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15 TECHNICAL FIELD |
The present invention, 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



30useful for assenbling sem conductor devices in conpact stacked, or
t hr ee-di nensi onal (3D), arrangenents. A nunber of existing processes
have been devel oped to fabricate conductive vias structured as

t hrough-waf er i nterconnects, to route electrical signals through
sem conduct or devices. These processes conyvgentionally fall into two
categories, 35 depending upon the point in which they are effected
during sem conductor_ device fabrication. Mre specificall
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fabricated on the active sur e of a sermm conhductor device.
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 anundesirably 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 atleast 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



25BRI EF DESCRI PTI ON OF DRAW NGS FI Gs. 1 through 3A depict

enbodi ments of processes for formng first ends of conductive vias in
the active surface of a fabrication substrate before and during BEOL
processing; FIG 4 shows an enbodi mrent of a sem conductor device
structure that includes 30at | east one first-end of a conductive via
and that has been subjected to BECL processing; FI Gs. 5 through
7A il lustrate enbodi pents of pro ses for form ng second ends. of
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15 In FIG. 1, a schematic representation of a fabrication substrate 10 comprising a
semiconductor material and including an active surface 12 that carries a plurality of
active components 14 (e.g., transistors, resistors, 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 um to about 6 pm. 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 pm to about 3¢ um.

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



conmponents 14, is formed in active surface 12. Wthout limting the
scope of the 20present invention, known wet etch processes or dry
etch processes (e.g., reactive ion etch, or RIRE) may be used in
conjunction with a mask (e.g., a photonask) to renove material from
active surface 12 of fabrication substrate-40. Alternatively, |aser
abl ati on processes may be used to forn1one or nore first via holes
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25 for the recejapérs @fsobiafRd uichdwith, TR arrid 14, 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



each first via hole 20. In enbodi rents where one or nore first
conductive via ends 30 (FIGs. 3 and 3A) are fabricated before BEQL
processing, dielectric layers 22, and any optional |ayers associ ated
therewith, including barrier layer 24, nay renmai n over active
20surface 12 of fabrication substrate 10 ugtil after conductive
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12 of substrat #1698 2Anigd 2B kehpleehniques pabe Bepdrip 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



20above active surface 12 of fabrication substrate 10 by known

techni ques, including, wthout limtation, polishing or planarization
processes. Wien first conductive via end 30 processi ng and BEOL
processing are concurrently effected, as shown in FIGs. 2A and 2B,
known t echni ques may be used to pattern cogductive structures, such
as the depicted conductive plugs 29P and conductive lines 29L, from
conductive 25material 28 (FIGs. 2A and 2B) | ocated over, actiyv
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overal | 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  wet etch, 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 pm. 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



20si zes of sem conductor devices that incorporate this feature.

One or nore second via holes 32, to each of which one or nore first
conductive via ends 30 are exposed, may be formed in back side 13 by
any suitable technique known in the art. In some enbodi nents, each
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li kel i hood t hat "s°8ESERYUTE hgl?eeorg?rwefrflerblgyeﬁ aeiggrfgap% Fie]sy guminum
correspondi ng f barBtrsyvital) May be RBri¢acd Micha Bieleesic2er BSb ki, biblel déposition
reduced. After each second via E(’)l e 32 is forned, surfaces 33 nmay

be coated wifh GREUBESHYFRaRY B I ¥P: prapjlsr §°ndéE§t“é°anan$0F‘HmE|t niqges. In some
through 6B. | nclygsafmaf®nge bhesk o%ﬂ@ﬁa@ Edlh%lsmh %@fs?heﬁ“ir?ay%ﬁ@ol@fhe & &F one or

dielectric |ayers 34. A’dielectric [ayer may grown on (e.qg.
undoped sili conméredi@sld@i tyeqsc)f)ileledémsii/peblarummaterealgmay als¢ bwfakricated over

dielectric mate i i a silicon oxynitride, etc.),
or otherw se apgq %f toO%se!aC Sggong %%hoqff” sone enbodi nents, one or nore

barrier |layers 35 (eWih con:thmpefeféraﬁcrelt@FK}s athioaghuoB, barrdubmaﬁnataﬁao 3¥ may be

may be fabrjcated over.a dielectric |ayer 34b known t.abl e
deposi ti on h% t &R ‘i“"ﬁ@lé’go e‘?ﬁéﬁcoﬁg %VE?‘S B ‘E?E‘H%F‘af:‘?&ﬁhi?clﬁ ijkeduced into

filmforning te@é&ﬂb&@ﬁév1a|h616332n€mﬁ{1&%'n{'%?¥aﬁz7 AR iREoDERb RIhERN Also be
adhesi on | ayers, that may enabl e the use of one of nore desired types

of dielectric ampdicedarsriback nida Brifahkstmaizy! Oalln othpreeriboidimends, @ doaing of

