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(57) ABSTRACT 

Disclosed is a method for manufacturing a semiconductor 
device comprising implanting ions of an impurity element 
into a semiconductor region, implanting, into the semicon 
ductor region, ions of a predetermined element Which is a 
group IV element or an element having the same conduc 
tivity type as the impurity element and larger in mass 
number than the impurity element, and irradiating a region 
into Which the impurity element and the predetermined 
element are implanted With light to anneal the region, the 
light having an emission intensity distribution, a maximum 
point of the distribution existing in a Wavelength region of 
not more than 600 nm. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2002-113570, ?led Apr. 16, 2002, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a semiconductor 
device and a semiconductor device manufacturing method 
and, more particularly, to a thermal annealing technology. 

[0004] 2. Description of the Related Art 

[0005] High integration of LSIs has been achieved by 
reducing siZes of elements constructing LSIs. With decreas 
ing dimensions of elements, the formation of a shalloW p-n 
junction, i.e., the formation of a shalloW impurity diffusion 
region is becoming important. 

1. Field of the Invention 

[0006] To form this shalloW impurity di?‘usion region, ion 
implantation at loW acceleration energy and optimization of 
subsequent annealing are important. Boron (B) is used as a 
p-type impurity, and phosphorus (p) and arsenic (As) is used 
as an n-type impurity. HoWever, these Impurities have larger 
diffusion coe?icients in silicon (Si). Therefore, these impu 
rities di?fuse inWard and outWard When RTA (Rapid Thermal 
Anneal) using a halogen lamp is performed. This gradually 
makes it di?icult to obtain a shalloW impurity diffusion 
layer. If the annealing temperature is loWered to suppress 
impurity diffusion, the activation ratio of the impurity 
largely decreases. By RTA using a halogen lamp, therefore, 
it is di?icult to form an impurity diffusion layer having a 
shalloW (about 20 nm or less) junction and loW resistance. 

[0007] To solve the above problem, a ?ash lamp annealing 
method using a xenon @(e) ?ash lamp is being studied as a 
method of momentarily supplying energy required for acti 
vation. A Xe ?ash lamp is obtained by sealing Xe gas in a 
tube such as a quartz tube. This Xe ?ash lamp can emit White 
light Within-the range of, e.g., a feW 100 usec to a feW msec 
by discharging electric charge stored in a capacitor Within a 
short time period. Accordingly, an impurity can be activated 
Without changing the distribution of impurity ions implanted 
into a semiconductor layer. 

[0008] Unfortunately, the light of the ?ash lamp is 
re?ected by the surface of a semiconductor substrate to 
Worsen the heating e?iciency. This makes su?icient impurity 
activation di?icult. If the irradiation energy of the ?ash lamp 
is increased to raise the activation ratio, the thermal stress 
increases, and this destroys the semiconductor substrate. 
That is, the conventional ?ash lamp annealing method can 
form an impurity diffusion region having a shalloW junction 
but cannot unlimitedly loWer the resistance of the diffusion 
layer. 
[0009] Another conventional technique knoWn to those 
skilled in the art is to form a light-absorbing ?lm to 
e?iciently absorb lamp light during annealing. Jpn. Pat. 
Appln. KOKAI Publication No. l0-26772 discloses a tech 
nique Which forms a light-absorbing ?lm on the surface of 
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a gate insulating ?lm in the fabrication of a TFT (Thin Film 
Transistor). Since, hoWever, the light-absorbing ?lm formed 
on the surface of a gate insulating ?lm is used, e?icient 
heating is di?icult to perform. Jpn. Pat. Appln. KOKAI 
Publication No. 2000-138177 discloses a technique Which 
forms a light-absorbing ?lm on the surface of an interlayer 
insulating ?lm in the fabrication of a semiconductor device. 
HoWever, the use of the light-absorbing ?lm formed on the 
surface of an interlayer insulating ?lm also makes e?icient 
heating di?icult. 

[0010] As described above, as the integration degree of 
LSIs increases, it is becoming important to control the 
impurity pro?le With high accuracy, e.g., to form a shalloW, 
loW-resistance impurity diffusion layer. HoWever, accurately 
controlling the impurity pro?le is conventionally di?icult. 

BRIEF SUMMARY OF THE INVENTION 

[0011] A ?rst aspect of the present invention is a method 
for manufacturing a semiconductor device comprising: 
implanting ions of an impurity element into a semiconductor 
region; implanting, into the semiconductor region, ions of a 
predetermined element Which is a group IV element or an 
element having the same conductivity type as the impurity 
element and larger in mass number than the impurity ele 
ment; and irradiating a region into Which the impurity 
element and the predetermined element are implanted With 
light to anneal the region, the light having an emission 
intensity distribution, a maximum point of the distribution 
existing in a Wavelength region of not more than 600 nm. 

