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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device and a manufacturing method therefor, and more 
particularly to a semiconductor device including different 
types of electronic elements such as a MOS transistor and a 
capacitor using different supply voltages formed on the same 
substrate, and a manufacturing method for such a semicon 
ductor device. 

[0002] In a recent LSI process, high integration of circuits 
and ?ne fabrication of electronic elements have been gen 
erally advanced. In association thereWith, it has become 
necessary to simultaneously fabricate different types of 
electronic elements such as a MOS transistor, capacitor, and 
resistor using different supply voltages on the same substrate 
With an increase in number of steps minimiZed. 

[0003] Further, ?ner fabrication is required to obtain a 
higher-performance MOS transistor, causing a reduction in 
supply voltage. This is accompanied by a thinner gate oxide 
?lm in this MOS transistor. Although a main MOS transistor 
is formed from a thin ?lm, another MOS transistor to Which 
a high voltage is applied for use in an I/O portion or an 
analog circuit is required to have a thicker oxide ?lm 
according to a higher supply voltage. 

[0004] In fabricating such different types of MOS transis 
tors using different supply voltages, it is general to sepa 
rately form gate oxide ?lms having physically different ?lm 
thicknesses. A fabrication method for such gate oxide ?lms 
having physically different ?lm thicknesses is shoWn in 
FIGS. 5A to 5D. 

[0005] As shoWn in FIG. 5A, an oxide ?lm 13 is formed 
by thermal oxidation on a semiconductor substrate 11 in 
Which isolation dielectric ?lms 12 are formed to isolate 
individual elements. As shoWn in FIG. 5B, only a region for 
fabricating a transistor employing a thick gate oxide ?lm is 
masked With a photoresist R. 

[0006] As shoWn in FIG. 5C, a portion of the oxide ?lm 
13 unmasked With the photoresist R is removed by Wet 
etching using hydro?uoric acid or the like. After removing 
the photoresist R, thermal oxidation is performed again to 
form gate oxide ?lms 13a and 13b having different ?lm 
thicknesses as shoWn in FIG. 5D. The total ?lm thickness of 
the gate oxide ?lm 13a obtained by the ?rst thermal oxida 
tion and the second thermal oxidation is not equal to the sum 
of the ?lm thickness of the oxide ?lm 13 obtained by the ?rst 
thermal oxidation and the ?lm thickness of the oxide ?lm 
obtained by the second thermal oxidation. Accordingly, 
optimum thermal oxidation is performed as the ?rst thermal 
oxidation so that a desired ?lm thickness is totally obtained. 

[0007] By repeating the photoresist patterning step, the 
Wet etching step, and the subsequent thermal oxidation step 
as mentioned above, different ?lm thicknesses of oxide ?lms 
can be further obtained. 

[0008] Further, simultaneous fabrication of a MOS tran 
sistor and a capacitor is knoWn conventionally. Such a 
fabrication method is shoWn in FIGS. 6A to 6D. 

[0009] As shoWn in FIG. 6A, a suitable sacri?cial oxide 
?lm 18 is formed by thermal oxidation on a semiconductor 
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substrate 11 in Which isolation dielectric ?lm 12 are formed 
to isolate individual elements. As shoWn in FIG. 6B, a 
transistor forming region is masked With a photoresist R, and 
a high concentration of impurity ions is implanted through 
the sacri?cial oxide ?lm 18 into the semiconductor substrate 
11 to thereby form an n+ semiconductor region or a p+ 
semiconductor region as one electrode 17 of the capacitor. 

[0010] After removing the photoresist R and the sacri?cial 
oxide ?lm 18, a gate oxide ?lm 13b of the MOS transistor 
and a capacitive oxide ?lm 13c of the capacitor are simul 
taneously formed by thermal oxidation as shoWn in FIG. 
6C. The capacitive oxide ?lm 13c has a desired ?lm 
thickness. This thermal oxidation is accelerated by crystal 
defects produced in the region Where the impurity ions have 
been implanted With a high concentration (accelerated oxi 
dation), so that the capacitive oxide ?lm 13c becomes 
thicker than the gate oxide ?lm 13b. Thereafter, polysilicon 
is deposited over the semiconductor substrate 11 and next 
patterned to thereby simultaneously form a gate electrode 
14b of the MOS transistor and another electrode 14c of the 
capacitor as shoWn in FIG. 6D. 

[0011] In this method, the MOS transistor and the capaci 
tor can be formed on the same substrate simultaneously and 
ef?ciently Without largely increasing the number of steps. 

[0012] It is knoWn that depletion under a gate electrode 
can be prevented by increasing an impurity concentration in 
the gate electrode (see Japanese Patent Laid-open No. 2000 
277626). 
[0013] HoWever, the above-mentioned methods have the 
folloWing problems. 
[0014] In the case of separately forming oxide ?lms hav 
ing physically different ?lm thicknesses, there arises a 
problem that the number of steps increases according to the 
different ?lm thicknesses to be obtained. Further, in the Wet 
etching step, the etching liquid such as hydro?uoric acid 
penetrates at the edges of the oxide ?lm masked With the 
photoresist, causing damage to the oxide ?lm to be left. As 
a result, any adverse effects are produced in the related 
transistor, thus possibly causing a reduction in reliability. 
Accordingly, heavy use of this method is undesirable. 

