
WO 2007/019199 PCT/US2006/030167  -1 METHODS OF FORMING THROUGH-WAFER
INTERCONNECTS  AND STRUCTURES RESULTING THEREFROM  TECHNICAL FIELD 5 The
present invention relates generally to semiconductor manufacturing
techniques and methods of forming electrical contacts in semiconductor
substrates.  More particularly, the present invention relates to methods of
forming through-wafer  interconnects in semiconductor substrates and
structures resulting therefrom. 10 BACKGROUND  Semiconductor substrates
often have vias extending therethrough, wherein the  vias are filled with
conductive materials to form interconnects (commonly known as a
through-wafer interconnect, or "TWI") used, for example, to connect
circuitry on one  surface of the semiconductor device to circuitry on
another surface thereof, or to 15 accommodate connection with external
circuitry. As used herein, a "via" refers to a hole or aperture having
conductive material  or a conductive member therein and which extends
substantially through a substrate  (e.g., from one surface substantially to
another opposing surface). The via may be used  to accommodate electrical
connection of a semiconductor device, an electrical 20 component, or
circuitry located on a side of the substrate other than where bond pads
have been formed. Vias are conventionally formed in a variety of substrates
for a  variety of uses. For example, interposers for single die packages,
interconnects for  multi-die packages, and contact probe cards for
temporarily connecting semiconductor  dice to a test apparatus often employ
vias in their structures. 25 In a more specific example, a test apparatus
may be configured for the  temporary and simultaneous connection of bond
pads of a semiconductor die (e.g., on a  full or partial wafer test
apparatus). A substrate, employed as a test interposer, may  include vias
passing therethrough providing a pattern of conductive interconnect
structures on one side of the interposer substrate to match the bond pad
patterns of the 30 semiconductor dice, as well as a plurality of
interconnect structures on an opposing  side of the interposer substrate for
connection with the test apparatus. Thus, the vias of  the interposer
substrate provide electrical interconnection between the semiconductor  dice
(or other device) and the test apparatus. 



WO 2007/019199 PCT/US2006/030167  -2 Where a via is to be formed through a
semiconductive material such as silicon,  one known method for constructing
the via includes forming a first hole (sometimes  referred to as a
"precursor hole") by a so-called "trepan" process, wherein a very small  bit
of a router or drill is rotated about a longitudinal axis while being moved
radially 5 about the axis to create the precursor hole. The precursor hole
is larger in diameter  than the intended diameter of the completed via.
Following precursor hole formation,  an insulation (or dielectric) layer is
formed in the hole by either forming a thin silicon  oxide layer on the
hole's surface by exposure to an oxidizing atmosphere or by  oxidizing the
hole and then coating it with an insulative polymeric material. When a 10
polymeric insulative material coating is desired, a suitable polymer, such
as ParyleneTM  polymer, may be vapor deposited over the substrate and into
each precursor hole on  one side thereof while applying a negative pressure
(i.e., a vacuum) to an opposing end  of the hole. In some cases, because
adhesion of a given polymer material to the silicon  may be relatively poor,
the surface of the hole may be oxidized to improve adhesion of  15 the
polymer material. The insulative polymeric material is drawn into and fills
each precursor hole  and the polymer is cured. A via hole is drilled (such
as by percussion drill or laser) or  otherwise formed in the hardened
insulative polymeric material so as to exhibit a  diameter smaller than that
of the precursor hole. The via hole is then filled with a 20 conductive
material, which conventionally includes a metal, metal alloy, or
metal-containing material, to provide a conductive path between the opposing
surfaces  of the substrate. The conductive material of the via is insulated
from the substrate itself  by the layer or layers of insulative polymeric
material. While such a method provides adequate structures for enabling
electrical  25 interconnection from one surface of a substrate to another
surface of the substrate, it is  noted that it is difficult to achieve dense
spacing of vias and difficult to form vias  exhibiting high aspect ratios
(i.e., height to width, or cross-sectional dimension ratios)  using such a
method. In another prior art method of forming a via, a silicon wafer is
provided with a  30 thin layer of silicon dioxide on both major, opposing
surfaces. A pattern is formed on  the wafer by use of mask layers which
prevent etching in non-via areas. An etchant is  



applied to both major surfaces to form holes or "feedthroughs" which meet in
the WO 2007/019199 PCT/1JS20061030167  -3 middle of the wafer. A dielectric
layer is then formed over the wafer surfaces  including the feedthrough side
