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a terminal on the die (e.g., a bond pad, a copper pillar or stud bump, etc.) that is
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electrically coupled (e.g., by reflowed solder) to a mating terminal (e.g., a pad, pillar, stud

bump, etc.) on the substrate. Alternatively, by way of further example, the IC die may be

attached to the substrate by a layer of die attach adhesive, and a plurality of wire bonds
20  may be formed between the die and substrate.

The IC die is disposed on one side of the substrate, and a number of electrically
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

25  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
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

30  board using, for example, a socket (and retention mechanism) or by a solder reflow

process.
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30 board using, for exanple, a socket (and retention mechanism or by a

sol der refl ow process. BRIEF DESCRI PTI ON OF THE DRAW NGS FIG TA
i s a schaewatoti/wiemgr am showi ng a pl an vi ew of one enbodiPEEMIS2@0/0563g6 ass
core substrate. FIG 1B is a schematic diagram show ng a

cross-sectional elevation view of the glass core substrate of FIG 1A as
taken along line B-B of FIG 1A 5FIG 1Cis a schematic diagram show ng a
portion of the cross-sectional elevation of FIG 1B and illustrating

anot her enbodi FEntlADf 2 sehgmatsdipgrpa skeipyag p glas view of one epedimaiphof 3 glassschemat i ¢
di agr am shgwipgyacportion the cross-sectional elevation of FIG 1B and
illustrating a further enbodi nent of a glass core substrate. FIG IEis a
schemat i ¢ di agFml8hpabsehgmatiqubrgrim shefing herossrweongbdevabprmyicwlogihat i on 100f
FIG 1B a i i e b I f gl ass core substrate.
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FIG 2 is arRchemahhfdhagam e 6.088: sselignal el evation vi ew of
an integrated circuit ass y including am embodi ment ‘'of a gl ass core
substrate. 15FFIG. 1B is 8 séhehhtckiagtamaghanmg b bosibn dfeicngs-estbodil mendtonof vari ous
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core. FIG. 1E is a schematic diagram showing a portion of the cross-sectional elevation
10  of FIG. 1B and illustrating yet another embodiment of a glass core substrate.
FIG. IF is a schematic diagram showing a portion of FIG. 1E and illustrating yet a
further embodiment of a glass core substrate.
FIG. 2 is a schematic diagram showing a cross-sectional elevation view of an
integrated circuit assembly including an embodiment of a glass core substrate.
15 FIG. 3 is a block diagram illustrating embodiments of various methods of forming
a glass core substrate.
FIGS. 4A-4F are schematic diagrams illustrating embodiments of a method of
forming holes in a glass core.
FIGS. 5A-5C are schematic diagrams illustrating embodiments of an alternative
20 method of forming holes in a glass core.
FIGS. 6A-6B are schematic diagrams illustrating embodiments of a further
alternative method of forming holes in a glass core.
FIGS. 7A-7C are schematic diagrams illustrating embodiments of yet another
alternative method of forming holes in a glass core.
25 FIGS. 8A-8C are schematic diagrams illustrating embodiments of yet a further
alternative method of forming holes in a glass core.
FIG. 9A is a schematic diagram showing a perspective view of an embodiment of a
glass body having embedded metal wires.
FIG. 9B is a schematic diagram showing a side elevation view of the glass body
30  with embedded metal wires shown in FIG. 9A.
FIG. 9C is a schematic diagram showing a perspective view of the cutting of a
slice from the glass body of FIGS. 9A-9B.
FIGS. 10A-10C are schematic diagrams illustrating embodiments of the joining of



FI GS. 5A-5C are schematic diagrans illustrating enbodi nents of an
alternative 20nethod of formng holes in a glass core. FI GS. 6A-6B
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met hod of formng holes in a glass core. FIGS. 7A-7C are schematic
diagranms illustrating enbodi nents of yet another alternative nethod of
formng holes in a glass core. 25FI GS. 8A-8C are schenmatic di agrans
illustrating enbodi nents of yet a further alternative nethod of formng
hol es in &vgpaaareshecs from the glassyody oBHGSs94-98chemat i ¢ di agram showi ng a
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10 FIG. 13 is a schematic diagram illustrating a further embodiment of the joining of
sections cut from a glass body having embedded metal wires and alignment elements.

FIG. 14 is a schematic diagram illustrating yet another embodiment of the joining

of sections cut from a glass body having embedded metal wires and alignment elements.

15 DETAILED DESCRIPTION OF THE INVENTION
Disclosed are embodiments of a substrate having a glass core. One or more build-
up layers may be disposed on each side of the glass core, and electrical conductors extend
through the glass core. The glass core may comprise a single piece of glass, or in other
embodiments the glass core comprises two or more sections of glass that have been joined
20  together. Embodiments of methods of forming a glass core substrate having conductors
extending through the glass core’s thickness are described below. Also disclosed are
embodiments of an assembly including an integrated circuit die disposed on a glass core
substrate and coupled with the substrate by a set of interconnects.
As noted above, the disclosed embodiments encompass a substrate having a core
25  comprised of glass. According to one embodiment, the term “glass” 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 materials
30 (e.g., fluoride glasses, phosphate glasses, chalcogen glasses, etc.) may also be employed
with the disclosed embodiments. Further, any combination of other materials and
additives may be combined with silica (or other base material) to form a glass having

desired physical properties. Examples of these additives include not only the



two or nore slices fromthe glass body of FIGS. 11A-11B. FIG 12 is a
schematic diagramillustrati ng anot her enbodi nent of the joining of

sect i ons wotofwmsm3a gl ass body havi ng enbedded netal w Pes/tsaaoakignment

el ements. 10FIG 13 is a schematic diagramillustrating a further

enbodi ment of the joining of sections cut froma glass body having enbedded
nmetal wires and alignnent el enents. FIG 14 is a schematic diagram
illustrating yet another enbodi nent of the joining of sections cut froma
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temperature below which 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
20  with increasing temperature the glass will ultimately melt into the liquid state. Thus, a
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
25  embodiments to be performed. For example, in one embodiment, the softening
temperature of a glass is the temperature at which the glass is sufficiently soft to allow for
formation of holes or other features in the glass by an imprinting technique (to be
described below in greater detail). The glass transition and softening temperatures are
unique properties of a glass, although two or more different glass materials may have
30  similar glass transition and/or softening temperatures. Further, it should be understood
that the glass transition temperature and softening temperature of a particular glass may

not necessarily be the same value.

Turning now to FIGS. 1A and 1B, illustrated are embodiments of a substrate 100



af orenenti oned cal ci um carbonate (e.g., linme) and sodium carbonate (e.g.,
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have a thickness between 0.1 mm and 0.8 mm. Glass core 150 is, in one embodiment,
comprised entirely of glass (other than conductors 160, as described below). In a further
embodiment, glass core 150 comprises a single, solid piece of glass (although the core
includes holes for conductors 160). In other embodiments, the glass core 150 may
25  comprise multiple pieces or sections of glass that have been joined together.
A number of conductors 160 extend through the glass core 150. Each conductor
160 is disposed in a hole or via 165, and each conductor 160 may extend from the first
surface 152 to the second surface 154. In other embodiments, however, one or more of the
conductors extends only partially through the core’s thickness. According to one
30  embodiment, a conductor 160 comprises a hole or via 165 formed through the glass core
150 that has been filled with an electrically conductive material. In another embodiment,

a conductor 160 comprises a hole 165 formed in the glass core during a casting process,

and this hole is filled with an electrically conductive material. In a further embodiment, a



having a core 150 conprised of a glass. A plan view of the glass core
substrate 100 is shown in FIG 1A, whereas a cross-sectional elevation view
of the suwenalms4i3§ shown in FIG 1B, as taken al ong |i RETRSBI10/SBIEG. 1A
Al so, various alternative enbodi nents of the glass core substrate 100 are
shown in each of FIGS. 1C through 1E, and each of FIGS. 51C through | E
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165 5" 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
illustration). According to one embodiment, the second set of terminals 125 is arranged in
30  apattern to mate with a corresponding array of terminals disposed on a next level
component, such as a mainboard, a motherboard, or other circuit board (not shown in the

figures). The terminals 125 may each comprise any suitable type of structure capable of

forming an electrical connection with a terminal of the next-level component. By way of



i nclude, for exanple, inprinting, sand blasting, casting, |aser drilling,
and etching. Electrically conductive material nay be deposited in the holes
or vias 16 2200/d8e23m conductors 160 by any suitabl e process/ussuohseas) for
exanpl e, screen printing techniques, plating techniques (el ectroplating or
el ectrol ess plating), chem cal vapor deposition 10 (CVD), and physi cal
vapor deposition (PVD). Disposed on the first side 102 of substrate 100 is
a first set of electrically conductive termnals 120 (see FIG 1A).
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bo"di aposdi e LERLE s Gt Ay ok M e R b TR er s na 2
on the di an€ouiptagdnivhk ferfohiaalst 100 AtenAdpssclizf toyfifkttaiilgwpstriaidre 110Qhdfrsar sol der
refl ow process. Ac di ng. to anot her enbodi ne may be coupl ed
to th suBE;‘?SFa‘Fél iggi %‘i}le%llrfé%‘?sp l%dﬂé%P\‘}Er Suglﬁ%f ﬁg‘} nﬁc Ff% gdb‘ﬂ t he die

25el ect r i gahdtire 39MPIAR tattn6 OF the SRRINEtLARY 6b &1 FhRabe 1@01steh@tr&utpﬁ&d feg by a

W r ebond process (in this embodi ment, the termnpals 120 vvoul Ile out si de

the die rd&gihahl eﬂ@)le metal Tayerf th §sd uiddhup HEclie bidgand igene erbWM&YiBst rat e 100

i's a secomh&lycOlr (Rl BSLBuiIeRblsHuGRRAEE: MR oiRL F0rO R(Sis &I ddORtYat &aRtOr T ON
being shown in"FIG |A for clarity and ease of illustration). According to

one enbodiopeendugtpiel Qe SRty ethe srcordhuildrim ssuqtps 149 cofpprisgy et 4'MBOa pat t ern
to natg V"'ah&nﬁm%%fe?sso%ra%lée%c%a{t@r}’al %da{fiétﬁ] Dl Se %‘rﬁfﬁ%qgs oR @pheyt | evel

corrponent such~as a mai nboard, a not herboard, or other CII’CUIt board (not
shown in tOhéhefSﬁgl!ilrié’syld ufT hfeuctuse MO &leseang Smya@a@hl%mpﬁaﬂﬁ any suitable

type of s 0 n h a
R R e S e R
conpri se dhgradduckantho ig @lad@croreblﬁﬁps gllectntahlercou[étchwtlb@tdwst @r nwtap ilayer dthe

next - | evel e K r C is to
receive t ﬁhe S%&Bi(a?) r g(ﬁ & é&ltuggd%g?cﬁﬁnr?gg Iﬁﬁoéjgrﬁg'nq ettagg 8 @tﬁga ef§h|r21d ?\r ray
(LGA) 280c lbeild-op stacRireinddrdstthAglagsyco(PIGA)is csmpleétwnhAt leest nad ¢ondligror 1ohe t ermi nal s
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(I/O) signals, between the first and second sets of terminals 120, 125 (and, hence, facilitate
the delivery of power and signaling between an IC die mounted on substrate 100 and a
next-level component). Build-up structures 130, 140 are described in greater detail below.

25 Referring to FIG. 1C, an embodiment of the glass core substrate 100 is illustrated
in greater detail. As previously described, the substrate includes a glass core 150 having
conductors 160 extending between first and second surfaces 152, 154, respectively, of the
core. Each of the conductors 160 may be disposed in a hole or via 165 extending through
the glass core 150. A first build-up structure 130 is disposed on the first side 152 of the

30  core 150, and a second build-up structure 140 is disposed on the core’s opposing second
side 154.

