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(57) ABSTRACT 

A semiconductor device includes a semiconductor substrate 
and ?rst and second trenches. The ?rst trench with a high 
aspect ratio is formed in a surface of the semiconductor 
substrate and has a bottom, two sidewalls and an open end. 
The ?rst trench is formed so that at the bottom side, an 
inclination of each sidewall relative to the bottom has a ?rst 
angle approximate to a right angle and at the bottom side, the 
inclination of each sidewall relative to the bottom has a 
second angle smaller than the ?rst angle. The second trench 
has a lower aspect ratio than the ?rst trench. The second 
trench has a bottom, two sidewalls and an open end and is 
formed so that an inclination of each sidewall relative to the 
bottom is substantially uniform from the bottom side to the 
open end side and has a third angle which is approximate to 
the second angle. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from Japanese 
patent application No. 2004-85051, ?led Mar. 23, 2004, the 
content of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
device provided With trenches having high and loW aspect 
ratios respectively and a method of fabricating the same. 

[0004] 2. Description of the Related Art 

[0005] Semiconductor devices employ a shalloW trench 
isolation (STI) structure in order that elements may be 
isolated from each other. A trench is formed in a semicon 
ductor substrate and ?lled With an insulating material such 
as silicon oxide (SiOZ), Whereby the element isolating STI 
structure is formed. 

[0006] In forming a trench, a semiconductor substrate With 
an etching pattern is disposed in a vacuum process chamber 
of a processing apparatus. A reactive gas is then introduced 
into the chamber and a discharge plasma is generated so that 
reactive ions and radicals progress etching, Whereby a trench 
is formed. A ?lm of insulating material is formed on the 
trench, Whereupon the STI structure is obtained. An amount 
and/or energy of each of ion and radical is adjusted so that 
an etched ?lm is formed into a desired geometry or so that 
a deposited ?lm has a high trench ?ll capability and high 
fabricating and ?lm-forming speeds are ensured. 

[0007] HoWever, an aspect ratio of the STI region is 
increased as the siZe of a device structure is reduced. With 
this, the trench ?ll capability of an insulating ?lm material 
tends to be reduced. As a result, the trench cannot com 
pletely be ?lled With the insulating ?lm material, Whereupon 
voids are formed in the trench. The voids further result in a 
neW failure such as short circuit betWeen the elements With 
an increasing frequency of occurrence. JP-A-2000-43413 
discloses an improvement in the trench ?ll capability of the 
insulating ?lm in the trench. 

[0008] In order that the trench ?ll capability of the insu 
lating ?lm may be improved, it is suggested that a taper 
angle of STI or an inclination of sideWalls relative to the 
trench bottom be reduced, that is, the inclination of trench 
sideWalls be gentler. HoWever, this method has the folloWing 
inconvenience. That is, a distance betWeen devices needs to 
be set to be shorter as miniaturiZation of the device structure 
progresses. In this case, When the taper angle is reduced in 
consideration of the aforementioned respect, a distance 
betWeen portions Where sideWalls intersect the bottom 
becomes shorter. Accordingly, limitations of a loWer limit 
value of the taper angle become strict according to an 
opening Width of the trench such that the limitations are 
dif?cult to cope With. 

[0009] When the taper angle is reduced as described 
above, an insulation distance betWeen the devices becomes 
short such that the breakdoWn voltage is reduced. This 
results in a reduction in the function of STI, that is, function 

Oct. 6, 2005 

of isolating elements adjacent to each other. Accordingly, in 
order that the aforementioned inconvenience may be pre 
vented, the taper angle needs to be maintained at a large 
value. Thus, the conditions under Which the opening Width 
of the trench gives advantage to the trench ?ll capability is 
contrary to those under Which the taper angle gives advan 
tage to the trench ?ll capability. Under these conditions, the 
trench ?ll capability is hard to maintain at the level of the 
previous design rules. 

