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PACKAGE BACKGROUND OF THE | NVENTION (1) Field of the Invent!onFEBE00?
i‘'nvention relates to the fabrication of integrated circuit devices, and
nore particularly, to a nethod and package for the packaging of Ball Gid

SR BN S R R IR A Lafeydey coneeet

i nproved in device performance' by packaging nore function per package. Not
only is the functional capability of a sem conductor device package
i ncreased, concurrently the size of the gackaqg in_which the sem conduct or

devi ces are nounted conti nueSACECBEVERY é@gh.NYﬁQTHW$cess of packagi ng

sem conductor devices typically starts with a substrate that is ceram c or
pl astic based, the devices are nmounted on the surface of the substrate
while layers of interconnect |ines and vias are fornmed that connect the
devi ces to ii)s Fdetunllithy dPVeRFtPy. Many different approaches are known
and have been used for the nounting and interconnecting of multiple

sem conduct or dé¥ecéBVeRbIN FELBGEP- FA-thhFahadragien 10f 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 performance by
&* o packaging more function per package. Not only is the functional
capability of a sémiconductor 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 éﬁbstrate that is ceramic or plastic based, the
devices are mounted on the surféce of the substrate while layers
of interconnect lines and wvias are formed that connect the
devices to its surrounding clrcuitry. Many different approaches
are known and have been used for the mounting and interconnecting

of multiple semiconductor devices, such as Dual-In~Line packages

for



(DP), Pin Gid Arrays (PGA), Plastic Leaded Chip Carriers (PLCC) and Quad
Fl at Packages (QFP). Multi-layer structures have further been used to
connect physically closely spaced integrated circuits with each other.

Usi ng these techniques, a single substrate serves as an interconnect

medi um mul tiphe G PRrdien: QeLRE, L P14ded kaneanaee! dldumLT epRa0 2

devi ce package wth hi ackKagi ng density and dense chip wring. e chip

W ring cont 8l Ryl #15:obLIMEICARRBS L ME1ELILRL SLecLital GauacEhed L Ll

i nt er connec €rs o e such “as polyim i nsu

Vi e and CoRHBH 10 COTRaT. dLVASr LRy COHaan SRECBar N Rgs | T e
achi eve i GhEEBH Lot SRAT g ed Vs AR A Ee i B ARBES Bigirote

are  Dypi caPRysEETDITRNED BY €1 0SBy oepatet Tade” ST F DM GHLAPoRGS {he

four edges of the fl|at packa This limts the 1/ 0O count of the packages

and t her ef oF%n‘?‘ﬁ‘ét"tfis&Pultﬁésﬁgg‘?r‘fcﬁ’é’eﬁﬁneemém EQrming, fdR¥+eR RASERYSpackage
around the BLFR RO SPkBRES A0S 30 vere (RBPcHRDI Yo TR (B0l Che
Drovi des & FEFERS dBaT v aRee RREKAGH FOFSFCaNEart SE TaEREF9- 0 th hi gh 1/0
count. 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/Outp@t (I/0) connections for these packages are
typically established by c;dsely spaced leads distributed along
the four edges of the flat package. This limits the I/0 count of
the packages aﬁd therefore the usefulness of the QFP. The Ball
Grid Array (BGA) package has been created whereby the I/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 I/O points and provides a more

desirable package for high circuit density with high I/0 count.



2 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
sol der balls can be nmounted in an array configuration and can use 40, 50
and 60 m | spacings in a regular or staggered pattern. Another packagi ng

concept is qigabcAedoMEddt tREnKSCaE SOrahala8dsfthg Ghi Ragithenflip chip is
a sem conductor device that has conductive layers forned on its top _

surface, exiehiAak ebecid i;ﬁ]%ceis@t BECOMNR Gt £2nheoBdR. tp%c%aséeo&&)@%ct ive

| ayers by wre bonding selected points of the Conductive |layers to

sur T oundi NG Gl G Lk Yo Ol ILCOMEC o 141251 TBELOMS YidAtRaOLn e f1ip

chip is further provided wth so-called sol der” bunps. Inme o

bl f fliR: Chip,; hi.p..i f ] . hat
he- ol der Bungs arE AR Rpthmudr b e g F R ot TSR B 1T o

t
t he sol der are now f'aci ng downwar ds rd,
typically a_ printed. ci it I n which the flip chipis to be
nmount ed. |tm¥§h%§égf %%%ﬁ%%ﬁgpgﬁgggrghat a nethod and package that can be
used to package a sem conductor device with high reliability, |ow
packagi ng cost and a snall package size offers considerable conpetitive

advant ages 1 the SETLOQIMUEIAL dodUSE Vs S LONCRELOLATGLE 3RS, 5u0h 2

called flip ;hips. 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 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 is to be mounted.

It is cleér 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 (Canenforte) shows a nol ded tape support for a nolded circuit
package prior to dicing. US 6,114,760 (Kimet al.) shows a package/ net hod
With cavity down, print screening and wire bonding. US 6,034,427 (Lan et
al .) shows package/nethod with Cu foil, cavity down, print screening and

W re bonding. U%s%???? fg@%gwgh@ﬁfsg@l (%%?V}EJ;S 5m§?_<9%c?21_8dp®‘%)ﬁp%13r@| f%rz éa,Ug?,? (

5,583, 377 (Higgins, , 986, st atazadeh et "al . S 6,

Kar nezos) Eﬁ%‘%ﬁ %i%&i@%c(ﬂé%rei g?kﬂ!:rett.o 198 in%how rel ated patents. SUMVARY
I [ [

OF THE | NVI princ e objective of the’invention is to provide a
met hod and package for packagi ng sem conductor devices those results in a
very thin Ball Gid Array package. in accordance wth the objectives of the

i nvention a newq,dat *ﬂ?ﬁ’,?ﬁkﬁe’ Bﬁgﬁﬁ%geai?) p§r9cf(ﬂsd%dgtfagfrc?<g'§mneﬁﬂu%‘éia%99 8§xaiut

sem conduct or evi ¢es. and’ package a sem con or

substrat e, S a is hre-baked. I.n t irst enbodi nent of 4 the
i nventi on, %&ﬁBpggﬁh%o%gréém% gcﬁeggf%lfﬁgﬁgﬁ%strate, in the second
enbodi nrent of the invention an adhesive filmis attached to the substrate.

Processing then continues by attaching the die to the copper foil under
the first enbOdHE?QLOQE,EE? hﬂ%@%&'%?,> 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



and to the fil munder the second enbodi nent of the invention. After this
t'he processing continues identically for the two enbodinents of the
i‘nvention with steps of curing, plasnma cleaning, wre bonding, optical

i nspection, plasna cleaning and providing a nolding around the die and the

wires conngglednOntish, & @opbet FHEl SECREaBABOHIRNe QlipkBLatdlyan itel,
the filmis nom/ detached and replaced with a copper 'foil. After this the

processi ng S nt,},0 y ds
b pr oVt o BB e ot s e e,

at t achi ng stql ot BabbEdid | B2RUDSLIG Shon REAKLINAD SRR AFRLKS R WL N

bl ack i nk topping, singulation o I nspecti on an ter

o Lhe dR1i965 cBRSse nagked AR éﬂ%pﬂ%@%mﬁ%ﬂh&{@%@%%c?ﬁ}reﬁﬁoﬁf |

DESCRI PTI OWS a Cross section o Irst prior

art sem cofdicly OEgBaffﬂQ%n%rFitﬁngeé W enfboli Rl SEELAN 18%&?&90”0'

prior art sem conduct or package a cross section of athird

prior art }§teggrctg%§§c£8§ ;pﬁcig%%?(hgE{:gntidhuse@o%egtféé)ﬁ 2 LRE piothe

sem conduct’or package

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 with a copper foil. After this the
processing for two embodiments of the invention again commonly
proceeds with providing a black ink- topping, performing an ink
and post mold cure, attaching solder 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.*5 shows a flow chart of the processing steps required for the first
enbodi nent of the invention. Fig. 6 shows a flow chart of the processing
steps required for the second enbodi nent of the invention. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The invention is described after first describing

prior art appliggati onsndhata MRSksCLose]dh rRsaMEeoid g diRentkon, speci al
attention will be paid to three inventions, that is US Patent 5, 696, 666

(Mles et alenicddiuBabeNtadfR0, 928 (Lee et al.). and Hggins Il (US
Patent 5,583,377). 6 The first referenced patent, US patent 5,620,928 (Lee

et al.), is addressed first. Provided in this patent is a nethod of
producing an ultra-thin Ball Gid Array. This is acconplished by

mnimzing or elgind nat ERGws he dddisekBeseiof dha subshrgtOnwhich the
device is being nounted and replacing this substrate, during the assenbly

of a sem copghicd HauRaskageskaMd.h a tenporary supporting substrate or
carrier to support other conponents of the package. Lee et al. nake use of

t hree sub-conponents in their packaging approach, that is 1) a
sem conductor device, 2) electrically conductive traces that interconnect

the device with pexter Qﬂbwété’ AR PICKRIER POIHHES s@hi EORUILIGH ?HF"‘?}%% and

3) an encapsul ati'on materi al that encapsu ates the sem conduc
the invention.

