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NORTH AMERICA INTELLECTUAL A semiconductor transistor includes a substrate, a gate 
PROPERTY CORPORATION insulating layer positioned on the surface of the substrate, a 
P-O- BOX 506 gate positioned on the gate insulating layer, a channel region 
MERRIFIELD, VA 22116 (US) positioned in the substrate corresponding to the gate, and a 

source region and a drain region respectively positioned 
(21) Appl. No.: 11/772,823 alongside the channel region. The source region and the 

drain region are mainly made of a ?rst material and a second 
(22) Filed: Jul. 3, 2007 material, Wherein the ?rst material and the second material 

have a same lattice structure and different spacing. The 
Related US. Application Data source region and the drain region each include a main 

region in Which a percentage of the second material is 
(62) Division of application No. 10/907,125, ?led on Mar. constant, and a peripheral region in Which a percentage of 

22, 2005. the second material is graded. 
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METHOD FOR MAKING SEMICONDUCTOR 
TRANSISTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 10/907,125 ?led Mar. 22, 2005. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
transistor and method for making the same, and more 
particularly, to a semiconductor transistor With strained 
source/drain regions that have a reduced interface mismatch 
defect, and method for making the same. 

[0004] 2. Description of the Prior Art 

[0005] The performance of semiconductor transistors has 
increased year after year With the diminution of critical 
dimensions and the advance of large-scale integrated circuits 
(LSI). However, it has been recently pointed out that the 
miniaturization attained by a lithographic technology has 
reached its limit. Therefore, hoW to improve the carrier 
mobility so as to increase the speed performance of semi 
conductor transistors has become a major topic for study in 
the semiconductor ?eld. Attempts have been made to use 
strained source/drain regions made of silicon germanium, 
for instance. In this type of semiconductor transistor, a 
compressive strain occurs in the channel region due to the 
silicon germanium Which has a larger spacing than silicon, 
and, as a result, the band structure alters, and the carrier 
mobility increases. This enhances the speed performance of 
the MOS transistors. 

[0006] Please refer to FIG. 1. FIG. 1 is a schematic 
diagram of a conventional PMOS transistor. As shoWn in 
FIG. 1, the conventional PMOS transistor includes a sub 
strate 10 made of monocrystalline silicon, tWo ?eld isolation 
regions 12 positioned in the substrate 10, a gate insulating 
layer 14 positioned on the surface of the substrate 10, a gate 
16 positioned on the gate insulating layer 14, and a channel 
region 18 corresponding to the gate 16 positioned in the 
substrate 10. The PMOS transistor further includes tWo 
lightly doped regions 20 respectively positioned alongside 
the channel region 18, and a source region 22 and a drain 
region 24 respectively positioned on opposite sides of the 
lightly doped regions 20. The source region 22 and the drain 
region 24 are P type, and made of silicon germanium in 
Which the percentage of germanium is held constant, for 
example at 30%. 

[0007] The conventional PMOS transistor suffers some 
disadvantages. First, the critical thickness of the source 
region and the drain region is limited to prevent the silicon 
germanium from peeling. In addition, interface mismatch 
defects tend to occur betWeen the silicon germanium and the 
substrate (monocrystalline silicon) because the percentage 
of germanium betWeen the source region 22 and the drain 
region 24 (30%), and the substrate 10 (close to 0%) is too 
large. 

SUMMARY OF THE INVENTION 

[0008] It is therefore a primary object of the claimed 
invention to provide a semiconductor transistor and method 
for making the same to overcome the aforementioned prob 
lems. 
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[0009] According to the claimed invention, a semiconduc 
tor transistor is disclosed. The semiconductor transistor 
includes a substrate, a gate insulating layer positioned on the 
surface of the substrate, a gate positioned on the gate 
insulating layer, a channel region positioned in the substrate 
corresponding to the gate, and a source region and a drain 
region respectively positioned alongside the channel region. 
The source region and the drain region are mainly made of 
a ?rst material and a second material, Wherein the ?rst 
material and the second material have a same lattice struc 
ture and different spacing. The source region and the drain 
region each include a main region in Which a percentage of 
the second material is constant, and a peripheral region in 
Which a percentage of the second material is graded. 

