SC14567MP NMETHOD OF MAKI NG EXPOSED PAD BALL GRI D
ARRAY PACKAGE BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to an exposed-pad Ball Gid
Array (BGA) package, and nore particularly, to a gc14567MpP
nmet hod of making an exposed-pad BGA package t hat

i ncl udes die pad stanping. [0002] A pin-grid array
(PeyTHOD oF baiKINgr EdrasrayrABGNLRAIGRIT YWRESYObPACKAGE
m crochi p connecti on configurations that are known in
the art. A PGA s eneraII quare chi p package wth
a high densityB%c?Iéi eﬁgblﬁﬁgINVENBI pport a |l arge
nunber of input/output (I/0O froman associ ated

[ooom‘l cr ocmiep pré@enpi haveet 1ol rdle-dd HOGh BxbosE@ARELIBall
ket or fit into solderable holes on a printed

GrldcﬁFEﬁYt Bat PIPES° 0PPChBEOFPKBAT The LAl sitde 2ofeghod of
maklﬁ&waﬁa§(§§ﬁbd1§&55ﬂd@k%a@kggg phapai b L the %%@e%tamplng

m crochips typically use a group of “sol
balls arranged_in concentric rectangles to connect to
[0002] pcR2A BaR-PFaéragesavnf (&) ol eséalilnoappl pEsay ofESA) are

type@'hgf em PG Aagkages weubd E%flé@rigpon%ts?%%ogﬁ&%n in

to the length and size of the package pins.
the fgeterrd nlijﬁlt ol FlsGgeheralépnventreonchiBGrgacikage th08 high

B acka OO is a ed di e package

aensPpoile Jfs BHIREATE F00-uRpdet (A G ribRe 58

inpuEl@@MﬂmniIKYQm|ﬂr@ﬁnanoassbaS&t@dlmﬂéﬁqhhmy’ 1@he Ehﬁs permit
02 and 104 are_ nechanicall bonded to th

the ?h?%ﬁ rCOL B 5 F8pBx§OTF S adite s Ve W@ éPéderable holes

on aepebitdTalintiint eoeeanested &0 the 11ier paser uﬂa@érQYde of a
wires 108. = The_ interposer 105 includes circuitry

PGA padiade ‘Q1dct rlitksl & PREePEOMMBET S Lot Vidten ofthert ‘v’%@n@r eBGA
mlcré&gﬁdcﬂ‘!:aﬁq tQel th tgllgeof Sé)oﬂ?é’r balihs %.}Qan-grgg in

sol balls 110 provi ectrical contacts to an
concengrrhalediystlest 60 apordet packRE - t &SR devkeges often

are Lgsga@rlé%p%c%rugﬁg lLkg. Fhe B packags 1100 j.acl ydes,

much space due to the length and size of the package pins.

[0003] Referring to FIG. 1, a conventional BGA package 100 is
_shown. The BGA package 100 is a stacked die package that
includes a first die 102 and a second die 104 attached to sgilicon
or plastic interposer 105. The dies 102 and 104 are mechanically
bonded to the interposer 105 by an epoxy or adhesive and are
electrically interconnected to the interposer 105 by wires 108.
The interposer 105 includes circuitry to provide electrical
interconnects between the two dies 102 and 104 and to interface
solder balls 110. The solder balls 110 provide electrical
contacts to an external substrate, another package, test device,
power source or the like. The BGA package 100 includes an
encapsulant 112, which mechanically supports the package 100,
allows thermal expansion and contraction, and prevents

contaminants from coming into contact with the dieg 102 and 104.




encapsul ant 112, which nechanically supports the

package 100, allows thermal expansion and

contraction, and prevents contam nants from com ng

into contact wth the dies 102 and 104. 1 SCl4567NP;c¥ss7mp
portion of each solder ball 110 is exposed and

provi des an external interface to the dies 102 and

A pck@4onThE eesHl tbNger avgriallll BGA pagkage 499 pSovides an
stackabl e gnto ot her BGA packages 100 or onto a PCB

extermgl dRERRTCeete e yilet%ew@GRnéaéRége oo Tesulidneed
over¥ 1C8ER! LRGKLHE BEIM conduchai1di 85+408¢LdP440 ipgfékﬁ&tg%fs 100

the opposing faces of the interposer 105 in o ‘
or qqﬁﬁrévécﬁaékggeﬂuyﬁdce éfehicriedAry . the0B3} ﬂamkdgﬁ 100 is

nyent.i eV| 2 S FI Th
forﬂ%%ﬁxgé%kggﬁ%gg hcl U ef?gd%€§§go§ uct%QZSu 1% eaf%zof the
opposiclh &scea PCR ha filtexidelsert 406 an bh&efl&&ilmkrove package
en1 onductor die 124 is nounted within the BGA
Spac&e &“19%°Y Bondi ng pads on the surface of the
sen1conductor die 124 provide electrical access to the

[000dile I24Atharl apavedlB8ohsl apgy iRareersbhessynbaseiffrrc. 2.
122. The | ayer 128 may be a copper foi

h bstrate
the 58,350 Rat 9o A HSdoR S&gllsoaéwtc% s EAtanier such as
a pcBheal ayexid28 dapanradheshyeef il m séﬂ&oﬂc}&lé@dr‘s didt by ig

renoved and replaced with a copper foi
moung gRpHHRYL A 30 HGPo He¥d cehé 28i- e Boadinmrends roes the2 sundace

of tﬁepQéﬁi&Ehd&gtéﬂual%pggqc%Fg@?ae1§fé5%r %_%&Q%araE% the die

. Copper traces orned overlying a
124 . supf é@:eensgz tofist erdabst rake LR2. stT:l'lﬁaces@moamet IsabeSrate
136, . ar trical contact p0|nts cont ac
122. pr§%$d§ Q%ﬁi“}ab surfac@piﬁ%%%1 e BUBSTFSde1 i&m such
as aThelbImEﬂ@Mﬂxﬁil13Em9ﬁnnﬁét1§9éﬁt52®fléﬂdﬂﬂddhéﬂlve film, the
in the surface of the die 124 with contact

£ilmg b? e o I UEE G EP a0°00r Thes SBRTFate 100 ATHeld
comp@@ﬂ@ 18 ¢ 68:rkBhrdise chphcal by4copnestiedes 132 and a portion

of the contact pads 134 of the substrate 122. C(Copper traces 136
are formed overlying a top surface 138 of the substrate 122. The
copper traces 136 are in electrical contact with points of
contact provided in the top surface 138 of the substrate 122.