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

for the first embodiment of the invention.

Fig. & shows a flow chart of the processing steps required

for the second embodiment of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The inventién is described after first describing priot art
applications tﬁat most closely resemble the invention, special
.éttention 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).



and portions of the electrically conductive traces. Using these

sub- conponents, Lee et al. use the follow ng procedure for manufacturing

an integrated circuit (1C) device package. A tenporary support substrate

or carrier is provided which is used to support the IC during the tine

that the 1C is bei ng assemnp sem conductor. die.is %gn’g}gr ar itl y (by
S

. |l ed. The
for instance a ABAbFE:StSiTEEGTERES I RAF T U pe P abt st Hed %6 % R Port
substrate while the electrically conductive traces, typigally caontained in
2 Substratt ar ése@rﬁ%vé&o&g%ne%r?(;‘m%sgfh%Fvaottre Phélslt @ﬁfb%tﬁgﬂ;@ o
support substrate. e sem conducto e- an e ectrica caonducti ve
tfgges ar e RHOLEER g2} Hélts‘ﬁ'r“ftgc‘:g %‘?{Jt Cgr%(’i?ﬁr y%hﬁjp}ﬁorafcg%fﬁﬁ? % %% a
relative positiqgon.that is the same as the relatjv osition in which
oot Lo CRaERARE & [ BE AR e cibe | Taepp aat "l Sy 2 h o o Hrden
sem conductqQr dje.iS pow connect eg %o ihe ont act, poi nt %ha haye been
orovi ded | rEthEeTarPats R BOURFER 37 AR AEORAUEL TS S ErEEaEe . (O | y
usi ng bond wires. er _this interconnectigon of the die to the conductive
races 1o CASEEBOLE IR & & TURGTARTIS ACTBERE BHCk fo HBBFEBHnect | ng
W res such as bond w res% are encapsulated. This creates a ri gl?gg%p(gfckage
€s:

of the di e SHRPIFETIuBLRTHAE SWIFcA3EBHTRI 15 FHREOLT ne i to mrder The

encapsul ation has not affected_the _surface of the die and the substrate
t hat cont ai e (REXRIRduLES V& 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 (I/0} and 3) an
encapsulation materiél that encapsulates the semiconductor die
and portions of the electrically conductive traces. Using these
sub~compoﬁents, 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 support the IC during the time that the IC is being assembled.
The semiconductof die is temporarily (by for ‘instance a double-
sided adhesive tape) attached to the 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 placed on the surface of the temporary

support substrate in a relative position that is the same as the



traces that is in contact with the doubl e-sided adhesive tape. At the end
qQf the encapsul ation, the rigid conponent conprising the die and the
i nt erconnect substrate are renoved fromthe tenporary 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 FRE2Li¥R GOSdhABR IR IHEIGNatBESE NER UGHEREF PERISET AT Ao bBRd
connected to contact balls. A protective coating may be' applied over the
bot t om sur f &Betlf fiFeldpeserdl poities seriePrtiFitaldipnt &rednreenecied to
provided in the bottomsurface of the integrated circuit die. The thickness
of the packiBe €Pritaqts PREBYF JeRP hpaveePBeD PLOVided RPnkRe $HARCSEt Rér BRI or
art packages because the substrate that is typically required to supEort
the i nt egr afeBCHIE-HAY KeBALETITR TS Shel BRY e YOS 1 NFhPIRdet NG - ofp f ter
mounting a sem conductor device further renoves the need for rigid support
of the die HhF EPEHEWRETioDe? hdhfodAtelo bR RIIGTELVE| BFRFSUpSort i s
provi ded by the_tenporary support substrate. The interconnect substrate
(cont ai ni ng “PRBLEBRAUIN Haet faRésyitdnthehePaTbref fde fPERTEAEMMIGN
conprises one or nore |ayers of interconnect |ines. Additioiial o
enbodi ment s ¥éfFepetu@h 3 POPAoViERSK Gire KecARRULIYFEG | dRifapre s rhaigid
i nterconnect substrate containing interconnect traces), a flip chip
approach w PRc¥apte?t balg slignandnehe yriosgssabe YivkCH |GORL@RRP WR&Ki ng cont act
with contact pads in

interconnect traces. The encapsulation has not affected the

surface of the die and the substrate that contains the conductive
tracés that is in contact with the double-sided adhesive tape. At
the end of the encapsulation, the rigid.component comprising the
die and the interconnect 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, thgée 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 interconnect

are provided in the bottom surface of the integrated circuit die.

The thickness of the pacCkage 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



t he surface of the interconnect substrate and a flip chip approach with
t-he addition of providing additional contact balls in a second surface of
tthe flip chip which are connected to the interconnect substrate by neans
of bonding wires. Fig. I shows a cross section that has been extracted from

L | . The el hi ghl i ght.ed 1 h
“To; a t erfordr %”53%%& athvnea%?st ot Ao 85 Bl B et aaie Ve

o oo RS tolhhe oIf o Sl TGS ANy T
| nt or connedct” gﬂ@o%a? Lk ot PO REC RGP an- he 6} PRI 1L shown
11055 SSRGS G IS 25 300l S LS 900 L1 LK 0, urber
oi nt & on (RETIR I FHELEL olff{’f}tt%e soRorn el el i AR et B e
(synbol ¢ aFeET s ShEED, oo %ﬁe%?saﬁnect R et RSk e e ntdon the
top surface Ofeépt%ﬁhgﬁgﬁg %ﬂ?%ﬁ&%% s of Lee et al. provide for the use

of flex tape (as.the interconnect substrate containing
interconnect traces); a f£lip 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

- 14, a semiconductor die

!

16, a dielectric interconnkct substrate containing interconnect
traces; an opening has been created in the interconnect

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



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

i nt erconnect substrate 16 - 26, contact points provided on the top surface

of the |1C digrdiormedd; sabsEARAPUNARE KENE SR ARBULSL EFardli el ForhhBrat
i nterconnects 18 and the i1 nterconnect substrate 16. The above hi ghlighted

met hod and pgogedur & 4 %Eggsa«;a tﬂf'}ngHnglﬁeFiﬁfoﬁssxﬁﬁlcragogiﬁM_§t§:i @&&gﬂi mEig.

