
SPECIFICATION            METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE AND
SEMICONDUCTOR DEVICE MADE BY USING THE SAME         TECHNICAL FIELD
The present invention relates to a semiconductor device      and a method
for manufacturing the semiconductor device, and      more particularly to a
method for manufacturing a semiconductor  10  device, in which a capacitor
and a resistor or a MOS transistor      arc arranged and also to a
semiconductor device made by this      method .        BACKGROUND OF THE
ART  15        Conventionally, in integrated circuits (semiconductor
devices) with high packaging density, elements are arranged      closely
and in some cases a plurality of resistors or MOS      transistors may be
arranged close to a capacitor.  When a      capacitor, resistors and MOS
transistors are arranged in a dense  20  layout, they are formed in a
process shown in Figs. 6 and 7,       for example .  More specifically, a
field oxide film 2 is formed       to cover an area AR[err] for forming
resistors R and an area A[err] for       forming a capacitor C, while a
gate oxide film 3 is formed with       a thickness of about 250 (A) in an
area A[err]  for forming MOS  25  transistors TR, and then a polysilicon
film 4, a capacitor-       dielectric/insulating film 5 and a polysilicon
film for an upper       electrode are formed on the field oxide film 2 and
the gate oxide       film 3. After a mask pattern is formed on an area
where the    



upper electrode of the capacitor C is to be formed, the upper
electrode 7 is formed by etching the polysilicon film for the      upper
electrode.(Fig. 6(a)).            Subsequently, a CAP oxide film 10 and a
resist film 11  5  are deposited (Fig. 6(b)), then a resist pattern 11a is
formed      which is used to form the resistors R and the capacitor C from
the resist film 11 by a photolithographic process (Fig. 6(c)),      and by
using this resist pattern as a mask, a mask pattern 12      for forming the
resistor R and the capacitor C is formed by  10  etching the CAP oxide film
10 (Fig. 6(d)).            Next, a tungsten silicide film 13 and a CAP
oxide film      15 are deposited, and a resist film 16 is formed (Fig.
6(e)).      A resist pattern 16a for forming the gate electrodes of the MOS
transistors TR is formed from the resist film 16 by a  15
photolithographic process (Fig. 7(a)), and by using this resist
pattern as a mask, a mask pattern 17 for forming the gate      electrodes
is formed by etching the CAP oxide film 15, and then      the resist
pattern 16a is removed (Fig. 7(b)).            When the tungsten silicide
film 13 is etched away by using  20  the mask pattern 17 for forming the
gate electrodes as an etching      mask and the mask pattern 12 for forming
the resistors R and      the capacitor C is exposed, the polysilicon film 4
is etched      away by using this mask pattern 12 and also the mask pattern
17 for forming the gate electrodes (Fig. 7(c)). An LDD forming  25  oxide
film by which to form an LDD structure is formed, and the      LDD forming
oxide film is etched anisotropically to form      side-walls (Fig. 7(d)),
finally a thin oxide film is formed on      the exposed silicon substrate 1
by heat treatment in an                                     2    



oxidizing atmosphere, and this thin oxide film is shaped into      a mask
for ion implantation to form so urce and drain diffused      regions (Fig.
7(e)).            Thus, a plurality of resistors R, a capacitor C and a  5
plurality of gate electrodes TR-G have b een formed. By diffusing
impurities into the active region by using the gate electrodes      TR-G
and the side-walls 18 as masks, a p lurality of transistors      TR are
formed each having source and dr ain diffused regions of      the LDD
structure in which the source  and drain are of dual  10 structure.
However, in the above-mentioned conventional method,      there are a
difference in height between the capacitor C and      the resistors R and
another difference  in height between the      capacitor C and the
MOS-transistor  gate electrodes TR-G.  15  Therefore, the thickness of the
resisit film is uneven in the      resistor-forming area A[err] and the
transistor-forming area A[err],      with the result that the resist film
differs in thickness      between at a part a near the capacitor C and at a
part [err] away      from the capacitor C. Consequently,  in the exposure
step in  20  the formation of the resist pattern, light intensity acting on
the resist film differs between at the part a and at the part      [err] of
the resist film owing to the standing-wave effect. For      this reason,
there is a possibility that resistors R or gate      electrodes TR-G
designed with the same; width on a reticle are  25  formed with difference
widths in the  patterned resist.            If the width differs among
resistors R or among gate      electrodes TR-G, this causes differences in
resistance value      among the resistors R designed to have the same
resistance value                                     3    



and also leads to differences in characteristics among MOS      transistors
designed to have identical characteristics, and      thus a problem of
lowering of analog characteristics arises.            A possible way of
suppressing variations in light  5 intensity owing to the standing-wave
effect by reducing the      thickness variation of the resist film is to
dispose the      resistors R and the MOS transistors TR in positions remote
from      the capacitor C. However, this method is not preferable because
it increases the chip area and leads to a decrease in the  10  component
packaging density.            In the step of Fig. 7(e), after the
side-walls 18 have      been formed by anisotropic etching, a thin oxide
film is formed      in the exposed surfaces of the silicon substrate 1 by
heat      treatment in an oxidizing atmosphere. In this heat treatment,  15
those parts of the polysilicon film 4 which are to become the
resistors R are also oxidized because those parts are exposed      to the
oxidizing atmosphere. For reasons such as the uneveness      of the
thickness of the oxide film above the resistors R after      the side-walls
for forming the LDD structure have been formed,  20  if in a wafer or in a
chip there is variation in diffusion level      of oxygen as the oxidizing
gas, this results in variation in      the thickness of the polysilicon
film 4 and also in the      resistance value among the resistors R designed
to have      identical characteristics, which has been a problem.  25
Problems with the capacitor C are that the etching step      carried out to
form the upper electrode 7 causes damage to the
capacitor-dielectric/insulating film 5 near the edge of upper
electrode 7 and in some cases causes a current to leak between
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the upper electrode 7 and the polysilicon film 4 as the lower      and
upper electrodes of the capacitor due to the electric field
concentration at the lower side edge of the upper electrode 7.
