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 METHODS OF FORMING MASK PATTERNS ON SEMICONDUCTOR 

 WAFERS THAT COMPENSATE FOR NONUNIFORM CENTER-TO- 

 EDGE ETCH RATES DURING PHOTOLITHOGRAPHIC PROCESSING 
 
 Field of the Invention 

The present invention relates to integrated circuit fabrication methods 

and, more particularly, to methods of fabricating mask patterns on 

semiconductor wafers. 

 Background of the Invention 

Processes for fabricating integrated circuit devices typically include the 

formation of a relatively large array of integrated circuits that are replicated at 

side-by-side locations on an integrated circuit wafer.  These fabricating 

processes also typically include the formation of multiple levels of electrically 

insulating layers that extend across the entire surface of a wafer and are 

selectively and individually patterned using conventional photolithography 

techniques.  During photolithography, an organic material layer, such as a 

photo-resist (PR) mask layer, may be deposited on an electrically insulating 

layer and then patterned to define a mask.  This mask may contain a pattern 

that is replicated for each of the integrated circuits to be formed adjacent an 

interior of the semiconductor wafer and adjacent an edge (i.e., periphery) of 

the semiconductor wafer.  Unfortunately, the steps to pattern the mask layer 

into a mask may result in mask patterns having non-uniform lateral 

dimensions that vary according to location on the semiconductor wafer.  For 

example, it is not uncommon for a mask pattern that defines a critical 

dimension (CD) of a structure within in an integrated circuit extending 

adjacent the edge of the semiconductor wafer to be narrower than the 

corresponding mask pattern extending adjacent an interior of the 

semiconductor wafer (i.e., near the center of the wafer).  This nonuniformity in 

the mask pattern dimensions, which frequently results from the non-uniform 

etching characteristics associated with wafer-scale etching processes, can 

METHODS OF FORMING MASK PATTERNS ON SEMICONDUCTOR
WAFERS THAT COMPENSATE FOR NONUNIFORM CENTER-TO- EDGE
ETCH RATES DURING PHOTOLITHOGRAPHIC PROCESSING  Field of
the Invention The present invention relates to integrated circuit fabrication
methods  and, more particularly, to methods of fabricating mask patterns on
semiconductor wafers. Background of the Invention Processes for fabricating
integrated circuit devices typically include the  formation of a relatively large
array of integrated circuits that are replicated at  side-by-side locations on an
integrated circuit wafer. These fabricating  processes also typically include
the formation of multiple levels of electrically  insulating layers that extend
across the entire surface of a wafer and are  selectively and individually
patterned using conventional photolithography  techniques. During
photolithography, an organic material layer, such as a  photo-resist (PR)
mask layer, may be deposited on an electrically insulating  layer and then
patterned to define a mask. This mask may contain a pattern  that is
replicated for each of the integrated circuits to be formed adjacent an  interior
of the semiconductor wafer and adjacent an edge (i.e., periphery) of  the
semiconductor wafer. Unfortunately, the steps to pattern the mask layer  into
a mask may result in mask patterns having non-uniform lateral  dimensions
that vary according to location on the semiconductor wafer. For  example, it is
not uncommon for a mask pattern that defines a critical  dimension (CD) of a
structure within in an integrated circuit extending  adjacent the edge of the
semiconductor wafer to be narrower than the  corresponding mask pattern
extending adjacent an interior of the  semiconductor wafer (i.e., near the
center of the wafer). This nonuniformity in  
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lead to complications in wafer level processing and result in poor device yield 

and reliability. 

 Summary of the Invention 

Methods of forming integrated circuit devices according to embodiments 

of the present invention include steps to selectively widen portions of a mask 

pattern extending adjacent an outer edge of a semiconductor wafer.  These 

steps to selectively widen portions of the mask pattern are performed so that 

more uniform center-to-edge critical dimensions (CD) can be achieved when 

the mask pattern is used to support photolithographic patterning of underlying 

layers (e.g., insulating layers, antireflective coatings, etc.). 

