o ve3ed&a\ 46T&?G | NTEGRATED Cl RCU T PACKAGE AND MANUFACTURI NG METHOD
THEREFORE BACKGROUND TECHNI CAL FI ELD The present invention rel ates
generally to the fabrication of sem conductor integrated circyj e
specifically to ball grid array packages and chip scale packagmmmwmmmmmmmw
BACKGROUND ART In the electronics industry, the continuing goal ha%gggen to
reduce the size of ele i i ers and portable
t el ephones while incregéﬁﬁgh%%?ﬁé#ﬁgigé&gﬂﬁggﬁgggggﬁﬂ t he pa i.nt egrat ed
circuits were packagedMANUeAdTURINE NECKAODSFHEREFORE packaa’"&wu]ﬂ@ ﬂm’f gy
has been noving towards ball grid array (BGA) packages and c P)
packages as hi gher perfornmance packages are required. Lead-franme*y@ekages
generally have snmall netal strips or _|eads, which extend fromthe
under si des of the packages and wWBARKEGROUDDYered to the printed circuit
boards used in the various products. They have been used for a |ong period
of tinmeTECHMICRJr BIEdD circuit packagi ng history mainly because of their |ow
manuf acturing cost and high reliability. However, as integrated circuits
product s nov&ht praest ihedntignhelates igasdrally antie Saidation bhsanizenductee ihtegaitdd onal
| ead frane.Packages havg becone gradually obsolete for many small, high
per f or mEHEHLS AUTPEFPpH RGeS baBEnd ek Raeiasss and fhiR pSplRAHESST i nt egr at ed
circuit chips that have higher numbers of input and output connections, and
whi ch need better electrical and thernmal performance than |ead-frane
packages. Balls of solder are formed on the undersides of the packages and
are nel BACKGROMMEART he packages to the printed circuit boards. These
packages are generally used in high perfornmance central processing unit
(CPU) and vi Gieahgredgeironics hingsstry] ke CoRtipdnk agab has degerner eldlge tisedizk osf
integrated circuits having 100 or mpre input/output pins and a |arge
i nt egr ackarie dgyicessyush as caneerdprsyand portpblg delephones while dnpaeastie REEEOREMABISY, of

the si Zgn@%%éela.e h“&%g{?éﬁ Gfte 'a{eﬁtkgxtcuﬁé Sverd/ héiégéd’ irf ?Jaﬁffgaﬁﬁ’e bRkagesTBh! the
packages. e CSP packages have been w defy uSed 1 n nobile products ere

t he f ooppekiaping(tettemodigaehasf bachendving paekdgdabrgral avhs (BGAg paclpgek agd chip
profile, an ckage weight are.of major concern. .CSP packages can al so be
BGA pacﬁ?fg%&ﬁg 485,88 @Shgrpegqqﬁp?ncﬁé’@%%a@ﬁﬁ%‘%' land grid array (LGA)
packages with a single grid array on the bottons, and spall oqutlinge

non- | eaded ( Send-frpme w&g@ewg@w%r haya emyl} metad sprpsordgadsh #/hicdy exend fomca or
CSP pac j : I ! : al
ot - ar £ PIRIRE D e RORYSh Bhich oR RiAeral & MEPHARA CREM BaZHS e ihe

t he substriaisepmdecta pTheyahaveybedn escelcfori € ddngt perdes of nimhaidh rigtegratedncirduitaces

and power traces. On the substrat ver the conductive traces ich.are
Gener al POCIGRIEORBIERY THEe breustn Of SB5E 1oWrPERVBUNGRE £ PRGarel StBMiTu
die to gDt iftbSated Hcl FrodBéd mdyv@NEwaRiR béth GallePatK 4881 ¢ SizBOt

have a separate ground plane or closed | oop ground. Wiere a netlist (the
| i st of thehwadigomal rleadl fremnquickagss have he¢anes gradualiinebsolesn fhemany sruplp beght e

sides of an integrated circuit to power, the power connection is mde

di r ect | YERUTHISSTHIIEH PATKAZES sing the single metal |ayer by patterning
and et chi ng 1HeA pRtidlged QretWideHasskd €6k Bic@bied ARARCIhiFPIMAE BavediEid nudibege t he
ground nmust be insulated fromthe power, geonetric constraints prevent the
use of LRI Byl Oukpnt gpnnegtiens, and whigh bepddbatico slveivakbend thermeleperfpsmense es
sides o ' r L F el e S8k, j ct.
A socond ek sl Thekackl B of fadbsand RSl SN BRSHAS MR BLALRET,
addi ti oasd nited asséomgectnthel packigesr @ther printed dinositl afardsn, Thesalbackages aEoxy.
In addition, the second tal |ayer mould_resul{ in a sy stanthal y

i ncr eas 8Ny RICdAR AlghmeTigRBRIGG TNt PIRGeEIAg vt { (T deandr idsaspraPrhis FaiPSeen

| ong sought, but have |ong eluded those skilled in the art. SUMVARY OF THE
| N\VENTI ON Th&hpreSRmackaggemre gpngsply vereks farnintagrased strewitschavdng t10pkagee and
manuf act ur i . DSt e 4 V] I I

oponi nod i aselE e ind EELES oerdle MM M GoRIRTRARIAAM S8 than |

pr ocessad0¥%moffthe sivaopiherimegajedadircpade ©pieally Fdersal ek CRPepuck@gesi ThelGSP
substrate. A mask is formed over the plurality of ag% and oPenLngs f or med
in the RASHREEY BV PereRddely weed iy smablletniadyots, Mhere theofoorpaims (thepsizgpEdheat ed
circuit die is bonded over the substrate using a conductive adhesive where
t he conductive adhesive is placed in the openings in conductive contact
with at | east two pads of the plurality of pads. This package 2 and
nmethod allows for sinplified manufacturing, great flexibility in

i nterconnection routing, and increased el ectrical perfornmance.