According to one embodiment, first build-up structure 130 comprises a number of

dielectric material layers 133a, 133b, 133c¢, 133d, and a number of metal layers 136a,



Di sposed on the first surface 152 of glass core 150 is a first build-up
structure 130, and di sposed on the core's second surface 154 is a second
bui | d- up wonrotasus5140. The first buil d-up structure compTiESe&0ONSIOr nOre
alternating |ayers of a dielectric material and a netal, and the termnals
120 are disposed on the first build-up structure 130 (the first 10substrate
side 102 generally corresponding to an outer surface of the first build-up
structure 130) At | east one of the conductors 160 in glass core 150 is

el ect ri callBgb. d3GsoIRiglesirie levers 1pisadmape@mprise any yuitylle disfoctrisanatgrialte-goui | d- up
structure pl3ther ﬁ’ﬁt@nblﬁ‘ e%eang RO T&Hed By TR) ﬁllltaﬁlé‘}é@l'im(%je (k. er§ biépRtibyi | d- up
structure nearest the giass core 150 1% coupl ed | east one conduct or
160. Si mi llapipgtiont ¢e). sMe@hldy%m%@ =CUPRYSTOPUPEIS Qe snmlec@mqaﬁzesorzﬂn@tw@r nor e
15al terna y, (o) e ial d the
terninals%¥%g(ég §%?%.%g% qghggﬁé S congﬁﬁlgdg&ngg?gﬁggh}eﬁ€40 (the second
subst r &t e techoigud @4 g@ﬂmg atocgssesosuck spdadionlytinpamirelestroless datimg adairtbér, t he

second buk&gnq struﬁ%ure 140 one o%u&ﬁﬁng%l%thprs 160 in gl ass

east
core 150 is e Wﬂ%al?cnﬂg %ﬂﬁrm“?ﬁunglgh% one netal l'ayer of the
second bu |cbmﬁguransh bﬂﬁ:ﬁoasr @oﬁzéxqglaramcground phecseaiodhareoiduatorsed &cilltay ee of t he
second 20bui l d- gg str%gba qgarest the glass core 150 is coupled with at
| east one "CBREGEPVFT T irst and second build-up structures 130, 140
route power, agnmehheaﬁwunpm@kﬂuBmuﬂ14mﬁﬁ®aﬁkgmﬁhsmyﬁmﬁwwwmuhhelfirst and

second sets of term nals 5 hence, CI| t at very of
power and %Wefjdé%‘i i pet ?}Veéﬁwl%% aé,f&%hg{ﬁfpgadatg %ipletti "‘éfefllgé

next - | evelso 6@RRNEEENric Bydrl 193 diRes SitlfabiGit ulre%&ssl&ﬁe 1%@&@@@&5%&@11 [ n
greater detall bel ow, 25 Referring to FIG 1C, an_ enbodi nent of the gl ass

core substPvar Bosdion e porp Apsordingiojgre gmbedimpntyibe dicjectrigdayst Bifpdigs| y

descri bed qitif AbSH fRlPast OGLYERS s BrQ¢ 8SS ER( %9&5@995‘1\3989 whRdHct ors 160
extendi ng between first and second surfaces 15 154, respectively, of the

core. Eactilagsd qrrﬁéled:tyﬁhm@tabrgxtil@bthmgh@@deﬁleszﬁtsfslwrﬁ R3a 138b.d3é¢ via 165
ext endisng résB&QH&P Jnﬁ?nt%&ﬁl%ct(‘aﬁ @er&ﬁfétal 5%6&% (Sg, J?é’s' 139p HReré&IﬁlH&%é'Ea@ 130 is

di sposed on the first side 15 t he core 150, and a second buil d-up
structurel%@mlﬁéa@N§Qé@@@d@hmﬂhEU@b¥eh%m©@bb§ﬂd@&@@@@ﬁdhgﬂﬂéCQEﬂ50Accord|ng

i el oot r1 & WLPERbp ohE St ma L U BLEHAHER I SRR (BT e
| ayers 13&a@rlﬁabhlm@@gbomnehe&mﬁﬁﬁsm&yeﬂ§2QGQ@Sdmnﬂ§Ounnpmhdeaany sui tabl e
di el ectri %Pl@na%%?r%ﬁ%ent(o? t1’n690 él%gs{% a tSleOEIIV&%hl%h & E]%c%% ﬁlg%rlgpci4'tlpe)eoullﬁ/9md by

any suitab
I ayer 5201361astruamy la(bnzplso e smwemudtmﬁsetm loetetmaosc dikleytric taycdu33d ey et al
al uni

g., cop etc. ). and may be deposite by. any
Sui Sl o BPER g P e s s Ao oS BR s | vg and
el ect r ol esamlaéit 120@)e fofmdttyesr, foinid oitpthabutcdyst BetdBapere3my each be
patterned to f?rn1an 3uitablﬁgﬁnger and cqg@ guratlon of traces, power
pl anes, gr ound PTG FELOUH" FEAY CRWGHBTEIIME ISFY S Ak routi ng of
power and dicldrii gaias layéNe4nf 143 148cel Bal dnda duaﬂbelrcﬁ‘ B3 day@rsi1g64li sposed

bet ween any tmo adﬁacent nmet al 10Iayers 136a- C g netal |ayers 136a and
136b #re éé@é 146G 151§Ct8? laygsd#iacd 3y eemprsg gy %lﬁable ielectric material (e.g.,

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 clectroplating and electroless plating). Further,

30  the metal layers 146a-c may each be patterned to form any suitable number and
configuration of traces, power planes, ground planes, and other conductors to facilitate the
routing of power and I/O signals.

One of the dielectric layers 143a-d is disposed between any two adjacent metal



so on), and dielectric layer 133a |lies adjacent the glass core 150 and
separates the netal |ayer 136a fromthe core. According to one enbodi nent,

t he di el ewOn2or1/dsapser 133a lies directly adjacent the gl 263/USe018/0S63fl6 r St
surface 152. Vias 139a, 139b, 139c - which are plated or filled with netal

- extend through the dielectric |ayers 133a, 133b, 133c, 15respectively,
and interconnect adjacent netal |ayers (e.g., vias 139b interconnect netal

| ayers 136a and 136b, and so %g Further, the netal |ayer 136a nearest the
gl ass cor &yesd4psc (oupnetdl lpiornl 46nanb4chg s coratedly diglsetiie foops BBGnBy vi as

139a di spg %H') hifY cﬁél@étﬁ&fa&ér%k@ﬂ& d111§§1@the ofhs Ore ?Mﬁ'sé’fﬁ%es thdGedil 1St

surface 152 of glass core 150 may 1 nclud€ a surface treatnent or coating to
i ncrease dlaebitedron thihcerpeAdjording tordne crrhedimpni) the flictehgichayier t3alip up

s uoLur e b b8 ol 3OURe eaRagl URALS1s AL rIDEY 40 eLghiic | aver

133d may conprise a re yer an assivation’l ayer :
accor dibng piaoedmnéillechtmhlmwh% extemuhiomglh Qleﬂmcamda}fem}rﬁéd lléﬁlb lgBc,f or med on, the

out er nbst _net 136¢C. d.buil d-u tructure
140 conpri's s%gelﬁu e“%terc?nnﬁ ap ?P“éwrrg eru%ﬁ ‘Pa g‘?gmi"z{%onnecfﬂ‘%b? 143c,
143d, and lgenurAbesdaficbrendko b@y@nﬁh&4MetBBlﬁﬂﬁb46a]r¢6mt the ghsambrel 1601 ayers
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deposi ti omayet B4Banat éreRmbelligncht, thyRédhd hl&jb@é $5M€gaas§cdfay50:mayarnbﬁee any

suitable electrically conductjve net m ilver,
etc.) ,1Oand“rﬁ%§§ tgmg téé&?at“é‘a Ihpersie aét?ﬁsto Mlg‘ tP%@‘ﬁ]ﬁ&H&@ate{e‘LﬁgOfnh%“&El ng

pr ocesses upStediurd34@! £8S,NiO R drite danshtseihe Glifcfh®S SicRt@t 1498 143Fwalher, 30 the
nmetal |ayers l1l46a-¢ nay each be patterned to formany suitable nunber and

conf i gur atPBAise r?%*‘%éaé@r angeqpe PagsivaReslay gy BLaditionanQac cbpiligéher conduct ors

to facili tt&hﬁmishﬁsra%fmwf oIOMRId ANe bi@rmSisORnahBlayPgsof the diel ectric
| ayers 143a-d is Eose bet ween any two adj acent netal |ayers 146a-c

(e.g., netal |ayté¢§m %@aeraﬁaFIfnéﬁ(w@elb@ﬁmwwlwtﬁh@%&w@ﬁ ayer 143b,
and sqs0n)Gangh &Hd%ﬁ%é fn%t Alﬂxs&n&%&?d {d ﬁﬁmﬁiﬂds%@&he L @h@ssocore 150 and

separates the netal layer 146a fromthe core. According to one enbodi nent,
t he di el edtaldcic aagi@retailm@rs ki durdhicr, digyd generdilnemiitalenhigichesses. Howeves, second

Mextond T AR StiBinde nddR eI AhG oABLALSE, Bl drtoah€, 101 D TG
interconneamnéﬁwabenﬂnmemmmmwaye:®ﬂ©mughwkm$85amﬂ@bﬁﬁMtgnmomﬂeof met a
| ayers 14@%1%89: a:illé%tal ?&é/ drsSRf??lo%lh l’ilrn“ﬁglr emt;[ P%E‘%? ta%lullJl g ruc%“%%%onear e.St the

gl ass cor or nore O ondu ors by vi as
149a stpdspdwdnndMQbeemdecﬂhaweﬁcmﬁﬂéo Amoomaomﬁbmumhmﬂm&thh@m&mdond

surface 154 o Ss .core 150 a 10syrface tr coati ng
Lo’ i nor ease RRELE TR b R B be Ll e Er riaRdie d Sehas b et gy
st ruct ur e ofidPemiNddifents, NOSORE tlﬁﬁl@tﬁﬂnﬂ@efﬁoﬁd bﬂiﬂd&l@lﬁl@ﬂhf@&iaydaﬁl @fftririgc | ayer

143d may cog? se a resist layer and/or a passivation layer. In addition,
in one e termnals 125 are fornmed by, or forned on, the outernost

nmetal |ayer 14ﬁf3the bibddiger® ¥PPIG. MeNdicétrib laGers 183 A9 1W8 dre pésitidhed enbodi ment s

shown i n each of )
adjacent the glass core 150, and the metal layers nearest the core (i.e., metal 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 glass core 150.
The incorporation of a metal layer adjacent one or both sides of the glass core 150 is
sometimes referred to as “core layer routing.”

30 Referring to FIG. 1D, the embodiment of substrate 100 is generally similar to that
shown in FIG. 1C (and like features are identified by the same reference numerals).
However, in the embodiment of FIG. 1D, the first build-up structure 130 includes a metal

layer 136x adjacent the glass core 150, and according to one embodiment the metal layer



15FI GS. 1D and 1E), the first and second buil d-up structures have the sane
nunber of dielectric and netal |ayers and, further, have generally

equi val enwotzhilgismssses. However, the di scl osed enbodi nemC3/Use@0/0643160
limted, and in other enbodinments the first and second buil d-up structures
may have differing thicknesses and/or differing nunbers of dielectric and
netal |ayers. According to another enbodinent, a build-up structure is 20
di sposed on only one side of the glass core 150. Also, in sone enbodinents,

the first l3owis seechiadisesnt heglpsseqrae finy syfage &% disleetiie taser IBPpAYYlRS sane
di el ectri g TRENARL 13361Ctaﬁﬁ3éx%bsedr‘g@rti%hé‘ﬁth@ﬁ[?s@@bl%ﬁ@ﬁi§me PUF%ARex hfte first and

second build-up structures may have differing materials.  In the enbodi nent
of FI G 1&gingithsirectaldgysr heagast the ¢@8and adleassgee ditle goodictdro Héds e@mtijdacent t he

gl ass cor %vi%%?et%%r &1 @‘Eﬁ@ér,fih%%{cﬁﬁ% chBadifmnt, {hg?irscf%r%icé stoﬁglag?{:&le | ayers

136a and 1 separated fromthe core by these dielectr ayers. In
an al t ér ndt) wey axhdd e menfics tragmichtl cnsoatmp edinengaseladhesibD,with themethl lhyyer may |ie
adj acent t | ass, core. 150, The.incorporat,on of a nmetal | ayer adjacent
one or bo#?gggﬁggmgﬁmﬁﬁglﬁ 5?§0§%@8§E%8y?25%§hetines referred to as "core

| ayer routi ng. SindRReffastrbiuiidup etrikdt@e 13D thetshend dbhddtuprenictuod 14ulfsFiGat e 100 is

generally si.mlar to at own in, Fl 1C d like features are

Daent 11 od DU o oSl BB BOLARat e Hlaptord Pbaf Snd FRHS IS et of
F:j G 1D, theal fle%yElSI%b i dittetifpadidcemtahdiglass (1:1:31@’ s se&iny d@ﬁacﬁtl) Hzgt Bicleb@iy ﬁdyeﬂ 36x |

adj acent t ss _core 150, an ccording to e odi ment the neta

| ayer 1@3 6%9? asgV&F ‘reéﬁ‘(elng}e%{i‘iyﬁ‘b h‘%ﬁ%%ﬁeexg?ssgl Bg‘?:‘B‘?SeO%&ef%?arsé forgﬂﬁ’f‘%%talwz.

Di el ect ri GayeAy@%k ndbw3Rin@\IRS thét@Sajich Bcaf®t @b cbrRYHU 2l BHX ofBstdhER@sests por ti ons
of the glass. core I ayer 136x-nom1being the netal |ayer nearest

th tal |
the core, 18hH catlpla):ds\é(gle h%ﬁgﬁas?r lffe " aAditien dp anothsn cnBodigersy tBessgPich” net al

layer 136Xurelck5N6f glask o298 By iR RO HIRRE tredthentdr ESdting W haeRe152 of gl ass
core 5150 may include a surface treatment or coating to increase adhesion

wi th the sghesionvafpdhe maghlayeandopanhegsaapaiith ppoions ehfscledriciedrd¢dai & | ayer
133a) .15 some embdUim&ts, LRIy onE $F thPYlakeoktPs ShfabG 1195 € 53 38s antdacSRRpg bui 1 d-up
structure 140 of FIG 1ID’includeS a netal |ayer 146x adjacent the gl ass
core 150, layaui(cign cohes oaprbbdptaldaters Héx o lin the fiest andjggonddudi-vp stryopuresdj acent

t he gl ass re 154, Dielectric |ayer 10143a overlies the
met al Iayég&fggée gﬁggg&%%%ég&gg%?%ons of the glass core), this netal [|ayer
146x now bei ngWitheeferned ndvatpdil GnBardsither hmbahment o gldssaord sgbgiateoe iof t he
conduct or i Steoupl ' I er. X Wy ' not her
enbodinen?%%?%%&sg%ﬁ% 0§%F d%§u§§%%3953<g§g%§§ngEgﬁ&%§§1$ﬁ@?ﬁ%§w§ surface
t r eat 12Ont showrcodGniC (and likefeetases amdh@sifiohbiht kahdrefareicahuhaylex 146x (and

e D R BT Rl LG LE Lo 2 SRR

is disposed has a wall that is tapered. 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 30 degrees. The
tapered wall of a hole 165 may be the result of the process used to form the hole through

25  the glass core 150. As noted above, processes that may be utilized to form a hole or via
165 include, for example, imprinting, sand blasting, casting, laser drilling, and etching.
Depending upon the processing conditions, any one of the aforementioned techniques may
form a hole 165 having a tapered wall.

