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METHOD OF DESIGNING MASK PATTERN
TO BE FORMED IN MASK AND METHOD
OF MANUFACTURING INTEGRATED
CIRCUIT

BACKGROUND OF THE INVENTION AND
RELATED ART

The present invention relates to a method of designing a
mask pattern to be formed in a mask for use with a
lithography process and a method of manufacturing an
integrated circuit through the mask produced on the basis of
said method of designing a mask pattern.

Generally, an integrated circuit is designed according to a
method of combining partial circuits having a size easy to
handle, and each partial circuit is called “circuit block”. A
pattern constituting an integrated circuit generally belongs to
one of circuit blocks. In a conventional method of designing
a mask pattern to be formed in a mask used with a lithog-
raphy process, the circuit blocks which are designed in
advance are automatically arranged so as to attain a mini-
mum chip area. In the automatic arrangement of the circuit
blocks, there is employed an algorithm in which the dis-
tances between the circuit blocks are decreased so as to be
smallest possible. Meanwhile, the circuit blocks having a
larger number of patterns and the circuit blocks having a
smaller number of patterns exist in one chip. When the chip
is divided into meshes having the form of a lattice and
pattern area ratios o' of the meshes are determined, the
pattern area ratios o' greatly vary.

In one of the techniques for coping with an increase in the
integration degree of integrated circuits, flattening treatment
is carried out when an integrated circuit is produced. A
chemical/mechanical polishing process (to be sometimes
simply referred to as “CMP” hereinafter) is among tech-
niques for the flattening treatment. FIG. 11 schematically
shows a polishing apparatus for use with the above CMP
process. The polishing apparatus has a polishing plate, a
substrate holder and an abrasive slurry feeding system. The
polishing plate is supported with a rotatable polishing plate
rotation shaft, and is provided with a polishing pad on its
surface. The substrate holder is disposed above the polishing
plate and supported with a substrate hold rotation shaft. For
example, when a substrate is polished, the substrate is
attached to the substrate holder. The substrate holder rotation
shaft is attached to a polishing pressure adjusting mecha-
nism (not shown) which thrusts the substrate holder toward
the polishing pad. Then, while an abrasive slurry containing
an abrasive is fed to the polishing pad from the abrasive
slurry feeding system, the polishing plate is turned. At the
same time, the substrate attached to the substrate holder is
turned, and the pressure between the substrate and the
polishing pad is adjusted with the polishing pressure adjust-
ing mechanism. In this manner, the surface of the substrate
is polished.

The outline of a conventional CMP process will be
explained with reference to FIGS. 17A to 17D below. As
shown in the schematic partial cross-sectional view of FIG.
17A, first, a first layer 11 composed of, for example,
polysilicon doped with an impurity is deposited on an
underlayer 10 composed of, for example, an insulation layer.
Then, a pattern is formed in the first layer 11 by lithography
and etching (see FIG. 17B). A patterned portion of the first
layer is indicated by reference numeral 12. Then, a second
layer 14 (for example, an insulation layer) is deposited on
the entire surface (see FIG. 17C), and the second layer 14 is
flattened by the CMP process. However, when the pattern
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area ratios o' greatly vary in the patterned first layer 12, the
following problem takes place. That is, a portion of the
second layer 14 on a portion of the first layer 12 having a
lower pattern area ratio o' is much more polished than a
portion of the second layer 14 on a portion of the first layer
12 having a higher pattern area ratio o' (see FIG. 17D). This
phenomenon is called “dishing”. As a result, the flattening
treatment of the second layer 14 is made difficult.

One method of overcoming the above problem is dis-
closed in Extended Abstract of the 1996 International Con-
ference on Solid State Device and Materials, S. Deleonibus,
et al., YOKOHAMA, pp. 836-838. As shown in schematic
partial cross-sectional views of FIGS. 18A and 18B, it is
assumed that an area of the first layer 12 having a high
pattern area ratio o' and an area of the first layer 12 having
a low pattern area ratio o' are included, and the area of the
first layer 12 having a high pattern area ratio o' is schemati-
cally shown as a rectangular form. In the above method, a
resist 40 is formed on the second layer 14 (see FIG. 18C).
The resist 40 is then patterned by lithography such that the
second layer 14 on the area of the first layer 12 having a high
pattern area ratio o' is not covered with the resist 40 (see
FIG. 19A). Then, the patterned resist 40 is used to partially
etch the second layer 14 in a thickness direction (see FIG.
19B). Thereafter, the resist 40 is removed, and the CMP
process is applied to the remaining layer 14.

In the above manner, the second layer 14 can be flattened
regardless of the pattern area ratios o' of the patterned first
layer 12. However, the above method has the following
problems. The step of patterning the resist 40 and the step of
etching the second layer 14 are required, so that the number
of steps of the CMP process as a whole increases. Moreover,
it is difficult to control the depth when the second layer 14
is partially etched in a depth direction. Further, there is
another problem that the manufacturing cost of integrated
circuits increases, and the yield thereof decreases.

OBJECT AND SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a method of designing a mask pattern to be formed in a mask
for use with a lithography process, which method enables
the flattening treatment of a second layer or a layer without
being affected by the pattern area ratios of patterns formed
in a first layer or a substrate and does not require additional
treatment steps in a CMP process, and a method of manu-
facturing an integrated circuit.

The method of designing a mask pattern to be formed in
a mask according to a first aspect of the present invention for
achieving the above object is directed to a method of
designing a mask pattern to be formed in a mask used for
manufacturing an integrated circuit by forming a pattern in
a first layer deposited on a substrate, on the basis of
lithography to which said mask is applied, then depositing a
second layer on the substrate including the patterned first
layer and flattening the second layer by a chemical/
mechanical polishing process.

The method of designing a mask pattern to be formed in
a mask according to a second aspect of the present invention
for achieving the above object is directed to a method of
designing a mask pattern to be formed in a mask used for
manufacturing an integrated circuit by forming a pattern in
a substrate, on the basis of lithography to which said mask
is applied, then depositing a layer on the substrate and
flattening the layer by a chemical/mechanical polishing
process.

Further, the method of designing a mask pattern to be
formed in a mask according to a third aspect of the present
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invention for achieving the above object is directed to a
method of designing a mask pattern to be formed in a mask
used for manufacturing an integrated circuit by forming a
pattern in a starting substrate, on the basis of lithography to
which said mask is applied, then bonding the front surface
of the starting substrate to a supporting substrate and flat-
tening the starting substrate from the back surface of the
starting substrate by a chemical/mechanical polishing pro-
cess.

The method of designing a mask pattern according to the
first, second or third aspect of the present invention com-
prises the steps of

(A) dividing the mask pattern into meshes having the

form of a lattice and having a predetermined size, and
determining pattern area ratios oy(i,j) of the meshes(i,
j), respectively,

(B) determining an average pattern area ratio B(i,j) within
a predetermined region including a mesh(i,j) as the
central point in the predetermined region with regard to
each of all the meshes in the mask pattern, and

(©) providing a dummy pattern to each of the meshes(i,j)

which have been found in the step (B) to have the
average pattern area ratios f(i,j) smaller than a prede-
termined value.

The method of designing a mask pattern to be formed in
a mask according to a fourth aspect of the present invention
for achieving the above object is directed to a method of
designing a mask pattern to be formed in a mask used for
manufacturing an integrated circuit by forming a pattern in
a first layer deposited on a substrate, on the basis of
lithography to which said mask is applied, then depositing a
second layer on the substrate including the patterned first
layer and flattening the second layer by a chemical/
mechanical polishing process.

The method of designing a mask pattern to be formed in
amask according to a fifth aspect of the present invention for
achieving the above object is directed to a method of
designing a mask pattern to be formed in a mask used for
manufacturing an integrated circuit by forming a pattern in
a substrate, on the basis of lithography to which said mask
is applied, then depositing a layer on the substrate and
flattening the layer by a chemical/mechanical polishing
process.

Further, the method of designing a mask pattern to be
formed in a mask according to a sixth aspect of the present
invention for achieving the above object is directed to a
method of designing a mask pattern to be formed in a mask
used for manufacturing an integrated circuit by forming a
pattern in a starting substrate, on the basis of lithography to
which said mask is applied, then bonding the front surface
of the starting substrate to a supporting substrate and flat-
tening the starting substrate from the back surface of the
starting substrate by a chemical/mechanical polishing pro-
cess.

The method of designing a mask pattern according to the
fourth, fifth or sixth aspect of the present invention com-
prises the steps of

(A) dividing the mask pattern into meshes having the

form of a lattice and having a predetermined size, and
determining pattern area ratios oq(i,j) of the meshes(i,
j), respectively,

(B) determining an average pattern area ratio (i,j) within
a predetermined region including a mesh(i,j) as the
central point in the predetermined region with regard to
each of all the meshes in the mask pattern, and

(C) rearranging the pattern in the mask pattern so as to

decrease the fluctuation of the average pattern area

ratios (i)
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The method of manufacturing an integrated circuit
according to a first aspect of the present invention for
achieving the above object is directed to a method of
manufacturing an integrated circuit by forming a pattern in
a first layer deposited on a substrate, then depositing a
second layer on the substrate including the patterned first
layer and flattening the second layer by a chemical/
mechanical polishing process.

The method of manufacturing an integrated circuit
according to a second aspect of the present invention for
achieving the above object is directed to a method of
manufacturing an integrated circuit by forming a pattern in
a substrate, then depositing a layer on the substrate and
flattening the layer by a chemical/mechanical polishing
process.

Further, the method of manufacturing an integrated circuit
according to a third aspect of the present invention for
achieving the above object is directed to a method of
manufacturing an integrated circuit by forming a pattern in
a starting substrate, then bonding the front surface of the
starting substrate to a supporting substrate and flattening the
starting substrate from the back surface of the starting
substrate by a chemical/mechanical polishing process.

In the method of manufacturing an integrated circuit
according to the first, second or third aspect of the present
invention, a mask pattern to be formed in a mask is designed
by the steps of

(A) dividing the mask pattern into meshes having the

form of a lattice and having a predetermined size, and
determining pattern area ratios oy(i,j) of the meshes(i,
j), respectively,

(B) determining an average pattern area ratio §(i,j) within
a predetermined region including a mesh(ij) as the
central point in the predetermined region with regard to
each of all the meshes in the mask pattern, and

(C) providing a dummy pattern to each of the meshes(i,j)

which have been found in the step (B) to have the
average pattern area ratios [(i,j) smaller than a prede-
termined value. And, the pattern is formed in the first
layer in the method of manufacturing an integrated
circuit according to the first aspect of the present
invention, in the substrate in the method of manufac-
turing an integrated circuit according to the second
aspect of the present invention, and in the starting
substrate in the method of manufacturing an integrated
circuit according to the third aspect of the present
invention, on the basis of lithography to which said
mask is applied.

The method of manufacturing an integrated circuit
according to a fourth aspect of the present invention for
achieving the above object is directed to a method of
manufacturing an integrated circuit by forming a pattern in
a first layer deposited on a substrate, then depositing a
second layer on the substrate including the patterned first
layer and flattening the second layer by a chemical/
mechanical polishing process.

The method of manufacturing an integrated circuit
according to a fifth aspect of the present invention for
achieving the above object is directed to a method of
manufacturing an integrated circuit by forming a pattern in
a substrate, then depositing a layer on the substrate and
flattening the layer by a chemical/mechanical polishing
process.

Further, the method of manufacturing an integrated circuit
according to a sixth aspect of the present invention for
achieving the above object is directed to a method of
manufacturing an integrated circuit by forming a pattern in
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a starting substrate, then bonding the front surface of the
starting substrate to a supporting substrate and flattening the
starting substrate from the back surface of the starting
substrate by a chemical/mechanical polishing process.

In the method of manufacturing an integrated circuit
according to the fourth, fifth or sixth aspect of the present
invention, a mask pattern to be formed in a mask is designed
by the steps of

(A) dividing the mask pattern into meshes having the

form of a lattice and having a predetermined size, and
determining pattern area ratios aq(i,j) of the meshes(i,
j), respectively,

(B) determining an average pattern area ratio B(i,j) within
a predetermined region including a mesh(i,j) as the
central point in the predetermined region with regard to
each of all the meshes in the mask pattern, and

(O) rearranging the pattern in the mask pattern so as to

decrease the fluctuation of the average pattern area
ratios B(i,j). And, the pattern is formed in the first layer
in the method of manufacturing an integrated circuit
according to the fourth aspect of the present invention,
in the substrate in the method of manufacturing an
integrated circuit according to the fifth aspect of the
present invention, and in the starting substrate in the
method of manufacturing an integrated circuit accord-
ing to the sixth aspect of the present invention, on the
basis of lithography to which said mask is applied.

In the method of designing a mask pattern according to
any one of the first to sixth aspects of the present invention
or the method of manufacturing an integrated circuit accord-
ing to any one of the first to sixth aspects of the present
invention, the average pattern area ratio B(i,j) is preferably
determined on the basis of the following equations (1-1) and
(1-2). In the equation (1-1), the value of Q can be any value
of at least 0, while it is preferably about 10. As shown in the
equation (1—1), more accurate (i) value can be obtained
by smoothing (averaging) the value of o, ,(ij).

l=m k=m

gl ) = Z Z i+l j+k)/Qm+1)?

l=—mk=—m

(-1

B, ) = a1, ) (1-2)

wherein q=0, 1,2, . ..., Q.

In the method of designing a mask pattern according to
the first aspect of the present invention, or in the method of
manufacturing an integrated circuit according to the first
aspect of the present invention, when an underlayer exists
under the first layer and a pattern is formed in the underlayer,
a value of a pattern area ratio a,(i,j) or a value of an average
pattern area ratio ,(i,j) of a mask pattern in a mask used for
forming the pattern in the underlayer provided under the first
layer is preferably incorporated for determining the pattern
area ratio a(i,j) of each mesh(i,). In this case, the pattern
area ratio ay(i,j) of each mesh(i,j) is preferably determined
on the basis of the following equation (2) when the under-
layer is not chemical/mechanical-polished, and the pattern
area ratio a.y(1,j) of each mesh(i,) is preferably determined
on the basis of the following equation (3) when the under-
layer is chemical/mechanical-polished,

o6 )=0 BN+ (ruthe) 0, () @
ol ))=0rs () + by Bulind) ®

wherein o (i,j) is a pattern area ratio of the mesh(i,j) when
it is assumed that no underlayer exists under the first layer,
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h, is a difference in level arising in the first layer after the
formation of the pattern and h,, is a difference in level arising
in the underlayer.

In the method of designing a mask pattern according to
the fourth, fifth or sixth aspect of the present invention, or in
the method of manufacturing an integrated circuit according
to the fourth, fifth or sixth aspect of the present invention,
the pattern in the mask pattern belongs to one of a plurality
of circuit blocks, except for the pattern connecting one
circuit block to another circuit block. The pattern rearrange-
ment in the above step (C) preferably includes the increase
of size of the circuit block (increase of the circuit block in
external dimensions). When the size of a circuit block
including a large average pattern area ratio (i,) is increased
for increasing the size of the circuit block, a pattern in the
circuit block is retained intact, and no pattern is provided in
a region which increases the size of the circuit block.
Alternatively, the pattern is rearranged in a region which
increases the size of the circuit block. When the size of a
circuit block including a small average pattern area ratio
B(i,j) is increased, preferably, a pattern in the circuit block is
retained intact, and a dummy pattern is provided to a region
which increases the size of the circuit block, while the
pattern may be rearranged and a dummy pattern may be
provided. When a mesh (i,j) having a pattern area ratio
ao(i,)) of 0 does not belong to a circuit block, preferably, a
dummy pattern is provided all over within the mesh(i,j) if
possible.

