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(57) ABSTRACT 
A method of forming trench isolation comprising the steps 
of: burying a plurality of trenches formed in a substrate With 
a burying material and simultaneously forming a burying 
material layer on protrusive regions betWeen adjacent 
trenches, by use of a process for concurrently executing 
vapor phase groWth and etching; conducting an isotropic 
etching in such a manner as to leave the burying material 
layer on the protrusive region; and removing the remaining 
burying material layer by a CMP process for planariZation. 
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METHOD OF FORMING TRENCH ISOLATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to Japanese application 
No. HEI 11(1999)-154767 ?led on Jun. 2, 1999, Whose 
priority is claimed under 35 USC § 119, the disclosure of 
Which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a method of forming 
trench isolation and a method of producing a semiconductor 
device. The present invention can be utiliZed for producing 
various semiconductor devices containing a concave portion 
burying process step and a subsequent planariZation CMP 
process step, particularly for producing those semiconductor 
devices Which have trench isolation (trench type device 
isolation). 
[0004] The present invention can be utiliZed also for 
producing semiconductor devices that call for a burying 
process step, that buries concave portions de?ned by a 
plurality of convex regions (i.e. de?ned betWeen convex 
regions), by a burying material, and a CMP process step for 
planariZing the burying material layer formed on each 
convex region. 

[0005] 2. Description of Related Art 

[0006] The siZe of integrated circuits has become smaller 
and smaller. Therefore, it has become all the more necessary 
to arrange those components Which constitute an integrated 
circuit adjacent to one another in a limited space. Studies in 
general have been directed to improve the density of an 
active region per unit area of a semiconductor substrate. For 
this reason, effective isolation betWeen circuits has become 
more important. 

[0007] The shape of a shalloW trench, Which is formed by 
etching a semiconductor substrate to form a trench and 
charging the trench by an insulating material, such as silicon 
dioxide, has been employed in existing integrated circuit 
technologies. The region in Which this isolation is de?ned is 
generally referred to as “shalloW trench isolation (STI)”. If 
this STI region is utiliZed, the active region of an integrated 
circuit can be formed substantially in an arbitrary siZe. 
Therefore, the siZe of the STI region varies over a broad 
range. 

[0008] Particularly When a shalloW trench the Width of 
Which varies over a broad range is used for complicated 
topography of existing integrated circuits, the problem of 
non-uniform burying of an oxide often arises When the oxide 
is uniformly charged into the trench. To cope With this 
problem, a method that charges an insulation material into 
the STI region, and a large number of planariZation methods 
that planariZe the resulting structure to uniform topography, 
have been developed. 

[0009] The folloWing methods are knoWn for forming ?at 
trench isolation, for example. 

[0010] First, a thin silicon dioxide ?lm and a thin silicon 
nitride ?lm are formed on a silicon substrate. Trenches are 

then formed in the silicon substrate by etching through a 
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photolithography step. Silicon dioxide is deposited as a 
burying material. When this deposited silicon dioxide is 
polished, ?at trench isolation can be formed because the 
silicon nitride ?lm having a loWer polishing rate than silicon 
dioxide functions as a stopper layer. 

[0011] If convex regions having a small Width exist in a 
coarse and ?ne distribution, the coarse regions turn to a 
convex shape and cannot be planariZed. This problem can be 
solved if a dummy pattern having the same convex shape is 
inserted. When the dummy pattern is inserted, this portion 
becomes an active region. It increases a capacity and even 
tually results in the problem that a device speed gets sloW. 
Therefore, the dummy pattern cannot be inserted from time 
to time. 

[0012] If any convex regions having a Wide top surface 
exist, silicon dioxide as the burying material remains at the 
center of the Wide top surface of the convex regions and 
result in the formation of particles. These problems are 
knoWn in the art, and are explained in Japanese Unexamined 
Patent Publication No. HEI 5(1994)-275527. 

[0013] Therefore, Japanese Unexamined Patent Publica 
tion No. HEI 5(1994)-275527 employs deposition means 
called “bias ECR-CVD process” that executes concurrently 
etching and deposition, as a deposition method of the 
burying material. 

[0014] This deposition method can deposit the burying 
material layer 23 made of silicon dioxide and having a 
trapeZoidal section that is thicker than on the top surfaces of 
the narroW convex regions (A and B), on the top surface of 
the Wide convex region 9 as shoWn in FIG. 5(a). On the 
other hand, this method can deposit the burying material 
layer 24 having a triangular section on the top surface of the 
convex regions having a small Width. 

