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(57) ABSTRACT 

A method for fabricating a semiconductor device includes 
the steps of: forming a ?rst insulating ?lm on a semicon 
ductor substrate; removing part of the ?rst insulating ?lm; 
forming a second insulating ?lm having a leakage current 
density higher than that of the ?rst insulating ?lm on a 
region Where the part of the ?rst insulating ?lm has been 
removed on the semiconductor substrate; forming an 
undoped semiconductor ?lm on the ?rst and second insu 
lating ?lms; implanting an impurity into part of the undoped 
semiconductor ?lm; thereby de?ning semiconductor regions 
of a ?rst conductivity type dotted as discrete islands; form 
ing a third insulating ?lm on the semiconductor regions of 
the ?rst conductivity type and the undoped semiconductor 
?lm; and removing part of the third insulating ?lm by Wet 
etching. At least the second insulating ?lm is formed under 
the semiconductor regions of the ?rst conductivity type. 

708 

705 

Y ) 
711 709 



Patent Application Publication Jul. 22, 2004 Sheet 1 0f 16 US 2004/0140508 A1 

FIG. 1A 105 
104A 101ml“)4 
102 

102 101 

103 

FIG. 1B 

/'—103 

/ ) 
104A 1048 
%—J 

104 





Patent Application Publication Jul. 22, 2004 Sheet 3 0f 16 

SURFACE DENSITY OF POLYSILICON DISAPPEARANCE 

US 2004/0140508 A1 

FIG. 3 

_ _ _ _ _ J u _ _ _ -.1 

104A 104B 104C 

104 

FIG. 4 

(cm-2) 
90 

80 

70 

60 

50 

4O 

30 

20 

10 

AVERAGE CURRENT DENSITY OF LEAKAGE CURRENT 



Patent Application Publication Jul. 22, 2004 Sheet 4 0f 16 US 2004/0140508 A1 

FlG.5A . 204 20% 
203B 203 

202 
201 

FIG.5B 

I 
\ I 
/ ) 

203A 2038 
\___\,_-—J 

203 

FIG.5C 

I I 

\ f \ 
/ / 

203A 203B 203C 
\,__Y_——J 



Patent Application Publication Jul. 22, 2004 Sheet 5 0f 16 US 2004/0140508 A1 

FIG. 6A 

305 
304A 304B}304 
302 

302 301 

303 

FIG. 6B 

§-----E_/»303 

304 





Patent Application Publication Jul. 22, 2004 Sheet 7 0f 16 US 2004/0140508 A1 

FIG. 8 

304B 304A 

354 



Patent Application Publication Jul. 22, 2004 Sheet 8 0f 16 US 2004/0140508 A1 

FIG. 9A 404 403A 

403B}4O3 
402 
401 

FIG. 9B 

1 
\ ( 
/ l 

403A 403B 
;_?—_—/ 

403 

FIG. 9C 

I 
\ 1 
/ ) 

403 



Patent Application Publication Jul. 22, 2004 Sheet 9 0f 16 US 2004/0140508 A1 

PIG. 10A i 
A 50313 

_//\//////\L///,\ 5 @502 
"r x 5 X / i ~501 
563 562 563 562 563 

502“ 

FIG. 10B 
504A’ 504A’ 5048’ 

_) ( ( ( x505 

502“ 1 , If i \ JJ 1 Q1 _V502 
s X A? ~51 

503 503 502 503 

FIG. 10C 
504A’ 504A’ 504B’ 

“Tl ( U ( K _:505 
( / \ 

502 y I f ) \ I , 5 1 502 

K, 562/ S / K, ~501 
503 503 502 503 

FIG. 10D . 

504A’ 505 5084A’ 534B’ 
502 4 g \ // X 502 

563 563 562 563 



Patent Application Publication Jul. 22, 2004 Sheet 10 0f 16 US 2004/0140508 A1 

////// // \“\\ 
FIG. 11A 

~602 
/ / / “I601 

PIG. 11B 

60\3A’ esqsA’ 60\3B’ 
J / ( ( K x604 

“#602 
/ / - x601 

FIG. 11C 
60\3A’ 60\3A’ 60\3B’ 

_ . ( / ( ( ~604 

~602 
/ 601 

FIG. 11D 
603A’ 604 603A’ 633B’ 

// \\ x602 
/ / / / / / / ~601 



Patent Application Publication Jul. 22, 2004 Sheet 11 0f 16 US 2004/0140508 A1 

mow HS Ho» mow Now c2. 