In the method of designing a mask pattern according to
the first or fourth aspect of the present invention, or in the
method of manufacturing an integrated circuit according to
the first or fourth aspect of the present invention, examples
of the (first layer)/(second layer) combination include
(polysilicon layer doped with an impurity)/(insulation
layer), (layer of a metal such as an aluminum alloy, tungsten,
copper or silver)/(insulation layer), (layer of a metal com-
pound such as tungsten silicide or titanium silicide)/
(insulation layer), (stacked structure composed of a poly-
silicon layer doped with an impurity and a layer of a metal
compound such as tungsten silicide or titanium silicide)/
(insulation layer) and (stacked structure composed of a
polysilicon layer doped with an impurity, a layer of a metal
compound such as tungsten silicide or titanium silicide and
an insulation film)/(insulation layer). Further, examples of
the (first layer)/(second layer) combination include
(insulation layer)/(polysilicon layer doped with an
impurity), (insulation layer)/(layer of a metal such as an
aluminum alloy, tungsten, copper or silver), (insulation
layer)/(layer of a metal compound such as tungsten silicide
or titanium silicide), (insulation layer)/(stacked structure
composed of a polysilicon layer doped with an impurity and
a layer of a metal compound such as tungsten silicide or
titanium silicide) and (insulation layer)/(stacked structure
composed of a polysilicon layer doped with an impurity, a
layer of a metal compound such as tungsten silicide or
titanium silicide and an insulation film).

In the method of designing a mask according to the
second or fifth aspect of the present invention, or in the
method of manufacturing an integrated circuit according to
the second or fifth aspect of the present invention, the layer
is an insulation layer for example. The insulation layer
includes insulation layers of known insulation materials
such as Si0,, BPSG, PSG, BSG, AsSG, SbSG, NSG, SOG,
LTD (Low Temperature Oxide, low-temperature CVD-
Si0,), SiN or SiON or stacks composed of these insulation
materials. In the method of designing a mask pattern accord-
ing to the second or fifth aspect of the present invention, or

SAMSUNG EXHIBIT 1005
Samsung v. Invensas



5,948,573

7

in the method of manufacturing an integrated circuit accord-
ing to the second or fifty aspect of the present invention,
there is included an embodiment in which a CMP stopper
layer is deposited on a substrate and the CMP stopper layer

8

large as the size of the mesh in view of the simplification of
the calculation.

The method of designing a mask pattern according to the
first, second or third aspect of the present invention or in the

and the substrate are patterned. The CMP stopper layer can 5 method of manufacturing an integrated circuit according to
be composed of a material having a selectivity ratio of the first, second or third aspect of the present invention is
polishing with the layer. Examples of the CMP stopper layer carried out, and then, the method of designing a mask pattern
include an SiN layer, a BN layer and a stacked structure of according to the fourth, fifth or sixth aspect of the present
an SiN layer and a polysilicon layer. invention or in the method of manufacturing an integrated
In the method of designing a mask pattern according to 10 circuit according to the fourth, fifth or sixth aspect of the
any one of the first to sixth aspect of the present invention, present invention may be carried out.
or in the method of manufacturing an integrated circuit When the second layer is deposited in relation to the
according to any one of the first to sixth aspect of the present method of designing a mask pattern according to the first or
invention, the term “mask pattern” means a pattern which is fourth aspect of the present invention or in the method of
to be formed in a mask and has a size sufficient for one chip. 15 manufacturing an integrated circuit according to the first or
The size of each mesh may be a size obtained by dividing the fourth aspect of the present invention, or when the layer is
mask pattern, for example, to 100x100, while the size of the deposited in relation to the method of designing a mask
mesh shall not be limited thereto. Generally, a plurality of pattern according to the second or fifth aspect of the present
chips are produced on one wafer on the basis of lithography invention or in the method of manufacturing an integrated
to which said mask is applied. 20 circuit according to the second or fifth aspect of the present
In the method of designing a mask pattern according to invention, preferably, the second layer or the layer (to be
the first, second or third aspect of the present invention, or sometimes described as “second layer (layer)” hereinafter)
in the method of manufacturing an integrated circuit accord- can be deposited by a CVD method. In this case, when the
ing to the first, second or third aspect of the present second layer (layer) is deposited by a CVD method in which
invention, the term “dummy pattern” means a pattern which 25 the deposition is based on a surface reaction (conformal
does not constitute any circuit of an integrated circuit. The CVD method) or by a high-density plasma CVD method, a
predetermined value 3, which is compared with the average portion of the second layer (layer) having a projected shape
pattern area ratios p(i,j) may be, for example, 0.8, while the and deposited on the pattern formed in the first layer or the
predetermined value 3, shall not be limited thereto and can substrate (to be sometimes described as “first layer
be determined as required depending upon a mask patternto 30 (substrate)” hereinafter) differs in cross-sectional form in a
be designed. When a mesh(i,j) where a dummy pattern is to perpendicular direction between these two methods. The
be provided has a pattern area ratio ay(i,j) of 0, a dummy portion of the second layer (layer) having a projected shape
pattern can be provided in the entire area of the mesh(i,j). In and deposited on the pattern formed in the first layer
this case, the pattern area ratio ay(i,j) of the mesh provided (substrate) is referred to as “projected portion of the second
with the dummy pattern is 1. On the other hand, when a 35 layer (layer)” hereinafter.
mesh(i,j) where a dummy pattern is to be provided has a That is, when the second layer (layer) is deposited by a
pattern area ratio o,(i,j) other than 0, the mesh can be conformal CVD method, the second layer (layer) is depos-
provided with a dummy pattern which does not overlap a ited on the entire surface of the first layer (substrate), and the
pattern and has a space, e.g., of 5 um between the pattern and width of the projected portion of the second layer (layer) is,
the dummy pattern. When the above space cannot be 40 for example, approximately 2 to 2.6 times as large as the
provided, or when the dummy pattern to be provided is too width of the pattern formed in the first layer (substrate). On
small (smaller than a size about twice as large as a minimum the other hand, when the second layer (layer) is deposited by
design size), it is not necessary to provide such dummy a high-density plasma CVD method, generally, the deposi-
pattern. tion of the second layer (layer) and the sputter-etching
In the method of designing a mask pattern according to 45 proceed concurrently, and a planing rate of the surface of the
the first, second or third aspect of the present invention, or second layer (layer) by means of a bias applied to plasma
in the method of manufacturing an integrated circuit accord- particles and a deposition rate of the second layer (layer) are
ing to the first, second or third aspect of the present balanced. As the deposition of the second layer (layer)
invention, the steps (A) to (C) are carried out to provide a proceeds, side walls of the projected portion of the second
dummy pattern, and then the steps (A) to (C) may be 50 layer (layer) formed on the pattern formed in the first layer
repeated. (substrate) is planed thinner. As a result, the width of the
In the method of designing a mask pattern according to projected portion of the second layer (layer) is therefore
the fourth, fifth or sixth aspect of the present invention, or in smaller than the width of the pattern formed in the first layer
the method of manufacturing an integrated circuit according (substrate). That is, in any CVD method, the apparent value
to the fourth, fifth or sixth aspect of the present invention, 55 of the pattern area ratio cy(i,j) of each mesh(i,j) may change.
preferably, the steps (A), (B) and (C) are repeated after a In the method of designing a mask pattern according to
pattern is rearranged in a mask pattern. That is, specifically, the first or fourth aspect of the present invention, or in the
(i) and B(i,j) are re-calculated so as to decrease the method of manufacturing an integrated circuit according to
fluctuation of the average pattern area ratios f(ij), and the first or fourth aspect of the present invention, the pattern
preferably, the rearrangement of the pattern in the mask 60 area ratio oy (i,j) of each mesh(i,j) is preferably compensated
pattern is completed at a time when the fluctuation of the on the basis of a pattern area increase ratio I determined by
average pattern area ratios f(i,j) converges on a constant the thickness of the second layer to be deposited on the
value. When the rearrangement of the pattern includes an substrate including the patterned first layer or on the basis of
increase in the size of the circuit block (an increase in a pattern area increase ratio I determined by the thickness of
external dimensions of the circuit block), preferably, the unit 65 the pattern to be formed in the first layer and the thickness

of an increment of the size of the circuit block is an integer
times or 1/an integer (a reciprocal of the integer) times as

of the second layer to be deposited on the substrate including
the patterned first layer, although the compensation depends
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upon a CVD method employed as a deposition method. In
the above manner, a compensated pattern area ratio o.y(i,j)
closer to a practical achievement can be obtained. In this
case, the pattern area ratio oy(i,j) of each mesh(i,j) is

10

of 6 from a horizontal direction. Therefore, when the portion
of the second layer (layer) having a projected shape and
being to be deposited on the pattern to be formed in the first
layer (substrate) has an inclined side wall having an incli-

preferably compensated on the basis of a pattern area 5 nation angle of 0 from a horizontal direction, the pattern area
increase amount AS, AS being a pattern area increase increase ratio I can be determined on the basis of the
amount determined by the thickness of the second layer to following equation (5),
be deposited on the substrate including the patterned first
layer or a pattern area increase amount determined by the I=(ho=2Xo) cot 6/2 ®
th}ckness of the pattern to be formed in tl?e first layer and the 10 wherein h, is a thickness of the pattern to be formed in the
thickness of the second layer to be deposited on the substrate . .
. . . . first layer (substrate) and X, is a thickness of the second
including the patterned first layer, AS being determined by 1 .
.S . . . ayer (layer) to be deposited.
multiplying I by L, L being a circumferential length of a . .
. . . When the second layer (layer) is composed of a plurality
portion of the second layer having a projected shape and . . b
. . . of layers and each layer is formed by a high-density CVD
being to be deposited on the pattern to be formed in the first 15 . .
Jayer, methoq, the pattern area increase ratio I of each layer can be
_— . determined on the basis of the equation (5) and the obtained
In the method of designing a mask pattern according to . .
. . . pattern area increase ratios I of these layers can be totaled.
the second or fifth aspect of the present invention, or in the
. . S . Further, when the second layer (layer) has a lower layer
method of manufacturing an integrated circuit according to . :
. . and an upper layer and a portion of the lower layer having
the second or fifth aspect of the present invention, the pattern 20 . . .
. . S a projected shape and being to be deposited on the pattern to
area ratio oy(1,j) of each mesh(i,j) is preferably compensated . L .
. : . . be formed in the first layer (substrate) has an inclined side
on the basis of a pattern area increase ratio I determined by . Lo .
. . wall having an inclination angle of 6 from a horizontal
the thickness of the layer to be deposited on the substrate or S . . . .
. . . . direction (that is, the lower layer is formed by a high-density
on the basis of a pattern area increase ratio I determined by .
. . plasma CVD method), and a portion of the upper layer to be
the thickness of the pattern to be formed in the substrate and 25 d . R .
. . eposited on the inclined side wall of the lower layer has an
the thickness of the layer to be deposited on the substrate, . . L
. inclined surface having an inclination angle of 6 from a
although the compensation depends upon a CVD method . . . .
.. horizontal direction (that is, the upper layer is formed by a
employed as a method of depositing the layer. In the above . . L
. C. conformal CVD method in which the deposition is based on
manner, a compensated pattern area ratio o(i,j) closer to a . . .
. . . f a surface reaction), the pattern area increase ratio I can be
practical achievement can be obtained. In this case, the 30 . . . .
. . S determined on the basis of the following equation (6),
pattern area ratio oy(i,j) of each mesh(i,j) is preferably
compensated on the basis of a pattern area increase amount F=(hg=2Y,) COt /24 y(FapsfFay—C0s B)fsin 6 6)
AS, AS being a pattern area increase amount determined by
the thickness of the layer to be deposited on the substrate or wherein h, is a thickness of the pattern to be formed in the
a pattern area increase amount determined by the thickness 35 first layer(substrate), Y, is a thickness of the lower layer to
of the pattern to be formed in the substrate and the thickness be deposited, Y, is a thickness of the upper layer to be
of the layer to be deposited on the substrate, AS being deposited, r,; is a deposition rate of the upper layer in a
determined by multiplying I by L, L being a circumferential horizontal direction and r,y is a deposition rate of said
length of a portion of the layer having a projected shape and portion of the upper layer in a normal direction.
being to be deposited on the pattern to be formed in the 40 ~ When the upper layer is composed of a plurality of layers,
substrate. the second term of the right-side member of the equation (6)
When the second layer (layer) is deposited by a conformal is determined on each layer and the obtained values are
CVD method, the side walls of the projected portion of the totaled so that the value of the pattern area increase ratio I
second layer (layer) formed on the pattern formed in the first can be obtained. The upper layer of the second layer (layer)
layer (substrate) is nearly perpendicular. That is, the cross- 45 can be formed not only by the above-mentioned CVD
sectional form of the projected portion of the said second method but also by a method in which, for example, a
layer (layer) in a perpendicular direction is conformal. high-density plasma CVD method used for forming the
Therefore, when the portion of the second layer (layer) lower layer of the second layer (layer) is switched to a CVD
having a projected shape and being to be deposited on the condition for causing a surface reaction such that a sputter-
pattern to be formed in the first layer (substrate) has a 50 ing rate is decreased and that a deposition rate is increased.
vertical side wall, the pattern area increase ratio I can be When the pattern area ratio oy(i,j) of each mesh(i,) is
determined on the basis of the following equation (4), compensated, there are some cases where a pattern to be
=Xy @ formed, after a pattern area increase amount AS is taken into
e consideration, overlaps an adjacent pattern depending upon
wherein X, is a thickness of the second layer (layer) to be 55 the pattern area increase amount AS. That is, in some
deposited, 1, is a deposition rate of the second layer (layer) patterns, a boundary line which defines a circumferential
in a horizontal direction and ry is a deposition rate of the length L of a projected portion of the second layer (layer)
second layer (layer) in a vertical direction. deposited on the pattern comes into a projected portion of
When the second layer (layer) is composed of a plurality the second layer (layer) deposited on an adjacent pattern. In
of layers and each layer is formed by a conformal CVD 60 the above case, a plurality of adjacent patterns may be
method, a pattern area increase ratio I of each layer can be considered as one pattern in the arrangement.
determined on the basis of the equation (4) and the obtained In the method of designing a mask pattern or the method
pattern area increase ratios I of these layers can be totaled. of manufacturing an integrated circuit according to the
On the other hand, when the second layer (layer) is present invention, the average pattern area ratio P(ij) is
formed by a high-density plasma CVD method, side walls of 65 determined within a predetermined region including a mesh

the projected portion of the second layer (layer) formed on
the pattern formed in the first layer (substrate) tilt at an angle

