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FIG. 1A (Prior Art) 
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FIG. 2A (Prior Art) 
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FIG. 3A (Prior Art) 
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FIG.5A 
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FIG. 6A 
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FIG. 9A 
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SEMICONDUCTOR DEVICE, AND 
MANUFACTURING METHOD OF THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
manufacturing a semiconductor device, Which includes a 
step of forming an anti-re?ection coating ?lm for the pur 
pose of increasing fabrication accuracy in the step of pho 
tolithography, and a semiconductor device made by this 
manufacturing method. More speci?cally, the invention 
relates to a semiconductor device manufactured by integrat 
ing a capacitor and a transistor on a semiconductor substrate, 
and a manufacturing method of the same. 

[0003] 2. Description of the Prior Art 

[0004] FIGS. 1 to 3 are sectional vieWs shoWing a con 
ventional method for manufacturing a semiconductor device 
having a capacitor and a MOS (Metal Oxide Semiconductor) 
transistor in the sequence of steps. 

[0005] First, as shoWn in FIG. 1A, a ?eld oxide ?lm 62 is 
formed in a device isolation region of a semiconductor 
substrate 61 by means of LOCOS (Local Oxidation of 
Silicon). Also, a gate oxide ?lm 63 is formed on the surface 
of a transistor forming region of the semiconductor substrate 
61 With thermal oxidation. 

[0006] Subsequently, a polycrystalline silicon ?lm 64 is 
formed on a surface of the semiconductor substrate 61 so as 

to serve as a loWer electrode of a capacitor (referred to as a 
capacitor loWer electrode, hereinafter) and a gate electrode 
of a transistor. Then, by introducing high-concentration 
impurities (dopant) to the polycrystalline silicon ?lm 64, 
electrical conductivity is provided. 

[0007] Then, a silicon oxide ?lm 65 is formed as a 
dielectric ?lm of the capacitor (referred to as a capacitor 
dielectric ?lm, hereinafter) on the polycrystalline silicon 
?lm 64, and a polycrystalline silicon ?lm 66 is formed 
thereon so as to serve as an upper electrode of the capacitor 

(referred to as a capacitor upper electrode, hereinafter). 
Then, by introducing high-concentration impurities to the 
polycrystalline silicon ?lm 66, electrical conductivity is 
provided. 

[0008] Then, as shoWn in FIG. 1B, 21 resist pattern 67 is 
formed on the polycrystalline silicon ?lm 66 so as to plot a 
shape of the capacitor upper electrode. Then, by using this 
resist pattern 67 as a mask, etching is performed for the 
polycrystalline silicon ?lm 66 and the silicon oxide ?lm 65 
to form a capacitor dielectric ?lm 65a and a capacitor upper 
electrode 66a. Subsequently, the resist pattern 67 is 
removed. 

[0009] Then, as shoWn in FIG. 2A, an anti-re?ection 
coating ?lm 68 is formed on a surface of the semiconductor 
substrate 61. The polycrystalline silicon ?lm 64 and the 
capacitor upper electrode 66a are covered With the anti 
re?ection coating ?lm 68. The anti-re?ection coating ?lm 68 
is then coated With photoresist. After the photoresist is 
subjected to exposure and development, a resist pattern 69 
is formed so as to plot shapes of a capacitor loWer electrode 
and a gate electrode of the MOS transistor. 

[0010] Then, as shoWn in FIG. 2B, by using the resist 
pattern 69 as a mask, etching is performed for the anti 
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re?ection coating ?lm 68 and the polycrystalline silicon ?lm 
64 to form a capacitor loWer electrode 64a and a gate 
electrode 64b. Subsequently, the resist pattern 69 is 
removed. Then, shalloW and loW-concentration impurities 
are ion-implanted to both sides of the gate electrode 64b of 
the semiconductor substrate 61 to form an LDD (Lightly 
Doped Drain) diffused layer 70 in self-alignment. 

[0011] Then, a silicon oxide ?lm is formed to be thick on 
a full surface above the semiconductor substrate 61, and 
anisotropic etching is performed for this silicon oxide ?lm. 
Accordingly, as shoWn in FIG. 3A, the silicon oxide ?lm is 
left in the sides of the capacitor loWer electrode 64a, the 
capacitor upper electrode 66a and the gate electrode 64b to 
form spacers 71. Subsequently, impurities are ion-implanted 
at relatively high concentration to both sides of the gate 
electrode 64b of the semiconductor substrate 61 to form 
impurity diffused regions 72 as a source and a drain of the 
MOS transistor in self-alignment. 

[0012] Then, as shoWn in FIG. 3B, the anti-re?ection 
coating ?lm 68 on the capacitor upper electrode 66a, the 
capacitor loWer electrode 64a and the gate electrode 64b is 
removed. Subsequently, an interlayer insulating ?lm, a Wir 
ing (not shoWn), and so on, are formed to complete a 
semiconductor device having the capacitor and the MOS 
transistor of an LDD structure. 

