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30BRI EF DESCRI PTI ON OF THE DRAW N 1A is a schematic diagram
showi ng ataehed 1o ithasubstrase by éﬁ@@ap%ﬁtaﬁmh aéiheﬂbetaﬂaﬁehﬁawtﬁ)é warehonds - | ayer

gl ass COMftay be formed between the die and substrate.
The IC die is disposed on one side of the substrate, and a number of electrically
20  conductive terminals are formed on an opposing side of the substrate. The terminals on
the opposing side of the substrate will be used to form electrical connections with the next-
level component (e.g., a circuit board), and these electrical connections can be used to
deliver power to the die and to transmit input/output (I/O) signals to and from the die. The
electrically conductive terminals on the substrate’s opposing side may comprise an array
25 pins, pads, lands, columns, bumps etc., and these terminals may be electrically coupled to
a corresponding array of terminals on the circuit board or other next-level component.
The terminals on the package substrate’s opposing side may be coupled to the next-level
board using, for example, a socket (and retention mechanism) or by a solder reflow
process.
30 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a schematic diagram showing a plan view of one embodiment of a

substrate having a multi-layer glass core.



FIG 1B is a schematic diagram show ng a cross-sectional elevation view of
the substrate having a nulti-layer glass core showmn in FIG 1A, as taken

al ong |i nOoBoB/msi21FI G 1A FIG 1C is a schenmatipcTdiSagmoasoshowi ng a
portion of the cross-sectional elevation 5 view of FIG 1B and illustrating

anot her enbodiment _of the substrate having a nultj-1layer glass core.
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substrate having a nmulti-|ayer glass core. 10FI E is a schematic di agram

showi ng &Ipodfi on of the cross-sectional elevation view of FIG 1B and
illustrating ot her, enbodi nent .of .a substrat.e havin |ti-layer

gl ass core. . TG EeRRR ARG ihiRe E AR SRR T sl of ¢ ne
Cr 0ss-$eGlikwBaFIE! 18y ald id0stvdtRY aabthEd EnbodBmamhrithd wdbtiat hieny 8tmatifayet her
enbodi mrent of a substrate having a nulti-15 | ayer gl ass core. FIG 1G

i s a scheglemsiceredi agr am showi ng a portion of the cross-sectional elevation

v ow of FIG 38CRTR L LRLLSL g Rokohy SRR e SRR iy

showi ng aview 08 BIG.ed arahidlustedtidg atfuohcrenydiheranf 2@ subdtegs kdvirth €kl t
assenbl y including an enbodi nent of a substrate having a nmulti-Ilayer gl ass
core. layerglass c@ej s a bl ock diagramillustrating enbodi nents of a method

of fofgnng a sHpsif ¥la09 df Howifly § hoRloR%T ¢ - atignd! €
scherra(m c diagr g}sr'rs ﬁt?tsj‘%t%r gt?%ggg%%é)i r%g%t @Oo{‘o S’Ee&orr%tg Sofhtg?'a%é@ﬁﬁén 3.

FI G 5 i sview bf Bk 1B agtiflostidting gt atoithey canbodinipndohentbswite haviep lhedulof f or m ng
a multi-layer a%l ass core. FIGS. 6A-6C are schematic diagranms illustrating

enbodi merdf¥ &85 f¥Cnet hod of FIG 5.
FIG. 1F is a schematic diagram showing a portion of the cross-sectional elevation

view of FIG. 1B and illustrating yet a further embodiment of a substrate having a multi-
15 layer glass core.
FIG. 1G is a schematic diagram showing a portion of the cross-sectional elevation
view of FIG. 1B and illustrating another alternative embodiment of a substrate having a
multi-layer glass core.
FIG. 2 is a schematic diagram showing a cross-sectional elevation view of an
20 integrated circuit assembly including an embodiment of a substrate having a multi-layer
glass core.
FIG. 3 is a block diagram illustrating embodiments of a method of forming a
substrate having a multi-layer glass core.
FIGS. 4A-4C are schematic diagrams illustrating embodiments of the method of
25 FIG.3.
FIG. 5 is a block diagram illustrating an embodiment of a method of forming a
multi-layer glass core.
FIGS. 6A-6C are schematic diagrams illustrating embodiments of the method of
FIG. 5.
30 FIG. 7 is a block diagram illustrating another embodiment of a method of forming
a multi-layer glass core.
FIGS. 8A-8J are schematic diagrams illustrating embodiments of the method of
FIG. 7.
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30FIG 7 is a block diagramillustrating another enbodi nent of a nethod of
formng a multi-layer glass core. FIGS. 8A-8J are schematic di agrans

i 1l ustratwogoamsedsnments of the method of FIG 7. WD PCT/US2010/054931

2011/ 084216PCT/ US2010/ 054931 FIG 9 is a block diagramillustrating a

further enbodient .of a net hod formn mul ti-layer. glass, core.. FIGS.
10A 10H are sdHEmdil %blapggwgw o i Nrgeemou HeMes <Rk etnisg of
FIG 9. 5Fh@¢i-thier gak cbleock diagramillustrating yet another embodiment of
a nethod of formng a multi-Ilayer glass core. FI GS. 12A-12E are
schemati ¢ di adfl&i¥s |0A110k araséhemagnidedianntlsstofting eenbedinhands of th¢mgthod bf

FIG 13 i a9bl ock diagramillustrating enbodi nents of a nmethod of

di sposi ngﬁ% conductive material in thru-holes of a nulti-Ilayer glass core.

FI GS. 34A- 14C @Ge 1$eepBLI SiafiaaDillaB®atinlgl yesidoddr RenbeakRs bEN Rt dfhe met hod
of FIG 13. FIG 15 is a schematic diagramillustrating an enbodi nent

of a met Hetmioe arawltirgye ehask eercl ayer gl ass plate. 15FIGS. 16A- 16E are
schematic di agrams 31 usttaling.A085DEmSTRAMTE MnbBhinfnts of the method of

FIG. 11.
FIG. 13 is a block diagram illustrating embodiments of a method of disposing

10 conductive material in thru-holes of a multi-layer glass core.

FIGS. 14A-14C are schematic diagrams illustrating embodiments of the method of
FIG. 13.

FIG. 15 is a schematic diagram illustrating an embodiment of a method of making
a multi-layer glass plate.

15 FIGS. 16A-16E are schematic diagrams illustrating another embodiment of a

method of making a multi-layer glass plate.
DETAILED DESCRIPTION OF THE INVENTION
Disclosed are embodiments of a substrate having a multi-layer glass core. One
or more build-up layers may be disposed on each side of the multi-layer glass core, and

20 electrical conductors extend through the core. The multi-layer glass core may comprise a
number of discrete glass layers bonded together. The glass layers may be bonded together
by adhesive layers, and the adhesive layers may comprise an organic material.
Embodiments of methods of forming a substrate including a multi-layer glass core and
having conductors extending through the core’s thickness, as well as embodiments of

25 methods of forming a multi-layer glass core, are described below. Also disclosed are
embodiments of an assembly including an integrated circuit die disposed on a substrate
with a multi-layer glass core and coupled with the substrate by a set of interconnects.

As noted above, the disclosed embodiments encompass a substrate having a core
comprised of multiple layers of glass. According to one embodiment, the term “glass”

30 refers to an amorphous solid. Examples of glass materials that may be used with the
described embodiments include pure silica (e.g., approximately 100% Si02), soda-lime
glass, boro-silicate glass, and alumo-silicate glass. However, the disclosed embodiments
are not limited to silica-based glass compositions, and glasses having alternative base
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met hod of making a multi-layer glass plate. DETAI LED DESCRI PTI ON OF THE
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mul ti -1 aywo 2gl1a8s2160re. One or nore buil d-up | ayers mayPo@/us2epossdl on each
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] s, ca . b : .
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of gl ass afedcmichiddiRdidhatesmany adgitiveeste but Hidvwhexaagaerifhedmenpogesent s i ncl ude
pure silica (e.qg. a{)p‘r oxi mately 100% 5i 02), soda-line glass, boro-silicate
gl ass, arfetgiialpaodmpeicsiat comgrinations thapey findiapalication vitehe diploidrent s are not

limt t i Gas b . Lt . i ternative
base e%bb?f}%éﬁ% 12‘?:%%1%552 %%6%8 %%LII értrlgl{a gl}r 1 g.{ag l%é@%%ﬁfa Pﬁ%%#%gﬁg | asses,
phosphat engloass&mgs chahmogestrapitissesr databiljty pand agdlss [er enpheped nwiyt h t he
di scl osed 1%e?£>Odi r%n#r{sﬂ.l Furt her " an%y conbi nati on of other materials and
addi ti ves' PaEEM REE" RSP €& (or other base material) to forma
gl ass having desicr£q, MH Glleih HRASHA Hefss  BbaRIteSiePlo drBSRE it ! ves

include not only thé 5 aforenentioned cal cium carbonate (e.g., line) and
sodi um canigonals.evl{ich may bs edayphobsiin seliddormagHewicwer it shdudd beundrastgechéise,

el | B8t rtar S i e e BRh HEh REER P ot e PR T

af or ementdoaftaderdl. assexa@pR, sstdiitrhy g8s2bewbllbs Autheyuexaiiploas oothist hgsmany
types of materials and nmaterial conbinations that may find application with

the di scltBedomprigngelirents. In addition, a glass layer or structure nay
L our T ecg L ERIERL A AL ORISR TPLENE SRR
i nternal ihckskiano a Gguie fainl. yTherglass @dndigoeicmpetdigret of aplagl msetialdeas not
refer 26 © t(e)rglggrg{u%e eollov)&//rgvehrich the physical properties of the glass are similar to those of a solid
and above which the glass material behaves like a liquid. If a glass is sufficiently below
the glass transition temperature, molecules of the glass may have little relative mobility.
As a glass approaches the glass transition temperature, the glass may begin to soften and
with increasing temperature the glass will ultimately melt into the liquid state. Thus, a
25 glass body may be softened to an extent sufficient to enable manipulation of the body’s
shape, allowing for the formation of holes or other features in the glass body.
According to one embodiment, the “softening temperature” of a glass is
temperature at which the glass has softened to an extent sufficient to enable the disclosed
embodiments to be performed. For example, in one embodiment, the softening
30 temperature of a glass is the temperature at which the glass is sufficiently soft to allow for
formation of holes (or vias) or other features in the glass. The glass transition and
softening temperatures are unique properties of a glass, although two or more different

glass materials may have similar glass transition and/or softening temperatures. Further, it
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materi al s, which may be anorphous in solid form However, it should be
understood that 15 a gl ass according to sone enbodi nents may i nclude carbon
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of holes (or vias) or other atures I'n the ¢ ass ass transition and
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nor e dlff terials hav m, | ar ass transition and/ or
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tenperature of a particular glass may not necessarily be the same val ue.

Tur ni ng rfodstrge FOEBIcldas arﬁidstﬁﬁe 1i0R land en appabingr scerbodi HEngeenily parlibkt r at e
100 h 1 onpris of ~ ot r_no I rs o |,as pl an vi ew
of t h s druf TS dRoig5P PP horBin T tRuBl P [ o BeliesuEEs figha

el evat i onevdWidds 1bn,e1(mub§acbﬁﬁ@% !ossoﬁﬂcé«fﬁbddﬁnﬁitﬁthel&rlpﬁé?ﬁm@fﬂ@é ong line
B-B of FIG 1A. Also, various alternative enbodi nent the substrate 100

havi ng a swbstrate | fisecptraldsrestngular end oews mbadiaentetl fruaglespEthchr ough 1G
d each of. : |
et 11 drBAREAH P HENAARY ST uBy AR RD okl SRR TRAREE R

vi ew. 10Whbiidrefmetedribs atsabstratShalify aﬁﬁh idBtanizbiar peﬂqﬂief;altsevlﬂtﬁﬂthersed)puiﬁs a
core 150 conprised of a nunber of ﬁ ass Iatéers 157a, 157b, a%p 157c. In one

enbod?Yrerthe disglgsedgpboggnenty,r e eaehsHate 190 baga iidaestf 158b

di sposed &%%%Eﬁﬁ ﬁm{layers 157a, 157b, 157c (e.g., layer 158a is
di sposed between gl ass ayers 157a, 157b, and so on). Substrate 100

i ncl udes a fi rBte ulddajd2l@andomn 50hpos lﬁmy seitoerid2 snden dpgosgenecald y
parallel surface 154. In one embodiment, the first and second surfaces 152, 154 are generally
parallel to each other. A periphery 158 of the glass core 150 extends between the first and
25 second surfaces 152, 154, and in some embodiments the glass core’s periphery 158
generally corresponds to the substrate’s periphery 108. According to one embodiment, the
multi-layer glass core 150 may have a thickness between 50 micrometers and 800
micrometers. The individual glass layers 157a, 157b, 157¢c may comprise any suitable
type of glass. In one embodiment, the glass layers 157a-c comprise the same glass
30 material; however, in other embodiments any one of the glass layers 157a-c may comprise
a glass material that is different than the glass material of any of the other glass layers.
A number of conductors 160 extend through the multi-layer glass core 150. Each

conductor 160 is disposed in a hole or via 165, and each conductor 160 may extend from
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15 with the first side 102. A periphery 108 of substrate 100 extends

between the first and second sides 102, 104. According to sone enbodi nents,
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however, in other enbodi nents any one of the glass | ayers 157a-c may
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of theyot : A hr ough
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2011/ 084216PCT/ US2010/ 054931 the first surface 152 to.th cond surface
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has been eniliddgdenis ofithafiorelagion of belkes Y6 Tanidbe formatipmpeednguctoddsifduct ors 160
may cggrpr' se.bagg Sui { aslte.lgl 1ect rically conductive material, including

netal & CORPOSTREFAILITEY 9¥°%d el ectrical Iy conductive pol yners. Suitable

metal s i ncl udeDigsp@ on thd fikst Silld Y& of @BLtEhte NOCKRI firsEdctBT dledicaRd t ungst en,
as well as alloys of these and/or other netals. Processes that may be

utilized cosdycsivmterniptlel A} (sos BIG.8%V)i Awicordéng tbone spbapinent.dheHishept of aser

drilling,,.l L AL 4 t] Fl e Lcal (o} st ve

mat eri al tﬁ%ﬁj}?@g 1%('()3 %gdg a? g% %%%tle%ﬁ%l&éﬁg glrn%val c;oyeﬁéo%di% al}gd?’ n%?g%h%glff{é%/or s 160
by any sulispabédeopianimessated tieduita@C) dior Aexangit & nopkkkdvimg KIGShnAgLRs

(el ectroplating or electroless plating), chen cal vapor depositiaon (CVD),
physi €&l heafsset adioseiondi Vg C,te@m %Igi)r éérﬁnfi%%ei’fﬁkjla_sel@ﬂﬂiew&@? thigdigel |~ as
any combipabh Abrint LAY &' &L BEIORMREBHECPhe ViGN J8HRALERNT S OF (he
formation ol es 165 and the formation of conductors 160 are 15 descri bed
i n great eongeisabhy Hefable. tyid siposedirocaphble of forsting andeledfifalabnsachion mather 100 i s

a first Stgltmilgl;,l o%ltl(?ecltd’ éii%.a loy example, a terminal 120 may comprise a pad, pillar, or stud

bump formed from any suitable metal or combination of metals (e.g., aluminum, copper,
25 nickel, etc.), and a solder bump may be disposed on each terminal 120 (and/or on the
terminals of the IC die). In one embodiment, an IC die may be disposed on the substrate
100 in a flip-chip manner, and the terminals on the die coupled with the terminals 120 on
the substrate 100 by a solder reflow process. According to another embodiment, an IC die
may be coupled to the substrate 100 by a layer of adhesive, and terminals on the die
30 electrically coupled to corresponding terminals on the substrate by a wirebond process (in
this embodiment, the terminals 120 would lie outside the die region 110).
Disposed on the second side 104 of substrate 100 is a second set of electrically
conductive terminals 125 (only a portion being shown in FIG. 1A for clarity and ease of
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conductive termnals 120 (see FIG 1A). According to one enbodi nent, the
first set of termnals 120 is arranged in a pattern to mate with a
correspomaiDregliznseay of term nal s di sposed on an i nt egr aret/usee1005493( 1 C)
die. An ICdie is not shown in FIGS. 1A-1B; 20 however, a die region 110 is

depicted jn FIG | A and the termnals 120 lie within this die region
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connection with a termnal of the l1C die. For exanple, a termnal 120 may
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of thes | Gofthid) anlelecBNQl EHAREHIMBRTh a &tmirfal OF BicBYt-ROcldobipesad. 8 Wdieof
substrate 100 in a flip-chip manner, and the term nals on the die coupled

wi th t he emirionatesmimed 1 3h maksosphse ¢ ad lagosdgerdbugyl efearther gngtdDupoeess.
A di ng.. i ' trat
oot kAT ORI TE by BRI SRR PR AU RIS et

coupl ed tthe estras 100dhd grin@tald 128| suchrastallend Wasd Aahe (IDGARsodkeeda®Inpr ocess
(in this enbodinent, the termnals 120 would |lie outside the die region

