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SEQUENTI ALLY BUI LT | NTEGRATED Cl RCUI T PACKACE
{TECHI CAL FI ELD The plesent invention relates to an
fintegrated circuit packae and, mor e artlcul arI , to a ball
Zgrid array subsSEQUENEEABLY BUE EGRA ! DEEAGE
 acconmpdat es at | east one |nt egrat ed circuit
BACKGROUND OF THE | NVENTI ON . There have been several
denerations of integrated ci rcqgmﬁ- to nount - an
Integrated circuit Recently, developnent of one -such generation known as a
ball grid The presentr myerstionstelates top ank bgegrated. civchithpdckdge aud, aore
.advant ages over earlier generations,  of 10 - _integrated ci rcwt

packages. [ r C
k pestiquiasty, der balli git appy isybutgte peekage thefi is pRERE

ceram ¢ and rre I ch are expensive and dlfflcult to
manuf act uPee ﬁa@é&ﬁgg&f%‘&%@%ﬂ#‘éﬁ%ssom ated with the ball grid array
substrat e package generally include: (1) elimnating the need to

route package leads to the outer edges of the integrated circuit
package, (2) permitting BMKGRMD@EmdNMmﬁpam ng of packages

nounted to the same prl nted ci rcu oar d 3 horte i ng
i nt er connect é&’ﬁﬁﬂa ¢ besn syl e ons;of inte P%g?a% unt
Ball grid tI@ecQﬁﬁ'k p%ﬁ%ﬁF k@g@ﬁ ei ther
enhanced gg[“lli %I’I glaarrgys or ‘mcro gri gugﬁays em (%r%g%lﬁ grid

arrays ar array substrate padkape bad exhibitstosevetah advineiges voet earliertgenerations of) a
rel atively | ow nunber of i nputs and 20 out puts, Such_integrated chips

i k) ude vantegwated Riveitipacknggs, Earlier goneraions,ef integrafed gireuit packages includg i g

fhat of %%Qﬁé%ﬁwvﬁ%éﬁgﬁ%ﬁﬁ%h% ch e il Btn A et "l |

grid arr aythedtPantiRs al¥otiated Witthe balll gfill ity bibsiriRipatitipe geh@allPilude:
than 3 watts or have a relatively |Iarge nunber of |nputs and outputs. A

rel ati vel (1) elingjpatizeg the needtmwmachagellchatcsthanmoedgyepﬁthesntegxwdeuvmhge 300

enhanced FaFae, CupeEGipE SHRe gaisess wl closeh pecieg B peckagss st to e 1"

| njegrat edamb pitttell Sirclt Boakd land () $RbrteRimpGRRADMA A len gt Rhpfove SRcfical
performance.

Ball grid array substrate packages have been further classified into either
enhanced ball grid arrays or micro ball grid arrays. The micro ball grid arrays are
typically used with integrated circuits having a relatively low number of inputs and

| 20 outputs. Such integrated chips include _vari0u5 memory chips. Typically the micro ball
grid array is constructed as a single layer of tape having dimensions similar to that of the
integrated chip. |

The enhanced ball grid arrays are used with integrated circuits that generate more
than 3 watts or have a relatively large number of inputs and outputs. A relatively large

- 25 number of inputs and outputs is in the range 300 through 1000. The integrated circuits
used in conjunction with enhanced ball grid arrays are generaily application specific
integrated circuits, digital signal processors or microprocessors.
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An exanpl e of an enhanced ball grid array package is briefly discussed
bel ow and disclosed in U S _fatent No. 5,583,378. The '378
patent issued to Marrs et al. on Decenber 10, 1996, and is

assigned to ATkoy, le/o73h Eshantddall grid array packag®is Bfiéfly GiscuSsed'beldRrantl  t here

is illustrated a crosS-sectional view of ah” enhanced 5 ball grid
array packdipeloséd in S Ratenfr No.c51583,828.i (The0Z78& patent istuedrtal Marsndétial. @an 104

all of - - which are, descriped ip the '378 patent. The thermal
- con-d-uct--o-r"'-"Q?&emgeft%ié%ﬁ: P-V-?E BH -toAmEorélecq'og}cé,&ei .e. 0.127 to 0. 254
mllinmeters thi : Ve ' i L& .
of the en hanced%gﬁn%%{rb?gg?rkréagq%%g %agg%gg% ‘%ES'SE&OM‘%W%H élﬁ?’%“e“:etdher mal
- conguct or  bgi gtid anhy 100, &inteptated-ciitnit 02 aid & tHeprhaldofdddiér 104 Al of10

adhesi ve layer 108. The Interconnection substrate 106 is a nulti-Iayered

pri-nted ci mhith are described in theo3T&ipatenti Ehedhermal popdactor 104 isstypisally aghinn whi ch
the int ted,Ci | | S,. i tJ he int ted ci it
105y be et G P-4 o G5A B R PR conper g oo el ootk Steee” !

104 or havgfméﬁﬁgﬂcgag%g?ﬁagﬁgyg%&?gﬂ?@lz | ocat ed t her ebet ween.

The interconnection su ate 1 alternately conposed of at |east one
15 i nsul afThe ¢hemaglaoondiotordidd isattacheito anirtercombetion substrated®6/bgnanr 116
manuf act ur eqd by wn t hods. ,The nunber of , insul ating

wel | ) knoy .
| aylér s 114 adhesivedayst L08. Eheiptsroonpectiop subsirgte 106 is a multi-layeprd printedclr s ¢ ype

of integrated 6l it 102 . i cal: i ' . | he
number of - ofyhhitie bablga selliedtnt 10 RS b MR RO S osfiitel G
-conduct i ve The dtégrated circuit 102 thayyis diret AP attiched B supfhebfitRoMbRRdl cohddttsPOXy
resin. Conductive vias or plated through- 20 hol es 118 are then

“drilled or 1p4serhaveannptional adbesivedaysr 118 locatadi thersbriween.s for el ectri cal
connections between. nultiple conducti trace |layvers 116

A sol der mask | aﬁﬂe ngg% f@égﬁt\'?er&t We%@%@@gﬁ%&fﬁt\}ﬁr%e | ayer
1145 - insulatBdayer 134 :a_ﬁdl‘ §t %fﬁst%ﬁe bBﬁdﬁcﬁ@@fr?ceTlﬁ?qrsl%(iﬁtﬁh%&éﬁug iweli20

further includes a pluralit el ecttical contacts 122 that are
formed by &newnimethagis! dhe numbempafiinsulatingiaydrs 1 bbandcanduétivedrace layers| ldper 120.

are ot dependl SR T pea bt o terieciiteL iaona s, adhe Tho.
om0 s bseopetors el LbpBlng RIRA o oo
are connec layadrsoM 6tdre lansinsted together with epdy fesiny @onductive vind of plated thiroagle | ayer s
116, ' thereafter, a plurality of bond wires 124 connect the
Comuct i ve ples dd8 ey e drilléd srcassy ablated, andpletrl de ferm-gandietors for electrical
connections between multiple conductive trace layers 116.
. A soldermask layer 120 is applied over the outermost conductive trace layer 116
- and functions as an insulator. The soldermask layer 120 further includes a plurality of
_ -electrical contacts 122 that are formed by creating selective openings in the soldermask
25 layer 120. The electrical contacts 122 are typically plated with .nickel and gold and are
electrically connected to the integrated circuit 102. The connections between the
electrical contacts 122 and the integrated circuit 102 start with the electrical contacts that
~are connected by the conductive vias 118 to various conductive trace layers 116,
thereafter, a plurality of bond wires 124 connect the conductive trace layers to the

