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[57] ABSTRACT 

A MOSFET device protects the device from the short 
channel effect and decrease the resistance of a gate of the 
device. The MOSFET device includes a gate formed on a 
substrate and two source/drain regions. The source/drain 
regions are formed in the substrate at the sides of the gate. 
An oxide layer includes a first structure and a second 
structure. The first structure is at the side walls of the gate 
with the top of the first structure being lower than the top of 
the gate. The second structure is formed on the substrate and 
is connected to the first structure. A first spacer is formed on 
the second structure and beside the first structure. A second 
spacer is formed on the second structure and beside the first 
spacer. A self-aligned metal layer is formed on the gate, the 
first spacer, and over the substrate. As a result, the MOSFET 
device has an ultra-shallow junction under the first spacer to 
reduce the source/drain resistance and increase the operating 
rate of the device. 

10 Claims, 6 Drawing Sheets 
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MOSFET DEVICE WITH TWO SPACERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a divisional application of the application Ser. No. 
09/055692, filed on Apr. 6, 1998. Application Ser. No. 
09/055692 claims the priority benefit of Taiwan application 
Ser. No. 87101624, filed Feb. 7, 1998, the full disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates in general to a fabrication of a 

MOSFET (metal oxide semiconductor field effect transistor) 
device, and more particularly to a reverse T-gate MOSFET 
device. 

2. Description of the Related Art 

2 
on the contact surface of the titanium layer 114 and the gate 
104 with the substrate 100 by annealing to form a titanium 
silicide layer 116 as shown in FIG. lE. Referring to FIG. lF, 
the remainder of the titanium layer 114 is removed to 

5 complete the fabrication of the self-aligned silicide. 
In the conventional processes, the distance between the 

lightly doped region and the titanium silicide layer is small. 
As a result, current leakage occurs. The current leakage will 
be especially serious when a voltage is applied to the gate. 

10 This is the so-called gate-induced dual leakage. In order to 
generate a better drain current ID, the lightly doped region 
can be further implanted to form a heavily doped region. The 
current technology of implantation is unable to implant the 
ions in the correct region. If the heavily doped region is 

15 formed, the large junction capacitance in the lightly doped 
region and the channel will cause the short channel effect. In 
addition, the small contact area of the silicide on the gate 
will have a low operating rate and a hot carrier effect. When the semiconductor device becomes smaller, the 

operating rate is raised and the channel length is shortened. 
20 

The channel length of the MOSFET can not be shortened 
limitlessly. When the channel length of the MOSFET is 
shortened to a certain degree, the short channel length causes 
many problems. This is called a short channel effect. For 
example, if the threshold voltage Vt decreases, then it 

25 becomes difficult to apply a proper gate voltage Vg. When 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a 
reverse T-gate MOSFET device. The T-gate device pos­
sesses a wide, shallow junction to protect the device from 
the short channel effect. In accordance with the present 
invention, increasing the contact area of the gate and the 

the channel length of the MOSFET is shortened, and the 
voltage applied to the gate is the same, the transverse electric 
field will increase. By the accelerating of the electric field, 

self-aligned silicide layer can reduce the resistance of the 
gate and increase the operating rate of the device. 

the electrons in the channel have a higher energy. In 
30 

particular, the electrons in the region close to the junction of 

The invention achieves the above-identified objects by 
providing a new method of fabricating a MOSFET device. 
The MOSFET device can increase the operating rate of the 
I Cs, and protect the device from the short channel effect. The 
fabricating method includes the following steps. A device 
including a substrate, an oxide layer, a gate and a lightly 

the channel and the drain possess much more energy and are 
called "hot electrons". When the hot electrons bump the 
electrons in the valence band, the electrons in the valence 
band go to the conduction band. Then, the electron-hole pair 

35 generates the "carrier multiplication" effect. If the "carrier 
multiplication" effect is serious, it will result in electrical 
breakdown. 

doped region is provided, wherein the oxide layer is formed 
on the substrate and the gate is formed on the oxide layer. A 
conducting layer is formed on the oxide layer and the 
conducting layer is etched to form a first spacer. Then, the 
device is implanted to form a heavily doped region. A In addition, the increase of the ICs' integrity will cause 

the junction depth of the source and the drain to be short­
ened. As a result, the distribution and profile of the semi­
conductor is difficult to control accurately. The channel 
effect of ions implantation causes depth control to be diffi­
cult. The channel effect of ions implantation will cause an 
over-implanting depth and result in a damage of the device. 

In order to increase the I Cs' integrity and to keep a better 
product quality of a 0.25 µm or lower channel, the resistance 
of the polysilicon should be lowered to increase the speed of 
the device. Besides, the junction depth should be lowered to 
prevent the device from having the channel effect. FIGS. lA 
to lF are cross-sectional views of conventional schematic 
processes of forming a MOSFET device. 

