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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 67
met hod of making an exposed-pad BGA package that SC14567MP
i ncl udes die pad stanping. [0002] A pin-grid ?rray
( PGiRTR & BRld s PQ,BG@ALE?%I%V% PACKAGE
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 {E0A) asned usashl APl iLatH8,0NBCA) are
where PGA packages woul d take .up tog rrucg space due
tYPF (SF B TERGLIP andaTTe- Bt AP [HHEREGENEI hEaC] BBB3own 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

. ord92;.and. 104 d to interface _sol ggr bgl ﬁi 110. Thed )
e ol det 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 Paskageidd o 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 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.

1



-

A

all ows thermal expansion and contraction, and prevents
contam nants fromcomng into contact with the dies
102 and 104. 1 SC14567MP A portion of each sol der
ball 110 is exposed and provides an external interf
to the dies 102 and 104. The resulting overall BGA%%?L}‘ESWMP
package 100 is stackable onto other BGA packages 100
A pd?t iRt Br2RER (89S houM - e BGH, e
p0106 isgffggnedggya%oup |ngl%ﬁgﬁi3%#%§ﬁ§€%§b?%5§ggg%gzén
exterp4lt ontachaoce thetheppbdss NPT auebs 16f4 .t hE@hentrespaséng

L.p.order to i rove package space efficiency.
overtddonfabatkard bl cht | Srar Bk e o0 PEaRBRraRRe 100
or ohltG. a2PCBThRoBGAhaRN) ce defeddlclwdahan BBRTHeeRdYet 000 is

substrate 122 such as ,a PCB, a flexible tape or the
forngfy By AOUBM EBntet BFHF e 9% difsunded wilehtR epgh of the
oppoB@Agdexie8 420cnBondidg,pads ik tihe SWhaee 1br-bbe ﬁackage
sem conductor die 124 provide electrical access to the
spacg gffigaenaylayer 128 is applied over the surface of
the substrate 122. The layer 128 may be a copper foi
00027 an @AdNesivedi/Mgueh1 B8a2aRet YL M sle {% ' Boden ric. 2.
the layer 128 is an adhesive film the filmis [ater
The BgApdeviandl?epliackeded téh secioppeluciteirl substohtle 122 such as
onpo S unds, .t ie 124, bond wires 132 a .
= pcB0 TR Este RO DR AT 150 st Che RS dte 14 i
mouni2d. wlbpperthe aBeS dSGicarked.or medddver bypdsgoa thp surface
urface 138 of the, su rate ,122. The ,copper traces .
of gL EREerRdarhet (LAl LbrCtGh B SPoriCe 0RCoEha St the dle
124.DFQVEdﬁdriD2$hﬁst£§p§ﬂ&i&ﬁﬁﬂi&ﬁﬁﬂ@ukﬁﬁcéuaitEﬁéesﬁggtrate

The bond wires 132 connect points of electrical _
122 conbactayarthed ey fhR e formsE diod 112 wnt RIbeRtget f1lm such
as aPebly$midd PMA sufface i R the substrakeel2¢e e the
.. bond wires 132 are typically connected to the die 124
filmyiig barer boraeva@ean rigtcashMighl 42 cgppercénnéct el mold
compBgngofg@Cguf¥5Ghéé4tﬂg]éfgafaﬁﬂf%%%d1%9rgg &HE and a portion

substrate
of the contact pads 134 of the substrate 122. 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 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.



122. A sol der mask 146 overl ays the surface 140 of the
substrate 122. Openings in the sol der mask 146

provi de access to the contact pads 134 and 144. The

contact pads 134 are for wire bond connections 132SCl4567MP
with the die 124, and the contact pads 144 are for
connections with an array of the contact balls 142. 2

[000§§145§£$@é gnic devi ces

005 el.ectr bec
o oa A SRt PSS B eSnt TRRFEaS TR smatier ana

morebeommhgenmte ﬁiesbeabrhm:j anqfed\detel YBBAe devipeesitbaBca
devidLe &ﬂlnner ' haye a reduced overal l_ hei ght _or
oviftEckRBES = RhFRERHET ni &i i ng BEs & FRG UGSl PrgTefl height or
thlcnmagﬁacwume lhamtélﬂg&g rédd e 4 RRQMIAS 3£ %ﬁhwswre It
thin é % pe package that has a pro ile of |ess
is defaxakbsu oopsomqiﬁm%lrastl(wﬁy thing| ($&2)| sveesbrabpge that

