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(57) ABSTRACT 

A trench is formed on a primary surface of a semiconductor 
substrate, and is ?lled With trench material to separate the 
surface region of the semiconductor substrate into plural 
active regions. At least a portion of the surface of the trench 
material adjoining the semiconductor substrate is depressed 
by a predetermined depth With reference to the primary 
surface of the semiconductor device. Thus, prevented is a 
decrease in a drain current of a semiconductor device having 
a trench isolation structure. 
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SEMICONDUCTOR DEVICE HAVING AN 
IMPROVED ISOLATION STRUCTURE, AND 
METHOD OF MANUFACTURING THE 

SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an improvement of 
a semiconductor device having a trench isolation structure. 

[0003] 2. Background Art 

[0004] In accordance With miniaturiZation of a semicon 
ductor element, isolation betWeen elements has also come to 
be effected on a much more minute scale. A method of 
de?ning an isolation region by thermal oxidation of a silicon 
substrate, What is called Local Oxidation of Silicon 
(LOCOS), inevitably involves generation of a structural 
defect called a bird’s beak. Thus, the LOCOS method 
involves a problem of the bird’s beak destroying a minute 
active region sandWiched betWeen the isolation regions. A 
Widely-knoWn approach to solve this problem is to prevent 
formation of a bird’s beak by means of the trench isolation 
method. 

[0005] The trench isolation method involves embedding 
an insulating layer in a trench formed in a silicon substrate. 
After the insulating layer is embedded in the trench, the ?lm 
is etched to the vicinity of the primary surface of the silicon 
substrate. The etched surface is smoothed by means of a 
Widely-used dry etching or chemical-and-mechanical pol 
ishing (CMP) method. 

[0006] As shoWn in FIG. 23, an active region 11 and an 
isolation region 21a coexist in a semiconductor substrate 10 
of an actual semiconductor device, and an embedded oxide 
?lm constituting the isolation region 21a is formed so as to 
become raised in comparison to the primary surface of the 
active region 11. Reference numeral 21b designates a bird’s 
beak. In this structure, as in the case of a LOCOS structure, 
formation of a parasitic MOS can be prevented by raising an 
isolation oxide ?lm than the silicon substrate 10. Further, 
there can be prevented a reduction in a Withstand voltage 
With respect to a gate, Which Would otherWise be caused 
When the edge of an opening of the trench isolation structure 
becomes steep. 

[0007] HoWever, such a conventional semiconductor 
device suffers the folloWing problems. 

[0008] FIG. 24 is a cross-sectional vieW shoWing the 
conventional semiconductor device as vieWed from the 
WidthWise direction of the gate. As indicated by arroWs in 
the draWing, the effective Width of the gate becomes smaller, 
Which in turn diminishes the amount of drain current. 

[0009] FIG. 25 shoWs another conventional semiconduc 
tor device as vieWed from the WidthWise direction of the 
gate. In such an example of the conventional semiconductor 
device, an n-type layer 16 is formed on, e.g., a p-type layer 
15 of the semiconductor substrate 10. In this case, a silicide 
layer 80 is formed close to the bird’s beak 21b, and a 
junction edge of the n-type layer 16 (Which is a reverse 
conductive layer) beneath the silicide layer 80 comes close 
to the silicide layer 80. Therefore, a depletion layer is 
susceptible to becoming closer to the silicide, thereby result 
ing in a decrease in the Withstand voltage of the device. 
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[0010] The conventional trench isolation structure as 
described above is likely to exhibit a so-called narroW 
channel effect. Speci?cally, the threshold voltage of the 
transistor is likely to increase in association With miniatur 
iZation of the semiconductor device and is prone to becom 
ing dif?cult to control, Which in turn results in lack of drain 
current or makes the semiconductor device inoperable. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been conceived to solve 
the problems as associated With the conventional semicon 
ductor device, and the object of the present invention is to 
provide an improved semiconductor device, and a method of 
manufacturing such a semiconductor device, Which prevents 
a decrease in the amount of drain current in a transistor. 