30 . integrated circuit.
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A plurality of solder balls 126 are attached to the electrical contacts 122
such t hat t he enhanced bakl grid array package 100 can
electrically comunicate with a Iarger el ectroni ¢ system such

as a printed ci liﬁﬂﬁ?h aﬁgﬁ%ﬂé thaf'S
descri bed earl i el‘r{\Bl |€1kfde%e?gtmes§2§:l?%:w t 'S poscatll orsa%sl ke % wel |
regi on 110 the enlianced ball ghid atraypackage 100 Ican eleotrivally eomiinidatedith @Matgeri t h an
| Asul ati ng encapsul ant material 128, The insul ating

-encapsul-ant® mmcﬁ#tewhsswweépmm@ﬁbhgmﬂ&cg@h@mt ic reS| n that -
functions to pr%&ﬁ&ﬁé&%@g&gﬁ@%@&%ﬁ%‘%%ﬁ?&eg%mew reg1 n?{o bond

wires 124 from

Lowgi el d afidchingibefiled oaipidetnaiied feval Withl S B ﬂﬁ%&ﬁﬁ% miafekigriogi th the
10 e 100 Sulenp 2.

current enhanced ball grid array packag ecause gl ass
rei nf or ced Thedngulating mpsulant material 128 is Wploaﬁndnlepoxmbasedtphsuomucﬂlat)n

ZEP;V;E&%OG | n addlt the urre.néo? ‘Sﬂ’&lﬂq‘é‘ﬁgl Io‘lfq{oh wires 124 from

manuf act ur ighdg ,Pgigg such as war page, cosnetic defects, and
unreliable applicatl onm? ni ckel and gold onto the el ectri cal

contacts 122. LoivByneldmdhghmanufacﬁnnngtwswwdisddmtagéﬂdsmw&hﬂi& ckel
~and gold to the el ectrib&]a contacts 122 requires a bu55| ng
netMbr k t h&tment enhanced ball grigagray package 40%:beeruss glaseeinfyrogd epoxy lamina

Sol der bal 1 i R hiftofine sfnd 108, 4 p Rt e Sy Bty rcﬁ%l%sn“a (ne
occur when griyackligs 9007 Kphlyusdeptible t6 probidihd ditire e & aﬁeﬁﬂngia'xécesi'd |

array 100 to {{he printed circuit nother board that has
connect i onsuch/as warpage, easmgtie defocts, @nd uorelisble ppplication of nickel and gold onto the

Accordi ngl y,t d for a new generation of ball grid array
substrate lecpncafco acts iAﬁckages that "are constructed by a manufacturing

PfOGESS USI NG SRl Mé'agg cation of nickel and gga%%&gtéﬁﬁpﬁ@dc& 450 a

requi renent to position at st one i ntegrat crrcul
a corres pometltngscm\blxssyng actvexik thathutilizes neslvablec space olocitbd extdrhallyr ofl tigs r ay

substrate . cka es éﬂl and ot her needs are satisfied by the
bal | grid %@W%Plsai?a%a'&é ing network sor@q%regtl@sﬂmscﬂdwbms on.

SUMVARY OF | A Eﬁ p ent 0 |s an
enhanced Sl} gt%reate pac@%ed’s‘ﬂle aBP5° or MR cu{ Esg.ﬁfafss
connecting the enhanced ball gnd array 100tothe printed circuit mother board that has
20 ‘connections typically manufactured from copper.

Accordingly: there is a need for 2 new generation of ball grid array substrate
packages that are constructed by a manufacturing process using sequential build
technclogy. There is also 2 requn'ement to position at least one integt'ated circuit within
a corresponding cavity formed within a metal core of the ball grid array substrate

25 packages. These and other needs are satisfied by the ball grid array substrate package of

~ the present invention.

SUMMARY OF THE INVENTION
The present invention is an enhanced substrate package suitable for use with a ball
grid array and a method for manufacturing the same, wherein the substrate package
30 includes a metal core having a first surface and a second surface opposite the first surface.



grid array and a method for manufacturing the sane, wherein the substrate
package WQ98/59368 | c|udes a netal core having a first sumCHEISo8AE24 '
'second surface opposite the first surface. WO 98/ 59368
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The metal core further includes at |east one cavity in which at |east one

I ntegrate L Lk . ' | b’g&g o (W= Ll P Sspeecur ed
to the fi_%%ﬁf%ee 0 tlﬂce;udﬁeg'l?ge&géirﬁe an @nwﬁeﬂaﬂeﬁﬁ%ﬁ%&éﬂ%ﬁé& girﬂlug cavity
formed t hdg positiordder Aadielectric dayep ivlsechiedeo theefirst syrdacei of thé aretal adoke/ and

deposited to exposed portions of the dielectric-|layer and the first surface -

of the netiagludes a die cavityfoemedhereine Fhereafien @ conduntive sead layerds chepipall

AUy
circuit. isg e rQl viically. I Lsely _ farm ithina .. ...
first cir ?ﬁ?%’ﬁ%gttgeeﬁ& sg%u? °é?°§gl(:a f?%a‘ﬁ%gs@&sef %%o%e%?%e@%y "be
di sposed @Brd, hRdjdécplt &5 the icbndulité sl dayeR difchit# dlectrolytically and selectively _
According to one aspect of the invention, the first surface has an adhesion

pr onot i ng fetmest withiala firstarediteattere. A ¢leatricallyyresistivie soldeproaski layerirhay be ,
dielectric,layey t e 10, iyectly attached to the core without the
need for m&@&g%ele&clayerangtﬂecm t. According to another aspect of the

I nvention, the gdi.el I hé ik surface @s@cﬁf

| ocat ed al ong é?dcﬁgcgg% t@ﬁ%%ﬁ%ﬁi&gﬁhﬁn ou%;enr’ tl[%eerﬁlrsr%ater opgfﬁé%ﬁéta core
and/or " an préreting electricslly cotidactive satfact 1ayer whick panmits thealiglectiic tayepto ben out er
perimeter of said [ ély I n_each instance, the recessed edge

cavit t
calf be covliieetly ajachedtosthe gere vethout theseedifon angdhesive.  hereby protected from

he- i nvent i o' fag7oRI i Pagthe apmeet of she o, Bl ailiBud Baty iy B 0 ©
ext endi ng rbéuseuibiigelBodidt ALREBSleRt ol foRticH 6 ALSUbCpdricRsr (e ibtal SRFSIer MASK

| ayer, and an electrical conductor extending through the via froman outer
surface ofantifoean inner recessed edge Iveatadiglong atyleast a portion ofanauter pefimeter of saiche

adhesi on propotj ng | ayer, ereb metal 20 cqre C be grounded
hrought FEvRTa eon fblahce, Ha Tetebted el fit Be patgred bvithe SeligrewRk R on

t eis’ b i a d'i%m%r' gSubstrate package

nahiralslrjf actu?fé%létg ng sequenrlltgfa bw%stechnol ogy. Also in accordance with the
pr esent i nvent ilnadditioncthe sulpstrate phekiage dfahd ingentibnanayefurthedinthade @ vimok age
havi ng a bondi n

) area that is electrolytically and_sel ectively
formod ovdRmoRgisbpleiestending threngh the tipkness ofifhe ielectrie aver and she sidesmatle
present i t] ' | ri ate
Package t Hthund b BliSEEal chuctiiidrdilenfiul Hirbih e o trroh Suly st B 0 C
layer. Fursbiiefmask layer to an uppér saffist sfabeginetibiploioting Riyer) wherthe fiid el here is
provided a ball grid array substrate

2 core can be grounded through the land.
| According to the present invention there is provided a ball grid array substrate
package manufactured using sequential build technology. Also in accordance with the
present invention there is provided a ball grid array substrate package having a bonding
area that is electrolytically and selectively formed over a portion of the circuit. In

25 accordance with the present invention there is further provided a ball grid array substrate

" package the uses a differential etch process to remove a conductive seed layer. Further
in accordance with the present invention there is provided a ball grid array substrate
package having a bonding area selectively formed with an inner layer of nickel and an
outer layer of gold in a predetermined location.

