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[k, TITLE OF THE PROMECT Study on the Coulomb
Interaction of Double Acceptors in Magnetic

Sermicmbuctor Namestrectured Systens

| L. OBIECTIVES OF THE PROJECT
#  Effect of shape of Quantum Well, Quantum Wiee and Cheantum Dot on
the Coubsmb mteraction of Magnetic Naststructured sysiems.
= Effect of confimng potential on the Couwlomb nteraction i the above
said Mognetic Semconductor Nanostructused Sysiems,
* nfhicnce of extermal perturbation like magnetic field on the Coulensh
interaction b these Semimagnete | Magnetic Semunagnetic

Magsetic Nanoatructured systerms.

2. WHETHER OBIECTIVES WERE ACHIEVED: YES
{GIVE DETAILS)
¥ The mfluerce of 1l shape of confinmg potential like square well and
parabolic well on the sccepior bindimg and Coulemb micrsction
between the two hales has been studied for various mmpurity locatsns,



# When the comrelation berween holes are considered, the
Coulomb miteraction decreases,
o Coukemb usteractxsn incresses when an external magnetic field
i applied in Quantam Well Wire (QWW with parsbolic
confinement whicl i i contrary to the OWW with square well
confinement.
¥ Denoracceptor basding in CdTe/Cd; -Mne Te Cruarvtum Wire has been
comguied with square wioll along x — direction and parabolic
confinement along v — direction has been mvestigated.
# Shape of confining potential along each directomn plays an
imporiant mole on the bimding snd the carriers can move with

higher mobility when the disectional depemndent effective mass
is congrloyed in the caloulation
¢ Effect of goometry on the Cowlomb interaction between the two lweles
in & Semmngnetic Qi Dot QD) bas been studsed by considering
the spatinlly varying dicleciric screoning
# The QD with spherical geometry gives more localization of the
curraers ud companed 1 Uwe dist with culbical geomeiry.
# The spatially varying dekectrac screenig cnlances the
Couksmbs imeractxn,
¥ Do Acceplor impuricy states and the Bound Magnetic Polaron
asiocfated witls them lave been investigated in a Semimagnetic
Druble Craariuns Wkl (DOW and oo Triangubsr Quantum Well

(TOW) have been studied.



# The domor agcepor imparity 15 highly becalised an the centre of
the DOW and the applicd nagnetic field casses the
counterinfuitive behavisur fior oncentre well bngariny and for
other impurity locatkds

#  The Spin Polaronic Shift (SPS) depends only on the density of
the magnetic ions separately concentrated in the well and in the
barrier of DOW and TOW even though the effective
CONCENTTAIND IS Sa1e.

= The 5PS Is very mech larger for tse light hole than for heayy
Dcrlie.

*  Effect of magnetic field on the Coulemb imerscton between the twi
ehevtrems confined ina Low Dimensional Magnetic Nanostrucuged
syatems like OW, QWW amd QD has been addressed.

P Coukemb Bwersction is tremendously affected by the applied
magnetie field only when the mpurity s confined nside the

QD racher thon m CVW and (AW,

13 ACHIEVEMENTS FROM THE PROJECT
= All the aspects of objectives wene Tulfillod
#  Man Power wramed @ |
#  Moof Publications oot of Project y Intermatbonal Journalks | 9
[ntemational Mational

Conferences: 4
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14, SUMMARY OF THE FINDINGS: (IN 300 WORDS)

Irvespective of the notare of the confining potentinl the binding energy of
the acceptsr mpurity with twa eles and the Coulomb isteractien betwoeen
them is less both i Quastwm Well Wire (OWW) and Quantum Dot (QD)
when the comelation between them is considered m the wavefunction us
compared o the case without considering the comelatisn. Moreover, the
importance  of accounting the comrelation in the wavefunction has been
crmpliasized by observing the. increase of Coulomb repulzion with the increase
of applicd magnetic fickd in the case of parabolic confinement and the effect of
rprity bocateeda on the Coulomb interaction between the two comelated holes
ig md Aegnd feant as the atrength of the mleraction s consstently maimtained
for simaller wire size, when the mpurity moves from the cemter W the edoe of
the wire. Morcover, a QB with spleerical geometry which hat bound states
oaely For dior size geeater than 30A pives higher localization for the carriers
since the Coulomb repubsion between them is kess as compared 10 the Cubical
[t which could has bound states even for the dot size of 204 The spatially
varving diclectric screening allows the carriers o0 have strong interaction (an
cnlancement of = ¥ both in the absence and in the presence of applied
magnethe field inside the O The influence of tlse shape of the confining
pedtential wlong each dection of the confinement m OWW plays o ¢rucial role
fo determine the strength of the binding of the carriers insude such QWW and
the carriers cah move with bigher mobiliy when the directional dependeém
effective bass is cmployed in the caloulation

The effect of nragnetic Held on the acceptor ionizaton enetgy is very weak
due 1o the: high effective masses of the holes: which leads. to the smaller

it



Landog splitting a3 compared to the. donor impuriny. The carriers are highly
localized only when it 5 ssuated af the centre of the Double Ouantum Well
{DOWY sl nlso the applied mageetk! feld causes the counterimtuisive
belmviour for Om Centre Well (OCW) impurity and for other impurgy
locatins: the ground stafte donor bindmg energy amd the SPS sssocated with

it depeixts anly on the density of the magnetic ions separately concemrated in

the well Cd,, Mn_ Te and i the barrier Od, | Mn,  Te of Semimagnetic

Tranughor OQuantum Well (STOW) even though the effective concentration is
S { Ko — X = § = 0,1, (L2,

The resulis show thut the effect of the increase of Mic" ion composition
with different combinatbons on SPS is predeastinant for OCW mpurity when
cormpared to all other mnpurity kscations for ¢ = 0 anmd the same is predemina
for OCH impurity withy =0, 15, The Spin Polaronic Shifl {5PS) depends only
on the densaty of the mapgnetic wns separately cobcemtrated in the well and in
the barrier of BOW and TOW even though the effective conceniratisn is sanswe
ad the 5PS is very much larges for the light hobe than for heavy ok

The bindimg of the two electrons and thetr Couolomb  interaction i
memendously affected by the applicd magnotee feld onby when the impurity is

confined mside the QD vather than o the QW and QWW

LONTRIBUTHON TO THE SOCIETY

The ficld of Spistranics is how to manipulate the span degree 6F reegdom
which is a purely quantuim phenomensn in addition to the propeny called
clarge of the carrier 1o enhance the multifunctionality of the  devices,

Semirmsagnetic Semconducters are ideal materials for spintronic applicatms.

Wi



becase of thelr nable properties with the extemal perturbatson ke magnetic
fickl, The Coulomb interaction between the carriers confmed insede
Semimagnetic  Manostructwred - systens . with different band  albgonsent s
significamt i the light of Coulemb blocksde of transport. Heoce, our
mvestigation may gzive an wsderstanding of the clectrone -asd transpon
propertics m such syvstems which can be exploited in various optoclectronic
amt spintronxe devices such ns spin Based MOS stroctures and wltrabigh
density non — wvolatide memory and reconfigurable logee devices based on

el SPENITDOR: concepis.

6. WHETHER ANY PH.D. ENROLLED / Y ES, Une Fesearch Schola

PRODUCED OUT OF THE PROJECT

1T, KOLOF PUBLICATHIONS OLIT OF : litermational Tourmals -9
THE PROIECT Trternational » Mational
(PLEASE ATTACH) Conferences — 4
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Chapter1 Irtroddenc Hios

Chapter
1

INTRODUCTION

The relentless growth of microelectronics made Gordon E, Maossre i 1965 1o frione a law,
calied as Moore™s law, which sfstes that mictopsocessors will double in power every |8
months as electronic devices shrimk amd mote logie & packed mto every chip. But this ks
will run ot of momenhum sae ey as the siee of the individual bifs approaches the
dimensson of atoms — this has been called the end of the silicon road map, This induced
the Basic research comimunity 0 focus ther attention towards the subjoct called as
“Spintromics”, Span - Electranies, which is g multidsciplinary field including numgnetisng,
semiconductor, optics, mesoscopic physics, superconductivity and new connecton o
other fields, The céntral theme of this subject 8 how to manepilste the spm degree of
freedom whick i3 o purely quantum phenomendn o addition to the propenty called charge
of the carrier to enhanee the molifunctisnality of the deviced owing to its easy
masigalation by externally applied magnetee Geld amt long coberence o relaxation fime,
The key aspects of the spintrone devices rests on the theee factors like efficiem spin
ingection, skw spin rolaxation amd reliable spm detectsen oned these requires . materials
with ferromagretic ondering  ar operstions]  temperatures compatible with exasting
setmicondueting materials and the properties of the imerface separating different materials

usedd fior Forming the reliable spimyonie devices,
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Dilute  Magnetie  Semconductors (DM also called a5 Semumagnetic

Semicondeutors (SMSC), mainly AY Mn B" m which o fiaction of the group 1

subinitice is reglaced at random by Mo, suit this need. DMS are widely believed that thiy
are wbenl materils for spimtronse applications becouse of their tunability of the band and
lattice parameters by varying the composition of Ma™ jon e A7 Mo, B afloys, and the
tning of magnetic propenies like paramagnetic, spin - glass und antiferromagnetic by
varying exterpally applied mugnetic Held and subrjected to thermul energy and thiedly the
formation of Bound Magnetic: Polaron (BMP) by the exchange interaction between the
lncalized magnetic moments of Me®" son and the conduction © valence band electrons.
Moreover, these DMS structures. have becn proven o lmve high spin effcwency s
migasured by mpgnetie tunnelling sl electrolumineseence, The TRl narrow or 200 g
materials that were stodied experimentally was HeMnTe which revealed unusaal
transport ad optical propertics sl the first of wide gap materials studied was CdMnTe
ard the studies of these wide gap crvdtals have been nitiated by Komarov etal amd Gaj
et.al The reason for choosing Mo rather than other transition metal clements for the
subatiution of aroup 11 eletnent 5 because of itg high miscibility with the AYB* lost
without much affecting substantially the erystallographie qualiy of the resuliing magerial,
[ the case of Cds Moo Te, the zine — blende stroctore of the paremt CdTe survives for *x°
s high as 0077, This can be attributed 1o the fsct that the 3d orfatals of Mo are exactly
halfl filled which act as o completely filled shell as in the case of 4d" shell m Cd atom and
all five spins are parallel and #® would require considerable energy to add an electron with
opposite spin (o the Mn atom. Moreover Mn™" provides the spin polarized carriers only
and does nod give cleetrons or holes because & is elecirically neutral nnd & possesses a

melatively larger magnetse moment (3=32) due o the characiastic of o half filled d shell
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The lattice parameters of all DMS temary allevs obey Vegard's low very clozsely and it is
given fog any composition of “x" by a=(l-x)agF X ay,, whee, ag, omd &, . are
lattice paramcters of the hinary conssituents: The energy gap ofall Al Mn B" alloys are

temnperature wnd compositeon dependent and they are all the direct gap semiconductor

like ther A"BY parent materiaks.

LI, Exchange interaction in wide gap DMS3

[ wiew of spinieonic applications, the crucial parameter that charsctérizes ferrommgnetic
materials s the degree of spin polarization of band carreers. The sp - d exchange
nteraction mifuences physical phenomena which ivolve electrons i the conduction and
valence bamls {e.g magnete transport, inlerband magneto — optics), exciton leveks (e.g.,
Faraday rotanien) amd  impurity  levels e, Boasd  Magnetic Polaron,  Giaa
magnetoresistance. metal — semiconducton ransmion). In nonnsagnetic semicomndwctor, the
Landau level structure of an electron which comtains all the informmtion required 10
describe the semiconductor can be denoted by the appeoprinte Hamihonian Hy When
DMS alley B formed, ds band strocture will be modified by this sp=d exchange
interaction which can be described by sdding the Koo — like exchange term Hoe 10 the
original Hamiltonian Ho, Therefore the 1oial Hamiltongan Hr can Be writlen as

H =H +H_=H=H, '-%', o {r-R, )8, o, where, 8 and o are the span operatoss Tor the

Mt bon and fisr the band ebectrons or holes respoctively, 17 is the electran — ion
exchange coupling conssant and rand By densote the cosrdusates of the band electron and
of the Mo jon respectively. The summation sign denotes over the lattice sites oceupied
by the Mn®™ jons. Since the electronic wavefunction is spatially extended, the probahiliy
firr tlwe electrons 10 include large number of Mn™ jons within is Bohr ogbit ot any time is.

3
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more S0 thar one can moke use of molecular Aeld ppproxnation by replacing 5 by the
thermal averape <8.2, which is qualitatively related to the magnetizntion of the system
when the magnetie ekl 8 appliod along ¢ direction. Because of the  electronic
wavefictien spany o large number of latice sites, the exchange miéraction can be
expreased In terms of virtwal crystal approximation by replacing P -y by w1 R,
whare, B denntes the coordinate of every aite of fod cation subkattsce, winh the summation
fovw carvicd out over all R, With these assumptions He: can be expressed a8

H_=a {E,'I:.IE 1™ r-R) o the dilute linit, B¢ when the concentration of Mo is small
E

gx < (101}, the Mn®™ spins can be regarded ps isolsted, Le non imerseting Mo ons. The
thermal average of < 5, = is related fo the magnetizaten of the moterml is therefore

deseribed by the Brilkeuin funetion and can beé writien as

M=-x M, g, ps '::F'.-::"' AN B Pa S HnlE!ﬁ.‘i.l""hE B/ ]"*uT]

where, < 5. % 15 the average spin per Mn site, Mo = the tmber of cations pet ung vohime,
B is the applied magnetic Geld, 5= 52 for Mn" ion. kg & the Boltzmann constant and T
is the temperature. B, & tlse stasdard Brillowin function and s given by

2
B (xp= hﬂmﬂl Ll 1-L~:utlll. For DMS of arbitrary "8, the magnetization M
25 25 318 25

cannof be expressed by the standird Brillowin fusctisn because of the amtiferromsgnetic
interaction between the nearest neighbowr Mn®' ions rather it s expressed ssmg modified
Brilkeuin function incorporating semi phenamenokegical fitting parameters like So and To

for which the numerical vahies ¢an be taken from the work reported by G et.al,

M= x N, g, 0,8 Ble 0SB kT, | where s represenss the existence of

effective concentration of Mn® iona afler considering antiferromagnetic interactions
between theay Su therefore carmes the information on the spatial disribution of the jons

ad Ty expresses an inflacnce of more distant neighbours, In wide band gap materials like
d
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Cdi=MnTe, because of its large effective mass m', the magnetse. spliting due to Hee i
mch greater than the Landaw splinting predicted by ordinary sp band theory. Heae can be
diacgonalized n the bases approprate for the respective bands (e Ty comduction or Ty

vitlenee ). For these twes cascs, Heo leady to the matices.

B O O 0

SN o B oo
{'-I"r_ |H|.|... |'|'|I'IlI - 0 A . ':IIH'F_' H.:.l. q".'”:'_ il i -B il
o o o -3B

where, A=%Hru: {8, ) E=%H.Hx {8 hand alNg = 220meV, BN, = -830mel.

The positive and negative value of @ and [ respectively are based on the two processes
whicls contribute to the exchange mteractbon between the band electrons or hobes and the
3¢ elecorons of the Mo fons:

() The Lo type potential exchange mtersctwn between the band (5 or p) and the d
ehectrons alipn the spm of the electron paralle] te the spin of the Mn®' fon which is
referred §0 84 a ferromemgncetic nferncteon and makes a positive contributeen to the
exchange ¢onstant,

(i} The comribution due to the hybridization of the 34" kvels with the p band electrons 3
the T point, where the 5 - d hybeidization s forbidden by symanetry, leads o the
amtiferramagnetic ineraction which makes o very strong negative contribution 1o the
exchange constamt which i much grester in mognitude than the potential contribution
described above.

The low dimensionality iz achieved by confinement, whire the electrons ane
restnicted rom moving freely in all three directbons. Squeczing oo side of a 3-1) plane
wiril @ ix no thicker than one electron wavelength traps electron moa 2-1 plane in which
the density of states (OS] gets quantized. Electrons are not seally confmed to sy Kind

5
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of physecal barriers rather #t & confined antificially by sandwiching a smaller band gap
semmconducing materinl between the e Brger band gap materinls and the electrons ane
trapped inside the sraller hindgag materials iF the bareser laver is sulfeiently thick.
Many imeresting and iniguing plivsical plenomena oceurs when o nareoyy strip sliced
from one of the plane 1o form 1-1F Cruamtum Well Wire (OWW) and further dscing upa
-0 wire 1o formne 01 Quamtum Dot (Q0), Redoeing the number of dinsensions in this
manner one -can make the electrons o behave ina moere atom like manner. As the
dimenaion of the system scales down from 30 — 20D — 1D — 0D, corresponcing DEOS
albso ooty mod ifiexd.

O of the most imponam development m DMS 5 the successful proparaton of
Low dimensional DMS superlattices and meultiple guantum well structures by Moleconlr
Bears Epitaxy (MBE) bocause of the existence of strong exclange ntemaction in these
quiast — low dinwenseasal guaniuem structures a5 occurs in bulk DMS. Tlse forst high qualicy
superlattices were prepared using CdMn.Te' Cdi. Mn, Te.

Since the carriers are localized near magnetic mmpurities. it can strongly affect the
magnetie properiies of DMS with the possibility of spin - dependent tuning of the
confmmg potential by magnetie ekl and the application of @ perpendicular magoete
fiekd also mfluences the strong correlations between the clectrons © holes. The doaer amd
acceptor type inpuritics play central rok in determining the physical properties of these
semicombuctors. The acceptor imparitios in barrser matersd which can be controllad by
magnethe feld, infloence o 4 large extent the optical properties near the Ausdamental
absorption edge in p —type structures in bulk and Quantum Well (OW) materials.

In the presest report, an attemgpt has been made towosds the theoretical
investigation on how the reduction of dimensionality inffeences the electronic states of

twa holes ©electrors confised ma CdTe  Od o WneTe and their Coulomd mleraction and
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abso the spin polaronic shift due o the acceptor’'donor BMP under the external

perturbation ke magnetic Hekl

1.2, Dutline of the Report

The poesent report cont@ns & chapters. The imgedtance of nccountng  the
correlation between the two holes in the spatinlly extended wavefunction when they are
confined in & Semtmuagnetie Quantum Well Wire o dizcussed in detsd nosection | of
Chapter 2. Section 1 presemts the mffuence of the nature of the differcnt confining
pestential along different directions of the conlmement in QWW on the binding energy of
the acceptior and donor iopuritics. The comparizon has been made between the scceptor
binding encrgy with scoounting constant effective mass and directional  dependent
effiective mass.

The study on the mutual Coulomb pueractiens of the electrons / oles @ the dot s
very muich essential for the controfled electronhole ninnelling 1o amplify the current.
Such a study ei e Coukemib miersctaan of the two comelitod hobed g Semimagnetic
COantuim Dot under the effect of the geometry of tee dot and spatially varying dielectnic
acteenmg s discussed in Chapter 3,

The modified density of states of DOW from 20 o 0D due o the formation of
Landau kevels sisder the influence of high magnetic field kas induced the preésent author 1o
connsuder the Coulomb mteraction batween tse impurites and also fo study ds tunnelling
properties i these svstems. The tnomnoular  potential well could be the better
approsimaton for modelling guanmom mechanical effects in Metal Oxide Semlconducios
{MOS ) structunes, Ror explaining the optical properties of the ofganie moebecules and also
it studving pyramid — shaped quantum confined systems easily obtaised by etching of

semticombuctor  surfaces, Therelore it shows some  pronounced effects on  the

-
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asvceptordonor impurity energy levels and the BMP when they are confined in such shape
af the OW. Hence, Chapter 4 is dedicated fo soch investigation of acceptor and donog
impuritsed confined v a Semimagnetxl Double Quantum Well (SRDOW)S and TOW
{STOW).

Chapter 5 discusses the Hehium like impurity in some low dimensional systems
like QW, QWW and OD under the effect of externally spplied magnete fekl

Chapter & sumimarizes the research Nndmgs that hove been discussed moall the

chapiters from 2 1o 5,
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Chapter
2

COULOME INTERACTION OF DOUBLE ACCEPTORS IN

SEMIMAGNETIC QUANTUM WELL WIRE

Ever simce the progress in semiconductor nanstechnolooy, sueh & Moleculir Beam
Epitaxy (MBE), Chetnicul lithography and etching were developed, it has beon made
proasible 10 fabeicate a wide varkety of Low - Dimensional Semiconductor Manosinictures
like Quontum Well Wires [OWW), MNanowires and Carbon Nanotubes with well
comrolled shape and compoasition 1o aghiewve the high carricr mabiloy [1]. Use of Dnluted
Mognetee Semiconductors (DMS) in such OWW has opencd the doors for the researchers
fo break through entirely o new st 6F chillenges which lad been infirmidateng m e field
af apintrodics, smee the phyvsicnl nehere of impurdy energy levels assocuted with CPWW
miade of DMS materiols can be greatly controlled by the application of extersal magnetic
field which manifest thenmelves o fscinating  plenomena like Bowwd Magbetic
Pobaran [2]. Geamt Zeentan Splitting [3] et the band edpes; Magseto optical
[4-5] and Magneto trarsport [6-7] The shape of the confinme pofential and the mpurity
position  abeisg these structures manly  determime the spatial confinemem of the
wavefucotin in these OWW amd thereby number of stedies  concerning OW'W wath
rectanygulsr [B], Paraboedic [9], V-groove [10] and trisngulire [11] cross sectons have been
carried out, Moreover, thase 1D systems provide the Gitabuloas space for the study of

Coubvnb interpction effects in many body problems bBecause the reduced degree of
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freedam for the carviers. make qualitative changes i the role of mterscoons which leads
o spun — charge separation [12], charge fractesnalization [ 13} and Wigner crystallization
[14]. Many researchers have put their condsdesable effort to investigate the eléctron —
ehectron amed hobe - hole interaction under wvarious confining  potentizis both in
nonmagnetic [ [5-197] and m Semimangetic [20] Semiconducting syatems. However, in
apite of theoretical activities on the hydiegenic acceptor mpurity i DMS Nunestrectures
[21-24], the stwdies of mnpurity states concerming fwo bolks are very few [23-28]
Therefore it necesstates w invesigate the Coulomb mdersction between tse two holes

confined m a Semumagnetic QWW (SOWW) made of CdTe/Cd, Mn Te which is

ciscussed inosection 2,1 of this Clagter. The etffect of the nsture of conlinmg potential on

the mprarity states {acceptor amd domor) in SOWW s rreated separately in section 2.2

21. Effechve Correlabon of Two Holes in a Semimagnetic Quantum

Wire: Influence of Shape of the Confining Potental on Coulomb

Interachon

In this section, the hole - hole interaction (Esed has béen considéred oo
CdTeCd, Mn Te Semimagnetie Creantum Well Wire (S0WWIL The mifleence of the
shape of the conlning potential like squine well and parabolse well type on the binding
encrgy of an acceptor impurity with two holes and thewr Coulomb imtéraction between
thiem hss been stodied for various: impurity kecations. Magnetic Held lsas been wsed a5 a
probe o wsderstand twe carrer- camier cosrelahon inosuch Cuasi T- Dimensonsl COWW
simce 0 glters the swrength of the confining potenial wemendously, In arder 1w show the
sagnifecance of the correlation between the twio bobes, the caleulations have been done
with aned without including the correlation effect in the groumd state wavelunetsm of the

L1
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hyderogenic accepior impurity and the pesuhis bave been compared. The expectstion vake
aof the Hamiltonion, H, 5 minimized sarigtbonaly o the effective mass approximation

through which Esk has been obtained.

