WD 2008/ 017232 PCT/ CN2007/ 002228 SUBSTRATE AND PROCESS FOR SEM CONDUCTOR
FLI P CH P PACKAGE Background of the Invention This invention relates to a
substrate for sem conductor flip chip package, and a 5 process to fabricate
the flip chi waimos/@e23ei th the substrate. Flip chip technoPEHENRWTHRB280f the
nost frequently used package technology for chip scale package. As the flip
chip technol ogy can enploy area array to di spose bunp pad and be connected
to the carrier through a bunp, it can reduce the packaging area and shorten
the transm ssion path of the signal. Traditional type of bunp pad 10 design
of the substrate can be classified into SVD (Sol der Mask Defined) type and

NSMD ( Non- Sol der Mask SEBS TRATEAND PROCESSOFORISEMICONDIMTOR of bunp pad
design has its own nmerits and de¥EIP CHIPRACGKAGEuUIt, there is no verdict on

this matter one way or another. FIG 1 FIG 1 and 2 are cross-sectional views of a
flip chip package of the NSMD Ifg, &¥RGndos e IRveA@Bhe i N the prior art. As
showmn in FIG 1 and 2, a plural |TT%‘TUUTTIFT‘ITU—_S formed on the active
surface of the Ch"ﬂlsjig%ntl&tﬂ?elﬁgyﬁal@ﬂﬁétﬁf&@erﬁ@oﬁh&@?ﬂﬁ; fgpﬁ)t a§§‘df?§£rat e 130,

and is electrically connected to the substrate 130 t ‘bunp pads

140 by the bugaaées;tﬂecrabridategﬁaﬁ%,achup aeb@e SRR Msgarb30 i s conposed of one or
nore |ayers of patterned conducting (e.g., copper) foil and insulating

| ayers stacked inpg R t&!hh@lf)@ffs'oﬂgoﬁ%@ﬂ%qu OB6IA8LaMd RuiElichl Ng Nol es

(not shown) in the insulating layers for interconnectin he patterned

Condtyng | gsel st e Moy S g5 oGP bl o 010
bunps of the gbiPpah28d bd connected to the carrier through a bump, it can 1educe the packaging
area and shorten the transmission path of the signal. Traditional type of bump pad
10 design of the substrate can be classified into SMD (Solder Mask Defined) type and
NSMD (Non-Solder Mask Defined) type. Each of these two types of bump pad design
has its own merits and demerits. As a result, there is no verdict on this matter one way
or another.
FIG. 1 and 2 are cross-sectional views of a flip chip package of the NSMD
15 type as an example in the prior art. As shown in FIG. 1 and 2, a plurality of bumps
110 is formed on the active surface of the chip 120. The chip 120 is to be attached to a
substrate 130, and is electrically connected to the substrate 130 through the bump
pads 140 by the bumps 110, In general, the substrate 130 is composed of one or more
layers of patterned conducting (e.g., copper) foil and insulating layers stacked in an
20 alternating sequence, together with etching holes (not shown) in the insulating layers
for interconnecting the patterned conducting layers. The substrate 130 has its surface
coated with a solder mask layer 150, and exposes only the bump pads 140 for

connection to the bumps of the chip 120.



WO 2008/ 017232 PCTI CN20071002228 As shown in FIG 2, a reflow process is
enpl oyed in the conventional nethod to heat the bunp 110. The heated bunps
110 will nelt and form good bonding with the bunp pads 140. As an exanpl e,
in the case wd 200801t bunps, where the bunps | 10 wil |l rreiTiCN2007082C8 t he
bump wi.ll be heated to above 200C to obtain a good 5 wetting function to
form good bonding with the bunp pad. Subsequently, an wunderfill naterial
(not shown) is enployed to fill the space between the chip 120 and the
substrate 130 as shown in FIG 2. This is to protect the bunps 110 from
being "fatigue collapse” due to thermal stress resulted fromdifference
bet ween the coef #is¢hew indgliGt henelRow pregeanisicomloyed inee enventiond netiwdt hat  of
the substrate 130. 10 Such bunp to bunp pad connection nethod suffers from
several probltehsat thehampt 118+ Bhedreatedibvnagpst 1 0 avill sielt gmdvonn gpedivinding vGth t he chip
120 or the substrate 130, Typical defects include the position offset of
ei t her | eft - ¢he bunp pads [ #@hAs aof dxgaplepisthocsse ofdrfis burmps, whetetlecbubpap pads 140
as shown in FIG 3, elevation offset between the coplanarity of the
substrat e 13010will heltahi§3°CAbe msnsiwiilive heated toGbove 200°C edbusirn gbdte 15 bunps
112 as shown in FIG 5, position offset due to the m salignnent between the

di stri bati on vaditingfancionay fodh gbbiEbdadiigsvithkhe bung . Subdeudatly,iagan of the bunp
pads 140 on the substrate 130 as shown in FIG 6 and FIG 7. The foll ow ng

descri bes i n widérdllnsaterfah@rotihown) deimpllyed formill thespabd ieteden Bhd by 120akhed by
conventional process. As observed in FIG 3, if there is msalignnment of the

bunps 110 andhésiitptrate BORREBovEAR RIGEY) THiCis ¢hpibtedidBe biingel 130 @dmeinghe bunp pad,
there will be position offset problem wherein part of the bunps 110 are

unabl e to tougdighbeollapsp dpadshekmal stress resulted RorA etehde Bétwedlthe to touch the
bunmp pads 140 but the contact areas are too small to have a good contact
bet ween the hidsffisiedtldy titsdfall RpansistipS the dbip 140 and thattof i sGikheate 120,
10 Such bump to bump pad connection method suffers from several problems
when there are defects or alignment problems on the chip 120 or the substrate 130,
Typical defects include the position offset of either left-offset or right-offset between
bumps 110 and the bump pads 140 as shown in FIG, 3, elevation offset between the
coplanarity of the substrate 130 to the chip 120 as shown in FIG. 4, or between the
15 bumps 112 as shown in FIG. 5, position offset due to the misalignment between the
distribution of the array of the bumps 110 to the distribution of the bump pads 140 on
the substrate 130 as shown in FIG. 6 and FIG. 7. The following describes in details
the above defects in the flip chip fabricated by conventional process,
As observed in FIG. 3, if there is misalignment of the bumps 110 and bump
20 pads 140 when the chip 120 is placed on the bump pad, there will be position offset
problem, wherein part of the bumps 110 are unable to touch the bump pads 140, or

the bumps 110 are able to touch the bump pads 140 but the contact areas are too small

to have a good contact between the bumps 110 and the bump pads 140. In this case,
2



WD 2008/ 017232 PCT/ CN2007/ 002228 bad solder joint will be fornmed between
the bunps 110 and the bunp pads 140 with | ow el ectrical conductance, or
there are no electrical contact between the bunps | 10 and the bunp pads