0 e 0
b R aa B packayc ol o DRt Bt il 1 =1so
is dPRAVENGS Fo[Pp966]ddhe rartegbialy fSumimgy a2 asleelivedy thin

the follgwn etail ed description of preferred
expo@néo@?ﬁe%&% %? ?%% invention, wll be better

under st ood when read in conJunction with the appended

draw ngs. FOBRIHE DESQRBETTIN idH US{H SiRANINGIge

invention, there are shown in the draw ngs enbodi nents

ich.are entl eferred I should b
[Ooogﬂdergﬁbogdyé % ﬁﬁaf Yt hg® |n% 2T oh |§%Hb°Wlng
detaﬁneﬂtédstnlphbo@r@ﬁlpmeﬁnﬁrmmgeﬁ&muim@ﬁds of the invention,

-11iE £unentall i es snﬁwqi In the drawi ngs: [[0007] FIG
will) DEDECEPHRIRVAT T ChATRSH &Rt 18 CorginctinPelt Fongpe
appeﬁ&@ddﬁﬂaﬁﬁngé [ 0008] tHd Guidbdse %fSHQQu%E%HQEhQn@heV|eW
of a second conventional BGA device; [0009] FIG 3 is
inventiphe BRRVAtFERFLUNMEVIDIthE chrdiECsy ebRderenbe Waich are
pres@ﬁ@h&eﬁréPeﬁfeédheﬁﬁ%ﬁuﬁﬂﬂ?k%n%n@e§%%%gﬁnghe%89§§s tQat the

form
invention ig not limited to the precise arrangements and

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;



die pads in accordance with a first preferred
enbodi nrent of the present invention; [00010] FIG 4
is a side elevational view of a conductive sheet

bei ng applied to an adhesive tape and a stanping
process to form lead frane lead fingers in accor daRc&4>67MP
with a second preferred enbodi nent of the present

L nyent +SCLA56 ZMP OO 11 iS a si .
[Ooog?gvatﬁt%al %w gw]ao 19 Gbst rg%ell%gl ‘r‘rtbew appl T esdlbtsg“taﬁ? being
appladfiesbvehtapéhesivd Gap 4OMIL) 451G 6 is a side

el evati onal view of the substrate of FIG 5 attached

hesi ve tap [00013 7.is a_t

1000381, H he % s BLBbPIRY AL 18hh  TAERelF g4 fRubberate of
FIG.aahastaehéapeO {1000 el ke thdes a side el evational

vi ew of sem conductor dies being attached to the die

S FI G 3andthe i es belng el ectrically

[°°°3§Spl %Totqo Ss@b5PPaPean | BHE 5T L Free Phedieeg @f FIC.
attaghedatbopné é(&l@é‘\éﬁfe a4pd . di ng process being perforned

on a partially fabricated device of FIG 8; [00016]

10.is a side el evatl onal  view of the partiall
[000%1)“ ddfed devifcd 8f9RI elevakiertl t e desiard ctor

dieshBSihgel: L ERBY 6 alth CORAULldV e Dalls BaygabeRY gies being
affi xed to the substrate; [OOO 71 FIG 11 is a side

elecgraval lvnadunlesy ol theplawhstivereof  exposed- pad BGA
packages in accordance with the first preferred

d t f 1 h cess
rocogspodizyent af ;thg etaéeetew«y%g&ggv{% r[-iﬁf[ﬂ %nlg]d\ib‘?)] ng,

the partially forned device of
being opextarnedeor| v tomdllw ifelrdfcagest dekiok of FIG. §;
exposed- pad BGA packages in accordance with a

fen [ f t [
O00BEFT S5 ISR DLl U L EREIL VS LA pericrty
fabregpos@éddpatce 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 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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BGA package soldered to a printed circuit board in
accordance wth a preferred enbodi nent of the present
invention; and [00020] FIG 14 is a top plan view of
a bunped die being attached to an array | ead franes§£4567MP
an adhesive tape in accordance wth. an enbodi nment

the present invention. 4 SC14567MP DETAI LED

Corm nol ogy™ AFKRE I NG 1B Buihg BUERFERY on for

conveni ence only and is not limting. The words

- [00021} ghtCertalief termihobey, i andséd ppertha eSilgratieg

directiops in the, drawing to i.ch reference is de.
descifiBE D b | ST st Geridl P05 o 85 CaRY et TioR words
“righewar dlafer avayodom oifBPpepiderel YesibRerge@iBéetfons in the

¢center of the object described and designated parts
drawipdr gof vhiHe TekFHesIORF MidudedhenwoRepdsiapavely” and
“out®REGLT Y CALEYr B ONEA. e ARMY AV 85l NeLERT ARG X! fSe 1y,

of simlar inmport. Additionally, the"word "a," "as
the geemetnic heerten mf &k iabdtdee descrébpdndndgdpeignaned parts

th ecifjcatio " at ast _qne, . 00022] ...

cnerfbr T TRE P SRR, TR o PR P br el okons o b Lot v
ment hakedg derExpoiseds: pacBEA pack agedshat shelLdesimport.

