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TECHNI CAL FI ELD The present i nventliI®hE QIMTHEINMBNEKD®di ments, rel ates
generally to processes for form ng conductive vias through sem conduct or

devi ce structur ¢pyBRED CONDUGCPECE VIAS INCLUDINGOSMAIHS DIMENSIONACTIVE end

of a conductive Vi agyRFACHRNHSANIS LARGER HDIMENSION BATK SIDEENDRECt i on

of active cenponents 1SEM CORDETOIEBEYICRSANCEIDIRCIPHEOSANAY] Ce and a
o

second end of the con a N@ Ive conponents have
been electrically interconnectedA uctive vias, in the form
of "through-substrate vias" (TSVs) or 25 "through-wafer interconnects”
(TWs), typically interconnect with circuitry on the front side, or active
surface, of a seniconductor device anBREMRENICLAIM | ocation on the

opposi te, ck side of the sem conductor device.(.e.q. ¢ t , such
as bal | paE@, pads Ffaﬁppﬁ‘é%lolnicgaé’?lé%bﬁ l%e_ngﬁt_%f:tﬁt.e pﬁfl%a%%ﬁ&;gj&tlgéclﬁ%%ﬁgr%ge%gads,
etc.) where el aghlitffh SeFRMNERLEONHYY 418, TR Khé SLURG0BY patiidd)eheatibdlotaresett f ace
may be established. TSVs are 30 useful for assenbling sem conductor devices

in conmpact st acthédh isdmcorpdratee bylireferestoneatin(id Dy entaetyangenent s. A nunber of
exi sting processes have been devel oped to fabricate conductive vias
structured as through-wafer interconnects, to route electrical signals

t hrough sem conductor devices. These processes conventionally fall into two

cat egori es ;<35 dependi ng upon the poi i qu heipey are effected during
sem conduct1(5)r device fabrication. I\/bTrEeCI_EIggci ?caIF]Py, conventi onal

cat egori zation of cdahdypedsemenvdéndion, in various embodiments, relates generally to processes
for forming conductive vias through semiconductor device structures and, more
specifically, to processes in which a first end of a conductive via is formed before or
during electrical interconnection of active components on a first surface of a
20  semiconductor device and a second end of the conductive via is formed after the active

components have been electrically interconnected.

BACKGROUND
Conductive vias, in the form of “through-substrate vias” (TSVs) or

25  “through-wafer interconnects” (TWIs), typically interconnect with circuitry on the front
side, or active surface, of a semiconductor device and extend to a location on the
opposite, back side of the semiconductor device (e.g., to contact pads, such as ball pads,
pads that facilitate die-to-die interconnection, bond pads, etc.) where electrical
connections with the circuitry on the active surface may be established. TSVs are

30  useful for assembling semiconductor devices in compact stacked, or
three-dimensional (3D), arrangements.

A number of existing processes have been developed to fabricate conductive
vias structured as through-wafer interconnects, to route electrical signals through
semiconductor devices. These processes conventionally fall into two categories,

35  depending upon the point in which they are effected during semiconductor device

fabrication. More specifically, conventional categorization of conductive via



-2- fabrication processes depends upon whet her conductive vias are
fabricated before or during so-called "back-end-of-the-line" (BEQ)
processing or after BEOL processing. BEOL processing involves the

i nterconnection of the active conponents of ,a sem conductor device, and
includes the fabrication of dielectric |layers, conductive 5 interconnects or
pl ugs, conductive traces or wiring, and el ectrodes, or contact pads, by

whi ch the sem cf:dnhtaﬁdmprodm'escdaemn@s llqmne&dteﬁremabxh@cdwniasaecfabaiictahedindﬁm or

| ect i t fabricat ed f duri
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hol es may extend only about 25 mjinto the actjve surface of a sem conductor
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of sem conduct or evi ces, ynam c ndom access nenory
devi ces. Much Icomgetienfe. g. 150 n) conductl ve vias may be fabricated after

BECOL processing. Such conductl e VI typ| ca ve ht - aspect ratl 0s
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| ong via). Thus, such conducti Ve 'vias consume an undesiT | ar ge anount
of surfacelar eabow3 (imeahb®sGaine, W1ﬂfmtrﬂeﬁt Mtetoh@rswséapela(hblea haﬁagrl cation
substrate and unnpecessarily limt or |l i cate design_rules for the
integrated cir égiEhFgSPeRdRlPS e diameigpio r@a@éef 819 #RoUh St e adipvehlsemsning
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depi ct enbodi rre pro esses orm nds o con I've Vi as

in the active suhsg‘nafbemﬂér ﬁxbflazbrdncajnfonum&)ﬁ,twlah eurbeit @cBnelogy,duch fudriBitdn,
processing; FIG_ 4 shows an enbodi mnent of a sem conductor device structure
that includes SBepteatestaigte Qe 2P Mmsthickfanedt SHPRBHEIRY IHPES OF ETHPRNIVAAE has

been subj egted dgacggg'clud?ﬁé)&%ﬁh@gandom access memory (DRAM) devices.
Much longer (e.g., 150 um) conductive vias may be fabricated after BEOL processing.

Such conductive vias typically have height-aspect ratios of about 3:1. Asa
consequence, their diameters (or other, equivalent lateral dimensions) are relatively
large (e.g., about 50 um for a 150 um long via). Thus, such conductive vias consume
20  an undesirably large amount of surface area, or “real estate,” on the active surface of a
fabrication substrate and unnecessarily limit or complicate design rules for the
integrated circuitry that is to be fabricated on the active surface of a semiconductor

device.

