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(57) ABSTRACT 

The present invention relates to a method of manufacturing 
a semiconductor device for forming an insulated gate ?eld 
effect transistor in a completely isolated SOI layer, and has 
for its object to prevent depletion or inversion surely by 
introducing impurities of suf?ciently high concentration into 
an SOI layer adjacent to an isolating ?lm ?lled up betWeen 
element regions of the SOI layer and a backing insulating 
layer and to aim at ?attening of the SOI substrate surface, 
and further, includes the steps of implanting impurity ions 
into a semiconductor layer from an oblique direction so as 
to reach the semiconductor layer under an oxidation-pre 
ventive mask using the oxidation-preventive mask as a mask 
for ion implantation, heating the semiconductor layer in an 
oXidiZing atmosphere With the oxidation-preventive mask so 
as to form a local oxide ?lm to isolate the semiconductor 
layer, and also forming a impurity region With impurities 
implanted into the semiconductor layer in a region adjacent 
to the local oxide ?lm and to at least an insulating layer 
under the semiconductor layer. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device in Which adjacent element regions are isolated com 
pletely from each other by an isolating ?lm ?lled betWeen 
the element regions of a silicon-on-insulator layer (herein 
after referred to as an SOI layer) and an insulated gate ?eld 
effect transistor is formed in the element region, and to a 
method of manufacturing the same. 

[0003] 2. Description of the Prior Art 

[0004] An SOI substrate capable of completely isolating 
element regions has been used as a semiconductor substrate 
for forming a micro MOS transistor or the like in recent 
years. The SOI substrate is obtained by forming an SOI layer 
on a backing insulating layer on a base substrate. When a 
semiconductor integrated circuit device is formed using an 
SOI substrate, the SOI layer is isolated into a plurality of 
element regions. Various methods of isolation Will be shoWn 
hereinafter. 

[0005] As a method of isolating the SOI layer into a 
plurality of element regions, there is a method of isolating 
them by air isolation as described in Japanese Patent Pro 
visional Publication No. HEI4-116846. According to one 
aspect of this method, an isolated semiconductor layer 
having a square section is formed on an insulator by etching, 
and impurity ions of the same conduction type as that of the 
semiconductor layer are implanted into the side Wall of the 
isolated semiconductor layer from an oblique direction 
thereby to form a high concentration region for channel stop. 
The side Walls of respective isolated semiconductor layers 
rise sharply almost at a right angle. Further, according to 
another aspect, isolation is made by etching so that the 
sectional con?guration of the semiconductor layer shoWs a 
trapeZoid, and impurity ions are implanted into the side Wall 
of the isolated semiconductor layer for channel stop. Further, 
as a document related to air isolation similarly to the 
foregoing, there is SOLID STATE TECHNOLOGY, JULY 
1991, pp. 47-52 “Lateral Isolation in SOI CMOS Technol 
ogy”. 

[0006] Furthermore, as another method, there is a method 
of thermally oxidiZing an SOI layer selectively by a local 
oxidation of silicon method (a LOCOS method) thereby to 
form an isolating ?lm reaching the backing insulating layer. 
In this method, an oxidation-preventive mask is formed on 
the surface of the SOI layer that becomes the element region 
by photolithography technique after an oxidation-preventive 
?lm is formed, and the silicon layer is thermally oxidiZed 
selectively With the oxidation-preventive mask thereafter so 
as to form an isolating ?lm. 

[0007] There has been proposed an SOI/MOSFET in 
Which a MOSFET is formed in an SOI layer isolated by an 
isolating ?lm. Since the SOI layer is isolated by the backing 
insulating layer and the isolating ?lm, a drain capacity in the 
SOI/MOSFET is reduced as compared With that of a MOS 
FET formed on bulk, and thereby the SOI/MOSFET is 
expected as a future device. 

