METHODS OF FORM NG MASK PATTERNS ON SEM CONDUCTOR
WAFERS THAT COVPENSATE FOR NONUNI FORM CENTER- TO- EDCGE
ETCH RATES DURI NG PHOTOLI THOGRAPHI C PROCESSI NG Field
of the Invention The present invention relates to
integrated circuit fabrication nmethods and, nore
particularly, to nethods of fabricating nmask patterns
on sem conductor wafers. Background of the Invention
Processes for fabricating integrated circuit devices
typically include the formation of a relatively |arge
array of integrated circuits that are replicated at
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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 resuits from the non-uniform

etching characteristics associated with wafer-scale etching processes, can
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the mask pattern di nensions, which frequently results
fromthe non-uniform etching characteristics

associated with wafer-scal e etching processes, can -1
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wafer and thlnner 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 CsF, or C,H,F,. 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.




sem conductor wafer. In sonme of these enbodi nents, the
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layers and regions are exaggerated for clarity. It will also be understood that

when a layer is referred to as being Aon@ 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 fayer 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
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di scl osure will be thorough and conplete, and wl|
fully convey the scope of the invention to those
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pattern. These 'tenperature-dependent "characteri'stics
r petittmechwhile strouliarsassty ¢aidiing a temperature of the

semiconductor wafer {o 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 {o 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
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insulating layer that is thicker on the peripheral
portions of the sem conductor wafer and thinner on

the interior portions of the sem conductor wafer. This
fast (near edge) versus slow (near center) difference
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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., CsFy or CyH,F;). During this
step of depaositing the electrically insulating layer 20, the semiconductor wafer

10 is maintained at a nonuniform temperature, which results in an electrically
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peri phery of the sem conductor wafer 10 and the center
portion extends adjacent an interior portion of the
sem conductor wafer 10. The internmediate portion of
t he sem conductor wafer extends between the interior
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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
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-5 insulating layer 20 having a nonuni formthickness.
In particular, the center of the sem conductor wafer
10 is maintained at a higher tenperature (Tc)
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insulating layer 20 wll have different thicknesses,
with the edge portion 20e being thicker than the
intermedi ate portion 20i and the internediate portion
20i being thicker than the center portion 20c.
Referring nowto FIG 2C, a selective etching step is
then perforned to etch through the electrically
insul ating |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 | ayer having edge
regions 14e, internediate regions 14i and center
regions 14c with sufficiently equival ent di nensions
(i.e., We.W.W). The mask pattern 18 and the
el ectrically insulating |ayer 20 is then renoved.
Thus, as described above with respect to FIGS. 1 and
2A-2C, nmethods of formng integrated circuit devices
according to enbodi nents of the invention include
formng a first electrically insulating |layer on a
sem conductor wafer and form ng mask pattern on the
first electrically insulating layer. First portions
of the mask pattern that extend adjacent a




peri phery of the sem conductor wafer are then

sel ectively wi dened relative to second portions of

the mask pattern that extend adjacent an interior of

the sem conductor wafer. This selective w dening step
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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 CiFy or CiH,F, layer.




havi ng a nonuni form center-to-edge tenperature

profile; and selectively etching the electrically
insulating |ayer using the mask pattern wth the

sel ectively wi dened portions as an etching mask. 2.

The dehmarthod offeinmmng anintegeatedidireul clevice. edraptisingdhé pteps
infulating | ayer is an organic polyner |layer. 3. The
néthod of d aim1, wherein the second electrically

| Ns ufoatnitPmadK Pattce®BRrd $RBicead0SBr aaferd bogri ne. 4.
The nmet hod  of aim1l, wherein the second electrically

i nsuSRleFielY wdaning §rsd pestionsf texrversk pafiasp extegding adjacent

T
semask padteet extend(rey adjacehtsal ietdrior &if Ynavsd@iondutior stafer, by

portiagns of the mask pattern extendi ng adjacent a
pEePHENG 2B elaiEC YA lByer ayieg teepstatyke-¢ependent

S N W .

S SPERRPEL PR aliclEs (PG AN Bafia kL Pangously
depusoilingng tampetatate otthkl senmiosnd witoingafeaye hahiagi angonuniform
tenrg)er?t ure-de en%ﬁnt ngosi tion rate characteristics
ofCNREIGTRLRS HRINPEIAURTOECs| nul t aneousl y  control I'ing

a tenperature of the sem conductor wafer to having a
nonuni form center-to-edge tenperature profile. 6. The
met hodTiod n@thddob Claitred evinerehrethel @ectricalyt inguliatisgllater igan
I aéer 1S an gqry%,ani c polyner layer. 7. The method of
CPHANGPONREF Y5t he el ectrically insulating |ayer
conprises carbon and fluorine. 8 The nethod of Caim

5 wherein the electrically insulating layer is a
CXFY7 of heoprethay of &yaim 5.-wgherein the electrically insulating layer

comprises carbon and fluorine.

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

CyFy or CyH,F, layer.




