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SC14567MP  METHOD OF MAKI NG EXPOSED PAD BALL GRID
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 -
met hod of making an exposed-pad BGA package that SC14567MP
i ncludes die pad stanping. [0002] A pin-grid array
( PGiRTR & BRld s PQ,BG@ALE?%I%V% fpackace
m crochi p connecti on configurations at ‘are known in
the art. A PGA is a generally square chip package with
a high densit yBFKGROENR | THRy INVENG' IOWpport a | arge
nunber of input/output (1/0O froman associated

000qy Cr oghyp I NS, RELE clLoc 0. conne 11

' tmc]) a socké)tr-go%%n?i :21§LI nt grlng%l 5%?%%% tgfgliey% e}Edpnc’%e pﬁaﬁﬁt &§

GridcArcavt (Bear dodPCR e orandendrik @arfieulndéysi de afmathod of

. ackage | ook ke a . bed nai.l s t he ot her )
maki R EERIE T pok Suren Rpaleanilyfaapdor ‘Sot deramping
balls arranged in concentric rectangles to connect to
[00021 PCBA BGA-padkagesapf {EGA) asned us ask 1 N-apipd iazmdwg&gz;) are
where PGA packages woul d take .up togQ nuch space due .
evpef CSF TRl R a1 L 1BReREgEnS! hBa| oo in
the ReterringsA ois R GerdsraA 160RVRREILORAL HBGA-RAGKaGE 09 high
IS shown. The BGA package 100 is a stacked die
dens bbb itmtenaitldd &9 isuppogite 21dargadnumset onll
i di 8udQ4e ati aeh | | dLRR; p Lenk Bt erppser. :
ml:)ullé)gl.J The gli/g? ‘i%é&ngnagi 104 arlg%%gchg%f:lgaHLg bon%:%lrtlso pexmit
the phereehil poseroBs-thytcar epokptopradhesivecandldermble holes
i [ 4 e t L nterposer 105 by.
o albPEREATE ol TPARISEEET 60 THE nakE B PEL: tPgethice o
PGA provdge kbadct ridad a irdderdomaedss behweka bhket Woartd £BGA

micrdQ;.and 104 d to interface _sol ggr bgl ﬁi 110. Thed )
“*3order Cs‘—j{’jjl Biovi & “SPeffr FearsT cBRt 48t TR in
concextelnatesiisilial o areinker packages.t estadgybrgyes often
power, source or the |ike. The BGA package 100 incl udes
are WS erft HGRIPPS wWhEeEn PRecRaRfedrf yWetibPor ise te too

- much PasEageild o ﬁﬂé(ﬂ@hg&EE%ﬁals@é@ae§igﬂeaﬁgckage pins.

contraction, and prevents contam nants from com ng

[000$ to %g égggngﬁ£g,%Qg.d{FSa%Q%ngggjigil 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 gilicon
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 dies 102 and 104.
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1 SC14567MP A portion of each solder ball 110 is
exposed and provides an external interface to the dies
102 and 104. The resulting overall BGA package 100 is
stackabl e onto ot her BGA packages 100 or onto a P
(not shown). Generally, the BGA package 100 is fo?gcé4567MP
by coupling the sem conductor dies 102, 104 to each of
A pd8onOBROSLAE [BE8S, 0 t ]2 0
pi wpfgvg packag% spgcea£?$}%¢éﬁiggéﬁ%ﬁ%p nﬂhggog§deg an
extegoatenniteninc8Godele C@ldﬁﬂlo% shbwdd.n A r2sultheg
[ 20 i udes_a cond or_.substrate
over i, SBY Bchiae' 1671 R, Bra s G iho it oA Packages 100
oY CREM aOBdBCt(ﬁbtdsHoﬂtﬂﬂ | SGer@xHII8d WHIBGAL @ﬁcﬁ@@e 100 is

device 120. Bondj ng pads on the surface of th
Formiggl o RAUBL RO AT B° 12 TV f b ddP adbdosor gagheof the

oppodli@y ¥ddesAokaVRE 1R84S0 a0P!1 R0 1QVer-ddie csun f,@%%vgf package
the substrate 122. The |ayer 128 nmay be a copper foi

spacgr efhigdRBSYve filmsuch as a polyinmide film Wen
the layer 128 is an adhesive film the filmis |later

[oooﬁqu%c@Jﬂéxf eRACEH Wk BcRORREE-L0i4y £ ’E‘Acﬂ% jn F16. 2.

ompound 130 surrounds the die 124, bond wire
The ﬁGaoﬁteveﬁe bioth@Cbmfc%oi s;m@s:o:r@wom:fon sebsubsteal22 such as

