WO 01/ 41212 PCT/ US00/ 32904 Integrated Circuit Package 5 Technical Field of
the I nvention The present invention relates generally to integrated
circuits and in particular the present invention relate i at ed

ci rcui t WAKHA1ng. Background of the Invention Integrat 28&&89@&%?{: (1Cs)
are made up of electronic conponents |inked 10 together by conductive
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on the,di eto%é?hfr%%oh@&ti'v@cﬂﬁ)’ecti@ﬁ@t@@ﬂﬂﬁoﬁé ghabge fnttomat bieduigl ICWi ts in the
I C package nd circuits connected to 25 the |C pa_ckag{e. Addi tional elenents
such as r esé spomlly domheddpagigceros silinen called arhip oy digdSicopseter@B@ein the 1 C
may be attached to thet 0 ot.t om of .t he S | C package may
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or a cellular phone. 30 One nethod of bonding a die tqQ a substrate in an IC
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IC is formed in each die. At a stage in a fabrication process the dice are diced
(cut apart) from the wafer along the scribe lines and each die is bonded to a
substrate to form an IC package.
A substrate is a relatively flat and rigid structure that provides

20 mechanical support for the die in the IC package, transmits signals to and from
the IC, and can also transfer heat that is generated during the operation of the IC.
The substrate may also be called a carrier. The substrate includes conductive
leads connected to respective bonding pads on the die so that the IC may
exchange signals with other circuits in the IC package and circuits connected to

25  the IC package. Additional elements such as resistors and capacitors that are not
readily included in the IC may be attached to the top or bottom of the IC
package. The IC package may be applied to a circuit board assembly that
comprises systems of interconnected IC packages to form an electronic device
such as a computer or a cellular phone.

30 One method of bonding a die to a substrate in an IC package is called a
flip-chip bonding method. One version of the flip-chip bonding method is
formally known as the controlled collapse chip connection or C4 method. In the

flip-chip bonding method, solder bumps are placed on bonding pads on the dice



flip-chip bonding nethod, solder bunps are placed on bonding pads on the
di ce MD 01/41212 PCT/ US00/ 32904 while they are connected together in the

waf er . is then diced to separate the dice. Each, en
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speed and haslBWHiEISPO digriiBSare Anshitie8 Wnt poeeisl dVietredf integration and the
density of interconnects 15 between integrated circuits, such as processor
chips, " and subsA$av@ﬁeh@@nbééﬁﬁuﬁﬁ@%é@é@ﬂmﬁﬁﬁﬁ%ﬁd6ﬁ%§?ﬁn¢ﬁﬁgmncoupl|ng t he

t ted t |
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reasons stated below which 20 will_ becone Z%Earent to those skilled in the

art upon relenRyOResErsURQEST AnRY TeatHES 798 SantesulednMICIANT eSS Y here i s a
need in tgf‘e &E tﬁa?% t HB?&Jh@éﬁngrﬁghaOJy%hﬁaocmp%Eu gnhaseedsd nt er connect

density. ry o I'nvention above nentioned problens with
i nt egr at edimed.cui t packaglng and 25 other problens are addressed by the
present invention and

fol | owi ng speci FE&?PBMﬂJhﬂggﬂ.gg%%g%ﬁggﬂgy %%gﬁﬁbggW%3§H%%$?ZL?? ngkage
_?_?gﬁ;'ng Sclgéri:\afség{ 1:13183:%?%%%“&[1';% géﬁblti a§thRceRBr iR RANE suBdtrhies hay®densubst rat e and
increased tremendously. Thus, coupling the integrated circuits to a substrate for
electrical and physical connectivity to external devices provides increased
challenges as the interconnect density increases.
For the reasons stated above, and for other reasons stated below which
20  will become apparent to those skilled in the art upon reading and understanding
the present specification, there is a need in the art for new substrate technologies
with enhanced interconnect density.
Summary of the Invention
The above mentioned problems with integrated circuit packaging and
25  other problems are addressed by the present invention and will be understood by
reading and studying the following specification.
In one embodiment, an integrated circuit package comprises an integrated
circuit die, an organic multi-layer substrate and T-shaped conductive pins. The
organic multi-layer substrate comprises a dielectric base layer, and first
30 conductor, first dielectric, and second conductor layers respectively fabricated on

a top and a bottom of the dielectric base layer. The T-shaped conductive pins are

soldered to an outer most conductor layer located on a bottom of the substrate.



organic nulti-layer substrate conprises a dielectric base layer, and first
30 conductor, first dielectric, and second conductor |ayers respectively
fabricated on_ a top and a bottom of the dielectric base
T-shapeawegﬁﬁﬁ&%ive pins are soldered to an outer nopst g%ﬁ‘ug?%%ﬁfayer
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a second conducto ted on the first dielectric |ayer, a
second sdi Gredidlédtrid hyearfabadatédcat the firstrvontectardeyanda sasnddicowiuctayer, and a

third conductor |ayer fabricated on the secpnd dielectri.c. |ayer. The
organi ¢ mAYET falblé!?@?f%ﬁ?tfgréﬁfge]teﬁté‘f’éwr’ﬁasfc%‘ido Iglgsiric 1@reé\§%*%%‘ﬁa§e§er s, of which

si x layer g, aiEsccONPMTHREPBYE! had a thiREcohdsitaPRderl@bsaielust ihee pins are

sol dered to the third conduCtor |ayer |ocated on a bottomof the
subst r at esedond deflecmolafier Thetrogimenulti-feymesubsdate thareihr has#¢ 1938t an i nt egr at ed

