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(57) ABSTRACT 

A microelectronic structure, such as a semiconductor struc­
ture, and a method for fabricating the microelectronic struc­
ture, include an aperture within a substrate. Into the aperture 
is located and formed a via. The via may include a through 
substrate via. The aperture includes, progressing sequentially 
contiguously at least partially through the substrate: (1) a first 
comparatively wide region at a surface of the substrate; (2) a 
constricted region contiguous with the first comparatively 
wide region; (3) a second comparatively wide region contigu­
ous with the constricted region; and ( 4) a tapered region 
contiguous with the second comparatively wide region. The 
structure of the aperture provides for ease in filling the aper­
ture, as well as void isolation within the via that is filled into 
the aperture. 
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THROUGH SUBSTRATE VIA INCLUDING 
VARIABLE SIDEWALL PROFILE 

BACKGROUND 

[0001] 1. Field of the Invention 
[0002] The invention relates generally to through substrate 
vias within microelectronic substrates. More particularly, the 
invention relates to enhanced performance through substrate 
vias within microelectronic substrates. 
[0003] 2. Background of the Invention 
[0004] Microelectronic structures, and in particular semi­
conductor structures, include microelectronic devices such as 
semiconductor devices. The microelectronic devices are 
located and formed over a microelectronic substrate, such as 
a semiconductor substrate. The microelectronic devices are 
connected and interconnected using patterned conductor lay­
ers that are separated by dielectric layers. 
[0005] In addition to the connection and interconnection of 
microelectronic devices within a microelectronic structure 
while using patterned conductor layers that are separated by 
dielectric layers, microelectronic structures, and in particular 
semiconductor structures, also frequently use through sub­
strate via structures that provide an electrical connection from 
a top side to a bottom side of a microelectronic substrate, such 
as a semiconductor substrate. 
[0006] Through substrate vias when used within micro­
electronic substrates may serve functions that include, but are 
not necessarily limited to, microelectronic substrate ground­
ing functions and microelectronic substrate electrical biasing 
functions. 
[0007] While through substrate vias within microelectronic 
substrates serve valuable functions, through substrate vias 
within microelectronic substrates are not entirely without 
problems. In particular, through substrate vias are often dif­
ficult to efficiently fabricate and effectively fill with a com­
paratively narrow linewidth (i.e., in a range from about 5 to 
about 0.1 microns), while substantially or completely pen­
etrating through a microelectronic substrate having an 
increased thickness. 
[0008] Various aspects of vias in general, potentially 
including but not limited to through substrate vias, are known 
in the microelectronic fabrication art. 
[0009] For example, Jang et al., in U.S. Pub. No. 2001/ 
0007797, teaches a method for forming a tungsten via over a 
titanium containing barrier layer within a contact aperture to 
form a contact structure within a semiconductor structure 
absent delamination of the contact structure. The method 
includes forming and annealing a tungsten seed layer, while 
using a fluorine containing source gas, over the titanium 
containing barrier layer prior to forming the tungsten via over 
the titanium containing barrier layer. 
[0010] In addition, Lim in U.S. Pub. No. 2004/0115929, 
teaches a method for forming a tungsten via within a contact 
aperture within a semiconductor structure with enhanced step 
coverage. The method includes first forming within the con­
tact aperture a tungsten nitride barrier layer while using an 
atomic layer deposition (ALD) method. 
[0011] Further, Nishimura et al., in U.S. Pub. No. 2005/ 
0023 702, teaches a method for forming a tungsten via within 
a contact aperture within a semiconductor structure, absent a 
void within the tungsten via. The method includes a two-step 
deposition of the tungsten via, where the crystal grains within 
the tungsten deposited within the first step are 30 nm or less. 
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[0012] Still further, Ogasawara et al., in U.S. Pat. No. 
6,943,109, teaches a method for forming a tungsten via within 
an aperture within a semiconductor structure with compara­
tively low resistance and high reliability. The method 
includes treating the aperture with a fluorine containing gas 
prior to filling the aperture with the tungsten via. 
[0013] Still yetfurther,An, in U.S. Pub. No. 2006/0046456, 
teaches a dual damascene method for forming a dual dama­
scene structure with enhanced performance within a semi­
conductor structure. The dual damascene structure includes a 
tungsten via within a via portion of the dual damascene struc­
ture and a copper interconnect within an interconnect portion 
of the dual damascene aperture. 
[0014] Yet still further, Tanaka, in U.S. Pub. No. 2006/ 
0046457, teaches a method for forming a tungsten via within 
an aperture within a semiconductor structure. The method 
uses a post deposition purge of fluorine from a tungsten via 
deposited using a tungsten fluoride deposition material. 
[0015] In addition, Jung et al., in U.S. Pat. No. 7,022,601, 
teaches a method for forming a tungsten via within an aper­
ture within a semiconductor structure absent defects. The 
method uses a barrier layer comprising a tungsten-silicon­
nitride material deposited prior to the tungsten via. 
[0016] Finally, Zhu et al., in U.S. Pub. No. 2006/0252252, 
teaches a method for forming a contact layer contacting a 
tungsten via with enhanced performance within a semicon­
ductor structure. The method provides for first cleaning a 
tungsten oxide from the tungsten via prior to forming the 
contact layer contacting the tungsten via. 
[0017] The use of through substrate vias is likely to be of 
continued prominence and importance as microelectronic 
device and microelectronic structure dimensions decrease, 
and as microelectronic circuit functionality and performance 
requirements increase. To that end, desirable are through 
substrate via structures having enhanced performance, and 
methods for fabricating those through substrate via struc­
tures. 