Turning next to FIG. 1F, a further embodiment of the glass core substrate 100 is

30  illustrated. A portion of the substrate 100, as denoted generally by reference numeral 7 in
FIG. 1E, is shown in FIG. 1F in an enlarged view (with like features being identified by
the same reference numeral). In the embodiment of FIG. 1F, a wetting layer (or adhesion

layer) 170 has been disposed over the wall 165 of hole 160. The function of wetting layer

10



| ayer (e.g., either one of netal |ayers 136x, 146x in the first and second
bui |l d-up structures 130, 140, respectively, may be omtted). Wth
ref erencewoomte34B5G  1E, a further enbodi nent of gl assPcorus2ebsén@t e 100
is illustrated. The enbodi ment of substrate 100 showin FIG IEis
generally simlar to that 20shown in FIG 1C (and like features are
identified by the sane reference nunerals). However, in the enbodi nent of
FIG 1E, the hole or via 165 in which each conductor 160 is di sposed has a
wal |t hat 17@isttapereats adhepiqirhetveqen diti dhgstitcally eraduciiye magerinhl 0 agd the@lass or vi a
165 has arﬂna@é?ﬁl @t‘c%@?leeAIﬁttheV\@etﬁﬁ)g 1%%&61")@) ﬁ{ag'c&ﬁpl%fe ahfﬁllﬂaﬁ)lle%a@grlapa ween 0 and

30 degrees. The tapered wal he result of the process
used to f @apablered ifgelaging hf}h@ugmbtzwmeth@ba\g@m@@m@ls 1B0ne ambpdiment, tibove,

Processes it HTRY | AR AL IO ERLIYA 8hS, i Hifibdckiyde, Tor

exanpl e, inprentin tihg, casting and et chi ng.
Dependibng auqunadlhm, @r\mib@ﬂllng Qfdwdcr @ndmwtheamytabnélwf the M@ttmgcbﬂryenﬁﬁ)t i oned

t echni ques 165 havi a_tapere vvaII next to FIG
1F, a furtnhn%\éde 05?0@“ rmeF‘“FIH%angV W1 ERT it 4 tplat]fég W% T ust rat ed.
A porti on (décttohltisgiistiacadiess0inga € Ve noPE¥D. gener aI ly by ref erence nuneral 7

in FIG 1E, is G 1F enl ar Y w.th | kefeatures

bei ng i dent i 1 BBy e G o epbi ity ShankRamy e Huhgaslas sshe of hi o
1F, a wet tigatkager Witbirefadhesb 61G.12aye k) sehBl J0asndeRnsubsiepe s@thaoingr t he wal |
165 of hole 160. The function o tting layer 170.is to_increase adhesion
bet wedfl t BESEFUE{30 e%ﬁv%ﬂ)as Eﬁf&‘{ei]&a ¥erhry mgl%eﬁo'}ﬁr%‘!etlr?é 81588%33ﬁﬁteri al of
core 150, tandbdthae’ Wkt didd obayrintkd@iedRiciGQNDY dis 2108 Mhe3UIdicahbes mat er i al
capabl e of increasing adhesion between these two materials, In one

embodi mentlectaviard meghanigylly) cqupfrdythihs sibstrate Kby a numberofas, for exanyl e,

titani um 1&&%%&@2@'%&1@&@5‘@ ARl M, s@l§er“b’ﬁh1bs %& )QJn'tBB’s?ubﬁfatéshese
and/ or other netals. Al's the wetting |ayer 170 étEOSI ted or forned

usi ng any S&@nd sife éoﬁoﬁses—‘c%@sl%m@hbea@eéwpﬂoa@ Plﬁ@ﬂ@aééwmeefws éde¥lopl ating or
el ect gl egsepPlaatpoRh, ’sugﬁ/Q’a Rbth & M%rd malnboalldI J)Iuo'iﬁerr k&8 YoBrdM1AGhead 1S anN

enbodi nent of an assenbly 200 incl uding a gl ass core substrate 100. Wth
ref erence spr@ader@11@230Hiewmg§é“ﬁﬁlsyrfema3$ il anchpgossugoseqndtserfag@3hthat ng 10gl ass

core 150, %@Ac& acd 2f15 5?‘&1 ﬁfedqs &1915) %rfﬁﬁle%%%ﬁ'aﬂcgth%ﬁﬁ 37%01?1519({3 104.

Di sposed ont e substrate’s Tirst si IS an integrate rcuit (10
die 210. Tht (A mitep2hechagicalyemuplied aithyth¢ ded haelcmifacec%]ﬁlty)a lepupf ed with the

S .Ub strate él‘i]e%%%lb Xtel%ac%lﬁgmeefgal ?AIO Ap'1t dlilgsb toef%%'ﬁan% g&) m-areﬁé‘rl],lsg(? sg%u%? th(e%eegl G I ands,

pi ns, sol rates Secort 1A)
may beOusepreider P tnted ﬂmﬁsrurfmllom)ﬁglesstaomabmatemoa Adtkdugh bbt dhveh m:orrponent,

such as a F?at 2 ?r{ 'P 81?"&191’ emr{)% 1rr]nt2:(r)1 a lgéat smk or 0 er coofln e;[wcg)or?iglyg be ﬂaferma
coupled with the heat spreader 230, and another layer of a thermal interface material may
be disposed between the heat spreader’s first surface 232 and the heat sink (or other
device).

25 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
formats. In one embodiment, an instruction is an “x86” instruction, as used by Intel

30  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 1C die 210

comprises a system-on-chip (SoC). In yet another embodiment, the IC die 210 may
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spreader or lid 230 - having a first surface 232 and an opposi ng second
surface 234 that faces a back surface 215 of the die - is disposed over the
die 210 awo20hesmsbl y coupl ed with (and perhaps nmechani earius2econpided w t h)
the die's back surface 215 by a layer of thermal interface material 240. An
adhesive or sealant 290 may be used to secure the heat 20spreader 230 to
the first surface 102 of glass core substrate 100. Although not shown in
FIG 2, in a further enbodi nent a heat sink (or other cooling device) may
be t her malircjude digiperircuity haneleg cHewtry.<p  sambinatpaef bathandpptMeligiidhyer of a

t her mal |Q;rgl[1{r§ce material may be di sposed between the heat spreader's
first surface 232 and the heat sink (or other device). 251 C die 210 nmay
conpri se any t inecaheae?dlconthunedby ehapiingternipaly i @rfb@%ﬂbﬁfém fisthe 1C die
210 Co”pr's&ﬁa%e%?{s%ﬁﬁ}s'1R§1w§t){%én%ma8 onQEVICCHe 2 A ?@gm@ alsGgdi € 210 rmay
conprise a m Croprocessor  or graphics process Edre 210 can

per for m i meftanupbéeonsAs Ivrovm@dwdqwlrh@é,rthmubpirmegsmals A2Chey echgomprieavi ng any

nunber n.for In one @ anlns ruction i s an
e i nePPRATEY R o BRI Se i oy SyPBER R ekt BYEM R, Pt

enbodi mentsppet, nickply lomasor, ema,yanpelrefcbe mmmsls imag tlso nemgriso mpaeﬂ rpﬁtar or
architectu or fro ot her SS desj.gners di nent,

T o 5 Bh Bnap T SRR o SRR st R e ah B i et

t he | C di gordil€X ba@bus)s) rﬁaySbeS(h@B‘sddl’bn(ﬂhH fub{t@e@nd/ok dicy@mianoihiehesembodi ment ,
thelﬁdle Zlolna%/ hnclude(gwgrl‘tal U|tr an |rc itr hor a

combi N8t i &GRSR IH %{h%ﬂJB‘g‘e %ﬂiﬁl eéf ?’Vrpé efsr tSP FEB ¥20 are
formed by ueaugkinBgichel iﬁ'tdi’(&)'ﬂﬁeci]s?dﬂe mn oh&l@;aﬁtphbsafrﬂeet ©pd d)leﬁtErCSM’feEt@ﬂﬁtt 2 (see
FIG 1A) with termnals on the a solder 5

refl ow pr 8 &ymed petwasiepHirg 1)90&8%(??'8@&!0 a%é‘@ﬁb%haf atYeoﬂﬁeéﬁvﬁaﬁat}mzo may

each conpi ferébnR&d mapibk hﬁl’izedotn aﬁihlﬁ%nbd%ﬁ%rfopﬁﬁﬂéflilfrh%i‘1ﬁ'@ﬁot§lwv&rﬁﬁ| e metal or
conblnatlon of nmetals (e.qg., ni c alum num etc.), and the die

t er m nal s Figy2)araybedsapred wuad ﬁawters@nnpﬁﬁ 22Qﬁﬂd§>ﬁwelbthﬁ]§c1‘it9r @4 them any

sui t abhke nBtahieQrHGMRIIpAL I On of netals. Solder (e.g., in the formof balls
or bunps) nay be disposed on the substrate and/or die termnals, and these
10t er m nal s majicathpigadse 23 Ginmel: esipnigedotzy datbledidoalyproodedisc 1t shoul d be

under st 00ql thals @G gfht e%’ﬁ?@ﬁiita%%"sﬂ? %E?&&%Qeﬁéc%r&ﬁﬁto%% BB xglélﬁ”p' e of the

type of interconnect rmed between substrat and IC die
210 and, ftherlteherpreaddrafo acpmpr@bmahd Baviitgahdids walbler vhlls) ﬂB’ém«:ndngctOWMy be

uti i zed. A0 addit] B0 Jo3Yer B, HRASTLLLL LIRS €ELAL fRolyshqun in FIG 2

may be di sposed aroun he™i nterconne ween die 210 and
t he 120ubstifata0Zby thlestlhaswelé9(10]2he above- desctﬂénatlldsspsoaaadems 230redumyasrm conpri sed

of any swtablef1 t|v erlals Vv ui tabl e
Chape or - StPRHEAPAT oRRusY af R 1ar i BRubtn oo PO ERE HelR GaP el 230
conpri ses 230 incdldaaréta[sqceg sopsber mlallloysahere@), |t1$e)mﬂ%r7coﬁiﬁlﬁcﬁﬂdtd’ig)dsm$ﬁilﬂs t he
substrate' S flﬁ ide 102, with this wall (or walls) being secured to the
subst r at e thermally con uctive polymers.
In the embodiment illustrated in FIG. 2, the assembly 200 includes a single IC die
25  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,
alternatively, integrated into the build-up structures 130, 140 of the substrate. By way of
30  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

integrated into the build-up structures 130, 140 of this substrate. These additional devices,
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20surface 102 by the adhesive 290. The above-describe lid is sonetines
referred to as an integrated heat spreader, or IHS. Materials that may be
used to cwosbrumss2sshe heat spreader 230 include netal s PeTgIS20100pB8¢¢ and
all oys thereof), thermally conductive conposites, and thermally conductive
polynmers. In the enbodinent illustrated in FIG 2, the assenbly 200
includes a single I1C die 25 210. However, in other enbodi nents, the
assenbly 200 may conprise a multi-chip package For exanple, one or nore
ot her int é@%eﬁl?b%: de.aepive dgyieesq er qiher comprienp ymayehe dwosed ov@lth@géle n83Jul at or,
etc.) may 19€ fihs PRSEDibihe PWbstrate 100. In addition, passive devices,
such as capacitors and i nductors, may be di sposed on the gl ass core
substrate 100 &he asatrmldy AR ingrefoym pﬁlﬁpégb’am@cpflcﬂmbutmgelem¢ | Acogpling touct ur es

130, 140
i n- 111 eapag TR Boh G AP Ly BEEPPAE B BRERYOFANA IR oe D07 140

rnto t
of t heSsubssthateebd@ignent, ﬂleasﬁ@mhbﬂoé iyodipae pf ¢ lap-tep ¢oahpesa$ ocmmﬂmnmmle such as
an antennaoort%p RﬁCsC|elqmt0 Come1g} S@.hm %15% cale sy ftﬂﬁte 100 or
|ntegrate8 AL O g{ﬁ binigd: ST URY G 9 Y PIP I's §Ubstrate. These

add|t|onahoﬂpmwseatoﬂMhmﬂheMebﬁpdn%cwpmeshdemdeMHNﬁmaaﬁmmmMMneoomponents,
may be dis ed on eit.he i 2, 104 of .th | ass ubstr 100.
The aesentroS ooy Bar b 67 Sigy? epBicinrs Hh BaereS 2 Frasb B or ai ng
to one enb@dmbankdc&ﬂ@uﬁgsenady 200 may formpart of a server or desktop
comput anot her odi t he assenb art of a
| ap- td§ corrput pusiggte ‘Prﬁlﬁ?gf arﬁﬁg‘g?‘émé%ﬁﬂ‘faflﬁbq 18%‘5?‘@89{1‘&1%6%3% Shet€ t op
conput er) sublsha®@. THEsk haﬁoueMHmemmbm@esmfﬁreaﬁﬂh&qm@frmaﬁﬁl Hest of a
hand- hel d cqﬁputln% devi ce, such as a cellgﬁ}one a_snart ﬁgone or a
Gevie

mobi | e i nt%ér L[ WD) 0A-Ph. KIES. NGCRBICS Ao R 2Ar e FiSSendl y 200

forms partjoRf1@NFRIPEILdDCORP YL MG, FRYACRIG. 19|l HEteRERRbUIDbEhide 3 are
embodi ments of various nethods of making a glass core substrate. These

vari ous mi@ thewignrrg appddled owanths teibelewt are further illustrated in FI GS.