Conduct i vaIHr ey BSSroCuPRRY e R PRI uROHR, TRETMERR 19, %1 o o

conductiv tric lTayer rmng a first dielectric

| ayer @n thgiuklivépins ardietderadero the ihieiondicsriang lacaiéd @t a boworhlof ough t he
first internal dielectric layer using a |laser to expose the first

conduct i véhelsapsirate.and formi ng a second conductive |ayer on the first

internal dielegtric | T (mg‘ -Lye,ol RAtSchhe interior
surface of the%? V?tsapo%géwl%o#]%re Irﬁn{?gon u(%{)%g%ﬁ{ﬁg a? %I?[g%%h theC first
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T e A RISl sl g e oct o0 vi e
expose the first conductive layer, and forming a second conductive layer on the
first internal dielectric layer. The second conductive layer coats the interior
surface of the first via to form conductive paths through the first dielectric layer.
of . the I :
20 Figure 1 is a perspective view of an integrated circuit package of the
present invention;
Figure 2 is a cross section view of one embodiment of the integrated
circuit package of Figure 1;.
Figure 3 is a cross section view of another embodiment of the integrated
25 circuit package of Figure 1; and
Figure 4 is a cross section view of another embodiment of the integrated
circuit package of Figure 1.
Detailed T o c the ] .
In the following detailed description of the preferred embodiments,
30 reference is made to the accompanying drawings which form a part hereof, and
in which is shown by way of illustration specific preferred embodiments in
which the inventions may be practiced. These embodiments are described in

sufficient detail to enable those skilled in the art to practice the invention, and it
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25 circuit package of Figure 1; and Figure 4 is a cross section view of
anot her enbodi nent of the integrated circuit package of Figure 1. Detailed

Description of the Invention In the follow ng detailed d j Dt of the
pref er r SYOOWABA? nents, 30 reference is made to the accon%g(ﬁ{/djgoéhg%éw ngs

which forma part . hereof, d in which i ho: -d.{lustration
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These enbagismaleal Alde:16886d chathek hay befiddeiveitioutédmiting Boenhbberit hose
skilled in the art to practice the 1nvention, and it 3 WO 01/41212

PCTI USOQ 32@0x0pd of the prsseninaansipbodhe Ao "arhdra ittt ar RS Sy be uti | i zed
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departing 1 the sprt and scope o present 1 nvention. The
fol | owi By @etmidnas des@rdndy bpthd dainisher ef ore, not to be taken in a limting
sense, and the scope of the present 5 invention is defin g only by the

i peckegt 180

clains. A sinpl Afs§féﬂlifé)@|'I%%W?Yﬁev“?w&}(/agfntﬁgfa’ieﬂtcgﬁ? % package 100
is provi drgrgvffg% Fﬂag%{lf‘e fL- E}i{ﬁ%&%ﬁeﬁdéwhwﬁ&%tég@ﬁé& ciefgt digt egr at ed

circuit die" a su te”104. The substrate includes numerous
conduct i vel(d aisl alBstrath 404.dDinm webstthty imcledas dumegmstchaduniiys it 1@0and ar e

provided for electrical 1Q connection.to an extern | The

i | lustrat e@ab%ﬁ%d#yﬁéfﬂgg?%gﬁﬂﬁtf%? an(feg P Velseaﬁ%fq' l%gifl (e%glexpl ained in

gr eat er,det @inkcRRl 18Wn e2REG likbaat.| Yhe i_llﬂb@ét@d)ﬁm&%e ingiudss Benediemdr i bed herein
provi de for 1ncreased conductor routi nﬁbspace en conpared to packages

that have featuersobatrrecexppiined imgreateredetdihbalow. Sppafipabie INtACHERACt al cross

ioure 2. ARRASHRCH VL B S0 ar DR aoet YD o e haa Mt ) Cget her

forma conyaybasdd teGabkazes tHat B iQERQGinE® Pins ihieted Ulxstarabstratacl udes an
organi c base dielectric layer 110. On top of _the base dielectric layer is a
|l ayer of condudtpertiakgrass pegtion phan spepdigentoline PresefdBction ¥ ayer 112 is

cover eﬁ? Y/Me}lllgatiaé[?é ﬁ%&}lﬂg% O NAlubkENE T 0P TncHlidel & phirhify BRifktdthatl 14. A second

conduc
together form a common structure. In one embodiment, the substrate includes an

organic base dielectric layer 110. On top of the base dielectric layer is a layer of
conductor material 112, such as copper. Conductor layer 112 is covered with a
first internal layer of dielectric material 114. A second conductive layer 116 is

20 provided on top of the first internal layer of dielectric material 114. A second
internal layer of dielectric material 118, fabricated on top of second conductive
layer 116, is covered by a third conductive layer 120. The third conductive layer
can be an external layer that is covered with a solder mask 122 to control the
placement of solder. The same conductor-dielectric-conductor-dielectric-

25  conductor is provided on the bottom of base dielectric layer 110.