. | yi conduct i ve sheet to.an _adhesiye tape., A
aaadi FRYHLY o (R dIOR N Ct AP SSRERE T S18t SRPUES ani 10 the
corr&epanaigg géamdde JemdNdQecdlifictBeoshf8hns T8 least one.”

stanped portion of the sheet defines a die pad and

t he renaigger of tge conductive sheet is renpved from
[0002A  XdR&SIVeStapedsoFRaPTORFYT t Y Hi'e Pad ¥ émiefhtognot
makihfCaRdbesSd Y3 -pdAPREn ASURSl aha §n@@ﬁhé§daﬁ>1@l§fﬂ€g a

adhesive tape near the die pad. A sem conductor die
condpgthye aehret ti tHe afihesda¢ Af@e-el BcPPrEAPTYOE Ot ed

condlltleti@@ Stdist rat estd%lbe%p%@ﬁs‘éle%@&aitédf @mﬁdthér;géﬂwi@&er of

east a portion of the die, the die pad and th _
the shestr atthabgandase radhidsiv e ft 4pe. sThetadhéiinge & apee pad

and ﬁﬁerf%%3$ﬁher of the conductive sheet is removed from the

adhesive tape so 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.
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fromthe die pad, substrate and encapsul ant, and

conductive balls are attached to the substrate.

[00023] Referring to the drawings in detail, wherein

like reference nunerals indicate |like elenents

t hroughout, there is shown in FIGS. 3 and 5-11 a SC14567MP
nmet hod of maki ng an exposed-pad ball- grid array (BGA)

[OooeaékaQQI}43(F%Ghsl%) Igdgﬁgg%ggggﬁ?t %@é?ﬁ}%ﬁ]aﬁPlled to an

ferred énbodl ment
adheS(‘BizéSﬁiNE’ 18000244 ﬁlﬁesﬁresrtca@ ascardeet bveypbegbl 16known

ein ed to heS|ve tape_18. The adhesi ve
in §p8928gﬁ§£o?sap? ItaRR\ART et Bdkgrt Thencggductive

shee@ollw ﬂhﬁebéa@@pﬁéﬂ the liker obhe %Bll\ieplahé@t wibn

be copper (Cu) foil or copper foil plated with
nlckﬁnlc@rt (RF‘)V%OP lwuradim (Fd)jsome oskerochaductive

mate%qggugk'ﬁgtePPéf 'ﬁﬁo i%ﬁi%L & _knayn 'gn§ggt§5£ sheet 16

he conductive s eet esi ve tape
and §éhﬁscmﬁttﬂg©ub$yafexbemmknontnmu@usiwaﬁpdngndevlaedbe

a 20_ by fee roll 2 2b. _The ond tlve
Stamg% ig %%do¥he adh eS|vé£{§ﬁF%%§* ﬁlﬁgrﬁeagFro B
cond&éﬂnveOEhe@woyﬁ amd | c1of aﬁﬂéﬁﬂﬁﬁ,ta@esﬂaC&anbéhEQ&Sfﬂém a
an extruder or the like.

mat er |, al a tretcher
semi TREREORANRE | Vel bbb sl At G| RBeehpeopberial,
a fillRestobtehsr 228 HheRidePUL igR 1Q&etheTﬁQe@Ené§ct§ve sheet
_stanped by the die sta 20 to forma die pad

16 igf pRPlife &2 drpe gpPs Y rder r@él@cht ﬁéashe@hmlGalBortlon

f t | h
of CHETPUBC 004 NN 1 (R ST kgL eh PEELON L1 oo

24. dpétpadtile $ampirached n@nairriqﬂeradiﬁesufvehEapheés 1El'hias
' r C uct.i v
remo?%%ﬁ?? e %d%é%%éahﬁ%pgf =38 hgt 3ﬁlﬁxﬁﬁénglgﬂn ﬁ°1lers

22b.24-remai ns on the adhesive tape 18. Preferably, a
plurality of die pads 24 are stanped fromthe

[OOOEQTdugg %%o%ne§£ %gea&rg ?ﬁ&g, 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 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



intervals. The die stanp 20 may | eave a rectangul ar,
square, circular, oval, polygonal or other
geonetrically or non- geonetrically-shaped stanped
i mpression in the conductive sheet 16. The die sta
: 14567MF
20 may have sharpened stanping edges for severing
conducti ve sheet naterial 16. Further, various size

9en orn1dsagr8§§ var S%E S|zzﬁﬂﬁf%?ggﬁ%%h g %agg%et94

FIGSf.o6rd EhOWethergubstsateﬁz&naunaah&@dtadma@tagbea$véotape 18.

