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DESCRIPTION 

SEMICONDUCTOR DEVICE AND METHOD OF 

FABRICATING THE SAME 

TECHNICAL FIELD 

PCT/JP97/03267 

This invention relates to a semiconductor 

device having a trench isolation structure having high 

reliability, and a method of fabricating the same. 

5 BACKGROUND ART 

A LOCOS (Local Oxidation of Silicon) structure 

is known as a structure for electrically insulating and 

isolating adjacent devices on a semiconductor substrate. 

This structure is formed by selectively oxidizing a 

10 substrate surface to form a thick thermal oxide film, 

and has been employed in ·various semiconductor devices. 

However, because this LOCOS structure has low processing 

accuracy, it is not suitable for an insulation/isolation 

structure of high integration semiconductor devices such 

15 as deep submicron devices in which high processing 

dimensional accuracy is required for the thermal oxide 

film. Therefore, a so-called "trench isolation 

structure" by a selective oxidation method, which forms 

shallow trenches in the substrate surface and then 

20 selectively oxidizes the trench portions to form the 

thermal oxide film, has been employed in place of the 

LOCOS structure as the insulation/isolation structure of 
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semiconductor devices for which high integration density 

is required, as described in JP-A-63-143835, for 

example. 

In comparison with the LOCOS structure, this 

5 trench isolation structure has the advantage that it can 

form device isolation oxide films having smaller planar 

dimensions. For this reason, this method. is suitable 

for the fabrication of deep submicron devices for which 

processing dimensional accuracy of 0.5 um or below is 

10 required. 

When a silicon thermal oxide film is formed by 

oxidizing the surface of a silicon substrate as a 

semi conductor subs.tr ate, for example, a large mechanical 

stress develops near the interface between the thermal 

15 oxide film so formed and the silicon substrate. This is 

because a part of the silicon substrate (Si) is oxidized 

and undergoes volume expansion of about twice when it 

changes to the thermal oxide film (Si02). When this 

mechanical stress increases, crystal defects such as 

20 dislocation and stacking faults are likely to occur and 

reliability of the semiconductor devices drops. It has 

been also clarified that the oxidation reaction itself 

(diffusion behavior of oxidizing species, reactivity on 

the oxidation interface, etc) is affected by the stress 

25 and the shape of the growing oxide film changes. Since 

the stress occurs concentratedly near the end points 

(corner points) of the two-dimensional or three­

dimensional shape, careful attention must be paid 
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particularly to the crystal defects and the shape change 

in this stress concentration field. 

Figs. lA to 10 are schematic views of a 

fabrication process of a trench isolation structure in a 

5 conventional selective oxidation method. According to 

the conventional method shown in Fig. lA, an oxidation 

prevention film 3 is first deposited to a surface of a 

silicon substrate 1 through a pad oxide film (silicon 

thermal oxide film) 2, then the oxidation prevention 

10 film 3, the pad oxide film 2 and the silicon substrate 1 

of the area, where a device isolation oxide film is 

desired to be formed, are partially removed to form a 

trench {Fig. lB), and the silicon thermal oxide film 5 

is formed by oxidizing the trench surface. 

15 

20 

Thereafter, a gate oxide film 6, a gate 

electrode 7, an inter-layer insulating film 8, a buried 

insulating film 9, a first layer wiring 10 and a second 

layer inter-layer insulating film 11 are serially 

formed. 

In this trench isolation structure, the end 

points (corner points) essentially exist near the trench 

upper end portion or the trench lower end portion of the 

substrate. Therefore, the stress concentration field is 

formed near the end point (corner point) due to thermal 

25 oxidation. Because such a stress concentration field is 

formed, the shape of the substrate, particularly near 

the trench upper end portion, is oxidized in some cases 

into a pointed shape 4 having an acute angle as shown in 
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Fig. lC. After the formation of the device isolation 

oxide film, an electronic circuit such as transistors, 

capacitors, etc, is formed in a device formation area 

covered with the oxide protective film 3 as shown in 

5 Fig. 10. If such an acute angle portion 4 remains on 

the substrate surface, however, the concentration of 

electric field occurs at this portion during the circuit 

operation and deteriorates the breakdown voltage 

characteristics of the transistors, the capacitances, 

10 etc, that constitutes the circuit, as pointed out by A. 

Bryant et al. in "Technical Digest of IEOM '94 11
, pp. 

671-674. 

DISCLOSURE OF INVENTION 

In semiconductor devices having a trench 

15 isolation structure, the present invention is directed 

to provide a semiconductor device which does not invite 

deterioration of breakdown voltage characteristics of 

transistors and capacitances constituting a circuit but 

has high reliability, and a method of fabricating such a 

20 semiconductor device. 

The object described above can be accomplished 

by preventing a substrate shape in the proximity of the 

upper end portion of a device isolation trench on a 

surface of a semiconductor substrate from becoming an 

25 acute angle. 
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A method of fabricating a semiconductor device 

for accomplishing the object described above includes 

the following steps. 

