
BACKSCATTERING OF 5-15 keV

LIGHT IONS FROM SILICON

By

SAID A. AGAMY, M.Eng. '

\

A Thesis f
, \.

)

•

---"

/

Submitted to the School'of Graduate Studies

in Partial Fulfilment of the Requirements

for the Degree

Doctor of P~i1osophy

McMaster University

April 1978

'.
~ SA 10 A. (11 r. '1" ~ - I

,. ,.

. \

\
j

,
"
"
{
"I

"'",-
I
i

( I
!

II'
t 1

•

~



....
•

, \
!

...

r

t

•
BACKSCATTERING OF 5-T5 keY

LIGHT IONS FROM SILICON

\
\

\,,

.r

)
I

/-'-- } .

o

",
I

"

.'

...

j
I



"
"

1
i .
J
i,,

~F PHIieSOPHY (1978)
(Materla1s Science) ,

I

" McMAsTER UNIVERSITY ,
Hamilton, Ontario

\JTLE:

AUTHOR:

SUPERVISOR:

Bci,cksFa tteri ng of 5-1,5 keY Li ght Ions from Sil icon
\

Sand A. Agamy, ·M:Eng. (McMaster University)

Dr~ J.E. Robinson. .

\ NUMBER OF PAGES: xi,128...

"

"

""".-

'i i

"

}



ABSTRACT

In this thesis the scattering of hydrogen and helium ions, in

the inCident particle .energy range 5-15 keV, from si.licon targets is'

studied both theoretic,ally and experimentally. in the theoretical
'1

treatment. electronic'and nuclear energy losses are included in a

computer ·si,mul ation' model. The, computer simul ation technique has b'een

developed to ~tudy the in~eraction_ of the incident io~s and target

atoms ror an incident reduced energy range 0.05<E
O
<20 of interest in

fusion research. ,The theoret{cal model is based on a Thomas-Fenni inter-

atomic potential and exp~rimetnal values for t~e electronic energy loss

coefficient. The backscattered energy and angular distributions are

cal,culated .. by foflowing the histories of 5,000 to 10,000 particles..An
' ..

experimental system using the time-of-flight technique has been developed

to measure the energJ spectra of light ions and neutrals backscattered

from sol id surfaces thus permitting a compari son of the theor~ with
, ,

experimental ~ata for a well characterised target. To test the time-

of-flight technique, ions a.nd' neutrals, were scattered from thin silve.r
o . .

films (20-40 A) evaporated on silicon substrates. from the measurements
, . .

it was found that the sensitiyity of the technique is better th~n 1/20' <. .... .
of a monolayer for silver on silicon.' The energy resolution for heJium. '

scattered from these targets was found to be 10-15% which is consistent
'.

with the time-of-flight resolution and the electronic-loss energy
, ,

I

·r

b~oa~ening.'f measure the e-rrgy '~pe~tra of the ba~kscattered pa{tic1es., i

" iii . I-,. :



.'
o

time-of-fl i ght spectra for hyd~ogen and hel i um scattered· from 'sil icon

were recorded. These spectra were then transformed to energy spectra~

The comparison between the ~xperimental' and theoretical results showed
. .'''1

good agreement.do~n to a backscattered energy of 500 eV (cut-off energy
. . )

due to ~tedtor calibration limits). 1ft. llumber of experiments. were don.e
I

to measure the charge fractions of the backscattened H and He partic1es

from a sili20n target. Fot ~YdrOgen scat~ering no surface peak~ were

observed and also there wa~ no penetration effect on the charg~ fra~tions.
\" ,. .. .

This is an indicat~on that hydrogen neutraliz~tioh occurs ~t'the surface.

. . On the other !ha~d , ' i n th~ he1i um ca(. peaks ~e re ob~:rved i n the .Ch'ige

fra~tions cdrresponding to surface .sca.ttering. This i.ndicates) thay

helium bound states oc~ur inside the target. Finally, the effect 'of

\furface cleaning was·studi~d. The results showed that a factor of 2

increase in ion yield was ~bserved ~fter cleaning t~e surface by 5 keY

neonfDomba~dmen~. The reduction in the charge fraction for the

practical s~rface was mai~ly due t6 carbon and ox~gen impurities on

the ~urface .
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CHAPTER 1

INTRODUCTION

An energetic ion.incident on a solid target will undergo

collisions with atomic nuclei and the electrons of the solid.