140 at all. wonmsbhiesz case, the bunps 110 are said to haverkaen7oenecked due
to the thermal stress in the reflow process. 5 Simlarly, if there are

copl anar probl em between the chip 120 and the substrate 130, there will be
el evation offset between the bunps 110 and the bunp pads 140 as shown in
FIG 4. In this case, due to an inperfection 132 in the substrate 140, one
or nore of the bunps 110 are unable to touch the bunp pads 140, or the

bunps 110 ar éad sideejolin wild be forinBébdrwegn thebsignps400 bt the Bémg padsag6 wareas are t oo
small to have a good 10 contact between the bunps 110 and the bunp pads 140,

In this caseloweélects@ll é@tduptancs] or thérd ire A6 electricat doligdt beiRized e biupgis0110 and the
bunmp pads 140 with low el ectrical conductance, or there are no electrical

contact bet wasdtht bemp padst40 2l eitheecdae) i bup@dd 1041 saill tathdve btdp €i t her case,
t he bunps 110 are said to have been cracked due to the thermal stress in

the refl ow peacledsine fShEthemrnd] stdss af theRflowpedeksm can al so be caused by
non-uniformty in the sizes of the bunps 110. As shown in FIG 5, one or

nore of 5the bunpsSihilarty ifthére arecoBlahar pLodblem BehdéentthedhiR 120 4a #elsehstatet ouch t he
bunmp pads 140, or the bunps 112 are able to touch the bunp pads 140 but the

contact areas3@tierd Wil eidvhtidrooibeiRiveed 8RGue9N t HLindiRd Mg padt v dunps 112
and the bunp pads 140. In this case, bad solder joint will be fornmed 20

bet ween t he khowasin FI@ 4andthishasd) tidto pafspelfdfioni 18D il Bwaseat 140; 3he gonduct ance,
or there are no electrical contact between the bunps 112 and the bunp pads

140 at all, mlofe dithdWimpsa$e arctufishidtRih Hedbudipadai ), bothbbiepshieearecr acked due
to the thermal stress in the reflow process. 3
able to touch the bump pads 140 but the contact areas are too small to have a good

10 contact between the bumgs 110 and the bump pads 140, In this case, bad solder joint
will be formed between the bumps 110 and the bump pads 140 with low electrical
conductance, or there are no electrical contact between the bumps 110 and the bump
pads 140 at all. In either case, the bumps 110 are said to have been cracked duse to the
thermal stress in the reflow process.

15 Elevation offset problem can also be caused by non-uniformity in the sizes of
the burmmps 110. As shown in FIG, 5, one or more of the bumps 112 are too small such
that they are unable to touch the bump pads 140, or the bumps 112 are able to touch
the bump pads 140 but the contact areas are too small to have a good contact between
the bumps 112 and the bump pads 140, In this case, bad solder joint will be formed

20 between the bumps 112 and the bump pads 140 with low electrical conductance, or
there are no electrical contact between the bumps 112 and the bump pads 140 at all.

In either case, the bumps 112 are said to have been cracked due to the thermal stress

in the reflow process.



WO 2008/ 017232 PCT/ CN2007/ 002228 The position offset can al so be caused by
the m sal i gnment between the distribution of the array of the bunps 110 to
the distribution of the bunp pads 140 on the substrate 130 as shown in FIG
6 (show ng wony@akigned bunp 113 straddling a bunp pad PRAZCNMG /@228 der
mask portion 152), and FIG 7 (show ng a bunp 114 5 straddling a m saligned
bunp pad 142 and sol der mask portion 152). In these cases, only part of the
bunps 110 can be aligned to the bunp pads 140, other bunps 110 are wunable
to touch the bunp pads 140, or the bunps 110 are able to touch the bunp pads
140 but the contact areas are too small to have a good contact between the
bunps 110 and t Ae posiionndfiet cam also bercaubrddydhemisalipnmendictiesenitisi nt wi | | be
formed between the 10 bunps 110 and the bunp pads 140 with | ow el ectri cal
conduct ance, digributipaof theragay of theburaps 16 4 the distrietiorhefitheetymy peds bAthgss 110 and
the bunp pads 140 at all. In either case, the bunps 110 are said to have
been cr ackedhe ebsirase { HastshewmalF1Gt ¢ Ghewing amtiealigedd bowp 138 soakilings G 14, 15
and 16 are sinplified cross sectional side view of prior art flip 15 chips
(U.S. pat entbump pad9#3 ash solder mask portiongl 53), ehd BIGa {7 t(shotving 4 mimep Bdbst r at e,
wherein the bunps are substantially inserted into the recesses of the
substrate vm'ihlﬂd@llngfaéniéﬂiignempadd4gremm&ermmdiqnsw?c)ldnithwﬁa&% 14 are
directly bonded to the netallic pads of the substrate, whereas the bunps 1
10 in FIG 1siypareofdlschumpsiil® penchsratignedity the pump pads1iA0, dledr braphHblidege | nser t ed
into the recesses and interconnections are forned between 20 the conductive
paste and t hwaplgdstoughthebanp p@ls 14hor Sohumps | Wearpalde b tard thebupmeds ted  ont o
the pads instead of the bunps, and interconnections are forned between the
bunps 110 and#Otbubthe oprdant edegscarpins small wohavy h gogskroktagidbetreen delhumpadllshown i n
FIG 14 does not solve the potential elevation offset problemas depicted

in FIG 4. Mndtstwnppads 140, In this case, bad solder joint will be formed between the

10 bumps 110 and the bump pads 140 with low electrical conductance, or there are no
electrical contact between the bumps 110 and the bump pads 140 at all. In either case,
the bumps 110 are said to have been cracked due to the thermal stress in the reflow
process

FIG. 14, 15 and 16 are simplified cross sectional side view of prior art flip

15 chips (U.S. patent no, 6975035) illustrating a chip attached to a substrate, wherein the
bumps are substantially inserted into the recesses of the substrate with different
mounting method, The bumps 110 in FIG. 14 are directly bonded to the metallic pads
of the substrate, whereas the bumps 110 in FIG. 15 were coated with conductive paste
170 before being inserted into the recesses and interconnections are formed between

20 the conductive paste and the pads. In FIG, 16, the conductive paste 170 is deposited
onto the pads instead of the bumps, and interconnections are formed between the
bumps 110 and the conductive paste 170. The package structure as shown in FIG. 14

does not solve the potential elevation offset problem as depicted in FIG. 4. Mounting
4