[0012] A second aspect of the present invention is a 
method for manufacturing a semiconductor device compris 
ing: forming a gate insulating ?lm on a semiconductor 
substrate; forming a gate electrode on the gate insulating 
?lm; implanting ions of an impurity element into the semi 
conductor substrate by using at least the gate electrode as a 
mask; implanting, into the semiconductor substrate, ions of 
a predetermined element Which is a group IV element or an 
element having the same conductivity type as the impurity 
element and larger in mass number than the impurity ele 
ment, by using at least the gate electrode as a mask; and 
irradiating a region into Which the impurity element and the 
predetermined element are implanted With light to anneal the 
region, the light having an emission intensity distribution, a 
maximum point of the distribution existing in a Wavelength 
region of not more than 600 nm. 

[0013] A third aspect of the present invention is a semi 
conductor device comprising: a ?rst semiconductor region 
of a ?rst conductivity type; and a second semiconductor 
region of a second conductivity type formed on the ?rst 
semiconductor region and containing an impurity element of 
the second conductivity type, Wherein the second semicon 
ductor region includes at least a portion of a region con 
taining a predetermined element Which is a group IV ele 
ment or an element of the second conductivity type larger in 
mass number than the impurity element; and the predeter 
mined element has a density distribution in a depth direction, 
and a value of depth of a maximum point of the density 
distribution from a surface of the second semiconductor 
region is smaller than a value of depth of a boundary 
betWeen the ?rst and a second semiconductor regions from 
the surface of the second semiconductor region. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEW 
OF THE DRAWINGS 

[0014] FIGS. 1A to 1C are sectional vieW showing a 
semiconductor device fabrication method according to the 
?rst embodiment of the present invention; 

[0015] FIGS. 2A and 2B are sectional vieWs showing a 
fabrication method of a comparative example of the ?rst 
embodiment; 
[0016] FIG. 3 is a graph shoWing the density distributions 
of Ge and B in a semiconductor device obtained by the steps 
shoWn in FIGS. 1A to 1C; 

[0017] FIG. 4 is a graph soWing the density distribution of 
B in a semiconductor device obtained by the steps shoWn in 
FIGS. 2A and 2B; 

[0018] FIGS. 5A and 5B are graphs shoWing absorption 
spectra and re?ection spectra of the silicon substrate surface; 

[0019] FIG. 6 is a graph shoWing the emission spectra of 
a Xe ?ash lamp and W halogen lamp and an Si absorption 
characteristic; 

[0020] FIG. 7 is a graph shoWing the relationship betWeen 
the irradiation energy density and the sheet resistance; 

[0021] FIG. 8 is a graph shoWing the relationship betWeen 
the Ge acceleration energy and the sheet resistance; 

[0022] FIG. 9 is a graph shoWing the relationship betWeen 
the Ge acceleration energy and the junction leakage current; 

[0023] FIGS. 10A to 10C are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
second embodiment of the present invention; 

[0024] FIG. 11 is a graph shoWing the density distribu 
tions of Ge and B in a semiconductor device obtained by the 
steps shoWn in FIGS. 10A to 10C; 

[0025] FIGS. 12A to 12C are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
third embodiment of the present invention; 

[0026] FIG. 13 is a graph shoWing the density distribu 
tions of Ge and B in a semiconductor device obtained by the 
steps shoWn in FIGS. 12A to 12C; 

[0027] FIGS. 14A to 14F are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
fourth embodiment of the present invention; 

[0028] FIGS. 15A to 15F are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
?fth embodiment of the present invention; 

[0029] FIGS. 16A to 16F are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
sixth embodiment of the present invention; and 

[0030] FIGS. 17A to 17E are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
seventh embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Embodiments of the present invention Will be 
described With reference to the accompanying draWing. 
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First Embodiment 

[0032] FIGS. 1A to 1C are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
?rst embodiment of the present invention. This method Will 
be explained by taking the fabrication steps of a p-type MOS 
transistor as an example. 

[0033] First, as shoWn in FIG. 1A, in accordance With the 
conventional p-type MOS transistor fabrication method, 
isolation regions 2 are formed in an n-type silicon (Si) 
substrate 1. After that, a gate insulating ?lm (silicon oxide 
?lm) 3 is formed, and a gate electrode 4 is formed on this 
gate insulating ?lm 3. 

[0034] Next, as shoWn in FIG. 1B, the gate electrode 4 is 
used as a mask to implant germanium (Ge) ions into the 
surface region of the n-type silicon substrate 1. The condi 
tions of this ion implantation are an acceleration energy of 
15 keV and a dose of 5><l0l4 cm_2. By this ion implantation, 
crystal defect regions 5 are formed in the surface of the 
silicon substrate 1. For example, amorphous crystal defect 
regions 5 are formed. The depth of an end portion of this 
crystal defect region 5 is about 20 nm from the surface of the 
silicon substrate 1. 