The bond wires 132 connect points of electrical contact in the
surface of the die 124 with contact points 134 on a surface 140
of the substrate 122. The bond wires 132 are typically connected
- to the die 124 via ball bonds 126. Contact balls 142 are
connected to contact pads 144 on the surface 140 of the substrate
122. A solder mask 146 overlays the surface 140 of the substrate
122. Openings in the sgolder mask 146 provide access to the
contact pads 134 and 144. The contact pads 134 are for wire bond
connections 132 with the die 124, and the contact pads 144 are

for connections with an array of the contact balls 142.




to the die 124 via ball bonds 126. Contact balls 142

are connected to contact pads 144 on the surface 140

of the substrate 122. A solder mask 146 overl ays the
surface 140 of the substrate 122. Openings in the ge1a567mp
sol der mask 146 provide access to the contact pads

134 and 144. The contact pads 134 are for wire bond

[000BINNeAd aflseck3dndict Betrh8edi Beddfe BNG-dRENEAV 3fk1 PEHSand
144 are_ for connections with an array of the contact
more, porsabis, 3t 5ol ATV Rg oves] dasispbte reniRr e ESA

devik@EORBatNGFEash Ny SPRId er rand ”P%%&Q&ﬁt@&péreall'the'iﬁht or
_ becom ng nore desirable to provi ae devi ces t hat
thicknesshi vhéte (haimtaimiver @asedacddaoedi &) |oheightfagrture. It
- Is S L le fnaintaini.n ase. and lity of
o dlr?%ﬁ% gg%u%%w%&l% adersellraatﬁ%eeﬁf/o%ﬁ%%v{%%%a SEAERye that
has ehpmof BGA) o f ypespaticagekchat 0.Basidl prefdte @fm)l.esst also
. t han gout 0.8 m Iinete%ﬁ% (m). It also is desirable
18 dteglﬁ?g P de® PTHEISY DOSEPR ARG LoFRing i v d18tatively thin
expogxposed-ped B frckage. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0006] The foregoing summary, as well as the
follow ng detailed description of preferred

enbodi ment s I HFhEPHEINEHON, OFWEHE PRAWEIGer

under st ood when read in conjunction with the appended

[000d] awi Mge. £EOEgb Ry PLiMAse, Ofad hidist bat tRE EH€lowing
Lnvention, there are shown in the draw ngs enbodi ments
detaghPehoeF e rietent| Prferspfembedingiiy dféhe invention,

willUEQ%étE@@@,ur{]HE&%\é%%d thah theg iHV@JHJLg{&éi%n”%th the

limted to the precise arrangenents an
aPPeRASE rdiaantnegls t | 9Tshbwnpurnoshec friabiiugsiatfie@0TheFl G

invedtl S a l:cﬂéjz% %I&gav% [ %ﬂah vi:ﬁgv gf a. first anvent i onal

BGA devi ce; [0008] Ef'G "2 18 aras"?ucflegseleem\llaacﬁlénﬁgltsva g are
presefit by smooidred. It should be understood, however, that the
invention is not limited to the precise arrangements and

instrumentalities shown. In the drawings:

[0007] FIG. 1 is a side elevational view of a filrst

conventional BCA device;

[0008] FIG. 2 is a side elevational view of a second

conventional BGA device;

[0009] FIG. 3 is a side elevational view of a conductive sheet
being applied to an adhesive tape and a stamping process to form
die pads in accordance with a first preferred embodiment of the

bregent invention;

[00010] FIG. 4 is a side elevational view of a conductive sheet
being applied to an adhesive tape and a stamping process to form
lead frame lead fingers in accordance with a second preferred

embodiment of the present invention;




conventional BGA device; [0009] FIG 3 is a side

el evati onal view of a conductive sheet being applied

to an adhesive tape and a stanping process to form

die pads in accordance with a first preferred SC14567MP
enbodi nent of the present invention; [00010] FIG 4

is a side elevational view of a conductive sheet

[ood1ailng ! i ed its0 aaBiddheséver iamne anda oft aMBuBYtrate being
process. to form, lead frame | ead fingers in accordance

applyefnty EBeoRdRpFbferaRe odnBddi-nént of the present
i nvention; 3 SCl4567MP [00011] FIG 5 is a side

[oooabevatdianal eviigwaokideSubsta@dshdeingy apPkhedstfsthere o
adhesive tape of FIG 4; [00012] FIG 6 is a side
FIG.oPeghtrehaf V¢ evirofadinsisebsepate of FIG 5 attached
to the adhesive tape; [00013] FIG 7 is a top plan

view afrd hessyhbstr I c alLhe,
[oooadﬁesi vlgtagegig[ %Og%g] 8%?%ﬁSEU?sOfgttgqi%dle%gfg\Q/aiclgonglFIG' °

attaghedy bp Slee admiictoorrapgi;es being attached to the die
pads of FIG 3 and the dies being electrically

[0008@YP! edd 0 %hgssgbéiﬁété?e&é¥¥gggl Bi G gf!geﬂi§$éﬁhcto
~ elevational view of a nolding process ei ng perfor ned
diespheanpartiadied frabribeatiée dedbcef of IGR G Bid {HRO@16F being
i Si el.evational view of the partially
elech&?%P edmgpelvelc{g:too %EI éugﬁgjéﬁ%"r t he adhesive tape
has been renoved and conductive balls have been
[00035] | x&dGt.o PhéssabsidatalevdtG@0hl] vEEG oflai soBdmidl@rocess

._elevatiognal view of a uraljty of _expased-pad_BGA
beinf BYELINTh S Erharea i R PR TR B ere Atod 1. 8
enbodi nent of the present invention fornmed by dividing
[000L6E pacti albyisos netbadeicgatdbnblGridd); of the partially

fabricated device of FIG. 9 after the adhesive tape has been

removed and conductive balls have been affixed to the substrate;

[00017] FIG. 11 is a side elevational view of a plurality of
exposed-pad BGA packages in accordance with the first preferred
embodiment of the preseant invention formed by dividing the

partially formed device of FIG. 10;

[00018} FIG. 12 is a side elevational view of a stack of
exposed-pad BGA packages in accordance with a preferred

embodiment of the present invention;

[00019] FIG. 13 is a side elevational view of an exposed-pad
BGA package soldered to a printed circuit board in accordance

with a preferred embodiment of the present invention; and

[60020] FIG. 14 is a top plan view of a bumped die being
attached to an array lead frame on an adhesive tape in accordance

with an embodiment of the present invention.