(i,j) as the central point. When the obtained average pattern
area ratio 3(i,j) is less than a predetermined value {4, a
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dummy is provided to the mesh(i,j), or a pattern in a mask
pattern is rearranged, for example, with regard to each
circuit block as a unit so as to decrease the fluctuation of the
average pattern area ratios f(i,j). As a result, a pattern area
ratio o' of a pattern to be formed in the first layer, the

12

FIG. 15 is a schematic partial cross-sectional view of a
second layer, etc., when a lower layer of a second layer is
formed by a high-density plasma CVD method and an upper
layer of the second layer is formed by a CVD method in

5 which the deposition is based on a surface reaction.
substrate or the starting substrate can be unified, and the FIGS. 16A to 16C are schematic partial cross-sectional
flattening treatment of the second layer, the layer or the . y .
starting substrate can be uniformly and reliably carried out. views of a pattern formed in a ﬁrs.t layer: .
Further, the CMP process requires no additional steps. FIGS. 17A to 17D are schematic partial cross-sectional

When it is attempted to unify the pattern area ratios o.,(i,j) 10 views of a first layer, etc., for explaining a conventional
of meshes(i,j), the following problems are caused. When the chemical/mechanical polishing process.
mesh size is decreased to approximately 100 4mx100 pm, it FIGS. 18A to 18C are schematic partial cross-sectional
is sometimes difficult to form a pattern having a desired  views of a first layer, etc., for explaining a conventional
specification, or it is difficult to properly arrange a pattern  chemjcal/mechanical polishing process different from that in
itself. In the present invention, howcvcrE th)ere z(lire ﬁntroduced 15 FIGS. 17A to 17D.
concepts of the pattern area ratios o.,(i,j) and the average
patterr}: area ratiopﬁ(i,j) based on the pa%tegn area ratios of t%e FIGS" 19A :fmd 198, sub.sequen} to FIG. 18C, show are
meshes in a peripheral area (for example, a region having a schematlc. partlal cross-sect}onal V1ews~0f a first layer, etc.,
size of 2 mmx2 mm) surrounding the mesh(i,j), so that the for‘explammg the conventional chemical/mechanical pol-
above problems can be overcome. That is, the present ishing,
invention can attain both a demand that the mesh size be 20
decreased and a demand that the effect of a region around a DESCRIPTION OF THE PREFERRED
mesh(i,j) be reflected. EMBODIMENT(S)

) ~Fu.rther, when the pattern area ratio 0{0(1’1) Of .each mesh Embodiments of the present invention will be explained
(i) is F:ompen:.sated, the pattern area ratios ao(ij) closer to with reference to drawings hereinafter, while the back-
a practical achievement can be obtained. 25 ground of the present invention will be first explained below.

BRIEF DESCRIPTION OF THE DRAWINGS For example, as shown in FIG. 10A, a patterned first layer
FIGS. 1A and 1B are schematic plan views for explaining 12 (thickness hy) 18 dePOS{ted on an un(.ierlayer.l(), and a
the method of designing a mask pattern in Example 1. secpnd layer 14 having a thickness of X, is deposited on the
FIG. 2 shows a flow chart of the method of designing a s entire surface. The su.rface of the second layer 14A on the
mask pattern in Example 1. first layer 12 has a height of (hy+X,), and lhc? surface of the
FIGS. 3A to 3D are schematic partial cross-sectional secpnd .layer 14B on the underlayer 10 a height of X, The

. g height is measured from the surface of the underlayer 10,
views of a first layer, etc., for explaining the method of and is also used in this sense hereinafter. For exampl
manufacturing an integrated circuit in Example 2. . . . pic, as

. . . shown in FIG. 10B, the second layer 14 is polished, and as
FIGS. 4A to 4D are schematic partial cross-sectional 35

. - a result, the surface of the second layer 14A on the first layer

views of a first layer, etc., for explaining the method of 12 has a height of X,, and the surface of the second la
. . LT 1 yer
manufacturing an integrated Clrcu}t n E’fample 3. . 14B on the underlayer 10 has a height of X,. Further, the

. FIGS. 5A to 5D are schematic pnglal cross-sectional polishing pad of the polishing apparatus exerts a pressure P,
views of a substrgte, ete., fo.r e{(p%almng the method of on the second layer 14A and exerts a pressure P, on the
manufacturing an integrated c1rcu.1t n E)farnple 4. . 40 second layer 14B. The pressure P, and P, are functions of

'FIGS. 6A to 6C are schematic pnglal cross-sectional polishing time t and are to be expressed as P,(t) and P,(t),
views of a substrate, etc., for explaining the method of  hjle they are expressed as P, and P, for the convenience.
manufacturing an integrated circuit in Example 5. As a basic theory of polishing, the law of Preston is found.

FIGS. 7A to 7C are schematic partial cross-sectional This law is based on the assumption that the polishing rate
views of an underlayer, ctc., for explaining the method of ** s in proportion to a frictional work per unit area-time. The
designing a mask pattern in Example 6. polishing rate is expressed by the following equation (7),

FIGS. 8A and 8B are schematic plan views of a mask
pattern for explaining the method of designing a mask ~dX/dt=cvP Q]
pattern m‘Example 7 - 50 wherein v is a relative velocity of the surface of the substrate

FIG. 9 is a flow chart of the method of designing a mask which is polished and the polishing plate, P is a pressure
pattern in Example 7. . (constant value during the polishing regardless of a polish-

FIGS. 10A, and.IOB schcmatlce'llly show st~ates Wl,]er? a ing time t), X is a remaining height of the surface of the
second layer is polished by a chemical/mechanical polishing second layer 14, and c is a constant.

Process. . L 55 The first layer 12 which is patterned is assumed to have

HG. 1 schematlcally ?hOWS a PQhSthg apparatus for use an area S, a portion of the second layer 14 deposited on the
with a chemical/mechanical polishing process. underlayer 10 is assumed to have an area S, and an average

FIG. 12 is a schematic partial cross-sectional view of a value of pressure exerted on the entire surface is assumed to
second layer, etc., which is assumed to be deposited in a be P. In this case, the following equation (8) can be intro-
perpendicular direction alone. 60 duced on the basis of a force balance. Further, the equation

FIG. 13 is a schematic partial cross-sectional view of a (8) can be modified to an equation (9).
second layer, etc., when the second layer is formed by a
CVD method in which the deposition is based on a surface S1P1+8,Po=(S1+5:)P ®
reaction. kP, +(1-R)P,=P ©

FIG. 14 is a schematic partial cross-sectional view of a 65

second layer, etc., when the second layer is formed by a
high-density plasma CVD method.

In the equation (9), k=S,/(S;+S,). Meanwhile, the pol-
ishing pad is in contact with the second layer 14 in a

SAMSUNG EXHIBIT 1005
Samsung v. Invensas

Page 26 of 41



5,948,573

13

considerable area of the second layer 14. Therefore, the
value of k can be replaced with an average pattern area ratio
B(@,j) of the mesh(i,j). Therefore, the equation (9) can be
further modified to the following equation (10). In the

14

pattern is provided to a mesh(i,j) having an average pattern
area ratio P(i,j) smaller than a predetermined value f, or a
pattern in the mask pattern is rearranged so as to decrease the
fluctuation of the average pattern area ratios p(i,j), whereby

following equations, the average pattern area ratio (i,j) is 5 the pattern area ratio of a pattern to be formed in the first
expressed as f3; for the convenience. layer, the substrate or the starting substrate can be unified,
and the flattening treatment of the second layer, the layer or
ByPr+(1-Py)Po=P (10) the starting substrate can be uniformly and reliably carried
When the above polishing pad is assumed to have a 10 out.
Young’s modulus of E and a thickness of T, the relationship EXAMPLE 1
between P; and P, can be as shown by the following Example 1 is directed to the method of designing a mask
equation (11). pattern to be formed in a mask for use with a lithography
process according to the first, second or third of the present
ProPor(EIDE-X0) 1y 15 invention. That is, Example 1 is concerned with a method of
When the equation (7) is applied to the remaining heights designing a mask pattern to b,e fqrmed mna m?Sk used for
X, and X, of the surfaces of the second layer 14A on the first manufacturmg an mtegraled circuit (1) by forming a pattern
layer 12 and the second layer 14B on the underlayer 10, the mn a first layer d@pos@e d on a subst{ate, on the ba‘s¥s of
following equations (12-1) and (12-2) are established. lithography to which said mask.ls app.hed, then depositing a
5o second layer on the substrate including the patterned first
—dX,/di=cvP, (12-1) layer and flattening the second layer by a chemical/
mechanical polishing process, or (2) by forming a pattern in
~dX,/dt=cvP, (12-2) a substrate, on the basis of lithography to which said mask
. . is applied, then depositing a layer on the substrate and
On the basis of the equations (10) and (11), P, and P are s flattening the layer by a chemical/mechanical polishing
determined as functions of X, and X,, and P, and P, are ™ ,rocess or (3) by forming a pattern in a starting substrate,
substituted into the equations (12-1) and (12f2)7 to obtain on the basis of lithography to which said mask is applied,
simultancous hnear‘dlfferentlal equations Whl‘?h are inho- then bonding the front surface of the starting substrate to a
mogeneous. These simultaneous linear dlﬁ(?renual equathns supporting substrate and flattening the starting substrate
which are inhomogeneous are solved to give the following 39 from the back surface of the starting substrate by a chemical/
equations (13-1) and (13-2). mechanical polishing process.
B In Example 1, meshes having the form of a lattice have a
X, =X+B - cvP+(1-B,)hgexpl - (cvE/T)] (13-3) predetermined size of 100 #mx100 um. Average pattern area
Xy=Xo+Byho—cvP-Byhoexpl~(cvE/T)N] (13-2) ratios f(i,j) were determined on the basis of the following
35 equations (1-1) and (1-2). In the equation (1-1), 10 was used
The height H(i,j) of the surface of the portion of the as a value of m, and 9 was used as a value of Q. That is, a
second layer 14 corresponding to the mesh(i,j) of a mask predetermined region of a mask pattern including a mesh(i,j)
pattern from the surface of the underlayer 10 can be as the central point in the predetermined region has a size of
expressed by the following equation (14). The pattern area 2100 #mx2100 um. In other words, the average pattern area
ration o(i,j) of the mask pattern is expressed as c.; for the 45 ration p(i,j) is determined as an average of pattern area ratios
convenience. within a 2100 #mx2100 um region including the mesh(i,j) as
3 the central point. Further, the value of o ,,(i,j) was
H(jy=oyX +(1-0,)X, a9 smoothed (averaged) 10 times. Generally, since a plurality
The following equation (15) can be obtained from the of Chl ps arfe prOdILce(.i cl)n 01? e‘watfler with L he Hlla;k’ dwhg na
equations (14), (13-1) and (13-2). Further, the equation (15) 4 ?Osmoﬁl © alin esh (i+ ’%4’ ) 1nht. ¢ equation ( (-1) eviates
can be modified to obtain an equation (16). rom the mask patiern ot one chip, a corresponding pattern
area ratio o, in the region of a mask pattern of one adjacent
) =Xopyho-cvPre (e Py hoexpl~(evE/TY] s) chip may bq used. Further, 0.9 was used as a pre(.letermi.nfzd
value f, in the average pattern area ratios f(i,).
H(i j)=Xo—cvPrrahoexpl—(cvE/T) I Byho(1-expl-(cvE/T)])  (16) 50 Alternatively, a value of [{maximum value of B(i,j)}-1] may
be used as a predetermined value of f§,. When the above
The value of H(i,j) at a time (t=0) when the polishing of  value is used as a predetermined value of f,, the value of @,
the second layer 14 is initiated is as shown by the following changes after a dummy pattern is provided. It is therefore
equation (17-1) on the basis of the equation (16). On the  preferred to repeat the steps (A), (B) and (C), and the
other hand, the value of H(ij) at a time (t=t') when the s arrangement of the dummy patterns can be therefore more
polishing of the second layer 14 is finished can be approxi- optimized.
mated as shown by the following equation (17-2) on the
basis of the equation (16). em ke (L1
gl )= Z Z agli+1, j+k)/Qm+ 17
HSTART(irj)=XD+0'ijhO 17-1) 60 I=—mk=—m
Henp(f)=XocvPt'+Bho 17-2) B, )= g1, ) (1-2)
The equations (17-1) and (17-2) show that the height
Hean(isj) of the surface of the second layer 14 at a time wherein q=0, 1, 2, . .., Q.
when the polishing of the second layer 14 is finished 65  FIG. 2 shows the flow chart of steps of the method of

depends upon the average pattern area ratio (i,j). When the
mask pattern to be formed in a mask is designed, a dummy

designing a mask pattern in Example 1. In Example 1, the
circuit blocks designed in advance are first automatically
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arranged on the basis of a known algorithm such that a chip
area is minimized. That is, the area of one chip is minimized
by arrange circuit block-circuit block distances to be as
small as possible. FIG. 1A schematically shows the

16

pattern area ratios ' in the first layer 12 greatly fluctuate, the
second layer 14 can be uniformly polished since the dummy
patterns 13 are formed. As a result, the occurrence of a
so-called dishing can be effectively prevented, and the

so-obtained arrangement of the circuit blocks. In this state, 5 second layer 14 which is flattened can be easily and reliably
there are included circuit blocks having a larger number of obtained.

patterns and circuit blocks having a smaller number of

patterns. When a mask pattern for obtaining the above EXAMPLE 3

patterns is divided into meshes having the form of a lattice Example 3 is a variant of Example 2. In Example 2, as
and having a size of 100 umx100 um each and pattern area 10 shown in FIG. 3D, the second layer is retained on the
ratios a(i,j) are determined one by one with regard to the patterned first layer 12. On the other hand, in Example 3, no
meshes(i,j), the pa[tern area ratios 0‘0(1’.]) are greaﬂy fluctu- second layer is retained on the patterned first layer 12.
ate. In FIGS. 1A and 1B, rectangular regions surrounded by According to the method of manufacturing an integrated
thick lines show the circuit blocks, and the circuit blocks circuit in Example 3, for example, a buried (embedded)
having higher pattern area ratios are indicated by hatching 15 wiring can be formed. The method of manufacturing an
more densely. Further, squares formed by vertical lines and integrated circuit in Example 3 will be explained with
horizontal lines indicate meshes. reference to FIGS. 4A to 4D hereinafter.

FIG. 1B schematically shows a state in which meshes(i,j) As shown in the schematic partial cross-sectional view of
in which B(i,j)<0.9(=p,) are provided with dummy patterns FIG. 4A, first, a first layer 11 composed of, for example,
after the average pattern area ratios P(i,j) are determined 20 SiO, is deposited on a flattened underlayer (not shown)
based on the equations (1-1) and (1-2). In FIG. 1B, the composed of, for example, SiO, by a CVD method. Then, a
dummy patterns are blackened. pattern is formed in the first layer 11 by lithography using a

A mask used in a lithography process can be produced on mask produced on the basis of the method of designing a
the basis of the above-designed mask pattern according to a mask pattern explained in Example 1 and by etching (see
known method. If the mask produced on the basis of the 25 FIG. 4B). The above pattern is, for example, a concave
above design method is used to form a pattern in the first portion (groove portion) formed in the first layer 11. The
layer (or substrate or starting substrate), the fluctuation of mask has a dummy pattern, and a dummy pattern 13 is also
pattern area ratio o' of the patterns formed in the first layer formed concurrently in the first layer 11.

