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(57) ABSTRACT 

A semiconductor device includes: a silicon substrate with 
semiconductor elements; an isolation trench formed in the 
silicon substrate for isolating active regions in the silicon 
substrate, the isolation trench having a trapezoidal cross 
sectional shape having a width gradually narrowing with a 
depth from the surface of the silicon substrate; a ?rst liner 
insulating ?lm formed on the surface of the trench and made 
of a silicon oxide ?lm or a silicon oXynitride ?lm having a 
thickness of 1 to 5 nm; a second liner insulating ?lm formed 
on the ?rst liner insulating ?lm and made of a silicon nitride 
?lm having a thickness of 2 to 8 nm; and an isolation region 
burying the trench de?ned by the second liner insulating 
?lm. 
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SEMICONDUCTOR DEVICE WITH STI AND ITS 
MANUFACTURE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on Japanese Patent Appli 
cation No. 2002-074871, ?led on Mar. 18, 2002, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] A) Field of the Invention 

[0003] The present invention relates to a semiconductor 
device and its manufacture method, and more particularly to 
a semiconductor device having shalloW trench isolation 
(STI) and its manufacture method. 

[0004] B) Description of the Related Art 

[0005] Local oxidation of silicon (LOCOS) is knoWn as 
one method for the element isolation of a semiconductor 
device. 

[0006] According to LOCOS technique, a silicon oxide 
?lm is formed on a silicon substrate as a buffer layer, 
thereafter a silicon nitride ?lm as an oxidation prevention 
?lm is formed, the silicon nitride ?lm is patterned and then 
the surface of the silicon substrate is thermally oxidiZed. 

[0007] While the silicon substrate is thermally oxidiZed, 
oxidizing species such as oxygen and moisture invade the 
buffer silicon oxide ?lm. As a result, the silicon substrate 
surface under the silicon nitride ?lm is oxidiZed and silicon 
oxide regions having a shape called a bird’s beak are 
formed. These bird’s beak regions cannot be used substan 
tially as an element forming region (active region) so that the 
area of the active region is reduced. 

[0008] If the surface of a silicon substrate is thermally 
oxidiZed by using a silicon nitride ?lm pattern having 
openings of various siZes, the thickness of a silicon oxide 
?lm formed on the silicon substrate surface in an area 
corresponding to an opening of a smaller siZe is thinner than 
that of a silicon oxide ?lm formed in an area corresponding 
to an opening of a lager siZe. This phenomenon is called 
thinning. 

[0009] The area not used as the active region in the Whole 
area of a semiconductor substrate increases because of bird’s 
beaks and thinning Which occur more often as semiconduc 
tor devices are made ?ner. Namely, since a ratio of the active 
region to the Whole substrate area is substantially loWered, 
high integration of semiconductor devices is hindered. 

[0010] Trench isolation (TI) technique is knoW as the 
technique of forming active regions by Which a trench is 
formed in the surface layer of a semiconductor substrate and 
insulating material or polysilicon is ?lled in the trench. This 
method has been used bipolar transistor LSIs Which require 
a deep isolation region. 

[0011] Application of trench isolation technique to MOS 
transistor LSIs is prevailing because of no bird’s beak and 
thinning. Isolation for a MOS transistor LSI does not require 
as deep isolation as that of a bipolar transistor LSI and can 
be realiZed by a relatively shalloW trench of about 0.1 to 1.0 
pm. This is called a shalloW trench isolation (STI) structure. 
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[0012] With reference to FIGS. 9A to 9H, an STI process 
Will be described. 

[0013] As shoWn in FIG. 9A, on the surface of a silicon 
substrate 1, a silicon oxide ?lm 2 having a thickness of, e.g., 
10 nm is formed by thermal oxidation. On this silicon oxide 
?lm 2, a silicon nitride ?lm 3 having a thickness of e.g., 100 
to 150 nm is formed by chemical vapor deposition (CVD). 
The silicon oxide layer 2 functions as a buffer layer for 
relaxing a stress betWeen the silicon substrate 1 and silicon 
nitride ?lm 3. The silicon nitride ?lm 3 is functions also as 
a stopper layer during a later polishing process. 

