1 5 HGHLY RELI ABLE AND PLANAR BALL GRI D ARRAY PACKAGE 10 15 Field of the
I nvention The present invention relates te a highly reliable and pl anar
ball grid array (BGA) package which is fully encapsul ated and has sol der
regions acting as connection ports. 20 Background of the Invention Bal
grid array (BGA) packages, which connect to printed circuit boards (PCBs)
using balls instead of pins or |eads, are an alternative to existing

peri pheral -1 eaded surface nounted packages which require fine |lead pitch
for high 1/0 count packages 25 2 For low I/O count devices (30-150.
pPns), fine pitch |ead es that are
conpar abl e £$3E% : = = e superior to
fine pitch | eaded packages for hlgh pin count deV|ces (208 plns or nore).
Additionally, the assenbly process margins and yields with BGAs are 5
substantially superior to fine pitch | eaded packages.

10
15
Field of the invention
The present invention relates to a highly reliable and planar ball grid array (BGA)
- package which is fully encapsulated and has solder regionsacting as 6onnection ports.
20
Background of the Invention
Ball grid array (BGA) packages, which connect to printed circuit boards (I5CBs)
using balls instead of pins or leads, are an alternative to existing peripheral-leaded
surface mounted packﬁges which require fine lead pitch’ fo_r high 1/0 count packages.
25
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BGA paek'ages of fer other advantages over the peripheral-| eaded
counterparts. For exanple, a BGA package has a large ball (i.e., |ead)
pi‘tch of 1. 27 1.5 mm as opposed to state of -the art 0.3 mmlead pitch for a

peri pheral: d‘,eq”b So

adapt abi | i ty tg%?ga??\g% ?é@ ?ace F %é Bﬁgﬁeﬁnno ; ar?gnu?actg(t)fr’Yng
processes er_paste s n pr|n ent Iace nt. then
s kg e ST BB v Gitergd HEA BackByds Efeupver.
deposit areas are |arger and separated at |arger pitches as conpared to -
convent B&#As a@\mupermrstOSfmﬁ)mtch deadad-packagss t%emlgln P cAYNt deviges ézoﬁrmns
circul ar shaped opening in the stencil 15 all eviates the problem often
encount er adore). t Walditionally, i thheahssiviblyf pdoddssc margirs andfyieldsnyithoBEAs are

t hrough narrow rectangul ar openings in the stencil. The relatively |arge

| egd sp@ﬁbé&rﬁtau? k%ﬁﬁfﬁ'\ea ft6h I6sHsE pabkageyent tol erances that are
critical in O. : mn pi tch QFP packages. Thus, BGA packages are

CONSIAEnaans asgét‘%g%%ffg oﬂte?meq\)@\&rtéé)& Qler e 1 tdh@i'alclhBHF& %BHrrtT@‘bfaﬂs. 20

on a small pac nt -~ as as-ease in ace nbun

ho. ol FBF Sxarirle. BPRA,pavkans Ras A 1r8a bR (e Tredl BEE AT ho7- iE‘i' B %

accuracy of 1 24 [err]m between the | and ‘and the solder ball is of
suf fi ci ORPosqdte state oftheart Oy3 samilead pitph tgmarmnljeral/l@aﬂaﬁwmadﬂjlat
machi nes.

Pack). This large pitch enables good adaptability to existing SMT (Surface Mount

10 Technology) manufacturing processes which use solder paste screen printing,
component placement, then mass reflow.

For surface mount attachments of BGA packages, the solder deposit areas are
larger and separated at larger pitches as compared to conventional SMT. This
simplifies stencil solder printing. A larger and circular shaped opening in the stencil

15 alleviates the: problem often encountered in the conventional SMT of difficulties in.
forcing solder through narrow rectangular openings in the stencil.

The relati\)ely large lead spacing of BGA packag;s also reduces placement
tolerances that are critical in 0.5 or 0.4 mm pitch QFP packages. Thus, BGA

packages are considered superior both for distribution of large 1/0s (Inputs/outputs)

20 on a small package footprint as well as ease in surface mount assembly.
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5 .~ FIG1illustrates a conventional ball grid array (BGA) package 10
known as "OWMPAC' or Overnol ded Pl astic BGA package devel oped by Mdtorol a.
Th'e overnol ded pl astic BGA package 10 has an organic substrate 15, such as

BT ‘0 b . = S . : . .
iroutt (10 okt p FEeO R SAREfiE by foe ther Tadt tfe, softagh BRSATRS the
dhesi .1 T bgtrate .15 t ai. dded rul ti pl

Por | 2on AT golrer Bl R SR AR AefEriOR sHeHIAT RIRsEr ity cYERSY ot 24
conductors (not shown). The die 20 is positioned over the top surface 25 of
the subgkm Reiwesn Thesland ands the @olderaball ds refden cuiffigiontes ShisBandasl easily

conductors by bonding wires 30. The bonding wires 30 are bonded to die )
‘bondi ng ashikvedPby curtentlyi availablenthdamtitegimarhimes! pad sites 35 15 on the
top surface 25 of the substrate 15. The bonding wires 30 are attached as

folg ows. A b#IG 1 Slldstrated @icoRventibAalbalt d@pﬁdjrrag (BGA) pAckégeN O known as

typically made of gold or alum num This ball is then attached by

‘t her NDC GEHNABAFAHON A OF | @y as Qi i ' i

bondi ng. SMPAE"C or poUkioGER Rladift |8AA DA dUAISEET B MIRBIL The
‘bondi ng wi res, 30, t N nd pad sifes 35 on the t syrface 25 20 of.
Che subatiegided plastit BOR Rads’ 10 Tas a0 HestE pifaitte ¥ catih 57 BLefeP, )
'to 200[err], and té%ingial ITy at 180[err]. 4 The |/ OCs of the die 20 are .
rout ed thasede(Bigmalaimide Taiagingd. of A Hie Zhdi-eadp integrated girquit (IQ¢ ghip) is
‘conductors enbedded in the substrate 15. In addition, through

: attached to the substrate 15 using a die attach adhesive 22.