1 I 
I 1 l 

I I I I 

I I I I 
I I I I 

Ew¥\\% 
.H.n //////////V/ 

we» 

N? \\\\\\\\\\\\\\\A. 

1 / / x / I / 1.. 

umxx x 
>3 awn/,4“. m3 

..n,//.. H. 11/ .1 

HH-r / I h.. 
/ / I ..u l l 1... 

I l I f 
/ / . 

woN~ 

NH .0; 



Patent Application Publication Jul. 22, 2004 Sheet 12 0f 16 US 2004/0140508 A1 

F 
I I 

I I I. I 
1 1 I 1 

1 r I 1 
I I I I 

I I 1 1 mow 

J.“ / / I -' / / I 

2 .0; 



Patent Application Publication Jul. 22, 2004 Sheet 13 0f 16 US 2004/0140508 A1 

gm mom moo @0@ wow 3m mom mom ‘ 03 
f r A v y f K x \ 

3 \/\ WM \M \ \ § 
E _ 5 

gm @NMQ \ \ 
@8 $8 $8 @8 Q? 2a 

25 

2m 5a M8 N8 25 

\ \ \\ 

mwom <35 wow 

m3 .QZ <3 .0: 



Patent Application Publication Jul. 22, 2004 Sheet 14 0f 16 US 2004/0140508 A1 

@02 woo? woo? @oVoH 82 N02 002 

m2: m2: \\ \\\ \\ a. 

mag ; 

o m 02 <22 moi x . co m 0H m >02 w H 

moi 

32 N02 ooo? 

mmooH <mo2 moi 

m2 d: <mH .0; 



Patent Application Publication Jul. 22, 2004 Sheet 15 0f 16 US 2004/0140508 A1 

~12 1 \1 
/ ~11 

\ \ \ \ \ \ 
\ \ \ \ \ \ \ 

§\\\\\\\\\\\\\\\ I ~12 
l X l’ I 

l J X /5 ~11 
13B 14 13A 13B 

PIG-16C 5255522 5525255 iiiiiiiiww 
\ \ \ \ \ \ \ \ \ \ 

\ \ \ \ 

\ \ \ \ \ \ \ \ \\\\\ 
\ \ \ \ \ \ \ \ \ 1 \ \ 

/ / ~16 

~12 
Y)? 11 

FIG. 16D 14 

\ l\ 
A 

I 

13B 



Patent Application Publication Jul. 22, 2004 Sheet 16 0f 16 US 2004/0140508 A1 

FIG. 17A 24 
23A 231%}23 
22 
21 

FIG. 17B 

5315555553555 26 /\23A}23 )2] I fZBB 
f22 

FIG. 17C 



US 2004/0140508 A1 

SEMICONDUCTOR DEVICE AND METHOD FOR 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] A conventional semiconductor device and a con 
ventional method for fabricating the device Will be described 
With reference to FIGS. 16A through 16D. 

[0002] FIGS. 16A through 16D are cross-sectional vieWs 
showing respective process steps of a method for fabricating 
the conventional semiconductor device. 

[0003] First, as shoWn in FIG. 16A, a silicon oXide ?lm 12 
is formed on a silicon substrate 11, a polysilicon ?lm 13 is 
deposited over the silicon oXide ?lm 12, and then dopants 
such as boron and phosphorus are implanted, thereby de?n 
ing a p-type semiconductor region 13A and an n-type 
semiconductor region 13B in the polysilicon ?lm 13. Sub 
sequently, a silicon oXide ?lm 14 is deposited over the 
polysilicon ?lm 13, and then patterning is performed such 
that part of the silicon oXide ?lm 14 remains only on a 
portion Where a polysilicon resistor or a capacitor is to be 
formed. Thereafter, as shoWn in FIG. 16B, 3 TiN ?lm 15 and 
a W ?lm 16 are deposited in this order as a metal ?lm, and 
then a SiN ?lm 17 is deposited under a reduced pressure. 
Then, as shoWn in FIG. 16C, patterning is performed such 
that a resist 18 remains on portions to be both edges of a 
polysilicon resistor, a portion to be a gate electrode and a 
portion to be a capacitor. Thereafter, the SiN ?lm 17 is 
patterned by dry etching to serve as a hard mask. 