The present invention has been made with those  5  conventional, unsolved
problems taken into consideration.  The      present invention has as its
object to form a resistor or a MOS      transistor that have
characteristics as designed in a      semiconductor device in which a
capacitor and a resistor or a      MOS transistor are arranged.  10
DISCLOSURE OF THE INVENTION            To achieve the above objects, the
present invention      provides a method for manufacturing a semiconductor
device      including a MOS transistor having a gate electrode consisting
15  of a polysilicon film and a metal silicide, a capacitor      consisting
of polysilicon films as upper and lower electrodes      and   a
capacitor-dielectric/insulating   film   placed      therebetween, and a
resistor consisting of a polysilicon film.      The method for
manufacturing a semiconductor device comprises  20  the  steps  of
depositing  a  first  polysilicon  film,  a
capacitor-dielectric/insulating film and a second polysilicon      film on
a semiconductor substrate in this order and patterning      the second
polysilicon film to form the upper electrode of the      capacitor;
depositing a first inorganic anti-reflection  25  coating film and
patterning the first inorganic anti-reflection      coating film to form a
mask pattern for forming the capacitor      and  the  resistor  on  a
capacitor-forming  area  and  a      resistor-forming area; depositing a
metal silicide film and a                                    5    



second inorganic anti-reflection coating film in this order and
patterning the second inorganic anti-reflection coating film      to form a
mask pattern for forming the gate electrode on a gate      electrode
forming area; and  5        etching away the metal silicide film  and the
first      polysilicon film, leaving unetched the metal silicide film
under the mask pattern for forming the gate electrode, by using      the
mask patterns for forming the resistor, capacitor and gate      electrode
as masks,  10        wherein the resistor and the capacitor are formed with
the inorganic anti-reflection coating film in the upper layers      thereof
with the metal silicide film omitted, the gate      electrode of the MOS
transistor is formed with the metal      silicide film in the upper layer
thereof with the inorganic  15  anti-reflection coating film formed on top
of the metal silicide      film.            Heat treatment may be effected
in an oxidizing atmosphere      to an extent that lower side edge portions
of the upper electrode      recede slightly after the step for forming the
upper electrode  20  has been finished.            An insulating film may
be formed on the first inorganic      anti-reflection coating film.
An insulating film may be formed on the second inorganic
anti-reflection coating film.  25        A SiN film or a SiON film may be
used for the first and      second inorganic anti-reflection coating films.
More specifically, the second polysilicon  film is      patterned to form
an upper electrode of the capacitor on a
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multi-layered structure of a first polysilicon film, a      capacitor
dielectric/insulating film and a second polysilicon      film. On the
multi-layered structure of various films on a      semiconductor substrate,
which includes the upper electrode   5  formed as described, a first
inorganic anti-reflection coating      film is deposited, and the
multi-layered structure is patterned      to form mask patterns for forming
a capacitor and a resistor      in capacitor-forming and resistor-forming
areas.            After this, on the multi-layered structure on which the
10  mask patterns for forming a capacitor and a resistor have been
formed, a metal silicide film and a second inorganic anti-      ref lection
coating film are deposited, and the second inorganic      anit-reflection
film is patterned to form mask patterns for      forming a gate electrode
in a gate electrode-forming area.  15        The metal silicide film and
the first polysilicon film      are etched by using the mask patterns for
forming a capacitor,      a resistor and a gate electrode as masks, so that
the first      polysilicon film is etched away, leaving unetched the metal
silicide film beneath the mask pattern for forming a gate  20  electrode.