* 2o paeR e AR e o rRITCelhes B, dRagae s

mount8@ within-ehechei C@évixomtm WiHch JA @ig b&d@f onCORkagtrface

rovi ded t S ace 138 of the substrate 122. .
of tREONLET Lol 00 3P L IR%EE 15 eeieet; pearss €6 the die
124 .coAt aetret-nit el s S ey dvdhaerd eulkdcw bk €ant agbstrate

points_134 on_a surface 140 of the substrate 122. The

1az. boﬁhem}??é%r 1528 JPRY thpi 48P Corivedt € aroaghesgve §phm such
as aVbal§§hid@0ﬂg§m126WhéK”EKEnlé¥gﬂ %2%4%sa%ﬁ ?GHEE§Gé9911m the

to contact pads 144 on the surface 140 of
Filmsfipsiphee rampoved and d@frplf?ecﬁd iéroverkaypsrt Iﬁeléur faceold

compgbﬂgdoi?;@ h&fﬁ'@éﬁé@t e %emb%gﬂcﬂ S %325 %giu%?gortlon

6 provide access fo t cont act pa
of thhecenhaattpxéwsli84a%ﬂﬂmf@mbNUnatboddz coanppetionsaces 136

are %ggm%t Ic?vepfylrlige a:1L2t4c3p asmdrftace (i%%t a%t Bgdgu%strg{;e 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 solder 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.



for connections with an array of the contact balls
142. 2 5C14567MP [0005] As el ectronic devices becone
increasingly smaller and nore portable, it is
becom ng nore desirable to provide BGA devices tha
are thinner (i.e., have a reduced overall height or
t hi ckness) while naintaining ease and quality of

nuf (€ .. esirable to provide a relativ
oo TR s e e ERap Skl "y 67 s ik ama
moretbamtabmet ﬂt81ﬁ1béc&mﬂﬁgEmdﬁﬁﬁdedﬂraﬂkﬁltol@rd&&déabﬁﬁ

.to provide a thod of ,form.ng a relatively thi
dev18%ﬁo§§atpaae ﬁlﬁaﬁa . © BRI DESERIPTRENCTE T height or

thicRBAVENGShE 1E0RQSht i APTLO0l NS YRy @Sf yatshhfaéture It
the followng detailed description of pre erred

is dgppsabhente Brovhee i avemtatielwitninhd Bgd)t wpe package that
has 4NBE6EL PR0oENEDLL Aty MGl U 'nQLQ.lWHFeIEetr? (mAPPENgEdar oo
draw ngs. For the purpose of illustratin
is demveabilentot herelde ea shevirod it Herdrimg agxeéabmdempnthln
ox oggighag resgntly preferred. It should be
P ungePs oo %omev%r that the invention is not
limted to the precise arrangenents and
i nstrunent al BRIBE BRSUKIPTION oy disMomgsiInG@007] FI G
1 is a side elevational view of a first conventiona
d 'c 0008 FIG 2 1is de eIev nal. V|ew
0008 IR Foregiehh Fulnary s e Th o [oft oo A
detaalsﬂdéeetﬁypti@ﬂaéfV@fﬁféﬁréﬂ.@mﬁdﬁﬁhEMQsSbeethebEhﬁgntlon,
... a ed to an_adhesi e tape and .a stanpi ng,process to
willg 55 SHFE* pASTAE AL SN CE A (iR §°F’13P§‘F%EJP€f BiFRdthe
appeﬁﬂbﬂdﬂﬂﬁﬁin@é t hieor pries ehlrgdueentd QN1 uk@eaidhgFite 4
is a side elevational view of a conductive sheet
inveREing. apPPTede e WeHiHdsiVe thpeiags evbedaprags which are
pres@ﬁ@§§5§ré9e{‘9&ﬁn | padsf 4 ane l:!ee%.%dfe'r@Q%%a | QoREGOLdanGe: the

a_second preferred enbodinent of the present
1nvepﬁy@ﬁt1%nnot limited to the precise arrangements and

%C14567MP

instrumentalities shown. In the drawings:

[00071] FIG. 1 is a side elevational wview of a first

conventional BGA device;

{o008] FIG. 2 is a side elevational wview of a second

conventional BGA device;

[00091 FIG. 3 is a side elevational view of a conductive sgheet

‘being applied to an adhesive tape and a stamping process to form

die pads in accordance with a first preferred embodiment of the

present invention;

[00010] FIG. 4 is a gide elevational view of a conductive sgheet
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;



3 ,SC14567MP [00011] FIG 5 is a side elevationa
view of a substrate being applied to the adhesive
tape of FIG 4; [00012] FIG 6 is a side elevationa
view of the substrate of FIG 5 attached to the SC14567Mp
adhesive tape; [00013] FIG 7 is a top plan view of

the substrate of FIG 5 attached to the adhesive

e; 014] .Fl 8 .S side elevational vie f .
000 ot o eS8 fueRrt hefiel THTIE f fiatease being
applEkG t3 ahd afikbedles twmiagpf édmrtd;cal ly coupled to the

substrate; [00015] FIG 9 is a side elevational view

a i ng. process . bein erformed on artial
tooofn, T "G bi0e srcer o R LLPoob e Rt Gy iy chae of
FIG.sbdetehenalli onathyi amafiddhapa;tially fabricated

device of FIG 9 after the adhesive tape has been
all s, have_been affixed to the

d duct i
1000 BFCY HHET" 1 G017 oPI RIS S7a0 G B chGVARIaIo Y PR ©

attabhed PbUtR&EI 43hefivexpased- pad BGA packages in
accordance with the first preferred enbodinent of the

