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(57) ABSTRACT

Thermal processing and alignment methods and processes
used during fabrication of semiconductor devices are pro-
vided. One method includes, for instance: obtaining a device
after at least one laser annealing process is completed, the
device including a substrate surface and at least one layer over
the substrate surface; applying a mask layer to the at least one
layer; performing lithography on the mask layer to form a top
layer; positioning a first contact-to-gate layer over the top
layer; checking alignment of electrical connections between
the substrate surface and the first contact-to-gate layer; and
determining if an adjustment is needed to at least one param-
eter of at least one laser annealing beam used during the laser
annealing process. In enhanced aspects, the at least one laser
annealing process includes: performing three laser anneals;
applying three mask layers; and performing lithography three
times.
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METHOD AND PROCESS TO REDUCE
STRESS BASED OVERLAY ERROR

FIELD OF THE INVENTION

The present invention relates to semiconductor devices and
methods of fabricating semiconductor devices, and more par-
ticularly, to the thermal processing and alignment during
contact formation.

BACKGROUND OF THE INVENTION

Semiconductor devices may use strained SiGe to reduce
short channel effects to improve the device performance.
However, SiGe structures are susceptible to strain relaxation
causing wafer deformation during thermal annealing. When
wafer deformation occurs it leads to stress induced misalign-
ment errors during subsequent lithography processes which
ultimately results in substantial yield losses in fabrication of
state-of-the-art complementary metal-oxide-semiconductor
(“CMOS”) devices.

In addition, as devices are increasingly scaled down in size
the contact-to-gate overlay requirements become more strin-
gent. When the devices are scaled down the critical layers
frequently fail to meet alignment targets due to the wafer
deformation occurring during laser annealing, for example,
laser spike annealing (“LLSA”). The problem of the critical
layers failing to properly align is aggravated by the fact that
in-line metrology to quantify LSA-induced warpage is not
readily available and becomes apparent only when the wafer
fails for overlay at the lithography (“LIT”) step. By the time
the wafer reaches the LIT step it is too late to correct the root
cause of the misalignment.

This process is problematic for the resultant semiconductor
device because the wafer deformation and ultimate layer mis-
alignment may cause the deformed wafer to be unusable.
Further, currently used fabrication techniques fail to provide
optimization to reduce misalignment errors at the critical
layers.

BRIEF SUMMARY

The shortcomings of the prior art are overcome and addi-
tional advantages are provided through the provision, in one
aspect, of a method which includes, for instance: obtaining a
device after at least one laser annealing process is completed,
the device including a substrate surface and at least one layer
over the substrate surface; applying a mask layer to the atleast
one layer; performing lithography on the mask layer to form
a top layer; positioning a first contact-to-gate layer over the
top layer; checking alignment of electrical connections
between the substrate surface and the first contact-to-gate
layer; and determining if an adjustment is needed to at least
one parameter of at least one laser annealing beam used
during the laser annealing process.

In another aspect, a process is presented which includes,
for instance: obtaining a device with a wafer and at least one
layer on top of the wafer; performing at least one laser anneal-
ing to the at least one layer, the at least one laser annealing
using at least one laser beam; applying a mask layer over the
atleast one layer; performing lithography on the mask layer to
form a contact layer; arranging an overlay on top of the
contact layer; inspecting the alignment of the contact layer
with the overlay; determining an amount of wafer deforma-
tion; and adjusting the at least one laser beam to remove wafer
deformation.
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Additional features and advantages are realized through
the techniques of the present invention. Other embodiments
and aspects of the invention are described in detail herein and
are considered a part of the claimed invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

One or more aspects of the present invention are particu-
larly pointed out and distinctly claimed as examples in the
claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention
are apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:

FIG. 1 depicts one embodiment of a portion of a process for
fabricating, for instance, thermal processing and alignment of
the layers of a semiconductor device, in accordance with one
or more aspects of the present invention;

FIG. 2 depicts another embodiment of a portion of the
process for fabricating, for instance, thermal processing and
alignment of the layers of a semiconductor device, in accor-
dance with one or more aspects of the present invention;

FIG. 3 depicts another embodiment of a portion of the
process for fabricating, for instance, thermal processing and
alignment of the layers of a semiconductor device, in accor-
dance with one or more aspects of the present invention;