[0015] According to this Publication, the burying material 
layer on the Wide convex region is isotropically etched using 
a resist mask after the deposition by the bias ECR-CVD 
process. As a result of this etching, the shape of the burying 
material layer on the Wide convex region is made similar to 
the triangular shape on the convex regions having a small 
Width. Only the triangular portion is polished and is then 
etched back for planariZation (see Example 1 and FIG. 1 of 
Japanese Unexamined Patent Publication No. HEI 5(1994) 
275527). 
[0016] This Publication describes also the folloWing 
method in Which the etch-back step of the method described 
above is omitted. First, silicon dioxide is buried into the 
same depth as the trench depth at the time of deposition by 
the bias ECR-CVD process. Next, the burying material layer 
made of silicon dioxide on the Wide convex region is 
isotropically etched so that the shape of the burying material 
layer on the Wide convex region is changed to the shape 
similar to the triangular shape on the convex regions having 
a small Width. Thereafter, the triangular burying material 
layer is polished and planariZed (see Example 2 and FIG. 3 
of Japanese Unexamined Patent Publication No. HEI 

5(1994)-275527). 
[0017] Such means is applied to the formation of a ?at 
inter-layer insulation ?lm such as the formation of a trench 
capacitor involving burying of a groove, the formation of a 
trench contact (trench plug), the formation of a blanket 
W-CVD process, and so forth, besides the formation of 
trench isolation. 



US 2001/0055870 A1 

[0018] However, all the technologies described above are 
not yet free from the problem that the degree of polishing 
relies on an underlying pattern and planariZation cannot be 
done suf?ciently. This problem Will be explained With 
reference to FIGS. 5(a) to 5(c) and FIGS. 6(d) and 6(6). 

[0019] Three regions, that is, a Wide convex region 9, a 
region A having narroW convex patterns in a high density 
and a region B having narroW convex patterns in a loW 
density, exist generally on a substrate 5 as shoWn in FIG. 
5(a). A loWer layer 6 comprising a thin silicon oxide ?lm as 
a polishing stopper layer and an upper layer 7 comprising a 
thin silicon nitride ?lm exist on the upper surface of each 
convex portion. Burying material layers 23 and 24 are 
deposited to such a substrate 5 by deposition means that 
concurrently executes etching and deposition. 

[0020] Next, a resist mask 8 having an opening at the 
portion thereof corresponding to the Wide convex region 9 is 
formed, as shoWn in FIG. 5(b). 

[0021] The burying material layer 23 is isotropically 
etched at the end portion of the resist mask 8 until it reaches 
substantially the same siZe as that of the triangular shape of 
other regions. This etching provides triangular burying 
material layers 23a and 23b. Thereafter, the resist mask 8 is 
removed (see FIG. 5(c)). 
[0022] Polishing is then effected using a pad 10. In this 
instance, polishing of the triangular convex portions can be 
made Within a short time, and uniformity on a inner-surface 
of the Wafer surface can be secured to a certain extent. 
However, the load varies depending on the number of 
convex portions because the density of the convex portions 
is different. In consequence, the polishing rate is loW in the 
region A but is high in the region B and the Wide convex 
region 9 as shoWn in FIG. 

[0023] When the region A is polished, the Wide convex 
region 9 is not recessed because the area of the polishing 
stopper layer is great, as shoWn in FIG. 6(e). HoWever, the 
region B is recessed With the result that polishing cannot be 
done uniformly. 

[0024] Such a problem is likely to develop in the memory 
portion having a greater number of convex portions and in 
the peripheral circuit portion having a smaller number of 
convex portions. 

[0025] The explanation given above deals With the three 
regions, that is, the Wide convex region 9, the region A 
having the convex patterns of a small Width in a high density 
and the region B having the convex patterns of a small Width 
in a loW density. HoWever, it also holds true of the case 
Where only the regions A and B exist but the Wide convex 
region 9 does not exist. 