L1.l. Theoretical Formalism
The Hamilionian of the two holes bound 1o an accepiorn mpuraty insade the SOWW made
of CdTe/Cd, Mn Tem the effective mass opproximation in the presence of applied

mngnetic field alomg tse dirsction of growth axis (2-axis) & written as

. b B 21
H...=—'ITF-'?f.-h-hl{-_*i'_.rw"r’.,ﬂ,a*.!l+‘-’..[I.~~:r:1+1fiLq+L.=*%—lp.*m*m =

wliere, 2= 2, smce it & treated a5 oa heluom Lke impuriny aod v = o/ 2R* (e — eyelotns
frequency) is the parameter of the strength of the magnete Geld and ¥ = | comesponds to
=[ |31 Tesla: » =.,.|';}T ¥, =m in the mean distance of the parent scoeplor
atom and the carrsers ottached 1o i,

The profile of both the square and parabelic conlinng potentisl Va for the corness is

given as,

| 2o @ 7 i
»'H-J'_r'“*'“ i) el s L g i
|I'|'-|'_| |:':||-|:I-||I|:|::.|I|-,':I|-_ L : {1.2}
: |© i e | % e ¥ ]= L2 :
¥ - ! o " Sjjuare
. IIL“ |EI|I|_"'||.P-_I|.|'_II;|:- L2

Here, L is the size of the QWW and Vi=30% AES, where, AE" s the baml gup

difference with magserie feld and s given by [26]

LT
‘B o q | MoExXp T S 23
AES AEF{—H_I—‘ (2.3
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and becasse of which, the sirength of the confinement potentinl &5 rapadly reduced and

resulis-in the medifications of electrical pnd opoical propertics. 1= exp[n';.'n] . Where, @ is
a pasameter (=05} wmd T 28 the eritical magnetic fiekl AE® and AE," sre the bond gap

difference with and withow magneti febd respectively, The band gap of the material is

given by Ey (CdiaMn,Te)= 1606 + [587x {meV), The criical magmetic Geld o depreds

upon e composdion of magaete wpuarity. This eritical field (o Tesla) for varsius
compositkms cin be obamed using the foemuls By = Az exp [nx], where, Az = 0,57 sl
n=16.706,

The approximate wround state encrgy for confined acceptor impurity with two boles has
been calculated using the variational method. The envelop function I (2] i considerad for

both square and parnboli confining potentials as.

@, X137 8 e Y] = Casfa, 3y ] Confm, ) | Cosfre, 1, JCodfn, ys |
— Sauare (2.4}

@, Ly Xy = B bt gt B vl |

..JFu.n:"--.lIJI -.:_.u..l':':, -|l': i
= IO S R s

—s Paraholic i2.5)

¢|'I le Fl I:':J I:I'-j 'l - H. I"-II.'..I -lll'lll-ll! I'-' J "J L

where, e =(m E &), L aAm{V¥,-E) MY o=he, i Am(V,-E V).

E, and E; are the lbowest subband esergy for square and parabolic potentiads respectively.
E, E; and the constants B By, are obtained by chioosing the proper bowmndary conditons,
The trial wave functia of 1he ground stete of the twe holes Boumd 1o an scceptor mparity

is chissen as
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3 -r.| -
n, .i._.._ln'J:IEJ+' 1 s |.|g.-,|-|a.,|.|:|-,| < 13
[

— With Learelagi oo
PREEE I e B T AR
e R A 1T !' (1.6}

B, s dg ™ 2

— Wighvast {omrelntion |

|
Y N AT T

where, Naj, & the normalzation constans and A s the vanatonal pararmeter,
The expectation value of H & munmzed with respect to & and the hole — boele infernction

encrgy s obiined as folkwws;

WLK, V% ::| {2.7)

H_ --.:l'ﬁ.!._.:f:_'l._l.:rl 1 r'lmll'p'.!._.:.-I.'l|._l.:|-J i E --.'III‘I|:|;I,':|-__:-;“!.II i .
l ll - III .r=

The bindimg emergy of the acceptor impurity with two holes m the peesence of magnetie

field s found by solving the Schrddinger equation vaenntionnlly amd s given by

Ef=2Ea + ""{H}mi.u (2.5

2.1.2. Results and Discussion

1.1.L1. Hole - Hole interaction in 2 Square Well Confinement

The results for the variation of two - hoale bndmg eneegy of the acceptor impurity and the
Coubomb intersction between them which we confined in & serarmagnetic OWW with
squane band Gffset o vareus applied mngnetic felkls (y = 0, ¥ = 004, ¢ = 006) by
neglectmg the correlation between the two beles (Case 1) oo the chosen wavehistion as
diven i Eqn (2.6} are presented in fiz. 2 1a and 2,10 The solid lnes represent the resulis

forr the On Centre {OC; Z=01 acceptor impuariy and the dotted lines show for On Edge
13
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(OE: £=1L72% accepror iopurny. One observes a fall in binding energy and interaction
encray when o magnetic field is appleed. The possible explonstion for this fall of binding
eeray and the interaction with the applied magnete Geld may be due 106 the reduction of
the  polential  Irrie (142w,  6ObmeY  and  MnwY oo =1,
o =004, ¢ = (L06 respectively which confines the interacting carriers (holes) and thereby
the mnpurity encrey levels Bbeoeme shallower which causes the winnelloe of the carrbers

through the barrier Cd, Mo, Te,

it 1
gty TVt Cesrvmladiin Syuade CnnSnement i iy Wrthuud Corrrlaiices Kyusre Confiecimneal
e
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Flgure 2.1 Yariatsen of {a) bading coergy and (b)) interscton encrgy of the two holes
bound to an aeeeptor mnpurity in o SOWW with square well type conlening potential for
differam mmpurity decatioas amd magnetic feld by neclecting the comekation between the

CACTRETH.

This reduction i the binding and tle interaction energy oo function of applicd magnetic
field & clearly seen only in the narrower wire size as one can see from the figure that bath
the energies converges wrespective of the applied magnetic fekd, when the wire size is
igcreased ffom namow 1o bulk fimnt, Moreoyver, the effect of magnetic Geld on the binding
energy and the imeraction energy 15 less pronounced when the impurey 15 placed at the

imerface between the mon — magnetic amd semimagnetss levers L, for OF impurity,
14
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which has less hinding inaide the wire as comgared 1w OC impurny. Thougl the imgsact of
mognetic fickd on the strength of the imeraction between the two hales 18 small for OF
ity case, it & ool entieely negligible s one can see from the oumerical value of
imteraction enerey which scales down as the mmgnetic field nereases. It B suipeising o
note that the strength of the Coubomb interaction between the two holes is comparatively
negligible for OF impurty. This prodigioss fall of imeraction encrgy for OE imgurity
may be well understood from the et that there & a fluctoation m the cortelat o of Mo*
wns along the mterface which produces e local changes m the tofal height of the
potendia] barrier formed botweon the non — magnetic and magnetic layers of SOWW,
Ohwing fo thes fluctuation, the carmers boumd fo the wire are driven choser 10 the interface
regieih In additkon to thiv, the non-sccoumting of the comelation between the two holes
which is chosen in wavelunction may alo comribte o the substantinl reduction @ the
streigth of Coulomb mteraction between the two hobes,

Fig. 2.2a and 2.2b depict the variation of binding cnctgy of the acceptor impurity with
two holes and the emtersctsbn encrgy apainst the wire size m various magpetie field, when
the comelatien berween the tvwo holkes s accounted (case 1) in the wavefunction, The
continuous lnes represent the variation for OC impurity and the dotted lines for OF
irpurdty. 1t s noted feoom G 228 that the trerd of the binding energy agamst wee size
for various magnetic field s as same 39 the trend of the bmding enersy in case [, but wih
kower in moagnitude. The comribution of the corelation between the tod boles (o the
binding energy s about 20 - 30% and o the Coulomb mterasctemn 15 about 70 - 804, The
reason for thisseduced binding and the Coulomb interactssn can be explained through the
kinetic encroy and the potential eserey variation of the camviers for both with aod withdow

including the comebation which has been compared in Gg. 2.3, Despige an increase m the

15
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Kinetic oserey of the carriers 15 observed for the case 1 a lorge difference in the potential

encray variation betwoeen the two cases is also noticed.
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Flgure 2.2: Variateen of (a) bimding coergy and (b) interaction energy of the twio holes
bound to an gcceptor Enpurity in o SOWW with square well type confiming potential fod
different impurity locations and magnetic fGeld by accountimg the correlation between the
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Figure 2.3: Comparison between the Case | and Case 11 by plstting Kinethe energy aud the

profentind encrey variathon against wire size for y =i,
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The caleulaed potential energy 5 mere negative for the case | compared to the case 11
which means that the carviers are strongly attached to the parcnt acceptor atom only when
the correlatien effect 5 ignored. Therefore the binding energy of the carvier will become
very lesswhen the correlation effect is taken into account between the two holes: It s also
noted from g 2 2a that the fall of binding encrgy with respect o magnetic Nield s mst us
rapil as-the fall of binding energy observed in fhe case | as one can compare the
numierical vahies of the binding encrgy m both the cases from fig. 2. 1a amd 224

It is aeresting o note the ncrease of Cowlomb interaction between the twe boles as the
wire size 19 dlwunk towards e nareewer region and 7 attaing fle maximum around the
wire size of 80A wsd beyond whech it starts 1o fall again which is contrary 146 the case |
where moe such turdover s noticed deainst the wire swe. 1 clearly mdscates that the wise
of size S0A makes the carriers w interact more with each other when the correlation is not
considered between them. But, for Case [1, a wire of size 80A is needed for carviers to
repel each other to a greater oextent.  Indeed, the applicd magnetic field shows iz
prominent effect by suppressig the amplitude of the peak observed for the infernction
encrey ab arcund #OA. The effecs of masnetic field on the binding of the carriers inside
the QOWW e OF impurity 18 oot mach appenling as expected. But, by comparing the
resubts of Coulemb miteraction for both the impuritees frome fig. 2.2, it is ooted that the
effect of mpurity kcation 15 nol very significant on the Coulsmb interaction between tie
e holes ds the strength of the inleraction & consistently mantained for smaller wire
size, when the impurity moves from the center 1o the edge of the wire which reflects the
importance of correlation depeéndence of the Coulomb interaction between the two bioles.
I.1.2.2. Hole — Hole interaction in a Parabolic Well Confinement

The ohtamed results for Both the binding emcrgy and the interaction encrgy of the two
holes as a functson of wire size are plotted in fig. 248 and 2.4b for the QOWW with

1y
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parabodic confinement, 1 158 observed from the pesults that both the bindisg eserey and the
imeraction eneroy are moch larger in the parabolic confmement than in the square well
cirifement wnd 18 again clesr fom the g 24a and 24b that both the encroses
decrease as the wire size Increases as expected. When the applied magnetic field &

increased (y = 0L06) fear 10 the eriteal magnetic Neld (= 0L073), o tumover is 8een in e

binding energy ngainst the wire ize.
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Flgure 2.4: Carvbers in Parabolic type confinmg potential. Yariation of (a) binding cncerey
andd () imtenection enerey of the two holes bowid to an sceeptor impurity oo SOWW for

viirses magnetic feld by negbecting the corrélation between the carriers.

The reason for this turnover many be atfributed o the fzct that the confining potential
replized By the carniers is aubstantially reduced because of the applied magnete Tebd us
dizcussed in sectwat 3.1, Therefore. the wire of size S0A does not Gvoer for the larger
confmement of the carmrs inside the OWW for v = (L a8 in the case of z2eeo {7 = 0 amd
bwer magnetic field (v = 0004 since there 5 a finite probability for the carners 0 tunnel
through the bareer when they are bound W the wire with reported size. The mutial
repukion between the two bales is eaised a2 the wire of size 604 and it is noticed thae this

i the optimezed wire size for the carriers 1o repel each other 10 greater extent Frespociive

i
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of the applicd magpete Deld, This may be due 1o the omission of correlatisn m the
wove function. But the mclusion of cormrelation in the two hobe wavefvention shows o
proculiar trend of the binding as well as the mteraction energy &5 a function of both wise

size and applicd magnetic Held as shown in fig. 25z amd 2.5h
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Flgure 2.5 Carrbers in Parabolic type confinmg potential. Yariation of (a) binding cncrey
andd () imtenection enerey of the two holes bowid to an sceeptor impurity oo SOWW for

viirses magnetic field by including the correlation between the carrices,

With increasing magnetie Oeld tlse Coulemb repulsaen inereases, sinee the two hokey are
closer wrgether. This behavior once again elucsdates the importince of pccounting the
cormelatéon n the wavefunction. But. by neglecting this correlution effect one would
crocecusly assume that with the applied magnetse field the Coulomb interaction between
the holes & docreased instead of concluding that it = on iscreasing finction of applied
magnetie ficld. Moreover, one would clearly notsce from fig. 2.53b that the interaction
encray b5 a decreasing function of wire size and when the wire size 8 ingreased beyond
ROA, B ls nearly o constant.

Héswever, inferestimyly the wire size a1 which the onset of saturstion &f Ew occurs 18
shiffed to lkigher valoes of wire size when the appled magnetic Geld is indreased from

1%
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=010 y=006, The resulis presented in @i 2528 astonishes as the continemem of the
carreers m the low dimensional regeen 5 very omuch less under such parabole
confimement when the comelation effect 15 inchited a8 compared to the bulk Timig, The
prhiots fior the viriagxey of kKisctie energy, potential encrgy wmd the barrier potential aeainst

the wire size for both the cades uee presented in fig. 2.0a amd 2 6k
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Flgure 2.6: Comparison between the Case | and Case 1 by plstting Kinetse energy und the
posentis]l cnergy variatbon against wire size for ¥ = 0 when carriers are confined in o
parabalic potential, (a) Without including the Cosrelation and (b) With mcheding the

CisrreEat .

Even though the interaction emergy between the two hobes resches a conatant value ns
seen from Ng. 2.5b and the bulk fmit may provede more space for the two hokes o depin
fromm cach otber, the Coulomb inferaction of both the carriers with their parent acoeptor
a0ar 15 very strong as compared 10 the fow dimenssotal region as shown in fig. 260 This
may be due to the Gaussian nature of the wavefusenoen in parabolic confinement. The
reliability of these resulis could not be verified & there are no experimental resolis in
such SOWW sinphasized with hale — hashe interaction, But, the results lave boen vierified
o some extent by reducing the two particle Hamilonian to a single particle Hamiltonean

by treating the carriers as sol-inlersciing,

0
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1.1.3. Concluding Remarks

Aninvestigation of two — lobes confined moa SOWW has been made under the effect of
applicd magpetic field and also the impurity locatien. lerespective of the namuse of the
confining potential, the correlation effect comnbutes o0 8 greater extent on the Coulemb
imeraction between the two hales confined in a SOWW. While, in the case of parabolic
confimement, the percentage of contribuen by correlation 2 abour =4% 1o the binding
cnerey and 15 abowt =Wy 1o the Coulomb interaction energy tor smaller wire size, in the
case of square confinement, 1t s abowt 20 — 3G and TO-80% respectively, [t is not

possible to check the reliability of our results as the experimental results are not avatlable,
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22. Impurity States in CdTe/ Cdr.o3Mng sTe Quantum Well Wire: Effect

of Nature of the confining potential along in - plane directions
Thig sectwsa wirs 1o discuss e domos'scceptor mpurity birdog eaergy in CdTe
CiaMin Te OWW with sguare well confinement abg a2 — directisn and parabolic
confisement along v — direction under the influesce of extemally applicd magnetic ficld
which has becn computed using variational principle i the cffective mass approximation.
The Spin Polaronke Shift has Been comgaited for the donor impurity, The impact of
directional dependent effective mass calculated from the Luttinger parameters on the
binding coergy of the heavy hole bound o an acceptor impurity has also been
ivestigatod and comgpared weith the sesults obtamed for the constant effective mass used
in the envelope function. From the observed resulis it s wsderstood that the miluence of
the shape of the confining potentinl along each disection of the confinement in QAWW
plays a crucial robe 1o doetermine the stréngth of the bindmg of the carriers inssde such
OWW and 0 s to be noted that the carriers can move with higher mobility wisen the

directional dependent effective mass iz employed in the calcalation.

221, Theoretical Fortnalism
The Hamiltostian of o hydrogenw donosfaceepior impurity o the presence of magnetic

fiehd in CdTeCd Mo, Te Quantum Well Wire in the effective mass approximatom is

HIven as
H=- [l *h‘qx:-_‘,_._r": & +‘-.J|:y:--=‘2 d2-£+ By +'-’EH? 1* (2.9
m b m gy M et € e - Sme '

Defining effective Bobr radiuy gd*= hesm®” & unit of bength, effective Rydberg

R* = ¢ 2gop* s it of enerpy and the strength of the maenetic field parameter
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¥ = D 2R® (e — oyvelotron frequency amd ¥ = | comesponds to 303604 Tesla for donor
impurity, 113 Tesln and 863Tesla for the sccepior impuriy with corstam and the
direcuonal effective mass approaches respectnely). m* is o the effective mass. of
chectronheavy hole m CdTe'Cdy Mo Te and, & 15 the statee dielectric constant of CdTe,

Vix) and Viyh are the finite confinkeg potentials in the - and y-direction, respectively,

Yix) s & sguare well potential of height Vo end Vi) 8 & parabolic well potental of
.!_,m.euzyz, whech are given by,

1] .|x|s L3
Vish=4
W

4 L2
{20
pmery' s

=2

Viy)=;
v

rl}'l? L/

a

L

L s the width of the rectangulsr cross section of the wire and Vy = T0%AE," for the

conduetion band and Vi = 3AE" for valence band; AE? is the band wap difference
with magnetse Oeld and i given by Egn (2.3) in which, the erifical magnetic Held By in
Teskn for different composition s given for the dones impurity az Bs = A ™ with
A=073 wnd = 19082 [29] which gives the best it to the extrapolased experimentally
available critical Nields.

The trexl wavelunction for ground state domoc‘acceptor wmpurdy i sech OWW wish
different confapemenis along 1wo directions & given by

=N wixhwly) Expi-it] (2.11)

where,
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. | 2
Cos[a,x] Je|sLez Expl-u, 3" |sj=L/2
Wik oyl (2.12)
B Exp[f ] P‘.l:- L /2 B, Exp[-f,v] -|!l"|3" L2

Mi. i the normalization constant.ag = Im:.,r]':i.l'.l'.-: 2 Fe={2m (¥, -Eg}/ w2

,3_].|=1l_lhm. Bp=t2m (V, -Ep V8 Y74 is the variational parameter, "B." and "By are

obtaimed from the continuity cond it
The binding energy of the donor / aceeptor impurity in the presence of magmetse field is

found by solving the Scheodinger equation vanationally and is goven by

ERVW = By +Ey+y-(Hp, ) (2.13)

2111 Spin Polaronic effect
The modified Brllowin function [30] 1w invoke the exchange imoracton between the
corrier angd nmsagnetic imparity i the presence of an extemal mognetic fickt B, vieldmg the

et polaranse shifi which = given by

Egp = !-":-H-EH“{{"Fl | Bty |4 4+ | xaBaiya )| 3}} (2.14)
. sppe|
S8+ 2841 4 T |";| gugsh ~
e T e T 0 Tt TS s T i e

whare, [} - exchange coupling parameter, 8 is the spin of Mn®" (=52), and xMa is the Mn
ion concentration with No = 2.94 = 107 cm™ and N = 220meV for CdMnTe. Alsa
i =2 and B i the strength of the external magoetic Seld, K is the Bolizmzan consian

arsd By vy is the modified Brillowin function.
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2.2.2. Results and Discussion

1.2.21. Donor Bound States in QWW

Oservations have been misde on the binding energy and the Spin Polaronic Shift of the
hydroegenie donor impurity confined m & OWW wih square  confinemient along
x-direction amd parabolie confimement along y-directeon for the various magnete field
(4 =y =3, and y = 6) applied abonge the free directon “2°. 11 can be secn from fig. 2.7
that the donor binding energy decreases with increase . magnetic feld. This 15 due 1w the
fact that the applcation of magnetse fheld reduces the confining potential bamer helghs

avcarding to Eqo (2.3) thus makag the donor kess confined in the wire.

il
Donor a— y=0
—— 3
. fi ] I
-
g
i 11
o
5
.
E" LY
=
= -
Ak
i s
(2.7)
"= 1043 1548 20} 250 06

Wire Siec {A)

Flgure 2.7: Donor Bindmg Energy ve Wire Size for x=0.3 {or various magmetie beld.
This can be pustified fram the probabiliy distrbution function plotted s o 28 for y=d
adl =6, It can be seen Fom the fgure that e Probability density of the ebectron

confined mside the wire is higher in magndude in the absence of magnete ekl tha i

the presence of magnetie ekl
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y=U and L=100A =6 and L=11M4

|u|_;-' |"E":| ': g -

T

| e
g

2
Lo T
.'-||'|"

e ——

Flgure 2.8: Probabilivy distributsen |"'F:||.'rf[|:|£- electron ina OWW under y=4 and =6 for

wire size L=1004_

It is also observed that tee binding energy decreases as the wire size iscreases which is an

expected one in any low dimensessal system. The reliability of our results can be verifbed

as:
Square Well '

E‘]'g}"-"-""-'-" hes 1o “B i e

AT Egnuhnllt well e vin ¥

where, Eﬁ'F"“ ¢ Parababic Well i yhe donor biniding energy of a Quantum Well witl Square

 Parabalic potental confinement [8, 31}

The variation of mageetie polironic shifl of the donor impurity for g =0,y =3andy =6
ig gived G %=03 in e 29 It & weticed that there 4 & drstic merease @ the Spin
Polaroaiic Shift with increase in magnstic field as there s an iscrease in the exchange

interaction between the magnetic wns and domor iy,
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Irosrvaesr
PENINY 3
= gy | i . . . e 4
E O-E- e £ ¥ ¥ i
E ui b
o ——
E 40 y=3
-
= snl
(2.9)
al u"-'-"'.-E---— L) = = o !
] TR L] B il b Ll 11

Wire Siee (A)
Flgure 2,9: Span Polaronde Shift due to the donoy BMP o0 Wise Size for x = (L3

viaraous magnetee fiokl,

2,201 Acceptor Bound States in QWW

This sectn discussed the investigation that has been mode on the binding emergy of the
hvdrogense peceptor fmpursy confiped moa QWW with square confinement along x
direction and the pazabolic confinement along y direction for varous applied magnetic
fickl (v=0v=003, andy = 0.06) along the free dicection *z' for the M ion
eomgspsition of x = 0.3 Two different effective masses are emploved. (i) The values of
thee effective masses of the heavy hole used in Eqo (2.9} are waken s a constant along all
the directions within sach nmterml comprsing the QWW which are apgroprated to the
bulk nmterials s defined through the bulk bamd strecture (Called as appeoach 1),
(i} Directional depesdent effective masses (gpproach D are vsed for the coleulstion
derived from the Luttbiger parameters using multiband kp nodel for the beavy hole

which are refated to these band edge effective magses through the relations,

m, =iy -2l L along " direction
My S pe b inplane effective mass
Efi
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The nurerical values of efective masses caleulated through these two approaches for

CdTe and CdioidMmi Te matenials are Heted as follows

L
iy, =060

:I' | Conssu effective masy appreach, w, b represents the well and barrier region respectively.
My, = .67 [

L Ll
Mg =051 l by gy =0.1912

: along zdirection |, iy prlane effizctive mass

= == 3

fmy = III.SHﬁ| i, =0-2677

B

..|'|.||.'||1.l|1d|.1r

st i S iyl
b |

Atz piar

-t
= e “IIII.-JI - .58

: B B =

L T L

Tine e (A

Flgnre 210 Varaton of acceptor binding energy 55 a function of wire size for varwis
magnetee feld moapproach | and 11 Varation shows (ap for quite o large range of the

narrow wires Lo, dess than 60A aml (b) for the wire size limiged towards the balk limi

The wariation of binding encrgy as o functin of the size of the CdTe OWW which s
surrounded by CoioaMmoo Te barrier matenial Sor (i) constant effective mass approach and
(i} civectwnal depemdent effective mass approach s presented in fig. 2000 [n erder 10
ahow the signifcan effect of tlse two approacies oo the carmar conlinerment observed for
the wire size ks than J0A ag shown in fig. 21004 2,106 for the narfow size of the QWW
less than TOA and the wire size approaching towards the bulk Timit. The comcept of
substantiol rediction m the binding energy of the camriers and the occurrence of furmssver

and the nodable shift im0 a8 function of wire size with the applicd mognetic fieki do
ZH
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agree well with the feature of any DMS Low dimensecasal system [20, 25, 26]. 11 is clear
from the figure that the mumencal values of the bmding energy calculated in approach | s
itch birger than the resulis obtwined o oappeeach 11 This = becauge of westing the

effective masses 85 isotrepic in the Broser which are theee times larger than tlat of the
- * - . .
masses aken along the confined directions my, o in the lamer cazse. Simee, the effecuve

masses are very small along the confined deections in approach 11, the carrers can move
ingkde the OWW with higher mobility which leads 1o the Bawer Binding of the carviers 1o
the parent accepion Ao,

It s apparent from the fig. 2.1 16 that the discrepancy between the two npproaches s
larger for the wire size of 30A and bevond which this difference becomes Jess amnd &
reaches a saturateen when the wire size approached 1o the Bulk linit when the system s
subpected to hower magmetie el strength (v = 006 ) and foe zers ¢ This is aftnbuted o s
constant effective masses which are derived frem the bulk basd steucture that has been

usedd ilong all the doections even Tor marrow size of the wires,

Al
171 FRSTRSEES I:I.dlq_l.n.‘: i liia J|1.-|-|ir|
i
B
i
B
=
'!m ——
3 —&— =i
(2.11a) et {  (1b)
W0 s W EI0 180 1N 110 240 T I 5B m Mmoo o4 MO M E W R
Wire Siam LA W re Shas (A

Figure 2.11: Difference i the acceptor binding eacrgy between approach [ and [1as a
function of wire size for various magnetic Geld. {a) Discrepamcy shown for the whole

range of the wire size angd (b) shows for quite o lzrge range of the narrow wires (< TOUA).
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But for the appled magnetie field of higher strengthe 4 = 006, 0 is observed that the
diffcrence m the two approaches is arger only when the dimension of the QWW reaches
the btk limit tlan for the norrow dimension of fle wire. Moreover, it 18 noted from the
fig. 2.1 L that the discrepancy betweeh the twe approaches decréakes with the increase of
applicd magnetie fiekl

All the above resulis can be pstificd from the probability distribution fuscton plotted in
fig. 2012 for y=lb gl =000, I can be sedén from the figure that the Probabiliy densiny of
the confined beavy hole inside the wire is higher in magnitude in the absence of magnetic
fichd and for the constant elfective mass approach than in the presence of magnetic ficld

and for the anisotropic elfective mass approach.

y=0 and L=50A y=1L06 anid L=50.4
(approach I)

] ;
100 ~% & M0

o

d
1 ett?)