[0014] A resist pattern 4 is formed on the silicon nitride 
?lm 3. An opening de?ned by the resist pattern 4 de?nes an 
area in Which the active region is formed. The region of the 
silicon substrate under the resist pattern becomes an active 
region Where device elements are formed. 

[0015] By using the resist pattern 4 as an etching mask, the 
silicon nitride ?lm 3 exposed in the opening and the under 
lying silicon oxide ?lm 2 and silicon substrate 1 are etched 
to a depth of, e.g., about 0.5 pm by reactive ion etching 
(RIE) to form a trench 6. Thereafter, the resist pattern 4 is 
removed. 

[0016] As shoWn in FIG. 9B, the silicon substrate surface 
exposed in the trench 6 is thermally oxidiZed to form a 
silicon oxide ?lm 7 having a thickness of, e.g., 10 nm. 

[0017] As shoWn in FIG. 9C, burying the trench, a silicon 
oxide layer 9 is deposited over the silicon substrate, for 
example, by high density plasma (HDP) CVD. In order to 
make dense the silicon oxide ?lm 9 as the isolation region, 
the silicon substrate is annealed, for example, in a nitrogen 
atmosphere at 900 to 1100° C. 

[0018] As shoWn in FIG. 9D, by using the silicon nitride 
?lm 3 as a stopper, the silicon oxide layer 9 is etched 
doWnWard by chemical mechanical polishing (CMP) or 
reactive ion etching (RIE). The silicon oxide ?lm 9 is left 
only in the trench de?ned by the silicon nitride ?lm 3. At this 
stage, annealing may be performed for making silicon oxide 
dense. 

[0019] As shoWn in FIG. 9E, the silicon nitride ?lm 3 is 
removed by using hot phosphoric acid. Next, the buffer 
silicon oxide ?lm 2 on the surface of the silicon substrate 1 
is removed by using dilute hydro?uoric acid. At this time, 
the silicon oxide ?lm 9 buried in the trench is also etched. 

[0020] As shoWn in FIG. 9F, the surface of the silicon 
substrate 1 is thermally oxidiZed to form a sacri?cial silicon 
oxide ?lm 22 on the silicon substrate 1 surface. Impurity 
ions of a predetermined conductivity type are implanted into 
the surface layer of the silicon substrate 1 via the sacri?cial 
silicon oxide ?lm, and activated to form Wells 10 of the 
predetermined conductivity type in the silicon substrate 1. 

[0021] The sacri?cial silicon oxide ?lm 22 is thereafter 
removed by using dilute hydro?uoric acid. While the sac 
ri?cial silicon oxide ?lm is removed, the silicon oxide layer 
9 is also etched by the dilute hydro?uoric acid. By a plurality 
of hydro?uoric acid processes, the silicon oxide layer 9 
buried in the trench is etched so that a dug divot or indent 
is formed along the side of the active region. 

[0022] As shoWn in FIG. 9G, the surface of the exposed 
silicon substrate is thermally oxidiZed to form a silicon 
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oxide ?lm 11 having a desired thickness Which ?lm is used 
as the gate insulating ?lm. A polysilicon layer 12 is depos 
ited over the silicon substrate 1, and patterned to form a gate 
electrode. Impurity ions of the conductivity type opposite to 
that of the Wells 10 are implanted and activated to form 
source/drain regions. If necessary, side Wall spacers are 
formed on the side Walls of the gate electrode, and impurity 
ions are again implanted and activated to form high impurity 
concentration source/drain regions. 

[0023] FIG. 9H shoWs the characteristics of drain current 
relative to gate voltage of a transistor manufactured as 
above. The abscissa represents gate voltage and the ordinate 
represents drain current. A curve r shoWs the characteristic 
of a normal transistor. A curve h shoWs the characteristics of 
a transistor formed by the above-described processes. As 
seen from the curve h, the drain current starts ?oWing at a 
loWer gate voltage. This analysis results in that a parasitic 
transistor turning on at a loW threshold voltage is added. 

[0024] If the shoulder S of the isolation region 9 is etched 
and divots or recesses are formed as shoWn in FIG. 9G, the 
shoulder of the active region of the silicon substrate is 
surrounded by the gate electrode not only from the upper 
surface of the active region but also from the side thereof. As 
voltage is applied to the gate electrode having such a shape, 
the shoulder of the active region undergoes an electric ?eld 
concentration so that a transistor having a loWer threshold 
voltage is formed. This parasitic transistor forms the hump 
characteristics indicated by the curve h shoWn in FIG. 9H. 