walls. A metal layer is formed over the dielectric layer  and conductive
material is placed in the feedthroughs to complete the conductive vias.  It
is noted that, in order to isolate each via, the metal layer must be
configured to cover 5 the feedthrough surfaces only, or be subsequently
removed from the outer surfaces of  the via and wafer. Again, it is
difficult to obtain high aspect ratio vias using such  conventional methods
and, therefore, provide a high level of density of such vias for a  given
application. Other prior art methods for forming vias are generally
illustrated in U.S. Patent  10 5,166,097 to Tanielian, U.S. Patent 5,063,177
to Geller et al., and U.S. Patent  6,400,172 to Akram et al. It is a
continuing desire to improve the manufacturing techniques and processes
used in semiconductor fabrication. It would be advantageous to provide a
more  efficient method for forming through-wafer interconnects that enables
a higher density 15 of vias, enables the fabrication of high aspect ratio
TWI structures and improves the  simplicity of the fabrication process while
maintaining or improving the reliability of  the TWI structures. DISCLOSURE
OF THE INVENTION 20 The present invention discloses methods for forming
conductive vias, herein  also known as through-wafer interconnects (TWIs),
in substrates and the resulting  semiconductor devices, electrical
components and assemblies including TWI  structures. In one embodiment, a
method of forming a through-wafer interconnect  25 comprises forming an
aperture in a first surface of a substrate, depositing a first  dielectric
layer on an inner surface of the aperture, depositing an electrically
conductive  layer over the first dielectric layer, depositing a second
dielectric layer on the inner  surface of the aperture, and exposing a
portion of the electrically conductive layer  through the second, opposing
surface of the substrate. 30 In accordance with another aspect of the
present invention, another method is  provided of forming through-wafer
interconnect structures. The method includes  



forming an aperture in a first surface of the substrate, depositing a first
dielectric layer WO 2007/019199 PCTIUS2006/030167  -4 on an inner surface of
the aperture, depositing a conductive layer over the first  dielectric
layer, depositing a second dielectric layer over the first surface and at
least a  portion of the electrically conductive layer, and removing the
second dielectric layer  from the first surface of the substrate such that
the second dielectric layer remains over 5 at least a portion of the
electrically conductive layer. A portion of the first dielectric  layer is
exposed through a second surface of the substrate and a third dielectric
layer is  disposed over the opposing, second surface of the substrate and
the exposed portion of  the first dielectric layer. A portion of the third
dielectric layer is removed to expose a  portion of the first dielectric
layer through a remaining portion of the third dielectric 10 layer. The
exposed portion of the first dielectric layer is removed thereby exposing a
portion of the electrically conductive layer through the second, opposing
surface of the  substrate and the remaining portion of the third dielectric
layer. In accordance with another aspect of the present invention, a
semiconductor  device is provided. The semiconductor device comprises a
substrate having a first  15 surface and a second, opposing surface, and a
through-wafer interconnect extending into the first surface of the
substrate. The through-wafer interconnect includes an  electrically
conductive material extending from the first surface of the substrate to the
second, opposing surface of the substrate, wherein a first portion of the
electrically  conductive material is exposed through the first surface of
the substrate and a second 20 portion of the electrically conductive
material is exposed through the second, opposing  surface of the substrate.
A first dielectric material is disposed between the electrically  conductive
material and the substrate and extends from the second, opposing surface of
the substrate to the first portion of the conductive material. A second
dielectric  material is disposed over a portion of the electrically
conductive material and exhibits a 25 surface that defines a blind aperture
extending from the first surface toward the second,  opposing surface. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS In the drawings, which
depict nonlimiting embodiments of various features of  30 the present
invention, and in which various elements are not necessarily to scale: WO
2007/019199 PCT/US2006/030167  



-5 FIGS. 1-8 illustrate cross-sectional views of semiconductor devices at
different  stages of fabrication, including the formation of through wafer
interconnect structures,  in accordance with certain aspects of the present
invention; and FIG. 9 is a schematic showing a computing system including a
semiconductor  5 device configured in accordance with the present invention.