Consequently, the resistor and the capacitor are      formed with the
inorganic anti-reflection coating film in the      upper layers thereof
with the metal silicide film omitted. On      the other hand, the gate
electrode of the MOS transistor is      formed with the metal silicide film
in the upper layer thereof  25  and on top of the metal silicide film, the
inorganic anti-      reflection coating film is formed.            When a
resist film, for example, is deposited and a mask      pattern for forming
a resistor and a mask pattern for forming
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a gate electrode are formed from the resist film, if the      capacitor,
the resistor and the gate electrode are arranged      close to each other,
the thickness of the resist film does not      become uniform in the
vicinity of the capacitor due to  5 differences in height between the upper
electrode and the      resistor or the gate electrode. For this reason, at
exposure      in photolithography, it sometimes occurs that the light
intensity varies due to the standing-wave effect, resulting in
deterioration in the accuracy of patterning of the resist film,  10  which
leads to decreases in the dimensional accuracy of the mask      pattern for
forming a resistor and a gate electrode. However,      because the
resistor, the capacitor and the gate electrode are      formed with the
inorganic anti-reflection coating film in the      upper layers thereof, by
this inorganic anti-reflection coating  15  film, the light intensity is
adjusted, thus preventing a      decrease in the dimensional accuracy of
the mask pattern due      to the unevenness of the thickness of the resist
film.            Above all, by a heat treatment in an oxidizing atmosphere
conducted to an extent that the lower side edge portions of the  20  upper
electrode recede slightly, the portions, damaged during      etching  of
the  upper  electrode,  of  the  capacitor-      dielectric/insulating film
near the edge portions of the upper      electrode are repaired, and the
electric field concentration      at the lower side edge portions of the
upper electrode can be  25 alleviated.            The present invention
provides a semiconductor device      comprising a MOS transistor having a
gate electrode formed by      depositing a polysilicon film, a metal
silicide film and an                                     8    



inorganic anti-reflection coating film in this order, a      capacitor
formed by depositing polysilicon films as upper and      lower electrodes
and a capacitor-dielectric/insulating film      placed therebetween, and a
resistor formed by depositing a  5  polysilicon film and an inorganic
anti-reflection coating film      in this order.            More
specifically, because the gate electrode of the MOS      transistor and the
resistor are formed including an inorganic      anti-reflection coating
film, for example, in the step for  10  forming a MOS transistor and a
resistor, even when the resist      film is formed so as to cover the areas
where a MOS transistor      and a resistor are to be created and respective
mask patterns      are formed by patterning the resist film by a
photolithographic      process and the elements are formed by using the
mask patterns,  15  in the photolithographic process the light intensity at
exposure can be adjusted by means of the inorganic anti-      reflection
coating film formed below the resist film.      Therefore, it becomes
possible to avoid a decrease in the      dimensional accuracy of the mask
pattern due to the unevenness  20  of the thickness of the resist film,
which is caused by      differences in height attributable to the presence
of the upper      electrode of the capacitor thereby becoming possible to
obtain      a semiconductor device which the width of each element conform
to the width of the design value.  25        The present invention provides
a method for manufacturing      a semiconductor device having a capacitor
including conductive      films as upper and lower electrodes, comprising
the steps of:      depositing   a   first  conductive   film,  a
capacitor-                                     9    



dielectric/insulating film and a second conductive film on a
semiconductor substrate in this order and patterning said      second
conductive film to form an upper electrode of said      capacitor;
performing a heat treatment in an oxidizing  5 atmosphere to an extent that
lower side edge portions of said      upper electrode recede slightly; and
patterning said first      conductive film to form a lower electrode of
said capacitor.            More specifically, the first conductive film,
the      capacitor-dielectric/insulating   film   and   the   second  10
conductive film are deposited on a semiconductor substrate in      this
order, and from this multi-layered structure, the second      conductive
film is patterned to form the upper electrode of the      capacitor. After
this upper electrode has been formed, heat      treatment is conducted in
an oxidizing atmosphere to an extent  15  that the lower side edge portions
of the upper electrode recede      slightly and then the lower electrode of
the capacitor is      formed.            This heat treatment repairs the
damage by etching in the      capacitor-dielectric/insulating film around
the edge of the  20  upper electrode during etching of the upper electrode
and      alleviates the electric field concentration at the lower side
edge portions of the upper electrode.            The present invention
provides a method for manufacturing      a semiconductor device including
the step of forming a resistor  25 comprising a polysilicon film on an
insulating film, wherein      an oxygen-impermeable film not permitting
oxygen to pass      through is formed on the polysilicon film.            A
SiN film or a SiON film may be used for the oxygen-
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impermeable film.            More specifically, after a polysilicon film
for forming      a resistor is formed or after another film is formed on
the      polysilicon film, for example, an oxygen-impermeable not  5
permitting oxygen to pass through is formed.   Thus, an
oxygen-impermeable film, such as a SiN film or a SiON film, is      formed
directly on the polysilicon film that is to become a      resistor or above
the polysilicon film.            After a polysilicon film for forming a
resistor has been  10  formed on a semiconductor substrate or after a
resistor has been      etched from the polysilicon film, for purposes, such
as      oxidation to create another element, for example, when the
semiconductor substrate is exposed to an oxidizing atmosphere,      the
polysilicon film is oxidized or particularly if oxidation  15  is conducted
to form a plurality of resistors, if there is      variation in the
thickness of oxygen diffusion level, there is      variation in the
thickness of the polysilicon film among the      resistors.    As  the
result,  there  are  variations  in      characteristics among the
resistors.  20        However, in fact, the oxygen-impermeable film has
been      formed directly on the polysilicon film or above the polysilicon
film. Therefore, after the polysilicon film is formed on the
semiconductor substrate or after the resistor is etched from      the
polysilicon film, even if the semiconductor substrate is  25  exposed to an
oxidizing atmosphere, owing to the oxygen-      impermeable film the top
surface of the polysilicon film is      prevented from being oxidized, so
that the thickness of the      polysilicon film is prevented from varying
and the variation                                    11    



of the characteristics among the resistors can be avoided.        BRIEF
DESCRIPTION OF THE DRAWINGS            Fig. 1 shows sectional views
representing a part of the  5  manufacturing process of a semiconductor
device according to      the present invention;            Fig. 2 shows
sectional views representing the rest of the      manufacturing process in
Fig. 1;            Fig. 3 shows measurement results of variation in the
width  10 of the resist patterns and in the width of gate electrodes with
respect to the distances of the transistors TR;            Fig. 4 shows
measurement results of the varation in the      width of the resist
patterns in relation to the variation in      the thickness of the resist
films in two opposite cases where  15  the inorganic anti-reflection
coating film is used and is not      used;            Fig. 5 shows
measurement results of variation in the width      of the resist patterns
in relation to the variation in the      thickness of the resist films in
two opposite cases where the  20  inorganic anti-reflection coating film is
used and is not used,      when the thickness of the CAP oxide film is
different from that      in Fig. 4;            Fig. 6 shows sectional views
representing a part of a      conventional manufacturing process of a
semiconductor device;  25  and            Fig. 7 shows sectional views
representing the rest of the      manufacturing process in Fig. 6.