Certai n enbodi nents of the invention have other advantages in addition to
or in place of those nentioned above. The advantages wi || becone apparent
to those skilled in the art froma reading of the follow ng detail ed

description when taken with reference to the acconmpanyi ng draw ngs. BRI EF

DESCRI PTI OF THE, DRAW NGS FI G IS cross-sectional. view of an npl e
of an | FCGHFSPR TOFEIP: Rockagsguotle S BRGRE &reugtt i RE i Shisteofiny ESP! bn.
FIG 2 }%a“ckﬁ‘g&.'cﬁﬂ Vo BEASRREIAAE wRMDALJtRIr&niall Rikadek QLR RhE gfitlagRyOf
manuf acture in accordance with the present invention; FIG 3 is the

st r uct ufldaAy paekageswillf & singltegrisisirtayom the dotsems, aindismgll @utlineswindeaded{RONYI G 4
Is the st uctur.ﬁgof FlllG (i after téhs tge osition of a conductive die attach
adhesi VESRETHE %‘PH@"?T%% arrgSen 18e PAY™Me structure of FIG 4 with an

integrated circuit die bonded to the soldermask; FIG .6 is a
cross-sect oﬁaﬁ’&?‘i %\)d:@ p%ﬂlfégﬁwg?“e@ilé(ﬁﬁpﬁ‘s%fof&ﬁut_’(ﬁ’faéegl?aé’t‘%oﬁnﬂ%ifPr hadrlge in
accor dag,q@ athy Br E&iePiGiRe Mne ShY &Rk ‘i%‘f“g'en@aﬁ?r of a p%lﬁnﬁhé%no‘ﬂ'tﬁé!"sﬁ’Jst:%t,ep&SEﬁge

substrate in an internedi ate stage of nmanufacture 1 n accordance wth

pr esent pluralignbf elastricalGracgs ireluding gonnd traces aofl ppiver traceaf tQn théespbsiraté overand

pat t er nj of, a. sol derma cture of

ng ki FIG 9 i1.s the str FIG 8. after
feposi ¢ IBrepudgCieie 1 okn e Erneral ofdnedtr Bk T a8 cogrverhistiacii an 10
i s the gldddmbaltiecdf diEk&3heSubanmidld a ground plane bonded to the sol der mask;
FIG 11 is the structure of FIG 10 after deposition of additional

conductive dk%i@l& afeth] 2AREBGA oPA C@PepanE%é %e?h&gﬁge Egg%aéég tg'i'oﬁmtﬁgﬁane or

structure of 11 wtth an integrated Circult ot ground
pl ane; aloskd3loopFEfBund.3 WMéhese fa awwtibtafthe dist aofirdehmduired coamctiant)ureqniyesam

integrated circuit packa in accordance with.the present invention. .
DET A?LE@IBE@&QI ly_eﬁve%l @po%ﬁ&sfa J%R(FgratecyvI circuit to popwer, the power connegtlon 18

made directly across the substrate using the single metal layer by patterning and etching the
metal to the desired cross-connect configuration. Since the ground must be insulated from
the power, geometric constraints prevent the use of the single metal layer for a ground cross-
connect between opposites sides of an integrated circuit; e.g., the cross-connects cannot

intersect.

A second metal layer entails additional cost and complexity because of the additional
processing and layers required of insulation, metal, and epoxy. In addition, the second metal

layer would result in a substantially increased height for the package.

Solutions to these problems have been long sought, but have long eluded those skilled

in the art.

SUMMARY OF THE INVENTION

The present invention provides an integrated circuit package, and manufacturing
method therefor, A substrate is provided having solder openings therein and a conductive
layer thereon. The conductive layer is processed to form a plurality of pads over the solder
openings in the substrate. A mask is formed over the plurality of pads and openings formed
in the mask over at least two pads of the plurality of pads. An integrated circuit die is bonded
over the substrate using a conductive adhesive where the conductive adhesive is placed in the

openings in conductive contact with at least two pads of the plurality of pads. This package
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"Referring nowto FIG 1, therein is shown a cross-sectional view of an
exanple of an integrated circuit package in accordance with the present
invention. Although the integrated circuit package can be of any type,
i ncludi ng a BGA package or a CSP package, the exanple shown is a ball grid
array (B ackgage 100. Th GA kage 100_has. a substrate 102 having a
et ] | ay0ieligd aans Kisimplfed e g et AgnGuay P TeearEeRg e
deposi t geh PRrh SR 3etgddl pbForkice. The netal |ayer 104 is patterned and
processed to forma plurality of pads. Leads (not shown) are used to
connect the Ridifaf dhdodtheR3EP iHenAhtibRHEA ShethdvhhGildin duliidd® of fiplace
pur poses of the present invention, the term "horizo tafl" as use IIP?’lel’el n
i s defi nEthoas nenporadeatpac.allheladvantages widirhesome apparent tartboser skslleds mcthe aft a
substrate, regardl ess of .iits.orientation..The term"vertical"” refers to a
i et | B8 HANEE L e (alloRiRE KBRS feirintor; WBEN Gelerblh FREFTAES GUlT as
"on", " aleupanyinp@tMWngs. " besi de”, "higher”, "lower”, "over”, and "under”,
are defined vvi¥h respect to the horizontal plane. The term "processing" as
used herein includes deposition of material or photoresist, patterning,
exposure, devel opnent, etching, cleaning, and/or renoval of the material or
photoresi st as requir edgrirH PERCRIPAICGIESH THED ng;ge. A sol der mask 106,
an

