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1. Introduction B

Recently, it has been shown that high powered pulses of laser radiation can :
be used to anneal ion implanted silicon [1]. Changes in the implant dopant E
profile as a result of laser annealing provides fundamental insight into the =
laser annealing mechanism. Consequently, we have used secondary ion mass
spectrometry (SIMS) to investigate the effect of laser annealing on the dis-
tribution of ion implanted and surface deposited boron in single crystal sili-
con.

2. Experimental

To facilitate SIMS depth profiling, the samples were cut into chips approxi-
mately 2 mm on a side. The individual specimens were ultrasonically solvent
cleaned, affixed to a flat conducting sample mount and overcoated with 20-30
nm of spectrographic grade carbon. The primary beam used was 0, at 16.0 keV
impact energy, 15 x 10 ° A,beam current and a 5 um beam diameter. The beam
was raster scanned and 1B’ sputtered ions were detected from the central 10-
15% of the rastered area using an electronic aperturing technique. Depth and
concentration scales were established by profiling ion implantation standards
prepared at 35 keV energy at doses of 101%, 1015 and 1016 11B atoms cm 2,
Laser annealing was carried out in air using the output of a Q-switched ruby
laser (A = 0.694 um, 60 ns pulse duration).

3. Results and Discussion

The result of laser annealing (1.6 J cm 2, 60 nsg silicon implanted to dif-
ferent boron dose levels in the range 10!* to 101® cm 2 is shown in Fig. 1.
The as-implanted profiles are shown to establish the depth and concentration
scales. The extent of boron migration and the shape of the final profile is
almost the same for crystals implanted to 1015 and 10'® cm 2, but is somewhat
Tess at a dose of 101* cm 2. The increased redistribution at doses of 10!
cm 2 and greater is believed related to more efficient absorption of laser
light due to increased damage and/or dopant concentration in these crystals.
The absorption coefficient at the ruby wavelength is a strong function of the
damage in silicon crystals, being about an order of magnitude higher in amor-
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phous silicon as compared to 51ng1e.ehysfa1'siiicbh 1In add1t1on, the dopant1s

" concentration should increase the absorption coefficient due to free carrien

- absorption [2]. Integration of the profile peak areas for the as- 1mp1antedl

i samples and the corresponding laser -annealed samples indicates that no appre- —
. ciable boron is lost from the s1]1con dur1ng the 1aser annea11ng process~~—~—j

B

F1gure 2 shows the re]at1onsh1p of the dopant prof11e .on the number of“m_
successive laser pulses. This is illustrated for silicon implanted with bo= 15
ron to doses of 1015 and 1016 cm 2 and annealed with one and two successive
laser pulses (1.7 J cm 2, 60 ns). Most of the redistribution takes place’ dur
ing the first pulse; but additional redistribution is observed during the
second pulse. A third pulse produced no significant further broadening of—~
the profile. These results show that the crystal can be remelted after the._i3
first laser pulse. This may|occur due to increased free carrier absorption:
by the implanted dopant. Calculations [3] show that for pure single crystal g
silicon the absorption is too low for melting to occur under these cond1t1ons.

i 74

Another app11cat1on involves the use of laser irradiation to form Iarge—~-—
area p-n junctions in silicon by a process of laser induced diffusion [4].—
For this application, the dopant is deposited on the surface as a film approxi=
mately 100 A thick by evaporation. The deposited surface is then irradiated
with pulsed laser light and during the time the near surface region is melted;:
the deposited dopant diffuses into the crystal and is made electrically active
by being incorporated into substitutional lattice sites. The prof11e of boron
obtained after laser irradiation of boron deposited silicon is given in Fig, 32
and shows the penetration of boron to a depth of several thousand angstroms.
This appears to be a very attractive method for fabricating shallow p-n junc-?2:
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| tions because the depth of melting and subsequent dopant diffusion can be

carefully controlled by the laser energy density.
4, Conclusions

SIMS investigations have shown that pulsed laser annealing of ion implanted
and surface deposited silicon leads to significant dopant redistribution.
Comparison of calculated profiles to SIMS determined profiles provides strong
evidence that the laser annealing mechanism involves melting of the crystal,
diffusion of dopants in liquid silicon, followed by epitaxial regrowth [5]. .
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