P8 by ongrERRARRE Rl by R ffmaFovel il Bad BbRUSDLELE PASE 1O

FIGs. 6 through Ve raterra oduced i nt o
each second vi asubsttae BR(e. gﬁ,sweomtanallvm&uﬂmi:hsecahd Bid th:_BZDlhtraolde:@(dnﬂdmhﬁg

each second VI hol e 32, duct i eri i.Nn_so
embodi ment s Qﬁpﬁ’geﬁs%r"gﬁ'&égﬁeé & | Eﬁmg?ﬂﬁ’e‘i@ gyndy gﬁte 10. In

ot her enbodi rrent S, dnceat blagoc%eﬁ@r&dh&khveema@hﬁrﬂmay%xnt?@dutw iR Each
over at least portions of back side 13 of substrate 10 (e.g. over

mat eri al wit hi rseeidvizheleAding laawr thagomplgtely o %Hbétammib’rﬁllSdhﬂ ¢peying 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



20 the processing of substrate 10, as in the enbodi nent shown in FIG
6B. In sonme enbodi ments, conductive material 37 may be

i ntroduced into each second via hole 32 in a manner that conpletely
or substantially fills the opening that remains within second via
hole 32 after dielectric layer 34, and barrger |ayer 35, and any

ot her optional layer or layers, such as a plating seed | ayer, have

been forned. In 25 _other enbaodi nents, c¢onductive material 37 / .
merely |ine or RN ihenaeiiosviey the ﬁ%ﬂdab%Win&e}e,sletr@%tﬂg@ﬂ@r%ové@ﬁwmatenal
each second vi ahgl £m3Ren ABE1, JGMIEE sd18er MbofRr GORGH ol V&c MRkPSRbpeding,

fills each opening depends, at least in part, upon the conductive
mat eri al i ntrodtheniabewing therraggéo salidifyi intradupingpdpwapleandustiye of known

tho openi ng. r omiueSr SR sl SR EAEREH G, K S B lhER
mat erial i nt§ odaltdyimnthp sacewselidify)ahdahy, othedtuiabk tedhigue fortieebducing

Gl ectrol i o pl st babusyel Seip & Bled eriet tithglen Upsnisechoas padiigive
(e.g., a nmetal pagLBl3BinRUBEbpeRBBt £second@lEtRE vANRAH RGNS BEhEE T some
alloy, etc.) into each - 8 - opening, then reflow ng the conductive

paste, i ntroducpmbodimpasb.taenduntisie bayen/a man adsq kel formeedgpver backside &4 of

netal, a nolten @Qhﬂ@ﬁo another nolten alloy, etc.) into each

openi ng, then al OWw ng the sane to solidify, introducing a flowable
conductive 00 conducAoy sfact teachinhed witkin aisedoad eadivleoiiefolloging traintreduc tiorgof

or otherw se causing.or 5allqoying the me to solidify, ny, ot her
sui tabl e techni fRnduetye niléﬁ%%% &tﬁapeem%gmw@mﬁla@m e E@f o 87 %

blind ended vi acdippigrelyldR Phrtially FiRetwiti shoflRR Hakhih V@, gTRHSKibA] cSrdubtifelnaterial,
each opening, a second conductive via end 40 is formed. In sone

enbodi nents, a @belecideallydnsulpyise magriplyg themalyrendustive matsviak ctsa fiee iR 6
13 of substrate,10;,y10Any space remaining within a second via hole 32
following the introduction of conductive material 37 into opening 36
may remai n open (seeWkhContgied mferberecoRiflset dryughr6Byan $anad dnybofiinhdnesclany

with another material (e.qg.,,additional copductive material, an .

