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TITLE OF THE INVENTION .

METHODS FOR FABRICATING AND FILLING CONDUCTIVE VIAS
AND CONDUCTIVE VIAS SO FORMED

TECHNICAL FIELD

Field.of the Invention: The present invention relates generally to techniques for
forming conductive vias of Semici?nductor device-components and, more speciﬁcally;
to conductive via-forming techniques in which conductive material is ‘selectively
deposxted on the surfaces of a via hole without being deposnted on the major surfaces of
the semiconductor device component through which the via extends. The present
invention also relates to conductive vias with selectively deposued conductive layers,
as well as to semiconductor device components that include the conductive vias and

semiconductor device assemblies that include the semiconductor device components.

. BACKGROUND

Background of Related Art: The parallel trends of ever-decreasing size and
ever—mcreasmg abllxty in the electronics industry have drwen a need for semzconductor~ '
devices, semxconductor device assembilies, and semiconductor device packages of
ever-decreasmg size and ever-—mcreasmg feature densxty One approach that has bccn
taken to facilitate these trends has been to make as many electrical connections between
components as poss:ble in a given amount of “real estate,” or area. This approach is
:ipplicable‘ to both adjacent components and non-adjacent components.

Conductive vias have been used to provide electrical pathways between
components that are superimgosed relative to one another, but that are not directly ’
adjacent to each other. A conductive via, which may be formed 'through a circuit board,
an mterposer, ora semlconductor dev:ce, prowdes such an electrical pathway.
Conductive vias typically include a hole formed through thé substrate, an msulatwe

lining, if the substrate is formed from a semiconductive or conducuve material, and a

.conducuve element that passes through the opening and Wthh may be electrically -

1solated from the substrate by way of the insulative lmmg As with most features of

.scmlconductor devices, the dimensions of the various elcments of conductive.vias also

contmue to decrease
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" U.S. Patent 6,841,883 to Farnworth et al, (hereinafter “Farnworth™) describes
exemplary proceéses f"or forming conductive vias th}ough semiconductor device
structures. In current state-of-the-art processes for fabricating conductive vias, via
holes are lined with materials:with low-diclectric constants, such as parylene and the
fluoropolymer resins (including, but not limited to, polytetrafluoroethylene (“PTFE”),
fluorinated ethylenepropylene (“FEP”), ethylene-tetrafluoroethylene (“ETFE"),
chlorotriﬂt.{oroemylene (“CTFE"), and perfluoroalkox yalkane (“PFA”), which are
marketed by E.I du Pont de'Nemours and Company under the trademark TEFLON®),

- Although these and similar materials may bé used to form very thin insulative coatings

on the surfaces of via holes, they do not adher’e \;lell to the materials (e.g., silicon) of
man); substrates through which via holes are formed or to the conductive materials that
are subsequently introduced into the via holes to form an electrically conductive via,

The low adhesion of such dielectric materials, as well the potential for
misalignment when multiple masks are used to form and passivate via holes may result
in shorting between a conductive via and the substrate through which the conductive
via extends. . )

-In addition, some of the processes that are currently used to fabricate conductive
vias are c‘omplex, reguire expensive materials or equipment that is not widely used in
semiconductor device fabrication processes, or are otherwise undesirable.

Accordingly, there are needs for processés for fabricating conductive vias with
state-of-the-art dimensions and capabilities while employing common semiconductor

device fabrication techniques.

DISCLOSURE OF INVENTION

The present invention includes 2 variety of aspects for fabricating conductive
vias through a substrate, as well as semiconductor device components including the
conductive vias, the conductive vias, and intermediate structures. '

A method for fo'rming one or more conductive vias includes f0r.ming one or
more via holes. The via holes may extend fully or partially through a substrate, such as |
a semiconductor device, an interposer, or another semiconductor device structure. The
via holes may be formed with a single mask, eliminating the potential for misalignment

between different sections of a via Holé, which are formed through layers of different
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materials. The via holes may be formed or subsequently processed in such a way as to
facilitate adhesxon of matérials that are subsequently introduced therem to the surfaces

thereof. Snch processing may include . providing via hole surfaces with rou ghened

features or other features that enhance thé surface areas thereof

Alternatively, such processing may include the fogmanon of a'dielectric coétipg

. that includes one or'more filins that improve adhesion of a material having a low .
dielectric constant to one or both of the material at the surfaces of the via holes and the

conducnve matenal that will subsequcntly be introduced into the via loles.
The dielectric coating may be formed in such a way as to extend onto an edge of
abond pad that is continuous with a via hole, thereby reducmg the potential for

electrical shorting between a subsequently fabricated conductive via and the material of

.- the substrate through which the conductive via extends.

A Iayer or film of barrier material may “also be formed over the surfaces of each ‘
via hole. By way of example only, the barrier material' may prevent 1nterd1ffus1on
between a conductive material and the material of an insulative coating or of the
subsu'ate through whzch the via hole extends.

Conductive matenal may be introduced into the via hole by a vanety of
processes. For example, a seed material coating or other “base layer”. may be formed
and if necessary, patterned to remove seed material from undesired regions ofa
semxconductor device structure (e &., the major surfaces of the semiconductor device.
structure). The seed material facilitates selective growth of conductive material at
riesired locations, such as over the surfaces of each via hole. Thus, once the seed
material coatirig CGVers only desired pqrtiops of a semiconductor device struciupe, the
conductive material may be sgléctive]y introduced into the via holes and over any other
desired locations of the semiconductor device structure (e.g., 6n a bond pad through
which a v1a hole extends-and w1th wh1ch the- conducuve via will communicate).

Further, more complete fxllmg of the via hole may thien be accomplished w:th a
filler material. If desired, the surface of the conducuve via may be made flush with one
or more features of thé semiconductor device component.

_ Once a conductive via has been formed in accordance wn:h teachmgs of the
present ‘invention, conductive rmaterial at the bhqd end of the via holé _and, thus, at the

blind end of the conductive via, may be exposed by removing material from the
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' backside of the. substrate The semiconductor devnce component may then be

assemb}ed with and electncally connected to one or mhore other sexmconductor devices

in any smtable anner. .
Other features and aévanta;ges of th;s présent invemibﬁ will .beqome apparent to

those of ordinary skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS . ,
In the drawings, which depict exemplary embodiments of various aspects of the
present invention: ' .
FIGS. 1 through 3 illustrate an example of a technique for forming a via hole
partially through a substrate; | '
"FIGS. 1, 2, and 4 depict an example of a process for forming a via hole ‘.
completely through a substrate; ° ' R o
_ FIGS. 5 and 6 depict an example of a process for ﬁassivating surfaces of a via
hole; ' ’ . O N
‘FIGS. 7 and 8 show fabrication of a barrier layer over surfaces of a via hole;
FIGS. 9 anid 10 illustrate the formation and optional patterning of a seed
material coating over surfaces of a via-hole; ' .
FIG. 11 represents selelctive deposition of a conductive layer over surfaces of a
via hole;

FIGS. 12 through 14 illustrate an example of a technique that employs

- nonselective deposition processes to form a conductive layer over the surfaces of a via

hole; - . ) ,

FIG. 15 isa representption pf a semiconductor device structure that includes an
electrically conductive, oxidation-resistant film over at least a'porlion of a barrier layer,
seed material coating, or conductive layer that extends onto a bond pa_d' of the
semiconductor device siructure; ‘

- FIG. 16 illustrates an cxcmplary process for filling a voxd that remains withina
via hole with a dielectric filler matenal . .