(or substrate or starting substrate) decreases when a chip is Then, a second layer 14 (for example, metal wiring
taken as a whole. Therefore, after a second layer (layer) is 30 material layer) is deposited on the entire surface, e.g., by a
deposited on the entire surface, or after two substrates are CVD method or a sputtering method (see FIG. 4C), and the
bonded, and when the second layer (or layer or starting second layer 14 is flattened by a CPM process using, for
substrate) is flattened by a CMP process for manufacturing example, the polishing apparatus shown in FIG. 11 (see FIG.
an integrated circuit, the flattening treatment of the second 4D). In Example 3, the second layer 14 is flattened by a CMP
layer (or layer or starting substrate) can be uniformly and 35 process such that the surface of the patterned first layer 12
reliably carried out. is exposed. Even when there is a great fluctuation in pattern
area ratios o' in the patterned first layer 12, the second layer
o EXAMPLE 2 . 14 can be uniformlyppolished since t}tlle dummy pattern lg is
) Example 2 1s.d1rected.t0 the method of manufacturing an formed. As a result, the surface of the exposed first layer 12
integrated circuit according to the first aspect of the present 45 js not deeply polished, and therefore, the excessive polishing
invention. That is, Example 2 uses a mask pr(?duced on the of the surface of the first layer 11 can be effectively
method of designing a mask pattern explained in Example 1, prevented, or the excessive polishing of the second layer 14
to form a pattern in a first layer deposited on a substrate. can be also effectively prevented.
Then, a second layer is deposited on the entire surface, then,
the second layer is flattened by a CMP process, and an 45 EXAMPLE 4
integrated circuit is manufactured. The method of manufac- Example 4 is directed to the method of manufacturing an
turing an integrated circuit in Example 2 will be explained integrated circuit according to the second aspect of the
with reference to FIGS. 3A to 3D hereinafter. present invention. That is, a mask produced by the method

As shown in the schematic partial cross-sectional view of ~ of designing a mask pattern explained in Example 1 is used
FIG. 3A, first, a first layer 11 formed of, for example, so to form a patternin a substrate. Then, a layer is deposited on
polysilicon doped with an impurity is deposited on a flat- the entire surface and flattened by a CMP process, and an
tened underlayer 10 formed of, for example, SiO,, e.g., by integrated circuit is manufactured. The method of manufac-
a CVD method. Then, a pattern is formed in the first layer turing an integrated circuit will be explained with reference
11 by lithography using a mask produced on the basis of the to FIGS. 5A to 5D hereinafter.
method of designing a mask pattern explained in Example 1 55 First, a pattern is formed in the surface of a substrate 21
and by etching (see FIG. 3B). Reference numeral 12 indi- composed of, for example, a silicon semiconductor
cates a patterned first layer. The patterned first layer 12 has substrate, shown in the schematic partial cross-sectional
a region having a high pattern area ratio o' and a region view of FIG. 5A, by lithography using a mask produced on
having a low pattern area ratio o'. The mask has dummy the basis of the method of designing a mask pattern
patterns, and a dummy pattern 13 of the first layer is also 6o explained in Example 1 and by etching (see FIG. 5B).
formed concurrently. The patterned first layer 12 works, e.g., Reference numeral 22 indicates a patterned substrate por-
as a wiring. tion. The pattern is, for example, a concave portion (groove

Then, a second layer 14 (for example’ insulation layer pOI’IiOtl) formed in the substrate 21. Since the mask has a
composed of Si0,) is deposited on the entire surface by a dummy pattern, a dummy pattern 23 is also formed in the
CVD method (see FIG. 3C). Then, the second layer 14 is 65 substrate 21 concurrently.

flattened by a CMP process using, for example, the polishing
apparatus shown in FIG. 11 (see FIG. 3D). Even when the

Then, a layer 24 (for example, insulation layer composed
of Si0,) is deposited on the entire surface, e.g., by a CVD
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method (see FIG. 5C), and the layer 24 is flattened by a CPM
process using, for example, the polishing apparatus shown in
FIG. 11 to expose the surface of the substrate 21 (see FIG.
5D). In this manner, for example, there can be formed a
device separation region having a trench structure, in which

18

When an underlayer is sufficiently flat, it is not required to
compensate the pattern area ratios 0,,(i,j) of the mask pattern
in a mask used for patterning the first layer. However, when
the underlayer provided under the first layer is not suffi-

ving ° 5 ciently flat, it is preferred to determine the pattern area ratios
the 1ayer 24 corpposed of Si0, is embedded in the concave ao(i,j) by taking into account an influence caused by a
portion formed in the surface of the substrate 21. Even when difference in level arising in the underlayer (a stepwise
thCle is a great fluctuation in pattern area ratios o' in that height difference of the underlayer), i.e., by incorporating a
region 22 of the substrate 21 where the pattemns are formed, compensation of the stepwise height difference of the under-
the layer 24 can be uniformly polished since the dummy 10 laver
pattern 23 is formed. Therefore, the occurrence of a yer. L . .
so-called dishing can be effectively prevented, and the layer That is, in Ex.a.rnplc 6, when.the pattern area ratios ou(i)
24 which is flattened can be easily and reliably obtained. of the meshes(i,j) are determined, values of pattern area
ratios a,(1,j) or values of average pattern area ratios f,(i,j)
EXAMPLE 5 of a mask pattern in a mask used for forming a pattern in the
Example 5 is directed to the method of manufacturing an 15 underlayer provided under the first layer are incorporated.
@ntegrgted circuit ~according to the third aspect of the present More specifically, the pattern area ratio of a mesh(i,j) when
1nvention. That is, a mask produged by the rqethod of no underlayer is assumed to be absent is o(i,j). The differ-
designing a mask pattern explained in Example 1 is used to ence in level (a stepwise height difference) arising in the first
form a pattern in a starting substrate. Then, the front surface layer, to which the thickness of the first layer corresponds,
of the starting substrate and a supporting substrate are 20 after the formation of the pattern in the first layer is h, and
bonded to each other, then, the starting substrate is flattened the difference in level (a stepwise height difference) arising
from its back surface by a CMP process, and an integrated in the underlayer is hy, (see FIG. 7A). When the underlayer
circuit is manufactured. The method of manufacturing an is not flattened by a CMP process, the pattern area ratios
integrated circuit in Example 5 will be explained with ¢ (i) of meshes(i,j) are determined on the basis of the
reference to FIGS. 6A to 6C hereinafter. 25 following equation (2). When the underlayer is flattened by
First, a pattern is formed in the surface of a starting a CMP process, the pattern area ratios U‘O(l’]) of meshes(i’j)
substrate 31 composed of, for example, a silicon semicon- are determined on the basis of the following equation (3).
ductor substrate, shown in the schematic partial cross-
sectional view of FIG. 6A, by lithography using a mask ao(bf)=as(bi)+(holhs) au(if) @
roduced on the basis of the method of designing a mask 30 y . iy
Eattern explained in Example 1 and by etchigg. l%efcrencc ok p=ors(b) (ko fhs) i) ®
numeral 32 indicates a patterned starting substrate portion. Meanwhile, when the flattening process of the second
Since the mask has a dummy pattern, a dummy pattern 33 layer (layer) is three-dimensionally considered, a product of
is also formed in the starting substrate 31 concurrently. a pattern area ratio and a stepwise height difference corre-
Then, the front surface of the starting substrate 31 and a 35 sponds to a volume of the second layer (layer) which is to
supporting substrate 35 are bonded to each other. be processed by a CMP process in a mesh. That is, the
Specifically, an insulation layer 34 composed of, for product of the pattern area ratio oy(i,j) and hg which is a
example, SiO,, is deposited on the entire front surface of the difference in level or a stepwise height difference is equal to
starting substrate 31, and the insulation layer 34 is flattened. a total of a product of the pattern area ratio og(i,j) and the
Then, a polysilicon layer (not shown) is deposited on the 40 difference in level hg when it is assumed that no underlayer
insulation layer 34 as required. And, a mirror-polished is present and a product of the pattern area ratio a.(i,j) or the
supporting substrate 35 composed of, for example, a silicon average pattern area ratio ,(i,j) of the underlayer and a
semiconductor substrate and the mirror-polished surface difference in level (a stepwise height difference) hy, of the
(surface of the insulation layer 34, etc.) of the starting underlayer. Therefore, the following equation (18-1) or
substrate 31 are attached to each other, and the resultant 45 (18-2) can be obtained.
laminate is heat-treated around 900° C., whereby a
molecular-level or atomic-level bonding state can be hs aolbf)=hs sy he 0l (s-1
obtained (see FIG. 6B). s 0o (i) =hs s (i, )+ Boi) (18-2)
Then, the starting substrate 31 is flattened from its back . o
surface by a CMP process using, for example, the polishing 50 There.fore, the equations (18-1) and (18-2) are leld.ed by
apparatus shown in FIG. 11, to expose the surface of the hg, to give the equations (2) and (3). In Examp}e @ in the
insulation layer 34 (see FIG. 6C). In the above manner, there abqve manner, a so-called pattern Vo.lume ratio is made
can be formed a so-called SOI substrate in which part of the uniform within a mask pattern. That is, the‘ ss:cond layer
starting substrate 31 is retained between the insulation layers (layer) can be uniformly .ﬂattened by providing dmmy
34 embedded in the patterns formed in the surface of the 55 Patterns to the meshes having small pattern volume ratios.
starting substrate 31. Even when there is a great fluctuation When the underlayer is composed of a plur'ahty of layfars
in pattern area ratios o' in that region 32 of the starting (N layers), the equation (2) or (3) can be a}?phed depending
substrate 31 where the pattern is formed, the starting sub- upon yvhether or not a CPM process 1s applied to each layer.
strate 31 can be uniformly polished from its back surface That is, when the underlayer is composed of a first layer, a
since the dummy pattern 33 is formed. Therefore, the ©0 secondllayer, -..an thh layer, ao(ij) _Of cach la.yer can be
occurrence of a so-called dishing can be effectively determined on the basis of the followmg equation (19-1),
prevented, and the SOI substrate which is flattened can be (19-2), (19'3). or (1?'4) depending upon wheth@r or not a
easily and reliably obtained. CPM process is applied to the layers. In the equations (19-1)
and (20-1), a subscript “n” is the number of a layer consti-
EXAMPLE 6 65 tuting the underlayer, and n=1, 2, . . . N-1. Further, o,,,,

Example 6 is a variant of the method of designing a mask
pattern according to the first aspect of the present invention.

J(i,j) shows a pattern area ratio of an (n+1)-th underlayer in
a mesh(i,j) when it is assumed that no underlayer is present,

SAMSUNG EXHIBIT 1005
Samsung v. Invensas

Page 29 of 41



5,948,573

19 20
h,,; .isa difference in level or a stepwise height difference
arising in an (n+1)-th underlayer after a pattern is formed in o Emikmo " (1-1)
the (n+1)-th underlayer, h,_,, shows a difference in level or Agn1(h )= [_Z kZ i+l j+k)/@m+1)
a stepwise height difference arising in an n-th underlayer, a e
pattern area ratio o,, ,(i,j) shows a pattern area ratio in a 5 B, )= ag (i, ) (1-2)
mask used for forming a pattern in an n-th underlayer, and
an average pattern area ratio f3,, ,(i,j) is an average pattern .
area ratio in a mask used for forming a pattern in an n-th wherein q=0, 1,2, . . ., Q.
FIG. 9 shows the flow chart of steps of the method of
underlayer. o .
10 designing a mask pattern in Example 7. In Example 7, the
circuit blocks designed in advance are first automatically
] 3 y arranged on the basis of a known algorithm such that a chip
s (b)=Cprs sl o _ulltnis ) Cto_uli) (19-D area is minimized. That is, the area of one chip is minimized
o B by arrange circuit block-circuit block distances to be as
Aolb)=ts(b) i _olhs) O uAbi) (192 45 small as possible. FIG. 8A schematically shows the
) B ) so-obtained arrangement of the circuit blocks. In this state,
s G )=Cpas sV P_iPns_s)Br_oB) (20-1) there are included circuit blocks having a larger number of
. o B 02 patterns and circuit blocks having a smaller number of
o6 y=ousG )y _uhs) B_u(h) (202) patterns. When a mask pattern for obtaining the above
. . . . . 20 patterns is divided into meshes having the form of a lattice
As shown in the schematic partial cross-sectional views of and having a size of 100 umx100 m each and pattern area
FbIGSj 7A to 7C’ the method of manufacturlr.lg an integrated ratios 0,(i,j) are determined one by one with regard to the
cireuit in Wthh‘a mask prod}lced on the basis of Example 6 meshes(ij), the pattern area ratios o (i,j) are greatly fluctu-
is used for forming a pattern in a first layer or a substrate, can ate. In FIGS. 8A and 8B, rectangular regions surrounded by
be the same as .the method.in Example 2.0r 3, and the 55 thick lines show the circuit blocks, and the circuit blocks
detailed explanation thereof is therefore omitted. having higher pattern area ratios are indicated by hatching
more densely. Further, squares formed by vertical lines and
EXAMPLE 7 horizontal lines indicate meshes. Any pattern of the mask
pattern belongs to one of a plurality of the circuit blocks
Example 7 is directed to the method of designing a mask 30 except for patterns connecting one circuit block to another
pattern to be formed in a mask for use with a lithography circuit block.
process according to the fourth, fifth or sixth aspect of the Average pattern area ratios f(i,j) are determined on the
present invention. That is, Example 7 is concerned with a  basis of the equations (1-1) and (1-2). And, patterns of the
method of designing a mask pattern to be formed in a mask mask pattern are rearranged so as to q§crease the fluctuation
used for manufacturing an integrated circuit (4) by forming 35 of the average pattern area ratios f(i,j). In Example 7, the
a pattern in a first layer deposited on a substrate, on the basis ~ rearrangement of the patterns includes the increasing of size
of lithography to which said mask is applied, then depositing ~ ©f the circuit blocks. .
a second layer on the substrate including the patterned first Specifically, it is eval}lated .V&'fhelher or not all the obta}ned
layer and flattening the second layer by a chemical/ average paltern area ratios B(i,j) are within a predetermined
. -1 - . 40 range (B;~P,). That is, it is evaluated whether all the average
mechanical polishing process, or (5) by forming a pattern in . > . .. ,
. . . . pattern area ratios (i,j) satisfy 8, =f(1,j)=f,. When there is
a substrate, on the basis of lithography to which said mask . . : .
: . . an average pattern area ratio P(i,j) which does not satisfy
is applied, then depositing a layer on the substrate and B, =B(i,j)=B,, a circuit block including a maximum value of
flattening the layer by a chemical/mechanical polishing 1=/ = . SN .
process, or (6) by forming a pattern in a starting substrate the average pattern area ratios f(i,j) (circuit block A in FIGS.
o : . . . .7 45 8Aand 8B) and a circuit block containing a minimum value
on the basis of lithography to which said mask is applicd, (circuit block B in FIGS. 8 A and 8B) are selected. And, these
then bonding the front surface of the starting substrate to a circuit blocks A and B. are increased in size Tha ¢ ;s the
supporting subsirate and ﬂatteping the starting subst.ratc external dimensions of the circuit blocks A and B, are
from th? back sgrfe}ce of the starting substrate by a chemical/ increased. The unit of an increment of the size of the circuit
mechanical polishing process. 50 blocks was arranged to be 1/an integer times (1/10, 10 xm)