110) . Grid Brigy dBEA) sorkeheA beaafheg s ithretenminalsel 23 mpat hegoupled ovithstermigals ond

set ofqel .cal j i only a portion being shown in
FIG F(,)A foglﬁh%f“%?#%&yél 3 g%{%gl{eyg?E%@zrg%i‘?é’%isgpdyuszglo/ 084931

i I lustration) .Dibpasod dh i first anface rbddi coeat 50 tshefirselmokldusatucofre 1 80, mmdal s 125
is arranged in a pattern to te with.a corrgesponding arr of, term nal s

i sposed BrroscthaEicnter seSuborBAY S Liarene o R Hbadel Mot belbbar o, or
ot her ci ngiiglypR@REGrd ORhpriRO¥Re binbR&IEHAHEE Blyers UF8 d@EWR O dlakerthPmd®Y each
conprise any suitable type of structure capable of 5 formng an el ectri cal

connect i onetal, tind thettermialal 2Gdre disposasian- the Viedt boddrup wenetureBy3Ovhe fost exanpl e,

atermnal,12 ri a pad, .land, solder .bu or. ot.-her. netal bunp,

or o B n usiE AR PR DaRahndidyS vn st SRR R ent i on

mechani snrut@rd B3091 We IdabioreWIshd @ndudiff 180dn heltildal slads’fre 8568 as a Land

Gid Array (LGA) socket or a Pin Gid Array (PGA) socket. Alternatively,
Qi@mcailz  lexor ﬁ¥ e

the term gopplgd pathablpgptedenat Ifystigulgrip factesd 30, egpén
conponent I T | SPO t iy.st surface
152 of c6F§%T§88?%Q§BP%$%#8%%?F%gﬁgﬁgF#Sépdpgk%%H%%gﬁgﬁﬁf@%%ggﬁ§on t he
core's seonaplddsuthfadasild® doadacteelonifiladly-thpscebndibhild-ep dtAkturdngof i r st

buil d-up structure conprises one or re.alternating |layers of a dielectric
mat er £AI CRRWPTISCTRICAT MofR glterRatingelansth Q %d@%tracf@afarlgwgéldﬂ%h epbthe; ¢ st

bui I d-up t%ﬁa‘iﬁ&lts Y5 ¢ afE?thlfoEQ?oJ ffhre%col‘l? b?lﬁg-%#)rs%@tu - fi@ #R% BGRELBL N side

corresponding to an outer surface o irst build-up structure 130).
| east onelOdfgendrelly omuespoudisg 6 outerrsut fhce dfayesccghdbsilGop strdddreilgd0). At

electricaglly coupled wth at | .east e netal layer of the first build-up
ot r ot ur deasbrc S Pordyre Lt Rt St FEe Atcal S @ISt vitha: st Bhe B d- up
st ruct ur gaN9F BRtsctRl iRHCplRRcivte 40 RhEh Md dhdih&AMmARNGaFREuEt or 160.
Simlarly,” the second build-up structure 140 20 conpri ses one or nore

al t er At isaepridaypeldsuipottrugtueié edasest tieoramt ¥ is apurdediwigh aelteast onaandustortléPri nal s

125 are dj,sposed on t second bui | d-.up ructure 140 (the secopd substrate
St de 104 BTG e bR RGP LA o in s St Bt ERRRR b 1 e up
st ruct ur /D4 Q)gnaldl bdtwast thefiest @hd kétong ol BELcahmakbQ0] M L@he hkhkk, ifscilitate

electrically coupled with at | east one netal |ayer of the second build-up
st r uct ur dhadgiveghef nayessad sighdliigrhshve andCadic meyated on sphgrate 100 and a

next-level component). Build-up structures 130, 140 are described in greater detail below.
30 Referring to FIG. 1C, an embodiment of the multi-layer glass core substrate 100 is
illustrated in greater detail. As previously described, the substrate includes a core 150
comprised of glass layers 157a, 157b, and 157¢, with the core having a first surface 152
and an opposing second surface 154. Bonding layers 158a, 158b are disposed between the
-7-



25 second build-up structure nearest the core 150 is coupled wth at | east
one conductor 160. The first and second build-up structures 130, 140 route
power, aswoebivms21i6nput/output (1/0O signals, between tireTfisesw/oatvdl second
sets of termnals 120, 125 (and, hence, facilitate the delivery of power

and signaling between an | C di e nouynte n sybstrate 100 and ext -l evel
conponentd4ss .eml\ﬁa-cs Er Wb el t,h%&b&a?eegti@é%wwa Showy T et ai |
bel ow. 3QRefueh _rlG[‘_Ehlefc%reF 146 méFrorfti RO di iR mlﬁflbérrb? ol Ia'yétlsf(‘é’.g.r, tJgass core

substrate 100 is illustrated in greatér detail. As previously described,
t he substlagre fourgirumtes laycrsoete.) 1d&Peadinp nperethe desitddanechhayarand hzgricall 57b, and

157c, with the .core havi Lrst. surface 1 and an opposi second

s oo TR R R Bl b T IR Gt T s B Bt iR Vi

2011/ 0334aﬁﬁﬁ’ﬁéﬁé,%a%Qﬁ@éﬁ@é’tﬂiﬁﬁh@&l@lég@xﬂa%rﬂﬁz%-tﬁickl@e%s ppb@dea@bove. Al though
three glass layers are shown in FIGS. IA_thrg;@P 1G the core 150 may

conpri se a@nexénitelbileand id9anicemairas Aloaipegns quebogiment Wi glaspdaxers +oiar or
| . ' . \ |  oal
e I

characteristics of € Su ayers ave any
sui t abl e dasshiyelnEsa.c mngdhive ahekesb difsredttth@aait @ln@gs of dg@thdigtasa
t hi ckness of between approximately 50 and 200 m croneters.. Also, in one

enbodi nenl_ﬁyetrfheB@trda%lawaryé%a-bm-%S%we&w suiabes thirgnesnidiRiogkness (as
depi cf@d ohﬁﬁe&t'egﬁtl’ @Dgénéﬁ%e?'fh%ﬂ& Hﬁ&kn\éEA yft%Weéﬁ%R%HXiﬁl Iy ogailgltlLogyer S

157a-c may have a t erent than one or re o r glass
| ayers. Bordimgersapersrdiifz8a-obe mmpodihmat, hiaeondmg Igytrs A ach tlhhawentbs sgmand i n

one 10 enpodi nent each .bgndin er has a. thickness of betwe

appr ox TR sV E BB e AL It PG OHOTBHBUH HER L, ¢ he
bondi ng liRy.8ms 142821 $Radl ma8YR § MEckRBRI HOLAKASS Snd ASmSRAMH dindhe
figures); however, in other enbodi nents any one of the bonding |ayers

158a- b nmebpnHmgdayers. hi ckness different than one or nore of the other bonding

| ayer 15The .di s¢rete gl ass | r 7 157 157c, may, be bonded toget her
by an}® sutt abl e ervir 8sE R INE-datbd Aty honafL Rk iy FeR e HEgy ar e
di sposed tbenWpeN I e GhBsdEmkaty B65din@RfeRasRa,af58h BRSEsJoBYEb&WESn GiogRlsed Wi th
two adj acent gl ass |ayers (e.qg., bondlngtlayer 158a i s coupled with glass

[

| ayers 137¢cranad eacnmf thesd lasron Foupded witditwg adiecam alasssyenis ke as bordied bondi ng
| 15 ] ' j f , iment th
e LSS SRR AU SINER Ko AR R O D SLecpRibrROgent the

each bondinitgdiraste)cathbBandidd 8lyec DiRar | Ssineludesyanf ddhesieg]aas ivefureeri al , such
as a filmconprised of an acrylic resin or an epoxy resin. |t should,
howeve? , FebodHaeH Sheokandingdeyrh ot dePoepprinisn dremsit Batsrial ndk o nited to

adhesi ve eb;ﬁd&;ﬂl%rﬁ%éﬁée}l@h bBﬁHiﬁ? Blyer 1330t L 5%%)0@’5{%&&5‘& é%zef‘ilﬁgécgz]%iv& Q{a?erillﬁ(gumiy be

formed wt sives. Tn’sone 2 ments,” t ass layers 157a-c
may be | cisnddnt @ggirtsed obyn airfliasskiaror borpoxgresirolt shrvakiph@yeven tene

enbodi nent, the bonding layers_158a-b conprilse erial that is capable
o for m s SEOAR G B ROV 8! Flte Raherve SRPE P e (e g
bondi ng |@%REr, hadmhec Walidayfce %Jms@cd}b fi 501 &aQ e BOREL M fikb @ a8 sRE s Jinddtnel ayer s
157a and 157b, and so on). ternatively, the glass |ayers 157a-157c may be

di f f us orenthediteentslitheglassylayays bhka-c may be joined together by diffusion bonding. For

example, in one embodiment, the bonding layers 158a-b comprise a material that is
capable of forming a diffusion bond with the glass material of layers 157a-c (e.g., bonding
layer 158a would form a diffusion bond with each of glass layers 157a and 157b, and so
on). Alternatively, the glass layers 157a-157¢ may be diffusion bonded directly to one

30 another (e.g., glass layer 157a is diffusion bonded with glass layer 157b, and so on), in
which case the bonding layers 158a-b may be omitted. In other embodiments, the glass
layers 157a-c may be mechanically joined together. By way of example, in one
embodiment, the conductive material 160 deposited in thru-holes 165 may function to
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30 another (e.g., glass layer 157a is diffusion bonded wth glass |ayer
157b, and so on), in which case the bonding | ayers 158a-b may be omtted.

I n ot her wotzodiase2ibs, the gl ass |ayers 157a-c nay be neebanisealoloy49poi ned
together. By way of exanple, in one errbodi ment, the conducti ve material 160

deposited in thr | es 5 y fu sec the rs
158a- 158&6?186&%?55??¥?r%%5f6&§r@BFOE@ f%ﬁtﬂhe@?ra MgYlel Ssl ?%fsigﬁaﬁfl be
secured trﬁ%%é‘&"cuﬂéﬁ't H@r'ﬁﬁiﬁ% d%ét(iﬁlc{eoto%djeeoo%ﬂ%{ ng. According to one
enbodi ment,” first b up structure 130 conprises a nunber of dielectric

mat eri al | ayerfsccmBag tol@BEmbb8Busnt1B3dhuikinep anmmrbéiSO ofmpregeale nuzper of 1364,

5 136b, 1 Dielectric | 3 y i tab dlelectrlc
mat eri al (ﬁg‘e%}m H}%qr ﬁn&y 'i‘?f}% léﬁé ]?%Pcl%?aa?fﬁp @eé Q?gfﬁagtlj'a > sui tabl e
t echni gjuel36B; Boc. PR $yletsOr3ald@nhyadmprise agy@uﬁablé\/@mbtricaméﬁaﬂ(@@a c may
conprise any suitable electrical Ig conductive netal (e.g., cop

al um numpodymerenatersgle cfc.) ansomepale ébzzsgny staple taﬂxmw| (e&blbs d@E@ﬂh‘fmIque

(e.qg., pl r ting).
o Dher P RGP BT EPER 1S UR) 88 cRAER AR b AP IR 8 pRfuchhE

sui t abl e metsierg. angp@pﬂﬁmgumtslloa et. )Iernalcmesy bemnpesltepﬂlayrw@ suiideind pl anes,
and ot her conductors to facilitate the routing {%Wé r and. I/ O signals.

One of t Hechwi@iedegr pkating peqegssesuchyas %IGQ}TO@E%@B&H% elfssatigtingho Faidic ent
metal {4 a rated by
di el ec(% r |y[12£ ﬁg%gfﬁi%S%?agr%a%kglge %ggfﬁﬁgdn%%gﬁgla@g%%?‘g l%I Ig{/ngoe§ g@% lies

adj acent dohfigwotien dﬁtﬁacas@os\&pp]aaeegrduhé pmmbsgland ather cd¥batof s orfatih@atacthe e.
Accor di ngrpt 0 on errbod g_ﬂa; he dielectric |layer 133a lies directly

adj acent PHEE Ré)“?rf”il %ace 152. Vias 139a, 139b, 139c - which are
plated or fillgg Wtﬁ@df@écf%c Ia dyéi"é(tl?ﬂldd i Qo9 br&edl eﬁ{yec%rddfacleﬁ%ﬁ‘éﬁl 133a,

133b, 133c, respectively, I nt erconnect adjacent netal Tayers
vi as 139tiayern$ é]fﬁaem(@atimcﬂet lalverls ayea @dﬂ%& aam@pmteﬁéﬁbdlelactdcm'eoﬂmb Emlt her,

h | h 0 led with
tne o 2 spethrng ET RGBS b T Mol bl BRGS0 T R 0BT &) e

133a. | n ioa6e fierPedicBRNtAcchbitBnd iordie chibolingdt kbe dRfccay18ydS83aHYs diRdetiide a
surface treatment or coating to increase adhesion with the dielectric

mat eri al agfacemdhopeoreg-fup sotfpecct W Viagd3%aal 3%, 139¢ s oicherrp olatadenitfBledt he

out er nost tr LesI r d/or a
passi vati o{rqﬂ ﬁgﬁgr ek%lnh %8%%§gglen&¥rthé3%gqg%%g?ﬁrflelr%g § r? ‘%apre!r:n‘&“yhe(iz ’sa% 20 are

f or med bylnteﬁj’onﬁ@;ft agiedc @i metdl éayory @rgrD8ds IBOb ahtetcayedct ML laykrs 130e ardrbodi ment ,
second builg up structure 140 conprises a nunber of dielectric rraterlal

|ayer%0 141380- anddzpg on} 4Berthor B mefh crvar hififgisrrest thrstudii-lavsy glass eorgdo0 raep,
146 I
C. edggﬁltea Wit &bé%fn&éé%@ Hﬁaqc@&m@ BE VALY @ya&@%g @aleﬂg%gfycmgﬁey

mat eri al 30 polynmer materials orne
sui t abl e 138ehhi opesenilendgmentbthe diegesifadeord?2 dfamemeﬁtmmaty inelude p su¥ipteal | ayer S

Lica- M eRTRr! S50 SULLSPLS, ShectL RRLLY, senduetive meval, (o0
Ito le; []|mn g;lesu{Flgtrutgehle 3r(]0|@1%b NH sGhO /DS EitnenBUMR RkrRbACL10RHaTdyag1 Adng) ect rol ess
25 comprise a resist layer and/or a passivation layer. Also, according to one embodiment,
terminals 120 are formed by, or formed on, the outermost metal layer 136c.
In one embodiment, second build-up structure 140 comprises a number of
dielectric material layers 143a, 143b, 143¢, 143d, and a number of metal layers 146a,
146b, 146¢. Diclectric layers 143a-d may comprise any suitable dielectric material (e.g.,
30 polymer materials, etc.) and may be formed by any suitable technique (e.g., by deposition,
lamination, etc.). Metal layers 146a-c may comprise any suitable electrically conductive
metal (e.g., copper, aluminum, silver, etc.), and may be deposited by any suitable

technique (e.g., plating processes, such as electroplating and electroless plating). Further,
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WO 2011/ 084216PCT/ US2010/ 054931 the netal |ayers 146a-c may each be
patterned to formany suitable nunber and configuration of traces, power
pl anes, gwound/gskmnes, and ot her conductors to facilitaPeTiuseownsIBng of
power and I/ O signals. One of the di eI ectric layers 143a-d is disposed

bet ween a nt netal rs, 146a-c (e.. met.al yers 146a and
146b are E%EP&\F,‘% 4531&%&0@3@/&3@@6 papedipdprin & S@%bkﬁﬂum@ﬁan@. electric

| ayer 14%nhgﬁ§t1&gbﬁ?a%ﬁ dolRr Ak n%ﬁ%né@fhn%@%ﬁ& BHRS cdRCITRS Bl fadiAMRS hd 462
fromthe core. According to one enbodinent, the dielectric |ayer 143a lies

di rectlyradqllzg:mowehenéﬂﬂes‘lglagecond surface 154. Vias 149a, 149b, 149c -
whi ch are pl at

ers 1aan S0 sl Ricuidty TR0 is N GD ok Par B oS REEH | et a

| ayer ss5 (Gagbrs 14/6aa§(e1g19@eﬂamta§é1@ an6estd Msbake ée% MRE Blﬁﬁéle@tﬁd 1AB4312RHd SO
on). Further, the netal layer 146a nearest the nulti-layer glass core 150

i s coupl e on-tand dirkecsiic kyeicl 43n lich adieennd thetoeres | 05mdisgparkiss theanetaldp¥gsosed i n
di el ectri 1916%1 %ﬁ%{ e &3 A&ofd‘lg%@r&%%ﬁ?%mmen& Nfie 8§Fe%9% 1§gérf1%§§ Héééﬁre%hycor €

150 may incfude a surface or coa

the di el egljacknt that@eisabeoald sulfacdolid. dvidp14%a, $49b4qu9trewh4kﬂh ardpheed drifileane
enbodi nents, the outernost dielectric |ayer 143d nmay conpri se a resist
layer and¥idhmstabassicodthreweh thy diclectric laa%rﬁtlf‘%ﬁa 1436 144 retsedvshenttd terni nal s

125 ajg flﬁ{ef@)ﬂn ’adj‘%% n? g{se%ﬂ : 4] &iQUlBh @fcoﬂf?etc@h]e{a@Ya%rs]ﬁ%% arg# n the

enbodi nent of 'he enbo iments shown 1'n eac FIGS. 1D
and 1G, M1d6b, efndrsstonamﬂursﬁlm,ahdnmtal el p4 st meacts uthe snutignleyet gmwmlsmmber of

20 dielectric,and netal rs an fur ener ui val ent

2o Okmee o AR o prese HF R cBRBis arnb e 148 SSRSES in e REdE T ng 1 1
ot her enbodh "BNgR érﬁ'c%dflﬁléﬁt th@@é’co%@%ﬁﬁﬁ’ceﬁ%ﬂ'd? chie I%R)rrﬂ'fﬁl Htkde ARYrrhave
differing thicknesses and/or differing nunbers of diélectric and netal

| ayers. Acwetmeit ngcwatlngm@mmasemdi@dmmth the digldctiet- mpteserafschabwld-gp di sposed
on on one Sld of . the nul ti S ore 1

O nbod! fentEelbefadia bt Woiat kb 8iient fRiufS Bt 1 BEBRE uet e
from t he afRisdhels@tldyetanBées pativaish BRdralin additioh, e bnesdapstineat s, however,
the first and second buil d-up structures nay have differing naterlals

I n the erbaringeARS afe fpmed tycor irelcd ony the optgyees metddayend44d3a are
posi tioned ad]lﬂ?ﬁ'@émﬁ&ﬁm%l otﬂlFl&}aY@ r(as%afgs HOLHbIA %en%rlﬂo&/ﬁ?n g;cthaolf layers

nearest the core
FIGS. 1D and lG) the ﬁrst and second build-up structures have the same number of

20 dielectric and metal layers and, further, have generally equivalent thicknesses. However,
the disclosed embodiments are not so limited, and in other embodiments the first and
second build-up structures may have differing thicknesses and/or differing numbers of
dielectric and metal layers. According to another embodiment, a build-up structure is
disposed on only one side of the multi-layer glass core 150. Also, in some embodiments,

25  the first and second build-up structures are constructed from the same dielectric material
and metal. In other embodiments, however, the first and second build-up structures may
have differing materials.