(1) Step to form oxide prevention film on circuit 

5 formation surface of semiconductor substrate: 

A silicon substrate, etc, may be used as the 

semiconductor substrate. 

The film thickness of the oxidation prevention 

film must be such that all the oxide prevention films 

10 are not oxidized in the oxidation steps of the post­

steps ( 4), ( 7) , etc. 

A polycrystalline silicon thin film, a silicon 

nitride film, etc, may be used as the oxidation preven­

tion film. Since easily oxidizable materials such as 

15 the polycrystalline silicon thin film have low restric­

tion force to volume expansion of the .new grown silicon 

oxide film from the silicon substrate with oxidation, 

the stress concentration at the trench upper end portion 

can be reduced. Since difficultly oxidizable materials 

20 such as the silicon nitride film have a small oxidation 

quantity in the oxidation process, the film thickness 

can be reduced. 

It is also effective to form a pad oxide film 

on the silicon substrate before the oxidation prevention 

25 film is formed. If the pad oxide film exists, the 

portions in the proximity of the lower end of the 

oxidation prevention film and the upper end of the 

semiconductor substrate that keep contact with the pad 
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oxide film are sequentially oxidized from the trench end 

portion, and the so-called "bird's beak" is formed at 

the contact portion between the pad oxide film and the 

semiconductor substrate. As a result, the radius of 

5 curvature at the corners near the upper end of the 

semiconductor substrate is promoted. 

10 

(2) Step to form trench having predetermined 

depth at desired positions of circuit formation 

surface of semiconductor substrate: 

This trench can be formed by an ordinary 

lithography method using a photoresist and etching, for 

example. 

(3) Step to remove corners formed by trench on circuit 

formation surface of semiconductor substrate: 

15 This step is not always necessary, but if the 

corners are removed by this step, the oxidation step (7) 

of the post-step becomes unnecessary in most cases. 

(4) Step to oxidize trench portion formed in 

semiconductor substrate: 

20 The trench portion is oxidized by several to 

dozens of nm by oxidation. Due to this oxidation, the 

bird's beak is grown at the trench portion and a radius 

of curvature is formed at the corners at the trench 

upper end portion. 

25 (5) Step to bury buried insulating film into oxidized 

trench: 

Preferably, the material used as the buried 

insulating film is essentially an insulating material 
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and has a low dielectric constant. For, if a material 

having a high dielectric constant is used, a coupling 

capacitance which is formed when a wiring material is 

deposited on this insulating film at a post-step becomes 

5 great. From this aspect, a silicon oxide film, etc, is 

a preferred_ burying material, and polycrystalline 

silicon or the like is not preferred. 

(6) Step to remove buried insulating film formed on 

oxidation prevention film: 

10 The buried insulating film is etched back by 

chemical-mechanical polishing (CMP) or dry etching. In 

this case, the oxidat.ion prevention film serves as an 

etching stopper and has also the function of preventing 

etching of the semiconductor substrate below the 

15 oxidation prevention film. 

(7) Step to oxidize semiconductor substrate after 

removal of buried insulating film formed on 

oxidation prevention film: 

This step grows the radius of curvature of the 

20 trench upper end portion of the semiconductor substrate 

to a sufficient radius of curvature for preventing the 

increase of the leakage current. This oxidation step 

provides also the effect that the buried insulating film 

is made compact. 

25 This step is not necessary if the radius of 

curvature at the trench upper end portion of the 

semiconductor substrate has become sufficient to prevent 
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the increase of the leakage current due to the oxidation 

step (4). 

This step may be executed before the step {6) 

or the next step (8). When this step is executed after 

5 the next step (8), the surface of the semiconductor 

substrate is simultaneously oxidized, too, but the oxide 

film formed on the surface of the semiconductor 

substrate is removed after completion of additional 

oxidation and in this way, the step of forming the 

10 device isolation oxide film is completed. 

(8) Step to remove oxidation prevention film formed 

on circuit formation surface of semiconductor 

.substrate: 

The formation step of the device isolation 

15 oxide film is completed by this step. Therefore, a 

semiconductor device is formed by forming a circuit such 

as transistors on the semiconductor substrate on which 

the device isolation oxide film is formed. 

A semiconductor device according to the 

20 present invention for accomplishing the afore-mentioned 

objects is a semiconductor device having a device 

isolation oxide film which is formed on a circuit 

formation surface of a semiconductor substrate and is a 

trench isolation structure, wherein an angle 9 between 

25 the circuit formation surface of the semiconductor 

substrate and the side surface of the semiconductor 

substrate in a depth-wise direction of the trench 

constituting the trench isolation structure is within 
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the range of 90° < e < 180°. Because this structure can 

prevent field concentration at the trench upper end por­

tion, it can prevent the increase of a leakage current 

resulting from deterioration of withstand voltage 

s characteristics of the circuit such as transistors and 

capacitances formed on the semiconductor substrate. 