WD 2008/ 017232 PCTI CN20071002228 nethod illustrated in FIG 15 and 16
sol ves the noncopl anarity problemintroduced by inconsistent bunp hei ght
and inperfection of the substrate, but the potential risk of positional

of fset as obgefueei7eaa FIG 3 is still exist. For FIG 15pctht26o06isti ve
paste 170 cannot spread over the exposed area of the pads. And for FIG 16,

only part of the 5 bunp surface is contacting the conductive paste 170. The
conducting areas in both cases are small and thus the sol der joint
reliability is low. Also, splitting of conductive paste 170 onto the
surface of the substrate 130 woul d occur when the bunps 110 are inserted
into the recasthediliustrafddGn F1G. 153udié solveafihd ivacdptanerityipeoblékf infilodudedbpnt i on i s
aimed at providing a substrate for flip chip package and a process to

fabri cat e t hiecdrsisjpnicthinmg leésht ael, implrésceion bfthé athstraie butthe pétedtiabridd dfp chi p has

| arge tol erance of chip to substrate co-planar offset, position offset, and
accuracy of paaitiogairdfs¢tas obsetvhadinIGp3 isastilltekizt. dlor BIG. aﬁ,cthet:(mldudstg'clpa)dtes (burrp
pads) on the substrate. The fabricated flip chip package has an increased
cont act ar eal 10etmet spredicoverihp expased atéa dfite gadsrAnd et FIGt 1) snliypart efthe t he
solder joint reliability, and hence the yield and reliability of the
package. | n omeesurface iatéraacting the coeiveigei paste A7 The barductingaedsas itdth t he present
invention provides sem conductor package structure for flip chip package

t hat i ncl udesmsatard swedltand thup thersaldert jpinofeliptatityds loerd Atsoy splliting loAyeexisctivai ch can be
copper or other conductive 20 materials, and an insul ating substrate, which
can be pol ymade 166 omb e sutfxsolf teisnlgptrateel8 @ mioaldoccualwthen thetbaimys $10e&i Ng up each
other, The patterned circuit layers are electrically connected with each

ot her, wher ehserted itofhetedresspein @G dd circuit |ayers is 5 WO 2008/ 017232

PCT/ CN2007/ 002228

Summary of the Invention

10 The invention is aimed at providing a substrate for flip chip package and a
process to fabricate the flip chip device, where the fabrication of the flip chip has
large tolerance of chip to substrate co-planar offset, position offset, and accuracy of
alignments of the bumps on the chip, and etching holes (bump pads) on the substrate.
The fabricated flip chip package has an increased contact area between the bumps and

s the bump pads, thus increase the solder joint reliability, and hence the yield and
reliability of the package.

In order to attain the foregoing and other objectives, the present invention
provides semiconductor package structure for flip chip package that includes at least a
plurality of patterned circuit layers which can be copper or other conductive

20 materials, and an insulating substrate, which can be polymide or other insulating
materials, alternately stacking up each other. The patterned circuit layers are
electﬁ'cally connected with each other, wherein one of the patterned circuit layers is

5



positioned on the surface of the substrate. The patterned circuit |ayer
includes a plurality of bunp pads. The substrate that covers the patterned
circuit layer is etched to form holes which expose the bunp pads to the
chip. In another enbodi ment, the sidewall of the etching holes of the
substrate cayohwselrertrically plated with copper, or 5 oPREICNSWIE3EE ve
materials to help to increase the contact area between the chip and the
bunp pads as discussed in the follow ng. According to an illustrative
enbodi nent of the present invention, the etching holes are filled with

sol der paste. The chip is studdl.tl bunpedstud or bunped wth other
technique. The flip chip package is fornmed by having the bunps on the chip
10 penet r at e Rositignedipa the sirfengolibe abstitatd. [Theipatierned sistwidlayep insludes aTher ef or e,
after a reflow process, the contact area between the bunps and the bunp
pads is not |Rlvelige! bemp hads. Thasubsivatedas corersthepdsiemsd pircist [aysnis etdhed cont act
area also include the interior surfaces of the etching holes. The contact
area bet ween o Bamipigssvhisidexpbss the ipradstodhesebip. im gnatite smbédimeritdthe sur f aces of
the etching holes. Since the contact area between the 15 bunps and the bunp
pads i ncr easedidewal of theetrdingjholenof the pubsipdte ¢anpe elentriselly pipted wishi cepper, ot he yi el d
and the reliability of the package can al so be inproved. Brief Description
of the Drawi rrjker cpndygtiveamatonialetoiholpiterinaressedite qopinct areaetwesn th dhip a9d descri bed
by way of exanple and with reference to the acconpanying drawi ngs, in

whi ch: 20 FI Ghe humpspasls g5 diseysseddn thodellomiigew of a flip chip package in NSMD
form according to an exanple of the prior art with a bunped chip and a
substrate with béwsporpingdo reidlusirative ¢reborlisent ef the presaptinversiongbe ¢tehing 6 WO
2008/ 017232 PCT/ CN2007/002228 FIG 2 is a cross-sectional viewof a flip
chi p package hotessnibletlgyith solder paste. The chip is studdr.1) bumpedstud or bumped with

other technique. The flip chip package is formed by having the bumps on the chip

10 penetrate into the etching holes filled with solder paste. Therefore, after a reflow
process, the contact area between the bumps and the bump pads is not limited to the
top surface of the bump pads, but the contact area also include the interior surfaces of
the etching holes. The contact area between the bumps and the bump pads also
includes the side surfaces of the etching holes. Since the contact area between the

15 bumps and the bump pads increases, the solder joint reliability can be improved and
the yield and the reliability of the package can also be improved.

Brief Description of the Drawings
Ilustrative embodiments of the invention will be described by way of example

and with reference to the accompanying drawings, in which:

20 FIG. 1 is a cross-sectional view of a flip chip package in NSMD form
according to an example of the prior art with a bumped chip and a substrate with

bump pads ready to be form electrical connection;



according to an exanple of the prior art with the bunps of the chip
electrically connected to the bunp pads of the substrate; FIG 3 is a
cross-sectional view of a flip chip package in NSMD form 5 according to an
exanpl e of tWe2pB0UR32art that suffers from position of f secTunabl7om2ys t h
m sal i gnment between the bunps on the chip and the bunp pads on the
substrate; FIG 4 is a cross-sectional view of a flip chip package in NSMD
formaccording to an exanple of the prior art that suffers from el evation
of fset problem wth a defective substrate; 10 FIG 5 is a cross-sectional
view of a flip chip package in NSMD form according to an exanple of the
prior art that sufIGeRss o qrosmsedtionaltviiemotsf flip ehip paddageimNSMDHomonuni f or m bal |
size of the bunp on the chip; FIG 6 is a cross-sectional view of a flip
chi p package a¢aerdigD ah examplaotibe piiorgritwithcathe Bxoapspif theahipt dieetmrailpr art t hat
suffers fromposition offset problemw th 15 nonuniform bunp distribution
on the chi p; cein@tedrtoitse ungy pesls ofthe subsimaté; vi ew of a flip chip package in NSMD
form according to an exanple of the prior art that suffers from position
of f set probl em wiEIR. 3 iscraessfsectivniliqw ofi estlip clip padkagoin NSMDJoabst rate; FIG 8
is a cross-sectional viewof a flip chip package according to an 20
il lustrative aeobing toenexanipl¢ bfthppegertthat mféent fron podiida ofBei oldem with
cross-sectional view of a flip chip package according to another enbodi nent
of the presentsalignmeent between thé byrhps i thieskkp anddhe bune wede bir fig shislbrats; pl ated with
copper that electrically connect to the bunp pads; 7 WO 2008/ 017232
PCT/ CN2007/ 00222 FIGF# .2 crssissctimnalvisrsefacilip clup phckegeiw NSMR frii p chi p package
according to anot her

according to an example of the prior art that suffers from elevation offset problem

with a defective substrate;