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BEST MODE FOR CARRYING OUT THE INVENTION            The modes for carrying
out the present invention will be      described with reference to embodied
examples.            As shown in Fig. 1(a), a field oxide film 2 is formed
in  5 an area A[err] for forming resistors R and an area Ac for forming
a capacitor of a silicon substrate 1, a gate oxide film 3 with      a
thickness of about 250(A) is formed in an area A[err] for forming      MOS
transistors TR, a polysilicon film 4 with a thickness of      3000(A) is
formed for example by reduced pressure CVD on the  10  field oxide film 2
and the gate oxide film 3, and the polysilicon      film 4 is doped with
phosphorus as impurity by vapor phase      diffusion.  This polysilicon
film 4 is used as the lower      electrode of the capacitor C, and also
used as the lower portion      of a multi-layered structure of the metal
silicide film and the  15  polysilicon  film, which are the components of
the gate      electrodes TR-G of the MOS transistors TR. Furthermore, the
polysilicon film 4 is also used as the resistors R.            A
capacitor-dielectric/insulating film 5 is grown to a      thickness of
about 450(A) on the surface of the polysilicon  20  film 4 by thermal
oxidation in an oxidizing atmosphere. This
capacitor-dielectric/insulating film 5 may be grown by CVD. As      with
the polysilicon film 4 mentioned above, a polysilicon film      6 is
deposited on the capacitor-dielectric/insulating film 5      to a thickness
of about 3000(A) and is doped with phosphorus.  25  This polysilicon film 6
is shaped into the upper electrode of      the capacitor C.            A
resist pattern is formed where the upper electrode of      the capacitor C
is disposed, and the polysilicon film 6 is etched
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with the resist pattern as a mask.  After this, the resist      pattern is
removed.  Thus, the upper electrode 7 of the      capacitor C is formed
(Fig. 1(b)).            As shown in Fig. 1(b), thermal oxidation is carried
out  5 to such an extent that the edge portions 7a of the upper electrode
7 are oxidized in an oxidizing atmosphere.  This thermal      oxidation is
made to take place in such a way that an oxide film      grows to a
thickness of about 100(A) on the single crystal      silicon substrate when
a single crystal silicon is oxidized ,  10  for example, for ten minutes at
a temperature of 800([err]C) in an      oxidizing atmosphere of a mixed gas
of O[err] gas at a feed rate      of 4.5(1/min) and H[err] gas at a feed
rate of 8(1/min).  Preferably,      thermal oxidation should be such that
an oxide film with a      thickness of about 50-200(A) is grown on a single
crystal.  15        By thermal oxide growth under the above conditions, an
oxide film with a thickness of about 300-1000 (A) is formed on      the
polysilicon film 4.            This thermal oxidation is performed to avoid
etching      -induced    damage    to    parts    of    the    capacitor-
20  dielectric/insulating film 5 close to the lower side edge      portions
of the upper electrode 7 and to preclude a current leak      from occurring
between the upper electrode 7 and the polysilicon      4 as the lower and
upper electrodes of the capacitor C due to      electric field
concentration at the lower side edge portion 7a  25  of the upper electrode
7 during etching of the upper electrode      7. At the same time, because
the etching-induced damage to the      capacitor-dielectric/insulating film
5 on the polysilicon film      4, which is made into the resistors R, is
repaired and the                                     14    



capacitor-dielectric/insulating film 5 is grown further by the      thermal
oxidation, dopants in the polysilicon film can be      prevented from
diffusing out into an inorganic anti-reflection      coating film, which is
to be deposited later, and resistance  5 values can be prevented from
dispersing.            As shown in Fig. 1(c), on an oxide film 8 formed by
the      above-mentioned thermal oxidation process, an inorganic
anti-reflection coating film (SiON) 9 about 700(A) thick is      formed,
for example, by plasma CVD using source gases of SiH[err],  10 N[err]0 and
He. This inorganic anti-reflection coating film 9 is      intended to
suppress the variations in the standing-wave effect      attending on the
unevenness of the resist film and to make      uniform the light intensity
in the resist film. It is possible      to adjust the refractive index and
the extinction coefficient  15  by changing the ratios of oxygen 0,
nitrogen N and hydrogen H      in the SiON film 9, and it is also possible
to adjust the light      intensity by adjusting the refractive index, the
extinction      coefficient and the film thickness. For example, a suitable
resist film for the i ray is an inorganic anti-reflection  20  coating film
9, which is formed by a mixed gas of SiH[er], N[err]O and      He at ratios
of 54(sccm) of SiH[err], 59(sccm) of N[err]0 and 3000(sccm)      of He.  In
this case, the refractive index is 2.50 and the      extinction coefficient
is 0.35.            For the inorganic anti-reflection coating film 9,  25
amorphous carbon or TiN may be applied.            Subsequently, on the
inorganic anti-reflection coating      film 9, a CAP oxide film (a silicon
dioxide film that serves      as a mask for forming the resistors R later)
10 with a thickness                                     15    



of about  1000( A ) is  formed,  for example,  by thermal
decomposition of TEOS (tetraethoxysilane), and on top of the      CAP oxide