FIGS: 17 and 18 show another example of a process for filling a void that

remains within a via hole with a dielectric filler material;
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FIG, 19 is a depiction of a void in a via hole that has been filled with a
conductive material; '

FIG. 20 ﬂlustrates removal of matena) from the back side of a substrate to

expose conductive layers at or near a blind end of a via hole; .

FIGS. 21 through 24 are cross-sectional represemanons showmg acts inan

. example of a. process for formmg a via hole and coatmg, or passwatmg, surfaces of the

via hole with dlelecmc material; )

FIGS. 25 through 27 xllustrate examples of the deposmon and patterning of a
seed matenal coating over surfaces of a via hole,

FIGS. 28 through 34 are cross-sectional representanons of another example ofa

process for forming a via hole-and coating surfaces of the via hole w1th dielectric

- matenial;

FIG. 35 deplcts the formation of one or more conductive layers and underlymg A
layers over the surfaces of the via hole shown in FIGS. 28 through 34;

FIGS. 36 and 37 respectively show the formation of high surface area features,
such as roughness. featu'res, on the surface of a via hole to enhance adhesion of
materials thereto, and the subsequent formation of a dielectric layer over the hlgh
surface area surface of the via hole;. ‘ :

FIGS 38 through 42 :llustrate another example of a process for forming a via
ho]e m a sermconductor devme structure;

FIGS. 43 through 46 are cross-sectlional representanons of an exarnp]e of a
process for formmg a copper conductive via within a via hole;

FIG. 47 depxcts introduction of a dielectric ﬁller into a void that remains ‘within
a via hole following fabncatlon of a conductive via; ' '

FIGS. 48 and 49 show ariother exemplary process for fabncatmg a copper
conductwe via within a via hole; ) '

FIGS 50 through 53 are sehemanc representatlons that illustrate an example of '
a process. for fabricating a nickel conductive via within a via hole, )

FIGS. 54 through 56 deplct another exemplary process. for. formmg a mcke]

conducnve via within avia hole;
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FIG. 57. shows examples of processes for exposmg a blind end of a blind via
hole and mtroducmg conductwe filler material into a'void that remains within a via
hole following fabncat:on of a conductive via; o

FIG. 58 is a cross-sectional re’presentaiibn showing a condoctiye structure that is
secured a conductive via at the back side of a semiconductor device structure; and

FIG. 59 is a schematic representation of an assembly that includes a

semiconductor device structure that incorporates teachings of the present invention.

MODE(S) FOR CARRYING OUT THE INVENTION

A semiconductor device structure 10 according to the present invention may,
.without limitation, comprise a ssrniconductor'dcvice (e.g., a memory device, such as a
dynamic random access memofy (“DRAM?"), static random access memory (“SRAM™),
flash memory, electncally—erasable programmable memory (“EEPROM") magnetlc
random access memory (“MRAM“) etc.; a mncroprocessor, a mxcrocontroller an '
imaging device; or any other type of semiconductor device), another electronic
component that may be fabricated by semiconductor device fabrication techniques, ora
substrate (e.g., an intél‘posef'; a circuit board, etc.).

As FIG. 1 illustrates, a semiconductor device structure 10 according to, the

present invention includes a substrate 12 with an active surface 14 and a back side 13

opposite from active surface 14.: Substrate 12 moy comprise a full or partial wafer of

semiconductor material (e.g., silicon, galliurn arsenide, indium pﬁosphide, etc,), a
semiconductor-on-insulator (“SOY”) type substrate (e.g., silicon-on-glass (*SOG™),

. silicon-on-sapphire (“SOS™), silicon-on-ceramic (“SOC™), etc.), or éven a dielectric

(e.g., glass, sapphire, ceramic, polymor, resin, etc.) or metal substrate.

Semiconductor dcvico structure 10 may be processed to form one or more’
conductive vias that extend partially into or completely through substrate 12. Processes
of the present invention may be effected at the “wafer level” or “wafer ‘sc'ale,” prior to
separation of adjacent components from one another, as described in Farnworth. '

With reference to FIG. 2, in forming via holes 20 (FIG. 3) through substrate 12,
a mask 40 may be formed over a surface {e.g., active surface 14) of subsirate 12.
Mask 40 may be formed by known processes. For example, a photoresist may be
diqused on active surface 14 of substrate 12, seiectjvely exposed throu'gh.a réticle,
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then developed baked, or otherw:sc processed, as k.nown in thc art, to form a photo
resist mask, or ‘photomask ? ) ) .
Apcrtures 42 of mask 40 are positioned 50 as to fac:lnate material removal from

portions of one or more upper bond pads 15 that are carried by. acnvc surface 14 of

substrate 12 and thus, the’ formation of via hoIes 20 (FIG 3) through upper bond
. pads 15. Apcrtures 42 may be confi igured so as to form via holes 20 with desired-

(:ross-sectlonal shapes (e.g., c1rcular, square, etc.):
As shown in FIG. 3, via holes 20 may be formed through upper bond pads 15

. and mto substrate 12 by exposing the portions (e. g, center pornons 15c) of upper bond

pads 15 and substrate 12 that are exposed through aperturcs 42 to one or more etchants .
suitable for removing the material of upper bond pads 15, substrate 12, and any
intervening material layers. While the etchant or etchants that are used to formvia
holes 20 may be 1solrop1c (i.e., etch in all directions at substantially the same rate) or -

amsotmpxc (1 €., not isotropic), anisotropic etchants aré particularly uscful for forming

via holes 20 with high aspect ratios (i.e., height-to-width, or cross-sectional dimension,

ratios). Material may be removed from substrate 12 through apertures 42 of ‘mask 40
until via holes 20 of desired depth have been formed. Altematively, kno?vn‘]as.er'
drilling processes may be used, with or without a mask, to form via holes 20 in
substrate 12, . . '

A single mask 40 may be uscd in the process shown in FIG. 3. For example,'a’
fll‘St etchant may be used to remove material of upper bond pads 15 through
apcnures 42. A second etchant or solvent may be used to remove material
e.g., borophosphosmcate glass (BPS G), a polymer, etc.) of one or more protéctive '
layers 17 that laterally surround and may underlie upper bond pad 15 through :
apertures 42, prior to the complete removal of mask 40. As'niasl:c 40 may be partially
or substar;tially removed while upper bond pads 15 and protéctive layer. 17 are etched,
protectivé layer 17 and the remaining portions of upper bond Iiads 15 may then s&ve as
a mask through which material (e.g., silicon) of sufastrate 12 is'femoved Of course, the
etchant or etchants that are used to remove material of substrate 12 are selective for the
malena] of substrate 12 over the materials of uppér bond pads 15 and protecnve
_layer 17 (ie., the etchant removes the material of substrate 12 at a fgstcr rate than the

materials of up}ﬁcr bond pads 15 and protective Jayer 17). The use of 2 single mask 40
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* prevents misalignment of the sections of a via hole 20 that extend through different

materials. ) . .

E Tiie resulting via holes 20 may comprise blind via.ho]es.' as illustrated, which do
not extend fu'lly4 through substrate 12 and, ﬂaus,‘include blind ends 22: Blind via

holes 20 facilitateé vacoum handling of semiconductor device structure 10 ora .
fabrication substrate (not §hown) by which semiconductor device structure 10 is carried
during fabl:icatioh of con;jucfive vias through semiconductor device structure 10.