[0026] The height of the burying material layer that is 
deposited is different betWeen the region A having the 
convex patterns of a small Width in a high density and the 
region B having the convex patterns of a small Width in a 
loW density. Speaking more concretely, the deposition height 
is greater in the dense region A. This difference of height is 
one of the factors that invites variance at the time of 
polishing. Incidentally, in the case of the technology of the 
Publication cited above, the burying material is deposited 
most thickly to the Wide convex region 9, but the problem 
does not occur because this region is etched to a smaller 
thickness. 
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SUMMARY OF THE INVENTION 

[0027] In vieW of the problems With the prior art described 
above, the present invention aims at providing means for 
accomplishing planariZation of regions, Where a plurality 
number of narroW convex regions exist, Without leaving a 
burying material layer on the top surface of the convex 
regions, and the means thus capable of forming trench 
isolation having high planarity. The present invention aims 
also at providing fabrication means of semiconductor 
devices by utiliZing the means described above. 

[0028] When the distribution of the polishing stopper layer 
is not uniform as in the prior art (for example, When the 
density of the convex regions is not uniform, hence the 
occupying ratio of the polishing layer is not uniform) a 
technology that can attain excellent planariZation in the 
portions having a loW area ratio, that is, the peripheral circuit 
portions playing the role of the polishing stopper, having a 
loW density, has been desired. 

[0029] In a production method of a semiconductor device 
Which method includes a polishing step of carrying out 
planariZation after a burying step, it is therefore an object of 
the present invention to provide a production method of a 
semiconductor device Which method can accomplish an 
excellent planar shape even When the distribution of por 
tions, that exhibit a polishing stopper, is not uniform on a 
to-be-polished portion and even at portions Where an area 
ratio of the polishing stopper layer per unit area is loW. 

[0030] According to the present invention, there is pro 
vided a method of forming trench isolation comprising the 
steps of: 

[0031] burying a plurality of trenches formed in a 
substrate With a burying material and simultaneously 
forming a burying material layer on protrusive 
region betWeen adjacent trenches, by use of a pro 
cess for concurrently executing vapor phase groWth 
and etching; 

[0032] conducting an isotropic etching in such a 
manner as to leave the burying material layer on the 
protrusive region; and 

[0033] removing the remaining layers of the burying 
material by a CMP process for planariZation. 

[0034] Further, according to the present invention, there is 
provided a method of forming trench isolation comprising 
the steps of: 

[0035] burying a plurality of trenches formed in a 
substrate With a burying material and simultaneously 
forming a burying material layer on protrusive 
region betWeen adjacent trenches, by use of a pro 
cess for concurrently executing vapor phase groWth 
and etching; and 

[0036] removing the remaining the burying material 
layer by a CMP process for planariZation, 

[0037] Wherein the burying material layer on the 
protrusive region betWeen adjacent trenches is a 
triangular layer Whose maximum height is not 
greater than 0.06 pm. 

[0038] These and other objects of the present application 
Will become more readily apparent from the detailed 
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description given hereinafter. However, it should be under 
stood that the detailed description and speci?c examples, 
While indicating preferred embodiments of the invention, are 
given by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIGS. 1(a) to 1(c) are schematic vieWs illustrating 
the formation of trench isolation in accordance With 
Example 1 of the present invention; 

[0040] FIGS. 2(a) to 2()‘) are schematic vieWs illustrating 
the formation of trench isolation in accordance With 
Example 1 of the present invention; 

[0041] FIGS. 3(a) to 3(c) are schematic vieWs illustrating 
the formation of trench isolation in accordance With 
Example 2 of the present invention; 

[0042] FIGS. 4(a) and 4(6) are schematic vieWs illustrat 
ing the formation of trench isolation in accordance With 
Example 2 of the present invention; 

[0043] FIGS. 5(a) to 5(c) are schematic vieWs illustrating 
drawbacks of a conventional trench isolation; and 

[0044] FIGS. 6(a) and 6(6) are schematic vieWs illustrat 
ing draWbacks of the conventional trench isolation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Hereinafter, the present invention Will be explained 
in further detail. 

[0046] To begin With, a trench buried by a burying mate 
rial in the present invention may be directly formed on the 
substrate, or may be formed in a semiconductor ?lm lami 
nated on a substrate. In this instance, the substrate is not 
limited, in particular, and knoWn substrates can be 
employed. Examples of the substrate include a semiconduc 
tor substrate such as a silicon substrate, a glass substrate and 
a resin substrate. An example of the semiconductor ?lm is a 
silicon ?lm. 