such as a thernmal sol dermaask, is disposed aroun over the nmetal |ayer
104 to isolagg-and. i Le. f the nlu [ty of ds, . A conductive
di e attach agﬁ}e'sP\q/ISea%S(SJSi'asét?gt<llpzngﬁcl)glie?J e 8Vt T %é@%ddé%ﬁggﬁgﬁ%ﬁ%ugr%%iﬁ “Wed to
secur e héwerdantegidtieep@ebdnt iivientiorg 110 to the sol dermask 106. The substrate
102 has sol der openings 112, 114, 116, and 118 which expose plurality of
pads of the pRS.a islady@ vidRb lahablte YTBKRFa idQntiftefthédie SQLE 8F mhAdfacthidin 117,
and 119, shown in dotted outline, to be used to electrically connect the

i nt egr agesgrdanee wiith thig pregent invenéorpr i nted circuit board (not shown). The
plurality of pads includes ground pads 122 and 124, which are connected to
t he i nt egrat BHG.A ische dtrudivee & BIG. &saftee depaitiontand papadinglolt satdtrhadk, whi ch
are input/output (1/0O pads for the integrated circuit die 110 and a power
Cross-connecfFl@.29.is 4he sfraftard bNFIGOW 4fter Rhé degositiie o€ian corlustivovdicd afpdcn
view of a packag%e substrate in an internedi ate stage of manufacture in
accor daAdiesiveon theoldsraggit i nvention in which the substrate 102 for the
BGA package 100 is in an internedi ate stage of manufacture. The substrate
102 has beenFHs.oéeisstig staictuse mit RES.pft uwih i any indegrpigd scine®tt {lie bonsedetoathel ayer
104, assﬂgérﬁ{afsl?-ed above, and further including ground pads 130 and 132 as
wel | as”power pads 134 and 136. The power cross-connect 120 extendi ng

di agonal ly a ss. the substrate 102 fromone side to another connects. the
Dousr pads 155 his A Cie-SREIQIRh vigh aunthet REmnel an et fuulCREE e oy ont <

the pl ageisRncOith 1B Plébsht lvRagogoNnect in the netal |ayer 104 to connect

t he ground pads 122, 124, 130, and 132 because such a cross-connect woul d
intersect th r 'So ar.ri in is
Shown the st Lot ere T BT OT3 ap s et et B 6T midny P

sol der nasdordadée withehspileskert masktidi)6 has been processed to form openi ngs 140,
142, 144, and 146 respectively over the ground pads 122, 132, 124, and 130.
Ref erri ng noRiG.a fsiths stéhctirbof Bith 7 sftes depusitidneand tpatteringeofef sofdefinask; af t er
deposition of the conductive die attach adhesive 108 on the sol dermask 106.
An adhesi ve BIGPERSHBGtri®GR SEFIO) Gt affdd @épositidh & cashRiP¢ HiePitRACE a8hdafvevi des
the criss-cross pattern of the conductive die attach adhesive 108. The
openi ng8n theroldeypaski44, or 146 may or may not be filled with the conductive
die attach adhesive 108 at this point. Referring nowto FIG 5, thereinis
shown t he st Fl{gtlfyie thef stmc@re df Rifu Ortgvinge grovmbplanebonsied cuithe sdldermashk; bonded
by the conductive die attach adhesive 108 to the sol dermask 106. At this
poi nt, the opHai Hgs thel@ruchd? of FAA., 1 Gaaftbr Hépositidn oftreldftionhlbcbnduttivet die attach
conducti(Ye di e a}ltach ﬁidggs'i ve 108 due to flow caused by bonding pressure
used foPSHEIRNE BOUPHPEYPat ed circuit die 110 and the sol der mask 106.

FIG. 12 is the structure of FIG. 11 with an integrated circuit die bonded to the ground

plane; and



"By ‘reference to the cross-section indicated by the line 1--1 (which is
showmn in FIG 1 ), it nmay be seen that the ground pads 122 and 124 (and,

al t hough not shown, the ground pads 130 and 132) are conductivw y connected
by the conductive die attach adhesive 108. The sol dernmask 106 insul ates the

power cross- ct 0 fr t he conductiv e attach esive 108 .which
ots. bot h ad & dadtAdrRebd Sts e fot Sobfoclithg My DRl i pbike e
above IQ%@ﬂﬁh&ﬂwuﬁﬂﬁgﬁegﬁﬁﬁwQMQvaered t hat cross-connections can be nade
above the netal |ayer cross-connections wthout the need for a second netal
| ayer. This s means the additional processing and |ayers of insulation,
netal, and adhesive are required and there is no increase in the height for

the BGA package | 00. Ret/IrEDOERORIPTIONGF THE IMVENTIOR shown a _
cross-sectional view of another exanple of an integrated circuit package in

accor dance Wkl fixblendl BERIY 1, ANEOD i0MouAERLRss AR 1P ah Bk AP RLE:

circuit package ¢ P hel udi age or a

pactag emtetglﬂaiﬁdéxladfmi packhganin acsoﬂaﬂml Witly thecbrewnamv(eﬁ@o) Aahdnmetha Degrated BGA
package 200 has a substrate 202 having a nmetal |ayer 204. The metal |ayer
204 s ﬁé&w%weﬁa%ﬁ%@@g% tnsﬁlﬁm&ﬁ BGpt packpge §F %{C%Ba’agkagee@a §in%‘9