10 The substrate 15 contains embedded muiltiple horizontal layers of metal
conductors (not shown) connected by vertical conductors (not shown). The die 20
is positioned over the top surface 25 of the substratg 15. 1/0s of the die 20 are
connected to these embedded conductors by bonding wires 30. The bonding wires
30 are bonded to die bonding pads 32 on the die 20 and bonded to bond pad sites 35

is on the top surface 25 of the substrate 15. The bonding wires 30 are attadhed as
follows. A ball is formed at one end of a bonding wire 30 which is typically made of
gold or aluminum. This ball is then attached by thermocompression jointly employing
ultrasonic vibrations to the die bonding pad 32 on the die 20. A similar process is
used to attach the bonding wires 30 to the bond pad sites 35 on the top surface 25

20 of the substrate 15. This process is done in the temperature range of 180°C to

200°C, and typically at 180°C.
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goi ng vi as 45, and thermal vias 50 used for heat transfer, may al so be
formed between the top and | ower surfaces 25, 40 of the substrate 15. The
through going 5 vias 45 nmay serve to relieve nmechanical stress. Sol der

balls 55 are T%HR?&‘ of the dié'28 fgtrﬁ%ﬁpt@lhé Ps%tﬁfeﬁ EPPPaEU W@%ﬁtﬁé)s@sﬁgﬁ 15

substrate 15 and function as t pins o plastic BGA package 10.

empecdodEnan R, ke Gl deos aintieded, i ie 3ubfatinB. R REHEIH, heoush

.encapsul ated or overnol ded by an epoxy 10 nmol di ng conpound 65 using a. -
transf e@oRg ¥iafy 49 And; heqrpal viast B@al—'”@)rfﬁ'f heat rapriase may jalsa heyfodaed o
a printed circuit board (not shown). FIG 2 shows a bottom view of 'the
‘package beéwsbkpwtheitap Rind lbwekssuwrifiaces 25, A0®2the sibdtratechb s dieathrough @oinge
substrate 15 has an array of solder balls 55 connected thereto. The package

105 s Qi 49 rhdy seRidtd PelieveRigehanfdal étiesgapor - 15 . phase or infrared
sol der reflow process. In either of these refl ow processes, solder paste is

.deposi t ed- on gofifer U hsH4 atrQeat?Jt{]l‘%W & 15 Sieds 8o éﬁ%@b&&okt‘ﬁuﬁﬁ&gaﬂ?oi%és

‘posi tioned over the solder on the printed circuit.board. eat treatnent
to the saastels 1B andTunchon s (8l udPing oXtnd Blasrt AR sinios baTHaRe B
:have_ been 20 devel oped. These variations include different packa%e
‘conf i guB arsneonnactad datheidie 20 piacthenmetalganduaiars ambeddeddn the sybstrate
: 15. The top surface 25 of the package 10 is encapsulated or overmolided by an epoxy
10 ‘molding compound 65 using a transfer molding process. In its final form, the package
10 is soldered to a printed circuit board (not shown).
| FIG 2 shows a bottom view of the package 10 shown in FIG 1. As shown in
FIG 2, the bottom surface 40 of the substrate 15 has an array of solder balls 55
connected thereto. The package 10 is mounted to a PCB (not shown) using a vapor-
15 phase or infrared solder reflow process. In either of these reflow processes, solder
paste is deposited on the PCB and the array of solder balls 55 of the package 10 is
positioned over the solder on the printed circuit board. A. l'.l-eat treatment is carried out
so that the solder balls 55 reflow and attach the package 10 to the PCB.
Several other variations of conventional- plastic BGA packages have been

20 developed. These variations include different package configurations, encapsulation

approaches, and substrate types.

:_“\.
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In spite of t-he advantages of the conventional plastic BGA packages over
peri pheral -1 eaded surface nounted packages,. the conventional plastic BGA
packages have many probl ens, such as warpage, delam nation and cracking. In

convent i onal [ piteCoBHe RAVENIRGes Wrﬂvﬁgeoﬁfleﬁd‘%ﬂt’ﬂﬁhf@t BGACFHéﬁaQéé ovep

t he overnol di ng process. This war page poses a problemin SMI placenent and

attachne

subot  at BErighera Rl Glctd noufifl §Pg“vé+%2tréb%g‘@§éﬁ§g%§§§fﬁue R3eEkadts

| ow stiffness. Q/erﬁl ded stbuctur es, éhl Q;%E'B}/ent konal BGA package
10 shown"P¥e QY Prepigms, stic rﬁWrPﬂg?h ?F"E‘T?_ﬂ? ¢1ac8NSs of Ther nal
Expansi on) between the epoxy 10 nol di ng conpound 65 and the substrate .
15. The subst imcenventional plastic BGA packages.swetpags pf the stbstrate orcuesatter
CTE (z-direction) of 4.7x1 [err]. The die or chip 20 is formed of silicon

andshas thébvepinollifyg [prockss.THTisisGharpagé iposes | a problent fin SMIt placement and
interfacial stress as the overnol ded structure is cooled to room

tenper at H{ﬁcﬁﬁﬁﬂt‘iﬂﬁﬁé‘%&md? 'b%ﬁ?énﬁ'té‘gdnﬁl@%ﬁéhufﬁﬁnc BEAbackages! BY subdtdités
attach, wre bonding 1 and overnol di ng processes. The presence of the

an Snﬁzmﬂﬂgs@?f@@ﬁ“hﬁ%ﬁ% o éfe%%?%sfsdﬁve‘*%ﬁégiﬂﬁ t‘&;"tﬁé'ﬁgg’@kr%ﬁﬁ*e%@
Ver page CNBIRGIed BRHBIYTBE, SUghas e caniartiond BGA Heekrae L sROGH BFIGA:
attachnments 20 and al so |r_1r*pacts the integrity of ot her I nterfaces

present haveamismatehdn theic € TE(Gaonafficianss pfdbepnalExpansienhbetyveemiha eRoxy
and substrate 15. '

10 molding compound 65 and the substrate 15. The substrate 15, as mentioned above,
is BT resin based, which has a CTE (z-direction) of 4.7x10%/oC. The die or chip 20
is formed of silicon and has a CTE of .2.6x10"7°C. This CTE or thermal mismatch

. creates interfacial stress as the overmol&ed structure is cooled to room temperature
from elevated processing temperafures, such as during the die attach, wire bonding

15 and overmolding processes.