The conductive layers are patterned to form conductive traces, or paths.
Interconnecting the multiple layers of conductors through the base dielectric
layer is accomplished through plated through holes (PTH) 124. The plated
through holes in one embodiment are formed using either a drill or a laser to cut

30  a holes through the base layer and the first conductor and dielectric layers. The
holes are plated with a conductor when second conductive layer 116 is formed.

Additional plated vias 126 can be provided between the first, second and third



20 provided on top of the first internal |layer of dielectric material 114.
A second internal layer of dielectric material 118, fabricated on top of

second ({ggﬁﬂ%l ve layer 116, is covered by a third Cond%ﬂﬂﬁobﬁv\éfr 120.

The thir etive | ayer can be an external |ayer that i's covered with a
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conduct or - ectric-condu el'ectric conductor 1s provided on the
bott om of doagactdi @lueagric | ayer 110. The conductive |ayers are patterned to
form conductive_traces aths. Inter mul .t e layers of

. s
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are formed using either | or a’laser to cut 30 a holes through the
base | ayercaardentoally presentcbmfuoaoen effdgldenseytinterconagass ¥.thThe hol es are

plated with, a conduct or en _seco conductive | a 1 ;s forned.

Addi t i onalS“BFté%t%dia§ t&%“%téﬁ%@qg? SV e E T %dnﬁ{yhaé/%ﬁ?grlét, second and
third 4 WRddeddademBieHaldHaé BA9@d resonitidHGlienat tay@sts snBlttvihhe PTH s and
the vias are used to ease package conductor routing. Traditionally,

phot o- | i t hdepsaBheonsioid the Bmitatipng Witk phejosrarisi vo maserials WHE 1ePeEdP Pat es. The
use of photo-l.i t.hograph roce i i :hat 5 can

event ual | ycof)l}bér\}aetlr?tanfﬁngec}{%@ﬁ%ﬂropfler@%s’ ﬁlggﬁ%ﬁrggﬁgﬁwg‘? &e?%ge;t#éégt s in the

subst r ap e. conbtast ,InitBe piiesert invichadn, ¢abet tuttvite aré aselitzevelComeer ci al |y avail abl e
phot osensitive materials have limted resolution when it conmes to snaller
via sizesimigtions@f prier teRBNIAYSS t ati ons with photosensitive materials with

respect to a C]%g@f f%@ﬂﬁ(ﬁg%}péﬁnnr@t 20 GPles BERRES tilafRteriBF B M€ oRPSOr pti on,

and dielectric const an e present I nvention, |aser cut vias are
used to owatatleneln danmastaphaoditiafgrahyonateradhoamgbebmittdses0-6@ehmol ogy can

hot o- 11 1 NG SARYPCRED ST PTTGCURRISS oA KB AP o SuP RO PUPRE: “Fur t hor for e
laser technig) 0O afAkc AR Borfieb Pl RRAANERA} PNHRAPHSIsBpRated By SHhiRd Vi as are
used to connect two conductive |ayers that” are separated by a third
layer, as illustrated in Figure 4. Skip via 174 connects conductive layers 112 and
120 while skiping intermediate conductive layer 116. Layer 116 has a clearance
region formed in the location of the skip via to prevent electrical contact between
the layer and the via. As such, skip vias can be used to relieve routing density,
20 save real estate, and alleviate loop inductance. In addition, non-photo sensitive
dielectric materials can be added to the selection of dielectric material
candidates. several dielectric materials can be used that are commercially
available at lower cost than dielectric materials used in packages using photo-
lithography processes.
25 During fabrication, first conductive layers 112 are formed on base
dielectric layer 110. This fabrication process can be conducted by a supplier. As
such, the base dielectric layer can be provided with the conductive layers pre-
attached. The first conductive layers are patterned to form desired interconnects,
or traces. First internal dielectric layers 114 are then formed on the pattered first
30 conductors. Vias are then formed for plated through holes 124. These vias can
be formed by either mechanical drilling or laser cutting. Second conductive
layers 116 are then formed on each side of the substrate. These layers coat the

interior surface of the vias to form conductive paths through the substrate. The
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layer, as illustrated in Figure 4. Skip via 174 connects conductive |ayers
112|and 120 whil e skiping internedi ate conductive |ayer 116. Layer 116 has
a clearance reqgion forned in the |ocation of the skip vi t

el ectri cHO BBt ct between the layer and the via. As sucg?&@ﬁﬁ%ﬁéﬁgs can

be used to Eal%l?fl g\égp{v%é%lllg gﬁr? g%lg%}}é’t isztgeé f}ﬁgd L :egﬁézi%} SthePQchif | eviate | oop

i nduct anceP 0 sensitlive tric materi als can be

added to t Reu&fleThé 6N miterkil @b@BE Eitlter MBueitinglor conhitidgiresatumevier al
dielectric materials can be used that are commerci al 3/ avai l abl e at | ower
cost than dpendeppting Meroadpdosmpsed 15 RUPAER Qe %?%?‘?f{; PHYEEE Y E hogr aphy

processes. (25 Qur LG, § ARILGRLIORco! [:8bviAANBURLENS hewRIS el @ee formed on

base diel ectrit Tayer I cation process can be conducted by a
suppl i ers. Asconduwehdudidrdayrasnd dowedr gt arids of eheqriated thrbeghprdes. déeveningh t he
conductive | ayers ?re- attach first con uctivggﬁa ers,are patterned

