
METHOD OF FILLING STRUCTURES FOR FORMING  VIA-FIRST DUAL DAMASCENE
INTERCONNECTS  BACKGROUND OF THE INVENTION 5 Related Applications This
application claims the priority benefit ofaprovisional application entitled
METHOD  OF FILLING STRUCTURES FOR FORMING VIA-FIRST DUAL DAMASCENE
INTERCONNECTS, Serial No. 60/504,368, filed September 19, 2003, incorporated
by reference  herein. 10 Field of the Invention The present invention is
concerned with new dual damascene methods utilizing a partial  curing step,
a solvent etching step, and a final curing step. These methods result in
very thin,  cured layers having low biases, even on highly topographic
surfaces. 15 Description of the Prior Art As integrated circuit devices grow
smaller, there is an increasing need for multi-level  interconnects of
smaller size and improved feature integrity. The damascene integration
scheme  is one way to allow for increasing chip densities on a substrate as
design rules continue to shrink 20 integrated circuit devices. The damascene
process eliminates the need to etch the metal layer that  provides the
interconnections, permits more densely spaced interconnects, and eliminates
the  need for dielectric gap-fill materials. There are two general classes
of damascene processes: single damascene and dual  damascene. The single
damascene process fabricates interconnections by forming a conducting  25
plug through a dielectric layer to connect to the underlying conducting
layer. Another dielectric layer is then formed, with the actual interconnect
wiring metallization being patterned in the  second layer. The dual
damascene process constructs multi-level interconnects of smaller size  than
the single damascene process. The via and trench patterns are patterned into
a single  dielectric layer and then filled in one step with a conducting
material such as a metal. Dual 30 damascene processes involve fewer steps,
resulting in smaller, more complex integrated circuit  devices, thus
lowering manufacturing complexity and cost. 



Despite the advantages of dual damascene processes, patterning and etch
processes are  made more difficult because of feature topography and more
complex stack layers. Several 2  techniques have been developed to address
such problems, including self-aligned dual  damascene, trench-first dual
damascene, and via-first dual damascene processes. The application  of
self-aligned dual damascene is limited, because it requires a thick,
intermediate layer to act  as an anti-reflective layer, nearly perfect
trench and via alignment, and very high etch selectivity 5 between the
dielectric and etch-stop layers. Trench-first dual damascene processes
involve first  masking and etching the trench, and then aligning the via
pattern with the newly etched trenches.  Successful trench-first dual
damascene processes require achieving very uniform trenches and  maintaining
critical dimension control of vias, which in turn requires high etch
selectivity  between the dielectric and etch-stop layers. The use of
etch-stop layers may also increase the  10 dielectric constant of the
dielectric material, possibly leading to device failure. Via-first dual
damascene is a somewhat simpler technique, because the vial are formed  on
top of the full stack of layers. The vias are etched, followed by
lithography processes to form  the trench patterns. Via-first dual damascene
requires a fill composition capable of protecting  the bottom of the via
during the trench etch step, and of planarizing the surface to allow easier
15 trench patterning. Two techniques are commonly used in via-first dual
damascene processes:  partial fill and full fill. In partial fill processes,
the gap-fill material protects only the bottoms of  the via holes, requiring
consistent coverage and depth control. In full-fill processes, the vias are
completely filled and the layer is planarized. The etching process is
performed on the top layer.  During photoresist patterning steps, it is
necessary to control reflections from underlying 20 materials through use of
an anti-reflective coating to prevent distortion of the photoresist pattern.
If the gap-fill material lacks suitable light-absorbing properties, trench
patterning usually requires  incorporating an anti-reflective coating into
the stack as a hardmask layer, or coating an anti- reflective layer over the
gap-fill material before applying the photoresist. These extra layers
complicate the process and increase manufacturing costs. 25 A typical
via-first dual damascene process is illustrated in Figure 1. A dielectric
layer  (10) is deposited onto a substrate (12) with a conductive layer (14).
A gap-fill material without  light-absorbing properties (16) has mostly
filled the vias (17). A hardmask layer (18) and a  