10 FiG. 5 is a cross-sectional view of a flip chip package in NSMD form
according to an example of the prior art that suffers from elevation offset problem
with nonuniform ball size of the bump on the chip;

FIG. 6 is a cross-sectional view of a flip chip package in NSMD form
according to an example of the prior art that suffers from position offset problem with

15 nonuniform bump distribution on the chip;

FIG. 7 is a cross-sectional view of a flip chip package in NSMD form
according to an example of the prior art that suffers from position offset problem with
nonuniform bump distribution on the substrate;

FIG. 8 is a cross-sectional view of a flip chip package according to an

20 illustrative embodiment of the present invention;

FIG. 9 is a cross-sectional view of a flip chip package according to another
embodiment of the present invention with the sidewall of the etching holes plated

with copper that electrically connect to the bump pads;
7



enbodi ment of the present invention with the etching hole filled with sol der
paste; FIG 11 is a cross-sectional view of a flip chip package according
to anot her enbodi nent of the present invention with the bunped chip
penetrat es iw thog/be250! der 5 paste filled etching h0|eSP§EK£9§7ﬁGQ? rate;
FIG 12 is a cross-sectional view of a flip chip package A 0

anot her enbodi nent of the present invention with the bunped chip penetrates
into the solder paste filled etching holes of the substrate after a refl ow
process that collapse the solder paste to formelectrical connection

bet ween the bunps of the chip and the 10 bunp pads; and FIG 13 is a
cross-sectional | doB: 04 L enbodi nent

Y1603 a rold %?Qttlﬁxgl ﬁaﬁgggﬂ%ﬁc}lg’%%%ag% Q&o&f?n%atg %&tﬁ r

of the present invention wt rates into e sol der

paste fill eden%o&?ﬁ;jég?oﬂgﬂé se?fo in#ré]ffioﬁ m%@%@ggﬂoﬁﬁlﬁd%{d sglgag{)éa\gféess t hat

col l apse the so aste orm el ec connect1 on eh the bunps

f th hi d [ dthe b

pads on the cubst e RLRTRrEora VOT 6P B n g B "
he subst; C Ve A-URE T G 1

ot ror art 1 ornindttiho Reicnl R bl R WARRREC AR HBab e BHART, U ©

insertﬁd intﬁsgel?ﬁc&g{gﬁﬁigaesqjﬂﬁmg%pestrate; 20 FIG 15 is a cross sectional

view of a flip chip package according’'to an exanple of prior sit for which

the b ttach 119 ; . . thall i - ed i th

of the subst 1 at o 1% acr EofHeRiAhR Y IE Ak hitpat JROEE Rl ' e " ecesSeS

PCT/ CN2007/ 002288 enfdiFhe ﬂr?sehtsmgen@%f?%;l%%?Qﬁkhiwé&%ﬁ&@s fhtd th BifR! P package
nple of p or cht

according to an exa rior art unps attached to the
chip are Su%&t@'ﬁﬁlh@étklﬁng holes of the substrate after a reflow process that collapse the

solder paste to form electrical connection between the bumps of the chip and the
10 bump pads; and

FIG, 13 is a cross-sectional view of a flip chip package according to another
embodiment of the present invention with the bumped chip penetrates into the solder
paste filled etching holes of the substrate after a reflow process that collapse the
solder paste to form electrical connection between the bumps of the chip and the

15 bump pads, where the bumps on the chips and the bump pads on the substrate exhibit
various forms of non-uniformity;

FIG. 14 is a cross sectional view of a flip chip package according to an
example of prior art for which the bumps attached to the chip are substantiaily
inserted into the recesses of the substrate;

20 FIG. 15 is a cross sectional view of a flip chip package according o an
| example of prior art for which the bumps attached to the chip are substantially

inserted into the recesses of the substrate using another mounting method;



inserted into the recesses of the substrate using another nounting nethod;
and FIG 17 is a cross-sectional view of a flip chip package in anot her
enbodi ment 5 of the invention. Detailed Description of Illustrative

Enbodi nent swo\fadsioanss2 enbodi ments will be descri bed i n derGi/CN2DV092228f er ence
to the draw ngs, wherein like reference nunerals represent |ike parts and
assenblies throughout the several views. Reference to various enbodi nents
does not Iimt the 10 scope of the clainms attached hereto. Additionally, any
exanples set forth in this specification are not intended to be limting
and nerely set forth sone of the many possible enbodi nents for the appended
clai ns. Thi s applBIGat6 ism ctiss edcsmb view pfavilipeohip package arabding toiaaal connecti on
between the bunped chip and the patterned circuit |ayer of the substrate.
As will be déxsopisdgriodét for gahictitimcgunipe atitdchedsip tlat dhipeare mibsntiatigt s of t he
present invention, nost of the fabrication problemin flip chip can be

rel i eved by isérted iro thenpiessep oitbesubstritswsirpsmdthenmotting methodydndon, FIG 8 is a
cross-sectional view of disclosed flip chip substrate taking copper as an
exanpl e to form tHi@. Phisherasesectionat view of afliprchijcpokapengatotheaembddimettr at i ve 20
enbodi nent of the invention. As shown in FIG 8, the substrate 830 is forned
by an § nsul efttheipverdios. 832 | ayer on top of a patterned conductive circuit

| ayer 860. Additional insulating |layers and conductive circuit |ayers
stacked in an alternating 9 WO 2008/ 017232 PCT/ CN2007/ 002228 sequence can

be included in the SUbStD@&ﬁecﬁﬁ&mﬁﬁ@n6fqﬂu§tfhiwe%§dlmnhé’df§r 832 on the
surface of the substrate Tnc a etcni ng hol es 834. The
ﬁtlchl ng hol es Caw%uégﬁmﬂnmsm%%ah@&laa&aﬁmmreﬁlen&‘étsmeng, or any ot her
ol es fanning

drawings, wherein like reference numerals represent like parts and assemblies

throughout the several views, Reference to various embodiments does not limit the
10 scope of the claims attached hereto. Additionally, any examples set forth in this
specification are not intended to be limiting and merely set forth some of the many
possible embodiments for the appended claims.
This application discloses a new way to form electrical connection between
the bumped chip and the patterned circuit layer of the substrate. As will be discussed
15 regarding the illustrative embodiments of the present invention, most of the
fabrication problem in flip chip can be relieved by using a simple process discussed in
this invention,
FIG. 8 is a cross-sectional view of disclosed flip chip substrate taking copper
as an example to form the patterned circuit layer according to an illustrative
20 embodiment of the invention. As shown in FIG. 8, the substrate 830 is formed by an
insulating core 832 layer on top of a patterned conductive circuit layer 860,
Additional insulating layers and conductive circuit layers stacked in an alternating