4A- 4F, 5K GS. SR éﬂ:mg% ﬁ%ck @(ﬁ‘ 19@1GF3| gﬂ%ne%ﬁ&‘b@&meﬁﬂ acﬁassgﬁ't@lggrol\:/ d% 9A- 9C,
FI GS. 10A—10C FI'GS® 11A-11D, FIG 12, 13, and 4, and reference

shoul d be Thisdeillugtratésds E16. i“du mélsreaglaﬁaplae‘dlemshpwnt Flee glesstplateingdes a
15Ref erri ate is
provided %@ﬂgé9?¥?ﬁggrgpmﬂkg%a%déy%%RQ? ereggﬁﬁ?& QmﬁPiﬁEﬂﬁ%o is shown.

The gIassswﬁatélin@h&ﬁé&eaﬂﬁmmﬁuﬁmuméauewdmﬂeamdoéﬂwﬂppmhmw@msecond surface
414 that i sTitabre i C%LG:S% (s a&l&l Wo%g Jeﬁér? rOIlﬁle ag]a (1% I}qn%?édg I%Ele 410 may

conpri se any sul ype o I ckness (see
di scusei omh:ahrmm)ms dreppenddhigng onqomrboﬂhmnaplprl gla:saplatrm landéfarsiaasd r ed

20character [ Acc g ng,.t o %I qﬁ e 410 is of a
Si 76 and. COHTGIPAK SHOE S BT T PO o 4 i et eiplt b € o
further enmpbediventsa ditveng Icaﬁ’sgu@lnaﬁ & hille ke fafmaaoﬁ bZter oM le@fi)SillB!;tg]ltH‘sat ion to
enabl e the forma 1 on WO O nore st éf. » | ate 410
corpr | ses (&EpEA TR b O e Welrﬁgqnéw[gﬁﬁéw ade e iR ate 410
wi Il have patsofotveininage 4 &fesihatenipRraass 8badtetwith th clhemglkasisompliefd al
conpr|5|n%125th|s pl at e.
is plate
As set forth in block 310 of FIG. 3, holes or vias are formed in the glass plate.
This is further illustrated in FIG. 4B, where holes 420 have been formed in glass plate 410,
each hole extending from the first surface 412 to the plate’s second surface 414. In other
embodiments, one or more of the holes or vias 420 may not extend entirely through the
30  thickness of the glass plate 410. Various methods may be implemented to form the holes
420. In one embodiment, the holes are formed by a planar imprinting technique (see

FIGS. 5A-5C). In another embodiment, the holes are formed by a roller imprinting
technique (see FIGS. 6A-6B). In a further embodiment, the holes are formed by a sand
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As set forth in block 310 of FIG 3, holes or vias are fornmed in the gl ass
plate. This is further illustrated in FIG 4B, where hol es 420 have been
formed i rwQl2asigsgi3at e 410, each hol e extendi ng from t hePCirrustoisosdiace 412
to the plate's second surface 414. In other enbodi nents, one or nore of the
hol es or vias 420 may not extend entirely through the 30 thickness of the
gl ass plate 410. Various nethods may be inplenented to formthe hol es 420.

I n one enbodi ment, the holes are forned bﬁ pl anar inprinti ng t echni que
(see FI Gsblasimegey povyes blanténerns pardinls st techpifee (ﬁ?ﬁl%@sa? TCorkasioby a roller

i pri nti ng, keGHRY @& ﬁ)?f‘orﬁ:l n%%ole@@(ﬁ@)l} nol\xnbeadegéffbreﬁ'ﬁfgr%%{aﬁ.eﬂt the holes

are formed by a sand | asting (or power blasting or particle blasting)
t echni que Sb@éfébqﬂll@fstoim lfP@)?VerEé@:tHhQ)dISOﬂ%é@ emegdyoditheranet lfgtedfiothaibplg hol es

420 will I. ood,
however, ? ﬁr ﬁ%&@?@de?%%g%&gg%?gﬁ%ﬁﬁ @Ioa ﬂ;(%%%d Fdlm glgpﬁg&?ﬂ% ﬁ%l
fornat50nIMEdhﬁnmhﬂsi@éénnh@ednaghﬁhﬂﬁf(6$ hhﬂdugmg%@mamdmCDurther t hat
ot .her . met hods %urn}/ngq? Ff‘(gTRAOXne %ﬁrﬁntlgg{onl §]]I%| ogr]l @ﬁ\guuncﬁorp W% %ltag e.g., laser

drilling, etching, an i I'ng tool 510
i's shown iphtcolf) wrmnntmnowrbﬂnusgjna§20 @dtatd&‘ro@iﬁnpmnmgjwbbiloc)indmadt sfusi ons 520

extend fr m| intin t he trusions,is sized,

ort ented. UmupPBLda s BRdtR e e PSS S 390 G ase pi at o
410. The ighgdd plntei4m@ TigOmpHiGhgrayl ﬂOWIcsmpMWn§m1%b|®tml &phlsik ot apabl e of
10for g.the h s int | ass. | ate,.410 and wi t hstandi ng t he
assom rm%ggg?lﬁblntt@éﬁsgﬁa{ﬁr‘éwpﬁaﬁe %fr? @W?Fé?ﬁt cayirtigeds of the

i npri ntl n@rdc@sglngfta&peaﬁﬁlreprlatohblsmmlnéa(kuﬁaoés btk udpmamgw srmarfar sur face
treatment to mnimze adhesion with the glass material , to prevent

sticking BERSIERSs $40enayoBfludecoghing s urfags fisptmepgo mynigmizs adh@lont‘wél Ytass plate

410 is rai %Qmﬁt‘émllfﬁ@gSfé)fﬁr@s@ht%iclhﬁg@é&éénl&h@tooﬁd}ﬁ inr{he protrusions 520 of
|rrpr|nt|ngtool 510 are g}g into | ass %ate 410. Protrusions 520

will form hol egeﬁg@lglt%ﬂ tg@ﬁmlat@ﬂé%s@rwealtt@ﬂwﬁeftemgetempwureeeﬂﬁ red to
heat qlsasshe%@thglo%;@zd@flﬁlpﬁnﬁ%ftgarswgretpﬁ{ﬁg@c{ffxwh@ 1a§ssp1%@hio as the amount of

time the plate Is maintained at this tenpérature While engaged with the

i mpri nt i ngrateyeionsiAY, wilfernyleqies{d m thg pefiened @ﬂssmfnﬂoe,ﬂl@lﬁ@egtwsd trat eri al
conprisin ; t i i | ass
core.  and FRERIRAEA10 KR ARRhAERAISERAE EH b 55 abuf O MR ' P25 1o
FIG 5C, tnkmntaumpkat titi$ wgptrotre BHiB dngazel eeth theeimprietngnd Y Nearpliacrdeat 0 cool ed

to return égl { leg‘%rﬁli)locaeéllcls%lmatté%la?co% rls éligiolia%t?lo ﬁl‘%ldgs%eé%ﬁ)argcg%%{l& o t he

gl ass plat ons corres otrus i mprinting
t ool R200. thafimhgasrbedamishd proafstieg equnp)nennbem@utllaad anneal i ng process may be

LA RURT TR G o I R i ML
410 cooled to return the glass material to a solid state. Holes 420 remain in the glass plate
410 at locations corresponding to protrusions 520 on imprinting tool 510. In one
embodiment, after imprinting, an annealing process may be performed to relieve internal
25  stresses within glass plate 410.

Turning now to FIGS. 6A and 6B, a roller imprinting tool 610 is shown in
conjunction with glass plate 410. A number of protrusions 620 extend from the roller
imprinting tool 610, and each of these protrusions is sized, oriented, and located to create
one of the holes or vias 420 in glass plate 410. Note that, for clarity and ease of

30  illustration, only a portion of the protrusions 620 on tool 610 are shown in FIGS. 6A-6B
(e.g., protrusions 620 may extend about the full circumference of tool 610). Roller
imprinting tool 610 may rotate about an axis 605, and the glass plate 410 may rest on a

support plate or carrier 630 that is capable of moving relative to tool 610 (or, alternatively,
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conjunction with glass plate 410. A nunber of protrusions 620 extend from
the roller inprinting tool 610, and each of these protrusions is sized,

ori ent ed,wandillsessed to create one of the hol es or vi agcaaB20m/o863a6s pl at e
410. Note that, for clarity and ease of 30illustration, only a portion of
the protrusions 620 on tool 610 are shown in FIGS. 6A-6B (e.g., protrusions
620 may extend about the full circunference of tool 610). Roller inprinting
tool 610 na¥ rotate about an axis 605, and the gl ass plate 410 may rest on
a support sl 41 Qisgppablerof moving3glativede syppor alstei3a). g}‘hemnwglgrt@crlétl@ &yt o tool
610 (or, %ﬁ@ﬁ@%y Vilabie mdh ks ML (GRRADIE nOs MANS ks EhALI YiG1h0 support
pl ate 630 he 1nmprinting tool 610 may conprise any suitable materials
capabl e of41$ e ity tania g sl aé@Ciatedmn@eijlr@st@nmqt@m aln opf epbertiment1 0 and

Wi t hst and' : h@gﬁ tﬂéﬁﬁb?hﬁﬁ%%o%l@%gqgfoﬂqsdsﬁ@ﬁr g/lfﬁc%ﬁie glé:gatﬁfd};ql)rl %g' ment,

surfaces 0 e inprinting tool protrusions nclude a
coating otregmehto enisimiaadhenn with the piass macradhesi on wi t h the gl ass material .

The gl ass pl at i ised. L9 ftening tenper and
prot rusi ons 62ghe %‘lass alj[? i O 1s ra1 ttﬁ%i enln tem géaéur and e pr? gussgonsp?idpe 410.
The rol | enfinpinting tomg61t00mé er@ﬁ@edlmﬂem:gsagmb 4/!1|Ot ﬁhgfcﬂlssmmrmtl@ #2105 10yis novi ng

th | | t t ' t at t he t ool
610 about “hed bk Pl ot 8y iNes RS BRETH6 | Prbhad 10a20°1
t he sof t ernile gbtaig thd tabl%léheoutiﬂ%os(rﬁeexrﬁqw)r @dotiueioheso willldsien dlat e 410 to

o ot dPned2lfh T BRh St sk piefivatirhe Bhe hasaloviet s b REnP 50 F 0P 610

are dependefdnidgReniperitofe, @xradnm €he dnlRnOdfamse tﬂapletreh@halﬁ@m@a ksthig pl ate 410,
the desired characteristics of the final ?Iass core, and the processing

equi prent ‘BRASHEUERIIP SRegecday flpthe Ry inging 0T Bl G dgReFdEn{ SPeIh SAGEYMAEL h 15t he

roller i npgd gi.»;sg ﬂgtern@mon%@m bﬂ?e éﬂbath@déjsilr@d &@r&%kﬁq omerfﬁaugms the gl ass
material to solid state. %b remain in the g ass plate at |ocations

corres pon@n%@eﬂowcaﬁm@ﬁa@p@ﬁ@ bew@ uahzeldnﬁrfﬁehithp algssdgE A HLms engﬂgéqhéﬂﬂé nbodi nment ,
after 1'5”Drtﬁéliollé}9m}oﬁ1ﬂn@ri&%hb 023 0;%9%@% HRYd BGeRES tfl@élg%qn%t%laﬁ &ld &yg inter nal

stresses with ass [ at e reference to a ayer of
resi st matsefd aHoleMQO rﬁalsanb@éhe dhsphed loatieheozopprdng prdtagieny@d of gl ass

plate 410, %@\ﬂmﬁé%oﬁ 61 & Sth3he LAY, ?Zréoafﬁﬁﬁ?ﬁ?ﬁﬁ ﬁ%ﬁl’f‘ehﬂr?ggqu&sJB %é)pe”' ngs

