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An Energy Spread Correction for ERDA Hydrogen Depth Profiling.*
R. D. Verda, Los Alamos National Laboratory, Los Alamos, New Mexico 87544
M. A. Nastasi, Los Alamos National Laboratory, Los Alamos, New Mexico, 87544

A technique for hydrogen depth profiling by reflection elastic recoil detection analysis called the
channel-depth conversion was introduced by Verda, et al.! However, the energy spread in elastic
recoil detection analysis spectra, which causes a broadening in the energy range and leads to errors
in depth profiling, was not addressed by this technique. Here we introduce a technique to
addresses this problem, called the energy spread correction. Together, the energy spread
correction and the channel-depth conversion techniques comprise the depth profiling method
presented in this work.

*Supported by the Department of Energy, Office of Basic Energy Sciences, Division of Materials and
Engineering Physics. .

'R.D. Verda, C.J. Maggiore, J.R. Tesmer,A. Misra, T. Hoechbauer, M. Nastasi, R.W. Bower, Nucl. Instr.
and Meth. B, 183, (2001), 401.
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Introduction

Technique for hydrogen depth profiling by reflection ERDA
called the channel-depth conversion introduced by Verda, et al.

Channel-depth conversion does not address energy spread in
forward recoil spectra. Energy spread causes broadening in the
spectrum, and lead to errors in depth profiling.

The energy spread correction, addresses this broadening of the
spectrum. The energy spread correction in conjunction with
the channel-depth conversion comprises an accurate hydrogen
depth profiling method.



ERDA Spectra with Different Absorber Foils
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Spectra are of the same sample, taken with different absorber foils.
Data for 18.0 um absorber foil demonstrates the increase in energy spread.



Adjusted Spectra
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Adjusted spectra are obtained from the original spectra using

Xapjs =S X |
where s 1s the channel of the surface peak.



Energy Spread from Depth Calibration Standards
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ERDA spectra are taken of
the depth calibration standards.

The standard deviations are
plotted against the channel
differences.

Result is the total energy
spread (in channels) as a
function of depth (also in
channels).
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Energy Spread vs. Depth in Channels

12 i ! 1 ] I ¥ 1 ¥ I I 1 I I I i I
®  Data, Depth Calibration Standards
10— _ b
- Qps(xX4pss) = ax’ypys
8 -
6

14.5 um Absorber Foil

) ) ) l T T T ]

ERDA Amplifier Gain = 100

| I | I 1 1 I 111 I | I | l L1 1 I | I

Energy Spread Stand. Dev. (channels)

0 1 1 T 1 1 L | 1 1 | | I L I
0 - 20 40 60 80

Channel Difference, Surface to Bulk Centroids (channels)

For accuracy, energy spread correction technique manipulates data
in terms of channels, because ERDA data were taken in channels.



Mathematical Model: Energy Spread Correction
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Model Corrects for Energy Spread in FRES

Adjusted and Corrected Spectra, Correction Factor
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Correction is function of depth because
Energy spread is function of depth



Channel-depth Conversion
from Depth Calibration Standards
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‘Computer simulations of the RBS

spectra give the areal density
of the a-Si1 overlayers.

The a-Si areal density is expressed
as c-Si thickness, because the depth
profile 1s used for c-Si1 samples.

Thickness is plotted against
channel difference, and the fit gives
the channel-depth conversion,

d(x) = dy®



Depth Profiling by Channel-depth Conversion

Channel-depth Conversion
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Depth Profiling Method Physically Accurate

Simulated and Experimental Depth Profiles
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Depth Profiling Method Independent of Foil

Channel-depth Conversion with Energy Spread Correction
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The depth profiling technique gives results that are independent of the
absorber foil used, regardless of the energy or dose of the implant.



Conclusion

This work introduced a technique to correct for the energy spread
in elastic recoil detection analysis called the energy spread correction.

The energy spread correction i1s determined from 1on beam analysis of
the same standards used to determine the channel-depth conversion.

Used 1n conjunction, the two techniques offer an accurate hydrogen
depth profiling method.
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