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(57) ABSTRACT 

Amethod for fabricating a semiconductor device, and, more 
particularly, a method for fabricating a transistor using an 
epitaxial channel and a laser thermal treatment is disclosed. 
The method for forming a semiconductor device includes 
the steps of: forming a delta doping layer having impurity 
ions on a semiconductor substrate With a low energy ion 

implantation; activating the impurity ions Within the delta 
doping layer by thermally treating a surface of the semicon 
ductor substrate With a laser; forming a channel epitaxial 
layer on the semiconductor substrate; forming a gate insu 
lation layer and a gate electrode on the channel epitaxial 
layer in this order; and forming a source/drain region in the 
semiconductor substrate. Improved current drivability of the 
semiconductor device is achieved by an increase in the ion 
activity to adjust the threshold voltage. The delta doping 
effect through the loW energy ion-implantation is maxi 
miZed. 
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FIG. 2B 

LASER THERMAL PROCESSING (24) 

FIG. 2C 
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METHOD FOR FORMING SEMICONDUCTOR 
DEVICE HAVING EPITAXIAL CHANNEL LAYER 

USING LASER TREATMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
fabricating a semiconductor device; and, more particularly, 
to a method for fabricating a transistor using an epitaxial 
channel and a laser thermal treatment. 

DESCRIPTION OF PRIOR ART 

[0002] Recently, loW energy ion-implantation and epi 
taxial channel processes have been considered as a tech 
nique to form highly integrated circuits having a line Width 
of 0.1 pm or less because these processes may improve the 
short channel effect (SCE) at a loW threshold voltage. 

[0003] FIG. 1 is a cross-sectional vieW illustrating a 
method for forming a conventional semiconductor device. 
As shoWn in FIG. 1, a channel ion-implantation layer 12 and 
an epitaxial silicon layer 13 are formed on a semiconductor 
substrate 11 in this order. Accordingly, to guarantee the 
quality of the semiconductor device, at least tWo conditions 
should be satis?ed. First, a pro?le of the implanted boron 
ions should be maintained over the epitaxial groWing pro 
cess and the folloWing thermal treatments. Second, since the 
epitaxial silicon layer 13 is used as a channel, a high-quality 
epitaxial layer should groW Without any interfacial boundary 
betWeen the epitaxial silicon layer 13 and the semiconductor 
substrate 11. 

[0004] HoWever, as of noW, the doping pro?le of the boron 
ions deteriorates at a temperature of 800° C. for the folloW 
ing epitaxial groWing and a rapid thermal processing (RTP) 
at 950° C. for about 20 seconds. Also, since the epitaxial 
silicon layer groWs on the semiconductor substrate into 
Which the impurities are implanted, the impurities, such as 
oxygen, may form a layer betWeen the epitaxial silicon layer 
and the semiconductor substrate. Such a layer may damage 
the physical characteristics of the epitaxial channel. 

SUMMARY OF THE DISCLOSURE 

[0005] A method for forming electrically stable semicon 
ductor device by thermally treating a semiconductor sub 
strate With a laser is disclosed. 

[0006] A method for forming a thin semiconductor device 
having a decreased tunneling leakage current is also dis 
closed. 

[0007] A method for forming a semiconductor device is 
disclosed Which comprises the steps of: forming a delta 
doping layer having impurity ions on a semiconductor 
substrate With a loW energy ion-implantation; activating the 
impurity ions Within the delta doping layer by thermally 
treating a surface of the semiconductor substrate With a 
laser; forming a channel epitaxial layer on the semiconduc 
tor substrate; forming a gate insulation layer and a gate 
electrode on the channel epitaxial layer in this order; and 
forming a source/drain region in the semiconductor sub 
strate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a cross-sectional vieW illustrating a 
method for forming a conventional semiconductor device; 
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[0009] FIGS. 2A to 2D are cross-sectional vieWs illus 
trating one disclosed method for forming a semiconductor 
device; 
[0010] FIG. 3 is a plot illustrating the doping pro?le of the 
boron ions according to the disclosed method; and 

[0011] FIG. 4 is a plot shoWing threshold voltage and a 
variation of the threshold voltage in a 0.70 pm-nMOS. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0012] Hereinafter, the present invention Will be described 
in detail referring to the accompanying draWings. 

[0013] Referring to FIG. 2A, a ?eld oxide layer (not 
shoWn) is formed in a semiconductor substrate 21. An ion 
implantation for forming a Well 22 is carried out by implant 
ing impurity ions into the exposed semiconductor substrate 
21 and the RTP is carried out at a temperature of approxi 
mately 950° C. for a feW seconds in order to activate the 
implanted ions. After a screen oxide layer (not shoWn) is 
formed on the semiconductor substrate 21 to prevent the 
semiconductor substrate 21 from being damaged by the 
folloWing high-energy ion implantation, a delta doping layer 
23 is formed by implanting channel ions to adjust the 
threshold voltage into the semiconductor substrate 21 and 
the screen oxide layer is removed. At this time, in the ion 
implantation for adjusting the threshold voltage, the accel 
eration energy is loW and then the implantation depth is very 
shalloW on the semiconductor substrate 21. Boron or BF2 
ions, as channel ions, may be used. In the case of boron ions, 
a dose for the implantation may range from about 1><1012 to 
about 5x1013 atms/cm2 at 0.1keV to about SkeV and, in the 
case of BF2 ions, a dose for the implantation may range from 
about 1><1012 to about 5x1013 atms/cm2 at a voltage ranging 
from about 0.5 keV to about 52 keV. 

