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Lecture 8: outline

Introduction
o lon Beam Analysis: an overview

Rutherford backscattering spectrometry (RBS)
o Introduction-history

o Basic concepts of RBS
— Kinematic factor (K)
— Scattering cross-section
— Depth scale

o Quantitative thin film analysis
o RBS data analysis

Other IBA techniques
o Hydrogen Forward Scattering
o Particle induced x-ray emission (PIXE)

lon channeling
o Minimum yield and critical angle
o Dechanneling by defects
o Impurity location
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‘ Analytical Techniques
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But IBA is typically quantitative and depth sensitive
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lon Beam Analysis: an overview
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‘ lon Beam Analysis

Handbook of Modern
lon BEeam Materials Analysis

Ion Beam
Analy51s

rHO

,'" uropean Conference on
.ccelerators

Fundamentals and Applications

Michael Nastasi
James W. Mayer
Yongqiang Wang

f:\\,CRC Press
@ crs

%4 TBA2013

21* International Conference on lon Beam Analysis

June 23 28, 2013 Seattle WA USA

20™ INTERNATIONAL
{9 CONFERENCE ON 30 OCT-4 NOV
¥ @ |ON BEAM MODIFICATION
|bmm OF MATERIALS

CAARI 2016 ([ [}GE

24th International Conference On The
Application Of Accelerators
In Research And Industry

OCT 30 - NOV 4, 2016 @ FT. Worth, Texas

Backscattering
| Spectrometry

Wei-Kan Chu
James W. Mayer
Marc-A. Nicolet

O et AP5301/8301

of Hong Kong

Department of
and Mater

lp# f.f’/}?ﬂ#ﬁ&’:ﬁ )
Ve / circe.



Why IBA?

= Simple in principle
= Fast and direct
= Quantitative (without standard for RBS)

= Depth profiling without chemical or physical
sectioning

= Non-destructive

= Wide range of elemental coverage

= No special specimen preparation required

= Can be applied to crystalline or amorphous materials

= Simultaneous analysis with various ion beam
techniques (RBS, PIXE, NRA, channeling, etc.)

= Can obtain a lot of iInformation in one measurement
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A typical lon Beam Analysis Facility
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IBA Equipment: accelerator
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IBA Equipment: tandem pelletron
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‘ Equipment: particle detector
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Rutherford Backscattering
Spectrometry (RBS)

Relatively simple physics
= Requires some experimental skills

= Requires some data simulation to obtain the
most out of the spectrum

= The only quantitative and absolute method to
determine

— atomic concentration with no matrix
effect

— composition variation with depth

— layer thickness

— damage distribution and impurity lattice
location

of multi-elemental, multi-layered films

O e AP5301/8301 AP,
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‘Rutherford Backscattering Spectrometry (RBS)
a brlef hlstory B

The original experiment

4000 vihOod

Alphé' particles at a thin gold foil experiment by
Hans Geiger and Ernest Marsden in 19009.

SPHECT P
PeE3EPdOPA A

B L .

1) Almost all of the alpha particles went through the gold foll

2) Some of the alpha particles were deflected only slightly, usually 2° or less.

3) A very, very few (1 in 8000 for platinum foil) alpha particles were turned
through an angle of 90° or more.

"We shall suppose that for distances less that 10-12 cm the central charge

and also the charge on the alpha particle may be supposed to be
concentrated at a point." (1911)

THm k“‘
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\ RBS: The Surveyor V experiment

Surveyor V, first of its spacecraft
family to obtain information about the
chemical nature of the Moon's surface,
landed in Mare Tranquillitatis on

September 11, 1967,

WS B VEAGC NG Tnerey G SUITACE "Surveyor V carried an instrument

REFLECTED FROM NUCLE! OF ATOMS SOURCES (6)
/ heeres to determine the principal chemical
- eleme_nts of the_lunar-surface
//% é% material," explame_:d ANTHQ_NY_
=4 1 - TURKEVICH, Enrico Fermi institute

L—— PROTON DETECTORS (4) .

wrows o easuane vy @NA Chemistry Department,

NUCLEI OF ATOMS &Y : : - " -
ALPHA PARTICLES University of Chicago. "After landing,
upon command from Earth, the
instrument was lowered by a nylon

cord to the surface of the Moon ...”