form.ng, varjous e on a tape.. [,00026]
The bR PRE th B S BRSE 20 YR RnotA- TR for
interdenaettisnbei ng applled to the adhesive tape 18
proximate to and 6 SC14567MP generally surrounding
spaced ap rt fromthe dle pads 24. FIGS. 6-7 shaow
I°°°?ﬁ§ SUDStr dt SBRse RAHEE 1Lt R SERESPRtpfe diges 30

attatheasubstnat @i 284del udes mRndugtd e B{gf%% #ApEELESed using
12- 13Lﬂfor i nterconnection. [00027] FI 8 shows a

any ﬁP&F& ?ys%ml%@%ﬁ%ﬁﬁﬁﬁuﬂﬂﬁeﬁﬂ@%5030Ot@ﬁﬁa@ﬁ@dcpﬁvﬁhélonal
basedhgtgﬁgélg f%ﬁ*ég)ﬁgﬁhlﬁ W%%%%{%g%%grgﬁ&ggcoﬁﬂgnents

sui table sen1con uctor materia _
may henfeomednt i Dral didasy) metehealorueon ohi chroexamphen

si1 ) ECLLORLES FRROIES L Tby, DS LBTER: (T0BeS! Gt som
arsegéﬂnamu;u.ms( Ge:l)l’,ld:BlILrh i RAHEIgRIHITNAR) ( SaGaningal HHDLiun
enlde I ndi um arsenj.de (1.nAs), al um nium

arseBifiFy uﬁ%lé?%%n%%bl T 110N c&PFeES SPepPhdr anBRdthe like.

The 83RRhBDeEaDEot heclhd® varitfiHica% 3@ oali g0 cbRghbHdBts (not
varlous el ectroni c conponents (not shown) forned in

showpp e FOERPE ohduER B r= F MBS E RO HGGEET ¢é - paPRgugRive paths and
die1dieleetrkgs {@élé%ﬁ]‘tﬂw ddigeenductiy spaghﬁeagnbén in the

known in the dies 30 are fixe
art.pa@be2digs| WY are abfivesi veo the dile apdacB4nusénpabnsadhesive

or dia Qtegéﬂ%ét%fléllﬁjh aasooal %Jicmy%%r adhegive, 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, 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.



adhesi ve, an epoxy, an eutectic alloy or the |like. The
die attach materials or adhesives may provide thernal
and/or electrical conductivity between the dies 30
and the die pads 24. [00028] The dies 30 are

electrically coupled by wwres 32 to the conductive
traces 40 of the substrate 28. The wires 32 nay be

per. oled, Mo 1N} t
[00099? -égﬁgeéﬁSh%“%a Smo%h?ﬂ%ngﬁgégé% Qgﬁ*iﬁﬁdﬁ%ﬁ ed on the
partuaaégsfabrnéathé @&&Eﬂ&&ﬂaﬁ Z&G- Bhe emnéucbpsalhnaceg such
of the substrate t ext rnal nnecﬁlon
as aPhSPWWeﬁ %ﬁ“mﬁ?%%"%* élr?d-’aﬁ’é’ de‘ epofted®T §lmP1Y

epox¥esgl i hedmbeded nafdeid aﬂwq&mdlacbowlbha@es%@ dies 30, the
prqvide vias . and paths through and_across the

die Pager Pa andgtheptilfiaiate 28 ddvicondie efbeeivearare 18. The

sunkefMRPBENbSrydbe! @cd rdassand 4 e ke chRY dies BB and die pads
contact with the conductive traces within or upon the

24 foubst paneldsd TcSCIAL67MR1(FOGG2AISFIEGr FeshowEoamation with

PLP e for e t-he htiially .
goodf Bl Bge PEOREEPCDSRY ML he RATHB5bY Rpeling
(i.eas aheepopyof esha x&nmnnmufumngobEQErpehkemg netrefesdbly, the

or si npl epoxy. 34,. i s mol ded around._at ast.a
encaBbudnllP! {4 SREK S8 mish (reSgid S%de 15 Shaipkase during
curifgbst TRt ecrnSapbovantd e adhesiawmitape 18xrifbeadqaunked and/or
area _between the substrate 28 and the dies 30 and die

heatprasiop4CYhing B0 MATEd ovedvia predffceRiapfopgrief of time.

The egéaﬁsu%ﬂ@twnlw &b £ 59004, R3Ckagedr 'agl'ddh%iédéﬂgdl 9 that the
potential for "nold-cap" peeling (i.e., thet

ereﬁhé2r@§¢1nth¢f¢¢mi@e<dﬂ@ RS, ofr gher abirgs Bﬁeto the dies 30
and gﬁgggﬁg£§n£8 r§X§%$Hééiﬂvé¥q %%%EB %ﬂgregw

shri nkage duri --~ Cu € encapsulant 34 may
require a curlng addltlve and/or heating for curing
[00088] ocdur sbwam angFgGpr ddet ehei aditepeve ookt 18 s reTipyed

fmmtegfaigpgﬁ!g anlgS4 i s sHiddclently gy ed and hardeggd spy

removal of the adhesive tape 18 leaves an underside of the die

SC1l4567MP

pads 24 exposed and able to be soldered and/orxr 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.