[0008] A method of manufacturing an SOI/MOSFET 
according to a conventional example Will be described 
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hereinafter With reference to FIG. 1A to FIG. 1F and FIG. 
2. FIG. 1D is a sectional vieW taken along a line I-I in FIG. 
2. Besides, the structure thereof is described in detail in the 
citation “H. FUKUDA, etc. ‘High-Performance Buried Gate 
MOSFETs With RTO-GroWn Ultrathin Gate Oxide Films’ 
SSDM, 1993, pp. 17-19”. 

[0009] First, a SiO2 ?lm that becomes a backing insulating 
layer 2 is formed on a silicon substrate by a SIMOX 
(Separation by Implanted Oxygen) method so as to form an 
SOI substrate composed of a base substrate 1, the backing 
insulating layer 2 and an SOI layer 3 as shoWn in FIG. 1A. 
At this time, in order to control generation of a strain to the 
minimum so as to prevent the short channel effect, the ?lm 
thickness of the backing insulating layer 2 is made as thin as 
possible. Then, as shoWn in FIG. 1B, an oxidation-preven 
tive mask 4 composed of a silicon nitride ?lm is formed on 
the SOI layer 3. 

[0010] Next, as shoWn in FIG. 1C, a local oxide ?lm (an 
isolating ?lm) 5 is formed in the SOI layer 3 by a LOCOS 
(Local Oxidation of Silicon) method using the oxidation 
preventive mask 4 so as to isolate the SOI layer into element 
regions, and then doping for forming channels is performed 
in the element regions thereafter. 

[0011] Then, a removal of the oxidation-preventive mask 
4 is folloWed by forming a gate insulating ?lm 6 composed 
of a SiO2 ?lm and gate electrode/interconnection 7 com 
posed of a polysilicon ?lm thereon one after another as 
shoWn in FIG. 1D. The gate electrode/interconnection 7 
means either a gate electrode or a gate interconnection. 

[0012] Then, source/drain regions (hereinafter referred to 
as S/D regions) 3a and 3b are formed by diffusing impurities 
into the SOI layer 3 With the gate electrode/interconnection 
7 as a mask as shoWn in FIG. 1D. The SOI/MOSFET is 
completed by Way of predetermined steps thereafter. 

[0013] Besides, in the SOI/MOSFET described above, an 
n+ polysilicon gate doped With As or P is normally used as 
the gate electrode/interconnection 7 for an n-channel MOS 
(NMOS) and a p-channel MOS (PMOS). A p+ polysilicon 
gate into Which boron (B) is introduced is not used so often. 

[0014] Furthermore, in case of forming a CMOS in SOI 
layers of the one conduction type using the SOI/MOSFET 
having a structure described above, either an NMOS or a 
PMOS is necessarily of an accumulation mode (hereinafter 
referred to as AM) that the conduction types of the channel 
region and the S/D regions 3a and 3b are same. For example, 
the channel region is of an N“ type When the S/D regions 3a 
and 3b are of an N+ type. 

[0015] In local oxidation of the SOI layer 3 described 
above, hoWever, an intrusion of an oxide ?lm called a bird’s 
beak 5a is produced in the surface layer of the SOI layer 3 
at a boundary betWeen the local oxide ?lm 5 and the SOI 
layer 3 as shoWn in FIG. 1D. The con?guration of the bird’s 
beak 5a is the same as the case of a normal bulk substrate, 
but a long protrusion 3d of a single crystal silicon layer is 
liable to be produced under the bird’s beak 5a in the SOI 
layer 3 in particular as shoWn in a copy draWing of a section 
photograph shoWn in FIG. 3. 