d. Th
to form dedhs@ysioh }@rﬁiﬁﬁ%%?‘ég?‘ holgs 3ﬁlr°é{"(§ ST SEPREY VR e ral® e&?@l‘%e?t ric layers
114 are t h%?)‘og@r'gl%'seggh& %dﬁ&t%@ﬁﬁi’s feriBin PRicaRAdY Era SolecPBacdte t hen

formed for ated through holes 124. These vias can be forned by either
nmechani cal dri | |Senepdoinsulatsreg lagers i Higre thec Grahed on ducsccord cangjieliee 116 are

then fornmed on each side of the s trate. Thes 0 the interior
surface of q”l}ﬁéa\? é}élr‘f(bm%&}??ﬁecl&}ﬁfﬁug%@rgaftﬁgfl%ds‘r?%?eltl)kb%%?ﬁg%suttstrate. The 5
WD 01/ 41212, BEIH HSQRE 390 latRloah s aMdl asrdedrduedve 1y @nisiol adasee té hat is then
filled wth epoxy, or other simlar material. The fill material can be

ei t her : ns ekpeseribe saconberndeetivigayer. hakqyiee, e VigeeaRe QbR PHRYSBEconduct or
material is_huil.d on 1 he sgec ~ ti - = second
deposition uﬁg%rb’ég%ﬂf% c%?%‘\?ﬁv e%y%)rg%le(ré\l%? agg’gﬁéér%ﬁﬁvﬁ%zgwe? H%QS second

;:ﬁndm:éI or :csﬁa)ﬂﬁéd I&\l@ﬂldﬁgﬁﬂﬂr’]viﬁ 26, ands vof 1 Thecpldbesyeeh tieufiist ool esondCover i ng
e ends of the plated through holes allows for secondary .vias, 126, as
expl ai ned cpedusfiye Wérsse%%ﬁ?ﬂn%ﬁﬂli’élpg@éeqa%’éfssusﬁaép?Or?é €483 Bhed to form

sel ect efl { 1GeS BFANShANSHIAG0hALETS LhLBis 6, gahemelior med on the second

conductive yer, conductive layers 120 are forned. Small vias
126 are cut to tCGuvetighthchadsetihnglateasiratghriwpldsaylows dordhe k¢qoddaonduct i ve
layer usi n%ia% tg %g %{acgc? substantially in line with the plated through holes. By stacking
the vias in this manner, routing congestion can be reduced.
The above described ‘dielectric-conductor sandwich’ is one embodiment
20 of a substrate, other layered substrates are contemplated. For example, a
substrate can be provided that is not symmetrical about the base dielectric layer.
In one embodiment, base dielectric layer 110 is comprised of a glass
reinforced material. The first and second intermediate dielectric layers can
comprise two epoxy resin build-up layers.
25 Conductive interconnect pins 130 are affixed to a bottom 132 of substrate
104. As illustrated, the pins are T-shaped and have a flat head 134. The pins are
affixed, in one embodiment, to the third conductive layer 120 using a solder
material. In one embodiment, the solder is comprised of a PbSn alloy. The
solder, however, can be a different alloy, such as but not limited to a PbSn, AgSn
30 or SbSn alloy. This configuration is different from more traditional pin
attachment techniques. For example, ceramic substrates have been provided that
have pins brazed to the substrate. Further, typical organic multilayered

substrates use holes drilled into the substrates that receive pins. That is, the pins
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expose the second conductive |ayer. Likew se, the vias can be cut to expose
the wunderlying first conductive layer. See Figure 3, illustrating via 170
formed in a stacked manner with via 126, and a via 172 Ip&zﬁ&ﬂ/ﬁﬁamen t he
first andOd¥¢BAH conductive layers. A secondary plating operation is used

to coat the vias an 5 form conduct.i i ctive layer
is then pa?rleé?sﬁgagl%f}\{;éerti‘oﬁﬁs eattg%hcfg %? CB ﬁ‘?ﬁ%ﬁ%@%@%@%&ﬁgﬁgres al l ows for
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For exanpl e, @ substr I's not symmetrical about the
base di &l eptuting spaygevhenlcomparedanipaciagenthat lipas éntdiceheast pins ihseyted 110 i s
conprised of a glass reinforced material. The first and second

i nt er medi aléo #serEEtri c | ayers can conprise two epoxy resin build-up

| ayers. 25 CO“dH%do}ﬂferie%%aﬁl%ﬂ,%gt)&ﬁ&ﬁ%%gldaf@aﬂd‘&s&@@ome@imottom 132 of
substrate 104. As illustrated, the pins are T-shaped and have a flat head

134. The pjonst. dn get ambftiex entpodimenhdt wahdat¢rmenad, thrayghieseatshrtiat@onduct i ve

| ayer 120 ysi.n solder  material. In one enbodinent, the solder is
conpri sed g?él%lgqi’%@r?a IFS@I?Ct?‘ﬁu‘e sol der, however, can be a different alloy,

such asbut not p iddifi&toltRe BbRRARscrdgScadideqIdeShiphinglchmtitoishi 5
configuration is different fromnore traditional pin  attachnment