[00018] FIG 12 is a side elevational view of a stack

of exposed-pad BGA packages in accordance with a

preferred enbodi nent of the present invention;

[00019] FIG 13 is a side elevational view of an gci4567MP
exposed-pad BGA package soldered to a printed circuit
board in accordance wth a preferred enbodi nent of

the presenterAvent isuscrant1ok00020keFiGeddzde a top
plan view of a bunped die being attached to an array

| ead franme on an adhesive, tape in accordance wth an
0008 0 4iGRARE 161 LERBLRPLaRHL 1T At h COF SELASEIRP

desc%ﬁﬂlbﬁ&@.“c—%\}) Hl@ﬂcg: oHIl? EAYENT | 1@1)\1: [pﬁ%l:l]ngcer @ﬂbnwords

termnology is used in the follow ng description for
“righbfiveit ekt orﬂqwaaﬁ'd |a§1dnétlppﬁm’t¢iﬁ§19n¢rea wbmgstions in the

f , w
drawaﬁbgg5 Whl&@ f ﬁsréﬁi_ i mgag wo é?'gﬂﬁ&&dlxﬁdg?d

r.
ITections in t am ng to mhlcﬁ erence i s
“outWhedhmTd@ef$mw@wnﬂqﬁioanaowéodtmaddawéyrfﬁdm,(ﬁaspetténely,

e e B Al i g B Fhba Bri et gl o Jpareed pevts

therther eofhe Tﬂ'mfpiﬁfd’]l]dg@l agy1t8ekudes wheanworsds,cakeveifically
ecifically nentioned, derivatives thereof and words

mentb?ﬂ%@m %?”fadﬁdfﬁs theagrfi 8l Y9ras Het v Leg, Lmgert .

AGdiU$6sal Ty,  heyLhalms «and b8 LBeg £orfiesnondiig a&@f tJ_hOEﬁe
of the specification neans "at |east one. 22]

Corr%?P‘éTﬁcﬁW%t%@d-Ontsh@fpfcé@eﬁPeqihﬁthmﬂ|Hseaalsrrétahoéle@$t one. "
maki ng an exposed- pad BGA package that includes

[00085P! ynaagem%fcgagegﬁl Ve, Sheels 4@ qﬂvéﬂl?%h\/ﬁstégﬁem%d of

portion of conducti ve sheet i s stanped
makiBe pri aawsfqdoma@w@%enaphd@e diat tivecsivket apPAging a

condé @ﬂﬂgqﬂﬁaééfgg EHSS§DSe% %eflqgéyutlon o%d and

e remain fie “conduc e she s Feroved=t rom
condmmvacHMtx/ast a;pxen@edt hafl oapyrdtel direonpather egmbhsden of
the éﬁgé@dh%ﬁiv%tamped portion of the sheet defines a die pad
and the remainder of the conductive sheet is removed from the
adhesive tape =o that only the die pad remains on the adhesive
tape. A substrate is applied to the adhesive tape near the die
pad. A semiconductor die is attached to the die pad and
electrically coupled to the substrate. An encapsulant is formed
around at least a portion of the die, the die pad and the
substrate above the adhesive tape. The adhesive tape is removed

from the die pad, substrate and encapsulant, and conductive balls

are attached to the substrate.

[00023] Referring to the drawings in detail, wherein like
reference numerals indicate like elements throughout, there is
shown in FIGS. 3 and 5-11 a method of making an exposed-pad ball-
grid array (BGA) package 14 (FIG. 11) in accordance with a first

preferred embodiment of the present invention.




tape. A substrate is applied to the adhesive tape near

the die pad. A sem conductor die is attached to the

die pad and electrically coupled to the substrate. An
encapsul ant is forned around at |east a portion ofg-1a567mp
the die, the die pad and the substrate above the

adhesi ve tape. The adhesive tape is renoved fromthe

[ooodue paEtc.sBbshoateaanen@nsepss | et amd Le@RdUELLYEed to an
alls are attached to the substrate. [00023]

adheﬁéf’&r FRRE 19 t nePirsiaTdys h2get 4f1 1swhkraityng pell known
in thef ﬁ[’@ng@cﬂué@r;%l%/ﬂnﬂ@ec%taﬁel 'aiﬁ@ ehenents tl('}r %E,Ectlve

there is shown in FlIGS. and 5-11 a netho

sheegn 16xi§@§e]ée paePryd I(-Cugr |fd>lér pay cOBGAY imdka@atlaﬁ @Et@
a e ferred enb
nlc}%% ) t(ﬁg) p%gcg/re%?q?canlvl\gn ion. (fpg S%:ﬂg%swt}f%&fﬁ%d Itfive
mateghehson wanetictls krslweetinlGhbeany. applhee etbriducfive sheet 16
adhesive ta The adhesi ve ta 18 is of a type
and aé ?Sk‘ﬁ%m%al?‘? nletB Ftem&ua?nsénba S ttgﬁeeraﬁddﬂﬁe
stambil.k@ ddhec€ andutitd weanphaet bib6raay P@lr&pﬁ@rza(,oz)zbf.ol bhe

copper foil plated with nickel (N ) and/or
Condbaﬁﬂéﬁu WRTPE Gcshe afReriksntwee i Ve mavater ifgl Srom a

semi TBERF 1S KNAN iJF thecakki, TQesEQ@QQ§f'§H%é%@e%% égterial

and adhesive tape 18 are seni-continuously fed under a
a figpesteeeehhg adewixcauderdpe shanbild. byiHeedndokkérs sheet