30 A process for manufacturing a ball grid array substrate according to the invention
includes the steps of oxidizing a first surface of a metal core with an adhesion promoter,



Fféckage haworvgsesepondi ng area selectively fornmed with an i npet/usog/2o260f

ni ckel and an outer layer of gold in-a predeterm ned |ocation.
30 A process for manufacturing a ball grid array substrate
jaccording to the invention “8mcl udes the steps of oxidizing a
;first surface of a metal core with an _adhesion pronpter WO

/ 98/ 59368 applying a diclectric to the first surface of the metal core, creating at least one die cavity

" PCT/ US98/ 12926 & .+ . . ~ . -5
appl yi ng. avHeits iplestlp $o Prposs § petion f e St syrface of e mpta cgre, meglligog "

| east one gegndiRtivd ¥eed layer to an expéstd pbrtiohdf thediielebtricdaye? afid B9 &EleastR@r tion

of the first surface of the nmetal core, netallizing Coeeeem eemgeeconduct i ve

seed | ayerexposathpertipn of dhe first isurfacss oft the mistal eore,rand ealecjrolytically farmirg Reast an
exposed portion. of the first surface of,the netal core, and. e tolytcally

for ¥ ng & cimat. Man bR HOFRS PrAvided Y A% BV EHER S SR doRgne

i nvention ' §F‘ﬁ¥ﬂ§’ : u LvEe 4 ayers e

el ectrol yt%%gﬁéwk?ﬁ%%gg 0 ar?qgh(?h'%suﬁ/eo,f %n a sg’m&}dagd%aeplﬁvagdmve

met al | i zatefllizatibn tsthriqu whichogplies a seed lager inay thicknBssasufficiente $6rm a

sufficient to forma circuit thereon, then |ater renoves the
seed - ayercirenitghereane thep laterirempyes the-sesd fayenafter thercireuit has been formed.aRbesst her

aspects of the inventi i scuss.ed in,.t tailed descrj ption that
ol | ous. . aniptadr a45ls ot heFealoh s HBCospfy it AR dpprcition SO BoR nos
A nore conpl ete understanding of the invention may be had by reference to

t he follow ng Detail ed Description when taken in conjunction
wi 18 t he acconpanyi ng BRIEF DESCRIPTIONOF FHE DRAWINGS FI GURE:

"1 is a cross-segtional vjew qf PRILOR ART .illustratin n enhanced ball 15
grid array sub mrs%vieﬁdlnﬁﬁﬂ@w%ﬁéﬁww@@ﬁam&e, by reference to t?xe-

ssoct at oq A TR DR DEGHHRNE bk Walln Kafapiln ST el llBenite ©

i nvent i on; Drawings wherein: FIGURE 3 is a cross-sectional view of the
substrate package having nultiple _ . . Igéer.s of circuitry; 20
FIGURE 4 is a s seross-sestional viewt of PRIOR, AR llustrating anenhanged paldf ¢ he

2GR, ol bR iR i thrmalcontngpy o P OFE, 12 8 120 Ve of
a sheet of the FIGIRES! 2a-D e ARSssPebidnal Views of various construction levels.
associated with a ball grid array substrate package of the present invention;
FIGURE 3 is a cross-sectional view of the substrate package having multiple
layers of circuitry;
20 FIGURE 4 is a plan view of a pattern plate circuit and a bond area of the present
invention;
FIGURE 5 is a plan view of a soldermask layer; and
FIGURE 6 is a perspective view of a sheet of the substrate packages prior to
singulation; and o
25 FIGURE 7 is a cross-sectional view of an alternative form of ball grid array

substrate package of the present invention.



singul ation; and 25 "FIGURE 7 is a cross-sectional of an
al tgr nat i VEOPBEBf bat| grid array substrate pd¥ss ?ﬁ\?,h
present invention. WO 98/ 59368

PCT/ US98/ 12926 -6~ DETAI LED DESCRI PTI ON OF THE
DRAW NGS Referring to the Draw ngs, wherein |ike nunerals

represent |ike partsgt]ﬂtm SCRIPTIO N R?LW& there is
di sclosed a ball grid array substrate Ipackage 00 g&ss) in
accor dance wit mefemngneﬂmrﬁrawmg&,mhmn likébnumerals represent like paits ittorogghont

~ preferred enbodl ment of the_s bstr package 200 manuf act ur ed
“usi ng photthe W“Fe‘gﬂﬁﬁﬂé“i Sﬂ d agay substrate package Q0 (FIGURE 3) he art

will appr manuf act.uri ng process is only one of
many uti |l figil ng VeSS sear&gﬂl a glg}h d t echnol ogi es. Q her

seggienti al bui | Alth asgh ﬁmmhud&tloﬁwmb&abpa&ageaoolmmd
etching. Accordingly, e substrate gac e 200 descri bed shoul d not be

const r ued usmg:hpm-unagmg , those skilled in the art wilk appreciate t o

FI GURES 2a- 20, here are.lllustrate cro s sec onal VI ews of
various odhatuch ArRpRERiTDE srordtE Bl eaama%o

wher e FI Gy EﬁF Other $ ﬁﬁﬁ&l%ﬂ&ﬁn&% e.@'h'xdiﬂde' An@#ﬁfmﬁé’
depicts the [ast ?evel e(r)f construction; ¥ ﬁﬁ owever, construction

may be “coreiching. eAlcoondipgly;the aﬁasmpgclmge 200:déseribd shotldatot be eohstroed fn 2
FI GURE 2m Referring to FIGURE 2a, there is illustrated a
mel®l cor JIMBNSMMAMIEY a first R surface 206 opposrte'that of a

second surface C 204
is treated V\nthﬁ&' Ehf? ﬁglgﬁ%%c ﬁéi’sq‘ég’?e uce‘%‘“@opp‘%&s’% At 3fum num

oxide various corsf@ttidnleedls msmaed&&ﬂ%beﬁbswmmge@no WwhereFIGURE
alternative, the upper surface of core 204 20 be nechani cal | y

r oughened, 2acdepicts ﬂﬁbm@w apd Hmao Idyplmsdhc)lﬂét lﬂvekloﬁ@nstructlon,

provi de a surface i ch t |eI e i C I tter adhere.
‘Ideal Iy, tiifavever  Conéhiil W}f’ g"y @%@erv’r‘]cgwt%ﬁhuct i ve

togperm t FGUREDbRY of the core 204 therethrough and is thus
free of conventional adhesives. A adhesion pronoting surface
I ayer t hat rraxiRtéfzrxklgtmrFIﬁI&EtrZGathnta iscillustrated - megal (poze 204 havwing = figst | nal .