[0047] This substrate is preferably covered With a layer (a 
polishing stopping layer) resistant to etching and a CMP 
process that are to be later applied. Examples of such a layer 
include a silicon nitride ?lm and a poly-silicon ?lm. The 
polishing stopper layer may comprise a laminate body of a 
silicon dioxide ?lm and a silicon nitride ?lm formed on the 
silicon dioxide ?lm. 

[0048] The trench can be formed by knoWn methods such 
as a method that combines a photolithography step With an 
etching step, a laser depiction method, and so forth. The 
present invention can be employed advantageously When a 
plurality of trenches are formed and the gaps among these 
trenches are different. The shape of the trench can be set to 
a desired shape. When the polishing stopper layer is formed 
through the formation of this trench, the layer exists on only 
the top surface of the convex portion. 

[0049] The formation method of the present invention is 
particularly useful When a plurality of trenches including 
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region having a small trench Width and region having a large 
trench Width are buried. Aplurality of trenches may exist in 
each of these regions. 

[0050] When a plurality of trenches exist, the Width of the 
convex portion existing betWeen the trenches is preferably 
substantially equal in both regions. Convex portion having 
a greater Width than the convex portion (hereinafter called 
the “convex portion having a small Width”) may exist 
partially. 
[0051] Next, the trench is buried by the burying material 
by means of the method that executes concurrently vapor 
phase groWth and etching. 

[0052] Examples of the method that executes concurrently 
vapor phase groWth and etching includes a high density 
plasma enhanced chemical vapor phase groWth (HDP) pro 
cess, and a bias ECR-CVD process. According to these 
processes, a burying material layer having a triangular 
sectional shape (hereinafter called the “triangular layer”) is 
formed on the top surface of the convex portion having a 
small Width. Incidentally, When the vapor phase groWth 
process is alone used, the side Wall of the resulting burying 
material layer becomes arcuate in the sectional shape. 

[0053] LoW frequency poWer (LF), high frequency poWer 
(HF) and pressure are selected appropriately as the operation 
condition of the HDP method, that is one of the methods that 
execute concurrently vapor phase groWth and etching, so 
that the shape of the burying material layer on the top 
surface of the convex portions having a small Width 
becomes triangular, though the condition varies depending 
on the Width of the convex portion. 

[0054] MicroWave poWer, RF poWer, a magnetic ?eld and 
a pressure are selected appropriately as the operation con 
dition of the bias ECR-CVD process so that the shape of the 
burying material layer on the top surface of the convex 
portions having a small Width becomes triangular, though 
the condition varies depending on the Width of the convex 
portion in the same Way as in the HDP method described 
above. 

[0055] An example of the burying material is silicon 
dioxide. 

[0056] The burying material layer is etched isotropically. 
This etching is generally conducted for the entire surface of 
the layer, and can make the triangular layer on the top 
surface of the convex portion small. It is not preferable to 
remove completely this layer because the burying material 
inside the trench may be over-etched. Therefore, the trian 
gular layer is etched preferably in such a fashion that its 
maximum height is not greater than 0.06 pm. Incidentally, 
the term “maximum height” means the height from the 
bottom to the top of the triangular layer. 

[0057] Next, planariZation can be accomplished as the 
burying material layer remaining on the upper surface of the 
convex portion is removed by the CMP process. PlanariZa 
tion by the CMP process can be carried out under the knoWn 
condition Without speci?c limitation. 

[0058] If the Wide convex portion remain and moreover if 
the burying material is deposited in this case under a 
condition such that the burying material layer having the 
triangular sectional shape is formed on the top surface of the 
convex portion having a small Width, a trapeZoidal layer is 
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formed on the burying material layer. This trapezoidal layer 
may remain as such even after isotropic etching and CMP 
process are carried out. It is therefore preferable to etch the 
center portion of the trapezoidal layer to a predetermined 
depth before isotropic etching is carried out. This etching 
alloWs the burying material to remain only in the peripheral 
portion. Since the remaining layer has a small amount of 
protrusions, it has a higher polish rate than a planar surface 
and can be easily planariZed. In consequence, planar isola 
tion can be formed. 

[0059] This etching can be conducted by an isotropic Wet 
etching method using 10:1 BHF or anisotropic dry etching 
method by magnetron RIE. 