bottom anti-reflective coating (20) are applied for reflection control for
the patterned photoresist  (22) to permit the trench to be etched into the
dielectric layer (10). 30 Using a gap-fill material with good
light-absorption and planarizing properties would  simplify the process, but
conventional organic bottom anti-reflective coatings do not display 3  these
properties. Coating properties of bottom anti-reflective coatings vary based
on feature  density and size. Differences in feature density result in
iso-dense bias, in which the depth of the  bottom anti-reflective coating is
greater in isolated device features than in dense device features.  The use
of very thick bottom anti-reflective coatings addresses this problem, but
requires a 5 troublesome blanket-etch step to planarize the layer and reduce
its thickness to more useful levels  before the photoresist layer can be
applied and patterned. This requires additional manufacturing  steps, and
may require wafers to be transferred between the etch and lithography bays
during  manufacturing. Thick coatings also require a high etch selectivity
between the photoresist and  the bottom anti-reflective coating, which may
not be possible because of the etch chemistry or 10 the photoresist and
bottom anti-reflective coating chemistries. Fig. 2 shows a dielectric layer
(24)  with via openings (26) formed over a substrate (28) with a conductive
layer (30) that has been  coated with a conventional, gap-fill, bottom
anti-reflective coating (32). Fig. 2 illustrates the  poor fill in the dense
areas, nonuniform fill (34), and voids in the bottom anti-reflective coating
(36). 15 Blanket etch steps can also leave debris remaining in device
features after etching steps,  which can lead to poor electrical connections
and device failure. Removal of such debris may  require the use of
time-consuming, wet-cleaning techniques, and despite this, debris may still
remain. Thick bottom anti-reflective coatings can also result in a fence
problem in trenches and  vias. The bottom anti-reflective coating and the
dielectric material undergo a chemical reaction 20 when in contact with one
another, forming a thin residue inside the vias. The residue can cause
incomplete trench etch, leading to poor device feature integrity. In view of
the difficulties in the  via-first dual damascene process, a method of using
bottom anti-reflective coatings that would  reduce the number of steps
required in fabrication, eliminate the debris and the fence problems,  and
result in a more consistent fill of dense and isolated device features is
greatly needed. 25 



SUMMARY OF THE INVENTION The present invention is broadly concerned with a
new method for forming dual  damascene structures. The inventive methods
comprise applying (e.g., by spin coating) a  30 composition to a substrate
so as to form a layer of that composition on the substrate surface. The
composition layer is then partially cured, and a solvent is puddled on the
partially cured layer. 4  The solvent is removed (e.g., by spinning) from
the partially cured layer, and the layer is further  cured to yield a thin
layer with very low bias. In more detail, the substrate utilized will
preferably include topography (e.g., contact  holes, via holes, raised
features, trenches). This topography can be included directly on the  5
substrate surface, or it can be included in one or more layers of other
material formed on the substrate surface. The substrate can be any
microelectronic substrate. Preferred substrates  include those commonly used
in dual damascene structures, with particularly preferred substrates  being
selected from the group consisting of silicon, aluminum, tungsten, tungsten
silicide,  gallium arsenide, germanium, tantalum, tantalum nitrite, and
SiGe. 10 The composition utilized can be any suitable crosslinking
composition, including  conventional anti-reflective coating and/or gap-fill
compositions. These compositions will  typically include a polymer binder, a
crosslinking agent (as a separate component or built into  the polymer
binder), a catalyst, and other optional ingredients dissolved or dispersed
in a solvent  system. This composition can be applied to the substrate at
any number of average thicknesses 15 depending upon the final use, but will
typically be initially applied at thicknesses of from about  200-300 nm.
After application to the substrate, the composition is partially cured. That
is, the  composition is less than about 90% cured, and preferably from about
40-60% cured. This is  typically carried out by heating the composition. The
most preferred curing method involves 20 heating the composition at a
temperature of from about 65-95%, preferably from about 70-90%,  and more
preferably from about 78-88% of the composition's curing temperature. With
many  currently available compositions, this temperature will be from about
140-180C, and preferably  from about 150-165C. This heating step is
preferably carried out for a time period of from about  15-90 seconds, more
preferably from about 30-8v seconds, and even more preferably from about  