720. A san ting process w or med ass ate 410, and
t he resismmmayeduymﬁwﬂaywn@hpﬁwsewahygh@i@mméﬂocapable of withstanding the

sand bl asting R gﬁ?enée toFI1G. ’}A.l% by foﬁrem%t%%{/agefrg?i §1[®1é?%£ean%§tpg%edyo ervi ous

to the sand bl as process’ or resis ayer 1s renoved
by th@OsammmbmﬁﬁbnhgommuseB&AHDzmdMomexmrmy@7ﬂmbntﬁ&i@ﬁwgmassmnmteriaI IS

o era) ngrrih b oh sl s et bR RS e BN Al Fat PR o

openi ngs &Gt layer 710 nRgfcemptisetiny enakekricd caﬁﬁ;le afx&mdmmh@sielsﬁlgi pastggess (which
art| I ate blasting) is

may al so be referred to 0 bl astin
por  or mod PBIRKE LT a 56N PSS G N HUPBae e PR SHEPEYER 0710, Any
sui t abl e sa8dathlBSthe AGist RGANE BuRvENSl theednd bimimdYRocess at a lower rate then
25  the glass material is removed). The resist layer material should also be amendable to a
patterning technique (e.g., photolithography) to enable formation of openings 720.
Referring to FIG. 7B, a sand blasting process (which may also be referred to as
powder blasting or particulate blasting) is performed on the glass plate 410 having
patterned resist layer 710. Any suitable sand blasting technique and tools may be
30  employed using any suitable sand or particulate 730. The particulate used will depend
upon the tools employed, the process characteristics, and the glass material comprising
plate 410. The moving particulates 730 will remove those portions of the glass plate
exposed by openings 720 in resist layer 710. The moving particulates 730 may also attack
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30enpl oyed using any suitable sand or particul ate 730. The particul ate used
w || depend upon the tools enployed, the process characteristics, and the
gl ass matwoi2al1/osaspri si ng plate 410. The novi ng parti culPaTAS2(180564i6 |
remove those portions of the glass plate exposed by openings 720 in resist

| ayer 710. The noving particulates 730 may al so attack the resist materi al
720, but at a lower rate than the glass substrate 410, allowing for the
formati on of holes 420 at onl ocations of openings 720. Sand bl asting may
conti nue difteyistmppécrigh] s buapa éweér@ép tha Gaglesswbstyglead 8. Ploging fanef rom fir st

surface 4ka,Qo56GRMAA 454 Btfcﬁﬁﬁﬁloéla%né @t*oﬁo&ﬂlg’g&%bt Shif B’Mshﬂé Hla%%uﬁﬁ@pe of the

di scl osed enbodi nents that one or nore hol es does not extend
entirely whtlghghkolesf@0gkigadthpugh ¢heszlpy platﬂf“tl@ﬁ‘ro@aﬁfélt spifagst4lAdp jesomlonpl et e, as

shown in Jérﬁce Zl?? gﬁtﬁ&&qﬁgwkgqﬁée&'oﬁé ofégeodlééos'é(? M&ﬁnexﬁ%ﬁéb%%%?mé 0 have

been fornmed i n turning now t bl ock
315 i nSparof thclhbhs 420 doeonet catehdditimep thraughehd glarg phite Hdhesftomandlietingay be

formed over walls of, the his. rated in FI 10 where a
| ayer of TPt Akt e B8 Rk et Bh A R0 il antra 85 "or  fotes

420, as \N@bénhﬁn@MﬁglaEhﬂatﬁﬂt@t surface 412 of glass plate 410. Any suitable
bl anket deposition rocess, ed to formwetti | ayer.430, such
asa pl at i ng. t BERMTERIS B o bty o rat Sut by weenbhdRen e or
PVD. The wehdlieglgn rméreﬁayaie 43k dios et R of eewe dThik nllidhatcglidBs. pCat e’ s first
surface 41 ch t at the wett] terial 430 15renai n the walls
295 ofid, 1 aderags e bl St el Fat ot B TRatas fos sdblstadh 456 ey
be r emoveds fem sReths Widt ageacd 422 Bijlash PlateeM 8NMANE suiRbBHIALEIGpRIREESS OF

chem cal - mechani cal polishin tg techni que. As set forth above, the function

A

of wetti ngTCEYeRayLIEMPLoyERLo thh waias é?dﬁre@PowC%é%W@W&tﬁréln@uass material of

plate 410 ﬁﬁ@;@roﬁﬂtl &Cetléctrs@&slmatﬁlgp@u@ IOVﬁvmatm Waltink AdteriaPadoqs Mgn 20deposi t ed
in holes 420, and the wetting |ayer gconprlse any suitable materi al

capabl e ofcoyet &48y theyelawhvase’ @)ﬁer@trfm%l% frsh hagdhe avettiiggnatgrigl 4k enbodi nent ,
the wakt i G‘&na{ﬁs\’&ﬂy Gr3fe %ﬁ?&isscﬁ%law@@fa@khoﬁqﬁ bI@%D fﬁ{e cRERPLEne ti tani um

chrom um nickel,” or vanadi um as as alloys of these and/or ot her
met al s. H@Wéar@lr 4}30i maydherremoeagisesai ﬂﬁeﬁmr@ce 412\, forregathplg.argrindingprocdwposi t ed on

the surfa of, i i s plate 410 (i.e., the 25step
correspon ?%%19{1015%??%% a@gollég%ﬁ;&ggh%?n tted). As set forth in block
320, the hol esAs rettfdréeh abloas shephuadtion af wetting laget 430 idto amcrekesthesionl | y
conductiv eni f : h t S, plate.
T s | PrOREFLE Ble Qe GRAAFARLE SR B AALEIN A B BOR 0T
440 ha$ bdeppsdedsiphdskes42 ahrbﬂheSJetti}i@laybmmhmymmblpdsmmsumdbldfmiﬁlaMA-4F t he

conducti ve er..al 440 |.s osed, 30 on the wettin er 43 but as
ot edabotBPl e B bUR e S SRR A REER Ry TSP f5eHer esent
The el ect niyeaddocotPrickd atrora, sﬁnalmr fatlex#dide, nmmdm cﬁﬁ)hﬁlslhtrﬁd(el rart he vias 420
by any suitable pr

oc suc or exa screen printing techniques,
pi ating t ¢&HH fughggwglip%%{o% t ?Sieﬁ ‘G)rrOﬂéqrélgqulsol%oé’%erfl’ Hltcr ?f??ﬁen ®r PVD.

The mat er iaabettfibQayed isMoN@epoaird Us Rrsarfades 6f @8 SiaPh At i@ g{h@@pla@m@ arpkiese any
suitable electrically conductl ve material, including netals, conposite

mat er 28l s SteRRPreEping te Rlack 3 Eymavbs itedlol yrers. Suitabl e metals i ncl ude
copper, tin, sikV@fortGalbtek Db KR holdlibiFc R plae drel HRASBMR cRSrAl]  as

conductive material to form conductors extending through the glass plate. This is
illustrated in FIG. 4E, wherein an electrically conductive material 440 has been disposed
in holes 420. In the embodiment of FIGS. 4A-4F, the conductive material 440 is disposed

30  on the wetting layer 430, but as noted above in other embodiments such a wetting layer
may not be present. The electrically conductive material 440 may be deposited in the vias
420 by any suitable process, such as, for example, screen printing techniques, plating

techniques (electroplating or electroless plating), CVD, or PVD. The material 440
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all oys of these and/or other netals. In one enbodi nent, any of these netals
may be 5deposited in paste or particle form(e.g., where a screen printing
t echni quewo=ed)os4mad a sintering process nay be perf or medTafSeew/opese e
deposi ti on. Referring to block 390, one or nore build-up layers is

di sposed on each side of the glass plate (or perhaps only one side) to
create build-up structures, as previously described. This is shown in FIG
4F, where a first build-up structure 450 has been formed 10on the first
surface 4fomig ¢pnduciorpingless plag 418 mpy goBipdws ey Buifable-dlgstricalyueqndr@ivaso has
been T or mechi @ §i :AhalPlcBhBoshe HRRLAR, SUIRERAALbnaFAREpOYAL- uP
structure 450, may conprise any suitable nunber of Pernat|ng | ayers
of diel ectSmit%blmﬁt@}s|na11udar¢dpmttlal sifver, gold, roeks!, ehummpyne yand mést@rhewalhgs be
formed by e of such

bui | d-up g??%g?ﬁ#%@gﬁ§ﬂéﬁéﬂﬁk %dﬁf%gQﬁgg%%#&égﬁgﬁﬁﬂge %&Hﬁ§gfence to FIGS
151B tﬁrodghmmﬁimm@mthmaaﬁnhpanygnghﬁexsaamQWQUngmdumawaﬁwmdmwent at

| east onesg%ﬂthe(Fgg%%p%pr%ﬂﬁﬁgdl asgaébgihﬁy coupled with a netal |ayer
of the first barld Ot ure fhat s "Hearest the glass plate 410, and in
a further enboBkcfireing tabloblew oIN@ mﬁre binkl-qoaguck disposdd On exhalde ot thecal | y
coupled with tal .| ayer of t sec structur that is nearest
Chel ot ass e Fiy ol Yo B oo lutBieE et PRUTITY Conduct | ve
term nal s dﬁ?yib&refmﬁmﬁad)mﬁnwm a0, azﬁSrlela|f1asIt euild-ep muaalge%mrtes B@a}ty fsﬂmwtw) i Ind

FI GS. 4A-4F I rst al s ma rmed on t rst bui up
struct! reoﬁ§§fA§ﬁHﬁ§”4Z§8533§ m%§1 @FHPW§F§$WH§HBéWWﬂFﬁé%’ ?%b second

bui | d-up Fbrea bR AR plathescsdntuGifase @ 1aNEach OLNRL) Huchirc $30¢H60 @Ay Nal s i's
described in greater. detail with reference to FIGS. | A t hr ou h 1F and the

acconpany iCAGPBSaaY fuitghigpamber of alterﬁ&tmﬁé%& of Hislestricimpptspbandpeie (Frént , t he
gl ass pl atyge dlifork NGhd AP mad Bélf‘ofrﬁaléd?l%r ﬁmuﬁﬁ)@é@@@ue@rmssm%agdto two or

nmore substrates. I'n this enmbodi nent, | ass ate 410 with buil d-up
st r uct ur edomHon afsocldyw ssnetyigh Htdseribed @ arWé%éetaﬂ yith aefercageie FHaY-es

(ei theg b‘?%%l%ug'l{ 148 e ic%xgg&nlyﬁl@ 1 aﬁd%z@ h%rfé‘e%b&)nen@g’fﬁé‘is{‘éﬂ%%fﬂféw to block

325 in FIG 3, Tn another diment, a glass core with holes is forned by
a cast i ng cprdveessi40Aneleqitinady aeupledofithee @etgltliam opthe iess Buijdsupstiyamird thatF| GS.
8A-8C. Ref | G of
protru5|oﬁ§&%§®gh %Cf otr05|8%g%%§%9Igﬁﬁﬂmgﬁggggﬁégggﬁ%e (gglocated to
creat e ond4ofs ddeichidy qmpbd withagndta la'ermﬂtU@s:bcgidalssldplpatrecturﬂi@t tsastl ng nol d

810 may c ri.se itable material capable of wthstanding the
proceSS|n§n¥'&ﬁwF%£¥P%§ associated with nolten glass. In one enbodi nent,

surfad@s of th&h&es&nmgﬂw@hdkSQﬂe&ndwmhokmdmnmmsxﬁﬁﬁmmaybeﬁmhmdena coatlng
sur f aCt%? E’gﬁzfesgtap‘faé%err%%afnapé nn01t Zheowz%ldlrr;I %f(gé) r2lAV\QlPt)hAt th rst sgt oaﬁermma s may ( e.g., to

pr event s
formed on the first build-up structure 450, and a second set of terminals may be formed on

the second build-up structure 460. The structure and formation of such terminals is
described in greater detail with reference to FIGS. 1A through 1F and the accompanying
25  text above.
As noted above, in one embodiment, the glass plate 410 includes structures and
features corresponding to two or more substrates. In this embodiment, the glass plate 410
with build-up structures 450, 460 may be singulated into these discrete substrates (either
before or after formation of the terminals).
30 Turning now to block 325 in FIG. 3, in another embodiment, a glass core with
holes is formed by a casting process. An embodiment of a casting process is shown in
FIGS. 8A-8C. Referring to FIG. 8A, a casting mold 810 includes a number of protrusions