[0035] By using the gate electrode 4 as a mask, boron (B) 
ions are implanted into the surface region of the silicon 
substrate 1. The ion implantation conditions are an accel 
eration energy of 0.2 keV and a dose of l ><l0l5 cm_2. By this 
ion implantation, impurity regions 6 are formed at the upper 
portions of the crystal defect regions 5 so as to overlap these 
crystal defect regions 5. 

[0036] Subsequently, as shoWn in FIG. 1C, a xenon @(e) 
?ash lamp is used to irradiate the entire substrate surface 
With light. The irradiation time is 10 ms or less, and the 
irradiation energy density is 35 J/cm2. This light irradiation 
(?ash lamp anneal) activates the impurity elements and 
recovers defects in the crystal defect regions 5 and the 
impurity regions 6. Consequently, p-type source.drain dif 
fusion layers 7 are obtained. Note that before this light 
irradiation, the substrate is desirably heated to a temperature 
of about 4000 C. 

[0037] Although the subsequent steps are not shoWn, a 
silicon oxide ?lm is formed as an interlayer insulating ?lm 
on the entire surface at a ?lm formation temperature of 4000 
C. by, e.g., atmospheric CVD. After that, contact holes are 
formed in the interlayer insulating ?lm, and source.drain 
electrodes, a gate electrode, interconnections and the like are 
formed. 

[0038] FIGS. 2A and 2B are sectional vieWs shoWing a 
fabrication method of a comparative example of the ?rst 
embodiment. In this comparative example, no Ge ions are 
implanted into a silicon substrate 1, and B ions are implanted 
under the same conditions as in the above embodiment. 
After that, xenon ?ash lamp light is emitted under the same 
conditions as in the above embodiment. 

[0039] FIG. 3 shoWs the density distributions of Ge and B 
obtained by the steps shoWn in FIGS. 1A to 1C. FIG. 4 
shoWs the density distribution of B obtained by the steps 
shoWn in FIGS. 2A and 2B. 

[0040] In this embodiment, a depth at Which the Ge 
density is 1018 cm-3 is about 55 nm, and a depth at Which the 
B density is 1018 cm'3 is about 12 nm. In contrast, in the 
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comparative example a depth at Which the B density is 1018 
cm-3 is about 18 nm. That is, the region in Which B is 
distributed in this embodiment is shallower than in the 
comparative example. This is so because When ion implan 
tation of Ge larger in mass (mass number) than B is 
performed, a large amount of crystal defects are generated in 
the substrate surface to result in an amorphous state, and this 
suppresses the channeling phenomenon of B. 

[0041] The sheet resistance of the diffusion layer Was 
measured and found to be 7 kQ/III in the sample of the 
comparative example in Which no Ge ions Were implanted, 
and 510 Q/EI in the sample of this embodiment in Which Ge 
ions Were implanted. This indicates that the resistance of the 
diffusion layer signi?cantly loWered. In addition, resistance 
variations on the substrate surface Were measured. As a 
consequence, o=10% in the sample of the comparative 
example and o<1.5% in the sample of this embodiment, 
indicating improvement of the uniformity. 

[0042] As described above, the impurity pro?le can b 
accurately controlled by combining Fe ion implantation and 
?ash lamp anneal. This makes it possible to form a loW 
resistance p-type source.drain diffusion layer having a shal 
loW junction With a depth of 20 nm or less. 

[0043] To examine the reasons for the reduction in the 
resistance of the diffusion layer and for the improvement of 
the uniformity of the diffusion layer resistance, the optical 
characteristics of the silicon substrate surface Was measured. 
FIG. 5A is a graph shoWing absorption spectra of the silicon 
substrate surface. FIG. 5B is a graph shoWing re?ection 
spectra of the silicon substrate surface. 

[0044] Differences in absorption spectra and re?ection 
spectra are small betWeen a Si substrate (bare Si) into Which 
no ions are implanted and a substrate into Which loW 
acceleration B ions are implanted. HoWever, by ion implan 
tation of Ge, the absorption coe?icient increases by about 
ten times at a Wavelength region of 400 nm to 700 nm. In the 
Si substrate (bare Si) into Which no ions are implanted, 
peaks are observed near 360 and 260 nm. These peaks are 
related to critical points El (L3—>Ll) and E2 Q(4—>XI) of a 
band structure. When Ge is ion-implanted, these tWo peaks 
disappear. This indicates that a large amount of crystal 
defects are generated in the substrate surface to break the 
periodicity of the crystal. On the other hand, the Ge ion 
implantation decreases the absorption coe?icient at a Wave 
length of 750 nm or more. This is observed as an increase of 
the re?ectance of FIG. 5B. It is considered that these results 
are caused by the light interference effect at the interface 
betWeen the crystal defect layer (amorphous layer) formed 
by the Ge ion implantation and the single crystal layer 
(crystal defect-less layer). 