Eresent i nvention forned by dividing the part,al
[00043} ned TGevi &e 16t aFp&de10lefoboant ! Fisw 19f jsemy cgnglctor

dies€h8YRY 9PBhcNieW Ofrids siaClh-Rfs SXRe8ed3PadaBEA dies being
packages in accordance with a preferred enbodi nent of

elecihécpf bgepturiw@nid dite [(00GIIRtRIG 13 is a side
el evational view of an exposed-pad BGA package

[Oooigide@@@.t09aiQrEngggecéiéyéﬁlgﬁﬁidviﬁwQE§Q{qﬁﬁ%ﬁng process

wth a preferred enbodi nent of the present 1 nvention,

beingnger fQ00ed] oF| G ratisd Iy tfepprplcanedi davofeacbuiped 8
die being attached to an array |lead frame on an

esi tapeg i c a | : Ien .
ovofghest, | 88 15 ASLSLU20ER L AL sy
fabr DESCRI PT¢ON O ITHE G NVENTIL@Y 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 present invention formed by dividing the

partially formed device of FIG. 10;

[c0018] FIG. 12 is a gide 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 circult board in accordance

with a preferred embodiment of the present invention; and

[00020] 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.
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(00021] Certain termnology is used in the follow ng
description for convenience only and is not limting.
The words "right", "left", "lower", and "upper"
designate directions in the drawing to which
reference is made. The words "inwardly" and
"outwardly" refer direction toward and away from

(20 b AP AT RIS S g

term nol ogy includes the words above specifically

SCl4567MP

- [oooptht | aredaidetkeyathvkogt his eofed@nth vichel SFfl caiimigl ar

i oport. .Additionall the word "a," as_used.in th
desciRF el fGF | FOTTR BT Q@ Wy I5oPPFoASToF ife The words
“righpeci figats om r@mans " aind eagipedne desi800228i Beb€fdds in the

stated, the present invention is a nethod of naklng
drawand ekpodeth e BT Keg&adeat  ThEl HaBSsappryrrgly’
“outﬁ99§y§t!f@fé%“ﬂﬁréé%fﬁﬁ.QQH%%BV%EB@Q%ayAfQQEE'Pgségcﬁiw%ly,

conductive sheet 1s stanped and separated from thhe
the geomebder ofnteheohdet obllke tstdampedbpdr ahdndefigieted parts
et [ i e t r i,nd of the ...
cher80E0 HA LE G Ahsatitsl Bl RRRH el St i 1y
ment i baed pndigirither diees pacreerfaiansl anrtbeocddhési Ver itpde: .

.A.substrate is applied to the adhesjve tape near fhe
acdify SHPLL M od SR it G PeT SPathAoRLATED THb 1F cthe
corr@afofdiihg ep et idiald fy eRUphRE itfa cbReoaURSEAAL €at Aleast one. ”

encapsul ant is forned around at |east a portion of

the die,. tge di e pgd and the substrate above the
[00038hes Fre “fage St the adhBSi RECT S &/ FEnRied S Fr BRERE ©f
maki 8l €aPaghp S idal SN GRNCARS ¢hakt a,n@mddegnéﬁyﬂw@g a

balls are attached to the substrate. [00023
condygbYei o themiralardys ra@etai P, PaREreRnof i kee
condfi 8f BHENCLUNES &l Srd Ul GRle ke eLamepbs EhHL der of

there is shown in FIGS 3 and 5-11 a nethod of naking
the aheekposBee wichnrd pogrtiignaofayheBehpepadkaipeed 4a (&G pad

ena 3L LB EBERLISTE Sl RSl SBES1 RgRL T v

adheshoast@pe osd udtaty erdheathel Gikeipag apphied 60 @mne adhesive

and

_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.
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adhesi ve tape 18. The adhesive tape 18 is of a type
wel | known in the art such as polyinde tape and the
l'i ke. The conductive sheet 16 may be copper (Cu) foil
or copper foil plated with nickel (N) and/or
pal | adi um (Pd) or sone other conductive nmnateri al oPC14567MP
materials known in the art. The conductive sheet 16

acgthegm e e18 ar rri-co u f ed under
[000222 st anp:é’ngS eV ceCSP% - E’Faﬁ% g géjs"?%%%g raé?qqe’reg %o an
adhe2iae Eabe The mmohmteyﬁresh&qie 1® drdottha agheswd¥®l known

pe be fed fro sem -continyous roll of
in tﬁ?ﬁt ri aF 3F RR-HHK e?asp%fa%tt@ﬁ dfike.5 The conductive

sheé&lhﬂ*ﬁhyebéhﬁéppéﬁ ghy UERT1 QA R pek@o0i1hBlated with
conductive sheet 16 is a&él ed to the tape 18 by the

nicked| |(Bis 298/ oTHeml badiort i 0ifl) ofr tsemespsberieonductive
mate%ﬁ@ﬁpgg HXtéPféng%ﬁ%ﬁHﬂ%ngon x%. ?hglgog gct%?% sheet 16

ter the stanping, a renain thes eet
and ﬁéhevedeftmth% d:a@ese!r&{cdmramumgl)slarf tferd andtarng ﬁhe

| ers 22b 0025 AN t he raW| , e
Stamg?hg 49750 & a eac% tHe ae(ﬁ‘?eﬁo\]/ieirﬁp 5$‘F\e
conduenﬁivedeheéﬁ of e mdam{asaefesm%bl 1$6ﬁa§rdb@nﬁégdfrom a