[0012] According to one aspect of the present invention, a 
semiconductor device comprises a semiconductor substrate 
having a primary surface, and a trench isolation region 
formed in the primary surface of the semiconductor sub 
strate for separating the surface region of the semiconductor 
substrate into a plurality of active regions. At least a portion 
of the trench isolation region adjoining the semiconductor 
substrate is depressed by a predetermined depth With respect 
to the primary surface of the semiconductor device. 

[0013] According to another aspect of the present inven 
tion, in a method of manufacturing a semiconductor device, 
a trench for a trench isolation structure is formed on a 
primary surface of a semiconductor substrate through a 
mask pattern formed on the primary surface of the semi 
conductor substrate. An insulating layer is formed on the 
primary surface of the semiconductor substrate so as to ?ll 
the trench. The insulating layer is removed substantially to 
the height of the primary surface of the semiconductor 
substrate. The mask pattern is removed. The insulating layer 
is removed by a predetermined depth, to thereby cause the 
insulating layer provided Within the trench to recede from 
the primary surface of the semiconductor substrate by a 
predetermined depth thereby forming a trench isolation 
structure. 

[0014] In another aspect of the present invention, in a 
method of manufacturing a semiconductor device, an insu 
lating layer is removed at a portion adjoining the semicon 
ductor substrate to recede from the primary surface of the 
semiconductor substrate by a predetermined depth thereby 
forming a trench isolation structure. 

[0015] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a partial plan vieW shoWing a semicon 
ductor device according to a ?rst embodiment of the present 
invention. 

[0017] FIG. 2 is a partial cross-sectional vieW taken along 
the line II-II provided in FIG. 1. 

[0018] FIG. 3 is a partial plan vieW of a MOSFET in a 
semiconductor device according to the ?rst embodiment. 

[0019] FIG. 4 is a partial cross-sectional vieW taken along 
the line IV-IV provided in FIG. 3. 
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[0020] FIG. 5 is a partial cross-sectional vieW showing a 
semiconductor device according to the ?rst embodiment as 
vieWed from the WidthWise direction of the gate. 

[0021] FIGS. 6A to 6E are partial cross-sectional vieWs 
for describing an example of a method of manufacturing a 
semiconductor device according to the ?rst embodiment. 

[0022] FIG. 7 is a partial cross-sectional vieW for describ 
ing a MOSFET in a semiconductor device according to a 
second embodiment of the present invention. 

[0023] FIG. 8 is a partial plan vieW shoWing a semicon 
ductor device in Which a MOSFET is fabricated according 
to a third embodiment of the present invention. 

[0024] FIG. 9 is a partial cross-sectional vieW taken along 
the line IX-IX provided in FIG. 8. 

[0025] FIG. 10 is a partial cross-sectional vieW shoWing a 
semiconductor device as vieWed from the WidthWise direc 
tion of the gate for explaining the operation of the semicon 
ductor device in the third embodiment. 

[0026] FIG. 11 is a partial cross-sectional vieW of a 
semiconductor device according to a fourth embodiment of 
the present invention. 

[0027] FIG. 12 is a partial cross-sectional vieW shoWing a 
structure of a MOSFET according to the fourth embodiment. 

[0028] FIGS. 13A to 13D are partial cross-sectional vieWs 
for describing an example of a method of manufacturing a 
semiconductor device according to the fourth embodiment. 

[0029] FIG. 14 is a partial cross-sectional vieW of a 
MOSFET in a semiconductor device according to a ?fth 
embodiment of the present invention. 

[0030] FIG. 15 is a partial cross-sectional vieW of a 
MOSFET in a semiconductor device according to a sixth 
embodiment of the present invention. 

[0031] FIG. 16 is an enlarged partial cross sectional vieW 
for explaining the operation of the semiconductor device 
according to the sixth embodiment. 

[0032] FIG. 17 is a partial cross-sectional vieW of a trench 
structure in a semiconductor device according to a seventh 
embodiment of the present invention. 

[0033] FIGS. 18A to 18D are partial cross-sectional vieWs 
for describing an example of a method of manufacturing a 
semiconductor device according to the seventh embodiment 
of the present invention. 

