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Kvant ¢uxurunda elektron qazinin hal sixhgi

Xulasa
Umumiyyatlo, asagidlciilii sistemlorin fiziki xassalorinin tadqiq edilmosi miiasir fizikanin aktual
problemlorindondir. Malumdur ki, real asagiolgiilic sistemlorin profillori sado olmayib, miirokkab
kvant cuxuruna malikdirlor ki, onlarmn termodinamik va Kinetik xassalorini 6yranmok olduqgca
vacibdir.

Toqdim edilon bu isdo potensiali U = UOCtgz(nZ/L) soklinds olan kvant ¢uxurunda elektronlarin

enerji spektri Ucun analitik ifado alinmigdir. Xiisusi hallarda bu enerji spektri sonsuz doarin quyu vo
harmonik ossilyator modellorindaki enerji spektrlorina kegir. Bunun (glin nazik tobagolords kvant
cuxurlarinin profillorinin qurulmasi, enerji spektrinin, dalga funksiyasi vo hal sixlig1 funksiyasinin
hesablanmasi, hal sixlig1 funksiyasinin kvant ¢uxurunun potensialindan asililiginin arasdirilmasi
xususi maraq kasb edir. Bu sababdon mirakkob formali kvant ¢uxuruna malik toboagalords fiziki
hadisalorin nozari olaraq arasdirilmasi xiisusi maraq vo shomiyyat kasb edir. Belo todgigatlar iso 6z
ndvbasinds asagiol¢iilii elektron sistemlords kéglrmo hadisalarinin nazariyyasinds yeni sahalalarin
inkisafina komoklik gostorir. Baxilan bu isdo oldo olunan noticolor molekulyar-siia epitaksiya
metodunun kdmoayi ilo daha perspektivli kvant guxurlarinin yaranmasina imkan Verir.

Tapilmisdir ki, baxilan spektr ii¢iin elektronlarin hal sixhigi funksiyasi enerjinin pillovari
funksiyasi olur.
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Density of States of Electron Gas in Quantum Wells

Abstract
In general, studying the physical properties of low-dimensional systems is one of the urgent
problems of modern physics. It is known that the profiles of real low-dimensional systems are not
simple, they have a complex quantum hole, so it is very important to study their thermodynamic and
Kinetic properties.
An analytical expression is obtained for the energy spectrum and the density of states of

electrons in a quantum well with the potential Y =Yoct9"CZ/L) which in limiting cases
transforms into energy spectra and densities of states for models of an infinitely deep well and
harmonic the oscillator. For this purpose, it is of particular interest to establish the profiles of
guantum holes in thin films, calculate the energy spectrum, wave function and density of state
function, and investigate the dependence of the density of state function on the potential of the
guantum hole. For this reason, the theoretical investigation of physical phenomena in layers with
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quantum wells of complex shape is of special interest and importance. Such studies, in turn,
contribute to the development of new fields in the theory of transfer phenomena in low-dimensional
electronic systems. The results obtained in the reviewed work allow the creation of more promising
quantum holes with the help of the molecular-beam epitaxy method.

The dependence of the density of states on energy for various semiconductor quantum wells is
constructed.

Keywords: quantum well, harmonic oscillator, density of states, energy spectrum, wave function

Giris

Hal sixlig1 funksiyasmin yiikdastyicilarin enerji spektrindon asililigi termodinamik xassalords,
optik, magnit xassolords, homginin kinetika hadisalorindo oks olunur (9sgorov, Figarova vo
Xastyeva, 2015). Xisusilo asagidlgiilii elektron sistemloarinin fiziki xassolorinds hal sixligi
funksiyas1 ¢ox ahomiyyatli rol oynayir (9sgorov, 2012). Bu sistemlords yiikdasiyicilarin horakoti
bir, iki, yaxud hor Ug¢ istigamotdo kvant mohdudlanmasina moruz olduqda, yiikdasiyicinin enerji
spektri vo buna gora do hal sixlig1 keyfiyyatco doyisir. Belo Ki, elo fiziki kamiyyatlor var ki, onlar
hal sixlig1 funksiyasi ilo toyin olunurlar. Bu komiyyatlora misal olaraq entropiya, istilik tutumu,
maqnit qavrayiciligi, kvantlayict magnit sahasinds termoelektrik horokat qlivvasini gostarmok olar.

Tadgiqgat

Hal-hazirda nanotenologiyanin soviyyasi diizbucaqli, parabolik, ticbucaq sokilli vo s. kimi
muxtalif ndvlorine uygun kvant ¢uxurlarinin yaratmasina imkan verir (Mircea, 2017).