[0013] Along With the demand for much higher integration 
of a semiconductor device in recent years, a gate electrode 
or the like of a MOS transistor has tended to be shrunk. 
Thus, a KrF light source or an ArF light source has been used 
as a light source to be used in a photolithography. Also, for 
an anti-re?ection coating ?lm effective When any one of 
these light sources is used, a silicon nitride ?lm (SiN) or a 
silicon oxynitride ?lm (SiON) Which is silicon-rich has been 
used. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
semiconductor device capable of preventing an insulation 
failure caused by an anti-re?ection coating ?lm, and pre 
venting damage to a MOS transistor or a capacitor in etching 
step during spacer formation by leaving the anti-re?ection 
coating ?lm until spacers are formed. It is another object of 
the invention to provide a method for manufacturing the 
above semiconductor device. 

[0015] In order to achieve the object, as speci?ed in claim 
1 and shoWn in FIG. 7, a semiconductor device of the 
invention comprises: a capacitor element; and an electrical 
?eld effect transistor. In this case, the capacitor includes a 
capacitor loWer electrode (14a) formed on a semiconductor 
substrate (11) by interpolating an insulating ?lm (12), a 
capacitor dielectric ?lm (155a) formed on the capacitor 
loWer electrode (14a), a capacitor upper electrode (16a) 
formed on the capacitor dielectric ?lm (15a) so as to have a 
shape smaller than that of the same, and an anti-re?ection 
coating ?lm (19) formed on the capacitor dielectric ?lm 
(15a) exposed to the outside of the upper electrode (16a). 

[0016] In order to achieve the object, as speci?ed in claim 
3 and shoWn in FIGS. 4 to 7, a manufacturing method of the 
semiconductor device having the capacitor and the transistor 
comprises the steps of: forming ?rst insulating ?lms (12 and 
13) on a semiconductor substrate (11); forming a ?rst 
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conductive ?lm (14) on the ?rst insulating ?lms (12 and 13); 
forming a second insulating ?lm (15) on the ?rst conductive 
?lm (14); forming a second conductive ?lm (16) on the 
second insulating ?lm (15); forming an upper electrode 
(16a) of the capacitor by performing pattering for the second 
conductive ?lm (16); forming a dielectric ?lm (15a) of the 
capacitor beloW the upper electrode (16a) so as to have a 
shape larger than that of the same by performing patterning 
for the second insulating ?lm (15); forming an anti-re?ec 
tion coating ?lm (19) on a full surface above the semicon 
ductor substrate (11); forming a resist pattern (20) by coating 
the anti-re?ection coating ?lm (19) With photoresist and then 
subjecting the photoresist to exposure and development, the 
resist pattern being used to plot shapes of a loWer electrode 
of the capacitor and a gate electrode of the transistor; 
forming a loWer electrode (14a) of the capacitor and a gate 
electrode (14b) of the transistor by using the resist pattern 
(20) as a mask to perform patterning for the anti-re?ection 
coating ?lm (19) and the ?rst conductive ?lm (14); remov 
ing the anti-re?ection coating ?lm (19) remaining on the 
upper electrode (16a) of the capacitor and the gate electrode 
(14b) of the transistor after the resist pattern (20) is removed; 
and forming a source and a drain (23) of the transistor by 
introducing impurities to both sides of the gate electrode 
(14b) of the semiconductor substrate (11). 
[0017] In order to achieve the object, as speci?ed in claim 
8 and shoWn in FIGS. 11 to 13, a manufacturing method of 
the semiconductor device having the capacitor and the 
transistor comprises the steps of: forming insulating ?lms 
(42 and 43) on a semiconductor substrate (41); forming a 
silicon ?lm (44) made of amorphous silicon or polycrystal 
line silicon on the insulating ?lms (42 and 43); selectively 
introducing impurities to a dielectric ?lm forming region of 
the capacitor of the silicon ?lm (44); forming an oxide ?lm 
(46a) on the impurity introduced portion to be thicker than 
other portions by performing thermal oxidation for a surface 
of the silicon ?lm (44); forming a conductive ?lm (47) on a 
full surface above the semiconductor substrate (41); forming 
an upper electrode of the capacitor by performing patterning 
for the conductive ?lm (47); leaving the impurity introduced 
portion (46a) of the oxide ?lms (46 and 46a) formed With 
thermal oxidation as a dielectric ?lm of the capacitor While 
removing the oxide ?lm of the other portion (46); forming 
an anti-re?ection coating ?lm (49) on a full surface above 
the semiconductor substrate (41); forming a resist pattern 
(50) by coating the anti-re?ection coating ?lm (49) With 
photoresist and then subjecting the photoresist to exposure 
and development, the resist pattern being used to plot shapes 
of a loWer electrode of the capacitor and a gate electrode of 
the transistor; forming a loWer electrode (44a) of the capaci 
tor and a gate electrode (44b) of the transistor by using the 
resist pattern (50) as a mask to perform patterning for the 
silicon ?lm (44) and the anti-re?ection coating ?lm (49); 
removing the anti-re?ection coating ?lm (49) remaining on 
the upper electrode (47a) and the gate electrode (44b); and 
forming a source and a drain of the transistor by introducing 
impurities to both sides of the gate electrode (44b) of the 
semiconductor substrate (41). 
[0018] In the manufacturing method of the semiconductor 
device as speci?ed in claim 3, the second conductive ?lm is 
formed on the second insulating ?lm as a dielectric ?lm of 
the capacitor, and the upper electrode of the capacitor is 
formed by performing patterning for the second conductive 
?lm. Then, patterning is performed for the second insulating 
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?lm to form the dielectric ?lm beloW the upper electrode to 
have a shape larger than that of the same. Then, patterning 
is performed for the conductive ?lm beloW the dielectric 
?lm to form the loWer electrode of the capacitor. 