[0010] The source region and the drain region each 
include a main region in Which the percentage of the second 
material (germanium or carbon) is held constant and a 
peripheral region in Which the percentage of the second 
material is graded. Accordingly, the interface mismatch 
defect betWeen the source region (also the drain region) and 
the substrate is reduced. Therefore, the reliability and per 
formance of the semiconductor transistor of the present 
invention is improved. 

[0011] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment that is illustrated in the various ?g 
ures and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic diagram of a conventional 
PMOS transistor. 

[0013] FIG. 2 is a schematic diagram of a semiconductor 
transistor according to a preferred embodiment of the 
present invention. 

[0014] FIG. 3 through FIG. 8 are schematic diagrams 
illustrating a method for forming a semiconductor transistor 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION 

[0015] Please refer to FIG. 2. FIG. 2 is a schematic 
diagram of a semiconductor transistor according to a pre 
ferred embodiment of the present invention. As shoWn in 
FIG. 2, the semiconductor transistor includes a substrate 50 
made of monocrystalline silicon, a plurality of ?eld isolation 
regions 52, such as shalloW trench insulations (STI), formed 
in the substrate 50, a gate insulating layer 54 positioned on 
the surface of the substrate 50, a gate 56 positioned on the 
gate insulating layer 54, and a channel region 58 positioned 
in the substrate 50. The semiconductor transistor further 
includes spacers, including offset spacers 60 and main 
spacers 64, alongside the gate 56, tWo lightly doped regions 
62 positioned on tWo opposite sides of the channel region 
58, a source region 72 and a drain region 74 positioned on 
tWo opposite sides of the lightly doped regions 62. 

[0016] Each of the source region 72 and the drain region 
74 includes a peripheral region 68 and a main region 70 
positioned above the peripheral region 68. In this embodi 
ment, the semiconductor transistor is a PMOS transistor, and 
the source region 72 and the drain region 74 are mainly 
made of silicon germanium that is formed epitaxially. Ger 
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manium has a smaller spacing than monocrystalline silicon, 
and thus the channel region 58 is compressed. To prevent the 
mismatch defects in the interface betWeen the source region 
72 (also the drain region 74) and the substrate 50, the 
percentage of germanium in the peripheral region 68 is 
graded. Speci?cally, the percentage of germanium in the 
peripheral region 68 decreases from the interface betWeen 
the main region 70 and the peripheral region 68 to the 
interface betWeen the peripheral region 68 and the substrate 
50. On the other hand, the percentage of germanium in the 
main region 70 is held constant. By virtue of the graded 
peripheral region 68 positioned betWeen the substrate 50 and 
the main region 70, the interface mismatch defect is reduced. 
In this embodiment, the percentage of germanium in the 
main region 70 is approximately 30%, and that in the 
peripheral region 68 decreases from 30% to 0%. 

[0017] The composition of the main region 70 and the 
peripheral region 68 is not limited, and can be optimiZed. In 
addition, if the semiconductor transistor is N type, then 
germanium is replaced by other materials, such as carbon 
that has a larger spacing than monocrystalline silicon. 
Accordingly, a tensile stress acts on the channel region 58. 

[0018] Please refer to FIG. 3 through FIG. 8. FIG. 3 
through FIG. 8 are schematic diagrams illustrating a method 
for forming a semiconductor transistor according to another 
embodiment of the present invention. As shoWn in FIG. 3, 
a substrate 50 made of monocrystalline silicon is provided. 
The substrate 50 includes a plurality of ?eld isolation 
regions 52, such as shalloW trench insulations (STI), formed 
in the substrate 50, a gate insulating layer 54 positioned on 
the surface of the substrate 50, a gate 56 positioned on the 
gate insulating layer 54, and a channel region 58 positioned 
in the substrate 50. 

[0019] As shoWn in FIG. 4, tWo offset spacers 60 are 
formed alongside the gate 56 and the gate insulating layer 
54. Subsequently, an implantation process and an annealing 
process are consecutively performed to form tWo lightly 
doped regions 62 in the substrate on tWo opposite sides of 
the channel region 58. In this embodiment, the semiconduc 
tor transistor is P type, and thus a P type dopant, such as 
boron, is used. 