SUMMARY 

[0018] The invention includes a microelectronic structure 
and a method for fabricating the microelectronic structure. 
The microelectronic structure includes an aperture located 
within a substrate, into at least a part of which aperture is 
located and formed a through substrate via incident to appro­
priate processing of the substrate. The aperture and the 
through substrate via include a particular sidewall profile. The 
particular sidewall profile includes, downwardly progressing 
through the substrate: (1) a first comparatively wide region at 
a surface of the substrate; (2) a constricted region contiguous 
with the first comparatively wide region; (3) a second com­
paratively wide region contiguous with the constricted 
region; and ( 4) an inward tapered region contiguous with the 
second comparatively wide region. The foregoing sidewall 
profile provides for ease in filling the via into the aperture, 
while providing for desirable geometric localization of any 
voids that form when filling the via into the aperture. 
[0019] A particular microelectronic structure in accor­
dance with the invention includes a substrate including an 
aperture at least partially through the substrate. The aperture 
includes, progressing at least partially through the substrate: 
(1) a first comparatively wide region at a surface of the sub­
strate; (2) a constricted region contiguous with the first com­
paratively wide region; (3) a second comparatively wide 
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region contiguous with the constricted region; and (4) an 
inward tapered region contiguous with the second compara­
tively wide region. 
[0020] Another particular microelectronic structure in 
accordance with the invention includes a semiconductor sub­
strate including an aperture at least partially through the semi­
conductor substrate. The aperture includes, progressing at 
least partially through the semiconductor substrate: (1) a first 
comparatively wide region at a surface of the semiconductor 
substrate; (2) a constricted region contiguous with the first 
comparatively wide region; (3) a second comparatively wide 
region contiguous with the constricted region; and (4) an 
inward tapered region contiguous with the second compara­
tively wide region. The microelectronic structure also 
includes a via located within the aperture. 
[0021] A particular method for fabricating a microelec­
tronic structure in accordance with the invention includes 
forming an aperture at least partially through a substrate. The 
aperture includes: (1) a first comparatively wide region at a 
surface of the substrate; (2) a constricted region contiguous 
with the first comparatively wide region; (3) a second com­
paratively wide region contiguous with the constricted 
region; and ( 4) a tapered region contiguous with the second 
comparatively wide region. This particular method also 
includes forming a via into the aperture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The objects, features and advantages of the inven­
tion are understood within the context of the Description of 
the Preferred Embodiment, as set for the below. The Descrip­
tion of the Preferred Embodiment is understood within the 
context of the accompanying drawings, that form a material 
part of this disclosure wherein: 
[0023] FIG. 1 to FIG. 10 show a series of schematic cross­
sectional diagrams illustrating the results of progressive 
stages in fabricating a microelectronic structure in accor­
dance with a particular embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] The invention, which includes a microelectronic 
structure and a method for fabricating the microelectronic 
structure, is understood within the context of the description 
set forth below. The description set forth below is understood 
within the context of the drawings described above. Since the 
drawings are intended for illustrative purposes, the drawings 
are not necessarily drawn to scale. 
[0025] FIG.1 to FIG.10 show a series of schematic cross­
sectional diagrams illustrating the results of progressive 
stages in fabricating a microelectronic structure in accor­
dance with a particular embodiment of the invention. This 
particular embodiment of the invention comprises a sole pre­
ferred embodiment of the invention. FIG. 1 shows a sche­
matic cross-sectional diagram of the microelectronic struc­
ture at an early stage in the fabrication thereof in accordance 
with the particular sole preferred embodiment. 
[0026] FIG. 1 shows a semiconductor substrate 10 that 
includes a contact region 12 located within the semiconductor 
substrate 10. An etch stop layer 14 is located upon the semi­
conductor substrate 10 including the contact region 12. A 
capping layer 16 is located upon the etch stop layer 14. The 
capping layer 16 includes an aperture therein located above 
the contact region 12. A first photoresist layer 18 is located 
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upon exposed portions of the etch stop layer 14 and the 
capping layer 16. The first photoresist layer 18 includes an 
aperture Al located over a portion of the substrate 10 that does 
not include the contact region 12. Each of the foregoing 
semiconductor substrate 10 and overlying regions and layers 
12/14/16/18 may comprise materials, have dimensions and be 
formed using methods that are otherwise generally conven­
tional in the microelectronic fabrication art. 