[0015] In the case of simultaneously forming the transistor 
and the capacitor, a thicker oxide ?lm can be obtained in the 
capacitor by performing ion implantation With a high dosage 
in forming the electrode in the semiconductor substrate of Si 
to thereby accelerate the subsequent thermal oxidation. 
HoWever, such high-dosage ion implantation may cause a 
large damage to the semiconductor substrate, so that the 
quality of the oxide ?lm is reduced to cause a reduction in 
reliability. 
[0016] As mentioned above, in obtaining a high-perfor 
mance MOS transistor as a main transistor for LSI, a 
physically thin gate oxide ?lm is essential, and an electrical 
effective ?lm thickness of this oxide ?lm in operating the 
transistor must be maintained at a small value. Accordingly, 
it is necessary to meet the individual requirements of the 
thin-?lm transistor and the electronic elements requiring 
different oxide ?lm thicknesses, such as a transistor and a 
capacitor using different supply voltages. 

SUMMARY OF THE INVENTION 

[0017] It is accordingly an object of the present invention 
to provide a semiconductor device Which can ensure the 
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electrical effective ?lm thickness required by the dielectric 
?lm of each electronic element by utilizing the depletion of 
the electrode of each electronic element Without the need for 
making a difference in physical ?lm thickness betWeen the 
dielectric ?lms of the electronic elements. 

[0018] It is another object of the present invention to 
provide a manufacturing method for a semiconductor device 
Which can eliminate the need for separate formation of the 
dielectric ?lms having physically different ?lm thicknesses 
and can ensure different electrical effective ?lm thicknesses 
required by the dielectric ?lms of the electronic elements. 

[0019] In accordance With an aspect of the present inven 
tion, there is provided a semiconductor device including a 
semiconductor substrate; and a plurality of electronic ele 
ments formed on the semiconductor substrate, each of the 
electronic elements having an electrode and a dielectric ?lm 
interposed betWeen the semiconductor substrate and the 
electrode; the dielectric ?lms of the electronic elements 
having different electrical effective ?lm thicknesses 
required; Wherein the electrodes of the electronic elements 
have different average grain siZes according to the different 
electrical effective ?lm thicknesses of the dielectric ?lms of 
the electronic elements; and the different electrical effective 
?lm thicknesses are controlled by depletion of the electrodes 
due to the different average grain siZes. 

[0020] With this con?guration, the average gain siZes of 
the electrodes are different from each other according to the 
electrical effective ?lm thicknesses required by the dielectric 
?lms of the electronic elements. Accordingly, the effective 
?lm thicknesses of the dielectric ?lms can be controlled by 
the depletion of the electrodes due to the different average 
grain siZes, so that the different effective ?lm thicknesses 
required by the dielectric ?lms of the electronic elements 
can be obtained. 

[0021] In accordance With another aspect of the present 
invention, there is provided a manufacturing method for a 
semiconductor device including a semiconductor substrate 
and a plurality of electronic elements formed on the semi 
conductor substrate, each of the electronic elements having 
an electrode and a dielectric ?lm interposed betWeen the 
semiconductor substrate and the electrode; the dielectric 
?lms of the electronic elements having different electrical 
effective ?lm thicknesses required; the manufacturing 
method including the steps of: forming the dielectric ?lm on 
the semiconductor substrate; forming an amorphous semi 
conductor layer on the dielectric ?lm; converting the amor 
phous semiconductor layer into a polycrystalline semicon 
ductor layer so that the polycrystalline semiconductor layer 
has a plurality of regions having different average grain siZes 
so as to respectively correspond to the plurality of electronic 
elements; and processing the polycrystalline semiconductor 
layer to form a plurality of polycrystalline electrodes from 
the regions having the different average grain siZes. 

[0022] With this con?guration, the amorphous semicon 
ductor layer is converted into a polycrystalline semiconduc 
tor layer so that the polycrystalline semiconductor layer has 
a plurality of regions having different average grain siZes so 
as to respectively correspond to the plurality of electronic 
elements. 

[0023] In the region having a larger average grain siZe, the 
electrical effective ?lm thickness of the dielectric ?lm of the 
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electronic element is larger. When the average grain siZe is 
increased, the grain boundaries are reduced to suppress the 
diffusion of impurities in the electrode. Accordingly, the 
depletion of the electrode easily occurs and the electrical 
effective ?lm thickness is therefore larger. 

[0024] In the region having a smaller average grain siZe, 
the grain boundaries are increased to promote the diffusion 
of impurities in the electrode. Accordingly, the depletion of 
the electrode hardly occurs and the electrical effective ?lm 
thickness is therefore maintained at a small value. 

[0025] According to the semiconductor device of the 
present invention, there is no difference in physical ?lm 
thickness betWeen the dielectric ?lms of the electronic 
elements, but the electrical effective ?lm thickness required 
by the dielectric ?lm of each electronic element can be 
ensured by utiliZing the depletion of the electrode of each 
electronic element. 

[0026] According to the manufacturing method for the 
semiconductor device of the present invention, it is possible 
to suppress an increase in number of steps due to the 
separate formation of the dielectric ?lms having different 
physical ?lm thicknesses and to fabricate the plural elec 
tronic elements having the dielectric ?lms different in 
required electrical effective ?lm thickness on the same 
substrate. 