Alternatively, as depicted in FIG. 4, open via holes 20¢, which extend

- completely through substrate ]ﬁ, may be formed by removing the material of

substrate 12 through apertures 42 of mask 40,

Ifa photomask was used as mask 40 t6 facilitate material removal from selected
locations of upper bond pads 15, substrate 12, and any other material Jayers or features
of semiconductor dcwce stmcture 10, the photomask may be removed oncethe
material removal processes have been comp]eted ) ’

The surface 24 or surfaces of each via hole 20, 20’ may be sufficiently rough to
facilitate adhesion of materials thereto. Such roughness may be achieved through the
material removal process by which via holes 20, 20’ are formed, or by subsequent
processmg For example without limiting the scope of the present invention, via

holes 20, 20’ may be formed bya ;etramethylammomum hydroxide (“TMAH”) wet

etch (e.g., 9:1 H,O:TMAH), a wet etch with NH,F (ammonium fluoride), H20,

(peroxide), and CgHgO~ (citric acid) (e. g., 1:1:1'NH4F:H202': C6H§O7), with an SFg .

plasma etch, by a deep silicon reactive ion etch (“RIE™), or the like. 'Altemalively, via

.holes 20, 20’ that have been formed by other prc;césses may be roughened by use of a

suitable roughening technique, such as one of the just-described etch techniques.
WiFh reference to F]Q. 5, if substrate 12 is formed from a semiconductor

material or a conductive material, surfaces 24 of via holes 20 may be lined or coatéd

with dielectric material to form a dielectric coating 28, which prevents electrical

$horting as electrical currents are conveyed along circuitry that extends into or through’

.via holes 20. The thickness of dielectric coating 28 may be tailored to position a

subsequently formed conductive via at a-desired location relative to a surface 24 or,
blind end 22 of viahole 20. -
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As a nonlimiting exar;lple. dielectric coating 28 may in;:ludq a parylene, a .
low-silane oxide (“LSO™) (which is deposited by chemical vapor deposition (f;CVD")
ata relati\{elj low temperature), a r'nateri'al layer (e.g., an aluminum-rich oxide, etc.)
that has been deposited by pulsed depos'ftion processes and, thu's, is referred to as a
pulsed deposition layer (“PDL"), or any combination of dielectric materials or layers
may be applied to or deposited onto exposed surfaces of substrate 12 by known .
processes (e.g., spin coating, spraj{ing, programme& material consolida,tion processes
(e.g. those et:fécted by the systems available from Objet Geometries, Ltd., of Rehovot,
]srae] 3D -Systems Corporation of Valencia, Cahforma ete.), CVD, thermal growth,
spm-on dielectric (“SOD") techniques (e.g., spin-on glass (“SOG” processes), etc ).
Examples of processes for forming dielectric layers are disclosed in U.S.

Patents 6,770,923 and 6,541,280, as well as in U.S. Patent . . :
Publxcauons U82005/0006768 US2002/0137317, and U82002/0137250
If desxred poftions of dielectric coating 28, for example, portions that cover

.upper bond pads 15 or other locations of active surface 14, may be subsequently -

removed. Suitable techmques for selectwely removing various regions of dlelecmc -
coanng 28 include,.but are not limited to, dry etch processes and wet etch processcs
For ex ample, spacer etch techmques in which the etch process is effected at a low
pressure that 1mparts ions thh a dlrectlon energy that Temoves material frorn horizontal
surfaces wnhout substantlally removmg it from vertical surfaces, may be used to
selectively remove portions or, or pattern, dielectric coating 28. Such processes may be
timed or an end point detected to prevent undesired removal of materials:from within
via holes 20 (é.g., f'rom surfaces 24). (_)ther techniques for selectively ;emoviﬁg.regions
of dielectric coating 28 may bp effeétéd with our without a mask (e.g.,‘a'photomaék,:
which may be 's'prayed on, for example, by sonic dispense pfo'cesées), which
subslan'tigily fills via holes 20 ;mc} through which'upper bond pads 15 a1;e exposed, with’
active surface 14 either shielded b).( or exposed through the mask. When a mask is ‘
used, wet or dry, isotropic or anisotropic etch processes may be':usec'l to pattern
dielectric coating 28. - Of course, once dielectric coating 28 haé been pattei‘ne’d ‘the
mask may be removed (e.g., by known resist strip techmques) As another alternatwc,

plananzauon or pohshmg processes, such as chermcal mechamcal



10

15

20

25

30

-10.-

planarization (“‘.CMP") may be useci to remove dielectric coating 28 from active
surface 14 and surfaces of upper bond pads 15. . .

" In fozmmg a dielectric coating 28 on surface 24 of.via hole 20, surface 24 of via
hole 20 may first be coated with.a first adhesxon layer 25 compnsm g an oxide, such as -
a silicon oxide. The oxide of first adhesion layer 25 may be formed by any suitable
process, inchuding by depbsition using tetracthylorthosilicate (“TEOS™), thermal
growth p'rocesses, or low:temperature oxidation processes. First adhesion layer 25, if

i)resent may facilitate adhesion of a material having an even lower dielectric

. constant (*K”) over surface 24 of via hole 20.

* A dielectric material having a relanvely low dielectric constant (€.g., K =2)
may be deposited directly onto surface 24 of each via hole 20 or onto adhesion layer 25
that coats at least portions of surface 24. Of course, the processes that are used to form
dxelectrlc layers 26 are compauble with the material or materials from whlch dielectric
layers 26 are to be formed, as well as the-materials or structures over which dielectric
material is to be formed or deposited. Examples of Jow-K dielectric materials that may
be deposited over surface 24 include, but are not limited to, parylenes
(... PARYLENE HT®), TEFLON®, and othef dielectric matérials with low dielectric
constants that may be deposited on features (e. g., within via holgs 20) with relatively
high aspect ratios to form relatively thin dlelecmc layers 26.

An optional, second adhesion layer 27 may be formed over dlelecmc layer 26 to
facilitate adhesion of conductive materials over the surface 24 of each via hole 20. .

Like first adhesion layer 25, second adhesioh.layer 27 may compi'ise an oxide, such as

- a silicon oxide. Any siu'fable process may be used to form adhesion layer 27, .including,

without limitation, deposition of the material of second adhesion layer 27 (e.g., with
TEOS when second adhesion layer 27 comprises a silicon oxide).

Portions of first adhesion layer 25 (if present), dielectric layer 26, and second
adhesion layer 27 (if present) that overlie sach upper bond pad. 15 may Se removed

therefrom to facilitate communication between subsequently formed conductive

-structures and upper bond pad 15. The removal of the dielectri¢ materials of these

layers 25, 26, or 27 may be effected sirnultaneously/sequemially, as shown in FIG. 6, or
immediately following the formation of each sequential layer 25, 26, or 27,
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Layers 25, 26, 27 may be referred to heremafter, mdmdually orin any
combmat;on as “dlelectrlc  coating 28. > ) ] ’
Refemng now tq FIG.7,a barne; layer 29 may be formed over dielectric

coating 28. Barrier layer 29 is particulai:ly useful for preventing .undesir'able reactions-

“between copper conductors within via holes 20 and the exposed materlal of dielectric
. coatifig 28 or. substrate 12. Sultable materials from which barrier layer 29 may be
" formed mclude without llmnanon, titanium (Ti), titanium nitride (’I‘IN), tantalum (Ta),

tantalum nnnde (TalN), and other materials that prevent interdiffusion and splkmg

i between c0pper and silicon and silicon-containing materials.