FIG. 4 depicts a laser beam for laser annealing, in accor-
dance with one or more aspects of the present invention;

FIG. 5 depicts the length of the laser beam of FIG. 4, in
accordance with one or more aspects of the present invention;

FIG. 6 depicts the width of a laser beam of FIG. 4, in
accordance with one or more aspects of the present invention;

FIG. 7 depicts a graph of temperature ramp rates of the
surface temperature of the semiconductor device during ther-
mal processing based on changing stage velocity, in accor-
dance with one or more aspects of the present invention;

FIG. 8 depicts the varying wafer orientation during the
thermal processing of FIG. 3, in accordance with one or more
aspects of the present invention; and

FIG. 9 depicts a graph of a transfer function curve, in
accordance with one or more aspects of the present invention.

DETAILED DESCRIPTION

Aspects of the present invention and certain features,
advantages, and details thereof, are explained more fully
below with reference to the non-limiting embodiments illus-
trated in the accompanying drawings. Descriptions of well-
known materials, fabrication tools, processing techniques,
etc., are omitted so as to not unnecessarily obscure the inven-
tion in detail. It should be understood, however, that the
detailed description and the specific examples, while indicat-
ing embodiments of the invention, are given by way of illus-
tration only, and are not by way of limitation. Various substi-
tutions, modifications, additions and/or arrangements within
the spirit and/or scope of the underlying inventive concepts
will be apparent to those skilled in the art from this disclosure.
Note also that reference is made below to the drawings, which
are not drawn to scale for ease of understanding, wherein the
same reference numbers used throughout different figures
designate the same or similar components.

The present disclosure addresses and enhances, inter alia,
thermal processing, more specifically, laser anneal process-
ing and alignment during semiconductor fabrication. Laser
anneal processing typically includes using a laser beam that
is, for example, a long, thin beam or image to scan across the
surface of an upper layer of a semiconductor device to heat the
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upper layer. Generally only the upper layer of the semicon-
ductor device is heated, thus enabling the quickly heated
upper layer to be quickly cooled by the lower temperature of
the rest of the semiconductor device after the laser beam has
passed over the device.

Generally stated, disclosed herein are certain novel thermal
processing methods, which provide significant advantages
over the above noted, existing thermal processing methods.
Advantageously, the thermal processing methods disclosed
herein may improve alignment accuracy for critical layers,
improve electrical test (“ET”) parametric yield, and improve
the process capability index (“Cpk”). Additionally, as
explained herein, the thermal processing methods disclosed
herein may decrease or eliminate wafer deformation caused
by current laser annealing processes.

During fabrication a substrate or wafer will be processed
through numerous procedures to create the semiconductor
device. One such procedure is thermal processing of the sub-
strate, for example, one type of thermal processing is laser
spike annealing (“LLSA”). The substrate experiences thermal
processing in order to activate dopant atoms implanted in
regions of the substrate, for example, source and drain
regions, with minimal dopant diftfusion.

In one aspect, in one embodiment, as shown in FIG. 1, a
portion of the semiconductor device fabrication process in
accordance with one or more aspects of the present invention
may include, obtaining a device after completion of at least
one laser annealing process 100, applying a mask layer to the
at least one layer 110, performing lithography on the mask
layer of the device 120, positioning a first contact-to-gate
layer over the mask layer 130, checking alignment of the
electrical connections 140, and determining if an adjustment
is needed to one or more parameters of at least one laser
annealing beam 150. This process is inherent in the more
detailed portions of the semiconductor device fabrication
processes of FIGS. 2 and 3.

As illustrated in FIG. 2, in an embodiment, the portion of
the semiconductor device fabrication process 200 in accor-
dance with one or more aspects of the present invention may
include: obtaining a device with at least one layer, laser spike
annealing the top layer of the device 210, applying a first
mask layer over the top layer 220, performing lithography on
the first mask layer 230, laser annealing the source and drain
layer 240, applying a second mask layer over the source and
drain layer 250, performing lithography on the second mask
layer 260, laser annealing an amorphous silicon (“a-Si”) layer
270, applying a third mask layer over the a-Si layer 280,
performing lithography on the third mask layer 290, position-
ing a first contact-to-gate layer over the third mask layer 300,
and determining if an adjustment is needed to one or more
parameters of at least one laser annealing beam used during
the laser annealing process 310.