[0004] Next, as shoWn in FIG. 16D, the resist 18 is 
removed, and then dry etching is performed, so that a gate 
electrode With a normal polymetal gate structure is formed 
on a portion Where the SiN ?lm 17 remains and the silicon 
oXide ?lm 14 does not remain after the patterning (see 
right-hand end of FIG. 16D), a polysilicon resistor in Which 
the polysilicon ?lm 13 is located under the silicon oXide ?lm 
14 With the silicon oXide ?lm 14 serving as a hard mask is 
formed on a portion Where the SiN ?lm 17 does not remain 
and the silicon oXide ?lm 14 remains after the patterning 
(see the middle of FIG. 16D), and a capacitor is formed 
together With the gate electrode and the polysilicon resistor 
(see the light-hand end of FIG. 16D). The polysilicon 
resistor has polymetal gate structures at both ends thereof, 
and Wiring is connected to these ends in a subsequent 
process step (not shoWn). With respect to the capacitor, the 
silicon oXide ?lm 14 is used as a capacitive insulating ?lm 
by connecting Wiring to the metal ?lm. 

[0005] In this manner, the polysilicon resistor, the capaci 
tor and the gate electrode are formed (up to this process, see 
Japanese Laid-Open Publication No. 09-82896, for 
example). 
[0006] HoWever, We further studied the process for fabri 
cating the polysilicon resistor, the capacitor and the gate 
electrode to ?nd out the folloWing problems. 

[0007] FIGS. 17A through 17C are vieWs for explaining 
problems arising in the process for fabricating the conven 
tional polysilicon resistor, capacitor and gate electrode. 
FIGS. 17A and 17B are cross-sectional vieWs and FIG. 
17C shoWs an SEM image and an FIB image. 

[0008] First, as shoWn in FIG. 17A, a silicon oXide ?lm 22 
is formed on a silicon substrate 21, a polysilicon ?lm 23 is 
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deposited over the silicon oXide ?lm 22, and boron ions are 
implanted using a resist pattern as a mask, thereby de?ning 
a p-type semiconductor region 23A in the shape of an island 
in the polysilicon ?lm 23. Subsequently, a silicon oXide ?lm 
24 is deposited on the polysilicon ?lm 23 and is subjected to 
heat treatment at 750° C. At this time, the p-type semicon 
ductor region 23A is vertically sandWiched betWeen the 
underlying silicon oXide ?lm 22 and the overlying silicon 
oXide ?lm 24 and is horiZontally surrounded With an 
undoped semiconductor region 23B. That is to say, consid 
ering that an undoped silicon ?lm constituting the undoped 
semiconductor region 23B is substantially considered as an 
insulating ?lm, the p-type semiconductor region 23A is 
completely surrounded With insulating ?lms on all sides 
vertically and horiZontally. 

[0009] In this case, We found that When a resist 25 is 
patterned and then the silicon oXide ?lm 24 on the p-type 
semiconductor region 23A is etched using the resist pattern 
as a mask, polysilicon in the p-type semiconductor region 
23A disappears to form a hole 26, as shoWn in FIG. 17B. 
This disappearance of polysilicon is noticeable in a case 
Where an undoped silicon oXide ?lm formed under sub 
atmospheric conditions is used as the silicon oXide ?lm 24. 

[0010] As shoWn in FIG. 17C, according to observation 
results from the SEM image and the FIB image Which shoW 
the hole 26 formed due to the disappearance of polysilicon, 
polysilicon disappears over a distance of several microns, 
and this disappearance of polysilicon is observed in the 
p-type semiconductor region 23A or at the boundary 
betWeen the p-type semiconductor region 23A and the 
no-doped semiconductor region 23B. The disappearance of 
polysilicon is observed at a surface density of about 20 
(cm-2). The disappearance of polysilicon causes the fault 
that the gate opens and a short-circuit fault at the gate due 
to entering of metal into a portion Where polysilicon has 
disappeared. The disappearance of polysilicon also reduces 
the thickness of the gate oXide ?lm to make the insulating 
property deteriorate so that reliability is reduced as Well as 
a short-circuit fault betWeen the gate electrode and the 
silicon substrate 21 occurs. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide a semiconductor device in Which the disappearance 
of polysilicon is prevented and a method for fabricating the 
semiconductor device. 

[0012] In order to achieve this object, We eXamined con 
ditions under Which the disappearance of polysilicon occurs. 

