9 March 2007 INTEGRATED CIRCUIT PACKAGE AND MANUFACTURING METHOD THEREFOR
WITH UNIQUE INTERCONNECTOR BACKGROUND TECHNICAL FIELD The present invention
relates generally to the fabrication of semiconductor integrated circuits, and more specifically to ball grid
array packages and chip scale packages. BACKGROUND ART In the electronice M@’[?é‘t%?,o%e continuing
goal has been to reduce the size of electronic devices such as camcorders and portable telephones
while increasing performance angspegdtpthelprasiipagrriedrcikouils were packaged in lead-frame

packages, but the packagin 0 \Vi id array (BGA) packages and
SRR AR RSP R)

chip scale (CSP) packages a ormance packages are required. Lead-frame packages
generally have small metal strips or |eHt8QWERIEN BxREHINNIEFO TIOB undersides of the packages and which
are soldered to the printed circuit boards used in the various products. They have been used for a long
period of time in integrated circuit packaging history mainly because of their low manufacturing cost and
high reliability. However, as integrated circuit8 pfa€uBQUNIYe toward being both faster and smaller in
size, the traditional lead frame packages have become gradually obsolete for many small, high
performance YEGEIPEE phdEgES. BGA packages are widely used for integrated circuit chips that have
higher numbers of input and qutput connections, and which need better electrical and thermal

performance than IEAUPRSIATS BETRYeE A eeBtalialer Brd aBrmuaon dsainsadrsioeidiseiedackages
and are meltgettrcannacirthpqitkapes talheipentgchaticigishndrdsp Thasedqorakages are generally
used in high performance central processing unit (CPU) and video-graphic chips. The CSP packages are
generally used for integrated circuits having 100 or more input/output pins and a large integrated circuit
size. Generaslllg/ ackages that are smaller than 120% of the size of the integrated circuit are typically
referred to a é 5%%&%@5’53’Fe CSP packages have been widely used in mobile products where the
footprint (the size o&l;[ht%ele?eé\{lr%lrl(i\'ps %ggzstry, the continuing goal has been to reduce the size of

electronic devices such as camcorders and portable telephones while increasing performance

and speed. In the past, integrated circuits were packaged in lead-frame packages, but the

packaging technology has been moving towards ball grid array (BGA) packages and chip

scale (CSP) packages as higher performance packages are required.

Lead-frame packages generally have small metal strips or leads, which extend from
the undersides of the packages and which are soldered to the printed circuit boards used in the
various products. They have been used for a long period of time in integrated circuit
packaging history mainly because of their low manufacturing cost and high reliability.
However, as integrated circuits products move toward being both faster and smaller in size,
the traditional lead frame packages have become gradually obsolete for many small, high
performance-required packages.

BGA packages are widely used for integrated circuit chips that have higher numbers
of input and output connections, and which need better electrical and thermal performance
than lead-frame packages. Balls of solder are formed on the undersides of the packages and
are melted to connect the packages to the printed circuit boards. These packages are

generally used in high performance central processing unit (CPU) and video-graphic chips.

The CSP packages are generally used for integrated circuits having 100 or more
input/output pins and a large integrated circuit size. Generally, packages that are smaller than
120% of the size of the integrated circuit are typically referred to as CSP packages. The CSP

packages have been widely used in mobile products where the footprint (the size of the
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package on a substrate), package profile, and package weight are of major concern. CSP packages can
also be BGA packages as well as other small packages such as land grid array (LGA) packages with a
single grid array on the bottoms, and small outline non-leaded (SON) packages with multiple grid arrays
on the bottom. A BGA or CSP package generally consists of a substrate having O%Mﬁf?&sz Y the ball grid

aray o comggiignsoThesalelial R AR laLRmILe, Onine SRR AR A Pluaiy o

electrical traces including b%round traces and power traces. On the substrate over the conductive traces,

which are geR&IBFFEbPPR LR RAgkr&paRyVithicr hshesahrirtagiataahcirciitbise ¢t substrate. A

single metal layea BeAoeawHR packogaiders seiharensepadategrounddiang-aleglcssxhloop ground.