[0019] Therefore, since the dielectric ?lm is formed to 
have a shape larger than that of the upper electrode, even if 
the anti-re?ection coating ?lm having loW insulation 
remains above the loWer electrode, insulation can be secured 
betWeen the upper and loWer electrodes by the dielectric 
?lm. 

[0020] In the case of a MOS transistor having an LDD 
structure, insulating spacers are formed in the sides of the 
gate electrode. In this case, spacers are also formed inevi 
tably in the sides of the upper and loWer electrodes of the 
capacitor. A siZe of the dielectric ?lm should preferably be 
decided based on a Width of each spacer and alignment 
accuracy during exposure. 

[0021] The ?rst conductive ?lm as the gate of the loWer 
electrode of the capacitor and the transistor and the second 
conductive ?lm as the upper electrode of the capacitor are 
formed by forming a silicon ?lm made of undoped amor 
phous silicon or polycrystalline silicon, and then introducing 
impurities to the silicon ?lm to provide electrical conduc 
tivity. Also, the ?rst and second conductive ?lms may be 
formed by impurity doped silicon by CVD method. 

[0022] For the second insulating ?lm as the dielectric ?lm 
of the capacitor, for example, a high dielectric ?lm such as 
a silicon oxide ?lm, a silicon nitride ?lm, a laminated layer 
of a silicon oxide ?lm and a silicon nitride ?lm, a tantalum 
oxide ?lm or the like can be used. 

[0023] In the case of using a KrF light source or an ArF 
light source as a light source for exposure of the photoresist, 
as an anti-re?ection coating ?lm, a silicon ?lm, a silicon 
nitride ?lm Which is silicon-rich, a silicon oxynitride ?lm 
Which is silicon-rich or the like can be used. Such a ?lm 
must have a refractive index of 2.3 or higher in order to 
function as the anti-re?ection coating ?lm. A usual silicon 
nitride ?lm (good insulating ?lm) has a refractive index of 
about 2.0 (10.1). On the other hand, if a silicon nitride ?lm 
or a silicon oxynitride ?lm having a refractive index of 2.3 
or higher is used, the ?lm functions as a satisfactory anti 
re?ection coating ?lm for the KrF or ArF light source. It is 
also possible to use a ?lm made of only silicon as an 
anti-re?ection coating ?lm. Such a ?lm made of only silicon 
has a refractive index of 3.8. 

[0024] In the case of using a silicon ?lm, a silicon nitride 
?lm Which is silicon-rich or a silicon oxide and nitride ?lm 
Which is silicon-rich as an anti-re?ection coating ?lm, the 
anti-re?ection coating ?lm can be removed by means of Wet 
etching using phosphoric acid or phosphoric acid mixed 
liquid. 

[0025] In the manufacturing method of the semiconductor 
device as speci?ed in claim 8, the silicon ?lm made of 
amorphous silicon or polycrystalline silicon is formed on the 
insulating ?lm and, after impurities are selectively intro 
duced to the silicon ?lm, thermal oxidation is performed for 
the surface of the silicon ?lm. An oxidation rate of the 
impurity-introduced portion is higher than that of the other 
portion. As a result, an oxide ?lm is formed on the impurity 
introduced portion so as to be thicker than that in the other 
portion. 
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[0026] Subsequently, the upper electrode of the capacitor 
is formed on the oxide ?lm formed to be thick, and the oxide 
?lm in the portion, to Which no impurities have been 
introduced, is removed. Accordingly, the oxide ?lm remain 
ing beloW the upper electrode becomes a dielectric ?lm of 
the capacitor. Then, patterning is performed for the silicon 
?lm to form the loWer electrode of the capacitor. 

[0027] Also in this case, since the dielectric ?lm having a 
shape larger than that of the upper electrode exists beloW the 
upper electrode, even if the anti-re?ection coating ?lm 
remains in the side of the upper electrode, insulation can be 
secured betWeen the upper and loWer electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a sectional vieW (?rst) shoWing a con 
ventional method for manufacturing a semiconductor 
device. 

[0029] FIG. 2 is a sectional vieW (second) shoWing the 
conventional method for manufacturing a semiconductor 
device. 

[0030] FIG. 3 is a sectional vieW (third) shoWing the 
conventional method for manufacturing a semiconductor 
device. 

[0031] FIG. 4 is a sectional vieW (?rst) shoWing a method 
for manufacturing a semiconductor device according to a 
?rst embodiment of the present invention. 