el ectri caIWﬂﬁH;ggﬁmtﬁféngggcgn} ez&éﬁ@? bl%‘é‘%&s& %@%Mr ckness
appr oxi mMatRa)s tredted With MAWRIR210¥0bP s SFi8Led Pfler oxide or an aluminum oxide
| that functions as an adhesive promoter. In the alternative, the upper surface of core 204
20 may be mechanically roughened, e.g., jet-scrubbed, or chemically micro-etched to
provide a surface layer to which the dielectric layer will better adhere. Ideally, the
surface promoting layer is electrically conductive to permit grounding of the core 204
therethrough, and is thus free of conventional adhesives. A adhesion promoting surface
layer that maximizes surface area while minimizing grain sxze xs optimal.
25 The metal core 204 is preferably constructed of an electrically conductive metal

such as copper and has a thickness approximately 0.75mm; however, other metals and
dimensions are permissible. The metal core 204 in addition to providing structural
integrity for the substrate package 200 also functions as a thermal heatsink and
electromagnetic interference (EMI) shield,

30 Referring to FIGURE 2b, there is illustrated a dielectric layer 212 applied to the
first surface 206 of the metal core 204. The dielectric layer 212 is preferably a



di mensi ons_ are rmissible. The metal core 204 in addition hehgNd
- st r-ucturaIwo'mysglc'%“‘?8 integrity for the substrate package Z‘ggmg#déé

functions as a thermal heatsink and el ectromagnetic interference
(EM) shield. 30 Referrimg to FIGURE 2b, there is -
illustrated a dielectric layer 212 applied to the first surface

206 of ! NoplisRiifiagublepoifiinidd that iiaplied 49 #1iquid CHedt iR apylion fiepupplication
PCT/ US98/ Xsfothe liquid polyimide, to solidify the dielectric layer 212. In the alternative, the . 7-

hot oi-r | e .pol yi m de-that L. | {ed. |lJ qujd. t. | | i ed,
R ver -app ieliip Fa be appied as s soid B¢ whieh i e o lstd - prpbeation O BERAPR ¢ e
~dielectri RBatd [ ' ' : i ed -
o S0l t g Vpmk fornled s Mhat) bR Aoty Bindid ROl 20, pRRiceRL | o s
t heh vacuudhesionpiomoting kiyer on litscsunfase, diitlsont Inged ofi da dntesveningelagéiiof a
particularly the adhesi on 5{ onoting. layer on.its surfacq,_

5
wi t hout nessavertional adhesiye, dhe diglectrigdayes 212 generally has a cured thickness afi0102]

0. 00z whieh 4 I8sS 1 S Sl AR of P i oB kel PP - Cicness of
the substrat e. ppid¢aBie beldW: sets exemplary pro%egties associateliReith e dR1deaic Iy 213

exenpl ary properties associated wth t dielectric |ayer 212

nmanuf act urreamifactured from nipolyimideal Although therdielgiteic dayter 212 ispodyimddeobased

pol vi m de base

d 10 and.has a greater tenden t p.absor,b noi sture
thh® gl as fRoBReaigT fendengy te f¥0ur e 21555 refpgreed Qr’?"ﬁeﬂé’PB?SY'yi m de

dielectri W~ m i :
mat eri al E%er%iﬁ{’)% | nggo&%vent%g#a?ﬁe%sﬁgg@eﬁgﬁ%% “gﬁggﬁf e&%gt rate
packages. material commonly vikd in conventidnahenhahcedeballf grid@rayi subsigdte packageser 212
allows for an edge and/ or_an |inner edge of the dielectric

|l ayer to bAlspcthe thin gatumiofithe diclegtriglayar212 aliows foransdeeandieran inner edgec 15

i GRe 7 of the Glefédilo Yy bA'vdheef nf el TSy RRU Tl £00liRik 252 (o007 00
solgler mas kiR 2ide bf FIGURE! 6. minimize potential paths for moist@e isiRes¥RFIGORE 7S

preferably nade of an electrically resistive acrylic-based epox

. , A y
such as Ci shpwSangmbodin¢ntwithaporeiextensiae overlapwofs nask 232 oo both eriges;
provi des | ess . _brittleness,an re flexibilit sp that the
subst [ ate pac ka%@%@*?f&?i?@%ﬁm&wymﬁéwﬁ%ﬁ%né
oper ation - : gg,rgh, : Gies edge or
I nner reczgsugg e gz ma e%&pngdﬂ%‘;hgﬁgtl% i%"ﬁ’é‘&r"é’é‘ﬁi‘/‘t’or a I?m I ar s
pr ocess: -Thrittlereseanbmioredipxibility; sorthat the substraw packpge islgsdlikely tocfafldoriagl Wi t hi n

a single .and/or nmulti-|layer substrate package 200.
Re®@rri ng Tesgquenigpepations therma) wie badive.: he diel ectric |ayer 212

hav INg 2 PR recessed edge or inner recessed edge may be formed by photolithography or a similar
process. The recessed edge or inner recessed edge may also be formed within a single
and/or multi-layer substrate package 200.
Referring to FIGURE 2c, there is illustrated the dielectric layer 212 having a pair
25 of vias 214 and a die cavity 216 formed therein. Depending on the application, there may

be any number of vias 214 or die cavities (large vias) 216 formed. Photolithography is

the preferable process used in creating the vias 214 and the die cavity 216. The

photolithography process includes the photographic transfer of  pattern to the surface

of the dielectric layer Zli, where the pattern is then developed out to form the vias 214
30 and die cavity 216.



.2% | of vias 214 and a die cavity 216 forned therein. ' n the
H0gge" "

appllcatldﬁ BRESR may be any nunber of vias

cavities (large vias) 216 formed. Photolithography is t he
preferabl e process used in creating thg-vias 214 and the die cavity 216.
The phot ol i t hogr aphy process includes the photographic

.transfer of a pﬁidﬁéfbﬁlib§ahﬁ;ﬁ1!éfcfd3ﬁﬁnonopemnontoreces@fthédiéleéﬁ-x@hzgfé}mz | ayer
212, where the-pattern is then devel oped out to formthe vias 214 30

and di e cdeifoymhe vias 214 and die cavity b6 q8p@desr a significant improvement in
PCT/ US98/ 129

The use of™p ‘ﬁ’é“”g’émﬁ ﬂtf’oft}tﬁ?#ttﬁl‘t't’% comppred; @nf?r&m%éﬁgéa%tedﬂ%f’fl c

l.ayer 212 sonventional k&egormthe vias 214 and die cavity 216..provides for a

significant 1nprov nt machinability and reliability when
conpared t o f orhefamngheﬂ(ﬂmadahbmysﬂbsmﬁedaconducuve seediayer 21 B adkdred
packages. Referrln to FIGJRE. 2d, there is illustrated a

conduct i v@&%m?f@iﬂlﬂm@dﬂ and the oxidg layge2 LQ; wheresthe dicleqtrc

ayer 1 & deriiEpalyhdt Sebaffniip R F g ol iE Sl Ml PR ARANTY o, 210

i's gener al defermined by eelseﬁgﬁiaﬂmaﬁsmenppﬁhngws&ﬂﬂﬁanw%&mmiﬁwl ating

di stribution of the conduct I ve seed | ayer. Peel strength is a

quant ity tlaper. rP@elssmength is o quandity thahtafusrn@lhcwwdl the conduaties seed daye0218

Eﬁpes to gr%s% |c lal\g/earz,lﬁ-la} eeA peel S gt hgelgﬁtfg]reex;:%g e&i

conduct [ Velb§/§€ﬂ: haaq;gtl n8 may be applied by an el ectrol ess process or

di rect g process, where each process is coupled with a

copper flash. Al’heeoohdmm'byeeﬂﬂayerzwmaybeappliedbganel@&d]@ﬁlﬂmémod‘imbtI ayer
of palladiumtinis first {aid dow, foll ovved by a 15 substantlally
t hi cker | aRlalingpTogessuhere epnbpracess 18 qoppled vatha eqppenflash; An @Glion i s

anner - durei 10-100 SoBSRS e LRty & ols? 168 %aﬁgépﬁ%‘@ﬁ% i th

refgrence dubstahiall ZMckIhﬁyeﬂBﬂbKﬂpbﬂeS&Bﬁ&xuﬂl consistent plathey dﬁ&&uﬂbﬁfi@r abl'y
has athlckness of approximately 5 pm and adlstrlbutlon of+/- 0.5 [err]m

