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Abstract. Using the experimentally proposed model of the C centre in silicon (Si), we have
calculaed the electronic properties of the C centre defect in Si using Perdew-Burke-Ernzerhof
(PBE) with ar-point (PBE-T') as well as a 2x2x2 k-mesh (PBE-2x2x2) sampled Brillouin-
zone (BZ). The choice of BZ sampling was found to significantly influence the calculated
defect properties. PBE-2x2x2 did not predict any metastability of the C centre] PBE-
predicted charge-state controlled metastability of the C centre under both bias on and bias off
conditions. The C1 and C2 configurations, in which the boron-vacancy pairs are in the nearest-
and next-nearest-neighbour positions, have been predicted as the metastable configurations of
the C centre in Si.

1. Introduction

The semiconduor electronics industry has evolved from macro to micro and recently to nano
electronics. As the circuits become more miniaturized and the packing density becomes larger, there is
need for more understanding of the fundamental properties of the semiconductors in use. Other
semiconductors including GaAs, GaN, AlGaN, graphene, boron nitrine and ZnO are also currently
intensively being studied both experimentally and theoretically as possible alternatives to silicon (Si).
However, interfacing these semiconductors with the Si drive electronics is still costly and
problematic.[1]

Defects can be beneficial or detrimental in the functionality of semiconductor devices, and need to
be taken into account in device design. A fundamental understanding of these defects and their
properties is essential in defect engineering. Most defects in semiconductors are known to be stable in
one specific configuration is all charge states. However, the same defects may occur in more than one
configuration, at either of the charge states. These types of defects are referred to as metastable
defects.[2-5] In silicon, several metastable defects have been experimentally observed, some of these
include; the FeAl pair[3], the CsCi defect pair[4,5] and the boron-vacancy (B-V) pair, also known as
the C centre,[2] among others.

The C centre has been observed using deep-level transient spectroscopy (DLTS) by Chantre[2] in
ultra-fast-quenched boron-doped Si to be metastable. In the study, Chantre observed that this defect
centre introduced two deep donor-hole traps at 0.50 eV and 0.36 eV above the valence band maximum
(VBM). These two donor-hole traps were associated to the next-nearest- and nearest-neighbour B-V
pairs in silicon respectively.

Theoretical studies have also been done on both the isolgtad®B\s; as well as the B-V pair
(complex) n Si.[6-8] However a survey of the available literature on the theoretical studies on B-V
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complex (C catre) in Si reveals that these studies have only been on impurity- or vacancy-mediated
diffusion in Si.[6,7] None of these studies have investigated the metastability of the C centre defect in
Si.

Although density functional theory (DFT) has been used to study defects in semiconductors,[9-11]
it has been shown that DFT inaccurately predicts defect thermodynamic transition levels among other
properties[12—15]. These failures of DFT stem mainly from the approximations made to the exchange-
correlation (XC) functional. The local density approximation (LDA)[16,17] and the Perdew-Burke-
Ernzerhof (PBE) form of generalized gradient approximation (GGA),[18] are the most commonly
used approximations of the XC functionals. Although several attempts have been made to remedy
some of the failures of DFT, [12,14,19-22] standard DFT (using LDA or GGA) can still be used to
investigate some defect properties in semiconductors but with additional corrections.[9,23]

2. Computational details
We have used PBE form of GGA within standard DFT We have used the projector-augmented wave
(PAW) method,[24,25] as implemented in the VASP code.[26,27] The unit cell was optimized using
an energy cutoff of 600 eV andlacentred 8x8x8 Monkhorst-Pack grid lefpoints using PBE. We
obtained a lattice constant of 5.45 A. From this, supercells consisting of 64 silicon atoms were
constructed. PBE defect calculations were done using the 64 silicon atoms supercell with a kinetic
energy cutoff of 600 eV, Methfessel-Paxton (MP) smearing of 0.02 eV, Brbint (hereto referred
as PBEF) as well as & cantered 2x2x2 Monkhorst-Pack gridlefpoints (hereto referred as PBE-
2x2x2) to sample the Brillouin zone (BZ). Band gaps of 0.65 eV (PBE-2x2x2) and 0.50 e\''YPBE-
were obtained. The experimental band gap of silicon is 1.12 eV.[28] WhileghiiT'sampling of the
BZ is often regarded as the simplest scheme of sampling the BZ, &ualki@9] using LDA XC
functionals showed that in some cases (e.g. vacancy in silicon), this sampling scheme gives a correct
qualitative description of the defect compared to a 2x2xdikts sampled BZ.