Flgure 1.12: Probability distributson |'-]"" | fior ey hiobe bound to an acceptor mpurity

insibe the QWW of size L=30A under y=0 and +=.06 for approach 1 and I1

b}
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2.23. Conclusion

The stedy of the magnetic effect on the dowor / scceptor impurity confined i sach o
OWW with vareus confinements abong two directions s imponant zince it is possible 1o
investigate the wvarions properties like magnete excitabions and other magnetos optical
rransdions and also o simulate pngd Bbrcare OWW of different cress sectiomal geometry

and confining potential according to the reguirement for various device applications.

11
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Chapter 3 Conlomb rateraction in Seutinraguetic Q0

Chapter
3

COULOME INTERACTION OF DOUBLE ACCEPTORS IN

SEMIMAGNETIC QUANTUM DOT

3l Introduction

Magmpetic and Semi-magnetie favostructure systems like CdaMn,Te / CdTe Quantum
Dant (013 & dirnwing considerable attention due 10 Spintronic applicatyas, possibility of
realizing the optochecironic devices and exhibiting the switch over of the syvsiem from
type — Fiotype — 11 [1]- It s well knowns that Conlemb mteraction between accepior states
leads 1o iscrease the significance of many body effects. The My concemration in
mvmagnetie  Semconducter gnves rlse to formomagnetEm and  oetallie  trmnsport.
Conkemb mteractusn within the O gives ree 1o the phencinenen of Coulomb blockade
of tramspaert ond s influence strongly depends on the size of the QD [2]. Moreswver, the
infrared spectra of acceptor-acceptor mderaction 1 51 and Ge show & amall splitting
which camnmol e exploined unless eme consaders the noceplors intefaction |3]. Recently,
thepretical investigation las been carried out on the Coubermb interaction oF the two holes
in & Semimagnetic Quantum Dot (SMOD) [4, 5, 6. 7} and also on the encrgy levels of two
holes moa nen-magnetic O} with parabolie confinmg potentind [8, 9] Bue sl there are
dnceriamiies in the mture and tvpe of potentim] that exists in QD). Broy et al [ 10} and Yip
[L1] Bave demonstrated the evidences  for the assumpton of parabolic  potential
confinemient in QD) which is the motivation for the present woerk, In this work, we

i
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investigane the effect of confinmg percntial like harmonse oscillator tvpe on the Coubomb
interaction between the acceptors and their binding energy in the presence of magnetic
fickl in Cdi MiTe/CdTe Spherical Cubical Quantum Dot (SQDYCQD) and the resuly
have been compared witls the resubs obiaimed for e case of abrupt bond offset. The
spatially varyving diebectne sereening also has beén used to see the effect of screening on

the Couksimb interaction of the two hoeles insuch QD for M composition of x=003 wsing

varintional pronciple in the effective mass approximateen. In onder fo o show  the
gignificance of the correlation between the two lsobes, the caleulations have been done
with and wihout inclading the correlatoon effect m the geound state wavefunction of the

scoeptor anpurity and the results have boen compared.

3.2, Theoretical Formalism

Detining effective Bobr radins a:.ﬂ= Ie/m*e’ as unit of lenoth, offective Rydberg
R* = ¢/ Zpoagas undl of eseroy and the strength of the magnetic field parameter
¥ = Do 2R (s — evelotron reguency), the Hamdltonkan for the double acceptor iungurisy
confined i a CdTe/Cdi -MnaTe SOD /COD & written as

Hy =V V-2 2Vl 4 Vit 4k <1g, <0 3“‘"" AL “;“‘ L’=‘+|ﬁ 1‘:| (3.1}
| k2

The parabolic and square confining potential for Cdp oM Te SO0 18 given by,

1 5
vyelrmretitall Rblale® gl
I'vg ol s |- R (32)
|# [ |z |= B
W - i RQuUABre
B v bl s |- % 1

15
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where R is the radius of the Quantum Dot and Ve=30%AE", where, AE" is.the band gap
diffcrence with magnetxe field and is.given by Egn {2.3),
The trial wovefunction for the ground state of double ncceptor Imparity in S0/ CQD

with square and parabolic confinement I8 2iven by,

i 4l g P - _ Bina,n - Sin wes
Fop 12 S 'E-Ed' '-.E'I""r" w i A2 5 T
— SO0, Parabolic | — S0, Sguarne (3.3)
. c'ﬂprl u-jir"-: . B d_ﬁ'.!.rl u'-‘“:
Ihl:q'ﬁll‘H‘T_rl__Tz_ |._|:I'|.rj| EE "R
I Y. 1. f . |
[ (34 2y XA 2 b =@ T T TR Iy T
-+ 0D, Pazabofic
fulmdi ixsyp ey =3, g Pt g s
(34)
Fie (%33 vy e mCosi, 8, Cosa y Cosa ¥ Cosa x Cosa y Cosa 2
—+ 0D, Sepuare
Fuixp ) Fykady sl =N e-lLlil-'T-.'l:IE_-ﬁ.l'u 5 el
whare,
&, ={2nE FIN )T 0 =2V, —£ )W) = %.F!.-.u A=V, —E )3 ).

E« and Ep are the loowest subband encrgy for square and parsbplic potentials respectively.
Es, Ezamd the constants Hs, By are obtained by choosing the proper bowmlary. consditions,
Thee trial wavelwsctusn f the ground state of the twe holes Bound 1@ an acceptor imgurity

is chiosen as

i L
Ll
L=

w

|. |'h t-J'F r_|

r!r E_-\.l. gl

- — mmncmd.uu-H {3.5)

Fina | = Ny =% With Correlstion

I-= t—:’. I r1si

where, Ny, s the noemalizateon constan and A 5 thwe variational parsmetes.
L
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The exwpectation value of Hgp 1 mmimized with respect o A and the lnbe - hole
interaction cncegy ( Exd is obtained by

Hoo = (inn, b | wenn | oS00 H_ = (w0502, %a.00 250 [ [Wing 2 sy dagd ) <000

E, -l:llum-l-:- in—l
| &

Among the several dielectric sereening function worked out for semicomnductors, the form

(3.6]

§ i 4 Y
] A Y :|-+!-iI::I.I1_ E“-,:Il.j:r:l,_l.-:,.:el.:-::.j_.,.l:_ﬂ me,.y,:,.ﬂz.h.:y :I PUCED
|I ) | |I

given by Hermansen [12, 13, 14] hag been considered for the calowlateon as follows;

() =) w1 ) expd-re) (3N
where, gois the deelectric constant &= a functin of M comgositean amd 'c" 4 8 sereening
parameter chosen to provebe a goad it of the Founer transform ol Eqo (3.7).

The Bincding emergy of the two lxeles in the presence of magnetse fiald & found by solving

the Schrddinger eguanion varistopally asd finally obtaiped wsing the Egn (281

33, Results and Discussion

Fig. 31 presepts the binding encrgy and the Coubmb Interaction energy of double
acceptors a5 a function of dot size for three differeat borrser height (142mel, 6hmeV,
29meY ) comesponcling 00 the magnetne Geld strength of [y = 0, 0004, D06 reapectively
for both SOD and COD by including the comelation (Case I betweei the two holes in
the wavelveinn as given m Egn (3.5) 11 can be seen from the figure that ierespoctive of
the geometry of te QD there 15 o rapid redaction o the Coulomb interaction eergy a8
well as the hinding cnergy when the magnetic feld (y) & increased. smnce the applied
miagnetie field geeatly aliers the barvier hedght of the QD sccordme o eqnd2, 30, In both
the cases (SO0 & OO0, the Binding and the mteraction of 1he two hobes inereases o a

maximum arcund 204 without applying magnetic ficld (¢ = 0) bs slown in the fgure,

37



Chapter 3 Conlomb rateraction in Seutinraguetic Q0

This is due 10 the effective confineopent frequency scales with the inverse square of the
dot size (02 a /L) and the typocal interetion enerey drops inversely with increasing dot
gize (Yiomenn o0 /LY, which may be due o the fisct that decreasimg the dotv size, the
wavefuncton is more squeered n CdTe dor, leading 1o the stronger himding. However
boyoux! & certain value of dot sise, the wavefusction 8 spread e the barrier Cdi

MueTe, keading to the reduced conlfinemsent of the holes @ the well region. When the
gtrength of the magnetic Oeld s increased tovwunds the critical vilue (vamshing of Vo), the

encrey maxinim shifis towards the dot size of < 60A
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Flgure A1: Vanstion of bhunding energy and the isteraction energy a5 a function of ds
gize for SOD and COD winth square confinmg poleatial when the comrelation between the

b les are considered in various applicd megnetic field,

Tihiis belavior of the energy a5 a function of dof sze {for a given magnetic field) can be
attributed by the following facts, (i} For extremely narrow dot size {=20A) the repalsive

Ll
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force between the two holes gain in strength and couses unmeling. (10 When the dot sgee
s larger {20A< (R.L)= 60A), an attractive force die to the confining potential and the
et field induced localstion win over tunneling and tend 0 confineg the holes
iegether insude CdTe dt. From the above srguments, one expects the onset of quisi
O-dimensional effects w0 occur when the effective Balu radiug of the hole-lwsle pair is
comparable to the size of the QD The jonizatsen encrgy of the double bobes = Barger in
SO than m COLY asshowe in Az 3 8s and fig 3 o which i justified by the distribution

furscisen of hinkes inside the dot as slown in fig. 32,

{a) i)

Flgure 1.2: Probabiloy distribwtion |'+"'| of the hoks inside the QD of size 30A for

{a) vy =0 (b) y = 0.06 for cubkcal { Blue) and Sphoerieal {Red) Cheastum Pot.

Hence, the Coulomb inlemaction between the holes 15 strongly enhanced only in dod wizh
cubical gewmetry ratlwer than i spherical geometry, This is doe 10 the fact that the

confinement o spherical peometry decreases the Kinctie energy of the doubie hales thas

ko)
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leadimg 1o the enhanced bmding energy. Fig. 3.3 shows the resulis obtaised using the
spatially varying dieleciric sereening function (e'(r)) as given in Eqn (2.7) and have been
cormgared with the resalis obtaimed for static dielectrie constant {en) Inside the spherscal
QD under both the sguare and parubolic conflinement by neglecting the correlation

{Case [} betoreen the two hobes in the chosen wavelunction a5 given in Eqa (3.5

E'p.ﬁ-’l-i-p__\_. - T-IJ - e Db T-'l:lﬁ e T a ey Wil
Lo T ., =Pk e =l e g 1
- e s L1 .
o=l B Mol sweri Ser—g = g RS oy - T EO T AN
E “'ﬂ-—. Tt e e ’ Ti Fn- Sparaale casveay :E.-..' .... —
[ = Ly « L] -
i W lilmrml Carrnlatian f W .1 T i
- ™ -
=
f i+
LT 5 hllll-' [T L-rr-lF
L = e
| nw“'_u_'_u_'_"ﬂ—-—-.ﬂ__.:
(ERFT {3.50)
e T TiT LTl ThT TS T o - — —- —— -~ s
=t el W 1 e T L he
|;1 qh"h-lll Cormrmlathenn gu ) —p-"asus i “rﬂ.:;l.dll"'mllh.l.lrl fom LDl —T— e Bl
nel 7y ——Passkiclia Wil T _' PR PRI
- C i i
L 2" :'.duh&'""‘—-—m_
Eom _;_- ¥ o i LU e
E - ; E: "aandl'lalw'l-r-nw
inm En
Em ]
I =
P
+ BRI

Ihw samm | 3 Fih B

Flgure 3.3: Variation of binding energy and Ew as a fusciion of dor size for SO with
both squure amd parabolic confining potentinl when the corvelatbon between the holes arc
ignored for varwnes . The mweasuhs of static sereening and the apanally diclectre sereening

haawe bedn reportiad wnd compared.

The results have boen presemted for vy =0 and y=006. The Carners show more
interaction {an cnhancement of = 200 besween them as shown in fig, 3.3¢ and 3.3d with
the spatwally varying dickectrse screening « (r) rather than in sgatic screeming ey the

absence {y = 0} as well as in the presence of magnetic field (y = 04{) rrespective of the

elp



Clapter 3 Conlomb interaction in Senimagnetic QD

nature of the confinmg potental mside the QD for both types of the confining potential.
This interaction energy follows the same trend with the dot sme s both the static
acteening and in the spatially varyimg dielectre sereening for ¢ = 0 and 3 = DA In both
the seecemng, the application of external pwmenctic Aeld eaused the Coulimb interaction
o reduce especially mthe narrower dot dize because of the reduced barrser height. The
effect of applied megnetic field on the B i negligible when the dot radms s increased
wwards the bulk. Morcover. in the presence of the magnetic field o twrnover occurs for
the somaller radivs of G, Thiy furmdwer feature is due 10 the interplay between theee
forces, the first being an attractive force due o the confining pedential in o dot that 1emds
1o confine the hoeles topether, the second being the repulsive force dwe 1o the Coukeimb
interaction between the hole themselves and the thed being the magnetee feld which
feduces the confiscment wnd aids the repulsive forces. A 3 smaller QD rachas, the
repuilsive force gains o streneth and csuses twelling which & tum reduce the
interaction enerey when the magoetic field s spplicd. The binding energy follows the
sanpe tremd with the dot eadius i both tvpes of sereesing & given in g, 338 ond
fig. 3.3b. The spatially varying diekectric screening canses the aceeptos to be more kqnd
ingkbe the QL. The extermally applied magnetic field does mot show any tumover effect
on the binding encrgy except causing the acceptors to be kess bound inside the dot with
the applicd magnetic feld. Both the bmding energy ond the mberactaon encrgy 18 more for
the double acceplers when i s confined with parabobic tvpse potential rather than squsre
type potentinl inside the O, It & imteresting 1o node fFrom Ng 330 and 3.3 that there are
no bownd states for the double acceptors below 60 for the applied magnetic field of
¥ o= 00 i QD with Square well confinément but the bound states are available for the

QD with parabolic confinement. But, when the comelation effoct is considered i the

ikl



Chapter 3 Conlomb rateraction in Seutinraguetic Q0

chosen wavefunction of the double acceptor, the bound states for the 30D with square
confinement stan to appenr even from the dot sze of 40A o8 shown in fig. 3. 1a and 3. Lh

The vesults obgained for the COD with Square confinement by oeglectma the cormelation
between the two holes are presemed in fig, 342 and 3.4b, It & poted from Og. 340 that
the trend of the bimding encrgy and the imersction energy against the dog e for various
magnethe field is as same as the trend of the binding ond the interaction energy in case [,
but with higher in nsagoiude, This may be due to the less attachment of 1le caners wigh
their parct  scoepior som when the correlued hobes are considered. Moreover,
irrespective of the applicd magnetic fiekd, the fmll of binding energy in the case I 18 mot as

rapid as the fall n the binding coergy in the case 1

[
i i Elisaik Lonelaiam 'lilllrl.'l.ﬂln-rd VL ik Do Lal b h_l.u}rl.‘aﬂ:l-llr\l-l
]
i RRECRL LA M i PR TR R T RV E T TR |
=
B ‘E i
s
E"|-| rlh
]
- =
%
h £
H
a - i i
H\r i
(3.4 "
H E.- : g i T o T Tin 3.4
: ; * . " [T 1l as i [T s
sl e b rca it (A

Flgure 3.4 Variaten of binding energy and Eo, a5 a function of dot size for COD with
square . confindmy potential when the correlatien between the holes e dpnored sder

var s applicd magnetic fiekl

The obtaised results for both the binding emergy amd the interaction eneegy of the two
hples a8 o function of det sizg are photted in fig. 333 for the COQD with parabolic
confibement, I s observed from the results that both the bnding enercy wid the

interaction encrgy are much BErger e parabotic confinement than in the square well
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confinemens and 0 is agnin clear from fig. 3.5 thar both the ehergies decrease with the

increase of dot slze and the applicd magnoetee field as expected.
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Figure 3.5: Vanouon of binding encrgy and Bu as s function of dot size for CQD with
paraelic confiing potential under vaneus applied magnetic field for both the nehsion

and e lesion of tlse commelation between the two loles.

To conelude, the Cowlomb imteraction of the two hokes bound 1o an aceeplor imgnirgy in
S0 and COD s very effective and can be comtrolled by the extemal magnetic figkd This
Contkemb interaction m Semimagaetic QD is siniticant m the light of Coulomb Blockade
of iranspon. Moreover, this twoe pamicle interaction can be very helpful 10 understund the
two partiche energy spectrp and the formnton of Wigner erystal m low dimensioaal

syatems ke Quantum Dt Quantum Wire and Qeantum Well.
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Chapterd Senintagnetic Double QW

Chapter
4

IMPURITY STATES IN A SEMIMAGNETIC

QUANTUM WELL

A. Impurity states in a Semimagnetic Double Quantum Well

With the advantuge of laving Molecular Beam Epitaxy {MBE), one can casily fabricate
the Double Quantum Well {DOW)Y Manostroctured systems with varius barrier widths or
heighis. The modification of the barrier height in these DOW s made up of DMS materisls
can be achieved cither by adjusting the composition of the alley used in the barrker
materiol or by the application of the external magoeiie field [I] The presence of a
gueantised moten n the growth discction of the DOW structures sas g huge impact on
their physical propertses, which strongly differ from propemies of narrow single quantum
wells representmg @ physical sealisation of o quasd-2-Dimenseen] systeme Tle dstinetive
belavisur of D)W s becomes apparent especially when the demsity of states are modified
from 30 10 20 due 1o the formation of Landag levels in these structures umder the
influence of ligh magoetic field which hoas a very profound effects on phygical
phicpemenon in 21 systems. Therefore the BOW S made gt of DMS materials provides o
new path to explore the rch varety of phenomens thoough which ooe can mvestigate the

robs of impurites confined 0 such systemns 1o usderstand s ebectrical transpon . and

magneto optical properties.
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Chapterd Donor States in Seminagnetic DOYW
&1. Donor States in a Semimagnetic cd,, Mn, Te/Cd,, Mn, Te

Double Quantum Well
Our kpowledge abowt the imflococe of magmene impurity on semconductors has been
extended 1o study the extensive transport properties in DMS beterostruciures over the past
fow decades [1-8] Considerabde mttention has been focused by many researchers on the
theoretcal myvestigatson of the ground state energy of ydrogenic domos impuriny in Ciads
CALG As Single and DOW sysfems by accountimg varous effects [9-15], Copious
Igeratures are available on the stedy of electronie wd excitomie states i a DOW wigh
non-madebc mEerials under the application of strong magnetse Geld [16-20]. The
magnisto-opiecal study has been carricd out by Lee ef af [21] both theoretically and
expenimentaly (o demonstraze the iterwell coupling i DOWS gsing DMS materials.
Detailed spectroscopic measurements and their successful theoretical mterpretation [6] is
favourable for DMS 10 offer an appealing opportunity 1o clocidste how the BMP affeer
transport  phenciesa,  Therefore: 0 becomes  mecessary 1o account  this  polaronic
corrections w the mpunty binding encrgy and this has been investigated m various DMS
heterostructures by miny researcleers [22-26], But this kind of stady kays ot been towched
vt an DOW musbe from DMS barier loyvers especially with CdooMn.Te Hence the
prosent work is mainly miended for the study of ¢lectronse states of the donor enpurity os

well a5 the influence of BMEP on the impurity states in Cd, | M, Te/Cd, Mn,  Te

O under the external applied magmetic tield for the composition of magnetic imguray
like Ma ion of %, = 0.005 and 5. = 0.3, where x, and %, are the composition of Mo
e the well and the baerker negeans respectively, and also for varcus gy
kecations. The resulis are computed in the effective mass approximation using variational

tuc b,
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4.1.1. Theoretical Formalism

4.1 1L Domor Binding Energy for Varieus Impurity Locations
The Hamiltonian of a hydregenie doner mpuriy  mside the DOW made up of

L

M Te/Cd | Mn Te DMS materials in the effective mass approximation in

1 widl

the presence of magnetic feld apphied along the growth direction (2-ax18) i wriiten as

H - Hh'Hill 'I'*'I':I
H,=—% -2+ V.iz)=1L, +% (4.2)
I

The contribution fom the exchange mteraction between the ¢lectran snd the Mir" ko 16
the Hamihonian can be written as given in seeten 1.1,

Using the mean Oeld theory with modified Brilkeuin function [24], the exchange
mteraction between the carrier and the magnetic impurity in the presence of an external

magnetic ficld B con be written as

BNg §

Eexc = ?;{‘I‘ |1cm!¢ﬂtxm hﬂ,.[:-'|.1|‘l']'{*!’ |”um B 1By ) [ ] (4.3)

where, By & the modified Brllowin fanction and & given by Egn (2.15). For the DMS
o arbiteary &, it 5 inevidable 1 choose the phenomeno bogical fitting parameters [27] of
Saturateoa valoe Se{xie = 0.005) = 2. 11, S0 {Xew = 0.3) = (1L.52 and the cflective lemperate
Tt = T + Towith To{xa = (LO05) = 029 amd To % = 0,33 = 14.9.
The varkous ipuraly positions (o) sccounted for the study i85 as follows.