25 50-70 seconds. After the composition layer has been partially cured, it
is preferred that the layer be  cooled or chilled. This is preferably
accomplished by simply exposing the layer to room  temperature (e.g.,
20-25C), preferably fora time period of from about 20-40 seconds, and more
preferably from about 25-35 seconds. 30 Next, a solvent is puddled onto the
layer. Preferred solvents include those selected from  the group consisting
of ethyl lactate, propylene glycol monomethyl ether (PGME), propylene 5
glycol monomethyl ether acetate (PGMEA), and mixtures thereof. The solvent
is preferably  allowed to contact the layer for a time period of from about
10-60 seconds, preferably from about  15-55 seconds, and more preferably
from about 20-45 seconds. The solvent is then removed  from the substrate,
preferably by spinning at a speed of from about 1,500-2,500 rpm for a time
5 period of from about 20-40 seconds. After solvent removal, the layer of
composition is then subjected to a final curing step.  During this step, the
layer is heated to a sufficient temperature and for a sufficient time so as
to  at least substantially (i.e., at least about 98%), and preferably
completely, cure the layer. This  will typically involve heating the layer
to a temperature of from about 195-250C, and more 10 preferably from about
205-225C. The typical heating time will be from about 30-90 seconds,  more
preferably from about 40-80 seconds, and even more preferably from about
55-65 seconds.  When comparing the thickness of the layer after partial
curing and prior to solvent contact to the thickness of the layer after the
final curing step, it can be seen that the solvent  contact step results in
the composition being at least partially removed. Preferably, the solvent
15 contact step etches the composition at a rate of from about 40-80 A of
thickness per second of solvent contact, and more preferably from about
50-70 A of thickness per second of solvent  contact. The inventive process
can be used in both partial fill (i.e., where about 35-65% of the  hole's
depth is filled with the composition) and full-fill (i.e., where at least
about 95%, and  20 preferably about 100% of the hole's depth is filled with
the composition) applications. Furthermore, it will be appreciated that the
inventive methods can be used to form dual  damascene structures possessing
properties not previously achieved. For example, the structures  



prepared according to the inventive methods will have low biases, even with
very thin layers of  the composition. Specificaiiy, the inventive methods
will result in layers having biases of less 25 than about 80 nm, preferably
less than about 65 nm, more preferably less than about 50 run, and  even
more preferably from about 0-35 run. Furthermore, the layers will have
average thicknesses  of less than about 100 nm, preferably less than about
80 nm, and more preferably less than about  70 nm. Unlike prior art methods,
these properties can be achieved using the same composition.  That is, the
same composition can be used to fill the contact and via holes as is used to
form a 30 layer on the surface of the substrate. This dramatically improves
processing conditions. 6  As used herein, the average thickness of a layer
is determined by measuring (with an ellipsometer or other conventional
device) the thickness of a layer at a point about halfway  between two via
holes: (1) that are not separated from one another by an intervening
feature; and  (2) whose boundaries are within 1,000 nm of one another. These
measurements are repeated 5 over a wafer (or other area as defined herein)
up to 49 times, and the measurements are averaged  to determine the average
thickness of a layer. As used herein, the bias is determined by subtracting
the average thickness of a layer over  a dense region from the average
thickness of that same layer over an isolated region. A dense  region is
defined as a portion of a substrate that has at least about 50% of its
surface area filled 10 with via holes, while an isolated region is defined
as a portion of a substrate that has less than  about 20% of its surface
area filled with via holes. BRIEF DESCRIPTION OF THE DRAWINGS Fig. I is a
schematic drawing showing prior art, via-first, dual damascene layers using
a  15 gap-fill material without light-absorbing properties; Fig. 2 is a
schematic drawing illustrating the gap-fill properties of prior art organic
bottom  anti-reflective coatings; Figs. 3a-i are schematic drawings showing
successive steps in a dual damascene process  using the inventive methods;
20 Fig. 4 is a Scanning Electron Microscope (SEM) photograph showing a
cross-sectional  view of the samples of Example 1, before and after the
etch-back process; Fig. 5 is an SEM photograph showing a cross-sectional
view of a control sample;  