: . . p
t echni quescanFoyadsizd tppads peevided en exipiercanductivalayepééh (P¢8Usded that have
pins brazed tao the st.rat.e .Furt : ' of LGt 2kl ayered
subst r at es“YEEHS ngﬁ?rlap?%c??riln#% spﬁ\gng’& %klfe?t)'es ht%%g &rlece% ve pins. That
i's, the pingad¥@wWEth M2dbanBEIY MIBORY @39104 transientichseetpeatecudmtotthe hol es and
attached to a conductive |ayer(s). The present substrate differs in that

an or gani ciniggsaed gireuif. sTrﬁiiié‘\?P_%Ilé%f)C]Eargéﬁ dﬂggt T S3BPY I RORE BIR SWRGuct or s and
o P8 S ASEEL  RXUS  Rs hallg Brungi e, (i
routing sppai cahelobeppariddl foo cgackenyes othisantorhpanenisimethe prmside obi ns
Inserted the package.
As described above, an integrated circuit die 102 is attached to the top of
substrate 104 using a flip-chip process. This die can be any type of circuit, but in
20 one embodiment is a microprocessor circuit. As known to those skilled in the
art, the die is turned over, or flipped, and aligned with a pattern of bonding pads
or solder bumps on a substrate. A reflow procedure is carried out to join solder
bumps provided on the die to form a series of solder columns between the die
and the substrate. The solder columns serve as conductive connections or leads
25 between an IC in the die and the substrate through which I/O signals are
transmitted.
Conclusion
An integrated circuit package is provided that includes a multi-layer
organic substrate. The substrate has conductive vias provided between isolated
30 conductive layers. The vias are formed using a laser to cut through a dielectric

layer separating the conductive layers and a mechanical drill to connect the inner

core layers. External interconnects in the form of T-shaped pins are soldered to



into a substrate. In another enbodi ment, SnAg eutectic solder can be used
for the pin joint. In yet another enbodinent, it was determ ned through
research that a SnSb sol der can be selected. 10 In addi E]licgl[}g%o% g@g above
descri béﬁof’gé’czéﬁ es, decoupling capacitors 150 can be ad B

provi ded on e erlo onductiyve. | ayer 20 tions of the
capaci tor | T QA § egff‘tﬁélpgmﬂ packpge cé%gﬁlér%reg%ar%&g céz;ted bet ween

t he connecatpdrchmmn&gumweugﬁlgtm@sahwtecmhqwe protection to the
integrated circuit. Traditional packages do not place Cgspmﬁgé ors on the pin

side of 15 the élltbelﬂg‘ha&péleIH@m@érme%ilh%'ﬁ&?P’ailh’étrbtéél§n‘#6 mount i ng of
the pins, solder ds G Q) tRLgyOr other
conmponent sﬁ%ﬁmt ﬁé”‘gf‘t’n Cla@tdso(g/ tﬁgse E&lﬁﬁi} kgf gtsﬁgr%ﬁbed aa ove, an

i nt egr atedagdrigehhieht \dhleh 1@&1¢1ﬂatacﬂ toaarhmietlm dalee }tlmposneflnays}nmwwaml@d104 using a

flip-chi rocess. This die can be e of circ n 20 one
enbgdi melr[:tP shessDeFific ST EEEH Sy H- cﬁglts apég aPﬁB\}\%mfet?'éF(ﬁ]BOs‘éOVﬂ(?l}yl ed in the

art, the d d edt Wirhdhitestpat t ern of
bond| ng pa%fﬁpkazlro}lgé{ﬁgm%éﬁg&t% égérgﬁggetn;lg?em%e?gf low procedure is carried
out to joi mtsdkderat tHisimysntorohd irededonly by thi¢ elaings dnskthe aqesalerts of sol der
colums between the die and the substrate. The sol der col ums serve as
conduct i vet'€&Rhecti ons or |eads 25 between an ICin the die and the
substrate through which 1/O signals are transmtted. Conclusion An
integrated circuit package is provided that includes a nmulti-layer organic
substrate. The substrate has conductive vias provided between isol ated 30
conductive layers. The vias are fornmed using a laser to cut through a
dielectric |ayer separating the conductive |layers and a nechanical drill
to connect the inner core |layers. External interconnects in the form of
T-shaped pins are soldered to 7 WD 01/41212 PCT/ US00/ 32904 the substrate
of the integrated circuit package. An integrated circuit can be



attached to the substrate using a flip-chip technique. Al though specific

enbodi nents have been illustrated and described herein, it wll be
appr eci at ed bﬁlthose of ordinary skill in the art that aﬁ%%S Srra enent
whi ch i SVeAVAIM 2t ed to achieve the sane purpose may be suifst/PP{8 for the

speci fic enbodi mrent shown. This application is intended to cover any
adaptations or variations of the present invention. Therefore, it is

mani f est | yywiRtengdekdipat this invention be limted only by the clains and
the equivalents thereof. 8 WO 01/41212 PCT/ US00/ 32904 What is clained is:
1. An integrat educintaguited paaikiagekagsrepmpsisimg: an integrated circuit die; 5
a organic multi-I|ayer bstrgte‘conprising, a dielectric base layer, first
conductor, firsflHEFBEASTEUTRY second conductor |ayers respectively

fabricatsed on aato@@arﬁ@ﬂluﬁi-ta?tsﬁﬁmﬁteb&ﬁpﬂéiﬁg,ectri c base layer; and 10
T-shaped conductive pins soldered to an outer nost conductor |ayer |ocated
on a bottom of the sasieleeitiebasg laydie | ntegrated circuit package of claim1