We considered two configurations of C centre namely; C1, where the silicon vacapéy (V
at the nerest-neighbour position w.r.t. the substitutional borog){Bnd C2 in which ¥ is in the
next-nearesheighbour position w.r.t. the Bas suggested by Chantre[2] (see Figure 1). Formation
energies othe defects were calculated using the Zhang and Northrup formalism[30] i.e., the formation
energy of the C centre in silicon at charge sfate

Ef'q(BV):ED,q_Ep"'Z/us ~Hg +o(E +E, +AV) (1)

Where ED,q is the total energy of the defect supercell at charge qtatép is the total energy of
the pristine 64 atoms silicon supercefiy and up are the chemical potentials for Si and B
respectiely, E. is the Fermi level,E, is the valence band maximum (VBM) afdV is the
potential alignment term. For the charged supercells, a jellium charge compensating background of
opposite sign was used, as implemented in the VASP code. Monopole correction[23] was done on the
total energies and potential alignment between the pristine and the defect supercell was done using the
technique of ref [9]. The thermodynamic transition lexgl,for ' and q charge sates was obtained
as

E"I(BV)-E"*(BV)
aq-d : (2)

£q/q)=

giving the Fermi energy at which the formation energies of the defect in the two charge states are
equal.
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Figure 1. The Vg position for the C1 and C2Figure 2. Figure showing the thermodynamic
configurations of the C centre in silicon. transition levels for the C1 and C2
configurations of the C centre in silicon.

2.1. Vg defect in silicon

The isolaed vacancy in silicon, ¥ has been extensively studied @ initio LDA within DFT by

Puskaet al.[29] we have calculated both the formation energies at various charge states using equation
3.2 (Table 1) and the thermodynamic charge transition levels using equation 3.3. Our calculated
formation energies, for both PBEand PBE-2x2x2, are in good agreement with those of Reiska
al.[29] Although the calculated thermodynamic transition levels are in good agreement with those
calculated by Pusket al.,[29] they are not consistent with the experimentally reported values[31],
which report no defect levels associated with donor states only and with acceptor states.

2.2. Bg defect in silicon

Most of the theoretical studies in literature have investigated interstitial boron in silicgn (B
Substitutiond boron in silicon (B)), is a shallow acceptor in silicon. Similar to case @f We
calculatedthe formation energies ofsBdefect in various charge states (see Table 1) from which its
thermodynamictransition levels were determine (see Figure 2). Formation energy calculated

Table 1. Calculated formation energies in eV Table 2. Calculated thermodynamic transition
various chege states (figures in bold indical levels h eV for the defects referenced to the

minimum energy configurations). valence band edge.
Defect Functional -1 0 1 Defect Functional 0/— +/0
V-Si PBE-2x2x2 3.01 2.80 2.83 V-Si PBE-2x2x2 0.20
Ref [29]-2x2x2  3.68 3.42 3.72 Ref [29]-2x2x2 0.26 -
PBET 2.85 2.43 2.1q PBET 0.42 0.32
Ref [29]4 3.56 2.86 2.51 Ref [29]° 0.70 0.35
B-Si PBE-2x2x2 133 075 068 Experiment[31] - 0.05
PBET 016 022 033 B-Sl PaE e 0.57 0.07
c1 PBE-2x2x2 3.59 3.27 3.41 Experiment[32] 005
PBET 3.29 269 229 c1 PBE-2x2x2 0.32 -
c2 PBE-2x2x2 351 3.26 332 PBET 0.28 0.23
PBET 2.94 2.64 2.48 Experiment[2] - 0.36
c2 PBE-2x2x2 0.26 -
PBET 0.30 0.21
Experiment[2] -- 0.50
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according toPBEI" was the lowest, while PBE-2x2x2 yielded the highest formation energy. Only
PBE-2x2x2 predicted thermodynamic transition levels [y +0.07eV and E,+0.57eV
respectively. It is evident that PBEgives the incorrect description of;BHowever, its important to
mention thatexperimentally, B has only an acceptor level at 0.045 eV.[32] SingeidBa shallow
acceptorin silicon, no alignment term for the defect levels was used in calculating the formation
energies for its charged states. This is because the alignment of shallow defect levels is still the subject
of on-going debate.[23,33,34] Furthermore, due to the large hydrogenic orbitals of the shallow donor,
it is not clear that the super cell chosen in this study is large enough.