[0027] The semiconductor substrate 10 may comprise any 
of several semiconductor materials that are otherwise gener­
ally conventional in the semiconductor fabrication art. Non­
limiting examples include silicon, germanium silicon-germa­
nium alloy, silicon-carbon alloy, silicon-germanium-carbon 
alloy and compound semiconductor materials. Non-limiting 
examples of compound semiconductor materials include gal­
lium arsenide semiconductor materials, indium arsenide 
semiconductor materials and indium phosphide semiconduc­
tor materials. 

[0028] Although this particular preferred embodiment 
illustrates the invention within the context of a semiconductor 
substrate 10 that is most generally illustrated as a bulk semi­
conductor substrate, neither the embodiment nor the inven­
tion is necessarily intended to be so limited. Rather the 
embodiment and the invention also contemplate the use of a 
semiconductor-on-insulator substrate or a hybrid orientation 
substrate as the semiconductor substrate 10, in place of a bulk 
semiconductor substrate. 

[0029] A semiconductor-on-insulator substrate results 
from inclusion of a buried dielectric layer interposed between 
a base semiconductor substrate portion and a surface semi­
conductor layer portion of the semiconductor substrate 10 
that is illustrated in FIG. 1. A hybrid orientation substrate 
includes multiple crystallographic orientation semiconductor 
regions supported over a single substrate, that typically com­
prises a semiconductor substrate. 
[0030] Semiconductor-on-insulator substrates and hybrid 
orientation substrates may be fabricated using methods that 
are generally conventional in the semiconductor fabrication 
art. Included in particular, but not necessarily limiting, are 
layer transfer methods, layer laminating methods and sepa­
ration by implantation of oxygen methods. 
[0031] The contact region 12 may comprise any of several 
contact materials. Non-limiting examples include semicon­
ductor contact materials as well as conductor contact materi­
als. Semiconductor contact materials may include any of 
several semiconductor materials that are doped appropriately 
and adequately to serve as contact regions. Conductor contact 
materials may include, but are not necessarily limited to met­
als, metal alloys, metal silicides and metal nitrides. Generally, 
the contact region 12 comprises a semiconductor contact 
material such as but not limited to a silicon semiconductor 
contact material, that has a thickness from about 1 to about 
100 nanometers. 
[0032] Although the instant embodiment illustrates the 
invention within the context of the semiconductor substrate 
10 including the contact region 12, the embodiment is also not 
specifically limited to only a contact region within a semi­
conductor substrate. Rather, the embodiment also contem­
plates that the semiconductor substrate 10 will also include 
located and formed therein semiconductor devices that are 
appropriate for a semiconductor circuit which is intended to 
be fabricated within and upon the semiconductor substrate 
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10. Such semiconductor devices may include, but are not 
necessarily limited to, resistors, transistors, diodes and 
capacitors. 
[0033] Further, while the instant embodiment again illus­
trates the invention within the context of a semiconductor 
substrate 10 that is most generally illustrated as a bulk semi­
conductor substrate, neither the embodiment nor the inven­
tion is intended to necessarily be limited to a microelectronic 
structure that is limited to a semiconductor substrate as a base 
substrate. Rather the embodiment and the invention also con­
template applicability within the context of base substrates 
such as but not limited to ceramic substrates. Such ceramic 
substrates may comprise materials including but not limited 
to silica, alumina, titania and zirconia ceramic materials. 
[0034] The etch stop layer 14 comprises an etch stop mate­
rial. The etch stop material is chosen within the context of a 
material of composition of the capping layer 16 that is located 
and formed upon the etch stop layer 14. The etch stop layer 14 
will typically comprise a dielectric etch stop material, to 
adequately isolate conductor structures that are formed inci­
dent to further processing of the semiconductor structure that 
is illustrated in FIG. 1. Candidate dielectric etch stop mate­
rials include, but are not necessarily limited to silicon oxide 
materials, silicon nitride materials and silicon oxynitride 
materials. Oxides, nitrides and oxynitrides of other elements 
are not excluded. The etch stop material may also be formed 
using methods that are generally conventional in the semi­
conductor fabrication art. Included in particular, but also not 
limiting are thermal or plasma oxidation or nitridation meth­
ods, chemical vapor deposition methods and physical vapor 
deposition methods. Typically, the etch stop layer 14 com­
prises a silicon nitride etch stop material that has a thickness 
from about 1 to about 100 nanometers. 
[0035] The capping layer 16 may comprise any of several 
capping materials, which are generally intended as compris­
ing any of the several dielectric materials from which may be 
comprised the etch stop layer 14. However, for proper etch 
stop properties of the etch stop layer 14, the etch stop layer 14 
and the capping layer 16 must comprise different dielectric 
materials. When the etch stop layer 14 comprises a silicon 