MODE(S) FOR CARRYING OUT THE INVENTION In the present invention,
semiconductor wafers or portions thereof, substrates  and components in
which a conductive via or through-wafer interconnect (TWI) is to  10 be
formed are identified herein as "substrates" regardless of the purpose of
the TWI or material of construction of the substrate or TWI. Thus, for
example, the term  "substrate" may be used in reference to semiconductor
wafers, semiconductor wafer  portions, other bulk semiconductor substrates,
semiconductor devices, interposers,  probe test cards, and the like. The
invention is described as generally applied to the 15 construction of a
semiconductor substrate. Methods of making the TWIs in  semiconductor
devices are described as well as the resulting structures, components  and
assemblies so made. The methods of forming the TWIs and the resulting
structures benefit from the  use of lower temperature processes than
conventional methods since some of the  20 methods disclosed herein use
polymers that are used at ambient temperatures. Further, some of the methods
of forming the TWIs of the present invention do not require  venting for a
hot solder process and no flux clean is required because no solder fill
process is required. Additionally the methods described herein enable the
fabrication  of high aspect ratio TWIs which may or may not be filled with
an electrically  25 conductive material. Referring now to FIGS. 1-8, methods
and structures in accordance with an  embodiment of the present invention
are disclosed. FIG. 1 illustrates a cross-section of  a semiconductor device
10 having a first surface 12 and an opposing, second surface 14  in
accordance with an example of one embodiment of the invention. The 30
semiconductor device 10 comprises a semiconductor substrate 16 (i.e., a
silicon  substrate) and optionally may include a dielectric layer (not
shown), a passivation WO 2007/019199 PCT/US2006/030167  -6 



layer 17 or conductive elements including bond pads 18 which may be coupled
with  internal circuitry (not shown) as will be appreciated by those of
ordinary skill in the art.  The substrate 16 may comprise, without
limitation, a bulk semiconductor substrate (e.g., a full or partial wafer of
a semiconductor material, such as silicon,  5 gallium arsenide, indium
phosphide, polysilicon, a silicon-on-insulator (SOI) type  substrate, such
as silicon-on-ceramic (SOC), silicon-on-glass (SOG),  silicon-on-sapphire
(SOS), or a polymeric material suitable for semiconductor  fabrication,
etc., that may include a plurality of semiconductor dice or other
semiconductor devices formed therein. If the substrate 16 is a wafer, the
substrate 16 10 may also be a full thickness wafer as received from a vendor
or a wafer that has been  thinned (e.g., thereby defining the second surface
14) after fabrication of the  semiconductor device 10. While not
specifically illustrated, the semiconductor  device 10 may further include,
or be further processed to include, various conductive  elements, active
areas or regions, transistors, capacitors, redistribution lines, or other 15
structures used to produce integrated circuitry. The TWIs of the present
invention may  be formed at the semiconductor die level or at the wafer (or
other bulk substrate) level,  depending on the particular needs of the
manufacturing process. Thus, while  FIGS. 1-8 illustrate the fabrication of
a single TWI in association with a single bond  pad 18 (shown as two
cross-sectional portions in the drawings), it should be understood 20 that
the semiconductor device 10 maybe constructed to include multiple TWIs and
that  such TWIs may be associated with internal circuitry (not shown) or may
be formed in  "dead space" of the substrate 16. Further, as illustrated in
FIG. 1, and depending on the  type of process used to place the bond pad 18
on the semiconductor device 10, the  bond pad 18 may be partially covered
with a passivation layer 17. As will be 25 appreciated by those of ordinary
skill in the art, the passivation layer 17 may include an  appropriate layer
of insulative or dielectric material disposed on a surface of the  substrate
to prevent oxidation of the semiconductive material. As shown in FIG. 1, an
aperture 20, formed as a blind hole in the presently  disclosed embodiment,
is formed in the first surface 12 of the semiconductor device 10.  30 In one
embodiment, the aperture 20 is patterned and etched through the bond pad 18
and into the substrate 16. The aperture 20 may be formed by appropriately
masking  and patterning a photoresist or other material (e.g, oxide hard
mask), and wet or dry WO 2007/019199 PCT/US2006/030167  



-7 etching to form the aperture 20 to a predetermined depth suitable for the
formation of  the TWI such as, for example, deep silicon etched vias. One
suitable "wet" metal etch  employs a mixture of nitric acid and hydrofluoric
(BF) acid in deionized (DI) water.  "Dry" etching may also be termed
reactive ion etching (RIE). Either a wet or dry 5 etchant maybe used to form