[0025] As seen from the curve h, the drain current at a 
higher gate voltage is loWer than that of the curve r. As heat 
treatment is performed in order to make dense the silicon 
oxide buried in the trench, the silicon oxide layer 9 contracts 
so that the active region surrounded by the silicon oxide ?lm 
9 receives a compression stress. 

[0026] As the compression stress is applied, the mobility 
of electron/hole in the active region of the silicon substrate 
1 may loWer, Which reduces the saturated drain current. As 
the element is made ?ner and the area of the active region 
is made small, the in?uence of the compression stress 
increases. 

[0027] In IEDM 1988, pp. 92-95, B. Davari et al. have 
proposed to implant ions into the shoulder of an active 
region in order to suppress the hump characteristics. 

[0028] Another method has been proposed to round the 
shoulder of an active region through thermal oxidation in 
order to suppress the hump characteristics. Since the shoul 
der is rounded and the electric ?eld concentration is relaxed, 
the in?uence of a parasitic transistor can be mitigated. 

[0029] In IEDM 1992, pp. 57-60, Pierre C. FaZan et al. 
have proposed to form insulating side Wall spacers on the 
side Walls of an isolation silicon oxide ?lm protruding from 
an upper surface of a silicon substrate to thereby bury divots. 

[0030] Although STI is suitable for the micro?ne structure 
of semiconductor devices, there occur problems speci?c to 
STI. NeW techniques capable of solving the problems spe 
ci?c to STI have been desired to date. 

SUMMARY OF THE INVENTION 

[0031] It is an object of this invention to provide a 
semiconductor device With STI capable of presenting good 
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transistor characteristics. It is another object of the invention 
to provide a method of manufacturing a semiconductor 
device having good transistor characteristics. 

[0032] According to one aspect of the present invention, 
there is provided a semiconductor device comprising: a 
silicon substrate With semiconductor elements; an isolation 
trench formed in the silicon substrate for separating active 
regions in the silicon substrate, the isolation trench having a 
trapeZoidal cross sectional shape having a Width gradually 
narroWing With a depth from a surface of the silicon sub 
strate; a ?rst liner insulating ?lm formed on a surface of the 
trench and made of a silicon oxide ?lm or a silicon oxyni 
tride ?lm having a thickness of 1 to 5 nm; a second liner 
insulating ?lm formed on the ?rst liner insulating ?lm and 
made of a silicon nitride ?lm having a thickness of 2 to 8 nm; 
and an isolation region burying the trench de?ned by the 
second liner insulating ?lm. 

[0033] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device, comprising steps of: (a) forming a pol 
ishing stopper layer on a surface of a silicon substrate, the 
stopper layer including a silicon oxide ?lm and a silicon 
nitride ?lm; (b) etching the stopper layer and the silicon 
substrate by using a mask to form a trench; (c) forming a ?rst 
liner insulating ?lm on a surface of the silicon substrate 
exposed in the trench, the ?rst liner insulating ?lm being a 
silicon oxide ?lm or a silicon oxynitride ?lm having a 
thickness of 1 to 5 nm; (d) forming a second liner insulating 
?lm on the ?rst liner insulating ?lm, the second liner 
insulating ?lm being made of a silicon nitride ?lm having a 
thickness of 2 to 8 nm; (e)-depositing an isolation layer on 
the silicon substrate, the isolation layer burying the trench 
de?ned by the second liner insulating ?lm; polishing and 
removing an unnecessary portion of the isolation layer by 
using the stopper layer as a polishing stopper; and (g) 
etching the stopper layer. 

[0034] As above, it is possible to provide a transistor 
device With STI and relaxed electric ?eld concentration on 
the shoulders of an active region, and its manufacture 
method. 

[0035] Since a silicon nitride ?lm is left at least on the side 
Walls of a trench, a tensile stress is applied to the channel 
region of the active region so that a reduction in the mobility 
can be relaxed. 

[0036] The formation of a hump and the reverse narroW 
channel effects can be suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIGS. 1A to 1H are cross sectional vieWs illus 
trating a method of manufacturing a semiconductor device 
according to an embodiment of the invention. 