[0045] FIG. 6 shoWs the emission spectra (emission inten 
sity distributions) of a Xe ?ash lamp and W halogen lamp, 
and the absorption characteristic of Si. While the emission 
intensity of the halogen lamp is high at longer Wavelengths, 
the emission intensity of the ?ash lamp is high in the visible 
light region, particularly, in a region of about 250 to 500 nm. 
Additionally, the light absorptivity of Si is high in the visible 
light region. 

[0046] From the foregoing, the emission energy is 
absorbed by silicon more e?iciently When the ?ash lamp is 
used than When the halogen lamp is used. In addition, by 
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generating a large amount of crystal defects in the surface 
region of a silicon substrate by ion implantation of Ge, the 
absorptivity of the silicon substrate surface can be raised in 
a Wavelength region in Which the emission intensity of the 
?ash lamp is high. Accordingly, the heating e?iciency can be 
raised by combing Ge ion implantation and ?ash lamp 
anneal. This makes it possible to e?iciently activate an 
impurity such as B Without breaking its pro?le. 

[0047] FIG. 17 shoWs the results of examination of the 
relationship betWeen the irradiation energy density and the 
sheet resistance after the step shoWn in FIG. 1C of this 
embodiment. A curve (a) indicates the result When a ?ash 
lamp from Which no ultraviolet light is cut is used; a curve 
(b) indicates the result When a ?ash lamp from Which 
ultraviolet light of 400 nm or less is cut. A change in the 
sheet resistance of the impurity di?‘usion layer shoWs that 
When the ultraviolet light is cut, there is a poWer loss of 
about 30%. That is, in common ?ash lamp irradiation, 
ultraviolet light e?fectively heats an Si substrate. 

[0048] An Si substrate into Which B Was implanted at 10 
keV and 5><10l5 cm-2 and an Si substrate into Which B Was 
implanted under the same conditions as the ?rst substrate 
and then Ge Was implanted at 1 keV and 5><10l4 cm-2 Were 
prepared. Flash lamp anneal Was performed for these sub 
strates at a substrate temperature of 4000 C. and an irradia 
tion energy density of 35 J/cm2. Consequently, the sheet 
resistance of the sample into Which only B Was ion-im 
planted Was 320 Q/El, Whereas the sheet resistance of the 
sample into Which both Ge and B Were ion-implanted Was 
100 Q/El. A depth at Which the B density Was 1><10l8 cm'3 
Was about 150 nm, and depth at Which the Ge density Was 
1><10l8 cm'3 Was about 10 nm. That is, Ge Was not contained 
in the Whole region containing B. This means that the above 
result is different from the effect of the conventional pre 
amorphous formation process or the effect of increasing the 
activation ratio of B by the existence of Ge at high density. 

[0049] Furthermore, to prove the difference from the effect 
of the existence of Ge at high density, Ge Was ion-implanted, 
annealing Was subsequently performed at 550° C. for 1 hr to 
recover the crystal state, B Was subsequently ion-implanted, 
and then ?ash lamp anneal Was performed. The sheet 
resistance of the diffusion layer of this sample Was found to 
be 7 kQ/El, i.e., the sheet resistance could not be loWered. 

[0050] From the foregoing, the sheet resistance of the 
impurity diffusion layer Was loWered and the uniformity of 
the sheet resistance Was improved by Ge ion implantation 
presumably because Ge made the surface region of the Si 
substrate amorphous and this improved the recovery of the 
crystallinity, and because the heating e?iciency by ?ash 
lamp irradiation Was raised due to an increase of the absorp 
tion coe?icient in the visible light region and an increase of 
the light re?ectance in the near infrared region by the light 
interference effect at the interface betWeen the amorphous 
layer and the crystal layer. 

[0051] In this embodiment as described above, the pro?le 
of an impurity can be accurately controlled by combining 
ion implantation of Ge and irradiation of light for a short 
time by a ?ash lamp. Accordingly, a shalloW, high-density, 
loW-resistance diffusion layer can be formed. 

Second Embodiment 

[0052] FIGS. 10A to 10C are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 



US 2006/0273392 A1 

second embodiment of the present invention. This method 
Will be explained by taking the fabrication steps of a p-type 
MOS transistor as an example. 

[0053] In this embodiment, an ion implantation region (Ge 
diffusion layer) of G (predetermined element) is shalloWer 
than an ion implantation region (B di?‘usion layer) of B 
(impurity element). More speci?cally, the density of Ge is 
made loWer than that of B at the boundary (p-n junction 
boundary) betWeen an n-type semiconductor substrate and a 
p-type B diffusion layer. From another vieWpoint, a position 
at Which the Ge density is equal to the B density at the p-n 
junction boundary is present betWeen the surface of a 
semiconductor substrate and the p-n junction boundary. For 
example, the B density at the p-n junction boundary is about 
l><l0l8 cm3. From still another vieWpoint, a position at 
Which the density distribution of Ge is a maximum is 
shalloWer than a position at Which the B density is l><l019/ 
cm3. 