shown) t ty of pads to an integrated circuit
Sonis g aﬁ%;a%fzaggﬁpéhga ag[aé}b()

di e 210. A sol sed around and over the netal |ayer 204

Lo i solate A LASULALE, SRYFE A, BEoHDE 1 Hihe bl BRI B oImpe AN

conductive die a esive e 0SI e sol r mask

i s used10omagberdnded &Par ﬁx&@r@[ﬁdﬁ;ﬂsmcﬁmtwbht@mé he2.s dhdansmiskys0R4 iA
second conductive die attach adhesive 208 is deposited qver the separate

ground Patigmedoand niﬁafsse@ tgsferm aoplydity of pads. iLeadyimet sbpvenrare ﬂlﬁeddHOecoz%ctt 0

the sepgp 5 02 has sol der openings 212, 214,
216, ang1 %ilg % %Sgllggasrﬁgmte%'ty?neta Idg%/glroz204 to all ow sol der 213, 215

217, and 219 shown in ttedotlln Lectri aII nnect
Che i o o acEer R R {0t S niciBon. fhe et Bllib Syl R Meiin NerBRMRCT
pl ural i gefirell apagdarepatdldes ©e @bmfénﬁéﬂﬁ F&aa oB Bt {24 f awhbaiutd regaedlonRattigd to
the integrated circuit die 210, as wel as ot her pads 226 and 228, which

are i npm1¢rt§a}t0@utque1¥e@p ‘pagisa¥ ‘oefarnto p direefion eaapendilaritodhe thl@néﬂcPSduifovmr
Cross- Caliegt s, RRhCLs “dh9, Ny Lo "Eé1§w"7ﬁ‘betsi§1§“ e‘*H“ e%’ Shapeya« @ aglhew of

a package subs fate 1n an dntermedrate ot ags adture i h accérdance

W t h t htundee’s ertdeifing@withaespett thtineC}tbrizbﬁtaSpl]laﬁérate 102 for the BGA package
100 is in an internedi ate stage of nmanufacture. The substrate 202 has been

processed t oTh®kdhnt ‘gﬁ‘o&isé&hg’* hé Msedf hap@iflSneliddes depbdifoef alatdray OF pROtbresis,
descri bed above, further including ground pads 230 and 232 as well as

power pB#ming, amsg% develeppente etchings <Ieapiige andmp gemevangf e Mmaleyivhar y
acr oss bg@%l%&g‘sés rg{l'ﬁge%% fgﬁfﬁﬂ%gﬁgsc‘f‘i'bg@st}@c t@aot her connects the power pads

234 and ower cross connect 220 prevents the
pl acenment of Aasoldertnask ¢0Qsarchcusrae&tennai dohdermmatlalis ldispesed2aréund afd over the

metal layer 104 to isolate and insulate several of the plurality of pads.

A conductive die attach adhesive 108 is deposited over the soldermask 106 and is

used to secure the integrated circuit die 110 to the soldermask 106.

The substrate 102 has solder openings 112, 114, 116, and 118 which expose plurality
of pads of the metal layer 104 in the underside to allow solder 113, 115, 117, and 119, shown
in dotted outline, to be used to electrically connect the integrated circuit die 110 to a printed

circuit board (not shown).

The plurality of pads includes ground pads 122 and 124, which are connected to the
integrated circuit die 110, as well as other pads 126 and 128, which are input/output (I/O)

pads for the integrated circuit die 110 and a power cross-connect 120.
4



connect the ground pads 222, 224, 230, and 232 because such a cross-connect
woul d intersect the power cross-connect 220. Referring nowto FIG 8,
thereiin is shown the structure of FIG 7 after deposition and patterning of
a sol dermask 206. The sol dermask 206 has been processed to form openi ngs

240, 242, 24 and 246 .r egt veI er the ads 222 2. 224, and
530, mater o1 Rerelih G b FIBGE, IneEonl it L b Bla RE D B st B 3
after dgpasicdiat s@fe oifenamifsbnet meacdoﬂa@det azqh tael e&demte inrd@Rtid it Réhich the
sol dermask 206. An adhesive dj spensi ng machi ne (not shown) in the assenbly

pr ocesssyrdtedds? foidhe BA nackags ot sapranomterpiediagmstage iof enaguackire.aclihe
adheS|v r | ed
w th contoate,L2hEBER| BRetrio i iRy of SRl MpSRledlihokTon o5,

FI G 10deschibébtsovies arh fumhet helslingigiound pads B(ﬁncﬁljﬁaas well taheo@yepplm IB4ane
209 bongwg t hereto. The openings 240, 242, 244, and 246 will be filled with
the con 13&e die attach adhesive 207 at this point due to flow caused by
the application of pressure for bonding the ground plane 209 and the

sol der mask 20B¢ pawer ¢pefueranpital?e extamding diagomele dcosy thmsgbsttanteehQ?efr@yl one
applica (o) ad Y n ent
o aot - 34835 SHERE oMEaB MEENS! Baft T3 BhE 365 L34 By et o 2ORE bl

such ascefepel20 prévarsi e rplﬂ:ferr&nf of la. grBerichfdsmomiw D tifdl factal laydr he)mern i's
shown the structure of FIG 10 after the deposition of a conductive die
attach SeH®s| the soyedpads hel. dethuli@. prdhiz 'm@useAﬁclaaﬁ@ﬁv@wgwe%lw@rwch. ne