2.3. Ccentreinsilicon

Bs; is a shallow accepter in silicon, while;¥s known to be highly mobile in silicon. When these two
defects mteract they form the C centre defect in silicon. We have calculated the formation energies
(Table 1) at various charge states as well as the thermodynamic transition levels (Table 2 and Figure
2) for two different configurations of the C centre. The main aim of this study is to investigate the
metastability of the C centre and if the metastability is charge-state controlled. From our study we
found that both the formation energy and the thermodynamic transition levels are dependent on the
position of vacancy in the silicon lattice (configuration dependent). This is in agreement with what
was observed experimentally.[2] In that study, Chantre [2] experimentally observed two donor-hole
traps that were associated to next-nearest- and nearest-neighbour configurations of the C centre. C2
was found to be the most stable configuration for all the charge states using PBE-2x2x2. For the case
of PBET", C2 was the most stable configuration for #feand neutral charge state while C1 was the
most stable configuration for the +1 charge state.

2.3.1. Metastability of the C centre and comparison to experiment. Chantre[2] using DLTS
experiments posited that the C centre in Si was configurationally bistable. From that experiment, it
was observed that the C centre had donor levelkat(0.54 eV and E, +0.36 eV that were
associated with two DLTS peaks. Chantre[2] labeled these pegadksd respectively. The same
experimentdentified the H and B peaks as associated with the next-nearest- and nearest-neighbour
B-V pairs respectively. In our study, as mentioned in section 2. we refer to the nearest- and next-
nearest-neighbour configurations as C1 and C2 respectively.

In p-type material, under zero bias (referred tdias off by Chantre[2]), the Fermi level is close to
the valence band edgd=(), i.e. E; = E,. This leads to defects emitting electrons (i.e. filled with
holes). Under reverse bias (referred tobes on by Chantre[2]), the Fermi level in the depletion
region of a Schottky diode is close to the conduction band edg® (.e. E = E.. This leads to
defects capturing electrons (i.e. emitting holes). Since it was experimentally observed that the
emission rates of thid; andH, peaks did not depend on the electric field, it was concluded that these
two peaks caespond to donor levels,[2] e.g. +/0

The annealing by Chantre[2] was performed at approximately 300 K, which leads to a Jdlue of
of 0.026 eV. This implies that, for the occupation of two defect configurations to differ significantly,
the difference in their formation energies should be at least approximdtel difference in
formation energy of approximately 3K% 0.1 eV) or greater would lead to the ratio of occupation of
the two configurations to be 1:10 or greater (assuming no degeneracy). This means that,
experimentally, one level will dominate.

As seen in Figure 2, PBE-2x2x2 does not predie/ & thermodynamic transition level. Ignoring
this, we still went ahead to analyze whether there was any sign of metastability predicted by PBE-
2x2x2, using theg = 0 andg = —1 charge states. For tlgy— thermodynamic transition, the C1
transition level is deeper than the C2 transition level wk}. This implies that, in a DLTS
experiment, C1 will emit at a lower rate than the C2, and therefore the emission by the C1
configuration will be observed at a higher temperature than that of the C2.
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Underbias off, g = 0, the C2 configuration was the most stable configuration of the C centre. The
formation energy difference between the two configurations was 0.018 eV, which is less tlan 3KT
300 K. This implies that both the C1 and C2 defect levels will be observed since they will have
roughly similar occupation probabilities. This is not consistent with what was reported by Chantre[2],
who observed only one dominant peak. Furthermore, the PBE-2x2x2 prediction here implies that the
dominant peak, the C2 in this case, is likely to be observed at lower temperatures, which is also not
consistent with the reported experimental results.[2]

Underbias on, g = —1, the C2 configuration is still the most stable configuration. The formation
energy difference between C1 and C2 configurations is 0.075 eV. This implies that the C2
configuration, which gives rise to the lower temperature DLTS peak, is predicted to be more
dominant. This is also not consistent with what was reported by Chantre[2], who observed both peaks
at approximately equal heights under these conditions.

PBE-2x2x2 thus predicts variation in peak heights ofHh@ndH, peaks after annealing under
different bas conditions. However, the relative (temperature) positions of the peaks and their relative
heights do not agree with experiment.[2]

PBET predicted both the-/0 and 0/— thermodynamic transition levels (see Figure 2). In both
cases, the transition level for the C2 configuration is closeEjocompared to that of the C1
configuration. This implies that there will be faster (hole) emission by C2 and hence, C2 is likely to be
observed at lower temperature compared to the C1. This differs from the experimental observation by
Chantre[2], who associated the higher temperature paakv{th the C2 configuration.