Where a netlist (the list. %f the r quirgd connecﬂo%sz requires a connection between opposite sides of an
. .. pac %%CS Wit m{.htelp € 211 arraﬁ/s on, the bottom. . . .
integrated cirki power, power ‘cornection is made directly across the substrate using the single

metal layer by pattesning.anaceiphing 1he ekl JeJpg Aesied GLazs AARE SheREO AR INCe the

ground must be insulated from the power, geometric constraints prevent the use of the single metal layer
for a ground &Fs3TBoANERINSERRe N BB PYBHEY SIE €8sl Ritdelidtlidrc i g S ¥Fos-2onnects

cannot intersggtalAysacapdivatahlay ei@ntilsasitiionat £ost podcomplexity Becawse.ef Heradditional
processing arblg Iaé/egs required of‘}i,g lation, metal, and e%gxy In addition, the s?rc?hng metal layer would
result in a subStantialS e rEs&d hef %rForg?ﬁgr?@{cl? GOPRE1 5SS B0 th &L Br oM HieBeen long
sought, but heneztated ahadiedithiosbeskilgchtén the art. SUMMARY OF THE INVENTION The present
invention provides an integrated circuit package, and manufacturing method therefor. A substrate is

provided having solieinsierisigs #ier8iH ArE B(cdners&age dngydriherssricmiate SFytetRIaager is

processed todereu agipratisyf passpyear theisoldes pResings inihasubstiritiohsmagiigfosmed over
the plurality of ads,an%o enings formegl in the mask oXer at least two pads of the plurality. of pads. An
integrated circUIPEHEYR %?28%‘50%%}%% SRS AR NG aCESW&b%ﬁ%%ﬁ‘&é%%%ﬁ%‘f&eﬁ%{é’%&nductive

adhesive is placidliretile operithgsubstandustiyeheoinalet mithl diyealsy pwoepads ofdkeliphgahity of pads.
This paCkagemg[a? M%ghgsqu 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



and method allows for simplified manufacturing, great flexibility in interconnection routing, and increased
electrical performance. Certain embodiments of the invention have other advantages in addition to or in
place of those mentioned above. The advantages will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the ac@o%ﬂﬁh% drawings.

BRIEF DESCRIFTION OF THE RRAWINGS FiGedf 2 GIoptraesiinnal vigu of AL SXATIRle,of an

integrated circuit package in accordance with the present invention; FIG. 2 is a plan view of a package

substrate in adrifsrried slecsisylePe HiRAMEcture in accordance with the present invention; FIG. 3 is the

structure of FIG. 2 ager deFo%iti n and aﬁte.rnin .of sold%rm%sk; FIG. 4 is the structure of FIG. 3 after
1t e [6] | t 101

e cIrigin cim iments C,Jnve € ot vantage 1t1on to or 1n place
the deposition of a conduttive dieattich “Aahesive bRRe soidermadks FiE 618 'the Sthidtire of FIG. 4

with an integrzf;éwmrmqiuﬂi@@@hdw tﬁhh_edwidgcmwék,bEd_Gntﬁdsparcnogs{bemi@abdimmm_zanother _
example of af} jpfegratee 6rGH IRARKRAG P &?ﬁ%@%&&i}@ﬁ%t%w RO IYENHQLRG 1 {feA Plan view

of a package substrate in an intermediate stage of manufacture in accordance with the present invention;
FIG. 8 is the 3tFREIRBYHIFHEWMETter deposition and patterning of a soldermask; FIG. 9 is the structure of

FIG. 8 after deposition of a conductive die attach adhesive on the soldermask; FIG. 10 is the structure of
FIG. 9 having a ground plane bonded to the soldermask; FIG. 11 is the structure of FIG. 10 after

deposition of additional conductivgrdigrattashr gadhesiveronthegawnsigkine; FIG. 12 is the structure of
FIG. 11 with an integrated circuit die bonded to the ground plane; and 3 9 March 2007 FIG. 13 is a

flowchart of a methstdot manuviastyenpan ntegdted eiteulpatkagatiaracteicanceavkitizdhie present

invention. accordance with the present invention;

FIG. 2 is a plan view of a package substrate in an intermediate stage of manufacture in

accordance with the present invention;
FIG. 3 is the structure of FIG. 2 after deposition and patterning of a soldermask;