With continued reference to the fabrication processes of
FIGS. 1 and 2, after lithography is performed on the mask
layer 120, 290 a sequence of various semiconductor pro-
cesses may be performed 124, for example, reactive ion etch
(“RIE”), diffusion, cleans, etc., to form the desired topogra-
phy on the wafer surface and/or the desirable dopant profile.
The processes performed on the wafer may be selected to
obtain a wafer with the desired electrical properties. In addi-
tion, in one embodiment, as described above, lithography
may be performed on the mask layers, resulting in the mask
layers becoming part of the device. In an alternative embodi-
ment, the mask layers may be removed or stripped from the
surface of the device prior to performing the lithography
steps. In yet another embodiment, some mask layers may be
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stripped from the surface of the device prior to lithography
while lithography may be performed on other mask layers.

By way of specific example, as shown in FIG. 2, the adjust-
ment of one or more parameters of at least one laser annealing
beam may occur to the laser annealing beam used during the
laser annealing process 270 before the first contact-to-gate
layer occurs. Adjustment may be necessary when errors are
induced due to warpage or deformation of the substrate or
device during the laser annealing process. When adjustment
is necessary the dwell time may be altered by adjusting the
beam parameters to provide the optimum stage velocity, tem-
perature ramp rate and cool down rate, as well as scan direc-
tion. The dwell time is the time that a point on a substrate or
device is exposed to the beam during laser annealing. Dwell
time (t,) may be calculated by dividing the beam width (W)
by the scan speed (V_,___) using the formula:

stage.

L =WV,

stage"

As illustrated in FIGS. 4-7, the beam 312 may scan a
substrate or wafer in a scan direction 314 and include a
desired length (1,) and width (w,). The scan direction 314
may occur, for example, in the x-direction along the substrate,
where the x-direction is, for example, from side to side on the
substrate top surface. The direction of the scan may be
changed during thermal processing in order to reduce overlay
errors. By way of specific example, the beam 312 may have a
length of 90% of the emission which may range from, for
example, approximately 6-12 mm and more preferably,
approximately 6 mm to 8 mm and a beam width of, for
example, approximately 60-120 micron meters, and more
preferably approximately 90 micron meters. The scan speed
of' the stage holding the wafer or device may be set in a range
of, for example, approximately 100 mm/sec to approximately
400 mny/sec.

By way of example only, one detailed embodiment using a
beam with a width of approximately 90 micron meters and a
scan speed of approximately 128.5 mm/sec will have a dwell
time of approximately 700u seconds as the beam passes over
the substrate or wafer. If wafer deformation is discovered
during lithography, then the scan speed may be increased, for
example, to approximately 225 mm/sec to attempt to remove
the wafer deformation. By increasing the scan speed to
approximately 225 mm/sec the dwell time of the beam over
the wafer decreases to approximately 400u seconds. If wafer
deformation is still present during lithography, then the scan
speed may be further increased, for example, to approxi-
mately 300 mm/sec. At a scan speed of 300 mm/sec, the dwell
time of the beam over the wafer decreases to approximately
300u seconds. As the scan speed is increased the dopants in
the wafer must still be activated and this may be accomplished
by increasing the intensity of the laser beam. In the present
embodiment, the targeted anneal temperature for the sub-
strate is, for example, approximately 1100° C. to 1400° C.,
and more preferably approximately 1150° C.-1275° C. Thus,
as the scan speed and/or laser beam intensity parameters are
adjusted, the user may make adjustments until optimal
parameters are obtained which eliminate or reduce wafer
deformation during thermal processing of the semiconductor
devices. The parameters of the scan speed and beam width
may be altered based on the machine being used and the
device being fabricated. In addition, the parameters of the
beam may be changed based on transfer function curves
which may be created for the equipment being used by, for
example, experimentally determining the dependencies
between the overlay error and the wafer bow and/or dwell
time. An example transfer function curve is shown in FIG. 9,
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which illustrates an example transfer function curve 600 for
overlay versus one of the above noted LSA parameters, for
example, dwell time.