LES PENETRATE SURFACE ~ 25 pm
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General applications of RBS

= Quantitative analysis of thin films
= thickness, composition, uniformity in depth
= solid state reactions
= interdiffusion

= Crystalline perfection of homo- and heteroepitaxial thin
films

» Quantitative measurements of impurities in substrates
= Defect distribution in single-crystal samples

= Surface atom relaxation in single crystals

= Lattice location of impurities in single crystals

ALl i D 5501585
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RBS: basic concepts

= Kinematic factor: elastic energy transfer from a projectile to a target
atom can be calculated from collision kinematics

> mass determination

= Scattering cross-section: the probability of the elastic collision
between the projectile and target atoms can be calculated

» gquantitative analysis of atomic composition

= Energy Loss: inelastic energy loss of the projectile ions through the
target

» perception of depth

These allow RBS analysis to give quantitative depth distribution of
targets with different masses
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‘ Kinematic factor: K
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Kinematic Factor
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Element identification

2.5 MeV He ion with 6=170°

ENMERGY, E, (Mav}
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Mass Resolution, om,

2
For 180° scattering: K_ = E — {(mZ _ ml)}
2
E, [(my+m)
2
5E1 :5(m2 _ml)
E, (m1+m2)2
I mass resolution
20 | projectiles
, " ! For a fixed 6E,/E, (~0.01), heavier
15F 20 1 projectiles result in better mass
E | |—" ’ resolution
10 -
5 However, 6E, for heavier projectiles
) is higher
O0 - I5‘O‘ - I1(‘)0‘ - I15‘0‘ - I200

Target mass, m,
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Mass Resolution: examples

With system energy resolution dE = 20keV and E,=2MeV

Energy (MeV) (40 4)3 20
1.00'0 0i5 1;0 1;5 2;0 2[5 _|_
diicy Hatt For m2:40 5m2 = o = 148amu
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3 70+4)° 20
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‘ RBS Quantification

Backscattering Yield

Target: Ng atoms/cm2  Ng =N t » For a given incident number
4 Nthickness of particles Q, a greater
_ _t‘ number density (atomsfcm3) amount of an element
Sys Incident '
2 Particles Q present (N,) should resu!t in
o ——— a greater number of particles
IR Scattered scattered.
Particle

* Thus we need to know how
Scattering Angle often scattering events
should be detected (A) at a

Q Detector "
characteristic energy (E =
KE,) and angle 6, within our
A = 6QNsQ detector’s window of solid
angle Q.
# of particles / T \‘\2\
detected  average cross\ atoms/cmZ™ total number of
section’  yatector incident particles
solid angle
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‘Scattering cross-section

/ If particles are coming in

__—" with impact parameters
between b and b +db , they

will be scattered through
angles between 6 and 6+do.
For central forces, we have
circular symmetry.

db 5

g N

Y

NUCLEUS

2zbdb =—o(0)-27sin6do

Rutherford cross-section:

0

do _ (zlzze2 jz [coso+ (1- A%sin? 0)*2f [zlz2 jz A
ae 2K, sin“(gj(l— A%sin® §)"? E
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‘ Scattering Yield

2 .
) 7762\ [cose+(1— A’ sinze)m} Example:
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0 g sl e & 2MeV He*
s 21
2 Y
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Mb 1.0 1.2 1.4 1.6 1.8 2.0
As E, (MeV)
o2k Fe Mixed Si and W target analzed by a 2MeV
E F Ca He ion beam at 165° scattering angle.
2 ok o(Si)=2.5x10-25cm?/str
2 o(W)=7.4x102*cm?/str
'k - Total incident ions Q=1.5x10%4 ions
: Q=1.8mstr
Eo Area under Si, A(Si)=200 counts
¢ Area under W, A(W)=6000 counts
0 III!4 III!E! 1!2 1!5 Z!EI (Nt)Si:3X1015atomS/Cm2
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‘ Energy Loss

