratd 72 tHeleHasiBeihpravithags and
procéitiies 881106 GARREL I ALEFIRR WHTRSE: Ak Ahaulsitale ARin&OMBL RaFSare not

86 and 88 - solder mask 86 8 - an opening for the insertion of die 74.

whajcgakftgthe ket ol seAHBAAZRIS SRGERNNGtiglens thdl stagly Rregedures as

pre- BRI BRHERLLD 6leRle isRaAckass A8 disaussetiasxtpingtnadiAned in the
diagram of Fig. 5 for the first embodiment of the invention and the flow

flowgHATEMBIEIG %-10r e SetiBel BiIFiSotirRRMIBIONgS iNGHNERMYh fiifs essential to

succdiseuspion At the pyextowdiagramerdhieh.are shown in Figs. 5 and 6, steps
that are standard procedures will not be discussed in detail since the

melh5d Y PRoBERGENSS HPSe S JicafdhiMERSmeR tRE e affyention are

highﬂgmdn@g;gtign these steps are not what makes the invention unique.
Amongét)rhis category of steps fall such procedures as pre-bake
protedirbs Rt AhESPESHES clean and the like. These steps are mentioned

in the f@’,"iﬁé@%ﬂﬁ?ﬁo@tﬁé%e PGS ENRR HERE SHoRfCH

g@%g&yve"
known, are essential to successfully create the package of the invention.
The follBivithy prafee ssingustegdsdar divenfirstnsmbodiment of the invention

are, highlomed Bufige 554104 dﬁéh%mﬁzgfg&gfﬁ(ﬁl&?&i DR Llayers (of

the die prior to die mounting and dicing process
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



0 104, the wafer is mounted to a dicing tape 0 106, the substrate 72 is
pre-baked for improved adhesion of overlying layers (of adhesive film)

and for mmmrizing moisture 0 108, a copper foil 76 is attached to the

copper traces 78 that have been provided on the second surface 71 of '
the*subdfratber 2nihdscoPRIEFHON 78158967 ifOpIABE P ¥ SAHRIssiAg connections,
adhgsive lpyeh iRt Shawi {Hat has been pre-applied over the surface of

the foil 0 110, the semiconductor die 74 is inserted in the opening that has

be@n prb¥idedisysiogsisspzgipddarnhelsytstrate 72; the substrate 72 is

squec t Fing cyele i rto i e adhesi f i '
oty (B SRL S AR IMARIE SRS IR % and the
wirbdndnaticemfectioridi8® Avefestsllisihtd] thisveolapedts, s dhomaskn #hghat has
crogs.Raptioneh Eiguts s elapiieatinierconnastions beeen SOMAGE auomatic
points 75 on the surface of the semiconductor die and’contact pads 86
provicibdds v thisisg ddcamstdrthe ks watke M| dohtse wirecddndihes, purpose
alumi or,gold wires can be used. thde enc{ of the wire bopds

® d%t%ﬁ(é 1 ed over th

, ar .
connecté 85&"6’&&%%‘&%%"% Strate by ulfra_ sonic | %(éetilr?g?,he copper foil
meTingsang ihotididgdhecsrrapohtiecbond wires to the contact pad 9 0
116,t nit is (optically) inspected for any poor or missing connections,
sutacl MR ELE A0 B TRET $15 dHar AT TR S8 cleaned
0 120, the, neldinidef bigIpreyided Stipeddint thesamligangiasiordies74 guide in
and the bond wires 80; molding 77 further partially overlaps the solder

maiedng g srldepballs SrovitBdsshesidqitie subsiEder Bof the substrate

72?-¢°ﬂ‘2§!“i_5§é@' RlafdiyT ti5r6‘0ﬁ1@@%@H&Jﬁ{%gtﬁet.rﬁféﬁf%.@??'fémmwﬂblack ink
mold chase is used for this purpose 0 122, a black ink topping is provided
ovéPRRE8xposed surface is the copper foil 76, using methods of screen

prigtingy 144 1RKIGHIE ARY AARANQIGCHIE RIE RETIRIMES) SIVIANEOSIMS, cach

0 126, the solder balls 82 are attached, using the solder mask 84 as a

guitiagie palchednies sl deviteliseRigmrdrstpedictd4he substrate 72 0 128,
';Z%Hg?&'fiﬂ% SREAVIARO AVRIYING P REGHIOURIYRPRICA PIARK IR gularities 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