The coupling capacitance of wirings 

constituted on the semiconductor substrate can be 

reduced by burying the inside of the trench by an 

10 insulating material having a low dielectric constant 

such as a silicon oxide, and reliability of the 

semiconductor device can be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA, lB, lC and lD are schematic views, 

15 each showing a fabrication process of a trench isolation 

structure in a selective oxidation method according to 

the prior art; 

Figs. 2A to 2N are schematic views, each show­

ing a fabrication process of an MOS transistor according 

20 to the first embodiment of the present invention; 

Fig. 3 is a flowchart showing the fabrication 

process of the MOS transistor according to the first 

embodiment of the present invention1 

Figs. 4A to 4N are schematic views, each show-

25 ing a fabrication process of an MOS transistor ·according 

to the second embodiment of the present invention: 
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Fig. 5 is a flowchart showing the fabrication 

process of the MOS transistor according to the second 

embodiment of the present invention: 

Figs. 6A to 6N are schematic views, each show­

s ing a fabrication process of an MOS transistor according 

to the third embodiment of the present invention: 

Fig. 7 is a flowchart of the fabrication 

process of the MOS transistor according to the third 

embodiment of the present invention1 

10 Figs. SA to SN are schematic views, each show-

ing a fabrication process of an MOS transistor according 

to the fourth embodiment of the present invention: and 

Fig. 9 is a flowchart of the fabrication 

process of the MOS transistor according to the fourth 

15 embodiment of the present invention. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, preferred embodiments of the 

present invention will be explained with reference to 

the accompanying drawings. 

A fabrication process of an MOS transistor 

according to the first embodiment of the present 

invention will be explained with reference to Figs. 2A 

to 2N and Pig. 3. Figs. 2A to 2N are schematic views of 

the fabrication process of the MOS transistor according 

25 to the first embodiment, and Fig. 3 is a flowchart of 

the fabrication process of this MOS transistor. 
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The fabrication process of the MOS transistor 

of this first embodiment is as follows. 

(1) A surface of a silicon substrate l is thermal-

ly oxidized so as to form a pad oxide film 2 having a 

5 thickness of 10 to several tens of nm [Fig. 2B and Fig. 

3 (101) to (102)]. 

(2) A polycrystalline silicon thin film 18 is 

deposited on the pad oxide film 2 to a thickness of 

about 10 to 200 nm (Fig. 2B, Fig. (103)]. This poly-

10 crystalline silicon thin film 18 is used as an oxidation 

prevention film when a device isolation thermal oxide 

film 5 is formed. Incidentally, the polycrystalline 

silicon film 18 may be directly deposited on the silicon 

substrate 1 by omitting the formation of the pad oxide 

15 film 2. 

Incidentally, the following description is 

based on the assumption that the pad oxide film 2 is 

formed. Therefore, the process step relating to the pad 

oxide film 2 is not necessary when the formation of the 

20 pad oxide film 2 is omitted. 

(3) A photoresist 19 is formed on the polycrystal-

line silicon film 18 [Fig. 2B, Fig. 3 (104)]. 

(4) After the photoresist 19 in an area, in which 

a device isolation film is to be formed, is removed by 

25 an ordinary lithography method, a part of each of the 

polycrystalline silicon thin film 18, the pad oxide film 

2 and the silicon substrate 1 is·removed by anisotropic 

etching so as to form a shallow trench whose sidewalls 
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have a predetermined angle (substantially, about 60 to 

about 90 degrees) on the surface of the silicon 

substrate 1 [Figs. 2C to 20, Fig. 3 (105) to (107)). 

(5) After the remaining photoresist 19 is 

5 completely removed, thermal oxide is carried out so as 

to form an oxide film 5 by oxidizing the trench portion 

formed in the surf ace of the siiicon substrate 1 to 

several to dozens of nm [Figs. 2E and 2F, Fig. 3 (108) 

to (109)]. Incidentally, a sufficient film thickness of 

10 the polycrystalline silicon thin film 18 deposited as 

the oxidation prevention film must be secured so that it 

can function as the oxidation prevention film for 

preventing the surface side of the polysilicon thin film 

18 from being fully oxidized at the time of thermal 

15 oxidation and preventing the silicon substrate 1 below 

this polycrystalline silicon thin film 18 from being 

oxidized entirely. When this pad oxide film 2 exists, 

silicon in the proximity of the lower end of the 

polycrystalline silicon thin film 18 and the upper end 

20 of the silicon substrate 1 keeping contact with the pad 

oxide film 2 is sequentially oxidized from the trench 

end, and a so-called "bird's beak" is formed between the 

contact portions. As a result, the radius of curvature 

in the proximity of the upper end of the silicon 

25 substrate 1 is promoted. From this aspect, the pad 

oxide film 2 is preferably formed. 

(6) Because the inside of the trench is not 

completely buried by this trench oxidation, an 
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insulating film 9 such as a silicon oxide film is 

deposited by chemical vapor deposition, sputtering, etc, 

in order to completely bury the inside of the trench 

covered by the thermal oxidation film (hereinafter, the 

5 insulating film 9 for burying the inside of the trench 

will be called the .. buried insulating film 9") [Fig. 2G, 

Fig. 3 (110)]. Basically, the material used for this 

buried insulating film 9 is an insulating material and 

preferably has a low dielectric constant. For, when a 

10 material having a high dielectric constant is used, a 

coupling capacitance formed when a wiring material is 

deposited on this film in a post-step becomes greater. 