These methods include forming a first electrically insulating layer on a 

semiconductor wafer and then forming a mask pattern on the first electrically 

insulating layer.  First portions of the mask pattern, which extend adjacent a 

periphery of the semiconductor wafer, are selectively widened relative to 

corresponding second portions of the mask pattern extending adjacent an 

interior of the semiconductor wafer.  This selective widening step is achieved 

by depositing a second electrically insulating layer having temperature-

dependent deposition rate characteristics on the mask pattern.  These 

temperature-dependent characteristics result in a second electrically 

insulating layer that is thicker on the peripheral portions of the semiconductor 

wafer and thinner on the interior portions of the semiconductor wafer.  This 

fast (near edge) versus slow (near center) difference in the deposition rate 

characteristics of the second electrically insulating layer compensates for the 

narrower portions of the mask pattern extending adjacent the periphery of the 

semiconductor wafer. 

In some of these embodiments, the second electrically insulating layer 

may be an organic polymer layer, including an organic polymer layer 

containing carbon and fluorine, such as CxFy or CxHyFz.  Moreover, the step of 

depositing the second electrically insulating layer is performed while 

simultaneously controlling a temperature of the semiconductor wafer to have 

a nonuniform center-to-edge temperature profile.  This nonuniform 

temperature profile may be achieved by establishing a corresponding 

the mask pattern dimensions, which frequently results from the non-uniform
etching characteristics associated with wafer-scale etching processes, can -1
lead to complications in wafer level processing and result in poor device yield
and reliability. Summary of the Invention Methods of forming integrated circuit
devices according to embodiments  of the present invention include steps to
selectively widen portions of a mask  pattern extending adjacent an outer
edge of a semiconductor wafer. These  steps to selectively widen portions of
the mask pattern are performed so that  more uniform center-to-edge critical
dimensions (CD) can be achieved when  the mask pattern is used to support
photolithographic patterning of underlying  layers (e.g., insulating layers,
antireflective coatings, etc.). These methods include forming a first electrically
insulating layer on a  semiconductor wafer and then forming a mask pattern
on the first electrically  insulating layer. First portions of the mask pattern,
which extend adjacent a  periphery of the semiconductor wafer, are
selectively widened relative to  corresponding second portions of the mask
pattern extending adjacent an  interior of the semiconductor wafer. This
selective widening step is achieved  by depositing a second electrically
insulating layer having temperature- dependent deposition rate
characteristics on the mask pattern. These  temperature-dependent
characteristics result in a second electrically  insulating layer that is thicker on
the peripheral portions of the semiconductor  wafer and thinner on the interior
portions of the semiconductor wafer. This  fast (near edge) versus slow (near
center) difference in the deposition rate  characteristics of the second
electrically insulating layer compensates for the  narrower portions of the
mask pattern extending adjacent the periphery of the  
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nonuniform temperature profile in an underlying wafer support structure (e.g., 

wafer stage) within a processing chamber.  A photolithographically defined 

etching step is then performed to pattern the electrically insulating layer.  This 

selective etching step is performed using the mask pattern with the selectively 

widened portions as an etching mask. 

 Brief Description of the Drawings 

FIG. 1 is a flow diagram of steps that illustrates methods of forming 

integrated circuit devices according to embodiments of the present invention. 

FIGS. 2A-2C are cross-sectional illustrations of intermediate structures 

that illustrate methods of forming integrated circuit devices according to 

embodiments of the present invention. 

 Detailed Description of Preferred Embodiments 

The present invention will now be described more fully hereinafter with 

reference to the accompanying drawings, in which preferred embodiments of 

the invention are shown.  This invention may, however, be embodied in 

different forms and should not be construed as limited to the embodiments 

set forth herein.  Rather, these embodiments are provided so that this 

disclosure will be thorough and complete, and will fully convey the scope of 

the invention to those skilled in the art.  In the drawings, the thickness of 

layers and regions are exaggerated for clarity.  It will also be understood that 

when a layer is referred to as being ”on” another layer or substrate, it can be 

directly on the other layer or substrate, or intervening layers may also be 

present.  Like numbers refer to like elements throughout. 

