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1. Introduction

Device miniaturization requires reduction of the thermal
budget in the annealing process for ultra-shallow junction
and ultra-thin gate oxide. Recently, spike anneal technol-
ogy has considerably reduced the time of the heating cycle.
In heating the substrate above 1000°C, however, the total
time of ramp-up and ramp-down takes 10 sec or above.

In order to minimize the heating cycle, we newly devel-
oped a flash lJamp anneal (FLA) technology. FLA was able
to reduce the heating cycle within the millisecond range
and was successfully applied to activation process by com-
bining appropriate assist heating. In this paper, we first re-
port fundamental results on electrical activation of impuri-
ties by using FLLA technology.

2. Experimental

Figure 1 shows the fundamental configuration of FLA
apparatus. This apparatus is composed of xenon flash lamps
and tungsten halogen lamps for assist heating,
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Fig. 1 Fundamental configuration of FLA apparatus.

Figure 2 shows radiant spectrum of the xenon flash lamp
and optical coefficient of Si. The radiant peak of the xenon
flash lamp is in the range from 300 to 800 nm. Since the
absorption edge of Si is approximately 1100 nm, Si sub-
strate can be effectively heated by the xenon flash lamp.
The incident radiant energy density was measured with a
calorimeter.

The sheet resistance of ion implanted (100)Si was mea-
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Fig. 2 Radiant spectrum of the xenon flash lamp and opti-
cal absorption coefficient of Si.

sured as a function of the incident radiant energy density
and the assist temperature. In these experiments, the sub-
strates were irradiated for a short time in the range of 1-3
msec with the incident radiant energy density above sev-
eral J/cm?,

3. Results and Discussion

FLA was applied to Asimplanted (100)Si substrates. The
dose was 5X 10" cm™ at 40 keV. The sheet resistance mea-
sured with a four point probe is shown in Figs. 3(a) and
3(b) as a function of the incident radiant energy density and
the assist temperature.

It was found that the lower sheet resistance was obtained
at the higher assist temperatures for the lower radiant en-
ergy density and for the higher radiant energy density at the
lower assist temperatures. That is, the incident radiant en-
ergy density required for activation depends on the assist
temperature. Slip generated at above 43 J/cm? of radiant
energy in the case of assist temperature of 400°C as shown
in Fig. 3(a) due to the increase in thermal strain. On the
other hand, Sheet resistance abruptly decreases with assist
temperature. Therefore, the appropriate combination of the
assist temperature and the radiant energy is necessary for
activating implanted impurities.

Figures 4(a) and 4(b) show SIMS depth profiles of B
and As in (100)Si substrate after FLA, respectively. Im-
plant conditions are 0.2 keV, 1X10*cm™ for B and 1 keV,
1 X 10" cm? for As, respectively. Both show abrupt pro-
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Fig. 3 Sheet resistance of As implanted (100)Si substrate as
a function of (a) the incident radiant energy density and (b)
the assist temperature.
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Fig. 5 SIMS depth profiles of In in (100)Si substrate before and after
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Fig. 4 SIMS depth profiles of (a) B and (b) As in (100)Si substrate
after FLA.

files with the high peak concentrations above 10*'cm. This
suggests that FLA technology has the possibility of creat-
ing the super-shallow junction below 20 nm under the opti-
mum conditions.

Figure 5 shows SIMS depth profiles of In in (100)Si sub-
strate before and after annealing. The implant condition is
150keV, 1 X 10" cm™. The conventional furnace anneal-
ing and RTA resulted in decrease of the peak concentra-
tions and considerable diffusion of the dopants with increas-
ing temperature.

On the other hand, the profile for FLA is similar to that
for the as-implanted case. Comparison of the sheet resis-
tance and the electrical activation between the convention-
al annealing and FLA is summarized in Table I . After the
conventional annealing, the sheet resistance was about 20
k Q /[, and the electrically active fraction was about 20
%. On the other hand, after FLA under the optimum condi-
tions, the sheet resistance was 11.3 k (0 /], and the elec-
trically active fraction was 76 %. That is, the maximum
electrical activation for the minimum amount of diffusion
can be obtained by FLLA. From these results, it is consid-
ered that the annealing for longer time at higher tempera-
ture induces the deactivation of In.

It was found that the single shot was able to create an
abrupt profile with higher activated In concentration as

annealing.
Table I Measured characteristics of In implanted Si.
Condition Sheet resistance (kQ/[) | Electrically active fraction (%)
FLA: 20J/cm’ 11.3 6
RTA: 1000°C10sec 20.7 16
RTA: 1000°C30sec 21.0 17
RTA: 1000°C60sec 209 16
F.A: 1000°C30min 14.5 24

183

100 , :

In : 150keV, 1E136m™
FLA : 20J/em?

=]
o
T

=2}
o
!

B
o
T

n
o

Electrically Active Fraction (%)

i

0
1 2
Number of Flash Shots

Fig. 6 Electrical activation of In against number of flash shots.

shown in Fig. 6. In the case that the number of flash shots
was 2 and 3, however, the electrically active fraction was
below 40 %. Thus, FLA is very effective in electrical acti-
vation of In maintaining as-implanted profile. This result is

very useful for channel engineering in sub 0.1 ym
MOSFETs.

4. Conclusion

FLA technology was applied to the electrical activation
of ion implanted Si. An abrupt B, As and In profile with
higher activated concentration was realized by using FLA.
This result is due to extremely high rate ramp up and down
thermal process. FLA will be one of key technologies in

sub 0.1 pm MOSFETs.