In Example 7, each mesh having the form of a lattice has
a predetermined size of 100 yumx100 um. Further, average
pattern area ratios f(i,j) were determined on the basis of the
following equations (1-1) and (1-2). In the equation (1-1), 10

as large as the size of the mesh. As a result, the external
forms of the circuit blocks A and B increase in size by 20
um. In the circuit block A, this region which is an increment
is a space. That is, no pattern is provided in the region which

was used as a value of m, and 9 was used as a value of Q. 55 is an increment. On the other hand, in the circuit block B, a
That is, a predetermined region of a mask pattern including dummy pattern is provided in the region which is an
a mesh(i,j) as the central point has a size of 2100 umx2100 increment. This state is shown in FIG. 8B. In that region of
um. In other words, an average pattern area ration P(i,) is the circuit block A which indicated by slanting lines, a
determined as an average of pattern area ratios within a 2100 pattern is formed. In FIG. 8B, the dummy pattern is black-
#mx2100 um region including the mesh(i,j) as the central 60 ened. When a mesh having a smallest average pattern area
point. Further, the value of a_,,(i,j) was smoothed ratio f(i,j) does not belong to a circuit block, a dummy
(averaged) 10 times. Generally, since a plurality of chips are pattern is provided in the entire area of the mesh(i,j) if
produced on one wafer with the mask, when a position of a possible.

mesh (i+,j+k) in the equation (1-1) deviates from the mask Then, the circuit blocks are automatically arranged again
pattern of one chip, a corresponding pattern area ratio o, in 65 according to a known algorithm, and the pattern area ratios

the region of a mask pattern of one adjacent chip may be
used.

a(ij) are determined. Further, the average pattern area
ratios f(i,j) are determined on the basis of the equations
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(1-1) and (1-2). And, it is evaluated whether or not all the
obtained average pattern area ratios [(i,j) are within a
predetermined range ($,~f3,). When all the average pattern
area ratio ((i,j) satisfy B,;=p(L,j)=p,, the mask pattern

22

the second layer (layer) is deposited on the first layer
(substrate), and it is assumed that the second layer (layer) is
deposited in a perpendicular direction alone, the second
layer (layer) that can be obtained has a cross-sectional form

designing is finished. On the other hand, when there is any 5 as shown in a schematic cross-sectional view of FIG. 12.
average pattern area ratio ((i,j) which does not satisfy However, when the SeQOHd layer (layer) is fqrmcd by aCVvD
B,=B(i,j))=B., the procedures of selecting a circuit block method, the cross-sectional form of the projected portion of
including a maximum value of the average pattern area the §ccopd layer ‘(layer) in a perpendicular .derCtIOIl, which
ratios f3(i,j) and a circuit block including a minimum value portion is deposited on a pattern formed in the first layer
thereof are repeated. 10 (substrate), differs depending upon Wthh CVD method Is
The above-desiencd K patt b dt d employed, a conformal CVD method in which the deposi-
© above-desighed mask patfern can be used to produce tion is based on a surface reaction or a high-density plasma
: g yP
a mask according to a known method. When a mask CVD method
produced by the above designing method is used to form a That is Wﬁen the second la . .

. . , yer (layer) is deposited by a
pattern in a first layer (or subs.trate'or starting substrate), t}}e conformal CVD method, the deposition takes place all over
fluctuation of pattern area ratios o pf the pattern formed in 15 o qurface of the first layer (substrate), and the projected
the first layer. (or substrate or starting substrate) decreases portion of the second layer (layer) deposited on the pattern
when a chip is taken as a whole. Therefore, after a second formed in the first layer (substrate) has a width W which is,
layer (layer) is deposited on the entire surface, or after two  for example, approximately 2 to 2.6 times as large as the
substrates are bonded, and when the second layer (or layer width W, of the pattern formed in the first layer (substrate).
or starting substrate) is flattened by a CMP process for 20 The above projec[ed portion of the second layer (layer)
manufacturing an integrated circuit, the flattening treatment deposited on the pattern formed in the first layer (substrate)
of the second layer (or layer or starting substrate) can be has side walls which are nearly perpendicular. The term
uniformly and reliably carried out. “npearly perpendicular” includes a case where the side walls

According to the method of designing a mask pattern are not completely perpendicular. This state is shown in a
explained in Example 7, there can be obtained a mask 25 schematic partial cross-sectional view of FIG. 13. On the
pattern of which the fluctuation of the average pattern area ther haﬂ@ when the second layer (layer) is deposited bY a
ratios f(i,j) are finally almost 0. Therefore, the flattening ~ high-density plasma CVD method, generally, the deposition
treatment of the second layer (or layer or starting substrate) of the second layer (lay.er) and the sputter-etching proceed
can be more uniformly and more reliably carried out thanin ~ concurrently, and a planing rate of the surface of the second
the method of designing a mask pattern explained in 30 layer (layer) by means of a bias applied to plasma particles
Example 1. However, the circuit blocks increase in size, and and a deposition rate Of the second layer (layer) are bal-
as a result, the chip increases in size. It is therefore required anced. As the deposition of the second layer (layer)
to determine how many times the circuit blocks are rear- proceeds, side walls of the projected portion of the second
ranged in view of trade-off of an ideal chip size and the layer formc.:d on the pattern formed m'the first layer
fluctuation of the average pattern area ratios f(i,j). When the 35 (substrate) is planed away thinner. The width of the pro-

method of designing a mask pattern explained in Example 7
is applied to the method of designing a mask pattern
according to the fourth aspect of the present invention or the
method of manufacturing an integrated circuit according to

jected portion of the second layer (layer) is therefore smaller
than the width W, of the pattern formed in the first layer
(substrate). This state is shown in a schematic cross-
sectional view of FIG. 14. Therefore, in any CVD method,

the fourth aspect of the present invention, it can be applied 4o the apparent value of the pattern area ratio o(ij) of each
only to a case where the first layer is positioned as the lowest mesh(i,j) changes.
layer. The reason therefor is that since circuit blocks are In the method of designing a mask pattern according to
rearranged, if the first layer is not positioned as the lowest the first, second, fourth or fifth aspect of the present
layer, the positional relationship between the circuit blocks ~ invention, or in the method of manufacturing an integrated
in the first layer and the circuit blocks in a lower layer 45 circuit according to the first, second, fourth or fifth aspect of
strains. the present invention, it is preferred to compensate the
The method of manufacturing an integrated circuit in pattern area ratio oy(i,j) of each mesh(i,j) on the basis of a
which a mask produced on the basis of Example 7 is used for pattern area increase ratio I determined by the thickness of
forming a pattern in a first layer or a substrate, can be the the second layer (layer) to be deposited on the entire surface
same as the method in Examples 2 to 4, and the detailed 50 or on the basis of a pattern area increase ratio I determined
explanation thereof is therefore omitted. Further, the method by the thickness of the pattern to be formed in the first layer
of manufacturing an integrated circuit on the basis of an SOI ~ (substrate) and the thickness of the second layer (layer) to be
technology in which a mask produced on the basis of deposited on the entire surface.
Example 7 is used to form a pattern in a substrate can be the In Example 8, the pattern area ratio o(i,j) of each
same as the method in Example 5, and the detailed expla- 55 mesh(i,j) is compensated on the basis of a pattern area
nation thereof is therefore omitted. Further, the method of increase ratio I determined by the thickness of the second
designing a mask pattern or the method of manufacturing an layer deposited on the entire surface. When the projected
integrated circuit, explained in Example 6, can be applied to portion of the second layer deposited on the patterned first
the method of designing a mask pattern or the method of layer has a circumferential length of L and when a pattern
manufacturing an integrated circuit in Example 7. 60 area increase amount determined by the thickness of the
second layer (layer) deposited on the entire surface or a
EXAMPLE 8 pattern area increase amount determined by the thickness of
As explained already, when the flattening process of the the pattern formed in the first layer (substrate) and the
second layer (layer) is three-dimensionally considered, a thickness of the second layer (layer) deposited on the entire
product of a pattern area ratio and a stepwise height differ- 65 surface is AS, AS can be expressed as AS=IxL. The pattern

ence corresponds to a volume of the second layer (layer)
which is to be processed by a CMP process in a mesh. When

area ratio oy(1,j) of the mesh(i,j) is compensated on the basis
of the above pattern area increase amount AS.
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In Example 8, the deposition of the second layer by a
conformal CVD method in which the deposition is based on
a surface reaction is taken up as an example for explanations
below. When the second layer is deposited by the above

24

on the basis of various experiments. Further, the thickness
X, of the second layer is a known value. Therefore, the value
of I in the equation (4) can be calculated. Further, the
circumferential length L of the projected portion of the

CVD method, the cross-sectional form in a perpendicular 5 second layer deposited on the pattern formed in the first
direction is conformal, and a cross-sectional form as sche- layer can be easily obtained on the basis of a design value
matically shown in FIG. 13 is obtained. Since the product of of the pattern to be formed in the first layer, and the like. On
a compensated pattern area ratio and a stepwise height the basis of AS=IxL, therefore, AS for each pattern can be
difference corresponds to a volume to be processed by a calculated, and on the basis of the pattern area increase
CMP process, the volume is calculated first. Meanwhile, 10 amount AS, the pattern area ratio a,(i,j) of each mesh(i,j)
when the second layer is deposited by a conformal CVD can be compensated. For example, when (r,/r;)=0.5, and
method, the width W of the projected portion of the second Xo=1.2 um, the value of I is +0.6 um.
layer is larger than the width W, of the pattern formed in the
first layer. In FIG. 13, expanded regions of the second layer EXAMPLE 9
are indicated by slanting lines. The relationship between W 15~ Example 9 is a variant of Example 8. In Example 9, a
and W, is represented by the following equation (21), pattern area ratio a(i,j) of each mesh(i,j) is compensated on
the basis of the pattern area increase ratio I defined by the
(W=Wo)/2=Xox (rplry) (3)) thickness of a pattern formed in the first layer and the
) . . ) thickness of the second layer deposited on the entire surface.
wherein X, is a thickness of the second layer, 1 is a ) In Example 9, the deposition of the second layer by a
deposn@on rate of the second layer in a horlzon}al direction high-density plasma CVD method is taken up as an example
al?d Iy1s a deposﬁlon rate of the seconfi layer in a perpen- for explanations below. When the second layer is deposited
dlcular~ dlrectlon.. Further, the volume V is represented by the by the high-density plasma CVD method, the side walls of
following equation (22), the projected portion of the second layer formed on the
Ve Wt 2 o (2) % pattern formed in the first layer is planed away thinner as the
SoTERen e deposition of the second layer proceeds. As a result, each
wherein Ly is a length of a pattern. “r;/ry” is sometimes side wall of the projected portion of the second layer tilts at
abbreviated as “r”. an angle of 8 from a horizontal direction (see FIG. 14).

In the second layer having a cross-sectional form shown Meanwhile, since a product of a compensated pattern area
in the schematic cross-sectional view of FIG. 12, the volume 30 ratio and a stepwise height difference corresponds to a
V, to be processed by a CMP process is represented by the volume .Of the second layer to be prpcessed by a CMP
following equation (23), process in a mesh, the above volume V is first calculated. In

FIG. 14, regions indicated by slanting lines correspond to

V=WoxloxLp (23) side wall portions which are planed off in the projected

35 portion of the second layer. The resultant trapezoid has a top

wherein h, is a thickness of the pattern formed in the first side length of (X, cot 6) and a bottom side length of
layer. {(X,-h,) cot 8}. Therefore, the volume V and AV (=V-V,)

Therefore, the value of AV (=V-V,) is as shown in the are as shown in the following equations (27) and (28). In the
following equation (24). equation (28), the relationship of Lp=~L/2 is incorporated.

AVeE oL (4 40 Further, V is equal to WyxhyxLp.

The length L, of the pattern and the circumferential V= Vo = 2A2Xo — hoJeod X fig /2 Lp} @n

length L of the projected portion of the second layer depos-
. . : AV =V -V, (28)
ited on the pattern formed in the first layer can be approxi-
mated in the following relationship. In FIG. 13, boundary 45 = (ho = 2Xo)co)x o X L2
lines defining the circumferential length L of the projected
portion of the second layer is indicated by arrows. Therefore, the pattern area increase amount AS can be
LaL2 obtained on the basis of the equation (29). Further, owing to
P~ . - - ;
5o the relationship of AS=IxL, the pattern area increase ratio I

Therefore, when the equation (24) is expressed by using can be calculated on the basis of the equation (5).
the circumferential length L, it can be expressed as shown in
the following equation (25). Owing to the relationship of AS = AV /ho 29
AS=IxL, further, the pattern area increase ratio I can be = (ho —2Xo)cotfx L/2
determined on the basis of the equation (4). 55

1= (ho — 2Xo)cotd ]2 )

AV = XogXrxhogxL (25)
AS = AV /h 26) Meanwhile, the angle 0 can be determined on the basis of
various experiments, and the thickness h, of the pattern to be
=IxL 60 formed in the first layer and the thickness X, of the second
= XoX (g [ry)x L layer are known values. Therefore, the value of I in the
I= Xo %y /1) @ equation (5) can be determined. Further, the circumferential
length L of the projected portion of the second layer depos-
ited on the pattern formed in the first layer can be easily

Meanwhile, the deposition rate 1, of the second layer in 65 obtained on the basis of design value of the pattern to be

a horizontal direction and the deposition rate ry of the
second layer in a perpendicular direction can be determined

formed in the first layer, and the like. Therefore, AS for each
pattern can be obtained on the basis of the relationship of
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AS=IxL, and on the basis of the pattern area increase amount
AS, the pattern area ratio o,(i,j) of each mesh(i,j) can be
compensated. For example, when 6=30 degrees, X,=0.8 um
and h,=0.7 ym, the value of I is -0.78 um.