FIG. 4 is the structure of FIG. 3 after the deposition of a conductive die attach

adhesive on the soldermask;

FIG. 5 is the structure of FIG. 4 with an integrated circuit die bonded to the

soldermask;

FIG. 6 is a cross-sectional view of another example of an integrated circuit package in

accordance with the present invention;

FIG. 7 is a plan view of a package substrate in an intermediate stage of manufacture in

accordance with the present invention;
FIG. 8 is the structure of FIG. 7 after deposition and patterning of a soldermask;

FIG. 9 is the structure of FIG. 8 after deposition of a conductive die attach adhesive

on the soldermask;
FIG. 10 is the structure of FIG. 9 having a ground plane bonded to the soldermask;

FIG. 11 is the structure of FIG. 10 after deposition of additional conductive die attach

adhesive on the ground plane;

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

plane; and



DETAILED DESCRIPTION OF THE INVENTION Referring now to FIG. 1, therein is shown a
cross-sectional view of an example of an integrated circuit package in accordance with the present
invention. Although the integrated circuit package can be of any type, including a BGA package or a CSP
package, the example shown is a ball grid array (BGA) package 100. The BGA p%%@g has a

substrate 102 having@ mefal IRYGEHRoTNe MRIRHARERH G mAY HeRonded Lﬁ&ﬁé?@%@wﬂdeposited on

the substrate 102. The metal layer 104 is patterned and processed to form a plurality of pads. Leads (not
shown) are USE@THREHER thEE PRINERNFHI Pads to an integrated circuit the 110. For purposes of the
present invention, the term "horizontal" as used in herein is defined as a plane parallel to the
conventional plane or surface of a substrate, regardless of its orientation. The term "vertical” refers to a

direction perpendicular to the horzantdmp psstrRIefied Oferms, soamnagosn”’, "above”, "below", "beside”,
"higher", "lower", "over", and "under", are defined with respect to the horizontal plane. The term

"processing" as usertherainnoel ud BB e positiiniotinaie ial s phatonesist v patie mingpkexgasure,
development, etching, cleaping, and/or remgval of. the material or photoresist as required in forming a
described st R S RO L Sver e
metal layer 104ctotiBeslkrecanad heseflatey saveratloflineadhirdlinpdbgaasa Adbpaetociticamdh adhesive
108 is deposiigglpmen the seidermpakdfandis weed to secure the integrated circuit the 110 to the
soldermask 106. The substrate 102 has solder openings 112, 114, 116, and 118 which expose plurality

of pads of the metaTlayBGAOhikdbe100dassidetarakoMShidar bldethl bydd )4anthd 1 taheyen in dotted
outline, to be used to .electrically connect the integrated cjrcuit die 110 to g.printed circuit hoard (not
lk(;)ﬁ 31‘]“1{/1’ %on e% M‘) e&rggq’l]% é!e&g éeé é)élcﬂle sgl%sirate%é. ehpe meefgl laggrtg()t%]ls

shown). The plur of pads mch?clgltla%t u and , which are connect e integrated
circuit the 110atsmngeiabmasesspdhds o8 amthid@y whiedsarkerisuoutha iy @y yadisofepnhecintegrated

circuit die 116,an,AROWEPLIORSRGNRECkk i dMarph 2007 Referring now to FIG. 2, therein is shown
a plan view of a package substrate in an intermediate stage of manufacture in accordance with the

present invention infathiglipi@s of the present invention, the term “horizontal” as used in herein is
defined as a plane parallel to the conventional plane or surface of a substrate, regardless of its
orientation. The term “vertical” refers to a direction perpendicular to the horizontal as just

defined. Terms, such as “on”, "above", "below", “beside”, “higher”, “lower”, “over”, and

“under”, are defined with respect to the horizontal plane.