FIG. 7 depicts, by way of example only, the ramp rate and
cool down rate for wafers that are scanned with various stage
velocities while maintaining a targeted anneal temperature.
The ramp rate is determined based on the time it takes for the
surface temperature of the wafer to change from its original
temperature to the targeted temperature for annealing. As
depicted, in one embodiment, the stage may include a first
scan speed 316, for example, approximately 93 mm/sec,
which produces a first ramp rate curve 318. If wafer or sub-
strate deformation is found during the positioning of a first
contact-to-gate layer over the third mask layer 300, then at
least one parameter may be adjusted during the laser anneal
on the a-Si 270 and a new wafer may be laser annealed. If the
scan speed is adjusted to provide a second scan speed 320, for
example, approximately 175 mm/sec, then a second ramp rate
curve 322 is produced. Where deformation is still present in
the wafer or substrate of the device, another adjustment to at
least one of the parameters of the laser annealing 270 may be
performed. In another embodiment, the scan speed may be
adjusted to obtain a third scan speed 324, for example,
approximately 700 mm/sec, which produces a third ramp rate
curve 326. If the wafer deformation and induced errors are
eliminated or sufficiently reduced and optimal parameters for
thermal processing are obtained, then the parameters may be
set and additional wafers may be thermally processed and
passed on to the next fabrication processes. As illustrated to
maintain a targeted anneal temperature as the stage velocity
increases, the wafer will experience a higher temperature
ramp rate and a faster cool down rate, as illustrated in FIG. 7.

In another embodiment, as illustrated in FIG. 3, a portion of
the semiconductor device fabrication process 400 in accor-
dance with one or more aspects of the present invention may
include: obtaining a device with at least one layer, laser spike
annealing the top layer of the device 410, applying a first
mask layer over the top layer 420, performing lithography on
the first mask layer 430, laser annealing the source and drain
layer 440, applying a second mask layer over the source and
drain layer 450, performing lithography on the second mask
layer 460, laser annealing an a-Si layer 470, applying a third
mask layer over the a-Si layer 480, performing lithography on
the third mask layer 490, positioning a first contact-to-gate
layer over the third mask layer 500, and determining if an
adjustment is needed to one or more parameters of at least one
laser annealing beam used during the laser annealing process
510. The fabrication process may further include: adjusting
one or more parameters of the laser anneal on a-Si 512;
adjusting one or more parameters of the source/drain laser
anneal 514, and/or adjusting one or more parameters of the
laser spike anneal 516. The parameters of the laser anneals
may be adjusted as described above with reference to FIG. 2
until the laser anneal has been optimized to eliminate and/or
reduce the wafer deformation and induced errors created
during the laser annealing of the layers of the substrate. In one
embodiment, as described above, lithography may be per-
formed on the first, second, and third mask layers. Alterna-
tively, the first, second, and third mask layers may be removed
prior to performing the lithography steps.

As described in greater detail above with reference to
FIGS. 1 and 2, the portion of a fabrication process shown in
FIG. 3 may also include performing a sequence of various
semiconductor processes after lithography is performed on
the mask layer 490. The sequence of processes may include,
for example, RIE, diffusion, cleans, and the like, may be
performed to form the desired topography on the wafer sur-
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face and/or the desirable dopant profile. The processes that
are performed on the wafer may be selected in order to obtain
a wafer with the desired electrical properties. In addition, in
an embodiment, as described above with reference to FIG. 3,
the lithography may be performed on the mask layers, result-
ing in the mask layers becoming a part of the device. Alter-
natively, in an embodiment, the mask layers may be removed
or stripped from the surface of the device prior to performing
lithography. In yet another embodiment, some mask layers
may be stripped from the surface of the device prior to lithog-
raphy and lithography may be performed directly on other
mask layers.

