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(57) ABSTRACT 

The invention provides a method of manufacturing a semi 
conductor device comprising the following steps. A silicon 
substrate is provided. A ?rst oxidation-resistant layer is 
formed on the silicon substrate. The ?rst oxidation-resistant 
layer and the silicon substrate are formed to form a trench. 
A second oxidation-resistant layer if formed on the ?rst 
oxidation-resistant layer and inside the trench. A portion of 
the second oxidation-resistant layer is removed to form a 
spacer on sidewalls of the trench. A portion of the exposed 
silicon substrate on bottom of the trench is performed by 
directional etching to expose a portion of the sidewalls of the 
trench. Athermal oxidation step is performed on the exposed 
portion of the sidewall of the trench. The second spacer is 
removed and a dielectric layer is formed over the substrate 
to ?ll in the trench. 
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METHOD OF FABRICATING A SILICON ISLAND 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of fab 
ricating a silicon island in semiconductor substrate. More 
particularly, the invention provides a method of fabricating 
a silicon island of mono-crystalline silicon for making 
electronic devices. 

[0003] 2. Description of the Related Art 

[0004] Since Silicon-On-Insulator (SOI) devices are fab 
ricated on a thin silicon ?lm on a insulator, the parasitic 
capacitance of the source/drain of MOSFET to the substrate 
beloW is greatly reduced and the operation speed is substan 
tially improved compared to conventional microelectronic 
circuit fabrication on bulk silicon substrate (Bulk Devices). 
Thus SOI have tremendous advantage for very large scale 
integration (VLSI) of electronic devices over conventional 
Bulk Devices. In SOI fabrication, the channel length of the 
source/drain is reduced thereby decreasing the area and 
effectively increasing the integration of a semiconductor 
device. Additionally, device isolation of the SOI devices can 
be easily achieved With shalloW trench isolation (STI) 
techniques by simply etching off unnecessary parts of silicon 
?lm surrounding areas to be used for SOI devices. 

[0005] HoWever, SOI devices are difficult to fabricate and 
expensive. Additionally, SOI devices have inherent draW 
backs due to build-up of hot carrier generated during the 
operation. During SOI operation, from time to time, a high 
electric ?eld concentrates around the drain region. Electric 
charges ?oWing in the channel are accelerated by the strong 
electric ?eld around the drain and generates the opposite 
electric carriers by impact ioniZation Which then ?oWs back 
to the body of the device. Since SOI is completely isolated 
electrically from the substrate beloW, the created carriers 
cannot be drained into the substrate and thus builds up in the 
body of the SOI, this causes ?oating body effect, i.e. a shift 
of electrical potential in the body of SOI device With carrier 
build up. This ?oating body effects then induces undesirable 
transition in device performance such as change of threshold 
voltage With time. 

[0006] Therefore, holes are con?ned inside the SOI device 
body. When a forWard voltage is applied betWeen the source 
and the body, holes in the body start to How out of the source 
forming parasitic bipolar action path. With this neW electron 
path formed aWay from gate electrode besides proper chan 
nel current path at the interface betWeen silicon and gate 
oxide, the SOI device shoWs unexpected irregular operation 
so called kink effect. 

[0007] Further, formation of electrical pathWays through 
the insulating material requires process steps to open a small 
hole through the insulating region Whose dimensions 
become less than 0.25 mm in the deep sub-micron device era 
(if the hole is larger compared With the insulating region, the 
device loses advantages of SOI device). Formation of such 
small holes precisely aligned Within the insulating region 
Whose dimensions are less than 0.25 mm is extremely 
dif?cult and almost impractical as a ULSI manufacturing 
method. Furthermore, the method requires a crystalliZation 
step even for constructing a single level planar circuit, Which 
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is inef?cient, When a single crystal level is already available 
on the original substrate surface. 