Referring now to the flow diagram of FIG. 1, methods 100 of forming 

integrated circuit devices include forming a first electrically insulating layer on 

a primary surface of semiconductor wafer, Block 102.  This first electrically 

insulating layer may be formed relatively close to the primary surface, or may 

be an inter-layer dielectric layer that is separated from the primary surface by 

one or more underlying layers and integrated circuit structures.  This first 

electrically insulating layer may be formed of a material such as silicon oxide 

or silicon nitride, for example, however, other electrically insulating and 

dielectric materials may also be used.  As illustrated by Blocks 104-106, an 

semiconductor wafer. In some of these embodiments, the second electrically
insulating layer  may be an organic polymer layer, including an organic
polymer layer  containing carbon and fluorine, such as CxFy or CxHyFZ.
Moreover, the step of  depositing the second electrically insulating layer is
performed while  simultaneously controlling a temperature of the
semiconductor wafer to have  a nonuniform center-to-edge temperature
profile. This nonuniform  temperature profile may be achieved by establishing
a corresponding -2 nonuniform temperature profile in an underlying wafer
support structure (e.g.,  wafer stage) within a processing chamber. A
photolithographically defined  etching step is then performed to pattern the
electrically insulating layer. This  selective etching step is performed using
the mask pattern with the selectively  widened portions as an etching mask.
Brief Description of the Drawings FIG. 1 is a flow diagram of steps that
illustrates methods of forming  integrated circuit devices according to
embodiments of the present invention.  FIGS. 2A-2C are cross-sectional
illustrations of intermediate structures that illustrate methods of forming
integrated circuit devices according to  embodiments of the present invention.
Detailed Description of Preferred Embodiments The present invention will
now be described more fully hereinafter with  reference to the accompanying
drawings, in which preferred embodiments of  the invention are shown. This
invention may, however, be embodied in  different forms and should not be
construed as limited to the embodiments  set forth herein. Rather, these
embodiments are provided so that this  disclosure will be thorough and
complete, and will fully convey the scope of  
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antireflective coating (ARC) layer (optional) is deposited on the first 

electrically insulating layer and then a mask layer is deposited on the coating. 

 This mask layer is then photolithographically patterned to define a mask that 

extends across the semiconductor wafer. 

Portions of mask that extend adjacent a periphery of the semiconductor 

wafer are then selectively widened to compensate for a relative narrowing of 

these portions during the step of patterning the mask layer, Block 108.  This 

step of selectively widening portions of the mask pattern is achieved by 

depositing a second electrically insulating layer having temperature-

dependent deposition rate characteristics, on the mask pattern.  These 

temperature-dependent characteristics result in a second electrically 

insulating layer that is thicker on the peripheral portions of the semiconductor 

wafer and thinner on the interior portions of the semiconductor wafer.  This 

fast (near edge) versus slow (near center) difference in the deposition rate 

characteristics of the second electrically insulating layer compensates for the 

narrower portions of the mask extending adjacent the periphery of the 

semiconductor wafer.  The second electrically insulating layer may be an 

organic polymer layer, including an organic polymer layer containing carbon 

and fluorine, such as CxFy or CxHyFz. 

The step of depositing the second electrically insulating layer is 

performed while simultaneously controlling a temperature of the 

semiconductor wafer to have a nonuniform center-to-edge temperature 

profile.  In particular, a chuck (e.g., wafer stage), which supports the 

semiconductor wafer in a processing chamber, may be configured to provide 

a high-to-low temperature profile across the wafer, with the center of the 

wafer being held at a higher temperature relative to an edge of the wafer.  

Referring now to Block 110, the first electrically insulating layer is then 

selectively etched, using the patterned mask layer (with selectively widened 

portions) as an etching mask.  The patterned mask layer is then removed to 

complete the photolithography process, Block 112. 