25 BRIEF DESCRIPTION OF DRAWINGS
FIGs. 1 through 3A depict embodiments of processes for forming first ends of
conductive vias in the active surface of a fabrication substrate before and during BEOL
processing;
FIG. 4 shows an embodiment of a semiconductor device structure that includes
30 at least one first end of a conductive via and that has been subjected to BEOL
processing;
FIGs. 5 through 7A illustrate embodiments of processes for forming second

ends of conductive vias in the back side of a substrate of a semiconductor device; and



FIGS. 5 through 7A illustrate enbodi nents of processes for form ng second
ends of conductive vias in the back side of a substrate of a sem conduct or
device; and -3- FIG 8 schenmatically depicts an el ectronic device including
a sem conductor device with at |east one vig_according to an enbodi nent of
the present invention. BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON 5

Enbodi nents of the present invention include nethods for fabricating
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representation (og abdtabrurn,ambpuvﬂ%mmsahoat 85 am @bnrpﬁDslmgﬂtm)ut ls(lé}mlmonduct or
material and in |ve urfac 12 that .carries.a

active conpone (L%B?*é“ étc F“a‘ﬁ§ %‘i“&?esfgr Jupopuingintegiaied rcflg pfuraﬁ n ¥he
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| ateral |y offset fromactive conponents 14, is formed in active surface 12.
W t hout i Dt rm@r&ahest&tc(upendfe dctiee 20faoe eﬁ&ntsubﬂm&nmmnmbkdwwm eftucktich

processes or dry etch e ve | etc r E y be
used in conj und¥9sH Hid T’?r’g’ ﬁ?rﬂvé‘i’ %g 931% toaﬁgf? 7@0“’?‘&%@% 1%“8&351 from
active surface glgcho iThbisalibRBy éﬁ@o&trﬁ&%%&%nﬂ&% AR S by (FICRS Stand@bht i on
processes nay be used formone or nore first via holes 20. Each first via
hole 20 is theand&8ud.t5 thlfough(’m ihtasteatinglthe fahmivaion df ons ommoentzodidhenidsctiviehe

di stance across. (e.g. d| a of ) each first via hole 20 nay be about 3
pmto about 6 ﬁl‘ﬁenldg Qﬁ% rTgég‘ls'\/\,here each first via hole 16 has a

hei ght - aspgét ratio h?fFI@bP‘étscﬁem%nc ePRsdRRioR #h ARtk 's?l%? atel 1@ &591 151%

be about 15 pmto about 30 pm esent | nventl on I nc es enb ts | n
which first viaehoboaducf matdr_lalsatndenamdmglen adtiversuffect 1ir that @Iﬁrlesmpiumﬂlty/(ﬁ‘ Vi as
are fabricated a\lé)t?\]:eocro(;"npcg)rner(ljtlsJ r1|4rzg g, trhgéiétorasl,sresistors, etc.) is provided. The first end of at
least one via hole, or “first via hole” 20, which is laterally offset from active
components 14, is formed in active surface 12. Without limiting the scope of the
20  present invention, known wet etch processes or dry etch processes (e.g., reactive ion
etch, or RIE) may be used in conjunction with a mask (e.g., a photomask) to remove
material from active surface 12 of fabrication substrate 10. Alternatively, laser ablation
processes may be used to form one or more first via holes 20. Each first via hole 20 is
the result of such material removal. In some embodiments, the distance across (e.g.,
25  diameter of) each first via hole 20 may be about 3 pm to about 6 um. In embodiments
where each first via hole 16 has a height-aspect ratio of about 5:1, the depth of each
first via hole 20 may be about 15 um to about 30 pm.
The present invention includes embodiments in which first via holes 20 and
some of the other features of conductive vias are fabricated before or during (e.g., as
30  part of, concurrently, with, etc.) BEOL processing, in which conductive elements
(e.g., contact plugs, conductive traces, contact pads, etc.) that interconnect active

components 14 are fabricated. In such embodiments, first via holes 20 may

communicate with apertures 18 that have been formed, by known techniques, through a



30 part of, concurrently, with, etc.) BEOL processing, in which conductive
el enrents (e.g., contact plugs, conductive traces, contact pads, etc.) that

i nterconnect active conponents 14 are fabricated. In such enbodi nents,
first via holes 20 may communicate with apartures 18 that have been forned,
by known techni ques, through a -4- dielectric film11l6 (e.g., a
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i ntroduced into opening 25 (FIG 2) within each first via hole 20 SFIG 1),
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In the event that dielectric layer 22, any barrier layer 24, and any
each first via hole 20.
In embodiments where one or more first conductive via ends 30 (FIGs. 3
and 3A) are fabricated before BEOL processing, dielectric layers 22, and any optional
layers associated therewith, including barrier layer 24, may remain over active
20  surface 12 of fabrication substrate 10 until after conductive material has been
introduced into opening 25 (FIG. 2) within each first via hole 20 (FIG. 1), as shown in
FIG. 2.
The formation of each dielectric layer 22 and barrier layer 24, if any, may be
effected as part of, or concurrently with, BEOL processing, in which corresponding
25  dielectric films and optional barriers for conductive interconnects and/or conductive
traces are formed. In the event that dielectric layer 22, any barrier layer 24, and any
other associated layers are deposited as part of BEOL processing one or more of these
layers may, if desired, be patterned by known techniques. Such patterning techniques
may include, but are not limited to, mask and etch processes, in which dielectric
30 layer 22 and/or dielectric film 16, as well as any associated adhesion or barrier layers,

may be patterned to form apertures 26 (e.g., contact apertures) that expose underlying

structures 27 (e.g., active-device, or conductivity doped, regions, conductive



ot her associated | ayers are deposited as part of BEOL processing one or nore
of these Ilayers may, if desired, be patterned by known techni ques. Such
patterning techniques may include, but are not limted to, mask and etch
processes, in which dielectric 30 | ayer 22 @and/or dielectric film 16, as

wel | as any associ ated adhesion or barrier Tayers, nmnmay be patterned to form
apertures 26 (e.g., contact apertures) that expose underlying structures 27
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any layers (e.g., dielectric layer 22, barrier layer 24, etc.) located between conductive
material 28 and active surface 12 of substrate 10, may be completely removed from

20  above active surface 12 of fabrication substrate 10 by known techniques, including,
without limitation, polishing or planarization processes. When first conductive via
end 30 processing and BEOL processing are concurrently effected, as shown in
FIGs. 2A and 2B, known techniques may be used to pattern conductive structures, such
as the depicted conductive plugs 29P and conductive lines 29L, from conductive

25  material 28 (FIGs. 2A and 2B) located over active surface 12 of fabrication
substrate 10. One or more first conductive via ends 30 result from the processes shown
in FIGs. 3 and 3A.