[0032] FIG. 5 is a sectional vieW (second) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the ?rst embodiment of the invention. 

[0033] FIG. 6 is a sectional vieW (third) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the ?rst embodiment of the invention. 

[0034] FIG. 7 is a sectional vieW (fourth) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the ?rst embodiment of the invention. 

[0035] FIG. 8 is a sectional vieW (?rst) shoWing a method 
for manufacturing a semiconductor device according to a 
second embodiment of the present invention. 

[0036] FIG. 9 is a sectional vieW (second) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the second embodiment of the invention. 

[0037] FIG. 10 is a sectional vieW (third) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the second embodiment of the invention. 

[0038] FIG. 11 is a sectional vieW (?rst) shoWing a 
method for manufacturing a semiconductor device accord 
ing to a third embodiment of the present invention. 

[0039] FIG. 12 is a sectional vieW (second) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the third embodiment of the invention. 

[0040] FIG. 13 is a sectional vieW (third) shoWing the 
method for manufacturing a semiconductor device accord 
ing to the third embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0041] Insulation provided by the silicon nitride ?lm or the 
silicon oxynitride ?lm Which is silicon-rich has not proved 
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to be satisfactory. When only transistors are formed on a 
semiconductor substrate, no problems occur because all 
portions of an anti-re?ection coating ?lm are removed after 
formation of spacers. But When a capacitor is formed as 
described above, the anti-re?ection coating ?lm 68 inevita 
bly remains in the side of the capacitor upper electrode 66a 
as shoWn in FIG. 3B. As a result, if this anti-re?ection 
coating ?lm 68 is composed of a silicon oxide ?lm or a 
silicon nitride ?lm Which is silicon-rich, current leakage or 
a failure breakdoWn voltage may occur betWeen the upper 
and loWer electrodes 66a and 64a of the capacitor because 
of the anti-re?ection coating ?lm 68. 

[0042] The anti-re?ection coating ?lm 68 may be removed 
before formation of the spacers 71. The removal of the 
silicon nitride ?lm or the silicon oxynitride ?lm is generally 
carried out by means of Wet etching containing heated 
phosphoric acid. HoWever, the removal of the anti-re?ection 
coating ?lm 68 composed of the silicon nitride ?lm or the 
silicon oxynitride ?lm before the formation of the spacers 71 
is not recommended. This is because during etching, damage 
may be given to the polycrystalline capacitor upper elec 
trode 66a, the capacitor loWer electrode 64a, the gate 
electrode 64b or the like, a MOS interface of the semicon 
ductor substrate 61 may be contaminated and, consequently, 
a transistor characteristic or a capacitor characteristic may 
be reduced. On the other hand, the anti-re?ection coating 
?lm 68 should preferably be left until spacers are formed. 
This is because during anisotropic etching for spacer for 
mation, damage to the transistor or the capacitor can be 
effectively reduced. It can thus be understood that the 
anti-re?ection coating ?lm should be removed after spacer 
formation. 

[0043] Next, description Will be made of the preferred 
embodiments of the present invention With reference to the 
attached draWings. 

First Embodiment 

[0044] FIGS. 4 to 7 are sectional vieWs shoWing a method 
for manufacturing a semiconductor device in the sequence 
of steps according to a ?rst embodiment of the present 
invention. 

[0045] First, as shoWn in FIG. 4A, a ?eld oxide ?lm 12 
having a thickness of about 300 nm is formed in an element 
isolation region of a semiconductor substrate 1 by means of 
LOCOS. A gate oxide ?lm 13 having a thickness of about 50 
nm is formed on a transistor forming region of the semi 
conductor substrate 11 With thermal oxidation. Then, 
undoped polycrystalline silicon is deposited on a full surface 
above the semiconductor substrate 11 by a CVD (Chemical 
Vapor Deposition) method, and a polycrystalline silicon ?lm 
14 having a thickness of about 150 nm is formed. Then, 
phosphorus as n-type impurities is introduced to the poly 
crystalline silicon ?lm 14 by, for example vapor phase 
diffusion. Accordingly, electrical conductivity is provided to 
the polycrystalline silicon ?lm 14. 

[0046] Subsequently, on the polycrystalline silicon ?lm 
14, a silicon oxide ?lm 15 having a thickness of about 30 nm 
is formed to serve as a dielectric ?lm for a capacitor. This 
silicon oxide ?lm 15 can be formed by a CVD method under 
a temperature condition of, for example about 750 to 800° 
C. The dielectric ?lm for the capacitor may use a silicon 
nitride ?lm instead of the silicon oxide ?lm 15. Alterna 
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tively, the dielectric ?lm may have a laminated structure of 
a silicon oxide ?lm and a silicon nitride ?lm. Also, as the 
dielectric ?lm for the capacitor, a high dielectric ?lm such as 
a tantalum oxide ?lm or the like can be used. 