The presence of the mold compound encapsu’lanf 65 on only one side of the
substrate 15 creates an unbalanced situation and leads t-o-.stress on the substrate 15.
This causes warpage of about 140 microns for a 225 pins overmolded package.
Warpage creates reliability concerns bécaus_e itinterferes with solder ball attachments

20 and also impacts the integrity of other interfaces present in the package, such as the

interface between the mold compound 65 and substrate 15.

e
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6 In-addition to warpage, del am nations occur between the overnold conpound
55_’and the substrate 15. The del am nati ons, are caused by excessive
interfacial and thernmal stresses at the adjoining interface between the

overnold co . . ' I

my i se Uty 4gd & iehiad, Yathiiidhions oddetinbd I oL 8GRI oqhbaaRa®
nol ded, e tire packa [ t, 1h ldt f [ I
T80 or 1 5 SR e 5upbREt 15, othe delapinabans e canapd hu-TorsRe Muerpral and
of thermal expansion (CTE) for the nold conpound 65 and the substrate 15°
resul t ithernaalistressestatdbecadjeining interfeseihatwesn theavermpldgaorapeund 65 and

Furthernore, during soldering of the 10 - package 10 to the main circuit

boar d ofthensubistedteonbc dEhesee résidaal thermaPEBessesemmayl aeisendutiegpleotit the
of about 235[err] creates additional thermal stresses at the interface

:)ﬁtg/veen rhdfufabRire’ #HE ude o_qrtgecyﬁﬁpbg compound 65. This is because the

ermal expansion coefficients of the two materials are different. These

i nterfacial t i L d
comound GSthﬁ?ﬁ@&ﬁ& e A ek At e B e o P b B Rately
ai lure nechanismin the overnol ded BGA package 10..Package.cracki i S
anot her 1#&b er\f%’l‘i’P?'H@ 19/00Mm teTpReatdr %ﬁ&g@c%‘ﬁ.s "&&ﬁ?%ﬁgl%éf Pgﬂ?ﬁ"};ﬁ{d
nmol d conpounds absorb noi sture fromtheir environment, particularly for
FR- 4 t yexpahsionbtE TE) tor. therhmeold sompoungdy 66 and the substrate 1§ gpsubin residual
tenperatures, such as those involved in the solder refl ow process (about
225[ er r ]stresBas st tee Mtarfaco ®fahess swounatevialdicFurthemnenst durirgnsioldeeing of the

evapor ati on of expanded :

10 package 10 to the main circuit board of an electronic device (i.e., to a PCB), the

soldering temperature of about 235° C creates additional thermal stresses at the

interface betWeen the substrate 15 and overmold compound 65. This is because the

thermal expansion coefficients of the two materials are different. These interfacial

stresses often lead to delaminations between the overmold compound 65 and the

is5 substrate 15. This is considered to be a primary failure mechanism in the overmolded
BGA package 10. |

Package cracking is another problem with the errmoIded BGA packége 10.

Organic substrates and mold compounds absorb moisture from their environment,

particularly for FR-4 type of substrates. When the packages are exposed to high

20 temperatures, such as those involved in the solder reﬂow process (abc;ut 225° C),

package cracking occurs due to thermal mismatch and the evaporation of expanded

super steam under solder reflow conditions.
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.super- st eam under sol der reflow conditions. 7 In addition, the thernmal
m smat ch and the evaporating noisture weakgn the interfacial bonds (between
the nold conpound 65 and the substrate 15 or between the die 20 and the

bstrate 15).1 i ] ' | 0Ck: DI S '
Fubstrate, Lo ool i el lenfin, 1P (S ARAR ot BN RS
interfacgial b , ' k ki ng., To alleviate thi I th
over i dariasiel pandibenyeet Whatald comppuld se aad e Sitstipe § oRBobapen
and packed in hernmetic bags. This is costly and not al ways a practical '
sol ut i othe slie 20card ithe substrate 5) dsading ta«iel@ninations g&heexpanding majaturef

the six faces of the substrate 15 encapsul ated by the nold conpound 65. The

epoxy r agygravdtes theoflelahiinatitng randeatl thewdaee aime dmiposesdchigh priéséuxe at the
BT-gl ass. Both of these materials exhibit high noisture absorption. In

add i OhntePRRYA boRdsEa dcrtickihg. P& hfeihtelthis iOthe overmolded

contam nation. The absor e%sgg{(gé ure 1 n-conjunction w tlih the chloride ions
‘nocor di i PaRlkEpd 1018 BRREA O oY (RAFRS iEEn 19 b R, aRd HikeB 10 Allnbl
package KaGci g 8 oSt ANAEE0t SRS # RICHRBI FWBADT on The | nvent i on s
directed to a BGA package and a nmethod for maki ng a BGA
: As shown in FIG 1, the overmolded BGA package 10 has only one of the six
faces of the substrate 15 encapsulated by the mold compound 65. The epoxy resins
10 of the substrate 15 material is fypically FR-4 or BT-glass. Both of these materials
exhibit high moisture absorption. In addition, epoxy resins méy contain high levels of
chloride ion contamination. The absorbed moisture in conjunction W_ith the chloride
ions lead to galvanic corrosion of conductors and therefore reduce reliability.
Accordingly, it is an object of the invention to provide a BGA package and

15 method for making a BGA package in which warpage, delamination and package

cracking are reduced.

Summary of the Invention
The invention is directed to a BGA package and a method for making a BGA
20 package in which warpage, delamination and package cracking are reduced.
In an illustrative embodiment, the inventive BGA package has a die attached to

one surface of a substrate. A first array of connection ports is attached to an opposite

_— .
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20 - package in which warpage, delam nation and package cracking are
reduced. In an illustrative enbodi nent, the inventive BGA package has a die
attached to one surface of a substrate. A first array of connection ports

Is atta 0 I ace : [
the fi rg{lﬁgarcteagfic@) %8'%%%'108? ?onl “éﬂ?#{'v%gi/ tﬁé ﬁﬁ#?é@ﬁ?ﬁ?%&?&'h“%“% n){EyL be
sol derattac a ache 03| e surfacg of the substr

sol der tﬂﬂ?‘g‘ gﬁgﬁxdﬁﬁl@w?& é% detPnté‘esQﬂbesr' eb%{r?%c%gpt%e
bunps may be deposited on the attach pads by eI ectropl ati ng or stencil '
pri nt i ngubstrate andesalder balls/or bumps aitached te theattachpads. hThe seldariballs or
ports on its opposite surface, which are integral part of the substrate. A
mat ri x dumpé dnayg bodeposited WH yhe rattgedu pats by etectrdplating cor sfemcil nprinting.
portions of the first array of connection ports, which portions are near

thess UbSAﬁéitn%tlvHVe theR %b@tﬁéﬂe Biihatss With dbhredtioRcp s oRdts Sposite'Sirface,
encapsul ated by t conpound and are exposed. A second array of

connect 'dﬁﬁc?fértesmt a? appg %gﬂbg{réﬁ% of solder/metal balls or bunps, is

attache e ex por 'OnsS 0 first array of connection ports. In
a second enbodi nent,, d of haV| ng, t arra f, copnec orts one
array of conrfgcma&‘ﬁxp%p °e|% V\ﬂ Y 50 %‘?tﬁﬁl /ﬁ't‘blsﬁla %adie and
bunmps, is 15 attached to an array of attach pads which is fornmed on the
sur f ace partions oftbetfirst arraypfnonnectiondmarts, whighopartionsareneardheisubstnats.

encapsul ates the substrate, die,
The remaining portions of the connection ports are not encapsulated by the mold

10 compound and are exposed. A second array of connection ports, which may be an
array of solder/metal balls or bumps, is attached to the exppsed portions of the first
array of connection ports.