film, a resist film 11 is formed. By performing a      photolithographic
process on the resist film 11, a resist  5  pattern 11a is formed in the
portion of the capacitor-forming      area A[err] in which a capacitor C is
formed and also in the portions      of the resistor-forming area A[err] in
which resistors R are formed      (Fig. 1(d)). Note that the resist pattern
11a is deposited in      the portion where the capacitor C is formed such
that the resist  10 pattern 11a covers the top surface and the side
surfaces of the      upper electrode 7 as shown in Fig. 1(d).            A
mask pattern 12 is formed by etching the CAP oxide film      10, the
inorganic anti-reflection coating film 9 and the oxide      film 8 by using
the resist pattern 11a as a mask, and then the  15 resist pattern 11a is
removed (Fig. 1(e)). This mask pattern      12 is used as a mask for
etching the metal silicide film and      the polysilicon film 4 in the
resistor-forming area Ar and the      capacitor-forming area Ac in
subsequent steps, and the mask      pattern 12 is deposited on the top
surface and side surfaces  20  of the upper electrode 7 as shown in Fig.
1(e).            After this, a tungsten silicide film 13 about 2000(A)
thick is formed as a metal silicide on the polysilicon film 4      and on
the mask pattern 12. In the same manner as with the      inorganic
anti-reflection coating film 9, an inorganic  25  anti-reflection coating
film 14 with a thickness of about      300(A) is formed on the tungsten
silicide film 13.  On the     inorganic anti-reflection coating film 14, a
CAP oxide film 15      (a silicon dioxide film  used as a mask for forming
gate                                     16     



electrodes TR-G later) with a thickness of about 1000(A) is      formed,
for example, by thermal decomposition of TEOS      (tetrathoxysilane), and
on top of the CAP oxide film 15, a resist      film 16 is formed (Fig.
2(a)).  5        The resist film 16 is patterned by a photolithographic
process to form resist patterns 16a where gate electrodes TR-G      of MOS
transistors are to be formed (Fig. 2(b)). By using the      resist patterns
16a as masks, the CAP oxide film 15 and the      inorganic anti-reflection
coating film 14 are etched to form  10  mask patterns 17, and after this,
the resist patterns 16a are      removed (Fig. 2(c)).            Next, by
using the mask patterns 17 as masks, the      multi-layered structure is
etched by plasma etching, for      example. When, as the result, the
tungsten silicide 13 is  15  etched away and mask patterns 12 are exposed,
because the mask      patterns 12 serve as masks, the polysilicon film 4 is
etched      with the mask patterns 12 and 17 (Fig. 2(d)). At this time,
in the transistor-forming area A[err], the mask patterns 17 remain
unetched, and each of those multi-layered structures consists  20  of a
polysilicon film 4, a tungsten silicide film 13, an      anti-reflection
coating film 14 and a CAP oxide film 15. Each      of those multi-layered
structures forms a gate electrodes TR-G      of a MOS transistor TR. In the
resistor-forming area A[err], each      mask pattern 12 is a multi-layered
structure of a polysilicon  25  film 4, an oxide film 8, an inorganic
anti-reflection coating      film 9 and a CAP oxide film 10, and this
multi-layered structure      forms a resistor R. In the capacitor-forming
area A[err], the mask      pattern 12 is a multi-layered structure of a
polysilicon 4, a                                     17     



capacitor-dielectric/insulating film 5, an upper electrode 7,      an oxide
film 8, an inorganic anti-reflection coating film 9      and a CAP oxide
film 10, and this multi-layered structure forms      a capacitor C.  5
Subsequently, over the whole area including areas A[err], A[err]      and
A[err], an oxide film is formed which is used to form the LDD
structure by a method such as reduced pressure CVD using thermal
decomposition of TEOS, for example, side-walls 18 are formed      by
anisotropic etching of the oxide film, for example, and  10  thereafter a
thin oxide film is formed on the exposed silicon      substrate 1 by heat
treatment in an oxidizing atmosphere (Fig.      2(e)).            By
diffusing impurities into the active region with the      gate electrodes
TR-G and side-walls 18 as masks, source and  15 drain diffused regions (not
shown) of LDD structure are formed      in which the source and drain are
of dual structure.            Here, the polysilicon film 4 corresponds to
the first      polysilicon film and the first conductive film, the
polysilicon      film 6 corresponds to the second polysilicon film and the
second  20  conductive film, the inorganic anti-reflection coating film 9
corresponds to the first inorganic anti-reflection coating film      and
the oxygen-impermeable film, the tungsten silicide film 13      corresponds
to the metal silicide film, and the inorganic      anti-reflection coating
film 14 corresponds to the second  25  inorganic anti-reflection coating
film.             As mentioned above, the inorganic anti-reflection
coating films 9 and 14 are laid below the resist films 11 and       16, and
under this condition the resist films 11 and 16 are        



subjected to exposure in a photolithographic process to form      the
resist patterns 11a and 16a. By this arrangement, it      becomes possible
to suppress variations in the standing-wave      effect in the respective
areas attributable to the unevenness  5  of the thickness of the resist
film, more specifically, the      resist film 11 in the area A[err] where a
plurality of resistors      R are to be formed and the resist film 16 in