108 T I T 3
: Stopping in Silicon 5
g 103 - Electronic L o E
2 E Nuclear (e =
= - 3
g : . . dE
S 402 [ / ] Electronic stopping —
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§ f ﬁ : dx ele
% 101 | :
§ i .
s 100 ¢ 3
5 10 3=~ Nuclear dE
ot el S Sl iiia] J Stopping AX oy

Energy (MeV/amu)

When an He or H ion moves through matter, it loses energy through
» interactions with e~ by raising them to excited states or even ionizing them.
= Direct ion-nuclei scattering
Since the radii of atomic nuclei are so small, interactions with nuclei may be neglected

dE| _dE[ | dE| _dE
dx dX|ge OX dx

total nucl ele
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How to read a typical RBS spectrum

A thin film on a light substrate

C()
Small Z Large Z

= Most projectile ions experience
electronic stopping that results in
a gradual reduction of the
particle’s kinetic energy (dE/dx).

Scattered Beam ) i
= At the same time a small fraction

of projectile ions come close
enough to the nucleus for large-
angle scattering (KE).

He*t Beam

» A detected backscattered particle
has lost some energy during
initial penetration, then lost a
large fraction of its remaining

Y energy during the large-angle

scattering event, then lost more

energy in leaving the solid.

K=E4/Eq
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Depth Scale

03 02 Of _ . Y
“DEPTH (MICRONS) El - K(EO AE'n) AEOUt
ENERGY LOSS.
o it dE dE t
TARGET ; E =K(Eg——| o0-(| *——)
s, On st (le, " e, "oos0
______ - E E
—— [T—ke ° Total energy loss AE=KE,-E
BVE"}\& " Er=Eo-AE, ¥ °
== AES=(1—K)E1‘ AE: K .dE| -+ 1 .dE| )Ot:[SO].t
—_— AE, ~E |, _t CoS 6, dx|EO Cos 6, dx|KEO
N E dx coséd
1 A€<Eo By [S.] is the effective stopping power
—>
Stopping cross-section
g_idE eV cm’ B eVem?
N dx cmatom atom
> AE = K o Ng,, + L oNg,, [ot=NJ[g,]ot
E Cos O, cos o,
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Depth scale: thin film

180°-0 Thickness of film:
N N aa—
KE, 3
< > E, dE dx KE
AE - K— 0 Ot = S Ot
t ( dx|g,  cosé Jot=15]

1 KE, _ AE _ AE
[So] N[e,]

AE ¢ obtained from TRIM code or empirical

energy loss data fitting

> E
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Example: layer thickness

10 , 3 ' consider the Au markers
. AEA~Eaur - Eaus
i = [Kp, E/dX | g0 + 1/ (c0510°) » dE/dX | ga] *t
6t 4 dE/dX | gyev= Naeal avev
Q = 6.02x1022 » 36.56x1015
= | | = 2.2x10%Vcmt?
dE/dx | eaus = Na 8A|| 2.57MeV
oL R = 6.02x1022 x 39.34x10°15
' = 2.37x10° eVcm?
0 L \ : e & . ‘ t = 3945A
.5 2.0 2.5
ENERGY (MeV)
AE,, = 165keV consider the Al signals

AE,, = 175keV AE,y = [Ky dE/dx | g+ 1/ (c0s10°) + dE/dX | g] * t

Kay = 0.9225 t = 3937A
K, = 0.5525
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Energy Loss: Bragg’s rule