(i} Om Centre Barrier empurity {OCB) (2= 0}

(i) Om Edge Barreer impurity {OEB) (5 = La/ 2)

(i Cm Centre Well mpurny (OCW) == Lo/ 2+ La 2)

CiviOm Edge Well impurity {OEW) 2= 1a /2 + Lo = La)

kT
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According 1o the schoemse of fig. 4.1, the profile of the confining potential Va (2) for the

carrieTs in symmetre DOW stroctires 18 glven as

ii Ly

o o
—B L ] = [(ZEFLg
Vglzi= | g Fl - i 4.4
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Figure 4.1: Schematic view of the potential prafile for a DOW

L. is the widih of the cach well and L is tle centeal barrier width and Vo=T0% AEM.

The appresimate grownd state for confined donok imparity has been caleulated uamg thi

vireatinna] method. The envelop function iz} &5 considered as

A exp[Pi=+Lgl] o ) I
|—I35|:1|_n.|:+]-_l—h|jrl:“l:'uu1-:|:|: rLTh']-j -Le--.:-.-—LTl:|

Flz)= !l.’ui-h|[1:| - L_rh £z ]'_F' (4:3}
IE--."'n-i.n[uI:—I_-.Ih_r|-=['i'|.'-'s||:l:—_L.|tL!| I_-.Ih_f zw Ly
A E:t|1[—|!||_:—-L|_.I|: ) w3

Here, e=2m BN P and FH2ml (Y -E)/ AY . The unknown constanis A, B and C are
forend out using the peoper boundary conditsons at the mterfaces's = Lo/ 2aad 2= Le.

The trial wavefunction ¢f the groumnd state & closen as,

wir) = N ffz) ™ {4.6)

di
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where, N is the normalizacoen corstant and = 5 the varistional parameter.
The lowest encrgy bevel En without domer impurity can be computed by solving the

transcendental eguation [ 13]
2 costLiy ||+{|.L—%:mirtul_wh—qp+&1gln|ulw‘ju:-1qi—ﬂth=ﬂ with p=mf oy (47)

mh, and my, are the electron effective mnsses i the well and barrker region respectively,
The expectation value of H is mimimized with respect to 2 and the bmding coergy of the
domor mmpurity 0 the presence of magsete Oeld & found by solvimg e Schetdimier
equatan varatsenally, and s given by,

Eg=Ety-{H) . {4.8)
The CdTe parameters wsed in ouwr caleulation are & = 102, m, = 008K, Energies for

electron are scaled by effective Rudberg R:= My & 20 and the effective Bohr radius.

» § T |
o, = HNel mw e,

4.1.2. Results and Discussion

The estimation of < > Le. the effective distance of the carrier from the parest donor
atoan. plavea 8 vial role in determiinmg the carmer bocalizatia n the ponostnectured
syatems. Therefore, one can examine the ampact of the central barrier width and the
extermal magnetic field on the behaviour of ydrogenie donor impurity confined inside
the DOW theough the observation of < = >, To stan with, the varistion of the binding
encray of a donor mpurity confined ina CdyueMngaTe ¢ Cde oM Te DOW and the
< o gmoa function of central barrier width for the Mn composition of x, = 0,005 and
Koo = L withoat the application of magsetic field has been caleulated amd is presented in

section 4.1.2. 1. The effect las been analysed for the two well widths (i) L, = 30A (quasi

L e
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20 region) and (i) Le = 300A (almost bulk region) for various mparity positions. The
first observation we have made is; irespective of the well wiklths, applicd magnetic ficld
sl the mpurity positions, when the birrier width i lmited to zero (Le) Ly — 0A, we
reproduce the Eq of the simgle quantum well which 4 avaikable in the liteeature [28] a8 o
Tokitane case. Om the other hand, when the width of the central barrier betwcen the two
wiells 19 as lorge ad the bulk value, the symmetric wells are completely decoupled and i
makes the donor mpurity to behave in a single isolated quamum well. Therefore, it B
apparent from this ohservation that the interwel]l coupling & possible oaly for the narmmow
harrier width which should be in the limit 0A < Ly, < [0DA which can be seen from
fig. 4.2a showing a saturation valse of Eg for Ly > 100A. The behaviour of the donor
inpuray with the conteal barrser width can be understood for variows impurity locations in

the presence sl m the absernee of the magnetic field as follows,

4121 DOQW under zere applied magnetic field (y = 0)

Thas section discusses the variation of koding eocrey of the doser ity wihen the
systean 8 not subpected to the perturbation due 1o the external magnstic Aebd.

On Centre Barrier Impurity (OCB)

A clear mapection of G 4.2a indicates that the bnding energy decreases ag Ly increases,
when the imgarity resides at the centre of the central barrice. This i because of the
icreased < r > for larger Ly which makes the denor atom and the carrier to be weekly
coupled due o the reduction in Couksmb interaction (fig. 4.20), The inset in the fig 4.2h

pives variation of < = for OEB, OCW and OEW impurities in different scale.
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Flgure 4.2: Varaten of (a) binding encrgy and (b) <> against barrier widih for lower
well dimension L, = S0A withoul the application of magnetic fiekd (¢ =) for the Mn

catcentrtem of x = 0.3, Graphs have been plstied against variows impurity keations (&),

On Edge Barrier Impurity (QOEB)

In the case of OEB mnpurity, the effect f the cemtral barrier wilth a5 alnvost wegligible
uptn particular barrier width which can be clebely seen from the figure that the binding
eerey of OEB mnpuriy coimeades with the binding energy of OCB impurity. Buat whea
the barrier width crosses the particular value of La— 100A, the onset of bulk limis, Eg
behaves differently which & discussed subseqguenthy. Initially binding emetoy decreases as
Ly inereases and thercafter B stans increaging again and seaches a saturation. This can be
understood that when the barrier width increases m between the two wells, the < ¢ =

increases and resulis in the reduction of Coubnamnb interactinn botween the carmer inpurity

5l
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andd the parent donor atom. But after reoching the critkcal barner width of L, = 1A, the
carrier confinement s lirited in the DODW and makes e donor atom and carrier 10 be
closed 1o cach other and thereby increasing their Coulomb interaction which resalis in
larger bimding energy in that region,

On Centre Well (OCW) and On Edge Well (OEW) Impurity

Unlike the other two fpurity becations discussed earlier, the binding energy for OCW
and OEW impurities follow the samse trend amsd these two impurity locations are found 1o
favour for the tunselling of the camiers through the central barrier layer, which can alsa
be inderpreted that the interwell coupling becomes stronger for these fwo  imgurity
kecations as m the case of por-magnetse DOW [15]. 1 5 worth noticig that the gradual
and smooth Increase of binding energy ocours upto Ly = 100A but bevond that it becomes
siturated, This can be undesstood b temms of bderwell coupling e when the b
width is reduced below the critical value, there is a finite probability for the carriers o
tunne] through the central barrier laver. But, when the barrier width B mereased beyvond
the critical value. ot stans 1o squecze the nmpurity wavefuntion mwre amd the carrier =
kecalized only within the isolated well space of S0A and eventually reduces the degree of
freadom of the camier th move through the entire DOW, Becmise of this; the distance
between the denor mom and the carrwer is rapiudly decreased which lkeads 1o the strong
Coulomb interaction between them and it i3 almost constant for all the barrier wikdths
bevond Ly, > 100A.

The computed results of the hinding energy and < ¢ > against barier width for
L. = 300A are displayed m fig, 4.3z aml 4.3b, It very clear from the figure that the
binding crergy for all the wopurity positions exhibit a similar behaviowr with smalber well

width like L. = 50A with the fellowing exceptisn.
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Flgure 4.3: Vuriation of (a) binding energy und (B) <r'> againat barrier width for larger
well dimension L, = 300A without the apglication of magnetic field {7 =0) for the Mo ion

et of x = 0.3, Geaphs have been pletied against varkss imparity kscations (&)

The shift in the hinding occurs wwards smaller barrier width of Ly = 50A when compared
with Ly ~ 1A as discussed in the earlier case at which the saturation i the binding
cnerey 5 observed This can be substantmed with the fact thar once the well width is
mcreazed towards the bufk value, the DOW stars 10 behave like two isolnted quantum
wells irmspective of the barrier wihth which is mereasad beyomd 304

A LLL DOQW under spplied Magnetic field (y = 3. 5 and 6}

As reporled in Rel [21], one can investigate the interwell coupling moa DOW and s
relatien o barmer pacimeters through the magneto absorption study under the effect of
magnstic feeld, Therefore, m order to understamsd the transitions of carriers involving basth

symnwelric asd antsvimmetrse states in dilused magrenie DOVW systems, i s inevitable 10
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make a comparative study on the carrier behaviour at varwus impuriy kecations under the
applicd magnetic field, Hence this sectaon s mainly addressed for soch discusswon 18 s
well kiwwn that the applicd mognetic fiek! remendously reduces (Egn (2.3)) the potential
baarrier hargld (333me, 67 Tiney, 19 4mel and & 4mel coreesponding 1oy =0, 3, 5 and
f respectively) mowhich the camier leas bocn conflined. When anabysing the effect of
applicd magnctic feld, one ohserves that an inerease of the strength of megnetic field
beyond v = 3 (=150Tesla) results in the complete delocalization of the carriers confined
inside the DOW structures which has been studied for afl the impurity locatons, For the
strength of magnetic fiekl v = 5, the unbound states are formed above the potentl barrier
height indtead of bound states inside the well. Therefore, this fact elimunates the need w0
digeuss the regults for v = 6.

On Centre Barrier Impurity (OCE)

Fig. 4.4 presents the variation of binding energy and < r > for the OCB impurity s o
fimction of central barrier width for Le = 30A Tt 15 seen from fig. 4.4a that, when the
barrier wikhth is limsted to 2ero, Le — 0A, the bmding energy decreases as the strength of
the msagnetie Beld increases. This can be understood from the fact thar when the central
barrier vaneshes, the two QWs effectively becomes the SOW of width Lsgw = 2ZLogw and
cxhibits the same chasscteristic bohavior ascribed o the SOW under the exteoml
magnetic feeld. An interesting influence of magnetx fHeld upon the confinenwent of the
carrier relies on the rapid merease of binding energy when vy nereases for Ly > 0A, even
thiough the barrier height s nedoced due (o the appleed magnetie Oeld 45 ope can justity
frorn the probability distribution for the dmpurity locaied ot the centre of the barrier pd

showii i fig. 4.5 (L& T and ITa. [Th).
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Figure 4.4: Variatsa of (a) binding eacrey amd (h) <= agninst horrier width for lower
well dimension L, = 304 with the application of magnetic field {y =3, 5 und 6) for the

Moo concentration of x = (0.3, Graphs have been plotted for OCB ampurity,

I Ly= 1004 and Lw = 504

I L= 1004 and Lw = 3004

fa) y=0 (h by =5
Figure 4.5: Probability densoy |'+"'| of the demoer placed ar OCH for varnious dimensions

af the Barrker and well uider 5 = 0and 5 = 5 for Ma oo conoentration of x=0.3.

The mechanism by which the magnetic Oeld gives rise to the strong kecalization of the

carreel when it resides at OCB i3 the strong exchange interactbon. beitween the spin of
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confined carricrs and the spins of localized Mn™ ions. As a result, there is an existence of
ferromagnete chouds around the singly occupled electronic states which enhances the
barsdmg energy and sheinks the localization radivs of keealized electmss, When the well
width & increased beyond the effective Bolr radius towards the bulk, the hinding energy
azsociated with all v converges to the same value when the barried width appeoaches the

bulk limit s oe can see from fig. 4.6a
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Figure 4.6: Variation of (a) beiling energy and (b)) <> agamst barrier width for larger
well dimension L, = 300A with the application of magnetic field (y =3, 5 and &) for the

Mnion concentration of x = 0.3, Grapls have been phdted for OCB impurity,

On Centre Well Impurity {OCW)
When the Impurity & ot OCW, the reduction in the barrier height canses the < 1 > bargel

and results movery weak Coulomb interaction between the carricr and the parent donor
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atom thereby reducing the bimding energy with respect 1o the applied magnete field as

shown m fig. 4.70 & 4.7Th,
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Figure 4.7: Varation of (a) binding energy and (b) <= agninst barrier width for lower
well dimsension L, = 50A with the appheation of magnetic feld {y=3. 5 and &) for the

M ion concentration of x = 0.3, Grapls have been plodted for OOW lompaerity.

Moreover the binding energy mcreases as the barrier width increases. This is due to the
fact that for the thinmer barrier, a greater fraction of the wavefunction stana (o pencirofe
it the central barker which can be seen from fig 48 (la, Ib and [la, [Ih)Y giving

|w=|ug:|i.|15.1 Li. When the barrier becomes thick, then the DOW structure efectively

becomes two decoupled SOWs and the propertees associated with the applied magnetic
field becomes the smie as thet of the SOW thereby one  can dew the increased binding

energy i that region.
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I L= 1004 and Lw = 504

i

Figure 4.8: Probability density || of the donos placed at OCW Far variows dimensions

af the Barrser and well under 3 = 0 and 4 = 5 for Maon conoentration of x=0.3,

When the well width is increased towards the bulk value, there B po mch appreciable
effect of magnetic field on the binding encrgy has been soticed (fig. 4.9a) which can be
understood from the variation of < ¢ > as shown in fig. 4.9b. Though the effect due 10
spin polaronic shifi is perceptible for sraller well width of L, = 504 as given in the inset
o i 4, Ta, the pverall effect e the Bisding does nod aler the tremd without consklering
the spin polarenic shifi. Bot the effect due 1o spin polaranie shift as given m the inset of
fig. 4.0n shows the reverse effect on the trend of the donor Bmding without conssdering
the polafonic comrection as these i no much effect on the exchange energy when the

magnetic field is applied as can be seen from the inset of fig. 4.9a,

b1}
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Flgure 4.9: Variation of (a) binding energy and (b) <= apamar barrier width for large
well dimension L, = 300A with the application of magnetic Geld (y =3, 5 and &) for the

M jon concentration of x = 00,3, Graphs have been plsited for OCW ingmerity.

On Edge Barrier (OEB) and On Edge Well (OEW) Impurity

When the donor impuriy 5 placed & the terfece between the two  momghetic
semiconducting bavers for a given amaller width like L, =50A, it experiences a striking
effect with respect 1o magnete feld which contradicts o other two Enpurity kscations
like OCRH, OCW. There is a drastic igcrease of the binding cncrgy with respect o
magnetic fiekd for OEW inpurity as shown m Ag. 4. 10 when the barrier width is-Hmited
o Zerd in comirast fo the siuation for non - maEgnetic wells [29] Thes result can be

justifeed frome the. interpretation given by S.Lee etal [21] amt Mukesh Rin [30] as

fiorl kvavs
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Flgure 4.10: Variation of binding energy against bamier width for lower well dimension
Ly = 30A with and without the applicatisn of magnetic field (y=0, 3, § and & for the Mn
i concentration of x = 03, Cwaphs have been plotied for (&) OEW and (b} OEBR

.

There is a pousibility of fnding less number of antiferromagnetically paired Mo jons
alonig the interface of the leterostructure, which can effectively contribute fo-a large
<8, (ko) the theemal average of the spin of the comributing ions. Therefore, the
miagnetization of the material bocomes larper since these s can casily be alignod in the
exdernal magnetee held. Hence i cin show 85 influence 1o the full extent with the carrser
through & strng exchange imoraction when it reswbes at the well imerface. The results of
fig. 4006 can be justified from the probabiliy dissribution for the carmer plotted in

fig. 4. 00 (Ta, s andd T, 1),
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I L= 1004 and Lw = 504

i

fup =0 b y=45

Figure 4.11: Probability densiy |q.|:| of the donor placed st OEW for various demeisions

of the barreer and well under y = 0 and v = 5 for Mn oo concenteation of x=0_3.

But the applicd magnetic feld shows the reverse effect on the carrser confinement when
the inpuray is placed ot OER even though this is the mrerface between the two mag metie
semconducting layers as ths exhibits the belhavioor of the donor binding in & SOW
icluding BMP effect {fig. 4. 10b). The influence of nmgnetic Okl i3 predominant for the
targer will width since i drastically aliers the binding esergy as shown in fig. 4,123 and
41 2h, The subsiantioted srowment i3 given (o this point throweh the understmnding of the
belaviour of the carriers i two solated quantum wetls in this bulk hmit which does not

favour the wnnelling phenomena to acour,
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Mo lon concemtrateen of x = 0.3, Geaphys have been plotied for (a) OEBR and (b) OEW

trnpraty.

4.1.3. Conclusion
This work presents a comprebensive deseriptaen of the theoretical investigation on the

magnetic feld mduced interwell couplimg o inoa G4 Mo Te/Cd Ma  Te

DOW materials mowhich the carrier bas been confined, To sum up. the above resulis
presented clearly demonstrate that without the application of magnetic Held, the binding
Cnerey incréases as the impuriy position goes from OCH and reaches a maxivmem valse
when i s at OCW amd sterts 10 decrease when it eesedes at well imerface. But once the
magaetic Geld i applied, it @voum the interwell coupling by alkswing the penetration of
the impurity wavelunction via central barrier thereby it reduces the binding energy for
CCW Empurity and shift the bindieg énergy 1o higher vablue for all other impurisy

kscations. Thede conclussens are further confirmed feom the g 4.13 wikich represents

Bl Py i
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how the binding erergy vares with the various impurity locatkms for various bameer

dirmenskons,

I'Hrdhﬂ_lllrrg_t e )

i
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Figure 4.13: Variation of Binding encrgy as o function of impurity pesition is pleted for
DOW with a well width of 30A. The solid and dashed lines are corresponding 1o ¢ =0
and y =3 respectively. The sguare and triangle svmbols represents Ly = 1004 and

Li = 300A respectively.

The calewlations devoted o the polarenic effects may be helpful 10 undesstand how the
transport propertics of the confined carriers are mdirectly aliered by the applied extermal
miagnetic field. It is very clear from the available lizeratures that no mch effort has been
dedicated for such o study exhabited by the DOWs with DME, Heree this work may give
an understanding of the ransport properiies accounting the BMP effect pssociaed wigh
the chectrons confined n a dilied magnetic D)W systems which can be exploned in

yvirssis optoelectronie and spintronic devices,

fid
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4.2, Bound Magnetic Polaron fn a Semimagnetic Double Quantum Well

Mamy theorctical mvestigations [23, 24, 31, 32] on the eoncrgy levels of Bound Magnetic
Polaron div abready exiss. However, nocsuch mvestigations hove boen made 10 study the
effect of BMEP on the energy levels especially mon DOW with respect to tlse imgurity
position &s o finction of variows combinstions of the composition of Mo jon in the well
(%) anud the barrier { . ) of DMS materials in such a way that the difference between the
IWO COMPasitin (S — A= = &1 18 samie.  The preseat stwdy attemply for such an

investigation in Cd, | IIJ'-.-!Ill,,IIITn:."lZ'uJ:ﬁ M, ”'I:"u: DOW with and without the applcation

of magnetic feld for the esulant composition of £ = 0.1 as.a functien of central barrker
width and the uwmpuriy posiions.
The varous comvhinations {C) of X, ond %o incsuch a way thar the difference between

Sw A0 %5y, 48 (L (R - % = x = L]} acoounted for the study are as follows!

cx. = 00E, = .|
I i aut
:‘jn_ - IJ.I:I I i :‘u": = tl.l 14.9}

= - 1
!Ii 1T I 0 1 e
= 1 = 3
I :':j" I-.I.a.l!': ul n_a

2z

L
L
L
r

4.2.1. Results and Discussion

The Fig. 4. 14a, 4.14b, 4.14¢ and 4.14d corresponding to OCH, OEBR, OCW and OEW
impurity focat s shows the vareaten of Spin Pelaronie Shift (SPS) against the central

barrier width i a 'L"d,__“}-'ll-'l,. TedCd |, Mn, Te DOW for varous combmations of X

and e ik such & way that the difference betwoen Xow il Ko 18 000 (Ko - Ko =2 =01} It
is noted fFom the figure that the rend of the variation of SPS with the barrier width 4 as

same a8 the trend of the vanation of binding encrgy of the donar  impurty with the
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barrier wiadth of the DOW umder zero magnete field (v = 0) as discussed  in

sectiamd L2 0.
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Flgure 4.14: Varaton of SPS against the barvier wiklth for different combinations C; of
concentrotion of Mn~" for composition of £ = 0.1 {%m %= ina DOW with well widih
of L, = 50A ot (a) OCB, (b) OEB, (¢} OCW andd (d) OEW mpuritics withowt the

apphicatien of mugnetic Held 1y = 0y,

An astempt has been made on bow the exchange interaction between the M jons and
the confined carrler in a DOW & affected by the composition of the magnetic mpariny
or e A&l Ko ) which are vanied simulancously as given in Egn (4.9) both in the well
amd i the karer mastecial, For all the uvpursty kecations, the 5P5 incréases with the
increase of the composition of Mi' ion except for the combination (C4) of %in = 0.2 und
%t = (L3, This is because, when the concentration of Ma™" bon i both well and barrier

increases, the exchange mteraction between the magnetic moment of the Ma™™ ks and
fid
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the spin of the localized carvier also increases whech results in larger shift in the polaronic
ercray. This may be justified as follows: When the concentration of Mo wons s low |
% (005, e intersction between the nmgnetic moments of the M ions is very low
[21]. Hemce, all the Ma™' mns can contribute 1o the total magnetc moment with the
average spin per masnctic ions <SS But when x increases bevomd 0,005, zpins of nearest
neighbour cancels out due W the antiferromagnetic interaction between the M~ {ons

which reduces the number of ions comributing to the total magnetic moment. Eventually

only an effsctive concentration % of Mn™ jons which i always Tess than ¥ contributes 1o

the tofal magnetic moment. From s results reportod in [21], one can wedetsiand that the

A increases upto x = 0.2 and then starts 1o decrease when x increases beyond 0.3 It is
because of this fact ene gets lower SPS for the combination of Mn ions-which involves
¥ = 0.3 When the barrier width & limied to sero (Le — 0, the eate of mcrense of the
shift with respect 1o the increase of the concentration of M jons as in Eqn (4.9) & high,
only when the mngurity s at OCB and OEB when compared 10 the other fwo imgurny
locatsems. This s doe v the faer that the DOW effectively becomes the Smgle Cuamtum
Well {S0W) as Le — thamd i1 exhibits the characterstie belaviour ascribed 10 the SOW,
However, when the barrier width staris to merease i between the two wells, the mie of
increase of SPS s high, enly for the OCW mmpueity compansd 1o all the other imgurey
bt waes as shaoown i Fug 4. 14c.