romthe adhesjyv 8 so that only the die pa
semi G SPEARASS o e IS vie lage SEBORPPS! BPaBEy, b material,
a fiPhusakbtynef, £ epadsicd &F ersd anped f HEMm EBﬁductlve sheet

conductive sheet 16 at spaced intervals. The die

16 ist grpldedney teaviene rl&tkahgmearroléeyar 82a.cj Fheghan,portion
of tﬁéagheQQ|YQoﬂ§l ﬂg&“ﬂ I%% gbnggﬂgorm a die pad

geonet ri cal aped st arrp rrpr essi
24. cBhtectihe %tt@mlns:nﬁ a Hrenadirglegt &%p oZ0thmyshawe 16 is

dges f ti
oo R R PERRL a7t e 2 EL R Tr R T oPs afiahpe ot o

22b.can be used on the same conductive sheet to form di e
pads of varying sizes. This nmethod has been found to

[oooggaveﬁs}é $ast effgﬁtlge andgggggﬁt a%fgusé%r%forlaﬁé:%tcged o

I OUS Sl ze dle pads on a
the Efiesbye atesc_ndos’.lta’at er't28 refmad rdgpe 2knevnthe cbh@uativé Ssheet

i6 1%6%2 ovgg %ﬁg%téhéiﬁ%ﬁ%ﬁ??%\g%pgape %g Eﬁgﬁ'ggig éﬁqufg 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 ugsed 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



SC14567MP general |y surroundi ng but spaced apart from
the die pads 24. FIGS. 6-7 show the substrate 28
attached to the adhesive tape 18. The substrate 28
i ncl udes conductive traces 40 (FIGS. 12-13) for

i nterconnection. [00027] FIG 8 shows a plurality o
sem conductor dies 30 attached to the die pads 24.

gene’i‘%ﬁﬁgd Egréguﬂayn ebLfttabgf)a? <f C.g %:itn o ¥n! !dtj.%bt)gd 24 .
sem donductor naterial for ot her non-convent onal - Dase
FIGsmabtefl’i aheswupba swibstrare vidg hitrtadhiech tel etier adhesive tape 18.

co nents. . nma e.fornmed, The dies 30 y be forned
mhe GATRRRRRL S an P PRaef | S ie G At (&dps” 15°13) for
integicbhaeatgenmani um (Si Ge), gallium arsenide (GaAs),

i ndi um arsenide (I nAs), alumniumagallium arsenide,

LLicaon carbide (SiC, dianond, sapphire_or the_|like.
100037 (i 36 e ﬁc_i%&éa%moag EPREF PRIt Porbidiferit’s
attachell t+shewa)aferpegs iy t hezsemaendyctor, Mat ebbdkcated using

conductive paths and dielectrics for isolating the
any eyadabt PvecpatoRIeeten noialn crhethart nomheodiest onal
baseAhftbkX§8s 1 Qo bieytt &, RAAS, 24, US 1RGN Ad0eSLUE . Bhmflfent =
attach material such as a polynmer adhesive, a
may pel femndéd. dthesiie; Ih epode fanredt edti coal kaymplie,
vt I Lke. The die a ch mat.erial s_or adhesives, ma .
5111538 (EF{ nar i S i e Do EDREALE S | Yallium
arschetiwe¢@arfp, diwsidh anddite dirapads a24nini0R038]1 1 The
di,es 30,are electrjcally coupled by wires 32 to the ,
“rsePbRGuct | VboTR ab U ofSi e SUSSCPRY o 2BPLTRS fF r e ghike.
The Ha¥sb@0 £08PElincOhd vl MY o 1R UMBEpbAent EKenot
and wire-bonded to pads_on the dies 30 and conductive
showpy aéesmad ot the WMt matkeisdndgerrvetivaceaths and
dielé@tQEgEh§o§UP@&I&%ﬁmfajﬂ§&ﬂh£hﬁ%H%%”?héh%°QBGQE' ol in the
the wires 32 which wll be encapsul ated or potte as
art.de$kei Beds het eirmaffered Tive Wondudet pedst 24cesing an adhesive

aREOY | dE N1 as: hatdie 41048l Lhe imi
°F “Substrate @%.e t1ona j?ﬁE%ggﬁ?%%%é%%égégy?fcglp01ylmlde
adhegomponent gpoxly el acteutss:@nd eyl ioke they 1bge.i nThe die
attaggnrtn?\génfj\ga%% ctu_b ea&loensdil'{;gets! \fn%yt Ib?f%%sn'.d\éﬂ S:tglegmg& ggg? o:t:he

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

FC14567MP

[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, geld, 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 subsgtrate 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.