[0027] Other objects and features of the invention Will be 
more fully understood from the folloWing detailed descrip 
tion and appended claims When taken With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a sectional vieW of a semiconductor 
device according to a ?rst preferred embodiment of the 
present invention; 

[0029] FIGS. 2A to 2F are sectional vieWs shoWing a 
manufacturing method for the semiconductor device shoWn 
in FIG. 1; 

[0030] FIG. 3 is a sectional vieW of a semiconductor 
device according to a second preferred embodiment of the 
present invention; 

[0031] FIGS. 4A to 4F are sectional vieWs shoWing a 
manufacturing method for the semiconductor device shoWn 
in FIG. 3; 

[0032] FIGS. 5A to 5D are sectional vieWs shoWing a 
fabrication method for dielectric ?lms having different ?lm 
thicknesses in the prior art; and 

[0033] FIGS. 6A to 6D are sectional vieWs shoWing a 
method of simultaneously fabricating a transistor and a 
capacitor in the prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] Some preferred embodiments of the present inven 
tion Will noW be described With reference to the draWings. 

[0035] (First Preferred Embodiment) 
[0036] FIG. 1 is a sectional vieW of a semiconductor 
device according to a ?rst preferred embodiment of the 
present invention. 
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[0037] As shown in FIG. 1, isolation dielectric ?lms 2 of 
silicon oxide, for example, are formed in a semiconductor 
substrate 1 of silicon, for example, and active regions are 
de?ned in the semiconductor substrate 1 by the isolation 
dielectric ?lms 2. In the active regions de?ned in the 
semiconductor substrate 1, tWo different types of transistors 
Tr1 and Tr2 are formed. The transistors Tr1 and Tr2 serve as 
electronic elements to Which different supply voltages are 
applied. That is, the transistor Tr1 serves as a high-voltage 
transistor to Which a high supply voltage is applied, and the 
transistor Tr2 serves as a high-performance transistor having 
a high speed and a large drive current. 

[0038] Gate electrodes 4a and 4b of the transistors Tr1 and 
Tr2 are formed on the semiconductor substrate 1 in the 
active regions through gate dielectric ?lms 3, respectively, 
and sideWall dielectric ?lms 5 of silicon oxide, for example, 
are formed on the side surfaces of the gate electrodes 4a and 
4b. In this preferred embodiment, the physical ?lm thickness 
of the gate dielectric ?lm 3 of the transistor Tr1 is substan 
tially the same as that of the gate dielectric ?lm 3 of the 
transistor Tr2. The gate electrode 4a is formed from a larger 
grain siZe, polysilicon layer having a larger average grain 
siZe, and the gate electrode 4b is formed from a smaller grain 
siZe, polysilicon layer having a smaller average grain siZe. In 
this preferred embodiment, the larger grain siZe means an 
average grain siZe of 200 nm or more, and the smaller grain 
siZe means an average grain siZe of about 50 to 100 nm. 

[0039] In the semiconductor substrate 1 at positions just 
under the sideWall dielectric ?lms 5 of the transistors Tr1 
and Tr2, n- semiconductor regions 6a doped With a loW 
concentration of impurities are formed. Further, in the 
semiconductor substrate 1 at positions laterally outside of 
the n' semiconductor regions 6a, n+ semiconductor regions 
6b doped With a high concentration of impurities are formed. 
Thus, source/drain regions 6 having LDD (Lightly Doped 
Drain) structures each composed of the n' semiconductor 
region 6a and the n+ semiconductor region 6b are formed in 
each of the transistors Tr1 and Tr2. 

[0040] In the semiconductor device according to this pre 
ferred embodiment, the gate electrode 4a of the high-voltage 
transistor Tr1 to Which a high supply voltage is applied is 
formed from a larger grain siZe, polysilicon layer having a 
larger average grain siZe. Accordingly, depletion of the gate 
electrode 4a easily occurs upon application of a gate voltage. 
This is due to the fact that in the larger grain siZe, polysilicon 
layer, the grain boundaries are reduced as compared With the 
smaller grain siZe, polysilicon layer, so that the diffusion of 
impurities in the gate electrode 4a is suppressed. The 
depletion of the gate electrode 4a is equivalent to increasing 
the ?lm thickness of the gate dielectric ?lm 3 in the 
high-voltage transistor Tr1. Although the high-voltage tran 
sistor Tr1 is required to have a thicker gate dielectric ?lm 3, 
an electrical effective ?lm thickness required by the gate 
dielectric ?lm 3 can be increased by utiliZing the depletion 
of the gate electrode 4a. 

[0041] In contrast, the gate electrode 4b of the high 
performance transistor Tr2 required to have a high speed and 
a large drive current is formed from a smaller grain siZe, 
polysilicon layer having a smaller average grain siZe. 
Accordingly, the grain boundaries are increased to cause 
easy diffusion of impurities in the gate electrode 4b. As a 
result, depletion of the gate electrode 4b hardly occurs upon 
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application of a gate voltage, and the electrical effective ?lm 
thickness of the gate dielectric ?lm 3 in the transistor Tr2 is 
maintained at a small value. Accordingly, hindrance to a 
high-speed operation due to the depletion of the gate elec 
trode 4b can be prevented to thereby realiZe a high speed and 
a large drive current. 

[0042] A manufacturing method for the semiconductor 
device according to the ?rst preferred embodiment men 
tioned above Will noW be described With reference to FIGS. 
2A to 2F. 

[0043] As shoWn in FIG. 2A, a gate dielectric ?lm 3 
having a thickness of about 2 nm, for example, is formed by 
thermal oxidation on a semiconductor substrate 1 in Which 
isolation dielectric ?lms 2 are formed by LOCOS (Local 
Oxidation of Silicon) or STI (ShalloW Trench Isolation) to 
thereby de?ne active regions. The oxidation conditions in 
this thermal oxidation are set so that the ?lm thickness of the 
oxide ?lm becomes small according to the high-performance 
transistor Tr2. 