Fig. 6 is a graph comparing different solvents used in the inventive
methods; Fig. 7 is a graph showing via fill data in an inventive process
where ethyl lactate was used  25 in the solvent etch-back step; and Fig. 8
is a graph showing thickness data in an inventive process where ethyl
lactate was  used in the solvent etch-back step. 7  DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS The present inventive methods can be used to both
create a more planar topography for  trench patterning, and to protect the
bottom of a via hole from damage during the trench etch  process. 5 Figs.
3a-3i illustrate one embodiment of the invention in more detail. As shown in
Fig.  3a, a substrate (38) with a conductive structure (40) is provided. The
substrate (38) includes any  suitable semiconductor material in any stage of
device processing that needs an interconnect.  The conductive material (40)
is any structure to which an electrical contact is desired (e.g., a  metal
line). An optional cap layer (42) is formed on the substrate (38) to prevent
diffusion of 10 metal into the overlying layers. Next, dielectric layers
(44, 46) are formed with an optional,  intervening etch-stop layer (48)
formed of a suitable material (e.g., silicon nitride). The etch stop  layer
(48) serves to stop a trench etch. The dielectric layers may be formed from
any suitable  materials (e.g., silicon dioxide). Another embodiment omits
the etch stop layer (48), and only  one dielectric layer is formed on the
substrate (38) in which the dual damascene structure is 15 formed. Another
optional cap layer (50) made of a material similar to the first cap layer
(42) may  be deposited on the top dielectric layer (46) to prevent metal
diffusion into the underlying layers.  This layer may also serve as a
hardmask or etch stop for partial via fill applications. In Fig. 3b, a
patterned photoresist (52) is formed on the optional cap layer (50). This
patterned photoresist (52) defines the first via opening (54). After the via
opening (54) is formed,  20 the cap layer (50), the dielectric layer (46),
the etch stop layer (48), and the dielectric layer (44) are etched to
transfer the via opening (54) into the respective layers and expose the cap
layer (42),  as shown in Fig. 3c. The cap layer (42) may then be etched to
expose the underlying conductive  layer (40). In another embodiment, the via
is etched through the cap layer (50) and the dielectric  layer (46) and
stops at the etch stop (48). Tile etch stop may also be etched in some
applications. 



25 A thick, gap-fill, bottom anti-reflective coating (56) is applied to the
top cap layer (50)  and fills the vias. The gap-fill, bottom anti-reflective
coating (56) should be thick enough to  completely planarize the topography,
which occurs when the bottom anti-reflective coating (56)  thickness is
greater than about 150 nm, as shown in Fig. 3d. The bottom anti-reflective
coating  (56) is then partially cured and a solvent (e.g., PGMEA, ethyl
lactate, PGME) is applied to the 30 bottom anti-reflective coating (56). The
solvent removes a portion of the film determined by  both the time the
solvent is in contact with the bottom anti-reflective coating (56) and the
partial 8  curing process. The solvent is then removed, and the bottom
anti-reflective coating is fully cured  (56b), as shown in Fig. 3e. The
resulting bottom anti-reflective coating (56b) thickness on the  cap layer
(50) is optimized to give maximum reflection control over that substrate
stack. In  another embodiment, the bottom anti-reflective coating (56) is
removed so that only a portion 5 remains in the vias to protect the bottom
of the vias. Then a second patterned photoresist (58) is  formed on top of
the fully cured bottom anti-reflective coating (56b). The pattern forms the
trench (60), as shown in Fig. 3f. Next, the trench pattern (60) is
transferred into the cap layer (50), and the dielectric layer  (46) by etch,
ending at the etch stop (48). The gap-fill, bottom anti-reflective coating
(56b) will  10 be etched away concurrently, and the bottom anti-reflective
coating (56c) will be left in the via after the trench etch. The patterned
photoresist (58b) will be partially removed, but may be  completely removed
depending upon the etch chemistry. The cap layer (50) acts as a hardmask  or
etch stop, as shown in Fig. 3g. The remaining patterned photoresist (58b)
and bottom anti-reflective coating (56c) are  15 removed with a conventional
aching process and/or wet cleaning process (e.g., ozonated water,  acid
bath), and the cap layer (42) is etched to expose the conductive layer (40).
The etch stop  layer (48) may be removed at the same time, as shown in Fig.
3h. A conductive (e.g., metal) layer (62) in the dual damascene interconnect
structure is then  formed in the dielectric layer (46) and the via opening
in the dielectric layer (44), as shown in  20 Fig. 3i. The conductive layer
(62) is made by forming a layer that is electrically continuous with the
conductive layer (40). The conductive layer (62) is planarized with the cap
layer (50), or with  the dielectric layer (46) if the cap layer (50) is
removed. An optional barrier layer (not shown)  