[0047] Then, undoped polycrystalline silicon is deposited 
on the silicon oxide ?lm 15 by a CVD method to form a 
polycrystalline silicon ?lm 16 having a thickness of about 
150 nm. Then, electrical conductivity is provided by intro 
ducing phosphorus to this polycrystalline silicon ?lm 16. In 
the embodiment, the silicon ?lms 14 and 16 are formed by 
depositing polycrystalline silicon as described above. But 
the silicon ?lms 14 and 16 may be formed by depositing 
amorphous silicon. Also, a conductive silicon ?lm may be 
formed by using a CVD method to groW a polycrystalline 
silicon or amorphous silicon ?lm above the substrate 11, 
impurities having been introduced to the silicon ?lm. Fur 
ther, a laminated structure may be employed, Which is made 
of one selected from the polycrystalline silicon and amor 
phous silicon ?lms and another conductive ?lm (metal ?lm 
or the like). 

[0048] Subsequently, as shoWn in FIG. 4B, 21 resist pattern 
17 is formed on the silicon ?lm 16 to plot a shape of a 
capacitor upper electrode. Then, by using this resist pattern 
17 as a mask, dry etching is performed for the silicon ?lm 
16 to form a capacitor upper electrode 16a. To perform dry 
etching for the silicon ?lm 16, for example chlorine-con 
taining gas (Cl2/O2) or HBr gas is used. Subsequently, the 
resist pattern 17 is removed. 

[0049] Then, as shoWn in FIG. 5A, a resist pattern 18 is 
formed to cover the capacitor upper electrode 16a. In this 
case, a space betWeen an edge of the capacitor upper 
electrode 16a and an edge of the resist pattern 18 (space in 
a horiZontal direction) should be set equal to a value or 
higher, Which is obtained by adding a Width of a later 
described spacer 22 and mask alignment accuracy in a 
photolithographic step. For example, a space betWeen the 
edge of the capacitor upper electrode 16a and the edge of the 
resist pattern 18 is set to about 1 pm. 

[0050] Subsequently, by using the resist pattern 18 as a 
mask, the silicon oxide ?lm 15 is removed by means of, for 
example Wet etching containing hydro?uoric acid. Accord 
ingly, the silicon oxide ?lm 15 remaining beloW the resist 
pattern 18 becomes a capacitor dielectric ?lm 15a. Then, the 
resist pattern 18 is removed. 

[0051] Subsequently, as shoWn in FIG. 5B, on a full 
surface above the semiconductor substrate 11, a silicon 
nitride ?lm 19 Which is silicon-rich is formed as an anti 
re?ection coating ?lm to have a thickness of about 30 nm by 
a plasma CVD method. Then, the silicon nitride ?lm 19 is 
coated With photoresist, and the photoresist is subjected to 
selective exposure by an aligner using a KrF light source or 
an ArF light source. After the selective exposure, develop 
ment is performed to form a resist pattern 20 for plotting 
shapes of a capacitor loWer electrode and a transistor gate 
electrode. 

[0052] For the anti-re?ection coating ?lm, in stead of the 
silicon nitride ?lm Which is silicon-rich, a silicon ?lm or a 
silicon oxynitride ?lm Which is silicon-rich can be used. For 
both of the silicon nitride ?lm and the silicon oxide and 
nitride ?lm, refractive index are larger as silicon contents are 
increased. The silicon nitride ?lm Which is silicon-rich is 
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one having a refractive index of 2.3 to 3.8. The silicon 
oxynitride ?lm Which is silicon-rich is one having a refrac 
tive index of 2.3 to 3.8. 

[0053] Then, anisotropic dry etching is performed by 
using the resist pattern 20 as a mask and, as shoWn in FIG. 
6A, the silicon nitride ?lm 19 and the polycrystalline silicon 
?lm 14 are subjected to patterning. At this time, by using the 
capacitor dielectric ?lm 15a made of silicon oxide as a hard 
mask, a capacitor loWer electrode 14a is formed in self 
alignment. Subsequently, the resist pattern 20 is removed. 
Then, shalloW and loW-concentration impurities are intro 
duced to both sides of a gate electrode 14b of the semicon 
ductor substrate 11 to form an LDD diffused layer 21. 

[0054] Then, as shoWn in FIG. 6B, a silicon oxide ?lm 
having a thickness of about 150 nm is formed on a full 
surface above the semiconductor substrate 11. Anisotropic 
etching based on reactive ion etching is then performed to 
form silicon oxide spacers 22 respectively in the sides of the 
transistor gate electrode 14b, the capacitor upper electrode 
16a and the capacitor loWer electrode 14a. 

[0055] Then, as shoWn in FIG. 7, Wet etching containing 
heated phosphoric acid (or phosphoric acid mixed liquid) is 
performed to remove the silicon nitride ?lm 19 exposed 
above the semiconductor substrate 11. Subsequently, impu 
rities are introduced to both sides of the gate electrode 14b 
of the semiconductor substrate 11 to form impurity diffused 
regions 23 as a source and a drain for a MOS transistor in 
self-alignment. 

[0056] Then, an interlayer insulating ?lm, a Wiring (not 
shoWn), and so on, are formed by a Widely knoWn method. 
Thus, a semiconductor device having the capacitor and the 
MOS transistor of the LDD structure is completed. 