ol ect 1 cal ly | neaihe it Aarel o PR undaRiE R DRt 5% Rotandhassivly, any
etc.) (see Fl Gsunderlging 16589s (.25 Welddtriz0aylet BaIRE. YtR{IRKRAE Gcrb@ YabiGhide BB of

t hrough 6B, in sone enbodi nents, any conductive |ayers 37 (as well as

any under|yi ng BRetatel0 may ke respved picpaltergd by kena) ERpiqussy Suikalereneyey

| ayers (e.g., dj I a .ot .si de
13701 " subst at & T ey TR ot i B o B b ARk S S T
Sui t abl e r ekbvatenmpeadessedvicastrudess sich hott emboditnebis showOMFIGnT angt7A.

oL, BT ore e, R G R, LS BRI L ES SALUE e 0o
include, but aresuifig, i fnteadnbodimdnts kn Adtehi®ndictdl RORE S@Sture 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



resulting, in sone enbodinents, in a sem conductor device structure

t hat includes conductive features, such as conductive traces 44 and
el ectrodes 46 on back side 13, as are present in the enbodi nents that
are depicted in FIGs. 6 through 6B. 25If desired, under-bunp

netal lization (UBM, or ball-limting nmetat®urgy (BLM, may be forned
on each second conductive via end 40 (FIG 7) or a corresponding

el ectrode 46 (Fl Mﬁ

enbodi nment s shovﬁ% quﬁ%aen&gn @@30 gi &E%WB%%@CQ{& ?‘#‘g%%lgwlscre %L e

form one or nor element Hcdr apadmllﬂsxteMng:imeamedlab sanduetieral@gert 62 lmcroatant

as "bottom contac 0 ver side 13 of substrate 10. Each
contact pad 48 P%‘i“???i&égc‘st aébrgﬁl i cal connection of a discrete
conductive el ement 5&&tﬁér@mb@dﬁ&hgugbh§ﬁha%o@nh@#@ gl Yhe XHMINGHBIM, may
i nternedi ate conductive elenent 52 (FIG 7) to a correspondl ng second

conductive vPa énépred pyarcondurtivy mapsd 3y #ipé line thesuglacestafens e meci on

of discrete I

securing of di s?@]rjeentl%gggzrgl% s{/&é lgﬁgﬁgvﬁg%%&g}l%@%ﬁ eg&giligﬁd Sﬁ%n

i nt ermedi at e coiyercdd véheedseorediscis2 dooducand demenpdd thed hasdieen JntioEbdEd to iﬁat
through 6B). In ot her ch as .t hat ,shown,i

1¢0)
UBM or BLM ma§ R ET Sl T it SRR s e st

t he surfaces of e@ﬂ@nmom@@nmﬁwlﬂggna@ﬂ n back side 13 to provide an
adhesion | ayer 48" thereover. Adhesion |ayer 48 adheres to a

di screte conBuctive Bibgatlimitiog theaeons a8 thsgersentrivyestion sach discr¢geonductive

openi ng and est @%@ﬁ.‘j t

conductive el engfraligl'e an%J %‘ogﬁ éfag'??ja\}lg%@g?ﬁ%l ﬁg@;@%@g@ﬂo {ﬁlfu?tluﬁe

t he scope of thérmeefemta suitaldatomsiuctiwaodierdil, $u¢leasesolrbndmnhenmetdloe mtaﬂ

50 may conpri se bu illar,..stu col wm,. pin,. or ather .
structure For modiwr BeitoeiYTnsPhte i RuEs phemfnp P! BurdhediEhppayve
anot her netal oelenehals2 alchel, bid a@aRdligittd® tehd 64edUedoindlidihgRads-over-chip
polymer, or the |ike. Internedi ate conductive elenments 52 incl ude,

but are not 1Pi n{ly@e) e lsadracandpeive clements that awsicatricdfyiflexthle diclestrie mpisrials,
15(L0C) type | e%ﬂaﬁé%@gﬁ%éd@onﬁl r(?ﬂfil?tyi)gQ%ar%@ﬁeﬂ@rtﬁérﬁtgc?ﬂprgésﬁ?ﬁ' 104a8

dielectric materials, as in tape- utomated ondi ng '( TAB)
arrangenent s, thter),rﬂndcblmill@s& on |l eads, etc.), and the |ike.