16 1g2§pp chethecg%ggcﬁ.évgyspﬁgt Pl and ZIZhe aq‘Pl'eSI %eportlon

tape 1 roma’ Seni - COntinusus ro
of t]mat@hlwi lfh:ﬁa}d:lan@%dsbgetheoﬁlmwm;alzo td form a die pad

f tretc an extruder t like. The )
o TAbstoet ooty A, ot Luger ot the theTieagless by ife
removed | &f@n A2a% tEpeni18 paetipingpfatihe- sheetinlbths rollers

stanped by the die stanp 20 to forma die pad 24.
22b- After the st anpi ng, a remai nder 26 of the sheet 16 is

renoved fromthe tape 18 (detaping) after exiting the
[0002%] | erS shown in the drawings, the die pad 24 is attached to

the adhesive tape 18. The remainder 26 of the conductive sheet
16 is removed from the adhesive tape 18 so that only the die pad
24 remains on the adhesive tape 18. Preferably, a plurality of
die pads 24 are stamped from the conductive sheet 16 at spaced
intervals. The die stamp 20 may leave a rectangular, square,
circular, oval, polygonal or other geometrically or non-
geometrically-shaped stamped impression in the conductive sheet
16. The die stamp 20 may have sharpened stamping edges for
severing the conductive sheet material 16. Further, various size
stamps 20 can be used on the same conductive sheet to form die
pads of varying sizes. This method has been found to be very
cost effective and advantageous for forming various size die pads

on a tape.

[00026] Referring to FIG. 5, a substrate 28 of a type known in

. the art is being applied to the adhesive tape 18 proximate to and -




22b. [00025] As shown in the drawi ngs, the die pad 24

is attached to the adhesive tape 18. The remai nder 26

of the conductive sheet 16 is renmoved fromthe

adhesive tape 18 so that only the die pad 24 remaidsSiasg7mp
on the adhesive tape 18. Preferably, a plurality of

di e pads 24 are stanped fromthe conductive sheet 16

geneataldpacedroind iy dhs sthecdi epat-anprdd MRy deaved 24.
square circul ar, oval, palygonal or

Frasf Rer QHaRetRS TS G o, “gEanBeni bal 98 Aimsdve tape 18,

The %h@@ﬁeaténpge§§&IUHé§1ddﬂﬁd@%ﬂqchkageéh@@t(ngé. E@QIB) for
die stanp 20 may have shar pened stanping edges for

integePBrPRLPRe conductive sheet material 16. Furt her,
vari ous size stanps 20 can be used on the sane

[ooo0ggRduaiiq/e gsheelst 9 ﬁpayaﬁi@y<§2%%n&%omaﬁx£89 §£é§$3o

Thi s met hod has been found to very cost effective
attaghgdalivantagdivuedds 2for nEaghvdieod® may éodalifmipddstednusing
- [ rring to FIG 5., a substrate 28 of

any Gt ERBg L B ek 88 i SHAT St LG EHEnT onal
baseadhest vel$ ageoril SvififctX ioratve thananlicld SEAGAR components
d apart_fromthe die

eneral Iy suyrroundi ng _but spac
maY pad Oﬂ‘?‘yFl %e gﬂ Ss%tgmfr?iﬁfeg?ug%’f?%‘? 08 1t £ERER 10
silitbe adhpsigarafenl8ce)Theisubsh &EnA8 drCIMERS , gallium
conductive traces 40 (FIGS. 12-13) for | .
arseppeer (et iidtiyoerseplife G I8Ashovsl wnigtigma oed ) 1sh

arseﬁ@ﬂé?oggﬂﬂééﬁ dﬁf%id%ots§55305§9m$ﬁHI*E%ﬂﬂﬂ%r%a% 2he 1ike.

Each die 30 may be fabr[cafed using any suitable
The deas cohdirorinsdude ahrépust hbecromicomentonenal (base

terd : i.ch_aor .within ich electronic

o e oy Do rornait ik liell R BB Fgppens ana
dielefttrios fexanplcdatispl thencéSilyct ey mMRNEMaECR), known in the
art.S|+ﬂQQth§5 %&%ﬁ%.%&&élb ggéléignpads 24 using an adhesive
or die attach material such as a polymer adhesive, a polyimide
adhesive, an epoxy, an eutectic alloy or the like. The die
attach materials or adhesives may provide thermal and/or

electrical conductivity between the dies 30 and the die pads 24.

[00028] The dies 30 are electrically coupled by wires 32 to the
conductive traces 40 of the substrate 28. The wires 32 may be
copper, gold, silver, aluminium or the like and wire-bonded to
pads on the dies 30 and conductive traces 40 of the substrate 28.
The conductive traces 40 of the substrate 28 permit external
connection to the wires 32 which will be encapsulated or potted
as described hereinafter. The conductive traces 40 provide vias
and paths through and across the substrate 28. Optionally,
additional electrical components, dielectrics and the like may be
in contact with the conductive traces within or upon the

substrate 28.




arseni de (GAs), indiumarsenide (InAs), alum nium

gallium arsenide, silicon carbide (Si C), dianond,

sapphire or the Iike. The dies 30 al so include

vari ous el ectroni c conponents (not shown) forned idr14567Mp
t he sem conductor material, conductive paths and
dielectrics for isolating the conductive paths as is