Referring to FIG. lA, a device includes a substrate 100, 
a gate oxide layer 102 and a gate 104, wherein the gate oxide 
layer 102 is formed on the substrate 100, and the gate 104 
is formed on the gate oxide layer 102.Aliner oxide layer 106 
is formed on the device. Then, the substrate is implanted to 
form a lightly doped region 108. 

Referring to FIG. lB, a dielectric layer 110 is formed on 
the device. Then, the dielectric layer 110 and the liner oxide 
layer 106 are etched to become a liner oxide layer 106a and 
a spacer 110a. Next, the substrate 100 is implanted to form 
a heavily doped region 112. As shown in FIG. lC, the lightly 
doped region 108 and the heavily doped region 112 form a 
lightly doped drain (LDD) structure. 

Referring to FIG. lD, a titanium layer 114 is formed on 
the device. Then, a self-aligned silicide process is performed 

40 dielectric layer is deposited on the device, and the dielectric 
layer is etched to form a second spacer. The oxide layer is 
etched to expose part of the side walls of the gate. Then, a 
self-aligned silicide process is further processed to complete 
the fabricating processes. The device includes at least the 

45 following structures: a substrate, a gate, two source/drain 
regions, an oxide layer with a first structure and a second 
structure, a first spacer, a second spacers and a self-aligned 
silicide layer. The gate is formed on the substrate. The 
source/drain regions include a lightly doped region and a 

50 heavily doped region, wherein the source/drain regions are 
formed in the substrate and at the sides of the gate. The first 
structure of the oxide layer is at the side walls of the gate, 
wherein the top of the first structure is lower than the top of 
the gate. The second structure of the oxide layer is formed 

55 on the substrate, wherein the second structure is connected 
to the bottom of the first structure. The first spacer is formed 
on the second structure and at the sides of the first structure. 
The second spacer is formed on the second structure and at 
the sides of the first spacer. The self-aligned silicide layer is 

60 formed on the gate, the first spacer and over the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the invention 
will become apparent from the following detailed descrip-

65 tion of the preferred but non-limiting embodiments. The 
description is made with reference to the accompanying 
drawings in which: 
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FIGS. lA to lF (Prior Art) are cross-sectional views 
showing a conventional process steps of forming a MOS­
FET device; and 

FIGS. 2A to 21 are cross-sectional views showing the 
process steps of one preferred embodiment of fabricating the 5 

MOSFET device. 

4 
first structure 206a is lower than the top of the gate 204 to 
expose part of the side walls of the gate 204, and the second 
structure 206b is connected to the second spacer 214a. 

Referring to FIG. 2H, a metal layer, for example, a 
titanium layer 216, is formed on the substrate 200 by CVD 
or by sputtering. As shown in FIG. 21, a titanium silicide 
layer 218 is formed on the substrate 200 by a self-aligned 
process. For example, the titanium silicide layer 218 is 
formed in the junction between both the gate 204, the 

100, 200: 
102, 202: 
104, 204: 
106, 206: 
106a: 
108, 208: 
110,214: 
110a: 

substrate 
gate oxide layer 
gate 
liner oxide layer 
liner oxide layer after etching 
lightly doped region 
dielectric layer 

10 substrate 200 and the titanium layer 216 by rapid thermal 
processing (RTP). In accordance with the embodiment, the 
contact area between the gate 204 and the titanium layer 216 
is larger than the conventional one. Finally, as shown in FIG. 
21, the remainder of the titanium layer 216 is removed by 

spacer 15 dipping in HF. 
heavily doped region 
titanium layer 
titanium silicide layer 
first structure 

112, 212: 
114, 216: 
116, 218: 
206a: 
206b: 
210: 
210a: 
214a: 

second structure 
conducting layer 
first spacer 
second spacer 

In accordance with the first characteristic of the invention, 
the MOSFET device includes a first spacer and a second 
spacer, wherein first spacer is polysilicon, amorphous 
silicon, or tungsten silicide and the second spacer is silicon 

20 oxide or silicon nitride. The first spacer is used to increase 
the silicidation area on the gate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In accordance with the second characteristic of the 
invention, when a gate voltage is applied, an ultra-shallow 

25 
junction is created under the first spacer to reduce the 
source/drain resistance. 

In accordance with the preferred embodiment of the 
present invention, a MOSFET device with a shallow junc­
tion is provided to protect the device from the short channel 
effect. In addition, the resistance of the polysilicon gate is 30 

reduced by increasing the contact area of the polycide and 
the self-aligned silicide. FIGS. 2A to 21 are cross-sectional 
views showing the process steps of one preferred embodi­
ment of fabricating the semiconductor device. 

Referring first to FIG. 2A, a gate oxide layer 202 and a 35 

gate 204 are formed on the substrate 200, wherein the gate 
oxide layer 202 is on the substrate 200, and the gate 204 is 
on the gate oxide layer 202. 