The steps described above with respect to FIG. 1 will now be described 

more fully with reference to FIGS. 2A-2C.  As illustrated by FIG. 2A, an 

the invention to those skilled in the art. In the drawings, the thickness of
layers and regions are exaggerated for clarity. It will also be understood that
when a layer is referred to as being "on" another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers may also be
present. Like numbers refer to like elements throughout. Referring now to the
flow diagram of FIG. 1, methods 100 of forming  integrated circuit devices
include forming a first electrically insulating layer on  a primary surface of
semiconductor wafer, Block 102. This first electrically  insulating layer may be
formed relatively close to the primary surface, or may  be an inter-layer
dielectric layer that is separated from the primary surface by  one or more
underlying layers and integrated circuit structures. This first  electrically
insulating layer may be formed of a material such as silicon oxide  or silicon
nitride, for example, however, other electrically insulating and  dielectric
materials may also be used. As illustrated by Blocks 104-106, an -3
antireflective coating (ARC) layer (optional) is deposited on the first
electrically insulating layer and then a mask layer is deposited on the coating.
This mask layer is then photolithographically patterned to define a mask that
extends across the semiconductor wafer. Portions of mask that extend
adjacent a periphery of the semiconductor  wafer are then selectively
widened to compensate for a relative narrowing of  these portions during the
step of patterning the mask layer, Block 108. This  step of selectively
widening portions of the mask pattern is achieved by  depositing a second
electrically insulating layer having temperature- dependent deposition rate
characteristics, on the mask pattern. These  temperature-dependent
characteristics result in a second electrically  insulating layer that is thicker on
the peripheral portions of the semiconductor  
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electrically insulating layer 12 may be formed on a semiconductor wafer 10.  

This electrically insulating layer 12 may be a silicon dioxide layer that is 

conformally deposited across an entire surface of the semiconductor wafer 

12, which includes edge, intermediate and center portions having integrated 

circuit structures (not shown) thereon.  The edge portion extends adjacent a 

periphery of the semiconductor wafer 10 and the center portion extends 

adjacent an interior portion of the semiconductor wafer 10.  The intermediate 

portion of the semiconductor wafer extends between the interior and edge 

portions of the semiconductor wafer 10. 

Referring still to FIG. 2A, another electrically insulating layer 14 is 

conformally deposited on the underlying electrically insulating layer 12.  This 

electrically insulating layer 14 may be a silicon nitride layer or other dielectric 

material layer that can be etched selectively relative to the underlying 

electrically insulating layer 12.  A bottom anti-reflective coating (i.e., BARC) 

layer (optional) and a layer of photoresist are then formed in sequence on the 

electrically insulating layer 14.  Conventional mask developing and 

photolithographic patterning techniques may then be performed to generate a 

mask pattern 18 from the layer of photoresist.  During this mask patterning 

step, the anti-reflective coating may also be selectively etched to define an 

anti-reflective coating pattern 16.  These steps of developing the layer of 

photoresist may result in the generation of a mask pattern 18 having 

corresponding shapes with nonuniform lateral dimensions, including 

nonuniform critical dimensions that are wider adjacent a center of the 

semiconductor wafer 10 relative to an edge of the semiconductor wafer 10. 