Under bias off, ¢ = +1 and PBEF predicted the C1 as the most stable configuration of the C
centre. The formation energy difference between the C1 and C2 configurations was 0.190 eV, which is
greater than 3kat 300 K. This implies that, under these conditions, only the C1 configuration will be
occupied and hence experimentally observable. As discussed earlier, the C1 configuration leads to a
DLTS peak at higher temperature. This agrees with the experimental observations of Chantre[2], who
observed the higher temperature DLTS peak under zero bias

Underbias on, ¢ = 0 and C2 is the most stable configuration. The formation energy difference
between the two configurations is only 0.049 eV, which is abloliaP 300 K implying that both the
Cl and C2 configurations will be experimentally observable, with the occupation of the C2
configuration (at lower temperature) being significantly higher than that of the C1 (ignoring the effects
of degeneracy). If degeneracy is taken into account, the occupation of C2 would be increased by a
factor 2.5. Chantre[2] experimentally observed both Hheand H, peaks, with theH; (at higher
temperatte) having a much lower peak height, as a shoulder of (Dl4.

PBETI" predicts some metastability, which agrees with the experimental observations[2], but not
with the identification of the defect configurations.

3. Conclusions

We used DFT with GGA functionals to investigate the metastability and other properties of the C
centre (B-V complex) in silicon and compared our results to the experimentally observed values. In
addition, we have also investigated the properties of isolated defects that form the B-V dgteud (V

Bsj). We have compared how the choicekgfoints usedn sampling the BZ influenced the predicted
defect properties of § Bs; and the C centre in silicon.

Our predictd properties of ¥, defect in silicon were consistent with those predicted by Petska
al.[29] The choice of BZ sampling significantly influenced the predicted defect properties. We found
that the PBE functional usifdg-point sampling (PBEF) gave a better qualititative description of the
defect compared to the PBE functional using a 2X¥2rizsh (PBE-2x2x2). Ford3 only PBE-2x2x2
predicted hermodynamic transition levels in the band gap.

Although PBEF predicted some form of charge-state controlled metastability of the C centre that
was consistent with experimental observations, the identity of the defect configurations was not
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consistent wth other experimental observations. PBE-2x2x2 only predicted variations in peak heights
under different bias conditions that were not consistent with the experimental observations.

Acknowledgement

This work is based on the research supported in part by the National Research Foundation of South
Africa (Grant specific unique reference number (UID) 76938) Opinions, findings and conclusions or
recommendations are that of the authors, and that the NRF accepts no liability whatsoever in this
regard. The authors would also like to acknowledge Prof. Nithaya Chetty for helpful discussions.

References

[1] Kenyon A J 2005 Semicond. ci. Technol. 20 R65-84

[2] Chantre A1985Phys. Rev. B 32 3687-94

[3] Chantre A and Bois D 1985 Phys. Rev. B 31

[4] Song W, Benson W and Watkins G D 1990 Phys. Rev. B 42

[5] SongL W, Benson B W and Watkins G D 1987 Appl. Phys. Lgft.1155

[6] Nichols C, Van de Walle C and Pantelides S 1989 Phys. Rev. B 40 5484-96

[7]  Windl W and Stumpf R 2008 Mater. Sci. Eng. B 155 198-201

[8] B., Cowren N. E., F., K. T. F. Janssen, G. F. A. van de Walle D J GHAB80Rev. Lett. 65
24347

[9] Van de Walle C G 2004 J. Appl. Phys. 95 3851

[10] Van de Walle C G and Janotti A 2011 Phys. Status Soli8 19-27

[11] Stampfl C, Van de Walle C, Vogel D, Kriger P and Pollmann J 2000 Phys. Rev. B 61 R7846-9

