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ABSTRACT

Computational Design And Modeling Of Semiconductor Nanostructures via Tight
Binding Approximation

Ozden AKINCI

The magnitude of the electronic and optoelectronic devices in today's technology is down
to the order of nanometer. Quick and reliable determination of working principles and
performance of devices through simulation methods have become crucial
Determination of electronic and optical properties of nano-sized devices using first
principle calculation is computationally expensive and difficult. The tight binding
methods, unlike the first principle calculations are applicable easily in today's nano-
structures, are preferred to simulate the nano-sized devices.

Group H-VI, ITI-V and III-N semiconductors have different atomic properties, therefore
different distance interactions such as nearest and second nearest neighbor and different
atomic orbital interactions s, p, d and s* are used to determine the closest results to the
reality.

In this thesis, the electronic and optical properties of group II-VI, III-V and III-N
semiconductors were determined by using tight binding methods. Various orbital and
neighbor interactions were used to determine electronic and optical properties of
binaries such as band gaps, electronic band structures, effective masses and density of
states. Furthermore, modified virtual crystal approximation was applied to the results of
the binaries to get ternaries. Changing of the band gaps and structures of ternaries
with mol fraction was calculated. Electronic properties of the heterostructure
combination of binaries and ternaries were determined and also lattice mismatch effects
on the band offsets and gaps were investigated. Band structures changes with
temperature and pressure were also investigated. The results were found to be in good

agreement with available experimental results.
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OZET

Nanoyapi Yariiletkenlerin Siki Baglanum Kurami ile Tasarim ve Bilgisayar Benzetimi
OZDEN AKINCI

Giiniimiiz teknolojisinde elektronik ve optielektronik cihazlarin boyutlar: nano boyut
mertebesine inmis olup; cihaz performansim ve ¢absma ilkelerini benzetim yéntemleri
aracihigiyla hizh ve giivenilir bir sekilde belirlemek dnemli hale gelmistir. Siki baglamm
yontemleri, birinci ilke hesaplarimn aksine hesaplama yiikii ve nanoboyutlara
uygulamadaki basarisindan dolays giiniimiiz nano yapilarimm benzetiminde etkin bir
sekilde kullamimaktadir. Grup II-VI, TII-V ve III-N yaniletkenlerin sahip olduklari
atomik dzelliklerden dolay1 yakm komguluk, ikinci yakm komsuluk gibi farkh komsuluk
ctkilesimleri ile farkh orbital etkilesimlerini iceren siki baglammm ydéntemleri
kullamlarak gercege en yakin sonuglar elde edilebilmektedir.

Bu tez ¢alismasmnda, grup II-VI, III-V ve III-N yaniletkenlerin elektronik ve optik
dzelliklerinin siki baglanim yontemleriyle belirlenmesi hedeflenmigtic. Bu amag
dogrultusunda oncelikle, farkh orbital ve komsuluk etkilesimleri kullamilarak
yaniletken ikililerin bant arahklari, etkin kiitleleri, elektronik bant yapilar: ve durum
yogunluklar1 belirlenmistir. Elde edilen sonuglar isiinda, diizeltilmis sanal Kristal
yaklasgmmi (DSKY) ile iiclii alagmmlarm bant arahklar1 ve elektronik bant yapilan
belirlenmis, alagtm mol oranma gore bant arahiklar ile bant yapilarmn degisimleri
hesaplanmustir, Ikili bilesikler ile iiclii alasimlarin bir araya gelmesiyle olusan
heteroyapilarm elektronik 6zellikleri belirlenmis, 6rgii uyusmazhginin bant arahiklar: ile
bant ofsetlerine etkisi incelenmistir. Bant yaplarim sicakhk ve basing ile degisimleri
incelenmistir.
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