[0060] The “predetermined depth” described above is 
preferably such that the height of the center portion is 
substantially equal to the height of the loWer portion of the 
triangular layer on the convex portion having a small Width. 

[0061] According to the method described above, the 
major proportions of the burying material layer, that is to be 
removed by the CMP process, on the Wide convex region 
and the triangular layer on the active region having a small 
Width are removed in advance. Therefore, the difference of 
the load of the CMP process resulting from the number of 
triangular shapes can be eliminated, and planar isolation can 
be formed easily even When the area ratio of the polishing 
stopper layer is loW. 

[0062] When the maximum height of the triangular layer 
is not greater than 0.06 gm, planar trench isolation can be 
formed by the folloWing method, too. First, the maximum 
height of the triangular layer can be limited to not greater 
than 0.06 pm by conducting the method, that concurrently 
executes vapor phase groWth and etching, under the condi 
tion Where etching proceeds preferentially. Since the maxi 
mum height of the triangular layer is sufficiently small by 
this method, planar trench isolation can be formed by 
conducting the CMP process Without conducting isotropic 
etching. 

[0063] This method can be suitably used for the produc 
tion method of the semiconductor device having trench 
isolation. 

EXAMPLE 

[0064] Hereinafter, Examples of the present invention Will 
be explained With reference to the draWings. Quite naturally, 
hoWever, the present invention is in no Way limited to these 
Examples. 

Example 1 

[0065] In this example, the present invention Was applied 
to the fabrication of a miniaturiZed and integrated semicon 
ductor device, particularly to the formation of its trench 
isolation. 

[0066] First, a loWer layer 6 as a thermal oxidation ?lm 
(T-SiO2) and an upper layer 7 as a silicon nitride ?lm Were 
formed in advance on a substrate 5 made of silicon. Next, the 
substrate 5 Was etched to form trenches 1 having a small 
Width, trenches 2 having a large Width, convex regions 
having a small Width and convex regions 9 having a large 
Width. 
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[0067] After the trenches Were formed, the substrate Was 
subjected to the folloWing process steps (1) to (7) to form 
trench isolation. 

[0068] (1) An SiO2 ?lm Was formed to a depth greater 
than the trench depth by a high-density plasma 
enhanced chemical vapor groWth process (HDP) as 
one of the deposition means for executing concur 
rently vapor phase groWth and etching. There Were 
thus formed burying material layers 3 (trapeZoidal 
layer) and 4 (triangular layer, maximum height of 
0.22 pm). The structure shoWn in FIG. 1(a) Was thus 
obtained. The deposition condition at this time Was 

LF=4,000 W, HF=2,000 W, SiH4/O2/He=300/154/ 
325 sccm, pressure=2 mTorr and E/D ratio=0.14. 

[0069] Since the Wide convex region 9 existed on the 
substrate 5, the substrate 5 Was subjected to the folloWing 
steps (2) and 

[0070] (2) As shoWn in FIG. 1(b), a resist Was 
patterned in such a manner as to remain on regions 
other than the Wide convex region 9 (on the trap 
eZoidal layer) to form a resist mask 8. 

[0071] (3) The burying material 3 Was then etched. 
The etching operation Was conducted using magne 
tron RIE (anisotropic dry etching) under the condi 
tion of CH4/CHF3/Ar=50/30/400 sccm, RF poWer= 
1,300 W and pressure=250 mTorr. 

[0072] At this time, etching Was carried out onto the active 
region having a small Width, that is, to the height of the ?at 
portion on the trench 1 (the height indicated by dotted line). 
As a result of this etching, burying material layers 3a and 3b 
Were formed on the Wide convex region 9. The resist mask 
8 Was thereafter removed, and the structure shoWn in FIG. 
1(c) Was obtained. 

[0073] (4) The entire surface of the burying material 
layers 3a, 3b and 4 Was isotropically etched by Wet 
etching using a 10:1 BHF solution. At this time, 
etching Was carried out to such an extent that the 
triangular burying material layer 4 on the active 
region having a small Width Was substantially pla 
nariZed (to the maximum height of about 0.06 pm; 
see FIG. The burying material layers after 
etching Were denoted by reference numerals 4a, 3c 
and 3d. 