[12] Komsa H-P and Pasquarello A 2011 Phys. Rev. B 84 075207

[13] Komsa H-P, Brogvist P and Pasquarello A 2010 Phys. Rev. B 81 205118

[14] Parker W D, Wilkins J W and Hennig R G 2011 Phys. Status SokdB 267—-74

[15] Lany S and Zunger A 201®hys. Rev. B 81 113201

[16] Ceperley D M 1980 Phys. Rev. Lett. 45 566—9

[17] Wang Y and Perdew J 1991 Phys. Rev. B 44 13298-307

[18] Perdew J P, Burke K and Ernzerhof M 1996 Phys. Rev. Lett. 77 38658

[19] Oba F, Togo A and Tanaka | 2008 Phys. Rev. B 77 245202

[20] Alkauskas A, Broqvist P and Pasquarello A 2011 Phys. Status S@4d 775-89

[21] Shang H, Li Z and Yang J 2011 J. Chem. Ph{85 034110

[22] Ouma C N M, Mapelu M Z, Makau N W, Amolo G O and Maezono R Z#\2. Rev. B 86
104115

[23] Lany S and Zunger A 20(@hys. Rev. B 78 235104

[24] Blochl P E 1994 Phys. Rev. B0 17953-79

[25] Kresse G and Joubert D 1999 Phys. Rev. BBB68—75

[26] Kresse G and Hafner J 1993 Phys. Rev. B 48 13115-8

[27] Kresse G and Furthmller J 1996 Comp. Mat. <ci. 6 15-50

[28] Streetman B G and Banerjee S 2(#Mid state electronic devices vol 4 (Prentice Hall New
Jersey)

[29] Puska M, Poykkd S, Pesola M and Nieminen R 1998 Phys. Rev. B 58 1318-25

[30] Zhang S and Northrup J 1991 Phys. Rev. Lett. 67 2339-42

[31] Watkins G D and Pantelides S T 1986 Gordon Breach, New Yok

[32] Morin F and Maita J 195Rhys. Rev. 96 28-35

[33] Freysoldt C, Neugebauer J and Van de Walle C G 2011 Phys. Satus 3483106776

[34] Freysoldt C, Neugebauer J and Van de Walle C FB§8. Rev. Lett. 102 016402

SA Institute of Physics ISBN: 978-0-620-70714-5 124



	Proceedings of SAIP2015
	Table of Contents
	Conference Chairs and Committees
	Message from the Conference Chairpersons
	Message from the Review Committee
	List of Reviewers
	Division A – Division for Physics of Condensed Matter and Materials
	Electronic and Optical Properties of monolayer MX2(M= Zr, Hf; X= S, Se) from first principles calculations
	Mahmud Abdulsalam, D. N. G. Moise and Daniel P. Joubert

	Investigation of the introduction and annealing behaviour of the donor-vacancy complex in alpha-particle irradiated germanium
	Abraham W. Barnard, Walter E.Meyer, F. Danie Auret, Phuti N.M. Ngoepe and Sergio M.M. Coelho

	Laser excitation studies and crystal-field analysis of ZnO:Tb3+ and ZnO:Eu3+ powders
	N A Bhebhe, M Mujaji, D Wamwangi, L F Koao and F B Dejene

	Methane dissociation over Pd nanocluster: DFT study
	M.H. Chuma, H.R. Chauke, G. Jones and P.E. Ngoepe

	Effect of background gas and substrate temperature on ZnO:Zn PLD thin films
	E Hasabeldaim, O M Ntwaeaborwa, R E Kroon and H C Swart

	Structural and magnetic properties of NiFe2O4/NiFe bi-magnet and NiFe nano-alloy synthesized from thermal reduction of NiFe2O4
	Itegbeyogene P Ezekiel, Thomas Moyo and Hafiz M I Abdallah

	Electronic and magnetic properties of the (Cr84Re16)100−yMny alloy system
	BS Jacobs, AD Faceto, CJ Sheppard, ARE Prinsloo, PC de Camargo and AJA de Oliviera

	Effect of pH on the properties of ZnO nanostructures prepared by chemical bath deposition method
	L F Koao, F B Dejene and H C Swart

	Phototransferred thermoluminescence andphosphorescence related to phototransfer in annealedsynthetic quartz
	EFM Kombe-Atang and ML Chithambo

	Structure prediction of manganese dioxide nanoclusters using computer simulation techniques
	R R Maphanga, P E Ngoepe, C R A Catlow and S M Woodley

	Synthesis, structural and optical characterisation of cobalt and indium co-doped ZnO nanoparticles
	MW Maswanganye, KE Rammutla, TE Mosuang, BW Mwakikunga, TS Bertrand and M Maaza

	The modified interatomic potentials of FeS2 in atomistic simulations
	M AMehlape, P E Ngoepe and S C Parker

	Néel temperature dependence of Cr + 1 at.% Al thin films on MgO(110), MgO(100) and fused silica
	ZP Mudau, ARE Prinsloo, CJ Sheppard, AM Venter and EE Fullerton