In asecond embodiment, instead of having two arrays of connection ports, one
array of connection ports, which may be an array of solder/metal balls or bumps, is

15 attached to an array of attach pads which is formed on the surface of the substrate
opposite the die. The mold compound matrix fully encapsulates the substrate, die,
array of attach pads and the portions of the connectiat; ports near the substrate,
leaving exposed the remaining portions of the connection ports. .

Conductors embedded in the substrate selectively connect |/Os of the die to the

20 array of attach pads.
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array of attach pads and the portions of the connection ports near the
substrate, |eaving exposed the renaining portions of the connection ports.
Conduct ors errbedded in the substrate selectively connect 1/Gs of the die to
the 20 BriefiD ion bfithe Drdwin 9 Brief Description of the Drawing FIG 1 _
1s a conventi onal BGA package; FIG 2 is a bottomview of the conventi onal

BGA package ghgwp ,ggfdr@e’ht,dﬁlaﬁgeg@ gustrate a process for formng a
BGA package according to one rﬁ?éghgent of the invention; FIG 4 is BGA

DT uatrate o o018 RIS v'ﬁ%??h iy AP P, R P

enbodi nent of_the_inventi on shown in EIG tailed Descri ptlon of
the I nventi orFlaiﬁéaJEié @Hstrﬁtﬁ/érnrosﬁsséoarfeeemdat&éi RAskage-aecprdiid; t one

met hod for making a BGA package in which warpage, delanination and package
cr & ki ngerabedimantoefitheTimyeptiant i ng point for the inventive nethod according
to an illustrative enbodinent is shown in FIG 3a. A substrate 1 10 is

formed havi nFIGU4 is BGA paykdge atcddling t6 @hotiiadernbbdifnehtbf thd iventiomy &ndr S
115 which are interconnected by verti cal conductors 120. Illustratively,

;t he substrat g1§ 8Q-8eillRHlateh Fibcats B foffihg e BGA package according to the

embodiment of the invention shown in FIG 4.

10 Detailed Description of the Invention -
| The present invention is directed to a BGA package and a method for making
a BGA package in which warpage, delamination and package cracking are reduced.
The starting point for the inventive methbd according to an illustrative
embodiment is shown in FIG 3a. A substrate 110 is formed having multiple layers of
15 embedded horizontal metal conductors 115 which are interconnected by vertical
conductors 120. Illustrativeiy, the substrate 110 is made of BT or FR-4 and has a
thickness of approximately 0.3 mm to 0.7 mm. a
A die assembly 125 is formed on the top surface 130 of the substrate 110
using conventional means. The die assembly 1 25 comprises an IC chip (i.e. adie) 135
20 which is mechanically connected by a die attach adhesive 137 to the top surface of

the substrate 110. The IC chip 135 is electrically connected to the substrate 110 by

bonding wires 140.
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thi ckness of -approximately 0.3 mmto 0.7 mm A die assenbly 125 is forned
on the top surface 130 of the substrate 110 using conventional neans. The
di e assenbly 125 conprises an IC chip (i.e. a die) 135 20 which is

mechani cal | y gypeoavehtiohdl medng, ant agly st O ¥6ndectid® pores IOPrevidéd @t Me
the substrate 1 10. The IC chip 135 is electrically connected to the

SUDS ook lachP T He sEBeAfe 110, HorRBUCH 0 oFRAREN FRe 42

of 1/0O connection por rov at 't he bo Surfa

substrate, 1, 10. For ex | e n aryray. of attach pad 42, which be .,
sol der a‘f"f‘m"b%\ﬂg’,e Pgﬂ%r%@&tpq -'So{Otfmﬁ GFf'g‘@eB?éG"é)fs"t’fﬂfes% Pitté"e

110. Alternatively, instead of formng an array of attach pads 142 at the 5
bot t om saubisiase 15(0.oAlteraatively;: inatead Tf, forming apnarray ef atachmads: 148ratedreso
that its bottom surface 150 has the array of attach pads 142 which is an

i Nnt®gr al bgeoin surfade 1500sk that substfate/h1 0y thry subisteatentt0 inday ber fosmesiusd theet
an solder balls 145 is attached to the array of attach pads 142 using

convent i i BbttoR Barfabb 1BO'RAS ¥R Yrrdy 'St SREcR fpadael £2 WiicRfis afl iffdgraPph’ of
145, an array of metallized 10 bunmps (which are simlar to the array of

ol der byl Suddibdte 176, PAc5A5! S HofiNELaSH Bl YucH 847 SR Boik 348V

ot her proceSses, such as’ stenc apor ‘sol der aste, 'so
ol der _ PARNGEALS B AFFBY.S1 BGR PAdea] £ HBG GAPLoT UM SRARR | o ports  of
the 16 Alternativély, instead of the array of solder balls 145, an array of metallized
10 bumps (which are similar to the array of solder balls 145), may be deposited over the
array of attach pads 142 by other processes, such as stencil printing, vapor solder
paste, solder electroplating, é'tc. The array of attach pads 142 along with the array
- of solder balls 145_or the array of metallized bumps form connection ports of the IC.
The solder {or metal) composition has to be selected such that it is able to withstand
15 temperatures associated with subsequent fabrication processes, e.g., up to 180° C,
without melting.