Referring to FIG. 2B, a liner oxide layer 206 is formed on 
40 

the substrate 200 by thermal oxidation. Then, the substrate 
200 is implanted by, for example, boron ions, phosphorus 
ions, or arsenic ions, to form a lightly doped region 208. 

Referring to FIG. 2C, a conducting layer 210 is deposited 
on the gate 204 and the liner oxide layer 206 by CVD 45 
(chemical vapor deposition). The conducting layer 210 is, 
for example, polysilicon, amorphous silicon, or tungsten 
silicide. This process is used to increase the contact area of 
the gate 204 and the conducting layer 210 so that the 
resistance between them is lowered. 

Referring to FIG. 2D, the conducting layer is dipped in 
HF etchant to form a first spacer 210a. Then, the substrate 

50 

is further implanted by, for example, boron ions, phosphorus 
ions, or arsenic ions, to form a heavily doped region 212. 
The lightly doped region 208 and the heavily doped region 55 
212 form the source/drain regions. 

Referring to FIG. 2E, a dielectric layer 214 is formed over 
the liner oxide layer 206 and the first spacer 210a by CVD. 
The dielectric layer 214 is, for example, silicon oxide or 
silicon nitride. The existence of the first spacer 210a makes 60 

the distance between the dielectric layer 214 and the lightly 
doped region 208 farther than the conventional device. As a 
result, the gate-induced dual leakage decreases. 

Referring to FIG. 2F, the dielectric layer 214 is dipped in 
HF etchant to form a second spacer 214a. As shown in FIG. 65 

2G, the liner oxide layer 206 is etched to form a first 
structure 206a and a second structure 206b. The top of the 

In accordance with the third characteristic of the 
invention, the second spacer is used to increase the distance 
between the titanium silicide layer and the junction inter­
face. 

While the invention has been described by way of 
example and in terms of a preferred embodiment, it is to be 
understood that the invention is not limited thereto. To the 
contrary, it is intended to cover various modifications and 
similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest 
interpretation so as to encompass all such modifications and 
similar arrangements and procedures. 

What is claimed is: 
1. A MOSFET device, including: 
a substrate; 
a gate electrode formed on the substrate; 
two source/drain regions, including a lightly doped region 

and a heavily doped region, wherein the source/drain 
regions are located in the substrate and at the sides of 
the gate electrode; 

an oxide layer, including a first portion and a second 
portion, wherein the first portion is located on the side 
walls of the gate electrode, the top of the first portion 
is lower than the top of the gate electrode, and the 
second portion is located on the substrate and is con­
nected to the first portion; 

a conductive spacer formed on the second portion and 
besides the first portion; 

a dielectric spacer formed on the second portion and 
besides the conductive spacer, wherein the top of the 
conductive spacer and the top of the dielectric spacer 
are higher than the top of the gate electrode; and 

a self-aligned metal layer formed on the gate electrode, 
the conductive spacer, and over the substrate. 

2. A MOSFET device according to claim 1, wherein the 
conductive spacer is polysilicon. 

3. A MOSFET device according to claim 1, wherein the 
conductive spacer is amorphous silicon. 

4. A MOSFET device according to claim 1, wherein the 
conductive spacer is tungsten silicide. 
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5. A MOSFET device according to claim 1, wherein the 
dielectric spacer is silicon nitride. 

6. A MOSFET device according to claim 1, wherein the 
dielectric spacer is silicon oxide. 

7. A MOSFET device according to claim 1, wherein the s 
self-aligned metal layer is titanium silicide. 

8. A MOSFET device, including: 

a substrate; 

a gate electrode formed on the substrate; 

two source/drain regions, including a lightly doped region 
and a heavily doped region, wherein the source/drain 
regions are located in the substrate and at the sides of 
the gate; 

10 

an oxide layer, including a first portion and a second 15 
portion, wherein the first portion is formed on the side 
walls of the gate electrode, the top of the first portion 
is lower than the top of the gate electrode, and the 
second portion is on the substrate and is connected to 
the first portion; 

6 
a conductive spacer formed on the second portion and 

besides the first portion; 

a dielectric spacer formed on the second portion and 
besides the conductive spacer, wherein the top of the 
conductive spacer and the top of the dielectric spacer 
are higher than the top of the gate electrode; and 

a self-aligned metal layer formed on the substrate, the gate 
electrode and the first portion of the oxide layer to 
connect to the conductive spacer. 

9. A MOSFET device according to claim 1, wherein the 
top of the conductive spacer and the top of the dielectric 
spacer have substantially the same height. 

10. A MOSFET device according to claim 1, wherein the 
top of the conductive spacer and the top of the dielectric 
spacer have substantially the same height. 

* * * * * 
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