(not sh web cide Py process provides a criss-cross pattern of the
conduct rve die attac g d%esive 208. Referring nowto FIG 12, therein is

shown t he st t f . F Vi:ng, the.in t ICAH 210 bonded
Shoun Lhe St RURLHRE DS 1550, Bt D E b BRGR. S e, it
ref er enpgitdring of ties idermask 106) ThelsolddradsloY0s has Bdeﬁq)r&es&d(twfmh op@uaa%?
in FIG 8 it may be seen that the ground pads 222 and 224 (and, although
not showt, 14Rel4sh é%wwasemdymer thg Zyoundpads bk d 82124y arbhHect ed by t he
onductlve d i ye Q mask
206 i nsul at eis{%t{egﬁeﬁ%g%?g??%s)s{ t@(%%%%%&%%@%?é%‘%g%ﬁ étﬁ%\ﬁa{a-&gﬁ? Sﬁ? (gf::h
adhesi veéhe2ébhdactive B2 graoh rudhpdien @02 Q9. théV doldeiinaskabos.e Amwdhésumdispeﬂsﬁng been
di scovered tha Sﬁ;@ﬁgggqﬁctlons can be nadeﬁgbove the netal |ayer

cross- cBRABEE | ReaSiEBRIYT BIOCESSs BEAVIES nBE afTissHyess, Dok ot the
woul d r 0 S f

cr oss cS%‘#e‘%ﬁvé’%?%%‘})%%‘%?ﬁgr%'@én?‘ﬁ%?’ze?;%g L8 L4RD PR P46 Yk e PAOIe

Thi s neéitisd with thelchrtduotiad dip attachssihegjvat@s dtalyiepsingf i nsul ati on, rret al, and
adhesive are not required and there is mnimal increase in t he height for
the BGA packRgferizfnoviso MG.|5, kieerein deshdivaate Byudiire o€ F8B) 4 hadng thetiiegratdd, t he
above invention can al so he used for_ other packages where L% i s desirable

to el i nFiatikdigrl1PdondedbyHie condugiive digatiach adhesiee {08 tontbeispidgpnaskd@ociAtc ui t
package r I I I t hod
500 1 1 MEBoALIhEpAMlEs Pio1Fy ek ahd PAGWIL LS RN e BRI e
first stéyesBe208fduprtofios msai by berdiag presawe ngpdsfot Hending &l ingpgrapediraidtd
therein an nductive | r thereon; a step 304 for processing the
conduct qo&?@gh?%ﬁé 5f%furallty of pads over the sol der openings in
the substrate; a_step 306 of depositing a pask Qver the plurality, of(gads
the

a step 308 f& qe&r?ﬁCﬁgoab%FﬁOﬁﬁgeqlﬁn dpECHeG RY ieehinead | dwbichyis,shoyxpydn b}
pluralit Seeefl R 1 edi; Suer the
substr at)e gg}aﬁq%asegortl ugt? g}o%ngﬁgé’fvﬁeii Qﬂd al(e'{s}%deg t@é@ﬂ Ifdt Sﬁgéglﬁ n%b%ﬁ

conduct me h3:ﬂ1e1$d VB2) aretdmequjafnlmgmnected:dngdhctcon@cumtdm:attanht ddhesiee 4081 east
t wo pad u a In the pres i nvention, the.substrates
105 hnd 1p6solemrisuld instlaRi B PPy e tosEoRErial 2l Gy 6o Rontlsesha A e
of coppginhanid ITO@ewETcﬁlABQ vRtERS Qnd’\éﬂohs-(%néctca@l%é@lras aQrbundlf@ns ol der masks
106 and 206 will be one of the many commercially avail abl e sol der resi st
mat eri al s, aPMlth He ab@rvidlmenVen i has deern discansrrss ihak erospeonneoifonsnay beosadq | |

be of a ond ctlve eqr at LGl

connect 88y e SRYEL EPEhLosreSnieCh G RURSybE Rt 161 £ sechoa bty thidhs |
t he inventlon has been described in conjunction with a specific best node,
it is to be understood that many alternatives, nodifications, and
variations will be apparent to those gkilled in the art in light of the

af oregoi ng description. Accordingly, it is intended to enbrace all such
alternatives, nodifications, and variations which fall within the spirit
and scope of the included clains. Al nmatters set forth herein or shown in
t he acconpanying drawings are to be interpreted in an illustrative and

non- I|n1t|ng sense. 8 THE INVENTICN CLAINED IS 1 A nethod for

Y T T Y 1 o,



"uses a netal l|ayer bonded to or integrally deposited on the substrate. 3.
The nmethod as clainmed in claim1l wherein placing the conductive adhesive in
t he 'openings in the mask includes flowi ng the conductive adhesi ve under
bondi ng pressure between the substrate and the integrated circuit die. 4.