In addition to withstanding fabrication temperatﬁ;és, the metallized bumps,
which may be attached to the array of attach pads 142 in lieu of the array of solder
balls 145, are of a material that interacts favorabl.y {i.e., good melting and intermixing)

20 with Pb/Sn type of solder material. lllustratively, the ar;ay of metauized bumps may

be gold, copper/gold alloy or solder. This type of material is needed since a final array

of solder balls or bumps (180 of FIG 3d) will be attached over these metallized bumps
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The sol-der (or metal) conposition has to be selected such that it is able -
to'withstand 15 tenperatures associ ated with subsequent fabrication
processes, e.g., up to 180[err], without nelting. In addition to

vvlthstanﬁgugsé@mnﬂﬁbpgnagmﬁégmwt he netal lized bunps, which may be
attached to the array of attach pads 142 in lieu of the array of sol der

bal | s 145, t

?Ed Cniern g.@af%ﬁﬂ@ e fﬁ%#‘%‘d% ?safﬁﬁi He%“o?ﬁﬁﬁéfgﬁar fvw?ﬁ%@?"ﬁ%%deﬁﬂ,
earra or ne copper 0 allo r sol

Thi s 1y ghe rravePEatah RadR L2 oV, cRBERPhAIGRTORRRSge chateretiftasan &rogn the

bunmps (180 of FIG 3d) will be attached over these netallized bunps

subsequ&enventipaal procespferiattaching the seider balisiid (i.ehdracesseas sunh msﬁ@slcﬂay

be sol der bunps, which are forned on the array of attach pads 142 by

corsvent iprimingp vapesseldet basteasoldﬁrbteutmplaﬁmgmﬁchemusm arompbf attack padéor
attaching the solder balls 145 (i.e., processes such as stencil 5

printing.42/aPehe DOtMh sRfce. 15@'&%e%ﬂﬁtfd§8'ﬂ0 ay AhGe -atfdthed tHive® bAY
of attach pads 142 at the bottom surface 150 of the substrate 1 10 may have

ot hor  cot-of BIIBE HBUS V4% ar BsGot Retd) thitmios B bE GoBhePBbE aattiT
;i(‘iLLﬁE?o?i’ons\eﬁ@spﬁ#gﬁ ¢ 3k aienuted B botiom surfags HiRol B1q puagtrate 110
.conductors 120 sel ectively interconnect the horlzontal metal conductors 115
so that thraughothe ambeddediwrigontalametaliconducterse ¢ Branst thaivedicehsonduators
| 10 120. The vertical conductors 120 selectively interconnect the horizontal metal
conductofs 115 so that I/Os of the die 135 are selectively interconnected to the array
of solder balls 145 {or metal bumps). |
As shown in FIG 3b, both the substrate 110 with the attached die assembly
125, and the array of solder balls 145 (or metal bumps) are encapsulated fully in a
15 mold compound matrix 160. The mold compound matrix 160 may be similar to the
mold compound 65 (FIG 1) used. in conventional overmold plastic packages.
Hlustratively, the mold compound matrix 160 is epoxy (.n-ovolak based), and rholded -
at approximately 180° C. - Fully encapsulating the BGA package, instead of only

overmolding, balances stresses on the top and bottom surfaces 130, 150 of the

20 substrate 110. As a result, warpage is significantly reduced.
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of solder balls 145 (or netal bunps). As shown in FI G 3b, both the
substrate 110 with the attached die assenbly 125, and the array of sol der
balls 145 (or netal bunps) are encapsulated fully in a 15 nol d conpound

matrix 160. T@%émguge%waumdsr@ts‘% Xtﬂé%dfﬁafnb&[.@w%'ﬁéstm@gowr%e mold

conmpound 65 ( I 'n convent'i onal overno asti c packa

IIIustratlveI t he nol Q mat r.i x. 160 |s epox sed

ol ded af W&Mﬁ%ﬁ"ﬁr fed 63 pfipdine: R, ek it xbfiee %bﬁ% di-btﬁ"c

i nstead of onIy over mol di ng, bal ances stresses on the top and bhott '
sur f aces sufgced 17 Oopf framay of salder bals. 14bclor metel bLmps). ﬁanﬁa\geon‘ giolded
significantly reduced. 12 Next, as shown in FIG 3c, the bottom surface
165 (FI Gpatts isfa tdminwbuemhpdanGAWaékageGmmfmﬂwm. b¥higr grimding stepaiser
to expose the bottomnetallic surfaces 170 of the array of solder balls 145

(or shet ap|dhaRes - the' botiond sUrfadd derb R tife Ip%c&ageut ITHatORE el @FindihgBetep

package manufacturing. This grinding step also pl anari zes the bottom

?EQT dual éﬁﬁ‘g"%teé%x‘??ﬁ'hﬁg‘aweﬁée fnl oK %é‘;%‘”ﬁ‘qfﬁ egs?? et B2Bfaudite 176.
FI
bal 15 180 i 5 ASHIRWBINIIC AR LRBGeEP eI EPpTBagRet. AL Breay, of Seider

sol der balls 145 (or netal burrps) Il ust rat i vel t he new solder balls 180
are madebalis d80sis cannectes tetha sxpeged swsfagasql Zé|thth6ff'ﬂs§§§f%%ﬁs@ﬂeé&aﬂ$
to 200[err]. Wen reflowed, the new

145 (or metal bumps). lllustratively, the new solder balls 180 are made of 60/40

10 Pb/Sn having a melting point of Iéss than or equal to 200°C. When reflowed, the new
solder balls 180 propérly wet the exposed bump areas 170 due to being of compatible
material. In addition, fusion between the pair of solder balls 145, 180 (or between the
metal bumps and solder balls 180) is excellent because they are of compatible material
having similar metallizations. The resulting structure 200 shown in FIG 3d is one

15 embodiment of the present invention.

FIG 4 shows another embodiment 300 of the fully encapsulated, high reliability,
planar BGA package. Because this embodiment 300 is ;I-so fully encapsulated, as in
the previous embodiment 200 shown in FIG 3d, similar advantages are achieved, such

- as reduced warpage. This is due to the stress o.n the top and bottom surfaces 130,

20 150 of the substrate 110 being balanced.

12
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sol der "balls 180 properly wet the exposed bunp areas 170 due to bei ng of
conpatible material. In addition, fusion between the pair of solder balls
145, 180 (or between the nmetal bunps and sol der balls 180) is excellent

because they SnGamet A I | o
resulting st Fﬁﬂrenzoo gh"c.)\?in“%l ?\ﬁlbag% r@ﬂéﬁge%m bah%n@?@% é%%émbw

'gégi_ﬁé‘bl *é%félhf%%t %i%f Fﬁi‘f?@‘%@n&? tﬁﬁ%?*%éﬁ"é?\%ﬁ%%ei’éaf;é%#é” oSk
FI'G 3q, Tabnia Mechapliilgarapaed by checslesHiench adheahnd Hafb 08 torrpb the
due to the stress on the top and bottom surfaces 130 20 150 of the

subst r asebstretedilAy Bendingawires 14Qelactrieaiconnegtahe dient35te the substrate
package 300 conprises the die assenbly 125 attached to the top surface 130

of st he 9uigst Tl arrbyldf.solder Ballsci4D (¢r metaltbumps)chavisdtop portioniss31 @ avhigh are
connected by the die attach adhesive 137 to the top of the substrate 1 10.