As illustrated, barrier layer 29 may be formed by so-called “blanket” deposmon
processes, in which upper exposed surfaces (e.g., active surface 14, surfaces exposed
within via hole 20, etc.) of semiconductor device structure 10 are coated with ehe'
material of barrier layer 29, To facilitate the subsequent selective deposmon of
conductwe matenal for example, on upper bond pads 15 and surfaces 29s. of barrier

layer 29, as depicted in FIG 8, the material of barrier layer 29 may be removed from

. locations of semlconductor device structure 10 or substrate 12 thereof (e. g actlve

surface 14) where depos ition of conductive material could be problematic (e g., cause
electrical shomng) or is otherwise not desired. The removal of unwanted barner
material may be effected by a variety of known processes, including, but not limited to,
Spccef etching, polishing or ﬁ]ané’rization technigues (e.é., mechanical polishing,
chemical mechanical pclishing (“CMP”™), etc.), or ctherwise, as known m the art..

. Surfaces 24, 28s, 29s of via holes 20, dielectric coating 28, or barrier layer 29,
respectnvely, may be at Jeast pama]ly coated with a seed material, which will facilitate
subsequent growth of a desired conductive material on surfaces 24, 28s,0or 29s, as -
shown in FlG 9. Of course, the seed material of the resu Itmg coating 30 facilitates
growth or deposmon of one or more desired types of conductive matenals over
surfaces 24 28s, or 29s. For example when surface 24, 285, or 29s is to be lined w1th

copper, the seed material coating 30 may itself comprise copper A copper seed

'matenal coating may be formed by any suitable deposition techmque, such as a

physical vapor deposmon (“PVD”) process (e 2. sputtermg) oraCVD process As

another example, any suitable process (e.g., PVD CVD, etc. ) may be used to form an

: aIummum film on surface 24 28s or 29s.
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When blanket deposmon techniques are used to form coatmg 30, the seed
material may cover all of the exposed surfaces of semiconductor devnce structure 10,

mcludmg areas where subsequent deposmon of conductive.material is not desired,

" (e.g., areas other than upper bond pads 15 and surface 24, 28s, 29s). Accordingly, as

iflustrated in FIG: 10, portions of seed material coating 30 may be removed from these
areas. Any suitable techniique may be used for this purpose, including, without
lnmtanon known polishing or planarization techniques.

‘When via holes 20 are to be filled with copper,.as an alternative to separately

. removing barrier layer 29 and seed malqnal coating 30 from some of the surfaces of

semiconductor device structure 10, as shown ?n FIGS. 8 and 10, a'single remoyval
procéss may be used to remove both seed material coating 30 and barrier layer 29. This
single removal process may corhprise any process suitable for rémovipg barrier
material and seed inaterial from undesired locations on the exposed surface or surfaces
of semiconductor dev1ce structuré 10, while leavmg barner material and seed material
at Jocatjons where subsequent growth or deposition of conductwe material is desired
(e.g., on upper bond pads 15, on surfaces 24, 28s, 29s (FIG."9) within via

holes 20, etc.). Exemplary fembval processes include, but are not limited. to, known
spacer etch techniques, polishing or planarization techniques, and the like.

Once seed material coating 30 has been fqrmefi and patterned, conductive

‘material (e.g., a metal, conductor-filled polqur; etc.) may be selectively deposited on

or otherwise applied to a surface 30s thereof to form a conductive layer 32 over

surfaces 24 of via holes 20 and, optionally, over upper bond pads'15 or portions

. thereof, as shown in FIGS, 11 through 14. By Wa'y of nonlimiting example, known

electroless plating, immersion plating. or electrolytic plating techniques may be used.
Conductiv§ material may be erosited until conductive layer 32 reaches a desired
thickness, in which case a void 34 (FIGS. 11 and 14) may remain within via hole 20, or
until via hole 20 is completely filled; i.e., no void remains within via hélé 20.

FIG. 11 illustrates selective deposition of & conductive layer 32 on seed material -

.coating 30. For example, copper may be selectively deposited (e.g., by electroless or

immersion plating; e.g., with the chemistry available from Pac Tech GmbH of Nauen,
Germany) onto a seed material coatmg 30 that also comprises copper. Alternatively, a

conductwe layer 32 comprising nickel may be seiecnvely deposited (e.g., by eleciroless
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or immersion plating; ¢.g., with the chemistry available from Pac Tech) on a seed
material coatmg 30 that comprises aluminum. . e ‘.

As an alternative to selective techniques for depositing conductwc material to
form conductive layers 32 over surfaces 24 of via holes 20, nonselective deposmon

processes méy be employed. An exemplary method for forming conductive layers 32’

. by nonselective deposition processes is shown i in F.IGS 12 through 14.

In FIG 12, a mask 40’ is formed over active surface 14 by known processes.
For example, and not to limit the scope of the present invention, mask 40" may
compnse a photomask that is formed by app] ylng a photoresist over active surface 14,
selecti‘.'el'y' exposing the photoresist, developing the phoiorcsisst, Qemovizfag undeveloped- .
photoresist, then baking the photéresist Mask 40’ includes apertures 42’ that aie
aligned over via holes 20 that have been formed within substrate 12, lined with one or
more dielectric material layers or coatings (e.g., dielectric coatmg 28 or sublayers

thereof mcludmg, without limitation, adhesion layers 25 and 27 and dlelectl‘lc layer 26

[(see FIGS. 5 and 6)), optionally coated with a barrier layer 29, and optionally including

a seed material coating 30. Apertures 42’ need not expose entire upper bqndi pads 15;
as 'upper bond pads 15'may include a material or materials that facilitate adhesion of a -
desired material thereto, ' S .

As mask 40" will physwally separate portions of” a subsequemly formed
conductxve layer 32', as shown (FIG 13), from portions of each of the aforementioned
layers that overlie non-uppcr bond pad 15-bearing regions of active surface 14 of.
substrate 12, portions of seed material coating 30, the optional barrier iayer (not
shown), and dielcétric coating 28 that overlie non-upper bond pad 15-bearing regions
of active surface 14 need not !Je.removed prior to the formation of conductive layer 32°,

anduciEVe layer 32' may be formed by any suitable process, inc;]uding, but not
limited to, PVD, CVD, electro}yt_ig plating, electroless plating, and immersion plating ‘
techni qués.' Such a deposition or plating process may be used ‘to form conductive

layer 32' on surfaces of seed material coating 30 that-are exPoséd through aperture 42

‘of mask 40’ and, wheri the, deposmon process is not selective, on exposcd surfaces of

mask 40’. By way of nonhmmng example, a conductive layer 32’ comprising nickel

may be formed on a seed material coating 30 thgt comprises copper. ‘The nickel may be _

* deposited onto mask 40’ and portions of seed material coatiné 30 that are exposed
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through apert\.;re 42' by any suitable process, such as an electrolytic, electroless, or
1mmer51on plating process '

. Thereafter, as depicted in FIG 14, mask 40' may be removed by suitable .
processes. Continuing with the example of a photomask any suitable mask-strip
process may be employed. As mask 40" (FIG. 13) is removed from semiconductor
device structure 10', any 'pcirtiOns of conduc‘tiVe layer 32' that previously overlied
mask 4¢ are “lifted of ” of semiconductor dcv1ce structure 10"

If undesired portions of seed material coating 30, or barrier. layer 29 were not

. previously removed from cxpOSed surfaccs of scmzconductor device structure 10’