Toqdim olunan isdo potensiali U :UOCtgz(nZ/L) profilli kvant quyusunun hal sixhig1 nazari

todqiq edilmisdir. Belo potensialli kvant ¢uxurlarinda enerji spektri xiisusi hallarda sonsuz darin
diizbucaqli potensial guxurun vo harmonik ossilyatorun enerji spektrlori ilo Ust-Usto diisir.

Potensial1 U = UOCtgz(nZ/L) soklinds olan kvant guxurunun enerji spektri ti¢iin elektronlarm hal

sixlig1 funksiyasi tapilmis vo elektron gazmin enerjisindon asililigit miioyyon edilmisdir. Bundan
basqa gostorilmisdir ki, hal sixlig1 funksiyasi limit hallarinda 6lgiiys goro kvantlanmis tobagenin va
parabolik ¢uxurun hal sixlig1 funksiyalar1 ilo Ust-Usto diisiir (Figarova, Khasiyeva, & Mahmudov,
2014; Lykova, 2008).
Enerji spektri
Enerji spektri
n2k?
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ifadasi ilo toyin olunan ikidlgiilii elektron gazma baxaq. Burada ki = kf +k§ Vo X,y OXu

boyunca enerji spektri kasilmoz, z oxu boyunca iss diskret qiymatlor alir (Askerov, 1985).
Potensiali U = UOCtgz(nZ/L) soklindo olan kvant guxurunda e, enerji spektrini tapaq. Sokil 1-do
U funksiyasinin z-don asililig1 gostorilmisdir (Madkour, 2019).
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U =U,ctg 2(7z/L) potensialli kvant ¢uxurunda elektron iigiin Sredinger tonliyi asagidak1 sakli
alir (Babayev & Sultanova, 2009):

9%y 2m

; 22+;;—E-u0agzonnghfzo

Bu tonlikde U, potensialin minimum qiymati, L-guxurun enidir.
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Hipergeometrik tonliyi alariq. Bu tonliyin halli iso asagidaki kimidir:

(2)
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Burada: 1=~ |1+290 4 hn’ L i U dorinliyidi
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Aldigimiz (4) enerji spektrindon 2 xuisusi limit hali alinir (Chickering & Eisenstein, 2009).
Kvant odadinin (N) ¢ox bdyuk giymatlorinds, yani n>> Aolsa, (1) ifadasi sonsuz doarin
cuxurdaki elektron qazinin enerji spektri ilo Ust-lsto diisiir, yoani
p _h%f+h%ﬁm :
kT om o 2mL2 ©
Oks limit halinda, yani kigik kvant odadlori halinda (n << 1), (1) ifadasi parabolik kvant
cuxurundaki elektron gazinin enerji spektri ilo Ust-Usts diistir, yani

hi%k? 1
Enkj_ = sz +h0)0(n'EJ (6)

Hal sixhgi
Moalum oldugu kimi, elektron gazinmn hal sixligi, yoni vahid enerji intervalina vo vahid satha

diison hallarin say1 asagidaki iimumi ifads ilo toyin olunur (Shchvartsburg, 2002; Hashimzade,
Babayev, & Mehdiyev, 2010):

9(e)= D Oeenp k). W
nkk,
burada &, K, (1) enerji spektri ils tayin olunur. k, .k, -5 gérs comlamadan integrala kegsak,
2L, L
_Sxy
()= Gy & Sudkydle-z,-2.) ®)

alariq.  Son ifadeds  dk,dk,-a gOro integrallamadan polyar koordinatlara, yani
dk,dk, =k, dk, de kegib, (8)-do nozars alsaqg,
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Notica
Bunlar1 nozoro alsaq, verilmis enerji spektri tigiin uygun hesablamalardan sonra hal sixligi
funksiyas1 asagidaki soklo diisor:

9(s) = —3— Y O(s - &,). (10)

7L

Bu dustur alinarkon
Zj.dglé'(g—gz—gl):Z“@(g—gn), (12)
oldugu nozors almmisdir (Figarova, 2014), burada ©(¢ — ¢,)— pillovari Hevisayd funksiyasidir.
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Sakil2 U = UOCtgz(nZ/L) potensiallr kvant ¢uxurunun miixtalif yarimkegiricilar ti¢lin
hal sixlig1 funksiyasinin g( & )asililigi

Burada, har 3 yarimkegirici asasli quyu iiglin L =10nmva m =0,2m,(GaN), m =0,06m,
(GaAs), m=0,04m,(CdTe) giymatlori gotiiriilmisdiir. Goriindiiyli kimi, funksiyanin qrafiki

pillovari xarakter dastyir. Xiisusi hallarda, harmonik ossilyator {igiin hal sixlig1 funksiyasi
ossilyasiya edir.
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