The method as clajned in claima additionally conprising:. bondin

conduot Peensare AT pide iR aies shrSHAtR il e e arriend o
the bon@eRgs HeiM9edsh e HRMEHEE ForehSBGASIa¢tRagNOPT OVi di ng conductive cont act
bet ween the conductive adhesive and the conductive plane. 5. The nethod as

claimed in Cﬂ(@feﬁ{é Igcgﬂ'ctjcf FRA | HerEAMR showi 9 crQQRE hafyie knes engﬁﬁlg over

t he substrate, ng using the conductive adhesive and provi
conduct ofven oegrated chretitvpeckaphén acroddence wathathk geeseat mventidve Agaidy elthongh

pl ane; and. bondipg.the integrated circuit die tq.the nductive pla 6. A
et hod P THRGHRITL EIreH ACHRY] Sioa 8t 8V dYPGURE et I AGPasPER PhinG Ok

subst raﬁeﬁzkggé{ X3 RIpHEEho ARG L BIR gHH%ﬁ’aﬂ?ﬂGm%&da@e apgl a netal layer

t hereon; processing the netal layer to"forma plurality of pads over the

sol der ‘openi faspi) bNga5H06d hAlLaubEERIS03 b a SN TR S04 OMGE hdI Tayer
d A

plurality of pads; orm ng openings 1n sol dermmask over at |east two

pads of 204& ptiermeldi dnd @dcqeacdisto foendi plgradiny ofipady: alexds ¢hotcshotvn)liase vsedrtot he

substrate using a condyctjve die attach adhesiye; and placing the
conductP%leaitgeaﬂ%ﬁhofimf’ééi)%lnt?gr9%€cgﬁlehﬂﬁ§é5i n the sol dermask and in

conductive contact wwth the at |least two pads of the plurality of pads. 7.
The met hod a4 widarmesk 206 ds disppedvrernd nncgp@@re@@irngtak erP4Ito |isglele ades a

net al lﬁ%ﬁ’lﬁ ebs%{)& ldofttﬁe furahﬁ%gg gdslzy_g’ldeposi ted on the substrate. 8. The
}aln'egln ﬁalm V\#l '

met hod as ¢ C erein placing the conductive die attach
adhesive in openi ngs 4.n th | der k .includes flow,ng the nducti ve
e attach ofas GEAE A alAF adBsEATE ShREHELR e b SR AT RS ne
subst r ahd t8 secliRCa 58ahtRélgRting hbRLORIO tothe kaldBinbaske6 i N1 processing the
nmetal |ayer forns a power cross-connect connecting two power pads of

A second conductive die attach adhesive 208 is deposited over the separate ground

plane 209 and is used to secure the integrated circuit die 210 to the separate ground plane.

The substrate 202 has solder openings 212, 214, 216, and 218 which expose the metal
layer 204 to allow solder 213, 215, 217, and 219, shown in dotted outline, to be used to

electrically connect the integrated circuit die 210 to a printed circuit board (not shown).

The plurality of pads includes ground pads 222 and 224, which are connected to the
integrated circuit die 210, as well as other pads 226 and 228, which are input/output (I/0)

pads for the integrated circuit die 210 and a power cross-connect 220.

Referring now to FIG. 7, therein is shown a plan view of a package substrate in an
intermediate stage of manufacture in accordance with the present invention in which the
substrate 102 for the BGA package 100 is in an intermediate stage of manufacture. The
substrate 202 has been processed to form the plurality of pads 231 in the metal layer 204, as
described above, and further including ground pads 230 and 232 as well as power pads 234
and 236.

The power cross-connect 220 extending diagonally across the substrate 202 from one
side to another connects the power pads 234 and 236. As can be seen, the power cross-

connect 220 prevents the placement of a ground cross-connect in the metal layer 204 to



the plurality of pads; and additionally conprising: bonding a ground plane
over the substrate and under the integrated circuit die, the ground pl ane,
t he bondi ng using the conductive die attach adhesive and providing
conductive contact between the conductive die attach adhesive and the

ground pl ane.. 10, The 0 | ai in claim6 wherein:., prqcessing the
e a1 P Rroud®BalEd P28 230, AR telafe BbM C oG  Blter P RO

pl ural i ih¢ pelvepadss-caf@deraxdd ti onal |y conprising: bonding a ground plane over
the substrate, the bonding using the conductive die attach adhesive and

provi di ng coRgieidgifow RNFRE.(8, RELReOsHAG GERAUGhIVS FGE 7aleRap RAASIMEe and
t he ground pl ane; "and bonding the integrated circuit die to the ground

pl ane. patterrting ioﬁt;eﬂgl@rm_dsk.cl%c u"ﬂlzI s@dpmasl:t 366 has ba@spmac%emm/forg} eringtegs
oFur a4 a2 S eRieeBurRavebe Aangd bite 20 235 R0 A ek over

the pluralit f . pads, the mask havi ng openi ngs provided therein over at
| east two paﬁsf%mrp&wm GG Ptiergin igshewn e strughire of &dia P @dfcr Aeragitiondffe

over 1t NgeSihdhéRicdic3RACR aﬁﬁ&%@%ﬂ)i&’ %P%flﬁ%%id\éﬁnédﬂ_ e oRPRENGN dsmARYct i ve

contact with the at least two pads o e plurality of pads, the condlctive
adhesi vmaphineli(ngt shewinntmghatasscnahly cpriotesdi provides thbecrississdss apasteri 2f fhiee

integrated circuit as clai.ned.in.claim.11 er.ej he ductive layer is a
e el | SyeRSteatpd SHHRHE agbanPy dudhiae 2G5 2 o ARL AR s Mol B

i nt egr afigel with eYhduchive BleaittaBiladHesivt 208dthisgsbitt | onal Iy conprising: a
cross-connect in the conductive |ayer connecting at |east tw further pads

of the pluralgfyiQf nB&98 F18" o, W&GERI i¥ shown the structure of FIG. 9 having the ground
plane 209 bonded thereto. The openings 240, 242, 244, and 246 will be filled with the
conductive die attach adhesive 207 at this point due to flow caused by the application of

pressure for bonding the ground plane 209 and the soldermask 206.

The ground plane 209 is attached for high frequency applications where the
conductive die attach adhesive 208 is insufficient to act as a ground plane. The ground plane

209 is a conductive material such as copper in the form of a foil.