[0034] FIG. 19 is a partial cross-sectional vieW of a 
MOSFET in a semiconductor device according to an eighth 
embodiment of the present invention. 

[0035] FIG. 20 shoWs a partial cross-sectional vieW of a 
trench isolation structure in a semiconductor device accord 
ing to a ninth embodiment of the present invention. 

[0036] FIGS. 21A to 21D are partial cross-sectional vieWs 
for describing an example of a method of manufacturing a 
semiconductor device according to a ninth embodiment. 

[0037] FIG. 22 is a partial cross-sectional vieW of a 
structure of a MOSFET in a semiconductor device according 
to a tenth embodiment of the present invention. 
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[0038] FIG. 23 is a partial cross-sectional vieW of a trench 
isolation structure in a conventional semiconductor device 
as vieWed from the WidthWise direction of the gate. 

[0039] FIG. 24 is a partial cross-sectional vieW of a 
MOSFET in a conventional semiconductor device as vieWed 
from the WidthWise direction of the gate. 

[0040] FIG. 25 is an enlarged partial cross sectional vieW 
of a MOSFET in a conventional semiconductor device as 
vieWed from the WidthWise direction of the gate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] Preferred embodiments of the present invention 
Will be described hereinbeloW. Throughout the draWings, 
like reference numerals designate like or corresponding 
elements, and repeated explanations Will be simpli?ed or 
omitted. 

First Embodiment 

[0042] FIGS. 1 and 2 are fragmentary vieWs shoWing a 
semiconductor device according to a ?rst embodiment of the 
present invention. FIG. 1 is a plan vieW, and FIG. 2 is a 
cross-sectional vieW taken along line 11-11 provided in FIG. 
1. 

[0043] In FIGS. 1 and 2, reference numeral 10 designates 
a semiconductor substrate such as silicon semiconductor 
substrate. Reference numeral 11 designates an active region; 
20 designates a trench; and 21 designates a trench material, 
such as a silicon oxide layer as an insulating layer, embed 
ded in the trench 20 in order to constitute a trench isolation 
region. As shoWn in FIG. 2, the present embodiment is 
characteriZed in that the entire surface of the trench material 
21 is loWer than the primary surface of the semiconductor 
substrate 10 by a given amount. The depth of such a 
depression is about 2 to 5 nm. The depression is set so as to 
remain even after oxidation of the gate. 

[0044] As shoWn in FIG. 2, the trench 20 has a broader 
cross section at its upper end and a narroWer cross section at 
its loWer end. 

[0045] An obtuse angle is formed betWeen the primary 
surface of the semiconductor substrate 10 and the side 
surface of the trench material 21, and the edge of the primary 
surface adjoining the trench material 21 assumes a curved 
pro?le. In short, the edge of the semiconductor substrate 10 
along the opening of the trench 20 is rounded. 

[0046] FIGS. 3 and 4 shoW a structure of a MOSFET 
according to the ?rst embodiment. FIG. 3 is a plan vieW of 
the MOSFET, and FIG. 4 is a cross-sectional vieW taken 
along line IV-IV provided in FIG. 3. 

[0047] In FIGS. 3 and 4, reference numeral 12 designates 
a source or drain region; 13 designates a source or drain 

contact; 30 designates a gate insulation ?lm (oxide ?lm); 
and 40 designates a gate electrode. 

[0048] When the present invention is applied to a MOS 
FET, as shoWn in FIGS. 3 and 4, the drive capability of the 
MOFET can be improved. 

[0049] The gate electrode 40 is not limited to a single layer 
such as that shoWn in the draWings, and may assume a 
multilayer structure such as polycide. 
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[0050] FIG. 5 is a cross-sectional vieW showing the semi 
conductor device according to the ?rst embodiment as 
vieWed from the WidthWise direction of the gate. 