D scret e conduct i ve BLEEN a0 B0G ek, LALEITSHL Al S AONMELN S crens 52

| ayer 48', or t opichamydetsecured 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
clectronic 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 pm to about 150 pm) 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, 1007, 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.



20 pads 49, may electrically connect a sem conductor device 100,
100', 100", 100" (FIGs. 6 through 7A, respectively) according to the
present invention to another electronic conmponent, such as a carrier
substrate (e.g., a circuit board, interposer, flexible substrate,
etc.) leads, or another sem conductor devi-dé.- A sem conduct or device
100, 100', 100", 100" that has been fabricated in 25 accordance with

one or nore enbodi ne ts of th nve i ncl.udes ubstrate
10 with a thickness ﬁ&‘n%o%pcon 6§u{a %Condnfm{ Pla

provi des adequakteucsire mm tlt)a'l 1cmpmmr tm.-i}olﬁe dafrteagiyebheldmde tTof smbgtratmm In

has been fabricated on ac rface 12 n ctlve a ds 30/40
of sem conduct oFmg%‘i}inE’éts e ail the cppiget Paﬂ&)ﬁ é‘r?ﬁl?i“@ngwéor@gél%?tmcmre 100,

contact pads 48,1068 008N atEEREH & 5:ck GREYEbT YBs(®)E 1 Micke Bho B2l @Mlocate
30back side 13 to conmunicate electrically with integrated circuitry

carried by agti thsmsavet ived1areasiof tisuctivoouipys, Mhichdteanin edditaal ares, or wal
estate, upon actgt tg on '2:!1 Ho8ur ge ?fgrlrt aﬁed éA'f'cu 8/%dgr?c §953[l-1 ntllgf:?o
I ntegr at e It .- EO -

optimal density 0 clrcul Fve sur ace
I n sonme enbodi mmlablealrbumdmtgagt pads 48 of a sem conduct or device

structure 100, 100 100" 00" may be carrie back side 13 of
substrate 10. In enb@di l&r-'éﬁfré piss %@Pcataqtﬁ@f‘éﬁﬁﬁag%ﬁﬁ OYRE agifvey

sem conduct or da)ffa@@1§5f%§t%@1d%1em&her Ps on&&g boRéiR chRE@pEHADRhich
back side 13 of substrate 10, there is no nee ocat e 5t hem over

“dead" ar ead0 of comaurieates itk the sameciranircss the ep sonipet aadiiit ¢aoued byaskside 13.
or real estate, tof, i@ 6E bitfig g%ﬁﬁfféc%edf tﬁfougl%rﬂ?EﬂttSSFéé{t%:gﬁ%&rsw tB08h only

i ncreases the nu e cifcu
enbodi nents, a tmwphotentedhctpads, ARseraing be dtlmattt@cﬂccmtmt paistfomee snucdnaeming

12 of substrate 10 il e.another.  correspondin ottom cont ac a
38, Cwir b Loaonsaitedbet IR 1DRCroos RS ETRENS ok e R <PRRO R BEf o
pad, is carriedlehys, harkisiodr], d3the iRSL i Ng or burn-in may be effected

t hr ough onlx t he top contact pads or t hrough only the bottaom contact
pads, preset¥i ng t heFBthrerorgetithygonizshipade 8 peritioned pn hawk sids IdoHacentadig

sem conduct or 548 2 Oags s%gﬂated %rglq'th% %T(jittéa C?Itc?lﬁlg Fliagg‘% QP 12 by the

conponents, suc as circult

15Fur t her nor e, Umctkhess Qﬁsté:@ttratpaﬁlwm theo iy mvsh ddnien disteckicdaygbes thal, waibd

contact 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



pads 48 are al so separated fromthe integrated circuitry on active
surface 12 by the thickness of substrate 10 rather than by nuch
thinner dielectric layers that woul d ot herwi se separate contact pads

| ocat ed over active surface 12 fromthe integrated circuitry. As a
result, there may be reduced potential for-ldamagi ng the integrated