The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

A soldermask 106, such as a thermal soldermask, is disposed around and 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.
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substrate 102 for the BGA package 100 is in an intermediate stage of manufacture. The substrate 102
has been processed to form the plurality of pads 131 in the metal layer 104, as described above, and
further including ground pads 130 and 132 as well as power pads 134 and 136. The power cross-connect
120 extending diagonally across the substrate 102 from one side to another conﬁel}gl%r%@o[%wer pads

134 and 136. As cagl RodN& RAWES GiRSSHGONAGSh ]azdga‘?{ SYENtT DGR %@'E‘tﬁﬂhgﬂceah%ﬂund

cross-connect in the metallayer 104 to connect the ground pads 122, 124, 130, and 132 because such a

cross-connedbifBufdiReregetOthBapyine s Jasteeife1 ! F@é@féﬁ‘?ﬁ‘ﬂlhﬁw%@mn 3Vhisdrdif is shown

the structure afvkiéie aadtetsxdmemgrpaanaatbermng o theﬁﬁ&detmaagelmfnﬁhﬁmwerm&ek 106 has
been processe to fo%]z%p s 140, 1d4t2 : nd 14E ?tp Vﬁ'}’ ov%rt the round Bst 122,132,
124, and 130 RefarTing né\?v 6 FIG, Cﬁsst%er%lr?rfgs SOH e S BArS SIS MeAHdPEE 08N of the
conductive diécsttdet aletivesirel T08hon:ithidok eronad pdB6l Arnat hEsvevdiBpensingr padehide (not
shown) in thedlq(ﬁggtbly process provides the criss-cross pattern of the conductive die attach adhesive
108. The openings 140, 142, 144, or 146 may or may not be filled with the conductive die attach

adhesive 108 at thigRopiwEierkRg e tqd:éﬁe@lﬂgeiﬁgbﬂﬁlghw&:th@emumuf@ @bFtem 4kaving the
integrated CII’C it die 110 bonded b the condu t| %69 ﬁ\tﬁ’ dheswle 108 to the soldermask 106. At
this point, the gjﬁeﬂlﬁﬁm A, Oﬂeftsl R RAil Quith e RS atretv e GiB MR Sahesive 108

due to flow caumm;tthBqndmgtpnessnlaeemmd tdrabgrdimp dlvesiategeated diecuttdidaydO l@ddehe

soldermask 108, By fRfSr6NcE NS £1P58-pRruan indicalar by.Pae Ik Leoh (uhighuf fhowndn FIG. 1), it
may be seen that the ground pads 122 and 124 (and, although not shown, the ground pads 130 and 132)

are conductnﬁé?y%&ﬁhé%t@o%&}nﬂ%B&ﬂductlve die attach adhesive 108. The soldermask 106 insulates the
power cross-conne 20 from the uctive die tach adheswe 1 s bath as a ground
Crosa.conmect a5 whiTSAGTONA Fitne: 1 the HBBUL T GHRBIT S bal G eCpvarea

Cross- conneqtmamnmbﬁlﬁmmrmbdvé(me%emlqeyaaskrm@@mmemmwmmﬁemeqpe&mgm a second
metal layer. T 39 M@rﬁﬁdz% rePEANR N6 RARLIONALATRERSSRT 30 By GRS 9hénsulation, metal, and

adhesive are required and
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after deposition of

the conductive die attach adhesive 108 on the soldermask 106. An adhesive dispensing
machine (not shown) in the assembly process provides the criss-cross pattern of the
conductive die attach adhesive 108. The openings 140, 142, 144, or 146 may or may not be

filled with the conductive die attach adhesive 108 at this point.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 having the integrated
circuit die 110 bonded by the conductive die attach adhesive 108 to the soldermask 106. At
this point, the openings 140, 142, 144, and 146 will be filled with the conductive die attach
adhesive 108 due to flow caused by bonding pressure used for bonding the integrated circuit

die 110 and the soldermask 106.

By reference to the cross-section indicated by the line 1--1 (which is shown in FIG.
1), it may be seen that the ground pads 122 and 124 (and, although not shown, the ground
pads 130 and 132) are conductively connected by the conductive die attach adhesive 108.
The soldermask 106 insulates the power cross-connect 120 from the conductive die attach
adhesive 108, which acts both as a ground cross-connect as well as a ground plane.