[0044] As shoWn in FIG. 2B, amorphous silicon is depos 
ited on the gate dielectric ?lm 3 to form an amorphous 
silicon layer 4. The ?lm thickness of the amorphous silicon 
layer 4 is set to about 50 to 200 nm, for example. 

[0045] As shoWn in FIG. 2C, a resist R1 is patterned so as 
to open a region including the gate electrode 4a of the 
high-voltage transistor Tr1 to be formed later, and silicon 
ions are implanted into the amorphous silicon layer 4 by 
using the resist R1 as a mask. This implantation of silicon 
ions is performed With an implantation energy of 100 keV 
and a dose of 3><1015 to 5x1015 cm_2. The reason for this 
implantation of silicon ions is to retard the starting time for 
solid-phase epitaxy of the amorphous silicon layer 4 by 
annealing to be performed later. Such impurities having the 
above function are not limited to silicon ions, but include 
phosphorus ions and nitrogen ions. 

[0046] As shoWn in FIG. 2D, the resist R1 is removed, 
and annealing is next performed at a loW temperature for a 
long time to thereby cause solid-phase epitaxy of the amor 
phous silicon layer 4, thus making the amorphous silicon 
layer 4 polycrystalline. As a result, a larger grain siZe, 
polysilicon layer 4-1 and a smaller grain siZe, polysilicon 
layer 4-2 are obtained. The annealing mentioned above is 
performed at 600° C. for about 20 hours in an atmosphere of 
nitrogen, for example. 

[0047] The larger grain siZe, polysilicon layer 4-1 is 
formed by utiliZing the folloWing property. In the region of 
the amorphous silicon layer 4 Where silicon ions have been 
implanted, the starting time for solid-phase epitaxy of the 
amorphous silicon layer 4 by annealing is retarded more 
With an increase in the amount of the ions implanted. 
Accordingly, even at the time the amorphous silicon layer 4 
in the other region Where no silicon ions have been 
implanted are aggregated by annealing to become polycrys 
talline, the degree of aggregation in the amorphous silicon 
layer 4 in the region Where silicon ions have been implanted 
is still loW, so that a larger average grain siZe is obtained in 
this region. 

[0048] Thereafter, resists R2 are formed as masks by 
lithography at positions Where the gate electrodes 4a and 4b 
of the transistors Tr1 and Tr2 are to be formed later. 
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[0049] As shown in FIG. 2E, the polysilicon layers 4-1 
and 4-2 are dry-etched by using the resists R2 as masks. 
Thereafter, the resists R2 are removed. As a result, the gate 
electrode 4a is formed from the larger grain siZe, polysilicon 
layer 4-1, and the gate electrode 4b is formed from the 
smaller grain siZe, polysilicon layer 4-2. 

[0050] As shoWn in FIG. 2F, a loW concentration of 
phosphorus ions as an example of n-type impurities is 
implanted into the semiconductor substrate 1 by using the 
gate electrodes 4a and 4b as masks to thereby form n' 
semiconductor regions 6a. Thereafter, a silicon oXide ?lm, 
for eXample, is deposited and neXt etched back to thereby 
form sideWall dielectric ?lms 5 on the side surfaces of the 
gate electrodes 4a and 4b. 

[0051] As the subsequent step, a high concentration of 
phosphorus ions as an eXample of n-type impurities is 
implanted into the semiconductor substrate 1 by using the 
gate electrodes 4a and 4b and the sideWall dielectric ?lms 5 
as masks to thereby form n+ semiconductor regions 6b as 
shoWn in FIG. 1. As a result, source/drain regions 6 having 
LDD structures are formed. Finally, portions of the gate 
dielectric ?lm 3 present on the source/drain regions 6 are 
removed to thereby manufacture the semiconductor device 
shoWn in FIG. 1. 

[0052] According to the manufacturing method for the 
semiconductor device according to this preferred embodi 
ment, the larger grain siZe, polysilicon layer 4-1 formed by 
implanting impurities to retard the starting time for solid 
phase epitaXy by annealing is used for the gate electrode 4a 
of the high-voltage transistor Tr1. Accordingly, the depletion 
of the gate electrode 4a easily occurs and the gate dielectric 
?lm 3 in the transistor Tr1 can be obtained With a larger 
electrical effective ?lm thickness. 

[0053] In contrast, the smaller grain siZe, polysilicon layer 
4-2 is used for the gate electrode 4b of the high-performance 
transistor Tr2, so that the electrical effective ?lm thickness 
of the gate dielectric ?lm 3 in the transistor Tr2 can be 
maintained at a small value. 

[0054] Accordingly, the transistors Tr1 and Tr2 of differ 
ent types can be fabricated ef?ciently and simultaneously on 
the same substrate With the performance of each transistor 
being maintained. 

[0055] (Second Preferred Embodiment) 
[0056] There Will noW be described a semiconductor 
device according to a second preferred embodiment Wherein 
a transistor and a capacitor are formed on the same substrate. 

In the second preferred embodiment, the same parts as those 
in the ?rst preferred embodiment are denoted by the same 
reference numerals, and the description thereof Will be 
omitted herein. FIG. 3 is a sectional vieW of the semicon 
ductor device according to the second preferred embodi 
ment. 

[0057] As shoWn in FIG. 3, a high-performance transistor 
Tr2 having a high speed and a large drive current is formed 
in one active region of a semiconductor substrate 1, and a 
capacitor Ca is formed in the other active region of the 
semiconductor substrate 1. 