In the embodiment of FIG. 1C, dielectric layers 133a and 143a are positioned
adjacent the multi-layer glass core 150, and the metal layers nearest the core (i.e., metal

30 layers 136a and 146a) are separated from the core by these dielectric layers. In an
alternative embodiment, as illustrated in FIG. 1D, a metal layer may lie adjacent the multi-
layer glass core 150. The incorporation of a metal layer adjacent one or both sides of the
core 150 is sometimes referred to as “core layer routing.”
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30 layers 136a and 146a) are separated fromthe core by these dielectric

| ayers. In an alternative enbodinent, as illustrated in FIG 1D, a netal

| ayer maywbizelizdpracent the nmulti-|ayer glass core 150. Phe/tusaconpesati on of
a netal |ayer adjacent one or both sides of the core 150 is sonetines
referred to as_, "core | r.routing.! -10-. WD 2011/084216PCT/ US2010/ 054931
Referring to FRETIB0 Flte %E’%mﬁ?ﬁlmsm R ISERT é&‘ﬁ@@??ga‘gyeﬁgﬁar 1N i | ar
to that shewnih P! 1€ %@nﬁ(@@&t&&k@refi@&&iﬁ%@_ﬁy@ﬁeesahféerefekédc@qumram.e_ same
reference nunerals). wever, In the enbodi ment of FIG 1D, the first

bui | d- up Bewawst.un ¢hel@badrotnidd $1G. HRtthe firshperd-u6ixucidjcad@neclodes amaétali - | ayer

| ass core 1 and accordi to one e i nt the netal .|l aver, 136x is
0 oot |y gyt J3em AR BB P PRSIl 8D ods Bieda PRt Srpadtfhudis
overli®s hkgl 1aRdrabB ok ay@reclip @djat @M ehcopOS Eiekt RRFAdeABS. Pficlbhtfic &8EL) 334t hi s
metal |ayer 136x nOM/bEIn% the metal |ayer nearest the core, and at | east

one of t vedisndircmeteklaygol 508 (ensiaxpestdaortionyed dic qoaglethisietl lager 130&r , i n
anot her %ﬂnpgﬁﬁgﬁEWn&gﬁa%ﬁ%ﬁ&e§QﬁJg%&z%ﬁ%t&%g%%%%fﬁ%%o cT@Qq%H@e a surface
ing to &sion Wi a y

treatnment or C ncrease a h the met 'ayer 136x (and

per haps wdouplepavith ragtal laferdizek e Euithed, inayethed 3dB)diment, the fHstGukface 132 &ff r st

buil d-up structure 130, the second build-up structure 140 of FIG 1D

i ncl udes @rrtmay gypbide pagfagafired@pit of gRating teingregse pdhpsioagvithihe mesd, and in
one efdodientst 18l ¥ ot rhisidifeatdy3ag) acent the core's second
surfagg léﬁg E?epggggfcbfgééﬁﬁlﬁggéoggfﬁkégl%%é3%%1al | ayer 146x (and
exposed porti dhsilef totfivst lylildsy sttcooe ¢3(, thdsesombbald-haytarctikd 640 ndAltbei ng t he

netal |ayer.nearest t [of0) 1d at | east .one of the ndyctors 160 is
Coupl ed" il icdess et Bpes b eeisar B Sehelivioios SCABOA Mt . the
second s L&ﬁ%ﬁn&ﬁ‘ﬂh@&eﬁf’%‘?erﬁﬁ%x Wiréci@l?'aﬁf&%erﬁc t?(@écfr@%%e%@%ﬁ%lﬂr coating

to increase adhesion with"the netal |ayer 146x (and perhaps with portions
of di el eddiclectricdynr 1438aycrli¢sthe oretnl dayion th reland cxpntd patiensoédf thtglasor e’ s

opposing surfaces 152 has .an jacent 20 netal, | ayer (e.qg., either one
oF Pt B P8 PO TSl o0 MRS R} BERR iy POnTEhE b PG o FuipeBtbbs 130,
140, respREtondRLdrs MBWYis Beued WitBdietal layer 140N 1R ddeftRheMGRoMerehBodiment, 1E, a
further enbodi ment of nulti-layer glass core substrate 100 is illustrated.

The enmbodheriasondsursaged ot af eore 400 srovn¢lnde erface trieatmpaherr epating & inFicase t o

h h . : : - =)
rof er oot b Al Byl S R EDS R B AR il 1S PR ¢ o
via 165 isomsteintiodanatts, oahydietodthdl@de’s 9ppostiposetictals2al svahds dnhdfacest t aper ed

t hrough the thickness of the core 150. In one enbodi nent, the tapered wall
of hoi%é Jpetyh 1é3’%éf5gh§§hf‘ér?nﬁﬁ§P?tai@?ye’fse]ﬁéf‘i AOxtip the fughandrserens Wﬁrlwe hol e of

bet ween %“%ag“%ﬁ3@?9kﬁﬁ%gmggghéﬂﬁg%@% d). of a hole 165 may be the result

of the process used to rmt e through the nmulti-layer glass core
150. As 30 notWghatforcace powteBKed B, hdtrthmaygmbedintent oZzediti-layéroglassaoteol e or

via 165 ing¢lude, for. examl etching, laser drilling, ..i inting, d sand
b1 ast i ng. BB UAhS HEA End by eaeatetoEamer Shb STy GRe 1B Eiterd
af or ementg;angdo 18 BRI BSFITRY Cf @hdNiRe fahBeslhSiRANTIODL R AREAE 8deivabd - |t
shoul d be understood that, depending upon the formation techni que and
25 numerals). However, in the embodiment of FIG. 1E, the hole or via 165 in which each
conductor 160 is disposed has a wall that is tapered through the thickness of the core 150.
In one embodiment, the tapered wall of hole or via 165 has an angle 167 relative to a
centerline of the hole of between 0 and 45 degrees. The tapered wall of a hole 165 may be
the result of the process used to form the hole through the multi-layer glass core 150. As
30 noted above, processes that may be utilized to form a hole or via 165 include, for example,
etching, laser drilling, imprinting, and sand blasting. Depending upon the processing
conditions, any one of the aforementioned techniques may form a hole 165 having a

tapered wall. It should be understood that, depending upon the formation technique and
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-11- WD 2011/ 084216PCT/ US2010/ 054931 process conditions, a via my have a
shape other than the straight tapered wall depicted in FIG 1E. For

exanpl e, wo20tisu21eénbodi nents, the walls of a via may becCTurse@d/of®3y., a
via may have a scal | oped cross-secti onal profi l e). Turning next to FIG L1F,

furth mbodi nent of th | ti 5 subs 100
711 Ut r atRSeCCSTFRACHRNS G HEAYS ALt ]ée%i@"é‘ o SR tﬁﬁj@ Y@tl 5@@@%'&}5 ally
simlar tgd hat F%P%ﬂl@ ifrbffer &fbéARdntsi e vJaﬁ%Pa oR rﬁéfbéFa%%dl(fFl ced Ry the

sane reference nuneral's). However, in the embodi nent of the hol e
or via 1682y mvehischllapad rasenctionalrpraBB).i s di sposed conprises a nunber of

separate, ali ed hol es f ach .of th Lscr e ass | ayers 157a,
T57b “157c and BORAPRG P AaGr o peBr SR BRIk Se g MR kol o165
My CO3Praubirate VORis1hQeratcd. dhaembbaw@nt dDsBstrae \10@51905991 FIG. bgrisiga&rallg,yer
158a, a via 159c in glass |ayer 157b, a via 159d in bonding |ayer b, and

a via 159amjlgr tgltl@?é,§h¢\&rymFI£‘51§(a®hb¢ fertuyes arpilsatiSeply desamprasicngoa-e are
al igned g al?) g&) (irfﬂat T T o (AR Iﬁoi rx?g"i%?'nf%ﬂfcﬁ chhere may
e &n e

be msallgn se separate hol es.

enbodi menfondiidier M0as dfspdsmdomprlmea rgjnm of @apafa% (@Bgied, ho\l/esatsrrﬁ&&a eadlb9c,
159e and per haps bonding | ayers 158 may have a wall that is tapered

t hrough tHéhe HpEriedass &fyefShlaﬁﬂagh 5&§sli7a>ﬁéﬁl be%c#mg)&yawnlg? SpakpdPy For gxaginde,
nbodi t
conterl k- RAH BREfGbobinse PListtsfh h BRS BRrARn & iR SPH AR BT
via (e.g.158a, ama 155@m-gassmysr be7u, taener &Xdl ih bohdlhgd}lyzf)l.‘o?}jar mnd aon 1[59601983 As

not ed abovye, se be utilized to forma via through a gl ass
loyer (akiebAPistanT Gt b T Bpylerha G ot Mg oo g R 1 Ssor

drilling,cchffRideNhdRSer alﬁgoﬁ@@ﬁlbgalﬁ%'tsqﬁere%%ﬁghgiﬂl%t bB&/ cBR k8SSi ng
condi tions, any one of the aforenentioned téchniques may forma via having

a taperec’&emhﬂehoms shoul d be understood that, dependi ng upon the formation
t echnj gue and ss condi t,i Vi a a .25 sha ot her, than the
strai Ght t aperSTOrng s Hhope Ay B e RS P O 1l 1S
of a via 1y, me@ﬂd P@ﬁﬂapdﬁwndﬁ?gﬁﬁﬂiﬁr@w@ \rsgoj)rmy Hiave valistal ib epeféd

cross-sectional profile ésee e.g Wth reference now to
FIG 1G through thecthicknessaf thahglagt layer(of bqr@y@rlamrbskl agreanbodipaantahe 100 is

iIlustrat, T R

general | yglgered {;}glrl ‘8??9&}{5?'3 ﬁ%\nﬁgﬁ%‘l{n ee[ﬁé%?nt%ﬂ%l\golggl % eozq;? lojiaqtt)caést&lgerng&and
identifi et degrdcheThanmperce waillestae/inwer alia)l5oHeyemebe tharetieofahbdodi ment of
FIG 1G any one or nore of the bonding | ayers 158a, may. i hcl ude

b
condutl orf8IMAINN NERSHIH| A5 NHEHaPRG: PryesCIhatman)e Pfhl&eé&ﬁ Vigtlyough 3,
and bondi dikks llé%éé? Ean%lﬁﬁt%ugﬁx bbﬁ'(ﬁhé' ga%eﬁ(?ﬂcqﬁ'&\et, %I’%X%I%ﬁf%’, ety?ﬁg, st drilling,

imprinting, and sand blasting. Depending upon the processing conditions, any one of the
aforementioned techniques may form a via having a tapered wall. It should be understood
that, depending upon the formation technique and process conditions, a via may have a

25 shape other than the straight tapered wall depicted in FIG. 1F. In other embodiments, the
walls of a via may be curved. For example, a via may have a scalloped cross-sectional
profile (see, e.g., FIG. 8J).

With reference now to FIG. 1G, a further embodiment of multi-layer glass core

substrate 100 is illustrated. The embodiment of substrate 100 show in FIG. 1G is

30 generally similar to that shown in FIG. 1C (and like features are identified by the same
reference numerals). However, in the embodiment of FIG. 1G, any one or more of the
bonding layers 158a, 158b may include conductors. For example, bonding layer 158a may
include conductors 198a, and bonding layer 158b may include conductors 198b. The
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WO 2011/ 084216PCT/ US2010/ 054931 conductors 198a, 198b nmay conprise traces
for routing I/0O signals and/or for routing power. Further, the conductors
198a, 198woaniiaisy216ne or nore of the bonding | ayers 158aCTAB3@omB4p3CONpPri se
a power plane or a ground plane. Conductors 198a, 198b may conprise any
suitable electri | y conductive material, such as a netal (e.g., copper, 5
ni ckel , aqoaﬁli‘%arﬁﬁg_éwl?g‘? My SORPTIES TEST O ENY Q%l%_ﬁlstaﬁe@é RTRFEHE o hr
netal s), p%\xfe?nf‘ﬁk@ﬁér,\/tﬁe BOA RS 19¥a, POGPIPAS iR TRIS2E bAdhe bﬁhéiﬁg nge;shough bot h
bondi ng l'ayers 158a, 158b in FIG 1G include conductors, in oOther

enbodi nenttS8anidi8bandy dvonudisag poaygeplenawt 4 gioned ndec.cooahctars $984, [198lsmpat ed i n
FIG 2 is_an enbodi ne f an.assenbl.y 200 inclyding a lti-layer 10 gl ass
core subdEPRYEL 10 P st et e rerersl Sl BT AP e udes

subst rat eidiRD anavine, §ilved] ddid, lag 11 a8laBsss Fah&ec halor aherRblalsisa @nlilbétsle si de
102 and an opposi ng second side 104. Disposed on the substrate's first side

102 i s arPolyimergeiat eudnpasite glaterial.chlsgi dthpugh bathdondingileyeps P das 1 Wbdatilcal | y
(and nec i I ] %u t r, of
i nter congglngﬂgiﬁé.%n@%?%’ﬁg S e‘iglgg @@%ﬂ%ﬁﬂo@%&@&%&%fé}}e@gﬂ ﬂgé)&%%errps, etc.) on
the 15 swosatiiaées second side 104 (see FIG 1A) may be used to form

el ectrical connections with a next-|evel conponent, such as a nptherboard,

mai nboar d, or 1HpHeatedindlG 2 ipanegrabodinptf a8 gpssathdy 204} inpludingzomultingystng a
firstysur i R Ut 4 f ack

sur f a%:(z Zéll%gg? %fsﬁg&%l?eem'i S 3?%%%3 gg over §f ﬂlg%g‘sl%g% %:’L%M;{?\%lutdﬁigﬁgﬁtg coupl ed
wi t h (andOfdrakhmgs medaHaydreddsk yoreddf) @dvell 4shy) fitshedeil @2 sndxacdppesingae@nd15 by

a layer of 20 thermal interface eri al 0. An adhesi.ve.or sealant 290
may be. usulr Ry JBnieed pharuBt DT site J88 t o BET Sl aEe 2102 of
gl ass corgmeuhft bad & JQkicaN (RMARHRIcaBMAMIpIcl WilhGhe SubstrBted 00 Wytaher

enbodi nent a heat sink (or Other cooling 'device) may be thernmall'y coupled
W t h t he rhedter shméaaceme8020.ahdmzEnds ha¥ (d.@ykendwpina, sobder bamps.rete) dmthe

The: nbat P Tor-GRMAR UA TR AT miS e B BFERD eheliey Lol B8 S Jpe

of sem cangitelel epvidaent, buthRQ reaBbIENhainbb&d] § dh& c2t0it BE4FR! iASIRst a
processi ng system or device. For exanple, I1C die 210 nmay conprise a

m cr opr oc@Edder wilida23grdptvingsa Prsbewiise 232 Fhkan resBE3ePdsHfpes 33 that
instructi f of. . pro Lk I ' nunmber
of i nst r U S O s e B A o TR R Pt S

i nst ruct iwith (add puthads bigchanically Coipled aithpthe ddoweackrsurfhee DiSsra kydadd ment s,
the pr ocgﬁsor may performinstructjons fromother architectures or from

ot her 2¢r dhagwbmicriace grdsal 200 ARSHReY Vel re?d mavks ysed & wevredhe Beasr i ses

a memory s??e‘éh&%%%% NGy faRe 207 bf %1%%0%@1"39&&@%@. %Hﬁod fdt ShtmPin 13- WO
2011/ 084216PCT/ US2010/ 054931 conprises a systemon-chip ((SoC). In yet

anot her diod; imenfurth¢rtentoGirdéers a2kt sy (or ntheu deploiggict k) mhy belﬂt-erryallyanal og
circuitr yc’oulg)lred %Vlﬁlq[[{? Lga%tsli)r%erl]decl)’fB ,O a%n a%gt%leg glygrno adtllgringaﬂntgrifa{c% lilrila}tégail may
be disposed between the heat spreader’s first surface 232 and the heat sink (or other
25  device).

