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Section 1 (Siwisa Lindelwa,
University of Johannesburg)
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Aim

Study of Xe ions implanted defects in supermalloy
using positron annihilation spectroscopy
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Positron annihilation spectroscopy (PAS)
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DOPPLER BROADENING
SPECTROSCOPY (DBS)

POSITRON ANNIHILATION
LIFETIME SPECTROSCOPY (PALS)

ANGULAR CORRELATION
MEASUREMENT

|

|

MEASURES THE BROADENING
OF THE ANNIHILATION LINE

MEASURES THE ELAPSED TIME BETWEEN IMPLANTATION
OF POSITRON AND PRODUCTION OF ANNIHILATION
RADIATION
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DBS technique
_I\NV\_. Doppler effect causes energy change.
— 6 The finite momentum of positron-electron

y-ray (511keV t AE) pair causes annihilation energy of 511keV
- to be Doppler shifted by an amount of AE.

60000

i defected
50000 - non-defected

40000 1
30000 -

20000 -

S-parameter indicates the presence of

Jo000 ] vacancy defect. It increases with the

backgro

increase in defect concentration.
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IPAILS ltechnique

As—grown Cz Si 7
Plastically deformed Si { % QOpce positrons are implanted in a

material they thermalize and
annihilate through interaction
with electrons.

» This annihilation releases gamma
rays that can be detected by
suitable detector.

r.=520ps ] » Therate of annihilation is faster in

3
(vacancy . free defect position and slower in
clusters) - : :
: position where voids are available
due to lower density of electrons

1, =320 ps
(divacancies)

An example of a positron lifetime spectrum

Time [ns]
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Supermalloy properties and uses

Mo 5%

\

Chemical composition  Supermalloy

Applications

Properties
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Section 2 (Mashamba Dakalo Rollet,
Tshwane University of Technology)
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Na-22 decay scheme

11 Na 22 (2.6018 a) 5 843

A ia ey [1.022 Mev » Na-22 is a radioactive isotope
/9.618% which decays and emit
i +
B a6 Mav p05|tron.s (B dec.:ay) |
90 326% 1275 » The positron emission is
A followed by gamma emission
1275 keV 0.056% . .
99.941% > The photon is the start signal
of the experiment
» When a positron annihilates
. . . . with an electron, two back-to-
b
grve = gglNEE il W back gamma rays are
Ne* — T°Ne + y produced

10 Ne 22 (stable)

1e+_1e%y+y
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Experimental setup for PALS
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Methodology

Supermalloy samples were annealed to remove all defects
Supermalloy samples were irradiated with Xe ions

Na-22 positron source was sandwiched between two supermalloy
samples, and the positron lifetime for samples was measured

Etching was performed after each measurement using HNO; and HCI
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Methodology

» lon implantation was performed at IC-100
cyclotron at Flerov Laboratory of Nuclear

Reactions at JINR

» Samples irradiated with Xe26+ heavy ions at
energy 167 MeV using doses of 1014 and 5x1012
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Positron beam

Na-22 source supplied by iThemba LABS

Variable energy p05|tron beam Iocated in Dzhelepov

frozen neaon
Laboratory of Nuclear Problems at JINR

» The positron source has a high activity of 50 mCi + slow positron

» Positrons emitted are moderated using frozen neon neam (1.3 V)

» The slow positrons can be accelereted using an bz
electric field scale |
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Thermalization of positrons

Thermalization of positron upon entering the solid

E 000000

P051 trons

Diffusion of

P.adluactlue thermalized
source

| ing of

e 0 0{ 4000
vacancy

defects O 0 0\0 o 0

Trapping of positron in vacancy defects
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Monte Carlo simulations using SRIM/TRIM

What is SRIM?

Stopping and Range of
lons in Matter (SRIM)

A group of computer
programs which
calculate interaction
of ions with matter

> The core of SRIM is a
program Transport of
lons in Matter (TRIM)

— Target Depth —

Department: e i - [t} Js Ll RF

o Science and Technology A s ottt National Research | Laboratory for Accelerator
®d®  REPUBLIC OF SOUTH AFRICA G e S e R S e e Foundation | Based Sciences




How does TRIM operate?

@ TRIM Setup Window

Feaesr
Afe
TRIM Demo | 2|
HEStDrE Last TRIM Data |

At Calculate Quick
. . Hange Table
pecial "EXYZ File" Increment (4] Main Menu I

science . . L |
& technology ] "' _ JOINT INSTITUTE '- iThemba
Deparmet EITS~ FOR NUCLEAR RESEARCH /NRFLABS

Science and Technology ; e Ll
REPUBLIC OF SOUTH AFRICA Foundation | Based Sciences




Section 3 (Storm Johnson,
University of Cape Town)
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— 10 ions/cm?

Results from TRIM
simulations

— 5x10% ions/cm?

Xe concentration (ions/cm?)

Cascade
Track region region

Collision
cascade

Disorder

vacancies [/ {(cm-ion)
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Defects of supermalloy irradiated w

ith 1014 Xe ions
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Defects of supermalloy irradiated with 5x1012 Xe ions
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Results from measurements using the
variable energy positron beam

3.0

Track region

implantation depth (nm)
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, where for supermalloy :

A =2.66pg.cm’keV™
n=1.68
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Results from measurements using the
variable energy positron beam
Diffusion equation
(04

S(E)=S,+Spuee=S.)— j P(x,E)exp(—x/ L, )dx

L+ bulk 0

X
Makhovian implantation profile
P ( X.E )— initial positron L - -

implantation profile
mx
_/\ P(x,E)= exp

xo

, where for supermalloy :
(m)=1.76

= BE"
B=3.67nmkeV™

Ssurface S

w
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Results from measurements using the

variable energy positron beam

Diffusion equation

a o0
S(E)=S,+ (Syue=S,) ——— | Px. E)exp(=x/ L, )dx
+“bulk 0

, Where:

implantation depth (nm)
45 145 286 463 674 915 1186 S
L | | L | L L Sulface

- S value for surface

| undefected sample (reference)

| 10% ionsjcm? S, - S value for defected area

| 5x10%2ions/cm?

L, -positron diffusion length
0

i P(x E) — initial positron

N implantation profile
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Defect concentration

CV

HT ik L,

, Where :
L, and L, , are parametersobtained from the fit,

trapping coefficient 1 and,

undefected positron lifetime z,

C, for 10" ions/cm *> =1755 + 736 ppm

Calculating = . 2
C, for 5x10° 7 1ons/cm ~ =90 £ 38 ppm
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Conclusions

Irradiating samples with ions can produce a variety of
defects in the samples

This process can be modelled through Monte Carlo
simulations using SRIM

Types of defects in sample can be determined from
positron lifetimes

Variable energy positron beam technique can be used to
study the defects in the track region

Concentration of defects can be calculated from fit
parameters of diffusion equation
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