[0058] The capacitor Ca is composed of a loWer electrode 
7 formed in the semiconductor substrate 1 and containing a 
high concentration of n-type impurities, for eXample, a 
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capacitive dielectric ?lm 3c formed on the loWer electrode 
7, and an upper electrode (capacitor electrode) 4c formed on 
the capacitive dielectric ?lm 3c. 

[0059] In this preferred embodiment, the gate dielectric 
?lm 3b of the transistor Tr2 and the capacitive dielectric ?lm 
3c of the capacitor Ca are formed simultaneously, and their 
physical ?lm thicknesses are substantially equal to each 
other. 

[0060] The gate electrode 4b of the transistor Tr2 is 
formed from a smaller grain siZe, polysilicon layer having a 
smaller average grain siZe, and the upper electrode 4c of the 
capacitor Ca is formed from a larger grain siZe, polysilicon 
layer having a larger average grain siZe. The gate electrode 
4b and the upper electrode 4c are formed simultaneously. 

[0061] In the semiconductor device according to this pre 
ferred embodiment, the upper electrode 4c of the high 
voltage capacitor Ca having a high breakdoWn voltage 
according to a capacitor voltage is formed from a larger 
grain siZe, polysilicon layer having a larger average grain 
siZe. Accordingly, depletion of the upper electrode 4c easily 
occurs upon application of a voltage. The depletion of the 
upper electrode 4c is equivalent to increasing the ?lm 
thickness of the capacitive dielectric ?lm 3c. Although the 
capacitor Ca is required to have a thicker capacitive dielec 
tric ?lm Whose thickness is large enough to Withstand a high 
voltage, an electrical effective ?lm thickness required by the 
capacitive dielectric ?lm 3c can be increased by utiliZing the 
depletion of the upper electrode 4c. 

[0062] In contrast, the gate electrode 4b of the high 
performance transistor Tr2 required to have a high speed and 
a large drive current is formed from a smaller grain siZe, 
polysilicon layer having a smaller average grain siZe, in 
Which depletion of the gate electrode 4b hardly occurs, so 
that the electrical effective ?lm thickness of the gate dielec 
tric ?lm 3b is maintained at a small value. Accordingly, 
hindrance to a high-speed operation due to the depletion of 
the gate electrode 4b can be prevented to thereby realiZe a 
high speed and a large drive current. 

[0063] A manufacturing method for the semiconductor 
device according to the second preferred embodiment men 
tioned above Will noW be described With reference to FIGS. 
4A to 4F. 

[0064] As shoWn in FIG. 4A, a sacri?cial ?lm 8 of silicon 
oXide is formed by thermal oxidation on a semiconductor 
substrate 1 in Which isolation dielectric ?lms 2 are formed 
by LOCOS or STI to thereby de?ne active regions. The ?lm 
thickness of the sacri?cial ?lm 8 is set to about 8 nm, for 
eXample. Thereafter, a resist R3 is patterned so as to open a 
capacitor forming region, and impurity ions are implanted 
into the semiconductor substrate 1 by using the resist R3 as 
a mask to thereby form a loWer electrode 7. While the 
dosage in this ion implantation is set so as to form a 
suf?cient n+ or p+ doped region in the semiconductor 
substrate 1, an increase in gate leakage current or an increase 
in crystal defect due to eXcess dosage must be avoided to 
ensure reliability. For eXample, arsenic ions as the impurity 
ions are implanted With an implantation energy of 70 keV 
and a dose of 1><1015 cm_2. 

[0065] As shoWn in FIG. 4B, the resist R3 is removed and 
the sacri?cial ?lm 8 is also removed by using hydro?uoric 
acid or the like. Thereafter, a dielectric ?lm 3 is formed by 
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thermal oxidation on the semiconductor substrate 1 as the 
gate electric ?lm 3b of the transistor Tr2 and the capacitive 
dielectric ?lm 3c of the capacitor Ca to be formed later for 
each. The oxidation conditions in this thermal oxidation are 
set so that the ?lm thickness of the oxide ?lm becomes small 
according to the high-performance transistor Tr2. 

[0066] Thereafter, amorphous silicon is deposited on the 
dielectric ?lm 3 by CVD to form an amorphous silicon layer 
4 having a ?lm thickness of about 50 to 200 nm, for 
example. 

[0067] The subsequent steps are similar to the steps shoWn 
in FIGS. 2C to 2F of the ?rst preferred embodiment. 

[0068] As shoWn in FIG. 4C, a resist R4 is patterned so as 
to open a region including the upper electrode 4c of the 
high-voltage capacitor Ca to be formed later, and silicon ions 
are implanted into the amorphous silicon layer 4 by using the 
resist R4 as a mask. The conditions for this ion implantation 
are similar to those in the ?rst preferred embodiment. 
Further, silicon ions may be replaced by phosphorus or 
nitrogen ions. 

[0069] As shoWn in FIG. 4D, the resist R4 is removed, 
and annealing is next performed at a loW temperature for a 
long time to thereby cause solid-phase epitaxy of the amor 
phous silicon layer 4, thus making the amorphous silicon 
layer 4 polycrystalline. As a result, a larger grain siZe, 
polysilicon layer 4-1 and a smaller grain siZe, polysilicon 
layer 4-2 are obtained on the principle similar to that in the 
?rst preferred embodiment. The annealing mentioned above 
is performed at about 600° C. for about 20 hours in an 
atmosphere of nitrogen, for example. 

[0070] Thereafter, resists R5 are formed as masks by 
lithography at positions Where the gate electrode 4b of the 
transistor Tr2 and the upper electrode 4c of the capacitor Ca 
are to be formed later. 