[0057] In the embodiment, the silicon nitride ?lm 19 
Which is silicon-rich remains in the side of the capacitor 
upper electrode 16a to be in contact With the same, but the 
capacitor dielectric ?lm 15a is provided betWeen the silicon 
nitride ?lm 19 and the capacitor loWer electrode 14a. 
Accordingly, satisfactory insulation is secured betWeen the 
upper capacitor electrode 16a and the capacitor loWer elec 
trode 14a, and the occurrence of a failure of breakdoWn 
voltage or current leakage can be prevented. Moreover, 
during formation of the spacers 22, since the polycrystalline 
silicon upper and loWer electrodes 16a and 14a and the gate 
electrode 14b are covered With the silicon nitride ?lm 19 
(anti-re?ection coating), the upper and loWer electrodes 16a 
and 14a and the gate electrode 14b can be prevented from 
being damaged at the time of Wet etching performed by 
using phosphoric acid. 

Second Embodiment 

[0058] FIGS. 8 to 10 are sectional vieWs shoWing a 
method for manufacturing a semiconductor device in the 
sequence of steps according to a second embodiment of the 
present invention. 

[0059] In steps similar to those described above With 
reference to the ?rst embodiment shoWn in FIGS. 4A to 4B, 
as shoWn in FIG. 8A, a ?eld oxide ?lm 12, a gate oxide ?lm 
13, a polycrystalline silicon ?lm 14, a silicon oxide ?lm and 
a capacitor upper electrode 16a are respectively formed on 
a semiconductor substrate 11, and a resist pattern 18 is 
formed on the silicon oxide ?lm. Then, by using the resist 
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pattern as a mask, patterning is performed for the silicon 
oxide ?lm to form a capacitor dielectric ?lm 15a. 

[0060] Subsequently, after removal of the resist pattern 18, 
as shoWn in FIG. 8B, a silicon nitride ?lm 31 Which is 
silicon-rich is formed as an anti-re?ection coating ?lm on a 
full surface above the semiconductor substrate 11. The 
silicon nitride ?lm 31 is then coated With photoresist, and the 
photoresist is subjected to selective exposure by an aligner 
using a KrF or an ArF light source. After the selective 
exposure, development is performed to form a resist pattern 
32 for plotting shapes of a capacitor loWer electrode and a 
gate electrode. In this case, the resist pattern 32 is set such 
that an edge thereof can be positioned slightly outside more 
than an edge of the capacitor dielectric ?lm 15a. 

[0061] Then, as shoWn in FIG. 9A, by using the resist 
pattern 32 as a mask, etching is performed for the silicon 
nitride ?lm 31 and the polycrystalline silicon ?lm 14 to form 
a capacitor loWer electrode 14a and a gate electrode 14b. 
The resist pattern 32 is then removed. ShalloW and loW 
concentration impurities are introduced to both sides of the 
gate electrode 14b of the semiconductor substrate 11 to form 
an LDD diffused region 33. 

[0062] In the ?rst embodiment, the capacitor loWer elec 
trode 14a is formed by using the capacitor dielectric ?lm 15a 
as a hard mask. In the second embodiment, hoWever, as 
described above, the capacitor loWer electrode 14a and the 
gate electrode 14b are formed by using the resist pattern 32 
as a mask. 

[0063] Then, as shoWn in FIG. 9B, a silicon oxide ?lm 
having a thickness of about 150 nm is formed on a full 
surface of the semiconductor substrate 11 by a CVD method. 
Then, anisotropic etching based on reactive ion etching is 
performed for the silicon oxide ?lm to form silicon oxide 
spacers 34 respectively in the sides of the gate electrode 14b, 
the capacitor upper electrode 16a and the capacitor loWer 
electrode 14a. 

[0064] Then, as shoWn in FIG. 10, by means of Wet 
etching containing heated phosphoric acid, the silicon 
nitride ?lm 31 exposed above the semiconductor substrate 
11 is removed. Subsequently, impurities are introduced to 
both sides of the gate electrode 14b of the semiconductor 
substrate 11 to form impurity diffused regions 35 as a source 
and a drain for a transistor in self-alignment. Then, an 
interlayer insulating ?lm, a Wiring (not shoWn), and so on, 
are formed by a Widely knoWn method. Thus, a semicon 
ductor device having the capacitor element and the MOS 
transistor is completed. 

[0065] Also in the second embodiment, the silicon nitride 
?lm 31 (anti-re?ection coating ?lm) Which is silicon-rich 
and in contact With the capacitor upper electrode 16a 
remains in the side of the capacitor upper electrode 16a. 
HoWever, since the capacitor dielectric ?lm 15a (silicon 
oxide ?lm) is provided betWeen the silicon nitride ?lm 31 
and the capacitor loWer electrode 14a, as in the case of the 
?rst embodiment, insulation is secured betWeen the capaci 
tor upper electrode 16a and the capacitor loWer electrode 
14a, and the occurrence of a failure of breakdoWn voltage or 
current leakage can be prevented. In addition, during for 
mation of the spacers 34, since the polycrystalline silicon 
upper and loWer electrodes 16a and 14a and the gate 
electrode 14b are covered With the silicon nitride ?lm 31 
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(anti-re?ection coating ?lm), the upper and loWer electrodes 
16a and 14a and the gate electrode 14b can be prevented at 
the time of Wet etching performed by using phosphoric acid. 