For a target A, ,B,,, the stopping cross-

—~ 200
. . o T T T 7T 7T 1T 1 I LR T 17T 1 T T LI |

section is the sum of those of the 5 ool ]
constituent elements weighted by the o0 ol -
abundance of the elements. S i L :
w 140 es.02=€s| +2€0 §
5 |20: 302 -
}_ ol g
gAmBn =m SA +n SB § 100 b Bragg's Rule —
@ 8ol 4
® ol €Si i
Example: o 8or -
the stopping cross-section gA203 of Al O,. % a0r /_—\eo:
Given: &A= 44 x 101%eVcm? L 20 :
80 = 35 X 10-15eVCm2 ; 0 i | I W U N R N | l (I W T R TR SR S G | ]

02 04 06 08 10 12 14 16 18 20

Al203 — Al 4 ©)
€ 2/5 x eAN +3/5 X ¢ “He ENERGY (MeV)

= (2/5 x 44 + 3/5 x 35) x 1015
= 38.6 x 10 ‘15 eV-cm?/atom
dE/dx(Al,04)=NgA203=(1.15x1022)(38.6x10-15)eV/cm
=44.4 eV/A
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Quantitative analysis:
composition and thickness

\\h‘_t-_ﬂ : Ap=c,0Q2eQe(N1)
§ g_ 6, Qions at E, Ag=czeQeQe(Nt),
\JQ AA_ O A (Nt)A _ ZA 2 M
I 0 A (R
Detector A -
T=(2)e(5BY
2000 e, n Ay Z
0 R L _(AE), __(AE)g
-l [Sola®r  [So16"™
N R - I 1 = Y =
%0 500 1000 N[, 1B N[gy]amEr

‘Channel number
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Example: As implanted Si

T ! T T T 1 KAS:O809’ KS|20566

[go]gi =92.6x10 eV —cm?/atom

R r,v; [£, 15 = 95.3x10 eV —cm? /atom
g o
's > .
- P s AE3! = 68keV
—
Ub—-) _‘ < (FWHM )AS = 60keV
< 3 Si
O
3 132 Ry = —=A5_ _1420A
= 2 N[&o]A
- < 0lAs
s 1 o FWHM
< = AR, = ( )ASS. =540A
. {i & 2.355e N[, ]2k
| =
) % Total As dose:
A /i 3
Ln N . - D A

§ " As
X 1.2 3 14 |15 16 |7 (Nt)As =
ENERGY (MeV) (ops ®Q2eQ)
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RBS Application: impurity profile

Ge inplanted region

1.95 MeV “He*

Si | Sio, \
J”\/\
1000 T T T T T rrrorTT 0'08 T T T T
L , . 74 . . i L
| multi-energy ' "Ge implantation | : multi-energy "*Ge implantation
800 ——as-implanted : ; —e— as-implanted ]
900°C 16hr.inair| ] O°F ~57"900°C 16hr. in air []
_ 0 : - C e, ) ]
- o r i g
S Z 004 | ;
> ® - _
S 400f 1 = ]
0.02 | :
200+ = .
0 I 1 I 1 Mg e v"ﬁd 1 0 I L ]
400 600 800 1000 1200 1400 160 50 100 150 200 250
energy (keV) depth (nm)

|. Sharp et al., LBNL (2004)
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Thin film analysis

1500 —— T 5T F 1 ] FEFL R SR St ForL [ oS 7 ot L gt S L ] ot et S S o7 [t et e
[ 80hm Y_Ba-CU-0 thin film " 2000 [ 400nm Y-Ba-Cu-O on sapghlre ]
] u
ool YxBa,Cu0 pl ; 1500 | o
2 [ 2 l
= ] = .
> Cu 1 > - 1
Q ] 2 1000 -
© : vil] © i ]
500 :
: : 500 | |
0-...Ii.".I...I...I...I..[._I\...- o."..l.".. reqeryad e ooy SN o ] : X
400 600 800 1000 1200 1400 1600 1800 400 600 800 1000 1200 1400 1600 1800