1. The die 14 1s, together w pl aced in correct p03|t|o§

respect to the.. ifLLEARAECEs SUNRIIALE 18re PLARRALORLOEs LA SYREACe of the

tenporary support substrate 10. ‘After the 1nterconnections (18) 10 have

been est abl |;shed, helageRLASH M & Ihardathe: § nelcaBRestce Stikakat e 16, the
two latter units are encapsul ated (28) and can, after the encapsul ation

material has hgr desied wibesr enpyesbe@Neonbibd JJimst BE onk frage sak-rhbhe
tenporary support substrate 10. Mles et al. provide for a |low profile

exposed di ecghlife LARIILE cPAEKAYG0ihtS @Bt SESEd Mol pkbeiackagenthabpi s
provided by Mles et al. is shown in Fig. 2. Shown in the cross section of

Fig. 2 are! gyrface 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 the endapéulates die 14, the interconnects

18 and the interéonnect 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)

10



- 30; a semconductor die - 32, a Printed Crcuit Board, in which an
opening (not highlighted in Fig. 2) has been created for the insertion of
sem conductor die 30 - 34, a glob top or transfer nolded encapsul ation -
36, a contact point on the surface of the PCB 32 - 38, a conductive via

t hrough t he REBp3dgn - dbiWisheabood.LanneGt LS hesveahed iROEREofegONt act
in a surface of die 30 and a contact pad (not showh in-Fig. 2) on the

sur face’ of SP%§t§ate 12, SR dgb DAt ¢S AnikdmRse On A1 aQkkam oy fa6e @ ,t he
PCB 32 - 44, ball bond or first bond on the surface of the die 30. 11 “The

Met hod Of i JHeQ5CQRRLEA:LIERH: SANGHES O 10/ 5302 U8R A bePTBN3Ped S & |pRr
fromthe cross section that is showmn in Fig. 2. Pads 44 are the 1/0

i nter connegl,ROILALR Bhe Cg\ﬁrf%ge bhegke PAGSH A4 ryab 8N acked ke | 1Y er connect
traces provided in PCB 32 by neans of bond wires 40. The PCB 32 nmay have

one or nore |ayers of interconnect netal conprised therein (not shown in
Fig. 2), these interconnect traces make contact with sol der bunps 42,

establishing anpghest et cal. pathigk eOPAUCIIW ik £DeE VEab RS d4chgnd 42.
From42 the die 30 is interconnected to surrounding circuitry.

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 creatéd for the insertion of

semiconductor die 30

- 34, a glob top or transfer molded encapsulation

l

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

t

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 showh 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.

11



Hi ggins et al. provide a pad array sem conductor device having a heat sink
wWth 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 follow ng elenents of the package: - 46, an interconnect substrate -

47, a sem condugtor die - 48,. conductive.traces on.the surface of.
i nt er connect sugltsr}eraeéCEOQGO‘? STEon ﬁ%ﬁ%/% sﬁén ézopﬁ‘é(fg?ﬁ eéjt%é%eﬁ lrf)%iahts of

conducti-ve s. provided in ..nterconnect, substrate 46, - 52, condugtive
o et PSP S T enn Erah bl SRRANSEl SHP AR £ hounyam, §905 EL VS

Uraces 48 pFaur don g the 307 H-ERnhIg LR af Foo e PoBE M

SUbStrat e 4B ar TS Ths S L B o e Lo EorcuCTer avt e 4y GndVathaat

ol der padsobP oV dey an i her il MR R B et
interconnect metal comprised therein (not shown in Fig. 2), these
interconnect t.aces make contact w;th solder bumps 42,
establishing an electrical path of conductivity between pads 44

and 42. From 42 the die 30 is interconnected to surrounding

circuitry.

Biggins 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, conducti%e 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 wvias that are provided through the interconnect

substrate 46

12



- 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 nount the die
47 on the base portion 58 of heat sink 56 - 66, adhesive material, used to
secure fhe flanges 62 of the heat sink 56 to the | edge of the interconnect

substrate 46 _- 67, mol de ckage hod i.ch encapsul ates_die 47 - 68, a
user subst Fat’é't%o’\?\iiwetshghg ck¥ ecg;a oﬁ‘ggggt%%ﬂét 9“68%‘%%?%“‘%0%5&5

provi ded on the, surface of the user suhstrate 8, -.70, a_thermally
conduct i ve HBEndi - Mt ECHE NGt TR D aBﬁP?’éﬁe‘?b"é‘t \E@@ﬂsf’ﬁ@aﬁ%a‘%@si nk 56
andt he user, substrate 68. 13 Referring now specifically to Fig. 4, there is
shown a crd&&erERpPoh BPSHEEBGA® package of the invention. Highlighted in

Fig. 4 are the following: R 72, a sem conductor substrate which can
Compri se & Pt G6° VUL BAPREBIG |'Bak B8 e Eater pRPshdne

conventional interconnect substrate that i.s provided for providi ng one or
more | ayers‘-rt?feri‘:ﬁf’@?%‘bnﬂ&ﬁt”ﬁtﬁcég f‘?\r o &PSEBFbOIb\%fr By iSRG P ¥ points
of electrical .access may he provideg in one or both surfaces of the

i nt er connect®Ef5sfy afRd @ heat sink 56

- 55, solder balls that interconnect conductive pads 50 with
solder pads 69 provided on the user substrate 68

- 56, a heat sink

- 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

- 6B, a usey subétrate to which the package can be attached

- 69, solaer péds 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.
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74, .a sem conductor die that is mounted in the package of the invention
(r) 75, ball bond pads or bonding pads on the surface of sem conductor die
*4 that provide electrical access to die 74 76, a copper foil that is
provi ded over the surface of the substrate 72 under the first enbodi nent

of the inventi O'k;e_flek@gﬁé 148 si%e@@gcsﬂ?mmfgﬁﬁ,tafeéé“i%ms&aeﬁn ihsodayer

is an adhesive film typically a polyim de based filmto which an

addi tive hasse%éaag%g oRr QYL dggh f r;ckiaagr95%@%&%&%&&2&@1@?&%&&%@ €S vild. 8a

nmol di ng t hat een provided . surrounding the die 74, ~the bond wres 80

and part of,cont agl. RRUs,BH, 78, copper traces that have been provided
overlying top surface 71 of substrate 72; these copper traces are in 14

el ectrical contact w.th points_of .cantact (n 0 in.Fig 4) .that are
provi ded in'tﬁg't%ps%%¥¥ghgcgfro?u%%]%%Fhﬁélgé é%b%QﬁFFésﬁo%dp%%ﬁﬁﬁgtions
t hat connect points electri.cal _contact . in the surfa of die 74 wi_th
Cont ot por nt SIEBUERaroSIG G BL8N O RRItERtE Sh i 3 ey ket i galp
substrate 72 .82, contact balls that, are connecte 0 contact pads 88 that
rave. botn prodTGEICTIIGT: GEPHE=EE, Thite 173 POPYLURL I Boossatnd A Gituer
mask overlying the_surface 73 of substrate 72, . .

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 surface of
semiconductor 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
adheslive fiim,'typically a polyimide based f£ilm to which an
additive has been provided‘for improved_adﬂesive
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 ha;e been provided overlying top

surface 71 of substrate 72; these copper traces are in

14



openings in the sol der 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 substrate 72 for wire bond
connections 80 with die 74 88, contact pads that have been provided in the

surface 73 of ¢13dR$t £aL ot @ wEORANSELA NS Webht 26k afdAY s8bwh 0N aelg bal | s
82. It nmust be pointed out that the term substrate as used in the nethod

and package ofg)t hgatnygatd Qi iRbieis £0 acphskkate 72.0r hdkthase bgen
provided with points of electrical contact in the surface 71 and 73 of

substrate 7, stohahlﬁcer%&% é@ﬁe@%ggngrﬂﬂg%nn\éﬁ{:hp&ﬂ?cssgfd@ﬁemfc% and

openi ngs t hat make this [ayer Into a sol mask, that has further been

pr ovi ded wthﬁ@g@%& 14,3665 o Yé’fasae syr&fecem?%l% é@?@é&atp%lz% Fhena

substrate 72 t i'S'S in ¢ross section in

processed as %a!vaer ﬁ”&&#eof‘&%rtgﬁ %908 gl 3 ftcc%%t %hB'?E'Qat%' %zth

that is shown in her,” i n t e praocess he “creatron of
package of the,. |nvent|on that is shown in cross sectlon in Flg@ , the
i

substrate 72 t¥fat GPREASEPILYS third BFECERNHHALIAFPeEeR  Hte®adsr BYi HeAF wi t h
openings for the insertion of die 74. The creation _of these openin s IS
therefore not R3¥ifsPeReBrpErdcHl RE PR OERR SUFRCENES | P eTRISSHAtTh
el enents of the package that is shown in
¢ 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

substrate 72 for wire bond connections 80 with die 74

* 88, contact pads that have been provided in the surface 73 of
substrate 72 for connections with an array of contact balls

82.