820, each protrusions 820 being sized, oriented, and located to create one of the holes or
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5bet ween the nold and gl ass). Referring to FIG 8B, a glass materia
405, which has been heated to the nelt tenperature for a tine sufficient to
t ransf or rwvORlze11gisaxss into a nolten liquid state, is di spesgdseetonhasiool d
810. The nolten glass flows into the nold 810 and around protrusions 820,
such that holes will be forned at |ocations corresponding to protrusions
10820. The glass is then cooled to a solid state and then renoved fromthe
nol d 820, providing a cast glass plate 410 having holes 420, as shown in
FI G 8C. THe it meldahalagsaigier Brogeamgmedld B E wapronmige py wotie metstialand cool
the gl ass ibble G AGRRAARL pHPRGNE R OARS SBIRIdRHNIRIRG Hi3edndfe wel | as
the desired properties o tﬂe final glass plate. I n one enbodi nent, after
casting, ambadiment swigcerod thesestimgynabes Weantl protpgionod20angydoedudan eop iz
15stresse £ hi . . St i.ng ate 410
navi ng. horea 3o ednd S Rl ddftyon it e RE Rl (I Phrg B R P 04
above Wi t remesipticimddarl ghskls 315, 320, 390, and 395. Again, a wetting

| ayer, as sho in. bl o 5 e.omited in so odi nents. Referring
to bl ock 330 | et SFIG. Fboa Mt Sifaath BT RERIACRAL S . T 50
formed by tgumvitdt fig aaingd saffcidnothytransfernn heejsetidedmolbandigoid ste,\id res. This i s

further illustrated i I 9A,.and 9 whi ch sh l.ass body 910 havi ng
enbedded PRl 855 moREtr Tue TEuE s TS s B T S MG EeT05) “wher o n

t he hol es p2ifhsidzhysloesdch tHrekbl ehuwillnng féried pf locainss @fregpoagidd kagrotringonal res 920
within th | ass body 910. Wres 920 nmay conprise any_ sui |le electrically
conduapi vt B §1a 1y heeoole s aatid Sy i e R o Be mokREOr a5 al | oys of
t hese andpasviddeeasi@isdipile 41Ghasisg heley4714); JNByn GO BSETRMImS bid abl e gl ass

material and nay be forned us(ihg% any suitable process or conbination of
pr ocesses.CReEsia Pl Gurieeed ok neat apd coohde glapewilipselepgndend ypeided duri ng

the same prACHIRriAIMDMB UG Hha8%s BRAYsIRA BrdpsrikPb B indrolasEAEPInet he gl ass
body 910 havi ng enmbedded wires 920 (within holes 930) may be formed using

an ext r usicBROgReRieaticr casting pa apiAslieE Preeess maphhey racdoadEvesdsn@ 10 havi ng

embeddgd W LeS widhh bisss\Midid 4ed for glass core fabrication, via formation
and netal fill processes can be omtted. I n one enbodi nent, the gl ass

body 910 has aA#ferestaig of gtascrlatadlld havinsdiodds 4e0.amilase dors hehstate @agds body may
have a sur, i 1 | §0<0 ally parall el
with surfgi@%gti%;a,ga%s@%g%rd% gco:e glﬁllga%ﬁﬁggfnoggsgsp%’slﬁnbgg%g%?da%g ' %@’%hat is
gener al | y wegmglléyel, anpltowngubloak 810 ida be amdted issomfeanbodib@atsand an opposi ng

euriace, 2100 ekl SRR 20 starel Ll W Sudag. Bi0as ol itee, 20
opposi2ig dunfedbg pALRlng agiaks bhédy havingsnmbayded eobdyetieraikdsy Thariafuktbér wi t h
surfaces 9fda: R AMMGR10R% 0 o QU0 SR &S 95 RENA! oGl iHr&o20,
The wires 920 are disposed within holes 930, wherein the holes 930 may be formed during
the process of embedding the wires 920 within the glass body 910. Wires 920 may
comprise any suitable electrically conductive material (e.g., copper, aluminum, nickel, as
25  well as alloys of these and/or other metals). Glass body 910 may comprise any suitable
glass material and may be formed using any suitable process or combination of processes.
According to one embodiment, the wires 920 are embedded during the same process in
which glass body 910 is formed. For example, the glass body 910 having embedded wires
920 (within holes 930) may be formed using an extrusion process. In one embodiment,
30  where a glass body 910 having embedded wires 920 is utilized for glass core fabrication,
via formation and metal fill processes can be omitted.
In one embodiment, the glass body 910 has a generally rectangular parallel-piped
shape. Glass body may have a surface 912a and an opposing surface 912b that is
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in cross-section, the wires 920 may have any ot her suitable shape (e.g.,
oval , square, hexagonal, etc.). Also, when viewed fromthe side (see FIG
9B), the wbass/dsezdy 910 has a rectangul ar cross-secti onpChasemensesie shoul d
be understood that the disclosed enbodinents are not limted to a
rectangul ar or square cross-section (e.g., the glass body 10910 nmay have a
circular or oval cross-section, etc.). Referring to bl ock 335, one or
nore slices are cut fromthe | ass body. This is illustrated in FIG 9C,
where a cuerdrdly nagdlel wityuslecptige asurfas 1t andam areeringos it Yradwt Body 910 to
cut a s!i G pabOiPAPRAAS AR hith bRl IF64 13D AoIRRRI UG, mECONd ST de

944 that is generally parallel with first side 942. portions of the
enmbedded Wi goasraBp parpléahwiith subica 91 Ge Tk mgiss 921I)(aa¢1h|01@6>&3§h@<t¢ndcfmm he first side

942 to th I hated with

t he extengyﬁﬁgg?guﬁﬁgghgégkéig%%@léa% ?%ﬁéﬁﬁéggggpz%'lce gﬁggﬁﬁg shown for
only a5porgtmemailyq1aratllhlewh sruefacasrﬁ?lﬁ -GandT)pa-bArthgught shbywve acgantialgcirabir or

met hOd ma‘¥n (t:)I%SSeS tlo%y thll%Sﬁ ma alvle%e 09'[ e(:)rsfnrta %l as(rs] b%g%ﬁ Sgl]ia(,) SUCh as

| aser cutting or ani cal”'saw ng Pnone ebodi ments; ter cUttlng, an
anneal i ng hpxagoes s:tm)ayAlbce wﬂi@meneﬁveat fmﬂﬂh@mdee(hee&?\lé. IR e ighiks tstdy O3G Bas aM t hi n
glass slic i ce. 940 havi e dded wire portions 920 nmay
e used t ScutRdE et st i R PR AR RS HORAE W 1 o port i one
920 provi dimbgdigeig uetnot Bmitdif 10 dgkctdnelagbagsare ooss-@ctidnl (€N etlastbodyl zi ng a
structure h Vi n enbedggd W res as conductors elimnates the processes of

via fdPmafidmey avﬁam@ I 18R BB U F Sk a metal fill (e.g., see bl ock 320

25 and 315). IRe@ﬂﬁlge@bmdt PN bac @SndetlickOirk butlffbnbih@@l@smyofrhﬁhse 3, a
single slice 940 rra& be used as the glass core for a substrate. One or nore

bui I d-up HHpEpted el UpdC roierecuding el aP?VP’éEYO%%%PSé)é%M‘e%F%Ee glap bogwa of the

core 940 (©9f (&K HARS 990! ¥1iRPA0 AL St s'&&ée%@%@in d%'aﬂné o dadsvarayat al so be
formed on the build-up structures (see bl ocks 395, as well as the

acconpanyiinggneielly papii wyth fighpide bt Mee. peﬁ@aw%mmbeééedswes%@qunh bl ock
345, 140 Of (ARA& ﬁb'aﬁ@é;t&ﬂtfrofn{ ﬁ’i@“f}é??idgb@ﬁ% t}*ibos@&’on'ai%)/de@%(fef A&GtytQget her to

forma glass core. This 1s further 1llustrated I n OA and 10B, which
show two éllddelehnc%eﬁacm@dlwh@l@ Qtpnsipn ohw gesS8 thyowsh t@@lthlcke%ﬁ@hf HigePHYy enbedded

uires 920 £XheRdng b RN AR SSPREVEY SARML RISIESRAR: (BPuRRLE. L he

hi dden | i nes associ a th wres re sh or on a portion of the
wi res for nplydeictployeditogut a/\dlcg%!s&omlgia@elsodgd)@& sugBasar @itfigianed t oget her

al ong the nE V\Ramc%%ar\}xgn%_gg§§%gr%§o%imen% gtelo {utt% %}Sagmg i%gpro% sgt?%alyr %SpeCt ively,

to forma gl'ass core avi ng con Sul € process may
be errﬂl()oy@drfd)mae}im rliove iftasel stiassed wihis lglasedic®40n, 940b t oget her. For

5exanpl e, the 40a b br ou et h I evat.ed

t enper at ur e (e% 6510819 byavi O@”@%@cﬁg@gfp{o H’“ﬁéﬁ)‘? gerlgfgfec)on S5 D¥%%r essur e
to fuse t Reretfvin gbamsk, pith eesSvitogefidie 920 Aok dingabhdetoys thidugh deigtes 940a-b may
be joined usin n OA and 10B, two .slices 940a-b
cut from QP‘ﬁs?stng%tﬁ?s 3?‘31%&&“8}1%]6@%6@{%@? pyeteqpdictorygiminatesoy o
However , itke b@tdcd ofda tnleticit(0@d sécadckany) ailulvﬁaahét@l m%tgerse&&@& ®bi ces can
be j oi ned to ether to create a gl ass . core havi nggany desired size. By way

of exaddpl @d A)sHorik cphogiment. apet forth insklody 340e FEA gl @ sioglggliced#Benayay be

j oi ned togetfiQras iR Qs %r@f&'a@ﬁ&ttﬁt@r ©nd 8PRorcBINEUH 8 e MinfQ e $5he@¥h €N
t hrough the thickness of th Z?I ass core 1003. Irrespective of the nunber of

gl ass sl i éeslipiendgecond 1é1942a 9449t throra 940 espaiizape o @pe side o the core),

and terminals may also be formed on the build-up structures (see blocks 390 and 395, as
well as the accompanying text above).

30 In another embodiment, as sct forth in block 345, two or more slices cut from the
glass body may be joined together to form a glass core. This is further illustrated in FIGS.
10A and 10B, which show two slices 940a and 940b cut from glass body 910, each having

embedded wires 920 extending through their respective thicknesses (as before, the hidden
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15fused together into a glass core 1002 or 1003, the substrate fabrication
process may continue as previously described. One or nore build-up | ayers
may be f owoediins4138e opposi ng sides of the core 1002 or PCOAB2(¢10/05¢3¢0 haps
only one side thereof), and termnals nmay al so be formed on the buil d-up
structures (see blocks 390 and 395, as well as the acconpanying text

above). 20Referring to bl ock 350, in another enbodinent, alignnent elenents
are provided. This is illustrated in FIGS. 11A and 11B, where mating

al i gnment liapsereastasedpigovires PBO areahewnh s aniyiadpsadt 81 wready chedy). 380 (1i ke
features b@&\gﬁ%&lngég@&gai%&ﬁ%m Rbdather bk thi Bvd BEALRIAQ ol sy nuner i cal

d
desi gnation i'n ' Where two or nore glass slices are being
j oi ned t o shess AQe, BHlberespaatvedy. itgyfonaatglass eare AR pyHE cordue@rsdal. 2Bhe used to

al'ign and_f_ﬁ'ia!bgegﬁogepsem%! be& 15)’%&% efo}{leortfgse‘?l?ectbvo%hgb%r946wM(ﬂ)gtoégﬁer.] oM NY
process. e nmeting al’i gnment” el enents may conprise any structures or

f eat ur és capablé.ahadliced 94gmb mapydne bt @ighiopgadnr undgr olaeetel tamperstuicde.grel @t i ve to
anot her gl 888 & If€yin 2R A0Y.&4h 1 BPLEUTDRL of. (IBLL0G, 8L gRRat feat ures
may be disposedaon ?H% gpass oay Mo ?and, %ence,gana)s | C&°CUt fromthe
gl ass bodwlternativdlnehd dlicessdab achy datpaockdming an hilesiecar e two al i gnnment

el ements 301150, ch, conprising.a wre partial e ed i.n r ot herw se
Sdhered to) tndEER MASERINE by Ralli0R SR 6B el PRSI0 SerdPatel ot wo
al i gnment t@letdEmtctealkltfass a0d. ERGBvEdNHoLRIES uaddab@hthitaniedtable nuféergl ass

0 however, . t her s%jtable

body' s opp@si ng syrface 914a. Again, may .be an

nurber!Oof Ogﬁtﬁegban eﬂ‘é}ﬂ‘??etﬁ%eﬂéqré‘h‘gﬁ%t%a glassgore haying any, GSH‘B%/ wre rﬁa}"t‘%ﬁ'go pairs,
etc.). Thexahpgneertwnahen@nios, hikQlicet Ha6k, By, b0l BdyBRGoiakd togéthdits posed on,
the gl ass body 910 usin sui t abl e techni que, Accordin

an to one
enbodi mentorm hglasscPgrifeht Empwldehvues P rfexispd thiuep dedbichiesy %éhﬁglé%ss body 910
during theg,sa@ez process in which wres 5920 are enbedded, and in a further
enbodi nent the alignnent elements 1160 are al so fornmed during the same
process that chespssvyeiabanuseeyobales sliceybeingyoined. afzpthgslice; 150 beely be _
di spoged gleglAsttiRdh FA0HHTDRLABOL AR WELAR RERGESSHHAR ma SO Tesul s in

formation of notches 1160). However, in other enbodinments, either of the

al i gnment ceftene At Rreviowly dascribbd0Onayr were ddpop bslers magbadambdaythg10 by
separate 4 frar sion by a
a1 ndi ng SPPTEay s b Seors PRIZLHBOS P B A o AL TRR B, k0 o1
usi ng adhesiywso betf@med olthe duild-he stalciugerfesstbl@ke f¥hand 3ah\as eethps ibse any

sui tabl e terial. | @ of withstandi ng any subsequent processing
tenperatug§§5&?%”%%%§ﬁﬁ Ustrat ed enbodi ment, the wires 1150 may conprise a
met al 20such asReferrgztte block®riOy oty endfodimank @lignmasit wleinkntasre akdvoded. of t hese

and/or ot h[%{s igﬁltugtlra%éd @%&9“'12%& ?llg,n\%lere mating alignment elements 1150, 1160
have been disposed on glass body 910 (like features between FIGS. 9A-9C and FIGS.
11A-11D retaining the same numerical designation in FIGS. 11A-11D). Where two or
more glass slices are being joined to form a core, the alignment elements 1150, 1160 can

25  beused to align and orient the slices relative to each other during the joining process. The
mating alignment elements may comprise any structures or features capable of aligning
and/or orienting one glass slice relative to another glass slice, and any suitable number of
mating alignment features may be disposed on the glass body 910 (and, hence, any slice
cut from the glass body). In the illustrated embodiment, there are two alignment elements

30 1150, each comprising a wire partially embedded in (or otherwise adhered to) the surface
914D of glass body 910. Further, there are two alignment elements 1160, and each
comprises a notch formed in the glass body’s opposing surface 914a. Again, however,

there may be any suitable number of mating alignment elements (e.g., three or more
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15enbodi ment, the wires 1150 conprises the sane netal as enbedded wires
920. According to another enbodi nent, the wires 1150 conpri se a netal
havi ng a WoBoapsu23%i natel y the sane as the gl ass mat eri aCTafS20005639d.0.