Referring now to FIG. 11, therein is shown the structure of FIG. 10 after the
deposition of a conductive die attach adhesive 208 on the ground plane 209. An adhesive
dispensing machine (not shown) in the assembly process provides a criss-cross pattern of the

conductive die attached adhesive 208.

Referring now to FIG. 12, therein is shown the structure of FIG. 11 having the
integrated circuit die 210 bonded by the conductive die attach adhesive 208 to the ground
plane 209.

By reference to the cross-section indicated by the line 6--6 (which is shown in FIG.
6), it may be seen that the ground pads 222 and 224 (and, although not shown, the ground
pads 230 and 232) are conductively connected by the conductive die attach adhesive 207 and
the ground plane 209. The soldermask 206 insulates the power cross-connect 220 from the

conductive die attach adhesive 207 and the ground plane 209.

With the above invention it has been discovered that cross-connections can be made

above the metal layer cross-connections without the need for a second metal layer, which
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‘the mask insulates the cross-connect fromthe conductive adhesive. 14. The
integrated circuit as clainmed in claim 11l additionally conprising: a
conductive plane over the substrate and under the integrated circuit die,

t he conductive plane bonded to the substrate by the conductive adhesive and
i h conduct

jve cont,act.with ad of the pluralit f pads. 15. The
D eor alBlld R 85 thelyBRfsie 4 RSRAF bl B AR crdiRicofi®t, and
conduct dysitloanRdPteéesting oF WS bdcoh® nivhd 19@Rderthid mehietheHagditionhEploYessihg

conductive adhesive and In conductive contact by the conductive adhesjve
with a padilayersofénsplationd metgl, end pdpsive gremeldequiredrpad theyn dlpiningl ngreasd e

bondi ng{htgg_l%ghrrgg()&%g}gg%pﬁ%%%?o@i e to the conductive plane. 16. An

i ntegra a substrate having sol der openi ngs provided
therein; a negtal...layer, 0 he substrate f.orm | ural j.ty of .pads over
the ol der. ops it FHoRiet B5yspakifiain Uil Mk Be%s Phnlirt o RSP piplcy
pads, t ke otidr %ﬁékﬁ?jéskwhéi‘éliﬂi@ desiebld1e<liinte defbpldie bRt Br MYRS mafal 1agastin theo
pads of the plurality of pads; an integrated circuit die over the

subst r atréegratad cucwbpasliegd. ve di e attach adhesive in the openings in
conductive contact with the at least two pads of the plurality of pads, the
conduct i ve dRefeatinguodw talREsi Methemmlisshowha flowahgrtaf ednethed 30 indiceordemae t he

substrate, 11 17. The integrated circuit as.c|ai ip claj.m16 wherein
he. et sty arescnd inysifin " 15€ bRod, BlliGihgesGonst Reg 0 Al el g SyteiEle” 5
The i nt ggrias adidet ro?b'ﬁihg@%r&did’éd”ﬁféréiﬁ‘ afl &l BodducedlildyeP MRérbon;CORRD! S04 Gor 2

power cross-connect in the nmetal |ayer connecting at |east two power pads
of the ptagessirig the songuaiive layed totfetne arplurahity elopads raves khei soddestopeningslin the

i nsul at he. [Pt g -connect fromth onductd ve dj h hesi ve.

10° et BB 208 RpSERER ek 3V MR ARGt SeBPbE T AR N
openings in the mask over at least two pads of the plurality of pads; a step 310 of bonding an
integrated circuit die over the substrate using a conductive adhesive; and a step 312 of
placing the conductive adhesive in the openings in conductive contact with the at least two

pads of the plurality of pads.

In the present invention, the substrates 102 and 202 will be a polyimide film. The
metal layers 104 and 204 will be of copper and the ground plane 209 will be a copper foil.
The soldermasks 106 and 206 will be of one of the many commercially available solder resist

materials, and the conductive die attach adhesives 108, 207, and 208 will be of a conductive
epoXYy.

The integrated circuit die 110 and 210 will be connected by conventional means to the

plurality of pads 131 and 231.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



a power cross-connect in the nmetal |ayer connecting at |east two power pads
of the plurality of pads; a ground plane over the substrate and under the
integrated circuit die, the ground plane bonded to the substrate by the
conductive die attach adhesive and in conductive contact with a pad of the

plurali egrated circuit as clained in claim16
addi ti oiéﬁwpﬁ%&gﬁ@%g r cross-connect in the netal |ayer
connecting at |east two power pads of the plurality of pads; a ground plane

over the SUb’P‘tratﬁrﬁ&ﬁo@ﬂﬂdﬁﬂmu‘f&t&h‘% URGEFabddeciRNitlch gﬁ@ﬂﬂQUCtl ve die attach
adhesive and in conductive contact by the conductive die attach adhesive

with a pad oproviséngk swbstiateyhayingeedder operinguiprovided hereiorrad ot ¢onduetive layarach
adhesi ve bondi ng heoi ntegrated circuit die to the ground plane. 12
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bonding a conductive plane over the substrate and under the integrated circuit die, the

bonding using the conductive adhesive and providing conductive contact

between the conductive adhesive and the conductive plane.

5. The method as claimed in claim 1 additionally comprising:

bonding a conductive plane over the substrate, the bonding using the conductive
adhesive and providing conductive contact between the conductive adhesive
and the conductive plane; and

bonding the integrated circuit die to the conductive plane.