[0013] We prepared a sample by the folloWing manner. 
First, a polysilicon ?lm Was deposited over a silicon sub 
strate With an oXide ?lm With a thickness of 7 nm interposed 
therebetWeen, and then boron ions Were implanted using a 
resist pattern as a mask, thereby de?ning an island p-type 
polysilicon region. Subsequently, a silicon oXide ?lm Was 
deposited and then the resultant sample Was subjected to 
heat treatment at 750° C. and then to a process using a 
buffered hydro?uoric acid. At this time, a part of polysilicon 
had disappeared over the entire surface of the sample at a 
surface density of about 20 (cm' HoWever, We found that, 
When the thickness of the oXide ?lm under the polysilicon 
?lm Was 2.6 nm, polysilicon did not disappear at all. 
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[0014] From the foregoing ?nding, it turned out that 
polysilicon does not disappear if the oxide ?lm under the 
polysilicon ?lm is very thin. 

[0015] In vieW of this, We concluded that con?nement of 
charge Within the p-type polysilicon region is a cause of the 
disappearance of polysilicon. Speci?cally, our conclusion is 
as folloWs: When a Wafer is charged With the p-type poly 
silicon region surrounded With thick insulating ?lms and an 
undoped silicon ?lm on all sides vertically and horiZontally, 
charge is con?ned Within the p-type polysilicon region and 
Will not be emitted from the region in subsequent process 
steps, so that the con?ned charge becomes a cause of the 
disappearance of polysilicon. HoWever, in a case Where the 
oXide ?lm is so thin as to alloW tunneling of charge, even if 
charge is con?ned Within the p-type polysilicon region, the 
charge is emitted toWard the silicon substrate through the 
thin oXide ?lm, resulting in that the p-type polysilicon region 
is not charged any more and polysilicon does not disappear. 
It is considered that the silicon substrate is charged by 
friction or the like in various processes such as plasma 
processing or in transferring the silicon substrate. 

[0016] The reason Why charge is a cause of the disappear 
ance of polysilicon is not clear but it can be concluded that 
the disappearance of polysilicon is caused by the same 
mechanism as that of silicon anodiZation, i.e., formation of 
porous silicon or electro polishing. 

[0017] AnodiZation is a phenomenon in Which silicon is 
etched When a silicon substrate and an electrode of a noble 
metal such as Pt are disposed at the anode and cathode, 
respectively, and then are energiZed in a hydro?uoric acid. 
The mechanism thereof is considered to be that strong 
covalent bonds betWeen silicon atoms are Weakened by the 
presence of charge and thereby silicon is etched With the 
hydro?uoric acid (ref. R. L. Smith and S. D. Collins, J. Appl. 
Phys. 71 (1992) R1). 

[0018] The disappearance of polysilicon described above 
is considered to be caused by a mechanism similar to that of 
the above phenomenon. Speci?cally, if the p-type polysili 
con region is surrounded With insulating ?lms and an 
undoped silicon ?lm, charge generated through processing is 
not emitted from the p-type polysilicon region but con?ned 
Within this region. If etching is performed using a buffered 
hydro?uoric acid in this state, the insulating ?lm on top of 
the polysilicon ?lm is etched ?rst, but at the moment at 
Which any portion of the p-type polysilicon region is 
eXposed, the charge is emitted toWard the buffered hydrof 
luoric acid and polysilicon is etched simultaneously With 
this emission. It is considered that the disappearance of 
polysilicon occurs as a result of the above process. 

[0019] In addition, it is also considered that the disappear 
ance of polysilicon described above also occurs in a case 
Where there is no net electri?cation in the p-type polysilicon 
region. This is considered to be basically because of anod 
iZation based on emission of charge from the p-type poly 
silicon region toWard the etchant. That is to say, it is 
considered that a difference in Fermi-level betWeen the 
etchant and the p-type polysilicon region causes transfer of 
charge at the moment of the contact therebetWeen, so that 
charge is emitted and polysilicon disappears. 

[0020] The disappearance of polysilicon in this case 
occurs not only in a case Where the p-type polysilicon region 
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is surrounded With the undoped polysilicon region but also 
in cases Where an n-type polysilicon region is surrounded 
With an undoped polysilicon region, Where a p-type poly 
silicon region is surrounded With an n-type polysilicon 
region and Where an n-type polysilicon region is surrounded 
With a p-type polysilicon region. 