[0016] In this region, a strain is liable to be produced by 
the local oxide ?lm 5 and the backing insulating ?lm 2, thus 
resulting in that the conduction type of the SOI layer 3 is 
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liable to be inverted. Further, When a MOSFET is formed in 
the SOI layer 3 as shown in FIGS. 4A and 4B, the impurity 
concentration in the protrusion 3d of the SOI layer 3 under 
the bird’s beak 5a shoWs a loWer concentration than that of 
a channel region 3c under the gate electrode 7 due to the fact 
that impurities are implanted into the channel region 3c after 
the isolating ?lm 5 is formed in the SOI layer 3. In this case, 
a threshold value (an absolute value) of the channel of a 
parasitic FET becomes loWer than the threshold value (the 
absolute value) of a normal FET. Further, since the protru 
sion 3a' is fairly apart through the local oxide ?lm 5 from the 
gate electrode/interconnection 7 that passes over the local 
oxide ?lm 5, the protrusion 3d becomes a region Where it is 
dif?cult to be controlled by the gate voltage applied to the 
gate electrode/interconnection 7. Thus, When the protrusion 
3d exists betWeen the S/D regions 3a and 3b, a parasitic 
FET, Which comprises the S/D region 3a, the protrusion 3d 
as channel region and the S/D region 3b, is operated, thus 
resulting in increase of a leakage current as shoWn in FIG. 
12B. As a result, OFF characteristics of the normal FET are 
deteriorated, thus causing malfunctioning. Besides, FIG. 
4A, in Which a normal PET is shoWn, is a sectional vieW 
taken along a line II-II in FIG. 2. FIG. 4B, in Which parasitic 
PET is shoWn, is a sectional vieW taken along a line III-III 
in FIG. 2. 

[0017] In order to check the foregoing, the SOI layer 3 on 
the backing insulating layer 2 is noW formed into a mesa 
shape as shoWn in FIGS. 5A and 5B, and impurity ions are 
implanted into a region for forming an isolating ?lm in a 
perpendicular direction to the substrate surface in advance 
before forming the isolating ?lm similarly to the case of the 
bulk substrate as shoWn in FIG. 12A. 

[0018] When the SOI layer 3 is formed in a mesa shape, 
hoWever, stress is concentrated at a corner portion 6a of the 
SOI layer 3 shoWn in FIG. 5A, and Withstand voltage of a 
gate oxide ?lm 6 is loWered. 

[0019] Further, When impurity ions are implanted into the 
region for forming the isolating ?lm in a perpendicular 
direction to the region, the parasitic FET may be operated 
sometimes depending on manufacturing conditions. This is 
originated in that the quantity of impurities that move to the 
protrusion 3d of the single crystal silicon layer under the 
bird’s beak 5a is small due to the facts that: 

[0020] (D impurities implanted into the region for 
forming the isolating ?lm 5 are easily taken into the 
local oxide ?lm 5 at time of local oxidation, and 

[0021] @ heat treatment for diffusing impurities is not 
performed since no Well is formed in the case of the 
SOI substrate, being different from the case of the bulk 
substrate, Whereby the implanted impurity ions for 
forming a channel stop are not diffused after the iso 
lating ?lm 5 is formed. 

[0022] Further, When the temperature and the period of 
time for heat treatment of local oxidation are increased for 
moving the impurities suf?ciently into the protrusion 3d of 
the SOI layer 3, the bird’s beak is groWn further to the inside 
of the element region or the impurity region is extended to 
the element region out of the region under the bird’s beak, 
so that the element region becomes narroWer. As a result, it 
is required to have the element region made larger in 
advance in anticipation of that extension, Which prevents 
achievement of higher integration level. 
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[0023] Further, since the local oxide ?lm 5 having a ?lm 
thickness almost double of or more than the thickness of the 
SOI layer 3 is formed by local oxidation as shoWn in FIG. 
4A, unevenness is produced on the surface of the SOI 
substrate. PlanariZation of the SOI substrate surface is 
desired for achieving higher integration level by forming 
multilayers and so on. 

SUMMARY OF THE INVENTION 

[0024] It is an object of the present invention to introduce 
impurities of high concentration suf?ciently into an SOI 
layer adjacent to a backing insulating layer and an isolating 
?lm ?lled up betWeen element regions of the SOI layer so as 
to surely prevent depletion and inversion, and also to aim at 
planariZation of the surface of the SOI substrate. 

[0025] Further; it is another object of the present invention 
to reduce a leakage current and to prevent malfunction in an 
SOI/MOSFET. 