Once first conductive via end 30 has been fabricated, BEOL processing may be

completed, as known in the art and shown in FIG. 4.

30 Once the fabrication of integrated circuitry and protective layers therefor over
active surface 12 has been completed, the thickness of fabrication substrate 10 may be
reduced (i.e., fabrication substrate 10 may be thinned) by removing material from its

back side 13. Material may be removed from back side 13 by known techniques, such



25 material 28 (FIGS. 2A and 2B) | ocated over active surface 12 of
fabrication substrate 10. One or nore first conductive via ends 30 result
fromthe processes shown in FIGs. 3 and 3A. Once first conductive via end
30 has been fabricated, BECL processing nay be conpleted, as known in the
art and shown in FIG 4. 30 Once the fabrlcatlon of integrated circuitry and
protective |layers therefor over active surface 12 has been conpl eted, the

t hi ckness of fabuaclcgmmd)ng pwbsstsnatvetlﬂ.z()wmaqtchaat or eslothedvigé kimown fng ¢ pgafhon
substrate 10 be t |nnedt?lﬁ rerm n material fromit ide 13.
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orientation, in FIG 5. Wth continuing reference to FIG 5, processing

continues to the faWntﬂlccazntlmnng)feferen@etoEdG ﬁ,mtdmtlng(eomrale%tmthﬂ(ﬁﬂb(ﬂcﬂf@l ofg
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hole 32 may beghorfiEfpat a location to enable communication with a single
correspondi ng first conductive via end 30, as shown in FIG 5, or with a
plurality & corr i oap dimee scamdui holes 33 @reéﬁmectao baglsside [ yisEaclt ed i n
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first conduct i Vlae connection of a single second conductive via end 40 to a plurality of first

conductive via ends 30 may reduce the number of contact pads (e.g., ball pads, pads

that facilitate die-to-die interconnection, bond pads, etc.) that are required for a

particular purpose (e.g., power delivery), which may enable a reduction in the overall

20  sizes of semiconductor devices that incorporate this feature.

One or more second via holes 32, to each of which one or more first conductive
via ends 30 are exposed, may be formed in back side 13 by any suitable technique
known in the art. In some embodiments, each second via hole 32 may be formed by
laser ablation. In other embodiments, known mask (e.g., photomask) and etch (e.g.,

25  wetetch, dry etch, etc.) processes may be used to form one or more second via holes 32
at desired locations through back side 13 of substrate 10. Without limiting the scope of
the present invention, in various embodiments, each resulting second via hole 32 may
have a height-aspect ratio as small as about 3:1 or even as small as about 2:1. In more
specific embodiments, the distance across (e.g., diameter of) a second via hole 32 that

30  extends about 80 pm to about 90 um into back side 13 of substrate 10 may be about
50 um. As the distance across (e.g., diameter of) each second via hole 32 may be much

larger than the corresponding distance across the corresponding first via hole 20 (or via

holes 20) within which the corresponding first conductive via end 30 is located, the



via ends 30 are exposed, may be forned in back side 13 by any suitable
technique known in the art. In sone enbodi nents, each second via hole 32
may be formed by |aser ablation. In other enbodi nents, known mask (e.g.,
phot omask) and etch (e.g., 25 wet etch, dry7etch, etc.) processes nay be
used to formone or nore second via holes 32 at desired |ocations through

back side 13 of. substrate 10. W.thout .li.mting .the scope of the. present
i nvention, in y§ﬁh§ﬁ@t@ﬂﬁﬁﬁ?ﬂ%%?@B°@§%H“ﬂ3§d?@@ﬁﬁw§§€®H§‘Wpﬁﬂﬁ5ﬁ8£§§SH€§
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a second vi a hol e 3AftehaaciB@cend wadisleaizas forg@dmts siribeni3 ®ay §eardaiebwiihoke
side 13 of substrate 10 . be about 50 th i stance .acros e.qg,
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| ocated, the - grown keld.doatiophdsiliaonsdiosid, stia depdstedDnid (el g relowK alidleptael
with its corresponding.first. via .hole 20.(qr via holes 20) is .signi.ficantly
duced. arter MRaCou e e RRitiEh e of DRByR! hutbada S 2

coated with ong, s@he BRBEIIARMA! b or AYRMArricd $ay2 ROV el d) dob&r babridriiradusitufb.
I ncl uded anong these 5 material |ayers are one or nore dielectric |ayers 34.

A diel ectric | dpeierg4tepayaypke fahrioated over @aligiectriafrdopa4iby khownsudatd demsition
etc.), deposited,onto (e.,qg., I K dielectric. terial, a.silico

it de. a101 | FeuRauRy R e e PYLY of bferinei e d s ot Pite BetigeF abeomgs.
I'n sone enmbodi RRFLEMARE 08E oFMRbR: BohhldhtRYEhFerd Phdt $ral- enable RRElseRALRE 6F S,
al um num barriers, etc.) may be fabricated over a dielectric |ayer 34 by

known, suit abl enatedesietlityres Db diedastnid apdéay, bagrier maseriaty/may PWDbe dabrsated over

conductive filmf.orm techni ques. , Il n.some enbodi mrents, one or nore
opt i onal adhesisgﬁaﬁegéggge?‘% CM‘” A% t he use of one or nore desired

types of dielectric wgltottined fdfelenfBbe1GR! SthitshdBS QoRtuctiod hatd a7 AYE e
surfaces 33 of each second via hole 32. Wth continued reference to FIGs. 6

t hrough 6135 corthdetédistaeachseeinddia haly 3Be As tondustive thateeidl B hisanwedived etond

e hole 32 i soptictin, PLarlal B L gt p LLe ol s v =
introduced ovehntRakke S bdck Qlle $UBSIILAERe 10- 1 Hhef HESoRAERY! IRIALife of

coating of conductive material may be fornmed over at | east portions of back
side 13 of conductive material may be formed over at least portions of back side 13 of

substrate 10 (e.g., over material within each second via hole 32) at a later point during
20 the processing of substrate 10, as in the embodiment shown in FIG. 6B.

