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with cubic splines t7l. A number of trials have been
made for the problem at hand, and a uniform distribu-
tion of the nodes has been found to be quite satisfac-
tory in all cases considered. In the following, we there-
fore limit our attention to partitions with a uniform
distribution of nodes. Another parameter which needs
to be determined is the number of nodes in the parti-
tion. This point is addressed in the next section.

4. Numerical experiments

In this section we present deconvolution results
from signals ft(x) which have been generated by an
artificial function TG). The comparison between the
approximate deconvoluted profile /(x) and the known
exact profile /(x) serves to assess the accuracy of the
method. It is also useful in providing a simple rule for
the number of nodes n - 2 needed in the partition. To
be specific, these numerical experiments consist of the
following steps:

1) An arbitrary distribution /(x) is constructed.
2) A convolution S(x) is calculated from Eq. (1).
3) A histogram is constructed from N random num-

bers, consistent with distribution SG). That is, for N
random numbers 0 < r < 1, h(x) is defined as the num-
ber of random numbers which satisfies

divided by A, where À is the value between two distinct
channels.

4) A deconvolution is then applied to hG), as
described in the previous section.

Two example results are illustrated in Fig. 1. In
example (a), the histogram â(x) is defined on the
interval [0, -], with 4:0.785 keV, and N:144. The
deconvolution is performed using n :7 cubic splines.
Despite the relatively large statistical fluctuations in
h(x), the agreement between T and f is seen to be
quite good. Also, one interesting feature of this decon-
volution technique is its ability to reproduce the sharp
density spike at the surface, while efficiently filtering
undesirable noise. In example (b), we see how our
method can reveal structures hidden by the experimen-
tal resolution. This result has been obtained with N:
6667 and 12 cubic splines.

Similar numerical experiments have been made to
determine a simple relation for the number of cubic
splines to use as a function of the number N of
detected particles. A small number of splines will tend
to sample more of the convoluted function and, thus,
smooth out statistical noise more effectively. A larger
number of splines, however, is required in order to
reproduce any structure present in the function /. If
too many splines are used for a given count, non-physi-

Channel
Fig. 1. Deconvolution of artificially constructed signals. In (a),
ft(x) is constructed from 1,[4 random numbers distributed
according to g(x), and six cubic splines are used in the
deconvolution. In (b),12 cubic splines are used to deconvolute
a signal ft(x) constructed from 6667 random numbers dis-

tributed according to a convoluted two-peak /(x).

cal structures associated with noise will result. If too
few are used, the deconvoluted profile may miss some
important structures. In order to determine the best
number of splines, a series of numerical experiments
have been conducted. We have calculated the mean
square deviation

where M:50 and /dx) is obtained each time from a
new generated h(x). We have made the test for vari-
ous values of n and N, for some selected functions
fG). Empirically, the smallest error is obtained with

n = 5 . 2 + 0 . 0 8 3 N 1 / 2 .
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for N > 100. This expression for n is used in all the
calculations presented here. This expression has been
found empirically for distributions over approximately
150 channels. A different number of channels mav
require a different expression for n.
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Fig.  4.  Prof i le modi f icat ion and desorpt ion of  hydrogen (1.3 x
10t7 at . /cmr)  implanted in bery l l ium ar 1. .5 keV. inc lucecl  by
the 350 keV -He probing beam. (a)  Deconvoluted prof i les
computed wi th var ious f luences of  the beam. Surface spikes
have been subtracted for  c lar i ty .  (b)  The raw signal  and the
deconvoluted prof i les for  two selected f luences considered in

( a ) .

sists of a 350 kcV He beam incident on the surface at
25'.  In Fig. 4, each profi le is obtaincd with incident He
f luences vary ing f rom 1.02 x  1015 to  31.3 x  l0r -5
oHe7cm2. 

Thc deconvolut ion results are plottcd in Fig.
4a. For clari ty, the surface spike in hydrogen density
has becn subtracted from the deconvoluted profi lcs.
This f igure clearly shows thc modif icat ions to the im-
planted hydrogen depth profi le as the f luence of the
He beam increases. The init ial  implantat ion profi le has
a maximum near 42 nm, and a ful l  width at half
maximum of approximately 40 nm. After being exposcd
tcl a small  f luence of thc probing beam, the dcpth
profi le begins to dif fuse part ly in the defect prof i lc
crcated during the implantat ion, thus forming a protu-
berancc closer to the surface ( in agreement with cor-
rected TRIM [9] runs). After a large f lucnce, we ob-
scrve a surface dcnsity with an absolute maximum at
the surfacc. The profi le also dif fuscs signif icantly
deeper into the matcrial.  Fig. 4b shows experimcntal
data together with the dcconvolutcd signal computed
with two f luences. For the lower f luencc. the surface
contamination concentrat ion amounts to a relat ivcly
low value of 15 at.o/o. When deconvoluted. this fract ion
incrcases considerably to approximatcly 40 at.%. This
spike is desorbed rclat ively rapidly and i t  is esscntial ly
absent at the higher f luencc.

Fig. 5 shows a hydrogen profi lc implantcd to satura-
t ion in carbon with an energy of I  kcV. The usc of our
deconvolut ion procedure reveals the presence of two
maxima in the actual prof i le; a feature which is not
readi ly visible from the raw data. This structurc would
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Fig.  -5.  Compar ison betwe en deconvoluted prof i le ( .  .

f t ( x )  ( -  -  -  - )  ( see  Eq

Depth (Â)
" ' ) ,  the or ig inal  s ignal  ( - )  and our est imate of  the convoluted prof i le
(6)) ,  for  H implanted to saturat ion in carbon.
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