[0054] First, as shoWn in FIG. 10A, in accordance With 
the conventional p-type MOS transistor fabrication method, 
isolation regions 2 are formed in an n-type silicon (Si) 
substrate 1. After that, a gate insulating ?lm (silicon oxide 
?lm) 3 is formed, and a gate electrode 4 is formed on this 
gate insulating ?lm 3. 

[0055] Next, as shoWn in FIG. 10B, the gate electrode 4 
is used as a mask to ion-implant Ge into the surface region 
of the n-type silicon substrate 1. The conditions of this ion 
implantation are an acceleration energy of 1 keV and a dose 
of 5><l0l4 cm_2. By this ion implantation, crystal defect 
regions 5 are formed in the surface of the silicon substrate 
1. The gate electrode 4 is again used as a mask to ion 
implant B into the surface region of the silicon substrate 1. 
The ion implantation conditions are an acceleration energy 
of 0.2 keV and a dose of l><l0l5 cm_2. By this ion implan 
tation, impurity regions 6 are formed beloW the crystal 
defect regions 5 so as to overlap these crystal defect regions 
5. 

[0056] Subsequently, as shoWn in FIG. 10C, a xenon @(e) 
?ash lamp is used to irradiate the entire substrate surface 
With light, The irradiation time is 10 ms or less, and the 
irradiation energy density is 35 J/cm2. This light irradiation 
(?ash lamp anneal) activates the impurity elements and 
recovers defects in the crystal defect regions 5 and the 
impurity regions 6. Consequently, p-type source.drain dif 
fusion layers 7 are obtained. Note that before this light 
irradiation, the substrate is desirably heated to a temperature 
of about 4000 C. 

[0057] Although the subsequent steps are not shoWn, a 
silicon oxide ?lm is formed as an interlayer insulating ?lm 
on the entire surface at a ?lm formation temperature of 4000 
C. by, e.g., atmospheric CVD. After that, contact holes are 
formed in the interlayer insulating ?lm, and source.drain 
electrodes, a gate electrode, interconnections and the like are 
formed. 

[0058] FIG. 11 shoWs the density distributions of Ge and 
B obtained by the steps shoWn in FIGS. 10A to 10C. In this 
embodiment, a depth at Which the Ge density is 1018 cm '3 
is about 10 nm, and a depth at Which the B density is 1018 
cm '3 is about 14 nm. That is, Ge is not distributed in the 
Whole impurity region into Which B is implanted; the Ge 
diffusion layer is formed to be shalloWer than the B diffusion 
layer. 
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[0059] The sheet resistance of the diffusion layer Was 
measured and found to be 960 Q/El, much loWer than When 
no Ge Was implanted. This means that this result is different 
from the effect of the conventional pre-amorphous formation 
process or the effect of increasing the activation ratio of B 
by the existence of Ge at high density. 

[0060] The junction leakage current Was also measured. 
Consequently, While the junction leakage current Was 2x10 
12 A/um2 in the ?rst embodiment, the junction leakage 
current Was 6x10“l7 A/um2 in this embodiment, indicating 
that the p-n junction characteristics greatly improved. This is 
probably because the Ge diffusion layer Was formed in a 
region shalloWer than the B diffusion layer, so no crystal 
defects caused by Ge Were present in a depletion layer. Also, 
if crystal defects are formed in a region deeper than the B 
diffusion layer, diffusion of B may be induced in the 
annealing step performed later, ad this may deteriorate the 
transistor characteristics. In this embodiment, hoWever, dif 
fusion of B like this can be suppressed. 

[0061] In this embodiment as described above, the same 
effects as in the ?rst embodiment can be obtained. In 
addition, since the Ge diffusion layer is made shalloWer than 
the B diffusion layer, it is possible to reduce the leakage 
current and suppress B diffusion. Accordingly, ?ne transis 
tors superior in characteristics and reliability can be 
obtained. 

[0062] FIGS. 8 and 9 shoW the relationship betWeen the 
Ge ion implantation acceleration condition (the dose is 
5><l0 cm '2) and the sheet resistance and the relationship 
betWeen the Ge ion implantation acceleration energy and the 
p-n junction leakage current, respectively, When a Si sub 
strate into Which B is implanted at an acceleration energy of 
0.2 to 0.5 keV and a dose of l ><l0l5 cm-2 is subjected to ?ash 
lamp anneal at a substrate temperature of 4000 C. and an 
irradiation energy density of 35 J/cm2. 

[0063] A shoWn in FIG. 8, the sheet resistance loWers as 
the Ge acceleration energy increases. For example, When the 
B acceleration energy is 0.2 keV, a sheet resistance of 1,000 
Q/58 can be obtained if Ge is implanted at an acceleration 
energy of 0.8 keV or more; When the B acceleration energy 
is 0.5 keV, a sheet resistance of 1,000 Q/EI can be obtained 
if Ge is implanted at an acceleration energy of 0.5 keV or 
more. 