[0051] As indicated by an arroW provided in the draWing, 
the effective gate Width becomes greater than that of the 
conventional semiconductor device as shoWn in FIG. 24, 
and the amount of drain current is increased accordingly. 
Further, there is prevented a rise in the threshold volatge, 
Which Would otherWise be caused by a back bias, thereby 
implementing a MOSFET Whose characteristics have little 
dependence on the source resistance. 

[0052] FIGS. 6A to 6E are fragmentary cross-sectional 
vieWs for describing one example of a method of manufac 
turing a semiconductor device according to the ?rst embodi 
ment. 

[0053] As shoWn in FIG. 6A, a mask is formed of, e.g., a 
nitride ?lm 50 (or an oxide ?lm), on the surface of the 
semiconductor substrate 10. The trench 20 is formed in the 
semiconductor substrate 10 by means of etching by use of 
the mask pattern 50. The interior Wall of the trench 20 is 
oxidiZed, and the trench 20 is ?lled With a trench material 60 
(i.e. an silicon oxide layer as an insulating layer) by means 
of deposition. 

[0054] An excessive portion of the trench material 60 in 
the state shoWn in FIG. 6A is removed by means of dry 
etching or CMP, thus processing the semiconductor sub 
strate 10, as shoWn in FIG. 6B. Aportion of the upper layer 
of the trench material 60 shoWn in FIG. 6B is removed by 
use of hydro?uoric acid, Whereby the trench material 60 
assumes a pro?le such as that shoWn in FIG. 6C. The nitride 
?lm 50 shoWn in FIG. 6C is removed by means of hot 
phosphoric acid so as to bring the semiconductor device into 
a state shoWn in FIG. 6D. Finally, the upper layer of the 
trench material 60 shoWn in FIG. 6D is further removed to 
a predetermined depth by means of hydro?uoric acid, so 
that, as shoWn in FIG. 6E, the resultant silicon substrate 10 
and the trench material 21 assume the same geometry as that 
shoWn in FIG. 1 associated With the ?rst embodiment. The 
predetermined depth of the depression of the trench material 
21 With respect to the surface of the semiconductor substrate 
10 is about 2 to 5 nm, and the depression is set so as to 
remain even after oxidation of the gate. 

[0055] Although no particular limitation is imposed on the 
impurities to be implanted into the silicon substrate 10, the 
silicon substrate 10 may be doped through oblique doping 
after oxidation of, e.g., the interior Wall of the trench 20. 
Alternatively, a dopant may be initially diffused deeply into 
the semiconductor substrate 10 before deposition of a mask 
of nitride or oxide ?lm. 

[0056] As has been described above, the semiconductor 
device according to the ?rst embodiment is provided With 
the trench material 21 (trench isolation region) for separat 
ing active regions formed on the primary surface of the 
semiconductor substrate 10. At least the surface of the trench 
material 21 Which is to adjoin the semiconductor substrate 
10 is depressed by a predetermined depth With respect to the 
primary surface of the semiconductor substrate 10. 

[0057] Further, as shoWn in FIG. 4, a gate insulation ?lm 
(oxide ?lm) 30 is formed on the primary surface of the 
semiconductor substrate 10, and a gate electrode (conduc 
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tive ?lm) 40 is formed so as to form a continuous surface 
over the insulation ?lm 30 and the trench material 21. 

[0058] The ?rst embodiment of the present invention as 
described above yields the advantages in increasing a drain 
current (Id) of a transistor, diminishing the body effect of the 
transistor, and reducing stress and boundary surface level. 

Second Embodiment 

[0059] FIG. 7 is a cross-sectional vieW for describing a 
semiconductor device according to a second embodiment of 
the present invention. As in the case of FIG. 4, FIG. 7 
corresponds to a cross-sectional vieW taken along line IV-IV 
of the plan vieW provided in FIG. 3. The second embodi 
ment is directed to an improvement in the semiconductor 
device according to the ?rst embodiment. 

[0060] In FIG. 7, reference numerals 14a, 14b, and 14c 
designate speci?c impurity layers formed at different depths 
Within the semiconductor substrate 10. 