In some embodiments, conductive material 37 may be introduced into each
second via hole 32 in a manner that completely or substantially fills the opening that
remains within second via hole 32 after dielectric layer 34, and barrier layer 35, and
any other optional layer or layers, such as a plating seed layer, have been formed. In

25 other embodiments, conductive material 37 may merely line or coat surfaces of the
opening 36 that remains within each second via hole 32. The degree to which
conductive material 37 fills each opening depends, at least in part, upon the conductive
material introduction technique that is employed.

A variety of known techniques may be used to introduce conductive material 37

30  into the opening remaining within each second via hole 32. Such conductive material
introduction processes include, but are not limited to, plating processes (e.g., electroless
plating, immersion plating, electrolytic plating, etc.), CVD, PVD, forcing a conductive

paste (e.g., a metal paste, a solder paste, a paste or another solder alloy, etc.) into each



substrate 10 (e.g., over material within each second via hole 32) at a later
point during 20 the processing of substrate 10, as in the enbodi nent shown
in FIG 6B. In sonme enbodi nents, conductive material 37 may be introduced
into each second via hole 32 in a manner tigat conpletely or substantially
fills the opening that remains within second via hole 32 after dielectric

| ayer 34, and barrier layer 35, and any other optional |ayer or |ayers,
such as a pl at iopenisgdbed @flewingthe eom):betivé msttemtrddncizg agndlem c@nﬂmjiVﬁmﬂt@ial

conductive materi al ma reI or of .t he enjng

that remains witfi ﬁ"éoi@ﬂ %eége ‘ﬂg?r arﬁ‘g er'f’?\@ el § t‘f&%??ﬁ? (‘?Blﬁlguctl ve
material 37 filge, a@l%ﬁhn%% @hﬂetéﬁﬂﬁm@slmaudl §‘ﬂotv'ﬁbllé%6¥1dudﬁ9@@rt he
conductive nmaterial duction techni que t is enployed. A variety of

known t echni quesndmsjorifeledgmdlymer intotqack opming mbncqurmg omatherwia¢ c8Bing30 i nt o

t he openin ining within ea second uctive
mterral Ut GRNERE i i n sSRER: REF cotRh BN E wiBniaR I EROMETY 5t i ng
processes (€. g.condlcBtt Ht@H$37 Rlt@hibiad ehdBIRAShOB. Pipdh iktebdubin@ Cohdlcyité C
plating, etc.), CVD, PVD, forcing a conductive paste (e.g., a netal paste,

a sol der paste mzaerpaé§f7 entorcacnenenenz, s staded camduoyye @@@nyi 40ns tregdhln me

conduct! ve mat ereaneid g SnRGH FavkY Fo BA7 oBy ohdo PR ST Bk R s ol ten

alloy, etc.) inRghg@aciy opening, then allow ng the same to solidify,

i ntroducing a flowabl e conductive or conductor-filled polynmer into each
openi ng, tRén curi nngo/rSpecdwmﬂiirs'eg wathi mggcomd Badbleadd fodlowing tbam}rqdoction of
solidify, and any, o her Lng& t echni gue for i.ntrodgsm g% t| ve
material 37 i nt8MECiy ?SP%‘P% Ugo e P8EY eﬁS 0

material 37 i mc@m‘fofé‘%é]y Qpﬁiﬂtﬁﬂy ﬁﬁe&%ﬁ'&ﬁo&@ﬂ%ﬂéhhl"(@ gV 'a@dﬁ%ﬁal‘k@nﬂ&tfv@ﬁl@&ml' n
sone enbodi nents, a conductive | ayer may al so formed over back side

13 of subst r ats elkotrically Arsylaslpau@tq’r@hmthe;rnglllwcpmlumae setwd oid. p(sholFKis38
followi ng the i ”5 uction of conductive material 37 into opening 36 may
remai n open (sé&8 P 6B) or be conpletely or partially filled with another

material (¢s9., add'WitH@@ﬂtnﬁl@H‘@'é{&Tehé/eeto"F‘iG@r6 fhkoughdB, §h ?(S}ﬁé bﬁ%dlﬁlehﬁséﬁyat ' ve
mat eri al , athernally conductive material, etc.) (see .

Wt h continued cordustizebyetss TRacwell @s oy muighlymgfbannm lsmé5e¢tbb>dmdmnsssbly,aamy
underlying layers (e.g., dielectric layer 34, etc.) that extend across back side 13 of
substrate 10 may be removed or patterned by known techniques. Suitable removal
processes include, without limitation, CMP and wet etch processes, resulting in

20  semiconductor device structures such as the embodiments shown in FIGs. 7 and 7A.
Patterning techniques include, but are not limited to, mask and etch processes,
resulting, in some embodiments, in a semiconductor device structure that includes
conductive features, such as conductive traces 44 and electrodes 46 on back side 13, as
are present in the embodiments that are depicted in FIGs. 6 through 6B.

25 If desired, under-bump metallization (UBM), or ball-limiting
metallurgy (BLM), may be formed on each second conductive via end 40 (FIG. 7) ora
corresponding electrode 46 (FIGs. 6 and 6A) by known techniques.