(e.g., from non-upper bond pad 15-bearmg regxons of active surface 14), suitable
processes may be used to remove one or more of these layers or coatings following the
removal of mask 40’. In addition 1o the aforementioned techniques for removing these
layers or coatings, removal proceéses (e.g., usé of wet or dry etchants in appropriate
processes) with selec.tivity for the materials of the layers or coatings over the material
of conductive layer 32’ may be employed. '

_ Optionally, as depicted in FIG. 15, if any of conductive ]ayer 32 seed material
coating 30, or barrier layer 29 extends onto upper bond pads 15 and the material of
conductive layer 32, seed material coating 30, or barrier layer 29 forms an-oxide which

is not compatible with processes for subsequently securing conductive elements

{e.g., bond wires, solder balls, leads, conductive elements of tape-automated

'bondmg (“TAB”) substrates, etc.) to upper b0nd pads 15, an e]ectncally conductive,

oxidation resistant coating 39 may be formed on conductive layer 32, seed material

. coating 30, or barrier lélyexj 29. Oxidation resigtém coating 39 may, for example,

comprise aluminum, gold, platinum, or any other oxidation resistant material that is

.compatible with the material of conductive layer 32. Oxidation resistant coating 39

may be formed by a se:lective (e.g., electroless or immersion piating) or non-selective
(e.g., CVD, PVD, etc.) deposition process. If a non-selective deposition process is

used, oxidation resistant coating 39 may be patterned by known processes (e.g., use of °

.mask-and etch processes, mask and lift-off processes, etc.).

With reference to FIG. 16, if, following the formation of conductive
layer 32, 32, a void 34 remains within via hole 20, a filler material 35 may.be

introduced into void 34. Filler material 35 may comprise a conductive material, such as
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the same type of material use to form conductive layer 32 32/ (e g.,ametal) ora
material that is compatible with the material of conductxve layer 32, 32‘ (e.g., another
metal, a metal alloy, a conductive polymer, conductor-filled polymer, etc ), ora

dielectric material (e. &, a polymer). Fillér material 35 in a hqmd state (e.g., , molten

'metal, heated thermoplasuc polymer, uncured polymer, etc.) may bc introduced into

void 34 by any ‘suitable process. For example, a k_nown “backfilling” process, in which
filler matenal 35 is mechanically forced into void- 34 may be used. Alternatively, if a
vent (not shown) has been for'med between blmd end 22 of via hole 20 and a back
side 13 of substrate 12, filler material 35 may be drawn into void 34 by capillary action
or under efnegative pressure (e.g., a vacuum), or'f.’orced info void 34 under positive
pressure. ' ) ' ‘ ‘
While a bump 37’ may be formed by a dielectric filler material 35, as shownin
FIG. 17, such a bump 37" may prevent a conductive structure from bemg secured to and '.

estabhshmg adequme electrical communication with upper bond pad 15. Accordingly,

s illustrated in FIG. 18, dielectric bumps-37' may be removed from over surfaces of
. upper bond pad 15 and, thus, dielectric filler material 35 may have anupper surface 35s

that is flush, or substantiaily coplanar, with the surface 15s of each upper bond pad 15.

Altemanvely. as deplcled in FIG. 19, a conductive via 38 may be- completed by’
fillmg void 34 with a conducuve material. In the illustrated example, a conductive
ﬁller 36 (e.g., a solder, such as tin/lead (Pb/Sn) solder a so-called “lead-free solder,”
such as a copper/tin/silver (Cu/Sn/Ag), tm/copper,(Sn/Cu), tin/silver (SivAg), or .
éold/tin {Au/Sn) a}loy), or other suitable conductive material) may be introduced into
void 34 10 fill the same and, optionally, to form a bump 37 on upper bond pad 15.

As yet another altemagive, voids 34 may remain within the conductive via 38,
avoiding the stresses (e.g., mismatched coefficients of themial'expansion, mismatched
elecu'ical conductivities or resistivities etc.) that may be cau’scd by imreducing' ’
dlelectnc or conductive material therem. )

As illustrated in FIG. 20, blind ends 22 (FIG -19) of via holes 20 and thus, of.

«conductive vias 38 mey be exposed through back side 13 of substrate 12 by removing

material from back side 13 of substrate 12. Of course, any suitable technique may be

used to'expose blind ends 22. For example, a so-cailed “back grindirig” process may be _

used to remove material from a back side 13 of substrate 12 enxil the bottom portion 33
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of conductive ]ayer 32 which is located at blind ends 22 (see FIGS. 16 and 19), is
exposed, as xllustrated or until a partial or full cross section of the various layers of

conductlvc via38 is exposed. The exposed bottom portion 33 of conductive layer.32 of

" each conductive via 38 forms a bottom bond pad 16 of semiconductor device .

structure 10, .
Back side 13 may be subsequently processed to passivate the same, to form
larger bond pads at the bottom ends of conductive vias 38, as well as-to form

conductive traces that extend laterally to other bond pad locations,.and other features,

. as desired.

The following EXAMPLES describe various examples of processes that may be
used to form various embodiments of conductive vias that extend into or through

semiconductor device components.

' EXAMPLE 1 o
_ With reference to FIGS. 21 through 27, an example of a process that.may be

used to form via holes 20 in a substrate 12 and insulate, or passivate, surfaces 24

_thereof is - described.

InFIG. 21, a viahole 20 is fonned in substrate 12, Whﬂe via hole 20 is
depicted as extendmg only partually through substrate 12 and is, thus, known m the art

as a “blind via hole,” via hole 20 may allernatu{e]y extend completely through

 substrate 12. Via hole 20 may be formed by any suitable process, including, without

limitation, by use of 2 mask through which one or more elchants selecuvely remove
material of substrate 12, by laser ablation techniques, or otherwise, as known in the art.
‘While FIGS. 21 through 27 depict the process of EXAMPLE 1 as being useful
for forminé conductive vias limt extend through-“blind” areas of substrate 12, which do
not include integrated circuitry or bond pads, these processes may also ‘be used to form

conductive vias that extend through bond pads that are located over either blind or

.active areas of substrate 12.*

As shown in FIG. 22, a first adhesion layer 25 is formed on surface 24 of via
hole 20 and on an active surface 14 of substrate 12. Adhesion layer 25 may be formed

by any suitable process, such as a dépdsitioh process (e.g., pulsed layer
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deposition (“PLD") {which forms aPDL), CVD, atomic layer deposmon (“ALD”),
process for formmg an LSO, etc.), as a thermal oxide, by a lowﬁtemperature oxxdanon

process, spch as that disclosed in .U.S,.Pzgtent 6,165,808, issued to Zhang on

Dectember 26, 2000.