sherei n the substrat g [ULb ARGy SATBLIEER. yplabidcoiougianl e nassing

t hrough the dielectric base lTayer, conduct or r and first
di el ectric | ayeresptdidepl fabgchtéhowuglp dndlabdtencafibe dicddctrid basstlayend second
ends by the second conductor layer. 3. The integrated circuit package of
cl ai m 2 wher ei n2i$e pl ated through hole has an interior core that is

filled th an ?Qﬁ@‘%ﬁg‘;ﬁ%@e pifOsdlderdd® ARG RbEokdilcEdt 1hydackage of

claim 2 wherein the trate further conprises a conductive via passing
t hr ough t héochietdsh adbatoacdf the shitmyrete, t he conductive via is formed by
cutting a hole through the first dielectric |layer using

2. The integrated circuit package of claim 1 wherein the substrate further
comprises a plated through hole passing through the dielectric base layer, first
15 conductor layer and first dielectric layer, the plated through hole is capped at

first and second ends by the second conductor layer.

3. The integrated circuit package of claim 2 wherein the plated through hole
has an interior core that is filled with an epoxy material.

20
4. The integrated circuit package of claim 2 wherein the substrate further
comprises a conductive via passing through the first dielectric layer, the
conductive via is formed by cutting a hole through the first dielectric layer using
a laser and plating the laser cut hole with a conductor material.

25
5. The integrated circuit package of claim 1 wherein the T-shaped
conductive pins are soldered using a solder comprising either a PbSn, AgSn or

SbSn.

30 6. The integrated circuit package of claim 1 further comprising a capacitor

coupled to the outer most conductor layer located on the bottom of the substrate.



a laser and plating the laser cut hole with a conductor material. 25 5. The
integrated circuit package of claim1l wherein the T-shaped conductive pins
are sol dered using a solder conprising either a PbSn, AgSn or SbSn. 30 6.
The i nt eWiosidd212i r cuit package of claim 1 further conpri sPAYUSIERPRCi t or

coupled to the outer nost conductor |ayer |ocated on the bo m of the
substrate. 7. 9 Wbhe1niggrated cpenit pestagaob@aim ¥ whepsn F}Y?toé%f’r“é‘i’é’&tb ¥8Li t package

of clalml i gwg c multi-layer substrate further conprises: a
second di efe ?I{a?ecﬂ ga{)g}gcro grged over the second conductor layer; a third

conduct or | ayer afsecomddiielv@ric ﬂdyer foenod dvditbt exbnd conduyger laysr;fi rst | aser vias

f or ned bet ween the eco d a ird cond ctor {lg?é? and second | aser
vias forned bet \ﬂé]élﬁ UEROF ye%l ﬂi\PY‘Eft brfae ch'ifelf‘)éer 8. The integrated

circuit spackage gofs I&Jef“{/ﬁk ?oﬁﬂéﬁ%@ﬁ&eeﬁ%@é’éc%d‘&@thﬁﬂ'cBnd'ﬁc?or Thprdmeddbet ween
the fi rst and third conductor layers, the skip via electri caIIy 10 coupl es

the first and tkégotiddomduies ﬁqrmleéjvewewmhld frshatd third csordusedrilgyassupl i ng the
second conductor layer. 9. A mcroprocessor package conprising: an organic
mul ti-layer substrate conprising, 15 a dielectric base layer, a first

conduct or kayer Thabkgatea @it padkage aNclain haitiemcomptitigg adkplagtri c base
| ayer, a first dielectric layer fabricated on the first conductor |ayer, a

second conéuotedbelvasrarthe tst prchihrd condudier lpyarstheiskap s@slscricadlyer, 20 a
second di el echr] lf?‘éf%%d% Rf&o%ﬁ%& B?ﬁxrs%ﬂ%%%?@lg Eig“@&@'ilfxg%’eer and a

third cOndiR{rof es Icate e second yer, the
organic Whédonh@&ﬂucﬁdjbs}&r.ate t hereby havi ng at Ieast el even | ayers;

9. A microprocessor package comprising:
an organic multi-layer substrate comprising,
15 a dielectric base layer,
a first conductor layer fabricated on a top and a bottom of the
dielectric base layer,
a first dielectric layer fabricated on the first conductor layer,
a second conductor layer fabricated on the first dielectric layer,
20 a second dielectric layer fabricated on the second conductor layer,
and
a third conductor layer fabricated on the second dielectric layer,
the organic multi-layer substrate thereby having at least eleven layers;
T-shaped conductive pins soldered to the third conductor layer located on
25 abottom of the substrate; and
an microprocessor die soldered to the third conductor layer located on a

top of the substrate.

10. The microprocessor package of claim 9 wherein the substrate further
30 comprises a plated through hole passing through the dielectric base layer, first
conductor layer and first dielectric layer, the plated through hole is covered at

first and second ends by the second conductor layer.