[0038] FIGS. 2A and 2B are a plan vieW and a cross 
sectional vieW shoWing a semiconductor device manufac 
tured by the embodiment method illustrated in FIGS. 1A to 
1H. 

[0039] FIGS. 3A and 3B are graphs shoWing the charac 
teristics of a semiconductor device manufactured by the 
embodiment method illustrated in FIGS. 1A to 1H, as 
compared to the characteristics of a semiconductor device of 
prior art. 
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[0040] FIGS. 4A and 4B are a graph showing the effects 
of a silicon nitride ?lm left on the side walls of a trench and 
a graph showing the dependency of a saturated drain current 
upon a source/drain width. 

[0041] FIGS. 5A to 5D are cross sectional views illus 
trating a method of manufacturing a semiconductor device 
according to another embodiment of the invention. 

[0042] FIGS. 6A to 6D are cross sectional views illus 
trating a method of manufacturing a semiconductor device 
according to a further embodiment of the invention. 

[0043] FIGS. 7A to 7H are cross sectional views illus 
trating a method of manufacturing a semiconductor device 
according to still another embodiment of the invention. 

[0044] FIGS. 8A to 8K are cross sectional views illus 
trating a method of manufacturing a semiconductor device 
according to still another embodiment of the invention. 

[0045] FIGS. 9A to 9H are cross sectional views illus 
trating a method of manufacturing a semiconductor device 
according to prior art and a graph showing the characteris 
tics of a transistor manufactured by this method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] Embodiments of the invention will be described 
with reference to the accompanying drawings. 

[0047] FIGS. 1A to 1H are schematic cross sectional 
views illustrating main processes of a method of manufac 
turing a semiconductor device according to an embodiment 
of the invention. 

[0048] As shown in FIG. 1A, the surface of a silicon 
substrate 1 is thermally oxidiZed to form a silicon oxide ?lm 
2 having a thickness of 9 to 21 nm, e.g., 10 nm. On the 
silicon oxide ?lm 2, a silicon nitride ?lm 3 having a 
thickness of 100 to 150 nm is formed by low pressure (LP) 
chemical vapor deposition (CVD). For example, LPCVD is 
performed at a temperature of 700° C. by using SiCl2H2 and 
NH3 as source gas. 

[0049] A resist ?lm is coated on the silicon nitride ?lm 3, 
exposed and developed to form a resist pattern 4. The resist 
pattern 4 has an opening or openings for de?ning an isola 
tion region or regions and active regions (element regions) 
each surrounded by the isolation region. The width of an 
opening 5a is, for example, 0.2 to 1 pm. 

[0050] By using the resist pattern 4 as an etching mask, the 
silicon nitride ?lm 3, silicon oxide ?lm 2 and silicon 
substrate 1 are etched. The silicon substrate 1 is etched by a 
depth of 0.5 pm to form a trench 6. For example, the silicon 
nitride ?lm and silicon oxide ?lm are etched by using 
mixture gas of CF4+CHF3+Ar as etchant, and the silicon 
substrate 1 is etched by using mixture gas of HBr+O2 or 
Cl2+O2 as etchant. 

[0051] With these etching conditions, the side walls of the 
trench 6 have slanted surfaces. With these slanted surfaces, 
electric ?eld concentration upon the shoulder of the active 
region can be relaxed. The resist pattern 4 is thereafter 
removed. 

[0052] As shown in FIG. 1B, the silicon substrate surface 
exposed in the trench 6 is thermally oxidiZed to form a 
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silicon oxide ?lm 7 having a thickness of 1 to 5 nm. The 
whole silicon surface exposed in the trench 6 is covered with 
the silicon oxide ?lm 7. 

[0053] As shown in FIG. 1C, a silicon nitride ?lm 8 is 
formed by LPCVD, covering the surfaces of the silicon 
oxide ?lm 7 and silicon nitride ?lm 3. The thickness of the 
silicon nitride ?lm 8 is 2 to 8 nm. This thickness of 2 to 8 
nm of the silicon nitride ?lm 8 makes it difficult for hot 
phosphoric acid to be used for etching silicon nitride to 
penetrate into this thin ?lm 8. 