nitride material as disclosed above, the capping layer 16 often 
comprises a silicon oxide material that has a thickness from 
about 10 to about 2,500 nanometers. 
[0036] The first photoresist layer 18 may comprise any of 
several photoresist materials that may be deposited and 
imaged using otherwise generally conventional coating, pho­
toexposure and development methods that are known in the 
semiconductor fabrication art. Such photoresist materials 
may in general include, but are not necessarily limited to, 
positive photoresist materials, negative photoresist materials 
and hybrid photoresist materials that have properties of both 
positive photoresist materials and negative photoresist mate­
rials. Typically, the first photoresist layer 18 comprises a 
positive photoresist material or a negative photoresist mate­
rial that has a thickness from about 100 to about 2000 nanom­
eters. As is illustrated in FIG. 1, the first photoresist layer 18 
also defines an aperture Al having a linewidth from about 0.5 
to about 50 microns. 
[0037] FIG. 2 first shows the results of etching the capping 
layer 16 and the etch stop layer 14, while using the photoresist 
layer 18 as a mask, to leave exposed a portion of the semi­
conductor substrate 10 within an aperture A2 that is defined 
by an etch stop layer 14' and a capping layer 16' that are 
formed from the etch stop layer 14 and the capping layer 16. 
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FIG. 2 also shows the results of stripping the first photoresist 
layer 18 from the resulting etched semiconductor structure to 
provide the semiconductor structure whose schematic cross­
sectional diagram is illustrated in FIG. 2. 
[0038] The foregoing etching of the capping layer 16 and 
the etch stop layer 14 to provide the capping layer 16' and the 
etch stop layer 14' may be effected using etch methods and 
materials that are otherwise generally conventional in the 
semiconductor fabrication art. Generally included are wet 
chemical etch methods and materials, and dry plasma etch 
methods and materials. Dry plasma etch methods and mate­
rials are generally preferred insofar as dry plasma etch meth­
ods and materials provide generally straight sidewalls to the 
etch stop layer 14' and the capping layer 16' that provides the 
aperture A2. In addition, certain compositions of fluorine 
containing plasma etch methods may be used for sequentially 
etching non-selectively silicon containing dielectric materi­
als, such as silicon oxide dielectric materials, silicon nitride 
dielectric materials and silicon oxynitride dielectric materi­
als. 
[0039] Subsequent to etching the capping layer 16 and the 
etch stop layer 14 to form the capping layer 16' and the etch 
stop layer 14', the first photoresist layer 18 may be stripped 
using stripping methods and materials that are also otherwise 
generally conventional in the semiconductor fabrication art. 
Included in particular are wet chemical stripping methods and 
materials, dry plasma stripping methods and materials and 
combinations of wet chemical stripping methods and mate­
rials and dry plasma stripping methods and materials. 
[0040] FIG. 3 shows a second photoresist layer 20 located 
and formed upon the semiconductor structure of FIG. 2. The 
second photoresist layer 20 forms an aperture A3 at the bot­
tom of which is exposed a portion of the semiconductor 
substrate 10 that is fully exposed within the second aperture 
A2 that his defined by the etch stop layer 14' and the capping 
layer 16' that are illustrated in FIG. 2. This aperture A3 typi­
cally has a linewidth from about 0.4 to about 40 microns. 
[0041] The second photoresist layer 20 may otherwise 
comprise materials, have a thickness and be formed using 
methods that are generally conventional in the semiconductor 
fabrication art, and described in further detail above within 
the context of the first photoresist layer 18 that is illustrated in 
FIG. 1. 
[0042] FIG. 4 shows an aperture A4 that is etched into a 
semiconductor substrate 10' derived from the semiconductor 
substrate 10 that is illustrated in FIG. 3, while using the 
second photoresist layer 20 as a mask. As is illustrated within 
the schematic cross-sectional diagram of FIG. 4, the aperture 
A4 is formed with a downward pointing torpedo shape. 
Within FIG. 4, the phantom lines correspond with a theoreti­
cal straight sided aperture that may alternatively be formed 
into the semiconductor substrate 10' while using the second 
photoresist layer 20 as an etch mask. As is illustrated in FIG. 
4, the aperture A4 is wider at the widest point thereof in 
comparison with the theoretical straight sided aperture and 
narrower at the inward pointed tip thereof in comparison with 
the theoretical straight sided aperture. 
[0043] In order to provide the apertureA4 whose schematic 
cross-sectional diagram is illustrated in FIG. 4 within the 
semiconductor substrate 10' that is illustrated in FIG. 4, this 
particular embodiment uses a particular two-step etch 
method. The particular two-step etch method sequentially 
uses: (1) a comparatively isotropic first etch step that provides 
in general the widening of the apertureA4 at the center of the 
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aperture A4; followed by (2) a comparatively anisotropic 
second etch step that intended as a deep silicon etch method 
that provides the depth to the aperture A4. 
[0044] Within the context of the semiconductor substrate 
10' when comprised of a silicon semiconductor material, the 