IC die 210 may comprise any type of semiconductor device. In one embodiment,
the IC die 210 comprises a processing system or device. For example, IC die 210 may
comprise a microprocessor or a graphics processor. The IC die 210 can perform
instructions from any number of processor architectures having any number of instruction

30 formats. In one embodiment, an instruction is an “x86” instruction, as used by Intel
Corporation. However, in other embodiments, the processor may perform instructions
from other architectures or from other processor designers. In another embodiment, the IC
die 210 comprises a memory device. According to a further embodiment, the IC die 210
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I nterconnects 220 are formed by coupling termnals 120 on the substrate
first 5 surface 102 (see FIG 1A) wth termnals on the IC die 210 by, for
exanpl e, wo=0ldsu216ef | ow process. As previously descri bedT/ush@ossdsst r at e
termnals 120 may each conprise a pad, pillar, or stud bunp fornmed from any

ORI A W LM R ARG stud bump
formed frim,anyigfmi cru%taitaj ARl c1&ru1&)gr6?'a%ﬁ1'bﬁﬁt19ﬁ oﬁs‘stﬁlaﬁarogewar ithe- 9., in
the 10 form of § |'s or “bunps di sposed on the substrate and/or die

t er m nal sircaniy. t hese terminals may then be joined usi ng a sol der refl ow

process. It should be u?gﬁrstood t.hat t fore n nects are
but one exarrplri He{)‘tonflﬁ%s %reé?m?eﬁitbé’rcc%lﬂﬁl&f gelr}@ bS{I gl?get ween
subst rat euiQ& séFIdi. @ A3 3Athaemink M oh hies 1C tntéatlowg}yfo% 18U $odddre type of
i nterconnect may be utilized. In addition, a |ayer of dp fill materi al

(not showatlpw PIGCH. Gis m)evmwrdéscmbggd)dhewbatr@mm@mwés 124t eramrﬂhé@mrlzg@ and
bet t
opr oader B fiafEutd BuBP ol PR BifioRhbb for i S gn s (™

mat er i al scoppet, mayelh@lumuamy esdl), adihe (ﬁé‘l&ﬁﬁnﬁl‘s By aled ctrrepnse@qﬁtiplplngr, bo one
enbodi nent, the heat spreader 230 conprises.a lid having a side wall (or
wal |'s) 23iddhuramfragd fofnstssustable met@@tss@mhtnéﬂgn i mefelss Seidet 622 Withe thi s

val | {pr bfda R%r%ﬂg@@fﬁ%ﬁﬂe bR 65’%8 oﬁ‘ft‘i’es&fb?ttreﬂe %ﬁt%ﬁ&l% 1kBndlY ahlihRdhesi ve

290. The above- escrr 1S s metines referred to as an 1ritegrated heat
spreadertmmmnMHﬁwmeﬂdmuahﬁdmmagamaymbafbsqﬁommschmhmﬂdbbuh&ﬁmbeaﬂmspreader

230 i ncl ude tals. copper and all oys reo t.her mal | onducti ve
conpos: t 465 alieiap Ao TORTaer Beopor 156 FYPeiqfdnErrBBRRH AR can
il lustr att%%frﬂecﬁ‘)&we&m subfigata$6€ IR 3@@10 '&ﬁ!i Lfgﬁﬁerathﬁt angt &hdrQuiinie ?y]s@

However, in other enbodinents, the assenb may conprise a mul’ti - chip
package. qf@mtemam@t may betibredrdnadditibara lramret:fmaderdilldnat@mnlt(nwir seoyerim., a

AR R R K e R s Sl T A

disposedfgﬁyhmgsghagﬁquze substrate 100 or, 30 alternatively, integrated
into the build-up structures 130, 140 of the substrate, By way of exanpl e,
an array capadiieassprerdes 286meybeicampripeicafiasy suiiablothermaligrordeeivent o t he

bui | d-up iment, a
mrreIessrggé%%%%%ﬁ%aéﬁgfzagkgﬁbgépgl%gggéwgﬁ%Ré‘Qﬁﬁlﬁﬁ%qgggg%oggPsgosed on
gl ass cortke Bedd Slbtfe@deﬁ 230 Gomprlseklﬂt -lid NARIRQIEAOBAR (GRGTIsYSZDI0EABAD BIvards
integrated into the_ build-up s%r uct ur es 13&) 140 of this substrate. These

addi t +ondhe a&rtr%tess ﬁfﬁ%%‘%%lé)rz dhis wall{eE gls) bsinecsssured o e nebstiémponent s,
may be d'sﬁﬁ%@fbﬂ%ﬁb%ﬁﬁéyxﬁc'z@@ (ﬂ)t?@ abd ARl R Bl BB iMAE ﬁafat@ﬁt)raetaﬁ 100.

The assenbly 200 orm part any type of conputing device. According
to 5 one mtegmmhdrt@at spre:ataler as HiéfbMat@0ls thratyméyobengdréd cafstractstbe eat spreadteskt op
conput er. t her enbodi nent assenbly 200 forns part of .a lap-top
comput or o TaftRi Hetehg B soRGae fisdBurte: Pergly Qi symBeNgueel) | I
a furtherpgahodicoRNlcive Pslyassenbl y 200 conpri ses part of a hand-held
conputing device, such as"a cell phone, a smart phone, or a nobile intern&

devi c® (M D). Inmhwenb@dtm@mtetlu%mmﬂdnﬁéﬁﬂ thhassarmb rﬁﬂOyncleQGSfaoﬁmée Hadie of

210. However, in other embodiments, the assembly 200 may comprise a multi-chip
package. For example, one or more other integrated circuit die (e.g., a memory device, a
voltage regulator, etc.) may be disposed on the substrate 100. In addition, passive devices,
such as capacitors and inductors, may be disposed on the glass core substrate 100 or,

30 alternatively, integrated into the build-up structures 130, 140 of the substrate. By way of
example, an array capacitor or a thin-film capacitor may be integrated into the build-up
structures 130, 140 of the substrate 100. In another embodiment, a wireless component,
such as an antenna or an RF shield, may be disposed on glass core substrate 100 or
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10 an enbedded conmputing device. Illustrated in FIG 3 an enbodi nent of a
met hod of making a nmulti-layer glass core substrate. The nethod of FIG 3
is furthewoiblwstziated in FIGS. 4A-4C, and reference shearasbh@omasslt o
these figures as called out in the text below Referring to block 310 in
FIG 3, i.n one enbo mul ti-l ayer ore 15 havi 0 or nore

t hr u- hol d8teRRIGHIBip e Bt stycgurer ﬂﬁ‘itl“agé Iy pORirede. 3}& Sdaienal degiesaso i s
shown. My {dirdray&ic, %ﬁ% d“e%%s Ao?%tl{éﬁ}éorﬁﬁéﬂéh{ssﬁlﬁw d%%o&é&%n%@ﬂéﬂ@[@ﬁ of
core 150 previously described and shown iIn hough Th

mul ti -1 aylédd oflttesgassaoee dhbstritadPUdes dlscrete glass Iayers 457a, 457b, 457c

secured toget b ers 458a, 458Db core including a
Frrot surface Hesmiadof a3t bulbiy 4TF reethida o ERRer i Iy
paral I 21 Metehbbingdnt SHE ﬁs%@ﬁbl%z%o g} ®SmPart\bfaseAPocddsRidd chn?ﬁleIr hg first
surface 452 to second surfacé 454. The gl ass | ayers 457a-c of core 450 may

conpri se aaafhesembediment, {isesembiy 28@ formd Paehad adarytopuiommttes of himilkenewdilg see
di t
har act e CutRANE b CERANY G PAInbEIEROL RERLL ARoRIER] UGBy 200, e and

conf i gur ajohfpiistOpaenetial lanﬂofem%dmtmg davise,ngtieasabdl plahe, a dmarapnef oird her
enbodi nent, the core 450 is of a size and conflguratlon to enabl e the

f or mat i ormefilerpsrst devdee(d NS tp yeteanother gmbodiment dheasagnbly 9B Homsrssagt Hanel
fron1wp|ggf%m%dg&iggﬁﬁvagQ%g rates will be cut). Various enbodlnents of a

met hod of for er glass core, such as core 450, having one or
nore t hru- hol dﬁuﬂraeecislhcﬁlﬁ Ban eaﬁ)bdmfean)Kﬁneﬁlde)f nfkangdh thillti- ]amf gliwsare

enbodi nent des eat r detai | ow, 30Referring to block
320, an eVt cHI POEBRAG L v At TR bOS G TR hol es. 1o
form condygiiang rnéﬁ%'té tﬂe§e ﬁkuﬂéﬂﬁ alied ohﬂm'%h&exflﬁeloooher e an electrically
conductive materi al been di sposed in the holes 465 to form conductors

460. WO 2011/&3@211@%1!0@52@@_01 BK1 331 one embofifrecrd lagoultitlaydr lzglass oorduct i ve
460 may be depo

e, 1 dianst op it ERECPRER b Mkl o BRer DR R P uheRh FaPelEE ™S ="

pl ati ng) ,456NPshdRD, MQlti- ?éxegwss RO I0NHay &ThHisGUaS of &% cvloldindént@dfcore
conbi nati on of these and/ or other processes. The nmaterial formng

conduct orl$ 0436@7101#15(:@?5@’1]&%@11%9}10@6 wpFlGR 13\ thayels L0t dibk endtidesicr Bleay ¢ope
conduct | alﬁOqRélS(ﬁé rété1 §fa‘s'ﬁdl g%s E@% |4§ b 91‘3999&%1&]% tggaf‘]cfg{r bgl b%nd gqayers[ in,

el ectrically cond |ve dble ne
silver, gﬁlgd,,45r8bp«zeh xheadownnnMngwﬂrst sinfpst 42 ambangdposiag s@ddnd)sarfafe 4¥ese
and/ or ot her e enbodi nent _of a nethod of fornln%?conductors

in t hedt Hhe- lhéwgallyfpaaall?mvﬂth ﬁTWQFfa@ ‘tds FQpseor das 495 petqndileam the Tesle. 13,
whi ch wi l Iu ﬁ%é@etogb&ﬁlﬂ%ﬁﬁgce At Ie % é@];s 4]5%%'}%8}’&45@%&? %d:n(llj[ﬁse%ﬁyar €

further ustrate in the sc rams of FIGS. 14At h 14C, and
refer encesushiﬂu typelmé ghmslend lmave |a@su1ﬂa?ﬁ>leaﬁlcbkﬂlds&-(§_e@(dlmsmm dleolep ldbpanldntghe t ext
bel ow. urnlB% nom1 o bl.ock, 1305

Cayer i s HOBBESERE i T BTG YRR o SR e AT Mo ATET gfacs cor .
This is fuaed sty isiol b4t had 8shiidhrdtlo to enable formation of a single substrate. In a
25 further embodiment, the core 450 is of a size and configuration to enable the formation of
two or more substrates (e.g., the core 450 comprises a panel from which two or more
substrates will be cut). Various embodiments of a method of forming a multi-layer glass
core, such as core 450, having one or more thru-holes are shown in each of FIGS. 5,7, 9
and 11, and these embodiments will be described in greater detail below.
30 Referring to block 320, an electrically conductive material is disposed in the thru-

holes to form conductors. This is illustrated in FIG. 4B, where an electrically conductive

material has been disposed in the holes 465 to form conductors 460.
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15 14A, which shows a core 1450. Core 1450 conprises glass |ayers 1458a,
1458b, 1458c, 1458d coupl ed together by bonding | ayers 1458a, 1458b, 1458c
(e.qg., bowmOizng/dsaster 1458a is coupled to both gl ass | ayecs/ubd@dase#ad 1457b,
and so on). Thru-hol es 1465 extend through core 1450 froma first surface

1452 to a secqpd posing surface 1454 th ore, The hol es 1465 may be
formed by anyoﬂtﬁeﬁ) !@”bféfﬁ‘g‘&tl&? maGTH 4 ma}ﬁ%e)?iemtﬁ%alst}le ¥i3e Ao3hy 2w
etching, J,a8RE pAickid bdbﬂyas]ﬁpékd?ﬁﬂl@,qylatﬁ%QG% B AsdioBthtinPloP PREGGcQVEr wall's
of the thruvias 1465 is a seed l'ayer 1466. It shoul d be Roted that, in

ot her enipdingg (€D, BHP, or sareaneproting teahmiqeed, ab wicHye psy oaybibetiabeifdbésced pri or
to seed | ayer 1466. For anpl e,. ior to deposition of ed | ayer. 1466, a
i el ect r LB Riay OB B Bt auRen i ERGS o Akt 43 SheaBEliy 0o
achi eve dggistRshl€ RasicAlBNERduttd cahitbeM CindRYingafletelk SéinifosA¢ mak@laRt A,

etc.). 25 A subsequent layer of netal wll| be deposited over the seed | ayer
1466, andledtecatlgsandupfize palygwraedpiteblpngtals inghyderpapperi G, sdEgabeld, wrkddher i ng
to the gl . mat erj al I ) - rial. of bonding |ayers
1as7ascy S P Fhe RoaBbn B A8 B A bR Ao e, i ¢ bl o
seed | ayer nmat@id @hsodimentuda re@p@esf, fotringriobdd ct@B irothe witu-Huileskela, m@iti-
vanadium as well as alloys of these and/qr other netals. Further, the seed

| ayer 30 lavesglavagosds dupsiied Bd sl Agvhi valhnpwedlicaesi mbodintaefi ng
el ect {pl ﬁéni%hl%h'o@@iG.eLﬁ&ferf&me?til'llﬁ&rlteg‘{lﬁ)the%%légr%/%g dg g%ﬂﬂ?o pladijggnt, a

bl anket deposition technique is enployed, an ayer 1466 may
ext end owubroughé4€] amsltrefenches slomridi bs uraflaceBIG1 323 and 454- 16HC dshralledoet i 40, as
shown in FI 14A. The seed | ayer 1466 may have any suitable -16- WO

2011/084??@ WJS2010/ 054931 thi ckness, and in one enbodinent this |ayer
has a thi cknessffhohetMBebAR 1505 FRIERES Secnsly oﬁ a('IHeglfog 'Ii%le? {sSdisposed . AS

set forth in block 1315, netal is disposed over the seed l'ayer. This is
i |1 ustr atawdr fAc@alls oBthrutheles ima metltadlaylcngless a6 7Thiass heber iustposea [Ger t he

seed | ayer, 1466, tal 5 | r 146 conprise .an ija e rically
condubt ) véAnatagn MBS et BEL M L RenimT e e R R Ty P BT LERY e
vel | as aldsgy so@flcd taesBetdbsidint 18gdrs Messal $458bhe4mt(ak., bonding 1461 1458y be
deposi ted using any suitable techni ge, i ncl udi ng el ectrol ess plating,

el ect r opliaeouited tovmth glasspyrsrs 145 BriaddAbduiang re ona Biredries 1dedpedrnd on

t echni | I 4 d irst
bnd seconiodef Fietusq el oSyl st R Lesd P dnllheSEHERELBMET dh@rt 5
The met alTHechodss 1446 mayey fbavel Bnyhyssuithislb ne:tiidid @lcoadmatiandf hidthode, sasibodi nment

this |layer has a thickness of. hbetween 5 mcroneters and 30 mcroneters. In
anot hel ~ eftsEdinge Hser %Hen&émarmti% ?nﬁé%éql%%lagopéﬁp%qﬁﬂeo@é 2@l aﬁf@fv‘ thiuse

subst ant igld pgkiil 4 §eetdh§yetr Hiks hRkesu1d 66 Roted that, in other embodiments, one or more

other material layers may be deposited prior to seed layer 1466. For example, prior to
deposition of seed layer 1466, a dielectric layer may be deposited over walls of thru-vias
1465 (e.g., to achieve desired capacitance, to achieve desired electrical isolation, etc.).