538 ndi ng cyhheetelfd m'ee&dﬂmﬁéﬁdrfam of tﬁ@euss@aﬂe?ﬁ O ehidiRhstWedrfay 6f &ttach 1

The array of solder balls 145 (or netal bunps) have top porti ons 310
oSS AUECHR ki 98 A0S 15y BB P o @22
DO L1 00 g o (b i Pﬁtvﬁq%%%u@emﬁwﬂaﬁg@@
array C)f1 G%Ol gg'rcto?r?lplo?tlgr?s? 3&0 ofnftfealarrg\l;m s)older balls 145 (or metal bumps) extend
10 outside the mold compound matrix 160.
FIGs 5a-5e show a method to form the planar BGA package 300 shown in FIG
4. FIG ba shows a -substrate 110 in which multip!e layers of horizontal metal
conductors 115 are embedded. The horizontal metal conductors 115 are selectively
interconnected by the vertical conductors 120. The die 135 is mechanically attached
15 to the substrate 110 by the die attach adhesive 137. The die 135 is electrically
connected to the substrate 1..10 by bohding wires 140. The array of attach pads 142
is formed at the bottom surface 150 of the substrate 1 1.0- prior to full encapsulation.
The areé and thickness of each attach pad 142 depends on design specifications.
Unlike the previous embodiment shown ir; FIG 3a, an array of solder balls are
20 not formed on the array of éttach pads 142. Instead, as shown in FIG 5b, during the

molding step, retracting pins 340 are positioned over the array of attach pads 142 to

prevent the mold compound matrix 160 from fully covering the array of attach pads

i



10 - outside the nold conpound nmatrix 160. FIGs 5a-5e show a method to
formthe planar BGA package 300 shown in FLG 4. FIG 5a shows a substrate
110 in which nultiple |ayers of horizontal nmetal conductors 115 are

enmbedded] 42'.helllhﬁtrhtivﬁya|th6%dacﬁﬁ@§biﬁh0340 Idve éyrlﬁacﬁﬁiaqfebayawh a diameter of
I nterconnected by the vertical conductors 120. The die 135 is nechanically

attache > i tse b e +fli ' i e
13571 o GPERPrBehy 0.8t 14 1% thih, INGRE ol Rutpi3e, FRISHUN e hrached fle®
The array_of att ads 142 ig fornmed at the bgttom surface, 15 the,
subst r at semtgypf#%r g’?‘g RogHen c@ﬁsﬁ%ﬁ‘%m p*ﬂ*?egébe%(ea?&cqqﬁuwﬁgs@‘f“éﬁ'"etg@n
attach pad 142 depends on design specifications. Unlike the previous

enbodi meRPldaempouRdrmetrds 169, array of sol der balls are 20 not forned
on the array of attach pads 142. Instead, as shown in FIG 5b, during the

nolsli ng st ep, As showat inftiGB e oribétthermofding encapsulation grbeess issgomplezed athie
pads 142 to prevent the nold conpound matrix 160 fromfully covering the

array ofretfdcting pins 340 aré4eifbved. | THIS Foiths BpbMinds B50 Bvre?@oisﬁﬁoﬂ %gl&i&Ng@te@r e
Xt,

cylindrical rods with a dianmeter of approximately 0.5 nmto 1.

e, SO St Ml by 1 4 96 AESER Na, Y P00 BE OB P e,
ol ot dAAABRCHRE G £10 5 A5 FohnaSaBO iR b SHal iR oehSing,
expos| ng3'.(5310 ;r)rc‘)g‘; iha(zl)\r/]e ?éeslgrger diameter near the bottom surface 175 of the mold compound
10 matrix 160 than near the attach pads 142. lllustratively, the diameter of the opening
350 néar the attach pads 142 is approximately equal to the diameter of the retracting
pins 340, which is approximately 0.5mm to 1.0mm. The opening 350 is larger near
the bottom surfacg 175 of the mold compound matrix 160. For example, is tapered
to form an angle a of aﬁproximat’ely 30° from a vertical axis 370. 'Next, as shown in
15 FIG 5e, an array of solder balls 145 (or metal bumps) is attached to the array of attach
pads 142 through. the o.penings 350 (FIG 5¢-5d) using conventional means.
This invention has .many advantages. Fully encé;;sulating the BGA package
significantly reduces resultant stresses on the substrate and therefore minimizes

substrate warpage. Thié also eliminates the delaminations between the substrate and

20 | the mold compound which occur in conventional OMPAC BGA packages.
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of each attach pad 142 (of the array of attach pad 142) that was covered by
the retracting pins 340. FIG 5d shows the opening 350 in greater detail.
The opening 350 may have a | arger dianeter near the bottom surface 175 of

the nold comithusy tBe inventive« fdly t bacapmdatdd eBGA aphackage iidimizes the
[llustratively, the diameter of the opening 350 near the attach pads 142 is

appr oxi r&lﬁﬁyhagmhftm-élﬁ%ft%hé@ag%rs étft_HehﬁlﬁﬁHt@ﬁ]U-MId)baﬁ'np%ﬁd iWterFhce as

appr oxi mat .5mMmMt o 1. 0mm Thé opening 350 1s larger near the bottom

surface f . £ d '
forman thd geBorreli i< BnPsbagd hiide 165 indiy Blupodhy BAMR, ieTebdBH Ehbled
shown in is | G 5e, an arr of sqlder balls 14 or { b .

2t £ achedecausnhe iy compsund Angapsilans wAps agpad 26 suliFiate 38 Shinks as
5c-5d). usi ng conventional neans. This invention has many advantages. Fully
en&apsulitiis egoldd: taGaopndraperatuge i fromathe ynelding dempesature mf approximately
the substrate and therefore m nim zes substrate warpage. This al so

el i m nat1g0ee Thisrédtes oascdmpressive istressbohrthiec sabstrate andhensotes good -
conmpound whi ch occur in conventional OVWAC BGA packages. 15 Thus, the

I nventi hfe§}d / encapsul ated BGA package minimzes the

delam natiaon/lifting-off of the edges at the substrate-to-nold conpound

Thi & rosal i FraiyRq Theisiee HERENTon "Bl ARl G, TERHE b ABRs the

the substrate d shr.i nk 5 it
mol di ﬁg W@tgtr}ﬁ@o Ejlprrllgérpgippﬁgq etlpytflies ac"c‘)gge%% t?‘hgso?r;\nptrgvrg)seiglta'"gil?tyf B?IIHehe

10 package. Lack of moisture absorption in the package eliminates debonding and
package cracking problems encountered in conventional BGA packages.