[0054] LPCVD is performed at a temperature of about 
650° C. by using mixture gas of SiCl2H2+NH3 as source gas. 
The silicon nitride ?lm formed by such thermal CVD has a 
tensile stress of 1 GPa or larger. The direction of this stress 
is opposite to that of the stress in a buried silicon layer after 
heat treatment for making it dense to be described later. The 
thickness of 1 to 5 nm of the silicon oxide ?lm 7 makes it 
dif?cult for dilute hydro?uoric acid to be used for etching 
silicon oxide to penetrate into this thin ?lm 7. 

[0055] As shown in FIG. 1D, a silicon oxide layer 9 is 
deposited over the substrate with the silicon nitride ?lm 8, 
for example, by high density plasma (HDP) CVD, the 
silicon oxide layer 9 burying the trench. If the trench has a 
depth of 0.5 pm, the thickness of the silicon layer 9 is set to 
about 0.6 to 1 pm in the ?at area. 

[0056] The silicon oxide layer is formed by using mixture 
gas of SiH4 and oxygen or TEOS and oZone as source gas. 
After the silicon oxide layer 9 is grown, annealing at about 
10000 C. is performed to make the silicon oxide layer 9 
dense. The ?lm quality of the silicon oxide layer 9 in the 
trench after the annealing is approximately similar to that of 
the thermally oxidiZed ?lm. Although the dense silicon 
oxide layer has a compression stress, the directions of this 
compression stress and the tensile stress of the silicon nitride 
?lm are opposite so that both the stresses are cancelled out. 
The mobility can therefore be prevented from being lowered 
by the compression stress. 

[0057] As shown in FIG. 1E, an unnecessary region of the 
silicon oxide layer 9 at a position higher than the silicon 
nitride ?lms 3 and 8 is removed by performing chemical 
mechanical polishing (CMP). CMP is performed by holding 
the silicon substrate between upper and lower rotating 
surface plates which are controlled to have, for example, a 
revolution speed of 20 rpm, a pressure of 5 psi therebetween 
and a back pressure of 5 psi. As polishing agent, slurry 
mainly containing colloidal silica or cerium oxide slurry is 
used. 

[0058] Under such polishing conditions, an etching rate of 
the silicon nitride ?lm 3 is small so that the silicon nitride 
?lm 3 functions as a polishing stopper. In the state after the 
polishing, the silicon oxide layer 9 is approximately ?ush 
with the silicon nitride ?lm 3, and the silicon oxide layer 9 
is left only in the opening de?ned by the silicon nitride ?lm 
3. In this example, although the silicon oxide layer 9 at a 
position higher than the silicon nitride ?lm 3 is removed by 
CMP, it may be removed by RIE using mixture gas of 
CF4+CHF3. 
[0059] As shown in FIG. 1F, the silicon nitride ?lm 3 is 
etched by hot phosphoric acid. At this time, the silicon 
nitride ?lm 8 on the side wall of the silicon nitride ?lm 3 is 
also etched. As the silicon nitride ?lm 3 is removed, the 
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upper surface of the silicon nitride ?lm 8 between the silicon 
oxide ?lm 7 on the silicon substrate 1 and the buried silicon 
oxide layer 9 is exposed. 

[0060] Since the thickness of the silicon nitride ?lm 8 is 
set as thin as 2 to 8 nm, hot phosphoric acid having a 
relatively high viscosity is hard to penetrate into this thin 
?lm so that the silicon nitride ?lm 8 betWeen the silicon 
oxide ?lm 7 and silicon oxide layer 9 is hardly etched. 

[0061] As the silicon nitride ?lm 3 and the silicon nitride 
?lm 8 on the side Wall of the silicon nitride ?lm 3 are 
removed by hot phosphoric acid, the upper portion of the 
silicon oxide layer 9 protrudes from the surface of the silicon 
substrate 1 as shoWn in FIG. 1F. 

[0062] Thereafter, the silicon oxide ?lm 2 on the surface 
of the silicon substrate 1 is removed by dilute hydro?uoric 
acid. At this time, the protruded silicon oxide layer 9 is also 
etched slightly. 

[0063] The upper surface of the silicon oxide ?lm 7 
formed on the trench surface is also exposed. Since the 
thickness of the silicon oxide ?lm 7 is set as thin as 1 to 5 
nm, dilute hydro?uoric acid is hard to enter this thin ?lm so 
that the silicon oxide ?lm 7 is hardly etched. 