It must be pointed out thaﬁ 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 substrate 72. The substrate 72 that is shown

15



-

gross section in Fig. 4 are therefore assuned to be present on the
surface-of a substrate and will therefore not be further discussed, since
these el enments do not need to be created as part of the nethod and package
of the.invention. A layer 78 of copper traces has al so been provided over

the second syréasss Gbc@fionSURSEIAL @ €3piER1 SYMEALrEeestbe 4 Qrasyqel the
invention starts with a substrate 72 that has been provided with: - 78,

the copper bfaces Hysuihagerdd Gfe RSYEaLEnF2ininCARL BCEnPALS BRoRAT1 88 -
sol der mask 86 - an opening for the insertion of die 74. Keeping in mnd

the cross seghi o ! halrthSr$hoMedd FHiessd: tbREhSIBRALEBAL AN %%ik&gg to
create this package are discussed 16 next, using the flow diagramof Fig. 5

for the firgt epbodifBal onOtntPesd MR 90 apdsd e dkew di agrampof (ELg. 6

for the second enbodinment of the invention. In this gISCUSSIOH of the two

fl di . ' d t tandard
ow dl agragﬁlo%}é'ﬁ%%é‘rb'% %@%‘é’”l‘s Nysdd %&e?gﬁ.‘? g?océésel%%s Q?%%%%F ﬁe(?%” ar

procedures w Iscussed In I nce the ne an
procedures g LIgse wheRpeRt Fadehdy KIMLL0 ENG, A AR091 g, 1L AGGLRT on
t hese steps™ arée not at “makeS t'he inventi on uni que. Andng i s cat’égory
of of these openiugs 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 @rovided with:
- 78, the copper.traces on surface 71 of substrate 72
- contact pads 86 and 88
- solder mask 86
- 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

16



steps fall such procedures as pre-bake procedures, curing, plasma clean
and the like. These steps are nentioned in the flow diagranms of Figs. 5
and 6 since these steps, although well known, are essential to
successfully create the package of the invention. The foll ow ng processing

steps for the.d | rslingnpbedi fepy dyégrﬁﬂeofmﬁﬁﬁtBoaoﬁrﬁhé"ﬁﬂyétg@hﬁgdiﬁbﬁ%9 S:
101, start of the process 102, inspection of the die prior to die nounting

and di ci-ng Prﬁfée%ve&%nt% Wa{eCh1 b ADAR tfoFi‘gd'@'ﬂQ: tgReseddfy the
substrate 72 is pre-baked for inproved adhesion of “overlying |layers (of

adhesi ve fl&@%,&HMéﬁEogfnkﬁ%rg _ﬁ¥llogglsture 17 108, a copper foil 76 is

attached to e copper traces t have been provided on the second
surface 71 of the substrate 72; the copper foil 76 is kept in place by
nmeans of an adhesive |ayer (not shown) that has been pre- applied over t he

surface of th% gh 10 t@g sgfgn:h u%} di§.74 i S igsgrted n th
openi ng that RaSPhBeMFHHRFGBAOF oF ¢ s %r&lpﬁo IR E0E bgf?aﬁkéowf’z 0% he
substrate 72 IS sueiected to a curln% cgcle in order to )

Figs. nd 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 in 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 inwvention are highlightéd in Fig. 5:
* 101, start of'the process
e 102, inspection of the die prior to die mounting and dicing
process

¢ 104, the wafer is mounted to a dicing tape

¢ 106, the substrate 72 is pre-baked for improved adhesion of
overlying layers {of adhesive f£ilm) and for minimizing

moisture

17



i nprove adhesion of attaching die 74 to the copper foil 76 112, the
surfaces are plasma cl eaned 114, wire bond connections 80 are established;
this connects, as shown in the cross section of Fig. 4, the electrical

i nt erconnections between contact points 75 on the surface of the

seni conduct gy ghe apd cont agh. pags 80 BEQuhded O Ehe.Su T Akl Jphe

substrate 72; ondi n um num can be used,
the end- of the_w bhonds are cte

t d .pads., of bstrat
by ultra sonicth7ﬁ;hﬁve eﬁel?f%ﬁLandogogalnge$%e gﬁﬁe 85 S?ﬁ % §§anfegatg
th tact 116, t i t t, d
he Soniact pag, L, b ool AT St 4 S I DY BB,
again plasm cIeaqsd 18 120, he dlng rovi ded surr.oundi ng the

seni conduct or 2Bi 3HeP ¥Ry 1eKET b ﬁhaﬁbﬁﬁfﬁﬁe?7pFﬁr??Rﬁlﬁ&aPF ally

overl aps the sol der mask 84 t hat has been provided on the first surface 73
of the substratBe72uriass &bt FBRafor automatic methods of using a transfer

mol ding with nold chase is used for this purpose 122, a bl ack ink topping
i s provided ovéiOt hehexprosedndurtacealid 94t he cnmgnﬂe&<mm tH6, oprsiimy mbahods

of screen printing
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 paas of the substrate by ultra sonic
heating, melting and bonding the ends of éhe bond wires to
the contact pae

® 1:6, the unit is {optically) inspected for any poor or
missing connections, surface impurities and the like

e 118, the surface is again plasma cleaned
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124, ink cure and post nold cure are performed sinmultaneously 126, 't he
sol der balls 82 are attached, using the solder nmask 84 as a guide in

pl acing the solder balls 82 with respect to the substrate 72 128, |aser
marking i s provided overlying the previously applied black ink topping
130, the nmultiple unit sybstrate js divide singulated) into  single
units, each %i E@?e Ui OLGHBFi i?nbs é”%ﬁ‘ﬂg?g g‘é%’?ﬁq’@&’r&gc%a? %?r%lcf)d‘d%f§?,r t he
si ngul ated package is (optically) inspected for an irregularities that
are visually oBierVhbns ti‘@4?°i‘%e“%“f@§g@lodt Bl PR dde TMETBPECRFTEAYLY t est ed
136, the singul ated packages that pass the electrical tests are packed for
shi pment 138, ovpelaphdiieatedipackatfe S atdashippireer PYOVAded e dhet he
significant simlarity between the processing flow of the second

embodi ment of €hest nserfidasn 73sofhbii substicgte B2 ampnvieatproabssi ng fl ow of
the first enmbodi mrent of the invention that is showm in Fig. 5, all

ref erence nunbensonétidc hegdodwoofi gihres & Hatns&éemalgliniye ws ahremopk rcditcisen
have been kept the sane. Were the reference nunbers of Fig. 6 are

di fferent fromisheseéf&vernddsnpobpeesethat have been used in Fig.

e 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 éure 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

e 128, laser marking is provided overlying the previously
applied black ink topping

e 130, the multiple unit substrate is divided (singulated) into
single units, each single unit comprising a single

semiconductor die 74

e 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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5, the reference nunbers of Fig. 6 have been given a new numeric val ue and
are, in addition, highlighted with an asterisk (*). This provides an easy
nmet hod of conparing Figs. 5 and 6. Fromthis conparison it is clear that
step 108 of the first enbodinment of the invention is, under the second
enbodi nent of the invention, replaced with step 140, where at this time in
the processing cycle, an adhesive filmis attached to copper traces 78

t hat have been provided.to the s ur f 1.0 he bstrate 72. This
adnestve 111 m ooy it Shicha i e aptr s eretite AE pocesdfig
essentially fgr th ubsequent operatiqgns of. wire hand attach and pr.ovi ded
2 mol di ng cormpSlng” arurECRE SHEGTHC T &% FBSHHREEH s S5 TRECH! odkgd ot

t he second enbodinent of the inyentio fter this proceeds as under the
first  enboditef BRE (HPIGHFEnEi bROUPT o o B8 ntniRfEFEns Abl thfg has