[000REOWN BTG .t e shakis. aTheldies Bbads: doied berthemdieon the

a 24 using an adhesive or die attach material such
Partgégiy gf"}ﬁﬁﬁ? ‘é%%e@?w%a PoFyfni He AynEssarRsulgnt 34 such

as aﬁpﬁﬁﬁxyaﬁeQMﬁe@gmébﬁﬂd.QM‘%&hbgepbtgﬁn ﬂﬂ@té&f%l akﬁagamply
mat eri al s or adhesi ves may provi de therna
epoxy] dét r € ot Rt IuAG Rthdemssnat herdies @D tdmj o‘t:m 30, the

die %haspéﬂ'saﬁé thc.l; ]ra-'t-:tée 2%' gﬁoég ?1[15 a? ﬁecé Ix}ec}(?lp\oéf 18. The

coupl ed by wres conduc races
sunkeheasgbsbearesi? &heTrmlhmtlr%esz 8magd behe ciippers3 0 gmldd ;:‘11 e pads
ilver, Qr t,he. l.i i L e- bonded

d
20 23phtr L0 S o BBt oo Tt 5 T thd crmebdon wich

goodsphska@éeriﬁhdlfgﬂhnﬁoﬂ@wcbeéntiayeﬁoﬂ(hﬁgldiﬂép” peeling
substrate 28 permt external connection to the wres

(1.e37 GhPcHORI TS EFEAPS AR EAFERT oR L BRX t B Slas desderpbdy. the

encapetthnaf { £rexiilg 1Gonduet k¥echiagesnd O ff %ﬂﬂ%k‘éﬂg%s during
and paths through and across the substrate .

curipgt | oflaf | hcansddianitoddl mayerea En %G}’Fp@n‘ezntaédltlve and/or
neat§h8! £6L 1S ANG RELKE, By, D ;grea S SR SRR ¢ine.

conductive traces within or Fat
The @@$ﬂ531N9K1FUDG@QFUEE@Cl@nShEMSuEEdﬁﬂﬂﬂlnﬁq§€®E@SSO that the

e orned aon.t.he i.al y fabrlcat evi ces .
ereQ égq%$§8 AT RS54 AR l@ﬁ ‘%sjéﬁaeggxgorggﬁndles 30
and sm]n@tommb a8 eirkeprpekttigedat aﬁb@chdecprtrsgrrailny epoxy

i s nol ded around at Ieast a portion of the dies

d 4 the s strate 28 above the
f°°°§@%es Pain S fhe Tt 8516 W thets memoved

fromStﬂbéthJa:I @2y aad tshbsdrasews ol HreRRAS ant 34. The
removal of the adhesive tape 18 leaves an undergide of the die
pads 24 exposed and able to be soldered and/or electrically
contacted. The adhesive tape 18 permits, during processing,
handling of devices such as the dies 30, die pads 24 and
substrate 28 without the need of a supporting base or package
substrate, thereby enabling a relatively thin overall BGA package
14 (FIG. 11) to be formed.

{00031] A plurality of conductive balls 36 such as solder balls
are attached to the conductive traces 40 of the substrate 28.
The conductive balls 36 provide electrical connectivity from the
dies 30 through the wires 32 to other external devices such as
other exposed-pad BGA packages 14 (FIG. 12), PCBs 42 (FIG. 13),

other external electrical/electronic devices or the like.




24 fornms a nolded "cavity," which allows for resin
formation with good package rigidity and | ow
potential for "nold-cap" peeling (i.e., the top of
the resin lifting after cure). Preferably, the SC14567MP
encapsul ant 34 exhibits high strength and | ow
shrinkage during curing. The encapsulant 34 may
[00032Qui I Qur ishigwaddivbi ¥Rpaeed Gfad heat igagkheesCuli Hg
occur , over ? predeterm ned period of tinme. The

t . :
accoé?h‘f‘aﬁ?u%ﬁ]? 34 s s dgiGTERt prbafencahdo harte maesest
invehit@abnt BErmd 16 ég%fﬁﬁﬁgly% QQHBﬁﬁthHgpeﬁgtﬁéfgiéﬂr§ formed

Wres 32 to the dies 30 and substrate 28 are ~
devigeopéckiGel I0 entilerlet widdmsi may[ bO0B6TF £ awmarhdwn dhemical or

: 0 a vie 1ape. .S rempved.. fromt di
e e 4o I P e kg neaacF ane ohi ke PrdRpraLY
the ptothes atheséne-d@peni®useavescanlundetisimeaf Hheodileor

ads 24 exposed..and able to_he sql dered and/ or
sheel L p R g T e d e mne Faants VATt S o # st o
thatdlargg PEUSRSSiINY exfiard-bag BEaAdSNEELSFeSUN A% FB@med by
es_30, die pads 24 and substrate 28 w thout the

I
the gré‘éﬂdb?gé’@ﬁf‘p%srti ng base or package substrate,
thereby enabling a relatively thin overall BGA package

[00034] (FFG:.11} EBobe 4 osvmd. :{sOQQSHheAel FHE@ELﬁ)XdoéGA
S

conductive balls 36 such as sol der ba are attached
Packeget nkt cohRfAITFECratidshap BFeftrer simicatiocpg. ofThie

presERNIUCHIME bl | $536 1pLavide gL e&ﬁééﬁﬁg&@%ﬂo@&t Yhe
fromthe dies 30 through the wres 32 to other
subsgxiier il devikceseswrkdaby ohdeiceEkposethqimthiBEA etching,
- a 14 (F ,PCBs 42 (FIG .13), oth
grln@%ﬁ%’r %gcfllcjaﬁ%&(?tglr i%&:aljc%‘ )SI &tfronts ée‘%ﬁrcetso SFRORE EIEEE. 8
condSGIUES VR cd:000321 BhGiphédr shombadana: £Xqies etdbpadaB&A2 s .

mhe BACHARSS A4 soeorgance vl A L1 SL PLECeton puckase
14 cahh belidlg q@lecSAgul ahbngxbbBeadakdi@ld i fOiBdes 40 on the
upper surface of the substrate 28 of an underlying exposed-pad
BGA package 14 to form the stack 38 of exposed-pad BGA packages
14. The stack 38 of exposed-pad BGA packages 14 may be mounted
on a PCB 44 (FIG. 13) or otherwise electrically and/or

mechanically connected to other devices.