7 SC14567MP [00029] FIG 9 shows a nolding process
being perfornmed on the partially fabricated devices
of FIG 8. An encapsulant 34 such as an epoxy resin
conpound or other potting material, or sinply epox
34, is nolded around at |east a portlon of the die %C14567MP
30, the die pads 24 and the substrate 28 above the
ooo03ghesi t h %2@
[ ggstﬁggé %h%gr %.ﬁalégﬂéoggn%ggsbgéﬂﬁiq; ?rmed gg the
partnaﬂagdfébavcayed e otesald oW .08 . reamneheapanlanthnhsuch

25 <oBrPhg Ter B CPRE T oo PR BEC B PECRG ATt op® Eimoly

epoxgUBE) . 1Erﬁcf>E<ﬂ@@|a!roﬁrb£ atem‘eaa@ylaa@br%éoﬁxelfbithé high 30, the
strength and | ow shrinkage during --~ curing. The

die pregpdf aRE B82S ERPTERET &8 aeviend &d&fﬂt'lﬁﬁévﬁna%? 18. The

sunkaﬁakkgg ﬁ@fw&@ﬁ'Eﬁbt§h5§3¥ghé“§@-d%dgt%epﬁgggtgbnbﬁﬁddle pads
period of tinme. The encapsulant 34 is sutfficiently

24 f@ymédaamqlﬁeddé¢ﬁxn%x)tlwhlqhuﬁllwwﬁeéoszr&ﬁdntﬁermatlon with

C o] e t he_dies 30, and,.
sood RARSLLOPLEOATLS 8o LISy WSHCTR 8ol Snthapsa- 50hins
(i.e[Q0EBO] t&s eﬂoﬂhe|reéaﬂaliﬂhln@hafaéhe&mve)tapEréBefsbly, the

renpve rom t.he di.e pads 24, ubstr te 28 an ,
encapERTAEE) 10 SDIDGHE SR STt Rocdhds fhs S hpee 1guring
curihgaveshanehkiges sl He: 4 g dieuipads 24rexposadi 8de and/or

able to be soldered and/or electrically_ contacted:

heatifg SaReSTVert ape AT Perdtass 2 BUFFRG Shronedspagiod of time.

The aaagbgagaﬂt Hevi €8, SUCh A% 11N dle8S 230, ndir8cRadSsé4chat the
nd substrate 28 wi thout thé need of a supporting

eresaé‘.% #rd phlek agennecibisy ard ntshefebpeewaleisng2ato the dies 30

and ggtgttxstyzf O%%%Oq%@é e %%‘t %&t&g%%edlthgﬁg% 11) to

or ned conductive balls 36
such as solder'balls are attached to the condqctlve
[000BPhced4Bhoit Ra §GBst LAt etP8. adifeel vordues i Me iFaldegoved

fromsghgrgﬁé a&égg flégﬁséygl e%tl%h%,encgpghﬁgntdggs 3'II")J::Le

t roug t'he wres to other externa evi Cés such 'as
remogther f eilpe sedh paidy BGArpadBadesviesd @Rl Gnde2pidPCBs dR2e die
pads(ghcéxéggéd 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 gubstrate 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 (FrIG. 13),

other external electrical/electronic devices or the like.



ot her external electrical/electronic devices or the

like. 8 SC14567MP [00032] FIG 11 shows two

exposed- pad BGA packages 14 in accordance with a first
preferred enbodi nent of the present invention for

by dividing or singulating the partially forned nEgl4567MP
device of FIG 10. The dividing may be perfornmed by

m or. hani,.cal sawi n slici ar
[000?22 Iﬁﬁ%% ﬁﬁe r%abltwo ?ﬁgosr%c %@nggﬁ§%aCk%%ﬁﬁI¥%J s
accomdanearWythoatftmmmmpﬂn&erﬂdd(mmbdﬂﬂmahtfeedthg phesent

esi e tape 18_and.conducti.ve eet 16_so
m"ngF Bﬁ%% PR %&@@&%ﬁz}&kﬁ&g&elﬁaﬁ%ﬂly formed

deviter BEde& the divé ARG DRCeES, HOYRIILrib& bF2cBERYSal or
a stack 38 of the exposed-pad BGA packages 14 in

mechapdepdafitel W t PunPHeTer rsédcem)darnéﬁe dfikehe Ppebeepply,
e 0] l or
the HPYEBELOANS E&M ‘gx&ﬂ{u&lge éﬁgg—lae%hsei%a 340485 }Bg 1

substrate 2 renove or necha |ca
sheett ERpdgng ghermﬁhgplwﬁﬂuaﬂﬁ d@ @wwth@nﬁuke;vensbeGErlﬁoso

expose th conductive t r sur f
that #Bfﬁ% 50b3 rateyf§gx) éﬁﬁbn %t agﬁ §6a5? g rmed by

the dﬁeiﬂaygngr@mggsed-pad BGA package 14 can be aligned
with the exposed conductive traces 40 on the upper

he substra f an, .underlyin
0003l 2T ad? BER Ratkabecha® oo ofir s P LA e 25k 2P
pack&ﬁé@SEd Dﬂdaéﬁﬁkdﬁﬂ&§ﬂwith M porErerstacknB8adhent of the

Eosed pad BGAlg?ckages 14 may be nounted _on a PCB
Pres&& ( FREERE Ry or M%é’felte’@t EFEEPEY 18R/ 6f over the

subs@ﬁhénﬂg%égy 1&@%@&5\%& el davicsesechll341 E&&mg,

13 shows_an exposed-p GA package 14 electricall
gringhag or PabtHaRE 1 ytl“tﬁ)dﬁﬂ‘@d tig @r@eurnfcedeeppeeu t:heoard

cond&ggg%e4gra$ébf@6q%@&ﬂﬁQﬁﬂ%&'%%r&%c%t%q EEEZEEESPPQEQ 28.