The resulis of SPS against harrser width is presénted in Fig. 4,05 for L, = 300A. It isseen
from the figure thar the effect on SPS due to the variation of the concentration of Mn™'
W for any combinations (O @ e — Xig) & predoeminant enly for the Jower well width of

Lo=30A rather than for the well width approaching the bulk value like L,=300A.

ife
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Flgure 4.15: Varaton of SPS against the barvier wilth for different combinations O of
concemtration of M- for compesition of x = 0.1 {Xee -x==Ci} in & DOW with a well
widih of L = I00A for (a) OCB, {(b) OCW impurities without the application of

et ekl

The variation of the SPS agsinst thse bammer wadth for all the combinations of composition
of Mo s and for all the impurity ocatiens under the external appled magnetic field s
diven in Frg 416 Tt s well known that the applicd magsetie Geld tremendously reduces
the confming potential (L1 09mel, 7.865meY for v = Oamd 7 = (L1 respectively) in
which the carrser las been confimed. When the external magnetic feld is applied, the

exchange interaction botween the M jons amsd the camer is enlanced therchy
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increasing the shift largely as one can see from the numerical values of SPS for bothy =

and 7 = 015 from the respective fimres.
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Flgnire 4.16: Varmtwn of SPS against the barrier wiklth for different combinations C of
M’ composition of x = 0.1 ina DOW with Le = S0A for (a) OCH, (h) OEB. (¢} OCW

and (d} OEW irmpurities with the applicatien of magnetic field (¢ = 0.E3),

The trend of the variation of SPS with the barvier width under the applicd magnetsc field
mosame for all twe mpurity locatsons except for OCB mmpurnty with respect 10 different
combinations of Mo~ jons as shown in Fig. 4,16, o the case of OCB unpurily as given in
Feg, 4_16o, when the combmatsens of O and C: ore considered, the 5PS increases as the
barrier withh increases and ooe observes the reverse trend for the combinations of Cy and
Cy. Thes is beciuse when the barvker width increases, the coupling between the two (Ws

ig reduced which causes the carmiér 1 interact with the My jons presented in the well
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material alone. Thesefore, only for the combimateen for whech %, = 001 alone shows us
influence 10 the maximem extent with the carrser, thereby increasing the shifi. Bur when
the wiklth of the central barrier becomes thin, the maxinwm of 5PS s observed only for
the combinations of Cy amd Cy which s doe to te strong aligarment of the spins of Mo®
ins with the applied magnetic Geld, It iy slso worth o mde from the Fig 4164 that the
SPS is maximum Lor OEW impurity ag conspared o all other mpurity locatksss for the
cotmbination of T and O3 This & because there i a possibiliey of finding lesser nunsber
of amtiferromagnetically poired M= dons-along the imerface of DOW, which can
effectively comiritaute to a larger <S>, Therefore, the magnetization of the material

bocomes karger since these wons can easily be aligned m the external magpetic fBeld,

4.2.2. Conclusion

The cabeulation of the 5PS due 1o the formation of BMP with and withast the applcatsen
of external magmetic field in BOW for varioas impurily kecations and for the different
enmbinations of the concentration of M’ ions m the well aad the barrier DMS materials
giving e 190 x = 0.1 has been made. From our mvestization & has been obsorved tha
even though the M concentration x = 0.] (X — e = 0.1 determines the effective
confinmg  potential well of the DOW, the SPS & differcnt amd depends oo the
concentration of Mi™' ion o the well (%) and in the barrier (%, The lirge spin —
splitting of chergy bevels due 1o the sp-d exchange mitersction in sucl DMS materials
corresponds o the far — infrared (FIR) region of the spectrum which causes the posiibality
of & tunabke coberent cireularly polarized FIR emister amd for the resonant tunmelling
devices using superlattices involving wide — gap DMS for which our stidy moy throw

sormie ligha,
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43. Accepror Bound States {n a Semimagnetic CdTe /Cdh. xMin Te
Double Quantum Well under Magnetic Field

The case of p-type materiald reguires 3 special attention because of the comples influence
of the exchanpe mieraction on the uwrfold degeserate acceplor states. The quantiom
confibement of the valence haomd holes in g square guantuny well was first comsidered by
Medorezov [33] and & proper theoretical iterpeefation for the acéeptor comtre v DMS
was given in [34-36]. The effect of the mugnetic feld and the exchange interactien on the
acceptor states = weaker in wide gap semiconduciors like CdicMp:Te because of the
high effective masses of the holes which leads o e smaller Landnu splitting and the
higher shallow acceptor binding encrgy. The influence of the external magnetic fHeld on
the energy levels of acceplor stutes was treated by Myeciehkl and Rigaps [37] wsing
periurbation approach af Soall magnetic fields and by Mycielski and Mycselsks [38],
Ceywron aiwl Mycielski [39] when the Landaw splitting of the valence and s muoch
greater than the acceplor binding emetgy at the quantom fmit. Gawreon [40] mvestigated
the epergy lesels of acceplors by incorporatng the exchange mteraction into the T
valence band effective — mass Hamilonian amd used the spherical tensor operasors
the reduced matrix element technigue [41] in order w0 salve the cigenvalue problem
varintionilly, Very few lteratures are available on the acceplor impurities i DS [40-
42), The purpose of the presemt work s o deal with the accepion impurity & varous
wpurity locatsoens in a DOW made wp of Semimagnetic materials like CdTe/ Cdy Ma.Te
dder the mifluence of magnetie feld by solving the Schrodinger equatians variationally in

the effectivie mass approxEmat i

™
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Accordmg e the schemse of fig, 417, the profile of the confined potenial Ve (2) for the

corriers m svimetric DOW strocthires is glven as

0 _I,‘,t_' < M = (E,'D_+L.,,..:|
Viizi= - B (. 110)
? L, Ly,

Vo [ = Tanu:l :__,_+LW] < Bl = ™

L & the width of the each well und Le s the central burrier width and Ve=30% AE®,

where, AE." is given by Egu 2.3},

!
i
i
i
i
i
i

Figure 4.17: Schematic view of the potential profile of the vilence bund 1 DOW.

4.3.1. Results and Discussion

The theoretical cabeulntions of the acceptor bimding cnergy against the central barrier
width for various impurity kecations 1 the absence of applied magnetic feld is presented
in fig. 4.18. The results are-analysed for the twe well widths (i) L = 50A {quasi 2D
region) and [ii} Le = 300A {alimost bulk region), In the absence of maznetic field, there i
no el exclange interaction of the magnetic ions with a bok due o the randommness i the
apin alignment of these lons. Therefore, the results shown in fig, 4.1 8a and 4. [ib are then

girmilar 10 those obiamed with the non-magnetic semconductors ke GaAsGa Al Ax
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Flgure 4.18: Varation of biding energy ngaost bameer wiadth for (&) bower well
dimension of L, = 504 and (b) larger well dimension of Le = 300A withour the
applicatson of magnetic ficld {7 =0 for the Mn'' jon concentrution of x = (0.3, Graphs

have been plotted against varsous impoarny kecations (£

The justificanion for the behaviour followed by the binding energy of the ipuray
situntod af varios mporiny kecations: like OCH, OER, OCW and OEW can be referred
fromm the resultd demonsteated by N Raoea, Ao L Morakes en al [12] except for the
order of magnitude due to the changes o the muterial parameters. The eeliability of our
results hies o the reproduction of the results of single guantum well when the central
barvier width is limited o mero [42]. Because of the influence of the exchange micractm
o the four — fold degenerate acceptor states in the presence of applicd magnetic Tield,
there 15 6 decrease m the acceptor binding encrgy amd also the concentmtion of holes
thermally netivated 1o the valesce band inereases with the magnetee field [37] It s well
kncrwn that the applied magnetic field tremendously redusces the potential barricr heeglu
{42 83meY, #5353 mel and 20 LmeV comesponding 10 v = 0, (003 and 0,06 respectively)
according to the eguatkon given by Eqn (2.3) i wlich the carrier has been confined. This

leads 10 a change gver Teom type— oo the type-L bad alignmerst at the critical magnetic



Chugrfer 4 Aeceptor States tn Sewnmagnetic DO

fiekd and beyond which the bode and the negatoee iom exest i the Odi <Mn=Te and m CdTe
reghon resgrective ly which in tum will strongly affiect the optical properties of the svstem
With respect 1o all the mmpurity positions, it s algo found that the dependemce of bmding
encray on the central barrier widlth fusllows the same trend B all the values of magnetic
fiekd as i the case of v = (L

Fig, 4. 19 shows the variation of binding encrgy for the OCB mpurity as o function of the
central barrier width for the well width of L, =50A and L, =300A under the influence of
apphicd magnetic feld and the inset in the Hg. 4.19% gives variation of knding emagy of
the accepler impurity n different scale. Moreover, the inset in the g4, 1% shows that the
influence of magnetic field on the binding energy is ssrong only when the barmer s
thinpee bt when the arier width approaches tle bafk limif, the binding enerzy
asmocmted with all ¥ converges to the same wvalue. For the higher well widih like
Lo = 304, the hinding encrgy follows the same trend 1o that of L = 30A but kess in
inagnitude Fei, 4, 1%, Bt s seen fom the sanse figure that the binding engrgy increases us

the biirrier width inercasgs,

[ B
La o= Wik gom L = IR CITH ik i e T .
f e W= — ] e 083
= | i — ] e R
i %
= fa l
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Flgure 4.19: Yariation of binding escrgy against width of the central barrier with the
application of magoetic fekd. Results have been plotted in for (a) kower well width of
La=30A and (b) higher well width of L+ = 30A with M ion concentration of x = 0.3

fir OCE impuority,
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This 55 dhee o the fact thar when the barcier wodth (s very narrow, there s a possibility of
the hobke to penctrate the bamier layer thereby reducing the binding ecncrgy. When the
barrier becomes thick, the DOW effectively becomes the two decoupled SOWs amd it
exhibit the magnetic properies essociaied wiath the SOW which result in increased
binding encrgy e that region, The binding encrgy decreases as o function of magnetic
fiekl when the impurity is siuated a1 the centre of the well region for the smalber well
width L, = 50A (fig. 4.20a) and there is moe appreciable effect of magnetic feld on the
binding enerey when the well width is mereased towards the bulk value e Ls = 300A
{fig. 4.20b), It s seen from the same figures thar the hnding eseroy screases as the
barrier width increases. This & due 1o the tact that when the barrier width 18 very marrow,
thiere ©oa possibility of the hole te penetrate the barrier loyer thereby reducing the bmding
emcrey. When the barrier bocomes thick, the DOW effectively becomes the twio
decoupled SOWs and it exhibit the magmetie properties associated with the SOW which

result iy increased binding energy in that region,

i
Wl =504 W —iiip=1d n T, I
_u._:al _l-lll'f-".ﬂ - _':h f-'_ -
- —— | e fiay 411 .
- g
i i
H 2
: ;
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& L = 100k :
=i —liy=0 |,
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Flgure 4.20: Yariation of binding encrey against width of the central bamer with the
application of magnetic Tield. Besults have been plotted in for {a) ower well width of
Lo = 50A amd {b) higher well width of Le = 300A with Ma ion concemration of x = 0.3

fisr CCW impurity.
74
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It = worth notking Fom the fig: 431 thar when the impurity sessdes at the interface
between non-magnotic and magnetic semiconducting layer, the binding eneegy ncreases
with the applicd snugnctic field which 5 b contrast to OCW ingpuraty, The effective
concentration of the Mir'" jong along the interfice s very large and it can ecasily be
aligned i the external magnetic field which resulis i larger moagnetization of the
material. Therefore, the exchanpe mferaction of the M~ ion with the carrier becomes
very strong and i increases the binding erergy of the impurity when it resides at the well
interface. The same trend 5 obeyed by the bimding energy st OEW compared to other

mpurity locateons when the central barrier width e limited zero as shown in Gg.4.21b and

4214
- o
Liv = 5ink yid —ikfui L= = G AR

il w=E | —— it = 0T

- — i Y
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3 : iy
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Flgure 4.21: Yoriation of binding encrgy against width of the central bareser with the
apphicatien of magnetie frekl, Resuls have been plotted for kswer well width of L, = 30A
fod {a) OER and (b)) OEW ag weell as fior higher well width of Ls = 2004 fod (e} OEB amd

(d) OEW with Mn*" ion concentration of x = 0.3,

T35
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These results can be justified from the probabiliy distributien |1.r'| of holes as shown in

fig. 4.22 for the above mentsoned inpurity locatons with and without magnetic fiekl

GER Impurity
y=0 ¥ =10.06

| 3 |!-_I
2 -_‘-'.‘I—::rfli\.
Lb = 104, En=504 Lb = 3804, Lw=—2ikk Lh = 18k, Lw=304

Flgure 4.22: Probability density |qf| of the acceptor imparity placed at various impurity
locatiens ot various dimensions of the barrier and well under ¢ = 0 and ¢ =0.06 for Mo™

ion concenirtion ¢f x=0.3_
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432, Conclusion

The acceplor impurity i3 highly kealized only when 8 i situsted at the centre of the
DOW both in the absence and presepce of magnetie ekl The magnetic feld reduces the
confinement for the OOW impurity by reducing the potential bamier beight and allowing
the imerwell coupling berween the two Quantum Wells: But, i shoows the reverse @ffect
for all other impurny locntions doe o the strong exchange interaction of Mo~ ions with
hale. This gives the insiglt Gor extending tle mvestigatioa on the acceplol mgaurity
considering ity complex matune of the valence hand spliting in the presence of magnetic

fiehd.

T
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B. Impurity states in a Semimagnetic Triangular Quantum Well

With the sdvintage of Molecular Beam Epitaxy {MBE), one con easily mbeicate the QW
syatems with graded confining potential of different shapes like parabobic [43] and
triangular [24] Hsicad of abrupt band offses like réctangular QW [24]. Among them,
Tramngubar Creantum Well (TOW) structures have attracted much oitention in recent years
bocausa of thelr unkpue propetics of guantum energy bevels which s wsed for modelling
Metal- Uxide Semiconductor stroctures: which has been widely studied by mony
tesearchers [45-51). An abundance of experimsental [36] and theorctieal [320 52)
investightions axists an both the acceptor al dosr BMP in bulk DMS and the Quantcm
wells made of DMS materials with aquare conflinememt [23, 31]. Though lot 6f resecarch
works have been devoted 1o the study of impurity states in o Semimagnetie Cluamiuim
Well with square bamnd — offser; studies of impurity states and the BMP associated with i
in & Semimagnetie. Triongylar Quantum Well (STOW) are conspicumisly missing. Hence,
considerable. anention has o be given on this Neld for theoretecal rescarch and praccal
applications sice combinmg the DMS materlals with the treangular shaped confining

protentinl may be vieble for spintrodic apglicatons

TE
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4.4, Magnetic feld Driven Bound Magnetic Polaron with Compostional
Effect in Semimagnetic Tmangular Quantum Well

The strength of the coupling between the sp- band eloctrons wsd the d-electrons of Mo
ins are precisely determined by the effective concentration of the My ons present in
these DMS materials. However studics on the effect of BMP on the energy levels with
respect to the varions combinations of the composition of M jons m the well (%) and
in the bamier (%a) of DMS materials are comspicuously missing at  lower
dimensinalies. [n the present communicateen, an attempt has been made to mvestwate
the himding energy of the donor ingpuriy and the. Spin Polaronic Shift (5PS} due 1o the
formatien of BMP with and sithout the application of magnetee ficld as a function of

differcnt combinations of the composition of M jons m the well Cd, Mn, Te and

in the barrer Cd ."-.‘In.mTt of Semimagsctie Triangular Cuantam Well (STOW) m

Ty
guch a way that the difference between the two compositkon (X — X =x =01 02} &

SEITE,

4.4.1. Theoretical Formalism

The Hamibonian of a byvidrogenic dosasr  impurity  imside. the STOW made of

Cd  Mn Te/Cd | Mn Te DMS materials i the effective mass approximatiss in

the presence of applied magnetic feld along the divection of growth oxes (z-axes) is
wriman as in Egn (4.2 ) The scheme of the BMP in STOW 15 shown m fig. 4.23 for which
the profile of the confining potential Vo {zh for the caorrers i symmetre TOW stroctures

s given s

T
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(4.11)

Herg, L = 2b b the width of the well and Ve=T0% AES. where, AE," {5 the bond pop

difference with magnetie field amd & given by Egn (2.3) for which the parameters has

oo defined ingection 2.3.1.

The vanous cotbinations {C.) of X and % incsuch a way that the difference between

Boga Ak 35, 05 (L1 amd 0.2 (Xp - %= x =01, 0.2) accoumied for the study is as fGllows;
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The nppeoximate ground state encrgy for conflined dosor impuriy has béen calcuknted

using the variational methad. The envelop function [(2) & considered as {45].
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wlere, fi = lm;[['ﬁ.’n - Ep ||"': arud Agfz]. Bi[2] wre Adry functions, Eq & the enengy of the

lowest - conduction band. The constams ¢, €, €, €& and e and Ey are obtained by

choosmg the proper boundary conditions.

The trial wavefunction of the sround state = chosen as given in Egn (4.6) and the

expectation value of H is minimized with respect to & amd the binding energy of the donor

b
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impurity in the presence of magnetic Geld 13 found by solving the Schrddinger equation
vartionally using Eqgn (4.8} The Spin Polaronic shift s calealated using Eqn {4.3) for

varssus combinations of the composition of Mo jon as given in Eqn (4.12)

b cdyy Mn, Te P

Flgure 4.23: Formntion of Bowsl Magoetic Polaron (BMP) in o Seoumsgnetic

Treangular Cuiantin Well {STOW )

4.4.2. Results and Discussion

4.4.201. Binding Energy of the donor impurity in a STQW

The results for the varotion of biwling energy of the donor impuriy confined In o
Cd, Mna Te'Cd,_Mn, _Te TOW as a function of well width is reported im fig 4,24 for
virious combinations of Mo™ ion m the well and in the barvier materials for the resulin
CORPSITREN Ao — Xa = X = U1 without the applicatin of magnetic field. The figuse
chearly shows that the donor binding energy increases ay the well wadth decreases from
thee builk towards the low dimensional region and it attams the maximm when the size of
the well is shrunk to the effective Bohr Radius (=14 nseV) and below which & stars to
fall ogam whicl i the well-Enown characteristic behavior of any ew  dimensional
sfructures approaching towards strctly 1 Dimensional [24. 26, 31] The cosrer

confinement moa STOW = being much affected by the compoaition of the magpetic

=1
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Uity fomn (m and Lea ) which are voried simulanecusly os given in Ego (4. 12) both in
the well and in tlse barrier material.
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Flgure 4.24: Varnateen of Binding Energy against the well widih for  different
combinations of concentration of Mo** for composition of 2 = 0.1 fuw -xin=x = 0.1 ina

STOW without the application of magnetic Gield {5 = 0}

This can be clearly seen from the foure that the bisding cmergy incresses a5 Ko and .,
mcreases simulaneeisly. This can be understood an the basas of the fellowing qualitative
argument: when the composition of mognetie  impurity  jon (Mn®)  increases
simmltareonsly there & a possibility. for the clectrons o lwve exchange interaction wh
the lurge mumber of magnetic moments of the Mo® joms within its orbit since the electron
wavefienction (4 a spatially extended one. Therefore the probability for the spin of the
ehectron being strongly polasized and trapped o the feld created by the average magnetic
momes of Mo s i very high which leads 1o the laeger confinensent of the carrier in
such STOW. When the external magnetic fakd of strength v = (005 and v = 0.1 & applbed,
the binding encrgy gets deceeased a5 shown i fig. 4.25. This is because, the applicd

magnethe fiekd tremendousty reduces the confining  potential {E00 8meY, 68 2TmeY,

X1
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e StmeV for ¢ = 0,4 = 0405 and 4= 0.1 respectively) in which the carier has been
confimed and thereby the mpurity energy levels become shallower which causes the

tunneling of the carreer through the barrier noteraal Od, | Mo, Te.
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Figure 4.25: Variatws of Bukling Energy  agoinst the well width o different
combinations of concentration of Mo’ foe composition of X = 0.1 (X -xin=x=0.11ina

STOW with the apphicateen of nsagnetic feld (a) v = 0,05 and {b) ¥ = L1,

Acshift in the maximum of binding energy is seen conspiuousdy m the low dimensional
region when the magnetse field of strength ¢ = 0.1 5 applied which is agam the well-
Enown feature of any Seounagnetic Nuncstroctoned Svstems under the application of
magnethc fbeld. It B noted fraom the Rgure that the variation of binding cocrgy wigh the
well width for ¢ = 0.1 5 not s rapid as the varaton observed for ¢ = 0 and v = 0,05 and
the sarme is the case with the various combmations of Mo’ jon as well The et lies
bohind this trend of the binding escrgy s very clear as the strength of the applied
magnetee held y = 001 B very nearer 10 the eritical magnetee field {=v = 0.16)-a8 which the
barrier vanishes compbetely { Vo= 00Emey) and the QW almost vanshes which heads the
corriers to become free as in the bulk system. Moreover the binding energy for all the

vitlues of ¢ converges when the well wisdth is mercased towands the bulk limit a5 one can

see from the numereal valees of the hinding encrgy for vareeos &,

x3
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Flgure 4.26: Yariaten of Biwling Energy aguinst the well width for differcne
combinations of concentratis of Mo™™ for conposition of £ = 0.2 (X -xn=x=0.2) i a
STOW with and without the application of magnetic feld (ay y =0, (b y=02 (e} y =04

arsd (d) ¥ = 0.6

The graphs for hinding energy of the donor impuriey for the resultant compositinn of
Mo on & = 0.2 are plotted i fig. 4.26 with and without the application of magnetic field
b various combinations of Xinand Lo (Xow — Xe = % = (1.2] & given in Eqn (4.12k I s
appusent from the said figure that the vend of the binding encrgy with the Mo~ on
comgsisition of x = 0.2 s a8 same as the trend seen for % = 01 but with the larger
magnitude in bindmg encrgy. The reason for this behavior may e given ag the potential
barrier height is direetly propomional to the composition of Mu® jon substitated into the
host lattice which makes the mpurity cnergy levels 1w become deeper theeehy leadls te thi
lurger confimement of the camier mside the well,

=
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4.4.1.2. Spin Polaromic Shift (SPS) due to BMP in STQW
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Flgure 4.27: Varaton of Spin Polarondc Shift against the well widtls for diffierent
combinstions of concentration of Mo for compasition of 8 =01 (% -xp=5=0.1)ina
STOW wigh and withoat the applicatien of magnetic feld (a) v = 0, (h) v = 0,05 and

{ehy=0.1.

The 5P5 a: s function of well width and various combinations of x, oml 2.
(Bt — %= % = 1) 08 presemed o fig. 427 for the cases with and without thie apqelicaton
of magnetic feld, The fewre shows the meréase of 8PS, once the compositinn of Ma®'
WA Ky, el Ko increases simultnmeewsly and when the carrier s subjected 1o the external
applied magnetic field also. The kehavior atiributed 1o this increase of SPS for varkous
combinaticns of M~ ion is a5 same & the resson stated earlier for the binding encroy
varintion. All the spins of the Mr'" jons and the carrier nre in random disections i the

absence of mappetx freld. Hence, they cannot contribuie to the net msagnetic moment

x3
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with the average spin per mognets son Le< 5> =0 Once the magnetic field 15 applied
all the spins align paralle] 1o the applied magnetee fBeld which regulis in magnetee ordering

i the senuconmducting lattce.
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Flgure 4.28: Varaton of Spin Polaronde Shift against the well widtly for diffierent
combinstions of concentration of Ma® for composition of x = 0.1 (e -xn=2 =02 in 4
STOW with and withow the applicatis of magnetic Held (apy =0, (b y=02 (epy=04

il {dlly = 0.6

Hence the exchanie mieractson bovween the M ions and the carrier is greatly enhanced
thereby ingreasing the shift largely as one can see from the mumerscal results of SP5
teported in fig. 4.27h and Se for ¢ = 0,08 and v = 0.1, When Mo s substitoted with
higher concemratun ke x = (L2, the trend of the varmtan of SPS s s same as m the
case with x = 0.1 except for the kvwer in numerical value as displayed s Gg, 4 28, This
can be justified from the fact that when the concentration of M ions B low, x < 0003,

the mseraction between the magnetic moments of the M jons is very low [21], Hence,

=iy
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all the Mn®™ ions can contribute to the wmal magnetic moment with the average spin per
magnetee jons <5~ But when 1 lwcreases beyomnd (L0035, spins of nearest neaghbour
cancels ot dueto the antiferromagnete imeraction berween the Mo® jons which reduces
the mumber of o contnbutmg o the total magnetic moment. Eventually, only an
effective 4:-.}J|.|:-|.'nm_|ll|:u|. % of MY ions which is alwavs less than 1 contrilutes 10 the tetal
magnetie moment. |t i evident from the resulis reported by Gaj etal [27] thar the
numerscal valwe of the spin of Mn®* fon is not @ all consistently maintained as 52 rather
it decreases because of the mteraction beétween the nearest neighbour Mn®' jons s
antiferronmgnetic i nature which hax been mcliaded in the SPS cakeulation theaugh the

st phenomenclogical Attmg paorameters Sq pad Te as givien in Egn (4.3

443, Conclusion

The effoct of various combinations of the composition of Mo ions on the bound states
af STOW and alse oo the properties of BMP have been investigated. Tt 2 found that the
ground state busding encergy nnd the SPS depends only on the densisy of the magpete ons

separately concentrated m the well ['-Li,_,_u I'-.-!In,I.T-E ad i the barrier llf'u:l____. Mn, uT-.'l af

STOW even though the effective concentration I8 Same (X — % = X = 001, 02). A
coumtenntoitive ehaviour B observed for the grownd state bading energy and the SPS
when the effective concenteation of Med™ jon iy inereased from x = 0.1 to x = 0.2 under
different magnetie. feld stremgth, Sioce the TOW 15 mainly wsed 10 model the Metal -
Oxide Semeconductor (MOS) Devices, the present study may be wseful in spin based
MOS srructures where the proportes of the spin eon be exploited to device an ultrahigh
dengity noa-wekatile memory and receanfigurable logie devices based on mevel spudrondc

cancepls.
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45. Acceptor Bound Magnetic Polaron in a Semimagnetic Triangular
Guamtum Well

L this work, we investioste o what éxtent the confinerment of the heavy amd Hght holes
dhaly aned Thy boand 1o sn occeplor unpurity wets affected when it 8 confined i a STOW

made of Cd,, Mn Te/Cd, . Mn, Te with compositin of M jon x = 0.2 wigh

4 LH (1]

B = L0 and g = 0.3 and s impact on the shifi in the polaronic enérgy under the
cxtemal applicd magnetic febd, Using the mean freld theory with modified Brilkeuin
function function, tle exchange Interaction between the camer and magnetic mgariy
whicli causes the Spin Polarenie Shift (SPS} in the presence of s exteria] masgsete field

B can be written as
Ha | : ; | - | ; | | .14
- ?I-ﬁh" I.I"-I-I l;.i'::x.'lﬂ.l‘:"lh 7 I|I"I-' x hll-l_:l.:lﬂ.l;_l.' ! I':I'I|| |4, 14)

Here, q=3, | for heavy hale of spin 32 and light hole of spin ' respectively.