Referring now to FIG. 2B, portions of the mask pattern 18 are then 

selectively widened by depositing an electrically insulating layer 20 having 

temperature-dependent deposition rate characteristics, on the mask pattern 

18.  According to some embodiments of the present invention, this electrically 

insulating layer 20 may be an organic polymer layer, such as an organic 

polymer layer including carbon and fluorine (e.g., CxFy or CxHyFz).  During this 

step of depositing the electrically insulating layer 20, the semiconductor wafer 

10 is maintained at a nonuniform temperature, which results in an electrically 

wafer and thinner on the interior portions of the semiconductor wafer. This
fast (near edge) versus slow (near center) difference in the deposition rate
characteristics of the second electrically insulating layer compensates for the
narrower portions of the mask extending adjacent the periphery of the
semiconductor wafer. The second electrically insulating layer may be an
organic polymer layer, including an organic polymer layer containing carbon
and fluorine, such as CxFy or CxHYFZ. The step of depositing the second
electrically insulating layer is  performed while simultaneously controlling a
temperature of the  semiconductor wafer to have a nonuniform
center-to-edge temperature  profile. In particular, a chuck (e.g., wafer stage),
which supports the  semiconductor wafer in a processing chamber, may be
configured to provide  a high-to-low temperature profile across the wafer, with
the center of the  wafer being held at a higher temperature relative to an edge
of the wafer.  Referring now to Block 110, the first electrically insulating layer
is then  selectively etched, using the patterned mask layer (with selectively
widened  portions) as an etching mask. The patterned mask layer is then
removed to  complete the photolithography process, Block 112. The steps
described above with respect to FIG. 1 will now be described  more fully with
reference to FIGS. 2A-2C. As illustrated by FIG. 2A, an -4 electrically
insulating layer 12 may be formed on a semiconductor wafer 10.  This
electrically insulating layer 12 may be a silicon dioxide layer that is
conformally deposited across an entire surface of the semiconductor wafer
12, which includes edge, intermediate and center portions having integrated
circuit structures (not shown) thereon. The edge portion extends adjacent a
periphery of the semiconductor wafer 10 and the center portion extends  
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insulating layer 20 having a nonuniform thickness.  In particular, the center of 

the semiconductor wafer 10 is maintained at a higher temperature (Tc) 

relative to a temperature (Ti) of an intermediate portion of the semiconductor 

wafer 10 and a temperature (Te) of an edge portion of the semiconductor 

wafer 10, where Tc >Ti >Te.  These relative temperatures can be adjusted to 

achieve a nonuniform thickness of the electrically insulating layer 20 that 

compensates for the nonuniform lateral dimensions in the mask pattern 18 

illustrated by FIG. 2A.  This nonuniform temperature may be achieved in a 

deposition processing chamber, by using a wafer support stage (e.g., wafer 

chuck) that is configured to provide different temperatures across its surface. 

 Based on these different temperatures, the edge, intermediate and center 

portions of the electrically insulating layer 20 will have different thicknesses, 

with the edge portion 20e being thicker than the intermediate portion 20i and 

the intermediate portion 20i being thicker than the center portion 20c. 

Referring now to FIG. 2C, a selective etching step is then performed to 

etch through the electrically insulating layer 14, using the mask pattern 18 

and the electrically insulating layer 20 as an etching mask.  This etching step 

results in the generation of a patterned electrically insulating layer having 

edge regions 14e, intermediate regions 14i and center regions 14c with 

sufficiently equivalent dimensions (i.e., We.Wi.Wc).  The mask pattern 18 and 

the electrically insulating layer 20 is then removed. 