device 44 1n accor ce wth a preferr odi nen
The eﬁnﬂhetpvesbﬁﬁlSrﬁﬁﬂnﬁ(an ovRrdigriall pxpbheddbead pBeh 2ackage
cha cal | coupled to

14 CE%BS gg%y sd%&%yﬁﬁqﬁk%he F8176¢t F°CE Ctlaforraﬁ%%héﬁ %%Ithe

uppecospkf@geoéftﬁhﬁ(hubqnnhﬁ%4ZBOthenPGBdéﬁlpﬁﬁgldﬁﬁoééﬁ -pad

BGA package 14 to formlthe 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 ¢ircuit board device 44 in
accordance with a preferred embodiment of the present invention.
Preferably, the die pad 24 ie electrically and/or mechanically
coupled to the PCB 42 by golder 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 fins, heat



%\\!'/_.

relatively high thermal dissipation fromthe die pad
24 while maintaining a relatively low profile of the
overal | exposed-pad BGA package 14 wi t hout the need
for external cooling fins, heat 9 SCl14567MP sinks ?§ﬂ4567Mp
the like. There is a nearly direct thermal dissipat
path fromthe die 30 and die pad 24 to the PCB 43 as
: 0 r t n ' bstrate aV|n as a . .
Slnk%i%??egﬂgu? d%é ggea #§f§%he§?réyésﬁﬁg |o¥ﬁh T dissipation
pathcdmductheedbal 3% aﬁimnyamﬁmbmactbltablyCBcolphedcbﬁpared to
sol der.i Jpast e, ductive pottin

he PCB 4
an oHPRBIL SURTAMC T (7108 "¢ Po 1aBSFPOdsRaface Area for

heatelggbkibgaicand/ e JdBhaH 6l b%Qﬂ@69%|Mhyybe[gﬂgééilcally
Referring nowto FIG 4, a conductive sheet 50 being

courdgf| Fedthe BRE athdd woldgsdsn magts. scarpiallipe oeessing,

dlreH§|Bgn§ac9|&ﬁ@|$ﬂJ Oficdi %SSH%WH%S%QeHQf%grgh@cﬁrical and/oxr
plurality of |ead frane lead } fingers I's shown.

mechIpecpt ocenseofiFig. 4 is used to forman exposed-pad
BGA package 48 (FIG 14) in accordance with a second

[OOOEE?f er r@%e@%&gggg Btgf Ff@e ,pr eg‘eé%néwtgg;é o%ebe-lé T%O being

cohduct1ve and adhesi Vv
app li hdotighat eethe sl tersp2 33, aﬁﬂbaandambenblkEOCéétemsiﬁgea

prur§EYCLLE: Shack0 e ot e walag, e phULLLLL 0L g

flngsheeﬁ45£bIédeﬁﬂﬂKﬂhéIﬁﬁ@cbﬁ% aghesiveat apeubddl €aVidien an

the plurality of lead franme | ead. fingers 54, whijch
SxpOpGTVAR B AT 2 dfdC641 40 n 1phRECRRBBAFAEHE th (hesecond

preféﬁﬂé@OQ@&QiﬁﬂaﬂiQﬁ5&hﬁﬂ%re@eﬁ%uﬁﬁbbh¥19£ Co@gécééﬂ@hctlve
s 60 fornmed on an underside thereof. The die 56
sheepsng

| Ze@ PGB SRS ZarPay PPeAadf Faneusd feedhrehkars
22a, f§§Qe&ﬁaVéhé”E¥kéﬁ tﬁﬁ%eQUQBE ?QHEE§E19Q g? gsfgrE%rg%amped

ones of the lead fingers 54 of the array
usingAthe pldralh tyremf sh epetbopsed0t otbecuesaihdebufdsoBlhe

f e 4. 00036 alternativ,
condl 8, 8B 18095 Syl d OBRELLAS. ARSI ORI YE: Phving
the phetraiieta dunipcbmirentolcéd fangepansdt i enici fdrhhen array

1eadbg%%§%6g%0fIﬂpgjgkseﬁ ohgmgg£0h gsge%ggongggtor 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



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 |lead fing

54 on the adhesive tape 52, thereby permtting a Bclasemme
plurality of connections fromthe die 56 to the

leadlfin@khty saf 18 G&&;&P i ' ugpe
ea_di e g ha\?i ng ahgl ura %%dlo% e%ﬂn%éﬁq%%ﬁ giggggﬁt?oggegumps
60 1zt phonédtvobehatpathed ned Ere pptBhrnidd drray 64. Mold

|ati nd tape renpval. wi.l|l then ocgcur in
S 5 B LA GRBOVEtE it BGRPhckEdS IoBB3PF to form
an ekpowetihpatioBeyobagkadd. can be seen that the present
invention is directed to nethods for formng an

osed-pad.ball- grid array (B ackage i ncl udi ng
[ooogﬁg sﬁ%ﬁ%?gﬁ“%&%ﬁﬁ%?ﬁ?@’sﬁ&e?éncﬁ% g%?ﬁ1 fosdtf dirgsent
invepadon Epbadiaents 0b ddendiLTIM AJMEMY R <’H8sEQLPRE hall-