9



t echni que such as punching, nechanical drilling or laser drilling. At the
bottomof the 5 etching holes are bunp pads 840, and the sidewalls 846 of
the etching holes 834 can also be coated with a conductive |ayer 844 (e.g.,
copper), aswetowsoimsFl G. 9, by any netal buil dup or ceaTiaNgot’maizes ques
wel | -known in the art such as electroplating after masking the substrate by
phot oresi st or after electroless plating/deposit of a seed netal |ayer onto
the inside wall of the hole. .For exanple, a variety of well-known 10
processes in plated through-hole ("PTH') technol ogy can be used to plate the
sidewal | s 846 with a conductive |ayer 844t.z7. The etching holes 834 expose
the bunp padegugurs chobe iafladadrin Sielsubsinatedd0.i Tie tap insuleting leyar §3Bowthe | n
connecting the chip to the substrate, first, the etching holes 834 are
filled w thsefaseptibe sybakateinglndes splurehiywi cickinghales 833, Thewiching iwl®820 i s st ud

bunped on its 15 active surface in this illustrative enbodi nent of the
i nventi on as catkndpmied byipaiterning andrehemidabetching; o #nyrpthes holeh fxmings nal |
protrusion 812 at the tip. It is noted that in the illustrative enbodi nent,

the etching Fkshuguessdh ssppaching, hiechanicat drilinearilasyr driling A¢ thedatiere ofthough sol der
paste 870 to ensure adequate electrical contact between the sol der bunps
810 and® sol deichinghplesrare burga pads$40,rand thyisisgwalisf4o0f hgeichingdolee piddsne def ect s
such as position offset due to miss- alignment or non-uniformdistribution,
and el evat i oAlseb¢ enatedaith aconduptine layer®dplamaroppsy), adshommdn EHF.[9, Bnaysubst r at e.
For exanple, the etching holes 834 in the illustrative enbodinments have a
dept h that i sweiabpuiliup pueastiyg epmiggnweldnavneinhesrhsuol as ¢lestioplaingiediei\D
2008/ 017232 PCT/ CN20071002228 pads 840. And the depth of the etching holes
in the prior masking the subsisaie Bypleoteresistior aftasielgtiroless plating/Bepopisof a@etter sui t abl e
depths can be used. Alternatively, the depth of the etching hole 840 can be
desi gned basawtablayerteata the inside oall pf s bole. .Foreexpuplps: Bigtyta§ well-known
10 processes in plated through-hole ("PTH") technology can be used to plate the
sidewalls 846 with a conductive layer 8442]. The etching holes 834 expose the bump
pads 840 for electrical connection with the chip 820.
In connecting the chip to the substrate, first, the etching holes 834 are filled
with a solder paste 870, as shown in FIG. 10. The chip 820 is stud bumped on its
15 active surface in this iltustrative embodiment of the invention as shown in FIG. 10,
That is, each bump 810 has a small protrusion 812 at the tip.
It is noted that in the illustrative embodiment, the etching holes 834 have
sufficient capacity to accornmodate enough solder paste 870 to ensure adequate
electrical contact between the solder bumps 810 and solder bump pads 840
20 throughout the range of acceptable defects such as position offset due to miss-
alignment or non-uniform distribution, and elevation offset due to lack of coplanarity

of the chip and substrate. For example, the etching holes 834 in the illustrative

embodiments have a depth that is approximately the same as the width of the bump
10



be attached to the substrate 830. For exanple, a depth of between about 0.5
to about 5 1.5 tines the dianmeter of the bunps 810 can be used. As anot her
exanple, a depth of between about 03 to about 1.2 times the dianmeter of the
bunps 810 camobmswsrest From yet anot her perspective, th@CHEINGQ788228 n t he
illustrative enbodi nent have sufficient depth to permt the solder paste to
imerse a significant portion (e.g., one half of the height of the bunps)
of the bunps 810 after the solder paste is collapsed in 10 the refl ow
process. Next, initial (i.e., pre-reflow) contact between the chip 820-and
the substrate 830 is forned by having the stud bunp 810 of the chip 820
penetrate i ntRads B0. s@ddh?depﬂaﬁ{@mg in the|prigk athis sempasttde ®3ke as shown in
FIG 11. A refl owgrocess is then performed on the chip 820 attached
substrat e 830weight otithe himps. Ofer wiipble depthsren beywd. shlitmatvsly, thadentepf ed sol der
paste 870 col | apses (as indicated by the change in shape of the surface 872
of the sol derthpeishiag bote 8Hqapde designedbased on thedntared sigestafithe bupws 81&9i ng hol e
FIG 12. In this vvag the el ectrical conduction between each of the bunps
810 and each hsfattached M thpsubsteaie 8300 Hos examples f denth efbativess ebont8.5Hp gt degr ee
than the prior_ art due to the increased certainty of adequate contact area
via thes20 sol-¥tmesthe dismgtppof tipmpags$la can hearsed | Asanofhst exemple p depth ¢k y i s
inproved, with the resultant decrease in the electrical contact resistance
bet ween t he Hheipesnghaut ddo ehpat be tiges fedianeing of thg bumps $idcan bpessit i on of f set
problens due to mss-alignment, or 11 WO 2008/017232 PCTI CN20071002228
nonuni f or m di¥emiystanpher pesspectivedbeholerd3dfit detlluyshaiiesmbodimentisve opl anarity of
the chip and substrate, or the bunps can be alleviated, The insulating |ayer
832 can be mesyEicint dapth topeumibihe pejdermrse lodmmetseeaignificantpertioni(ps.corep
packagi ng. For exanple, a polyimde can be used. Other materials,

half of the height of the bumps) of the bumps 810 after the solder paste is collapsed in

10 the reflow process.
Next, initial (7.e., pre-reflow) contact between the chip 820 and the substrate
830 is formed by having the stud bump 810 of the chip 820 penetrate into the solder
paste 870 that fill etching hole 834 as shown in FIG. 11.
A reflow process is then performed on the chip 820 attached substrate 830 to
15 melt the solder paste 870, such that the melted solder paste 870 collapses (as indicated
by the change in shape of the surface 872 of the solder paste 870 between FIGS, 11
and 12) to fill the etching hole FIG. 12. In this way, the electrical conduction between
each of the bumps 810 and each of the bump pads 840 is therefore ensured to a higher
degree than the prior art due to the increased certainty of adequate contact area via the
20 solder paste 870, Therefore, the solder joint reliability is improved, with the resultant
decrease in the electrical contact resistance between the bumps 810 and the bump

pads 840. Furthermore, position offset problems due to miss-alignment, or

11



5 such as high tenperature insulating materials can also be applied to form
the substrate. Exanples include Bi snal ei m de-Tai azi ne (BT), (Flane
Resistant) FR- 4 and FR-5. The conductive | ayer 860, bunp pads 840 and
conductive WH08/013a32l s 844 can be nmde from any suit abl @CTENIWT02228
materials for flip-chip packaging. For exanple, copper, gold, nickel or a
conbi hation of them can be 10 used, The above-nenti oned advantages of the
di scl osed substrate structure and chip structure is denonstrated in FIG
13, which is a cross-sectional view showi ng chips and substrate that suffer
fromposition offset, elevation offset, and el evation offset due to

nonuni f or m sibohiformdistribntion, andlelpwasion bffset plobkeak dokid coplaiirgpofthé giprent in t he
15 distribution of the bunps 810 and bunp pads 840. Differing fromthe prior
art for whiaotsibskatetos tierhgmpotaheatlevisedy slightly |arger than the bunps,
the present invention provides adequate design margins of the etching hol es