Third Embodiment 

[0066] FIGS. 11 to 13 are sectional vieWs shoWing a 
method for manufacturing a semiconductor device in the 
sequence of steps according to a third embodiment of the 
present invention. 

[0067] First, as shoWn in FIG. 11A, 21 ?eld oxide ?lm 42 
having a thickness of about 300 nm is formed on a semi 
conductor substrate 41 for element isolation. Asurface of the 
semiconductor substrate 41 surrounded With the ?eld oxide 
?lm 42 is then oxidiZed With thermal oxidation to form a 
gate oxide ?lm 43 having a thickness of about 50 nm. 

[0068] Subsequently, an undoped polycrystalline silicon 
?lm 44 having a thickness of about 150 nm is formed on a 
full surface above the semiconductor substrate 41. Then, a 
resist pattern 45 is formed on the polycrystalline silicon ?lm 
44 so as to be opened for a portion for forming a capacitor 
loWer electrode. Then, through the opening of the resist 
pattern 45, for example phosphorus as n-type impurities is 
ion-implanted to the polycrystalline silicon ?lm 44 at con 
centration of about 1015 to 1016/cm2. The resist pattern 45 is 
then removed. In this case, an opening of the resist pattern 
45 is also provided in a portion as a gate electrode for 
forming a transistor beforehand, and n-type impurities are 
introduced to the polycrystalline silicon ?lm 44 of this 
portion. For forming a dual gate transistor Where the types 
of impurities to be introduced to the gate electrode portion 
are changed betWeen an NMOS transistor and a PMOS 
transistor, an opening of the resist pattern 45 is provided 
only in the gate electrode portion of the NMOS transistor. 
Then, n-type impurities are introduced to the polycrystalline 
silicon ?lm 44 of this portion. In a region of the PMOS 
transistor for the gate electrode, p-type impurities are selec 
tively introduced to the polycrystalline silicon ?lm 44 of this 
portion by using another resist or the like as a mask. 

[0069] Then, thermal oxidation is performed for a surface 
of the polycrystalline silicon ?lm 44 in Wet atmosphere 
having a temperature of 800° C. to form a silicon oxide ?lm 
46. In this case, as shoWn in FIG. 11B, in the region of the 
polycrystalline silicon ?lm 44 to Which phosphorus has been 
ion-implanted, the silicon oxide ?lm is formed to be thicker 
than that in the other region because of a so-called oxidation 
enhanced phenomenon Where an oxidation rate of the impu 
rity introduced portion is high. For example, a silicon oxide 
?lm 46a having a thickness of about 50 nm is formed in the 
impurity-introduced portion, and in the other portion, a 
silicon oxide ?lm 46 having a thickness of about 5 nm is 
formed. As it is dif?cult for an oxidation enhanced phenom 
enon to appear if a temperature for heat treatment is high, 
preferably, a temperature for heat treatment should be set 
equal to 900° C. or loWer. 

[0070] Subsequently, an undoped polycrystalline silicon 
?lm 47 is formed on the silicon oxide ?lms 46 and 46a. A 
deposition condition at this time is the same as that for the 
formation of the polycrystalline silicon ?lm 44. Then, for 
example, phosphorus as n-type impurities is ion-implanted 
to the entire polycrystalline silicon ?lm 47 at concentration 
of about 1015 to 1016/cm2 and, accordingly, electrical con 
ductivity is provided. 
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[0071] Then, on the polycrystalline silicon ?lm 47, a resist 
pattern 48 is formed to plot a shape of a capacitor upper 
electrode. This resist pattern 48 is formed above the silicon 
oxide ?lm 46a to have a siZe slightly smaller than that of the 
same. 

[0072] Then, as shoWn in FIG. 12A, by using the resist 
pattern 48 as a mask, etching is performed for the polycrys 
talline silicon ?lm 47 to form a capacitor upper electrode 
47a. Subsequently, by using diluted hydro?uoric acid, etch 
ing is performed for the silicon oXide ?lm 46 under the 
condition of leaving the silicon oXide ?lm 46a in a portion 
formed to be thick because of an oxidation enhanced phe 
nomenon and removing the silicon oXide ?lm 46 in the other 
portions. Then, the remaining silicon oXide ?lm 46a 
becomes a capacitor dielectric ?lm (referred to as a capacitor 
dielectric ?lm 46a, hereinafter). 

[0073] Then, on a full surface above the semiconductor 
substrate 41, a silicon nitride ?lm 49 Which is silicon-rich is 
formed by a plasma CVD method so as to have a thickness 
of about 30 nm and serve as an anti-re?ection coating ?lm. 
The silicon nitride ?lm 49 is then coated With photoresist, 
and the photoresist is subjected to selective eXposure by an 
aligner using a KrF light source or an ArF light source. After 
the selective eXposure, development is performed to form a 
resist pattern 50 for plotting shapes of a capacitor loWer 
electrode and a transistor gate electrode. 