[0014] Referring to FIG. 2B, after performing the channel 
ion-implantation process, a laser thermal processing (LTP) 
24 is applied to the semiconductor substrate 21. In the LTP, 
a surface of the semiconductor substrate 21 is melted and 
instantaneously thereafter re-crystalliZed. The ions in the 
surface of the semiconductor substrate 21, Which has been 
treated by the LTP, are not diffused throughout the semi 
conductor substrate 21 in the folloWing processes, but uni 
formly distributed. That is, since the ions hardly diffuse, 
more activated ions may be obtained. Further, the ions in a 
region, Which is treated by the LTP, are suppressed in the 
folloWing thermal treatments so that the preferred doping 
pro?le (Super Steep Retrograde; SSR) is maintained after 
the rapid thermal processing for the epitaxial silicon layer or 
source/drain region. 

[0015] In an embodiment, the laser used in the LTP is a 
308 nm-XeCl laser and its energy ranges from about 0.1 
J/cm to about 2 J/cm2. Instantaneously melting and recrys 
talliZation of the semiconductor substrate 21 in the LTP 
remove the impurities contained in the semiconductor sub 
strate 21. Accordingly, it is possible to improve the quality 
of an epitaxial silicon layer by groWing it on the impurity 
removed semiconductor substrate 21. 

[0016] Furthermore, in order to maximiZe the effect of the 
LTP, it may be possible to maximiZe the silicon melting 
during the LTP by making the surface of the semiconductor 
substrate 21 amorphous before performing the laser irradia 
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tion. In another method, it may be possible to melt the 
surface of the semiconductor substrate 21 by controlling the 
poWer of laser, regardless of the thickness of the amorphous 
layer. 
[0017] Referring to FIG. 2C, an epitaxial silicon layer 25 
for a channel is formed on the semiconductor substrate 21, 
Which has been treated by the LTP, using the selective 
epitaxial silicon groWing method. The epitaxial silicon layer 
25, Which is an undoped silicon layer, is formed to a 
thickness ranging from about 100 A to about 500 A by a 
LPCVD (LoW Pressure Chemical Vapor Deposition) or a 
UHV CVD (Ultra High Vacuum Chemical Vapor Deposi 
tion) method. 

[0018] In the case of a LPCVD method, after a hydrogen 
hardening procedure is applied in-situ to the semiconductor 
substrate 21 at a temperature ranging from about 800° C. to 
about 900° C. for a time period ranging from about 1 minute 
to about 5 minutes, the epitaxial silicon layer 25 is formed 
by using a gas mixture of dichlorosilane at a How rate 
ranging from about 30 sccm to about 300 sccm and HCl at 
a How rate ranging from about 30 sccm to about 200 sccm, 
at a pressure ranging from about 10 torr to about 100 torr and 
a temperature ranging from about 750° C. to about 950° C., 
for a time period ranging from about 3 minutes to about 10 
minutes. In the case of the UHV CVD, the epitaxial silicon 
layer 25 is formed by using silane or disilane at a pressure 
ranging from about 0.01 torr to about 1 torr and a tempera 
ture ranging from about 600° C. to about 700° C. As stated 
above, if an epitaxial layer formed on the semiconductor 
substrate 21, Which is treated by the laser, is used as a 
channel layer, a junction leakage current may be decreased 
due to the laser shock. 

[0019] Referring to FIG. 2D, after forming a gate oxide 
layer 26 and a polysilicon layer on the epitaxial silicon layer 
25, a gate electrode 27 is formed by patterning the polysili 
con layer and an oxide spacer 28 is formed on the sideWalls 
of the gate electrode 27. A source/drain 29 is formed on the 
semiconductor substrate 21 using the gate electrode 27 and 
an oxide spacer 28 as an ion-implantation mask. In the case 
Where a thermal oxide layer is used as a gate oxide layer and 
an ultra-thin device is required to have the thermal oxide 
layer With a thickness of 40 A or less, a conventional device 
formed Without the above-mentioned laser treatment may 
not achieve a stable operation because the tunneling leakage 
current. 

[0020] HoWever, since the epitaxial silicon layer 25 is 
formed on the semiconductor substrate 21, in Which the 
impurities such as oxygen are reduced, and thereafter a 
thermal oxide layer is formed as a gate oxide layer, the 
tunneling leakage current decreases by up to 50%. Accord 
ingly, in the case Where the laser thermal treatment is applied 
to the semiconductor substrate 21 before the epitaxial silicon 
layer 25 is formed, the decrease of the leakage current may 
be maximiZed by the removal of impurities, such as oxygen. 