In the embodiments shown in FIGs. 6, 6A, 6B, and 7, the UBM, or BLM, may
form one or more contact pads 48, which are also referred to herein as “bottom contact

30 pads,” over back side 13 of substrate 10. Each contact pad 48 facilitates the electrical
connection of a discrete conductive element 50 (FIG. 6 through 6B) or a laterally
extending intermediate conductive element 52 (FIG. 7) to a corresponding second

conductive via end 40 (FIG. 7) or electrode 46 (e.g., the formation of discrete



conductive layers 37 (as well as any underlying barrier |ayer 35, etc.) and,
possi bly, any wunderlying |layers (e.g., dielectric layer 34, etc.) that
extend across back side 13 of substrate 10 may be renoved or patterned by
known techni ques. Suitable renoval processe®s include, wthout |imtation,
CWP and wet etch processes, resulting in 20 seni conductor device structures
such as the embodi nents shown in FIGs. 7 and 7A. Patterning techniques

i ncl ude, but aﬁ@mﬁ@ﬂv¢Phﬁﬁéﬂ59@nC%ﬁ%kpaﬁﬂgéb%ﬁxﬁﬂé&égéﬁ@fw‘Pé@WFB?ng, in

sone enbodi ment ?e’mén?S@‘o? % Egtgrgw ({lngﬁl\{ rﬁl%dﬁlttef %ﬁ&iﬂétﬁ/etf{] ?I}}%Zt act

conducti ve features such as co races and es on back

side 13, as amadpBasentFIG]. 6ﬂﬁo@yhﬁ@lnents that are depicted in FIGs. 6
through 6B. 25 If desired, under-bunp netallization (UBM, or ball-limting

metal lurgy (BLM, mayotsr eopadimesis, mishies dua¢ shaynordGe by ey BMe A BEYL arayG
(heenbod nint SRl e A eaE Ak iTnaiROtheiblngl MREROT Auee.

one or nore conpasihgPdElimh BhBk sitbilgho previdd sadhedied ra@elr 48 theee®ien Adhé: bmttom
contact 30 pads,” over back sjide 13 of substrate 10. Each contac%%gﬁd 48
facilitates theaysr d8tadherss taop At rdugtivg clpncat 89 ehat Babren igtEodsic hatsg

(FIG 6 thfouggp@%g?ﬁd Qstiltﬁfsﬁésaéll:éf%ca%&ﬁﬂf&hfbgnbr%@tgfé%x?Hi%&%tecc%ﬁ ﬁwﬁo (FIG

el enent 52 (FlI correspondi ng secon con I've via en
7) or el ectrodelehfent 60 gnd céritiRctios materialB7f di screte -9- conductive el enent
50 on contact pad 48, the securing of discrete conductlve el enent 50 or a

|ateral ly éQtendlng\Vﬁhéﬁﬁﬁﬂﬂaggwé%%MUHﬁhWQféﬁéﬁﬁﬁP“@Q6?61@%ﬁ?§épn whye 48,
t FIGs. 6 FI G
?A? %hé UBM (Hﬁ{ﬁﬁ#@@n%@%gnﬁ@w?%?ﬁ%dﬁﬁﬁg?hcon Cf?@%m erlg%xgggﬁﬁélnllnes

t he surfaces offoemnsal fosm muealﬂaemmav@ﬁatenabamﬁh BisdRled, Anbthepmetal cematal

adhesi on | ayer 48' thereover. Adhesion er 48 adheres to a discrete
conducti ve eIeﬁﬂﬁfﬂﬂﬁmﬁhﬁﬂmﬁé§oﬁﬁ€ﬁnrHkﬁ é@@ﬂ eithe Hke Indsarsdiage enductive

establi shes. el arfdala AOTRVRALI 01 RRRE R0 REET Qs ARBAHEShEman) SO

and conductive naterla resent

i nvention, l1éacKLOCYeymtleadspeutidattineeslereétstiat arbQarriey bydhauitils diebectrad thatefialsp,
pillar, stud colum, pin or other structure fornmed fron1a sui t.abl e
conducti ve mat & italape-guiomated anding (TARH dyRrearrangemaentarthermrogpmpression leads,

etc.), and the like.
Discrete conductive elements 50 and/or intermediate conductive elements 52,
which may be secured to bottom contact pads 48, adhesion layer 48', or top contact
20 pads 49, may electrically connect a semiconductor device 100, 100’, 100", 100"
(FIGs. 6 through 7A, respectively) according to the present invention to another
electronic component, such as a carrier substrate (e.g., a circuit board, interposer,
flexible substrate, etc.) leads, or another semiconductor device.
A semiconductor device 100, 100’, 100", 100" that has been fabricated in
25  accordance with one or more embodiments of the present invention includes a
substrate 10 with a thickness (e.g., about 100 um to about 150 pum) that provides
adequate structural support for integrated circuitry that has been fabricated on active
surface 12. Conductive via ends 30/40 of semiconductor device 100, 100', 100", 100"
enable the use of contact pads 48, 48’ and intermediate conductive elements 50, 52 on
30  back side 13 to communicate electrically with integrated circuitry carried by active
surface 12 without occupying valuable area, or real estate, upon active surface 12 and,

thus, without decreasing the optimal density of integrated circuitry on active surface 12.



all oy, a conductive or conductor-filled polymer, or the like. Internediate
conductive elenents 52 include, but are not limted to bond wres, |eads
(including | eads-over-chip 15 (LOC) type |eads, conductive el enents that are
carried by flexible dielectric materials, -gp-in tape-autonated bondi ng
(TAB) type arrangenents, thernoconpression |leads, etc.), and the |ike.

Di screte conductive elenents 50 and/or internedi ate conductive el enents 52,
whi ch may be secur edn semeembodimentst dbeonied padssts fghwalienndugippdevie® | or top

contact 20 pag&ﬁiﬁr&@%lﬁﬁ%m "f*aaaff;@%ﬁ&dg@gaﬁ SENMGE Qb5 CRY 1 6210100,

100', 100", 10 rough /A, ‘respectiv according to the present
i nvention to awrpibbéinent whdre ahiof tlewrpROEFHds 48 WE A salicandwtsr davics shattumt 190,
(e.g., acircuit board, interposer, flexjble substrate, etc¢.) |eads, or

anot her seni col@¥ei &}, 44/ aw logatedson bask sisiet IGrof gubstiate hbdhery gioto negdge localgg: -
t hat has been . cat. cat: i r . i s of
t he present gEi n&/en F%ﬁ ?%acq @é%aé%é%saggg?gg? & ’1‘8“\9\,19?{%%211}% ﬂ%ﬁ%@g&?’e&g@ about
100 mto about edtafd, 69 adth@tsuffhervi s integtegd aireuigy ahd inckalsessthp poimberf afr

i ntegrated ci rcui,trY t hat has been fabricated on active surface 12.
Conducti ve vi aasilpdlesgycas dssigdeni conduct or devi ce 100, 100', 100", 100"

enabl e the use of C%‘Bﬁl%ger?g&ﬁm%ﬁts 34&;5 CgHQF%H%m?}??&\%C%ﬁ&%U 2’.0\"1@ el ement s