Backscattered Energy (keV) Backscattered Energy (keV)

Yy Ay .(ZBa)Z
X ABa ZY

Xz HY .(ZBa)Z
X H /

Ba Y
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Example: silicide formation (1970-80s)

Before reaction After reaction

Eo
} ‘ 252 2
a
(@) = Ni»Si
__j | |
= >
(@]
2 = % T
o / VY
W = /AENl Hyi
= : 4 - AE
e Sl HSi ;NI S SI Si /
& e o //A 1 .. 1, Hsi / e
ENERGY —  KsiEg KniEo Eo ENERGY —» Ks.Eo KniEo Eo
o B P ) - -— DEPTH ~-~t———— =+——— =—DEPTH
Si 25004 Ni 10004 I5S00A IS00A

Wei-Kan Chu, James W. Mayer and Marc-A. Nicolet, Backscattering Spectrometry, (Academic Press, New York 1978).
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‘ RBS application: silicide formation

T T 1T 1T 1T 1T T 1T 1T 11 . . .
N e | BT | Reaction kinetics:
- o T(°C)
e ol NiSi 104 325300 275 250 225 200
% ——As deposited - i ! T T T T ]
g —250°C, 1 hour 9 -4
8 8~ —%-250°C, 4 hours t :
s L i Ni,Si formed by Ni on: ]
5 i ®Si()
§ x Si (100)
3 O Poly Si -
103k ~—Si ({0O0)/Ni by Tu ef al. 4
! 4 Ni,Si+NiSi in Amorphous Si/Ni 3
0.4 0.6 0.8 1.0 1.2 1.4 1.6 ——— : ]
i Enerlgy (Mg\() N> - 3 4
K. N. Tu et al. Thin Solid film 25, 403 (1975). oz} Eq=1.4£0.2eV 4
. e’ i y
FI;.. = T T ¥ T T T T T T T T T T-Ul'- E°=|.510.29V
© 35  —2000& Nionsi ] d
X AS DEPOSITED 102} Eq=1.320.2eV]
n —-350°C 20MIN F 3
= 30 Niy Si FORMED - E + il
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IBA Data Analysis

» Starts with a simple guess sample structure (film thickness and
composition)

» Simulates spectrum and directly compare to experimental data

» |terates simulated structure to fit experimental data (either automatically
or manually)

= An ideal software;
— able to handle different data files

— have large data base for various ion-solid interaction: resonant
scattering, nuclear reaction, etc.

— User friendly interface
— Fast simulation

— Can simulate sample non-uniformity (roughness, compositional
gradient, etc.)

— Able to correct for electronic errors (pile up, dead time, charge up,
etc)

O e AP5301/8301 AP,

of Hong Kong and Materials Science
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Thin Film Analysis: single layer
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Thin film analysis: multilayers
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Impurity profile

Ge inplanted region

1.95 MeV “He*
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of Hong Kong

multi-energy "Ge implantation

—e— as-implanted

~"77900°C 16hr. in air [

£ L%+ 900°C 16hr. in Ar [

100

150 200

Si | sio, \3
1000 T T — 1t v 1 1 r Tt [ Tt Tt Tt [ T 1T 0.08 L
[ i multi-energy "“Ge implantation I
8001 — as-implanted i -
—900°C 16hr. in air 0.06
[ 0 .
600L 900°C 16hr. in Ar 1 . o
82 s I
5 S 004
@] E L
© 400} 1=
0.02 |
200+ - [
0 I 1 1 | ) T ,,-w"fd | 0 e
400 600 800 1000 1200 1400 160
energy (keV)
|. Sharp et al., LBNL (2004)
AP5301/8301

250
depth (nm)
lpf?ff/ﬁwﬁf#ffﬁ )
A e e



40

 Strengths of RBS

= Simple in principle

= Fast and direct

= Quantitative without standard

= Depth profiling without chemical or physical sectioning
= Non-destructive

= Wide range of elemental coverage

= No special specimen preparation required

= Can be applied to crystalline or amorphous materials

= Simultaneous analysis with various ion beam
techniques (PIXE, PIGE, channeling, etc.)