20 uired becguse therdo, nguqﬁaem@tlmr%hsmedmaumfxmramrduﬁmgst

circuit pat dhered ,t o on t.h cond ctive
seed Iaygr é‘%‘mﬁeﬂ‘g‘r %HWWW@P %%‘t 220
i ncl udes tlaﬁe&ttsafefa%b@mawﬂmm&sfofa rokiBSately 15 \t&nhaasals&?o%uoﬂhptpﬂsmgl ng

and t hen deVel opi ng out tHe first resistive ayer
tnitially,pmhe first resistive layer 222 is-
20 Referring to FIGURE 2e, there is illustrated a first circuit pattern 220 adhered to

and created upon the conductive seed layer 218. The creation of the first circuit pattern
220 includes the steps of applying a first resistive layer 222, photo-imaging and then
developing out the first resistive layer 222. Imtlally, the first resistive layer 222 is
applied over the entire surface of the dielectric layer 212. The photo-imaging step further
25 includes the photographic transfer of a predetermined pattern to the surface of the first
 resistive layer 222, where the predetermined pattern is then developed out to form the
first circuit pattern 220,
* Referring to FIGURE 2f, there is illustrated a circuit 224 electrolytically formed
within the first circuit pattern 220. The circuit 224 is preferably manufactured from an
30 - electrically conductive metal such as copper and may be referred to as a pattern plate

circuit. The electrolytic process is possible because of the presence and use of the



:‘"iabpl ied o : ntire surface ofthe dielectric |ayer 212.ph8sos/12926
- phot o- i nayéﬁ&gb?gf further 25 I ncl udes the phot ographl? c transfer of a

predeterm ned pattern to the surface of the first resistive

| ayer 222, where the predeterm ned pat¢ern is then devel oped out to form

t he first circuit pattern 220. - Referring to
FI' GURE 2f cohdirttive issed ldyes 218t where the rconductive 4eed dayer dinctionsilab v by oed
within the first circuit pattern, 220, The circuit 224 is preferabl

manuf act ucerductos of glectuigity. The creation of the firs) clegtpatiern, 220G and the sireuit 224 copper

ol cctr oty oy v patel fo 2 ERERR BOBS, woves the ponciblbé ek IE°8 (o

WO 98/ 593@gnctions as a bussing mechanism. The circuit 220 will be described later in further - -~ ~—--- - -

PCT/ US98/ 12926 conductive seed | ayer 218, where the
coidduct i vdetaiionith referendetoFIGURE Sas a bus or conduct or of

2oa o Ketgd b ARLRE 2 e s losiled st e i 206 g (e
The of r curd B08-R! ot crout pattery 20. e el BPad sl il ofiel’, T |

r ef er-ence 206 inclidebtheSsteps of applying a second resistiviidyer 228) photo-ilagidgfandghert here i s
illustrated a second circuit pattern 226 adhered

t d
creat ed ugdeveloping putithe secpnd resistiylayen328.2nd therfiest resistive layern?22: H@i(%@ggo nd

i r cui - el f | vi _second
P ot 6 ek ssistive layer 228 SR R S st or e AREIULRTE ByES 0N |
second regp3t REGstRNSfer? 20, 2P8mbal Sfof eXahiplé, B misde\oT al Dot Riston dryifith! |y -

10 the second resistive |layer 228°is applied over the entire surface
of the fi photoresist gasin/ THepregess of creating the secmd cirduityiattein 226 is yerysiilar 228

may, for exanple,, be of, a. Dupon i ston dry film -

phot or esi Q&eéémonﬂﬁg%g&&‘é??twgwégﬁ ng the second circuit pattern 226
is very siml an erring VREO hehefd 8L h ' 'r]%;&t ttern
220. Ref to FEie err%ﬁn’g to ?M Etﬁ%éde%?ég |8\ll St rzagt@d a
basd ar ea electrblyyiedlly? fitmed Within the seedel¢iromitypatient 236.f Apaindthsi dléstolytite second

circuit pattern 226, Again, the electrolytic . process is
possi bl e PEXESKIEpoTsible eecause okthe presense gad ussrofthecondurdive seeddayse 218: Hhger 218.

The : | ral: r : rigeter of
each di o D9 layen 7R gy Géfhed ircHERE pRtibcf of R LR 1B aBEEE S !
hovever, atgiefion 6fthe Sirdkie22H howevdrpother rblifts B enisdible 3the SondeRéd 240 Y made
of an inner layer 23la of nickel gFI GURE 2i % wi th an outer |ayer 231b. 20

of .gol d ( is gewemllyimade of an inner layer 231a of ni GURE ) withmn uteelayes 23¥ere i s
i liOUSt rat %glggﬁe(ﬁ&ﬁﬂl&.tﬁ).of a differential etch
: Referring to FIGURE 2i, there is illustrated the results of a differential etch
process or mild micro-etch persulfate solution wherein the conductive seed layer 218, the
first circuit pattern 220 and the second circuit pattern 226 are removed. The circuit 224

settles onto the dielectric 'layer 212, because removal of the conductive seed layer 218
25 that is relatively thin does not substantially affect the position of the circuit. The entire
substrate package 200 is subject to the differential etch process which permits finer line -
resolutfon and greater image quality.
The differential etch process is essentially a chemical attack upon the thickness
between the electroless and electrolytic layers of the substrate package 200. The
30 differential etch process is possible due to the limited thickness of the conductive seed



process or mld mcro-etch persulfate solution wherein the conductive seed’
| ayer -218, WO8/59368 first circuit pattern 220 and the™¥ 6

circuit pattern 226 are renoved. The circuit 224 settles onto
the dielectric layer 212, because renpygl of the conductive seed |ayer 218
25 that is relatively.thin does not substantially affect the position

f the ci [ ta1eThescati . i L o Cect 1
The di 1 er B 218 ooy i process, the condulin® il GyHBIE8E refldvels“us M) o1 1

.resol ut i onsubsigntisilainiformmamer) titdrefoye, the even plating distribution is imipogtadit.f f er ent i al
etch process is_essentially a chem cal_attack upon the_thickness

bet vveeﬂ ‘the el e%@fﬁml&@f Yk us spl ﬁm«p@m&erﬁhe kage
200. T 30 . ' ' ' '
o ted ¢ HittoRira24 appt e el i o 124 Y RiESad 28 Romefid ars Jal

PCT§ US98/ 1t@Afle polymeric insulating material such as an epoxy as is well known in the art. Since 10-
| ayer 218. Duri'ng the process, the conductive seed |ayer 218 is renoved in
an the sokletrsaskrmeed oy be ras fpurerasithendielectrio dayelr @12, ittcan bevmadepbdfia i ng

di stributi i's | nportant, ] . Referrin to FI E 2j, there
Ps i1l ust rdifEments esbpurs s Theviss ik pudlthe dis-cavty 216 ushally have gﬁﬁﬁﬁ%“l 224 and
the - di el egtl G- . lhgdgr ' t V- 5
curabl e po yne%%%tsflng na g??aﬁésglgﬁ%gﬁ%g{é&%am Ieg%lg{\;’mﬁi‘tn he art

Since °  a solder lahih233 @ositibneds thereixe d The soldernisk (232 ewitishet described latet in ¢ | ayer
212, it can be nmade of a different, | ess pure resin. The vias