the area A[err] where      gate electrodes TR-G of a plurality of MOS
transistors TR are      to be formed. Thus, the resist patterns 11a for
forming the  10  resistors R and the resist patterns 16a for forming gate
electrodes TR-G can be formed with the intended high accuracy.      On
account of this, the resistors R in the resistor-forming area      A[err]
and the gate electrodes TR-G in the transistor-forming area      A[err] can
be formed such that the resistors R have the same widths  15  and the gate
electrodes TR-G have the same widths, and the      variations of
characteristics can be repressed among the      resistors R and among the
transistors TR.            When, according to the above mode of embodiment,
a      capacitor C, a group of transistors [err] and [err] arranged close
to  20  the capacitor and a group of transistors [err] to [err]  arranged
relatively remote from the capacitor C were formed on a silicon
substrate, results were obtained as shown in Fig. 3. In Fig.      3(a), the
horizontal axis represents the distances from the      capacitor C to the
transistors, while the vertical axis  25  represents the widths of the
resist patterns 16a formed by a      photolithographic process on the
resist film. In Fig. 3(b),      the horizontal axis represents the
distances from the capacitor      C to the transistors, while the vertical
axis represents the                                     19         



widths of the above-mentioned gate electrodes TR-G. Note that      the
symbol [err] denotes that an inorganic anti-reflection coating      film
was used and, on the other hand, the symbol O denotes that      an
inorganic anti-reflection coating film was not used.   5        As shown in
Figs. 3(a) and 3(b), when the distance from      the capacitor C differs
with the transistors, if an inorganic      anti-reflection coating film is
not used, variation occurs in      the width of the resist patterns 16a,
and accordingly variation      arises in the width of the gate electrodes
TR-G. However, it  10  has been confirmed that if an inorganic
anti-reflection coating      film is used, the resist patterns 16a have an
almost uniform      width and as a result the gate electrodes TR-G have an
almost      identical width.            Measurements were made of changes
in the width of the  15 resist patterns (11a and 16a mentioned above)
formed by      photolithography of resist films in relation to changes in
the      thickness of the resist films (11 and 16 mentioned above) in
two opposite cases: one where an inorganic anti-reflection      coating
film was used and the other where an inorganic  20  anti-reflection coating
film was not used.   The results      obtained are as shown in Figs. 4 and
5. Fig. 4 shows measurement      results in a case where the CAP oxide
films to be etched by the      above-mentioned resist patterns (CAP oxide
films 10 and 15      mentioned above) have a thickness of 1200[A], and Fig.
5 shows  25  measurement results in a case where the CAP oxide films have
a thickness of 1700[A]. In both Figs. 4 and 5, (a) denotes      results
when an inorganic anti-reflection coating film was not      used and (b)
denotes results when an inorganic anti-reflection
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coating film was used. The horizontal axis represents the      thickness of
the resist films and the vertical axis represents      the widths of the
resist patterns.            As shown in Figs. 4(a) and 5(a), when an
inorganic  5  anti-reflection coating film was not used, as the thickness
of      the resist film increases, the width of the resist pattern
changes in a swing curve as a sine wave with an amplitude of      a certain
magnitude. In contrast, when an inorganic anti-      reflection coating
film was used, the width of the resist  10  pattern is almost uniform as
shown in Figs. 4(b) and 5(b).            Therefore, as shown in Figs. 4(a)
and 5(a), supposing the      CAP oxide film has different thicknesses, the
phase of the      above-mentioned swing curve changes, and the resist
pattern has      different widths even if the resist film has a fixed
thickness.  15  For this reason, when one sets a thickness for the CAP
oxide      film, it is necessary to take into consideration a thickness
condition of the CAP oxide film in the photolithographic process      and a
thickness condition of this film as a mask in the subsequent      etching
process. However, as shown in Figs. 4(b) and 5(b), when  20 the inorganic
anti-reflection coating film is used, the width      of the resist pattern
is almost uniform regardless of the      thickness of the CAP oxide film.
Therefore, it is not necessary      to consider the thickness condition of
the CAP oxide film in      the photolithographic process and it is only
necessary to set  25 the thickness of the CAP oxide film so as to satisfy
the thickness       condition of this film as a mask in the etching process
later.             In the above embodiment, as shown in Fig. l(b), after
the       upper electrode 7 has been formed by etching, thermal oxidation
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is carried out to such an extent that the edge portions 7a of      the
upper electrode 7 are oxidized. Therefore, it is possible      to repair
the etching-induced damages of the capacitor-      dielectric/insulating
film 5 at the edge portions 7a, and avoid  5  electric field concentration
at the edge portions 7a, prevent      a current leak between the upper and
lower electrodes of the      capacitor C, and thus form a high-performance
capacitor C.            In the above embodiment, in the step shown in Fig.