..as die up devices with a sol derabl e exposed di e pad
9Tid aﬂfr?kfel‘%ﬁﬁ) dpackyat | P ludnondisr stterpéagerbodiAbhve, sheets
to foRf Gxpodedi §88 B4&: f orgmd v, dire %&a@ﬂbngrgggggc%#Vgntion
foil using a polyimde adhesive tape as a renovabl e
are Kapdefingssdpporr devigrr witd mamufldetrabilegepposedsdiétpad
' ' by_these skilled in.the art that
for Hhermd? Ao ESn Bl 8L o, RS ra i FRPCenEp F e dthe
devigbeverwi fhowméd depatid ng dmdmct kenduead vien¥enli veing a
ol coggeptd}tlhereoft It is understoqd, .therefore, that ,
POLYERTS® PRVERLTONn-TR° M5t & iMEed Y s Pﬁ@gﬁépgiﬁﬁpﬁ?rt during
the esbhadbgedtsndisedasad, MUkiilll be phetdedcb8 BOVERose
X gific tions within the spirit and scope of the )
Skllgg seft SRRvenRt | T chredased oy ke Bpendedterappgodiments

desctlbdd aBlbeei Vel LOMG AIUTRE ol cnd BRLAQ; Qf Rk 0]
an exgosed-pad ball -grid array (BGA) package

ConcephpFiSTRYL - abplif ngderstnedet ithersiiese, t bhah this
invefdhgsi YE ﬁ@@eiimited to the particular embodiments disclosed,

but it is intended to cover modifications within the spirit and

scope of the present invention ag defined by the appended claims.

11



form ng a die pad fromthe conductive sheet by

stanpi ng a portion of the conductive sheet and

renmovi ng a renai nder of the d®nductive sheet, wherein

the stanped portion of the conductive sheet defines

the die pad; applying a substrate to the adhesive tape
The iptentiomaisamedist he di e pad; attaching a sem conductor

die to the die pad; electrically coupling the die to a
1. A inefhos Wwf frakigelh éxhessibsd baltgid @rRaBSH) phtikgeaionipriemt: a

portion of the die, the die pad and the substrate wth
apphiny € ooefittivesticet RaValHc8Re &aftesi ve tape; renoving the

adhesive tape fromthe die pad, substrate and
formiag aalis phdifidm tee condatiivecdhesbbpétampimta PorBore oftEe cbhdiktive sheet
and reaolving @ remaiideoof the chrdietied shidee vinevsih e §amped pbeion of the
condtEtivecticef dafinés thg dpaxposed- pad BGA package according

to claiml, further conprising: formng a plurality
appiytrfg alsebgpadtstoitiie hdfespicdags poxipiagio thbidicpadig a

sem conductor die to each of the plurality of die
attachiag &;seancbndustbddio go tHealisphgtrate in order to forma

plurality of BGA packages each having at |east one
electribafly ameblidy ¢hepdid to 3 toplhefageohive substratki ng an

exposed- pad BGA package according to claim 2, further
encassugling it RGst @ poriom of ik dic @8 dia pad ahi e Q.fbstrh@ with an encapsulant
abovetheaqihebigetager om an upper surface of the substrate.

4. The method of maki ng an exposed- pad BGA package
removiag Hedhdhgsive tapgedram the diel phdSubseate@nd £nbgpstdamtkindg t he
exposed- pad BGA package on anot her exposed-pad BGA

attachiag kiblgast ohe cohadctiv/é Balato 4 BtRIm smtaceayi thecéubstateal | of
t he exposed- pad BGA package electrically contacts
conductive traces of the substrate of the other

2. The ¥ptisridofpadgkirdGh @gokegead BGATpackagé Bocbrdihg tadbing 1 arther

compadipgsed- pad BGA package according to claim2, wherein
the conductive sheet and the adhesive tape are fed

 formirg @ pluediiey offdi@pady ih tief stambRigisiép; a stack of sheets of
' material, a filmstretcher and an extruder. 13 6. The

attachifj & eemizbndmdtbrle feakEd FetplpedtityBEaidarisagel accor di ng

to claim?2, wherein the dividing is perforned by one
dividirgf the avbsteate PLGYEBI odorand phirdity SOBGA patkeceriabl dadhg at least one
die angiedié pgd.an exposed- pad BGA package according to claim

1, further conprising electrically coupling the die

pad to a printed circuit board. 8. The method of
3. Themktnad of makkgesaskppesh-Pa\BBACkRE8gE eI AN B diginC? Fudiher
comprising\eRiBiiry dtheast a portion of the encapsulant from an upper surface of the
subsirate.