been provided. After this step, Fig, 6, step 142 and 144, the 20 adhesive
filmis renpveeRFamRtMedfpePorPatRst#8 and2dl chpfenPoPP e s L4t t ached
inits place, also over the cogper traces 78 that have been provi ded over
the surface 7hese §upstrarres7ihaif refex Hi theh&ape orasditagnsheps keen he
first and second enbodinment of the invention are alike. The follow ng
observat i ons kep& theoperes. Mogaedthe rakerdnfgenuibaramt Fievi dusty

hi ghlighted prior art packages. These
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. Tﬁis adhesive film provides mechanical support for
the substrate'72, essentiall& 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
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observation focus mainly on the differences between prior art applications

and the instant invention. Regarding Mles et al.: s the sem conductor die
i's closely fitted inside a cavity that has been provided for the die in
Fig. 2 of Mles et al., the die is held in place by an plastic resin

encapsul ant wWhhB8ssv@ldiis de fsRaEeEXOREdhEosopidie viRkdsNYs capPAURpber
enter between the cavity and the die wth the opening being inghtF

larger than Be;dig 1d %tEbehea,1M1&8 pqracal a1 80| S0 t8k0Bob P Ctrraueanstaer
nmolding is applied; the die is held in place with an adhesive material

which i's appligd peLyeena ﬁEQW&&é‘ SAY gﬁgog%ﬁﬂ‘r’ee ANQ el PGbQ{&h&eFﬂzmﬂ er 21

for all the applications that are prOV| s et a ese

I t d 1 t with
Ml es ot al. Ao ﬁ%%%%ntﬁ.‘?lgnﬁ%gﬁsﬂ%hd RSB Ep e AR BB vent i on
does not use g@Pgun1foQﬁ;Q orar 05|gﬂgn|ng of the die, the

i nvention in® gttt ség fhi de and/ or copper adhesi ve

filmfor this purpose the |nvent|on can use either glob top or a transfer
mol di ng

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

e in Fig. 2 of Miles et al., the die is held in place by an
plastic resin encapsulgni with small side areas exposed for
the molding éompound 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 appliea between a through-cavity opening

and the die perimeter
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the invention is of a cavity down design. Further conparing Lee et al. wth
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 nolding compound covers the entire top
surface In gontra | ef .al. inst [ ti QN .l 84+.0f; @
cavity down degiﬁh%%%ﬁéﬁgdﬁﬁgéfaﬁgfﬁfs£$%?t%ﬁ% g?é“?%%i®“&§§ﬁﬁﬁr§§)£laf

di el ectric substrate ov rligf a subsgga e Z%e the nnlghgﬁl'%ikgniteg W th
respect to the r 2P TR PadkagE* VELY tHe" EoiPEr T éigi ASEIPT Wk n

t he instant invention: H ggins Il uses epoxy between the die and a heat
sink Higgins Il uses a heat spreader of conplex design. |In contrast with
Higgins IIl, the instant invention: does not use epoxy uses a copper

foil overlyi By ERBLER%HG dBrtdudides dtle.2Fhe tRGVARTERfEL™ hat are provided with
t he sem conduct or - package of the invention can be summari zed as foll ows:
t he package ies gmaldie tiki notncllddediyt fitted
¢ the invention does not use wvacuum 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:

¢ Tee et al. is a cavity up design {the contact points of the

die face upwards)
¢ a dielectric substrate su;rounds 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

downwards)

e 3 dielectric substrate overlies a substrate
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t he ‘package is assenbled wi thout the use of die attach epoxy t he package
has i nproved thermal characteristics which are achieved by attaching a
copper layer directly to the backside of the die and the substrate the
package has inproved performance with respect to El ectromagnetic

Interference ¢EMpopdithdRadi 9ifik e64aMDh reRbett efenaR CBrkY, ohiiedh is

achi eved by attaching a copper |ayer to the package 23 the package has

i nproved el ec Eggg&einductance due to the cavity down design of the
package and dle to the thin construction of the package. Al though the

i nvention has been described and illustrated wth reference to specific
illustrative enbodi nents thereof, it is not intended that the invention be

limted to thO?ﬁ %Llustrative e odineg{ﬁr T@gsghskjlugdtin t he %gt.vwll
recogni ze that WAPFAtTEHE ARG AbAFHTEatdore “CahMbe Hads SwitPRot  Tpar t i ng
fromthe spirit of the invention. It is therefore intended to include
within the PnVéREiLBA BFT Wifch epairy hebrremide Adfidtta P6as dhikh fal |

wi thin the scope of the appended clains and equival ents thereof. 24 CLAI M5
@ Higgins III uses a heat spreader of complex design.

In contrast with Higgins III, the instant invention:

¢ does not use epoxy

¢ uses a copper foll 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 thermal charapteristics which are

achieved by attaching a copper layexr directly to the backside

of the die and the substrate '

¢ the package has improved performance with respect to
Electromagnetic Interference (EMI} and Radio Freguency
Interference (RFI), which is achieved by attaching a copper

layer to the package
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1. An ultra-thin sem conductor package, conprising: a sem conductor
substrate, said substrate having a first and a second surface, points of
el ectrical contact having been provided in the second and the first
surface of said substrate, said substrate having been provided with a

cut-out threughesyadkagtibsis atRfved 8i&etldAWMinEuENSREd iR @b 8he
sem conduct-or die therein, said insertion |eaving a neasurable distance

et veen - si devalys.,0boaal foglith 31 :A0 LALRIGIAaPCELECES LRl (3ahd cut-out

t hrough said s ate; an 1 nterconnec rate conprising copper traces,
said interconpect a Vi irst and a second surface, said
first surface %§%%§£E§Q?%§e%§8%%%§%%§g éfrate being in contact wth the
second surface of the substrate, points of electrical interconnect being
provided in the first substrate of said interconnect substrate, said
points of electrical interconnect L praovided on said first surface of said

i nt er connect sub&t-FaPRID B@endni"ﬁn*é’rg%t}?‘jlstéﬂee(?oﬂ?%ﬁfl%q RGoppiistratEss
provided in said interconnect substrate, copper traces of sajd .

i nt er connect¥ UBELPEERCH dih FPEGAREE t BHL i TR Lp8f RO ERESt FResFOonttact
in or on the second surface of said substrate; a solder mask havi ng been
provi ded on ihaot fsferdpy dd@tofthesapmertindt Pat dinkksd toltdepemask exposing

points of electrical contact provided in the first surface of said
substrate: illustrative embodiments. Those skilled in the art will recognize

that wvariations and modifications can be made without departing
from the spirit of the invention. It 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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25 10 1111112111111t hu 1111211111 111 1 CL S a sem conductor di e being
inserted in said opening provided in said substrate, said sem conduct or
die having a first and a second surface, said first surface been provi ded
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 seniconduct ofL8F¥S peing about in a plane of said

second surfgce,of id.substrate. W r.e nect i Qns.havi ng been

provi ded betiodh %%‘?’%ﬁ s SS%%%?‘%%‘%P%%%?%%@ rchﬁpgé%lP‘ﬁ'sai d first
surface of said _semconductor die and said,points of electrical..contact
provided in or Snsgﬂﬁ??qdﬁFéPrsﬁV?%ﬁﬁ§ r 881 %%&ﬁﬁﬁ%ﬁ?e,agbﬂ?d%tfﬁﬁﬂtlgnd
attached to said contact points provided in  said first surface of said
substrate, $aPGCeBAt AR BORAYT iyt PEEFTHAder FRY A BRYR D FiThgs
provided in said soqlder mask; a cgﬁ@er foill attached to the second surface
of said intEPTsARECAD difsstsegrad e Figshi SoRtRrG G drédatidPsdiatewire
bond connections and said first surface of said solder mask partially and
in the inmeditst é@ﬁ??%dﬁaﬂé§go?e%’éi%‘%ﬁé‘ﬁidnyl*&? et O ts B e b st e

bei ng enbedded in a nold cap, said nold cap further penetrating .
substrate of a size allowing insertion of a semiconductor die

therein, said insertion leaving a measurable distance between
sidewalls ¢of said die and an internal perimeter of said cut-out
through said substrate;

an interconnect substrate comprising copper traces, said
interconnect substrate having a first and a second surface, said
first surface of said interconnect substrate being in contact
with the second surface of the substrate, points of electrical
interconnect being provided in the first substrate of said
interconnect substrate, said points of electrical interconnect
provided on said first surface of said interconnect substrate
being in electrical contact with copper tracds 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 substrate;

a solder mask having befen provided on the first surface of
said substrate, said solder mask exposing points of electrical

contact provided in the first surface of said substrate;