first etch step uses: (1) a reactor chamber pressure from about 
0.04 to about 0.1 torr; (2) a radio frequency source power 
from about 2000 to about 3000 watts; (3) a substrate bias 
power from about Oto about 100 watts; (4) a substrate tem­
perature from about Oto about 10 degrees centigrade; (5) a 
sulfur hexafluoride flow rate from about 300 to about 500 
standard cubic centimeters per minute; and ( 6) an oxygen 
flow rate from about 30 to about 50 standard cubic centime­
ters per minute. 
[0045] Within the first etch step, both an etch time (i.e., 
which will typically be about 15 seconds, but may vary) and 
the reactor chamber pressure will determine a sidewall out­
ward bow component of the aperture A4. In addition, alter­
native etchant gas compositions may also be used within the 
first etch step, in comparison with the etchant gas composi­
tion disclosed above. 
[0046] Within the context of the semiconductor substrate 
10' when comprised of a silicon semiconductor material, the 
second etch step uses: (1) a reactor chamber pressure from 
about 0.04 to about 0.1 torr; (2) a radio frequency source 
power from about 1500 to about 2500 watts; (3) a substrate 
bias power from about 10 to about 250 watts; (4) a substrate 
temperature from about Oto about 50 degrees centigrade; (5) 
a sulfur hexafluoride flow rate from about 250 to about 350 
standard cubic centimeters per minute; and ( 6) an oxygen 
flow rate of from about 20 to about 35 standard cubic centi­
meters per minute. 
[0047] Again, alternative etchant gas compositions may 
also be used within the second etch step, in comparison with 
the etchant gas composition disclosed above. 
[0048] The foregoing second etch step is undertaken for a 
time period of about 3 to about 10 seconds that is sequentially 
and alternatively followed by a deposition step that uses: (1) 
a reactor chamber pressure from about 0.03 to about 0.05 torr; 
(2) a radio frequency source power from about 1500 to about 
2000 watts; (3) a substrate bias power from about Oto about 
50 watts; ( 4) a substrate temperature from about Oto about 50 
degrees centigrade; and (5) an octafluorocyclobutane flow 
rate from about 200 to about 300 standard cubic centimeters 
per minute, for a time period from about 3 to about 7 seconds. 
The sequential and successive foregoing second etch step and 
deposition step may be undertaken for a total time from about 
30 to about 90 minutes to provide a desired depth to the 
aperture A4. 
[0049] FIG. 5 first shows the results of stripping the second 
photoresist layer 20 from the semiconductor structure of FIG. 
4. The second photoresist layer 20 may be stripped from the 
semiconductor structure of FIG. 4 to provide the semicon­
ductor structure of FIG. 5 while using methods and materials 
that are otherwise generally conventional in the semiconduc­
tor fabrication art, and that are described above for fabricating 
the semiconductor structure of FIG. 2 from the semiconduc­
tor structure of FIG. 1. 
[0050] As a result of stripping the second photoresist layer 
20 from the semiconductor structure of FIG. 4 to form the 
semiconductor structure of FIG. 5, an extended aperture (i.e., 
a vertically extended aperture) is formed from the apertureA4 
that is illustrated in FIG. 4. The extended aperture includes: 
(1) a first region Rl that is a first comparatively wide region 
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having a linewidth from about 3 to about 50 microns defined 
by the capping layer 16' and the etch stop layer 14' and that 
extends a vertical distance from about 0.3 to about 10 
microns; (2) a second region R2 that is a constricted region 
having a linewidth from about 1 to about 35 microns and a 
vertical distance from about 1 to about 30 microns; (3) a third 
region R3 that is a second comparatively wide region having 
a linewidth from about 3 to about 50 microns and a vertical 
distance from about 1 to about 200 microns; and (4) a fourth 
region having a generally but not necessarily pointed inward 
taper and a vertical distance from about 1 to about 100 
microns. Each of the foregoing regions are sequentially con­
tiguous and penetrating into the semiconductor substrate 10' 
in the order listed. 
[0051] Within the instant embodiment, the comparatively 
wide linewidth of the first region Rl, the comparatively wide 
linewidth of the third region R3 and the inward pointed taper 
of the fourth region R4 in general are intended to provide for 
ease in filling the extended aperture. In addition, the constric­
tion within the second region R2 is intended to completely 
seal off any void that may form within the third region R3, and 
to localize that void to the third region R3. 
[0052] Within the disclosed embodiment, sidewall portions 
of the third region R3 may have the substantially bowed 
sidewalls as illustrated (i.e., no portion of the sidewalls is 
aligned in a straight line). Alternatively, sidewall portions of 
the third region R3 may have substantially straight sidewalls 
(i.e., all portions of the sidewalls are aligned in a straight line). 
[0053] In addition, the inward taper within the fourth region 
R4 may be pronounced and provide the pointed tip as is 
illustrated in FIG. 5. Alternatively, the inward taper within the 
fourth region R4 may be less pronounced to provide a blunt 
tip within the fourth region. 
[0054] Within the preferred embodiment, the linewidth of 
the third region R3 is preferably greater than the linewidth of 
the first region Rl which in turn is preferably greater than the 