{ Dk D 53111095
lllllllll ity ﬂ Department of Physics
Hong Kong and Materials Science
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Weaknesses of RBS

= Poor lateral resolution (~0.5-1mm)
= Moderate depth resolution (>50A)
= No microstructural information

= No phase identification

= Poor mass resolution for target mass heavier than
70amu (PIXE)

= Detection of light impurities more difficult (e.g. Li, B,
C, O, etc) (hon-Rutherford scattering, Nuclear
Reaction Analysis)

= Data may not be obvious: require knowledge of the
technique (simulation software)

ALl i D 55510505
lllllllll ity ﬂ Department of Physics
Hong Kong and Materials Science



Hydrogen Forward Scattering
(HFS)
(Elastic Recoil Detection Analsyis
ERDA)
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Hydrogen Forward Scattering (HFS)

Generally known as elastic recoil detection analysis (ERDA)

Inelastic Elastic

Incident lons | Rutherford backscattering
(RBS), resonant scattering,

Nuclear Reaction Analysis channeling
I (NRA) p! a, n, Y
Particle induced x-ray
o emission (PIXE) o) s

%9 00 0 °gRg0,% %

Elastic recoil detection

Defects generation

lon Beam
Modification
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Hydrogen Forward Scattering (HFS)

Generally known as Elastic Recoil Detection (ERD)

REES Detector

Transmitted
Hydrogen

()

HFS Detector

Backscatterad

Helium
Stopping Foil
Incident Helium .
@ Forward Scatterad @
: Forward

Helium
Hydrogenated Film Scattered
Hydrogen

Substrate

Charles Evans and Assoc., RBS APPLICATION SERIES NO. 3

= Quantitative hydrogen and deuterium profiling

» Good sensitivity (~0.01at% of H)

= Can be perform simultaneously with RBS and PIXE

=  Profiling with any light element in solid (using heavy ion beam, ERD)

{21 AP5301/8301 A Przzamans,

of Hong Kong and Materials Science



\ HFS: a-SiN:H film
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Courtesy: F. Hellman group, 2008
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Particle Induced X-ray Emission (PIXE)
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PIXE: Light impurity in heavy matrix
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GaAs §/\/_\)2 MeV 4He*
Ga, Mn As
RBS S PIXE
10* ———
2000 Mn ‘
3 | 100 nm ] s
[ o o~ ] 10 -
1500 |- et e Ga 5
i %
' ' E 102 |
B As ] o -
1000} S Mk
500 10" |
N | 1 il
1000 1200 1400 1600 4.0 6.0 8.0 10.0
Energy (keV) Energy (keV)
K. M. Yu et al. 2002.
i AP5301/8301 %

of Hong Kong



‘2{‘

48

PIXE Application: Geology, Art, Archeology, Biology
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lon Channeling
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lon Channeling
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lon Channeling:
minimum yield and critical angle

Two important parameters to
1 characterize channeling
results:

1. Minimum yield:

A A Y
Random z __ 'channeled
o Amin = Y
@ random
a ‘PI/2 S
. <I
)‘-'_:’ Tilt angle \ 2V & ~0.02-0.06
2
3/a¥1/2 ;
I/am\ 3 2. Critical half-angle, vy,
ol 0 =~ Y N indicates presence of defects
“Eo —W2 O ¥z responsible for beam
ENERGY TILT ANGLE .
(a) (b) dechanneling
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‘Ion Channeling:
minimum yield and critical angle

Minimum Yield, ¥ Critical half-angle, v,

L ¢ ?