25
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bet ween sidewal | s of said sem conductor die and surrounding sidewalls of
said opening created in said substrate. 26 Ililli 1111i11hl111f1t111i1 CL
MS 2. The ultra-thin package of claim 1l wherein said sem conductor
substrate is selected fromthe group of substrates consisting of printed

circuit boards, flgx,Gldrcitsr §6& %Ei%gé'iﬁ%&%géﬁsﬁn Ha38S opSiDSd TARS qaRd

sem conduct or devi ce nounting support. 3. thod of creating ultra-thin

sem conduct f, gagggs stra%ggpgs% nye,ﬁi@%n)%hgeﬁﬁ fcgi'e %%B@oxi Q;ﬁ% an

substrate, Ssai rate conprising: rplicity of

substrat es, eagh i ndi ideual iéugstggtse ff%rmgg .a substyrat
ultra-thin £&M Bgnﬁ‘ﬂﬁ T Sgc age” ® eatt 145G Vi

the second%3§FFALERDC B n8Pof dRRFOCUBEEFAER; oF 198+

conprisi ng &oPpertt vhdesaidaditrgtp

a
1 vI dual

%%alfr"s"dbjf rgfg{lhé%‘;%ﬁ gffi rst

and a second_. surface, paints of (?I ectri cal %ont acé havi ggabeen

rovided in

ey it e
having a first and a, second surfacg%t(i ii) an interconnect substrate

FroovitdEa ot R PREF Vv E

rate,

substrate provided in_said substrate, said interconnect substrate provided
for each i rfdilfi §64P"S uBYtH&Ce Cha¥Phy SEFIGOFHUGhET Life ESidIsaPralken Sai d

first surface of said interconnect substrate being in contact
second surf &d@nsf of heasypagoade spsfaetf issdidv pabafrate;

with said

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 substrate;

contact balls attached to said contact points provided in

said first surface of said 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 sald wire bond connections and

said first surfaée of said solder mask partially and in the

immediate surroundings of said opening created in said 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 substrate.

o
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substrate; (iv) a solder mask having a first and a second surface having
been provided for each individual substrate provided in said substrate,
said second surface of said solder mask being in 27 1111111 11111afill, fil
Ct X111111 contact with said first surface of the substrate for each

i ndi vi dual subgtg q;lecr(au)chpgidgg&acge %Ifegigixﬁgi WHRHeaG! sgf%iré%i%%uegwi ded

in the first and the second surfiace of sald substrate each 1 ndividual
substrate p | I n_sal t e [ ' ical_.i copnect
navi ng. becnored e 1o Bef RELRE e bl beB U s EFeS et B Phr
(vii) said goi nts, %f.r%Iueﬁt%i é\:a%J [ nt eerxconnecttgro%i ded in sa,ci d ‘ fi rslt,L
surface of Bard-Thterconnecr®siisst atecﬂiéﬂﬁlg tonmect ad W}E% 8% Pratds of
the i nterconnect substrate; ivi%é& saig ﬁoints of .electrical interconnect
provi ded i nSEREEFFGG% ARGy PPRLECHIURSTd P KE BT CHMHECRIs GBRPP R e furt her bei ng
el ectrically connected with points of electrical interconnect provided in
the second surface of each individual substrate; (ix) said sol der mask

exposi ng points of electrical contact provided in the first surface of
said substréteAf%ﬁtﬁﬁﬁﬂ?f creating ultra-thin semicondictor packages,

7

comprising the steps of: .
{a) providing a substrate, sald substrate comprising:

(i) a multiplicity of individual substrates, each individual
substrate forming a substrate of said ultra-thin semiconductor
package; each individual substrate having a first and a second
surface, points cof electrical contact having been provided in the
second surface of each individual substrate;

{ii) said substrate having a first and a second surface

{(iii) an interconnect substrate comprising copper traces
having been provided for each individual substrate provided in
said substrate, said interconnect substrate provided for each
individual substiate having a first and a second surface, said
first surface éf sald interconnect substrate being in contact
with said second surface of the substrate for each individual
substrate;

{iv) a solder mask having a first and a second surface having
been provided for each individual substrate provided in said

substrate, said second surface of said solder mask being in
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i ndi'vi dual substrate provided in said substrate (x) each individual
Substrate provided in'said substrate further having been provided with a
cut-out through said substrate of a size allowing insertion of a

sem conductor die therein, said insertion | eaving a neasurable distance

between si deMehés fcnsahdqdieranddFabbebpadndeibdRi-ete Of oS alkncut - out
t hrough said substrate; (b) optically inspecting said substrate; 28

"1111t11~~1, § l&i&uél Sugsgggtgnuntlng and cutting said wafer to a desired
di e size; % ? pre-baking said substrate; (e) attaching a copper foil to

the second Surf@%eg%ﬁé'&'f d 1Rt QQQﬂe&Bn Na@&ﬁ T0Ler£ 301 Bl Vi dude

substrate; (f) ins rtlng a sem cond uctor le in sald opening provided in

sal d substrghg,{ oL, £ahL Ladbih IR AUDY! gheq SHASRE epdLgher  di €

havi ng a -Irs SUI’ ace an second sur ace Sal I rst SUI’ ace havi ng

been prOV|ded f. el d t ch indi vi dual
substrat e, salavé%%on suF 35% ﬁ% séﬁ%i sen%ggﬁaﬁé?or% ie being in contact
with said first sgrface of

S T o RRSBuR or St BL 1 CONDERLorRRE A Fod YeehPBlobBELY ! vl
in the first surface of said interconnect substrate;

{vii} said points of electrical interconnect provided in said
first surface of said interconnect substrate being connected with
said traces of the interconnect substrate;

{viil) said points of electrical interconnect provided in the
first surface of said interconnect substrate further being
electrically connected with points of electrical interconnect
provided in the second surface of each individual substrate;

{ix) said solder mask exposing points of electrical contact
provided in the first surface of said substrate for each
individual substrate provided in said substrate

{x) each individual substrate provided in ‘'said substrate
further having.been provided with a cut-out through said
substrate of a size allowing insertion of a semiconductor die
therein, said insertion leaving a measurable distance between
sidewalls of said die and an’internal perimeter of said cut-out

through said substrate;

{b}) optically inspecting said substrate;

L
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(h) ‘pl asma cl eani ng exposed surfaces of said substrate; (i) providing wire
bond connections between points of electrical contact provided in said
first surface of said sem conductor die and said points of electrical
contact in said first surface of said substrate for each individual
substrate; (j) (eptmeahting rspecutngngasd suaserate 4 dlesdekdctse ssiCie as

poor or m ssing connections and surface inpurities (k) plasma cl eaning

exposed surfacqs)oprsabsk sipsiat eubédgagy;ovi ding a nol d conpound
surroundi ng the sem conductor die and the bond wires for each individual

substrate, sai (ejOLeraSRIROUNERBLYI B DAY itRkl ¥eO¥Rd | ARRIRE bREsdid St
surface of the 29 IIrr~r~1111 sol der mask that has been prOV|ded on the

first Surfacgeneé %utg%g@w e(er RGRYI 9&@ ?Jalla% @pp' ng On the
sal

second surface o copper for eac V|dua strate (n)
curing said bl (o]¢4a]0) f C I
substrat e; (o)aﬁ#téggﬁﬁgﬂg%agé%ﬁgcgﬂgg%gyég%% g§|ﬁ?gd6%&“P§§ Pfég Jié(cgl'lrﬁlact

provided in 3gig %\'zqe xat ff@SEe hsiarléivi gﬁ&réﬁk@sx{ e ﬁeéiﬁgd'g ‘éde %'cltf;s

substrate, using er as a gui

W th respectdgg BQ@igfgftﬁﬁg%’surface and a second surface, said first

surface having been provided with points of electrical contact
for each individual substrate, said second surface of said
semiconductor die being in contact with said first surface of
said interconnect substrate for each individual substrate;

{g) curing said substrate;

{h}) plasma cleaning exposed surfaces of said substrate;

{1} 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
first surface of said substrate for each individual substrate;

{3} optically inspecting said substrate for defects such as
poor or missiﬁg connections and surface impurities

{k} plasma cleaning exposed surfaces of said substrate;.