linewidth of the fourth region R4. In addition the linewidth of 
the first region Rl is preferably at least 1.5 times ( and more 
preferably from about 1.3 to about 1.5 times) the linewidth of 
the fourth region R4, and the linewidth of the second region 
R2 is no greater than about 0.9 times (and preferably from 
about 0.8 to about 0.95 times) the linewidth of the first region 
Rl. Finally, the linewidth of the fourth region R4 is preferably 
about 0.1 to about 2.0 times a deposition thickness of a con­
ductor layer that is deposited and formed into the extended 
aperture incident to further processing of the semiconductor 
structure that is illustrated in FIG. 5 (i.e., illustrated as con­
ductor layer 24 within FIG. 6). 
[0055] FIG. 6 shows a liner layer 22 located and formed 
conformally upon the semiconductor structure of FIG. 5 and 
incompletely filling the extended aperture. FIG. 6 also shows 
a conductor layer 24 with an optional void 25 located therein, 
located and formed upon the liner layer 22 and completely 
filling the extended aperture. 
[0056] Depending the nature, design and intended use of 
the semiconductor structure whose schematic cross-sectional 
diagram is illustrated in FIG. 6, the liner layer 22 may com­
prise either a conductor liner material or a dielectric liner 
material. Dielectric liner materials may in general be selected 
from the same group of dielectric materials, and be formed 
using the same methods and materials, as the etch stop layer 
14 or the capping layer 16 that are illustrated in FIG. 1. 
[0057] The use of a conductor material for the liner layer 22 
is desirable under circumstances where grounding of substan-
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tial portions of the semiconductor substrate 10' is desirable. 
Conductor materials for the liner layer 22 may be selected 
from the group including but not limited to certain metals, 
metal alloys, metal nitrides and metal silicides. Metal alloys, 
metal nitrides and metal silicides may under certain circum­
stances correspond with particular metals from which may be 
comprised the conductor layer 24. 
[ 0058] While by no means intended as limiting the embodi­
ment or the invention, a conductor material from which may 
be comprised the liner layer 22 may be a silicide material. As 
a further example, a tungsten silicide material may be used as 
a liner layer 22 for a conductor layer 24 that comprises a 
tungsten material. Such a tungsten silicide material may be 
deposited with enhanced adhesion using an atomic layer 
chemical vapor deposition method that in turn uses a tungsten 
hexafluoride tungsten source material and a silane silicon 
source material. Typically, the liner layer 22 is formed to a 
thickness from about 1 to about 50 nanometers. 
[0059] The conductor layer 24 comprises a conductor 
material. While in accordance with disclosure above the con­
ductor layer 24 may comprise any of several conductor mate­
rials, including but not limited to any of several metals and 
metal alloys, the conductor layer 24 typically comprises a 
tungsten material. Such a tungsten material is preferably 
deposited using a chemical vapor deposition method, 
although neither the embodiment nor the invention is so lim­
ited. 
[0060] As is illustrated by the phantom line enclosure 
within the schematic diagram of FIG. 6, the conductor layer 
24 may be deposited or formed with a void 25, but due to the 
irregular sidewall curvature of the extended aperture, the void 
25 is localized to the second comparatively wide region R3 of 
the extended aperture. 
[0061] FIG. 7 shows the results of planarizing the semicon­
ductor structure of FIG. 6 to provide a plurality ofliner layers 
22'; one contacting the contact region 12 and another pen­
etrating into the semiconductor substrate 10'. The planarizing 
of the semiconductor structure of FIG. 6 to provide the semi­
conductor structure of FIG. 7 also provides a conductor layer 
24' located and formed upon each liner layer 22'. The semi­
conductor structure of FIG. 6 may be planarized to form the 
semiconductor structure of FIG. 7 while using planarizing 
methods and materials that are otherwise generally conven­
tional in the semiconductor fabrication art. Included in par­
ticular are mechanical planarizing methods and chemical 
mechanical polish planarizing methods. Chemical mechani­
cal polish planarizing methods are generally more common. 
[0062] FIG. 8 shows a plurality of first interconnect layers 
26 located and formed contacting the plurality of conductor 
layers 24'. The plurality of first interconnect layers 26 also 
comprise a conductor material that may generally be selected 
from the group including but not limited to metal, metal alloy, 
metal nitride and metal silicide conductor materials. Com­
monly, the plurality of first interconnect layers 26 comprise a 
copper interconnect material that has a thickness from about 
300 to about 1000 nanometers, although neither the embodi­
ment nor the invention is so limited. The plurality of first 
interconnect layers 26 may be formed using methods and 
materials that are otherwise generally conventional in the 
semiconductor fabrication art. Such methods include, but are 
not necessarily limited to, blanket layer deposition methods 
in conjunction with photo lithographic and etch methods that 
are otherwise generally conventional in the semiconductor 
fabrication art. 
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[0063] FIG. 9 shows a semiconductor substrate 1011
, a liner 