25 A subsequent layer of metal will be deposited over the seed layer 1466, and the
seed layer 1466 may comprise any material capable of adhering to the glass material of
layers 1457a-d (and material of bonding layers 1457a-c) and to the subsequent layer of
metal to be deposited. Suitable seed layer materials include copper, titanium, chromium,
nickel, or vanadium, as well as alloys of these and/or other metals. Further, the seed layer

30 1466 may be deposited using any suitable technique, including electroless plating,
electroplating, CVD, or PVD. In one embodiment, a blanket deposition technique is
employed, and the seed layer 1466 may extend over the first and second surfaces 1452,
1454 of the core 1450, as shown in FIG. 14A. The seed layer 1466 may have any suitable
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Referring next to block 1325, a dielectric material is disposed over the

netal layer 15 to fill the thru-holes. This is illustrated in FIG 14C,
where a dwel2ettasisnenat eri al 1468 has been di sposed over PCaSeeiab498nyer
1467 to fill the interior void of each hole 1465 Dielectric material 1468
may conpr

uitabl e materi and in |nent he dielectric
Tt ertal hEBRC R S8e elahgﬁrl@%tﬂt?l Eps AOReR derGH- HMEBEETY
mat eri al 1405 fmYolsicfeposi ted using any suitable technlque, such as screen
printing, CVD, or 20 PVD. Again, however, the netal |ayer 1467 may
substanti al | y A4 4dt fartheinttheak- 1305 esctalB5lisposcduhice thesasklay tre Tiels eldustiated

terial tted di in F 14C,
oxcess. sddt 148 rh el dPd LR E hebdtent PRl ot s Se B Bg MR o ¢ e
first andaweqapdnsyichagdse mitaﬂré@ecatcanﬁeomrcﬁvelﬁhéﬁl si[&}ﬁ‘as@é?ﬁérs seed and

metal |layers may be renoved fromthe surfaces 1452, 1454 by, for exanple, a
gri ndi ng ahaitess nickel5lvenerigold, asmaeh anpbens of shass And{gr etherrmitglse Themesa

etching %}%?qﬁ% may be de&bshtlgﬁ gﬁlg% 1{%2 WifaB1e! tgc%&l (ﬁx @grdmtg e(f&t%"l;e%s ﬁtmg t he

particul ar’,” one or ers i eac
mul ti-| ayeﬂadfctrgbﬁﬁﬁg aove, 6IOIPVDeﬂﬂﬂaﬂ§erﬁhd)d{nﬁﬂt$a$la&lﬁét depo@ﬁ@ateehrbqué d-up
structures, as prevrously described. This is shown in FIG 4C, where a

first buignenipyess astihg rrtet%é@ehéé%@éh cxtsndr@vrr dhe Himband segpndsywiesesel 98p of
core 0, u r,ped on the
core' géselé%ﬁ fglur gééggz?b h% “ﬁgbﬁij‘?r 54% ?é%@g%fugeﬁ%gt}ﬁ% mag?corrprr se
any suitahﬁdﬂaﬂnﬁem&ohn@himnmvauﬁgnhaﬁﬁskwafhdnﬂhathasofhﬂh&emél and met al
(e.g., one. or nore nd the be for b sur | e tech ues. The
St Dot ur drisngige et PBAGE TS Anplel eIt e rel BRI PTGy eat or
-17- wogggetaqwrmmtﬁmg/@wmg%w%th reference to FIGS. 1B

t hrough 1G and t'he acconpanyi ng text above. In one enbodi nent, at |east one
of the conductRaferripg@ekistodlasktiBRéad diglectvigphasetialiis dispospdbedr thealyletal biyet he

first ui l cture 430..that is rest the cpre 450 an further
erbod! rer 104 Ry BPSle Tuft3E Hh Bt S FEF 1560 hRE aRbGer R P bl W o
a metal lRyeHispbscl vecs@e aitthl Jaytl il 46l o1 Sthe Ut Ho VAL Bf édtRthoicsI4a8ar est t he

core. The conblnation of nulti-layer glass core 450 and buil d-up structures

430, 440 Drglpciiorpatrad 1468 nwstopmpesa gy fuedblamateniagmdtis ane pmbedimeatihr ce.
Wth refe e

term nal SJ %@883@# cﬁa?ré%é &%fiﬁé Ss%rg ér& H:?a(t?rgrl m%%% ega%lre )gle(%&%yﬁtdﬁlg} n Fl GS.
4A-4C) . AdbBmsdy elepofited Qusingrani lallt&lmyhrb@ef slighed soreh panting, €IVIDWrl d- up
structure 430, and a second set of termnals m d on the second

be f
bui | d2%p RYPyéeaine haweyerthe mefal layer 40 Tmay tl&sr?ﬁ{ rlbﬁﬁ%?ﬁ helgt H6Ralts i s
descri bedyi;p, G{e3hE leréétrﬁ'dlatwwtr% SISREE 1% hﬁ%b rh&,&at&ugﬂsh%@n%d the

acconpanyl ng text above. not ed “above, in one i ment e nulti-Ilayer
gl ass corldG454C, axsesamskbed layeﬁt%étandﬁxmsdmsmd:mydr bA67I rdayulpe shmowed €ossthd 30,

440, includes structures f eat ur.es cor ding to two or
O Rt B o P A gV ORI R S
440) wil Img%esreﬁwt@%ﬁl ﬂh@%@fftcfm@sziuasrr By, Q‘oﬁé&&%{ﬁl@taeé‘nn@ﬁigtﬂ?%esp%f ore or

after formation of the termnals).
25 chemical-mechanical polishing technique, or an etching process.

Returning now to FIG. 3, and block 330 in particular, one or more build-up layers
is disposed on each side of the multi-layer glass core (or perhaps only one side) to create
build-up structures, as previously described. This is shown in FIG. 4C, where a first build-
up structure 430 has been formed on the first surface 452 of core 450, and a second build-

30  up structure 440 has been formed on the core’s second surface 454. Each build-up
structure 430, 440 may comprise any suitable number of alternating layers of dielectric
material and metal (e.g., one or more), and they may be formed by any suitable
techniques. The structure and formation of such build-up structures is described in greater
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Turning nowto FIG 5, illustrated is an enbodi nent of a nethod of formng
a 20 nulti-layer glass core having one or nore thru-hol es. Enbodi nents of
t he met hoWoghoves4ile FIG 5 are further illustrated in tireTASh@E0mE4961

di agrans of FIGS. 6A through 6C, and reference should be made to these

figures as cal]ed out in t bel ow. ferring to block 510 in FIG 5,
a mlti-| wigh 5&‘&%@%{9?‘5? Eﬁ?ﬁv%éuf&m? g*eiagcqm T ROPRE- Hngneg A,

where a mgdddihayelt 19s8GR FHRE SorfillStolst AN WRt LA So Rl WP Hetf $ayRr 25
nunber of glass |ayers 657a, 657b, 657c, 657d attached toget her by bondi ng

| ayer s 658ahc B58byilda8siricturg 430 Bun thi negresathe co®388, ansl io eupithet ewibodingdnas s
I 65 d 657D, d . l.ti:] l. 60 I i,nclud
2 ert phet Jpoaepedn I «RREE8 st PUPlg Rt aRlEb S el 8Bpha "

surf aces Hfid-upAeeefued MD thet iQNEarBFIRILIFENThe EdiBbiAMIdN of rBYIELa e 3885 Pbrat € 605
may have a thickness between 50 mcroneters and 800 micronmeters. In 30 one

enmbodi mert50 andbufdrupistrpefyes 440.o649 mayagamprese gfsubsteite00aion ae sv¢draigd at i on to
enabl e fohgaﬁhgacgf a single substrate core. In a further enbodi nent, the
plate 605 i's of a 'size and configuration to enable the formation of two or

mor e subst r at ewabieBrepes gow tblatie 360m FIGD3 284410882066k VISAB MO A9 3 1
conprises a panel fromwhich two or nore substrate cores, or two_or nore
subst r at &%, foigned orylie spsfrate (terminajyarenagshomapdaIFIgh abd-4Qy &ridrsessrat d may

conprige @nyiny Hagmeefoﬁﬂerﬂeqrpﬁle Qi'r&%ﬁﬂd-h? _sﬂﬁ&u&r@@g b Lecohd ?est %g g&b@ma@ ers

657a-d conprise the sane glass materia owever, 1n other nment s
any one ohayt beefoghad en kieysecendahirld-wp stmgtucoddl. | Ble arugtuas sndiptmatiad oftdoalt i s

different than th l.ass material .of. any of th er gl ass | ayers.

A t hough tPotIRa s ik e SRR Bk oeese 0 BICE L USH R0 BEME are c05
By CONMPricsSmpdhyirpthek@pbee nunber of glass layers (e.g., two layers, three
| ayers, five or "'nore |ayers, etc.), depending upon the desired nechani cal

and el ectri calAchaedighori istane smbpdintemt,dhe multolayengless)cotad Wead @ek os sl fr om
pl ate, 605. .G ass .l ayers, 657a- hav ny suitabl g.thickness nd.in one
Erboal hentd s GBI S0 AN BB i Bt PGS s

M cr onet e(d.orMc¥o subistraRBelrembashimatherithlc gbRsS0l(Rnansil§apatdctiry 430 have
the sane thickness (as depicted in the figures), or alternatively any one

. : : . gur e .
of the glH83wilhhespigedstrd o migpe Hipgrstasubplidinieyberdicfare pesfterifpamatoneofor nor e
of the Ottpﬁ{e in%?si. | ayers. 15The bonding | ayers 658a-c may al so have any
sui tabl e ckness, and in one

Turning now to FIG. 5, illustrated is an embodiment of a method of forming a

20  multi-layer glass core having one or more thru-holes. Embodiments of the method shown
in FIG. 5 are further illustrated in the schematic diagrams of FIGS. 6A through 6C, and
reference should be made to these figures as called out in the text below.

Referring to block 510 in FIG. 5, a multi-layer glass plate is provided. This is
illustrated in FIG. 6A, where a multi-layer glass plate 605 is shown. Plate 605 comprises a

25 number of glass layers 657a, 657b, 657¢, 657d attached together by bonding layers 658a,
658D, 658¢ (e.g., bonding layer 658a is coupled with glass layers 657a and 657b, and so
on). Multi-layer glass plate 605 also includes a periphery 651 that extends between a first
surface 652 and a second surfaces 654. According to one embodiment, the multi-layer
glass plate 605 may have a thickness between 50 micrometers and 800 micrometers. In

30 one embodiment, the multi-layer glass plate is of a size and configuration to enable
formation of a single substrate core. In a further embodiment, the plate 605 is of a size

and configuration to enable the formation of two or more substrate cores (e.g., plate 605
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enbodi nent each bonding | ayer has a thickness of approximately 20 to 100

m cronmeters. According to one enbodi nent, the bonding | ayers 658a-c al

have t he wareidsuzikness (as shown in the figures); howePeT/US2010054981

enbodi mrents any one of the bonding |ayers 658a-c nay have a thickness
different than one or_.nore .of the other bonding |ayers. 20The discrete

gl ass | af@ﬁ@ﬂé%l?an@g%@ BHIR W BTROTEDHE e ER 4T TUy et Mere %@S%ﬁﬁwv it abl e
t echni que,e d,p one enbodi ment, as shown in the figures, bonding |ayers 658a,
658b, 658c are di sposed between the glass |ayers, and each of these |ayers
i s coupl ed w tFhetindivaldpbglentlaygraey/aldupey somhprisy anylsortable tyrcaf gtass SBeorics
coupl ed with gl ass.|ayers 657a-,and 657b, .and so,on). According to one
enbod: menred e Ao ARy 637 5aRB R R Tl U b AR BOMGES. LR .
furthes emadini®Rg adyherIEE Hidsd 13y@§ 650l Mal T8mPAsOL GRN MafdBhehh@l. [ n one
enbodi nent, each bondi ng | ayer 658a-c conprises a dry film adhesive

mat er i al ,differnt than thefelassmataiist pEewy offtheptharcelpss léyqr%sXHh@*ghafﬁurﬁi@%y resin.
Vari ous ! i Rl I . i adhesi ve
pondi ng 16 2o ARG ®aTtie el o8 ietife eDY e bBRENHRARY RIS 1A
t hough lGlumbet bBglassIBydrOURY Efiwo layers,ibiek daylees, tineer sibeoldydrhadtc.), epehdagd osed
enbodi nents are not limted to adhesive bonding and, further, that the

mul ti - | ay@endgheadesingd acehagens! pdelcctried cBaragiersic of HiCrROEE foF 6MCEHP DSl at e) may
be creat 1 i I Cld in

ot hor i eEPAH I CHES, 1ESs |0 IEIRE 1A% dBY BB KRES RS 10 . 1o.
WO 2011/ CddIGRIT/cuiS2E13/10pet D34 a diiclaess abapgdmximatolyi deto 260 diiogmetkir.f usi on

bonding (gi ther wit r without |nternediate | ayers between adjacent glass
ayer o, Shohout cPadinetl e pis by e Sk irac Tl e o n GRS y (o g
as by matgpicld ideROgEIEY, dilfcHadvhgla8y ofXbEMEicNYs [HERUSRa URLaPhALE 605), as
wel | as by any conbination of thesé and/or other téchniques. '5Turning to

FI G 15, thigkugse ddfdserdithmerine oa nrane of the ater ghisakgersl ate is formed using a
roll er. |l am natj,0 LOCess. t he embodi nent of FlG. 15 a first source of
o ass Sheet | 1oe RUREIREs b BegTRE AuT e S ik isirise fad bidlsnd sour ce
gl ass shegiboliiddh cadh SRR 2R WAS € 1K RENESH Py foxfim ht@)yLE0L(3 11,00 @Midrodndtdib I d
source of glass sheet 1511c are conpressed together between rollers 1501

and 1502 A¢rordingint oneusibodirasivietne bonding fayarsgfec-alldypee thylsame thioknessiasat e

1503. Mulgi - r. 4l : e ' ' e . 7a,
1557,  ando Sy BLERE HA O EoRRRURATA L SR Sleu b ERR R BN BERA,
shown. Anymsyhivahd idkbeReliffatnighasenesdrerdrs offgye dilgerjbohdiag 1dyeget her by
adhesjve layers to formthe gl as nate 1503. ﬁ&ﬁx%hgfs | am nate 1503

I | am
may tHen be cukhetdscasty slass k&ﬁl@ﬁ%ﬁ%%é% Fde pay together by any

suitable technique. In one embodiment, as shown in the figures, bonding layers 658a,
658D, 658¢ are disposed between the glass layers, and each of these layers is coupled with
two adjacent glass layers (e.g., bonding layer 658a is coupled with glass layers 657a and
657b, and so on). According to one embodiment, each bonding layer 658a-c includes an
25 adhesive, and in a further embodiment the bonding layers comprise an organic material.
In one embodiment, each bonding layer 658a-c comprises a dry film adhesive material,
such as a film comprised of an acrylic resin or an epoxy resin.
Various methods of coupling multiple glass layers together using adhesive bonding
layers will now be described with respect to FIG. 15 and FIGS. 16A though 16E. First,
30 however, it should be understood that the disclosed embodiments are not limited to
adhesive bonding and, further, that the multi-layer glass plate 605 (and, hence, a core
formed from this plate) may be created without adhesives. For example, as previously
described, in other embodiments, multiple glass layers may be coupled together using
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one or nore nulti-layer glass plates (e.g., a plate 605 having four gl ass
| ayers coupl ed 15 together by three adhesive |ayers, etc.). Wth

ref erencewoem1td4HbGS. 16A t hrough 16E, in anot her enmbo®CEAIS2010A54931
multi-layer glass plate is forned by | am nation on a renovable carrier. As

shown in IG 16A a fi ss lLayer 1657 s .adhered to a renpvabl e
carrier 18655t Bydeto-eride %ingg g&ﬁe&%@nfmel em OTSHGWH Hh 3
rel easabl 1%&99&%8&&5@&% g@gmay&es o%e?ed%lé‘s%'lé/}%riﬁﬁ bé &dcurd tsgeﬁerdegr ades

under exposure to ultra violet I n anot er enbodi rent, the
r el easablmechdhiesliyes. gl%&yanmalsieposamd adﬁnels-lhvles natbedlngthromhthd egutfades under
exposure a so t adhesive | ayer 1658a

is di spose)g) 'V &Y° lgﬁsﬁ[sanyﬁ%gm\é\g%%gftﬁﬁ? aélrjqj3 fé’H%%&iC >the adhesive | ayer

1658a gonpri semyraindhty FiG | 19, afbRSdnvidiraéd, aﬂluﬁmaty&egla@rma@lhmﬂhed hen@ghesi ve
| ayer 1658a conprises a |iquid adhesive that is 25 sprayed or printed on

t he gl asgollgnjaminpger arogass. tlhéie eahosimenef ElGi by atystspacee pbglassshseicond gl ass
layer 1657h] @F%ugdeso?%ﬁéjsn%rhlﬁpfs léhr ec&gc{‘seoﬁ 9 egllls%%ﬁé «16Pfiay s%fl%dt he