[0010] In order that the trench ?ll capability of insulating 
?lm may be improved, for example, the trench ?lling step 
needs to be repeated several times, instead of forming the 
insulating ?lm at a single step so that the trench is com 
pletely ?lled With the insulating ?lm. In this case, hoWever, 
the productivity cannot be improved even if the trench ?ll 
capability can be satis?ed. Additionally, it is dif?cult to 
reduce the costs. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Therefore, an object of the present invention is to 
provide a semiconductor device in Which a desirable trench 
?ll capability of the insulating ?lm in the trench With high 
aspect ration can be maintained even if the miniaturiZation 
of the device progresses, and a method of fabricating the 
same. 

[0012] The present invention provides a semiconductor 
device comprising a semiconductor substrate having a sur 
face, a ?rst trench With a high aspect ratio formed in the 
surface of the semiconductor substrate and having a bottom, 
tWo sideWalls and an open end, the ?rst trench being formed 
so that at the bottom side thereof, an inclination of each 
sideWall relative to the bottom has a ?rst angle approximate 
to a right angle and at the bottom side, the inclination of each 
sideWall relative to the bottom has a second angle smaller 
than the ?rst angle, and a second trench having a loWer 
aspect ratio than the ?rst trench, the second trench having a 
bottom, tWo sideWalls and an open end and being formed so 
that an inclination of each sideWall relative to the bottom 
thereof is substantially uniform from the bottom side to the 
open end side and has a third angle Which is approximate to 
the second angle. 

[0013] The invention also provides a method of fabricat 
ing a semiconductor device, comprising patterning an etch 
ing mask material so that trenches With higher and loWer 
aspect ratios formed in a surface of a semiconductor sub 
strate so as to open at the surface, respectively and etching 
the semiconductor substrate With the patterned etching mask 
using an etching gas made by mixing a halogen gas, a 
?uorocarbon gas and oxygen so that the trenches With the 
higher and loWer aspect ratios respectively are simulta 
neously formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Other objects, features and advantages of the 
present invention Will become clear upon revieWing the 
folloWing description of the embodiment With reference to 
the accompanying draWings, in Which: 

[0015] FIG. 1 is a typical section of a semiconductor 
device of one embodiment in accordance With the present 
invention, shoWing the state of the device after execution of 
a trench forming process; 
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[0016] FIG. 2 is a typical plan vieW of the semiconductor 
device, showing a state Where a gate electrode has been 
formed; 
[0017] FIG. 3 is a typical section of the semiconductor 
device, shoWing the con?guration of the trench in detail; 

[0018] FIGS. 4A to 4D are typical sectional vieWs of the 
semiconductor device corresponding to stages in the fabri 
cation process; 

[0019] FIGS. 5A to SC shoW con?gurations of trenches 
compared With one another With respect to the trench ?ll 
capability; 

[0020] FIG. 6 is a graph shoWing dimensions indicative of 
the trench ?ll capability in different types of trenches; 

[0021] FIG. 7 is a graph shoWing the dimension indicative 
of the trench ?ll capability in the case Where the curvature 
radius of the upper part of trench is changed; and 

[0022] FIG. 8 is a graph shoWing the dimension indicative 
of the trench ?ll capability in the case Where the taper angle 
of the upper part of trench is changed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] One embodiment of the present invention Will be 
described With reference to the accompanying draWings. 
The invention is applied to a ?ash memory Which is one type 
of non-volatile memory. Referring to FIG. 1, the state of the 
semiconductor device after execution of a trench forming 
process is shoWn. FIG. 2 shoWs a control gate electrode. 
FIG. 1 is a sectional vieW taken along line 1-1 in FIG. 2. 
Chips composing the ?ash memory each include a memory 
cell region in Which a number of memory cells are formed 
and a peripheral circuit region in Which peripheral circuits 
for driving the memory cells are formed. 

[0024] A silicon substrate 1 serving as a semiconductor 
substrate has trenches 2a and 2b for forming element 
isolation regions. The trenches 2a and 2b have opening 
Widths A1 and A2 respectively and the same depth D as each 
other. The trench 2a has a higher aspect ratio R1 (D/A1) so 
as to correspond to a memory cell region 3, Whereas the 
trench 2b has a loWer aspect ratio R2 (D/A2) so as to 
correspond to the peripheral circuit region 4. 