4.5.1. Results and Discussion

The resulis for the variation of bending energy of the heavy boke (il @msd fight haole (1h)

Bound 1o an acceptor impurity confined ma ©d | M, TelCd, Mo, Te TQW asa

finction of well width ore reported m tig. 4.29 for the resultont composition of Mrc™ jon
% = L2 [Kn — % = &) with and walwsut the applicatisn of magnetic ekl The resubs
apparartby shows that the bl is tghtly bownd insede the well rather than the T, This may
be due o the fact et the effective mass of the hhois about s times lirger than L
effective rmass. Moreover, the smalber band — offset ereated in the vslence band durkng the
fermatxen of heterosfructure between CdTe'CdMnTe may lead to the kess number of lh
states as compared to the hlostates: For sach kKind of the carer e bh and Do the

semimungnaetie barrser hetght vanishes conmpletely and the quantum size effects are

=H
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suppressed for different values of critecal magnetic feld (v = G004,y = (L1 5 For b and |h
respectivedy), With reference 10 the aforesand values of the eritical magrere field, all the
caleulations for hh have been carvied out ander the applicd magoetic fickd of strength

v = 000, Go0o8, G.01 and o the Th subpected to the magnetic flokt of strength v = 0003,
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Flgure 4.29: Varwson of {a) Binding Energy, (b)) Spin Poloronie Shifl of the accepior
impurity as & functien of well width for various magnetic fields with Mn™ fon
concentratin of x = 0.2, Solxd line shows the variohon for leavy hole nnd doshed line

shows for light hole.

The bimding enerey decreases as o fubction of apphied magietx field for both tvpe of
herles which is & wellFknown ad wmique feature of the CdMnTe QW The reason for this

belsavior may be attriboted as: the applicd magnetic field remesdossly redoces the

Semmmgnetic potential barrier ereated by the band - offset r_‘llil":-’...iE:"l as given in
Eagn (2.3), It 45 comspicuous from the fgere that the tmsever in the inding cnergy with
respect to the well wibth i seen enly for the Iy states rether than for hlv states, Thes
remarkable feature of the I may be undessiood ax folloews: because of the larger
difference in the effective masses between these two carrsers, there is a possibility for the
envelop funchion: ascribed to the Th te pesetrate into the semimaanetic Barer even at a

well width of L = 30A which s the promising well width for hh where it finds the

=i
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maximum localization mssde the well. But one can find from the figure that there is.a
naticeable shift in the turnover of the bindimg energy towards higher sell width when the
apphiod magnetic feld approaches the eritical valwe, This can be widerstood tar the QW
will have bowsd states associsted with the Ih, only from the well width of L = 80A
boecamess the applicd magnetse field deastcally reduces the potential berricr, When the well
width is redused below this valoe, the chamges in the total height of the barrier wigh
magnetee mpunty leads the envelope. Tunchion of the |h 1o pemetrate mio e barrwer
materiol, The werac ity of our results can be chocked by the limating case of L — o, when
the well widih approaches the bulk value, the bmding energy Es approaches towards [R
fior bs state (81, 34mey, 24.54meY for hb and th respectively), The pecihar feamwre of the
magnetee semdecndocton 18 the motion of Blocl lale bound 10 an acceptor impurity acness
the magneti s present i the semiconducting lttice and thus polirizing the spin of the
magnethe ons present within ity hydrogenic orbit which leads 1o the frrmation of BMP,
This ereates the magnetie potential and has o promounsced effeets on the hole states due 1o
the lrger value of Nefl =-880meV and the snaller value of the band — offaet.

Fig, 4,296 depicts the variation of 5P5 as a function of well width for both Beavy and Ths
bound 10 an acceptor impurity inside a STOW with the application of extemal magnetic
fiekd for the Mu' composition of % = 0.2 (X% - X = %), Two interesting aspects that
shoudd be pomded ot from teese fgures ares (1) The SPS & very much larger for the 1h os.
comgared with the hh which 18 juxtapositisn 1o the hModisg eseroy case; This can be
wilerstood that the Bohe radivs of hydrogenie orbit associated with the h in CdMnTe
OW is very larger (28, TA) than the radius of the hh orbit {8.6A), axd there is a possibiliny
fiwr the Ih encompassing a large samdser of magneta sons within its orhbit. Therefore the
encrgy reguired for the Ih to polareze all the spins of lege munber of magnetic ons s

very targe. (i} The applied magnetic felkd drastically affects the BMP as ome can see that

Hh
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the increase of SPS as o functeen of magnetic field as shown in fig. 4.29b, For increasing
magnetee field, the magnetic potential created by the strong exchange interaction between
the sping of Mn™ ions and the spin of the band holes also increases which causes n
increase moshifi. But the incrcase of SPS for the hb with the applied magmetie field is na
as rapid ws o seen in the case of I This & due to the larger effective muss and the smalbe
effective Bohe radius of the hh which causes the magnetee potential (eesultng from the
sl — spin exchange imeractin) amounts to ust fow mey, even for higher magnetic
frekds. Due 1o the Criantuny size effects the SPS for th has a maxunum only for the lower
well width and decreases as o functeen of increasing the size of the well and attaing a
saphuratsay once i approsches the bulk liout, On the other hamd, there is Bo much stention
i paid 10 the variaton of SPS associated with the b sinee moe pew quantum size effects
cat be abrerved,

It i very clear from e available lieeatures that oot musch effort bas been made 0
investigate. on the BMP in STOW. Hewce, the present work may be belpful in
inderstandmg the impurity states accounting the BMP associated with the hbhoand b
confimed mosuch TOW which can be exploited in vanous optoclecronic and spantronic

diovices
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Churpter 5 Coulomb interacton of electrons in LSS

Chapter
5

COULOMEB INTERACTION OF ELECTRONS IN

SEMIMAGNETIC NANOSTRUCTURED 5YSTEMS

5.1. Introduction

The mituwence of high magnetic feld has very profound effects on physical plenomenon
m Low Dhosenswsnhl Semicondocting Svatems (LDES) bike Ouantum Well QW)
Ot Well Wire (QWWY and Quantum Dot (Q0) which modifies the density of states
due 1o the formation of Lamtau kevels mothese structures,  Therefore, the mature of the
unpurity stazes associated with such LRSS is a subject of considerable rechnical and
scientific relevance becadse of fs potential applications in Optoelectronic asd Spintronic
devices. Moreover, the prospect of understanding electron correlationg in o simgalie system
Tk W, OWW and OTF Helaon which are occupicd by two ekectrons in each has been a
deiving force for much of the theoretical work sece the Coulomb imeraction between
them beads to unisual magnetic — Mebd dependence of the ground state amd its excitations.
Many rescarchers have put ther considorabbe offomt o investigate the single and double
oo | accepton mpurities widely on GaAs systems [1-14], The effective mass theery for
heliim - hke domors in bulk semiconductors was first carrsed out by Ghodeana [ 13] and
varsons exporimental stsdies for the same were carrled out by Grinemeiss et ol [L16,17],
The energy spectra of twe electrond moa parabolic QWW and QD have been thosoughly
gtudied by GUY. Hu et.nl [[R] and D, Planakuclse ed ol [ 19]. Metkit etal [20] respectively.

W5



Chapter 3 Conlomb interaction of electrons in LIXSS

Correa etal [21] have asalysed the spectrum of two ebecirons confined inside a non-
wotrogee parabolic D wsing the factional dimensonal formulation. Thoagh the sole of
hydrogen — like domars in DMS systens bhave received some sttenton, stucdies of the

hiehium —like donors hove nod been paid owch atteation. There Bere, studies m this field are

atill imgwortant for both theoretical research and practical applications, The present
investigarion discusses how the electron — electros imteraction gets affected by the applied
magnetic fekd and alers the binding of the carriers confined ma CdTe CdiaMasTe QW,

OWW and QD DMS systerms for the composition of M= soen, 1= (L3

5.2, Theoretical Formalism

The Hamilsomian for the He - like impurity confined in 2 CdTe/Cdy . Mn.Te Squarne

Cramturm Well S Wire /| Dot 15 written as,

YR . 5.1
L =V} W) Batdo # V) + Vo) Hil, 1+ g T )
1--41 - 4 % F-I_.

The effective confinement potential for tse twe clectrons g QW B given as,

o olha]s b2 3.2
L O T B
% Iz —» W
& =5 Ky | ={1.'-E".' —+WW
A NE "k y,e —0Ob

The envelop function & chosen 1o be o product of the lowest subband energy states of the

twor ¢ lectrons confimed mside the QW i given by,

!.
Eﬂn:h_'-l 2 £,2, 2112
filzg 250 =Ny i.'.'n.ﬂ:u..r.lt."m:uzz —L."E-cc;?.l,J'.3 L2 - W (53
0 =P
Eu_p?h.' s 2,2, 2112
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Im E |'2m:|:'.r.=. - E)

e i B

Eqn (3.4) respectively.

for OWW and QD # = given by Eqgn (2.4} o

The approxmmnie ground states for the confined two electrons have boon caleuloted wsing
the variational approach. The variationsl ansz 18 writlen as

Pow = iz, z) ¢ "™ in QW and for QWW, QD, it &8 given by Egn (2.6) and
Eqn (3.5) respoctively which are comespond to without comsidenng comelatuon

The expectation value of He 15 minkmized with respect to A and the electron-clectron

imcraction encrgy s obtaimsd by,

' "
E.. =("J"'1}1.I.'|.|d.'u. e L6 B ﬁ"l’cﬁ%m'ﬂ i T h IEI (3.4
§ iy

The bindmg emerey of the two clectrons moile presence of magoetic Oebd © foumd by

solving the Schridinger equation varatsdaally using the Eqn {2.4),

53,  Results and Discussion

The voanation of bding energy for the He-like impurity confmed insede 8 CdTe [
CdpMnaTe Square Quantum Well with and withouwt the applicatien of muagnetic feld
{y=0 y=3v=06)a8a function of well widih is depicted n fig. 3.1 for the composgion
af Mn®™ jon %= 0.3 1t & noted from the figuse that for the case with v = 0, the binding
energy increases gradually as the well width s reduced from the bulk regime wwords the
Crasi two dimersional regimie and if oftains maxiom when the swell wadth seaches

approximately the effective Bohr madius of the confinme svstem (60A )L
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of the two cheetrus confined inskde the QW as a funcion of well widith for =10,

¥=1amly=nh

This & due to the fact that the impurity potential encrgy beconmes more negative with
decreasing well widhh which leads 1o leger binding of the carreers o that regane even
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Churpter 5 Coulomb interacton of electrons in LSS

thowgh there is an ncrease i the kinetic energy of the particles. The vareatwen of

Coulomb interactn between the twe clectrons & a function of well width s plotted n

fig. §3.
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Figure 5.2: Variation of interacton energy of the two electrons confined mside the QW

as 4 function ol well width fory =Ly =Jand y = 4.

The interaction energy is musimum for tse pamower well width where the confinensent 4
more and theteafier a gradunl decrease s obseeved as the well width inereases simce the
Coulomth interaction scales versely propostionnl o the dimension of tle well as
Vimdime =1 /L [29]. But, when the extemal magnetic field of strength ¥ = 3 and ¥y = & are
applied. the Coulomb imeraction gets decreased as shown i fig. 5.2, This is because, the
applicd magnetic  feld temendeusly suppresses the confining  potential  barvier
(333.2TmeV, 67.65mey, 8 30meY for v =0, ¥ = 3 and ¥ = & respectively) and therehy
shrinking the spateal exteasd of 1he two particke wavefunction which causes tunnelling of
electrons through the barvier OdoMn Te, In addition 1o this, when tle sirength of

mognetic field & more the angulnr momentum gets incrcased aml the electrons mstofes
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Churpter 5 Coulomb interacton of electrons in LSS

with higlser nngular roomenium ane further apart from each other and thereby decreasing
the Coulomb interaction between them, The expectation value of binding energy of the
two ehectrons confined moa QW also follows the same trend (given i Bg 5 1) with te
magustic field as that of the interaction energy, The decrezse of the hinding energy
(Fg 5, 1) with the meapnetic field can be attribated 10 the docrease in the kinete energy,
iopuriy potential energy as wel as the subband energy due 1o the reduction in the
prodentia] barvier hewht, The varation of subband emergy with the magnetic eld for the

two ehectrons confined inaide the QW for varsows well widths is sepored in Table |

Tabke 1: Subband Exergy vy well widih for different magnetic fields n QW

Well Width Subband Encrgy {meV)
(R v=10 y=1] ¥=6
il 6327 342 7.34
1) 2870 8,97 .
1540 14,34 [T 4.63
2UM) LR E 2,50} 154
JiM) 4 (K 15024 219

When the magnetic ficld of strength 3 = 3 15 applied, the turpover o the binding energy s
aeen ot Quasi 2D segion. This & because, the reduction o the potentzl bareser height
dise 10 the application of magnetic Geld keeps the expectation value of impury potential
o be mere negative until the well widih reaches arowsd the effective Bobr radius when it
15 decreased from the bulk value, But, thereafter, 1t allows the camvier 1o be far apart fiom
gach other and leads to kess megative vahee m the ipuray potential with decreasing well
width and therefore the carmers get loosety Bowsd to the domos atom which sesuhis in
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Churpter 5 Coulomb interacton of electrons in LSS

lower binding energy. But when the magnetic field of strength v = 6 i applied, the
bandome energy nereases a8 the well width increases and anains a oaximm value around
L = 100A and tlereafier it gets saturated wntil L reaches 250A and bevond that the
barsdog energy starts o GE egaias The reason fer this belwviour 18 the conpetition
betwoeen the kmetic energy and the pofential energy as shown in Og 3le. The
contrebution of the kinetic energy (o the tofal energy &5 much greater than the potential
encrgy mthe range L < 100A and vice versa inthe ranges L = 100A. But this variation of
the banding energy with the well width fory = & &5 ot as rapid as the variation abserved

for y = Oand ¥ = 3.

disaiiie W ell Wi 1 ibrwin Werll Wi
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Flgure 5.3: Varation of Mnding encrgy for the two electrons confined inside (ap OWW,
() O and the meeracteon encrgy in (b)) QWW, (d) QD as & functicn of well width Bor

different magnetic Helds.
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Churpter 5 Coulomb interacton of electrons in LSS

This can be understod on the basis of the fellowing gualnative argument. The sirength of
the appliecd magnetic fickd v = & 18 very nearer to the critical magnetic ficld (¢ =7, 35} a
which the barrier vanishes completely amd the QW aets disappeared and the carreers
become wnconfined ad in the bulk system, Moreover, the binding eawergy for all the valses
af magnetic leld converges when the well width B mereased towards the bulk vakee.

The graphs for binding energy and mteraction esergy for OWW and QD wre plotted in
fig. 5.3 for the cases with and without the applicazion of magnetic fiedd and the variation

of subband energy for these OWW amd OD have also been presented in Tabke X,

Table 2: Subband Energy ex Well Width for various y in QWW and QD

Subband Emergy (me')
Well Wideh

iA) DWW Qn

y=0 y=3 y=0 y=0 y=13 F=8
1) TEET 4393 T.H2 127.945 412,44 0013
LiM) 49648 422 7.02 i fd4 34 60 7411
150 26035 17.5738 5.ERG 36224 23653 6. 507
20vly 15052 11,77 4 854 22.383 [5.684 | 5.5%645
iy 7.74 6.27316 3.323 11537684 ER e 4.0

It is chearly seen from these froures that the wrend of the binding energy with the
dirsensiin of the system s a8 swme a5 the rend seen in the QW but with the larger
magnitide m bnding as well as interaction energy ad the confinement of the system is
incecdaed rom 2D — 1D QW — OWW) and shen 1D — 0D (OWW — OD). This is

because, when the conlimement & increased, there is & less possibility for the ekectrons 1o
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Churpter 5 Coulomb interacton of electrons in LSS

undergo tunnelling becausse of s highly lecalized wavelunction. Since the degree of
freedom for the two elections s restrected as the dimensiomliny of 1l system s reduced
which mereased the effective strength of the Couwlomb intemction bétween them und
henee affiects the binding energy. The Binding energy and the imersction encigy for W,
OWYW and QD for g typical value of v = 3, has been given m fg, 5S40 and 3.4b

respectively.

i dif
Lo Tx! s
i

‘-l -
i < 1] FE
E.' pal s - i
F e
-E " el ;
= 1A LIl ] ¥

= f—-—._“-_ i

(%.4a) (5.4b) i

"ﬂ 7] [ET] 1] FET TR T A T v s 1in in s

b i i v ki LR L &) L o v il e L84 LN
Flgure 5.4: Yanation of (a) bindmg encrgy and (B) ieraction encrgy for the fwo
electrons confined insxde OW, OWW and QD a5 a function of dimension of the LDSS for

the magnetic field y=3

It & worth notemg from all the graphs. portrased nbove that the Binding of the two
electrons and their Coulemb interaction s remendoesdy affected by the applicd magmene
field cnly when the wapurity is confined inside the QD rmther than in the QW and QWW
Thag cait be justified ag one can mele that the magnitude of decrease in the binding encerey
andd the interaction encrgy with respect o the applied magnedic feld increases as the

canfmenient of the carrier mereases from 20 — 1D — (7.
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Chapter 5 Conlomb interaction of electrons in LIXSS

Qaantum YWell

Figure 5.5 Probability density |‘F’|ul'|llu.: He - like mpursy confined inside the OYW,

WY and QD wnder 4 = 0 and % = 6 for Mo oo concentration of 5={.3,

The above said qualitative arguments can be justifeed from the three dimensional
probability  function shown im0 fig 5.5 for the two electrons confined msde  the
CdTe ACdi=MnTe OW. OWW and QD with y=0 and y=6by mdicing, the
|‘-F"|-|L::1:rea.~ia:-5 when the magnetic feld is applied and it increases as the dimensionalicy of

the gvstem is reduced,
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Chapter 5 Conlomb interaction of electrons in LIXSS

54. Conclusion

We lwve caleulated the Coulonsh mtersction between the two electrons confined in the
LSS and their binding to the donor impurity a5 & function of magoetic Geld. The most
appealing feature of the Coutlomby imtegactinn m DMS systems in response to the applied
magmetie feld s compared o other non-reagnetic systems may be instrumental in
dnderstandmg the strong mfluence of the spectral propertics of the LSS which can be
imferpreted s transitien to Quantum Chaos aind ey alse shed seane light on the

fabricatisn of spintrenic devices.
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Clhapter b Sumnnary of the Resgarch Findings

Chapter
G

SUMMARY OF THE RESEARCH FINDINGS

The hole — hole interaction (Ew) ina CdTe/Cd Mn Te Semimagnetie Cruantum

Well Wire (300WW) s been studsed in section 2.1 of Chapter 2. The influence of the
shape of the confining potential fike square well and parabolic well type on the binding
ererey of an acceptor imgwiriy with twe holes aid theor Coulomb interaction between
e s been atadied for various impurity lecations. Magnetic field las been wsed as o
probe o understand the camer- camber comelation in such Quass - Dimensonal OOWW
since it alters the strength of the confining potential tremendously, In order to show the
sigmificance of the correlation between the two obes, the caleulations have beon done
with anl without including the correlation effect in the growsd state wavelunction of the
hydragense aceeptor impurity and the results have been comgared. From the observed
results, ® s wnderstood that irrespective of the nature of the confining petential the
binding energy of the noceplor mmpariy and the Coulomb mteraction between theim s less
whaty the correlation between them is considered in the wavefunction as compared 1o the
case without considering the comelation. Moreover, the impomance of accountmg the
comelatien i the wavelfunctien has been emphasized by obseeving the merease of
Coulemb sepulsion with the increase of applied magnetie Geld in the case of parubolic
confibement and the effect of impurity bocation on the Coubomb inferaction betwesn the

two comelated loles s not sagnificant a8 the strength of the mteraction B consistently
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Clhapter b Sumunry of the Research Findings

maintained for smalker wire size, when the impuray moves from the center 1o the edge of
the wire,

The dismsr'aoceptod bnpurity binding energy iy CdTe | CdiMnaTe OW'W with
square well conflnement along & - dwectson and parabolic confinement along v -
direction under the influence of externally applicd magnetic field las been computed in
section 1.2 of Chapter 2. The mnpact of directional dependent effective mass caleukated
from the Luttinger parmmeters on the bmding emeroy of the beavy hole bound 0 an
avceptor mpurity has also been investigsted and compared with the resuhs obtained for
the constant effective mass wsed in the emvebope function. From the observed resolis i is
uaderstood that the nfluence of the shape of the confiming potential along cach daecton
of the confinenwnt in QWW plavs a crucial roke to determine the strength of the binding
of the carriers insikbe such QWY amd it 5 w0 be noted thet the carriers can move with
higher mobilay when the directional dependent effective mass 38 employed in the
calculation.

The same wark of Section 2.1 of Chapter 2 has been externded i Senumagnetic
QD with varous geometry like Spherscal and Cubical and with the effect of spatilly
varying diclectric screening which has been presented in Chapter 3. The observed resulis
show that the QD with spherical geometry which las bound stites only for dot s
greater than 30A pives higher kocalization for the currsers simce the Coulomb repubsion
between them is less as compared t the COD which could has baoned stxtes even for the
dos size of 20A. It has also been found that the spatially varving dielectric screening
allows the carriers (o lave strong mtaracton (un enhamcemen of = 20%) both i the

abzence and in the presence of applied magnetic field.
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Droineer aereed Acceptor impurny sstes and the BMP associated with them have been
ivestigaied in o Semimagnetie DOW as & function of central hamier widsh for various
well dimensions and @ a STOW, The magnetic fell can act sy & 1wl to contimssly
clange the interwell couplng insede this DOW systems amd ks effect on donor mnd
acceptor bimling has also been studied. Moreover, the polaronse corrections, which is due
10 the streng exchange imeraction between the magnetic mement of Ma™" jon and the spin
of the confined clectron to the binding energy of the bvdrogenic donor impurity bas also
bocn estivnated with nmd without the application of magnetic feld m sectlon 4.1 of
chapter 4.