From this aspect, it is not preferred to use poly­

crystalline silicon as the burying m~terial. 

15 (7) The buried insulating film 9 is then etched 

20 

back by chemical-mechanical polishing (CMP) or dry 

etching {Fig. 2G, Fig. 3 (111)]. In this case, the 

polycrystalline silicon thin film 18 used as the 

oxidation prevention film functions as an etching 

stopper and plays the role of preventing the silicon 

substrate 1 below the polycrystalline silicon thin film 

18 from being etched. 

(8) When the radius of curvature of the trench 

upper end portion 12 due to the bird's beak grown 

25 between the contact portions by the oxidation of the 

trench portion of the silicon substrate 1 is sufficient 

for preventing the increase of the leakage current, the 

formation step of the device isolation oxide film is 
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completed by removing the polycrystalline silicon thin 

film 18 and the pad oxide film 2 [Fig. 2H, Fig. 3 

(113)]. 

When the radius of curvature of the trench 

5 upper end portion 12 due to the bird's beak grown by the 

oxidation of the trench portion of the silicon substrate 

l is not sufficient for preventing the leakage current 

depending on the product specification for each product, 

for example, thermal oxidation is again carried out 

10 (hereinafter called "additional oxidation") after the 

buried insulating film 9 is etched back from the next 

product lot [Fig. 2I, Fig. 3 (112)). 

In this case, since the buried insulating film 

9 has already been formed inside the trench of the 

15 silicon substrate 1, oxidation proceeds from near the 

trench upper end portion 12 and the inside of the trench 

is hardly oxidized for the following reason. In other 

words, though the inside of the trench is to be 

thermally oxidized through the buried insulating film 9, 

20 a longer time is necessary for the oxidation seeds to 

diffuse inside the buried insulating film 9 before 

reaching the silicon substrate 1 than when the silicon 

substrate is directly oxidized. Therefore, oxidation 

hardly proceeds substantially within a short period of 

25 several minutes near the bottom of the trench. On the 

other hand, a weak boundary layer of the coupling 

portion deposited by chemical vapor deposition or 

sputtering to the trench sidewalls and the upper surface 
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of the trench exists at the trench upper end portion 12, 

and the oxidation seeds can diffuse at a relatively high 

rate along this weak boundary layer. As a result, the 

oxidation seeds are supplied to the trench upper end 

5 portion 12 within a short time (10 or more minutes at 

the oxidation temperature of 850°C), so that only the 

portions in the proximity of the trench upper end 

portion 12 are oxidized preferentially and the formation 

of the radius of curvature of the trench upper end 

10 portion 12 is promoted. 

Furthermore, this additional oxidation 

provides the effect of rendering the buried insulating 

film 9 compact. After this additional oxidation is 

completed, the formation step of the device isolatipn 

15 oxide film is completed by removing the polycrystalline 

silicon thin film 18 and the pad oxide film 2 [Fig. 2M, 

Fig. 3 (113)J. 

This additional oxidation may be carried out 

after the polycrystalline silicon thin film 18 is 

20 removed. In this case, the surface of the silicon 

substrate l is simultaneously oxidized, too, but the 

formation step of the device isolation oxide film is 

completed by removing this oxide film formed on the 

surface of the silicon substrate l after the additional 

25 oxidation is completed. 

(9) Transistor structures, etc, are formed on the 

silicon substrate 1 [Figs. 2J, K, L, N(h), Fig. 3 (114) 

to (122)]. 
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Conventional fabrication technologies of the 

transistor structure, etc, can be employed without 

particular limitation, and a typical fabrication proces 

of the MOS transistor structure will be explained next 

5 by way of example. 

(a) Any of a silicon oxide film, a silicon nitride 

film, an acid nitride film and a high dielectric thin 

film (insulating films of a higher dielectric constant 

than Si02 such Ta205, PZT, and BsT), or their laminate 

10 body, is formed as the gate oxide film 6 on the silicon 

substrate 1. 

These thin films can be formed by CVD, or the 

like, for example. The silicon oxide film may be formed 

by thermal oxidation of the silicon substrate 1. 

15 (b) Any of a polycrystalline silicon thin film, a 

metal thin film such as a tungsten film and a silicide 

thin film, or their laminate body, is formed, and then 

unnecessary portions are removed by etching, etc, to 

form a gate electrode 7. 

20 (c) An impurity is implanted and a first layer 

wiring 10, an inter-layer insulating film 11, etc, are 

formed. 

Further, an inter-layer insulating film 14, a 

wiring 15 and an insulting film 16 are formed, whenever 

25 necessary. 

The MOS transistor described above can be used 

for memory circuits such as a DRAM (Dynamic Random 
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Access Memory) or arithmetic operation circuits such as 

logic devices. 