[0021] In vieW of this, to achieve the above object, an 
inventive ?rst method for fabricating a semiconductor 
device includes the steps of: forming a ?rst insulating ?lm 
on a semiconductor substrate; removing part of the ?rst 
insulating ?lm; forming a second insulating ?lm having a 
leakage current density higher than that of the ?rst insulating 
?lm on a region Where the part of the ?rst insulating ?lm has 
been removed on the semiconductor substrate; forming an 
undoped semiconductor ?lm on the ?rst and second insu 
lating ?lms; implanting an impurity into part of the undoped 
semiconductor ?lm, thereby de?ning semiconductor regions 
of a ?rst conductivity type dotted as discrete islands; form 
ing a third insulating ?lm on the semiconductor regions of 
the ?rst conductivity type and the undoped semiconductor 
?lm; and removing part of the third insulating ?lm by Wet 
etching, Wherein at least the second insulating ?lm is formed 
under the semiconductor regions of the ?rst conductivity 
type. 
[0022] With the ?rst inventive method, the second insu 
lating ?lm alloWs charge in the semiconductor regions of the 
?rst conductivity type to be emitted to the outside of the ?rst 
and second insulating ?lms, so that it is possible to prevent 
the disappearance of polysilicon Which occurs When any part 
of the semiconductor regions of the ?rst conductivity type is 
eXposed during the removal of part of the third insulating 
?lm by Wet etching. 
[0023] The ?rst inventive method preferably further 
includes the step of implanting an impurity into the undoped 
semiconductor ?lm to de?ne a semiconductor region of a 
second conductivity type such that the semiconductor region 
of the second conductivity type is adjacent to the semicon 
ductor regions of the ?rst conductivity type. The step of 
forming the third insulating ?lm is preferably the step of 
forming the third insulating ?lm on the semiconductor 
regions of the ?rst conductivity type, the semiconductor 
region of the second conductivity type and the undoped 
semiconductor ?lm. At least the second insulating ?lm is 
preferably formed under the semiconductor region of the 
second conductivity type. 
[0024] Then, the second insulating ?lm also alloWs charge 
in the semiconductor region of the second conductivity type 
to be emitted to the outside of the ?rst and second insulating 
?lms, so that it is possible to prevent the disappearance of 
polysilicon Which occurs When any part of the semiconduc 
tor region of the second conductivity type is eXposed during 
the removal of part of the third insulating ?lm by Wet 
etching. 
[0025] In the ?rst inventive method, the average density of 
leakage current from the semiconductor regions of the ?rst 
conductivity type to the outside of the ?rst and second 
insulating ?lms preferably has an absolute value of 1x10“10 
(A/mm2) or more in at least one polarity When the potential 
difference betWeen the semiconductor regions of the ?rst 
conductivity type and the outside of the ?rst and second 
insulating ?lms has an absolute value of 1.5 V. 

[0026] Then, the disappearance of polysilicon is prevented 
effectively. 
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[0027] In the ?rst inventive method, the average density of 
leakage current from the semiconductor region of the second 
conductivity type to the outside of the ?rst and second 
insulating ?lms preferably has an absolute value of 1x10-10 
(A/mm2) or more in at least one polarity When the potential 
difference betWeen the semiconductor region of the second 
conductivity type and the outside of the ?rst and second 
insulating ?lms has an absolute value of 1.5 V. 

[0028] Then, the disappearance of polysilicon is prevented 
effectively. 

[0029] In the ?rst inventive method, the Wet etching is 
preferably performed With a chemical solution containing 
?uorine ions. 

[0030] A second inventive method for fabricating a semi 
conductor device includes the steps of: forming a ?rst 
insulating ?lm on a semiconductor substrate; forming an 
undoped semiconductor ?lm on the ?rst insulating ?lm; 
implanting an impurity into part of the undoped semicon 
ductor ?lm, thereby de?ning semiconductor regions of a ?rst 
conductivity type dotted as discrete islands; forming, at least 
on the semiconductor regions of the ?rst conductivity type, 
a second insulating ?lm having a leakage current density 
higher than that of the ?rst insulating ?lm; and removing 
part of the second insulating ?lm by Wet etching. 

[0031] With the second inventive method, the second 
insulating ?lm alloWs charge in the semiconductor regions 
of the ?rst conductivity type to be emitted to the outside of 
the second insulating ?lm, so that it is possible to prevent the 
disappearance of polysilicon Which occurs When any part of 
the semiconductor regions of the ?rst conductivity type is 
eXposed during the removal of part of the second insulating 
?lm by Wet etching. 