The gl ass body 910 having alignnment el enents 1150, 1160 is then cut into
slices (see block 335), as previously described. Two or nore of these
slices can then be joined 20to forma glass core for a substrate (see bl ock
345). For exanple, as shown in FIG 11C, two slices 940a and 940b have been
j oi ned t oMapEPYIad’s)-core 1102. During joining of glass slices 940a, 940b,

the al ignment ef,enpientiaai} S0 1SA9RGPLE Rubd Gl of SRR YDURIARES rel ative

to one another. By way of further exanple, as shown in ' three
secti ons $adc910040¢ anypidtable eshigye Axserdijedp neelemlppdingnintht aligsmenr e 1103.
Again, th t ' e - f : tions
940c- e enggégﬁgégﬂgT?g%gggggémgﬁ%ée g?@ééggwgﬁﬁfgﬁgI%%Qggéﬂmgﬁﬁﬁﬁg

| rr espéct 9@ amfembbdledam ar a Hirthgy cagwdmieints abginryt ¢lomened] 168fateslsot he sl i ces
have been .f us together into | ass core .1 or 110 th bstrate
abri cat 1 na QubBERhE5Teabie ButidhS oSl Bl ¢ L oftadao HpLIIM G e
bui | d- up Ibayapssciray ghes Hody fElldwingtah extdd opposiesyghs iatie sesolts ih i@nmaaoreofLl102 or

1103 (or perha nly one side theregof d rm.nal s I be forned
on the.bulparan 160r (e, s B sERehs 60 alifs gt HEve R ERE
af:_corrpan%/ilmg) ﬁley(?-el(gikom)‘s’&b on %ﬂ;s bbdy %mgﬁmf Ero@éssd%l(&@, ?o’ltdh%s lélﬂ(nﬂt g)(beé%([)), t he
al i gnment wires were di sposed wi.thin the arr of copductors :
Accor di'ng f?r@eg AR BE R %’“‘@H’é 08 T R S ui MY S 1%5 a»h%ﬁfﬂw@sqﬁqw i zed as
conduct or glaBy o0 Lhige flhasse, 6RNE A(R; Be aligh@nbdibiganEnby Wnigse 460 My serve
functions simlar to conductors 920). However, in ot her enbodinents, the

al i gnment SBfRSIFERtterakespPRle plowitsEadigh P YRS BIOPEYINg fCrysHiie: dR&e and 5in

yet anOth@mmﬁﬁb@ghﬁﬁmhmhhﬁ;%h&gﬂﬁﬁ%hy%bﬁﬂﬁﬁ%%n&ﬁYm@ﬁaiﬁﬂ?%%g_after j oi ning
is conplete. The aforenenti oned enbodi nents are illustrated in FIG 12,

whi ch showeelyhdgeuny|oagiskd) gsewed] ap plleys of thesrsandppatheripegls. Aogadingpowe and 1205
that have -heefmert HEXifPILNSM hglesft]ﬁé(r) s??nt@rﬁxgka&‘l%sserﬁ&'aged]x%@&-9z& number  of

conductors 1220 extend throughpeac gl ass
According to another embodiment, the wires 1150 comprise a metal having a CTE

approximately the same as the glass material of body 910.

The glass body 910 having alignment elements 1150, 1160 is then cut into slices

(see block 335), as previously described. Two or more of these slices can then be joined

20  to form a glass core for a substrate (see block 345). For example, as shown in FIG. 11C,
two slices 940a and 940b have been joined to form glass core 1102. During joining of
glass slices 940a, 940D, the alignment elements 1150, 1160 engage to align these two
pieces relative to one another. By way of further example, as shown in FIG. 11D, three
sections 940c, 940d, and 940¢ have been joined to form glass core 1103. Again, the

25  mating alignment elements 1150, 1160 of the three sections 940c-¢ engage and align these
three pieces relative to each other.

Irrespective of the number of glass slices being joined, after the slices have been
fused together into a glass core 1102 or 1103, the substrate fabrication process may
continue as previously described. One or more build-up layers may be formed on the

30  opposing sides of the core 1102 or 1103 (or perhaps only one side thereof), and terminals
may also be formed on the build-up structures (see blocks 390 and 395, as well as the
accompanying text above).

In the embodiments of FIGS. 11A through 11D, the alignment wires 1150 were
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sections 1201-1205. Each slice of glass 1201-1205 al so includes mating
al i gnnent 10el enents 1250, 1260, which have been utilized to align the
gl ass secwpDans/B23%- 1205 during the joining process. Thecaluisgmmmpsiie! ement s
1250, 1260 are positioned outside the array of conductors 1220. In one
enbodi nent, after glass joining has been perforned to create core 1200,
portions of the glass core including the alignnent el enments 1250, 1260 may

be renoved. For exa the glass core 1200 may be cut along lines X-X and
Y-Y 15to disnpiee withi ngt aw@ﬁ@ndrletatst?ﬁ@sAt%@ng@mema%rmaﬁtythsur table cutting
process MaeifenPARLEOVGH e b GIRAA ol BERECBRIb AN OLbBrqOLe e, 0., | aser
cutting, sawmng, etc.). nbodi ments previously descrlbed t he
al i gnment aeglem@htvyetblriﬁrmaseelae f@gh@lsmm@r mnéuqmt 1Y Hewareguh athes haped

not ch. HO%%S imeh, tﬁé‘aﬁ%‘nﬂleﬁ% éﬁ%ﬂ aé,oo%q d!a {Sm@tl?efa%raﬁg?g%tﬂﬁ)&&g Al gnment

el enents may ave ‘any |tab e s and con |gurat|o or exanple, as
shown ©n ﬁiﬁﬂam8hmwmb0@has@hsMmmesmxﬁmmn&nmnﬂgoanameaﬁ@dbmﬂg@tned together
and each sl Ct%te' 5L %ree%qe%ho&ﬁ b; In% ‘drreeiﬁus P \xgqé 'ho%sF‘H?
features I3B5H°C nprise a wre, an gnnen ? ures’ nprise a
seni - ci r cyglaas slmea@mecmoneﬂzotlpl20e;:192|09elzomemdflz(tshteat\har/eelxeﬂ&ﬁﬁad t&ethma;o of

Lo be ] of Rad ShseRen 20 fivmhereritebhagPh i iRt sEPEABR s 1450 and

1460. Al i gevtiend 1J0eab0s.eBach 462 of Qripy 12$)e 1004 slhedclpidd rhdting al1gtﬁ1ﬁeﬁiﬂce

sem -circular i a , but the ali nt. el ements 1450

prot r Ui oﬁLEHFB‘iS gr%éd] d?‘?gec‘fvthﬁ&)nh@;ﬁ Fev Z& Lo aligp thegiass gorgens lfﬁgg&é

protrusi oRuiiig hBjcniBXpoRdse Bhesigh@bi @letRMs AR5 UGy ark ﬁossthﬁt@@bumh@the he
enbodi ment of FIG. 14, it is not necessary to attach separate al i gnnent

features @EYOf cogflycipni?0. J§ prscombodiment afte gast Jofinghas SrcharstiorBestor es 1450,
1460 30may Qe hHRMmed fdHIdh0er @d gl%@%tcroﬂﬁhélﬁ'dtﬂg %@%ﬁ%m‘tﬁnt Libmefs iBocIRat e the

gl ass body (having enbedded wires) from wh slices 1401, 1402 are
cut. At t 3 begsreevgd-eForoxagpletheizipe catstl2go trﬁabe eHalong fnesesXegd Sdhermat i ¢

di agr 395 Ry ewo@eﬁleaﬁ%aﬁtn@raarésqzsrnci%@tedtgry@qlttm@c@ﬁ@cdra%e%sr@bod' ment s,

and no unnecessar Imtations be 'nplied fromthe fi'gures. In sone
i nst ances cmaloyed @trpme‘re)ﬁh@ﬁnpmlomnfhmcoaﬁ (cfgodasar @tingaspvwhzgy etcheen il | ustrat ed
for clarity an r f conductors
60 (or 440, 92 tﬁ?%@%@m&i‘% ?’1%‘?1% é%%ftfﬁ th§§lw§§”sel‘%:nge§‘é5%¥%ﬁ% o2 410, 1002,
1003, 1102mmﬁrﬁ®andz&mvmghmmgﬂmmhmheImmguﬂes@w3yiﬂeubdbgnanﬁoqhhy 5 |l ess
than a nu # 0 n ct [ in such a

gl ass cor enip a'g\?rgﬁlelﬁ ﬁgd‘l '%1 g%ﬁl%ré‘tse?e%‘%:nw 1‘%1%6 ?}{ryas tat{fe ShaE angl C%Hf?%l%glr?nsone cases

| i nes 20e. dror exaimghibe s sihowes@ Flaave tttreghsmmstledl ot 13028 tobe jolebdr st andi ng.

vhr oo o fidels? abTiash ShS it Sl PR T e o PR GRBRY, he® T

conposi ti aBs®EongMye a wire, and alignment features 1360 comprise a semi-circular notch sized

to receive one of the wires 1350. By way of further example, as shown in FIG. 14, two
glass sections 1401 and 1402 are to be joined together, with each slice having alignment
25  clements 1450 and 1460. Alignment features 1460 comprise notches (in this instance,
semi-circular in shape), but the alignment elements 1450 comprise protrusions formed
directly on the glass sections 1401, 1402 (the protrusion in this example also being semi-
circular in shape). In the embodiment of FIG. 14, it is not necessary to attach separate
alignment features (e.g., alignment wires), and both mating alignment features 1450, 1460
30  may be formed during an extrusion process utilized to create the glass body (having
embedded wires) from which the slices 1401, 1402 are cut.
At this juncture, it should be noted that the figures are schematic diagrams

provided as an aide to understanding the disclosed embodiments, and no unnecessary
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10 particular glass material. Silicon may have a CTE of approximately 2.6
ppm which again is tenperature dependent. Organic polymer-based materials
t ypi cal | ywosed/iss3she constructi on of package substrat epCarus2@iofosasiie boar ds
may have a CTE of approximately 12 or nore (again, a value that is
tenperature and conposition dependent). Although, as noted above, the CTE
of a substance is tenperature and conposition dependent, the CTE 15m smatch
between a silicon die and the underlying substrate is significantly reduced
usi ng a glliggistignssborddbaimriied fram thohgtiese dn sanaingyiopme relpfsbenglibst r at e

material . ol Abaddidah P8 md) tﬁ%ébé&ﬂmhﬂﬁé&@d for E‘BHHJ S caserof Alus@RRAOXLMRL el y 75

GPA, whereas commonly used organi c pol yner-based materials may have a
modul us oﬁxamﬁ%dﬁimEM@tyﬂwsm@FﬁsQQ%%4ﬂh9@é16ﬂDEX@D®@g@@NﬁQﬂﬁéﬁéﬁdent upon

the conpogj, 1‘36‘ cﬁ»fm@ 1PHDSHANG2, 116WS: 0(§ sﬂd\kﬂﬁﬁ iicei rﬁ%é%;hgasytbre%l%ta%ﬁaﬁwy

provide a t old increase In nodu chi I ment’s may
provi dé th@sﬂ@nemnmhm%ﬁg@umdomnMEsp@ndpngnﬁhb@@ﬂﬁmﬁﬂndedt%QSQcom substrate

war page. advant s is.that |t nuf.act.ured with
nor e cons?% ngf @%ﬁﬁm@bnﬁ%%ean mﬁ@?eca %ﬂ%%ﬁeg Qﬁdmugmwe descri bed

reductlonﬁawﬂmGTEnnwéﬁﬁwwhcﬁmdmmmmmage may enabl e the use 250of a smaller
pitch for die-{0-package interco as a Jl.arge er of these
interconnects,b%?%@?ﬁ?%@HF%%W@ﬁégﬂf?%ﬁ@gﬁgﬁ¥q¥bﬁfmgbwﬂﬁygﬁ%Fg%%?n one
enbodi mentvaludisperhgdratofe dofenderd hodRilEdlS aky depssdimBiypoh eheaohipeseach éfany

di e- to package interconnect.s when usin | ass .core substr Lar ge

subst 't e ﬂ%ﬂgb%gawtqﬂégdé ﬁ“c?nﬁ%"ﬁ( eyt g@ﬁ gﬁf&)ﬁo’tlattrﬂef@efgp% “t%%fgl again

di e-to- pa@%@@pemmt&regmeﬁct;&gaﬁlwpdtbgnérhﬁse@hﬁd@erﬁtsttﬁiﬁtauph@@@ﬁ%e as well as
| eading to high 30stresses within the die itself % within the

i nt er - | ay &PISYPEfBOL prekagesybitiates gpd ¢ifanitibggrdy way B‘fVeta e @PPIOBIRAEIDE  whi ch

can resul tl2'0f‘meéV@%an{ alvhRbiat tsyemlsléttu&e ahd&ntHosEibRagAN@hAS AIROEM, fubstrate
may enabl e the i enentation of higher 110 packages while, at fhe same