wires 32 and the connection points of the wires 32 to
the dies 30 and substrate 28 are protectively
enbedded therein. [00030] As shown in FIG 10, the
adhesive-tape 18 is renoved fromthe die pads 24, C1456TMP
substrate 28 and encapsul ant 34. The renoval of t h8
adhesi ve tape 18 | eaves an underside of the die pads

ex d able to be soldere !/ or electrlcally
N e L
accquaneeswmgh ahf&mﬁtrﬁ;&ﬁeﬁkﬁd(ymbdaﬂménaSOEhehdlpSegﬁnt

. di e pads 24 d supstrate 28 MAthout th need 0
1nve§6b88 ?Pﬁ@e% ﬁ%%%é ﬁ@r85§t1ally formed

devierabki pgea I@'atTH@”d&ﬁiHﬂhd3 |He ? fB@&E@gﬁy demical or
(FIG _11) to be forned. [00031 urality of

mechaphgaét FFEIBAI | RUTE iSiEh Félslcs}éll%@rr el élksre Brefehedly,
the EQOEQESCQQdygﬁiN@%ﬂEﬂﬁﬁﬁl4QnPEm%H%yS%%§EEﬁhgu§8b¥ ;Qfl or

conductive balls 36 provide electrical connectiv
sheetr fpetihay dh@SaQMEQiHQHEﬁPQlﬁﬁ\mnﬁE$O®EUC©lGEheheet 16 so
e rnaj V|ces such sy ex ed- pa
chac e PEEC iR Yo Ml Fep HREGER e ep formea by
the axtrédbad pf@@é$$callelectron|c devices or the like. 8
SC14567MP [00032] FIG 11 shows two exposed pad BGA

to0od 35 G ¥ TG 1t “PRECpPoRERLS P hht Fbh TORRL BT 502

packdiyeEsdiaginrastagidaid RE dHhe paldfedided %ﬁbﬁﬂﬂmeﬂ@Vbﬁethe
of FIG 10, The dividing may _be perforned bg chem ca
presgpt ARRARR R BRGNP e sy SrSPPEMA§REr 3£ heVET kghe

subsPrater abl ¥a %@enﬁﬂﬁﬁﬁﬁ§@}%h%%ﬁba@0%E|ﬁ%@ﬁ§n9&afeéféﬂing,
conti nuous % roll or sheet feeding the adhesive tape

granBHQndP@bhﬁ®%W¢v@f§H€éﬂjiﬁhsén-Fﬁﬁ@rlépgéxﬁaﬁﬁetbeof
d r
condﬁé@@@@ tPQ@e@Gﬁ)Qﬁfoooggféﬁi%F%ff e”%q Qﬁe Eﬁﬁﬁtg%t%fZS.

di vi |ng process shows a stac
The rhedesposedcphts BGA ohavkages 14 ing asporddnped wBEh peckage
14 cgﬁeégr flgggQQEHQFQEKQEﬂ&msed conductive traces 40 on the
upper surface of the substrate 28 of an underlying exposed-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 ié 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



%\\!'/_.

present invention. Portions of the encapsul ant 34 over
the substrate 28 may be renpved by chem cal or
nmechani cal etching, grinding, polishing or the Iike,
in order to expose the conductive traces 40 on an
upper surface of the substrate 28. The conductive Sclase7mp
balls 36 of an overl ayi ng exposed- pad BGA package 14
a e [ Wi exposed - conductive, traces_40 . .
sinkGOBnlee Rl TR, IriRad G e, P S s Epp R et s tpacion
pathuﬁdemlyhegdsapﬁ$eﬁxp@me BEA Q&Ck@gehé4PCB Bor axt 86mpared to
ack of exp pad BGA packag 14.. The _stack 38
an oA o SuRE oA DR Pt 2068 BR oy 188 hiinFuaTagn area for

heatP@Bs44pbtlién. 131hé"cdﬂdﬁﬁﬁ&v%ﬁb%h@%tB%CﬁE&Yb@ngiQétrlcally
nechanlcallg connected to other devices. g00034 FI G

coupgdshewsRanTeR pbs &t Frd BBGATFac kagée14cendectival pytting,
dlre(eede)eﬁtgsg hand cald yi 5Qupled 510 52 AL At %gr%&gwﬁo@gﬁ%mor

to forma package on printed circurt
mechgaytad ddnpectiicicnrdance with a preferred embodi ment
of the present invention. Preferably, the die pad 24

el e / hapi cal . e to.t
roouhEy e, SSLGALY, A0 0f FRENAL| AL SR L ULALES s
applcedpton@noddméﬁivﬁeiqmmj524amd thetRGBiAg pfOMedQSuiimg a