The effect of different combimations of the coneomraben of Mir" oo 0 the

CQuantum well Cd, . Mo, Te wnd the bamrser Cd,, Mo, Te on the BMP in a2 DOW

hias boen investigated in section 4.2, The results show that the effect of the increase of
Mo don composition with different combinations on SPS & predominant for OCW
impurity when congared to all other gty lecations when there s oo spplicaton of
magetee Theldd (3 = U and the same s predominam for OCB impuricy with the application
of external magaetic field (v =015},

The effect of magnetic feld on the acceptor wnEation energy 15 very weik due 1o
the high eifective masses of the holes which leads 1o the smaller Landau splitting. It s
found from the caleulations that the acceptor impurity & highly localized only when it s
situptied at the centre of the DOW amd also the applicd magnetic Geld causes the
counterintufive behaviour for OCW impurisy and for other impurety locatins which has
been discussed in details in seethon 4.3,

The concept of saction 4.1 has been extenbed for the donor impurity in STOW for
which las been presented in defail inosection 4.4, [ is found that the ground state donor

binding energy and the 5PS associated with it depends only on the densily of the
[
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magnete: wons separiely concentrated in the well Cd . Mn, Te and m the basrser

Cd . Mn  Te of STOW even though the effective concenteation 18 5ame (X, — X = %

= (L1, (.21 A couderimuitive behaviour is observed for the ground state binding eneroy
and the SPS when the effective concentration of Mn'™ jon i increased from x = (L1 10
® =12 under differcnr magnetic feld strength

The effect of heavy and light holes on the Bound Magnetic Polaron {BMP)

confined o & Semumagnetic Ed,_grl'l.-irl:uTs:-fdl__MMuk"Tr STOW  has  been

investigniod and discussed m sectlon 4.5, The SPS is very omuch larger for the hght hole
as comgared with the heavy hole which isin contrary o the binding coergy case.

The effect of magnetic ficld on the Coubemd meraction between the two clectrom
confined mside a CdTe! Cdi M Te OW, QWW and QD for the composition of Ma®™
ion, &= 1.3 has been addressed in Chapter 5. It is found from the repomed resuls that the
binding of the two electrons asd their Coulemb imteractnn is remendously affected by
the applicd maguetic Geld only when the iparity is confined mside the CD rather tlan in
the OW and OWW amd the resulis bas been justified from the tleee dimensional

probability dizoribautien fusctusn for the two chectrons confined mside such LDSS.

[



ANNEXURE -1

LIST OF PUBLICATIONS

International Journals

E

[ P
1]

Coulerod Interaction of Acceptoss i CdL-xMpxTe/CdTe Quantum Dwt,

P Kalpana, A Merwyn lasper D Reuben, P Nithananthi and K. Jayakumar,

APP Cowmd Proe, 2004, 1381, 1176 dok: ML 106314917985

Effect of Geometry o the pressure imduced donor kindmg cnergy in
semmicoiductor nanostraciures
P. Kalpana, K. Javakwmir and P. Nithionaothi, fef £ Comp Mol Sei Eag.

2018 4, 1550018 doi: 111428204 70841 15500 189

Magnerie: field Effect on the Coulomb Interaction of Acceptors in
Semimagnetic Quantuim Dot
P Kalpanay, A Merwyn Jasper D Reuben, P Nithiananthi snd K. Jayakumr,

ANP Conf Prec. 2R1S. faa3, 090005 doi: 1106314872894

Effect of magnetic field on the Donor impurity in CdTeCd, Ma, Te Chuanturn
Well Wiee
P Kalpana, A Merwoyn Raspor D Reuben, P Nuhiananthi and K. Jayakamar,

AP Cowf, Proc. 2006, {734, (ANRT il LR 1AMGA/ 1. 4947991

112



ifs.

[oapurny States and Diamagoetic Susceptibdlity of 4 donor moa Traoglar
Croantuem Well
P Ralpang, A Merwyn Jnaper 1 Reuben, P Nshinanthi and K. Jayakamsr,

ALP Comf. Proc. 2007, 1532, (W32 dod: 10, 106314980585

DPrvsisr States dn o Semumsagnetic CdiaeMizaTe / OdisneMitzasTe Double
Oueantum Well,
P Kalpana, P, Nihizsaoths and K Javakamary, Seeden Wiorosieie, 2007,

102, 246 - 258 chook: 1O IO T0 ] sk 2001 6. 1 2042

Lmpurity states and the DHumagnetic Susceptibility of o donor meoa Gads!
AlCen )« As Trianguler Qoutnum Well under Hydrostatse Pregsure
P. Kalpaisa and K. Jayakumsar, £ Phys, Ohes, Solids, 2007, 110, 364-3649

doi: 101016/ jpes. 2017.06.031

Bound Magnetie Pelaron ina Semimagnetic Double Quantum Well
P EKalpana, K. Javakumar, Physica E, 2007 (Accepted Manuscript)

dod: 1010 6. plivse 201 7.(H.0215

Heliemn like impurity in CdTe ! Cdi-eMnaTe Semimnagnetic Semiconducions
wider Magnetic Field: Dimensionality Effect on Electron — Electron
Interactssn

P. Kalpaiss and K. Jayvakumar, Sigerfon Miceosieet,, 2007, 140, 115-122,

doi: 101016/ spml 200706017




Papers presented in International / Mational Conferences

g

i

Enhanced Coulomb Interaction doe to Spateal dicleciric Screening in
Semimagnetic Quanium Dot
P Kalpana, AMerwyn Tasper D Reuben, P Nahanaothi o K. Javakumar

Proc. Infernoteial Conference on Mano sceence nnd Technology {ICONSAT -

20145, Clandigarh, India, BMoech 3-5, 2014

Coukeb Interaction of He - like binpuariy in o CGuantum Dog
P. Kalpana, P, Nithinnamtii and K. Javakumar
Proc. National Confl on Frontiers of Clemestry and Mateninls (NCFCM-2085)

Tuljaram Chaturchand College, Baramati, Pune, 12-14% Feb, 201 5.

Acceptor States in o Semimagnete OdiaaMica Te | CdgaaMbesTe Double

Croantuem Well
P Kalpanas, P Nighonasthi and K bavakamar

Proc. [ntemational Confercnce on Muaterials Science. al Tehenology

(HCMET - 2016}, St Thomas College, Palak, Kotayvam, 5-8 June X016,

Erpser Stages in a Semimagpetie Triangular Cuantum Well

P. Kalpass and K. Jayakomar

4" Imernational Conf, on Nanoscience and Manotechnology (1CONN 20173,

SEM University, Chennal, [ndia (2017)

L1



REPRINTS



Cordints Euts vallabila @1 Eclonisiv

Surperiaitiors |

Superlattices and Microstructures

| S ke (ReRTR e PR T T L TERN S R A T TN TS TR A 3R] DR AR L L ESE

Donor states in a semimagnetic
Cdy_x Mny Te/Cd;_; Mnx  Te Double Quantum Well

Panneer Selvam Ealpana, Perumal Nithiananthi, Kalyanasundaram Jayakuwmar

Morrairaner b, Jepmiaie i Fper, Earnpme bum' oedary Gndgroes: G838 10T, Tweibenhi ndio

@mﬂlH:rl

ARTICLE IHNFG AHSTEALCT
Artich by Tos Theoerina sevrstpdaiues has been carnnl v e the neding erengy uf dosar asa-
Rrcvreed 11 Movenidim 2002 curhad wially e wbecboms sonfied s Cdp g Mg, Te . by Te Dauble Chantisn

Raveraal ineviund Berme I8 Dsrerntaer 230G

Agrepeed Jl Devembur JOHE
Sgadanle v 17 Derornber 500

Wl DR ak a b iin o ceilval laidser waldth o vsieus sl daneisnnk aid in-
paady bcaliosid i e berws sl e well, The mageetis feld san al ae o ool =
penulmpouity vl Slee oilewidl cimaplesg oisele thed DO sploine sl U elfed s
vhenum Boleg Bal alds leen isalonl. Bl Che plinma costecliogs. wiach @ e is
the s exhaipy e ium Exvwem e magsele oimeesd ol W e e ipi
ol e ciaued cdriee e Bodog enengy of e badegenc dumn ugpuidy has il

krraneis
SHTEFRAI@i e sk
Bkl Dusrmam Well

Iusar mey brapan b v slmnaferd werih ard sl Thee apelualiom ol mtegmein Tkl Tha Gaiiceiy wmisgy of
L fing FaEigy the demt gty @ Selecmenl by dolng Che Schedinger egudlnom vanibanalky methe
Secnd Mpgncie Tolaan elliz e e sgprocimalizn. al The Hlat dur b Bonnl Mapsedc Bularos [HMP] w
S Rl pelided useg sum Hd ey witlio e oedilfed Bollimin Baatien. The rmiuEs s

nejmifed el diwussed
- 2016 Barmvwer KEA AL mphis veserawid

1. Intriducticin

Tihe wnique features, sech ac Glant T eman Solimimg |13 and Bosmd Magnetic Polanen [EMP] |4.5] doe to thie sonong
Ferhange inceacion berdess (e magnets moments of the magnetic ions aod she sping of hand elecerois ol Diied
Maggnetic Semicondductors SOMS) lag opeosd the doors for Spinoonic deviee applicanioos. This has made O8S an incerednsg
it groursd [ vadoos theooeticad deas since @s Bandstrucre can be @ilored so tha both e electrunic disd magneic
prepeities can i e invesigaved. With the abaniage of nving Medecular Beamn Epitaay (MBEL one can gasily labracace the
Dol Chanromm Yk il § DA Manostraotured systems wiah vancas hamer widihs or heights The modifcation of e barries
hiesgiar o thiees DO G ade up of DS macsdale can be dehicved il by sdjusmeg e Compaos inom of che ooy ased in me
harrier material of By the sppicanion ol the satecnal mageetse Neld (). The pesenoe of & guancised molso i e greatl
dinection of the DOW arrucsnes has @ huge oegact an daeir plydical popemiss which suongly differ froam propenties ol
fRrpew shiggle gquantun wells represemiing & playdial seanaivm of a qoasi-2-Dimensional system. The diseincimee B haves
o DA hicnmies appareni especially whes e densing of Saes ane modifed froam 30 e 200 S 1o Hee Toroaion f Landas
Ieweks i ihese |ructres under the infuence of hegh magnear Nekd which bas 3 very profound #fecrs on physical phe
nomenon in 20 systeves. Therelors rhe DOP&S made ot ol DME matedals provides 3 new parh to explore the ol wanery ol
phensmena throagh which e can iveestigaee the role of impurites contined insweh sysems oo undecaand s eectncal

# Canrmparding e
E-omnl sabbrm bjbsing gridizEinad 1L [ pulcamm

G- L0 D B Ewvnier Lidl SE rgikis emerme
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transpurt and (ugiedo opncal properoes. Our kissadedge doom the lidluenoes of MUENEc ETEUNY on Ssemiiondecinrs has
bren extended oo snody tie EALESHE Tanspon properies s D815 heemstuiees over the pa few decades 11 K|
Congiderabie arenicn has besy faoused By many researchecs on the theorecicl ivsestiganion of che ground stabe cnergy of
hydregenic demer impuriny i CaASAL G As Single and DLW sysiems by accounting varimis elferrs %15, Coplous li-
CranEes are avdilabde an the sisdy of SBecrronic and exciinic stares-in 4 D% with non magrenc maenals under the
application of sitong magnesic field | 16 30, The mugnere-opricil @udy las been camied out by Lee ot 3 |21 | both theo-
resically and experemendally o deinonstrate the inteowed coupling i DOWS using DS matenals. Haido 20 m al: have
srudied carrier muEm el i CATeliCd, 2n e asympssine DO chroigh photolumisesiencs Bpemments anld Sanansirad
ihe sirong dependence of the ninmeling on bamier chickness Laarence ot al [ 27] have desnonstsared the nmnelling dy-
nanmics al axcina i Ol OETe asymikemic DOW by time resalved asd seeady srate phoiolimasescencs epoisment
Degailed iprcnmsmaple mesuemens ad thes successhul iheoretical mosdpretano |5] 18 @vaurable for DMS 10 offer an
appealing oppsrmunity 1o elucsdares how the D8P afect ranspan plisomnend. The refsl @ it be 0ines Gecessany [0 doceant dis
polarsie correctinns m e sty bindeg erergy and this las been invesngatnd In vancas DS Setrusmctures by many
reerarchers |24 14 |, Bus fhe fond of study has por Been fowched yet in DO made from OMS barrier yers esperialy wit
Cdy_ohin.Te Henfe the presens wark bs nsinly inrended Tor the smdy of elecimanie srates of thie doood impurity & well as the
infzepne ol BMAP on the imguaicy szaes Oy o Bng, Te Tl o Mg Te DEAW ander the exemal applisd mgne s esd
lae u:-a- COPTioE Ce o e BTl impasriny ke P i ol Xin - QU005 306 Wy = 003, WHEre i, s iy are the Cumpssinnn of
M lian in the well and the barries regioms respectivehy, and also S wariowus mmpurity kecations The resuls av comguied 5
thi AlTaCive LI5S EpiTeslE IR g vare enal CEchmgue

2. Theoretical formmalisen
21 Dooar Mndlse energ N vmawm ancariy Sl

The Hamiltunian of & wdmogeme donul impuely isede the DO made op of ..o Mg Te Oy Mk, Te DMS
i lrials i the efEaive iniss approoimacion i the poesesce ol magets fed pplisd along the growtch directbon | - | s
WITILEN 25

H - My - Hex i

Hy - 77 -—-"-"nIInl'rL:i*J"I (2]

whene = P 2R (ke = cyciotoon Trequency ] is the paramesss ol the sreageh of the magnetic Beld and ¢ = 1 cooresponds

b o= DT ¢ e /% ! 5 2 ithe mean distance of the parest doior atom and e carrier scached oo i
The condriiutics ftom the exthange mierartion Berween the elecmoan and the MY jon to the Hamilioosan can be wrinen
s 12ny

Hpwe = — 3 Jira — B8 5 (49
1
wehere, i, is the coupling constant ke the exchange ingsrmcison beiwren the eleamom of spin &, located af r and Mo’ jons of

st S Incated ar By Usleg the mean Aekd theory with medafied Brillouin lunoion {26 the @xc hamge sieraction beracen the
carmen and Mageene imperiny @t presence o an exenal magaetic Seld B can be wrinen as

Epe = ’H"-I-!'*'llf.._bull.._ll-:llﬁ;ll'-l-'!'l g S TE SRR TL 41
o A L L .
B} = S roth Ty - centht - Er"— %rls_ﬂ =5

where, 5 b5 the spin of 80" (=572}, Mg~ 294 « 1 om ¥ and § - exchange coupling paraneter and 15 watut i obtained foom
the eaperimental vator of the s - & reoplig constant. (Mg = 220 meV. Aleo gy, =2 kg b5 the Bofnnann coustang and B[y} &
the modifed Brilkeain function. Far flie 2848 of acbimary £, i is mevitable to choose the phenomrenological Somng parameiers
|25l saburaton value S5 (K5 = Q005) = 211, S e = 0037 052 and the elfecone temperaluge T ~ T+ To wiil Ty
|Rip = QOGS ] = O029°and Ty [Eus = 03] » 45

Thie vardss tmpuriby positions [2;) accounted for the snedy (s as Tllowe

{1} On Cenme Bamer smpuricy [OCR) (g; = @)
|} On Edge Barrier imgeansty (OER) {5, = Lai2)
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LIy e Cemre Wl imsanty (009 15 = Lald + L [2)
(i) Om Edge Wl smpuony [DEW) (2 = L2 + La = L]

According ta the scheme of 71y L e profile of the confining posesmal Vg (x} for the camiers i symmenc DQW sTucrures
L T
L . ith
2 oA gt
Kyl = | )]
W e ‘Iiuud{%-- r..] olH £

Lo |5 The weideh o the pach wiell and Ly bx the cenmrad badvier widih and Yy — 70X AE wivere, AES (s the band gap difference
wath magnieie field and i e by Bl 16|

1ot -1
At .:..E'J|? i1

_"uE}' 15t Band gap difterence withous magnenc feld. g - o™ echosen wirh § as a paramener | =055 &0 phas e orincal
magnetic field which depends wgon the value of the compasicion s ol Mn®" 1an. The crivical nsagnecic feld By i Tesla for
different cemposition s givenas Bo = A ¢ with & « 073 and o= 19082 wich gives the bes it 10 the exirapolaped
£ P bmesaally Feailable orilical 2lds and the Band gap of Cily M Te 20 1608 + 15687 Y | 5|

Tt appercimade grocind Sate for conflise d dunor ipsunry bas been calislaied using the varianonal method: The smstlop
functian {2118 considered as

Hewpiiiz 4 L 2l
-‘mill[ll%ll. L Cns .LI:II-.-LT"'] T op- _L:_',
fiz) = 4 Cashidz| -‘.;.-i:'r.l'.z"_ 4]
Biull.;{:-‘.':"'.” O Cod |.|:.z'-.L1|'.]|| L::'.a..z-.L.-
denpl - Fir- L z s

Here, - |2 E] T and o (2na[Vi-E1E The snbmown codstais &, B and O ace Bl oot using the proper houndary
condilscds Jr The intestaces 3 = L2 and 2, = Lo
T rrial wawelunecion of the ground stare & chinssn 2,
diry = Mlizie™ 1=

where. @ the normadsation comstam and & is the variaisnal parameer.

L) PR T
iy, MitnsTe La ) e g Te

Cdp o Mnx,Te

L
%, o i Lo
—l

Fig, L Scheomaie vewe ol B30 piernid profile b oa [
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The Wisest eniergy level By willsean donsi impanty can b= omputed by sehing the rranscendeical equstion | 121
Fonsjaly) + [u - ﬁ]‘ilﬂ:ﬂgl {# + Hn‘n_.u.....-m:pl — g =0 with  u-mdimga (un

iy bl oy are the eleciron effective masses i the well and barier regson respectinly
The exgpectation watur of H is ninimized sich respect ie and the hinding, energy of the donor imgransy i the presence of
nuagnesic Bl is fownd by sabing the Schrddinger cquation variationaily, amd & given by

By = E4y — (Higyy (1]

Thie CdTe paramet e used isow cakulation aree = W20 mg - 1090 Ferges Ton eleomron are scaled by ellermive Ridber g
Hy = e’ 2% anid rhe éffective Bohr radis ap = 2 pmge’.

3. Besulis and dlsousslen

The estimation of <> Le. e effeccive distance of the carries rom the parem donor acom plays a vital cole in detenmaning
the carmier localizatinn @ che nanesiruomned sysdems. Theneloeg, ok Cam excaming che impact ol 1he cenaral hirrier widis amd
thi exeemal magnieic Neld on the behavieor of mpdrogenic danar smpueny oonfined eside the DO Firougly e GResrValn
al ==, Ta start wirh, thie wanassn of the binding #terrgy ol a donor smporiy Confioed inaCdp e Te00) s MnganTe
B and e =r'= as a funcrion of central bamier widih for thie Mis compasiten of Kg, - 0005 and Xy = 0.3 withaut the
applicarian of magneiic Aeld has been cloulaved @nd 5 presented inssomion 1.1 The elfect lias been analysed G the mwo vwell
wiidri (1) Le = 50 A jguast 20 reydian] and (i) Ly o~ 300 A [almosy Bk region] for witkegd (Mpuiny posicions. The At
ahservatinn we have made |5, irespecimee ol che well widchs, applied magneilc fickd and the impury positars, when the
hagrier width is Bmired  zero (L] i, = 0 A, we reproduce the Ey of the single guantum well whach 15 available inche
literagure |40 as a lnninisg case. On the oclier hand, when the wideh of the cenira barmier bemween (e pan wiells |5 a3 lage o
thi hulk walus, i spmmetric wells e compleicty decoupled and it makes the donar impuring o bebave in a singhe isolaed
quaniun well Thételone, it 15 appaieot [rom ¢his sbssnvanen thas the mderaell coupling B possitile anly for the naarow
barier widih which shauld be in the Lisa 0 A < e < WA whicl ca be sern oo Ry 26 Gluiwing a ssturation vaie of Ey or
Lis = BO0-A The beliariaur of the Sono enpuriny wirh the central baaner widly an b umsdersoad fof vanaus unpuriny lo-
cations @ ihe pres#ice and i the ahsence ol e magnenic Bedd as bdlows.

A1 B ungder o seplod mogienc feld (v - O

This section discusses the wraion & bsding eneagy ol the donor imgrarmy when the systes (s not sulljeced m the
pemurhation dise 1o the exrernal magnenc Red

111 On oo SETiEer gy (00R]

A clear smpection of Py 74 indicares thar she binding eoergy decreases as 1 inooeases, viben the imgumay regides ar the
cemme uf the ceniral barmser

Thils & biecause of e increased <= o larger L which omabes the donaor abom ane the amier to be wedkly coupled dis to

ihe reduction @ Caidamd interaction [P 216] The inset 5o e 2ledives variation of < = Sor0ER, DOW and OEV ampuri s @
difecent scale

112 On slge barrier impunty (GEB}

I the case of OES impiray, e sfferof the central barries width ks simost negligilile woro parioalas barrier widi which
can b ciearty seen froim the Bgure thar the bindeeg energy of OFR mmpurity coincides wath the bindieg enegy of GCE om.
puricy. Hur when the barrser yeideh omsses the particular wakas of L 100 5, the anset of bulk oo, By behavies dilfe rensdy
wihich i discussed subsequently ninally banding snergy derseases ac Ly sncreases and theneafter it stams incrersbng dgam
amdl reaches 2 saturation. This can be understood that when the baries wideh increases in between the tao wells, the =i
icreases and reslts in e reducton of Coulemb interactinn heowesn the Carvier impuriny aod the pasent domod aone But
after reahding 1he crvmical barcier voudeh of Ly - 3HFA. the carmser confinement is lmmed in the GO and makes the doiod 3vum
andl CarTies 1o B chmed 1o sach cther and theveby inoeasiog their Coolaed inteoion whech iesults in Brger Boding enc gy
in Ehat regan

A1 Oy cenire weal! | OOW and On edge meell TOEW) mpuy

Linlike the efhes o lmpunty oo discussed eatiern the binding energy for DOW amd OEW nmpuimnes fdlovw the
sam e trend and thiese ran mpenty lncaions ace feond to Svour G the hesnelling of the carmies thanmgh the cenal banmner
larger, wihich com adso be inberprebed chat the inteoae® coapling Beorimes soroinger for chese pao bpinty lecicions as inche
case af moi-magnenc DO | 19 b & wanth nocicing thas the gradisal and emoosth screase of bindieg ¢ 0ergy coCirs upeo
Lis = EMEA bur beyond that it Beoomes saruraced. This can be wndershood b rerms of inrerwell couplang 2. when the barmer
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Fip L Vst nid |a) irefeg erergy aead (B < gl i Barsr wichi, o breetr well s esermemn L, - 81 & sgtcan ke g pplashon o mogeaie Held |7 - B lev
ther Bin b cormm b of 4 « OR Ciaphn e Seen plossd agames vaiow ey Soaees (o)

Wil s reduscsd Below the crincal vaiue, e 16 & Nce probabiling R the carmeers i wmmel dhrough the cemral haimies
Lyt Hut, wilien ahe Barrier widdtls 15 ino eased Beyond thie crimcal walue, If stans i syguesze die impanity wavelunmian more
and the camier i kocalized ooy wifan the lsolated well space of 5004 and evengualy redoces the degres of frepdom of the
carries T move chrough e engine DAY, Because of this, the distance beraeen the donor stom and e carrier is raplaly’
decreased which deads to che 2rong Coulomb inberacton berwers tliem and i ie almoess coistany for @@ the barries widghs
beyond Ly = b0 A