By way of specific example, as shown in FIG. 8, the portion
of the semiconductor device fabrication process may also
include adjusting the orientation of the substrate between
laser annealing processes. As shown in FIG. 8, a substrate or
wafer 520 is placed on a laser annealing chuck 522 in a
specific orientation for fabrication which may include laser
annealing. In one embodiment, laser spike annealing 410 may
be performed on the wafer 520 in a first orientation 530, after
the laser spike annealing 410 is completed overlay residuals
524 may be present. In order to remove the overlay residuals
524 the wafer 520 may be rotated, for example, approxi-
mately 180°, to a second orientation 540 and laser annealing
of the next layer 440 may be performed on the wafer 520 in
the second orientation 540. Thus, deformation of the wafer
520 and induced errors may be reduced or eliminated by not
only adjusting the parameters of the laser annealing pro-
cesses, but also by adjusting the orientation of the wafer
during the laser annealing processes.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprise” (and any form of
comprise, such as “comprises” and “comprising”), “have”
(and any form ofhave, such as “has” and “having”), “include”
(and any form of include, such as “includes” and “includ-
ing”), and “contain” (and any form contain, such as “con-
tains” and “containing”) are open-ended linking verbs. As a
result, a method or device that “comprises”, “has”, “includes”
or “contains” one or more steps or elements possesses those
one or more steps or elements, but is not limited to possessing
only those one or more steps or elements. Likewise, a step of
a method or an element of a device that “comprises”, “has”,
“includes” or “contains” one or more features possesses those
one or more features, but is not limited to possessing only
those one or more features. Furthermore, a device or structure
that is configured in a certain way is configured in at least that
way, but may also be configured in ways that are not listed.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below, if any, are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present invention has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of one or
more aspects of the invention and the practical application,
and to enable others of ordinary skill in the art to understand
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one or more aspects of the invention for various embodiments
with various modifications as are suited to the particular use
contemplated.

What is claimed is:

1. A method, comprising:

obtaining a device after at least one laser annealing process

is completed, the device including a substrate surface
and at least one layer over the substrate surface;
applying a mask layer to the at least one layer;
performing lithography on the mask layer to form a top
layer;
positioning a first contact-to-gate layer over the top layer;
checking alignment of electrical connections between the
substrate surface and the first contact-to-gate layer; and

determining if an adjustment is needed to at least one
parameter of at least one laser annealing beam used
during the laser annealing process.

2. The method of claim 1, wherein the at least one laser
annealing process comprises:

performing a laser anneal on an amorphous silicon using

the at least one laser annealing beam.

3. The method of claim 1, wherein the at least one laser
annealing beam comprises:

a dwell time.

4. The method of claim 3, wherein the dwell time com-
prises:

a stage velocity; and

a beam width.

5. The method of claim 4, further comprising:

adjusting the dwell time of the at least one laser annealing

beam.

6. The method of claim 5, wherein adjusting the dwell time
of the at least one laser annealing beam comprises:

adjusting the stage velocity.

7. The method of claim 6, wherein the stage velocity ranges
from approximately 100 mm/sec to approximately 400
mmny/sec.

8. The method of claim 4, wherein the beam width ranges
from approximately 60 micron meters to approximately 120
micron meters.

9. The method of claim 1, wherein the at least one laser
annealing process comprises:

performing a first laser annealing to a top layer of the

substrate surface;

applying a first mask layer to the top layer; and

performing lithography on the first mask layer.

10. The method of claim 9, wherein the at least one laser
annealing process further comprises:

performing a second laser annealing to the first mask layer;
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applying a second mask layer to the first mask layer; and

performing lithography on the second mask layer.

11. The method of claim 10, wherein the at least on laser
annealing process further comprises:

performing a third laser annealing to the second mask

layer.

12. The method of claim 11, further comprising:

adjusting the at least one parameter of at least one laser

annealing beam.

13. The method of claim 12, wherein the at least one
parameter of at least one laser annealing beam of the first laser
annealing is adjusted.

14. The method of claim 13, wherein the at least one
parameter of at least one laser annealing beam of the second
laser annealing is adjusted.

15. The method of claim 14, wherein the at least one
parameter of at least one laser annealing beam of the laser
annealing process is adjusted.

16. A process, comprising:

obtaining a device with a wafer and at least one layer on top

of the wafer;

performing at least one laser annealing to the at least one

layer, the at least one laser annealing using at least one
laser beam;

applying a mask layer over the at least one layer;

performing lithography on the mask layer to form a contact

layer;

arranging an overlay on top of the contact layer;

inspecting the alignment of the contact layer with the over-

lay;

determining an amount of wafer deformation; and

adjusting the at least one laser beam to remove wafer defor-

mation.

17. The process of claim 16, wherein the at least one laser
beam comprises:

a dwell time including a stage velocity and a beam width.

18. The process of claim 17, wherein the adjusting the at
least one laser beam comprises:

adjusting the stage velocity.

19. The process of claim 18, wherein the stage velocity
ranges from approximately 100 mm/sec to approximately
400 mny/sec.

20. The process of claim 19, wherein the beam width
ranges from approximately 60 micron meters to approxi-
mately 120 micron meters.
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