	Characterisation of traditional ceramic materials used in the Sotho culture (South Africa) for clay pot making
	A F. Mulaba-Bafubiandi and P X D A Hlekane

	Iron bearing minerals characterised with Mossbauer spectroscopy at the Mineral Processing and Technology Research Centre, University of Johannesburg, South Africa
	A F Mulaba – Bafubiandi

	Electronic and Magnetic Structure of Cr doped Rutile and Anatase TiO2; an ab-initio DFT+U study
	Winfred M. Mulwa, Cecil N.M.Ouma, Martin O. Onani, Francis B. Dejene

	Exciton energies of chalcopyrites AgAlX2(X=S,Se,Te) from GW and BSE calculations
	GM Dongho Nguimdo and Daniel P Joubert

	Collective Electronic Excitations in Ferromagnetic Metals
	V Nolting

	Dependence of the photoionization cross-section of alpa-Al2O3:C on the measurement temperature
	A. Nyirenda, M.L. Chithambo

	Simultaneous substitution of Ba, Mn and Co into Fe3O4 spinel structure: magnetic and electrochemical sensing properties of the synthesized nanoparticles
	Nadir S E Osman, Neeta Thapliyal, Thomas Moyo and Rajshekhar Karpoormath

	An ab-initio study of the metastability of the boron-vacancy complex in silicon
	Cecil N M Ouma and Walter E Meyer

	Physical properties of Cr78Al22 thin films
	ARE Prinsloo, CJ Sheppard, HA Derrett, N van den Berg and EE Fullerton

	Electrical characterization of undoped and niobium-doped n-type silicon diodes
	M J Thebe, S J Moloi and M Msimanga

	Electrical characterisation of 5.4 MeV alpha-particle irradiated; low doped, n-type gallium arsenide
	S M Tunhuma ,F D Auret ,M J Legodi and M Diale

	A quantitative evaluation of the depth resolution of AES depth profiling of Cu/Ni multilayer thin films using the MRI model
	X.L.Yan, Y. Liu, H.C. Swart, J.Y. Wang, J.J. Terblans

	Study of the interdiffusion in Cu/Ni multilayer thin films by Auger electron spectroscopy depth profiling
	X.L.Yan, Y. Liu, H.C. Swart, J.Y. Wang, J.J. Terblans


	Division B – Nuclear, Particle and Radiation Physics
	High-momentum particle production at hadron colliders
	D M Adamiak, W A Horowitz

	Online energy reconstruction on ARM for the ATLAS TileCal sROD co-processing unit
	Mitchell A. Cox and Bruce Mellado

	Measuring the orientation of the Ge Crystals of the iThemba LABS Segmented Clover Detector
	T. S. Dinoko, T. D. Bucher, E. A. Lawrie, J. Easton, N. Erasmus, S. P. Noncolela, O. Shirinda

	Analysis and quantification of modelling errors introduced in the deterministic calculational path applied to a 2-node problem
	T.P. Gina, S.A. Groenewald , W.R. Joubert , S.H. Connell

	Jet substructure: a discovery tool
	Deepak Kar

	Ambient gamma dose rate measurements at Manyoni uranium deposits, Singida, Tanzania
	K F Kasoga, D A Mwalongo, S F Sawe, M M Nyaruba and U Dammalapati

	An electronics test-bench for the certification of the Tile Calorimeter of the ATLAS detector
	C O Kureba, X Ruan, M Spoor, M Govender, I Hofsajer, B Mellado and C Sandrock

	The search for Dark Matter in association with the Higgs boson with the di-photon decay
	C. O. Kureba, X. Ruan and B. Mellado

	Data processing at The South African Nuclear Energy Corporation SOC Ltd (Necsa) neutron diffraction facility
	D Marais, A M Venter and J Markgraaff

	Status of the measurements of Higgs boson properties with the ATLAS detector
	Bruce Mellado

	Probing new physics in the Higgs sector with effective field theories at the Large Hadron Collider
	Bruce Mellado, Luis March, Xifeng Ruan

	Efficient processing of physics quantities for the Processing Unit for the upgrade of the TileCalorimeter of ATLAS
	D Ohene-Kwofie, E Otoo and B Mellado

	A study of radiation damage in plastic scintillators using magnetic resonance techniques for the upgrade of the ATLAS detector
	C. Pelwan, H. Jivan, D. Joubert, J. Keartland, M. Madhuku, B. Mellado, G. Peters, K. Sekonya, E. Sideras-Haddad