layer 22 11 and a conductor layer 2411 that result from a backside 
planarizing of the semiconductor substrate 10', the liner layer 
22' and the conductor layer 24' that is illustrated in FIG. 8. 
Such a backside planarizing is intended to remove a thickness 
from about 0.1 to about 10 microns from the semiconductor 
substrate 10' while leaving exposed portions ofboth the liner 
layer 22 11 and the conductor layer 24 11

• The foregoing backside 
planarizing may also be effected using methods that are oth­
erwise generally conventional in the semiconductor fabrica­
tion art. Such methods may also include mechanical polish 
planarizing methods and chemical mechanical polish pla­
narizing methods. However, given an amount of semiconduc­
tor material that is desired to be removed in forming the 
semiconductor substrate 1011 from the semiconductor sub­
strate 10', at least in part a mechanical polish planarizing 
method is used. 
[0064] FIG. 10 shows a second interconnect layer 28 
located and formed contacting an exposed bottom portion of 
the conductor layer 24 11

• Such a second interconnect layer 28 
may comprise materials, have dimensions and be formed 
using methods analogous, equivalent or identical to the mate­
rials, dimensions and methods used for fabricating the plu­
rality of first interconnect layers 26 that is illustrated in FIG. 
8. 
[0065] FIG. 10 shows a schematic cross-sectional diagram 
of a semiconductor structure in accordance with a particular 
embodiment of the invention that comprises a first and sole 
preferred embodiment of the invention. The semiconductor 
structure includes a through substrate via 24 11 that penetrates 
from a front side of a semiconductor substrate 1011 to a back­
side of the semiconductor substrate 10 11

• The through sub­
strate via 24 11 is located and formed into an aperture within the 
semiconductor substrate 1011 of FIG. 10 that has an irregular 
sidewall profile. Progressing from the top surface to the bot­
tom surface of the semiconductor structure that is illustrated 
in FIG. 10, the irregular sidewall aperture includes: (1) a first 
comparatively wide region laterally bounded by the capping 
layer 16' and the etch stop layer 14'; (2) a constricted region 
contiguous with and below the first comparatively wide 
region; (3) a second comparatively wide region contiguous 
with and below the constricted region; and (4) an inward 
tapered region contiguous with and below the second com­
paratively wide region. 
[0066] Within this particular sole preferred embodiment, 
the first comparatively wide region of the aperture aids in 
efficiently filling the aperture with the through substrate via 
2411

• The constricted region provides for surface closure of 
any voids that may form in the second comparatively wide 
region. The second comparatively wide region, due to the 
increase in linewidth thereof, provides for ease in filling the 
aperture. Finally, the inward tapered region allows for ease in 
filling at least a bottom portion of the aperture absent forming 
a void within the via that is filled into the aperture. While the 
instant embodiment illustrates the invention within the con­
text of a single aperture and through substrate via 24 11 within 
a semiconductor substrate, a multiplicity of dimensionally 
similar or dimensionally identical apertures and correspond­
ing vias may also be used within a single substrate, such as a 
single semiconductor substrate. 
[0067] The preferred embodiment of the invention is illus­
trative of the invention rather than limiting of the invention. 
Revisions and modifications may be made to methods, mate­
rials, structures and dimensions of a semiconductor structure 
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in accordance with the preferred embodiment, while still 
providing a microelectronic structure or a semic?nductor 
structure in accordance with the invention, further m accor­
dance with the accompanying claims. 