The first embodiment described above can 

prevent the acute angle portions from remaining near the 

5 trench upper end portions of the silicon substrate when 

the trench isolation structure is formed as the device 

isolation oxide film structure, can prevent the increase 

of the leakage current or the drop of withstand voltage 

characteristics of the MOS transistor resulting from the 

10 field concentration in the proximity of the gate 

electrode film, by forming the radius portions or the 

obtuse angle portions near the trench upper end portion 

of the silicon substrate, and can improve electrical 

reliability of the transistor. 

15 Incidentally, since the trench upper end 

portion of the silicon substrate before thermal 

oxidation is substantially orthogonal in the first 

embodiment, there is the case where the radius of 

curvature near the trench upper end portion of the 

20 silicon substrate is not sufficient. However, because 

polycrystalline silicon as the oxidation prevention film 

is easily oxidized, the restriction force to the volume 

expansion of the newly grown silicon oxide from the 

silicon substrate is lower in.comparison with those 

25 materials which are difficultly oxidized, and there is 

sometimes the case where additional oxidation is not 

necessary. Furthermore, processing of the trench is 
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easy and this embodiment is excellent in the aspect of 

productivity, too. 

Next, the fabrication process of an MOS 

transistor according to the second embodiment of the 

5 present invention will be explained with reference to 

Figs. 4A to 4N and Fig. S. Figs. 4A to 4N are schematic 

views showing the fabrication process of the MOS 

transistor according to the second embodiment, and Fig. 

S is a flowchart of the fabrication process of the MOS 

10 transistor of this embodiment. 

The fabrication process of the MOS transistor 

of the second embodiment modifies the fabrication step 

(4) of the first embodiment in the following way. Since 

the fabrication steps other than the step (4} are the 

15 same as those of the first embodiment, the detailed 

explanation will be omitted. 

(4) After the photoresist 19 of the area in which 

the device isolation film is to be formed is removed by 

an ordinary exposure method, a part of each of the 

20 polycrystalline silicon thin film 18, the pad oxide film 

2 and the silicon substrate 1 is removed by etching, and 

a shallow trench is formed in the surface of the silicon 

substrate l. When forming the trench in the surface of 

the silicon substrate, isotropic etching is applied near 

25 the trench upper end portion so as to form the radius of 

curvature near the trench upper end portion, and then 

anisotropic etching is applied so as to define the 

trench shape having the slope portion like the isotropic 
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etching portion 13. Incidentally, the angle of the 

trench sidewalls near the trench lower end portion need 

not always be 90 degrees and a predetermined inclination 

(substantially within the range of 60 to 90 degrees) 

5 [Figs. 4C, o, E, Fig. 5 (205) to (207)] may be formed. 

In comparison with the second embodiment, the 

etching step, that is, isotropic etching and anisotropic 

etching, at the time of formation of the shallow trench 

becomes more complicated. However, because the 

10 isotropic etching portion 13 is disposed at the trench 

upper end portion of the silicon substrate at the time 

of formation ·of the shallow trench as described above, 

oxidation of the trench upper end portion of the silicon 

substrate 1 by first thermal oxidation (formation of the 

15 radius of curvature) is promoted, and the necessity for 

additional oxidation becomes lower. 

Next, the fabrication process of an MOS 

transistor according to the third embodiment of the 

present invention will be explained with reference to 

20 Figs. 6A to 6N and Fig. 7. Figs. 6A to 6N are schematic 

views of the fabrication process of the MOS transistor 

according to the third embodiment and Fig. 7 is a 

flowchart of the fabrication process of the MOS 

transistor of this embodiment. 

25 The fabrication process of the MOS transistor 

according to the third embodiment is as follows. 

(1) The surface of the silicon substrate l is 

thermally oxidized and the pad oxide film 2 having a 
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thickness of 10 to dozens of nm is formed [Figs. 6B, 

Fig. 7 (301) to (302)]. 

(2) A silicon nitride film 17 having high 

oxidation resistance is deposited to a·thickness of 

to 200 nm on the pad oxide film 2 [Fig. 6B, Fig. 7 

(303)]. This silicon nitride film 17 is used as an 

oxidation prevention film when the device isolation 

10 

oxide film 5 is formed. Incidentally, the silicon 

nitride film 17 having high oxidation resistance may be 

10 directly formed on the silicon substrate 1 by omitting 

the formation of the pad oxide film 2. Alternatively, 

the silicon nitride film 17 is deposited through the pad 

oxide film 2 and te polycrysta1line silicon thin film, 

or through only the polycrystalline silicon thin film. 

15 In either case, the silicon nitride film 17 exists on 

the outermost surface of the structure. 

Incidentally, the following description is 

based on the assumption that the polycrystalline silicon 

thin film and the pad oxide film 2 are formed. 

20 Therefore, when the formation of the polycrystalline 

silicon thin film and the pad oxide film 2 is omitted, 

the process steps relating to the polycrystalline 

silicon thin film·and the pad.oxide film 2 are not 

necessary. 

25 ( 3) The photoresist 19 is formed on the silicon 

nitride film 17 [Fig. 6B, Fig. 7 (304)]. 