time, mai el ﬁ'PQY@ 1B CiTHf avihsgnecel feammeraiurgand compositiqrndepgrsienigBied Fdet ai | ed
descrijgt i of)saach @&@&%%ntébﬁ‘ ale%@me rttﬂéer@'i&é s%ﬁuééte it élgtﬁhéaﬁttty Ye%u@éa%ﬁgt

restrictive. They have been provided primaril a clear
conprehen@uW@Sqﬁdéﬁé@%ﬁﬁﬂwgmﬁﬁdmhépﬁy@®ﬂwg@3w»ﬁﬁﬁdﬁﬁ@ﬁﬂshaﬁﬁﬂm@ unnecessary

limtati .O%?‘as@ﬁlgy hfye RSt f&‘?réto?%%r&ﬂ%ﬁt@&%@PAE‘L&\&E%{]%‘&M&{I} hs%@%fgaﬂl‘é' etions,

and 5nodi i cations to t e erfbodi nments descri erein, as wel
al t er nat i welyaner- hﬂgémmlslﬁ mppae dedulsed apyrotimesly k@GP @ viahieh ar t

wi t hout decl g%lnggcﬂo& &% tﬁeoé 0%\?&%5{hﬂsugétlnce Sﬁt%s % ggc&? sub%tr%nd the

scope of t S ¢l ai e
20  may provide a three- fold increase in modulus, which in some embodlments may provide

the potential for a corresponding three-fold decrease in 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
25  of'a smaller pitch for die-to-package interconnects, as well as a larger number of these
interconnects, providing increase I/O capability. For example, in one embodiment, a pitch
of 50 micrometers or less may be achieved for die-to-package interconnects when using a
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
30  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 glass core
substrate may enable the implementation of higher I/O packages while, at the same time,

maintaining or improving reliability.
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1. A substrate conprising: 5a core conprised of glass, the glass core
having a first surface and an opposi ng second surface; a nunber of

conduct orwOenrtidsai3ng t hrough the glass core fromthe fiPst/tsaohasa1eo t he
second surface; at |east one dielectric |layer and at | east one netal |ayer
di sposed at the first surface of the 10gl ass core, wherein the at |east one
netal |ayer at the first surface is electrically coupled with at | east one
of the conductors; at |east one dielectric |ayer and a | east one netal

| ayer di sposedTht forageingdeigitell deseripsie anskaceorapagh g reosngs aradidy ei n t he at

| east one iRt abvelafY 85 BlridiE $REHUATe SLh DARRICH Prifb@G b £aLdr Yngoupl ed with at
| east one of the conductors. 15 2. The substrate of claim1, wherein
t he gl ass cewprehaivp pidrestanging] of icaligslosedeerngfodiheatssind no unnec@sarfhe substrate of
claim1l, i r ri re:20sections of gl ass
j oi ned to\ggﬁﬁg&r& k16 o0 hg&%ﬁﬁo(ea ts‘ﬁ%@{@ajtqgﬁgﬁ‘oh%?dgﬂ%n%eg légéﬁgﬁ each of the
conductor snaldiptions éstha embbdmbats desdribad hietrean, gé wslé ascdicmanvuchrangahamet ri cal |y
conducti ve teri.al, di.sposed i.n.the hole 255 The substrate of clajm4,
Further ogioer SrSasnBRERfed Dl B SLobrand Bondir Sui sl ™
The subst rabedioknts had the dsopwhethe bppehdvel odieet ri cal | y conductive materi al
conprises a netal. 30 7. The substrate of claim4, wherein a wall of
the hole is tapered at an angle relative to a centerline of the hole.
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WO 2011/ 084235PCT/ US2010/ 056310 8. The substrate of claim1, wherein
each of the conductors conprises a netal wire enbedded in the glass core.
9. The suwwetnatms413F claim 1, wherein the at | east one meCalust@yp®se3dé sposed
at 5the first surface of the glass core is disposed directly adjacent the
first surface, and wherein the at |east one netal |ayer disposed at the
second surface of the glass core is disposed directly adjacent the second
surface. 10. The substrate of claim 1, further conprising: 10a first
set of terminals disposed on at théf4MY side of the glass core, the first
set of term nalg, IR BL& W th a corresponding array of termnals on an
integrated circuit (1C die; and a second set of term nals disposed at the
second side of the glass core, the second set of termnals to nmate with a

correspondi ng array erm nak n a next-|evel 15conponent. 11. A
met hod conpris?hg; ?g@ﬁ?négg ﬁ%ﬁ%%r of holes in a glass plate, the glass

pl at e Baviargreazofmpristd of glafsathe ghmdcanhopposiingusecond as upfeane sexbdt anti al |y

parallel wth %ﬁrw%lrst surface, each hole 20extending fromthe first
surface to the second surface, wherein the holes are forned by a process

sel ect ed famomber drcontdnctoonztensing throughrthadlasagore Sandthb Fies tuirfage toahe cast i ng;

di sposing an electrically conductive material in each of the holes to form
a conduct or in‘%ﬁ%ﬂSH%?§: 25di sposi ng at |east one dielectric |ayer and at
| east one atiehsdbnd diylestriatayéhiad bi lest oseunétaldeyc@lispdaed at the first surface of the

10 glass core, wherein the at least one metal layer at the first surface is electrically
coupled 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 glass core, wherein the at least one metal layer at the second surface is
electrically coupled with at least one of the conductors.
15
2. The substrate of claim 1, wherein the glass core comprises a single piece of

glass.

3. The substrate of claim 1, wherein the glass core comprises two or more

20  sections of glass joined together.

4. The substrate of claim 1, wherein each of the conductors comprises a hole

formed in the glass core and an electrically conductive material disposed in the hole.

25 5. The substrate of claim 4, further comprising a wetting layer disposed on a

wall of the hole.

6. The substrate of claim 4, wherein the electrically conductive material
comprises a metal.
30
7. The substrate of claim 4, wherein a wall of the hole is tapered at an angle

relative to a centerline of the hole.
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glass plate and electrically coupling the at |east one netal |ayer at the
first surface with at | east one of the conductors; and di sposing at | east
one di el ewOr2ot1/dsa3sér and a | east one netal | ayer at thePrsease@dossssi@ce of
the glass core and electrically coupling the at | east one netal |ayer at

t he second 30surface wth at |east one of the conductors. 12. The
nmet hod of claim 11, further conprising disposing a wetting |ayer on a wall
of each hole prior to disposing the electrically conductive material. WO
2011/ 084235PCTHUS2011B/508¢3EP! Eg!rrrhewlwé% e¥hef thelcandvetps, copmersiaiatte

el ectri calliy opRgHati ME B & al conprises a netal. 514.The nethod of claim
11, wherein a wall of each hole is tapered at an angle relative to a
centerline of the hole. 15. The met hod of claim 11, wherein the at
| east one metal | ayar dbaRASAMH | ferdih iRl RUGLACHAM AR BLRTE, P! ate i
di sposed directly adjacent the tirst surface, an Gwhétein the at | east
one netal thedyersudiepddedlat cirhe Epooddlischyfampecrdthetfivg sgifessandl ate i s

di sposed di.rect dj.acent .the second rface. 16, The method of
cl o 11, VRTHEY «OEhRSR Aol Mg SRR U F P ouise obit Bt S B he

first siddispbsetdecglyadmcql tikegcontheurface.st set of termnals 15to0 nmate with a
corresponding array of termnals on an integrated circuit (I1C die; and
di sposing a second set of termnals at the second side of the glass plate,
t he second set 1@f tEigsubalag dfolaimt efumhdrRo@piag:espondi ng array of terminals
n xt -1 evel n .

on a ri% t a ﬁer‘st%et 0 (t)er %a srgltlsposed on at the first side of the glass core, the first set of

terminals to mate with a corresponding array of terminals on an integrated circuit

(IC) die; and

a second set of terminals disposed at the second side of the glass core, the second set of
terminals to mate with a corresponding array of terminals on a next-level

15 component.

11. A method comprising;
forming a number of holes in a glass plate, the glass plate having a first surface and an
opposing second surface substantially parallel with the first surface, each hole

20 extending from the first surface to the second surface, wherein the holes are

formed by a process selected from a group comprising imprinting, sand blasting,
and casting;

disposing an electrically conductive material in each of the holes to form a conductor in
each hole;

25  disposing at least one dielectric layer and at least one metal layer at the first surface of the
glass plate and electrically coupling the at least one metal layer at the first surface
with at least one of the conductors; and

disposing at least one dielectric 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

30 surface with at least one of the conductors.

12. The method of claim 11, further comprising disposing a wetting layer on a

wall of each hole prior to disposing the electrically conductive material.
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20 17. A method conprising providing a glass body having a nunber of
enbedded conductive wires; and cutting slices fromthe gl ass body, each
sl i ce hawogoa/d8iz3st surface and an opposi ng second surPataSsubss@me i al |y
parallel with the first surface, wherein a portion of each 25enbedded w re
remains in each of the slices and extends fromthe first surface to the
second surface of the slice, each enbedded wire portion providing one of a
correspondi ng nunber of a conductors; wherein one or nore of the slices
provi des a glass core for a substrate. 3018. The nmethod of claim 17, wherein

a_single one ofstherlhaf AR 8yl R AN STl futRNOd of cl aim

17, further conprising joining two or nore of the 27 slices together to
provi de t lfempilisgs 8 metyl.e. 20. The nmethod of claim 19, wherein the

gl ass body includes alignnent elenents, the nethod further conprising
aligning the two or nore slices using the 5alignnent elements while joining
the twd or nor é&.sl i tesnttbgkdflebum 11, wherein 2 wall Pheachbolh octarfredcdt an amgl®, wher ei n

the two or_mre sli es aqgmgoined by a fusing process. 1022. The net hod of
. r?la‘uve 0 a centerhine of.the hole, . . . .
claim 17, further "conprising: disposing at | east one dielectric |ayer and

at |l east one netal layer at the first surface of the glass core and
electrically coupli t% t kFa ﬁ ne.nptal. |l ayer at. the first surface
with at | east g#e Oﬂ%tlﬂ l?ocdgqji’& 8{13 oV eéﬁﬂlgﬁle aJ[ leaszil ne metal layer disposed at
the first surface of the glass plate is disposed directly adjacent the first surface, and
10  wherein the at least one metal layer disposed at the second surface of the glass plate is

disposed directly adjacent the second surface.

16. The method of claim 11, further comprising:
disposing a first set of terminals at the first side of the glass plate, the first set of terminals
15 to mate with a corresponding array of terminals on an integrated circuit (IC) die;
and
disposing a second set of terminals at the second side of the glass plate, the second set of
terminals to mate with a corresponding array of terminals on a next-level
component.
20
17. A method comprising
providing a glass body having a number of embedded conductive wires; and
cutting slices from the glass body, each slice having a first surface and an opposing second
surface substantially parallel with the first surface, wherein a portion of each
25 embedded wire remains in each of the slices and extends from the first surface to
the second surface of the slice, each embedded wire portion providing one of a
corresponding number of a conductors;

wherein one or more of the slices provides a glass core for a substrate.

30 18.  The method of claim 17, wherein a single one of the slices provides the

glass core.

19.  The method of claim 17, further comprising joining two or more of the
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di sposing at | east one dielectric |ayer and a | east one netal |ayer at the
second surface of 15the glass core and electrically coupling the at |east
one et alwbayarosa3st he second surface with at | east onePofi/ush@oosssduct ors.
23. The nethod of claim 17, further conprising: disposing a first set of
termnals at the first side of the glass core, the first set of termnals
20to mate with a corresponding array of termnals on an integrated circuit
(1C die; disposing a second set of termnals at the second side of the

gl ass cor élices fpgedeictomerviderthoglasepigi nal s to mate with a corresponding array
of termnals on a next-|evel conmponent. 2524. The nethod of claim17,

wherein each slice is cut fromthe glass body by a process selected froma
group conpri si Ay | aBwrmethaddfislpinand el wisehizhic gass bashwiippjudes alignmen5. The net hod

of claim i 23Vl ' i&.formed by an
ext rusi onje%Fn gié\%’gtéfghlgglw%&E%Wgﬁﬁgﬂ%&%g%%&%?%wféﬁﬁ%éﬁei n ali g%rrent
el enents algnmunovicdeds whild joaing the svdadyordslidengtetha. ext rusi on process.

21.  The method of claim 19, wherein the two or more slices are joined by a

fusing process.

10 22. The method of claim 17, further comprising;:
disposing at least one dielectric layer and at least one metal layer at the first surface of the
glass core and electrically coupling the at least one metal layer at the first surface
with at least one of the conductors; and
disposing at least one dielectric layer and a least one metal layer at the second surface of
15 the glass core and electrically coupling the at least one metal layer at the second

surface with at least one of the conductors.

23. The method of claim 17, further comprising;:
disposing a first set of terminals at the first side of the glass core, the first set of terminals
20 to mate with a corresponding array of terminals on an integrated circuit (IC) die;
disposing a second set of terminals at the second side of the glass core, the second set of
terminals to mate with a corresponding array of terminals on a next-level

component.

25 24, The method of claim 17, wherein each slice is cut from the glass body by a

process selected from a group comprising laser cutting and mechanical sawing.

25.  The method of claim 17, wherein the glass body having embedded wires is
formed by an extrusion process.
30
26. The method of claim 25, wherein alignment elements are provided on the

glass body during the extrusion process.
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