[0008] Therefore, improved devices structure and a simple 
fabrication Which realiZe high speed operation as With 
conventional SOI devices but Without any adverse effects 
related to the charge build-up is highly desired. In order to 
overcome the above defects a thin-foot charge drain beneath 
the conventional SOI structure to sWeep out undesirable 
charge build-up generated by hot carrier effects during 
device operation desirable. 

[0009] Referring to FIG. 1A, is a schematic diagram 
illustrating a conventional SOI, a silicon nitride ?lm 102 
about 2000Athick is formed on a silicon substrate 100 using 
a CVD technique, a photoresist mask 104 is formed. 

[0010] Next, referring to FIG. 1B, a reactive ion etching 
(RIE) is performed to penetrate etching through silicon 
nitride layer 102 and the underlying silicon substrate 100, 
forming a trench 105 forming a silicon island structure 112. 
During the etching process, a thin passivation layers 106 are 
formed on the sideWall of the trench 105. 

[0011] Next, referring to FIG. 1C, an anisotropic (chemi 
cal) dry etching using CF4/O2 plasma is performed. The 
passivation layers 106 forms a protective layer on the 
sideWalls and is unaffected by etching. While the horiZontal 
bottom surface has no passivation layers are etched eroding 
the bottom surface and forming a foot of a silicon island 110 
as shoWn. 

[0012] HoWever, there is a problem in fabricating a silicon 
island With a thin foot region under the island using the 
method as described above. It is very dif?cult to control the 
etching process for obtaining a desired foot thickness in a 
deep submicron device, often over-etching and breaking off 
of the structure 112 occurs. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides an improved 
method of fabricating a thin-foot region underneath the SOI 
structure. In the method it is very easy to control the 
oxidation process for obtaining a desired foot thickness in a 
deep submicron device. The draWbacks of the conventional 
etching step, such as over-etching and breaking off of the 
island structure Will not occur in the invention. The thin foot 
region is easily formed by controlling conditions of oxida 
tion, such as time or temperature of oxidation. 

[0014] The invention provides a method of manufacturing 
a semiconductor device comprising the folloWing steps. A 
silicon substrate is provided. A ?rst oxidation-resistant layer 
is formed on the silicon substrate. The ?rst oxidation 
resistant layer and the silicon substrate are formed to form 
a trench. Asecond oxidation-resistant layer if formed on the 
?rst oxidation-resistant layer and inside the trench. Aportion 
of the second oxidation-resistant layer is removed to form a 
spacer on sideWalls of the trench. A portion of the exposed 
silicon substrate on bottom of the trench is performed by 
directional etching to expose a portion of the sideWalls of the 
trench. Athermal oxidation step is performed on the exposed 
portion of the sideWall of the trench. The second spacer is 
removed and a dielectric layer is formed over the substrate 
to ?ll in the trench. 

[0015] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
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are exemplary and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The accompanying drawings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and 
together With the description serve to explain the principles 
of the invention. In the draWings, 

[0017] FIGS. 1A through 1C are schematic cross-sec 
tional vieWs shoWing the conventional silicon island struc 
ture. 

[0018] FIGS. 2A through 2E are schematic, cross sec 
tional vieWs shoWing the silicon island structure according 
to a preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Reference Will be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0020] FIGS. 2A through 2E are schematic, cross-sec 
tional vieWs shoWing the progression of fabrication steps 
forming a silicon island according to a ?rst preferred 
embodiment of this invention. 

[0021] Referring to FIG. 2A, a silicon substrate 200 is 
provided. A ?rst oxidation-resistant layer 202 made of a 
material from oxidation is formed on the silicon substrate 
200. The oxidation-resistant layer 202 is made of, for 
example, silicon oxide With a thickness of about 500 to 2000 
A. The ?rst oxidation-resistant layer 202 can be formed by 
chemical vapor deposition (CVD). 

[0022] Referring to FIG. 2B, the ?rst oxidation-resistant 
layer 202 and the silicon substrate 200 are patterned by, for 
example, anisotropic etching to form a trench 206. Asilicon 
island structure 212 is then formed on the silicon substrate 
200. 