[0064] As shoWn in FIG. 1G, the surface of the silicon 
substrate 1 is thermally oxidiZed to groW a sacri?cial oxide 
?lm 22. 

[0065] By using the sacri?cial oxide ?lm 22 as a through 
oxide ?lm, ions are implanted into the surface layer of the 
silicon substrate 1. Implanted impurity ions are activated to 
form Wells 10 having a predetermined conductivity type. For 
example, n- and p-type Wells are formed independently by 
ion implantation using resist masks. After the Well 10 is 
formed, the sacri?cial oxide ?lm is removed by dilute 
hydro?uoric acid. 

[0066] A plurality of hydro?uoric acid etching processes 
etch the projected portion of the silicon oxide layer 9 and 
divots are formed along the side of the shoulder of the active 
region. HoWever, the silicon nitride ?lm 8 and silicon oxide 
?lm 7 are hardly etched and they cover the side of the active 
region. 
[0067] If buffered hydro?uoric acid mixed With NH4H 
having a viscosity higher than dilute hydro?uoric acid is 
used, it is possible to suppress etching the silicon oxide ?lm 
7 more reliably. 

[0068] As shoWn in FIG. 1H, the sacri?cial oxide ?lm is 
removed and the exposed surface of the silicon substrate 1 
is thermally oxidiZed to form a gate insulating oxide ?lm 11 
having a thickness of, e.g., 2 nm. Prior to forming the gate 
insulating oxide ?lm 11, dilute hydro?uoric acid etching is 
performed to such an extent that a thermally oxidiZed ?lm 
Would be etched by 20 nm. Apolysilicon layer 12 is formed 
over the substrate surface and patterned to form a gate 
electrode. Thereafter, impurity ions of a conductivity type 
opposite to that of the Well 10 are implanted to form 
source/drain regions on both sides of the gate electrode. If 
necessary, side Wall spacers are formed on the side Walls of 
the gate electrode, and impurity ions are implanted and 
activated to form high impurity concentration source/drain 
regions. 
[0069] FIG. 2A is a plan vieW shoWing the layout of 
active regions AR de?ned by an isolation region 9 and a gate 
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electrode 12 formed on the surface of a silicon substrate. 
FIGS. 1A to 1H are the cross sectional vieWs taken along 
line B-B‘ in FIG. 2A. Each active region AR is surrounded 
by the isolation region 9. A MOS inverter is constituted of 
tWo active regions. 

[0070] The plan vieW of FIG. 2A shoWs the state before 
side Wall spacers are formed. After the side Wall spacers are 
formed, impurity ions having a conductivity type opposite to 
that of the Wells are implanted to form high impurity 
concentration source/drain regions. 

[0071] FIG. 2B is a cross sectional vieW taken along a line 
A-A‘ shoWn in FIG. 2A. As shoWn in FIG. 2B, the side Wall 
spacers SW are formed on the side Walls of the gate 
electrode, and the source/drain regions S/D are formed on 
both sides of the gate electrode. A silicide ?lm 13 is formed 
on the upper surfaces of the gate electrode 12 and source/ 
drain regions S/D. Asilicon oxide ?lm 7 and a silicon nitride 
?lm 8 are made very thin so that etchant cannot enter these 
?lms and upper surfaces thereof are left scarcely etched. 

[0072] Since the upper surface of the silicon nitride ?lm 8 
is positioned not loWer than the surface of the silicon 
substrate, the tensile stress of the silicon nitride ?lm 8 is 
applied effectively to the channel region. 

[0073] FIG. 3A shoWs the characteristics of a n-type MOS 
transistor formed by the processes described previously. The 
characteristics of the MOS transistor having a gate length of 
0.1 pm and a gate Width of 1 pm Were measured. A curve p 
shoWs the characteristics of a transistor of conventional 
techniques, and a curve s shoWs the characteristics of a 
transistor of an embodiment. It Was con?rmed that a satu 
rated drain current increased and the mobility to be other 
Wise loWered by a compression stress Was maintained by the 
tensile stress of the nitride ?lm. The saturated drain current 
Was improved by 5%. The existence of a parasitic MOS 
transistor Was not con?rmed and the absence of a hump Was 
con?rmed. The reverse narroW channel effect Was also 
studied. 