{1} providing a mold compound_surrounding the semiconductor
die and the bond wires for each individual substrate, said mold

compound molding partially overlapping the first surface of the

29



(p) prOV|d|ng | aser marking overlying the black ink topping for each

t ndi vi dual substrate; (q) dividing or singulating said substrate into

i ndi vidual substrates, each individual substrate conprising a

sem conductor die; (r) optically inspecting the singulated substrates for

irregul aritiesiadSnagkeehat Cadd Yode@Shbirbgidd® dmdnei duabt ssihstacat ef the
packagi ng i ndi vi dual substrates that pass the electrical testing; and (u)
shi ppi ng t hegimghipgrdual packages that have been packaged. 4. The net hod of
claim3 wherein said substrate is selected from the group of substrates

‘consisting of @i pLegh SidLW Hihepr sy &Q)p'lnb' bh!the 1bLLAL Lhildded W4l 1

Pl flex CIrCUItS ceranlc substrates, glass substrates and sem conductor

devi ce mountingys %rt %ﬂg SECOH%dQLl égﬂrgﬁiéwgg gln said step of

attaching a copper f0| sur ace sal i nt er connect

SbSUrat’ for eaoh t vl dupl sulsirote i ool goes w i A step of <.,

at t achi ng a ad(h SI ve e secon ace o1 sal onnec

substrate for ch individual. substrate, wherein further additional steps
of renDV|ng ?3?% %H#é?ﬁ#@q PRY S St t achi ng a

{0} attaching sclder balls to said points of electrical
contact provided in said first surface of said substrate for
each individual substrate, using the solder mask as a guide in
placing the solder balls with respect to the substrate;

{p} providing laser marking overlying the black ink topping
for each individual substrate;

{gq) dividing or singulating said substrate into individual
substrates, each individual substrate comprising a semiconductor
die;

{r} optically inspecting the singulated substrates fbr
irregularities;

{s) electrically testing the individual substrate;

{t) packaging-individual substrates that pass the electrical
testing; and

(u} shipping the individual packages that have been packaged.

4. The method of claim 3 wherein said substrate is selected from

the group of substrates consisting of printed circuit beards,
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copper foil to the second surface of said interconnect substrate for each
i.ndi vi dual substrate are perforned after said step of providing a nold
conpound surroundi ng the sem conductor die and the bond wires. 6. The

met hod of claim5 wherein said sem conductor substrate is selected from

t he group ofisxbsiraiies,coasasid nbetrpeen) eflase sobstrdoes dma fl ex
circuits, ceramc substrates, glass substrates and sem conductor device
mounti ng suppRitondhctArMBbioge afoitaall Bappdid a-thin sem conduct or
packages, conprising the steps of: (a) providing a substrate, said
substrate conprising: (1) a multiplicity of individual substrates, each

i ndi vidual substrate formng a substrate of said ultra-thin sem conductor

31 -------- 52-The hdtHoa okld14LM S PRGKAMEsa LA dNWsV hdbAbn SUPST LRbBer

having a first and a second surface, points of electrical contact having

been provided;ini.dhg,e SREBNG SW#AGE L sﬁgﬁhiﬁt;%;ééin‘iﬁ‘(é@!t. ?H@ﬁﬁ?&eeifo@ )

sai d substrate having a first and a second sur iii) an 1 nterconnect

substrate CQuppi g f&%&?ru%éé‘{?a?ée i@a‘é'eggalggg%p{ho‘é{ %‘Egﬁf 8F £AMying a

i ndi vi dual substrate provided In said substrate, said I hterconnec

substrate P %gggeff§h§QEpthe second surface of said interconnect
substrate for each individual substrate, wherein further
additional steps of removing said adhesive film and attaching a
copper foil to the second surface of said interconnect substrate
for each individual substrate are performed after said step of
providing a mold compound surrounding the semiconductor die and

the bond wires.

6. The method of claim 5 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.

7. A method of creating ultra-thin semiconductor packages,
comprising the steps of:

{a} providing a substrate, said substrate comprising:

{1} a multiplicity of individual substrates, each individual

substrate forming a substrate of sald ultra-thin semiconductor
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i ndicvi dual substrate having a first and a second surface, said first
surface of said interconnect substrate being in contact wth said second
surface of the substrate for each individual substrate; (iv) a solder nask
having a first and a second surface havi ng been provi ded for each

i ndi vi dual subgtrate I‘OVI [ate,  sai surf ace, of

su con
sai d sol der PAEERIDRI H 1 it &Xﬁ?ﬁﬁf W sﬁ:rg TT¢ & sffrlfrgg aF FRESSst rat e
f h di dual t t t f.h b
ovtdod i n o tREeSE T g 1%%%5 i @&?Pgé‘égo%‘é%igﬁ% Shoprariadih i dppce"

i ndi vi dual substrate rOV|g§d i tra% é points of electrica
mterconnectseHSWnﬁu o??ﬁ dln *V% f PFREL 5% ace of said

i nt erconnect substrate; éVII sai d 0|nts of electrical |nterconnect
provi ded in sai B-i)fiSPdf SHpY te‘ofh ard AntErtormeet SEHRY atE fhERNg

connected with said traces of the interconnect substrate; 32 | fll1Ifll

i1l 10011111 1fiii1en(JpERFCRRIFHEUREETREC AWPLASARE TRRIT FHACEE
provided in the first surface of said interconnect substrate further being
el ectri cal | yhavdnaecbeer RIAH 56 AP5 oAcke|iadimidapl i siuksteatgeprovidesiided in

t he second surface of each individual substrate;
said substrate, said interconnect substrate provided for each

individual substrate having a first and a second surface, said
first surface of said interconnect substrate being in contact
with said second surface of the substrate for each individual
substrate;

{iv} a solder mask having a first and a second surface having
been provided for each individual substrate provided in said
substrate, said second surface of said solder mask being in
contact with said first surface of the substrate for each
individual substrate

{v)] points of electrical contact having been provided in the
first and the second surface of said substrafé for each
individual subétrate prévided in said substrate

{vi) points of electrical interconnect having been provided
in the first surface of said interconnect substrate;

{vii} said points of electrical interconnect provided in said
first surface of said intercoﬁnect substrate being connécted with

said traces of the interconnect substrate;
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(1 x)- said sol der nmask exposing points of electrical contact provided in
the first surface of said substrate for each individual substrate provided
i'n said substrate (x) each individual substrate provided in said substrate
further having been provided with a cut-out through said substrate of a
size all ow ng iCser. ion.gf uctor die .therein, said.inserti

. V. 1 c?‘n emocfongec Il inte on < rov I é)}!l’]e

| eavi ng a neasurdgé dfst e vetes F e RS S5 OLRT & B VaRE%ah
internal perinmeter of said cut-out. through said s bstra& X (Qgtattaching a
copper foil HE&5FnEEREhE sﬁ?fgc%mb?r%oéfn&%ti ﬁ?lé?tc%#r?eéﬁlr ﬁﬁgtl? "W for each
i ndi vi dual sEbstrate'[ ECZ inserting a sem conguc or die_in said opening
provi ded i n®t&5FHLS r efEpdeutt IRRIAFSdGAI S S Cate JREGFPRReCTE
sem conductor die having a first surface and a second surface, said first
surface haviPgvheed I FAUSGCRPEnsPHOidftSs off carcirdicaidu@dneuBEL* 8% each
i ndi vidual substrate, said_second surface of said sem conductor die being
in contact.w t htiedi $afiidr §014eF MRS GFPOSANY RHTERC BAneLeCLisstr &4PBLRBE each
i ndi vidual substrate; (d) providing wire bond connections between points of
el ectrical coevadedpiovifediratsantf4¢e af saitlagedyfrags dor3gach1l1ij | hull
T T o T A e

individual substrate provided in said substrate

{x) each individual substrate provided in said substrate

further having been provided with a cut-out through said

substrate of a size allowing insertion of a semiconductor die

therein, said insertion leaving a measurable distance between

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

through said substrate;