[0074] Subsequently, as shoWn in FIG. 12B, by using the 
resist pattern 50 as a mask, anisotropic dry etching is 
performed for the silicon nitride ?lm 49 and the polycrys 
talline silicon ?lm 44 to form a capacitor loWer electrode 
44a and a gate electrode 44b. Then, the resist pattern 50 is 
removed. 

[0075] Then, shalloW and loW-concentration impurities 
are introduced to both sides of the gate electrode 44b to form 
an LDD diffused layer. On a full surface above the semi 
conductor substrate 41, a silicon oXide ?lm having a thick 
ness of about 150 nm is formed by a CVD method. Aniso 
tropic etching based on reactive ion etching is then 
performed for the silicon oXide ?lm to form spacers 51 
respectively in the sides of the gate electrode 44b, the 
capacitor upper electrode 47a and the capacitor loWer elec 
trode 44a. 

[0076] Then, as shoWn in FIG. 13, Wet etching containing 
heated phosphoric acid is performed to remove the silicon 
nitride ?lm 49 eXposed above the semiconductor substrate 
41. Subsequently, by using the gate electrode 44b and the 
spacers 51 in both sides thereof as masks, impurities are 
ion-implanted at high concentration to the semiconductor 
substrate 41 in both side portions of the gate electrode 44b 
to form impurity diffused regions 52 as a source and a drain 
for the transistor. Then, an interlayer insulating ?lm, a 
Wiring, and so on, are formed by a Widely knoWn method. 
Thus, a semiconductor device having the capacitor and the 
MOS transistor is completed. 

[0077] Also in the third embodiment, the anti-re?ection 
coating ?lm (silicon nitride ?lm 49) remains beloW the 
spacer 51. HoWever, since the capacitor dielectric ?lm 46a 
is eXtended to the outside of the spacer 51, insulation 
betWeen the capacitor upper electrode 47a and the capacitor 
loWer electrode 44a can be secured. Thus, the embodiment 
provides the same effects as those provided by the ?rst and 
second embodiments. 
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[0078] In recent years, transistors have been developed to 
be driven by loW voltages of, for eXample about 2.5 V to 1.3 
V. In the case of the transistor driven by such a loW voltage, 
a typical Way of improving characteristics of PMOS and 
NMOS transistors is to introduce p-type impurities to a gate 
electrode of the PMOS transistor and n-type impurities to a 
gate electrode of the NMOS transistor. A manufacturing 
process of such a transistor must include steps of ?rst 
forming an undoped silicon ?lm and then selectively intro 
ducing n-type or p-type impurities to the silicon ?lm. In the 
embodiment, When n-type or p-type impurities are intro 
duced to the portion as the gate electrode of the transistor, 
impurities are also introduced simultaneously to the portion 
for forming the capacitor dielectric ?lm. Thus, an increase in 
the number of manufacturing steps can be prevented. 

What is claimed is: 
1. A semiconductor device comprising: 

a capacitor; and 

a ?eld effect transistor, 

Wherein said capacitor includes a capacitor loWer elec 
trode formed on a semiconductor substrate through an 
insulating ?lm, a capacitor dielectric ?lm formed on the 
capacitor loWer electrode, a capacitor upper electrode 
formed on the capacitor dielectric ?lm to have a shape 
smaller than that of the capacitor dielectric ?lm, and at 
least an anti-re?ection coating ?lm formed on the 
capacitor dielectric ?lm eXposed to the outside of the 
upper electrode. 

2. A semiconductor device according to claim 1, Wherein 
said anti-re?ection coating ?lm is made of at least one 
selected from a group consisting of a silicon ?lm having a 
refractive indeX of 2.3 or higher, a silicon nitride ?lm and a 
silicon oXynitride ?lm. 

3. A method for manufacturing a semiconductor device, 
comprising the steps of: 

forming a ?rst insulating ?lm on a semiconductor sub 
strate; 

forming a ?rst conductive ?lm on the ?rst insulating ?lm; 

forming a second insulating ?lm on the ?rst conductive 
?lm; 

forming a second conductive ?lm on the second insulating 
?lm; 

forming a capacitor upper electrode by patterning for the 
second conductive ?lm; 

forming a capacitor dielectric ?lm beloW the upper elec 
trode by patterning for the second insulating ?lm to 
have a shape larger than that of the upper electrode; 

forming an anti-re?ection coating ?lm above the semi 
conductor substrate; 

forming a resist pattern for shapes of a capacitor loWer 
electrode and a gate electrode of a transistor by coating 
the anti-re?ection coating ?lm With photoresist and 
subjecting the photoresist to eXposure and develop 
ment; 

forming a capacitor loWer electrode and a gate electrode 
of the transistor by using the resist pattern as a mask to 
perform patterning for the anti-re?ection coating ?lm 
and the ?rst conductive ?lm; 