[00034] FIG. 13 shows an exposed-pad BGA package 14 electrically
and/or mechanically coupled to a printed circuit board {PCB) 42
to form a package on printed circuit board device 44 in
accordance with a preferred embodiment of the present invention.
Preferably, the die pad 24 is electrically and/or mechanically
coupled to the PCB 42 by solder 46. The electrical and/or
mechanical coupling of the die pad 24 to the PCB 42 provides for
relatively high thermal dissipation from the die pad 24 while
maintaining a relatively low profile of the overall exposed-pad

BGA package 14 without the need for external cooling finsg, heat




device of FIG 10. The dividing may be performed by

chem cal or mechanical saw ng, punching, slicing or

the like. Preferably, the process is sem -continuous

or nearly continuous by roll or sheet feeding the gc1a567Mp
adhesi ve tape 18 and conductive sheet 16 so that

| arge nunbers of exposed-pad BGA packages 14 are

sinkisomndEdthy 1ike. dithehand PrOeessly[ 800331 Fh&zmali? SEROWS At i on
a stack, 38_pof the exposed-pad BGA ack es 14 in
Pathy E26Rd SRR o £ 10 £ ¥6r PeF eApbai et PSF dhess soawesed to

an orgueAti 8Abs PRt GRS 6y tﬂ%seﬁﬁapﬁuhﬁﬂitg’é WV dd @ rea for
substrate 28 may be renoved by chem cal or nechanica

heateddfphgatigri nditiny, cpeiicshivegbar 1ehat | ke, beé relecdericedly
coupXBOBE LHE pEONAIGH] WRildagss 48,000 an LDREL. SUUTAGR: g,

of the substrate € conductive
dlIEGVepbayang axpoded-lpiet: ,BGA packagered 4fean e taliicgnednd/or
i ihe ex osed conductive traces 40 on the upper
mee 88%?ace of " sdﬁ%trate 28 of an underlying
exposed- pad BGA package 14 to formthe stack 38 of
[0008Rposedefat rBGH pawkageBIc 14, Ehecsidaeckild8 Sheet 50 being

osed- pad BGA ackages_14 may be nounted on a PCB
aop1358 B o 1S9HG R (rerin 08 SPBChr LRy RysESS using a

plurHEﬂh@n¢£aﬂid:ﬁﬁﬁ@ﬁﬁ@@dtbof@§ﬁ9£ 9@Nfé¥¥%y[dﬂﬂié$é Ekghe iead
13 shows an exposed-pad BGA package 14 el ectricall

Eingghe/ of hecthfitcal Miccptpredst of &F ¥ i m el cisesuite Boamdan
expoég@%acﬁ%Gﬂi Cbarc‘?(ra@ea 4@aQE‘§@e 9@) p{ﬁ nz% iries egn%%obél Plagdsecond

device 44 in accordance with a pre
prefefredeshakionnt mie ﬁheopres@n@f Bradyi i, ort.he Tiiee cpaduéﬁlve

I i call coupl e
sheof 6,86 AGHIN LI PGS LY SRR STl e
22a, cbmplarrrg tdfe tlihiéeedi eA}ﬁaerdhé mmmaﬁ&é%weavmessf ftamped

I I h t | di f the die pad
using I SRR SEnFHG. BEPBVR T Gel 7 W GtEEe gt Dehihe

condoverad |siexposedipademnB@AT pﬂﬁ&@g&é‘hdﬂéﬂ%‘i tbBe Beeteaving
for external _coqling flns heat

the plurality of lead frame lead fingers 54, which form an array

lead frame 64. In this embodiment, the semiconductor die 56 has

a plurality of conductive bumps 60 formed on an underside

thereof. The die 56 is placed on top of the array lead frame 64

such that respective ones of the bumps 60 rest on corresponding

ones of the lead fingers 54 of the array lead frame 64. A reflow

may be performed to secure the bumps 60 to the lead fingers 54.

[00036] As an alternative, as shown in FIG. 14, the lead
fingers 54 may each include a bump connector 62 for connection

- with the bumps 60 of the die 56 in which case the bump connectors
62 are arranged in a pattern or patterned array. As discussed
above, the die 56 includes a pattern or patterned array 66 of
bumps or connections 60 that corresponds to the patterned array
64 of lead fingers 54 on the adhesive tape 52, thereby permitting

a plurality of connections from the die 56 to the plurality of

10




9 SC14567MP sinks and the like. There is a nearly

direct thermal dissipation path fromthe die 30 and

die pad 24 to the PCB 42 as conpared to an organic
substrate having vias and a limted surface area fc14a567mp
heat dissipation. The conductive balls 36 may be
electrically coupled to the PCB 42 by sol deri ng,

lead)&ih@ereoﬁdUCtTMe Heiddn@ie Qisr 8616864 asiuANG NS F bumps
as is desired for electrical and/or nechanica

60 l@oﬁﬁ@&ﬁ fPihe RN Rer dhei RGLREHRES FIEY £4.9 Mold
encapeduet b¥easheip LA LRkAG 2RR! kednt Qc@@r adhesiae: taPe oy

52 and a stanping process using a plurality of die
an expgarps-pedtBGt grankegsi-ural ity of lead frame |ead
fingers 54 is shown. The process of FIG 4 is used to

[oook@gm %or@%ﬁ%s?grggglﬁ&ﬁ Pac Lo e%e(eﬁbggat]fu:he re%ent

accordance with a second pre I'ment o
inveptasantsi Aveetiesh toThve thoddu by Eorsheptarbxanded-pad ball-

a % be.fed through feed rol
or i GDEELPRoRP bR AT sBE1LEl MR GBS BorERrd 8% bhents
to fstmnpeﬁos@®|dmptﬁaasplueabbﬂymeﬁtﬂlefsﬁﬁénﬁtéaémtth&vention
renai der %h of %Pe. conducélve sheet 50 is renpved
are FPRRFUNES Aot VAFES5Y 1 EBaRi RYLotHRP I RIS gfie pad
for tBagmhl anbsd gad fdmngens bhe WRLeL-FO4 MAbARRAYs,| ead
frame 64, In this enbodi nent, the sem conductor die 56

devifgs age pfeiuad (3 G ec 6RaURE N ecCORMBL B0 fisidedséngan
polyYREGE Shdee s -NeneQle Ihe dLg-98n18 pl.ased P é}%@)r?f dED%lg

array lead frane 64 such that respective on
the pnpEagDriest rovceser espondihy bonespwicitdied badthose