[0071] As shoWn in FIG. 4E, the polysilicon layers 4-1 
and 4-2 are dry-etched by using the resists R5 as masks. 
Thereafter, the resists R5 are removed. As a result, the upper 
electrode 4c is formed from the larger grain siZe, polysilicon 
layer 4-1, and the gate electrode 4b is formed from the 
smaller grain siZe, polysilicon layer 4-2. 

[0072] As shoWn in FIG. 4F, a loW concentration of 
phosphorus ions as an example of n-type impurities is 
implanted into the semiconductor substrate 1 by using the 
gate electrode 4b as a mask in the condition Where the 
capacitor forming region is masked With a resist (not 
shoWn), thereby forming n' semiconductor regions 6a in the 
transistor forming region. After removing this resist, a 
silicon oxide ?lm, for example, is deposited and next etched 
back to thereby form a sideWall dielectric ?lm 5 on the side 
surface of the gate electrode 4b. 

[0073] As the subsequent step, a high concentration of 
phosphorus ions as an example of n-type impurities is 
implanted into the semiconductor substrate 1 by using the 
gate electrode 4b and the sideWall dielectric ?lm 5 as masks 
in the condition Where the capacitor forming region is 
masked With a resist (not shoWn), thereby forming n+ 
semiconductor regions 6b in the transistor forming region as 
shoWn in FIG. 3. As a result, source/drain regions 6 having 
LDD structures are formed. Finally, an exposed portion of 
the dielectric ?lm 3 is removed to obtain the gate dielectric 
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?lm 3b of the transistor Tr2 and the capacitive dielectric ?lm 
3c of the capacitor Ca, thereby manufacturing the semicon 
ductor device shoWn in FIG. 3. 

[0074] According to the manufacturing method for the 
semiconductor device according to this preferred embodi 
ment, the larger grain siZe, polysilicon layer 4-1 is formed by 
implanting impurities to retard the starting time for solid 
phase epitaxy by annealing, and the upper electrode 4c of the 
capacitor Ca is formed from this larger grain siZe, polysili 
con layer 4-1. Accordingly, the depletion of the upper 
electrode 4c easily occurs and the capacitive dielectric ?lm 
3c of the capacitor Ca can be obtained With a larger electrical 
effective ?lm thickness. 

[0075] In contrast, the smaller grain siZe, polysilicon layer 
4-2 is used for the gate electrode 4b of the high-performance 
transistor Tr2, so that the electrical effective ?lm thickness 
of the gate dielectric ?lm 3b can be maintained at a small 
value. 

[0076] Accordingly, the high-performance transistor Tr2 
and the capacitor Ca using different supply voltages can be 
fabricated ef?ciently and simultaneously on the same sub 
strate With the performance of the transistor Tr2 being 
maintained. 

[0077] (Third Preferred Embodiment) 
[0078] In the fabrication of the transistors having the gate 
dielectric ?lms different in electrical effective ?lm thickness 
as described in the ?rst preferred embodiment, the formation 
of the polysilicon layers having different average grain siZes 
is attained by laser annealing in the third preferred embodi 
ment. The third preferred embodiment is different from the 
?rst preferred embodiment in only the steps shoWn in FIGS. 
2C and 2D, so only different steps Will noW be described 
and the description of the other steps Will be omitted herein. 

[0079] In the step shoWn in FIG. 2C, a metal mask R1 is 
formed so as to open a region including the gate electrode 4a 
of the high-voltage transistor Tr1 to be formed later and to 
protect the other region, and laser light is directed to the 
amorphous silicon layer 4 With the metal mask R1 used as 
a mask. For example, excimer laser light having a Wave 
length of 248.7 nm is directed by adopting such as ?ash lamp 
annealing. 

[0080] Accordingly, the exposed portion of the amorphous 
silicon layer 4 is melted by irradiation With the laser light, 
and the melted silicon layer 4 is solidi?ed in a planar 
direction to effect crystal groWth, thereby obtaining a larger 
grain siZe, polysilicon layer 4-1 having a larger average 
grain siZe and excellent uniformity. 

[0081] As shoWn in FIG. 2D, the metal mask R1 is 
removed, and annealing is next performed at a loW tempera 
ture for a long time to thereby cause solid-phase epitaxy of 
the remaining unirradiated portion of the amorphous silicon 
layer 4, thus making this portion polycrystalline. As a result, 
a smaller grain siZe, polysilicon layer 4-2 corresponding to 
this portion is obtained. In this manner, the larger grain siZe, 
polysilicon layer 4-1 is formed in the region for forming the 
transistor Tr1 and the smaller grain siZe, polysilicon layer 
4-2 is formed in the region for forming the transistor Tr2. 
The annealing for obtaining the polysilicon layer 4-2 is 
performed at about 600° C. for about 20 hours in an 
atmosphere of nitrogen, for example. 
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[0082] As a modi?cation, the annealing for obtaining the 
polysilicon layer 4-2 may be performed before the laser 
annealing for obtaining the polysilicon layer 4-1. In this 
case, the annealing for obtaining the polysilicon layer 4-2 is 
suitably performed at a temperature less than or equal to a 
crystallization temperature, e.g., at 350 to 500° C. for about 
1 hour. 

[0083] Thereafter, resists R2 are formed as masks by 
lithography at positions Where the gate electrodes 4a and 4b 
of the transistors Trl and Tr2 are to be formed later. 
Thereafter, the steps shoWn in FIGS. 2E and 2F are carried 
out as in the ?rst preferred embodiment, thereby manufac 
turing the semiconductor device according to the third 
preferred embodiment. 