[0023] Referring to FIG. 2C, a second oxidation-resistant 
layer 204 is formed over the silicon substrate 200 and the 
?rst oxidation-resistant layer 202. The second oxidation 
resistant layer 204 can be a silicon oxide layer With a 
thickness of about 200 to 1000 A and can be formed by 
CVD. The second oxidation-resistant layer 204 is then 
performed by a etching back process for example plasma 
etching back to form oxidation-resistant spacers 204a on the 
sideWall of the trench 206, as shoWn in FIG. 2D. Then a 
directional etching process is performed on the silicon 
substrate 200. An exposed portion of the silicon substrate 
200, Which is not covered by the ?rst oxidation-resistant 
layer 202 and the oxidation-resistant spacers 204a, is etched 
to a depth h from a bottom level of the spacers 204a. Silicon 
island structures 204b are then formed thereafter, as shoWn 
in FIG. 2D. 

[0024] Referring to FIG. 2E, a thermal oxidation step is 
performed on the exposed portion of the silicon substrate 
200. The silicon island structure 212 is prevented from 
oxidation because the silicon island structure 212 is covered 
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by the ?rst oxidation-resistant layer 202 and the oxidation 
resistant spacers 204a. A thin foot region 214 is formed in 
a region betWeen the silicon island structure 212 and the 
silicon substrate 200 after the thermal oxidation step. 

[0025] It is very easy to control the oxidation process for 
obtaining a desired foot thickness in a deep submicron 
device. The draWbacks of the conventional etching step, 
such as over-etching and breaking off of the island structure 
112 Will not occur in the invention. The thin foot region 214 
is easily formed by controlling conditions of oxidation, such 
as time or temperature of oxidation. 

[0026] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A method of manufacturing a semiconductor device 

comprising the steps of: 

providing a silicon substrate; 

forming a ?rst oxidation-resistant layer on the silicon 
substrate; 

patterning the ?rst oxidation-resistant layer and the silicon 
substrate to form a trench; 

forming a second oxidation-resistant layer on the ?rst 
oxidation-resistant layer and inside the trench; 

removing a portion of the second oxidation-resistant layer 
to form a spacer on sideWalls of the trench; 

directionally removing a portion of the exposed silicon 
substrate on bottom of the trench to expose a portion of 
the sideWalls of the trench; and 

performing a thermal oxidation step on the exposed 
portion of the sideWall of the trench. 

2. The method of claim 1, Wherein the ?rst oxidation 
resistant layer comprises of silicon nitride. 

3. The method of claim 1, Wherein the ?rst oxidation 
resistant layer is formed by chemical vapor deposition 
(CVD), and the thickness of the ?rst oxidation-resistant 
layer is about 500 to 2000 

4. The method of claim 1, Wherein the second oxidation 
resistant layer comprises of silicon nitride and the thickness 
is about 100 to 1000 A. 

5. A method of manufacturing a semiconductor device 
comprising the steps of: 

providing a silicon substrate; 

forming a ?rst oxidation-resistant layer on the silicon 
substrate; 

patterning the ?rst oxidation-resistant layer and the silicon 
substrate to form a trench; 

forming a second oxidation-resistant layer on the ?rst 
oxidation-resistant layer and inside the trench; 
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performing a plasma etch-back process on the second 
oxidation-resistant layer to form a spacer on sidewalls 
of the trench; 

performing a directional etching to expose a portion of 
sideWall of the trench; and 

performing a thermal oxidation step on the exposed 
portion of the silicon semiconductor. 

6. The method of claim5, Wherein the ?rst oxidation 
resistant layer comprises of silicon nitride. 
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7. The method of claim 5, Wherein the ?rst oxidation 
resistant layer is formed by CVD, and the thickness of the 
?rst oxidation-resistant layer is about 500 to 2000 

8. The method of claim 5, Wherein the second oxidation 
resistant layer comprises of silicon nitride and the thickness 
of the second oxidation-resistant layer is about 100 to 1000 
A. 