20 circuitry as pressure is applied to contact pads 48 that are
carried by back_si as r } t.est. . and/ I .
rocesses, i n wirsho a2 ar iR, FOF e Sy bt Als bEHeR Ut Bor BHbPr dfl garcaly
A nunber of ot hhérowthvanbages Tk eliminanos ofatiedi stmetralatife] 1t lagzepiiasedrt
invention will also be apparent taq thpse of ordinary skill in tﬁe

art. In compar i SURUERYCHINEM MEreonst Bl @riel by dhe e syrfice of a
which rel ativel Yerhigb@Rclh ABBHAE mul 8o M1& deSigiBdled MR ehatde BHRSthRLR in the
t hese advantages may include, but are not limted to, minimzed

cont ami nat i of adensphysthagiichoiush sireiith grecrrangede Fushmsdatee giageés spadyciyeorias
o et o dayi peet FerLOTMEs ST
of damnge to of Cofes! P bty ifugl SHibseih Bafbe Rrk 8 ufike Sy AR LYo

conductive vi a- ilrtiloed aspacemson necamakctyduciiveanaténial nRdoquitiip and reliably than

sem conduct or devigce. Moreqver tresses that are in ed on. a
SUbstrate by OSBRI o RETPRRIE AT R LTS SoRP G TEHEh 2
sem conduct or dehieéndacidr §dvicRs FREitToRSIY, tenklhsis MArgeBh fIORS cdrduéthR vias at
coefficients of thermal expansloirilvéoCT s) of a substrate and the

material or fat Eieibarksiés ofawmironfycdonderise mry erpdiaige ueaf siandard pyserb
the substrate pay,h&: Ecﬁ%g}ﬁ?gdimiﬁﬂioh'aﬁmggf off the! b%Erlﬁﬁdé! LR &le 8Rlmited

that extend only partia rough a su rate. e elimnation of at
| east sone r el athiliglof shdregeipdicantetremoguiensindler diemeiegsiefisetynartanged egdantive

of circuitry that is rried by the active surface of a, sem conduct
substrate may al'é¥ "f"é’f‘%&?‘&ﬁ?f‘ﬁ%ﬁ $W°§§Bf§ﬁﬂﬁ’os a@ﬁﬁéad?eéeric 4%5%%’@?&' S‘Hrfyn‘%r
the 5density W {HaseMdn@ebptdiedndohmigass hiiyadad t@inipoeRdnddstial Ralabilita peRluct
di anet er conductive vias, that extend only partially thrau

h
substrate my b&eHsand delisbliyy wh?rtffangpaaqﬁld*{i%rh%in@asttiﬂép%lahiB&eﬁ»rgé%%é@{ds, and
ratios, receivergGhAGhiteyBalehib@ld Rh ofMkhiilaY p egsé’s%}ré @sl%{:l“(o foRan

conductive vias of conparable dianeter that extend conpletely through
a sem conduct or caldvétive vissd@ainpletshathropgh s¢neicondubtosdeyicesf | ar ge di amet er

conductive vias at i 0 sem con tor,. device i

enabl e the use of s'}glﬁé@ggg‘ggégﬁ%%;a'é%lﬁ%ﬁ)%mw{cgg%rsﬂﬂaé&icgfnlplu hcpwppller,
circuitry ont haellhh;tel@hd:e:l, lprtitige_hiigiwmdsﬁ CEntlehrer lkilgﬁtialt@membgi ihéwé@ftha_% uch
equi prent to recogni ze smal |l er dianeter, .densely arranged conductive
vias, woul dg(?mt1 E‘H%Sr%les?g %@S%Q%?ng T (liies @ﬁalldé’dp%ﬁég_ r ICBREGnE 0k
vias. Any of thgse Ganhemlkaied safari RERS W B¥bdifAth & théThe @hevention is
i ndustrial scalability, product 15yields, and reliability when

conpared with té@idtefdustrial scal ability, product yields, and
reliability that ma I QV. vent i | . pr ssgs. . ar.e . used
to form conductive &ngln%%%ﬁgﬁ%s\éﬁﬁ ﬁ”r‘%ﬁg RN U(I:l?lgc‘r?orc?gacgs N G or

Sem con Vi €es.
Turni ng now t o fb@coBductive ehetittiacide deliticey 20011 dRtmeter psriian eopdiiEito an

controller,,cellular tel ephpone, portable digital sic player, )

di gi tal can%{r: a, acﬁ_?’e f”ﬁéc? PE‘E%BF%]PH SehsHete ﬁﬂ‘igc‘%{f“?_ 42 E?EFé“’XIY large diameter

sem conduct or  dgirigiethdRtendOto a BALRR side bPfhe fatRchitdh SABstARE IRkoAPr € Vi as