[0084] According to the manufacturing method for the 
semiconductor device according to this preferred embodi 
ment, the larger grain siZe, polysilicon layer 4-1 is formed by 
the crystal groWth effected by irradiation With laser light, 
and the gate electrode 4a of the high-voltage transistor Trl 
is formed from the larger grain siZe, polysilicon layer 4-1. 
Accordingly, the depletion of the gate electrode 4a easily 
occurs and the gate dielectric ?lm 3 in the transistor Trl can 
be obtained With a larger electrical effective ?lm thickness. 

[0085] In contrast, the smaller grain siZe, polysilicon layer 
4-2 is formed by annealing, and the gate electrode 4b of the 
high-performance transistor Tr2 is formed from the smaller 
grain siZe, polysilicon layer 4-2. Accordingly, the electrical 
effective ?lm thickness of the gate dielectric ?lm 3 in the 
transistor Tr2 can be maintained at a small value. 

[0086] Accordingly, the transistors Trl and Tr2 of differ 
ent types can be fabricated ef?ciently and simultaneously on 
the same substrate With the performance of each transistor 
being maintained. 

[0087] (Fourth Preferred Embodiment) 

[0088] In the fabrication of the transistor having the gate 
dielectric ?lm and the capacitor having the capacitive dielec 
tric ?lm different in electrical effective ?lm thickness as 
described in the second preferred embodiment, the forma 
tion of the polysilicon layers having different average grain 
siZes is attained by laser annealing in the fourth preferred 
embodiment. The fourth preferred embodiment is different 
from the second preferred embodiment in only the steps 
shoWn in FIGS. 4C and 4D, so only different steps Will noW 
be described and the description of the other steps Will be 
omitted herein. 

[0089] In the step shoWn in FIG. 4C, a metal mask R4 is 
formed so as to open a region including the upper electrode 
4c of the high-voltage capacitor Ca to be formed later and to 
protect the other region, and laser light is directed to the 
amorphous silicon layer 4 With the metal mask R4 used as 
a mask. For example, excimer laser light having a Wave 
length of 248.7 nm is directed by adopting such as ?ash lamp 
annealing. 

[0090] Accordingly, the exposed portion of the amorphous 
silicon layer 4 is melted by irradiation With the laser light, 
and the melted silicon layer 4 is solidi?ed in a planar 
direction to effect crystal groWth, thereby obtaining a larger 
grain siZe, polysilicon layer 4-1 having a larger average 
grain siZe and excellent uniformity. 
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[0091] As shoWn in FIG. 4D, the metal mask R4 is 
removed, and annealing is next performed at a loW tempera 
ture for a long time to thereby cause solid-phase epitaxy of 
the remaining unirradiated portion of the amorphous silicon 
layer 4, thus making this portion polycrystalline. As a result, 
a smaller grain siZe, polysilicon layer 4-2 corresponding to 
this portion is obtained. In this manner, the larger grain siZe, 
polysilicon layer 4-1 is formed in the region for forming the 
capacitor Ca and the smaller grain siZe, polysilicon layer 4-2 
is formed in the region for forming the transistor Tr2. The 
annealing for obtaining the polysilicon layer 4-2 is per 
formed at about 600° C. for about 20 hours in an atmosphere 
of nitrogen, for example. 

[0092] As a modi?cation, the annealing for obtaining the 
polysilicon layer 4-2 may be performed before the laser 
annealing for obtaining the polysilicon layer 4-1. In this 
case, the annealing for obtaining the polysilicon layer 4-2 is 
suitably performed at a temperature less than or equal to a 
crystalliZation temperature, e.g., at 350 to 500° C. for about 
1 hour. 

[0093] Thereafter, resists R5 are formed as masks by 
lithography at positions Where the upper electrode 4c of the 
capacitor Ca and the gate electrode 4b of the transistor Tr2 
are to be formed later. Thereafter, the steps shoWn in FIGS. 
4E and 4F are carried out as in the second preferred 
embodiment, thereby manufacturing the semiconductor 
device according to the fourth preferred embodiment. 

[0094] According to the manufacturing method for the 
semiconductor device according to this preferred embodi 
ment, the larger grain siZe, polysilicon layer 4-1 is formed by 
the crystal groWth effected by irradiation With laser light, 
and the upper electrode 4c of the high-voltage capacitor Ca 
is formed from the larger grain siZe, polysilicon layer 4-1. 
Accordingly, the depletion of the upper electrode 4c easily 
occurs and the capacitive dielectric ?lm 3c in the capacitor 
Ca can be obtained With a larger electrical effective ?lm 
thickness. 

[0095] In contrast, the smaller grain siZe, polysilicon layer 
4-2 is formed by annealing, and the gate electrode 4b of the 
high-performance transistor Tr2 is formed from the smaller 
grain siZe, polysilicon layer 4-2. Accordingly, the electrical 
effective ?lm thickness of the gate dielectric ?lm 3b in the 
transistor Tr2 can be maintained at a small value. 

[0096] Accordingly, the capacitor Ca and the transistor 
Tr2 using different supply voltages can be fabricated ef? 
ciently and simultaneously on the same substrate With the 
performance of the transistor Tr2 being maintained. 