[0074] FIG. 3B is a graph shoWing the measurement 
results. A curve p shoWs the characteristics of a transistor of 
conventional techniques, and a curve s shoWs the charac 
teristics of a transistor of an embodiment. According to the 
conventional techniques, as the gate Width is made narroW, 
the threshold voltage gradually loWers, Which indicates the 
existence of the reverse short channel effect. In contrast, it 
can be seen from the curve s of the embodiment that even if 
the gate Width is made narroW, the threshold voltage scarcely 
loWers and that the reverse narroW channel effect can be 
suppressed. This may be ascribed to that there is less 
contribution of a parasitic MOS transistor. 

[0075] A tensile stress in a channel region relative to an 
indent-or depression amount of an upper surface of a liner 
silicon nitride ?lm formed on the inner surface of a trench 
Was simulated by changing the indent position of the upper 
surface of the silicon nitride ?lm from the surface of the 
semiconductor substrate. 

[0076] FIG. 4A is a graph shoWing hoW the tensile stress 
in the channel region of an active region changes With the 
depression amount of a side Wall silicon nitride ?lm from a 
silicon substrate surface. The depression amount is 0 When 
the surface of the silicon nitride ?lm is ?ush With the surface 
of the semiconductor substrate, and it increases as the silicon 
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nitride ?lm is depressed from the semiconductor substrate 
surface. The tensile stress in the channel region reduces as 
the depression amount of the silicon nitride ?lm increases. 
If the silicon nitride ?lm is depressed by about 30 nm or 
more, it can be considered that the effects of the silicon 
nitride ?lm disappear nearly. 

[0077] In other Words, the tensile stress can be effectively 
applied to the channel region in the active region by limiting 
the depression amount of the silicon nitride ?lm from the 
surface of the semiconductor substrate. The tensile stress can 
be applied effectively to the channel region by setting the 
depression amount to about 10 nm or smaller. 

[0078] A change in the saturated drain current relative to 
the Width (SD Width) of a source/drain region along the 
source/drain direction Was also measured. 

[0079] FIG. 4B is a graph shoWing a change in the 
saturated drain current relative to the SD Width. According 
to conventional techniques, as the SD Width becomes nar 
roW, the saturated drain current Ids loWers. According to the 
embodiment, even if the SD Width becomes narroW, the 
saturated drain current Ids is maintained almost constant. 

[0080] In this embodiment, the liner silicon nitride ?lm is 
formed from the bottom surface to side Wall of the trench. 
The liner silicon nitride ?lm 5 may be formed extending to 
the upper surface of the active region. 

[0081] FIGS. 5A to 5D are cross sectional vieWs illus 
trating main processes of a method of manufacturing a 
semiconductor device according to another embodiment of 
the invention. 

[0082] After processes similar to those described With 
reference to FIG. 1A are performed, a silicon nitride ?lm 3, 
a silicon oxide ?lm 2 and a semiconductor substrate 1 are 
etched by using a resist pattern as an etching mask to form 
a trench 6 in the semiconductor substrate. 

[0083] As shoWn in FIG. 5A, the silicon oxide ?lm 2 is 
side-etched by dilute hydro?uoric acid solution to retract the 
silicon oxide ?lm 2 by about 10 nm from the side Walls of 
the silicon nitride ?lm 3. The resist pattern is removed either 
before or after this side etching. 

[0084] As shoWn in FIG. 5B, similar to the above-de 
scribed embodiment, the substrate surface exposed in the 
trench and in the retracted space of the silicon oxide ?lm 2 
is thermally oxidiZed to form a silicon oxide ?lm 7 having 
a thickness of 1 to 5 nm. Thereafter, similar to the process 
in FIG. 1C, a silicon nitride ?lm 8 having a thickness of 2 
to 8 nm is formed over the Whole surface of the substrate by 
CVD. 

[0085] The thickness of the silicon oxide ?lm 2 is set to 
such a value that the retracted space of the silicon oxide ?lm 
2 is not completely ?lled With the silicon nitride ?lm 8. For 
example, assuming that the thickness of the silicon oxide 
?lm 2 is 15 nm, a tWofold of a total thickness of the silicon 
oxide ?lm 7 and silicon nitride ?lm 8 is set thinner than 15 
nm. 