110 (see FIGs. 6-7B) according to enbodi nents of the present

invention is de‘iﬂﬂlﬂdéﬂ‘?ms’ 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



In summary, the present invention includes sem conductor devices with
one or nore conductive vias that include a relatively small dianeter
portion extending into an 25active surface of a fabrication substrate
and a corresponding, relatively |arge dianeter portion that extends
into a back side of the fabrication substrde. In sone enbodi nents,
this type of conductive via nmay be fabricated by form ng the

relatively smal §),di- 2% 6f sdiy énh%ﬂin%ftsms%nﬂérlyd%!fh'ef‘&nlﬂﬁgaer% SEHS vBfion may
while the large diameter portion of each coriductive via may be
fabricated aftebeBEGedprhichdisswithin ihs scenemf dheresgmEneantipp nieatuies frane different

that include on . ! r ' | C: clive
vias are al so d?@%%@géﬁ nﬁ?%%%ﬂﬂﬁ%&coﬁﬁﬁéﬂaﬁ%@e&% Sggﬁeébgtsh%erlggﬁﬁgéﬁs’
contai ns many speaiffreciadicithe sel lvhiosd ahiyniof thb epreadst daimd aadtheirmegal ng
t he scope of _.the present jnvention, _ but. nerely.as oyj.ding, -.12 -
Tustrationd of tlulNe stithaa e Srssping desribti ok ! adiRnsniniionpnd
the invention nadiRaGitS B iNRhGh dsl dBsclsédheteih MBI TAPRitBEn thi@eaning and
present invention. Features fromdifferent enbodi nents may be

enpl oyed in condtonaef &a claimears iofreengfraqef dhergbyent i on is, therefore,
indicated and limted only by the appended clains and their |egal
5equi val ents, rather than by the foregoing description. All
additions, deletions and nodifications to the invention as discl osed
herein which fall within the neaning and scope of the clains are to
be enbraced thereby. -13- dains: 1. Anethod for fabricating a
sem conduct or device structure, conprising: Mmng a first at |east
one via hole in an active surface of a fabrication substrate;

i ntroducing a conductive material into at |east a portion of the
first at |least one via hole to format |east one conductive via;
after or concurrently with formng the at |east one conductive vi a,
fabricating at | east one conductive elenent in electrical

comuni cation with at | east one active conponent on the active
surface; and



after fabricating the at | east one conductive element, formng a
second at |east one via hole in a back side of the fabrication
substrate to comunicate with the at | east one conductive via, the
second at | east one via hole having a | ateral dinmension at |east
twice a lateral dinension of the first®at |east one via hole. 2.
The nethod of claim 1, wherein fabricating conductive el enents

conpri ses. f.abricating at |east one of contact plugs, wiring |ines,
and cont a4¢MSads. 3. The method of claim1, further conprising

i ntroduci ng chbndumeilved fer Eabradating a samiteadtctorptovicostrat-t he second
at |east ongyél 8o rpsingz 4. The nethod of claim1, wherein

I nt roduci ng C C erial i.nt,o.at | east.a portion.of the

first at | eas Oﬁn& §¥ &ﬁéw&%@éh%?ﬂ%é&&#’@{%ﬁm?% mat eri al

into the first Hbrieaiian slstiats; hol e while interconnecting the at

| east one actinteodweipgreectnductive fitmerial hud atflegdtal poRiomber ei n

| ntroduci ng CO.'%ﬁsY%t[@%s?ghélviéB]bPet%}de%iléqéésFSpE'c‘éﬁdﬂE—t he second
ﬁgh?.e_ I'nclu plati

at | east one vi es at least one o ng a surface of
the second at "'¥ne via hole with conductive material, depositing
conduct i ve meafier er concarrentysurthdosmang the atleashanacondust one vi a

hol e, and i ntrogugivig, fabrienimo ad ledst \uhasbeduetive eleémbheigecond at

L L h@]{eﬁgiic?llcﬂﬁlpm cafidf WRhQdeakt 811@3;5\6&3 Lein

formng the firs onpri ses mng at | east

e ofie VI a.hole
one via hole haE@%ﬁ’@l?ﬁ%Fg?’emﬁb?n hree microneters (3 um to
about six ni cabberef: atengithe at least cieecomdinetiveél emhemtyfarmwher ei n