834. For exanpl eThd ineulatingtldyen$32 w@h bbimade bfaing snsBidtng rmatadkdwiitablsi ce t he

di aneter of the stud bunp 810, such that all the bunps 810 can penetrate
into the et donflip-chiplpaska8iad, Fov dxamplf 4 patyiriide dadbeis2d.COtHepmaidfalk,at er al
alignnment variations contenplated. O her relative sizes can be used. For

exanpl &, t heusld ddthighatmpdrsnetinnlatioy atedials Sdvalwde apgliddtofommpit 1,5 tines to
about 2.5 tinmes the dianeter of the stud bunp 810. In FIG 16 (U. S. patent

no. 6975035)ubstratey Exdrhygled ingludd BisieleinidpTaisdite (BT),&F a0 Resibagt) AR h t he
conductive paste after reflow process. 12 WO 2008/ 017232 PCT/ CN2007/ 002228
Unli ke t he p@randFRaS. t Thetchadwtivedayer 868, thamp pads §48tand ¢dnkisctiveénnei chi ng hol es 834
is collapsed after the refl ow process and fornms good contacts with the bunps
810 and bunwajlia844 caide madt fom ahi euitiblé@dolduaiie materidifopflpsctit | nvention are
intentionally formed with elongated |Iead, such that elongated part of the
bump wi || beackagingeFel exaapies @epkr] guld) nickel or a combination of them can be
10 used,
The above-mentioned advantages of the disclosed substrate structure and chip
structure is demonstrated in FIG. 13, which is a cross-sectional view showing chips
and substrate that suffer from position offset, elevation offset, and elevation offset due
to nonuniform stud bump size, and position offset due to miss alignment in the
15 distribution of the bumps 810 and bump pads 840. Differing from the prior art for
which the etching holes are only slightly larger than the bumps, the present invention
provides adequate design margins of the etching holes 834. For example, the width of
etching holes 834 is about twice the diameter of the stud bump 810, such that all the
bumps 810 can penetrate into the etching holes 834, with sufficient tolerance for
20 lateral alignment variations contemplated. Other relative sizes can be used. For
example, the width of the etching holes 834 can be from about 1.5 times to about 2.5
times the diameter of the stud bump 810, In FIG. 16 (U.S. patent no. 6975035), only

the tip of the bumps are interconnected with the conductive paste after reflow process.
12



5 but not only partly contacting wwth the solder paste as illustrated in the
prior art. Since the stud bunps size to etching holes size ratio in the
illustrative enbodinent is conparatively smaller to the prior arts, there
wi Il be no wphkémsping of sol der paste out of the etchi ngUIEIN2Q0TPNAL238 t he
substrate surface when the bunps penetrate into the solder paste. 10 In the
prior art as shown in FIG 14, 15 and 16, adhesive el enent 180 or
conductive paste 170 is used as a height controller for the attachnment of
the chip to the substrate. In one exanple, the height of attachnent is
predeterm ned and controlled by the flip chip bonder. This insertion nmethod
i s not accurdelékedhaprioratcthe sqlder paste S#hatifille tie elchingthatek 83hid collapsedt he nachi ne
cannot adjust the insertion height to 15 conpensate for the non-uniformty
of the substafier s reflow priacrshend fosmamgsiod contéets Withnibs burtin08 Ifiaind bivep padserted i nto
the etching holes until the chip surface contacts the substrate surface. In
one ot her ex¥Pphlso, thérstudbpnps ip thetpmeserstinventian drointantionally foroted wéthas deep as
menti oned such that the tips of the stud bunps 110 can contact the
conduct i ve pdehgatedfiinad, suplethatelengetsid part pitsebunepiwilbtecotripletady ethérgeyd inol es. The
insertion nmethods of the later 20 two enbodi nents are nore accurate than the
first cone. |bmindewdypanty eostacbuswith the solderphstees ilustratbdtimthe ptibarst r ess when t he
substrate surface contacts the chip surface or the tips of the stud bunp
contacts the surSawe thefstudiwnipe side {veetihingheley\ize s (10thg ABErAPE/ CN2007/ 002228
In addition, an underfill material (not shown) is filled between the chip
and t he subsembpdimendispomparetivelhamadlanto therpsior bits, Hygraowilldead splifing of f at i gue
col | apse caused by thermal stress because of the difference in the
coef ficient ssidet pasterrak oEthp aiching holedantavbe subishite surface wheh thhburgpsbstrate. 5 In
anot her enbodi mrent of the invention as shown in FIG 17, an adhesive

penetrate into the solder paste.

10 In the prior art as shown in FIG. 14, 15 and 16, adhesive element 180 or
conductive paste 170 is used as a height controller for the attachment of the chip to
the substrate. In one example, the height of attachment is predetermined and
controlled by the flip chip bonder. This insertion method is not accurate since there is
no mechanical feedback and thus the machine cannot adjust the insertion height to

15 compensate for the non-uniformity of the substrates, In another example, the bumps
110 will be inserted into the etching holes until the chip surface contacts the substrate
surface. In one other example, the depth of the etching holes will not be as deep as
mentioned such that the tips of the stud bumps 110 can contact the conductive pads
when they are being inserted into the etching holes. The insertion methods of the later