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. This



there is no increase in the height for the BGA package 100. Referring now to FIG. 6, therein is shown a
cross-sectional view of another example of an integrated circuit package in accordance with the present
invention. Again, although the integrated circuit package can be of any type, including a BGA package or
a CSP package, the example shown is a ball grid array (BGA) package 200. Thé@@ﬁ?‘ﬁ)&%%ge 200 has

a substrate 202 havipg imsia ﬂ?&&%&?ﬁaﬁlﬁ@?@*il%ﬁ%i&?%é’%aﬁ’%‘iﬂr&ﬁ@sﬁ%%%%‘%ﬁﬁ%ﬁ%&’ form a

plurality of pads. Leads (not shown) are used fo_connect the plurality of pads to an integrated circuit die
210. A soldeffifisk 206N HigpBsba hiighhaihe BUér Rrekasettilayer 204 to isolate and insulate several of

the plurality of padsR2§1..A first ctor}q&ctév%’gie. attaéjh adhesive ZOZ is (Pegosit d over the so{dermask 206
and is used to secure a &t 1351(?%‘1/teogrou‘nd P ane 10/ the SBIFErMadR 206 R <EE01d Cohtlttive die
attach adhesieaR (B dgraiepasited pwetatireiseparatmgroutidthelarsc20hzerdii useghiio skioorghthe

integrated cirgylit; fie, 240, 1, INg SFRAE GEPWad-Plane - fhe;suRsiiats 22ahas Rolder,operipgs 212, 214,
216, and 218 which expose the metal layer 204 to allow solder 213; 215, 217, and 219, shown in dotted

outline, to beRiskietothsieximPAnydHhis c kil sHtbyirated@ titonidiaze 2840 a printed circuit board (not
shown). The plurality o s includ ound pads 2 nd. 224, which ar npnected to the integrated
Cicuittie 210, as wH T AR M ISR Do G AT b T U 0 GEHAH oS hrograte
circuit die 210GEnd pagewed endsggessddiv RN Rafemihy ndwaits. FlGads thetrehovgishewned plan view of a
package subggrlﬁltgcmhgrglﬁgﬁw%%gtgtglgﬁl{%%m@&g[%w@eiQl%gcordance with the present invention in

e

which the substrate 102 for th A package 100 is in an intermediate stage of manufacture. The

substrate 202 has heepipsasassetsiasfarpoia plunalityef padsizs hitihayxetallayei2id..ag described
above, and further includinrg gzéound ,ad%ZS 232 as well as power pads 234 and 236. The power
; c%%ss

cross-connedP 2SRRGBy BHATY e substrate 202 from one side to another connects the
power pads 234 ang £36. A$6AN PG;SGERHNGRIVES G ﬁéB%?RQc?8$§%9e RYSHsIhRagEment of a

ground cross-connect in the metal layer 204 to 6 9 March 2007 connect the ground pads 222, 224, 230,
and 232 becaiie@ 8l e dregsiatngiaprdwiang Ak radeg soldermask 206.

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/O)

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 power cross-connect 220. Referring now to FIG. 8, therein is shown the structure of FIG. 7 after
deposition and patterning of a soldermask 206. The soldermask 206 has been processed to form
openings 240, 242, 244, and 246 respectively over the ground pads 222, 232, 224, and 230. Referring
now to FIG. 9, therein is shown the structure of FIG. 8 after deposition of the con%Mﬂf\?B di8attach

adhesive 208,q, (e SOlGIRER2S Aduashiesiye AISBENHNG, MALHING 30k SRWMhifig.assembly

process provides the criss-cross pattern of the conductive die attach adhesive 208. The openings 240,
242, 244, or SEPHTE SR HEELEYilled with conductive die attach adhesive 208 at this point. Referring

now to FIG. 10, the%ei%is shown tl}iétréjct%ﬂe. of Flt?' 9 Ehavig% tthe %ngj[réd7pl tneC1209 .tt').onde thereto.
The openings 240, 47! qh witl BEFled With thE CordUgtive the attach ddREsiVé 207 at this
point due to fieitevaused bydlderapiicatiorloé pidssunekiddbhobmdirgntipeogesieddplame Q@Riapd the

soldermask 20, i around PIRNESORRRUREPEE 5 HOBLieavensy applicaions where the conductive

the attach adhesive 208 is insufficient to act as a ground p?ane. The ground plane 209 is a conductive