(4) After the photoresist 19 of the area in which 

the device isolation film is to be formed is removed by 
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an ordinary .lithography method, the s.ilicon nitride film 

17, the pad oxide film 2 and the polycrystlaline silicon 

film are removed by etching. Next, the photoresist is 

removed, and the shallow trench is formed in the surface 

5 of the silicon substrate l by dry etching. When this 

trench is formed in the surface of the silicon 

substrate, isotropic etching is applied to the portions 

near the trench end portion so as to form the radius of 

curvature in the proximity of the trench upper end and 

10 then anisotropic etching is applied to form the trench 

shape having the slope portion like the isotropic 

etching portion 13. Incidentally, the angle of the 

trench sidewalls near the trench lower end portion need 

not always be 90 degrees, and a predetermined inclina-

15 tion (substantially within the range of 60 to 90 

degrees) may be formed, as well [Figs. 6C, D, E, Fig. 7 

(305) to (308)}. 

(5) After the photoresist 9 is removed, thermal 

oxidation is carried out to oxidize the trench portion 

20 formed in the surface of the silicon substrate 1 to a 

thickness of several to dozens of nm [Figs. 6E, D, F, 

Fig. 7 ( 309) ] • Incidentally, the film thicknes·s of the 

silicon nitride film 17 as the oxidation prevention film 

must be a film thickness sufficient to function as ·the 

25 oxidation prevention film to prevent the silicon nitride 

film 17 from being completely oxidized at the time of 

thermal oxidation and to prevent the silicon substrate 1 

below the silicon nitride film 17 from being completely 
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oxidized. Since this silicori nitride film 17 has high 

oxidation resistance, the film thickness can be made 

thinner than the polycrystalline silicon thin f ilrn 18 

used in the first and second e~odiments. When the pad 

5 oxide film 2 exists, silicon i~ the proximity of the 

upper end portion of the silicon substrate 1 keeping 

contact with the pad oxide film 2 and the lower end of 

the polycrystalline thin film are serially oxidized from 

the trench end, and the so-called "bird's beak" is 

10 formed, so that the radius of curvature near the upper 

end of the silicon substrate 1 is promoted. From this 

aspect, the pad oxide film 1 is preferably formed. 

( 6) Since th·e inside of the trench is not fully 

buried by this trench oxidatitin, the insulating film 9 

15 such as a silicon oxide film is deposited to bury the 

inside of the trench by chemical vapor deposition, 

sputtering, etc, in order to fully bury the inside of 

the trench covered by the thermal oxidation film 

(hereinafter, the insulating film 9 for burying the 

20 inside of the trench will be called the "buried 

insulating film 9") {Fig. 6G, Fi~. 7 (310)]. 

Fundamentally, the material used for the 

burying insulating film 9.is preferably a material 

having an insulating property and a low dielectric 

25 constant. For, when a material having a high dielectric 

constant is used, a coupling capacitance formed when a 

wiring material is depos.ited on the film material in the 

post-process becomes great. From this aspect, the use 



W098/12742 PCT/JP97/03267 

23 

of polycrystalline silicon as the burying material is 

not preferred. 

(7) When the radius of curvature at the trench 

upper end portion due to the bird's beak grown by the 

5 oxidation of the trench portion of the silicon substrate 

l is sufficient to prevent the increase of the leakage 

current, the formation process. of the device isolation 

oxide film is completed by etching back the buried 

insulating film 9 and then removing the remaining 

10 silicon nitride film 17, polycrystalline silicon and pad 

oxide film 2 [Figs. 6H, I, Fig. 7 (313)]. 

When the radius of curvature of the trench 

upper end portion due to the bird's beak grown by the 

oxidation of the trench portion of the silicon substrate 

15 l is not sufficient for preventing the increase of the 

leakage current, thermal oxidation is again carried out 

(hereinafter called "additional oxidation") before the 

buried insulating film 9 is etched back [Fig. 6L, Fig. 7 

(312)]. 

20 In this case, since the buried insulating film 

9 has already been formed inside the trench of the 

silicon substrate 1, oxidation proceeds from portions 

near the trench upper end portion 12 and the inside of 

the trench is hardly oxidized for the following reason. 

25 In other words, thermal oxidation inside the 

trench is carried out through.the buried insulating film 

9 but in this case, a longer time is necessary for the 

oxidation seeds to diffuse inside the buried insulating 
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film 9 before reaching the silicon substrate 1 than when 

the silicon substrate is directly oxidized. Therefore, 

oxidation does not substantially proceed within a short 

time of several minutes near the bottom of the trench. 

5 On the other hand, a weak boundary layer of the coupling 

portion of the buried insulating film 9 deposited to the 

trench sidewalls and the trench upper surface by 

chemical vapor deposition or sputtering exists at the 

trench upper end portion 12. ·Accordingly, the oxidation 

10 seeds can diffuse at a relatively high rate along this 

weak boundary layer, so that the oxidation seeds are 

supplied to the trench upper end portion 12 within a 

short time (10 minutes or more at an oxidation tempera­

ture of 850°C), the portions near the trench upper end 

15 portion 12 are oxidized preferentially and the formation 

of the radius of curvature of ·the trench upper end 

portion 12 is promoted. 