[0064] On the other hand, as shoWn in FIG. 9, the p-n 
junction leakage current increases as the Ge acceleration 
energy increases. For example, When the B acceleration 
energy is 0.2 keV, the junction leakage current is 10'16 
A/um2 or more if the Ge acceleration energy exceeds 4 keV; 
When the B acceleration energy is 0.5 keV, the junction 
leakage current is 10'16 A/um2 or more if the Ge accelera 
tion energy exceeds 6 keV. 

[0065] Accordingly, When the B acceleration energy is 0.2 
keV, the Ge acceleration energy is preferably 0.8 keV or 
more and 4 keV or less; When the B acceleration energy is 
0.5 keV, the Ge acceleration energy is preferably 0.5 keV or 
more and 6 keV or less. 

[0066] For example, under conditions as described above 
a position (p-n junction boundary) at Which the B density is 
1018 cm“3 can be set in the range ofa depth of 20 nm or less. 
In addition, under the above conditions the projected range 
of Ge ion implantation (a maximum point of the Ge density 



US 2006/0273392 A1 

distribution) can be made shallower than the p-n junction 
boundary. Also, a value (depth) obtained by adding a stan 
dard deviation of the density distribution to the projected 
range can be made shalloWer than the p-n junction boundary. 

[0067] In the ?rst and second embodiments described 
above, after Ge is ion-implanted as a group IV element into 
a silicon substrate (group IV semiconductor substrate), B is 
ion-implanted as an impurity element. HoWever, a group IV 
element can be ion-implanted after an impurity element is 
ion-implanted. Also, as a group IV element, Si, Sn, or Pb can 
be used instead of Ge. Furthermore, the dose of a group IV 
element need only fall Within the range in Which a certain 
amount of crystal defects or more are produced in the 
surface region of an Si substrate (preferably, Within the 
range in Which the surface region of an Si substrate is made 
amorphous). More speci?cally, the dose of a group IV 
element is desirably l><l0l4 1 “m2 or more and l><l0l6 cm'2 
or less. 

[0068] In each of the above ?rst and second embodiments, 
a p-channel MOS (MIS) FET is explained. HoWever, a 
similar method can also be applied to an n-channel MOS 
(MIS) FET. In this case, phosphorus (P) or arsenic (As) is 
used as an n-type impurity to be implanted into a p-type 
silicon substrate. When RTA (Rapid Thermal Anneal) using 
a halogen lamp as a heating source is performed for an 
n-type impurity, as the Ge addition amount increases the 
carrier density decreases and the resistance of the diffusion 
layer increases. Since the heating e?iciency can be increased 
by the use of ?ash lamp anneal, the resistance of the 
diffusion layer can be effectively loWered. 

Third Embodiment 

[0069] FIGS. 12A to 12C are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
third embodiment of the present invention. This method Will 
be explained by taking the fabrication steps of p-type MOS 
transistor as an example. 

[0070] In this embodiment, Ga is used instead of Ge as an 
element for forming crystal defect regions 5. Additionally, 
an ion implantation region (Ga di?‘usion layer) of Ga (pre 
determined element) is shalloWer than an ion implantation 
region (B diffusion layer) of B (impurity element). 

[0071] First, as shoWn in FIG. 21A, in accordance With 
the conventional p-type MOS transistor fabrication method, 
isolation regions 2 are formed in an n-type silicon (Si) 
substrate 1. After that, a gate insulating ?lm (silicon oxide 
?lm) 13 is formed, and a gate electrode 4 is formed on this 
gate insulating ?lm 3. 

[0072] Next, as shoWn in FIG. 12B, the gate electrode 4 
is used as a mask to ion-implant Ga into the surface region 
of the n-type silicon substrate 1. The conditions of this ion 
implantation are an acceleration energy of 1 keV and a dose 
of 5><l0l4 cm_2. By this ion implantation, crystal defect 
regions 5, e. g., amorphous regions, are formed in the surface 
of the silicon substrate 1. The gate elelectrode 4 is again used 
as a mask to ion-implant B into the surface region of the 
silicon substrate 1. The ion implantation conditions are an 
acceleration energy of 0.2 keV and a dose of l><l0l5 cm_2. 
By this ion implantation, impurity regions 6 are formed 
beloW the crystal defect regions 5 so as to overlap these 
crystal defect regions 5. 
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[0073] Subsequently, as shoWn in FIG. 12C, a xenon @(e) 
?ash lamp is used to irradiate the entire substrate surface 
With light. The irradiation time is 120 ms or less, and the 
irradiation energy density is 35 J/cm . This light irradiation 
(?ash lamp anneal) activates the impurity elements and 
recovers defects in the crystal defect regions 5 and the 
impurity regions 6. Consequently, p-type source.drain dif 
fusion layers 7 are obtained. Note that before this light 
irradiation, the substrate is desirably heated to a temperature 
of about 4000 C. 