maybe deposited on the sidewalls of the via to serve as a diffusion barrier
before the conductive  layer (62) is deposited. 25 EXAMPLES  The following
examples set forth preferred methods in accordance with the invention.  It
is to be understood, however, that these examples are provided by way of
illustration and  nothing therein should be taken as a limitation upon the
overall scope of the invention. 30 9  EXAMPLE 1 Full-Fill Application Using
PGMEA as a Solvent DUV52N (available from Brewer Science Inc., Rolla, MO)
was coated on a wafer with  etched via arrays having various pitches and
diameters. The coated wafer was then baked at  5 140C for 130 seconds,
partially curing the layer of DUV52N. The wafer was then cooled at 21 C for
30 seconds. PGMEA was puddled onto the wafer for 35 seconds, and the wafer
was  then spun at 2,000 rpm for 30 seconds to remove the solvent. A final
bake at 205C for  60 seconds completely cured the layer ofDUV52N. An SEM
photograph (Fig. 4) revealed that  the thickness of layer ofDUV52N before
the solvent etch step was 120 nm in a 250-nm diameter, 10 1:1 via array, and
180 rim thick in a 250-nm isolated pitch via array, yielding a bias of 60
nm.  After the solvent etch step, the thickness was reduced to 68 mn in the
dense array, and 125 nm  in the isolated array, resulting in a bias of 57
run. EXAMPLE 2 15 Partial-Fill Application Using PGME as a Solvent DUV52N
was coated onto a via array and baked at 160C for 60 seconds to partially
cure  the bottom anti-reflective coating layer. The wafer was then cooled at
21C for 30 seconds.  PGME was puddled onto the wafer for 15 seconds. The
wafer was then spun at 2,000 rpm for  30 seconds to remove the solvent, and
then underwent a final curing step by baking at 205C for 20 60 seconds.
Before the solvent etch step, the thickness ofDUV 52N was 174 rim in the
dense via  array and 190 rim in the isolated via array, reflecting a bias of
16 mn. After the solvent etch-back  and final cure steps, the bottom
anti-reflective coating was found only at the bottom of the vias.  



The thickness of the bottom anti-reflective coating remaining in the vias
was 52 rim in the dense  via array, and 120 rim in the isolated via array, a
bias of 78 rim. 25 EXAMPLE 3 Partial-Fill Application Using PGME as a
Solvent DUV52N was coated onto a via array and baked at 160C for 60 seconds.
The wafer was  then cooled at 21C for 30 seconds. PGME was puddled onto the
wafer for 45 seconds. The  30 wafer was then spun at 2,000 rpm for 30
seconds to remove the solvent, and underwent a final cure step by baking at
205C for 60 seconds. Before solvent etch, the thickness of the DUV52N 10
was 174 mn in the dense via array, and 190 rim in isolated via array, a bias
of 16 rim. After the  solvent etch-back and final cure steps, the bottom
anti-reflective coating was found only at the  bottom of the vias at a
thickness of 30 mn in the dense via array, and 90 mn in the isolated via
array. This resulted in a bias of 60 nm. 5 EXAMPLE 4  Comparative Via-Fill
Material DUV52 (available from Brewer Science Inc., Rolla, MO) was applied
to a via array,  resulting in a layer of the same thickness (140 mn) as
DUV52N after the solvent etch-back step.  10 In a full-fill process, the
thickness of DUV52 was 128 mn in isolated via arrays, and 12 rim in dense
via arrays. This resulted in a bias of 116 nm, much larger than 57 mn, the
bias of the full- fill solvent etch-back process described in Example 1. The
solvent etch-back process reduced  the thickness bias across via arrays by
at least 50% in full via-fill processes. In a partial-fill  process, the DUV
52 isolated-dense array bias was 81 rim on top of the oxide and 274 run
inside 15 the vias. As compared with traditional bottom anti-reflective
coating via-fill methods, the  method of Examples 2 represents a 72%
reduction in isolated-dense via bias. Fig. 5 depicts another comparative
sample where DUV52N was the composition utilized.  No solvent etch-back step
was carried out. Instead, the DUV52N was baked at 205C for 60  seconds. The
via depth was 700 rim, and the via diameter was 250 run. The bias was about
20  20 nm, and the thickness was greater than 180 nm. 