material such as coppefringheformrat aofaile Refes iRgwiometounlérd & theredniesheyuridbe structure of
FIG. 10 after the de ositioQ. of a condyctive t egatta h adhesive 2%8 on}\he %E)u.nd Qlane 209. An
PEEs

adhesive disperSiiy Ma&Hiife MHStSHOWHY n eoélsggrr% A rovidle¥ A ENSs-E¥0LS Pattern of the
conductive dieatiachéthadhesive id08icRefembly novedss G VitRs therairiss showpatieensrlictere of FIG. 11

having the infsarated: Gifeuit.die ahdRANARA Ry s caNAUGIVe Mie,alagh adiesive £08 19 the ground

plane 209. By reference to the cross-section mdicatedg%g the line 6--6 (which is'shown’in FIG. 6), it may
be seen that tHEGratnePpdites vodicatrdpedhssive Athauigh RBt'hown, the ground pads 230 and 232) are

conductively connected by the conductive dje attach adhesive 207 and the ground plane 209. The
coldermask 206 no AL B4 Btk CroLd HGFHIBE: IOV M SH e ety e dr At HEMEbive 207 and
the ground plginec28B. Wittethéhabove Tiventiomnitshad)baén disconet el thatitiosslbahmattidres can be

”M"Z?Ceh 2'88‘7’%%%&9&’5@' Y & RO STHENRERHONS MY BHE thE-NE SEL 10T A REF AR YRS Which 7 9

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

7



would require deposition and processing of an insulator over the power cross-connect, and deposition
and processing of the second metal layer. This means the additional processing and layers of insulation,
metal, and adhesive are not required and there is minimal increase in the height for the BGA package
200. As will be understood by those skilled in the art, the above invention can alsd BB G8ed%or other

packages whergiih 13 dReIrablE .5 RINALSQL P IACE ARG REINBVE, RIBL IBYELR I Hagn dofegiated circuit
o FlI

package. Referring now to FIG. 13, therein is shown a flowchart of a method 300 in accordance with the
present inverifBASITPR A POEF SOLiAEIlass M petd Jeser dipravsanighs sdiieate PrREFESolder

openings proxidashtheseinangdiencarauciiedaerthatemiégsirg stifthere prasessingtaaganductive layer
to form a pIurtﬁlitM of}}t)?dsﬂ?v the silder288enings in the substrate; a step 306 of depositing a mask over
the plurality o %a%‘ ;a (s){epe gf?o?ﬁﬁng openings in the mask over at least two pads of the plurality of

pads; a step 310 of Qopfding gRadSEEEthGUCYhLe AR e SUBSHASUSInGAEPIRY iR aphesive; and

a step 312 of placing the conductive adhesive in the openings in conductive contact with the at least two
pads of the plor&fiigTarRpkrEss heie ibiedeHiaPeAGEMITAK SUFAEE 02 PG PORMAYBR 8 helyimide film.

The metal layeesrd0d andi2P4enitkbe 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 RtdohadinesivdG083, 2054 cane sBO8mlflow dfagt cdmdhethivé3@pmacchhienntegrated

circuit die 11Q, gind, 210 will B GRRASHRA RYEADYEIHARNEARS IR he RIHFAlAlnAdS d3teand 231.

While the invention has been described in conjunction with a specific best mode, it'ls to be understood
that many altB#Hiagyeddeh apfiaED ME0 WA VEGEIB fadvill BRGHSRFYE TFEsIiIRePiR @it in light of

the aforegoing-6lesGHRURN cAHeRRIFINBlYeitis itandprligipribpage Ak suehallernpivass mogifications, and
variations whicg fall within 238 &sgé;#?and .scope of the irg}:f!u@ed clairﬂs. All matt(?ﬁ%;s tfﬁqrth herein or
shown in the EEBAH ARG Gr QTS HFReR Basthea bl T4k MlBHKde SR HorifiHESsense. 8 9
March 2007 dpeiandd \VERT OBk Gl M EBtSvo 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
epoxy.
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.