the aperture 20 as well as to etch through the bond pad 18  (and other
materials above the substrate 16, if present). Further, if the substrate 16
is  made from silicon, a silicon dioxide native oxide may require removal,
and an HF  etchant may be used for this purpose prior to etching of the
underlying silicon of the  substrate 16. In other embodiments, the aperture
20 may be formed, for example, by 10 laser drilling, laser ablation or
mechanical drilling. After formation, the aperture 20  may be subjected to a
cleaning process to remove any unwanted reactants or impurities  formed
during the aperture formation process. After the aperture 20 is formed, a
metallized or other conductive layer 22 may  be formed on a portion of the
bond pad 18. The conductive layer 22 may provide  15 increased material
adhesion between the bond pad 18 and a subsequent conductive material such
as a metal liner or a material plating. For example, if the bond pad were
formed of a material such as aluminum, and if a subsequent conductive layer
of  material comprised nickel, a conductive layer 22 may be disposed on the
bond pad 18  to ensure the adherence of the nickel plating. 20 Still
referring to FIG. 1, an insulation layer 24 is applied to the inner surface
of  the aperture 20. The insulation layer 24 may comprise a dielectric
material such as, for  example, a pulsed deposition layer (PDL) of low
silane oxide (LSO), a Parylene m  polymer such as that which is available
from Specialty Coating Systems division of  Cookson Electronics, silicon
dioxide (SiO2), aluminum oxide (A1203), an organic 25 polymeric material
suitable for passivation purposes such as polybenzoxazole (PBO) or
benzocyclobutene (BCB), or combinations of any thereof. Other dielectric
materials  that may be used as the insulation layer 24 include tetraethyl
orthosilicate (TEOS),  spin-on glass, thermal oxide, a pulse deposition
layer comprising aluminum rich oxide,  silicon nitride, silicon oxynitride,
a glass (i.e., borophosphosilicate glass (BPSG), 30 phosphosilicate glass,
borosilicate glass), or any other suitable dielectric material  known in the
art. Methods of depositing the insulation layer 24 are known by those of WO
2007/019199 PCT/US2006/030167  



-8 ordinary skill in the art and may vary depending on the type of material
used for the  insulation layer 24. A conductive layer 26 is deposited over
the insulation layer 24 and may be  partially disposed over the first
surface 12 of the semiconductor device 10 in a manner  5 circumscribing the
aperture 20. The conductive layer 26 comprises at least one layer of  a
conductive material such as, for example, nickel (N). In one embodiment, the
conductive layer 26 may include another layer such as  a plating-attractive
coating (PAC) or some type of seed layer that is placed over the  insulation
layer 24 to enhance the deposition of the conductive layer 26. For instance,
10 titanium nitride (TiN) may be placed over the insulation layer 24 using
chemical vapor  deposition (CVD) techniques to act as the PAC for the
subsequent deposition of the  seed layer with a plating process such as, for
example, electroless or electrolytic plating  to form the conductive layer
26. Other conductive materials that may be used to form the conductive layer
26  15 include, without limitation, titanium (Ti), polysilicon, palladium
(Pd), tin (Sn),  tantalum (Ta), tungsten (W), cobalt (Co), copper (Cu),
silver (Ag), aluminum (Al),  iridium, gold (Au), molybdenum (Mo), platinum
(Pt), nickel-phosphorus (NiP),  palladium-phosphorus (Pd-P),
cobalt-phosphorus (Co-P), a Co-W-P alloy, other alloys  of any of the
foregoing metals, a conductive polymer or conductive material entrained 20
in a polymer (i.e., conductive or conductor-filled epoxy) and mixtures of
any thereof.  Other deposition processes that may be used to deposit the
various layers of the  conductive layer 26 include metallo-organic chemical
vapor deposition (MOCVD),  physical vapor deposition (PVD), plasma-enhanced
chemical vapor deposition  (PECVD), vacuum evaporation and sputtering. It
will be appreciated by those of 25 ordinary skill in the art that the type
and thickness of material of the various layers or  materials used for the
conductive layer 26 and the deposition processes used to the  deposit the
layers of the conductive layer 26 will vary depending on, for example, the
electrical requirements and the type of desired material used to form the
TWI and the  intended use of the TWI. 30 Referring now to FIG. 2, a second
layer of insulation 28 is placed over the first  surface 12 of the
semiconductor device 10 and an interior surface of the aperture 20. In  one
embodiment, the second layer of insulation 28 may include ParylenerM
polymer, 



WO 2007/019199 PCT/US2006/030167  -9 but in other embodiments, the second
layer of insulation 28 may include another  dielectric material such as
those discussed herein with reference to the insulation  layer 24 of FIG. 1.