[0074] Although the subsequent steps are not shoWn, a 
silicon oxide ?lm is formed as an interlayer insulating ?lm 
on the entire surface at a ?lm formation temperature of 4000 
C. by, e.g., atmospheric CVD. After that, contact holes are 
formed in the interlayer insulating ?lm, and source.drain 
electrodes, a gate electrode, interconnections and the like are 
formed. 

[0075] FIG. 13 shoWs the density distributions of Ga and 
B obtained by the steps shoWn in FIGS. 12A to 12C. In this 
embodiment, a depth at Which the Ga density is 1018 cm-3 
is about 11 nm, and a depth at Which the B density is 1018 
cm'3 is about 14 nm. That is, Ga is not distributed in the 
Whole impurity region into Which B is implanted; the Ga 
diffusion layer is formed to be shalloWer than the B di?‘usion 
layer. 

[0076] The sheet resistance of the diffusion layer Was 
measured and found to be 850 Q/El. This sheet resistance is 
loWer than that in the second embodiment because Ga 
having the same conductivity type as B is activated. When 
the junction leakage current Was measured, no leakage 
current increase Was found. That is, the ion implantation of 
Ga did not deteriorate the p-n junction characteristics. 

[0077] In this embodiment as described above, the same 
effects as in the ?rst embodiment can be obtained. In 
addition, since the Ga diffusion layer is made shalloWer than 
the B diffusion layer as in the second embodiment, it is 
possible to reduce the leakage current and suppress B 
di?fusion. Accordingly, ?ne transistors superior in charac 
teristics and reliability can be obtained. 

[0078] In the third embodiment described above, B (impu 
rity element) is ion-implanted after Ga (group III element) 
Which is in the same group as B is ion-implanted. HoWever, 
a group III element can be ion-implanted after an impurity 
element is ion-implanted. As a group III element, an element 
heavier (larger in mass number) that an impurity element can 
be used. That is, In (indium) or T1 (thallium) can be used 
instead of Ga. Furthermore, the dose of a group III element 
need only fall Within the range in Which a certain amount of 
crystal defects or more are produced in the surface region of 
an Si substrate (preferably, Within the range in Which the 
surface region of an Si substrate is made amorphous). More 
speci?cally, the dose of a group III element is desirably 
l><l0 cm-2 or more and l><l0l6 cm-2 or less. 

[0079] In the above third embodiment, a p-channel MOS 
(MIS) FET is explained. HoWever, a similar method can also 
be applied to an n-channel MOS (MIS) FET. In this case, 
phosphorus (P) or arsenic (As) is used as an n-type impurity 
to be implanted into a p-type silicon substrate. In this case, 
as an element) group V element) Which is in the same group 
as phosphorus and arsenic, Sb or Bi heavier (larger in mass 
number) that phosphorus and arsenic can be used. 
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[0080] In the ?rst to third embodiments explained above, 
the ?ash lamp annealing conditions are an irradiation energy 
density of 35 J/cm2 and a substrate temperature of 400° C. 
However, the substrate temperature can b changed over the 
range of 200 to 550° C., and the irradiation energy density 
can be changed over the range of 10 to 60 J/cm2. The 
substrate temperature is 550° C. or less in order to prevent 
recovery of the crystal defect regions before ?ash lamp 
irradiation. The irradiation energy density is 60 J/cm2 or less 
in order to prevent an increase in the thermal stress by 
excessive and abrupt irradiation energy, thereby preventing 
damage such as slips or cracks in an Si substrate. The 
substrate temperature is 200° C. or more because if the 
substrate temperature is less than 200° C., irradiation energy 
exceeding 60 J/cm2 is required to activate impurities. As a 
substrate preheating method, lamp heating using a halogen 
lamp or the like or heater heating using a hot plate or the like 
can be used. 

[0081] In each of the above ?rst to third embodiments, the 
formation of shalloW source.drain diffusion layers, i.e., the 
formation of extension regions is explained. HoWever, the 
aforementioned method is also applicable to the formation 
of deep source.drain diffusion layers, polysilicon gate elec 
trodes, or channel regions. 

[0082] Also, in each of the above ?rst to third embodi 
ments, annealing using a ?ash lamp as a light source is 
explained. HoWever, a light source other than a ?ash lamp is 
also usable provided that a maximum point of the emission 
intensity distribution of the light is 600 nm or less (prefer 
ably, 500 nm or less). The emission period is desirably 100 
msec or less, and more desirably, 10 msec or less. An 
excimer laser can be used as a light source other than a ?ash 
lamp. 

