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1. Introduction 

 A thermal budget reduction is essential not only 
to make an ultra shallow junction, but also to suppress an 
interfacial reaction of a high-k film with an underlying SiO2 
during the activation. There are two approaches: to lower 
the temperature and to shorter the heating time. 

A flash lamp annealing (FLA) is one of the promising 
technologies to accomplish the ultra rapid thermal process 
[1-3]. However, ultra rapid heating up (>105 ℃ /sec) 
and cooling down (>103 ℃/sec) induce stress that could 
generate defects in a wafer. In the worst case, a wafer 
breaks down. 

We have examined the relation between the energy 
density supplied by flash lamps, dopants activation, and 
defects generation. This paper reports the kinetics of an 
activation of boron and a recrystallization. 
    
2. Experimental 

The experimental apparatus has a similar structure to 
that previously reported [1], except for a wafer size of 
300 mm. The pulse width (FWHM in a flash pulse) 
was changed between 0.55 and 0.9 msec. The peak power 
of the flash was controlled by a capacitor charging voltage. 
The irradiation energy was measured by a calorie meter. 
The substrate was pre-heated at 300-400℃, prior to flash 
lamp irradiation. 
 
3. Results and Discussion 
3.1. Activation of boron 

Fig. 1 shows the variation in sheet resistances as a 
function of irradiation energy density with the pulse width 
as a parameter. The pre-heating temperature of FLA is 
400℃. The ion implantation conditions are BF2

+ 40keV 
and dose of 5×1015cm-2. The sheet resistances drastically 
decrease with increasing the energy density. Since any 
traces suggesting melting on the patterned wafer are not 
observed within this experimental condition, the ultimate 
temperature must be under 1420℃. Comparing the sheet 
resistance at the same energy density, a shorter flash pulse 
gives a lower sheet resistance. 

A flash lamp irradiates the white light, which contains 
various wavelengths, through a discharge of capacitors. The 
ultimate surface temperature of Si is given by the 
following equation [4], 
 

(1) 

where notations are as follows: Ts = ultimate surface 
temperature, T0 = pre-heating temperature, K = a constant, 
J = energy density, D = a heat diffusion constant, τ= a 
pulse width. As shown in equation (1), a shorter pulse gives 
a higher temperature if the energy density J is constant. 
This is due to the characteristics that the peak power 
becomes higher with decreasing the pulse width, 
as schematically illustrated in Fig. 2. Table 1 summarizes 
the charging voltage, which gives the energy density of 21 
J/cm2 as an example. It is evident that the charging voltage 
becomes higher with decreasing width. The higher charging 
voltage gives a higher discharging current, leading to 
irradiation with a higher intensity.  

Fig. 3 shows the variation in sheet resistances as a 
function of irradiation energy density with the pulse width 
as a parameter. The pre-heating temperature of FLA is 
350℃. The ion implantation conditions are B+ 800eV and 
dose of 1×1015cm-2, with Ge+ pre-amorphization 
implantation (PAI) 2keV and dose of 5×1014cm-2. 
Comparing the sheet resistances at the same energy density, 
the shorter pulse width gives the lower resistance as 
the same case as BF2 without Ge PAI. The distribution of 
the sheet resistances, in the case of 0.8 msec in Fig. 3, is 
accomplished uniformly within a 300 mm wafer as shown 
in Fig. 4. 

Fig. 5 shows the cross-sectional TEM photograph after 
FLA. The pre-heating temperature of FLA is 400℃ , 
the energy density is 27.8 J/cm2 , and the pulse width is 
0.8 msec. The ion implantation condition is the same as in 
Fig. 3. The amorphous layer made by Ge PAI has 
recrystallized completely, when the boron in Si 
is sufficiently activated. However, defects still remain in 
the position of about 10 nm from the substrate surface. 
These results suggest that the recovery of defects requires 
not only a surface temperature, but also a certain level of 
time, although the activation is a momentary phenomenon 
that strongly depends on an ultimate temperature. 
 
3.2. Junction Leakage 

Fig. 6 shows that there is P+ junction leakage current 
after some FLA. The ion implantation conditions are BF2

+ 
20keV and dose of 3×1015cm-2. The area of the junction is 
0.25 mm2 and the peripheral length is 11 mm. These 
leakage currents of FLA are about one order larger than 
that of the spike annealing. Significant differences between 
these results of FLA are not seen in this experiment range. 
Since there is no peripheral length dependence, the ττττππππ D
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leakage current is mainly caused through the plane region 
of the vicinity of the junction. The insufficient recovery of 
defects induces a relatively large leakage current. The 
further optimization of the pulse width and energy density 
is expected to recovery the defects successfully. 

 
4. Conclusion 

Using a flash lamp technology, the activation of boron 
with and without Ge PAI is accomplished uniformly within 
a 300 mm wafer. By changing the pulse width, it is found 
that the activation was greatly dependent on the peak power 
determining an ultimate surface temperature, rather than the 
irradiation energy density of a flash pulse. However, 
a certain level of time is required in order to recover the 
defects that cause leakage current. Optimizing the pulse 
width and the energy density is expected to recovery the 
defects successfully. 
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Fig. 1 Variation in sheet resistances of BF2 as a function of 

irradiation energy density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Schematic illustration of the relation of the peak power and 

the pulse width under a constant energy density. 
 
Table 1 Charging voltage of 21 J/cm2 energy density. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Variation in sheet resistances of B with Ge PAI as a 

function of irradiation energy density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Distribution of sheet resistance of B with Ge PAI. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Cross-sectional TEM photograph of B with Ge PAI. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 P+ Junction Leakage Current after FLA. 
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