50, 52 on 30 back side 0 conmuhl cate e rica in egra?ed
circuitry carrisedadeyl 2asftsub@rates LD, fveldle ahdthet, icbespondiap pyitg coafavigdzidet8anaeh or
real estate, upon active surface 12 and, thus, w thou ,decr,ea%i ng th(?
optimal den8it yommunipatss el sane Girg Yy ahthadeR ventags prcdecarpied by fack fidesbive

enbodi ments, al..¢ i i i 0,
T00 " 100- > 10 ee LAk REMRY 88 cfbcrf BEMAIN BELD ARAL Badd SLiFIMER o)
enbodi ment s whelieebatom edntddnadso picaartingahs oéh8r @f oficarant padudioc sk indenmacang
structure 100, 100', 100", 0"' are | ocated (g{g back side 13 of substrate

M 10 ! 12 e
10, there is ndcRiceRdyctondsriced 08, 140e08\d00" or ChFCLLRICHOMABCRIS UGl as

surf ace, whichlgrgr '&B't%@gidtbp '1' rea, or real estate, on active surface
12 for integrat eag ’(;edlscrlcu}try éndm?nlcl:(?'eases t he nunber of available circuit

designs. |n5other eifoatenent,syitlacdmgrt padit48ctospmaed On vagk dide | ekt edhtaever

active surface 1 f substrate , Whil e anot her, corresponding ttom
contact pad 48,pa5af?&:¢fea SE%%%?@&%@%I%F%rﬁtefiHEC%IQBF@“&CPE%WF%?Cég?)b'ﬁ]éﬁ t op

contact pad, | $hiC@{ekd SEkBYrRATH ra'sciléjrqhéngby much thinner dielectric layers that would

otherwise separate contact pads located over active surface 12 from the integrated
circuitry. As a result, there may be reduced potential for damaging the integrated

20  circuitry as pressure is applied to contact pads 48 that are carried by back side 13, as
may occur during test and/or burn-in processes, in which probe elements are forced
against contact pads.

A number of other advantages of various embodiments of the present invention

will also be apparent to those of ordinary skill in the art. In comparison to conventional

25  through-wafer processes, in which relatively large diameter vias are formed through a
substrate, these advantages may include, but are not limited to, minimized
contamination and physical distancing of interconnect processing from semiconductor
device circuitry and, thus, minimization or elimination of damage to circuitry (and to
the semiconductor substrate) and of conductive via-induced stress on nearby circuitry

30  of the semiconductor device. Moreover, stresses that are induced on a substrate by
rows of vias that extend completely through the semiconductor device and stresses
resulting from mismatches in the coefficients of thermal expansion (CTEs) of a

substrate and the material or materials of conductive vias extending entirely through the



Testing or burn-in may be effected through only the top contact pads or
through only the bottom contact pads, preserving the other set of contact
pads for use in connecting sem conductor device 100, 100", 100", 100"'to

ot her el ectronic conponents, such as |leads]jia circuit board, or the |ike.
15 Furthernore, with contact pads 48 positioned on back side 13, the contact
pads 48 are al so separated fromthe integrated circuitry on active surface

12 by the thi eRwals BRY Buissuees with geruse ReleraaHiamplyr #ge Hhaf RYRpRPRIYIPRIIGEY r i ¢
| ayers that m‘t'lllrgh%l% Bswh e g@@@ﬁ&%ﬁoﬁ%@aﬂ%@aﬂé rél?c{ﬁ%‘i)f% g&wﬁama%;' ve

surface 12 fromt I nt egr at circuitry. resu é e may be reduced
potential for danbgtingviakdéronnthegegoedf Autiy thai iscyrrzd byribs saive suda@pylai ed to
contact pads 48 that are cgrri ed by back side ?1@ aa ma#/ occur durin est
and/ or bur n- i n SHREERUEY SUDHTaihMaK al5p dplax deushinss andior £Rsle HNPrayeepts i the
contact pads. . @t : AHES) i gf@ﬁgé

pr esent invgnt @Sn W FIT %ICEOSB emgcglgg;agnt th%.hPétgéHeg,]‘ﬁr&% inart%?(lia?ﬁfvietﬁha?he
art. I n conpar itlenextend onty\pertiallyrthtoug2 5 stbstrateghaed formpd awes geisklyiandwhieah
relatively | ar%e .di aneter vias are, for%d thr oug%h a subst ratg, tagg/s

advant ages nay Hsiclongbasnsehraiese r9rstveIcoRdycdye RteTi mors 2wWekly gt 25HaRR N8 and

physi cal’ di st anghaigiof viaBbPEGAMIAE dRRARESRIUGehE OMARNIC ARG o1 devi ce

circuitry and, thus, mnimzation or elimnation o amage to circuitry (and
to the sem coreucbaducahkiicat @é)dditiuwhaby, thomdlnsionwd larpadianctter @dndiicties siapat

o on 1 & ket & FOVEIGRIT diceriat) elae Bor SRRy MR L ho
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coefficients of 't hermal expansion strate an e material or
mat eri al s of cabdie bf sehvyaipmext erdtappizentnatled diamhteaulghse harrarfpbd centhstivat e

may be reduced with the use of. | arge dianeter yias that extend, only
partial |y thr SUSH™audneLpiharse 3%0%&’:%1%5@% dinciir copdeivedias ABVASi vel y

large di aneter the%@@gﬁ’t%?}égedvdd%ntﬁ%ér%%é : Rad RGhPRoWRM st SENatifi! plogu&ar i ed

by the active surface o sem c or substrate may al so relax design
rul es and/ d6 enyadds andrmliebidiiewhen compared &ith elmesintlystualtshalabiligh psadubt velds,wintls