[0097] The present invention is not limited to the above 
preferred embodiments. While the transistors Trl and Tr2 
are simultaneously formed on the same substrate in the ?rst 
and third preferred embodiments and the capacitor Ca and 
the transistor Tr2 are simultaneously formed on the same 
substrate in the second and fourth preferred embodiments, 
the transistors Trl and Tr2 and the capacitor Ca may be 
simultaneously formed on the same substrate. 

[0098] Further, the method of separately forming the gate 
dielectric ?lms in the transistors as described With reference 
to FIGS. 5A to 5D may be applied in combination. While 
the transistors Trl and Tr2 and the capacitor Ca have been 
described as examples of the semiconductor device, the 
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present invention is not limited to these examples. For 
example, the sidewall dielectric ?lms may be omitted. 

[0099] Further, the numeric values and materials men 
tioned in the above preferred embodiments are merely 
illustrative, and the present invention is not limited thereto. 

[0100] Various modi?cations may be made Without 
departing from the scope of the present invention. 

[0101] While the invention has been described With ref 
erence to speci?c embodiments, the description is illustra 
tive and is not to be construed as limiting the scope of the 
invention. Various modi?cations and changes may occur to 
those skilled in the art Without departing from the spirit and 
scope of the invention as de?ned by the appended claims. 

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

a semiconductor substrate; and 

a plurality of electronic elements formed on said semi 
conductor substrate, each of said electronic elements 
having an electrode and a dielectric ?lm interposed 
betWeen said semiconductor substrate and said elec 
trode; 

said dielectric ?lms of said electronic elements having 
different electrical effective ?lm thicknesses required; 

Wherein said electrodes of said electronic elements have 
different average grain siZes according to said different 
electrical effective ?lm thicknesses of said dielectric 
?lms of said electronic elements; and 

said different electrical effective ?lm thicknesses are 
controlled by depletion of said electrodes due to said 
different average grain siZes. 

2. The semiconductor device according to claim 1, 
Wherein said electronic elements comprise a plurality of 
transistors each having a gate electrode as said electrode and 
a gate dielectric ?lm as said dielectric ?lm. 

3. The semiconductor device according to claim 1, 
Wherein said electronic elements comprise 

a transistor having a gate electrode as said electrode and 
a gate dielectric ?lm as said dielectric ?lm, and 

a capacitor having a capacitor electrode as said electrode 
and a capacitive dielectric ?lm as said dielectric ?lm. 

4. A manufacturing method for a semiconductor device 
including a semiconductor substrate and a plurality of elec 
tronic elements formed on said semiconductor substrate, 
each of said electronic elements having an electrode and a 
dielectric ?lm interposed betWeen said semiconductor sub 
strate and said electrode; 

said dielectric ?lms of said electronic elements having 
different electrical effective ?lm thicknesses required; 

said manufacturing method comprising the steps of: 

forming said dielectric ?lm on said semiconductor sub 
strate; 

forming an amorphous semiconductor layer on said 
dielectric ?lm; 

converting said amorphous semiconductor layer into a 
polycrystalline semiconductor layer so that said poly 
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crystalline semiconductor layer has a plurality of 
regions having different average grain siZes so as to 
respectively correspond to said plurality of electronic 
elements; and 

processing said polycrystalline semiconductor layer to 
form a plurality of polycrystalline electrodes from said 
regions having said different average grain siZes. 

5. The manufacturing method according to claim 4, 
Wherein said converting step comprises the steps of: 

introducing impurities for suppressing the promotion of 
crystal groWth into said amorphous semiconductor 
layer at a region thereof corresponding to said elec 
tronic element Whose dielectric ?lm has a larger elec 
trical effective ?lm thickness; and 

annealing said amorphous semiconductor layer to convert 
it into a ?rst polycrystalline semiconductor layer hav 
ing a larger average grain siZe at said region Where said 
impurities have been introduced and a second poly 
crystalline semiconductor layer having a smaller aver 
age grain siZe at the other region. 

6. The manufacturing method according to claim 4, 
Wherein said converting step comprises the steps of: 

directing light having a predetermined energy to said 
amorphous semiconductor layer at a region thereof 
corresponding to said electronic element Whose dielec 
tric ?lm has a larger electrical effective ?lm thickness 
to thereby melt said amorphous semiconductor layer at 
said irradiated region and solidify said melted amor 
phous semiconductor layer at said irradiated region in 
a planar direction, thereby converting said irradiated 
region of said amorphous semiconductor layer into a 
?rst polycrystalline semiconductor layer having a 
larger average grain siZe; and 

annealing said amorphous semiconductor layer to thereby 
convert an unirradiated region of said amorphous semi 
conductor layer into a second polycrystalline semicon 
ductor layer having a smaller average grain siZe. 

7. The manufacturing method according to claim 4, 
Wherein said converting step comprises the steps of: 

annealing said amorphous semiconductor layer to thereby 
convert it into a polycrystalline semiconductor layer; 
and 

directing light having a predetermined energy to said 
polycrystalline semiconductor layer at a region thereof 
corresponding to said electronic element Whose dielec 
tric ?lm has a larger electrical effective ?lm thickness 
to thereby melt said polycrystalline semiconductor 
layer at said irradiated region and solidify said melted 
polycrystalline semiconductor layer at said irradiated 
region in a planar direction, thereby obtaining a poly 
crystalline semiconductor layer having a larger average 
grain siZe at said irradiated region. 

8. The manufacturing method according to claim 4, 
Wherein one of said electronic elements comprises a capaci 
tor, and said manufacturing method further comprises the 
step of forming a loWer electrode of said capacitor in said 
semiconductor substrate before said step of forming said 
dielectric ?lm on said semiconductor substrate. 