This incident ion can lose energy through collisions until it comes

to rest inside the target or experiences multiple deflections leading

to backscattering from the surface. In the study of low and medium

energy (5-15 keV) ion scattering from solids, two major problems are.,.
"

encounter!=t~; first".the-interatomic potential between the colliding. Itt
particles lfi'~ not precisely known,and second is, the neutralization of

the backscattered particles which creates difficulties in measuring

the actual scattered particles.

The objective of this study is to determine the energy distri

bution an9 charge states of light ions (H+, He+) backscattered from

silicon for incident ion energies below 20 keV. Silicon was chosen

because it is a well characterized material and many scattering

studies in the other energy ranges were performed on silicon targets.

Knowledge of the energy, angular and charge distributions of

light atoms backscattered from solid surfaces is of importance for·

the evaluation of the i~teraction of a hot plasma with the surrounding

walls (1,2). The energy range up to 20 keY is o~ special interest since

this corresponds to the temperature in a D-T fusion reactor. Also. low

energy ion scattering is a ver.y successful technique for surface



2

analysis. Using this technique, it is possible to analyze the outermost

atomic layers of the surface. Analogous to Rutherford backscattering,

the energy 10.5s of an ion scattered at low energies depends on tHe, ,.~.,:-"

mass of the target atom. Therefore, energy spectra of the backscattered
\,.. .'

, .

particles can be used ~o analyze ,solid surfaces.

At high and medium energies (~lOO keY) the interatomic potential

is that of two un?creened nuclear charges,i.e. Coulomb poten~ial.

Therefore, the Rutherford formula for the scattering cross section is

used. In this energy range the scattering cross section is small,

because of the 1/£2 dependence, and therefore only single collision

events are encountered. Solid state detectors are used to detect the
.

backscattered particles; therefore both charged and neutral particles

are recorded: This is why Rutherford backsc~ring technique gives

quantitative results (3).

At low energies the nuclear charges are screened by the

electronic clouds and screening functions are used to modify the Coulomb

potential. Smith (a) used low energy ion scattering to analyze adsorbed

gases on nickel surface. Since only charged particles were detected

using an electrostatic energy analyzar (ESA), the technique will give

onlylualitative results. Most of the backscattered ~article's are

neutrals and canseque~tly will not be detected.

To overcome this neutralization problem, a time-of-flight

technique was first applied to low and medium energy ion scattering" by

Buck et. al. (5). This helps in correcting the" ESA spectra ,i.e. in

calibrating the ESA,and also provides a technique for charge fraction
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measurements.
. '

One of the major requireme~ts of low energy ion scattering is. ~

the necessity of using an UHV tarqet chamber (lO-q Torr) since the

technique is vd,ry sen~itive to'surface condi'tions. The time-of-flight
'I'

techniqu~ is compatible With the UHV system. This is an advantage over

the stripping .technique, originally proposed by, Chic,herov' (6).,which

uses hi.gh. pressure gas (10-3 Torr) to'~reionize the netltral pa,rticles.

This latter technique r~quires complicated,differential pu~ping of the

detector.

In chapter 2, the collision pheno~en1 are discussed. The

different mechanisms of energy loss and different theories for ion

solid interactions, namely, LSS and WSS theories ,are reviewed.

In this thesis, a computer simulation model was developed to

study the, backscattered energy a~~ angular di'stributions. The model

assumes a random or amorphous targ~t and Thomas-Fermi interatomic .

potential. The cross sections used are those deve10ped originally by, ,
I,

Lindhard et. al. (1). The details of the model and results obtained
,I

are given in Chapter 3.
" .

fhe major part of the experimental work was the design and

constru~tion of low energy light ion scattering facility. The apparatus

developed is described in C~apter 4. Also in thi~ c~apter; the ti~e

of-flight technique (TOF) is described and the TOF re~olution is aJs6

discussed. At the end of this chapter the advantages and aisadvantages

of the techniqye are listed.

.,
































































































































































































































