In addition, the grinding step of the first erﬁbodiment ensures a flat surface at
the 1/O side of the substrate (i.e., the bottom surface 175 shown in FIG 3¢). This
increases the yield of solder ball attachment process to the package. In the

15 conventional approach, solder ball attachment posés a challenge due partly to the
warped substrate. .

Finally, the albove described embodiments of th; pl;e:sent invention are intended |

to be. illustrative only. Numerous alternative methods, structures and embodiments

may be devised by those skilled in the art without departing from the spirit and scope

20 of the following claims.
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180[err}. This creates a conpressive stress on the substrate and ensures
good adhesi on. Furthernore, noisture absorption is si-gatftcantty dim ni shed
because the substrate is no |onger exposed to the arrbl

reliability of the 10 package. Lack of noisture Ew MN‘I [mlwﬁg
package el im nates debondi ng and package cracking probl coun
conventional BGA packages. In addition, th‘t!%@@' ng step of the first
enbodi ment ensures a flat surface at the | of the substrate (i.e.,
the bottom surface 175 shown in FIG 3c). This increases the yield of solder
ball| attachnment process to the package. |In the 15 conventi onal

approach, solder ball attachnent poses chal | enge due artlyé@o t he war ped
substratle. FiAnaethod forf macsfsfgafrsxcpaéalﬁassufﬁéﬁtsgnapomecw %ﬁpmprlsmg

i nvention are intended to be illustrative only. Nunmerous alternative
messhods the steps af:es and enbodi ments may be devi sed by those skilled in the
art without departing fromthe spirit and scope 20 of the follow ng

clai ms. 1attaehingStHe semfedmiutasr H td a'strfdbelof bi sibdtraty; package for a
sem conductor die conprising 5 the steps of: attaching the sem conduct or

die to a surtaGehig 8BndHSppakite surface of said substrate a first array of connection

ports;
fully encapsulating said substrate, die and first array of connection ports in a
| .10 - -mold compound; |
removing a portion of said mold compound sufficient to expose portions of said
first array of connection ports; and
attaching a §ec§nd array of connection ports to said exposed portions of said

first array of connection pbrts.

15
2. The method of claim 1 further comprising, after the attaching step of said die,
electrically connecting said die to said substrate using bonding wires.
3. The method of claim 1, wherein the step of attaching said second array of
20 connection ports forms an array of solder balls.

16
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attachi’ ng on an opposite surface of said substrate a f“!lulum | '"H "!!l
connection ports; fully encapsul ati ng sai d-substrate, ay
of connection ports in a 10 nol d conpound; renoving a portion of said

mol d codpounTheufriethod nof chairx1oswheoeini thes stép sofi dttachirig aaidfirst array of
connection ports; and attaching a second array of connection ports to said

exposedcgﬁﬁéémfg &,ﬂphbé§fthél’sltéﬂs @F. connection ports. 15 2. The
method of claim 1l further conprising, after the attaching step of said die,

electrically

The net hod OF &gﬁﬂgc&{lgg SOZJ elsﬁ'et é?%%egp%ﬁagﬁgﬁh?%gﬁfzﬁfgpghﬁ%‘ g:af’gya%&

20 connectlon orts fornms an rraz of sol der, .bal | s.

met hod of cl AF@eh Armay o aachPads: an Mitigl arzay of; Q‘HI“"-&‘F'PQyPQﬁts

connection ports corrprl ses the steps of: form ng on said opposite surface

of 5sai d substrate an array of attach pads; and attaching on said array of

attach pads an initial array of connection ports. 5 5. The net hod of

cl ai m 45. wheTaermbttiod: b plaiih 4 0whenginsthedsteprafyfopiing saithafrag of attach pads
forms an array of solder attach pads, and wherein the step of attaching of said initial

array of connection ports forms an array of solder balls.

10 6. The method of claim 4, wherein the step of attaching said initial array of

connection ports forms an array of metal bumps.

7. The method of claim 4, wherein the step of attaching said initial array of

connection ports forms an array of gold bumps.

15
8. The method of claim 4, where_in the step of attaching said initial array of
connection ports forms an array of copper-gold alloy bumps.
9. The method of claim 4, wherein the step of attaching said initial array of
20 connection ports comprises electroplating said array of attach pads to form-said initial

array of connection ports.

17
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forns an. array of solder attach pads, and wherei gf‘“ﬂ"\ﬂ‘e‘mﬁ\!‘!ﬂt‘ ‘aéhi ng of
sai'd initial array of connection ports foreaie an anfiy 'O I alls. 10
6. The nethod of claim4, wherein the step of attaching said initial

array ofiQonfidet methpdrof claimmd, avhereinythef stept af dttaghing 7said imitial nerranp dbfof .
claim4, wherein the step of attaching said initial array of connection

ports f QompedfloA’Ports EompPisds Bedmdil pARtifg on Sdig arkdy@flafthchIpRid® tb fobRESAHN

the step of attaching saird initial array of connection ports forms an array

of coppi@i-ﬁgglg&a?lAfoe/omi?gyg%?szghe met hod of claim4, wherein the step of

attachi nitTal a connection ports conprises

el ectroplating said array of attach pads to formsaid initial array of
‘connection ports. 10. The nethod of claim4, wherein the step of
attaching said initial array of connection ports conprises stencil printing
on Sai d r.r ayThef mathadhobstrinm d, fwhereiai thei ancapsulatingstep isoperfermed at a
ports. 5 11. The nethod of claim1, wherein the encapsulating step is
per f or mtgmplerature afc¥80UG: of 180[err]. 12. A nmethod for formng a grid
-array package for a sem conductor die conprising the steps of: 10
attaching the sem conductor die to a surface of a substrate which

term nates

12. A method ft;r forming a grid array package for a semiconductof die comprising
the steps of:
10 attaching the semiconductor die to a surface of a substrate which terminates
on an opposite surface.with an integral array of connection ports;
fully encapsulating said substrate, die and integral array of connection ports in
a mold compound;
removing a portion of said mold compound sufficient to expose portions of said
15 integral array of connection ports; and
attaching a second array of connection ports to said exposed portions of saia

integral array of connection ports. -
13. The method of claim 12, wherein the step of attaching said second array of

20 connection ports comprises attaching an array of solder balis to said exposed portions

of said integral array of connection ports.