[0026] A semiconductor device of the present invention 
has an isolating ?lm that is adjacent to a semiconductor layer 
and reaches a backing insulating layer, and the ?lm thickness 
of the isolating ?lm is getting thicker as approaching to the 
backing insulating layer from the surface of the semicon 
ductor layer. Also it has an impurity region having a peak of 
impurity concentration in a semiconductor layer under an 
isolating layer Within a range of 20 nm or more from a 
contact point betWeen the insulating layer and the isolating 
?lm. 

[0027] Thus, since impurities of high concentration exists 
in a sufficiently deeper inside of the semiconductor layer 
under the isolating ?lm, it is possible to surely prevent 
depletion or inversion of the semiconductor layer originated 
in a strain caused by the isolating ?lm and the backing 
insulating layer. For example, When source/drain regions of 
opposite conduction type are formed in the semiconductor 
layer, and a high concentration region of a conduction type 
same as or opposite to that of the semiconductor layer exists 
therebetWeen, it is possible to eliminate the in?uence by a 
parasitic FET through increasing the threshold value thereof. 

[0028] In a method of manufacturing a semiconductor 
device of the present invention, impurity ions are implanted 
from an oblique direction using an oxidation-preventive 
mask as a mask for ion implantation so as to reach the 
semiconductor layer in a suf?ciently deeper region inside the 
edge of the oxidation-preventive mask. 

[0029] Accordingly, implanted impurities have a concen 
tration peak in the semiconductor layer under the oxidation 
preventive mask. In this case, it is desirable that the angle in 
an oblique direction is set Within a range of 30° or less With 
respect to the perpendicular direction to the surface of the 
semiconductor layer, and the impurity region has a peak of 
impurity concentration in the semiconductor layer Within a 
range of 20 nm or more and 50 nm or less from the contact 
point betWeen the backing insulating layer and the local 
oxide ?lm When the local oxide ?lm is formed. 

[0030] With this, even if a bird’s beak is produced in the 
semiconductor layer at the boundary of the element region 
at time of forming the local oxide ?lm in the semiconductor 
layer With the oxidation-preventive mask, a concentration 
peak of impurities is to exist in a semiconductor layer under 
the bird’s beak, Which is sufficiently deep from the contact 
point. 
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[0031] Further, since impurities of high concentration 
exists in a suf?ciently deep region under the bird’s beak, it 
is not required to increase the temperature and the period of 
time in heat treatment for local oxidation. 

[0032] With this, it is possible to prevent the impurity 
region from spreading into the element region out of the 
region under the bird’s beak. Accordingly, since it is unnec 
essary to leave a margin for the extension of the impurity 
region, it is possible to make the element region as ?ne as 
possible and to achieve higher integration level of the 
semiconductor device. 

[0033] Further, in another method of manufacturing a 
semiconductor device according to the present invention, 
ion implantation into a semiconductor layer is made from an 
oblique direction, a local oxide ?lm is formed on the 
semiconductor layer, an insulating ?lm that becomes a 
backing insulating layer is formed on the surface thereof, 
and the semiconductor layer is polished from the back so as 
to expose the local oxide ?lm, Whereby element regions 
composed of mutually isolated semiconductor layers are 
formed on the polished side. 

[0034] Therefore, no difference in level exists at the 
boundary betWeen the local oxide ?lm surface and the 
semiconductor layer surface on the side Where the element 
regions are formed. Further, impurities of suf?ciently high 
concentration exist in the semiconductor layer adjacent to 
the local oxide ?lm. With this, it is possible to improve a 
planariZation of the SOI substrate surface and also to surely 
prevent depletion, inversion or the like of the SOI layer. 

[0035] Furthermore, in still another method of manufac 
turing a semiconductor device according to the present 
invention, after impurity ions are implanted into the semi 
conductor layer from an oblique direction so as to reach the 
semiconductor layer inside the edge of the etching-proof 
mask, the semiconductor layer is etched With the etching 
proof mask, the semiconductor layer on the etched side is 
covered so as to form an insulating ?lm, and then the 
semiconductor layer on the opposite side of the side on 
Which the insulating ?lm is formed is polished so as to 
expose the insulating ?lm, thereby to form element regions 
composed of mutually isolated semiconductor layers on the 
polished side. 