[0025] Transistors formed in the peripheral circuit region 
4 include at least one having a higher break-down voltage. 
Accordingly, the Width A2 of the trench 2b is set to be larger 
that the Width A1 of the trench 2a. The trench 2b has a 
bottom Which is formed so that residue 5 is deposited 
Without being etched. The residue 5 can be suppressed When 
an etching gas ratio Which is one of etching conditions is 
optimiZed. 

[0026] Three active regions 6a, 6b and 6c are separately 
formed in the memory cell region 3, a boundary and 
peripheral circuit region 4 respectively. On the upper surface 
of the substrate 1 are deposited a silicon oXide ?lm 7 serving 
as a gate insulating ?lm, a polycrystalline silicon ?lm 8 
serving as a gate electrode material, a silicon nitride ?lm 9 
serving as a stopper in a chemical-mechanical polishing 
process and a silicon oXide ?lm 10 serving as an etching 
mask for the substrate 1 sequentially in the active regions 6a 
to 6c. 
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[0027] In the structure as shoWn in FIG. 2, silicon oXide 
?lms are buried in the respective trenches 2a and 2b so that 
STI structure regions 11a and 11b are formed. Further, 
control gate electrodes 12 are formed so as to eXtend across 
the active regions 6a and 6c. 

[0028] In order that geometries of trenches 2a and 2b may 
be compared With each other, FIG. 3 shoWs a section of a 
boundary Where the trenches 2a and 2b With higher and 
loWer aspect ratios respectively are adjacent to each other or 
the active regions 6a and 6b. In the ?gure, the trench 2a is 
formed so that a Width B1 at the bottom thereof is smaller 
or narroWer than a Width A1 at the upper opening in the 
silicon substrate 1. 

[0029] Referring noW to FIG. 3, a taper angle is de?ned as 
an angle made by line L extending from a bottom end P1 to 
an opening end P2 and line H parallel to the bottom. On one 
hand, When symbol “0t” designates a taper angle of the 
trench 2a, a sideWall 13a of the trench 2a rises up at the 
bottom end P1 With a steeper inclination 01 nearer to a right 
angle than the taper angle 0t. The inclination 01 is made by 
a tangent line S1 along the sideWall 13a at the bottom end 
P1 and parallel line H. The inclination of the sideWall 13a 
gradually becomes gentler as the sideWall 13a goes upWard 
and has, at the opening end P2, a smaller inclination 02 than 
the taper angle 0t. The inclination 02 is made by a tangent 
line S2 along the sideWall 13a at the opening end P2 and 
parallel line H. 

[0030] The sideWall 13a of the trench 2a has a rounded 
shape near the opening end P2 While satisfying the above 
described conditions. Consequently, the trench 2a is formed 
so that a degree of opening is increased from the bottom 
toWard the opening or so that the inner section thereof is 
trumpet-shaped. 

[0031] On the other hand, When symbol “[3” designates a 
taper angle of the trench 2b, a sideWall 13b of the trench 2b 
is formed so as to have, from the bottom end P3 to the 
opening end P4, an inclination 03 Which is substantially 
equal to the taper angle [3. Furthermore, the trench 2b is 
formed so that an inclination 03 at the opening end P4 is 
substantially equal to the inclination 02 at the opening end 
P2 of the trench 2a. The aforementioned inclinations 01, 02 
and 03 serve as ?rst, second and third inclinations respec 
tively. The taper angles 0t and [3 are shoWn by the folloWing 
equations (1) and (2) on the basis of the aforementioned 
dimensions: 

Taper angle ot=arctan (2D/(A1—B1)) (1) 

Taper angle [3=arctan (2D/(A2—B2)) (2) 

[0032] The inclinations 02 and 03 need not be substan 
tially equal to each other but the inclination 03 needs to be 
smaller than inclination 01. 