[0021] FIG. 3 is a plot shoWing the doping pro?le of the 
boron ions according to the present invention. As shoWn in 
FIG. 3, a sharp doping pro?le is maintained at a speci?c 
depth after the thermal treatment for forming the epitaxial 
silicon layer 25 and the source/drain 29. That is, the delta 
doping layer 23 maintains such a sharp doping pro?le (Z) at 
a speci?c depth, the thickness of the epitaxial silicon 
layer 25, by performing the laser treatment. 
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[0022] FIG. 4 is a plot shoWing threshold voltage and a 
variation of the threshold voltage in a 0.70 pm-nMOS. As 
shoWn in FIG. 4, if the LTP is not carried out, the loW 
threshold voltage in the epitaxial channel region is caused by 
the loss of the boron ions. In the case of the LTP With a 
poWer of 0.38 J/cm2, although the absolute value of the 
threshold voltage increases, the variation of the threshold 
voltage betWeen the chips in a Wafer increases because the 
boron ions are lost at the folloWing RTP (rapid thermal 
processing) due to the Weak strength of the laser treatment. 
In the case of the LTP With a suf?cient poWer of 0.42 J/cm2, 
the variation of the threshold voltage decreases With a high 
threshold voltage because the loss of the boron ions is 
restrained at the time of the folloWing thermal processes. 

[0023] As apparent from the above, the disclosed method 
improves current drivability of the semiconductor device by 
increase the ion activity to adjust the threshold voltage 
through the laser thermal treatment. Furthermore, the dis 
closed method maximiZes the delta doping effect through the 
loW energy ion-implantation. 

[0024] Although the preferred embodiments of the dis 
closed method have been disclosed for illustrative purpose, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutes are possible, Without 
departing from the scope and spirit of the present invention 
as described in the accompanying claims. 

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

prising the steps of: 

forming a doping layer having impurity ions on a semi 
conductor substrate With a loW energy ion-implanta 
tion; 

activating the impurity ions Within the doping layer by 
thermally treating a surface of the semiconductor sub 
strate With a laser; 

forming a channel epitaxial layer on the semiconductor 
substrate; 

forming a gate insulation layer on the channel epitaxial 
layer in this order; 

forming a gate electrode on the gate insulation layer; and 

forming a source/drain region in the semiconductor sub 
strate. 

2. The method as recited in claim 1, Wherein the doping 
layer is formed by implanting boron ions into the semicon 
ductor substrate and Wherein the boron ions have a dose 
ranging from about 1><1012 to about 5><1013 atms/cm2 at a 
voltage ranging from about 0.1 to about 5 keV. 

3. The method as recited in claim 1, Wherein the doping 
layer is formed by implanting BF2 ions into the semicon 
ductor substrate and Wherein the BF2 ions have a dose 
ranging from about 1><1012 to about 5><1013 atms/cm2 at a 
voltage rate ranging from about 0.5 to about 25 keV. 

4. The method as recited in claim 1, Wherein the laser is 
a 308 nm-XeCl laser and the laser has a poWer ranging from 
about 0.1 to about 2 J/cm2. 

5. The method as recited in claim 1, further comprising 
the step of making the surface of the semiconductor sub 
strate amorphous by implanting silicon ions into the semi 
conductor substrate. 
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6. The method as recited in claim 1, further comprising 
the step of melting the surface of the semiconductor sub 
strate by controlling a poWer of the laser. 

7. The method as recited in claim 1, Wherein the channel 
epitaxial layer is formed by LPCVD (LoW Pressure Chemi 
cal Vapor Deposition) or UHV CVD (Ultra High Vacuum 
Chemical Vapor Deposition). 

8. The method as recited in claim 7, Wherein the LPCVD 
comprises the step of applying a hydrogen hardening to the 
semiconductor substrate for a time period ranging from 
about 1 minute to about 5 minutes at a temperature ranging 
from about 800° C. to about 900° C. 

9. The method as recited in claim 8, Wherein the channel 
epitaXial layer is formed by a gas mixture of dichlorosilane 
having a How rate ranging from about 30 sccm to about 300 
sccm and HCl having a How rate ranging from about 30 
sccm to about 200 sccm in a processing chamber for a time 
period ranging from about 3 minutes to about 10 minutes at 
a pressure ranging from about 10 torr to about 100 torr and 
at a temperature ranging from about 750° C. to about 950° 
C. 

10. The method as recited in claim 7, Wherein the channel 
epitaXial layer is formed by UHV CVD Which forms the 
epitaXial silicon layer using silane or disilane at a pressure 
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ranging from about 0.01 torr to about 1 torr and a tempera 
ture ranging from about 600° C. to about 700° C. 

11. A semiconductor device formed using the method of 
claim 1. 

12. A semiconductor device formed using the method of 
claim 2. 

13. A semiconductor device formed using the method of 
claim 3. 

14. A semiconductor device formed using the method of 
claim 4. 

15. A semiconductor device formed using the method of 
claim 5. 

16. A semiconductor device formed using the method of 
claim 6. 

17. A semiconductor device formed using the method of 
claim 7. 

18. A semiconductor device formed using the method of 
claim 8. 

19. A semiconductor device formed using the method of 
claim 9. 

20. A semiconductor device formed using the method of 
claim 10. 