Thus, the second layer of insulation 28 provides a non-solderable  layer
that conformally coats the interior surface of the aperture 20 and, as a
result, flux 5 clean, hot solder processes, and venting are not required as
with prior art techniques of  forming TWI structures. The portion of the
second layer of insulation 28 overlying the conductive  layer 26 and the
first surface 12 of the semiconductor device 10 is removed with a  process
such as, for example, spacer etching with a reactive ion (dry) etch. This
results 10 in the semiconductor device 10 structure shown in FIG. 3. In
other embodiments, the  portion of the second layer of insulation 28 may be
removed using other processes  including, but not limited to, chemical
mechanical planarization (CMP), mechanical  stripping, suitable masking and
patterning of a photoresist along with wet or dry  etching, or other known
process. In one embodiment, when the second layer of 15 insulation 28
comprises ParyleneTM polymer, the second layer of insulation 28 may be
masked, patterned and etched to remove the desired portions of the second
layer of  insulation 28 and expose the upper portions of -the conductive
layer 26, referred to  herein as interconnecting pads 29, as illustrated in
FIG. 3. Referring now to FIG. 4, the semiconductor device is depicted as
having been  20 inverted about a horizontal line relative to that of FIGS.
1-3 for convenience in  describing subsequent process acts and resulting
features. The semiconductor  device 10 is thinned by removing a portion of
the substrate 16 from the second  surface 14 of the semiconductor device 10,
resulting in a newly defined second  surface 14'. The thinning of the
semiconductor device 10 exposes the insulation 25 layer 24 originally formed
along the surface of the aperture 20 such that it extends  partially through
the second surface 14' of the semiconductor device 10. The  substrate 16 may
be thinned using any suitable process which may include, without
limitation, an abrasive technique such as CMP or conventional back grinding,
the use  of a chemical to selectively etch the substrate 16, or suitable
masking, patterning and 30 etching of the second surface 14 (FIGS. 1-3) such
as, for example, a patterned  photoresist followed by a wet or dry etch to
remove the substrate 16. 



WO 2007/019199 PCT/US2006/030167  -10 Referring now to FIG. 5, a third
insulation layer 30 is deposited on the second  surface 14 of the
semiconductor device 10 and over the exposed portion of the  insulation
layer 24. In one embodiment, the third insulation layer 30 comprises a
polymer such as a ParyleneTM polymer, a pyralin polymer (also known as
PI-2611 5 polymer, available from DuPont), polybenzoxazole (PBO),
benzocyclobutene (BCB),  an insulative epoxy, a PDL of LSO, silicon dioxide
(Si02), aluminum oxide (A1203), or  any one of the materials used to form
the insulation layer 24 described herein with  reference to FIG. 1. As shown
in FIG. 6, a portion of the third insulation layer 30 is removed and a  10
small portion of the insulation layer 24 is again exposed. The process used
to remove  the portion of the third insulation layer 30 overlying the
insulation layer 24 is suitable  for the type of material used as the third
insulation layer 30. For instance, in an  embodiment where ParyleneTM
polymer or pyralin polymer is used as the third  insulation layer 30, the
process for removing the third insulation layer 30 may include 15 masking
and patterning a photoresist over the third insulation layer 30 and dry
etching  through the exposed portion of the third insulation layer 30, then
stripping the  photoresist. In a further embodiment, if an insulative epoxy
is used, a resist may be used to  frame the epoxy pattern, the epoxy
applied, and then the resist removed, leaving second  20 surfaces 14'
covered and insulation layer 24 exposed. In another embodiment when PBO is
used as the third insulation layer 30, the  PBO may be selectively exposed,
photodeveloped and baked to leave the protruding  insulation layer 24
exposed. In yet another embodiment, a stereolithography process (i.e., such
as from  25 Japan Science Technology Agency (JST)) may be used to
selectively provide the third  insulation layer 30 over the second surface
14' and leave the protruding insulation  layer 24 exposed. In a further
embodiment, a polymer may be dispersed in a pattern  over the third
insulation layer 30 using PolyJetTM technology from Objet Geometries to