Thus, as described above with respect to FIGS. 1 and 2A-2C, methods 

of forming integrated circuit devices according to embodiments of the 

invention include forming a first electrically insulating layer on a 

semiconductor wafer and forming mask pattern on the first electrically 

insulating layer.  First portions of the mask pattern that extend adjacent a 

periphery of the semiconductor wafer are then selectively widened relative to 

second portions of the mask pattern that extend adjacent an interior of the 

semiconductor wafer.  This selective widening step is performed by 

depositing a second electrically insulating layer having temperature-

dependent deposition rate characteristics on the mask pattern while 

simultaneously controlling a temperature of the semiconductor wafer to 

adjacent an interior portion of the semiconductor wafer 10. The intermediate
portion of the semiconductor wafer extends between the interior and edge
portions of the semiconductor wafer 10. Referring still to FIG. 2A, another
electrically insulating layer 14 is  conformally deposited on the underlying
electrically insulating layer 12. This  electrically insulating layer 14 may be a
silicon nitride layer or other dielectric  material layer that can be etched
selectively relative to the underlying electrically insulating layer 12. A bottom
anti-reflective coating (i.e., BARC)  layer (optional) and a layer of photoresist
are then formed in sequence on the  electrically insulating layer 14.
Conventional mask developing and  photolithographic patterning techniques
may then be performed to generate a  mask pattern 18 from the layer of
photoresist. During this mask patterning  step, the anti-reflective coating may
also be selectively etched to define an  anti-reflective coating pattern 16.
These steps of developing the layer of  photoresist may result in the
generation of a mask pattern 18 having  corresponding shapes with
nonuniform lateral dimensions, including  nonuniform critical dimensions that
are wider adjacent a center of the  semiconductor wafer 10 relative to an
edge of the semiconductor wafer 10. Referring now to FIG. 2B, portions of
the mask pattern 18 are then  selectively widened by depositing an
electrically insulating layer 20 having  temperature-dependent deposition rate
characteristics, on the mask pattern  18. According to some embodiments of
the present invention, this electrically  insulating layer 20 may be an organic
polymer layer, such as an organic  polymer layer including carbon and
fluorine (e.g., CxFy or CxHyFZ). During this  step of depositing the electrically
insulating layer 20, the semiconductor wafer  10 is maintained at a
nonuniform temperature, which results in an electrically -5 
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having a nonuniform center-to-edge temperature profile.  The electrically 

insulating layer is then selectively etched using the mask pattern with the 

selectively widened portions as an etching mask. 

In the drawings and specification, there have been disclosed typical 

preferred embodiments of the invention and, although specific terms are 

employed, they are used in a generic and descriptive sense only and not  for 

purposes of limitation, the scope of the invention being set forth in the 

following claims. 

insulating layer 20 having a nonuniform thickness. In particular, the center of
the semiconductor wafer 10 is maintained at a higher temperature (Tc)
relative to a temperature (Ti) of an intermediate portion of the semiconductor
wafer 10 and a temperature (Te) of an edge portion of the semiconductor
wafer 10, where Tc >Ti >Te. These relative temperatures can be adjusted to
achieve a nonuniform thickness of the electrically insulating layer 20 that
compensates for the nonuniform lateral dimensions in the mask pattern 18
illustrated by FIG. 2A. This nonuniform temperature may be achieved in a
deposition processing chamber, by using a wafer support stage (e.g., wafer
chuck) that is configured to provide different temperatures across its surface.
Based on these different temperatures, the edge, intermediate and center
portions of the electrically insulating layer 20 will have different thicknesses,
with the edge portion 20e being thicker than the intermediate portion 20i and
the intermediate portion 20i being thicker than the center portion 20c.
Referring now to FIG. 2C, a selective etching step is then performed to  etch
through the electrically insulating layer 14, using the mask pattern 18  and the
electrically insulating layer 20 as an etching mask. This etching step  results
in the generation of a patterned electrically insulating layer having  edge
regions 14e, intermediate regions 14i and center regions 14c with  sufficiently
equivalent dimensions (i.e., We.Wi.Wc). The mask pattern 18 and  the
electrically insulating layer 20 is then removed. Thus, as described above
with respect to FIGS. 1 and 2A-2C, methods  of forming integrated circuit
devices according to embodiments of the  invention include forming a first
electrically insulating layer on a  semiconductor wafer and forming mask
pattern on the first electrically  insulating layer. First portions of the mask
pattern that extend adjacent a  periphery of the semiconductor wafer are then
selectively widened relative to  
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     THAT WHICH IS CLAIMED IS: 

 

1. A method of forming an integrated circuit device, comprising the steps 

of: 

forming a first electrically insulating layer on a semiconductor wafer; 

forming mask pattern on the first electrically insulating layer; 

selectively widening first portions of the mask pattern extending adjacent 

a periphery of the semiconductor wafer relative to second portions of the 

mask pattern extending adjacent an interior of the semiconductor wafer, by 

depositing a second electrically insulating layer having temperature-

dependent deposition rate characteristics on the mask pattern while 

simultaneously controlling a temperature of the semiconductor wafer to have 

a nonuniform center-to-edge temperature profile; and 

selectively etching the electrically insulating layer using the mask pattern 

with the selectively widened portions as an etching mask. 

