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Report:

The eperiments dore & ID01 keamline were devoted to the investigation d silicon single aystals
implanted with ions of different masss (S, In, As). Suitable implantation energies used were to produce
damaged layer thicknesses of 100-150 nm. A set of sili con samples was also implanted at ultra-low energies
(0.25 — 1 keV) with 1x10" B ions cm™ to reduce the surfacedamaged thicknessdown to about 10 rm. The
am of the experiments was to verify whether a tickness threshold exists for the detedion d sufficiently
intense signal of diffuse X-ray scatering (DXS) coming from the implantation-induced defeds. The
relevance of these experiments is based onthe fad that the size reduction d future generation sili con-based
devices requires the redization d, e.g., utra-shallow p* source/drain implanted structures, confined well
within 100 mm from the surface These junctions will be necessary for the next CMOS techndogy nodes,
where channel lengths of 0.15um in 2001and 0.11um in 2005are expeded [1].

The opticd geometry adopted at the beamlineis ketched in Fig 1. The energy of 8 keV was ®leded
by a pair of siliconsingle aystals oriented ac@rding to symmetric Bragg-case 311 refledions. A 111single
refledion sili con analyzer was placed in front of the detedor and was aligned to receve the bean diffraded

from {220} lattice planes perpendicular to the sample surface The samples were oriented to recave the
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Fig. 1. Sketch of the opticd geometry used at the Fig. 2. Intensity profiles obtained from {220 planes
IDO1 keamline for surfacediffradion. muoal to the surfaceof a0.5keV B implan-

ted Si (thick line). The profile of an
implanted reference Si is also reported.

monochromated beam at angles nea the aiticd one (a.) for the total external refledion, and longitudinal
scans were performed by Aw2A8 couding of sample and analyzer. In this report we show the most
interesting result obtained from one of the thinnest surfacedamaged layers.

In Fig. 2 we seethe intensity profiles obtained from a 0.5 keV B implanted sili con and an unmplanted
S wafer taken as the reference Both samples recaved the beam at the incidence agle a = 0.2 dkg,
somewhat smaller than o, which, for 8 keV X-rays, is equal to 0.223 @g. At a = 0.2 dg < ., the
evanescent wave undergoes diffradion from a penetration depth of =10 rm. From the comparison d the
profiles in Fig. 2, we observe that (i) the tail i ntensities of the implanted sample ae higher than those of the
reference sample, (ii) the high angle tail of the implanted sample is more intense than the low angle one and
(iii) the intensity peak of the implanted sample is lower than that of the reference silicon (inset in Fig. 2).
These findings indicae that (i) DXS from defedsis sufficiently high in spite of the small thicknessprobed by
the beam, (ii) the implant defeds are of interstitial type and (iii) an atomic displacanent occurs in the defed
surroundng matrix, leading to a Debye-Wall er fador induced reduction d the 220 structure fador.

The net DSX from defeds is obtained by subtrading the tail intensities of the reference silicon from
those of the implanted sample. Thisintensity can be daborated acrding to the dasscd theories of DXS[2].
The symmetric part of the angular distribution o DXS s plotted in Fig. 3, which shows that the extrapalation
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Fig. 3. Symmetric part of DX S vs sample rotation angle. From the intercept
f the straight line onthe angular axis, the duster radius is obtained.

to zero intensity of the linea trend in the small angle region gives an intercept Aw, = 799arc s, from which a
defed cluster radius R; = 8 nm is obtained. Though referred to the size of the duster distortion field and nd
to adual cluster size, this value seans smewhat overestimated if we mnsider the penetration depth of X-rays
and the 10 nm thickness of the implanted layer [3]. However, these preliminary measurements made on
March past confirmed that investigation d implanted layers as thin as 10 nm is possble. This drew the
interest of Dr. H. Metzger, new resporsible of IDO1 beamkine, who receitly performed similar DXS
measurements [4,5] on B implanted silicon at 32 keV energy, where the damaged layers were thicker than
ours by more than afador of ten. Therefore, a @operation was agreed with Dr. Metzger and Dr. A. Mazuelas
(secondscientist at IDO1 beanline) having further DX S experiments on utra-low energy B implanted sili con
as the objedive, in the framework of a FET (Future Emerging Tedindogies) European Reseach Program,
whose propasal is being submitted to EC.

[1] Semiconduwctor Industry Association, International Tedhindogy Roadmap for Semicondictors. 1999
edition. Austin, TX, International SEMATECH, 1999

[2] P.H. Dederichs, J. Phys. F: Metal Phys. 3 (1973 471.

[3] E. Napdiitani, A. Carnera, E. Schroer, V. Privitera, F. Priolo and S. Mofatt, Appl. Phys. Lett. 75 (1999
1869.

[4] U. Bech, T. H. Metzger, J. Peisl and J. R. Patel, Appl. Phys. Lett. 76 (2000 2698.
[5] K. Nordlund,U. Bech, T. H. Metzger and J. R. Patel, Appl. Phys. Lett. 76 (2000 846.