2(e),      after side-walls 18 were formed, before a thin oxide film is  10
formed on the exposed silicon substrate 1, an inorganic
anti-reflection coating film 9 is deposited above the      polysilicon film
4 which is made into the resistors R. By      research into the SiON film
applied for the inorganic anti-      reflection coating film 9, it has been
conformed that the SiON  15  is an oxygen-impermeable film not permitting
oxygen to pass      through.            Meanwhile, when the silicon
substrate 1 is exposed to an      oxidizing atmosphere under the condition
that the inorganic      anti-reflection coating film 9 as an
oxygen-impermeable film  20  is not deposited as a layer above the
polysilicon film 4, if      there is variation in oxygen diffusion level
for reasons such      as the unevenness of the thickness of the oxide film
above the      resistors R after side-walls for forming the LDD structure
has      been formed, variation arises in the thickness of the  25
polysilicon film 4, resulting in different characteristics      among the
resistors R.            However, because the inorganic anti-reflection
coating      film (SiON film) 9 as an oxygen-impermeable film is deposited
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as a layer above the polysilicon film 4, even when the silicon
substrate 1 is exposed in an oxidizing atmosphere in the step      shown in
Fig. 2(e), the polysilicon film 4 that is to become      resistors R is
never oxidized, so that variation does not occur  5 in the thickness of the
polysilicon film 4. Therefore, it is      possible to securely prevent
variation in characteristics among      the resistors R, which results from
the oxidization process in      an oxidizing atmosphere to form an oxide
film in the exposed      regions of the silicon substrate 1.  10
Because an oxygen-impermeable film is deposited as a      layer above the
polysilicon film 4 that is to become the      resistors R. oxidation does
not progress from the top surface      of the polysilicon film 4, but
oxidation progresses from the      side faces of the polysilicon film 4.
However, the variation  15 in width dimension of the polysilicon film 4 due
to oxidation      of its side faces have smaller effects on the variation
in      characteristics of the resistors R than does the variation in
the thickness of the polysilicon film 4 and poses no problem.            In
the above embodiment, description has been made of a  20 case where
polysilicon is used for the first and second      conductive films.
However, the present invention is not      limited to this material, but
materials, such as tungsten or      a metal silicide, can be applied.
In the above embodiment, description has been made of a  25 case where a
SiON is used for the inorganic anti-reflection      coating film 9 that
acts as an oxygen-impermeable film. A SiN      film may be used as an
oxygen-impermeable film.            In this case, it is necessary to form
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anti-reflection coating film 9 and, on top of this film, form      a SiN
film as an oxygen-impermeable film. By so doing, it is      possible to
obtain the operational effects equivalent to those      of the
above-mentioned embodiment. When, for example, Si[err]N[err] is  5  used as
the oxygen-impermeable film, after an inorganic      anti-reflection
coating film 9 is formed, on top of which a Si[err]N[err]      film is
formed by a reduced pressure CVD process using a mixed      gas of SiH[err]
and NH3 as a source gas. After this, the subsequent      step is carried
out in the same manner as in the above-mentioned  10  embodiment.  Note
that the inorganic anti-reflection coating      film 9 may be formed after
the oxygen-impermeable film has been      formed.             In the above
embodiment, description has been made of a      case where electronic
elements are formed on a silicon substrate.  15  The present invention is
not limited to this mode of embodiment,      but may be applied to a case
where elements are formed on a      sapphire substrate.
Further, in the above embodiment, the resistors R, the       lower
electrode of the capacitor C and the gate electrodes TR-G  20  of
transistors TR were made from the same polysilicon film.       However, the
present invention may be applied to a case where       the resistors R, the
upper electrode of the capacitor C and the       upper electrodes TR-G of
the transistors TR are formed from the       same polysilicon film, in
which case the operational effects  25  equivalent to those of the above
embodiment can be obtained.        INDUSTRIAL APPLICABILITY             As
has been described, according to the method for
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manufacturing a semiconductor device of the present invention,      a mask
pattern for forming a capacitor, a MOS transistor and      a resistor is
formed by patterning a first inorganic anti-      reflection coating film
and a second inorganic anti-reflection  5  coating film. By this method,
the dimensional accuracy of the      mask patterns can be prevented from
deteriorating, which could      occur due to the unevenness of the
thickness of the resist film,      which is ascribable to differences in
height around the upper      electrode of the capacitor.  10
Particularly, because, after the upper electrode of the      capacitor has
been formed, heat treatment is conducted in an      oxidizing atmosphere to
an extent that the lower side edges of      the upper electrode recede
slightly, the portions, damaged      during etching of the upper electrode,
of the capacitor-  15  dielectric/insulating film close to the edge
portions of the      upper electrode can be repaired, the electric field
concentration at the lower side edge portions of the upper      electrode
is lessened, and a current leak between the upper and      lower electrodes
can be prevented from occurring.  20        According to the semiconductor
device of the present      invention, because a MOS transistor and a
resistor are formed      including an inorganic anti-reflection coating
film, a      semiconductor device can be obtained, in which the elements
conform to design values with high accuracy even when the resist  25
pattern are formed by photolithographic patterning of the      resist film
covering the MOS transistor and resistor in the      manufacturing process.