10



T- shaped conductive pins soldered to the third conductor |ayer |ocated on
Zﬁ adbott3n1of the substrate; and an m croprocessor die soldered to the
third conductor layer located on a top of the substrate.

ni cr opr o¥@M@I215ckage of claim9 wherein the substrate fE&?ﬁ%&ﬂﬁgﬁ

conpri ses pI atgd tlrc]{o%lfl gs%o(gl %&gé%}f&%ﬁ%%@&lﬁﬁﬁtpﬁ%@%ﬁg %Ftcﬁé‘se layer,

first con ctor yer tFic layer hr ough hol e

i's coveredhpat anfdtdfrﬁdrc@f&ihﬁﬁﬁ(ﬁmlddmd&nmpoﬂjlﬁlmbnd conductor layer. 10 WO
01/ 41212 PCT/ US00/ 32904 11. The m croprocessor package of claim 10 wherein
the plated through hole has an interior core that is filled with an epoxy

material. 33 T%erﬂu%fo%c%gs%%@geékag@smgﬁn 9h wheiMntQuihiehehikhe substrate

further 5 Conprises a con Ive-via passing through the second dielectric
| ayer, the compﬂshsczt dondusti Viis plssingabiroogh thetseconyl diclaetirie lazyﬂrdhg h the second

dielectric Ia er. usi.n er and e with a

conduct or f1%¢ v1a11§,?or1ﬁ§g%,¥|c¢lgH@,%ﬁ@gi}gpﬁ:’%@ﬁé@c n fdleg é{l?n? “Wherein the
conduct i veuwn o 5scr 400 SHBAL ARLILR it ke biiR® cthiftaér@aikall ed t hrough hol e.
14. The m croprocessor package of claim9 wherein the T-shaped conductive

pins are sol dered using a solder conprising an alloy of AgSn, PbSn or ShSn.

15 15 The 1 Gt 0cese0 RACkags, ohe hal NG Ll |ISInRIRE! SL00, 2 ki p vi

formed bet or lTayers e ski

el ectri gal kybstsRdnY 88 1ihd@ithitiplaradhiobit Holeonduct or | ayers whl I e not
electrically coupling the second conductor |ayer. 20 16. A m croprocessor

package conprising: an organic nulti-layer substrate conprising, a

dielectric lﬁg‘se h%)ﬁ%c ?che Jo%é (ﬁ&gg%& b%?enfl ﬁ%lr”f %ﬁ‘ép%g CQHdlﬁ:tfR/@p and a

bottom of t elec a first el ectric layer
fabricat edpafs atré’lﬁaliﬁd:rE@ tisingaduldencorh@ysng an alloy of AgSn, PbSn or SbSn.

15 15.  The microprocessor package of claim 9 further comprising a skip via
formed between the first and third conductor layers, the skip via electrically
couples the first and third conductor layers while not electrically coupling the

second conductor layer.

20 16. A microprocessor package comprising:
an organic multi-layer substrate comprising,
a dielectric base layer,
a first conductor layer fabricated on a top and a bottom of the
dielectric base layer,
25 a first dielectric layer fabricated on the first conductor layer,
a second conductor layer fabricated on the first dielectric layer,
a second dielectric layer fabricated on the second conductor layer,
a third conductor layer fabricated on the second dielectric layer,
the organic multi-layer substrate thereby having at least eleven layers,
30 a plated through hole passing through the dielectric base layer,
first conductor layer and first dielectric layer, the plated through hole is

covered at first and second ends by the second conductor layer,

11



a second conductor |layer fabricated on the first dielectric |ayer, a second
dielectric layer fabricated on the second conductor layer, a third
conductor | ayer fabricated on the second dielectric |ayer /6§' ani c
nulti-léV%P”éGB%trate thereby having at |east eleven |ayérs. ng% | at ed

t hrough hol e passing through the di. L C. 1 onduct or

| ayer and first dieI@éPP&% Wsyéﬂfg%ﬁ%ﬁ%ﬁ%?gﬁggﬁﬁghg%gﬁ% %E§E§h§§vered at
first and secondoefi@sveyiatiheraraopdusiorduniothrduwheahe sdbni\dicddctdd 212

PCT/ USOQ' 32904 a conductive via passing thr%y?h the second dielectric

| ayer, the condlayer veingpdaspandonpng By laser ¢4t BglCav iy R &O1MCHligh t he second
dielectric Iayegn#%hng a laser and plating the laser cut hole with a
conductor material; 5 T-shaped conductive pins soldered to the third
conduct gr | ayer T-arpédcominctive fing taddered to the tiiubeindatter layewlogatpd er opr ocessor
die soldered to the third conductor |ayer | ocated on a top of the
substrate.aPG“T?KﬁfWé“ﬁFEW8ﬁ¥@cessor package of claim 16 wherein the

T-shaped Conduﬁ%i\éﬁogpé&%o%f‘e SHAEr B ah S A%LoAdSAbtayerasmmsd &i g an al | oy
of AgSn, PbSn or n. 18. The m croprocessor package of claim 16 further

conpri si ngtap afapasutistnte. 15 coupl ed to the third conductor | ayer |ocated on
the bottom of the substrate 19. A nethod of fabricating an integrated
circuit substrate, the nethod conprising: formng first conductive |ayers

on a bage dhel eqhkinGcloBYREssorPadkabd 6f hiRD16 RBedelrl Sk Testgadt i ve | ayers to
form desired interconnects; ormng first internal_dielectric |ayers on

the patt er echductive piveatiueideyed usingasadderrcgmprisgeranadloy vf 42S0nPRIyh " t he base
dielectric Ig&sr, first conductive layers, and first internal dielectric
| ayers;  OT=P°0