When the radius of curvature of the trench 

upper end portion 12 due to the bird's beak grown by 

20 this additional oxidation is sufficient to prevent the 

increase of the leakage current, the formation process 

of the device isolation oxide film is completed by 

etching back the buried insulating film 9 and then 

removing the remaining silicon nitride film 17, 

25 polycrystalline silicon and pad oxide film 2 [Fig. 6M, 

Fig. 7 (313) J. 

Incidentally, this additional oxidation need 

not always be carried out before etch-back of the buried 



;., 

W098/12742 PCT/JP97/03267 

25 

insulating film 9, and may be carried out after etch­

back of the buried insulating film 9 in accordance with 

the product specification required for products in the 

same way as in the first embodiment. 

5 (8) A transistor structure, etc, is formed on the 

silicon substrate l [Figs. 6J to 6N, Fig. 7 (314) to 

(322)J. 

Conventional fabrication technologies of the 

transistors can be employed without particular limita-

10 tion, and the explanation will be given on a typical 

fabrication process of the MOS transistor structure by 

way of example. 

(a) Any one of a silicon oxide film, a silicon 

nitride film, an acid nitride film and a high dielectric 

15 thin film, or their laminate body, is formed as the gate 

oxide film 6 on the silicon substrate 1. 

These thin films can be formed by CVD, for 

example. The silicon oxide film may be formed by the 

thermal oxidation of the silicon substrate l. 

20 (b) After any of a polycrystalline silicon thin 

film, a metal film such as a tungsten film and a 

silicide thin film, or their laminate body, is formed, 

unnecessary portions are removed by etching, etc, to 

form the gate electrode 7. 

25 (c) An impurity is implanted and a first layer 

wiring 10, an inter-layer insulating film 11, etc, are 

formed. Wirings of the second layer et seq, and an 

insulating film are formed further, whenever necessary. 
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The MOS transistor described above can be used 

for memory circuits such as a DRAM (Dynamic Random 

Access Memory), an SRAM or arithmetic operation circuits 

such as logic devices (Static Random Access Memory), 

5 etc. 

In the fabrication process of the MOS 

transistor, the third embodiment prevents the acute 

angle portions from remaining in the proximity of the 

trench upper end portion of the silicon substrate when 

10 forming the trench isolation structure as the device 

isolation oxide film structure but forms the radius of 

curvature portion or the obtuse angle portion near the 

trench upper end portion of the silicon substrate. 

Therefore, this embodiment can prevent the increase of 

15 the leakage current of the MOS transistor or the drop of 

the breakdown voltage characteristics resulting from the 

field concentration near the end portion of the gate 

electrode, and can improve electrical reliability of the 

transistor. 

20 Incidentally, since the third embodiment uses 

the silicon nitride film 17 having high oxidation 

resistance as the oxidation prevention film, the film 

thickness of the oxidation prevention film can be 

reduced, and removal of this oxidation prevention film 

25 in the final process step becomes easier .• 

The etching process at the time of the 

formation of the shallow trench gets complicated in this 

third embodiment in the same way as in the second 
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embodiment, but because the isotropic etching portion 13 

is disposed at the trench upper end portion of the 

silicon substrate 1 when the shallow trench is formed as 

described above, oxidation of the trench upper end 

5 portion of the silicon substrate 1 is promoted in the 

initial thermal oxidation process and the necessity for 

additional oxidation becomes lower. 

Next, the fabrication process of an MOS 

transistor according to the fourth embodiment of the 

10 present invention will be explained with reference to 

Figs. SA to SN and Fig. 9. Figs. SA to BN are schematic 

views of the fabrication process of the MOS transistor 

of the fourth embodiment and Fig~ 9 is a flowchart of 

the fabrication process of the MOS transistor in this 

15 embodiment. 

The fabrication process of the MOS transistor 

of the fourth embodiment modifies the fabrication step 

(4) of the first embodiment in the following way. Since 

the fabrication steps other than the step (4) are the 

20 same as those of the first embodiment, the detailed 

explanation will be omitted. 

(4) After the photoresist in the area in which the 

device isolation film is.to be formed is removed by an 

ordinary lighography method, the silicon nitride film 

25 17, the pad oxide film 2 and the polycrystalline silicon 

thin film are removed by etching. Next, the photoresist 

is removed and the shallow trench is formed in the 

surface of the silicon substrate 1 by dry etching. The 

1i1iiiUf 
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angle of the trench sidewalls near the trench lower end 

portion need not always be 90 ·degrees and a predeter­

mined inclination (substantially within the range of 760 

to 90 degrees) may be formed [Figs. SC, D, E, Fig. 9 

5 (405) to (408)]. 