 

2. The method of Claim 1, wherein the second electrically insulating layer 

is an organic polymer layer. 

 

3. The method of Claim 1, wherein the second electrically insulating layer 

comprises carbon and fluorine. 

 

4. The method of Claim 1, wherein the second electrically insulating layer 

is a CxFy or CxHyFz layer. 

 

second portions of the mask pattern that extend adjacent an interior of the
semiconductor wafer. This selective widening step is performed by
depositing a second electrically insulating layer having temperature-
dependent deposition rate characteristics on the mask pattern while
simultaneously controlling a temperature of the semiconductor wafer to -6
having a nonuniform center-to-edge temperature profile. The electrically
insulating layer is then selectively etched using the mask pattern with the
selectively widened portions as an etching mask. In the drawings and
specification, there have been disclosed typical  preferred embodiments of
the invention and, although specific terms are  employed, they are used in a
generic and descriptive sense only and not for  purposes of limitation, the
scope of the invention being set forth in the  following claims. -7 THAT
WHICH IS CLAIMED IS: 1. A method of forming an integrated circuit device,
comprising the steps  of: forming a first electrically insulating layer on a
semiconductor wafer;  forming mask pattern on the first electrically insulating
layer; selectively widening first portions of the mask pattern extending
adjacent  a periphery of the semiconductor wafer relative to second portions
of the  mask pattern extending adjacent an interior of the semiconductor
wafer, by  depositing a second electrically insulating layer having
temperature- dependent deposition rate characteristics on the mask pattern
while  simultaneously controlling a temperature of the semiconductor wafer to
have  a nonuniform center-to-edge temperature profile; and 
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5. A method of forming an integrated circuit device, comprising the steps 

of: 

forming mask pattern on a semiconductor wafer; and 

selectively widening first portions of the mask pattern extending adjacent 

a periphery of the semiconductor wafer relative to second portions of the 

mask pattern extending adjacent an interior of the semiconductor wafer, by 

depositing an electrically insulating layer having temperature-dependent 

deposition rate characteristics on the mask pattern while simultaneously 

controlling a temperature of the semiconductor wafer to  have a nonuniform 

center-to-edge temperature profile. 

 

6. The method of Claim 5, wherein the electrically insulating layer is an 

organic polymer layer. 

 

7. The method of Claim 5, wherein the electrically insulating layer 

comprises carbon and fluorine. 

 

8. The method of Claim 5, wherein the electrically insulating layer is a 

CxFy or CxHyFz layer. 

 

selectively etching the electrically insulating layer using the mask pattern
with the selectively widened portions as an etching mask. 2. The method of
Claim 1, wherein the second electrically insulating layer  is an organic
polymer layer. 3. The method of Claim 1, wherein the second electrically
insulating layer  comprises carbon and fluorine. 4. The method of Claim 1,
wherein the second electrically insulating layer  is a CxFy or CxHyFZ layer. -8
5. A method of forming an integrated circuit device, comprising the steps  of:
forming mask pattern on a semiconductor wafer; and selectively widening
first portions of the mask pattern extending adjacent  a periphery of the
semiconductor wafer relative to second portions of the  mask pattern
extending adjacent an interior of the semiconductor wafer, by  depositing an
electrically insulating layer having temperature-dependent  deposition rate
characteristics on the mask pattern while simultaneously  controlling a
temperature of the semiconductor wafer to have a nonuniform
center-to-edge temperature profile. 6. The method of Claim 5, wherein the
electrically insulating layer is an  organic polymer layer. 7. The method of
Claim 5, wherein the electrically insulating layer  comprises carbon and
fluorine. 8. The method of Claim 5, wherein the electrically insulating layer is
a  CxFy or CxHyF, layer. -9 