1. A method for manufacturing an integrated circuit comprising: providing a substrate having solder
openings provided therein and a conductive layer thereon; processing the conductive layer to form a
plurality of pads over the solder openings in the substrate; depositing a mask over the plurality of pads;
forming openings in the mask over at least two pads of the plurality of pads; bon&i%a%flg ?r%grated circuit

die over the sHbSHRUSHENEN ELAFUEHY gsadhesive; and placing the conductive adhesive in the openings
in conductive contact with the at least two pads of the plurality of pads. 2. The method as claimed in

claim 1 wherein prOf:essing thethc?lr}ductive ayer uses et't mettai\ll layer bonded to or integrally deposited on
the substrate. 3. The method'as Clath&d'h eiaif'd W& B a%lﬁlélliﬁgmcl)orhsdn&tive adhesive in the

openings in the masgkoiidlugles dlmwing ltinengondiective maogresive deddeebonding predsures bgtween the
substrate and the integratggrgglqyit die. 4. The method as claimed in claim 1 additionally comprising:
bonding a conductive plane over the substrate and under the integrated circuit die, the bonding using the
conductive adhesiveraffdsHroVidiFR eetYacave Ebitare BRRVEE R RaIs ONEIBVE desRi@srd the
conductive plane. 5. The methpdiasclaimed in claim 1 additionally comprising: bonding a conductive
plane over the substrate, the bon ing, us}bn ]the conguc ive adhesive and providing conductive contact
between the conduéfive’ LRSS NGt ggegﬁ%%t(i’vé)ap #ine; and bonding the integrated circuit die to the
conductive plane. 6fofnmmethpschiggsmethafastringr anliate grateaicivt tht phurgditisiwigradsoviding a substrate

having solder openipgsproyldgd INee10.A06 A BEIAHRYEENREQR, RQGRRRING FMetal jgyer to form a

plurality of pads over the Solder openings in the substrate; depositing a soldermask over the plurality of
pads; forming opentit&ng e eesgetinsasiberies athsLACRRE PRFSBUFHE HRYHAE) Wb gt gast
two pads of the plurality of pads.
2. The method as claimed in claim 1 wherein processing the conductive layer

uses a metal layer bonded to or integrally deposited on the substrate.

3. The method as claimed in claim 1 wherein placing the conductive adhesive in
the openings in the mask includes flowing the conductive adhesive under bonding pressure

between the substrate and the integrated circuit die.

4. The method as claimed in claim 1 additionally comprising:
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;

forming openings in the soldermask over at least two pads of the plurality of pads;
9



9 March 2007 bonding an integrated circuit die over the substrate using a conductive die attach
adhesive; and placing the conductive die attach adhesive in the openings in the soldermask and in
conductive contact with the at least two pads of the plurality of pads. 7. The method as claimed in claim 6
wherein processing the metal layer uses a metal layer bonded to or integrally de&%ﬁ%‘ o the substrate.

8. The method as clymed in.Claio G uharelh RIRCINECAAHIVEHE atRGH.aAResY & ddhe openings

in the soldermask includes flowing the conductive the attach adhesive under bonding pressure between
a ground plane and the sU¥86%YS: 9The method as claimed in claim 6 wherein: processing the metal

layer forms a powepLrkass-Gernoastaorn@etingvaipesver ipars &lethe Pliuratityoiidadsk andadditionally

comprising: bonding a groun: lféltrf\rl:ecol\]/gr tt@v?ts%besg{?tesgpvgouggse(r) teei Elerglri?teo cggﬁuit the, the ground
plane, the bonding using HECondbcHvE the al}tach adfiesiveAng providing dtittive contact between

the conductive die attach agbesiyeand HNeAqH ARG K] DR rIsgdiRsclaimad in gaim 6 wherein:

processing the metal layer forms a power cross-connect connecting two power pads of the plurality of
pads; and adﬂﬁféhléﬂﬁrgﬂwﬁﬂém@r: sty eppotidPpIRss BB e substrate, the bonding using the

conductive die attach adhesive and proyiding conductiye contact between the conductive die attach
chesive and the found JENECIRE BoR AR IS G E BB e BPAEE SR Ee1p

adhesive in the openings in the soldermask includes flowing the conductive die attach

adhesive under bonding pressure between a ground plane and the substrate.

9. 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 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.
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