[0086] As shoWn in FIG. 5B, a silicon oxide layer 9 is 
deposited, for example, by HDP-CVD, the trench being 
buried With the silicon oxide layer 9. Thereafter, similar to 
the process in FIG. 1F, an unnecessary portion of the silicon 
oxide layer 9 at the position higher than the silicon nitride 
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?lms 3 and 8 is removed by CMP. Annealing is performed 
in order to make the silicon oxide layer 9 dense. 

[0087] As shoWn in FIG. 5C, the silicon nitride ?lm 3 and 
the silicon nitride ?lm 8 in contact With the former ?lm 8 are 
etched by hot phosphoric acid. In this case, a portion of the 
silicon nitride ?lm 8 betWeen the silicon oxide ?lm 2 and 
silicon oxide layer 9 is hardly etched because the thickness 
of the silicon nitride ?lm 8 is as thin as 2 to 8 nm. As a result, 
a lamination of the silicon oxide ?lm 7 and silicon nitride 
?lm 8 is left on the shoulder of the active region of the 
silicon substrate 1. Thereafter, similar to the previously 
described embodiment, the silicon oxide ?lm 2 is removed 
and a sacri?cial oxide ?lm is groWn to thereafter perform ion 
implantation and activation. 

[0088] As shoWn in FIG. 5D, after the sacri?cial ?lm is 
removed and a gate oxide ?lm 11 is formed, a polysilicon 
layer 12 is deposited and patterned to form a gate electrode. 

[0089] In this embodiment, the lamination layer of the 
silicon oxide ?lm 7 and silicon nitride ?lm 8 is left on the 
shoulder of the active region. Therefore, the tensile stress 
applied to the channel region becomes large as shoWn in 
FIG. 4A. The polysilicon gate electrode 12 formed on the 
lamination layer faces the shoulder of the active region via 
the insulating lamination layer thicker than the gate insu 
lating ?lm. Therefore, the electric ?eld concentration can be 
relaxed. 

[0090] A method of leaving the lamination layer of the 
silicon oxide ?lm and silicon nitride ?lm on the shoulder of 
the active region is not limited to the above embodiment. 

[0091] FIGS. 6A to 6D are cross sectional vieWs illus 
trating main processes of a method of manufacturing a 
semiconductor device according to a further embodiment of 
the invention. 

[0092] As shoWn in FIG. 6A, after a trench is etched, the 
trench surface in the semiconductor substrate 1 is thermally 
oxidiZed to form a silicon oxide ?lm 7 having a thickness of 
1 to 5 nm. Next, the silicon nitride ?lm 3 is etched, for 
example, by about 10 nm by hot phosphoric acid. Since the 
silicon oxide ?lms 2 and 7 are not etched, only the silicon 
nitride ?lm 3 is etched so that the silicon nitride ?lm 3 is 
retracted, for example, by about 10 nm from the side Walls 
of the silicon oxide layer 7. After the side Walls of the silicon 
nitride ?lm 3 are retracted, a silicon nitride ?lm 8 having a 
thickness of 2 to 8 nm is formed. 

[0093] As shoWn in FIG. 6B, a silicon oxide layer 9 is 
deposited on the surface of the semiconductor substrate, for 
example, by HDP-CVD, the trench being buried With the 
silicon oxide layer 9. The shoulder of the active region of the 
substrate 1 is covered With portions of the silicon oxide ?lms 
2 and 7 and silicon nitride ?lm 8 on Which the silicon oxide 
layer 9 is deposited. 

[0094] CMP is then performed to remove an unnecessary 
portion of the silicon oxide layer 9 at the position higher than 
the surface of the silicon nitride ?lm 3. 

[0095] As shoWn in FIG. 6C, the silicon nitride ?lm 3 and 
the silicon nitride ?lm 8 in contact With the former ?lm 3 are 
etched by hot phosphoric acid. In this case, a portion of the 
silicon nitride ?lm 8 betWeen the silicon oxide ?lms 2 and 
7 and silicon oxide layer 9 is hardly etched because the hot 
phosphoric acid does not penetrate into the portion of the 
silicon nitride ?lm. 