. ger s ad f 64.. A ref o
Skli%%&pgé %%%egitgﬂggcupgxgﬁg Bou{gn%%I?ﬂk?he I*85d emga&lments
descfibg@rabdd withoO36Heparahnal fﬁdﬁzﬁ]&thé/&qromi showAthfie

FIG. 14 e |l.ead fingers ma i nclude a_bu
concgi eietedns 1 o R ORE S hnoa o Ure T s B 480 CBRE he

invefit Bo56i 4 mashildhieaserbhenbupRr EQAMRGE Qhdbodiments disclosed,
but it is intended to cover modifications within the spirit and

scope of the present invention as defined by the appended claims.
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62 are arranged in a pattern or patterned array. As
di scussed above, the die 56 includes a pattern or
patterned array 66 of bunps or connections 60 that
corresponds to the patterned array 64 of |ead fingenass7mp
54 on the adhesive tape 52, thereby permtting a
plurality of connections fromthe die 56 to the
plurality of 10 SC14567MPcrAmad fingers 54. The bunped
die 56 having a plurality of bunps 60 is about to be
attached to patt.erned arra 4, Mdld ,
e%éapgu?%F?%% Ynd't F@nﬁ%ﬁPgﬁgf?a@rﬁﬁﬁ%ﬁﬁﬁhdi%?ray (BGA)
packagdetomprioimg: an exposed- pad BGA package. [00037]
Fromthe foregoing, it can be seen that the present
invention is di ected to nmethods for. form ng an
eQBBgeﬂ@%a% Tﬁﬂ4 %@F&ytPEﬁﬁoa?kﬁﬁéﬁﬁaWQRﬂ ‘udi ng
di e st anpi ng conductlve sheets to form exposed die
pﬁdSmleﬁfb@d:ilif@rﬁaﬁi Ghroith@nRr 8688« NVENHHLE h%’%t%ﬁb'i‘ﬁg a
die up devices with a sol derabl e exposed di e pad

PortFBF thetal CRESGPAE heknapfier rerirs ed xemgddidrenes, the

condhBeivdeyh&ss, Q&ﬁﬂ%&ﬁ”@geb¥tghﬁe§t I ng, candygct iy ductlve
foil using a polyimde adhesive tape as a renova

sheehaddf iwgs suppeiie #ading the manufacturing process.lt
w || be appreciated by those skilled in the art that

chap (gﬂéﬁ g 1ade. 10 e i bed
_ above Wi houtkgepargiﬁg b%n?tﬁgggyoa &%h en %ﬁ&a@% to the
die pawcept thereof. It is understood, therefore, that

this inventionis not limted to the particul ar

egbodient S, dicggl 8?18%%0?“&1&%6 Hd dg%ded .o cover

nodi f1 catlons wth coﬁe of the
present invention as deflned by the appended cl ai ns.
191 SCIABEANE cCunlliBg the die to a top surface of the

substrate;

encapsulating at least a portion of the die, the die pad and

the substrate with an encapsulant above the adhesive tape;

removing the adhesive tape from the die pad, substrate and

encapsulant; and

attaching at least one conductive ball to a bottom surface

of the substrate.

2. The method of making an exposed-pad BGA package

according to claim 1, further comprising:
forming a plurality of die pads in the stamping step;

attaching a semiconductor die to each of the plurality of

die pads; and

12




1. A nethod of making an exposed-pad ball-grid array
(BGA) package conprising: applying a conductive sheet
to an adhesive tape; formng a die pad fromthe
conductive sheet by stanping a portion of the SC14567MP
conductive sheet and renoving a renai nder of the
conductive sheet, wherein the stanped portion of the
cangtaihyeths heghstiefddnas thaedi eoppdimappbMig idy of Bca
substrate to the adhesive tape proximate to the ie
packgggs SRFRACPPS Yenieitdeetofiai andodinerafie pad:
electrically coupling the die to a top surface of the
substrate; encapsulating at |east a portion of the
die, the die pad and the substrate with an

encapsul ant above the adhesive tape; renoving the
adhesTie Peigd rofmitakd 1di enpsarosedserdtRSmmpckage

accofAEARSHS At 41N @Jﬁ@:@rﬂgoﬁbr'géﬁg[ Pél’ﬁb\plq{bd%ctt WL8st a
ball to a bottom surface of the substrate.” 2. The
POrtapihef Wie reikiany nnex fosedapadrBeA sackege ofadcber di ng
pyelaim1, further conprising: formng a plurality of

e pads in the stanping step; attaching a

sem conductor die to each of the plurality of die
pads; and 12 SC14567MP dividing the substrate in
order to forma plurality of EGA packages each having

ap | east ? nd,di d Iﬁe thad of , making

an” exposed- pa %& paci‘zgg%ﬁ %@%Sr’el rPgarzfo & Bogig9e
accof@indero comm Si.ngurehdyi ngmatidvastsmcking the exposed-pad
BGA package on another exposed-pad BGA package so that the at

bsk
susd

least one conductive ball of the exposed-pad BGA package
electrically contacts conductive traces of the substrate of the

other exposed-pad BGA package.

5. The method of making an exposed-pad BGA package
according to claim 2, wherein the conductive sheet and the
adhesive tape are fed from one of a roll of material, a stack of

sheets of material, a film-gtretcher and an extruder.

6. The method of making an exposed-pad BGA package
according to claim 2, wherein the dividing is performed by one of

sawing, punching and slicing.

7. The method of making an exposed-pad BGA package
according to claim 1, further comprising electrically coupling

the die pad to a printed circuit board.

13




portion of the encapsulant from an upper surface of

the substrate. 4. The nethod of making an exposed- pad

BGA package according to claim3, further conprising
stacki ng the exposed-pad EGA package on another gci14567Mp
exposed- pad EGA package so that the at [|east one
conductive ball of the exposed-pad EGA package

el ectrically contacts conductive traces of the

substrate of the other exposed-pad EGA package. 5.