18.  The microprocessor package of claim 16 further comprising a capacitor

15 coupled to the third conductor layer located on the bottom of the substrate

19. A method of fabricating an integrated circuit substrate, the method
comprising:
forming first conductive layers on a base dielectric layer;
20 patterning the first conductive layers to form desired interconnects;
forming first internal dielectric layers on the pattered first conductive
layers;
forming first vias through the base dielectric layer, first conductive
layers, and first internal dielectric layers;

25 applying a first coat of material conductor to form a second conductive
layer on the first internal dielectric layers, the second conductive layer coats the
interior surface of the first vias to form conductive paths through the substrate;

filling an interior core of the plated vias with epoxy;
applying a second coat of material conductor over the first coat to
30 increase the thickness of the second conductor layer and cover ends of the filled

plated through holes;

patterning the second conductive layers to form desired interconnects;

12



25 applying a first coat of material conductor to forma second conductive
| ayer on the first internal dielectric |ayers, the second conductive | ayer
coats the interior surface of the first vias to formco ' t hs

t hr ough WAV &t rate; filli ng an interior core of the m%o\@lzg)g W th
epoxy; applying.a second c¢oat of .. \r C he first coat to
30 increase thefqrml%%ﬁeggg bq%el'fl%ledlé;g‘%:tglﬁé@ggsnﬁﬂtg‘gg)%%rg@\égoggd cover ends of
the fill edcorduatiedlaiybisough hol es; patterning the second conductive |ayers
to formdesired interconnects; 12 WO 01/41212 PCT/ US00/ 3 9%3 f.orm ng
second i nt er nal fminga seqoad vipbraygh At leae 998 of Bresge il il SHARRES ve | ayers:
formng a B glgqﬂqin | patdrough at | east one of the second internal dielectric
| ayers usi ng a l'aser; 5 applying conductive material to forma third
conduct isve | ayegppiginizhendstive nchtérin 6 fram adthet eonductive dayer en thehe t hird

conductive layer coats the interior_ .surface of the second via to forma
conduct i veseﬁﬁflﬁlﬁtﬁ?lé Rleg s 1OEED e tihﬁaé‘rf”ﬁ Ct“’ﬁiTl F%%‘fafﬁ tglel“ﬂ)e/%?r; patt erni ng

the .Second%ﬁ%gléﬁﬂevs%cérﬁi}’\ﬁiﬁ% [l EdRad@siefach IS BhGROBROLS idadal 10 pin
bondi ng pads; and sol dering T-shaped interconnect pins to the pin bonding

pads to ddwtesarcdlyerext end fromthe integrated circuit substrate. 20. The

nmet hod of claim wherein the first and secen I tancially
ali gned. 21. TthTﬁeé’FlﬁgéheoﬁeCS?(gf?ﬂdﬂﬁtlv 818 Br ﬁo f))oa taeérS %?dn%'fe?%%r&lggggﬁ%
conductiipVepinaatimg gadiRmdses patterni ng capacitor bonding pads adjacent to
t he pin bonding pads. 20 22. A nethod of fabricating an integrated circuit
substrate, the paderdne Tshimsdiinterrgnnecspiasig the fip bepdipg RO ve | ayer on a

base dielegtric l.aver; j i i ic layer on the first
conduct i v egﬁ)\g%\g?r’d?}y extend Frglgﬁlg gltggrltle& ﬁ:rmg{ squgﬁ\‘ﬁté
20. The method of claim 19 wherein the first and second vias are

15 substancially aligned.

21.  The method of claim 20 wherein patterning the second conductive layers

comprises patterning capacitor bonding pads adjacent to the pin bonding pads.

20 22 A method of fabricating an integrated circuit substrate, the method
comprising:
forming a first conductive layer on a base dielectric layer;
forming a first dielectric layer on the first conductive layer;
forming a first via through the first internal dielectric layer using a laser
25  to expose the first conductive layer; and
forming a second conductive layer on the first internal dielectric layer,
the second conductive layer coats the interior surface of the first via to form

conductive paths through the first dielectric layer.

30 23.  The method of claim 22 further comprising:
forming a second dielectric layer on the second conductive layer;
forming a second via through the second internal dielectric layer using

the laser to expose the second conductive layer; and

13



formng a first via through the first internal dielectric |layer using a
| aser 25 to expose the first conductive layer; and form ng a second

conductive layer on the first internal dielectric |ayer,
conductlvgqlé"é@rz coats the interior surface of the first gﬁiﬁjs@(ﬁﬁg

conductive path throu he first, diele nethod of
claim?22 furt he %Hﬁl’al gllrcﬁ]ﬁondf%Wﬁ lﬁlée é)nstgl%:(s)éﬁcg ? & &ngﬁ'ﬁc la-ha‘?on t he
second congeihird@ohd@yeive layePEdttlhe ant8LEI0NE ave afﬂhbrsedmgh vide fsemond i nt ernal
dielectric layer using the |laser to expose t he second conductive |ayer;

and 13 WO @enducpiye pebyhusedy e serend deflehtiglayet hi rd conductive |ayer on the
second internal dielectric layer, the third conductive |ayer coats the
interior surface of the second via to form conductive paths through the
second di elact r iThelmgtred oficlid 23Mvherent thedirgifand lsedomd 23asvener ei n the first and

second vias are  sub ta(flally aligned. 14
substancially aligne

14