[0020] As shoWn in FIG. 5, tWo main spacers 64 are 
formed alongside the offset spacers 60. Then, an etching 
process is performed to remove a portion of the substrate 50 
alongside the main spacers 64 to respectively form tWo 
recesses 66 on tWo opposite sides of the gate 56. As shoWn 
in FIG. 6, silicon germanium is epitaxially groWn on the 
inner Wall of the recesses 66 to form tWo peripheral regions 
68. The epitaXially-formed silicon germanium is composed 
of monocrystalline silicon and germanium, and the percent 
age of germanium in each peripheral region 68 is graded. In 
this embodiment, the percentage of germanium increases 
from 0% to 30% from the inner Wall of the recess 66. 

[0021] As shoWn in FIG. 7, silicon germanium is again 
epitaxially groWn in the recesses 66 to respectively form tWo 
main regions 70 above the peripheral region 68. In each 
main region 70, the percentage of germanium is maintained 
constant. In this embodiment, the percentage of germanium 
is held at 30%. It is noted that the peripheral regions 68 and 
the main regions 70 are formed in tWo steps in this embodi 
ment. HoWever, the peripheral regions 68 and the main 
regions 70 can also be formed in an in-situ manner. Subse 
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quently, an implantation process using a P type dopant, such 
as boron, is performed upon the main regions 70 and the 
peripheral regions 68. 

[0022] As shoWn in FIG. 8, at least a thermal process, such 
as a rapid thermal process (RTP), a laser annealing process, 
or a ?ash process, is performed to activate the main regions 
70 and the peripheral regions 68. If a laser annealing process 
or a ?ash annealing process is selected, the process tem 
perature is betWeen about 1200 to 1400 degrees Celsius. 
Following that, self-aligned salicide (not shoWn), for 
instance cobalt salicide or nickel salicide, can be formed on 
the surface of the main regions 70. Accordingly, a source 
region 72 and a drain region 74 are formed. 

[0023] In the above embodiment, a PMOS transistor is 
exemplarily illustrated. If an NMOS transistor is to be 
formed, germanium is replaced by carbon, and N type 
dopants are used in the implantation processes for forming 
the lightly doped regions 62 and for forming the source 
region 72 and the drain region 74. 

[0024] In comparison With the conventional semiconduc 
tor transistor, the source region and the drain region each 
include a main region in Which the percentage of germanium 
(or carbon) is held constant and a peripheral region in Which 
the percentage of germanium (or carbon) is graded. Accord 
ingly, the interface mismatch defect betWeen the source 
region (also the drain region) and the substrate is reduced. 
Therefore, the reliability and performance of the semicon 
ductor transistor of the present invention is improved. 

[0025] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device and 
method may be made While retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 

What is claimed is: 
1. A method for forming a semiconductor transistor com 

prising: 

providing a substrate, the substrate comprising a gate 
insulating layer positioned on the surface of the sub 
strate, a gate positioned on the gate insulating layer, and 
a channel region positioned in the substrate correspond 
ing to the gate; 

forming tWo recesses in the substrate alongside the chan 
nel region; 

forming a ?rst material and a second material in the 
recesses to respectively form tWo peripheral regions, 
the ?rst material and the second material having a same 
lattice structure and different spacing, and a percentage 
of the second material in the peripheral regions being 
graded; and 

forming the ?rst material and the second material in the 
recesses to respectively form tWo main regions above 
the peripheral regions, and a percentage of the second 
material in the main regions being constant. 

2. The method of claim 1, Wherein the percentage of the 
second material in each peripheral region decreases from an 
interface betWeen the main region and the peripheral region 
to an interface betWeen the peripheral region and the sub 
strate. 
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3. The method of claim 2, wherein the percentage of the 
second material in each peripheral region decreases from 
30% to 0%. 

4. The method of claim 3, Wherein the percentage of the 
second material in each main region is approximately 30%. 

5. The method of claim 1, Wherein the ?rst material is 
monocrystalline silicon. 

6. The method of claim 1, Wherein the second material is 
germanium. 

7. The method of claim 6, Wherein the semiconductor 
transistor is P type. 

8. The method of claim 1, Wherein the second material is 
carbon. 
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9. The method of claim 8, Wherein the semiconductor 
transistor is N type. 

10. The method of claim 1, Wherein the ?rst material and 
the second material are epitaxially groWn in the recesses. 

11. The method of claim 1, further comprising forming 
tWo lightly doped regions positioned in the substrate respec 
tively alongside the channel region prior to forming the 
recesses. 

12. The method of claim 1, further comprising performing 
an implantation process to form a source region and a drain 
region subsequent to forming the main regions. 

* * * * * 