According to the method for manufacturing a semiconductor
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device of the present invention, after the upper electrode of      the
capacitor has been formed, heat treatment is performed in      an oxidizing
atmosphere to such an extent that the lower side      edges of the upper
electrode recede slightly. By this heat  5  treatment, the portions,
damaged during etching, of the      capacitor-dielectric/insulating film
near the edge portions of      the upper electrode during etching of the
upper electrode can      be repaired, the electric field concentration at
the lower side      edge portions of the upper electrode can be alleviated,
and a  10 current leak between the upper and lower electrodes can be
prevented from occurring.            Further, according to the method for
manufacturing a      semiconductor device of the present invention, an
oxygen-      impermeable film, such as SiN or SiON, which does not allow
15  oxygen to pass, is formed on the polysilicon film that is used
toformtheresistors.  Bythisarrangement,evenwhenoxidation      is performed
to form the other elements after the polysilicon      film has been formed
on the semiconductor substrate, the      polysilicon film for forming a
resistor can be prevented from  20 being oxidized, and particularly when a
plurality of resistors      are formed from the polysilicon film, it is
possible to prevent      the characteristics from varying among the
resistors due to      oxidation mentioned above.
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CLAIMS        1.   A method for manufacturing a semiconductor device
including a MOS transistor having a gate electrode consisting  5  of a
polysilicon film and a metal silicide, a capacitor      consisting of
polysilicon films as upper and lower electrodes      and   a
capacitor-dielectric/insulating   film   placed      therebetween, and a
resistor consisting of a polysilicon film,      comprising the steps of:
10        depositing a first polysilicon  film, a capacitor-
dielectric/insulating film and a second polysilicon film on a
semiconductor substrate in this order and patterning the second
polysilicon to form the upper electrode of the capacitor;
depositing a first inorganic anti-reflection coating  15  film and
patterning the first inorganic anti-reflection coating      film to form a
mask pattern for forming the capacitor and the      resistor on a
capacitor-forming area and a resistor-forming      area;
depositing a metal silicide film and a second inorganic  20 anti-reflection
coating film in this order and patterning the      second inorganic
anti-reflection coating film to form a mask      pattern for forming the
gate electrode on a gate electrode      forming area; and
etching away said metal silicide film and said first  25  polysilicon film,
leaving behind said metal silicide film under      said mask pattern for
forming said gate electrode, by using said      mask patterns for forming
said resistor, capacitor and gate      electrode as masks,
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wherein said resistor and said capacitor are formed with        said
inorganic anti-reflection coating film in the upper        layers thereof
with said metal silicide film omitted, said gate        electrode of said
MOS transistor is formed with said metal     5  silicide film in the upper
layer thereof with said inorganic        anti-reflection coating film
formed on top of said metal  silicide film.        2.   A method for
manufacturing a semiconductor device        according to Claim 1, further
comprising heat treatment    10  conducted in an oxidizing atmosphere to an
extent that lower        side edge portions of said upper electrode recede
slightly        after the step of forming said upper electrode is
completed.        3.   A method for manufacturing a semiconductor device
according to Claim 1 or 2, further comprising forming an    15  insulating
film on said first inorganic anti-reflection coating         film.
4.   A method for manufacturing a semiconductor device         according to
any of Claims 1 to 3, further comprising forming         an insulating film
on said second inorganic anti-reflection    20  coating film.         5.
A method for manufacturing a semiconductor device         according to any
of Claims 1 to 4, wherein said first and second         inorganic
anti-reflection coating films are formed of a SiN film         or a SiON
film.    25  6.    A      semiconductor device  comprising:               a
MOS transistor having a gate electrode  formed by         depositing a
polysilicon film, a metal silicide film and an         inorganic
anti-reflection coating film in this order;            29     



a capacitor formed by   depositing polysilicon films as      upper   and
lower   electrodes   with a  capacitor-      dielectric/insulating film
placed  therebetween; and            a resistor formed  by depositing said
polysilicon film and   5              said inorganic anti-reflection
coating   film  in this order.   6.7     A method for manufacturing a
semiconductor  device having       a capacitor formed of conductive films
as upper and lower       electrodes, comprising the steps of:
depositing  a  first  conductive  film,  a   capacitor-  10
dielectric/insulating film and a second conductive film on a
semiconductor substrate in this order and  patterning said       second
conductive film to form an upper electrode of said       capacitor;
performing a heat treatment in an oxidizing atmosphere   15  to an extent
that lower side edge portions of said upper       electrode recede
slightly; a             patterning said first  conductive film to form a
lower       electrode of said capacitor.     7.      A method for
manufacturing a semiconductor device   20  comprising forming  a resistor
consisting of a polysilicon on       an insulating film, wherein an
oxygen-impermeable film not       permitting  oxygen to pass through, is
formed on said polysilicon       film.     8.  A    method for
manufacturing a semiconductor device   25        according  to Claim 8,
wherein said oxygen-impermeable film is    