are arranged. Further, |ar di ter conductive vias that extend only
partial ly thr oaéﬁltb “L‘E:‘l%mﬁgﬁ’@ aﬁﬁ@%ﬁwa} FRIYCRsal E]WF%%?%/{“SH&C,J( ade™ o “their
| ower aspect rabh@Rtivé SRS LYRpLRIIHE ISRl RkhAbr SRi&saUi ckly and reliably

t han
Turning now to FIG. 8, an electronic device 200, such as a computer, controller,

cellular telephone, portable digital music player, digital camera, or the like, that
20  includes at least one semiconductor device 100, 100’, 100", 100" including one or
more vias 110 (see FIGs. 6-7B) according to embodiments of the present invention is
depicted.
In summary, the present invention includes semiconductor devices with one or
more conductive vias that include a relatively small diameter portion extending into an
25  active surface of a fabrication substrate and a corresponding, relatively large diameter
portion that extends into a back side of the fabrication substrate. In some
embodiments, this type of conductive via may be fabricated by forming the relatively
small diameter portion before or during BEOL processing, while the large diameter
portion of each conductive via may be fabricated after BEOL processing is complete.
30 Electronic devices that include one or more semiconductor devices with such
conductive vias are also disclosed.
Although the foregoing description contains many specifics, these should not be

construed as limiting the scope of the present invention, but merely as providing



conductive vias of conparable dianeter that extend conpletely through a

sem conduct or device. Additionally, the inclusion of |arge dianeter
conductive vias at 10 the back side of a sem conductor device may enabl e
the use of standard assenbly equipnment to-{prmredistribution circuitry on
t he back side, which, due to the limted ability of such equipnent to
recogni ze smal | er dianmeter, densely arranged conductive vias, would not

ot herwi se be pokustifianspiisemepabodineniet dimilagydribey spebadiments ahthe gaventigpg@y
contenpl ated a ; -I j i J S Lkl : uct
15 yi el ds, andq%ZE%E%fﬁngxﬁﬁgﬂgggﬁﬁgggégﬁﬁ?Hkgﬂg§$ﬁgﬁé???atagég?g%?f%%gg
product vyi el dsenfiddimentd imapbé einpldybdin comybihatioac Hile\sechandfahe twantioit isonal
processes are used to form conductjve vias conp e%ily t hr ough sem conduct or

devi ces. Tur ni AeErRSYF dndigated ang! limfedspndy oy G aprgdadcdripg@nd digiegdl o
conputer, cantr.gl] Mot : ex @i, gi:t: i yer,
digital cangrafagbg%ﬂg’%@t%ﬁhgﬁ)ﬁﬁégﬂggﬁﬁ%gggﬁgﬁg+é%g?&%ﬁgh%gﬁgg%ﬁﬁ%@tor
devi ce 100, 10@iqdifi€didns OBE inventibrual digeloed horein which full &dthinlhe (saeinglats .

6- 7B) according to enpbodi hrents of the present invention is depicted. In
sunmary, the predem! theaims Batq ?F‘cﬁﬁbfégedséﬁ‘ie ¥Bnductor devices with one or
nore conductive vias that include a relatively small dianmeter portion
extending into an 25 active surface of a fabrication substrate and a
corresponding, relatively large dianeter portion that extends into a back
side of the fabrication substrate. In sone enbodi ments, this type of
conductive via may be fabricated by formng the relatively small dianeter
portion before or during BEOL processing, while the large dianmeter portion
of each conductive via nay be fabricated after BEOL processing is conplete.
30 El ectronic devices that include one or nore sem conductor devices with
such conductive vias are also disclosed. Although the foregoing description
contai ns many specifics, these should not be construed as limting the
scope of the present invention, but nerely as providing - 12 illustrations
of sonme enbodi nents. Simlarly, other enbodinments of the invention may be
devi sed which lie within the scope of the present invention. Features from
different enbodinments nay be enpl oyed in conbi nation. The scope of the
invention is, therefore, indicated and limted only by the appended cl ai ns
and their |egal



5 equival ents, rather than by the foregoing description. Al
del etions and nodifications to the invention as discl osed

| additions,
herein which fal

wi thin the neaning and scope of the clains are to be enbraced thereby. - 13
- CLAIM5 What is clained is: 1. A method f- formng a conductive via
t hrough a sem conductor device 5 structure, conprising: formng active

conponents at an active surface of a fabrication substrate;

formng a first

end of at least one via hole in the acti ¥&AMS$ace; introduci ng conductive

material into the first end while fabricating interconnecti

on circuitry to

i nterconnect the active conponents; 10 thinning the fabrication substrate
af ter fabri cat Wit id@aihfedes.connection circuitry; formng a second end of
the at |l east one via hole in a back side of the fabrication  substrate. after
the fabrication subdtrat & nghopderformingeandygive YEhHILE AP eRASANARCtondavigeger

di anet er thgn Eg&nﬁ%raﬁwg %1:”d comuni cating with the first end; and

i ntroduci ng contducltll ve

eérifal into the second end and into contact with

conductive 15fsratigs halvewbinpbheritdat dniactive @mfhce 3f a Tdbeicamdhaswodtecl ai m 1,
wherein: formng the first end of at |east one via hole conprises formng a
plurality of fiqEtingadsst endabatdeast epgyiagoleria theaachig s@iseconpri ses forning

e oor, 0 RS OA B ER PlpEEagsin I

nmet hod of claim orm né e

east one via

hole is effected af tReuifrlis imatomget the aadleicompoasmenents. 25 4. A nmethod for

fabricatin? a sem conduct or device structure, conprising:
end of at I@

form n&ya first

asthigpipg thedabrtasion subitratecatioy 2bsigriing e HitergoRnasHPR SIEW

substrate: - af kgyiof o CONGHLREBEIN AL FOLM g FNPLIATRe 98 rbARIdgat i N

conductive el enen 0 active components a

lve surface o

fabrication substratebstratechfid0 tirffhercatiab sulsatictgs desdihitined ghe keond tsd hdvitigr ng

a second end of the at | east one via hole

a larger diameter than the first end and communicating with the first end; and

introducing conductive material into the second end and into contact with conductive

15 material within the first end.