Fourth Embodiment 

[0083] FIGS. 14A to 14F are sectional vieWs shoWing a 
semiconductor device fabrication method according to the 
fourth embodiment of the present invention. This embodi 
ment relates to a MOS transistor fabrication method using 
the methods of the ?rst to third embodiments described 
above. Basically, therefore, the various items explained in 
the ?rst to third embodiments are properly applicable (this 
similarly applies to the ?fth to seventh embodiments). 

[0084] First, as shoWn in FIG. 14A, in accordance With 
the conventional MOS transistor fabrication method, isola 
tion regions 2 are formed in an n-type silicon (Si) substrate 
1. After that, a gate insulating ?lm (silicon oxide ?lm) 3 is 
formed, and a gate electrode 4 is formed on this gate 
insulating ?lm 3. 

[0085] Next, as shoWn in FIG. 14B, the gate electrode 4 
is used as a mask to ion-implant Ge into the surface region 
of the silicon substrate 1. The conditions of this ion implan 
tation4 are an acceleration energy of 1 keV and a dose of 
5x10 cm_2. By this ion implantation, crystal defect regions 
5 are formed from the surface of the silicon substrate 1 to a 
depth of 10 nm. The gate electrode 4 is again used as a mask 
to ion-implant B into the surface region of the silicon 
substrate 1. The ion implantation conditions are an accel 
eration energy of0.2 keV and a dose of l><l0l5 cm_2. By this 
ion implantation, impurity regions 6 are so formed as to 
overlap the crystal defect regions 5. 
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[0086] Subsequently, as shoWn in FIG. 14C, the entire 
substrate surface is irradiated With light of a Xe ?ash lamp, 
While the substrate is heated to a temperature of about 400° 
C. The irradiation time is 10 ms or less, and the irradiation 
energy density is 35 J/cm2. This light irradiation activates 
the impurity elements and recovers defects in the crystal 
defect regions 5 and the impurity regions 6. Consequently, 
shalloW source.drain di?‘usion layers 7 (extension regions) 
adjacent to the gate electrode 4 are obtained. 

[0087] As shoWn in FIG. 14D, a silicon nitride ?lm (SiN 
?lm) and a silicon oxide ?lm (SiO2 ?lm) are deposited in this 
order by CVD. Subsequently, RIE is used to selectively 
leave the silicon nitride ?lm 8 and the silicon oxide ?lm 9 
on the side Walls of the gate electrode 4, thereby forming 
side Wall spacers having a multilayered structure. 

[0088] As shoWn in FIG. 14E, B is ion-implanted by 
using the gate electrode 4 and the side Wall spacers including 
the silicon nitride ?lm 8 and the silicon oxide ?lm 9 as 
masks. The ion implantation conditions are an acceleration 
energy of 5 keV and a dose of 3><l0l5 cm_2. By this ion 
implantation, deep impurity regions 10 separated from the 
end portions of the gate electrode 4 are formed. This ion 
implantation also implants B into the gate electrode (poly 
silicon). 
[0089] Next, as shoWn in FIG. 14F, the entire substrate 
surface is irradiated With light of the Xe ?ash lamp, While the 
substrate is heated to a temperature of about 400° C. The 
irradiation time is 10 ms or less, and the irradiation energy 
density is 35 J/cm2. This light irradiation activates the 
ion-implanted impurity elements and recovers defects in the 
impurity regions 10 and the like. Consequently, deep source 
.drain diffusion layers 11 separated from the end portions of 
the gate electrode 4 are obtained. 

[0090] Although the subsequently steps are not shoWn, a 
silicon oxide ?lm is formed as an interlayer insulating ?lm 
on the entire surface at a ?lm formation temperature of 400° 
C. by e.g., atmospheric CVD. After that, contact holes are 
formed in the interlayer insulating ?lm, and source.drain 
electrodes, a gate electrode, interconnections and the like are 
formed. 

[0091] In this embodiment, the use of ?ash lamp anneal 
can shorten the thermal annealing time for activating the 
shalloW impurity regions 6 adjacent to the gate electrode 4. 
This minimiZed diffusion of impurities to a portion beloW 
the gate electrode and suppresses the short channel effect. In 
addition, the heating e?iciency rises because crystal defect 
regions are formed in the surface region of an Si substrate by 
ion implantation of Ge before ?ash lamp light irradiation. 
Accordingly, the resistance of the diffusion layer can be 
effectively loWered, and this improves the electric current 
driving capability of a MOS transistor. 

Fifth Embodiment 

[0092] FIGS. 15A to 15F are sectional vieW shoWing a 
semiconductor device fabrication method according to the 
?fth embodiment of the present invention. This embodiment 
also relates to a MOS transistor fabrication method using the 
methods of the ?rst to third embodiments described above. 

[0093] First, as shoWn in FIG. 15A, in accordance With 
the conventional MOS transistor fabrication method, isola 
tion regions 2 are formed in an n-type silicon (Si) substrate 