18

. This Sheet Has Been Re{ilaced

(N




on"‘an gpposite surfacé with an integral array of CO’}'HN‘H“‘I“‘I“MIEHI“I“' ly

encapsul ati ng said substrate, die and integral array cconnectison*ports in
a nol d conmpound; renoving a portion of said nold conpound sufficient to
expose (@t i damethoddfiod fafming a grichambhy packagefcomprisiagithee steps of: and
attaching a second array of connection ports to said exposed portions of

sai d i nt egr alatgiching afdie 0" stifaBe ¥4 Subdttate; The method of claim 12,
wherein the step of attaching said second array of 20 connection ports

conpri ses at j . r A | i .of
said integr a}f ari’%@% "gééﬁye%'?él 8?18%%%05 tb%l'& §T§8t.f§.?é g\n%FﬁgggF g‘?’r cbcf?ér?srig a
grid array packat e.corrﬁ{i s{.n t.he stegsi(gf: at t.achi r]g a die to a surface of
a substrat e; POSFRMY9 SRAA 'Bg;ﬂi’ﬁf’é’eﬁ pid aurayof A RAASr ate an array of
attach pads; positioning retracting pins over said array of attach pads; 5
fuly encaps ity eneapsulating inja owid compasndisaid substrate, die.carray etgttach pedach
pads and portions of said retracting pins; renoving said retracting pins to

expose randt pentionsfofssaid retragtingfpinst ach pads; and forming an array of
connection ports over said exposed portions of said array

removing said retracting pins to expose portions of said array of attach pads;
and

forming an array of connectioh ports over said exposed portions of said array

10 of attach pads.

15. The method of claim 14, wherein the step of forming said array of attach pads
forms an array of solder attach pads and the step of forming said array of connection

ports forms an array of solder balls.

15
16. A grid array packagé comprising:
a die attached to one surfacg of a substrate; )
connection ports arranged in a first array and attached to an opposite surface
of said substrate; |
20 a mold compound fully encapsulating said substrate, die and portions of said .

first array of connection ports; and

a second array of connection ports attached to exposed portions of said first

19
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10 ‘of attach pads. 15. The nethod of claim 14, wherein the step of
formng said array of attach pads forns an-<array of solder attach pads and

the step of forming said array of connection por rady of sol der
bal | s. ®Beraycof gognectian pagtspackage conpri sing: {]ﬂ,l TMH@@“H’EEO% )
IR actl s *
20

surface of a substrate; connection ports arrange y and
attached to an opposite surface of said substrate; a nold
conmpound fully encapsul ating said substrate, die and portions of said first

array Oof1£OoNA%l 448 Ry aaﬂa&m 8f SRfMNT6 AWhdYein sdid ¥eeohddrHPbF %oﬁil'd?éﬁb_ﬁ}ﬂe

to exposed portions of sai st 20 array of connection ports.

grid array, pac f ' wherein said second array of connection
ports i %ﬁo'&rﬁg?’&g’ %€+‘3§E} gg"?'s. 5 18. The grid array package of claim
16, wherein said array of solder balls is 60/40 Pb/Sn solder. 19. The grid
arrmy package of claim 16, wherein said first array of connection ports

18. The grid array package of claim 16, wherein said array of solder balls is 60/40
Pb/Sn solder.

19. The grid array package of claim 16, wherein said first array of connection ports
10 comprises:
an array of attach pads attached to said opposite surface of said substrate; and

an initial array of connection ports attached to said array of attach pads.

20. The grid array package of claim 19, wherein said array of attach pads is an
15 array of solder attach pads; and said initial array of connection ports is an array of

solder attach pads.

21. The grid array package of claim 19, wherein said initial array of connection
ports is an array of metal bumps. |

20
22. The grid array package of claim 19, wherein said initial array of connection

ports is an array of gold bumps.

20 —_—
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10 conprises: an array of attach pads attached Hm“mmu“ﬂmmﬂ\surface
of said substrate; and an initial array of.connect . At sacked to
said array of attach pads. 20. " The grid array package of claim 19, wherein
sai d ar 28y ofThet geid larpay package of cclaim dr9,awhefeinodaid rinitial actaypaticpnaedtieni d
initial array of connection ports is an array of solder attach pads. 21.
The gri popts BYarPamagdsf Edpparagdid dlloybh@inpsh said initial array of
connection ports is an array of metal bunps. 20 22. The grid array package
of claim 19, wherein said initial array of connection ports is an array of

gol d bunps. 23. The grid array package of claim 19, wherein said

initial ray. of connection ports is apgaarr of coppern-gol d all bu .
24, Thdyr i dhe 9g I Rackege of daim d 6. wfisesin saif Iqldicorntud hsd it
flat 5 | ower surface. 25. The grid array package of claim 16, wherein

saisd nollewebsptfare- i s epoxy novol ak based. 10 26. The grid array
package of claim 16, wherein said substrate is Bismaleimde Triazine resin
based. 27. The grid array package of claim 16, wherein said substrate is
FR-4 material.

25. The grid array package of claim 16, wherein said mold compound is epoxy

novolak based.

10 26. The grid array package of claim 16, wherein said substrate is Bismaleimide

Triazine resin based.
27. The grid array package of claim 16, wherein said substrate is FR-4 material.

15 28. A grid array package comprising:
a die attached to one surface of a substrate;
an array of attach.p.ads ;o.rm.ec.i oi;i an opposit.e. sd;face o;‘ said 'substraté;
an array of connection ports attached to said array of attach pads; and

a mold compound matrix fully encapsulating said substrate, die, array of attach

20 pads and portions of said array of connection ports.

21
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15 28. Agrid array package conpri sing: aJmmljuNimﬁ!”ﬂltne surface
of ‘a substrate; an array of attach pads f.ornea ! SHRaFF urface of
said substrate; an array of connection ports attached to said array of

at t ach 28ads A eeldingpspgess fardenming apibodvucoveredoajsb mkﬂ]gosmqynsﬂwmgt e,
die, array of attach 20 pads and portions of said array of connection
ports. openitiggs2@omprising thenstegpsoafess for form ng an body covered with a nol d
conpound havi ng openi ngs conprising the steps of: positioning an array of
retracting posfiohing ahtaray & etraelihy FIRS Bver sald Bedyh sai d ol d conpound
said body and array of retracting 5 pins; and renoving said array of
retracting. Ry eheabanafifg R ddid Mol combduRE’¥aid bty bR’ #raY 38 rduBBERL S

t hrough sai
5 pins; and

removing said array of retracting pins to expose portions of said body so as to

form said openings through said mold compound.
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