[0032] The second inventive method preferably further 
includes the step of implanting an impurity into the undoped 
semiconductor ?lm to de?ne a semiconductor region of a 
second conductivity type such that the semiconductor region 
of the second conductivity type is adjacent to the semicon 
ductor regions of the ?rst conductivity type. The step of 
forming the second insulating ?lm is preferably performed 
at least on the semiconductor regions of the ?rst conductiv 
ity type and the semiconductor region of the second con 
ductivity type. 

[0033] Then, the second insulating ?lm also alloWs charge 
in the semiconductor region of the second conductivity type 
to be emitted to the outside of the second insulating ?lm, so 
that it is possible to prevent the disappearance of polysilicon 
Which occurs When any part of the semiconductor region of 
the second conductivity type is eXposed during the removal 
of part of the second insulating ?lm by Wet etching. 

[0034] In the second inventive method, average leakage 
current density from the semiconductor regions of the ?rst 
conductivity type to the outside of the second insulating ?lm 
preferably has an absolute value of 1x10‘10 (A/mm2) or 
more in at least one polarity When the potential difference 
betWeen the semiconductor regions of the ?rst conductivity 
type and the outside of the second insulating ?lm has an 
absolute value of 1.5 V. 

[0035] Then, the disappearance of polysilicon is prevented 
effectively. 
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[0036] In the second inventive method, the Wet etching is 
preferably performed With a chemical solution containing 
?uorine ions. 

[0037] A third inventive method for fabricating a semi 
conductor device includes the steps of: forming a ?rst 
insulating ?lm on a semiconductor substrate; removing part 
of the ?rst insulating ?lm; forming a second insulating ?lm 
having a leakage current density higher than that of the ?rst 
insulating ?lm on a region Where the part of the ?rst 
insulating ?lm has been removed on the semiconductor 
substrate; forming an undoped semiconductor ?lm on the 
?rst and second insulating ?lms; implanting at least one 
impurity into part of the undoped semiconductor ?lm, 
thereby de?ning a semiconductor region of at least one 
conductivity type; removing part of the semiconductor 
region of at least one conductivity type and the undoped 
semiconductor ?lm, thereby forming a patterned semicon 
ductor region of at least one conductivity type; forming a 
third insulating ?lm on the ?rst and second insulating ?lms 
such that the third insulating ?lm covers the patterned 
semiconductor region of at least one conductivity type; and 
removing part of the third insulating ?lm by Wet etching, 
Wherein at least the second insulating ?lm is formed under 
the patterned semiconductor region of at least one conduc 
tivity type. 

[0038] With the third inventive method, the second insu 
lating ?lm alloWs charge in the patterned semiconductor 
region of at least one conductivity type to be emitted to the 
outside of the ?rst and second insulating ?lms, so that it is 
possible to prevent the disappearance of polysilicon Which 
occurs When any part of the patterned semiconductor region 
of at least one conductivity type is eXposed during the 
removal of part of the third insulating ?lm by Wet etching. 

[0039] The third inventive method may further include the 
step of de?ning the semiconductor region of at least one 
conductivity type includes the step of de?ning a semicon 
ductor region of a ?rst conductivity type, and then de?ning 
a semiconductor region of a second conductivity type such 
that the semiconductor region of the second conductivity 
type is adjacent to the semiconductor region of the ?rst 
conductivity type. 

[0040] In the third inventive method, the average density 
of leakage current from the semiconductor region of at least 
one conductivity type to the outside of the ?rst and second 
insulating ?lms preferably has an absolute value of 1x10“10 
(A/mm2) or more in at least one polarity When the potential 
difference betWeen the patterned semiconductor region of at 
least one conductivity type and the outside of the ?st and 
second insulating ?lms has an absolute value of 1.5 V. 

[0041] Then, the disappearance of polysilicon is prevented 
effectively. 

[0042] In the third inventive method, the Wet etching is 
preferably performed With a chemical solution containing 
?uorine ions. 

[0043] A fourth inventive method for fabricating a semi 
conductor device includes the steps of: forming a ?rst 
insulating ?lm on a semiconductor substrate; forming an 
undoped semiconductor ?lm on the ?rst insulating ?lm; 
implanting at least one impurity into the undoped semicon 
ductor ?lm, thereby de?ning a semiconductor region of at 
least one conductivity type; removing part of the semicon 
