26

AV =V -V, 33)

=SSxLp—WyxhoXLp

. PLE 10 5 ~ (L] 2o = 2Y,)cotfx hg +
2ho X Yo{(rap [ ray )(—cosB} [ sinf]
Example 10 is a combination of Examples 8 and 9. In
Example 10, the pattern area ratio ay(i,j) of each mesh(i,j)
is compensated on the basis of the pattern area increase ratio 1 Meanwhile, owing to the relationship of AS=AV/h,, AS
I defined by the thickness of the pattern formed in the first can be calculated on the basis of the equation (33), and
layer and the thickness of the second layer deposited on the further, since AS=IxL, I can be calculated.
entire surface. In Example 10, the second layer has a )
two-layer structure composed of a lower layer and an upper AS=(L/2)[(7g=2¥1) cot 0+2Y;{(rap/ray)~cos O}/sin 0] C)
layer. The lower layer is deposited by a conformal CVD I=(hy=2Y,) cot 8/2+Y,{(rops/F2y)—cos B}/sin O ©
method in which the deposition is based on a surface 15 . .
reaction, and the upper layer is deposited by a high-density Thef angle 6, (rfﬂfl anﬁ. rlz(V can bfehdetefm;lmed by Varlolljls
plasma CVD method. In this case, the side walls of the lower experiments, and the thickness of h, ol the pattern o be
layer portion of the projected portion of the second layer formed in the first layer, the thickness 9f the secoqd layer Y,
formed on the pattern formed in the first layer tilt at an angle and Y, are.known values. The{efore, lin the equation (6) can
of 0 from a horizontal direction, and the surface of the upper 20 be (.ietermmed.. Further, the circumferential length L of the
layer portion of the second layer formed on the side walls of prOJectefd portion of ﬁthe sccond layer d§p051ted hon th.e
the lower layer of the second layer tilts at an angle of 8 from pattern oqned in the first layer can be oblam.ed on the basis
a horizontal direction. This state is shown in a schematic of t.he design Val?‘e of.the pattern, and the like. Therefore,
partial cross-sectional view of FIG. 15. The thickness of the owing o tl}e relationship of AS.=IXL’ AS for each pattern can
pattern formed in the first layer is hy, the thickness of the 25 be determined, and on the basis .Of the pattern area increase
lower layer of the second layer is Y, the thickness of the amount AS, the pattern area ratio (L) of each mesh(ij)
upper layer of the second layer is Y,, the deposition rate of can blf corﬁlpensated. . i of cach b i
the upper layer of the second layer in a horizontal direction E w eln t 86 pig?m area ratio da‘)(l’]) ° ea% mgsc(l’il) 1n
is 1,z and the deposition rate of the portion of the upper layer xamples 8 to 101s compensated, PatternsA, ang . Whose
in a normal direction is r,,. Meanwhile, when the upper 30 cross-;ectlonal views are schematl.cally shown in FIG. 1§A
layer of the second layer is deposited by a conformal CVD sometimes cause a case where adj acent patterns for Whl.Ch
method in which the deposition is based on a surface some pattern area increase amount AS is taken into consid-
reaction, the upper layer of the projected portion of the eration ove;rlap ca ch other. That.1s, in some pattern, the
second layer has a greater width than it is simply deposited boundgry line Wh.ICh defines the circumferential lengt.h L of
in a perpendicular direction. In FIG. 15, that region of the 35 the projected portion Qf the secogd layer (layer) deposited on
upper layer which has a greater width (region 3 ) is black- the pattern comes 1n§1de the prOJect‘ed portion of the second
ened. layer (layer) df:posned on an adjacent pattern. In other
In FIG. 15, a region 1 indicated by slanting lines and a WOIdS? the projected portion of the > cond layfzr (layer)
region 2 indi::ated by slanting lines have the same cross- deposited on one paitern oYerlaps 4 pr0]§cled portion of the
sectional forms, and the area SS; of the region 1 and the area % Zf;tzn?slzif):;vga}iﬁ r%ldépols;tgd Ionn ;?Ga d]fg]egnltﬁztt;;gj ez‘ttl;;
SS,, of the region 2 equal e;ach other. and can be determined portions of the second layer (layers) deposited on the
on the basis of the following equation (30). patterns A and C are indicated by “a” and “c”, and these
projected portions “a” and “c” of the second layer are shown
S51= 55 GO s by solid lines. On the other hand, a projected portion of the
= Wo x hg = 22, — ho)ootfx g /2 second layer (layer) deposited on the pattern B adjacent to
the patterns A and C is indicated by “b”, and the projected
portion “b” of the second layer is shown by dotted lines. In
On the other hand, regions 3 which are blackened are the above case, a plurality of overlapping adjacent patterns
parallelogramatic, and its bottom side has a length of hy/sin 50 can be considered to be one pattern ABC as shown in FIG.
0. The above parallelogram has a height of {(fsz/t21) Yo=Y, 16C. As explained in Example 10, when the second layer has
cos 0}. Therefore, the area SS; of the region 3 can be a two-layer structure, 1h§ values of the first term and the
calculated on the basis of the equation (31). Further, the total ~ S¢cond term of the right side member of the equation (6) will
area of the region 2 and the regions 3 has a relationship as D¢ negative and positive. And, when the lower layer of the
shown in the equation (32). 55 secgnd layer is deposited, there are some cases where a
projected portion of the lower layer of the second layer
53 = 2ho X Vad(rag [ ay) — cosf} [ sind 31) (layer) deposited on some pattern overlaps a projected
portion of the lower layer of the second layer (layer)
SS =58, + 553 (32) deposited on an adjacent pattern. In the above case,
= Wo X ho + 2hg — 2, Jcotx hy /2 + 60 therefore, it is necessary to individually consider the value
Yo X Yal(ras | ray ) — cosd} / sind of I based on the lower layer of the second layer and the
value of I based on the upper layer of the second layer (layer)
without merely applying the equation (6). That is, it is
The volume V corresponding to the region 2 and the required to consider the pattern area increase amount AS
regions 3 equals the product of the total area SS and L,. 65 based on the lower layer of the second layer (layer) and the

Further, V, equals W xh,xL,. Therefore, AV(=V-V,) is as
shown below.

pattern area increase amount AS based on the lower layer
and the upper layer of the second layer (layer). In Examples
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8 to 10, the first layer deposited on a substrate and the second
layer deposited thereon are mainly taken up for
explanations, while the embodiments in these Examples can
be naturally applied to a substrate and a layer deposited
thereon.

28

4. The method according to claim 3, wherein the pattern
area ratio 0,,(1,j) of each mesh(i,j) is determined on the basis
of the following equation (2) when the underlayer is not
chemical/mechanical-polished, and the pattern area ratio

) L ) ) 5 (i) of each mesh(i,j) is determined on the basis of the

The present 1nvention 1s explalned'on the basis of following equation (3) when the underlayer is chemical/
Examples hereinabove, while the present invention shall not mechanical-polished,
be limited thereto. Those values, conditions, etc., explained
in Examples and various materials used in Examples are ol f=ats(i )+ (hulhs) ap (i) ©
shown as examples, and can be altered as required. 10

In the present invention, the pattern area ratio of the Go(b))=0s(@)+(ulhs) Buii) ©)
pattern formed in the first layer or the substrate can be made . o . .
uniform. As a result, the flattening treatment of the second ~ Wherein o,(i,j) is a pattern area ratio of the mesh(i,j) when
layer, the layer or the starting substrate can be uniformly and it is assumed that no underlayer exists under the first layer,
rcliably carried out, and the CMP process does not requirc hS is a difference in level arising in the first layer after the
any additional steps. Further, after the CPM process is 15 formation of the pattern and h;; is a difference in level
carried out, the variation in the height of the second layer or arising in the underlayer.
the layer or the variation of the remaining thickness of the 5. The method according to claim 1, wherein the pattern
starting substrate decreases, so that the process margin in the area ratio a(i,j) of each mesh(i,j) is compensated on the
manufacture of an integrated circuit can be expanded. Even basis of a pattern area increase ratio I determined by the
if the cross-sectional form of the projected portion of the 20 thickness of the second layer to be deposited on the substrate
second layer (layer) deposited on the pattern formed in the including the patterned first layer or on the basis of a pattern
first layer (substrate) changes depending upon the method of area increase ratio I determined by the thickness of the
depgsﬂmg the second 'lgyer (layer), the pattern arca ratio pattern to be formed in the first layer and the thickness of the
(i) of each mesh(i,j) can be cqrppensaled accord}ng second layer to be deposited on the substrate including the
ther'eto, and the pattern area ratios a(is)) closer to a practical s patterned first layer.
achleverpent can be obtamed,. so that a mask pattern ~Of a 6. The method according to claim 5, wherein the pattern
mask su}tab!e for the prO(.luctlon process of intended inte- area ratio a(ij) of each mesh(ij) is compensated on the
grated circulls can t?e designed. basis of a pattern area increase amount AS, AS being a

What is claimed s . pattern area increase amount determined by the thickness of

L. A method of designing a mask pa.ttern to be ff)rm.ed M 30 the second layer to be deposited on the substrate including
a mask used for manufacturing an integrated circuit by the patterned first layer or a pattern area increase amount
formmg a pat.tern in a first laye.r depgsﬁed ona subs}rate, on determined by the thickness of the pattern to be formed in
the ba§{s of lithography to which said mask 1s.app11e.d, then the first layer and the thickness of the second layer to be
depositing a second layer on thc substrate including the deposited on the substrate including the patterned first layer,
palterped first layer andA ﬂe}tlemng the second layer by a 35 Ag being determined by multiplying I by L, L being a
chemical/ rnechanlcal‘p.ohshmg process, circumferential length of a portion of the second layer

the method comprising the steps of having a projected shape and being to be deposited on the

(A) dividing the mask pattern into meshes having the pattern to be formed in the first layer.
form of a I?tFiCC and having a pr§determiped size, 7. The method according to claim 6, wherein, when the
and determining pattern area ratios c(i,j) of the 40 portion of the second layer having a projected shape and
meSheS(1{J)3 respectively, ) » being to be deposited on the pattern to be formed in the first
®) .deFermlmng an average pattern area ratio B(l’l) layer has a vertical side wall, the pattern area increase ratio
within a predetermined region including a mesh(i,j) I is determined on the basis of the following equation (4),
as the central point in the predetermined region with
regard to each of all the meshes in the mask pattern, 45 =X ox(rpry) @
(C; I;)(ioviding a dummy pattern to each of the meshes Whgrein X, is .a.thickness of the second layer to be deppsited,
(i,j) which have been found in the step (B) to have Iy s a deposmqn rate of .tt.le second layer in a horlzoplal
the average pattern area ratios p(i,j) smaller than a dlrefztlon fmd Iy isa deposition rate of the second layer in a
predetermined value. 50 vertical direction. . . .

2. The method according to claim 1, wherein the average 8“ The method according to c!alm 6, Wherem, when the
pattern area ratio f(ij) is determined on the basis of the ~ Portion of the second layer having a projected shape and
following equations (1-1) and (1-2). being to be d;pogtcd on the patter‘n to bg for;ne@ in the first

layer has an inclined side wall having an inclination angle of
em tem (L1) 55 6 from a horizontal direction, the pattern area increase ratio
@il ) = Z Z agli+1, j+k)/Qm+ 1) I is determined on the basis of the following equation (5),
e I=(hy-2X,) cot 6/2 O]

B, ) = agwi i, ) (1-2)
wherein h, is a thickness of the pattern to be formed in the
60 first layer and X, is a thickness of the second layer to be

wherein q=0, 1,2, . . ., Q. deposited.

3. The method according to claim 1, wherein a value of a 9. The method according to claim 6, wherein, when the
pattern area ratio a.(i,j) or a value of an average pattern area second layer has a lower layer and an upper layer and a
ratio (3,(i,j) of a mask pattern in a mask used for forming a portion of the lower layer having a projected shape and
pattern in an underlayer provided under the first layer is 65 being to be deposited on the pattern to be formed in the first

incorporated for determining the pattern area ratio oy(i,j) of
each mesh(ij).

layer has an inclined side wall having an inclination angle of
0 from a horizontal direction and a portion of the upper layer
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to be deposited on the inclined side wall of the lower layer
has an inclined surface having an inclination angle of 6 from
a horizontal direction, the pattern area increase ratio I is
determined on the basis of the following equation (6),

30

wherein X, is a thickness of the layer to be deposited, 1 is
a deposition rate of the layer in a horizontal direction and ry,
is a deposition rate of the layer in a vertical direction.

15. The method according to claim 13, wherein, when the

I=(hg=2Y,) cot 8/2+Y,(r, /7 »~cos O)/sin O (6) 5 portion of the layer having a projected shape and being to be
wherein h, is a thickness of the pattern to be formed in the qu)l?Sitgd %n the ﬁattlterl? to be .fori{led.in the s;lbstEaée fhas an
first layer, Y, is a thickness of the lower layer to be an ined side wall having an inclination angle of 0 trom a

. . . orizontal direction, the pattern area increase ratio I is
deposited, Y, is a thickness of the upper layer to be d ; - . ;
deposited, r,,, is a deposition rate of the upper layer in a ctermined on the basis of the following equation (5),

PS > fopg 15 3 CCP . ’ UPP ¥ .5 10
horl.zonlal direction and Loy is a depos.mor} rate of said I=(ho=2X,) cot /2 )
portion of the upper layer in a normal direction.

10. A method of designing a mask pattern to be formed in wherein hy is a thickness of the pattern to be formed in the
a mask used for manufacturing an integrated circuit by substrate and X, is a thickness of the layer to be deposited.
forming a pattern in a substrate, on the basis of lithography 16. The method according to claim 13, wherein, when the
to which said mask is applied, then depositing a layer on the layer has a lower layer and an upper layer and a portion of
substrate and flattening the layer by a chemical/mechanical ~ the lower layer having a projected shape and being to be
polishing process, deposited on the pattern to be formed in the substrate has an

the method comprising the steps of inclined side wall having an inclination angle of 6 from a

(A) dividing the mask pattern into meshes having the horizqntal directiion fmd aiportion of the upper layer to be
form of a lattice and having a predetermined size, deposited on the inclined side wall of the lower layer has an
and determining pattern area ratios o(i,j) of the inclined surface having an inclination angle of 0 from a
meshes(i,j), respectively, horizontal direction, the pattern area increase ratio I is

(B) determining an average pattern area ratio B(i,j) determined on the basis of the following equation (6),
within a predetermined region including a mesh(i,j) .
as the central point in the predetermined region with » I=(ho2,) cot 024 ¥;(raplrzy~cos 6)sin 0 ©
regard to each of all the meshes in the mask pattern, wherein hy is a thickness of the pattern to be formed in the
and substrate, Y, is a thickness of the lower layer to be

(C) providing 2 dummy pattern to each of the meshes deposited, Y, is a thickness of the upper layer to be
(1,j) which have been found in the step (B) to have ;) deposited, r,, is a deposition rate of the upper layer in a
the average pattern area ratios (i,j) smaller than a horizontal direction and 1,y is a deposition rate of said
predetermined value. portion of the upper layer in a normal direction.