2130 and t Hertherdetail with refersncatoFICPUREde a cl ear path ext endi ng

t hrough t he sol nas | ear...nath -associ W t h.ea vi a,214 has
a sol der |and %%ﬁ%ﬁ%ﬁﬁﬁe‘ﬁsﬁeﬁs ‘E?X’fﬁlrgéfp%ﬁéwﬁ*“ 3 cri bed
later in 1fye 204, ThedePliofins aivity'd b E6i5izb8 bF B tshdard routing
Referring tgeFI GURE 2Kk, tohere istyynll ustfat e%qa cavi ?y 234 fg?rr(rierg wihin the
net al t %qui%met_xtc::i_ﬂezm cmﬂdépiepthahﬂhﬂ? ﬁ?ﬁmzlm mayb?d'oxlllllmldb{iﬁ zteg by
usi ng standar,d ropti . e QI prent . wi -axis cgn ed, dep
‘il [ Tng.  TRechanipal adJet chmica) milling, e gonduictive natufe of sienalls obthe gawite;
_Chegi cal M44 i fifctiohN80C i e?ﬁhﬂ' L CA¥: 5
23 gnfunct [%jr? to er? aﬁge t eEéeI%Et rgflécacﬁpgi ornancebgyﬁ%rv?)a\ilﬁ%i%dgl% I'tional

el ect r omagsledtiomagnetic interfarente Shiekling. nDepdadingeli thg particulee applidation kisere

application there e g plurality of cavities 234 (See Figure

3). ~ maybe aplmaﬁtygépﬁfiﬁﬁn?g%t(geﬂ@m)zl, there is illustrated the
connect 01! Rk HRE3 56 M e ol pipur 51 o
'rs (r;-l_ g 2? E g: llsbgmas lvia’électilyal Rbathets 288 eptheRitvuio2A AipNirkity df'heles afe dréatéd)i ch t he
20 in the soldermask 232 by photolithography or a similar process in which the solder balls
236 and electrical contacts 238 are disposed. The solder balls 236 are connected to the
circuit 224 as illustrated with more detail with reference to FIGURES 4 and 5. The
- application of the solder balls 236 may have been completed prior to the routing of the
cavity 234, |
25 ' Referring to FIGURE 2m, there is illustrated the integrated circuit 202 positioned
within the cavity 234: The integrated circuit 202 is connected to the bond area 230 by
a plurality of bond wires 240. The bond wires 240 are typically thermosonic bonds that
connect a particular area on the integrated circuit 202 to the bond area 230 (Figure 4).
~ Referring to FIGURE 2n, there is illustrated an electrically insulating encapsulant
30 material 244 applied over the integrated circuit 202 and the bond wires 240. The
encapsulant material 244 is preferably an epoxy based plastic resin and may be applied




236 and el ectri cal contacts 238 are di sposed. . The. sol der balls 236 a qe
QP% I

connect ed -V 9838368 circuit 224 as illustrated withPFrHUSY

with reference to FIGURES 4 and 5. The application of the sol der
balls 236 may have been conpleted prigfyto the routing of the

cavity 234. 25 Referring to Fl GURE 2m there is illustrated

the integr IBCIW | | 34.
The int egrtg%ﬁg Cl I‘CUI t %ﬁ%tﬁgﬁdg %ﬂg’tg?lée e§ Fldc ondi(%rggt \é rhoh i
a plurali ttheﬂﬁmhﬁmdemdmmamayﬁbmauumwmmwmammﬁeméﬂﬁe mosoni ¢

bonds t hat - : connect a particular area on the int egrat ed circuit
202 to thmt@md@%me%Glsgenerallyposmonedq!tstfbpmdgmaskFl GURE

i or a1 - 2% S ASUEE beftfcft BF e Gletsl b ool RS ARRRT 2t Blgp

24G; The protect the mteg?zﬂ@@élfdﬂit@bﬂ aﬂm&emoaa vaftd 240 fiunf iR odlide @virBRMAXiL. based
plastic résin and nmay be ap WO 98/ 59368

PCT/ US98/ 12926 Referring to FIG! 20 there:sﬂlustratedahd248posxtlonedoveranopemng 11-

to any desir evel such t psul J nte cirg 202. If
required, M Fperes ‘Emf%enﬁ? r"%t“gtdtg rﬁ“ ARAY Al “b dto
aidi-nth &{‘@10 terial
244. The eS| n gpgml S genera agﬁg%s?{‘? onegf%)h\?el}d e sgﬁ%ﬁu@&m@

232 and aﬁauﬂﬁi zuempyrbemmrorah dolrtbin=iont witk dfe anbthercdepeiding aiponthé e i al
244 hel ps protect the integrated circuit 202 and the bond wires
2410 from tmgl%ﬂﬂfﬂ) D ronnent . Referring to Fl GURE 20,

reated by t he NOUFRE AR SHIOURES: s ifsfted o BuRER Bikgr 200 ving. o, o
in furthemultiple layers of iRt 250) Eﬁt&li”fla%'zeot’tlIeSzhiiﬁlp!‘é1 ERIYTdicuitRe 255 € of

the lid 248 or the encapsul ant mat eri al- 244 may be al'one or in
conbi nat i dncludesithexonsequtivéirspetitiopef thenpnsipition isteps including the applicatibm of

?FFLQE?E&Bﬁeéﬁme@ferat%@maﬁéﬁ%&éﬁw&wm @R Ters of

ciq{guitry 1
[ n£: udes t consecut lve re%’eﬁtelmt?%er#l% thelb%éﬁgt%rﬁt I on st eBs | n%a‘l’,ldl ng t he

appl i cat i deemdescribed-above. Iztdddmtbnﬂhdniiduabbllimy\aas ﬁ&mﬁfbgﬁrmﬁbhﬂﬁiﬂhﬁxhgh t he
differential etch proce s (Fiqure . The 15 S, between and _ _
i ncl udi ng to Kenensgiepths ’i‘ F&’}/@q {ZYQI %u e@!ﬁi"‘ﬂ?‘th&?‘ém Tﬁ) have
been descr, ;k%f;agﬂ\/ m%;‘bﬂqﬂt f§|2| f ormed
W t hin anc}}1 6r vari giu&s)éac}gp WM Fgaqlég&‘w
di el ectri Q:ohﬁébﬁbﬁsl?e’tﬂeenﬂh%la?&ldﬂﬂi&ﬁhlhbldlﬁﬁ&sofclrcunIyZSOVfl‘hévﬁﬁQlﬁﬁﬁﬂ or- vias
214 are plated to formconductors to provide additional electrical

20 the blind vias 256 may also be screen filled with a conductive material. The vias 214 that

_ are plated and connected to the metal core 204 effectively turn the metal core 204 into

a ground layer.
| Use of the encapsulant material 244 within the cavity 234 is optlonal The resin
| - dam 246 and lid 248 may be used even if the encapsulant material 244 is not utilized.
25 Thereafter, the construction of the substrate package 200 may be completed as described
earlier with reference to FIGURE 2j through FIGURE 20.
Referring to FIGURE 4, there is illustrated a plan view of the circuit 224 and the
" bond area 230, The circuit 224 includes a phurality of conductive traces 252. The circuit
224 also includes the plurality of vias 214, blind vias 256 and the die cavity 216 that were
30 - described earlier. The bond area 230 includes the outer layer of gold 231b on which the