[0074] (5) Polishing Was done by the CMP process. 
The condition of the CMP process at this time Was as 
folloWs: number of revolution of main table=6.9 
rpm, number of revolution of cross table=50 rpm, 
polishing pressure=350 gf/cm2 and slurry ?oW rate= 
2.0 L/min. A mixed solution of silica, KOH and 
Water Was used as the slurry. In this process step, the 
burying material layers 4a, 3c and 3d Were polished. 
In other Words, as only the burying material layers 
4a, 3c and 3d Were polished, the polishing quantity 
could be reduced. In consequence, planarity for a 
inner surface of the Wafer could be kept Without 
depending on the pattern. As a result, the structure 
shoWn in FIG. 2(e) could be obtained. 

[0075] (6) Next, silicon nitride of the upper layer 7 
and SiO2 of the loWer layer 6 Were removed using 
phosphoric acid and HF, giving the structure shoWn 
in FIG. 2(}‘). 
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Example 2 

[0076] This example represents the application of the 
present invention to the fabrication of a miniaturiZed and 
integrated semiconductor device, particularly to the forma 
tion of its trench isolation. 

[0077] First, a loWer layer 6 comprising a thermal oxida 
tion ?lm (T-SiO2) and an upper layer 7 comprising a silicon 
nitride ?lm Were formed in advance on a substrate 5 made 
of silicon. Next, the substrate 5 Was etched to form trenches 
1 having a small Width, trenches 2 having a large Width, and 
convex regions having a small Width and convex regions 9 
having a large Width. 

[0078] The substrate having the trenches formed thereon 
Was subjected to the folloWing process steps (1) to (5) to 
form trench isolation. 

[0079] (1) An SiO2 ?lm Was deposited to a thickness 
someWhat greater than the trench depth by means of 
a high-density plasma enhanced chemical vapor 
groWth (HDP) process as one of the deposition 
means for executing concurrently vapor phase 
groWth and etching, giving burying material layers 
13 (trapeZoidal layer) and 14 (triangular layer, maxi 
mum height of 0.06 pm). In this Way Was obtained 
the structure shoWn in FIG. 3(a). The deposition 
condition at this time Was as folloWs: LF=2,600 W, 

HF=2,000 W, SiH4/O2/He=475/154/50 sccm, pres 
sure=2 mTorr and E/D ratio=0.20. 

[0080] In this Example 2, the triangular shape on the 
active region having a small Width Was controlled by chang 
ing the E/D ratio so that the maximum height of the 
triangular layer became loWer than the maximum height of 
Example 1. Therefore, Example 2 did not require the iso 
tropic etching step that Was necessary in Example 1. HoW 
ever, it Was to be noted that the maximum height of the 
triangular layer and damage to the underlying layer had a 
trade-off relationship. 

[0081] Next, since the Wide convex region 9 existed in the 
substrate 5, the substrate 5 Was subjected to the folloWing 
process steps (2) and 

[0082] (2) A resist Was patterned in such a fashion 
that portions other than the Wide convex region 9 (on 
the trapeZoidal layer) remained to formed a resist 
mask 8, as shoWn in FIG. 3(b). 

[0083] (3) The burying material layer 3 Was then 
etched. This etching Was conducted using magnetron 
RIE under the condition of CH4/CHF3/Ar=50/30/ 
400 sccm, RF poWer=1,300 W and pressure=250 
mTorr. 

[0084] At this time, etching Was carried out up to active 
region having a small Width, that is, the height (the height 
represented by dotted lines) of the planar portion on the 
trench 1. Thereafter, the resist mask 8 Was removed, and the 
structure shoWn in FIG. 3(c) Was obtained. 

[0085] (4) Polishing Was carried out by means of the 
CMP process. The condition of the CMP process at 
this time Was as folloWs: number of revolution of 
main table=6.9 rpm, number of revolution of cross 
table=50 rpm, polishing pressure=350 gf/cm2 and 
slurry ?oW rate=2.0 L/min. A mixed solution of 
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silica, KOH and Water Was used as the slurry. Since 
only the burying material layers 4a, 13a and 13b 
Were polished in this process step, the polishing 
quantity could be reduced. As a result, planarity of an 
inner surface of the Wafer could be kept Without 
depending on the pattern. In this Way Was obtained 
the structure shoWn in FIG. 

[0086] (5) Next, silicon nitride of the upper layer 7 
and SiO2 of the loWer layer 6 Were removed With 
phosphoric acid and HF, giving the structure shoWn 
in FIG. 4(6). 