	A Di-Higgs Search in the gamma-gamma-beta-beta' Decay Channel Using the ATLAS Detector
	Robert G. Reed, Stefan Von Bruddenbrock, Deepak Kar, Bruce Mellado

	A Framework Tool for Integrating the Back-End Infrastructure in the ATLAS Detector Control System
	Robert Graham Reed, Bruce Mellado

	GPU-based Computation of Energy and Time for the Upgrade of the Tile Calorimeter of the ATLAS Detector
	Marc Sacks, Bruce Mellado


	Division C – Photonics
	Gene expression changes in diabetic wound healing as induced by photobiostimulation in vitro
	S M Ayuk, H Abrahamse and N N Houreld

	Synchrotron modeling of the gamma-ray to optical afterglow of GRB 130427A and expected neutrino flux
	Jessymol K Thomas, Reetanjali Moharana and Soebur Razzaque

	Novel zincate phosphors: A new red emitting phosphor for LED applications
	Vijay Kumar, Sudipta Som, Somrita Dutta, Hendrik C Swart

	Investigated charge carrier effects in silicon membranes using a femtosecond laser
	WI Ndebeka, PH Neethling, CM Steenkamp, H Stafast, EG Rohwer

	Fluorescence behaviour of Eu doped Gd2O3 nanosheets via CuO incorporation
	Anurag Pandey, R. E. Kroon and H. C. Swart

	A Nonlinear Optical loop Mirror enhanced three wavelength oscillations Erbium doped fiber laser source based on Fiber Bragg Grating reflectors
	S. Qhumayo and R. Martinez


	Division D1 – Astrophysics
	Very-high energy emission from pulsars
	M Breed, C Venter and A K Harding

	Spectral studies of aring quasar PKS 1424-418 above 100 MeV with Fermi-LAT
	Feraol F. Dirirsa, Richard J. Britto and Soebur Razzaque

	The Vela Supercluster - does it provide the missing link to explain the local ow fields?
	A Elagali, R C Kraan-Korteweg and M E Cluver

	A ‘road test’ of ANOVA versus DFT and LS as a period-finding algorithm
	C A Engelbrecht and F A M Frescura

	Optical spectroscopic observations of unclassified Active Galactic Nuclei in the Fermi-2LAC catalogue
	L Klindt, B van Soelen, PJ Meintjes and P Vaisanen

	A Timing Noise Analysis Pipeline for HartRAO pulsars applied to PSR J1326-5859
	Jacques Maritz, Pieter Meintjes, Sarah Buchner, Natalia Lewandowska

	Possible extragalactic astrophysical counterparts of IceCube neutrino events
	Reetanjali Moharana, Richard J. Britto, Soebur Razzaque

	A comparative study of the three empirical solar models in North West Province, South Africa
	T.S. Mulaudzi , N.E. Maluta , V Sankaran and F Nemangwele

	A quasi-periodicity in the optical polarization of the blazar PKS 2155-304
	N.W. Pekeur, R. Taylor, S.B. Potter and R.C. Kraan-Korteweg

	Optical Observations of the Be/X-ray Binary A0538-66
	A F Rajoelimanana, P A Charles, P J Meintjes and L J Townsend

	Rotation Curves and Bars: Accounting for Non-circular Motions in Barred Spiral Galaxies
	Toky H. Randriamampandry, Claude Carignan, Francoise Combes and Nathan Deg

	Studying stellar populations of luminous red galaxies to probe the Hubble parameter H(z)
	A. L. Ratsimbazafy, C. M. Cress, S. M. Crawford, M. Smith

	Implementation of a goodness-of-fit test for finding optimal concurrent radio and -ray pulsar light curves
	A S Seyffert, C Venter, A K Harding, J Allison and W D Schutte

	Numerical modelling of hydrodynamical astrophysical outflows: application using the PLUTO code
	I P van der Westhuizen, B van Soelen, P J Meintjes, S J P K Riekert and J H Beall

	Optical spectroscopy of PSR B1259-63 around the 2014 periastron passage
	B van Soelen, P Vaisanen, I Sushch, L Klindt, PJ Meintjes, A. Odendaal and R. Armstrong

	The unusually strong coronal emission lines of SDSS J1055+5637
	Hartmut Winkler


	Division D2 – Space Science
	Modelling ground conductivity for computing the electric field associated with geomagnetically induced currents using the Finite Element Method. (A mid latitude case study)
	E Matandirotya, P J Cilliers, and R R Van Zyl