3l

aforenentlone rocesses are re as shown 1n 16D
second adbest\oé adﬂ&)ﬂﬁﬂ‘e film5I8h 2% eamnlaltegﬂd &Suré& M@asseshebmsi 1d #re @ompressequi d) i s
di sposed over ass layer 1657b, and a third glass |ayer 1657c is dlsposed
over thi stog%%av@tvwnég e PGl and 150 ing corfimqus mapnesto 1a5m 2 pwli-kaxer glays 1602

4
oo SRR 09 ML Slub kel Sanpls Sgeclus 04 Sl

f r eest andindd Sﬁd d:oupl@lyegetlydra:sfadbd:meelaiﬁ@?os58avsﬁd265815 @84@(1\61?@&113@3%@# 054931
Returning n 5 a skl i s, di gposed on t ti-layer glass
plate an “5316 Sngds aly T arord e Sk BBONE Bl 15t B i uaer aved | n
FIG 6A Wagfa %O@a%dgﬁﬁé?[aﬂﬁﬁ&eﬁ@% Hﬁ?ﬂle@'&%ﬂ%dan?/\éﬁftaﬁlgf‘en s %6 fothf face

652 of plate 605 Further, the mask | ayer 680 is patterned {o form openings

685. Masloncay erorésultidayccgaprilates Gy, aplperG0alhagingdpiartdless dfycedtvapledg to the
gl ass 57a ang that is also amendable to patterning. For

exarrpigmtte“ﬁlﬁf‘?&’%’@@ﬁé@?“@'@&%%’ Shprise a photoresist material which can

be patterned byithhetRhtd AOQEAPIDS.aBd Bidulh NGE! @chBihgt&sbodimedddintil@n, the
mask | ayer 680 conprises a material that can wi t hst and subsequent r enoval

of porti daxerglass plategs dersnaddydpmingtian b adengyabiyearder( dsgphowipde FHE cKifng
b 00e55 s BRI Dl s D B GO PRS2l L
6B, wher el60Hr ix bitd @BbdaDeitathe rblemb]fecaﬂhmlve 1604 comprises an adhesive material
20 that degrades under exposure to ultra violet (UV) light. In another embodiment, the
releasable adhesive 1604 comprises an adhesive material that degrades under exposure to
a solvent. As shown in FIG. 16B, a first adhesive layer 1658a is disposed over glass layer
1657a. In one embodiment, the adhesive layer 1658a comprises a dry film adhesive, and
in another embodiment the adhesive layer 1658a comprises a liquid adhesive that is
25 sprayed or printed on the glass layer 1657a and then cured. Referring to FIG. 16C, a
second glass layer 1657b is then disposed on the first adhesive layer 1658a, and the
aforementioned processes are repeated. For example, as shown in FIG. 16D, a second
adhesive layer 1658b (applied as cither a dry film or a liquid) is disposed over glass layer
16570, and a third glass layer 1657c is disposed over this second adhesive layer. As
30 shown in FIG. 16E, the carrier 1602 is released by degradation of the releasable adhesive
1604 (e.g., by application of UV light, by application of a solvent, etc.), leaving a free-
standing multi-layer glass plate 1605.
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at | ocations corresponding to openings 685 in nmask | ayer 680. The hol es 665
extend through all glass |ayers 657a-d and all of the bonding |ayers
658a- c. Hy@evHEro84i1 ot her enbodi nents, one or nore of treThisk@s/066051 may
extend through only a portion of the 15 plate's thickness. According to one

enbodi nent, the vias 665 fornme a wet etchi pcess (or processes)
utilizing an ARy G St BRhiET §p0%eﬂ£eltﬁﬁgm%[t}-§ﬁﬁw%3%5rpéﬁa| ass and
bondi ng | AYShfernEPras 8XE0RA ¢ bIBB SIE NARE id DY (1GRAPEEHTAME. BARR@BMERNPr i Se
a solution including hydrofluoric acid (HF), or alternatively an oxide etch

or buf f erlextr 6%0 des etcohlispayedozvee thel foytearfagn6 8t aflrdate 60haturtlzm, themasle t he

mat eri al of di ng | ayers 658a-c 2 conpri a solution including an
appr opr i diter 8P Dulter S st ek S5 miE TS e Bt Mled by a
dry etzhidagalilé OEaERril€ tdthe ghRls BlafANGS [GPETVST7S) Mg thdt WPsIQEahHRAbLRAS tO renove
t he glass and an etchant conprising oxygen and/ or hydrogen to renove the

bondi ng |nafteméng. Bafresemplgr thamask layer 63} man epmprieesphotoresiprasictiayeicls80 may

o5 Shown S bR RS YR L AYSnE) BREOIRE fpfRuaShn WGy e 840 and
enbodi merd8® cophkikésS mdterifl, thatwdn Withsta@s pelsskiual yomovahoRicttiomgp phiogless (or

processes) is utilized to formvias in the various glass and bonding | ayer
mat er i al dayaprd/ending laygis (R-2)- Wet sigtigiriosasethe di scl osed enbodi nents are

not 1 g1 t ed 0y ok fofiOTRLON 0bNo1E! HRIN AN houlH L B ala LB OLOBLIIAK OCeS S €S

may be used to formt es inanmlti-layer core ormvias in
any i ndi whdbeddigd hgsrsoTh30s Hhnatatad)id Bie 6B, Rbereakanidles 65 hava boeyfooeed or med

in a glass, layer by an i rintin cess ile | ass s been el evat ed
Lo the eotatony elirmariit Soey TR Son rk tist o4l ah D100 iy be
formed i np@ugh a8 $1R¢ 10ERENELdlAY 811 oPYhe AL inRl 18RE 6KBa-c. Wwever, in other _
2011/ 084216PCT/ US2010/ 054931 Wth reference next to FIG 7, illustrated is

anot her emjwdimenis, oof oamert didlc bblesrbd mgy axtend throwghyenly glpaswnaditlee havi ng
one of. nore fhru-hol es. Enbodi nents. of the.nmethod_sho in.FIG 7 are

Pure ks e PR Rerad g ERnt Tetimbly tR By b e Rl bl AR and

r ef er enceyrsh@uitdd pescbReputtiRidgesecH ¢puiiasy @s chahiseids bt Wil deh®vE elel owi ng 5
bel ow. Referringgto block 710 in FIG 7, a nmulti-layer glass plate is

provi ded.glawsiasd pending [pyeisatercxamms.@n cghanthptcdan seronee Slasninay canyse agl ass

pl ate 805 havin 11 3 0S| S r 54.
bl ate sosolbhifufind hidraBibunET e, PR RORGE AR GEEEOAIHIASRIET) o
t oget her dush fentlt agplogydr An8Bant tB&i&hn ranehc8b&matdal df bdnditerlasldds gh&ss pl at e

805 may be simlar to nmulti-layer glass. plate 605 (see FIGS. 6A, 15, and
a%a/ weldy GNRTKE aé@%ﬁﬁé?ﬁ‘i“??@g PR RPrapEre ol Ve %Ié%norﬂ&ﬁrteﬂl%ﬁmﬂ%éke 720, a

mi,s k | aygfiad @55%@39@&)%9@%7 Q%lr%lcﬁiing Ip?é'c%gs (glga,sdﬁ e}?éh%ﬁ@comprising fluorocarbon

gas to remove the glass and an etchant comprising oxygen and/or hydrogen to remove the
bonding layers). After formation of thru-holes 665, the mask layer 680 may be removed
from the multi-layer glass plate, as set forth in block 540 and as shown in FIG. 6C.

25 In the embodiment of FIG. 5 (as well as the embodiments of FIGS. 7,9, and 11,
respectively), an etching process (or processes) is utilized to form vias in the various glass
and bonding layer materials. However, it should be noted that the disclosed embodiments
are not limited to hole formation by etching and, further, that other processes may be used
to form thru-holes in a multi-layer core and/or to form vias in any individual glass or

30 bonding layer. For example, a via may be formed in a glass layer by an imprinting process
while the glass has been elevated to the softening temperature. By way of further

example, a via may be formed in a glass or bonding layer by sand blasting.
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and is patterned. This is also illustrated in FIG 8A, where a mask | ayer
880 has been di sposed over the first surface 852 of plate 805. In addition,
t he mask weayer1/B806i s 15 patterned to form openi ngs 885PChHamsRolvay®s1 880 nay
conprise any material capable of adhering to the gl ass rrat erial of |ayer

857a, and that_]| so anend atternin xanpl e, .the mask
| ayer 880 may \éf&ﬁﬁﬁ?fjﬁgea%n%&agﬁs% B e s i oo Sl bl parbeiRbd by
phot ol i t hﬁaﬁﬁg%m@ay%ié SRLNGDre E@J}ﬁg GHES mérd tRAN IO BmBJEmERS K Ih@yer 880
conprises a naterial ‘that can wi thstand subsequent renoval of portions of

the gl as srn¢th9<te$ls)v@0naﬁiﬂ Berediurther 1&y@ra$ed(let@a schwtatltedlaglrang Qb FdOBsHes) .
As t f 730 | f f .t al
fovers. | Hhioveh & AndSSeiRbs ate b el ok T ST Sl PR G RS SUBR s oo i 1

the glasgclayer 857a at |ocations corresponding to openings 885 in mask
| ayer 880. According to one enbodinent, the vias 891 are forned by a wet

etching pr oced%efﬁnflinglt(zbbgkéhoétﬂ@ Jhemubi-1ayepalastiateis providsgoThistihe gl ass

| ayer 857 STING zed to
e B By PIOA0CL TR o LRI, ROPSEA T Bl et L
above. and anAppG@ﬁg ia@bﬁdlsurfacb |86¢ kPlE{H)SOSanclﬁ@ésQ;@parVﬁ glla&y (Ei’yetsSSSGB s§ased on
the gl ass Iayer in which the hol e was previousl

i |1 ust r at®edc dipad 08@164/\]‘?6?@6@3@]?%&& layes Igé%&% a8¢§5$FasMHBbH‘Y@i sposed
over I d Vi as
Wil | Le for mg%t?{rgl()% llr%llgybon i %3%%3&?%9%%81%@2%? 6b?§% F?(ggqusﬁ? okuido}r)érqh%lg

t hr uhol eszvelhasttheaq:)joatpenﬁﬁg,temabb\teble functi on of the prot ectl ve | ayer 871 is

to prevent or subs hi bi t, r enov of t he, mat gI ass | ayer
8575 dur gt o> R Rt o855 MaSiylsT0N 1 08ues eBReA TURP 6T BHRIA: heos

ot her Vi aa%dﬁ@p&teme@”@h‘i@ls %EB%@%&B iR FED 819 M&@@%?a@l% 188r sqenRaRei ng | ayers
and other glass layers). The protective layer 871 may conprise any materi al

capabl e afispasechetca i fmgt &umECQSb} elndatcid0heth @dmts@qdmnaakl laydr @Bt i on
proce such as, for exa ic materia . d.

bens ok c HpEtER Ry GraBEarR ovis B ol Sttt ant &l apegiot, o
(e. 9., plahéiimohc %ﬁbﬁhateﬁal@ﬂ@er@ﬂeﬂ@nd fHat Bialldo@iendhile t(ﬂ?atteﬁﬁﬁg hBy, the
protectlve | ayer 871 may be deposited over the walls of hole 891 using any
sui t abl e WacHrixgaele. ﬁmﬁa%éaw 8’9 may gpmprigep pheteicsint aemy! whickoym b n one

col oot 1 vapeaT LEERbPRLBph TR ol NHRRES BERASRERSERRLLRT ' °

deposi t i apnpriecLsMaicsialiberctahavidspadistbdchecnprat@at of/gorfiOnsEltee glabs lagds
subseqé;entléﬁgn anl sotropic pr%cess IS ut| lized to renove the protective
mat er f&l MASRNEIRE Welés(ﬁtﬁt’t"(ﬁ’fﬁt g proceasesket forth in bl ock 750, a hol e or
via is fornmed 4 @ ng WEE %o i8S ohSof thh UBLE B ;KL G 8D,
where vias 892 ﬂ%aeve een cﬁ&rﬂ}ggd Pﬁlgtokg b%n&m-r%g lﬁgyéeo b aggt g,?rgcat }Soéls
corresporitihsigtetdon@ﬂ;@n%l&,gshe%ﬁas 139 rhgve beayémmﬁﬂ(in tlE@thda'tydr Re74al es 892 is
15 generﬂ .ali | ative to gg; overl ol.e 8 1 |n Iass | ayer 857a
(e.g gealiont & fiSH laﬁtorﬂﬂe@élg% lefaa%‘gl éﬁ?%r f’/ coi nci dent) .
Accor di ngmmdﬁﬁ&neﬂﬁ@@ws oD e fohBed/ bRS W%Q&C%g gi&reggagﬂ%fgaanva%éh a{eﬁmtﬂg
rmed using ‘a

process, and in another enbodi nent the vias 2 my b
et chi &y ﬁh@t@@ﬂgematfathplgé@s tfyes i Taahh enetherteantodirhent, 4 ¢y dbadviel prgcdsa sy

materi al %hzg(f {:orfloprg% V‘%&P Y gqass Examples of suitable etchants for glass are described

dry

above.
As set forth in block 740, a protective layer is disposed on the glass layer in which
the hole was previously formed. This is illustrated in FIG. 8C, where a protective layer
30 871 has been disposed over the walls of the vias 891 formed in glass layer 857a.
Additional vias will be formed in the bonding layers and other glass layers to form thru-
holes in the plate 605, and the function of the protective layer 871 is to prevent or
substantially inhibit removal of the material of glass layer 857a during the formation of
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20As shown in FIG 7, the previously described steps are repeated, as
needed, to form holes through the multi-layer glass plate. Thus, referring
agai n to wbhaoki/o880¢ a hole is formed in the next glass Payars2010l05493i s
illustrated in FIG 8E, where holes 893 have been forned in glass |ayer
857b. Hol es 893 may be fornmed as descri.bed above, and these holes are
general | oGt A5 e LD 0T BN SR REGCHFH 3o _@@fﬁ@dﬁ}ﬂt he
center| i r%@ss%fye?si rat pRo1&e 1@%287%%%ﬁpﬁmn9%ﬁ&§ﬁlcx%m geident). As set
forth in block 740, a protecti've layer is disposed on the glass layer in
whi ch t hevittstasdingghe afoosmendiondthiubségient via semmatied piaseBeGsudhys, Where a

protective |ayer 873 has be di sposed aver wal.ls. of the evi ousl y, fornmed
ol s g0 PO 4 8reingap g8y ie SpPERRE Fting B Gy pdrbEpRlentrSpgmise
protecs i wge |, aweetal§éL., phiindeserdoBda ARAY 6xidRedrallidon Gittide PF@ter,/BO, a hol e or
via is then forned in the 30 next bonding |layer. This is illustrated in

FIG 8G NipleeteveHayas78opytwvdeppuied over theavallp of hele 88 habing amayutabB58h,

througn d0gm s rBals SERCAPOETohBETB VD, RGBSR Y on® °
pr ocessegproestivd lbpd 8abayvdcpokitdd byespecéss titut i @tdctivatd, gld40 In andhotS50 may be

repeat ed, as needed, to form holes extending through the nulti-la%er gl ass
pl at e 805 Mbpdimentsa non-gedgqtiye blinkef depesitigHITofERs iuIsd (e denptt theateslden f or med

ol os o7 R Fiscey PR AP AR B R BaRR% IR IR Corive ™

| ayer 875matasaldepodictvedbattens.wal | s of the holes 895 in glass |ayer 857c,

oot bt vo | syt SRR, SR8 R e S5 HatBELRS, e a
| ocat i onsg; AALKBSPANAICRD, WHRREALNGD BRR bedh fRSKd A8 hoRBAg 1ARARSNase hol es
are generally aligned relative to each other (e.g., the centerlines of

hol es 89lo¢atioosighr@pIndangtoldpeaimgs 853 mamedkylayawis8ii deelt 9f the holes 89hen hol e

formation is conplete, t.he sk | ayer, an rot.ectivel rs are renoved, as
set 1ot o reepira Y Bt o Ry S P b o b R e S5 Y LS B ke T ayer
880 and pichteBfick WENSIBYBISarirdD2 £Bd SppraXicha®lp chia¥ideBeAcéRdMY &slondA NuMber of
hol es 865 now extend through the nulti-layer glass plate 805 fromthe

pl ate' s fambodinentsthe giag§92 pre foraedi by & miebefghiap porscsrg 2ediifaetie8s54. Each

t hru-hol e . %ng' i f | , 895, 896, and
897 forné%éghnﬁ e é+§§§8$%§§$gg§§%§g gﬁﬁg‘ﬁg%%Pﬁ%%F%%ggsEggﬁg?EﬁsThe aspect
rati o of saithidt etchintyfa thabordéngdaférinderdd atdhdesuiilsedaboeagt h (or dept h)

di vided by a maxinmum di aneter of the via. One advantage of th rocess
described i n Pheown infdGghdhe pisvionsly d@%ﬁr@@ﬁé'ie@%ar.eﬁeﬁqa@dpmeég%gw ing a

large aspggds tﬁ&h%ﬁt%%ulﬁga%?%'gsﬁgﬁte. Fﬁ{us%%f&ﬁﬁ%%a‘?%td RoQBEIRRf igent, the

thru-holes 865 in nmulti-la ss plate 805 ave an aspect ratio in a
range of fappedithahedt glads tages. This is illustrated in FIG. 8E, where holes 893 have been

formed in glass layer 857b. Holes 893 may be formed as described above, and these holes
are generally aligned with the previously formed vias 891 and 892 (e.g., the centerlines of