Known processes are then used to deposit a layer 26 comprising low-K

. dielectric material, such as parylene, TEFLON®, or the like over first adhesion layer 25,
" as depicted in FIG. 23. Due to the low K of the material or materials from which

dielectric layer 26 is formed, it may be relatively thin, facilitating the fabrication of via
hb]es 20 with relatively large aspect ratios and, th}:S. increasing the potential de;,nsity of
conduc‘ti\"é vias that may be included on substrate 12 per a gi\;entarea ox;er active
surface 14 or back side 13 thereof. C ’ ' '

As the material from which dielectric layer 26 is formed may not adhere well to
many conductive materials, another, second adhesion layer 27, formed from a material

that will adhere to both the material of dielectric layer 26 and a subsequently deposited ‘

‘material, may be formed over dielectric layer 26, as shown in FIG. 24, Second

. adhesion layer 27 compnses a dielectric material (e.g., a silicon oxide) and may be

formed by known processcs such’as suitable PLD or LSO tcchmques o .
Next, as shown in FlG 25, a conductive layer, which may alsg be referred to as
“seed material coating 307 orasa metal mask,” is fornicd over second adhesion
iayer 27 In' this EXAMPLE 1, seed material coating 30 is formed by depositing
lungslen over second adhesxon layer 27. Tungsten is useful for faclhtatmg the
subsequem formation of nickel over surface 24 of via hole 20.
Portioris of seed material coatmg 30 that overlie active surface 14 of
substrate 12 are removed, as illustrated in FIG. 26. These portions may be removed-by
any suitable process, including the use of so-called “spacer étéh”:techniques, which will
not remove significant portions of seed material coating 30 located with'in via hole 20.
T:hereaftqr, as depicted in FIG, 27, exposed.poriions'of second adhesion '

layer 27 (i.e., those overlying active surface 14 of substrate 12) :arg;-, removed. Again,

any suitable removal processes may be used, such as a selective wet etch (i.&., the

etchant has selectivity for the material of second adhesion layer 27 over seed material

_coatihg'30). Thus, seed material coating 30 acts as a “metal mask” that pfevents
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removal of po;tions of second adhesion layer 27 that overlie surface 24 of via hole 20
while exposed portions of second adhesion layer.27 are removed.

"+ Portions of dielectric layer 26 that overlie active surface 14 of substrate 12.may

also be removed. Again, any suitable process may be used to remove material of -

dielectric layer 26. For example, when dielectric Jayer 26 is formed from parylene or
TEFLON, a known, so-called “plasma strip,” process may be employed.
Once desired portions of dielectric layer 26 have been removed, portions of first

adhesion layer 25 that overlie active surface 14 of substrate 12 may be removed. Any

. suitable processes may be used 1o remove these portions of first adhesion layer 25,

including, but not limited to, the use of wet etchants, including wet etchants that will
remove material of first adhesion layer 25 with selectivity over.the material or materials

that are.present at active surface 14 of substrate 12.

"+ EXAMPLE 2 .
~ FIGS. 28 through 35 illustrate another example of.a process that may be used to
form via holes 20 in a substrate 12 and insulate, or passivate, surfaces 24 of via '
holes 20. ‘ ‘. .
In FIG. 28, a via hole 20 is formed in substrate 12. ) .
As shown in FIG..29, qﬁrst adhesion layer 25 is formed on surface 24 of via-

‘hole 20 and on an active surface 14 of substrate 12. Portions of first adhesion layer 25

that overlie active surface’14 of substrate }2 are then immediatcl)} remover:!. as shown
in FIG. 30. ' ‘ ‘

Next, ds illustréted. in FIG. 31, a layer 26 comprising low-K dielectric material
is deposited over rcrl:laining portions of first adhesion Jayer 25 and over active
surface 14, Thereafter, portions of dielectric layer 26 that overlie active surface 14 are
remaved, as depicted in FIG. 32, ' :

A second adhesion layer 27 is then formed, as shown in FIG: 33. Portions of
second adhesion layer 27 that overlie active surface 14 are subsequenily.removed,
while portions of second adhesion Jayer 27 that are adjacent to dielectric layer 26

remain, as shown in F1G. 34,
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Thereafter, as shown in FIG. 35, a conductive ]ayer 32 and any underlylng
layers may be formed. Thereafter, any voids 34 remaining w1thm via hole 20 may be
filled, as chcr}bed aboye in reference to‘FlGS. 16 through 19.

. While FIGS. 28 through 35 depict the process of -EXAMPLE 2as béing useful

*for forming conductive vias that extend through “blind” areas of suﬂs’traie 12, which do

. not include intégratcd circuitry or bond pads, these processes may also be used to form

conductive vms that extend through bond pads that are Jocated over enher blind or

acnve areas of substrate 12.

EXAMPLE 3

In another exemplary via hole formation and insulation technique, which builds

- upon the process flow described in EXAMPLES 1 and 2, the first adhesion layer may

be omitted and replaced with a process for roughening surface 24 of via hole 20, as
shown in FIG. 36. Surface 24 may be roughened, for éxample, by the process or

_processes that are used to form viahole 20. Alternatively, a separate etch process may

. be used to increase the roughness of surface 24. The roughness of surface 24 enhances

the direct adhesion.of dielectric layer 26 or dielectric coating 28 to the matenal of

substrate 12 at surface 24, as shown in FIG. 37.

~ EXAMPLE 4
FIGS. 38 thou gh 42 illustrate the fonnanon of a via hole: 20 (FIG 42) through

an upper bond pad 15 carried by substrate 12. When mask and etch techmques are

employed to form via hole 20, a series of etch processes may be used. This is because
the material of upper bond pad 15 differs from the material of underlying portions of a
dielectric proteétivc layer 17 and the material of substrate ];’Z ‘over which protective
layer 17 Izes, and different etchants may be needed to remove these materlals

In FIG. 39, a mask 40 is formcd over acuvc surface 14 of substrate 12, Any

suitable masking process may be used, including the formation of a photomask over .

active surface 14. An‘aperture 42 of mask 40 is positioned so as to facilitate material

rembyal from a portion of upper bond pad 15. Aperture 42 may be located so that

‘material may be removed from the center of upper bond pad 15, or'so that material
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removal will be effected from a location that i$ offset from the center of upper bond
pad 15.

As shown in FIG. 40, material of upper bond pad 15 is removed. The removal
of material of upiyer bond paci 13 may be ef’fectéd with a single etch or, if necessary to
remove multiple conductive layers, a plurality of etches. The removal process may be
either i 1sotroplc or amsotroplc either wet or dry.

Once a portion of protective layer 17 that underhes upper bond pad 15 is
exposed through upper bqnd pad'15, a material removal process that is suitable for
removing the material of proteélivc layer 17 is effected, as FIG. 41 illustrates, This
protective layer 17-removal process may be iSOtl"OpiC or anisotropic, wet'or dry.

’ If necessary, another mask 40", such as a photomask, may be formed over
active surface 14 to prevent the removal of material of protective layer 17 during
subsequent processing, as illustrated in FIG. 42.

Portions of sﬁbstrate 12 that are exposed through the opening 20’ in upper bond
pad 15 and protective layer 17, and through ar; aperture 4é" of mask 40", may be_
exposed to an etchant to extend opening 20" into substrate 12 and, thus, to form a via
hole 20 therein. While the ‘étchént may be an isotropic etchant or dn anisotropic
etchant, é-wet etchant or a dry etchant, it is notable that the use of an ariisotropic
etchant may maximize the aspect ratio of the resulting via hole éO.

Once via hole 20 has been formed, any ré_sist remaining on substrate 12 may be
‘rcmoved_ therefrdm, és known in the art (e.g., by use of suilable resist strip brocessing).
The surface areas of surfaces 24 of each v‘ia‘hole 20 may be increased, as explained ini
EXAMPLE 3, and a dfeleqtfic coating 28 (not shown in FIGS. 38 through 42) ;nay be
fabricated over surfaces 24 of each via hole 20, as t;lescribed in EXAMPLES 1 and 2.

Alternatively, via hole 20 may be formed by other known processes (e.g., laser
ablation).

EXAMPLES 5 through 8 describe various techniques and procéss flows for

forming conductive layers within via holes 20.