leave the insulation layer 24 exposed. In another embodiment, when LSO or
PDL is 30 used as the third insulation layer 30, CMP may be used to remove
the portion of the  third insulation layer 30 and expose the protruding
insulation layer 24. Of course,  



other techniques, or various combinations of such techniques, may also be
used to WO 2007/019199 PCT/US2006/030167  -11 selectively remove portions of
the third insulation layer 30 as will be appreciated by  those of ordinary
skill in the art. Referring now to FIG. 7, the protruding portion of
insulation layer 24 is  removed thereby exposing a portion of the underlying
conductive layer 26, which may  5 be referred to as an interconnecting pad
31. The protruding portion of the insulation layer 24 may be removed using
any suitable process depending on the type of material  used for the
insulation layer 24. For instance, the protruding portion of the insulation
layer 24 may be mechanically removed such as by mechanical abrasion or
grinding,  CMP, use of an etchant selective for the insulation layer 24 to
etch away the insulation 10 layer 24, or a suitable photolithography process
may be used. With the portion of the  conductive layer 26 being exposed, a
TWI structure is formed wherein the  interconnecting pads 29 and 31 are in
electrical communication with one another and,  further, are in electrical
connection with the bond pad 18 of the semiconductor  device 10. As
previously discussed, the bond pad 18 may be in electrical 15 communication
with electrical circuitry formed in or on the substrate 16. In other
embodiments, the resulting TWI structure may not be connected to any
circuitry  associated with the substrate, but may simply provide electrical
interconnection 'of  various external electrical components located opposing
sides of the substrate 16. It is noted that, in some embodiments of the
present invention, removal of the  20 third insulation layer 30 and removal
of the otherwise protruding portion of insulation  layer 24 may be
accomplished during the same act. However, depending on the  underlying
material from which the conductive layer 26 is formed, it may be desirable
to remove a portion of the third insulation layer 30 and expose the
interconnecting  pad 31 of the conductive layer in separate acts. For
example, if the conductive layer 26 25 is formed of nickel, and a CMP
process is used to remove the portion of the third  insulation layer 30,
such a process may not result in a uniform surface on the nickel
interconnecting pad 31. Thus, a separate act, as described with respect to
FIGS. 6  and 7, may be desired to expose the interconnecting pad 31.
Referring now to FIG. 8, in one embodiment the exposed portion (or  30
interconnecting pad 31) of conductive layer 26 may include one or more
layers of a  



conductive material such as a metal cap 32. The metal cap 32 may comprise,
for  example, nickel (Ni), gold (Au), a combination thereof, or any other
conductive WO 2007/019199 PCT/US2006/030167  -12 material compatible with
the conductive layer 26 including those previously described  herein with
reference to the conductive layer 26. For instance, the metal cap 32 may be
deposited with a plating process or other suitable process depending on the
type of  conductive material used for the metal cap 32. 5 In yet another
embodiment, the aperture 20 may be filled with a conductive  filler
material. For example, the aperture 20 may be filled with tin (Sn), silver
(Ag),  copper (Cu), one of the materials that may be used for the conductive
layer 26  previously described herein, any combination thereof, or other
material used to fill vias  or used to form a solid conductive via known in
the art. Other filler materials include 10 metal powder, a metal or alloy
powder, a solder (for example, Pb/Sn or Ag/Sn), a  flowable conductive
photopolymer, a thermoplastic conductive resin, or resin-covered
particulate metal material. Additionally, various processes may be used to
fill the  aperture 20 with conductive material including, for example, wave
solder techniques,  vacuum solder reflow techniques, or use of laser sphere
techniques available from Pac  15 Tech GmbH of Nauen, Germany to deposit
solder balls in the aperture 20. In an embodiment where the aperture 20 is
filled with a conductive filler  material, a portion 34 of the insulation
layer 24 may be removed using a suitable  process such that the filler
material is in electrical connection with the conductive  layer 26.