[ A o 1”02 ————— Z //} 5
W‘ﬂ[ﬂ“" o o "0 T T
LSSy Tram %—V 2
W 411111” o o o

2 b
Ychanneled \PC: 1 (22122e )%{In[(%)z +1]}

Amin = V2 Ed
Yrandom where d is the distance of atoms in a row,
- 2 a is the Thomas-Fermi screeing distance, r
2 %ming Is rms thermal vibration
Yo = 0.02-0.05
0 27,7
2 0
Y1 ~ e ~( )? ~0.5-1

TREm AR
ﬁ’{ City University
of Hong Kong

AP5301/8301 Pz
ﬂ Department of Physics
and Materials Science



54

Dechanneling by defects

Small angle dechanneling-

—_—— T T ] line defects
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Channeling: Impurity Lattice Location
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Experimental techniques :
combined channeling RBS/PIXE

Rutherford backscattering (RBS) LU
\ random Mn
Thin film Non-aligned i | ]
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Channeling: Ga, . Be Mn,As

Channeling RBS/PIXE:
-presence of interstitial Mn in GaAs
-[Mn|] increases with Be doping
-Mn, reduces T
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Homo- and Heteroepitaxy
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Channeling: Heteroepitaxy
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Amorphous layer analysis
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Strengths of lon Beam Analysis Techniques

= Simple in principle

= Fast and direct

= Quantitative (without standard for RBS)

= Depth profiling without chemical or physical sectioning
= Non-destructive

= Wide range of elemental coverage

= No special specimen preparation required

= Can be applied to crystalline or amorphous materials

= Simultaneous analysis with various ion beam
techniques (RBS, PIXE, channeling, etc.)

{ Dk D 53111095
lllllllll ity ﬂ Department of Physics
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Pitfalls in IBA

do(E,...)

Yield: Yl = Nl( dQ

) * QQ

Q-total charge
— accurate charge integration
Q-solid angle

— do/dQ- detection angle, double/plural scattering

Other issues:

— Radiation damage

— Sputtering

— Detector response

— Surface roughness

— Non-uniformity

— Charging on insulators
— Count rate effects

o AP5301/8301 APssz

Physic:
of Hong Kong and Materials Science
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Charge integration

» Charge Integration

= Accurate charge integration is important for absolute
guantitative measurements

» Good faraday cup design

Entrance aperture
Faraday cup (area A)

\ \ ‘
AN L .

|
|

Target

O e AP5301/8301 AP,
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Deviation from Rutherford scattering

1.00

: 5 Correction factor F, which describes
O 096 the deviation from pure Rutherford
O . .
= oea scattering due to electron screening
2 e for He* scattering from atoms, Z,, at
= variety of incident kinetic energies.
E 0.90
-
8 0.88
0.86 ! 1 I 1 1 1 I |
(0] 10 20 30 40 50 60 70 80 SO0
Zo ,
Electronic screening Rutherford Nuclear Interaction
Energy

= At very high energy and very low energy, scattering will deviate from the
Rutherford type.

= At low energy : screening of e must be considered

= At high energy : nuclear short range force will enhance the cross-section,
the so-called “resonance scattering.”

{21 AP5301/8301 A Przzamans,
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‘ Charging effect for insulating samples

Energy (MeV)

0.3 0.4 0.5 0.6 0.7

800 | 1 [

Severely distort the RBS spectrum

=1

=

Q
]

I

T
= .
= = Provide a supply of low-E electrons
2 400 from a small, hot filament located
= — —
§ Grounded nearby
2 = Coating the surface with a very thin
> 200 . layer of conducting material
Ungrounded
0 I | | o
100 150 200 250 300 350

Channel

FIG. 12.8. Surface charging effect. Comparison of RBS spectra from a quarkz target using 1
MeV #He: a) ungrounded; b} grounded via a thin conductive surface layer of graphite by
rubbing a pencil lightly across the surface (Almeida and Macauley-Newcombe, 1991),
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Target non-uniformity

= Surface roughness and interface roughness
cannot be distinguished

= Target non-uniformity will resemble diffusion
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City University
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