The hod of ki ng .an exposed- pad BGA package
aECo?@#ﬁgm?gh%égbﬁné%kaﬂ@éﬁ 'ﬁXPﬁgegbﬂﬂ@ G Pagkds and
accotriéngadbesiyem tApaianeiednbr ameepei 851 acd P 1irf of the die
material, a stack of, sheets of material, a

pad fp| kgt PeiRHet St deprddéncledesheoietiow of
maki ng an exposed- pad BGA package according to claim
2, wherein the dividing is performed by one of
sawi ng, punching and slicing. 7. The nethod of naking

an exggsed-pad EGA package according to claim1,
f dr t hePe CHRPRTSi Hy B &0r PRaPKpoRepPah BCA IRacdicaepad

accok@iﬁgﬁi&rﬁf%&ﬁﬂf}“ﬂﬂér@@ﬂrghe1§o§§%§§¥g@ﬁéhé%t E@eoge of

nmet hod of maki ng an exposed- pad package accordi ng

coppey Epal mTickilemdiatecheopbect Fothl wollpdingn-gflattkd doeper
£o11Pag94t 9 |t i I.t. ;board ingcludes sol dering.
R %heléégiigﬁg%éﬁ%ﬁﬁ %%ggﬁde§o %%-ééf BGA package
according to claim1, wherein the conductive sheet is
one of copper foil, nickel-plated copper foil,
pal | adi um pl ated copper foil and

ni gkelpmpal |l ag] I oppe é% i lq_ 10 e _net hod of
nmaki ng an é%%%ggg&pQ%ESE§‘%§céx égé% St |ngp98&89§im
accofdinher®iqlaighdsi whetape &8hpolyé Mae ddhesilyémide adhesive

tape.

11. The method of making an exposed-pad BGA package
according to claim 1, wherein the removal of the adhesive tape

leaves an underside of the die pad exposed.

1Z2. The method of making an exposed-pad BGA package
according to claim 1, wherein the die stamping step includes
using a plurality of die stamps to simultaneously form a

plurality of die pads during stamping.

13. The method of making an exposed-pad BGA package
according to claim 12, wherein various size die stamps are used

to form die padg of varying size.

14




tape. 11. The nethod of making an exposed-pad BGA

package according to claim1l, wherein the renoval of

t he adhesive tape |eaves an underside of the die pad
exposed. 12. The nmethod of naking an exposed-pad BGki14as567Mp
package according to claim1l, wherein the die

stanping step includes wusing a plurality of die

stanps to sinultaneously forma plurality of die pads
during stanping. 13. The nethod of making an

exposed- pad_ BGA, pac accardi ng t | aim12, )

oherer Al 8o otin B HIR -BRSRL S B el R s fared in
accorddacef wyahyting wétzend & o@E4R67MP 14. An exposed- pad

ball-grid array (BGA) package formed in accordance

with the nmethod of claim1. 15. A nethod of naking an

exposed-pad ball-grid array (BGA) package conpri sing:

lam nating a foil sheet to an adhesive tape; formng

atl5l. east metieodli € parkieRy bhe ckPostarPidthbd e giiaMratked (Bga)

foil sheet;, applying a substrate to the adhesive tape
PackapEx FAEPELT 4 he  die pad; attaching a semi conduct or

die to the die pad; electrically coupling the die to

t DemsubsifiqatLe; foi@nGaRsy abi Y alnhiedsd @aortion of
the die, the die pad and the substrate with an

e cggsulant above the adhesive tape; renoving the
agﬂ 192 Fapeaiomitndigi BoPas &by ottempigy the

lamigBeaPstbantshard attaching at | east one conductive
ball to a bottom surface

applying a substrate to the adhesive tape proximate to the

die pad;
attaching a semiconrductor die to the die pad;
electrically coupling the die to the substrate:;

encapsulating at least a portion of the die, the die pad and

the gsubstrate with an encapsulant above the adhesive tape;

removing the adhesive tape from the die pad, substrate and

encapsulant; and

attaching at least one conductive ball to a bottom surface

of the substrate.

16. The method of making an exposed-pad BGA package
according to claim 15, wherein the conductive sheet is one of
copper foil, nickel-plated copper foil, palladium-plated copper
foil and nickel-palladium-plated copper foil.

15




of the substrate. 16. The nethod of making an

exposed- pad BGA package according to claim 15,

wherei n the conductive sheet is one of copper foil,

ni ckel - pl ated copper foil, palladiumplated copper gci14567mMp
foil and nickel -pall adi um pl ated copper foil. 15

SC14567MP 17. The nethod of maki ng an exposed- pad BGA
padfdkagehacoetidbdgof onaddiaigmatht expbeea paddbes i pardaajee

I.S.pal yi m de, esi.ve t.ape..18. The nmethod of ki ng
accordifg pggeaf%%\%a%%& Bicicage 29REEIVRI hgPT ol TIRA NI e
adhestieeetBpyari ous size die pads are forned by the

stanpi ng step. 19. The nethod of maki ng an exposed- pad

BGA package according to claim 15, wherein the

el ectrically coupling step conprises wrebonding. 20.

The nmet hod of nmaki ng an exposed- pad BGA package

aceor drng merlieddidl Maukihdr thek:508Pa1siddcd YdHKag 2

lurality of die pads in the stanping step; attaching
accogdéesah' eonetRtBrl i ehes sdacHast cvpes piardi g tgpdst argi formed
by tBadSia@ph$l ating the substrate in order to forma

plurality of GA packages each having at | east one

die and die pad. 16

19. The method of making an exposed-pad BGA package
according to claim 15, wherein the electrically coupling step

comprises wirebonding.

20. The method of making an exposed-pad BGA package

according to claim 15, further comprising:
forming a plurality of die pads in the stamping step;

attaching a semiconductor die to each of the plurality of

die pads; and

singulating the substrate in order to form a plurality of

BGA packages each having at least one die and die pad.
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