0 130, the multiple unit substrate is divided (singulated) into single units,
each single unit comprising a single semiconductor die 74 0 132, the

singulated package is (optically) inspected for any irregularities that are
visually observable 0 134, the sin%ulated package is electrically tested O

providgs mtshanisalauppEdiesds TS the SRACHILYIfRs e b peaucay ppFrations
of walipEBaatAtddB atiepriRgutatatnRaichkag @S AR SRR e WeRfdB@nd the bond

significant similarity between the processing flow of the second

wiregrliSrhosREsoP R ReRMbIMROSHBEM fif i InvaRtiohafrotus oy srsty y under
the fin& Brsbomkadiorant ehieatioManfianthapdsmshavvreia rigidm@lhieiarengeovided.

numbers of these two figures that refer to the same gperation have been

Afteg dBisisieRalig: WiitFe the? rarshdide theatbery oy, 16 o arrd Bnntgin copper

tracdbg gefptencoppemharsTihal hous Leaniuspride, o vvénenetRigiearaces 78 that
numbers of Fig. 6 have been given a new numeric value and are, in

have,Beah O HISIBHRE PG AHTRT St ACRYRS FFIRS provitsadi Lissprafstig sfeps of

the TR KGHigenthanthnFoPindhis eanpadisalikds clear that step 108 of
the first embodiment of the inventjon is, under the second embodiment of .

the iRGiOHOR P RRISEVAMRAPStEF 180 OUIRE e St IS dihse Y BRE Ptk By iously
hightigle datiaglhe gxextilrpsisTakacbpetiotRpPRICIaaesn($ thathdaEcbarRs between
priogrovidef to the seco&d surface 71 of the substrate 72. This adhesive film

B BRI AR AR A N R BHRR substrate 72, essentially for the
sulrsgguéinicadekatians.: of wire bond attach and provided a molding
compound around the device and the bond wires. The process of the

secontPEHBIRANHEBIHHE i SHISH s s to eetid W dhiri s ffeimiovided

emppdipant of the invention up to the point where a molding has been
provided. After this step, Fig. 6, step 142 and 144, theadhesive film is

renovBUHiS HeMBphar aratis dig ekl dBpbeserSy 78 Rlaniiscissid ipngapsulant
Plage: IR0V @l d18CAR RSB RGE S B iR bRIYELESAINAIRA QYEF N®ween the

surface 71 of substrate 72. After this, the processing steps of the first and
secntherRBdrrEnYEhtHe pRaHte b aRe shebttydaresndhandhsstiervations

arg,in g ‘i@gﬁg@iﬂ%&%!ﬂiﬁ%mm@ N REBVRYRIMs FUBRIIGRIRE RMQHAd; the die
packages. These observation focus mainly on the differences between
priet Seldpplicksensidhanhedliesiaatiraieriabm Rdy i ding IvHidsetesn 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:
e the die is not closely fitted
e 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
e the invention can use either glob top or a transfer molding
e 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



0 the semiconductor die is closely fitted inside a cavity that has been
provided for the die O 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
slightiyhargeldingrrameraiend s st PeIgmEEcdPRISURRIBIng glob top or

transiesmAenans aprRIGH; the Higakt RRichioplace with an adhesive

material which is applied between a through- cavity opening and the die
pertmdted G fesvaly thevapatisigndietbentase rovided sy disiles e davnivasts)

apQIic%ti 1?19{] ; ccg%t}{rg% %%ﬁi%% QE&Q{%Q wire on top. By contrast with
Lt t [

Miles et a e invention: the die is not closely fitted the invention does
noteuséhvacoldingas thaitedpattaryspositionirg of ¢thefiie; Haekageention in

all ipusr%%gces uses adﬁeswe qﬂ%&[ﬂlldt and/or co Ie#'iadheswe film for this

purpose THRRMRIERFon B8 Lse &ithe Slgbs%nﬁ or'atrahster molding the

inventidipisiof Alaaéepoxyrbdesign. thtidhencbatpatsgiee et al. with the
instant invention: Lee et al. is a cavity up design (the contact points of the

die*faddigpinalisyses giratresedpsahtevnlrsifdethe die Lee etal. use

flex{apattd fenmelding POMROURAPURISHEhentire top surface In
contrast with Lee et al., the instant invention: is of a cavity down design