[0033] As described above, the trench 2a is formed so that 
the inclination of the sideWall thereof is gentle near the 
opening and steep near the bottom. The trench 2b is formed 
so that the inclination of the sideWall thereof is smaller than 
that near the bottom of the trench 2a and is uniform. 
Consequently, the trench ?ll capability of the silicon oXide 
?lm ?lling the interior of the trench is improved. The reason 
for this Would be that a capacity of the trench 2a With the 
higher aspect ratio is decreased as compared With the other 
trench 2a such that the trench ?ll capability is improved, as 
Will be understood from the results of comparison later. 
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Further, the silicon oxide ?lm for ?lling the trench can be 
made by a single process, and a ?lm thickness need not be 
increased for improvement of the trench ?ll capability. 
Consequently, the productivity can be improved. 

[0034] The fabrication process up to the structure of FIG. 
1 Will be described With reference to FIGS. 4A to 4D. 
Firstly, on the silicon substrate 1 are sequentially formed the 
silicon oxide ?lm 7, polycrystalline silicon ?lm 8, silicon 
nitride ?lm 9 and silicon oxide ?lm (boro-silicate glass 
(BSG) ?lm) 10. The silicon oxide ?lm 7 serves as a gate 
insulating ?lm of the ?oating gate. The polycrystalline 
silicon ?lm 8 constitutes a part of the ?oating gate (another 
polycrystalline silicon ?lm Will be deposited in a post 
process). The silicon nitride ?lm 9 serves as a stopper in the 
chemical-mechanical polishing (CMP) process. The silicon 
oxide ?lm 10 serves as a mask material in etching the silicon 
substrate 1. 

[0035] Subsequently, a resist 14 is applied so as to corre 
spond to the active regions 6a to 6c and then exposed to light 
so as to be patterned, as shoWn in FIG. 4B. Thereafter, the 
silicon oxide ?lm 10 is etched With the resist 14 serving as 
a mask, and then, the resist 14 is removed, as shoWn in FIG. 
4C. The silicon nitride ?lm 9, polycrystalline silicon ?lm 8 
and silicon oxide ?lm 7 are etched With the silicon oxide ?lm 
10 serving as a mask. Subsequently, as shoWn in FIG. 4D, 
the silicon substrate 1 is etched using an etching gas in a 
reactive vacuum container of a processing apparatus so that 
the trenches 2a and 2b are formed. The etching gas contains 
a halogen gas to Which a ?uorocarbon gas and oxygen are 
added. The halogen gas includes Cl2 (chlorine gas) and HBr 
(hydrogen bromide gas). The ?uorocarbon gas includes CF4, 
CHF3, CH2F2, CSF8 and C4F6. The halogen gas is mainly 
used for the etching. The etched silicon is oxidiZed using 
oxygen such that silicon oxide is produced as a reaction 
product, Which is deposited on the surface of the silicon 
substrate 1. The ?uorocarbon gas has a function of re 
etching the reaction product deposited as the silicon oxide 
resulting in residue, thereby bloWing aWay the reaction 
product. 
[0036] On one hand, the silicon oxidiZed by oxygen 
becomes difficult to advance into the bottom side in the 
trench With the higher aspect ratio, namely, the trench 2a of 
the memory cell region 3. An amount of silicon oxide is 
reduced as the bottom of the trench 2a is dug doWnWard by 
etching. Accordingly, the inclination of the sideWall 13a is 
increased. On the other hand, since the trench 2b With loWer 
aspect ratio has a larger opening Width A2, the silicon oxide 
is capable of reaching the bottom. As a result, the sideWall 
13b is formed to have a gentle inclination 03. 

[0037] Thus, When the mixing ratio of the aforementioned 
gas is suitably set, an amount of reaction product can be 
controlled or an amount of deposited reaction product can be 
controlled, Whereupon the conditions under Which a desired 
geometry of the trench can be achieved. Further, the above 
described etching manner can form both trenches 2a and 2b 
by one time of etching process. Speci?c etching conditions 
are as folloWs: regarding the gas ?oW rate, the halogen gas 
is set to a ?oW rate of about 70%, oxygen is set to a ?oW rate 
of about 20% and ?uorocarbon gas is set to a ?oW rate of 
about 10%. An etching pressure is set to about 20 mT and an 
RF poWer is set to about 500 W. 