" EXAMPLES .
Referring now to FIGS. 43 through 47, an exemplary process for forming

conductive vias that comprise copper conductivé elements is described.
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Once a via hole 20 has been formed, surfaces 24 thereof may be coated with one
or more layers of dielectric material, as illustrated in FIG. 43, to form a dielectric
coating 28 over surfaces 24. Processes such as those disclosed in EXAMPLES 1-3
may be used to coat surfaces 24 of via holes 20 with dielectric material, as may any
other suitabie techniques.

A coppér barrier layér 29" (e.g., Ta, TaN, Ti, TiN, etc,) (e.g., about 150 A thick)
inay then be formed, as depicted in FIG. 44, Coppor barrier layer 29" overlies
dielectric coaﬁng 28 and. prevents undesirable interdiffusion between 2 subsequently
formed copper conductive element and the material or matenals of dielectric coating 28
or substrate 12. Examples of materials that may be used to- form copper barrier
layer 29” include, without limitation, titanium nitride; tantalum nitride, tantalum, and
the like.. These and.other materials that act as a barrier between coppo} and
sxhcon-contammg materials may bé deposited by known processes (e 8., CVD).

) Portions of copper barrier layer 29" that overlié active surface 14 of substrate 12

are then removed. Known processes may be used to remove these portions of copper

barrier layer 29", including, but not limited to, spacer etch processes and mask and etch
proccsses. Following i‘emoval, and depending at least in part upon the t){ée of rernoval
process employed, portions of copper barrier layer 29” remain within,v'ia‘hole 20 and,
optionally, o'ver upper bond pad 15.

In FIG 45 a seed matenal ‘coating 30" of COpper (e.g., about 2,000 A thick) is
formed on upper bond pads 15 over active surface 14 of substrate 12, and on portions
of copper barrier layer 29" that remain within via holes 20. The copper of seed material
coating 30” may be deposited by }.nown processes, mcludmg CVD and PVD processes

When blanket deposition processes are used to deposnt the copper of seed
material coating 30", ponionsi of seed material coating 30" that overlie active surface 14
of substroie 12 are removed to prevent electrical shorting actoss active surface 14
(e.g., at locations between conduofive vias or between a coriductive via anc'! a bonﬁ pad '

or other electrically conductive structure that'is exposed to active surface 14). These.

.pom ons of seed mateérial coating 30" may be removed by any smtab]e process,

including by known planarlzatlon or polishing processes (€.g., mechanical pohshmg,
chemical-mechanical polishing, etc.), with a spacer etch, or otherwisé¢, as known in the
art.
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Next, as shown in FIG. 46, a conductive layer 32" (e.g., about 1 pm thick),
which comprises copper, is formed over remaining portions of seed material
coating 30". Conductive layer 32" may be formed selectively on seed material
coating 30", without covering other regions of substrate 12 or features carried thereby.
For example, known electroless plating, immmersion plating, or electrolytic plating
technologies, such as the chemistries available from Pac Tech, may be used to

selectively deposit the copper of conductive layer 32",

EXAMPLE 6

The process flow of EXAMPLE 5 may be modified somewhat, as shown in
FIGS. 48 and 49. In FIG. 48, barrier layer 29" remains completely intact as a seed
material coating 30" is formed thereover. Once seed material coating 30" is formed,
regions of both seed material coating 30" and barrier layer 29" that are not located
within via hole 20 or over upper bond pad-15 are removed as shown in FIG. 49. These
portions of seed material coatmg 30" and barrier layer 29”' may be removed by any
suitable process or processes, including, but not limited to, use of a polishing technique
(e.g., CMP), a spacer etch, or the like.

EXAMPLE 7

Tuming now to FIGS. 50 through 53, an exemplary embodiment for forming a
nickel conducuve eIement in a via hole 20 is described.

FIG. 50 shows a substrate 12 with an upper bond pad 15 carried by active
surface 14 thereof. A nickel film 15' is plated onto upper bond.pz_id 15 by known
techniques, such as electroless, immersion, or elcc&olytic plating techniques. A via
hole 20 is then formed through upper bond pad 15 and in substrate 12, by a suitable
process, sueh as that described in EXAMPIES 1-4.

Thereafter, as shown in FIG. 51, a dielectric coating 28" is formed over
surfaces 24 of via hole 20, on nickel film 15, and on active surface 14 of substrate 12.
Dielectric coating 28"" may include one layer (e.£., an oxide filin formed by PLD
or LSQ) or more (e.g., a dielectric layer formed from a non-silicon-containing low-K
material and one or more optional adhesion layers, as described in EXAMPLES 1

and 2). Notably, dielectric coating 28"" need not be etched or otherwise selectively
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removed prior to the subsequent deposition process. Optionally, a barrier layer 29 (not
shown) may be formed over dielectric coating 28"".

A seed material coating 30"” is then formed over dielectric coating 28"". Seed
material coating 30”", which may comprise copper, is formed on dielectric coating 28""
by known processes, such as by CVD or PVD techniques. A mask 40”7, such as a
photomask, may then be formed 6ver seed material coating 30"". Mask 40"" .includes
an aperture 42"" positioned relative to each via hole 20 so as to faci]ita.tx;. the
introduction of material into via hole 20, but prevent the exposure of portions of seed
material coating30"" that overlie remaining portions of upper bond pad 15 and active
surface 14.to such material:

As FIG. 52 illustrates, following the formation of mask 40"", nickel is plated
onto portions of seed material coating 30"” that are exposed through each aperture 42"
to form a conductive layer 32"" (e.g., having a thickness of about 3 pm to.about 5 um)
thereover. Nickel plating may be effected by any suitable process, including, but not
limited to, electroless plating techniques, immersion plating techniques, and electrolytic
plating techniques. As illustrated, mask 40"” Jimits the extent of conductive layer 32",
Once conductive layer 32" has been formed, mask 40”".may be removed by
techniques that are known in the art. Any nickel remaining 6n mask 40" is lifted off as
mask 40"" is removed.

- Conductive layer 32"" may then serve as a mask for the removal of exposed
portions of seed material coating 30"" and, once these portions of seed material
éoating 30" are removed, for the removal of the subsequently exposed portions of
dieleciric coating 28", as shown in FIG. 53. Such removal may be effected by use of
one or more etchants that remove the copper or other material of seed material
coating 30"” or the material or materials of dielectric coating 28" with selectivity over
the nickel of conductive layer 327",

EXAMPLE 8

Another technique for forming a nickel conductive element of a conductive via

is described with reference to FIGS. 54 through 56.

After a via hole 20 has been formed in active surface 14 of substrate 12
(e-g., through an upper bond pad 15 carried by active surface'14, as depicted), and a
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dielectric coating 28 has been formed over surfaces 24 of via hole 20 (e.g., by the
process described in EXAMPLES 1 and 2), abase I.ayer comprising an aluminum

film 30"’;" is formed over active surface 14, upper bond pad 15, and dielectric

coating 28, as shown in FIG. 54. The use of aluminum is desirable because of its low
electrical resistivity and the ease with which ajJuminum films may be formed and
patterned. Aluminum ﬁh:n 30"" may be formed by known processes, including,
without limitation, use of CVD and PVD techniques. These processes may be used to
uniformly and conformally coat aluminum over exposed regions of upper bond pad 15
and over surfaces 24 of relatively deep (i.e., high aspect ratiG) via'holes 20.

When blanket deposition processes are used to form aluminum film 30!"",
portiéns of the film that are located over active surface 14 of substrate 12 (e.g., on
protective layer 17, as.depicted), are removed, as FIG. 55 depicts. - Such removal may
be effected by suitable tech’nique's; for example, with spacer etch or polishing
processes.