Additionally, the filler material may be configured to be in contact with,
for 20 example, the portions of the conductive layer 26 that have been
defined herein as the  interconnecting pads 29. It is further noted that,
when a conductive filler is used, the substrate may be  thinned to the point
of allowing the filler to be exposed through the second surface 14'  of the
substrate, although such is not necessary due to the presence of the
conductive  25 layer 26 providing an interconnecting pad 31 on the second
surface 14'. Table 1 lists data obtained for various through-wafer
interconnects (TWIs)  produced in accordance with the presently disclosed
invention. In one embodiment,  the insulation layer 24 of the various TWIs
comprises a PDL and the conductive  layer 26 includes a PAC of Ta or W, a
seed layer of Cu, and a liner of Ni of the  



30 indicated cross-sectional thicknesses. WO 2007/019199 PCT/1JS2006/030167
-13- Table 1. Length Diam. TWI Insulation PAC Seed Liner Filler Pitch Rin
Lin Cin  of of1WI 4 Layer (m) (m) Ni (Fm) rOhms nH pF  TWI (Jim) PDL(pm) (m)
(m)  150 50 1 1 0.15 0.2 3 Sn/Ag 132 8.61610 0.00620825 0.823725  Ta Cu /Cu
150 50 1 1 0.15 0.2 3 Air 132 8.84410 0.00657425 0.824180  Ta Cu 150 50 1 1
0.15 0.2 3 Sn/Ag 400 8.61075 0.00653200 0.826865  Ta Cu /Cu 150 50 1 1 0.15
0.2 3 Air 400 8.84485 0.00688070 0.826435  Ta Cu 150 50 4 1 0.3 1.24 5 Sn/Ag
132 6.07320 0.00631860 0.827275  W Cu /Cu 150 50 4 1 0.3 1.24 5 Air 132
6.11580 0.00634805 0.826370  W Cu 0  150 50 4 1 0.3 1.24 5 Sn/Ag 400 6.08490
0.00659365 0.826830 W Cu /Cu The methods described herein with regard to
FIGS. 1-8 may be used to form  TWIs in various semiconductor devices. The
TWIs may have conventional sizes, such  5 as diameters of about 15 m or
greater and lengths of 150 m or more, as well as smaller TWIs applicable to
enhanced miniaturization of future semiconductor devices.  Of course,
smaller diameter TWIs may be formed in thinner substrates and desired
aspect ratios of the TWIs may be achieved by selection of an appropriate
etch  chemistry for the substrate material. Other considerations, such as
physical strength of 10 the substrate as it becomes thinner and the depth to
which integrated circuitry extends  into the substrate material may be
significant factors in the depth and width of a TWI  which may be formed
according to the invention, rather than the process of the present
invention itself. The semiconductor devices may be further configured with a



redistribution layer comprising traces and, optionally, associated discrete
external 15 conductive elements formed thereon such as solder bumps,
conductive epoxy or a  conductor-filled epoxy, which may be disposed or
formed on one of the surfaces of the  semiconductor device and electrically
interconnected with the TWIs by traces or  disposed directly on the TWI on
conductive layer 26 or metal cap 32, by techniques  known to those of
ordinary skill in the art. 20 The TWIs produced in accordance with the
present invention may also be used  for subsequent connection to integrated
circuitry, if desired. For instance, a higher WO 2007/019199
PCT/US2006/030167  -14 level packaging system may include semiconductor
devices having TWIs produced  with the method of the instant invention. For
example, a PC board having a first  semiconductor device and a second
semiconductor device may be placed in a stacked  arrangement utilizing the
TWI structure of the present invention. 5 It is further noted that the
above-described semiconductor device 10, or other  components incorporating
one or more TWI structures of the present invention, may be  utilized in a
computer environment. For example, referring to FIG. 9, a semiconductor
device may be incorporated into a computing system 100, which may include,
for  example, a memory device 102 (which may include any of a variety of
random access 10 memory devices, flash memory or other types of memory
devices) and a processor  device 104, such as a central processing unit or
other logic device, operably coupled  with the memory device(s) 102. Either
of the memory device 102 or the processor  device may be configured with a
TWI structure in accordance with the present  invention. The processor
device 104 may also be coupled with one or more 15 appropriate input devices
106 (e.g., mouse, keyboard, hard drive, microphone, etc.) and  one or more
output devices 108 (e.g., monitor, printer, speaker, etc.). Although the
foregoing description contains many specifics, these are not to be
construed as limiting the scope of the present invention, but merely