EXAMPLE 5 This procedure was carried out to compare the use ofdifferent
solvents (PGME, PGMEA,  and ethyl lactate) during the solvent etch-back
step. For each solvent, a bake matrix for the  25 partial cure step was
performed to determine whether different solvents would change the etch rate
significantly. The final bake was carried out at 205C. The bake times for
both bakes were  fixed at 60 seconds, and the solvent puddle was fixed at 30
seconds for purposes of this  procedure. The wafer was cooled at 21 C for 30
seconds prior to solvent contact, and after  solvent contact, the solvent
was removed at 2,000 rpm for 30 seconds. From the solid lines in 30 Fig. 6,
which is the dense via fill percentage, it can be seen that the etch rates
in the vias were  very similar and almost identical. The dashed line
represents the isolated-dense fill bias in 11  nanometers. The biases
between solvents were similar, and were typically from about 30-40 nm.
Also, these results indicate that the most preferred process window for
partial via fill applications  is from about 180-190C. 5 EXAMPLE 6
Applications Using Ethyl Lactate In this procedure, the bake time was varied
from 15-120 seconds, depending upon the  bake temperature (varied from
180-190C), and the bake temperature was stepped at a finer  increment.
DUV52N was the composition used. The remaining conditions were: cooling at
21C for 30 seconds; 30-second solvent puddle; solvent removal at 2,000 rpm
for 30 seconds;  and final bake at 205C for 60 seconds. Referring to the via
fill percentages in Fig. 7, the lower the bake temperature, the longer  the
material must be baked to yield identical results. For example, full fill or
100% fill was  achieved at 190C at about a 30-second bake time, and the 180C
temperature required about a  15 90-second bake time. Fig. 8 shows the dense
thickness. The thickness of the bottom anti-reflective coating on  top of
the wafer surface was varied by the bake temperature and time. With an
iso-dense bias  of about 40 rim or less, and at a thickness of only about 60
min, significant improvement for etch  uniformity and etch bias was
observed. Also, the reduced bias over conventional processes 20 allows for
largerphotolithographywindows. At the same time, the best thickness for a
respective  



substrate can be utilized, and the thickness can be adjusted independent of
equipment spin-speed  limitations. In this example, the data were generated
using ethyl lactate, however, similar results were  achieved with other
solvents. 25 12  We claim: 1. A dual damascene structure comprising: a
substrate having a surface comprising a plurality of topography features,
said  topography features forming a dense region and an isolated region on
said  substrate; a layer of a composition adjacent said substrate surface,
said layer having an average  thickness of less than about 100 nm and a bias
of less than about 80 nm. 2. The structure of claim 1, wherein said average
thickness is less than about 80 nm.  3. The structure of claim 1, wherein
said bias is less than about 65 nm. 4. The structure of claim 1, wherein
said substrate is selected from the group  consisting of silicon, aluminum,
tungsten, tungsten silicide, gallium arsenide, germanium,  tantalum,
tantalum nitrite, and SiGe. 5. The structure of claim 1, said topography
features including structure defining a  hole formed in said substrate, said
hole being at least about 95% filled with said composition 