With reference to 'FIG. 56, remaining portions of aluminum film 30" may be
coated with nickel: The nickel forms a conductive layer 32" over aluminum
film 30’"”. While any suitable nickel-deposition process may be employed to form
conductive layer 32""", if conductive layer 32" is formed by a selective deposition
process, such as an electroless, immersion, or electrolytic plating process, the resulting
conductive layer 32" will only coat exposed portions of seed materjal coating 30"
and remaining portions of upper bond pad 15 and subsequent material removal
processes will not be needed. In addition,' when such processing is used, nickel may be
applied to both upper bond pad 15 and over surface 24 of via hole 20 simultam.:ously,
rather than separately.

As conductive layer 32" may extend over upper bond pad 15, it is not
necessary to plate upper bond pad 15 with nickel or any other conductive material prior

to the formation of conductive layer 32",

EXAMPLE 9 .
Conductive features {e.g., portions of seed material coaiing 30", conductive
layer 32™", conductive filler 36 (e.g., a solder, such as tin/lead (Pb/Sn) solder, 2 ‘
so-called “lead-free solder,” such as a copper/tin/silver (Cu/Sr/Ag), tin/copper (Sn/Cu),
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tin/silver {Sn/Ag), or gold/tin (Au/Sn) alloy), or other suitable conductive material),
etc.) within each via hole 20 form a conductive via 38 through substrate 12. When
these features are exposed t0'a back side 13 of substrate 12, they form a bottom bond
p'ad 16 at back side 13 of substrate 12, as illustrated by FIG. 57.

When blind via holes 20 are formed and filled, blind end 22 of each via hole 20
may be exposed through a back side 13 of substrate 12 by any suitable process. For
éxample, known back-grinding techniques or eiching processes may be ﬁsed to remove

material from back side 13 and expose via hole 20 or structures therein to back side 13.

EXAMPLE 10

With continued reference to FIG. 57, a void 34 (FIG. 56) that remains within a
via hole 20 may be filled with conductive filler 36, such as-a molten metal or metal
alloy (e.g., solder). -Conductive filler 36 may be applied to a surface 13, 14 of
substrate 12 by any suitable process (e.g., in a bath, in a wave solder apparatus, etc.),
and permitied to fill voids 34. Conductive filler 36 may, for example, be drawn into
void 34 by capillary action. Alternatively, conductive filler 36 may be forced into via
holes 20 under negative pressure, positive pressure, or mechanical force.

As shown, a conductive bump 37 may remain on upper bond pad 15.
Altemauve]y, orin addmon, a conductive bump could protrude relative to back side 13
of substrate 12. If desired, c0nduct1ve bump 37 may be removed by known processes

(e.g., by suitable etching processes).

EXAMPLE 11
Alternatively, as shown in FIG. 47, any void 34 (FIG. 46) that remains within a
via hole 20 may be filled with a plug of an electrically nonconductive, or dielectric,
filler material 35. By way of nonlimiting example, a liquid (e.g., moltefl, uncured, etc.)
dielectric filler material 35 may be applied to active surface 14 of substrate 12 by ;:lny
suitable technique (e.g., spin-on processes, spraying, etc.) and may be passively.or
actively (e.g., under pressure or force) introduced into void 34 to at.least partially fill

the same,
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If necessary or desired, excess dielectric filler material 35 may be removed
(e.g., with a suitable solvent or etchant) from one or both surfaces 13, 14 of-

substrate 12, as well as any features (e.g., upper bond pads 15) thereon.

EXAMPLE 12

Turning now to FIG. 58, electrical communication may be established with
conductive vias 38 and, thus, with their corresponding upper bond pads 15 and circuitry
(e.g., in the case where semiconductor device structure.10 is a semiconductor device,
with integrated circuitry of the semiconductor.device) that communicates with upper
bond pads 15, by securing external conductive elements S0 to bottom bond pads 16.
Exterﬁal conductive elements 50 may, by way of example only, comprise the illustrated
balls or bumps of conductive material (e.g., metal, a metal alloy such as a solder, a
conductive polymer, a conductor-filled polymér, etc.), conductive pins, pillars, or
columns, or a so-called z-axis coriductive film, which includes a dielectric film with
conductive filaments extending only along the thickness, or z-axis, thereof.

External conductive elements 50 may be used to electrically connect
semicondiictor device structure 10 to anothér electronic component. For example, as
shown in FIG. 59, contacts (e.g., bottorn bond pads 16) of semiconductor device

structure 100 may be aligned with corresponding contacts 112 of another

semiconductor device component 110, then the contacts (e.g., bottom bond pads 16)

and their cérresponding contacts 112 secured to one another, in electrical
communication, with external conductive elements 50. The presence of separate
contacts (e.g., upper bond pads 15) on the.opposite surface of semiconductor device
structure 100 facilitates the disposition, or “stacking,” of another electronic component,
such as the depicted semiconductor device component 120, over semiconductor device
structure 100, with contacts 122 of the upper semiconductor device component 120
being aligned with and secured in electrical communication (e.g., with é:onductiVe
bump 37) to corresponding contacts (e.g., upper bond pads 15) of the middle
semiconductor device structure 100.

Other examples of assemblies in which semiconductor device structures 100

according to the present invention may be used are described in Farnworth, as are
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electronic devices within which semiconductor device structure 100 may be
incorporated.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as. providing
illustrations of some of the presently preferred embodiments. Similarly, other
embodiments of the invention may be devised which do not depart from the spirit or
scope of the present invention. Features from different embodiments may be employed
in combination. The scope of the invention is, therefore, indicated and limited only by
the appended claims and their legal equivalents, rather than by the foregoing
description. All additions, deletions and modifications to the invention as disclosed
herein which fall within the meaning and scope of the claims are to be embraced

thereby.
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CLAIMS

What is claimed:

1. A semiconductor device structure, comprising:
a semiconductor material substrate;
at least one via hole extending at least partially through the substrate;
a dielectric coating disposed on at least a portion of a surface of the at least one via hole, the
dielectric coating comprising:
an adhesion layer contacting the at least a portion of the surface of the at least one
via hole;
a dielectric layer comprising a low K dielectric material coating the adhesion
layer; and
another adhesion layer coating the dielectric layer;
a barrier layer over the dielectric coating;
a coating comprising seed material of copper, aluminum or tungsten on the barrier layer; and

a conductive material coating the base layer.

2. The semiconductor device structure of claim 1, wherein the barrier layer

comprises at least one of titanium, titanium nitride, tantalum, and tantalum nitride.

3. The semiconductor device structure of claim 1, wherein the conductive material

comprises copper.

4, The semiconductor device structure of claim 1, wherein the at least one via hole

extends through a bond pad carried by the substrate.

5. The semiconductor device structure of claim 4, wherein the bond pad comprises

an unplated bond pad.
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6. The semiconductor device structure of claim 5, wherein the coating comprising

seed material contacts an unplated surface of the unplated bond pad.

7. The semiconductor device structure of claim 1, wherein the conductive material

comprises nickel.

8. The semiconductor device structure of any of claims 1-7, further comprising:

a void between opposed surfaces of the conductive material.

9. The semiconductor device structure of claim 8, further comprising:

a dielectric filler material within the void.

10.  The semiconductor device structure of claim 9, wherein a surface of the dielectric

filler material is substantially coplanar with a surface of the substrate.

11.  The semiconductor device structure of claim 1, wherein at least one of the

adhesion layer and the another adhesion layer comprises an oxide.