11. The method according to claim 10, wherein the 17. A method of designing a mask pattern to be formed in
average pattern area ratio (i,j) is determined on the basis of a mask used for manufacturing an integrated circuit by
the following equations (1-1) and (1-2), 35 forming a pattern in a starting substrate, on the basis of

lithography to which said mask is applied, then bonding the
L mbem , (1-1) front surface of the starting substrate to a supporting sub-
g )= Z Z i+l j+ k)@t 1) strate and flattening the starting substrate from the back
i surface of the starting substrate by a chemical/mechanical

B, ) = aga (i, ) (1-2) 4o Polishing process,

the method comprising the steps of

(A) dividing the mask pattern into meshes having the
wherein q=0, 1,2, ..., Q. form of a lattice and having a predetermined size,

12. The method according to claim 10, wherein the pattern and determining pattern area ratios o(i,j) of the
area ratio o,(i,j) of each mesh(i,j) is compensated on the ,5 meshes(i,j), respectively,
basis of a pattern area increase ratio I determined by the (B) determining an average pattern area ratio ((ij)
thickness of the layer to be deposited on the substrate or on within a predetermined region including a mesh(i,j)
the basis of a pattern area increase ratio I determined by the as the central point in the predetermined region with
thickness of the pattern to be formed in the substrate and the regard to each of all the meshes in the mask pattern,
thickness of the layer to be deposited on the substrate. 50 and

13. The method according to claim 12, wherein the pattern (C) providing a dummy pattern to each of the meshes
area ratio a(i,j) of each mesh(i,j) is compensated on the (i,j) which have been found in the step (B) to have
basis of a pattern area increase amount AS, AS being a the average pattern area ratios f$(i,j) smaller than a
pattern area increase amount determined by the thickness of predetermined value.
the layer to be deposited on the substrate or a pattern area 55 18. The method according to claim 17, wherein the
increase amount determined by the thickness of the pattern average pattern area ratio f(i,j) is determined on the basis of
to be formed in the substrate and the thickness of the layer the following equations (1-1) and (1-2),
to be deposited on the substrate, AS being determined by
multiplying I by L, L being a circumferential length of a em kem (-1
portion of the layer having a projected shape and being to be g1 (i )= Z Z agli+1 j+k)/Cm+ 17
deposited on the pattern to be formed in the substrate. l==mi==m

14. The method according to claim 13, wherein, when the B, )= .

. . X . s ) =g (s ) (1-2)

portion of the layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate has a
vertical side wall, the pattern area increase ratio I is deter- s wherein q=0,1,2,...,Q.

mined on the basis of the following equation (4),

I=Xox(Flry) 4

19. A method of designing a mask pattern to be formed in
a mask used for manufacturing an integrated circuit by
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forming a pattern in a first layer deposited on a substrate, on
the basis of lithography to which said mask is applied, then
depositing a second layer on the substrate including the
patterned first layer and flattening the second layer by a
chemical/mechanical polishing process,

the method comprising the steps of

(A) dividing the mask pattern into meshes having the
form of a lattice and having a predetermined size,
and determining pattern area ratios o(i,j) of the
meshes(i,j), respectively,

(B) determining an average pattern area ratio B(i,j)
within a predetermined region including a mesh(i,j)
as the central point in the predetermined region with
regard to each of all the meshes in the mask pattern,
and

(C) rearranging the pattern in the mask pattern so as to
decrease the fluctuation of the average pattern area
ratios P(i,)).

20. The method according to claim 19, wherein the
average pattern area ratio f3(i,j) is determined on the basis of
the following equations (1-1) and (1-2),

l=m  k=m

gl ) = Z Z agli+l, j+k)/@m+ 17

l=—mk=—m

(1-1

B, ) = agri (. ) (1-2)

wherein q=0, 1,2, ..., Q.

21. The method according to claim 19, wherein the pattern
in the mask pattern belongs to any of a plurality of circuit
block, and the rearrangement of the pattern in the step (C)
includes an increase of the size of the circuit block.

22. The method according to claim 19, wherein the pattern
area ratio oy(i,j) of each mesh(i,j) is compensated on the
basis of a pattern area increase ratio I determined by the
thickness of the second layer to be deposited on the substrate
including the patterned first layer or on the basis of a pattern
area increase ratio I determined by the thickness of the
pattern to be formed in the first layer and the thickness of the
second layer to be deposited on the substrate including the
patterned first layer.

23. The method according to claim 22, wherein the pattern
area ratio oy(i,j) of each mesh(i,j) is compensated on the
basis of a pattern area increase amount AS, AS being a
pattern area increase amount determined by the thickness of
the second layer to be deposited on the substrate including
the patterned first layer or a pattern area increase amount
determined by the thickness of the pattern to be formed in
the first layer and the thickness of the second layer to be
deposited on the substrate including the patterned first layer,
AS being determined by multiplying I by L, L being a
circumferential length of a portion of the second layer
having a projected shape and being to be deposited on the
pattern to be formed in the first layer.

24. The method according to claim 23, wherein, when the
portion of the second layer having a projected shape and
being to be deposited on the pattern to be formed in the first
layer has a vertical side wall, the pattern area increase ratio
I is determined on the basis of the following equation (4),

I=Xox(#lFy) (©)

wherein X, is a thickness of the second layer to be deposited,
Iz Is a deposition rate of the second layer in a horizontal
direction and ry, is a deposition rate of the second layer in a
vertical direction.
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25. The method according to claim 23, wherein, when the
portion of the second layer having a projected shape and
being to be deposited on the pattern to be formed in the first
layer has an inclined side wall having an inclination angle of
0 from a horizontal direction, the pattern area increase ratio
I is determined on the basis of the following equation (5),

®

wherein h, is a thickness of the pattern to be formed in the
first layer and X, is a thickness of the second layer to be
deposited.

26. The method according to claim 23, wherein, when the
second layer has a lower layer and an upper layer and a
portion of the lower layer having a projected shape and
being to be deposited on the pattern to be formed in the first
layer has an inclined side wall having an inclination angle of
0 from a horizontal direction and a portion of the upper layer
to be deposited on the inclined side wall of the lower layer
has an inclined surface having an inclination angle of 6 from
a horizontal direction, the pattern area increase ratio I is
determined on the basis of the following equation (6),

I=(hy—-2X,) cot 6/2

T=(hg-2Y,) cot 0/2+Y,(#,4/#y~cos 0)/sin O (6)

wherein h, is a thickness of the pattern to be formed in the
first layer, Y, is a thickness of the lower layer to be
deposited, Y, is a thickness of the upper layer to be
deposited, r,;, is a deposition rate of the upper layer in a
horizontal direction and r,y is a deposition rate of said
portion of the upper layer in a normal direction.

27. A method of designing a mask pattern to be formed in
a mask used for manufacturing an integrated circuit by
forming a pattern in a substrate, on the basis of lithography
to which said mask is applied, then depositing a layer on the
substrate and flattening the layer by a chemical/mechanical
polishing process,

the method comprising the steps of

(A) dividing the mask pattern into meshes having the
form of a lattice and having a predetermined size,
and determining pattern area ratios o(i,j) of the
meshes(i,j), respectively,

(B) determining an average pattern area ratio (i)
within a predetermined region including a mesh(i,j)
as the central point in the predetermined region with
regard to each of all the meshes in the mask pattern,
and

(C) rearranging the pattern in the mask pattern so as to
decrease the fluctuation of the average pattern area
ratios f(i,]).

28. The method according to claim 27, wherein the
average pattern area ratio (i,j) is determined on the basis of
the following equations (1-1) and (1-2),

=m k=m (1-1)
gl p= Y 3 agli+l, j+)/@m+ 17

I=—mk=—m
B, j) = a1, ) (1-2)

wherein q=0, 1, 2, . . ., Q.

29. The method according to claim 27, wherein the pattern
in the mask pattern belongs to any of a plurality of circuit
block, and the rearrangement of the pattern in the step (C)
includes an increase of the size of the circuit block.

30. The method according to claim 27, wherein the pattern
area ratio oy(i,j) of each mesh(i,j) is compensated on the
basis of a pattern area increase ratio I determined by the
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thickness of the layer to be deposited on the substrate or on
the basis of a pattern area increase ratio I determined by the
thickness of the pattern to be formed in the substrate and the
thickness of the layer to be deposited on the substrate.

31. The method according to claim 30, wherein the pattern 5

area ratio ay(i,j) of each mesh(i,j) is compensated on the
basis of a pattern area increase amount AS, AS being a
pattern area increase amount determined by the thickness of
the layer to be deposited on the substrate or a pattern area

34

(B) determining an average pattern area ratio B(i,j)
within a predetermined region including a mesh(i,j)
as the central point in the predetermined region with
regard to each of all the meshes in the mask pattern,
and

(C) rearranging the pattern in the mask pattern so as to
decrease the fluctuation of the average pattern area
ratios P(i,)).

36. The method according to claim 35, wherein the
average pattern area ratio f3(i,j) is determined on the basis of

increase amount determined by the thickness of the pattern 10 . .
to be formed in the substrate and the thickness of the layer the following equations (1-1) and (1-2),
to be deposited on the substrate, AS being determined by e
Nk . . . —m kem a1
mult.lplymg IbyL,L bemg a plrcumferentlal length of a gl ) = Z Z a1, j+h)/@m+ 1P
portion of the layer having a projected shape and being to be ==
deposited on the pattern to be formed in the substrate. 15 o o
32. The method according to claim 31, wherein, when the B, )= agal, ) (1-2)
portion of the layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate has a .
vertical side wall, the pattern area increase ratio I is deter- wherein g=0, 1, 2, . . ., Q. ) )
mined on the basis of the following equation (4), 20 37. The method according to claim 35, Where{n the pattern
in the mask pattern belongs to any of a plurality of circuit
I=Xox(rpi/rv) (©) block, and the rearrangement of the pattern in the step (C)
herein X. is a thickn fthe 1 be d ited . includes an increase of the size of the circuit block.
wherein £, 15 a thickness of the layer to be deposited, rz; 1 38. A method of manufacturing an integrated circuit by
e.ldeposmqn. rate of the layer in a.horlzont'al dlrf.:CtIO.l‘l and ry, ,5 forming a pattern in a first layer deposited on a substrate,
18 gsdeTpﬁ)smonhre:jte of tl:f layer in. a gelmcil dgecnct)lu h then depositing a second layer on the substrate including the
> The method according to claim 31, wherein, when the patterned first layer and flattening the second layer by a
portion of the layer having a projected shape and being to be chemical/mechanical polishing process
deposited on the pattern to be formed in the substrate has an . iy . .
N . . PR wherein a mask pattern to be formed in a mask is designed
inclined side wall having an inclination angle of 6 from a
. L . . .3 by the steps of
horizontal direction, the pattern area increase ratio I is S . .
. . . . (A) dividing the mask pattern into meshes having the
determined on the basis of the following equation (5), . . . .
form of a lattice and having a predetermined size,
I=(h=2X) cot 672 ) and determining pattern area ratios oy(i,j) of the
) ) ) ) meshes(i,j), respectively,
wherein hy is a th}cknes§ of the pattern to be formed in the (B) determining an average pattern area ratio ((ij)
substrate and X is a thlckness of t.he layer to bfa deposited. within a predetermined region including a mesh(i,j)
34. The method according to claim 31, wherein, when the as the central point in the predetermined region with
layer has a lower layer and an upper layer and a portion of regard to each of all the meshes in the mask pattern,
the lower layer having a projected shape and being to be and
deposited on the pattern to be formed in the substrate has an (C) providing a dummy pattern to each of the meshes
inclined side wall having an inclination angle of 6 from a (i,j) which have been found in the step (B) to have
horizontal direction and a portion of the upper layer to be the average pattern area ratios B(i,j) smaller than a
deposited on the inclined side wall of the lower layer has an predetermined value, and
inclined surface having an inclination angle of 6 from a the pattern is formed in the first layer on the basis of
horizor}tal direction, t.he pattern area increasc? ratio I is lithography to which said mask is applied.
determined on the basis of the following equation (6), 39. The method according to claim 38, wherein the
T=(h2Y.) cot 6/24Y (s 0)/sin 0 6 average pattern area'ratio f(i,)) is determined on the basis of
(hom21) o Arandravmcos O)sin © the following equations (1-1) and (1-2),
wherein h, is a thickness of the pattern to be formed in the
substrate, Y, is a thickness of the lower layer to be s5q l=m k=m a-n
deposited, Y, is a thickness of the upper layer to be Gl )= D) D agli+l j+k)/Cm+ 17
deposited, r,;; is a deposition rate of the upper layer in a f=mmhk==m
horizontal direction and r,, is a deposition rate of said Bl ) = agulis ) (12
portion of the upper layer in a normal direction.
35. A method of designing a mask pattern to be formed in 55
a mask used for manufacturing an integrated circuit by wherein q=0, 1, 2, . . ., Q.
forming a pattern in a starting substrate, on the basis of 40. The method according to claim 38, wherein a value of
lithography to which said mask is applied, then bonding the a pattern area ratio a.,(i,j) or a value of an average pattern
front surface of the Starting substrate to a supporting sub- area ratio BU(l’J) of a mask pattern in a mask used for
strate and flattening the starting substrate from the back 6o forming a pattern in an underlayer provided under the first
surfaq: of the starting substrate by a chemical/mechanical layer is incorporated for determining the pattern area ratio
polishing process, a(i,) of each mesh(i,yj).
the method comprising the steps of 41. The method according to claim 40, wherein the pattern
(A) dividing the mask pattern into meshes having the area ratio 0(i,j) of each mesh(i,j) is determined on the basis
form of a lattice and having a predetermined size, 65 of the following equation (2) when the underlayer is not

and determining pattern area ratios o(i,j) of the
meshes(i,j), respectively,

chemical/mechanical-polished, and the pattern area ratio
(1)) of each mesh(i,j) is determined on the basis of the
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following equation (3) when the underlayer is chemical/
mechanical-polished,

36
wherein h, is a thickness of the pattern to be formed in the

first layer, Y, is a thickness of the lower layer to be
deposited, Y, is a thickness of the upper layer to be