25 holes 891, 892, 893 are approximately coincident). As set forth in block 740, a protective
layer is disposed on the glass layer in which the holes were formed. This is illustrated in
FIG. 8F, where a protective layer 873 has been disposed over walls of the previously
formed holes 893 in glass layer 857b. Protective layer 873 is similar to the protective
layer 871, as described above. Referring to block 750, a hole or via is then formed in the

30 next bonding layer. This is illustrated in FIG. 8G, where holes 894 have been formed in
the bonding layer 858b, wherein the holes 894 are generally aligned with previously
formed vias 891 through 893.
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In the enbodi ments of FIGS. 8A-81, each of the vias 891, 893, 895, and 897
has a cross-sectional profile that is a generally straight taper through
t he thi ckwessiiai4iihei r respective gl ass |ayer 857a, 857pCTABZE10/084%d1 857d.
However, as noted above, the shape of 25 a via formed in a glass |ayer (or

et chi ng, dry. VB OPaGETDiaFHY diperseabyy S Rkh kepretda PRk foagesid 1 "

charact er?s%)tﬂu?ysbe ﬂe@ea@éc{‘ 8% &M@ db THR ﬁole§ &terﬁffﬁé%k&xgh%hé’hﬁltf ;ygﬁgiaésn one of
the glass layérs 8 d (or one of the bonding |ayérs 858a-c) nmay have a

curved shige 80By Thuays dlusteatachl HG. 8B, whererhoilas 8|9|5 Bav@bgentthemad iagl®91aye893,

895, and 0SSz Se nal ro scal | oped

shaped. *H cal | oped
A PR e PO SRR Ry M s i e &g Benll

shapeds vi farmé%whtgm@ layleh@58l. ¢t sied 2 prhredivaB s 825 X afépdsitéd $ R4 walls sECh a

scal l op shape, and it should be understood that a via nmay have any suitable

shape or the lies 895 imgtyss dayer 8872 mﬁxscrve@szedwrc%ﬂ@smgmnﬁarﬁg theeprevipeslyl G 9,
| | ustrat |
o nss oo B UG STk s bRt RO R Yot

in FIG Yoaitient ttlfrté’spdindlﬂlg toSdpeainggl 885\1111&163@@&@880; anddhaghales aef gdnkfally 10A
t hrough 10H, and reference should be nmade tg these flgures as called out in

the text aehedvelasmstepaahpiherbe gy %wegtfdmeﬁt)ﬁh@eswltéw%kg V&fer is disposed
on a {4 Stel is patterned. This is illustrated in FIG 10A,
where a ﬁgg%kﬁgyg?q%ggggﬂﬁas been di sposed on a gl ass |ayer 1057a. The nmask
| ayer 1080a ha&hbehelc ;ﬁamadondﬂ:lcdnmléte;the apshilaygsantiQ8b@ctivislagas afeor t h i n

bl ock 920, ho s are for first s r. This is il trated
CnOE G Tomo e St Doy ik i el G g asekTaies T b5 on
| ocati On%né%r&t@&{v%ﬂ%%@%ﬂg 8?@ RRKT5 AFse ﬂ&ﬁ@é’mb%d”% KunB¥&st h%%@@s nbw Set

forth in block 930 of 9, a second glass layer it bonded to the first
gl ass | aystendghooginthe mwb-lawgiassphtm&%rfeomﬂm Matess firbl sfaeaBtoithe FI G 10C,

mhere second. gl ass | 057h has e cou .ed wt.h ass y 1057a by
bond: by Ty orgsgte Pl st Rhth BRELREERs SOPHES e RIS B R on t ne
second glgasssdaRes, mdarmaswefbﬂﬁ@h inthé glas§la}rérk @5175 atafd bodifg ﬁyeﬂ;@@sa ‘here

mask | ayer 15 1080b has been di sposed on gl ass | ayer 1057b and patterned to

f or m openkhegspach 8ate. offadiodsorayia cathedsfe e theryia’ ﬁé?ngﬂb(@ﬁde@hh@§ldleé§?éra and
bondi ng | r 10E,
wher e hofgég%ﬂggﬁwggér%@éhg OB%%:Qﬁﬁm%é%ggﬂ?gﬁme%f%%%ﬁ%gh@ ﬁ%F IT6§§ have
been f or rigds ihat thantolbgin thy eratdlQEBhaviipea halcaspdd Sdio chd D2 obkDa:d. &Toe gener ally
aligned (e.g the centerlines of thgge hol es_are approxi mately

coi ncilerfxpmples nsene @FTH?O@HHW £ JuR-hoty 860 pemylitlaypiglapsPlaie 807 %xﬁé&e Thi's
i's |IIusta1|:n €&thﬂlo hGra B@'%&ﬁnﬂ@l kb L,ayers 1080a, 1080b have been
yer

renoved Ing a two- ructu e 1008 havi ng thru-hol es 1065, each
t hru- hol e 1065n¢hnmnbcgi1mgntaoﬁéf(ﬁ&§ﬁ081 a&hdhgofable hiab 891 3091895161&2897]%& The

hol es 1091, 1092, be for b of th hni ues reV|ous
Hoseri badTanociinel RRnl TS g ase oy B Mnstthro bt SOk es BHEY od 25
toget her f%s@e@we %Lsstmgeer 8594 /FTR Y5906 d BBYNOAS weThead Med MORE, tﬁ& Ehpkere 1008

of FIG e used as a nultl-layer gl ass core
25 avia forrned in a glass layer (or bonding layer) may vary depending upon the fabrication

technique (e.g., wet etching, dry etching, laser drilling, etc.), as well as the process
characteristics. In other embodiments, for example, a via formed in one of the glass layers
857a-d (or one of the bonding layers 858a-c) may have a curved shape. By way of
example, as shown in FIG. 8], the vias 891, 893, 895, and 897 may have cross-sectional
30 profiles that are scalloped shaped. Any of the disclosed embodiments may incorporate
such a scalloped shaped via. Further, the disclosed embodiments are not limited to such a
scallop shape, and it should be understood that a via may have any suitable shape or
profile.
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in a substrate (e.g., as core 150, or as core 450). Alternatively, the
two-l ayer structure 1008 may conprise a panel fromwhich nmultiple

subst r at esormay/ase21bor ned. However, in another enbodi mentCiaseoiolosdil 970)
two or nore of these two-layer structures may be 30 bonded together to form

a nmulti-layer glass core r a panel framwhich nultiple sybstrates can be
f or med) . Thisiglgnlingmﬁ%&tpafﬁ@d?, i tmﬂlé)ﬁ?@}%rrﬁm@?g?nﬁnr:gémf d H% first

two- | ayer, VG Basd QQ&%aivﬁlch% R 8fbrMHr L1818 S B/ diRitd ANRE mefHodCt ur e
1008b. Each two-=layer structure includes a first glass |ayer 1057a coupl ed

with a sebowdigFHs drayether Ahstratpdin it 3L0BAR LERETASDRIEID3483hro1gb7b by a
bondi ng | r 10 as .desgcri bed above.. An addi.ti,onal bondi | ayer 1058x
coupl oo + e pnd SFnERRB T ot P 26 rsbPadt by SBsele RS BIRM 2 or mr a
nul ti-4ayer glRSS®QNEbLLIRS 1MAVFITE o AhdisN 138 LABPosddaiha HRE byl [BykQaa

i nclude a hole 1094x formed in the bondi ng | ayer 1058x. |In one enbodi nent,

t he hol eds pagased. nlhoivdilyrgrategyie F1GoEBY, veltcse s meplelayer HS@a bas beentdispestdi ng of
the two-| truct 00 i [ nent hol
| 0 ES R 5 RORR ARG N0 ey BURHRR SARPHAITRL s, oo

et chi ng oks @f fath Bwildckis2e, hslecas $ormddrin @i fdst glagydbyere Taixiodivsrmtd ims set
forth in block 980, a protective layer is disposed on the first glass |ayer

(and t he E6c MR, waag holgy 409 hipeibeamiormed shihetedasy layehi @720t losationsyst rated i n
FI G H, gAY i PRSI t he

Vi as ?L(gglcowggr?ggﬁllgﬁsp F?Ig%ésgﬁ)agégilf%?%g%%%@gggH% g%ﬁ%@ﬂﬂ %\%iggﬂiq? bondi ng
and gl as9, hayamd gl35 &yeld B bdhdedrte shpefitst glessylayaray farhemtwaelafy or stedtuns i Tigs mask

| ayer 1080g, and t he i.n 1085a of this | .. Protectiye | ayer 1071 nmay
be i m 1 1 HOTHPRIERI LG APere eppoiedle i Ui bR Crunlh Wl B of

hol es 8921aye$%574lggebcﬁ{d%_lgﬁ%ér‘/l%k.ak%ferr%‘l’gfb B1Sck! RAIPY Gthsk i'a?re@ﬁ dispol@ssdn | ayer
1080a (se€ bl ock 960). e’ two-layer structure of FIG 10H nmay be used as a
mul ti - | aythe sqgbnd glasolager(amd gpatteraed.c bhie isliflostraged ind 1601 €D ABMYre nuask 1dyies

t wo- | ayer cture may be cqupl,ed w t r re-.addi tiona -l ayer
structir odRpENE: B4 B cor R e 10570 o PP LSRR BES

i1 ustrat@sled sreYiedn fonAédRrthesRond PRI 1a0ér aadmohiiag 18fr,fa0keAfogh an BIBLE | - | ayer
gl ass core having one or nore thru-holes. Enbodi nents of the 20 net hod

shown i n $0GThisiis dfustrptgd dmELG.j 10Eysthergthedesi 1998 haveskasa dermad inigkags Bysr of FI GS.

12A th f i [l ed
out i1 CHOSBRRLLANCI G RN EREE RUAY fh RAATRR GOS0 CTh BOBLTRR P05 LT i
! ayle:IrGi sllcg)izs pﬁ@ﬂemﬂlyahgi&af@gltﬁigﬁﬂtagﬁ@ (%“mhhspgpte@ampgoézﬁmsmlys : | US][ rat ed
In A, . re a SK . er as een | Spose . QN a a ayer
1257220 arf@ll%crf@nﬁaﬁé ek éﬁhui%@kr?ég,t %awslﬁm@raﬁ%@%mego deb%lﬁﬁt%ﬁgf %285?/ As

set fo”'Flbméﬁf:ﬁ%&r%%%&%g&‘s%ﬁg{ﬁoéw FERA beBh Ffovbl NISvigl 2RF0ARQYET - This i's

al so shown in ere es 1291 have been forned In the gl ass
| ayer 125Wactate 1@&dtavmgshwehalesiiondéacy thro-hobe hiadgeoni28meaf semaséf dlmyed 1280.

po sel ( A 1@?},%%22@3328@2%% 001 21093 o3 Hhay B Eme ¥y hny SrRO"ded o the

techniques previously described and, further, the glass layers 1057a, 1057b may be jointed

25 together by any of the aforementioned methods.

The two-layer structure 1008 of FIG. 10F may be used as a multi-layer glass core

in a substrate (e.g., as core 150, or as core 450). Alternatively, the two-layer structure
1008 may comprise a panel from which multiple substrates may be formed. However, in
another embodiment (see block 970), two or more of these two-layer structures may be

30 bonded together to form a multi-layer glass core (or a panel from which multiple
substrates can be formed). This is illustrated, by way of example, in FIG. 10G, where a
first two-layer structure 1008a is coupled with a second two-layer structure 1008b. Each
two-layer structure includes a first glass layer 1057a coupled with a second glass layer
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30 illustrated in FIG 12B, where a second glass |ayer 1257b has been
coupled with glass |ayer 1257a by a first bonding | ayer 1058a. Referring to
bl ock 12480 2a11p8¢t1ect i ve | ayer is di sposed on the first PCOUSPIN0OSH3Yl ass

| ayer. This is also illustrated in FIG 12B, where a protective |ayer 1271

has been di sed oyer walls_of hole 91 faor .in the first S -26-
WO 2011/ oBiRBe Pwéﬁéifmeb% # E%Syeﬁedﬁ@v&. xﬁ%ﬁﬁ@@??wnfi%é?yeigbggs’%my be
simlar tQubReRImvi AdstondarslihRedirBER i8OS 1HEED fErfd a nlidi 85 cALRAs{ hen

formed in the bonding layer and nhext glass |ayer, as set forth’in block

1150. Thicord 005 Hayigrthivedas hO6SI Each 2Ep-wih E065 ihoduds a hole 2 ORdw érinedm fher ned i n

bondi ng l.ayer 1258 d ;hol es 1293 hav en romed in secon | ass | ayer
oagb ot ined R 208 Jh g s o e ST ok T Bonfhag RESH TS B 40 ona
1150 may pri€snie prP &ab@ingdst tRE SR Hhyet SrucRiréd FORH, t008h aMErin Gh@B& COr e
havi ng any desired nunber of glass |ayers. For exanple, as shown in FIG

12D, an auehiodiraenithegioless] 094y are fopmdafiesdopdiag ob Hivdetiva-liysetmstirel (@gs | ayer
1257b by ecor ondi ng: 8b, and hol es 1294 have been forned in
t he bondi%é’%%@%&@rig@ég%glﬁ%})q%g{ogéﬁ 295 have been formed in the 10 gl ass

| ayer 1257c. Natae attbi@bitive ghieddibnty s dedfteth ihdIkWRs, dppasied lgeers wal | s of
hol es 1293 in second glass | ayer 1257b (see bl ock 1140) prior, to formation

of hol es disrysed op Yrduy glayy bryeh gud she segondmagholay ¢y h0§0%m&%efyet§?d)oﬁ@§ t he
desired NUTRRHQH iBFRS S OHAYRER e{;@rﬁt Qf?@é‘lag&_fh;o%‘f?éd%%@?ed%i‘aéﬁm%rfﬂ?é“d

protective layers can be renoved. This is illustrated in Fl 15 12E, where
mask | ayenaslZB0 fameedondireqidsy éayleay@i/a. Ilds @9 ah@ 7689 haMendagrnndetmsved. A

mul ti-1layer S e 1205. havi ng t hru-hol es 1265 renai Each _t hru-hol e
Corpr 1 sedaiprSMPRE 08 rSeviBomaY e (9us usloma e 3e FHbe ar o

gener al | Yo Rhin@Oe6R & fGhis 1d&/0E EBRLAYL lag@rsl(ﬁfl B ARhED pREECARALRY RTRL el y
coi ncident)). The holes 1291, 1292, 1293, 1294, 1295 may be forned by any of
t he t echrdesurdsdpbevd. cifénfortestoni diddlcaBt?, §3r thherotetthve 2@ g0kt remgesds

al tor bt 106 Bl et 0° Rk Ok Brof et SUp R alvaC She TR e o

panel framawhilghagfeilgldspberegelbshs adres S0BYH ab@ofcQrSOR Gr tHAE B-tyBdsthetiae ot her
enbodi ment, protective |ayers on the glass may be omtted (see dashed line

on the | engy baagrpkidguitiotwampranorppylditional two-layer structures (e.g., see FIG. 10G).

