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Ion~implanted Si wafers were investigated by an I-ray diffraction
technique in which a parallel arrangement of a double crystals spectrometer
was used.q) In this study were measured changes of a labttice parameter
and a radius of curvature of the ion-implanted wafer after isochronal anneal
-ing in the range of 450°fw1200°0. I'rom these results the location of the
ion-implanted atom within the unit cell of the crystal was studied.

Prior to observution was taken a special precaution about X-ray besms and
diffraction conditions used. If the usual conditions about X-ray beams
and diffraction, in which penetration depth of the incident X-ray beams (
several microns) is deeper than the ion-implanted layer (v 0.1 micron),
were used, we cannot obtain any information sbout the ion-implanted layer.
From the reason described sbove the following experimental conditions were
used : (1) a low energy X-ray beams such as CrK gq and (2) an asymmetric
diffraction condition in which the incident and the exit angles of the X-ray
beams were nearlyiieB and zero (actually a few minutes of arc) respectively
was used because the penetration depth of X-ray beams was made to be shallow,
loreover, was used an anomalous transmission effect in the Bragg case,g)
which occurred extensively in the asymmetric diffraction condition, in order
to measure the radius of curvature of the wafer. Then the measurements
were curried rapidly and simply.

The surface of the ion-implanted Si wafers were §1ﬂ1} and species of ion
were B, P, and £i. The process of ion-implantation was carried with the
use of the conventional method at room temperature at the dose of 1 x 1016,
1 x 1016, and 1 x 1012 atoms/cm2 for B, P, and Si respectively. Annealing
process was carried under the following conditions : temperature range was
455~u1200°0, N2 gos was flowed at 0.3 1/min, and each =nnealing lasted 10 min.
~fter each znnealing radius of curvature and sheet resistance were measured
as shown Tigs. 1 and 2, respectively. Directions of radius of curvature
were determined to be plus or minus on the condition that they were convex
or conceve configurations as viewed from the ion-implanted surfoce. It is
evident from Fig, 1 that all wafers bend in the direction of the ion-implanted

surface in sn "as-implanted" condition irrelevant to implanted species and

that radii of curvabure change into the reverse of those in an "as-implanted"

e



condition ufter passing through infinity except the wifer on which 3i was
implsnted as oannewling temperaiture increases. The vuriction of radius of
curviature and sheet resistunce are in fuirly good agrecment with euch other,
if the luttice location is considered. That is, it is reasonible Lo think
that the curve of the waler changes from convex to concave aos viewed from the
ion-implanted surf.ice when 3i atoms which were displaced by ion-implantation
processB‘u) and the implanted ctoms on interstitinl sites occupy the
substitutional sites, if the stomic radii of the implented atoms were smaller

than thut of the host crystal.
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Fig. 1. The effect of annealing Fig. 2. Isochronecl annealing of
temperature on radius of curv:iture ion-implanted layers at vorious
developed by changes of lottice tenmperatures. Bach annealing
location, B, P, and 3 show the lasted 10 min. Signs B, P, and
o S 2 <

experimental results from the S are similar to those in Fig. 1.

wafers on which B, P, and 5i atoms

are implanted, respectively.

The variationsof lattice parometer and diffracted intensity, at which the
lattice pursmeter were measured, were also obscrved after each annealing
process.
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