{b} attaching a copper foil to the second surface of said
interconnect substrate for each individual substrate;

{c} inserting a semiconductor die in said opening provided in
sald substrate for each individual substrate, said semiconductor
die having a fifst surface and a second surface, said first
surface having been provided with points of electrical contact
for each individual substrate, said second surface of said
semiconductor die being in contact with said first surface of
said interconnect substrate’ for each individual substrate;

{d) providing wire bond connections between points of

<

electrical contact provided in said first surface of said
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sem:conductor die and said points of electrical contact in said first
surface of said substrate for each individual substrate; (e) providing a
mol d conpound surroundi ng the sem conductor die and the bond wires for
each individual substrate, said nold conpound nolding partially

over | appi ng g%giééﬁd%ﬁ:t%&” hage, Y dNg F??hggrowﬁgttgg{cﬁgfé%’gﬁ% 950259 d on

the first surface of the substrate; attachi s to sa

poi nts of el eotsi Gl catnbACla Rl Widedatl 281 dddf Shasprage e

bs%@g .
substrate for each individual substrate, using the sol der négi as a guide

in placing th%gg%ﬁs&&lﬁl S Wb B ESRPSRTA Q- -BENSHRS Y Qem Egnégxg% or

dividing said su rate 1 nto 1 ndividual substrates, each indivi

substrate cogpgisiddr sephcoPAUCt Ay disen 8nqiadiBt BadsPfacd 2idDs4 %”8.&? o

additional steps being perforned prior to sald attaching a copper

the second églg;t)g\gr&i %olﬁﬁ}xgs%gi@Iaclci%%%rﬂf?ﬁirg%‘tﬁ%g‘;?Fr@é‘cﬁuifhdd'e"io‘i‘“@ha

substrate, sali t1ona eps corpri si ng: t y I nspecting sa

i o1 to a deerren i 3k EPHE BroRdRe T R S0 R AR Bt hect ops

g::gg gzrforgggstﬁgéég to said providing wire bond connections and after

{f} attaching solder balls to said points of electrical
contact provided in said first surface of said substrate for
each individual substrate, using the solder mask as a guide in
placing the solder balls with respect to the substrate; and

{g) dividiﬁg said substrate into individual substrates, each

individual substrate comprising a semiconductor die.

8. The method of claim 7 with additional steps being
performed prior to said attaching a copper foil to the second
surface of said interconnect substrate for each individual
substrate, said'additionai steps comprising:’

optically iﬁspecting said substrate;

pre-baking said substrate; énd

mounting and dicing said wafer toc a desired die size.

.

9. The method of claim 7 with additional steps bheing performed

prior to said providing wire bond connections and after said
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03y v 21al fhijpi 12111 1121111 Linserting a sem conductor die in said
Qpening provided in said substrate, said additional steps conprising:
curing said substrate; and plasma cl eani ng exposed surfaces of said
substrate. 10. The nethod of claim7 with additional steps being perforned

after said inserti.n m conductor .die.in sajd eni n rovi ded in said
substrate ant Sperﬁtgp%t% g%lnl %nrdgl\l/é%& n&gg %rﬂtl)ls ldcg ggﬁ%% Egrlf)r‘}r)léi&r?dilﬁgs?h%
semi conduct or dhg gnd the bqﬁgpmﬁreﬁ Lor each i.ndividual substrate, said
addi tional sTEPETESAEr PRFAPCDPICRAN §EFRE ped B i§1848i d substrate for
defects such as _poor or, missing_connections and surface inpurities; and
pl asma cleaninﬁugiﬁ%§gﬁ' N Sgﬁgt%f @Efd substrate. 11. The nethod of claim
7 with additionﬂéFste S beingegerforned after said, p viding a nold

S

d, pr
conmpound sur r oBndPHY %iﬁ?nﬁﬁgnl BRUTE t B e SaRf ??ﬁgtﬁﬁaft%FF for each
i ndi vidual substrate and prior to said attaching solder balls to said
points of electrical contact, said additional steps conprising: providing a
bl ack ink toggin on the second surface of said copger foil for each
i ndi vi dual stBstTet deting elrfirimsd #ibhagfdinionadpstags Rt nshrgrisrged
conpound for each individual substrate.
after said inserting a semiconductor die in said opening
provided in said substrate and prior to said providing a mold
compound surrounding the semiconductor die and the bond wires
fér each individual substrate, said additional steps comprising:
optically inspecting said substrate for defects such as poor

or nmissing connections and surface impurities; and

plasma cleaning exposed surfaces of said substrate.

11. The method of claim 7 with additional steps bein§ performed
after said providing a mold compound surrounding the
semiconductor die and the bond wires for each individual
substrate and piior to said attaching solder balls to said
points of eleétrical contact, said additional steps comprising:

providing a black ink topping on the second surface of said

copper foil for each individual substrate; and

curing said black ink topping and said mold compound for each

individual substrate.
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35 I [y 111121121 111ilt! 11E M 12. The nethod of claim7 with an
additional 'step being performed prior to said dividing or singulating said
substrate into individual substrates and after said attaching solder balls
to said points of electrical contact and prior to said dividing said
Ssubstrate into di vi I e a nal- in

or ovi di ng Ig%er%ﬂ] fqg803§r aln?H %1t§|%%k§55%310 1 s%é Fkﬁ n% %orged

i ndi vi dual substrat thod of itional steps being

3.
performed E18 R é 9&&2%@;? 08 Sante i Satl §H§§€¥%‘i%’1
di dual .
oy iR e%?&a Ceany and 4 L8PS @f&%ﬁlﬁ?%gﬁ%ﬁ%&aﬁ afpy

testing the in IVId al trate; .packagi ng individual supstrates that,k pass
the el eot 1 31 Feslng e St RoTEREC e o “pattanectideoniot
been packaged, 14. The nethqod of claim7 wherein said substrate is sel ected

from the gFBHﬁtfﬁt%nﬂﬁﬁpréP VG SUPRGTRFCr i fiEh a8t ELPrabahe®s, 1 ex

circuits, ceram ¢ substrates, glass substrates and sem conductor device
mount i ng suﬁﬁ@??lsﬁﬂg providing “laser marking overlying the black ink

topping for each individual substrate;

13. The method of claim 7 with additional steps being performed
after said dividiﬁg or singulating said substrate into individual
substrates, said additional steps comprising:’

optically inspecting the singulated substrates for
irregularities.

electrically testing the individual substrate:;

packaging indiwvidual substrates that pass the electrical

testing; and

shipping the individual packages that have been packaged.

14. The method of claim 7 wherein said substrate is selected from
the group of substrates consisting of printed circuit boards,
flex circuits, ceramic substrates, glass subé%rates and

semiconductor device mountinyg support.

—
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LIfflfff ffifffffflIfIFIFIIIfE~f C ! 15. The nethod of claim7 wherein said
step of attaching a copper foil to the second surface of said interconnect
substrate for each individual substrate is replaced with a step of
attaching a adhesi ve filmto the second surface of said interconnect

b f ' J addi I
of T omovi gt €ai i GARBEPYCt Thidhd sPeRshaE ashibr urfits Rofeibia’

surface of |nt rconnec sub trat for e ch i ndiv d strate are
per f or ned a? f i sfgﬁoné S s %gsﬁ}?nﬂ 58@883%% Ebﬁt &lﬁ@ t he

providi
?erlfopgu?tog%fhf 1duaEes ond Jes. 11 111 1 1 11 1 1% Lo 11 1 111

stra is rep aCed With & step of a ing a

adhesive f£ilm to the second surface of said interconnect
substrate for each individual substrate, wherein further
additional steps of removing said adhesive film and attaching a
copper foil to the second surface of said interconnect substrate
for each individual substrate are performed after said step of

providing a mold compound surrounding the semiconductor die and

the bond wires.
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