[0036] Therefore, no difference in level exists at the 
boundary betWeen the insulating ?lm surface and the semi 
conductor layer surface on the substrate on the side of 
forming the element regions. Further, impurities of suf? 
ciently high concentration are in existence in the semicon 
ductor layer adjacent to the isolating ?lm. With this, it is 
possible to improve a planariZation of the SOI substrate 
surface and also to surely prevent depletion, inversion or the 
like of the SOI layer. 

[0037] According to another semiconductor device of the 
present invention, there are provided, through a gate insu 
lating ?lm on a second semiconductor layer such as a silicon 
layer, gate electrode/interconnection that are formed extend 
ing from at least the central portion of the second semicon 
ductor layer across the point of the protrusion. 

[0038] As a result, the gate electrode/interconnection is 
formed on the protrusion at the side end of the second 
semiconductor layer through the gate insulating ?lm, and is 
sufficiently close to the protrusion unlikely a conventional 
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case. Hence, a suf?ciently large electric ?eld by the gate 
voltage attains to the side end. 

[0039] According to another method of manufacturing a 
semiconductor device according to the present invention, 
after a local oxide ?lm reaching an insulating layer is formed 
in a second semiconductor layer With an oxidation-preven 
tive mask as a mask, the local oxide ?lm on the protrusion 
is removed, and then a formation of a gate insulating ?lm is 
folloWed by forming a gate electrode extending from the 
central portion of the second semiconductor layer across the 
point of the protrusion. 

[0040] Since only the gate insulating ?lm lies betWeen the 
protrusion and the gate electrode/interconnection, the vicin 
ity of the point of the protrusion and the gate electrode/ 
interconnection are not apart from each other unlikely a 
conventional case. As a result, it is possible to apply a 
suf?ciently large electric ?eld by the gate voltage to the 
vicinity of the point of the protrusion. 

[0041] With this, a leakage current is prevented from 
passing betWeen S/D regions of a MOSFET through the 
protrusion as heretofore experienced, thus preventing mal 
function. 

[0042] Further, by removing the local oxide ?lm at the side 
end of the second semiconductor layer Where stress is liable 
to be concentrated, the stress at that portion is relieved. 

[0043] Furthermore, it is desirable to make the ?lm thick 
ness of the insulating layer as thin as possible for checking 
the short channel effect, and to make the ?lm thickness of the 
insulating ?lm in an isolating region thicker for reducing the 
capacity betWeen the base substrate and interconnections. 
According to setting conditions such that the semiconductor 
layer under the insulating layer is also oxidiZed at the time 
of forming a local oxide ?lm, the ?lm thickness of the 
insulating ?lm in the isolating region is made thicker, and 
the capacity betWeen the semiconductor layer and intercon 
nections is decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1A through FIG. ID are sectional vieWs 
shoWing a method of manufacturing a MOS transistor in an 
SOI layer isolated by a local oxide ?lm according to a prior 
art; 

[0045] FIG. 2 is a plan vieW shoWing a MOS transistor 
formed in an SOI layer isolated by a local oxide ?lm 
according to a prior art; 

[0046] FIG. 3 is a sectional vieW obtained by copying a 
photograph shoWing a sectional structure of an SOI layer 
isolated by a local oxide ?lm according to a prior art; 

[0047] FIG. 4A and FIG. 4B are sectional vieWs shoWing 
a MOS transistor formed in an SOI layer isolated by a local 
oxide ?lm according to a prior art; 

[0048] FIG. 5A and FIG. 5B are a sectional vieW and a 
plan vieW shoWing a MOS transistor formed in an SOI layer 
isolated by air isolation according to a prior art; 

[0049] FIG. 6A through FIG. 6G are sectional vieWs 
shoWing a manufacturing method of forming a MOS tran 
sistor in an SOI layer isolated by a local oxide ?lm according 
to a ?rst embodiment of the present invention; 