[0087] As described above, the present invention can 
accomplish planariZation Without leaving the burying mate 
rial on the dense active regions having a small Width and on 
the Wide convex regions. Therefore, the present invention 
can form trench isolation having high planarity. The present 
invention can also provide a production method of a semi 
conductor device having such trench isolation. 

[0088] In a production method of a semiconductor device 
Which method involves a CMP process step for executing 
planariZation after burying, the present invention can pro 
vide a production method of a semiconductor device Which 
can form excellent planariZed shapes even on those portions, 
Which exhibit a polishing stopper function to a to-be 
polished material and the distribution of Which is not uni 
form, and those portions Which have a loW area ratio of a 
polishing stopper layer per unit area. 

What is claimed is: 
1. A method of forming trench isolation comprising the 

steps of: 

burying a plurality of trenches formed in a substrate With 
a burying material and simultaneously forming a bury 
ing material layer on protrusive region betWeen adja 
cent trenches, by use of a process for concurrently 
executing vapor phase groWth and etching; 

conducting an isotropic etching in such a manner as to 
leave the burying material layer on the protrusive 
region; and 

removing the remaining burying material layer by a CMP 
process for planariZation. 

2. A method according to claim 1, Wherein the burying 
material layer on the protrusive region betWeen adjacent 
trenches is a triangular layer Whose maximum height is not 
smaller than 0.06 pm. 

3. A method according to claim 2, Wherein the triangular 
layer is isotropically etched in such a manner that the 
maximum height thereof becomes not greater than 0.06 pm. 

4. A method according to claim 1, Wherein the process for 
concurrently executing vapor phase groWth and etching is a 
high-density plasma-enhanced chemical vapor deposition 
and the burying material is silicon dioxide. 

5. A method according to claim 1, Wherein the protrusive 
region betWeen adjacent trenches includes a Wide region and 
a narroW region, a trapeZoidal layer is formed of the burying 
material on the Wide region and the triangular layer is 
formed of the burying material on the narroW region When 
the trenches are buried, and a central portion of the trap 
eZoidal layer is etched to a predetermined depth before the 
isotropic etching is conducted. 

6. A method according to claim 5, Wherein the etching of 
the trapeZoidal layer is isotropical or anisotropical etching. 



US 2001/0055870 A1 

7. A method according to claim 1, wherein the protrusive 
region has, on an upper surface thereof, a layer of silicon 
nitride or a laminated layer of silicon dioxide and silicon 
nitride formed thereon Which acts as a stopper layer in the 
CMP process and the burying material is silicon dioxide. 

8. A method according to claim 1 Which is adapted for 
forming trench isolation in the semiconductor device. 

9. A method of forming trench isolation comprising the 
steps of: 

burying a plurality of trenches formed in a substrate With 
a burying material and simultaneously forming a bury 
ing material layer on protrusive region betWeen adja 
cent trenches, by use of a process for concurrently 
executing vapor phase groWth and etching; and 

removing the remaining burying material layer by a CMP 
process for planariZation, 

Wherein the layer of the burying material on the protrusive 
region betWeen adjacent trenches is a triangular layer 
Whose maximum height is not greater than 0.06 pm. 

10. A method according to claim 9, Wherein the process 
for concurrently executing vapor phase groWth and etching 
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is a high-density plasma-enhanced chemical vapor deposi 
tion and the burying material is silicon dioxide. 

11. A method according to claim 9, Wherein the protrusive 
region betWeen adjacent trenches include a Wide region and 
a narroW region, a trapeZoidal layer is formed of the burying 
material on the Wide regions and triangular layers are 
formed of the burying material on the narroW regions When 
the trenches are buried, and central portions of the trapeZoi 
dal layers are etched to a predetermined depth before the 
isotropic etching is conducted. 

12. A method according to claim 11, Wherein the etching 
of the trapeZoidal layer is isotropical or anisotropical etch 
ing. 

13. Amethod according to claim 9, Wherein the protrusive 
region has, on an upper surface thereof, a layer of silicon 
nitride or a laminated layer of silicon dioxide and silicon 
nitride formed thereon Which acts as a stopper layer in the 
CMP process and the burying material is silicon dioxide. 

14. A method according to claim 9 Which is adapted for 
forming trench isolation in the semiconductor device. 

* * * * * 