[0061] The second embodiment is characteriZed in that the 
silicon substrate 10 assumes a non-uniform impurity con 
centration Where the trench 20 is formed. After formation of 
the trench 20, the impurity layers 14a, 14b, and 14c (ion 
implanted layers) are formed by means of ion implantation. 
As a result, punch-through of a carrier current into an 
adjoining MOSFET can be prevented. The number of the 
ion-implanted layers is not particularly limited, so long at 
least tWo ion-implanted layers are provided. 

[0062] Further, an epitaxially-groWn substrate may be 
used as the semiconductor substrate 10. 

[0063] As has been described above, the semiconductor 
device according to the second embodiment comprises a 
plurality of impurity layers 14a, 14b, and 14c formed at 
different depths Within the semiconductor substrate 10 by 
means of ion implantation. 

[0064] The second embodiment of the present invention as 
described above yields the advantages in increasing a drain 
current (Id) of a transistor, diminishing the body effect of the 
transistor, preventing punch-through of a carrier current in 
the transistor, and reducing a stress and boundary surface 
level. 

Third Embodiment 

[0065] FIGS. 8 and 9 are illustrations for describing a 
semiconductor device according to a third embodiment of 
the present invention. FIG. 8 is a plan vieW shoWing the 
semiconductor device in Which a MOSFET is fabricated, 
and FIG. 9 is a cross-sectional vieW taken along line IX-IX 
provided in FIG. 8. FIG. 8 is a plan vieW taken before 
formation of a sideWall and a silicide layer, Which Will be 
described later. 

[0066] In FIGS. 8 and 9, reference numeral 10 designates 
a semiconductor substrate, 11 designates an active region, 12 
designates a source or drain region; 13 designates a source 
or drain contact; 30 designates a gate insulation ?lm (oxide 
?lm); 40 designates a gate electrode, 70 designates a side 
Wall, such as a silicon oxide ?lm, formed on the side surface 
of the gate electrode 40; 71 designates an insulating ?lm, 
such as a silicon oxide ?lm, as a sideWall formed on the side 
surface of the semiconductor substrate 10, and is formed 
simultaneous With formation of the sideWall 70; and 80 
designates a silicide layer. 
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[0067] The present embodiment corresponds to a semi 
conductor device according to the ?rst embodiment in Which 
a silicide layer is applied. 

[0068] The silicide layer 80 is formed by means of sput 
tering With a metal typi?ed by Ti, Co, Ni, or W, and by 
heating the silicon substrate 10 With a lamp to induce 
reaction in the silicon substrate 10. 

[0069] The third embodiment is characteriZed in prevent 
ing deterioration in the Withstand voltage at a junction at the 
trench edge, Which Would arise in a conventional semicon 
ductor device. 

[0070] The characteristics of the third embodiment Will 
noW be described by reference to FIG. 10 for describing the 
operation of the semiconductor device according to the third 
embodiment. 

[0071] In FIG. 10, reference numeral 10 designates a 
semiconductor su/bstrate; 11 designates an active region; 15 
designates a p-type substrate region of the active region 11; 
16 designates an n-type conductive layer of the active region 
11; 20 designates a trench; 21 designates a trench material to 
be embedded into the trench 20; 71 designates an insulating 
?lm; and 80 designates a silicide layer. 

[0072] In the present embodiment, the trench material 21 
is depressed Within the trench 20, and hence the n-type 
conductive layer 16, Which is a reverse conductive layer, is 
formed to a depth considerably beloW the top of the trench 
20. Further, the insulating ?lm 71 is present along the trench 
edge, and the silicide layer 80 is formed at a position distant 
from the junction edge, thereby contributing to a rise in 
Withstand voltage of the device. 

[0073] As has been described above, the semiconductor 
device according to the third embodiment comprises the 
silicide layer 80 formed at a predetermined area on the 
primary surface of the semiconductor substrate 10 close to 
the trench material 21, and the insulating ?lm 71 is formed 
Within the depression of the trench material 21 so as to 
eXtend to the silicide layer 80 on the surface of the semi 
conductor substrate 10. 

[0074] The third embodiment of the present invention as 
described above yields the advantages in improving a With 
stand voltage at a junction, and reducing stress and boundary 
surface level. 