providing certain  example embodiments. Similarly, other embodiments of the
invention may be devised 20 which do not depart from the spirit or scope of
the present invention. 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 encompassed by the present invention. 25 -15- What
is claimed is: 1. A method of forming a through-wafer interconnect, the
method comprising:  forming a blind aperture in a first surface of a
substrate; depositing a first dielectric layer on an inner surface of the
aperture; depositing an electrically conductive layer over the first
dielectric layer within the  aperture and over at least one bond pad located
on the first surface; depositing a second dielectric layer over the
electrically conductive layer residing  within the aperture and over the at
least a portion of the first surface; and exposing a portion of the
electrically conductive layer through a second, opposing  surface of the
substrate. 2. The method according to claim 1, further comprising exposing
the first dielectric  layer through a second surface of the substrate and
placing a third dielectric layer over  the opposing, second surface of the
substrate and the exposed first dielectric layer prior to  exposing, the
conductive layer through the second, opposing surface of the substrate. 3.
The method according to claim 2, further comprising exposing a portion of
the  first dielectric layer through the second, opposing surface of the
substrate prior to  exposing a portion of the electrically conductive layer.
4. The method according to claim 2, wherein exposing a portion of the first
dielectric layer through the second surface of the substrate comprises
removing a portion  of the substrate. 5. The method according to claim 2,
wherein exposing the electrically conductive  layer through the second,
opposing surface of the substrate further comprises removing a  portion of
the third dielectric layer and a portion of the first dielectric layer. 6.
The method according to claim 1, wherein forming the aperture in the first
surface  of the substrate comprises forming the aperture through a bond pad
on the first surface of  the substrate. 7. The method according to claim 1,
wherein depositing the second dielectric layer  over the electrically
conductive layer further comprises depositing the second dielectric  layer
over the first surface of the substrate and the inner surface of the
aperture including  the electrically conductive layer and wherein the method
further includes removing the  



second dielectric layer at least from the first surface of the substrate. -
16 8. The method according to claim 7, wherein removing the second
dielectric layer at  least from the first surface of the substrate comprises
spacer etching. 9. The method according to claim 1, further comprising
disposing a conductive  material over the portion of the electrically
conductive layer exposed through the second,  opposing surface of the
substrate. 10. The method according to claim 1, further comprising filling
the aperture with a  filler material. 11. The method according to claim 1,
wherein depositing the electrically conductive  layer comprises depositing
at least one layer of a metal over the first dielectric layer. 12. A method
of forming a through-wafer interconnect in a substrate, the method
comprising: forming a blind aperture in a first surface of the substrate;
depositing a first dielectric layer on an inner surface of the aperture;
depositing an electrically conductive layer over the first dielectric layer
within the  aperture and over at least a portion of the first surface;
depositing a second dielectric layer over the electrically conductive layer
residing  within the aperture and over the at least a portion of the first
surface; removing the second dielectric layer from the first surface of the
substrate, such  that the second dielectric layer remains over at least a
portion of the electrically  conductive layer; exposing a portion of the
first dielectric layer through a second surface of the  substrate; placing a
third dielectric layer over the opposing, second surface of the substrate
and the exposed portion of the first dielectric layer; removing a portion of
the third dielectric layer to expose another portion of the  first
dielectric layer through a remaining portion of the third dielectric layer;
and  removing the exposed portion of the first dielectric layer and exposing
a portion of the electrically conductive layer through the second, opposing
surface of the substrate  and the remaining portion of the third dielectric
layer. 