-connectl ons between each layer of the rrultl ple layers of circuitry 250. The
vias 214 aW@98(§9368  -the blind vias 256 may al so be screenPﬁT’Pﬁiﬁ%‘zgﬁﬁth a

conductive material. The vias 214 that are plated and connected
to the nmetal core 204 effectively turn,the nmetal core 204 into !
ground | ayer. Use of "The encapsul ant material 244 within

ngdcgzieﬁl li’%’ﬁﬁ'ﬁ%é‘;encaps%}ﬁghefd mat er W%%mgeﬁa?es(i?@ﬁ%é&fgﬂgéﬁﬂc%g "y be

Ther eaf t erviaé Db 256 toché outeribydrivf g6ld 231 bakne fonnik & Rercaitp! et ed
as descri bed earlier with reference to ﬁri; t hr ough FI GURE
¢

20." Referring pow ¢ FIGIIRES, m&lwtratqd@ndam view ofifbe seldehask pl an

el udes. w3, 08, dopdebiaid 2o Mstudes the, ploctrisabBonils Do Hmed By Erelitig' 507
al sg i ncl L%T&h%@%p@hﬂé@'iﬂiﬁé flidethnask 337 m'a&ﬁéﬂ%ﬁéésazgg . ncfﬂgﬁecavi ty

216 that were descri bed earlier. The bond area 2 es the
out er Iayesel@twgpduﬁoﬁsdﬂ:th@mmitlm Each electrical contact 238 ma§ coftespdadand be
- PCT/ US98/ 121926 -12-

bond wi r es® %@W@B’Pm@qm% %@M@Wﬁ?ﬁé@sﬂlﬁ?@@&@ghgal ly
ST orm @ %aét erm ne (fz%}ﬁfcw Pﬁé%&?uﬁﬁﬁte%%l&éeh@dgnf ar le%ﬁ-lcﬁlg

thusformngapre ring wto

FI GURE 5, ¢dmmeéted fo 4 ldrgtteleatreiiic sysidra Such £ fintéd Grcut riethéertsosard.

232. The sol dermask 232 includes the el ectrical contacts 238 formed by
cré@ting 5 Refegmatqleébéatheg%mﬂusmdsmpmpm«vmofamaw rical

Each ol oct FmEung ARERRE, st spsteae pR@iar 20 e milipleTeyers SERLRERY Cof |y
connect ed m.tﬂ%sﬁé&!%tyﬁ%ﬂu &kﬁ?dm‘éﬁé:&ﬁso%@ﬁbﬂgggé %il,)otﬂﬂeéreaéfh?{g e

connect ed he el ectrical contact's ,

substrat e gragergissibl0 Kagh stibstrateqarkaged100yis marked and smgulatudan'toutiﬁbmthel ar ger .
el ectroni c syst.em such as a printed circuit nother board. 10 _
Referrlngﬁll’ﬁe AURE ‘there i's illustrated a perspective view of a sheet

""25#§| ple | ayersWi]F1 %ﬁ%@:ﬂeﬂﬁ&lﬁ&%e@ﬁ%@%ﬂbﬁﬁ%k@%@ %@ﬁ%ﬁ‘éﬁ%hﬁ;;ng

t he di mensembaiimbnt)it lbnothﬁtendéﬂ:w&inﬁt theghiveation b 68 i tontrary, it is intended €
perm ssi bl e. Each substrate package 200 is marked and sin uI at ed or, cut
from the tocover such aligmatives; gp ons and equivalents as mpy bgincludeincthe apirit

i nvention e |IIustrated
enbodlnentQﬁﬁ¥8ﬁ§8ﬁ§F%%kbggggﬂm%ikéﬁ%ﬁ?%@%§"P§9%ﬂ?§on but, on the contrary,
it is intended. to cover such alternatives, nDdifications-and
_equivalents as may be included in the spirit :




and scope nvention as defined in the follow ng clai 7US98/12926
U0, 93/ 53650 shlEses peT
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bdaﬂ mgsjrl d array, conprisi né- A subatsate paCkageHm“Hmumuml HIE ¥\1 ﬁgté1

surface anlaimsgecond surface opposite the first surfacet
nmetal core having a caV|ty formed therein which opens onto the fi rst

surface of thel.5 stratenagkage suitable for use math achalkgridarrayy eomprisiegsi ng an

dh t whi ch i}
f‘s ?f;g”ofrggﬁ ;ﬁ%ﬁ&%ﬁﬁ@ih&&ﬂﬁﬂ&'&&d%% nd surfac gpqogfi%r%gmls@%éfo 'tﬁe
first Surfta&ﬁ:eaﬂcbﬂ%q:amaﬂcavﬁyﬁ;mm\bﬁrmcnhmwomeﬁmsmfacd%fthae :

adhesi on pronoting surface |ayer, said dielectric |layer having a die cavity
forsred - metal core, mdfaﬂamﬁpcesfartuerdumgamadmmMgnomﬂmwmndumed

cavity; 10 osed on the dielectric |ayer, said

; t di
circuit elw&’%@ﬂ??%@%wﬁm | SIOsel ectively formed in a first

t tt | d k
circuit pattern t@ﬁncépyell'ag hedto ayer %@bﬁ%%&ﬁ&%&ﬂ%ﬁwﬁle&% ermas

I ayer di sposed on tric rcult

2. -~ The tyuheadhrsion pronlctipg surfacedayer,daiidiclecttit lagerhaving o die chvity foempd | Si ng
bond areas p05|t|oned on the circuit, which bond areas are electrolytically

and sel ectthereiny said die cavity beipg coingidgnt withsaid sa6tad circuit pattern.

S0 "0 SUSiq BB RRRNe of AETALIARETIA el Rl slelbRLaD BB’ o'

pl urali tysefecﬂwj;fdﬁﬂeﬁinhmitcﬁ&ﬂﬂ g{enz and said integrated circuit to
sai d bond areas. B The substrate package in

accor dance wi t fan@lestrically tesistivesoldasmask byerghsposed on the dielectriclapersinditbeied -
about a perineter of said cavity suitable for contai n| ng an electrically
i nsul at i nf®Wapsul ant nateri al . -

2. The substrate package in accordance with Claim 1 further comprising
bond areas positioned on the circuit, which bond areas are elecfrolyﬁcally and selectively
formed within a second circuit pattern.

3. The substrate package in accordance with Claim 2 further comprising an
integrated circuit positioned within said cavity and a plurality of bond wires that connect

said integrated circuit to said bond areas.

4, The substrate package in accordance with Claim 1 further comprising a
rim posmoned about a perimeter of said cavity suitable for contammg an electrically
insulating encapsulant matenal

5. The substrate package in accordance with Claim 4 further comprising a

lid positionable over the rim.



5. The substrate package in accomﬁmmg 4 furth sing a
lid positi¥REBEBBver the rim Hmw m P&E’U&%’@H‘ '
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The substrate package in accordance wjh Caim 1 wherein the sol der mask
further includes a plurality of openlngs each haV|ng an electrlcal cont act

- connected to t cir @f}ﬁ,&,ﬁl

accor dance WItI’h]@CI al'%ﬂ% fsur éer pcoi%?llgl %%Ba pr%ra er barl s each
respect i velojdermasle fiirthir inchides agheralityi afadpenings aadihshavmg an clectrﬁal contadte
substrate package in accqordancewith Glaim1l wherein the dielectric |ayer
further i riomgeeed tothe Gireit. r ecessed- -edge tocated-along at | east a portion of -
an outer perimeter of the netal_core_and an_inner .recessed edge | ocated
along at |east a portlon of an outer peri meter of said cavity, which inner

and outer recesged eyHeSulidtritePAMEEE th SitotdafcswitH OlaBSK filrfikPéomprisinga 9.
The substrate package in accordance with Caim1l, further conprising a

pl ural ity plfiralityeofsolder ballssach sespentivelyraounectedito thacMgalmmaetSn posi ti oned
on top of one another beneath the sol dernmask | ayer. 10. The
substrate package of Caiml, wherei n the adhesi on promoting surface | ayer

i s a-chemcallygetch 5&@@ Hf]&c&fdaﬁ% Herein d1.
The subst rate packag'gﬂ%éw ?I ereln the gﬂg‘{f;lem g;w prontnkteldrll‘aecgl}rface
layer further includes an outer recessed edge located along at least a portion of an outer
perimeter of the metal core and an inner recessed edge located along at least a portion of
an outer perimeter of said cavity, which inner and outer recessed edges are covered by

5 - the soldermask layer.