[0038] The trench ?ll capability of the silicon oxide ?lm 
serving as an insulating ?lm Was examined regarding the 
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trenches 2a and 2b of the embodiment and trenches formed 
for the comparison purpose and having geometries other 
than those of the trenches 2a and 2b. FIG. 5A shoWs the 
silicon substrate 1 having the trench 2a of the embodiment. 
FIG. 5B shoWs a silicon substrate 16 having a straight 
tapered trench 15. FIG. 5C shoWs a silicon substrate 18 
having a boWing trench 17. Asilicon oxide ?lm 19 is formed 
on each of the trenches 2a, 15 and 17 to be used to measure 
the trench ?ll capability. 

[0039] FIG. 6 shoWs the trench ?ll capabilities of the 
trenches 2a, 15 and 17 of the silicon substrates 1, 16 and 18 
respectively. Dimension BT (nm) indicative of the trench ?ll 
capability refers to the difference betWeen an interface of the 
silicon substrate 1 and the silicon oxide ?lm 7 and the trench 
bottom, as shoWn in FIG. 5A. The results shoW that the 
trench 2a of the embodiment has a largest dimension BT of 
the three, Whereas the boWing trench 17 has a smallest 
dimension ET. 

[0040] Furthermore, in a case Where the taper angles 0t of 
the trenches 2a and 15 Were set to the same, the trench ?ll 
capability Was measured regarding the silicon substrate 1 of 
the embodiment and the silicon substrate 16 With the 
straight-tapered trench 15. Although the taper angles 0t Were 
the same, the silicon substrate 1 had the dimension BT of 
143 nm Whereas the silicon substrate 16 had the dimension 
BT of 91 nm. As a result, the silicon substrate 1 formed With 
the trench 2a is superior to the other substrates in the trench 
?ll capability. 

[0041] In a state Where the STIs 11a are formed, a distance 
betWeen elements via the bottom of the trench 2a is uniform 
betWeen the active regions adjacent to each other. Conse 
quently, it can be understood that the trench ?ll capability is 
improved While the insulating characteristic is maintained. 

[0042] The trench ?ll capability Was evaluated regarding 
the silicon substrate 1 formed With the trench 2a in a case 
Where the inclination 02 of the trench opening side Was 
changed. In this case, a rounded portion of the silicon 
substrate 1 at the opening side Was approximated to a part of 
a circle, instead of the inclination 02. Acurvature radius r of 
the rounded portion served as a parameter. Avalue serving 
as the curvature radius r obtained at a portion about 20 nm 
deep from the upper surface of the silicon substrate 1. FIG. 
7 shoWs that the trench ?ll capability can be improved (an 
increase in the dimension BT) With increase in the curvature 
radius r de?ned as described above. This signi?es that the 
trench ?ll capability can be improved as the inclination 02 
is reduced. Accordingly, it can be understood that the 
dimension BT during the trench ?lling process can be 
adjusted by controlling the curvature radius r. Consequently, 
the number and time of fabrication steps can each be reduced 
to about tWo thirds in the conventional number and time, 
Whereupon the number of fabrication steps can be reduced. 

[0043] The trench ?ll capability of the trench 2a Was 
evaluated by the simulation using a computer. In the simu 
lation, the sideWall 16a of the trench 2a Was divided into 
three stages, that is, upper, middle and loWer parts in the 
direction of depth. Taper angles of the respective divided 
regions Were changed and then combined together. The 
trench ?ll capability Was evaluated in the same manner. 
Consequently, a degree of in?uence upon the trench ?ll 
capability Was shoWn as upper inclined portion>middle 
inclined portion>loWer inclined portion. As obvious from 



US 2005/0221579 Al 

the results as shown in FIG. 8, the trench ?ll capability Was 
found to be improved When the inclined angle is gentler or 
When the curvature radius is larger. 