2. The method of claim 1, wherein:

forming the first end of at least one via hole comprises forming a plurality of first ends;

and

20  forming the second end comprises forming the second end in communication with the

plurality of first ends.

3. The method of claim 1, wherein forming the first end of the at least one

via hole is effected after fabricating the active components.
25

4. A method for fabricating a semiconductor device structure, comprising:

forming a first end of at least one via hole in an active surface of a fabrication substrate;

after or concurrently with forming the first end, fabricating conductive elements to

active components at the active surface of the fabrication substrate; and

30  after fabricating conductive elements, forming a second end of the at least one via hole

in a back side of the fabrication substrate to communicate with the first end.



in a back side of the fabrication substrate to conmunicate with the first
end. - 14 5. The nethod of claim4, wherein fabricating conductive el enents
conprises fabricating at | east one of contact plugs, wiring |ines, and
contact pads. 6. The nethod of claim4, furdaher conprising: 5 introducing
conductive material into at |least a portion of the at |east one via hole.

7. The nethod of claim6, wherein |ntroducing i r]ac] udes int rodutii ng
conductive material % nto tKengthese! G biwheran fgbricatiag cuctiyee FBFES whi l e
I nterconnect i ng,,i h?es%ﬁx}iéﬁ%nggmgﬂ%?ﬁ 3% f&r?@d%glugg,ewm heds Ohd Ghaafp fds Wher ei n

i ntroducing includes at [east one o atin surface of the second end of
the at | east one via hole with conductive material, depositing conductive
material onto the s%rfac of t d of the at |east one via hole,

Fe secand gn )
and introducing nol t%n ¢ M Rgthokoh@eEr $- Prﬂi“_ﬁtCBmﬁ’ﬁémgecpnd end of the at
| east one 15y @odﬁelng-coﬁducm@ gsaz%rgmtegt ﬁasalaryoﬂionvmn@atne{s%ﬁe 0@ ble second

end conpri ses ormng a secon having a l'arger | ateral dinension than
the first end of the at |east one via hole. 20 10. The nethod of claim 4,

wherein form ng the second end c ri.ses formn second,end having a
greater length than'a | eﬁﬂ?ﬁ?ﬁho‘fﬁl?métw@ﬁﬂp ITE‘?&%‘F‘WS l?r‘g‘t“ilﬁdmé‘?fuﬂ“&i m 4,
further COMPI i Sbfiiciig® nlRIRY IS HEHSY drdlof HEOIIEAORARK hledehiR infefnncctin
fabrication substrate before tormng the second end. 12. A sem conduct or
devi ce struct urke dcaive compenkntsyy a net hod according to any of clainms 1-11,

t he sem coqguct or device structure conprising: 30 a substrate conprising a
sem conduct'or material and including: an active surface carrying active

components; and a back sifgim@hod §834in 8 wnerén At Riucing GhiBidGt leasthohe of
plating a surface of the second end of the at least one via hole with conductive material,
depositing conductive material onto the surface of the second end of the at least one via
hole, and introducing molten conductive material into the second end of the at least one

15  viahole.

9. The method of claim 4, wherein forming the second end comprises
forming a second end having a larger lateral dimension than the first end of the at least
one via hole.

20
10.  The method of claim 4, wherein forming the second end comprises

forming a second end having a greater length than a length of the first end.

11. The method of claim 4, further comprising:
25  removing material from the back side of the fabrication substrate before forming the

second end.

12. A semiconductor device structure fabricated by a method according to
any of claims 1-11, the semiconductor device structure comprising:
30 asubstrate comprising a semiconductor material and including:
an active surface carrying active components; and
a back side;

at least one via hole, including:



a first end extending into the active surface; and a second end aligned with
the first end and extending into the back side; and at |east one of
interconnection circuitry and at | east one insulation |ayer for

i nterconnection circuitry positioned above itshe first end of the at |east one
via 5 hole. 13. The sem conductor device structure of claim12, wherein the
first end has a dianeter of at npst about 6 m 10 14. The sem conductor
device structure of aérsicnd egendingine fhetastve swiaceeid  extends at nost about

30 minto the active sUniafandia yilfns Hl CAR AUELALIRY RS (HRIHAIE HAE Contl

claim12. wherein t econd € aneter of at nmost about 50 m

16. The sem copdusskt Bhe dﬁvltdiﬁ)rﬁécftuﬁltdmrcengffarﬂlaalmﬂxme indubatieinriayendorsecond end
extends at nost about 150 pminto . the back s 17. Thg nduct or
devi ce structure of Iné¢rgpraegpon @EHUE%POS(%‘?PSF‘@ ?Yf’gthe fisgs ey Bgﬁﬁ f ARPNE Vet
ext endi ng through tlﬁgl at |l east one via hole. 18. The sem conductor device
structure of claim ,' conprising interconnection circuitry integral with
at least a first end of the conductive element wthin at |east the first
end of the via hole. 25 19. The sem conductor device.structure of .claim1l7.

wherein at |east anldnd The serpisordiséniceyise sEpcwreaf ClimHZnWHFeHNa S8 EM o t he

second end of hguse glrame?e?%i“atorﬂgst\ét)&ft e conpri ses solder. 30 20. An
el ectroni c devi Ce, ast one sem conductor device structure

according to any of cI ai s 12 19.
10 14. The semiconductor device structure of claim 13, wherein the first end

extends at most about 30 um into the active surface.

15. The semiconductor device structure of claim 12, wherein the second end
has a diameter of at most about 50 pm.
15

16. The semiconductor device structure of claim 12, wherein the second end

extends at most about 150 um into the back side.

17.  The semiconductor device structure of claim 12, further comprising:

20  aconductive element extending through the at least one via hole.

18.  The semiconductor device structure of claim 17, comprising
interconnection circuitry integral with at least a first end of the conductive element

within at least the first end of the via hole.

25
19, The semiconductor device structure of claim 17, wherein at least an end
of the conductive element within or adjacent to the second end of the at least one via
hole comprises solder.
30 20.  Anelectronic device, comprising:

at least one semiconductor device structure according to any of claims 12-19,