9. The substrate pé.ckage in accordance with Claim 1, further comprising a
plurality of dielectric layers and circuits of varying pattern positioned on top of one

another beneath the soldermask layer.

10.  The substrate package of Claim 1, wherein the adhesion promoting surface
layer is a chemically etched surface portion of the metal core.

11.  The substrate package of Claim 1, wherein the adhesion promoting surface
layer is a mechanically roughened surface portion of the metal core.

12. - The substﬁte package of Claim 1, wherein the adhesion promoﬁng surface

layer is a layer of an oxide.
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surface | ayer is a |ayer of an oxide.

- 15- 13. ° A substibte package suitable for use with a
~ball grid array, conprising: : a netal core having a first
surface and a sB:ondAmbmpwmnbbiferﬂdemthswﬁgnéarray,compnsmg t he
metal core having a ty f t herein ich opens_,onto_the first
surface of the ametal core\fxa éB‘l’f%C"P ES?QO\F,‘VE fppesite the &%i ng an

applied 1 oﬁ?ﬁ“#l."c?ﬁ%?éacﬁefw P 1B P a%ﬁ%% R

having a %we&btmemwdmmmavﬁ@adaah@m m&qaw4 dent with

said cavity, and - the dielectric Iayer furt has a recessed
edg® | ocated al mdglwmlwbppﬁwd@ﬂﬁﬁmm@fthemetalcore,sq;ddieilwmcdﬁyqn out er

T o cobving a g cavity fommed Bereft, saif 3 ity peing SinSaest Bt by e | o
| ayer, saigle %g%& 1@%&%5%&6«1%&&10:::1@ along g e r okt fmeés%”ed in

a first circul patt ectrlca y resistive

sol der mas Wof dh auperperimeter bféhe dictdl eoreiand af legsea pmdnbﬂm outer perimeter
circuit, i ch sol dermask | ayer covers the recessed edge of the dielectric

| ayer. =~ of said cavity; 14. - The substrate package of O aim 13,

Bl ot E BT REAAT e e ) AEE ABHE ekt Sa' "o 2
mechani calgdecﬁqagWﬁqurﬁamg{dthe netal core, and a layer of an
oxi de. The substrate. package in accordance with

d ai m 13 wher ei mclhmmllylresmvecsoldermasklayerdxmed on thel diclestrig leyer amd the

perlrreter qQf the tal, core .and an i r rece e | ocat ed
al ong at %LWW&BY@F F‘Fﬁiﬁ%&%%?)f’f%&%beb%\’/iaﬁr whi ch i nner

and outer recessed edges are each covered by the sol der mask
| ayer.

14.  The substrate package of Claim 13, wherein the adhesion promoting
surface layer is selected from a chemically etched surface portion of the metal core, a
mechanically roughened surface portion of the metal core, and a layer of an oxide.

15. - Thesubstrate package in accordance with Claim 13 wherein the dielectric
layer includes an outer perimeter of the metal core and an inner recessed edge located
along at least a portion of an outer perimeter of said. cavity, which inner and outer

recessed edges are each covered by the soldermask layer.

16.  The substrate package in accordance with Claim 15 wherein the
soldermask further includes.a plurality of openings each having an electrical contact
connected to the circuits.



The subs e package in acco mmjﬂm‘uﬂ m l!!‘:f 15 wh '
soI dermsk“ﬁﬁ“ﬁ%‘g I ncl udes a plur ‘ each h V|)r'i]§9§én826

el ectrical contact connected to the circuits.
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17. . .A-substraj® paskabsratepadcRdfesuitble fortuskiviith 2bdlbgrid stdyd ceih

conpr|5|ng an electrically conductive neta core havi ng

a first surfaceanelectically sondnctive metakcore having a firstopfaes and & sesornd sugface ur f ace,
the netal core asca t her ei e ens.ont o

the'first: Wf%ﬁf‘f%&#"%@@ ?ayi]y%%meagpge ‘ﬁ‘é’rpe%t?]g an

adhesi on siSace C |sln3fa&(f?ﬁbb?

a diel ect Bﬁg%yer aggfheedet%lgb?hﬁeﬁ?ﬁﬁst surface o‘?ﬁﬁﬁg core a%d

adrer ed tmmwuyconducnvesuﬂﬁgceﬂmr,adhem on pronoting surface | ayer, said
dielectric layer haV|n3 a die cavity forned therein, said die

cavity being cot fieleaticdaysr anplied tothe ﬁsrfweofthemetalcoreandadheredm

el oot vel 3 8 s prihidne e 1nih SiLHHEMGD 15Vl 2 bl SRty ol z
el ectri cale&@y&mb@gm&dmﬁgm@ on the dielectric I ayer

and the circult; vi a extendi ng through the
th| ckness of t he ciicuitedisposed lonythe @nbcm%layext d:eldrraxunt electrolyticallyl agr, and

duct or extending through the via from

nele lcal co
anl(?)uter S%F%XQYSMW (Hrst der mask | ayer to an upper surface of
t-he adhesi on proiatdai@il e6Rkiv MQ&EBM;%Q (ﬁ%ﬁl Eﬁn be
gr ounded. ' & ¢ 18. subs rda?nethggl l%"g“é"o gﬁ 17, :
wher ei n t hedrcaithesi on pronoti ng surface Iayer is selected from a
chem cally etched surface port|§g of the netal core

mechani cal |y r AIYREXER wwssef%%mcb&mndmsqdm& of an

oxi de. layer; and |
15 - ~ an electrical conductor extending through the via from an outer surface of the
~ soldermask layer to an upper surface of the adhesion proinoting layer, whereby the metal
core can be grounded. | '

'18.  The substrate package of claim 17, wherein the adhesioﬁ promoting
surface layer is selected from a chemically etched surface portioﬁ of the metal core, a
mechanically roughened surface portion of the metal core, and a layer of an oxide.

19.  The substrate package in accordance with Claim 17, wherein the electrical

conductor comprises a conductive metal plated in the via.
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A nmethod for manufacturing a ball grid array substrate, conprising the
steps of: 20. oxi Alinaethed for manafachuting actallqiridariayt sabstedté, conprisingthedhesi on
pr onot er; applying a dielectric to the first surface of the netal
core; steps@feat | ng at | east one die cavity within the dielectric to '
expose a portion.ef. ' f of the netal .core:. . metal |'i zi ng
a conductive seoé‘&%g&-@o%%%ao@g%}f?&h‘ ?%%“Bﬁ"&?%%‘r ric l'ayer ‘and
to at |east an gpRenes dieficticd th fifsbsurfdce of the'mdtacars)f the netal core; and
formng electrolytically a circuit.

5 creating at least one die cavity within the dielectric to expose a portion of the first

surface of the metal core;

metallizing a conducﬁve_seed layer to an exposed portion of the dielectric layer
and to at least an exposed portion of the first surface of the metal core; and

forming electrolytically a circuit. |