T T I T T R TRAT R T TN A

flngeyeraillemﬂﬂ&ad pahe Bodcpackagerid. wat houtstherHeeshm an
or external cqoling fins, heat 9 SC14567MP sinks and

exPo?ﬁ‘é PRRECHRATIE #8ddiPy difY el PREPRERNER s¥ patd grecond

pref@atbaf & d ieerti Q)ﬁQh%n%r@'s%nEaer%ént:Qohhe B Adn@sctive
conpared to an organic substrate having vias and a

sheefj 3f { 3 suireyartéwsf 62 mawabedifssi phrpeah fped rollers
22a, f@@QU&ﬁaV@héﬁﬂ E%z36éﬁ%%rb%h%|gghﬁhgghbg sﬁ8g9|§9 fg stamped

he PCB 42 by sol dering, paste, conductive pott
usingj feetpbombity arfd dike sititkps 8§ i shdesemeinfier 58 of the

cond&é@f&é'gﬁ%e@nﬁfg_ Cg%gy%rompgﬂnec&h¥g£¥e tape 52 leaving

the plurality of lead frame lead fingers 54, which form an array
lead frame 64. 1In this embodiment, the semiconductor die 56 hasg
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



[00035] Referring nowto FIG 4, a conductive sheet 50
being applied to an adhesive tape 52 and a stanping
process using a plurality of die stanps 20 to forma
plurality of lead frame lead } fingers 54 is shown 14567MpP
The process of FIG 4 is used to forman exposed- pag
BGA package 48 (FIG 14) in accordance with a second
eaddh dggnbogi nept ., tdg t e
e e B 2™ ohear Bbary o vl 3 1kes 1 E0Pet buns
60 ishebeyh teeler otbtarked 22a, t1R2 (padrickririea lairkey ARt er Mbhé

e eet 50 is st the plurality of
encaf @M bl oG] End r e R By R oMo EEes S form
an e&b@edeﬁadSBGBnpaeﬁaééDn1the adhesi ve tape 52 | eaving

t he plurality of Iead frame Iead fingers 54, which
[00039 arQ%r £ f.rame, 64. nathls enbodi nent, the

c ottt Oé‘e%’lﬁgs 15 pROrari £5Bf tR@nddt iRpesent

1nvebxﬂﬂ.’fb& 60 Horaede@nt@nmdidRISifde Adrelienf anTgﬁ'pg'sgd5ﬁad ball-~

is placed on top of the array lead franme 64 such
9rid g 6@& |(§@Abn3é§016$g ¢ her Hridih Clice SttagR ingr cesponbivig sheets
to f%ﬁlfﬁtse%oggg Jifédpéﬁé‘germ%ﬁfentt@ o L&Y kpﬁ@g LLafByention

64. low nmay be perforned to secure % s 60
are ﬁ@rmﬁé ﬁéa@lelwgei%VEﬁhs “P0@036FQA§eaabdbtexpasededlaSPad

n he |n rs 54 each

For H R Lo ho 3 R FB L e o, TR LA Re  nEbe
devibaﬁpsreofofmde@ebzdlciemeSGstnampnAaxgclmoeme:ttmhe oD using a

onnect 62 are arranged in p rn or pattern
polyfdds " dhdsi vt vk i Boyenab el Go561EAg) Ghesoat doring
the pahtiéastoripatpesaass ar rmy w86.10be BYIRSQREEQNBECELOES
that corresponds to the patterned arra% 64 of |ead
§

Skil&?ﬂgé?s EB9 IRt Heradhedidrs capebPe rRéreby BoRnerPPRtments

descaiBblr abbty »f cieQnnest a‘%nﬁnfgr ¢ thendi 8,384t Qn\trgﬁtlve
plurality of 10 SCl145 I'ead fingers 54. The bunped

concgpk bBeRaef ng B pmrtmdetr;st@pdbu#bgreéores abaut ths be
invefttaghed Lo- the patd etronetqilea\%)%?%lgﬂlayb egbodlments disclosed,

encapsul ation and tape reno then occur
but pedes iotémded to cover modifications within the Splrlt and