20 two embodiments are more accurate than the first one. In these two methods, the
machine can detect the stress when the substrate surface contacts the chip surface or

the tips of the stud bump contacts the surface of the bond pads.
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| ayer 1780 is included in between the chip and the substrate 1730 to further
conpensate for the irregularities of the substrate 1730 and act as a hei ght
controller for the attachnment of the chip to the substrate 1730. The added
adhesi ve | ayed200980232wi | | al so function as the interconn®CrioNgooage2s bet ween
the chip an the substrate 1730, 10 such that the chip is glued onto the
substrate 1730 by both the adhesive |layer 1780, and also by the bonding
formed between the sol der paste 1770 and the stud bunp 1710. Noted that

ot her type of adhesive techniques can be applied to provide extra strength
to glue the chip _onto the substrate, which will_ be aligned with the
presented enbodilPradditionge uederfilhmaterialipas skevee isdilled botwegn the chiptanditheayer of
adhesive material 15 between the chip and the substrate, it will not be
necessary t oSUbBERSt Pinrotegdiatmanp fom beingerpekad due tn datigup sellapseccauspd ¥, in the
illTustrative enbodinents of the invention, the substrate for flip chip
package of thermpl alkeshbecpyseabthesiiffarence axtbecoetiitéent ofi thersmal expassidyet ween t he
bunmps and the bu pads to inprove the solder joint reliability and the
yield of thebﬁwwg&?h@@ldééemfrat&s increase the reliability. Mreover, the
tolerance in the alignment accuracy is inproved due to the bunps
penetrating into e peother embadimen of sheripyoptien agishownsisFder 17, pagdhssivehi ch col | apse
during reflow. The area of contact between the bunps and the bunp pads is

i ncreased, alsertlAg0 isdncdpded in beswean therhimanddln sybstrafeoi 73 taifietheto t he copl anar 14
WO 2008/ 017232 PCT/ CN2007/ 002228 error, or position error is reduced.
Ther ef or e, t srannspesks fenihe regylasitierefiibeubsiratediip e aches aipight conti@liethe bunp
pads, and associate |arge electrical contact resistance is effectively

addr essed. Ciontheqgifeshmept ofithechip (ol the suheiratenld 3¢ TRe iaddedgdbesivedayer HSPoved.

Anot her advantage of the invention is that as the tolerance of the accuracy
of 5 al i gnnewil! Hwtfiesionaptheinipgenngetingapent belgenshelchip an s cetratet 7Hecone

easier to align .
such that the chip is glued onto the substrate 1730 by both the adhesive layer 1780,

and also by the bonding formed between the solder paste 1770 and the stud bump
1710. Noted that other type of adhesive techniques can be applied to provide extra
strength to glue the chip onto the substrate, which will be aligned with the presented
embodiment. Noted that in the case of having an extra layer of adhesive material
15 between the chip and the substrate, it will not be necessary to underfill between the
chip and the substrate. |
Thus, in the illustrative embodiments of the invention, the substrate for flip
chip package of the present invention increases the contact area between the bumps
and the bump pads to improve the solder joint reliability and the yield of the product,
20 as well as increase the reliability. Moreover, the tolerance in the alignment accuracy
is improved due to the bumps penetrating into the etching holes filled with solder
paste, which collapse during reflow. The area of contact between the bumps and the

bump pads is increased, and the adverse impact to the solder joint due to the coplanar
14



the bunps on the chips with the etching holes (bunp pads) on the substrate.
This is because with a smaller pressure need to be applied to the chip, it
is highly probable that the stressed chip will fall into the etching hole
in a sinm|aWoeser28s that discussed in US patent nunb@CTENIWI0@2E, whi ch
is incorporated herein by reference. 10 To further reduce the alignnent
probllem small vibrations, such as ultrasonic vibrations can be applied to
the attached chip, such that the vibrating chip will have energy to nove
around on the surface of the substrate, but when it has penetrated into the
etching hole, it will not have enough energy to escape fromthe etching

hol e. The qropaboditidnyerdk isroihieli Tigerefbre AadRrdblelnt pBpodr thntadtdisstweadhes that are
aligned is thus 15 enhanced. The various enbodi nents descri bed above are

provi ded bythweympsfand kHelbtihipgiais)and sssdcyatelacke sleoicsl conacthiesistgnsisr ued to imit
the clains attached hereto, Those skilled in the art will readily recognize

vari ous nodiffeciively sddressedd Cohsg@amsly.tthayicldayd the quaieare\wlsb haprovddol | owi ng t he
exanpl e enbodi nents and applications illustrated and 20 descri bed herein,

and w t hout depamnbthegadvimnge dfehe inveRtiGis tHat asthcltokemiee odthe kévardbpbf owi ng
claims. 15 WHAT IS CLAIMED I'S: 1. A sem conductor el ectronic package,

conpr issi ng: alighmexit betwietn ths ibpmpaatidrthe Biinpaaitls sthatosd fifBeoma epdiditdlighy of sol der
bunps di sposed on the active surface; a solder paste; and a substrate,
i ncl udi ng: tae bunigstonfied dhiysneich 1o BIGkiAE holes (Buh pads) droghe sutzaapr Thik g a
plurality of solder bunp pads; and
because with a smaller pressure need to be applied to the chip, it is highly probable
that the stressed chip will fall into the etching hole in a similar manner as that
discussed in US patent number 6,573,610, which is incorporated herein by reference.
10 To further reduce the alignment problem, small vibrations, such as ultrasonic
vibrations can be applied to the attached chip, such that the vibrating chip will have
energy to move around on the surface of the substrate, but when it has penetrated into
the etching hole, it will not have enough energy to escape from the etching hole. The
probability of obtaining attached chips with subsirates that are aligned is thus
15 enhanced.
The various embodiments described above are provided by way of illustration
only and should not be construed to limit the claims attached hereto. Those skilled in
the art will readily recognize various modifications and changes that may be made
without following the example embodiments and applications illusirated and

20 described herein, and without departing from the true spirit and scope of the following

claims,
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a first insulating |layer covering the first patterned conductive circuit

| ayer and defining a plurality of holes exposing the solder bunp pads,
wherein inside walls of the holes are conductive; wherein: the sol der
paste is disposed inside the holes; the circuit chip is positioned with the
active surface facing the holes in the first insulating |layer so that each
of the solder bunps is substantially aligned with a correspondi ng sol der
bunmp pad through a correspondi ng hol e; each sol der bunp penetrates into the
sol der paste inside the corresponding hole and electrically connects to the
correspondi ng soVHarr ISkcminged;isand t he sol der paste fills in a space

bet ween each of the solder bunps and the conductive inside walls of the
correspondi ng hol es thereby increasing contact area between the sol der
paste and the inside wall i wherein the sol der
bunps conpri se gt ud bunp %Segm m&t&a& ﬁlcgj Cl&{gglﬁdzn,m&%ér ein: 16 a

di anet er of each of Bh&cwbthphahugp$aMB@pmth;oned in a direction

substantially parallel .to.th bstrat corr ng hol e has a
di aneter in a d.rectPéWHQJ%§?§ﬁ5?'“FwsggPQFﬁQP %FE@“gFSneter of the
sol der bunps; and th@sgm@pﬁg@r af the holes is at | east about twi ce the

di ameter of the sol der
a substrate, including:

a first patterned conductive circuit layer comprising a
plurality of solder bump pads; and
a first insulating layer covering the first patterned
conductive circuit layer and defining a plurality of holes exposing
the solder bump pads, wherein inside walls of the holes are
conductive;
wherein:
the solder paste is disposed inside the holes;
the circuit chip is positioned with the active surface facing the
holes in the first insulating layer so that each of the solder bumps is
substantially aligned with a corresponding solder bump pad through a
corresponding hole;
each solder bump penetrates into the solder paste inside the
corresponding hole and electrically connects to the corresponding solder
bump pad; and
the solder paste fills in a space between each of the solder bumps
and the conductive inside walls of the corresponding holes thereby

increasing contact area between the solder paste and the inside walls.