4. The method of making an exposed-pad BGA package according to claim 3, further
comprising stacking the exposed-pad BGA package on another exposed-pad BGA package
so that the at 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-siretcher and an extruder.



el ectrical coupling of the die pad to the printed
circuit board includes soldering. 9. The nethod of
‘maki ng an exposed- pad BGA padkage according to claim
1, wherein the conductive sheet is one of copper
foil, nickel-plated copper foil, palladiumplated
6. THeQ@ROd bPinbkingBA eRpsdeal paad &R PhekBgRlaat&ting P BRIM DoWherein the
dividihg is péreoriiet v dnelof sakihe gpumaniay BAS efkimad BGA package
according to claim1, wherein adhesive tape is
pol yi m de adhesive tape. 11. The nethod of maki ng an
7. Thexnethes oPasgkiR§n PREICREDABEA Bhtlgigh @cedrdingtd clawhar Rirther

comgristhg dlemnslly colplihd) theodlb @at ¥ea bamed lckevesoaad under si de
of the die pad exposed. 12. The nethod of naking an

- exposed- pad BGA package according to claim1l, wherein
8. Thicheetheld 6f raalanpain exsdsep-pad Bl packagk RGc@dipl 46 allamw Wherein the

electddad coUAINY Sf the dikd pad toxne prstey clradinbaardindluaks wld@rfng die
pads during stanping. 13. The nmethod of naking an

exposed- pad BGA package according to claim 12, wherein
9. The afidthotbofShakingla® e g RBPDad IBH Al packabe atedrding ite clameéls, Wherein the
condv@iviisngetds d8e oflcbppéinfolt Xkt glapricbdpdbt follrpatladitmaplateBGAYpper foil
and rickekpgrdivai-platkdi ddppecioi.dance with the nethod of claim
1. 15. A nethod of making an exposed-pad ball-grid
array (BGA) package conprising: lamnating a foil
10. Thé arthddof amkidhasex@sédped BN packgg@kicdordifg totIginti Bvherein
adhegiositapa i pelyiaidesdnesiveamse. by stanping the | am nated
foil sheet; applying a substrate to the adhesive tape
proximate to the die pad; attaching a sem conductor
11. Tk mettpdtdiendkirg areekpost@phd BGA package ptdond@ing fecldine1 tveherein the
- remotdief thelHabbEiad eipetanap inl iideriteadf theaigtpad anpbdddon of
the die, the die pad and the substrate with an

encapsul ant above the adhesive tape; renoving the
12. Thélregiodef kgl anoenpbbed-gad Bathackbfs dsakding B¢laim 1, wherein the
die stempimpgitdppintlndeasing & pluialfgordie b&aTs 10 8RnHRNELIETY f68m a plurality of
die pdusldurihg stanipdig. om surface of the substrate. 16. The

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

to claim15, wherein the conductive sheet is one of
13. TiomeModiod makingi sbkedpopd Rpad BGARRRkadadcording to claim 12, wherein

varioualizeadlé tinmpsaire dsedrerm 4R padbbr vamyihg size.
ni ckel - pal | adi um pl ated copper foil. 17. The nmethod of

maki ng an exposed-pad BGA package according to claim
14. Arl6xposbelpat hall-afd efrby (BGAPSadkag® Wrinediitl@ccaftiResk VBthitAd thethod of
claim 18. The net hod of meki ng an exposed- pad BGA package
according to claim15, wherein various size die pads
are fornmed by the stanping step. 19. The nethod of :
15. A Ffdibf aakigasedopadpBEDalpgal agty BRGAY shoR8géd Borfibmadifg: laminating
a foil sieet WheT &ihesivB@ape; forming at least one die pad on the adhesive tape by
stamping the laminated foil sheet; applying a substrate to the adhesive tape proximate to the
~ die pad; attaching a semiconductor 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 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.

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



el ectrically coupling step conprises w rebondi ng. 20.
The nmet hod of naki ng an exposed- pad BGA package
according to claim15, furthes conprising: formng a
plurality of die pads in the stanping step; attaching
a sem conductor die to each of the plurality of die
and miekt-palilinsbread edppegfdiihe substrate in order to forma
plurality of BGA packages each having at | east one
die and die pad. (5 ABSTRACT OF THE DI SCLOSURE METHOD

17. The mdAId\6 iadiidSinbDe kiNde Bt BGA padkBEAXcdEikdclaifn 16, wherein
adhegRt Iy io bolpRkidmadisivexpps.ed- pad bal | -grid array

package (11) includes applying a conductive sheet (16)

to an adhesive tape (18). Stanping the conductive
18. Tob edthddle)maiking & exposdil-Pad BEBA fakkhg@BtcReipg tatihing 15 Mherein
variot€siaé didqradé 269 forhed be tieh&empingeap. t he adhesi ve tape

(18) so that only the die pad (24) renmains on the

adhesive tape (18). A substrate (28) is applied to the
19. Tad heghotoftnegking drBexjsed-paa BGA sadkhge dterdiag td 2dim 1% wherein the
electidatly €3Ghling stepalohatisesiwirebdriathgdi e pad (24) and

el ectrically coupled to the substrate (28). An

encapsul ant (34) is forned around at least } a
20. Theweittaal sifmdkitg) £H €xpod6d-pall B&A0patkpgeladcdiding edlcthifre15, further
compsisibgifomhiag a(phGhlitpoodie pade irptlb @&nvising s@p; 4tlBhing Heemiconductor die
to ecactibicthe pRirdliapsr did Padd; and sttty fheatibéthate tH erdpatd foad b, plurality of
BGA patiageabacH 2R ingpdatdeasnonpdidl amiatdie padt) . Conductive ball's

- (36) are attached to the substrate (28). [FIG 11]