What is claimed is: 
1. A microelectronic structure comprising: 
a substrate including an aperture at least partially through 

the substrate, the aperture including, progressing at least 
partially through the substrate; 
a first comparatively wide region at a surface of the 

substrate; 
a constricted region contiguous with the first compara­

tively wide region; 
a second comparatively wide region contiguous with the 

constricted region; and 
an inward tapered region contiguous with the second 

comparatively wide region. 
2. The microelectronic structure of claim 1 wherein the 

substrate comprises a semiconductor substrate. 
3. The microelectronic structure of claim 1 wherein the 

substrate comprises a ceramic substrate. 
4. The microelectronic structure of claim 1 wherein the 

second comparatively wide region has a substantially straight 
sidewall. 

5. The microelectronic structure of claim 1 wherein the 
second comparatively wide region has an outward bowed 
sidewall. 

6. The microelectronic structure of claim 1 wherein: 
the first comparatively wide region has a depth from about 

0.3 to about 10 microns into the substrate; 
the constricted region has a depth from about 1 to about 35 

microns into the substrate; 
the second comparatively wide region has a depth from 

about 1 to about 200 microns into the substrate; 
the tapered region has a depth from about 1 to about 100 

microns into the substrate. 
7. The microelectronic structure of claim 1 wherein: 
the second comparatively wide region has a linewidth 

greater than the first comparatively wide region; and 
the first comparatively wide region has a linewidth greater 

than the tapered region. 
8. The microelectronic structure of claim 1 further com­

prising a conductor layer located within the aperture. 
9. The microelectronic structure of claim 8 further com­

prising a dielectric liner layer located within the aperture 
interposed between the substrate and the conductor layer. 

10. The microelectronic structure of claim 8 further com­
prising a conductor liner layer located within the aperture 
interposed between the substrate and the conductor layer. 

11. A semiconductor structure comprising: 
a semiconductor substrate including an aperture at least 

partially through the semiconductor substrate, the aper­
ture including, progressing at least partially through the 
semiconductor substrate; 
a first comparatively wide region at a surface of the 

semiconductor substrate; 
a constricted region contiguous with the first compara­

tively wide region; 
a second comparatively wide region contiguous with the 

constricted region; and 
an inward tapered region contiguous with the second 

comparatively wide region; and 
a via located within the aperture. 
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12. The semiconductor structure of claim 11 wherein the 
second comparatively wide region has a substantially straight 
sidewall. 

13. The semiconductor structure of claim 11 wherein the 
second comparatively wide region has an outward bowed 
sidewall. 

14. The semiconductor structure of claim 11 wherein: 
the first comparatively wide region has a depth from about 

0.3 to about 10 microns into the semiconductor sub­
strate; 

the constricted region has a depth from about 1 to about 35 
microns into the semiconductor substrate; 

the second comparatively wide region has a depth from 
about 1 to about 200 microns into the semiconductor 
substrate; 

the inward tapered region has a depth from about 1 to about 
100 microns into the semiconductor substrate. 

15. The semiconductor structure of claim 11 wherein: 
the second comparatively wide region has a linewidth 

greater than the first comparatively wide region; and 
the first comparatively wide region has a linewidth greater 

than the inward tapered region. 
16. The semiconductor structure of claim 11 further com­

prising a dielectric liner layer located within the aperture 
interposed between the substrate and the via. 

17. The semiconductor structure of claim 11 further com­
prising a conductor liner layer located within the aperture 
interposed between the substrate and the via. 

18. The semiconductor structure of claim 17 wherein the 
conductor liner layer comprises a tungsten silicide material 
and the via comprises a tungsten material. 

19. A method for fabricating a microelectronic structure 
comprising: 

forming an aperture at least partially through a substrate, 
the aperture including: 
a first comparatively wide region at a surface of the 

substrate; 
a constricted region contiguous with the first compara­

tively wide region; 
a second comparatively wide region contiguous with the 

constricted region; and 
a tapered region contiguous with the second compara­

tively wide region; and 
forming a via into the aperture. 
20. The method of claim 19 wherein the forming the aper­

ture uses a two step etch method. 
21. The method of claim 20 wherein the two step etch 

method includes a first comparatively isotropic step followed 
by a second comparatively anisotropic step. 

22. The method of claim 21 wherein the comparatively 
isotropic step uses an etch process only and the comparatively 
anisotropic step uses an etch process and a deposition pro­
cess. 

23. The method of claim 22 wherein the etch process within 
the comparatively isotropic step and the etch process within 
the comparatively anisotropic step use the same etchant gas 
composition. 

24. The method of claim 19 further comprising forming a 
liner layer into the aperture prior to forming the via into the 
aperture. 

25. The method of claim 24 wherein the liner layer and the 
via comprise at least in part the same conductor material. 

* * * * * 