[0044] Summarizing the foregoing results, the trench ?ll 
capability can be improved When the opening side has a 
large curvature radius r or When the taper angle 0t is gentle, 
the element isolating function ensuring suf?cient insulating 
performance can be provided While the trench ?lling capa 
bility can be ensured. In this evaluation, the sideWall 16a of 
the trench 2a Was divided into three stages. HoWever, the 
number of divided states is optional. In this case, too, the 
similar effect to the above-described one can be achieved. 

[0045] Several modi?ed forms Will be described. An etch 
ing gas other than those exempli?ed above may be used 
When it belongs to the same type of gas. Furthermore, the 
miXing ratio or the How rate may be set to a suitable value 
so that the same object as described above is achieved. 

[0046] The invention may be applied to any type of 
non-volatile memory other than the ?ash memory. Addition 
ally, the invention may be applied to any semiconductor 
device employing the arrangement in Which a plurality of 
trenches having different aspect ratios and the trench interior 
is ?lled With an insulating ?lm. 

[0047] The foregoing description and draWings are merely 
illustrative of the principles of the present invention and are 
not to be construed in a limiting sense. Various changes and 
modi?cations Will become apparent to those of ordinary skill 
in the art. All such changes and modi?cations are seen to fall 
Within the scope of the invention as de?ned by the appended 
claims. 

What is claimed is: 
1. A semiconductor device comprising: 

a semiconductor substrate having a surface; 

a ?rst trench having a higher aspect ratio and formed in 
the surface of the semiconductor substrate, ?rst trench 
having a bottom, tWo sideWalls and an open end, the 
?rst trench being formed so that at the bottom side 
thereof, an inclination of each sideWall relative to the 
bottom has a ?rst angle approximate to a right angle 
and at the bottom side, the inclination of each sideWall 
relative to the bottom has a second angle smaller than 
the ?rst angle; and 

a second trench having a loWer aspect ratio than the ?rst 
trench, the second trench having a bottom, tWo side 
Walls and an open end and being formed so that an 
inclination of each sideWall relative to the bottom 
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thereof is substantially uniform from the bottom side to 
the open end side and has a third angle Which is 
approXimate to the second angle. 

2. The semiconductor device according to claim 1, 
Wherein the ?rst trench is formed as an element isolation 
region for a region Where a memory cell is adapted to be 
formed, and the second trench is formed as an element 
isolation region for a region Where a peripheral circuit is 
adapted to be formed. 

3. The semiconductor device according to claim 2, 
Wherein the semiconductor substrate is formed With a gate 
insulating ?lm and a gate electrode. 

4. A method of fabricating a semiconductor device, com 
prising: 

patterning an etching mask material so that trenches 
having higher and loWer aspect ratios and formed in a 
surface of a semiconductor substrate so as to be open at 

the surface, respectively; and 

etching the semiconductor substrate With the patterned 
etching mask using an etching gas made by miXing a 
halogen gas, a ?uorocarbon gas and oXygen so that the 
trenches are simultaneously formed. 

5. The method according to claim 4, further comprising, 
prior to the etching step, depositing a gate insulating ?lm 
and a gate electrode material on the semiconductor substrate. 

6. A method of fabricating a semiconductor device, com 
prising: 

forming a gate insulating ?lm on a semiconductor sub 
strate; 

forming a polycrystalline silicon ?lm; 

forming a silicon nitride ?lm; 

forming a silicon oXide ?lm; 

etching the silicon oXide ?lm, silicon nitride ?lm, poly 
crystalline silicon ?lm and gate insulating ?lm all 
formed on the semiconductor substrate into a pattern 
corresponding to a ?rst trench With a higher aspect ratio 
and a second trench With a loWer aspect ratio, With a 
mask serving as a resist; 

etching the semiconductor substrate using an etching gas 
made by miXing a halogen gas, a ?uorocarbon gas and 
oXygen With the patterned silicon oXide ?lm serving as 
a mask until a predetermined depth is reached, thereby 
forming a trench; and 

?lling the trench With an insulating ?lm. 

* * * * * 