6. A method for manufacturing an integrated circuit comprising:

providing a substrate having solder openings provided therein and a metal layer
thereon,

processing the metal layer to form a plurality of pads over the solder openings in the
substrate;

depositing a soldermask over the plurality of pads;

9



* 10M " 109 ()-!/ g#10%WE! ()- - 10%V& ()-' cdE~ @S

10% & ()-910% & ()- @ 10% & () - z#10% & ()- z#10% & ()-f 10% & ()-c\dE~_@
10%& ()- 10% & ()-' 10% & ()-10% & () -

10% & ()-210% & ()-% #dE~ @*10% & ()-( 10% & ()-&10% & () - F%

10% & () -, #10% &' ( 0% #v3d S1

10% & 8 y24 DI ‘%F}em“@s i‘%éﬁoﬁg"@fmasgéw/g&a&ﬁ?aspwﬁ%%@é °?}he HERER AR () -y

10%vE' () - 10ponking aR: mte%ﬁ%d&m@m@&fé%v%r (the @bstaté &51(1% -2 GHHEb@ e/ tie attach
109! () - Llo%v& (% y#lO/M& ()-y#1000& ()-yl 109V ()-1 @LOYVE ()-A. +
dEbCI # 1090V ( *T 109! () - FLOY%VE () - y#10%0V& () - SH109VE () - +

e AT B B e v g

109%v& () - 510%VE' ( $onddgilddOduEact )V'ltlhitl#elﬁ%d%i tWo Bdlls of the plurality of pads.
1000V () - #$$$$%Q R OMC! | L#10% - & () -1 2#10% : & ()-11yz#10% : & ()- 10 10

101 8Y: @O%& 1) - - Rfhe Wiethod asZef@infed iR cldh08 dwieteln /bﬁbc#éls@&é’ th& rﬁétal layer uses a
|F. #10% : & ()- | %e#10% : & () - 32#10% & ()- ! L#10 9% v/ / i

@LO%VE' tgtal Jayenhaidey to ewineealy(depy sne@@wks: ﬁl)bSFMO%\/& ()- y#lO%\/& ()- 10:
10: / 0h0OO( 11dEnN/  @L0%W 10%V&' ()- S109%V&' ()- 10%VE' ()-10%v&' ()-f#10%v&' ()-Y
10%V&' () - 112&223y$ﬂEthho@lﬁ0/N$hﬂeﬂ%v&l i 6 Wity dRicing- the TOBBK:LIYE dicl AvdoR () -

10%v&’ /N& 33(4044066dE oG .1 #1009

Toone | JaSsieR oot Gaonies 3(501‘%%%%/&“‘(“)‘&8% iscsrraiave die attach
@0' 92#4&1&1@%@6%#&% _?}é)ss&r)e ﬁl@égh]a lane and the substrate.

T 10%vE () - 8z#10%WK' () #10%VE' ( - v<=S>?2WU3b@

hori00 e ()1 SROUEEES S —
processing the metal layer forms a power cross-connect connecting two power pads of
the plurality of pads; and
additionally comprising:
bonding a ground plane over the substrate and under the integrated circuit die, the
ground plane, the bonding using the conductive die attach adhesive and
providing conductive contact between the conductive die attach adhesive and

the ground plane.

10. The method as claimed in claim 6 wherein:
processing the metal layer forms a power cross-connect connecting two power pads of
the plurality of pads; and
additionally comprising:
bonding a ground plane over the substrate, the bonding using the conductive die
attach adhesive and providing conductive contact between the conductive die
attach adhesive and the ground plane; and

bonding the integrated circuit die to the ground plane.

11. An integrated circuit comprising:
a substrate having solder openings provided therein;
a conductive layer on the substrate forming a plurality of pads over the solder
openings in the substrate;
a mask over the plurality of pads, the mask having openings provided therein over at
least two pads of the plurality of pads;
10
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a cross-connect in the conductive layer connecting at least two further pads of the
plurality of pads; and
wherein:

the mask insulates the cross-connect from the conductive adhesive.

14. The integrated circuit as claimed in claim 11 additionally comprising:
a conductive plane over the substrate and under the integrated circuit die, the
conductive plane bonded to the substrate by the conductive adhesive and in

conductive contact with a pad of the plurality of pads.

15. The integrated circuit as claimed in claim 11 additionally comprising;:

a conductive plane over the substrate and bonded to the substrate by the conductive
adhesive and in conductive contact by the conductive adhesive with a pad of
the plurality of pads; and

additional conductive adhesive bonding the integrated circuit die to the conductive

plane,

16. An integrated circuit comprising:

a substrate having solder openings provided therein;

a metal layer on the substrate forming a plurality of pads over the solder openings in
the substrate;

a soldermask over the plurality of pads, the soldermask having openings provided
therein over at least two pads of the plurality of pads;

an integrated circuit die over the substrate; and

a conductive die attach adhesive in the openings in conductive contact with the at
least two pads of the plurality of pads, the conductive die attach adhesive

bonding the integrated circuit die over the substrate.
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plurality of pads;

a ground plane over the substrate and under the integrated circuit die, the ground
plane bonded to the substrate by the conductive die attach adhesive and in

conductive contact with a pad of the plurality of pads.

20.  The integrated circuit as claimed in claim 16 additionally comprising:

a power cross-connect in the metal layer connecting at least two power pads of the
plurality of pads;

a ground plane over the substrate and bonded to the substrate by the conductive die
attach adhesive and in conductive contact by the conductive die attach
adhesive with a pad of the plurality of pads; and

additional conductive die attach adhesive bonding the integrated circuit die to the

ground plane.
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