2. The package of claim |, wherein the solder bumps comprise stud
bumps.
3. The package of claim 2, wherein:

16



bunps. 4. The package of claim3, wherein the circuit chip is bonded to the
substrate by an adhesive. 5. A nethod, conprising: formng a first patterned
conductive circuit layer including a plurality of solder bunp pads; form ng
a first insulating |layer covering the first patterned conductive circuit

| ayer and having a plurality of holes to expose the sol der bunp pads,
wherein each of the holes is positioned to accommbdate at | east a portion of
a corresponding one of a plurality of solder bunps of a circuit chip, and
wherein each of the duikrestet oftdatitdestha seldercueatps iepdsiivineé invaditectibn | 11 ng t he
hol es wi th conduc |ve older past e; attachlng t he sol der bunps on the
circuit chip to %‘gami ¥PaﬁHFV@FWEW Steduct i ve circuit |ayer by having the

sol der bunps penetrat@cf Bgre3pbiifie Iﬂﬁéﬁzﬁadxé}ﬁétgﬁnfahﬁre&%r{ﬁ:%@t‘&ﬁk@dll@%eﬂ%le and
electrically connect to the correspondi ng sol der bunp pad; and I'ting the

sol der paste to todhsdampier sichelerldpdstmpstandcol | apse and fill in a space
bet ween each of the S t he conductive i de, wa
cor respondi ng hol es tﬁ%gggvg?ggﬁﬁigﬁﬁ& kﬁﬁé@PMtﬁgﬁtb%ﬁﬁgﬁﬁr t@e§§ﬁﬂér past e

and the inside phdss. 6. The nethod of claim5, further conprising: formng

a plurality of additional patterned conductive circuit layers; and formng
a plurality of additional insulating |ayers; 17 wherein the additional

patterned Conducii ve cir Cl"lihte pla@iyaeég Bf agﬁln E,RSherein the circuit chip is bonded to the

substrate by an adhesive.

5. A method, comprising:

forming a first patterned conductive circuit layer including a plurality of
solder bump pads;

forming a first insulating layer covering the first patterned conductive
circuit layer and having a plurality of holes to expose the solder bump pads,
wherein each of the holes is positioned to accommodate at least a portion of a
corresponding one of a plurality of solder bumps of a circuit chip, and wherein
each of the holes includes a conductive inside wall;

filling the holes with conductive solder paste;

attaching the solder bumps on the circuit chip to the first patterned
conductive circuit layer by having the solder bumps penetrate the solder paste
inside the corresponding hole and electrically connect to the corresponding solder
bump pad; and

melting the solder paste to cause the solder paste to collapse and fill in a
space between each of the solder bumps and the conductive inside walls of the
corresponding holes thereby increasing contact area between the solder paste and

the inside walls.
6. The method of claim 5, further comprising:

forming a plurality of additional patterned conductive circuit layers; and

forming a plurality of additional insulating layers;
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additional insulating layers are layered in an alternating sequence; wherein
at least a portion of each additional patterned conductive circuit layer is
electrically coupled to a portion of an adjacent additional patterned
conductive circuit layer via a conductor at |east partially disposed through
an intervening additional insulating |ayer; and wherein the first patterned
conductive circuit layer is disposed on top of the plurality of additional
patterned conductive circuit layers and the plurality of additional

i nsul ating | ayers. 7whifee thackdigenapattdraddoobduanivececuit ahers subther at e furt her

conprises: a plyrality of .additional patterned conductive circuit |ayers;
and a plurality? ‘f't'g'&ad?/'fsiukﬂﬁg qyﬁggregl@yﬁ'gé " eﬂ?tgf“a_“%%qq@f’?ﬁe’ the addi ti onal

patterned conductive whefehibihttiedsty BéBioRBledcha@dAtEhAl hadhed dondudtat icReuit ayers
are layered in an alternating sequence; at |east a portion of each

addi ti onal patt dayeet etesticaly coupled to@uottion| e pdjagené péditipnat apttgynadoupl ed to a

portion of an ad t  additional tterne con ive cifreui yer via a
conductor at | eacglt?ocugg‘rmf ‘f'aclullva)fffg'paoscg) dlfcﬁ? oaggl;er%St pé%%?lktdés \(/)seercliitﬁ%éhgra i tional

i nsul ati ng | ayefintedssing hédifiornas inspRtihelapedacbnducti ve circuit |ayer is
di sposed on top of the plurality of additional patterned conductive circuit

layers and the pl ur aMheiFin $e Tug drisrashsonduaive strewb apenie disposgd onfep Hackage of
claim1, whereind i NGl i ircEl hatdendiidzkne (BT)
o t1'ame rosi ot st B B Dga N e QB ARS s BB B VLI TETE
first patternedaddinidedtinsutatinglayessit | ayer, the sol der bunp pads and the
conductive inside walls conprises

7. The package of claim 1, wherein the substrate further comprises:

a plurality of additional patterned conductive circuit layers; and
a plurality of additional insulating layers;

wherein:

the additional patterned conductive circuit layers and the additional
insulating layers are layered in an alternating sequence;

at least a portion of each additional patterned conductive circuit
layer is electrically coupled to a portion of an adjacent additional patterned
conductive circuit layer via a conductor at least partially disposed through
an intervening additional insulating layer; and

the first patterned conductive circuit layer is disposed on top of the
plurality of additional patterned conductive circuit layers and the plurality

of additional insulating layers.

8. The package of claim 1, wherein the insulating layer comprises

Bismaleimide-Taiazine (BT) or flame resistant FR-4 or FR-5.

9. The package of claim 1, wherein the first patterned conductive
circuit layer, the solder bump pads and the conductive inside walls comprises

copper, gold, nickel, or a combination thereof.
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copper, gold, nickel, or a conmbination thereof. 18 10. The nethod of claim
5, wherein each of the holes has a dianeter in a direction substantially
parallel to the dianmeter of the solder bunps, and wherein the dianeter of
the holes is at |east about twi ce the dianeter of the solder bunps. 11. The
met hod of claim5, further conprising formng an adhesive [|ayer on the
first insulating | ayer, wherein the adhesive layer is patterned in
accordance with the holes in the first insulating |ayer to expose the sol der
bump pads. 19 10. The method of claim 5, wherein each of the holes has a diameter in

a direction substantially parallel to the diameter of the solder bumps, and wherein

the diameter of the holes is at least about twice the diameter of the solder bumps.

11. The method of claim S, further comprising forming an adhesive
layer on the first insulating layer, wherein the adhesive layer is patterned in
accordance with the holes in the first insulating layer to expose the solder bump

pads.
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