(tha colechioiseseRPtYe die face downwards) a dielectric substrate
ovquiqﬁgs%uefég%ﬁoﬁgwﬁkq t&'g&ﬁ?&ﬁﬂﬂ%{ﬁsﬁgpt to the cover of the

package. Further comparing Higgins Il with the instant invention: Higgins
I Jdesadpanipdnstihet arthpraiedad dvatihélzg stnikicadidigios Nhclews ahthgt invention

can 69%%%%582&@5@@&%%5@“ In contrast with Higgins 111, the instant

invention: does not use epoxy
e the package is small, thin and light

e 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 packagee 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

12



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
Whatis,clj8¥Hermal characteristics which are achieved by attaching a

1. coppenlayandiresticnduebapksidgQictigmisiand the substrate the

package has improved performance, with respect to Electromagnetic

Int@rPEPRISEBLESAT SV L seinayter e RIS hiFiend a second
surfA@)igvadds yrasfechiogd a6aRPEhBNEE tBdhe prrkage-ithenpaikaad had the first

improved electrical inductance due to the cavity down design of the

surfageciofgaaid SRS aTins Ul U Bl ofTRECAERAGE. Hifsbalh fying been
proviléeniian hasbeentriesgibeddanaiibssaates withstefereneesigesgesiiag insertion

illustrative embodiments thereof, it is not intended that the invention be

of 2 HRUGABIHILE ifchetiiR SHEOHMERE. 'PAYLE skiMshHT R ince between

sidetegRoszaithatevaiibtionstand] medificationsLarineomateowitheat semiconductor
departing from the spirit of the invention. It is therefore intended to include

subs{tein the invention all such variations and modifications which fall within
theascoperobinecappesded daimsisng egpvalentsdheranf igtdMboahisct substrate

.claimed is: 1 An ultra-thin semiconductor package, comprising: a .
havigg A BH Al SO 8o S USh RS <Ll EH e FERSNBCA iy stfpie being
in cans@aoRGhstiéaces painisrefcelegtiral eoniasidirwng iegmeioyided ivfthectrical

. second and the first surface of said semicqonductor substrate, said . )
interg g PRIBE PSR ik Mo th Semacs SUidile W SOROE St BERIgnsaid points

of etaidisemicenchitiostsphstiadd ohassice Atk vwingansetignidoi@erconnect substrate
. semiconductor die therein, said insertion leaving a measyrable distance
being ) S155 AL, SRLABH S5 VRS HASFRPRAY S-S g LSt Bl substrate.
copparouglesail seimiconatminecsuhbieies doilifecoanaaet swithtrpdénts of electrical
com risint?ﬁ%opger tracef, said interconnect substrate having a first and a
rface; Gt

CONtAE Sy 8 %‘318 1183 SRS IS HRE L Sabstrate being in

corata;pndei’ghﬂm Sesang Bwfapeowfdb@ fsﬁrtheqﬁfi;mcztmﬁ&&asﬂatﬁd peiits@hductor
subs%%é%tég??irlgi;gﬁi CO:#%%{ %%i?n io%?ggl% slrg)l'h eelefgtSrEc%L[m::%%%agI %%Ci/ided in the first
surface of said substrate;

a semiconductor die being inserted in said opening provided in said 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

said solder mask partially and in the immediate surroundings of said opening created in
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 paints of electrical contact in or on the second surface of

said ssGAiFRartisiofe UG absing seRRTddeb i ity e SAprotidettd trep further

pendifgtigbrfRe @saidsamicondudose sibsitaigosalt spldesunask @XpostGvalls of
. _points of electrical contact provided in the first surface of said substrate; a

said QeI ERTALSH diesBIding NG T SURSHENIng provided in said
substrate, sajd semiconductor die having a first and a second surface,

2 ok i e PBCKREE B B T O G CAR LR Pag s selected

fronsekongdsyfacessaddiheitiagn doptastdvith sdidbssisufiace faid ceramic
interconnect substrate, said second surface of said semiconductor die

subsiraffisy BBST DA PISH A S A SRLBHY YRR B UAiR & SHARBHductor
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 opemngs 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 said solder mask partially and in the
immediate surroundings of said opening created in 13 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 | 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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