tolb)=exs(if)+ (ruths) o ) @ deposited, 1, is a deposition rate of the upper layer in a
0o if)y=es (i )+ g lhs) Bl @ 3 hori;omal direction and Loy is a depo§itioq rate of said
portion of the upper layer in a normal direction.
wherein c(i,j) is a pattern area ratio of the mesh(i,j) when 47. A method of manufacturing an integrated circuit by
it is assumed that no underlayer exists under the first Iayer, forming a pattern mna Substrate, then depositing a layer on
hg is a difference in level arising in the first layer after the the substrate and flattening the layer by a chemical/
formation of the pattern and hy, is a difference in level 19 mechanical polishing process,
arising in the underlayer. wherein a mask pattern to be formed in a mask is designed
42. The method according to claim 38, wherein the pattern by the steps of
area ratio c,(i,j) of each mesh(i,j) is compensated on the (A) dividing the mask pattern into meshes having the
basis of a pattern area increase ratio I determined by the form of a lattice and having a predetermined size,
thickness of the second layer to be deposited on the substrate 15 and determining pattern area ratios ay(i,j) of the
including the patterned first layer or on the basis of a pattern meshes(i,j), respectively,
area increase ratio I determined by the thickness of the (B) determining an average pattern area ratio P(ij)
pattern to be formed in the first layer and the thickness of the within a predetermined region including a mesh(i,j)
second layer to be deposited on the substrate including the as the central point in the predetermined region with
patterned first layer. 20 regard to each of all the meshes in the mask pattern,
43. The method according to claim 42, wherein the pattern and
area ratio c,(L,j) of each mesh(i,j) is compensated on the (C) providing a dummy pattern to each of the meshes
basis of a pattern area increase amount AS, AS being a (ij) which have been found in the step (B) to have
pattern area increase amount determined by the thickness of the average pattern arca ratios f(i,j) smaller than a
the second layer to be deposited on the substrate including »5 predetermined value, and
the pat.terned first layer or a pattern area increase amount the pattern is formed in the substrate on the basis of
determined by the thlcknfass of the pattern to be formed in lithography to which said mask is applied.
the first layer and the thickness of the second layer to be 48. The method according to claim 47, wherein the
deposited on the substrate including the patterned first layer,  ,yerage pattern area ratio p(ij) is determined on the basis of
A.S being de.terrmned by multlplymg I by L, L being a 30 ¢ following equations (1-1) and (1-2),
circumferential length of a portion of the second layer
having a projected shape and being to be deposited on the m kom @)
pattern to be formed in the first layer. gy ) = Z Z @i+l j+k)/Q@m+ 17
44. The method according to claim 43, wherein, when the (=mk=—m
portion of the second layer having a projected shape and 35 . o
being to be deposited on the pattern to be formed in the first A D= agulh )) a2
layer has a vertical side wall, the pattern area increase ratio
I is determined on the basis of the following equation (4), wherein g=0, 1, 2, . . . , Q.
I=X (i) @ 49. The method according to claim 47, wherein the pattern
40 area ratio 0,(i,j) of each mesh(i,j) is compensated on the
wherein X, is a thickness of the second layer to be deposited, basis of a pattern area increase ratio I determined by the
I is a deposition rate of the second layer in a horizontal thickness of the layer to be deposited on the substrate or on
direction and 1y is a deposition rate of the second layer in a the basis of a pattern area increase ratio I determined by the
vertical direction. thickness of the pattern to be formed in the substrate and the
45. The method according to claim 43, wherein, when the 45 thickness of the layer to be deposited on the substrate.
portion of the second layer having a projected shape and 50. The method according to claim 49, wherein the pattern
being to be depOSited on the pattern to be formed in the first area ratio G'O(l’.]) of each mesh(i,j) is compensa[ed on the
layer has an inclined side wall having an inclination angle of basis of a pattern area increase amount AS, AS being a
0 from a horizontal direclion, the pattern arca increase ratio pattern area increase amount determined by the thickness of
I is determined on the basis of the following equation (5), 50 the layer to be deposited on the substrate or a pattern area
I=(hy-2X) cot 672 ) increase amount determined by the thickness of the pattern
e to be formed in the substrate and the thickness of the layer
wherein h,, is a thickness of the pattern to be formed in the to be deposited on the substrate, AS being determined by
first layer and X, is a thickness of the second layer to be multiplying I by L, L being a circumferential length of a
deposited. 55 portion of the layer having a projected shape and being to be
46. The method according to claim 43, wherein, when the deposited on the pattern to be formed in the substrate.
second layer has a lower ]ayer and an upper layer and a 51. The method according to claim 50, wherein, when the
portion of the lower layer having a projected shape and portion of the layer having a projected shape and being to be
being to be deposited on the pattern to be formed in the first deposited on the pattern to be formed in the substrate has a
layer has an inclined side wall having an inclination angle of ®° vertical side wall, the pattern area increase ratio I is deter-
0 from a horizontal direction and a portion of the upper layer mined on the basis of the following equation (4),
to be deposited on the inclined side wall of the lower layer
has an inclined surface having an inclination angle of 6 from FXox(rlry) “
a horizontal direction, the pattern area increase ratio I is 65 wherein X, is a thickness of the layer to be deposited, , is

determined on the basis of the following equation (6),

I=(hy=2Y,) cot 6/2+y,(#ap/Fy~cos 0)/sin 6 6)

a deposition rate of the layer in a horizontal direction and ry,
is a deposition rate of the layer in a vertical direction.
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52. The method according to claim 50, wherein, when the
portion of the layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate has an
inclined side wall having an inclination angle of 6 from a

38

wherein a mask pattern to be formed in a mask is designed
by the steps of

(A) dividing the mask pattern into meshes having the

form of a lattice and having a predetermined size,

horizontal direction, the pattern area increase ratio I is 5 and determining pattern area ratios oy(i,j) of the
determined on the basis of the following equation (5), meshes(i,j), respectively,
B) determining an average pattern area ratio (i,
[=(ho2Xo) cot 672 © ( 2Vithin a predetermined region including a meshgi,j;
wherein hy is a thickness of the pattern to be formed in the as the central point in the predetermined region with
substrate and X, is a thickness of the layer to be deposited. 10 regard to each of all the meshes in the mask pattern,
53. The method according to claim 50, wherein, when the and
layer has a lower layer and an upper layer and a portion of (C) rearranging the pattern in the mask pattern so as to
the lower layer having a projected shape and being to be decrease the fluctuation of the average pattern area
deposited on the pattern to be formed in the substrate has an ratios f(i,j), and
inclined side wall having an inclination angle of 6 from a 15 the pattern is formed in the first layer on the basis of
horizontal direction and a portion of the upper layer to be lithography to which said mask is applied.
deposited on the inclined side wall of the lower layer has an 57. The method according to claim 56, wherein the
inclined surface having an inclination angle of 6 from a average pattern area ratio $(i,j) is determined on the basis of
horizontal direction, the pattern area increase ratio I is the following equations (1-1) and (1-2),
determined on the basis of the following equation (6), 20
I=(h=2Yy) cot 8/2+Y(rap/ry~cos 0)/sin O (6) oot = ’:Z'" *i" w41, )] O+ 1 (1-1)
wherein h, is a thickness of the pattern to be formed in the e A
substrate, Y, is a thickness of the lower layer to be B o
deposited, Y, is a thickness of the upper layer to be , Al )= agu @, ) (1-2)
deposited, 1, is a deposition rate of the upper layer in a
horizontal direction and r,y is a deposition rate of said wherein =0, 1, 2 0
P i S e POMALII, ity S T i o claim 86, ottt
forming a pattern in a starting substrate, then bonding the in the mask pattern belongs to any of a plurality of circuit
gap arng ’ cing 30 block, and the rearrangement of the pattern in the step (C)
front surface of the starting substrate to a supporting sub- inclu(ies an increase of the size of the circuit block
strate and flattening the starting substrate from the back 59 The method accordine to claim 56. wherein the. attern
surface of the starting substrate by a chemical/mechanical aren .ratio ag(isj) of cach I%l esh(iy) is c;ompensate d pon the
pOhSI? 106 procesls{, ttern to be f di K is desiened basis of a pattern area increase ratio I determined by the
w ;’ rel;l amas pfa crm o be formed 1n & mask 1S designed 35 hickness of the second layer to be deposited on the substrate
[Z ¢ d? §‘£1§ps (;h K pattern i hes havine th including the patterned first layer or on the basis of a pattern
(A) dividing © masX patlern into meshes having the area increase ratio I determined by the thickness of the
form of a le.ltt‘lce and having a pr.edetemp.ned size, pattern to be formed in the first layer and the thickness of the
and det(f,r.mmmg pattern area ratios 0g(i) of the second layer to be deposited on the substrate including the
meshes(i,), respectively, . oy 0 patterned first layer.
® d clermining an average patern area ratio B(I’J) 60. The method according to claim 59, wherein the pattern
within a predetele.ned fegron 1nclufi e 4 I?eSh(I;J) area ratio oy(i,j) of each mesh(i,j) is compensated on the
as the central point in the p redetgrrnmed region with basis of a pattern area increase amount AS, AS being a
regdard to each of all the meshes in the mask pattern, pattern area increase amount determined by the thickness of
Can i d ttern t b of th h 45 the second layer to be deposited on the substrate including
( ).prow ng a qummy patiern o cach ot Lhe meshes the patterned first layer or a pattern area increase amount
(i,j) which have been found. mn th? step (B) to have determined by the thickness of the pattern to be formed in
the average pattern area ratios B(ij) smaller than the first layer and the thickness of the second layer to be
predetf.:rmmed Vfllue’ and . . deposited on the substrate including the patterned first layer,
the pattern is formed 1n.the starting sul?strate on the basis 50 Ag being determined by multiplying I by L, L being a
of lithography to Whlch said mask is applied. . circumferential length of a portion of the second layer
55. The method ac.cordl.n.g.lo clam} 54, Wherem‘ the having a projected shape and being to be deposited on the
average pattern area ratio f3(i,j) is determined on the basis of pattern to be formed in the first layer.
the following equations (1-1) and (1-2), 61. The method according to claim 60, wherein, when the
A W 55 Eortion cl))f t(ljle secor(lid la)ilcr having a t}))rc;jectcdd sha};le fz;nd
NN > s eing to be deposited on the pattern to be formed in the first
(b)) = l;m k;m Glith /e Gm e layer has a vertical side wall, the pattern area increase ratio
I is determined on the basis of the following equation (4),
i, j) = aps1 (i, R
B, ) = a1, ) (1-2) o X (i) @
wherein X, is a thickness of the second layer to be deposited,
wherein q=0, 1,2, ..., Q. Iz Is a deposition rate of the second layer in a horizontal
56. A method of manufacturing an integrated circuit by direction and 1y, is a deposition rate of the second layer in a
forming a pattern in a first layer deposited on a substrate, vertical direction.
then depositing a second layer on the substrate including the 65  62. The method according to claim 60, wherein, when the

patterned first layer and flattening the second layer by a
chemical/mechanical polishing process,

portion of the second layer having a projected shape and
being to be deposited on the pattern to be formed in the first
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layer has an inclined side wall having an inclination angle of
0 from a horizontal direction, the pattern area increase ratio
I is determined on the basis of the following equation (5),

I=(hy—-2X,) cot 6/2 ©)]

wherein hy, is a thickness of the pattern to be formed in the
first layer and X, is a thickness of the second layer to be
deposited.

63. The method according to claim 60, wherein, when the
second layer has a lower layer and an upper layer and a
portion of the lower layer having a projected shape and
being to be deposited on the pattern to be formed in the first
layer has an inclined side wall having an inclination angle of
0 from a horizontal direction and a portion of the upper layer
to be deposited on the inclined side wall of the lower layer
has an inclined surface having an inclination angle of 6 from
a horizontal direction, the pattern area increase ratio I is
determined on the basis of the following equation (6),

I=(hg=2Y,) cot O/2+Y,(#,4/#2y~cos 0)/sin O 6)

wherein h, is a thickness of the pattern to be formed in the
first layer, Y, is a thickness of the lower layer to be
deposited, Y, is a thickness of the upper layer to be
deposited, r,;; is a deposition rate of the upper layer in a
horizontal direction and r,y is a deposition rate of said
portion of the upper layer in a normal direction.

64. A method of manufacturing an integrated circuit by
forming a pattern in a substrate, then depositing a layer on
the substrate and flattening the layer by a chemical/
mechanical polishing process,

wherein a mask pattern to be formed in a mask is designed

by the steps of

(A) dividing the mask pattern into meshes having the
form of a lattice and having a predetermined size,
and determining pattern area ratios ay(i,j) of the
meshes(i,j), respectively,

(B) determining an average pattern area ratio B(i,j)
within a predetermined region including a mesh(i,j)
as the central point in the predetermined region with
regard to each of all the meshes in the mask pattern,
and

(C) rearranging the pattern in the mask pattern so as to
decrease the fluctuation of the average pattern area
ratios B(i,j), and

the pattern is formed in the substrate on the basis of

lithography to which said mask is applied.

65. The method according to claim 64, wherein the
average pattern area ratio (i,j) is determined on the basis of

the following equations (1-1) and (1-2),
=m k=m (1-1)
Wl )= 3 D g+l j+k)/@m+ 1P
l=—mk=—m

B, ) = a1, ) (1-2)

wherein q=0, 1,2, . .., Q.

66. The method according to claim 64, wherein the pattern
in the mask pattern belongs to any of a plurality of circuit
block, and the rearrangement of the pattern in the step (C)
includes an increase of the size of the circuit block.

67. The method according to claim 64, wherein the pattern
area ratio oy (i,j) of each mesh(i,j) is compensated on the
basis of a pattern area increase ratio I determined by the
thickness of the layer to be deposited on the substrate or on
the basis of a pattern area increase ratio I determined by the
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thickness of the pattern to be formed in the substrate and the
thickness of the layer to be deposited on the substrate.

68. The method according to claim 67, wherein the pattern
area ratio oy(i,j) of each mesh(i,j) is compensated on the
basis of a pattern area increase amount AS, AS being a
pattern area increase amount determined by the thickness of
the layer to be deposited on the substrate or a pattern area
increase amount determined by the thickness of the pattern
to be formed in the substrate and the thickness of the layer
to be deposited on the substrate, AS being determined by
multiplying I by L, L being a circumferential length of a
portion of the layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate.

69. The method according to claim 68, wherein, when the
portion of the layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate has a
vertical side wall, the pattern area increase ratio I is deter-
mined on the basis of the following equation (4),

=X x(r/ry) 4
wherein X, is a thickness of the layer to be deposited, 1, is
a deposition rate of the layer in a horizontal direction and ry
is a deposition rate of the layer in a vertical direction.

70. The method according to claim 68, wherein, when the
portion of the layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate has an
inclined side wall having an inclination angle of 6 from a
horizontal direction, the pattern area increase ratio I is
determined on the basis of the following equation (5),

I=(hy-2X,) cot 6/2 O]
wherein h, is a thickness of the pattern to be formed in the
substrate, and X, is a thickness of the layer to be deposited.

71. The method according to claim 68, wherein, when the
layer has a lower layer and an upper layer and a portion of
the lower layer having a projected shape and being to be
deposited on the pattern to be formed in the substrate has an
inclined side wall having an inclination angle of 6 from a
horizontal direction and a portion of the upper layer to be
deposited on the inclined side wall of the lower layer has an
inclined surface having an inclination angle of 6 from a
horizontal direction, the pattern area increase ratio I is
determined on the basis of the following equation (6),

I=(h=2Y,) cot 0/2+Y,(#,p/¥,~cos 0)/sin 6 (6)
wherein h, is a thickness of the pattern to be formed in the
substrate, Y, is a thickness of the lower layer to be
deposited, Y, is a thickness of the upper layer to be
deposited, r,,, is a deposition rate of the upper layer in a
horizontal direction and r,y is a deposition rate of said
portion of the upper layer in a normal direction.

72. A method of manufacturing an integrated circuit by
forming a pattern in a starting substrate, then bonding the
front surface of the starting substrate to a supporting sub-
strate and flattening the starting substrate from the back
surface of the starting substrate by a chemical/mechanical
polishing process,

wherein a mask pattern to be formed in a mask is designed

by the steps of

(A) dividing the mask pattern into meshes having the
form of a lattice and having a predetermined size,
and determining pattern area ratios oy(i,j) of the
meshes(i,j), respectively,

(B) determining an average pattern area ratio B(ij)
within a predetermined region including a mesh(i,j)
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as the central point in the predetermined region with
regard to each of all the meshes in the mask pattern,
and
(C) rearranging the pattern in the mask pattern so as to
decrease the fluctuation of the average pattern area
ratios f(i,j), and
the pattern is formed in the starting substrate on the basis
of lithography to which said mask is applied.
73. The method according to claim 72, wherein the

average pattern area ratio f3(i,j) is determined on the basis of
the following equations (1-1) and (1-2),

l=m k=m

g1l j) = Z Z agli+1, j+k)/Cm+1)?

l=—mk=—m

(1-1
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-continued

Bl )= agar (i ) (1-2)

wherein q=0, 1, 2, . .., Q.

74. The method according to claim 72, wherein the pattern
in the mask pattern belongs to any of a plurality of circuit
block, and the rearrangement of the pattern in the step (C)
includes an increase of the size of the circuit block.
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