; or lm'eggt t gﬁes\e/ic a¥ecbhdst least U%@v@@h%lé%hé&é sidy BF fige t gfe fﬁgond
first at |east ﬁﬁd}ﬂgﬁg%&&gjﬁ'ﬁgﬂgyﬁg ‘%ﬁﬂﬁgﬁh%i %ﬁe%tsr urt her
conprisi ng: ren®R§ YUHICEveaVia, econsh @t lepsk oge vieholeri cation
substrate bef orkavingrd lajeth dimensioh attlehsiatwicemdateral dithen- 9. A
Structure, copppomoy “‘@Fﬁgq?kl@?“i@%ﬁ?%a@ba onant o o0 an active.
surface 011‘ mééﬁeﬁh&ﬁf ﬁﬁ%ﬁﬂa?g‘f"%@%‘% f%)rh@a?}q,gs{:ggﬁu?té\é%t one via
hole in t heealﬁmﬁﬂié comaprses abricaling ahlgasbanaaficantast Bigsh into the
first at | ewsfingritnes, andatantabi padd.abri cating interconnection
circuitry to 3 nPREGRBIRAE of BRiiAf 1] AR R PR sing introducing

conductive material into at least a portion of the second at

least one via hole.

4. The method of claim 1, wherein introducing a conduc-

tive material into at least a portion of the first at least one via

hole includes introducing conductive material into the first at

least one via hole while interconnecting the at least one active

component.

5. The method of claim 3, wherein introducing conductive

material into at least a portion of the second at least one via

hole includes at least one of plating a surface of the second at

least one via hole with conductive material, depositing con-

ductive material onto the surface of the second at least one via

hole, and introducing molten conductive material into the

second at least one via hole.



thinning the fabrication substrate after fabricating the inter-
connection circuitry; formng a second at |east one via hole in a
back side of the fabrication substrate after the fabrication

substrate has been thinned, the second,at | east [ [
_ ned, i one via hole having a
dianeter at |east two tinmes greater t}cil4an a dianeter of the first a?

| east one via hole and comruni catin | [ i
: \ _ _ gwth the first at | east one via
hol e; and introduci ng conductive nmaterial into the second at |east

one via hole and into contact with conductive materi.al i, t hi
first at |east6ofhevnathod ef claimil) wheindermingtbhe trﬂ\%né‘?as\l%ne'; Qien:

form ng the fiEStia&olé 88fiprensd forminglae lestoniesda Hode iamingapl ur al i t
of first viaj,holes; ) < ' Y
conpri ses foﬂ?ﬂlﬂﬁtsétrhaf‘d@ﬁ@%gbgg%t]ﬂgﬁ@ﬁ?‘%egsomzfﬁ %rl‘lb%vkln‘ﬂ[%x? ﬁlee
plurality of mlpr@ﬁlewl'ﬁ (o). 11. The method of claim9, wherein
Iﬁr mng the fifsThetmethsd ofiedaithal lwherdin formingdbesrecendtatbri cating
e active comq RN NEShole comprises forming the second at least one
via hole having a greater length than a length of the first at

least one via hole.
8. The method of claim 1, further comprising:
removing material from the back side of the fabrication
substrate before forming the second at least one via hole.
9. A’ method for forming a conductive via through a semi-
conductor device structure, comprising:
fabricating active components on an active surface of a
fabrication substrate;
forming a first at least one via hole in the active surface;
introducing conductive material into the first at least one
via hole while fabricating interconnection circuitry to
interconnect the active components;
thinning the fabrication substrate after fabricating the inter-
connection circuitry;
forming a second at least one via hole ina back side of the
fabrication substrate after the fabrication substrate has
been thinned, the second at least one via hole having a
diameter at least two times greater than a diameter ofthe
first at least one via hole and communicating with the
first at least one via hole; and
introducing conductive material into the second at least one
viahole and into contact with conductive material within
the first at least one via hole. -
10. The method of claim 9, wherein:
forming the first at least one via hole comprises forming a
plurality of first via holes; and
forming the second at Jeast one via hole comprises forming
the second via hole in communication with the plurality
of first via holes.
11. The method of claim 9, wherein forming the first at
Jeast one via hole is effected after fabricating the active com-

ponents.