	An integrated software based analytical model for the signal path efficiency of the HartRAO lunar laser ranger optical system
	S C Ndlovu, L Combrinck, N P Nkosi and R C Botha


	Division E – Education
	The light bulb effect: University students’ problem solving cognitive processes in a physics problem solving skills test
	C Albers, D Clerk and D Naidoo

	Effect of guided inquiry laboratory activities on first-year physics students’ views on the nature of science
	V M Baloyi, W E Meyer and E Gaigher


	Division F – Applied Physics
	Performance Comparison between the Traditional Intensity Modulation Direct Detection and Coherent Detection in a High Speed Optical Fibre Communication System
	T V Chabata, D Kiboi Boiyo, E K Rotich Kipnoo, R R G Gamatham, A W R Leitch, T B Gibbon

	Monte Carlo based estimation of the effect of different aerosol classes on solar irradiance in African atmospheric conditions
	Marie Chantal Cyulinyana and Hartmut Winkler

	Characteristics and functions of the South African national measuring standard for force
	S T S Dlamini

	Estimation of energy production decrease due to shading for the NamPower rooftop photovoltaic system
	P Dobreva, E E van Dyk and F J Vorster

	Measuring the optical thermometry properties of La2O2S:Eu phosphor material
	L J B Erasmus, H C Swart, J J Terblans and R E Kroon

	Acceleration parameters for fluid physics with accelerating bodies
	I.M.A. Gledhill, H. Roohani, A. Biobaku and B. Skews

	Unfolding the fast neutron energy distribution of a NE230 deuterated liquid scintillator detector using the MAXED code
	M S Herbert

	Fibre-to-the-Hut Technology: A solution for Cheap Access for High Speed-Optical Network in South Africa
	G M Isoe, E K Rotich, R R G Gamatham, A W R Leitch and T B Gibbon

	Time of Crossing in Pulsed Eddy Current Signals
	B Kibirige

	Electronic tracking system for quantum cryptography and radio telecommunication
	M Mariola, Y Ismail, A Mirza, F Petruccione

	Open-Source electronic board designed in South Africa for Africa
	M Mariola, F Petruccione

	Analysis of homogeneity in thin film photovoltaic modules using large area light beam induced current (LA-LBIC) measurements
	M Okullo, F J Vorster, E E van Dyk and J L Crozier

	Enhancing light absorption and lifetime stability of organic solar cells using pentacene encapsulation
	F Otieno, K Kamalakannan, M Airo and D Wamwangi


	Division G – Theoretical and Computational Physics
	Density functional theory on a lattice: Particlenumber dependence of the exchange-correlationpotential
	Kossi Amouzouvi and Daniel Joubert

	Non-universality in a constrained period doubling route to chaos for Rössler’s system
	André E Botha and Wynand Dednam

	Simulating cyclic loading of atomic-sized gold tips on gold surfaces via classical molecular dynamics and density functional theory transport calculations
	W Dednam, C Sabater, M A Fernandez, C Untiedt, J J Palacios, M J Caturla

	Quasi-normal Modes for Spin-3/2 Fields
	Gerhard Erwin Harmsen

	Thomas Rotation and Quantum Entanglement
	JM Hartman, SH Connell and F Petruccione

	Security of quantum key distribution
	Mhlambululi Mafu

	Security of the Bennett 1992 quantum key distribution protocol in the presence of noise
	Mhlambululi Mafu, Makhamisa Senekane, Kevin Garapo and Francesco Petruccione

	One and Two Dimensional Models of Dye Adsorption for application in Dye Sensitized Solar Cells
	N.E. Maluta, N. Mphephu, V. Sankaran, T.S. Mulaudzi, F. Nemangwele

	Molecular dynamics studies of Schottky and Frenkel defects in cerium dioxide
	Thabiso Lekoko, Thuto Mosuang, and Erasmus Rammutla

	A phenomenological description of the bath and its effect in photosynthetic light-harvesting systems
	JA Nöthling, TPJ Krüger and T Mancal

	Neutrino mass hierarchy and CP phase measurement using atmospheric neutrino flux
	Soebur Razzaque

	Projection operators in the theory of open quantum systems
	V Semin, F Petruccione

	Hypothesising the effects of Higgs portal dark matter in particle colliders
	Stefan von Buddenbrock