Since the fourth embodiment uses the silicon 

nitride film 17 having high oxidation resistance as the 

oxidation prevention film in the same way as in the 

third embodiment, the film thickness of the oxidation 

10 prevention film can be reduced, and removal of the 

oxidation prevention film in the final process step 

becomes easier. 

The fourth embodiment can easily form the 

trench by anisotropia etching alone, and has high 

15 productivity. 

INDUSTRIAL APPLICABILITY 

In the semiconductor devices having the trench 

isolation structure, the embodiments of the present 

invention can provide a semiconductor device which does 

20 not invite deterioration of the transistors constituting 

the circuit and the breakdown voltage characteristics of 

the capacitance, and a method of fabricating the 

semiconductor device. 
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I lllllll llllll lllll lllll II llll 
* C L M s * CLAIMS 

1. A method of fabricating a semiconductor device 

comprising the steps of: 

(a) forming an oxidation prevention film on a 

5 circuit formation surface of a semiconductor substrate; 

(b) forming a trench having a desired depth 

at a predetermined position of the circuit formation 

surface of said semiconductor substrate; 

(c) oxidizing said trench portion formed in 

10 said semiconductor substrate; 

15 

20 

(d) burying a buried insulating film into 

said trench so oxidized, 

(e) removing said buried insulating film 

formed on said oxidation prevention film; and 

(f) removing said oxidation prevention film 

formed on the circuit formation surface of said circuit 

substrate. 

2. A method of fabricating a semiconductor device 

comprising the steps of: 

(a) forming an oxidation prevention film on a 

circuit formation surface of a semiconductor substrate; 

(b) forming shallow trenches having a radius 

of curvature at corners in a desired position of the 

circuit formation surface of said-semiconductor 

25 substrate; 

(c) forming a trench having a predetermined 

depth to said shallow trenches having a radius of 

curvature so formed; 
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(d) oxidizing said trench portions formed in 

said semiconductor substrate; 

(e) burying. a buried insulating film into 

said trenches so oxidized; 

(f) removing said buried insulating film 

formed on said oxidation prevention film; and 

(9) removing said oxidation prevention film 

formed on the cir.cui t formation surface of said 

semiconductor substrate. 

· 10 3. A method of fabricating a semiconductor device 

according to claim 2, wherein said step for forming 

shallow trenches is carried out by isotropic etching and 

said step for forming a trenches having a predetermined 

depth is carried out by anisotropic etching. 

15 4. A method of fabricating a semiconductor device 

comprising the steps of: 

(a) forming an oxidation prevention film on a 

circuit formation surface of a semiconductor substrate; 

(b) forming trenches having a predetermined 

20 depth at desired positions of the circuit formation 

surface of said semiconductor substrate; 

(c) oxidizing said trench portions formed in 

said semiconductor substrate; 

(d) burying a buried insulating film into 

25 said trenches so oxidized; 

(e) removing said buried insulating film 

formed on said oxidation prevention film; 

(f) oxidizing said semiconductor substrate 
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after said buried insulating film formed on said 

oxidation prevention film is removed; and 

(g) removing said oxidation prevention film 

formed on the circuit formation surface of said 

5 semiconductor substrate. 

10 

s. A method of fabricating a semiconductor 

substrate comprising the steps of: 

{a) forming an oxidation prevention film on a 

circuit formation surface of a semiconductor; 

(b) forming shallow trenches having a radius 

of curvature at corners in desired positions of the 

circuit formation surface of said semiconductor 

substrate; 

(c) forming trenches having a predetermined 

15 depth in said shallow trenches having a radius of 

curvature; 

(d) oxidizing said trench portions formed in 

said semiconductor substrate; 

(e) burying a buried insulation film into 

20 said trenches so oxidized; 

(f) removing said buried insulating film 

formed on said oxidation prevention film; 

(g) oxidizing said semiconductor substrate 

after said buried insulating film formed on said 

25 oxidation prevention film is removed; and 

(h) removing said oxidation prevention film 

formed on the circuit formation surface of said 

semiconductor substrate. 
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6. A method of fabricating a semiconductor device 

according to claim s, wherein said step for forming 

shallow trenches is carried out by isotropic etching and 

said step for forming a trenches having a predetermined 

5 depth is carried out by anisotropic etching. 

1. A semiconductor device of the type wherein a 

device isolation oxide film structure formed on a 

circuit formation surface of a semiconductor substrate 

. is a trench isolation structure, characterized in that 

10 an an angle 9 of a trench, which constitutes said trench 

isolation structure with the circuit formation surface 

of said semiconductor substrate, in a depth-wise 

direction with respect to the side surface of said 

semiconductor substrate is within the range of 90° < a 

8. A semiconductor device of the type wherein a 

device isolation oxide film structure formed on a 

circuit formation surface of a semiconductor substrate 

is a trench isolation structure, characterized in that 

20 an angle e of a trench, which constitutes said trench 

isolation struct.ure with the circuit formation surface 

of said semiconductor substrate, in a depth-wise 

direction with respect to the side surface of said 

semiconductor substrate is within the range of 90° < e 

25 < 180°, and a silicon oxide exists inside said trench. 