scope of the present invention ag defined by the appended claims.
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an exposed- pad BGA package. [00037] Fromthe
foregoing, it can be seen that the present invention
is directed to nethods for faem ng an exposed- pad
ball- grid array (BGA) package including die stanping
conductive sheets to form exposed di e pads.
The inddraidinreeiivhed 3f t he present invention are forned as
die up devices with a sol derabl e exposed die pad for
1. A inathodadf niikBgi apadxiposed-pat halegrity &8 (BEA) pabicdiensonipsisinghe
C_. devices are fornmed by die stanping conductive foil
apphyirsj A godducivd stigat dearpstiresiveeageape as a renovabl e
handl i ng support during the nmanufacturing process. It
forming bl didpadippmaled edreidctdye sHaesisy stakiplrgetporiiont thacbndUtdte sheet
and rehaning s remisirdebef thadenduetivdeheehiithirain M stachpad bohied of the
condadiiveahebt difings thepky padig from the broad inventive
concept thereof. It is understood, therefore, that
appiiny s substhaenibitenadisesiettape plokiethté @ thbeligpad;i cul ar
enbodi nents di sclosed, but it is intended to cover
attachingiafsearaddndnsiondie e thetdiepadti rit and scope of the
present invention as defined by the appended cl ai is.
electrichilt 2ouplihg thewiens a twp suriaceefithesubdtratdy met hod of naki ng
an exposed-pad ball-grid array (BGA) package
encassugling it Rgist a pEiby bhige alies Grodic hiad @ng fieesubis@ra@with an encapsulant
abovatheesihesivk &gpe; formng a die pad fromthe conductive
sheet by stanping a portion of the conductive sheet
removingl theeadhesivg tape feomithedsie pad, dubetrate Bfd @hiapsuiingeind
wherein the stanped portion of the conductive sheet
attacttled bnleasttdne cdhdudtiag balbtord Yottugn eurtatesdf tisd Qubistratehe
adhesi ve tape proximate to the die pad; attaching a
sem conductor die to the die pad; electrically
2. The mghodgf nidkingtareetpdsed-bag BEAN pakage beddiding todkifal Surther
comp#siagpsul ating at | east a portion of the die, the die
pad and the substrate with an encapsul ant above the

| formirgti plirali®y bfafepads in the stamping step;
attaching a semiconductor die to each of the plurality of die pads; and

dividing the substrate in order to form a plurality of BGA packages each having at least one
die and die pad.

3. The method of making an exposed-pad BGA package according to claim 2, further
comprising removing at least a portion of the encapsulant from an upper surface of the

substrate.

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.



renmovi ng the adhesive tape fromthe die pad, substrate
and encapsul ant; and attaching at |east one
‘conductive ball to a bottom garface of the substrate.
2. The nethod of maki ng an exposed- pad BGA package
according to claim1, further conprising: formng a
6. Thel metabd bimaking ee eRpstRdipadiBBA phentigeRGcsHRB; to Bkl ONivAgrein the
dividiagss%ﬁért‘dm\du(by@he@i‘%Wiﬁg,ﬁﬁ@hhiﬂg ahBelighgiral ity of die
pads; and dividing the substrate in order to forma
plurality of BGA packages each having at |east one
7. ThadirRetRddl ot gkifg@en eRposbliadiB R PackagBristdgingno claim 1, further

compspRsastiiady Bsubling eiage pas eos hingd khcdl iard.2, furt her
conprising renoving at |east a portion of the

- encapsul ant from an upper surface of the substrate.
8. Thé.mdihed slrhiiany ah expdsed paadBGX padede pachrBiod o arlkagewherein the
electdet 0o@hling of hedli@paa B, thé pribiee circ@oaRird Fichdes talakiinygy the
exposed- pad BGA package on anot her exposed-pad BGA
package so that the at |east one conductive ball of
9. The mestrxpofrakinpn Bipdspaphad BGA pastalk @atdriling @ tiamt 3, wherein the
condactive gheetieohed aceppeof foll icklibBitadadappef foll ialladib@rtplated copper foil

and rickebpaltduatiplBfed qpplagi. 5. The met hod of making an
exposed- pad BGA package according to claim?2, wherein

the conductive sheet and the adhesive tape are fed
10. The aretitoticofdhaking 41 éxpabedphe BGH packagé acdordihg ttigiat $, vierein

adhestod &abead polgindidd satrkhettaper and an extruder. 13 6. The
met hod of maki ng an exposed- pad BGA package accordi ng

to claim2, wherein the dividing is performed by one
11. Té meewidng makingedn goasdpad BGAhckdge AbwdrdiRg toglaiad 1, wherein the
- removallor thg Aihesix epedeprd anG@hdpaideagehadie padiargoder). cl ai m
1, further conprising electrically coupling the die
pad to a printed circuit board. 8. The nethod of
12. Thakieliddan nekpRsetepase BHAd BaPkiiirage SQUorling td Gaifd Rivherein the
die stdmpingesta incilies usthEes plurdlRy ofdel planiis t@%arﬁd?l@né(blfslyp@d'ntamlurallty of

die pddseiupihg Biadthigg.r cui t board includes soldering. 9. The
nmet hod of maki ng an exposed- pad BGA package accordi ng

to claim1, wherein the conductive sheet is one of

13. TiomeModiod makingi sbkedpoPd Rpad BGARRRkadadcording to claim 12, wherein

varioualizeadlé tinpsaire dsedrerm 4R padsaidarying size.
ni ckel - pal | adi um pl ated copper foil. 10. The nethod of

maki ng an exposed-pad BGA package according to claim
14. Al expifsed@at baighe airdg (B@AEpackal® forinet deadhefick &vithale method of

claim 1.