With reference now to FIG. 11, illustrated is yet another embodiment of a method
of forming a multi-layer glass core having one or more thru-holes. Embodiments of the
20 method shown in FIG. 11 are further illustrated in the schematic diagrams of FIGS. 12A
through 12E, and reference should be made to these figures as called out in the following
text.
Referring to block 1110 in FIG. 11, a mask layer is disposed on a first glass layer
and patterned. This is illustrated in FIG. 12A, where a mask layer 1280 has been disposed
25 onaglass layer 1257a, and the mask layer 1280 has been patterned to form openings
1285. As set forth in block 1120, holes are formed in the first glass layer. This is also
shown in FIG. 12A, where holes 1291 have been formed in the glass layer 1257a at
locations corresponding to openings 1285 of mask layer 1280. As set forth in block 1130
of FIG. 11, another glass layer is bonded to the first (or prior) glass layer. This is
30 illustrated in FIG. 12B, where a second glass layer 1257b has been coupled with glass
layer 1257a by a first bonding layer 1058a. Referring to block 1240, a protective layer is
disposed on the first (or prior) glass layer. This is also illustrated in FIG. 12B, where a
protective layer 1271 has been disposed over walls of holes 1291 formed in the first glass
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At this juncture, it should be noted that the figures are schematic

di agrans 25 provided as an aide to understanding the disclosed enbodi nents,
and no urwecesgmuii6l i mtati ons should be inplied fromtReTfiSguoAs4931 N sone
instances, a relatively small nunber of features may have been illustrated

for clarit ease of i]lustration. For ex | e,. the nunber of conductors
160, 460 1&%%&?@@3@%@5@ 1@6&1}&%@5@1&8@}@@;‘(@1@? Hascgy%?%a@ﬁeca_ve
mul ti -1 aygyer@has lofQlafe heh fdiHclin {@yo%hd&gmr BhPh&) GBROW e, 0 §di@ortd gures 30

may be substantially |less than a nunber of ‘conductors (of thru-vias) that

may, in predkild8, The idilgptsied in RIGUCK, avhsiedslesalt?82 bavebeealfgmedtihe fi gures

may not Qhe dra t al e, and,Lh,sSo cases J.ines (e.q., hi | i nes)
nave beerb BIETRE faraugoff ana P e tgreiprocont Bl leydt FAT
2011/ 084216PCTHd3#0d4 8848 above willl rageci®ivtsdkall $30TaY40ame 13856y Ahen

approximately 3.2 ppm although the CTE value is tenperature dependent and
wi || al sdevapsptade perrdidedy topum & malte bxpoglrsicore ofvingmpyplesir¢dcuymber gf ass

material ._;Si i XeNg] - : ' inis
Forper at a0 dEE ST IRYE. & f 5y pREPERL R Mot PRI, KEVE DR, |
the 5 corshdetiol setonel glpadkage2SThist 4 adcend barlingd laged 1258bamdshoimy 2have a CTE
of approxinmately 12 or nore fagﬁjn, a value that is tenperature and

yera

conposi t if8Me Bepeivaae 1. thape 2o red halsoie)> have beEfasmed inhgst ance i s
t enpey@t Lﬂ%a%s%r(f SRON b tggi%‘%efb‘?l%@flaye} ﬁ‘%zs%&:s@ G REAINBERoRs ST 1T con
the u iti red

di e and erlying substrate 1s sign cant uced using a

mul ti -1 ayl@d3 gh ssond glass aubrsit2odb éscablarknpdd )gdidroo forprtigmef hddesErPSsabst r at e
material. In 10 jtion, glass may have a nodul us, E, of approximately 75
GPA, wher®ds 4§ I% used organi c pol ymer-based materials nay have a

modul us of ~appf O MRtEhbIGR 1308, ((ﬂ_lgﬁﬁléé’@ésh‘@d ﬁﬁmﬁe@f%%spféye& rdgB&sdent upon

the conposition of a substance). ° , a multi-layer glass core substrate
may proviagbicaed, hemaskdryreriand pectssivic dayeodednbs, remhvash This soltestetddodifient s may

Clbst 1ot d FabDagareR p7 A% RLSRRATE P abid E R EFEhEaGyfed
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The above-described reductions in CTE m smatch and war page may enabl e the

use of a sstiey ofdiolgsi 20k, F2592. HI%- 182 ank 4R that e eenprdbt dignad (aae) theas a

| arger n . el i di i I/ ility.

For “oxamytBeris ghARSALAE £ SBMBEH . ROGHShOIThERREETRNADEIRIE 1%y be
achi eved 1204, 9o~ pakageby aiesitibe ehhiguwhaovioadlndekrived ind, fayter, thé ass
core substrate. Lar g7e substrate war pagﬁﬁgg%/glfg‘gd t 0 non-cont act - open

fai | ut®s glassineryl e’ - prckaigied feesthad rRfGgmepioned imethads o dhan
process, : i hl bkl 8 Lt f (e.g.,
wi t hi n thazt%fn\rei’?gér’ ?Iﬁggl(ielﬁl%ﬂil’e e%?lﬁlﬂég‘f@%? gt?écgﬁre‘lm&t[))g |C§r§} ?ge,sqéfan%lh%&ﬁi e), both
of whi ch veleich medtigle sibstrhtowery e foratidl iAcgordiinue, anbther einbadimsei pRective
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The foregoi ng gahaijledudes shduld bORo BN thaf B IR O &hdfané Blgradlse only
illustrative and not restrictive. They have been provided primarily for a

cl ear2andrevdpt sharaide e unddstaatdmgdhndisdpsadrrantgidinends edd epoadosssatys and no

unnecessary.. 30 |im ions. are t under st ood t her ef ragm. Numer,ous
naar T omatntigtions HEEHE R ieRiorh et Th SoRE kbt hefltty e SBH Pheg
herein, afinWRt bf RatuadstrBiyRdvic eIl usRged Bt ictarityayd &8c deuliusestidy Rdpose
skilled in the art w thout departing fromt t he di scl osed

embodi merfxgdmalsdthenambeppecasuetaes 198pthtes hellggﬁgrglﬁ%%tzk{%fi 1265, 1465)
extending through a multi-layer glass core (or multi-layer glass plate) shown in the figures
30 may be substantially less than a number of conductors (or thru-vias) that may, in practice,
be disposed in such a substrate core. Also, the figures may not be drawn to scale, and in

some cases lines (e.g., hidden lines) have been omitted for ease of understanding.
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WO 2011/ 084216PCT/ US2010/ 054931 CLAI M5 What is clainmed is: 1. A
substrate conpri sing: a core including of a nunber of discrete glass

| ayers, twe0ovms4t1aving a first surface and an 5opposi ng@CTasend/0s493f ace; a
nunber of conductors extending through the core fromthe first surface to

t he second surface; at |east one dielectric |ayer_ and at | east net al
| ayer di sposeoéléfs mﬁeﬂ%lﬁwheﬁwggjé fapPWé}re@Pé, -%ﬁ@me%alr@yﬁ@%é)fﬁast one
netal | aygl,edt t&ﬁ&rafth{e%fe Stfchesf wisl a@ioe@aw H@@nhﬁﬁg}c}@k’]ﬁ 'tlf‘e%o%ﬁil%fftihn%?f aﬁ;ﬁaSt

one of the conductors; at l|least one dielectric layer and a'l east on€ netal
| ayer di gposwdargiass hateatobidiceumpadevod CTRefapproxintidy &i.tpprhevhich hgast one

netal | ayer at Rhecfec%pdt rface |s euﬁcﬁficaLHg cou Ied(xd% at | east one
of the confUTEHYE dependent. THEah QORI PICE BF LT ALY WHEPE' i ¢ he nunber
of di sgr edfstdlchiss of?é’&ﬁge A8trds SRR boREie g halky a RO Mg plAY@ASIy Wher ei n
one of the bonding layers is disposed between adj‘acentwgel ass | ayers.

3. The sulBsrmegre (afaitspaieezhatunsmcrteaend epmperdlitotrpendrnbaydhouehasudes an
adhesi ve noted above, SthezéTEB% sﬁH&gﬁcre% ] fera%r@'ami go ﬁé;k?t{i)oﬁll &p@ﬁdelnﬁqg Cﬁg of

t he bonding 1ayer I'ncludes an electrical con

subst r at enmathaictvébn awfiiévoridic aalcthe ahddrivéncansat oy Sgrificatlyseducad ghe
formed in the core and an electrically conductive material disposed in the
hol e. a multiglayeglass gprsubsteatoss @mpapsdto ajiobynasrbaspdbsubsate magialyn

condugg i v erial [ t 4 r ' ,
wher elﬁsn taﬁgﬁ%lth’ %lggss?%gﬁgger?egﬁg?ﬁ?%é?% %qu%%?-g%%a?y?%%’ ?{h rgl'rset(a § gurff%ggyof t he
core is diss¢posedicgiotyendribasatijnacaals nidychal e p stodalisfoi@pproamchtalh €0 &l (thve at

AN YA T ACR AR B T
glass core substrate may provide a three-fold increase in modulus, which in some
embodiments may provide the potential for a corresponding three-fold decrease in

15 substrate warpage. A further advantage of glass is that it may be manufactured with more
consistent flatness than common polymer materials.

The above-described reductions in CTE mismatch and warpage may enable the use
of a smaller pitch for die-to-package interconnects, as well as a larger number of these
interconnects, providing increase 1/O capability. For example, in one embodiment, a pitch

20 of 50 micrometers or less may be achieved for die-to-package interconnects when using a
multi-layer glass core substrate. Large substrate warpage may lead to non-contact-open
failures in the die-to-package interconnects during the chip attach process, as well as
leading to high stresses within the die itself (e.g., within the inter-layer dielectric layers, or
ILD layers, of the die), both of which can result in lower reliability. Thus, the disclosed

25 multi-layer glass core substrate may enable the implementation of higher 1/0 packages
while, at the same time, maintaining or improving reliability.

The foregoing detailed description and accompanying drawings are only
illustrative and not restrictive. They have been provided primarily for a clear and
comprehensive understanding of the disclosed embodiments and no unnecessary

30 limitations are to be understood therefrom. Numerous additions, deletions, and
modifications to the embodiments described herein, as well as alternative arrangements,
may be devised by those skilled in the art without departing from the spirit of the disclosed
embodiments and the scope of the appended claims.
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8. The substrate of claim1, further conprising: 30 a first set of termnals
di sposed on at the first side of the core, the first set of termnals to
mat e wi t hwa 20ovesexspondi ng array of term nals on an integ@catusdooioseait (1O
di e; WD 2011/ 084216PCT/ US2010/ 054931 a second set of term nals disposed at
t he second side of the core, the sec(gﬂg sgt of termnals to mate with a
corresponding array of term nals on IMp. | evel conponent . 9. A

met hod conpri syyAg%:is BlaRhQVisdi ng a pl ate including a nunber of glass |ayers
bonded together, the plate having a first surface and an opposi ng second
surface; formlng a A& substratgicanipnisigf i rst gl ass | ayer of the nunber of gl ass

| ayers; disposing.a otective. layer .on.a wall of the first vi.a;, formng a
sevond vitcorams il ies OF dyEF Rl Bt teers psfnegp BBL et
first gia 10gea§#@hﬂgsea$ﬂ(g@§gcg;ﬁth the second via, the first and second
vias form ng at least part of a hole extending fromthe first surface to

t he secorfdiwicr @€ eondugtorsiexsenditenibepugh tha earedom the firHi swrfesrip thesicaepd enovi ng
the protecti vesﬁ%}/%r. 11. The method of claim9, further conprising:
depositing a see CIayer over a wall of the hole; and 15 plating a netal
over the aséet deykeledtc piyorardieat dcasomiuaétar layérididposdd thofist sulfice dhehenet hod

of claim 11, furthe{l co risin(% ) )
core, wherein the at least one metal layer at the first surface is electrically coupled
10 with at least one of the conductors;
at least one dielectric layer and a least one metal layer disposed at the second surface of
the core, wherein the at least one metal layer at the second surface is electrically
coupled with at least one of the conductors.
2. The substrate of claim 1, wherein the number of discrete glass layers are

15  coupled together by bonding layers, wherein one of the bonding layers is disposed

between adjacent glass layers.

3. The substrate of claim 2, wherein each of the bonding layers includes an
adhesive
4. The substrate of claim 2, wherein at least one of the bonding layers

20 includes an electrical conductor.

5. The substrate of claim 1, wherein each of the conductors comprises a hole
formed in the core and an electrically conductive material disposed in the hole.

6. The substrate of claim 5, wherein the electrically conductive material
comprises a metal.

25 7. The substrate of claim 1, wherein the at least one metal layer disposed at
the first surface of the core is disposed directly adjacent the first surface, and wherein the
at least one metal layer disposed at the second surface of the core is disposed directly
adjacent the second surface.

8. The substrate of claim 1, further comprising:
30 a first set of terminals disposed on at the first side of the core, the first set of terminals to

mate with a corresponding array of terminals on an integrated circuit (IC) die;

9.



di sposing at |east one dielectric |ayer and at |east one netal |ayer at the
first surface of the plate and electrically coupling the at |east one netal
| ayer at wbeoftossiiesurface with the conductor; and 20 diPSpamseeng/054931 east
one dielectric layer and a | east one netal |ayer at the second surface of

the glass core and_ el ectyrically coupling the | east one netal_ |ayer at
the secorkiCaeiitsser (FmialsiksnosHl dicpiecomd side of the cormn e JERMIEAL ol ai m 12,

wherein the alihGash (PRGckiRh cbR¥pondlhs PSS Rimhlg ohiaki-RYES ace of the
plate is disposed directly adjacent the first surface, and wherein the 25

at | east one metwiontyer di sposed at the second surface of the plate is
di sposed direcfly ar@j'qaglfg t he. second surface. 14. The met hod of
claim9, wherelin t ARR Coa}pélgglgr ayer is coupled with the second gl ass

| ayer »y molandiadatt a@iding b aumBEuTd1{sy 1dy8RIboRAEPI0ISIhBE tHaslhe 'hgviﬁﬁ‘éi ain
t he bonding |l ayer, the via of the bonding |layer formng part of the hole.
3015. A net hod feeiyifaes #gt anfanpabing secondsdaccof vias in a first |ayer of

2 Trret toa PR B SGRENe el At Tk Pob B bbEShufs010 054531 form no 4

nunber ofdisposidgiarproteetiadapnr@dnglasbof thy €ist vidye vias of the first |ayer
approximately aligned with the vias of the second | ayer to provide a nunber

of hol es TPrPBggHeeand \igusa sypend glaraydindiacandhe Byst elardrysy, thedwdtividy t he
firstjgwo-1ayer, fl?%ﬁéﬁfc‘a Wik ﬁe%e&ﬁﬁ%@f,’ tlfcvﬁ)r's{ ecﬁﬁtdrﬁgsti% ingta? astpspoer  of
st WO- W t er o ol'e

hol es of the fir ayer structure aligne a nu S in
t he second twmfladhwdr exdtrdingg fro@.thd BrsThefave tdithd sofondlsarfaecl5, wherein t he

twos | ayer st ik ur o IEGRBRT A N e EBHORETF S Sy Y MBI ISP GFRBREYH des.
substrate core. 10hh HhansRINAGNPY, BHRBodprisfngl t her conpri sing disposing a
bondi ng | ayer between the first and second gl ass | ayers, the bonding | ayer
coupl ed wiepbsivaginsestl layee of ¢rasvalhatiths bolsnandyl ass | ayers.
15 plating a metal over the seed layer to provide a conductor within the hole.
12.  The method of claim 11, further comprising
disposing at least one dielectric layer and at least one metal layer at the first surface of the
plate and electrically coupling the at least one metal layer at the first surface with
the conductor; and
20 disposing at least one diclectric layer and a least one metal layer at the second surface of
the glass core and electrically coupling the at least one metal layer at the second
surface with the conductor.
13.  The method of claim 12, wherein the at least one metal layer disposed at
the first surface of the plate is disposed directly adjacent the first surface, and wherein the
25 atleast one metal layer disposed at the second surface of the plate is disposed directly
adjacent the second surface.
14.  The method of claim 9, wherein the first glass layer is coupled with the
second glass layer by a bonding layer, the method further comprising forming a via in the
bonding layer, the via of the bonding layer forming part of the hole.
30 15. A method comprising:
forming a number of vias in a first layer of glass;
bonding a second layer of glass to the first glass layer to provide a first two-layer

structure; and
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18. The nmethod of claim 17, further conmprising formng a nunber of vias in
t he bondi ng | ayer, the bonding |ayer vias approximately aligned wth the
vias in twe 2biwvmsy2185 gl ass | ayer and with the vias in treTaSCand54BRASS

| ayer. 19 The net hod of claim 15, further conprising di sposing a
bondi ng | ayer en the fi st t E@y strucgture aﬁ he second
t wo- | ayerf© llnﬁé‘t Cr P ‘éla%lrf ?ﬁf‘gmﬂ Fe5S ayeip isd 14 AL EshIayeT t he first and

second two-| aYa%br&ﬁﬁl%fthﬂl%ﬁed with the Vlagé)f thd B&oll® ﬁ@@fjtoquo%h@h MukPer dur t her
conprising formng a nunber of vias in 20 the bonding layer, the bondi ng

| ayer vias apphodbssithmugh thegiviogmead swirtthret he hol es in the first two-Ilayer

structur Gn 8ngpt¥gnglﬁ]y,tbggdlrﬁg ltl(laesﬁlrls{1 twohﬁyer S 1ruct%1ret with Iaas gornds[ L1ayelr steructure the

5 number of holes of the first two-layer structure aligned with a number of holes in
the second two-layer structure.

16.  The method of claim 15, wherein the first two-layer structure provides a
substrate core or wherein the first two-layer structure bonded with the second two-layer
structure provides a substrate core.

10 17.  The method of claim 15, further comprising disposing a bonding layer
between the first and second glass layers, the bonding layer coupled with each of the first
and second glass layers.

18.  The method of claim 17, further comprising forming a number of vias in
the bonding layer, the bonding layer vias approximately aligned with the vias in the first

15 glass layer and with the vias in the second glass layer.

19.  The method of claim 15, further comprising disposing a bonding layer
between the first two-layer structure and the second two-layer structure, the bonding layer
coupled with each of the first and second two-layer structures.

20.  The method of claim 19, further comprising forming a number of vias in

20 the bonding layer, the bonding layer vias approximately aligned with the holes in the first

two-layer structure and with the holes in the second two-layer structure.
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