[0075] The structures shoWn in FIGS. 3 and 8 depict 
different portions in an identical semiconductor devices; in 
other Words, the structures shoWn in FIGS. 3 and 8 may be 
formed in a different portions in one semiconductor device. 

Fourth Embodiment 

[0076] FIG. 11 is a cross-sectional vieW for describing a 
semiconductor device according to a fourth embodiment of 
the present invention, and shoWs a cross-section of a trench 
isolation structure. 

[0077] In FIG. 11, reference numeral 90 designates a 
depression formed along the outer periphery of the trench 
isolation structure. 

[0078] In the present embodiment, the major surface of the 
trench material 21 is essentially ?ush With the surface of the 
primary surface of the semiconductor substrate 10. Along 
the edge of the upper surface of the trench material 21, the 
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depression 90 is formed so as to become loWer than the 
primary surface of the semiconductor substrate 10. 

[0079] FIG. 12 is a cross-sectional vieW shoWing a struc 
ture of a MOSFET according to the present embodiment. 

[0080] As compared With the semiconductor device 
according to the ?rst embodiment shoWn in FIGS. 1 and 4, 
the semiconductor device shoWn in FIG. 12 yields the 
advantage of reducing the capacitance of the gate. Since the 
major surface of the trench material 21 (i.e., the entirety of 
the trench material 21 With the exception of the outer 
periphery thereof) is not recessed, the parasitic capacitance 
betWeen the silicon substrate 10 and a transfer gate is 
reduced, thereby increasing the overall functioning speed of 
the semiconductor device. 

[0081] FIGS. 13A to 13D are cross-sectional vieWs for 
describing one eXample of a method of manufacturing the 
semiconductor device according to the fourth embodiment. 

[0082] In FIG. 13A, similarly With FIG. 6A, the surface 
of the substrate 10 is covered With a nitride ?lm 50. A trench 
material 60 (i.e. an silicon oXide layer as an insulating layer) 
is embedded in the trench 20, Which is formed through 
etching on the surface of the semiconductor substrate 10. 
Similarly With FIG. 6B, FIG. 13B shoWs the trench material 
60 after having been made smooth through dry etching or 
CMP. As shoWn in FIG. 13C, the nitride ?lm 50 is removed 
through use of hot phosphoric acid. As shoWn in FIG. 13D, 
the trench material 60 is dissolved through use of hydrof 
luoric acid, thereby readily forming the recess 90 along the 
edge of the opening of the trench 20. 

[0083] As has been described above, in the semiconductor 
device according to the fourth embodiment, the trench 
material 21 (isolation region) is formed such that the major 
surface thereof becomes substantially ?ush With the primary 
surface of the semiconductor substrate 10. Also, the trench 
material 21 is formed so as to become depressed along only 
the edge adjoining the semiconductor substrate 10. 

[0084] The fourth embodiment of the present invention as 
described above yields the advantages in increasing a drain 
current of the transistor, diminishing the body effect of the 
transistor, preventing a parasitic capacitance betWeen the 
transfer gate and the substrate, and preventing stress and 
kinetics at the boundary region. 

Fifth Embodiment 

[0085] FIG. 14 is a cross-sectional vieW for describing a 
semiconductor device according to a ?fth embodiment of the 
present invention. 

[0086] In FIG. 14, reference numerals 14a, 14b, and 14c 
designate speci?c impurity layers Within the semiconductor 
substrate 10. 

[0087] The ?fth embodiment corresponds to the fourth 
embodiment, in Which the silicon substrate 10 assumes a 
non-uniform concentration of impurities Where the trench 20 
is formed. After formation of the trench 20, the impurity 
layers 14a, 14b, and 14c (ion-implanted layers) are formed 
by means of ion-implantation. As a result, punch-through of 
a carrier current to an adjoining MOSFET can be prevented. 
Further, in addition to the advantageous results yielded in the 
fourth embodiment, the ?fth embodiment yields the advan 
tage of diminishing parasitic capacitance. 