15. A method of making an exposed-pad ball-grid array (BGA) package comprising: laminating
a foil sheet to an adhesive tape; 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 expdsed—pad BGA package according to claim 15, wherein the
conductive sheet is one of copper foil, nickel-plated copper foil, palladium-plated copper foil



11. The method of nmaki ng an exposed- pad BGA package
according to claiml1, wherein the renoval of the
adhesi ve tape | eaves an undergi de of the die pad
exposed. 12. The nethod of maki ng an exposed-pad BGA
package according to claim1l, wherein the die
and sitkepangish-pRtdd&ppeenilusi ng a plurality of die stanps
to simultaneously forma plurality of die pads during
stanping. 13. The nethod of maki ng an exposed-pad BGA
17. ThaChal®] SFafakin agekbsel-patBEA padkage abcordlifs k@ H8ins 18 8vherein
adhegive t@jcdigpolyiniide Heesivedtap@r m di e pads of varying size.
14. An exposed-pad ball-grid array (BGA) package
formed in accordance with the nethod of claim1. 15.
18. The medthatofohakifkamgxpdepao BEk pattagabtedyding tatiamy 15, wherein

vario($86ié¢ diegridages AP by ittgstamaimysaédp.ng a foil sheet to
an adhesive tape; formng at |east one die pad on the

adhesi ve tape by stanping the lam nated foil sheet;
19. Tap plefhoofanakingsdr etppstd-phl 8GR kbye at@pding ikl B Wierein the
electiidatly coliging 3tép cahipaiebs wielborsiig. conductor die to the die
pad; electrically coupling the die to the substrate;
encapsul ating at |least a portion of the die, the die
20. Thachetiitd df Reakiighst &:aioeedvphill BEA paRege atdondihg &DelNith 1 durther
compaigingsfoxming apturalitg abuiepads iretha dbmspivg steppsttdehipgnd seenidbreiuctor die
to eagladf the plhedinadiatie pads; and apgulating theanlstedte #ttidegtodbrm a plurality of
BGA beckalge bacititavihecatilomst bad Hictandadidpad.om surface of the
- Substrate. 16. The nethod of nmaking an exposed-pad BGA
package according to claim15, wherein the conductive

sheet is one of copper foil, nickel-plated copper
foil, palladiumplated copper foil 14 and
ni ckel - pal | adi um pl ated copper foil. 17. The nmet hod of

maeki ng an exposed- pad BGA package according to claim
16, wherein adhesive tape is polyinide adhesive tape.
18. The nmethod of maki ng an exposed- pad BGA package
according to claim15, wherein various size die pads
are fornmed by the stanping step. 19. The nethod of
maki ng an exposed- pad BGA package according to claim
15, wherein the electrically coupling step conprises
wi rebondi ng. 20. The nethod of maki ng an exposed- pad
BGA package according to claim15, further
conprising: formng a plurality of die pads in the

~ stanping step; attaching a sem conductor die to each
of the plurality of die pads; and singulating the
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 OF MAKI NG EXPOSED
PAD BALL GRI D ARRAY PACKAGE A nethod of making an
exposed-pad bal | -grid arraypackage (11) includes
appl yi ng a conductive sheet (16) to an adhesive tape
(18). Stanping the conductive sheet (16) to forma die
pad (24) and sepg. %6) of the

e i g RO UL 1A Py e e
sab@@tb ¢ 2gnakEne ppt i s asedtved hdﬁésgvedtapea¥]§§ckage
Qﬁﬁﬁg% 81&h§§4? ﬁgué 4%r|05%%y c%ﬁ%ﬁgd%Pog?ﬁgg§ge
tape sm]b?s)t r atsea(r@a)ag Ah'eenoafsfl%?m {13Bt I)SL6f ortmedoamoandle
vad (i) i sehe®albep: Bhe T phmin iy Ao b nss FhE S afEoT

the ddsivEneagdhesieyesbapBat 181y Sthd @m@/%af remt kemdifs on
pad (24), substrate 28) and encapsul ant 34).

e HTRICE FaPBalll8) (36} ailesertRhed )t 0% ROrdisst Fat 8he
adheéf%@-t&b%‘@us}lbrox1mate to the die pad (24). A die (30)

ig attached to the die pad (24) and electrically coupled to the
substrate (28). An encapsulant (34) is formed around at least
a portion of the die (30), the die pad (24) and the substrate
(28) above the adhesive tape (i8). The adhesive tape (18) is
removed from the die pad (24), substrate (28) and encapsulant

(34). Conductive balls (36) are attached to the substrate
(28).

[FIG. 11]