The compaied sesults of the banding encrgy and =r's against barrier width foe Ly = 300 A are displaved 1k P %3 and b

i is very clear o the gure thar the mndisg eeergy for all the unpunay posizions @xhibic & siumar Behssour wath
srnaler well wadth ke Lg ~ 500k wich che foliowsg aception. The shift i e bindirg o0 curs dowards smaller Barrk wasl
of L =50 A s compared with By - 300 & as descussed wn the parbier ase an wha'h e satloraion in che oding eoergy s
ol Thils Cam e subsrand et ed withithe Tectdar ance the weell widily s ancrease poveaerds e Ball value, the DOYY star
10 hehave M v isolated quand e wells irsspectie of the bancker wideh shich s incresed beyosd 50 &

32 LW wnder appled mognene fizld (5 - 3, Sand &)

A5 cepomed iy Aede |20 20| o can imvesigaas the lnterweld coupling in & DOAY and s relation 10 hEmier paramsters
thenugh thie magnete absorpoon shidy under the oot of magnenc Aeld. Theretore, modder th undsstand e 1ransinons of
armieds ek Both femMerc and sniayimnens st i diued maghe s DWW Sysiem, it s @evitahle woonake 4
Comparame sEudy on rhe Carrier befavinr a vasious impuaney Iecationg undet e appied magetc feld Henoe this ssation
in maindy addreseed for such distusson s well knows thar the Jpplied magnetic Aesd ireemeid oy reduwces (Egm (77) e
potemtial Bariset hedght (333 meV, 577 meV, 194 meVasd 24 meV correspandiisg te ¢ - 4, 3,5 and 6 respectively’ in wdiich
the carrier has beenr confined When anahseng the effect of applied magpene feld, coe sldeoves that an soreake of the
strengah of magnetss Reld bepond v = 5{-150 T} resalts dn the complete delocalizanion of dhe carmers mooafined inside e
Lot smructunes wehichi s becn studed loeall the oy Scations. Far the strengs of magnetic Sedd ¢ = 5, the unhound
states ang fanmed above the povenrial horier heggba ansead of boond mazes iwstde the well Theselire, this facn Mirmnaces e
newd £o discuss the resnlm for 5 = 6
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P & aziien of Ta) orelen sy and [BY o1 - sgaimu sgrer widik i ger well hmeaoes L - 5004 wnhaal e aprelroses of iregeiis Badd oy < 0
Iz T Wi e soreralimEd o & - DR Craph s Seen plessad agams cinss ey somsee 35

3121 On cenme DiFrier impaany (OCE)

Fa 4 parsenas the varlation ol Boding eoergy and <r'= for the 008 impusity a5 a funciecn of rentmal bamier widih To
Ly = 3004 Br 5 0en oo Fic A4 thar, when the baamies widih is mdted o pero, Ly - @ 4, che Ineding energy deoedses as the
sorengih of e magnedic feld increases

This L b ienadersbood Toom e T thar wiien e cenaral barrier vanishes, fhie P (A ¢l otively Bermnes the SO0 o
width Legew 2L el exchilhits 1he e characteisti behaviour ascoibed o the S0 wmder the exemnal magnesic neld
A dineresting enfluence of magnesic Beld upon thie confinssmem? of e canier reliss on e raped merease of Dindiesg energy)
wihien y encreases P Ly, s 04 even thoogh. the Bamier beight oo reduced due vo che applied magee i fisld as one can juatify
fenm che probatility distrsation for che impuriey locared & the cestre of the hamier as shiswn s Fig 5 (La, B and 1a, o)

The main mechanism by which the magnens Beld gives e T the srong lncalizagion of the carmier when it resiles o 008
i5 2he sErcang exchangs mieraction berween te gpin of confzed carriers and the spins of locabized Me? © [ons. &z a resilt, there
I5 @ exlaience ed erronuggiets cloids around the singly occuplad eleenmnic staces wihich enhances the nding e gy amd
shrinks tse localizarion fadius of localized elermons When the well width & inoreased Beyond the elfecrive Bohir el
tessmrds The balk, the bending energy desaciaved wich a8 ¢ comvérges mo the snne wilue when the harns wideh approaches
iip Bailk Baviil A ane sy see ltom B ha

322 n Cenre Wl mmgursy | DWW

Wihien the lmpuriy s ar OO, the rediction s the baimier height causes the < = Ginger and resaty in very wedll Coubeamb
inceraction between the carrier and the parent door anom thereby reducssg che Bading suergy witl: respeot b the apphed
nuignedic feld as shown in Fig 7adnd B

Morrtrer chie binding eneagy increasts & the bamen wakth inredses This bs due oo the o chat for she thinees barne, a
preater action of the wasefancton starts ho peostrare mto the cenbral barmer which can Be seen Bram P 6 (la T aod (5, 1
phang () against Ly a5 demanatrated by Refs. | 23200 | menfying the vweracay of aur model When the barrier becames thick,
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then the DAY @ructune lecively becomes twir decoipled SO ol the propeiss ascollaed wach the applind mignetic
field beconies the same a5 thas of che S0 therehy e can see 1he increased binding snecgy m fhar feghon,

Wiken Ehe well widih 15 increased wnsaids thie balk value, Mirce s no much dppreciatie wmpac ol magnesic Beld ow cie
binding enesgy his been noticed (Fiy 9] whicl cai be uisderstoad Bom the variation of <> as shawn b Fig Ob

Thaugh the efizo dor o spin polarons shifl & peroepile for omaller well wedth of Le = 30 & & green in the inser of
Fa Ta the cverall effect on the tesding doss nor alier the pend witboa cossdering e spen polaronie shift.

i thie efect diie 1o spn polarmic shill as geeen ol inseof fig Ga shoes de reverse diect on the oend of e dianm

hinding wirhimt considering the palaronic cofrecion a8 there & oo moch sleen an the sichange energy when fhe magnetic
feld s applicd a8 can be seen from the insetaf Fig HBa

223 On edge lamier [OEF) sl O adge wad [OELY] spunry

When the dsnal impurity is placed at the e rlaoe beowern the raso magniic semiconducnng layes fos & geen smaller
wideh like Ly = 50 & 10 expegiences 3 sinling ellecr with pespeect 10 magoetic Held which contradions bo ooher’ rai piney
locations Bee OCH, OO

Thers isa drasc increase of rhe hinding energy with tespect i agnetic eld for O8N Inpsancy 25 shown Uy Fig Wa when
ifie hamrier width & hsded 1o eed 0 coniras 10 e Sinsatioi for nan - magnenc vwells | 11| This rssult can be jestiied fros
e i erpaealion giver by & Lee e ai |21 and Mulesh [ain |12 |as lollows: Theie is 2 goolalny of Andieg less numlber o
antifer romagre pealiy pairsd Mo jons along she imaertace of e Deteroserucrme, wihich can éfectiely ooneribute to a large
< B s e ] the Ehemal averags of the spi of (e consributing wiee Therefore, the magnenzation ol the maedal becomes
larger cince these inns can easlly be aligned infhe external magnetc feld Hence @ can show as infvence e che il extent
with the carries thaough a-stroag exchange ngeracood whien it resides & the well inreclas The resaits of Ry s can be
justifted lum the poobabay distiburion Toe the carrier plotted in P 10k, B and Ma, by
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It is noted fom the Bgusr |:||:-r fur the case with ¢ - 4L e binding energy increases gradaaliy as the well widrh s redoced
frone the bulk regene rowands (he Quast paa dimensional regime snd i amsns maxinn when the sell sadah feaches
approdimarely fhe effective Bonr radics of the coifming sysiem (B3 A1 Thes is due to the Gor il e smpury poeential
EneTgEy Bernmes more megative witls decreasing well widch which leads 1o Lirger Beding of the carmiens s chat regine aven
ihough there (4 @ inevese nahe ineic energy of e parices The wanacion of Cochams inreratdion betseen e i
elecmnns & a lenciom of well width s plosed in By 2

The Evpracton energy is madiomm for the parroser well sideh where the confinement is more and thereaiter & gradual
decreace is ahserved as the well widih increasss snce the-Coolomb imeracmcn scales inversely proporrion sl m e demenec
ol e well a8 Vieolor~ 110 1200 Bur, when the scemal magnenic ekl of strength v = 3and v = 6 ase applied, the Coulemb
interaciioi gris decreased as shown in Fio 2 Ties &6 Because, the applicd meagnens iedd nemendory: sUppeeses the
condiming poteaniat bariser (33327 nel, 676 meh_ .3 mev dor 7 o 0y - 3and y - B respectivelyj and thersby shrinking
i sparal exrend af the fwa parcicle saselinoion which civses wselling of edecrrads through the barmier O AnTe. In
addition o this, wihen the strength of magnene feld is more the angola mamenimmn gess moreased and ihe eleconos in wates
wilh Bugheer angular moamentuns are furtbes apant from sach wifber and tereby decreasing the Couloinh sleracion beraven
it The sxpectanes value of Bading energy of the peo slectrods conficed s a OW aso Wllews e same rend (gives m
Far 11 wiih the prgnedic field as thar of che inpevaction energy. The decreass of e binding emergy (Fu; [ wich the sagnen
feld can be arrdaned o e decnease in e knen energy. inpunmy poienial energy as well a5 the subddand energy due eo
the reducmson in the pobeneial banier hegha The variation of shband energy wish che magnenc ficld for the reo ce o
coiutingd mnaide the GO Tar various well sichhs is repomed in Tabie 1
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18 Because, the reduction i e potential barmer beight due roobe applicaton ol mageenc feld keeps the sapecearion values of
Ity pateniual o be more negacnee wngil che well widch reactes ansond e elfecrive Boluw radius when i is decreased
Tram thee bk value . Bam, ehereaen it alliows the carner so ke Tas apart lvem sach other and leads 1o ks neganive value @ the
iy potential with decnsasiong weed widih and cheselore the cirriers o1 loossy o i e A arom witch resuls m
loweer Mmaing eneigy

Rut when ihe magneic Aedd ol screngh ¢ - 6 is applied, the hinding ensgy increases st well widtly increases and
ALaINE A Masmuns value aroosd L - 100 A sl thereafer 1§ gets svarated ol Lreaches 2504 and bevond tha the buaing
ey slaris ol again. The reason o this Belwnvseds s che comypettion Beraeen the Kintic energy and the potennia
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Py as shown i Frg ic The conibribarisn of the KGetic enerpy 1o the roEl swery 16 mach greasn tha chie pore il eergy
it The range L bO0 A and Wos weisa in thi raeges £ = 1004 BaE s variation of the Bading eiergy wah e well width tod
i = 015 Dot as rpkd o Uhe virabiog observed for v =0 and ¢ - 3 This can be understood o ik basis of e foflosing
feialicarive angument. The atrengtli of the spplied magneric hedd ¢ - & i5very nedars wihe aaical imagneic Aeld [y - 735) J
which tee barrier vanishes completely and the W geis disappeared and the curmiers become uncasfined ag @ the bulk
sysein. Mursouer, ihe hindieg eieigy Tar &l thie vilues of magnesic feld comeerges vilken e sl seadih s lecreaeid invwaids
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The grapies for Bisding enen gy and Ewetacsen enegy o AN and O ae plotted bn e 0 lorthe cases wity and seehoul
ihie applicanin of negnecic feld and the variacios of subband energy Tor ihese (A% and QD have s been presenced i
Table 20¢ Is chearly seen Brame teese Agures ihat dhe trend af the bindag energy wili 1he dimension of the syseem is as same a5
ifie mremd seen in che O Bar with the larger magnitude in binding as well & micacion coergy as the confinement of the
systEm s inereamsd from 20 - 1D O = (P Fand theis 10 - 0D (OWY - QI The Berding eneagy and ehee Ingeracmesn
energy Tur COW, QW and [0 Tar & typical wale of § - 3, has been gven in Frio da and baespectively

This Is hecause, when e confinement s inoeased, there 5 a less posubday fur e secons oo endergo unmelling
s af s loghty lacalized wasrlunomion. Smoe the degree of Weedam (o e nwo eSecorors s resnicned as che dimen-
sionaliny of the sysiom i reduit nd wililch moreases she elferc e sremgh of che Couloinb inter@otion Betwseen dhem and heooe
allerrs the hinding soergy

It i wanth seacisg G all the graphs ponmayed sbove thar fse bisdong of i bwe elecimoes and their Coulomb ike-
actiuir s memedendy alfeceed by the applied magnetic ebd only wien e Empurity i confined inside the Q0 rather than m
the W and WA Tis can b jusedied a5 one can neee that the magnitide of decoease in e indieg mergy and the
inEC T £t with respect to the appled migeets Beld incredses as the confnemeng of e camier incoeases fom 20
3 - OI The abive galil qualitative arguments cas be pstified from che theee demerronal prohataley Tuioion. st
22 7 Tar the ra electmaos confned ingide the © ATy M i Te OW, (AN 4 QD wirh ¢ = 0 and ¢ = 6 by noncing, the !'-I-':I |
decoeases when the magnetic Neld 1s applied and 7 increases & she dimensisnaliny of the sysrem is reduced. )

T comchide, wie heive calculined the Coafdoamb inferaction Setwern e twi efe s confined @ the LDES and their
hittding 1o e domor ETpUETY as-3 oo ol nagneic ekd The mess appealing, [eaure of the Coulomb inreraction in 0S5
EYSIOME N rEsponss o the applied magnisic feld & compared 10 othel ned-magnelic sysiems may b instnemeagal an
understanding e srong mbuence of the spectral propertes af tae LSS whicl can be inbespeedad a5 transibon. b Quantum
Cluans ared may also shed same Bt on the Fabricaton of spammonic devices
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Bound Magnetic Polaron in a Semimagnetic Double Quantum Well

P Kalpuna and K Jayskumar

Numostmuclure Lab, Department of Physics, Guodhigram Rural University. Gandhigram-624 302
Tumilmfu. India.

Ahstract

The effect of diffesent combinations of the concentration of Mn'™" lon in the it
waell ml—:mﬁﬂrm'h and the barrier Eﬂi_:ml_]q“:““-;. o the Bownd Mugnetic Polaron
{BMP) in o Diluted Magnetic Semicondisctors {DMS) Double Quantum Well {DOW) has
becn investigated. The Schrodinger eguanon s solved varlationally (n the eiféctive mass
approximation theough which the Spin Polaronte Shift (5P5) dee 1o the formation of BMP
s been estimated foe vanouos lecatons of the donds lmpurity in the DOW. The results show
that thie effect of the Increuse of Mn™* jon composition with different combinations on SPS s
predomipant for On Centre Well (OCW) impurity wihen -Ll.I'i'I'I'i.I.I'I'."I'.:I: to all other bagsurity
locations. when there is no application of magnetic. febd (7 = 01, v being a dimensionless
parameter for the magenc teld, and the same s predominant tor On Centre Barmer (OCH)
impurity with the application of external magnetie field (y=0.131

keywords: Double Quonton Well: Dilute Mugnetic Sembeonductors: Boumd Magietic
Poburon; Exchange intemcton; Impurity Locatlons

1. Introduct o

The Diluted Magnetie, Semiconductors {DMS) have many unusual features like Zeeman
Splitting. (1], Bound Magnetic Polaron [2], Glamt Farsday Rotagon [3], mogeetic field
induced metad - insulator transitbon dee to the exchunge Interaction between the magnek
Mn™" lons aisd the confined carrier through sp-d exchange. The formation of spdn. — glass
phase ix-possible for arblirarly less concentration of Mn®* fon (% < 0.2 ot low lemperatisies

which lesds to the frustration of antiferromagnethe inlersction berween the Mu™ ons

regulting In a high magnetization of the materlal,

Cotresponding author. Tel: +91 9443461177; Fax: +01 451 2454466,

E-rail addvess: kjkurmar_gri @ rediTnsadl. com



These unbgue propentis of I.:IMZG presents on-envdrely new set of challenges for the successiul
preparation of e Muliple Quantum Wells and the Superlattices. The modiflcation of the
barrier height in sech QWs made up of DMS materlals can be achleved éliher by adjissting
the composition % of the alloy used in the bareier and well matecial or by the application of
the external magnetle fleld, Many theosetical Investgastions |4-7] on the energy levels of
Bound Magnetle Polsron do alresdy exist. However, ne such bsvestigations lave beed musbe
o stsdy the effect of BMP on the encrgy levels especially in a DOW with respect o the
impuriey positson as o functon of vanouws combinations of the composition of Mint“ion (n the
wll (xq) amd the barrier (2.0 of DMS materials inosech o way that the differemee between
the two compasithon (X — %o = X) I8 same.  The prescol paper atemps for such an
Investigation in mi—-;, H.rm']'ﬂﬁ:dj_qu Mn,__ Te DOW with und without the applcation
of magnetic field for the resuhant composition of x = (L1 as 2 function of cenr barvler widih
amed the bnparity positions.

2, Theoretical Formalism

The Homihonian of o hydrogeste donor impuriey inslde the DOW made up of
Gd,__ Mn_ TefCd, Mun, _Te DMS materials dirthe cffective mass approXimation in
the preseoce of applied  magnetie  fleld wlong  the  directlon  of  growth  axis

| 2-Axkk ] 18 wribler as

1

H =—V —E+"-.-" [;}+}-f_.. i
r - = 4

il

where ¢ = ha, / 2ZR* (o — ewelotron frequency) s the parameter of the strengtly of the
magnetie Teld and v = 1 aorespands 1o =MITeski; i'=m ks the mean distnce of
the rlumuuimm_* :ﬂnn anid Use corrber attuched 15 it

The conteibution (roem the exchange Intersction berween the election and the Mno™ lon 1o the
Harmilionian can be writicn as [3],

H _=-Z] ir -K 5 85 (2]
1

where, J, is tse coupling constant for the exchunge Interaction between s electron of spin s,
located ut r, und Mo jons of spin &, located ot R, Using the mean licld theory with
modified Brtllouin function [&], the exchange interaction betweon the carnter amld magmeti



impurity which causes the Spin Polarenic Shift (SP5) in the presence of an external magneti

flebd B can be writben as] 6]
BH | ! | 13)
- !uf'l‘.i.“.'“*l'l“'. |{'{l | =5 i m i) ¥
e[ o
a ¥ 5B
Biy)= j+]mthmtl}] —lcﬂh_‘: v, = .-.1 Ebp
. as 257 28 25 - I:.H IEH 'I{'BTE i

where, 5 1s the spin of Mo (=52 No = 294 = 107 em' and f - exchange coupling
parameter amd s value s obtained (rom the experimental valse of the & — d coupling
constant, e = 220meY (8], Also gu, =2, kg s the Boltzmoon constant and By} i the
modified Brillowin function. For the DMS of arbitrary 5. it 88 insevitable o choose the
pheromenotogical fitkng parameters of saturation value S and the effective temperature
T =T+ T.with T, for the various concentrations of Mo lon which humsdsicad volues can
be tuken from [&]

The various combinutions (C ) of x,, and X, by such o m'u_lg.rtlg_?n the difference between
A X 18 (L] (8 - S =3 = (L] amd the virbous imp'tt'u;;::"pq::mlﬂum () accoumed for the

study are a3 follows:

I'.’I:'.l = LLLHES, X ol ™ ikl

i W]

ey 0ol x =11

[

l"_'_' in 1 [ t#)
3= T F = Vs

il Al

ir L o
™ (e, “uu_l; -l-_l..'!:.!

amd
{1y On Centre Barrber impurity (OCB) (5=
(1) O Edge Barrier ipuslty (OEB) (7, =L,/ 2)
fUd O Centre Well fropurity (OCWI s, =1, F 2+ 1L,/ 2)
(v iOn Edge Well impurity (OEW) 15,=1L,/2+ L =

The sadd scheme s shown an fig. | for which the profile of the confining potentlal Vi (2] foe

the carrlers in symmetric DOW sructunes s given &



(5

L
=
| Vo g = %md [-I.j_.':+L,;| < |7 = =

L t= the widih of the cach well and Ly, is the cenral basreer width and V=705 d..Ed". where,
.|!|.E,H ks the band gap difference with magnetic Hield and s glven by [ 5]

AEH g [ﬂﬁ] (6}

AE" s the hand gap difference without mugnetic field. “";T"h chisen with £ as a
parameter (= (15 amd 4, us the critical mageete Deld which depends upon th value of the
Conssition ‘x° of Mi™* lon. The critical enagnetsc feld By in Testa for differsm composition
i given as By, = A 2™ with A = 0.734 and 0 = 19082 which pives the Best fit 1o the
extrapolated experimentally available eritical felds and the band gop of CdyMn,Te s
| 6l6+1 SETx eV '

The approximale ground state energy for confined mumrj:uﬁpmll} has been caloubated wsing
the vartational method. The envelop functbon (2} h-l_i'_liitll.‘l-ﬂf-l!ﬂ s

FAcesplf iz +Le 5 TE-
E—H.‘E‘..ilui_ur:+£'j|l:|]+l:'_‘|‘2m|qr;q-fl'_;_l:lj _-Lﬂ;q—l_‘j"';

t'1;£:|=IC-:lﬂt[|."|-.:j ; —E'illq;{%& T
:Bsuu[ut;—%ll]J+EEﬁdur:—_L'jllﬂ : i}{:{l-f
|;AL-:1.~I—J]|:—L:J! o zle

Here, o= (23m'E) "™and = (2m*(V En '™ The unknown constaets &, B ond C are foand
oalt using the peoper boundary conditions at the imerfaces = Ly, § Zand & = Lo

The trial wavefunction of the grouwsd state is clwosen as,
wilrh =M 2y e (%)
where, N i3 the normabization constant and 2, §s the viratonal parameter.

The expectatbon value of H s mdndmibzed with respect to A4 and the SPS of the donor bmgarity
In the presence of magnetic feld s found by solving the Schrddinger equathon vartationally.
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Flgure 1: Schematke view of the potential protile tor a DOW
A Resulis and Discussions

The Fig Xn. b, 2c and 2d corresponding to OCR, OFEB, OCW and OEW lmpurity locations
shows the variufion of Spin Polaonie Shift (SPS) sgaiest the centeal Badmier width n
a Eﬂ!1m H‘“:;,T"J"Edtmﬁﬁzm'h DWW for vardons combinations of X, and L. in such o
way that the difference between Mo nd e W0 P X - X = 1 =015 It 18 moled Trom the
flanwre thit the tend of the varlatlon of SPS with the barmiér width [s a8 same as tee end of
the varation of binding energy of the dosor  unpuelty with the barler width of the DOQW
mnder zero magnetle field Oy = h ag given v [4), An attempt has been made on how the
exchange ineraction betwesn the M~ jons and the confined carrier in o DOW is affected by
the compoasidon of the mmgaetic mpurity lon (X, aind X0 which are voried stmultaneossly
ak given i b both by the well and in the barrier materlal. For all the impunty locatkons, the
SPS ercases with the lscrease of the composition of M bon as glven In {4 except for the
o nation (1) 6f Xm = 0.2 i0d %oe = 0.3, This ks because, when the coscentration of Ma™
fom b both well and basrker increases, the exchangs Interaction between the magnetbe moment
of the Mn*™ lons and the spin of the localized carrler also increases which resulis in loeger
shifil s the pelaronie encrgy. This may be justilied & follows: Whens the concentration of
Mn™" jons is low | x < 0005, the Interaction between the magnetc momenti of the Mn™ lons
Is very low|9). Hence, ol the Mo~ lons can contribute o the o8] mognetic moment with the

average spin per magnetic loas <8, .
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Figure 2: Varaton of SPS agiainst the bamer width for different combinations Cp of
concentration of Mu™ for composition of % = 0] {%ey -2a=0) 0 & DOW with o
well width of L, = 38A for (o) OCE, (b} OEE. (¢) OCW amd (d) OEW

kpuritics withont the application of magnetic fleld (4 =0y,

But when x increases beyond 0005, splns of nesrest ncighbour cancels out due 10 the
antiferromagnetic interaction hetween the Mu'" ions which reduces the nunber of jons
contributing teahe total magnetic moment. Eventually anly an effective concentration £ of
Mn®* wops whleh i always less than & contribotes to the twotal magnetie moment. From the
rexulls reponted 1o (9], one can understand that the F increases uple s = 0.2 amd then sans 1
decrease when x increases beyond 0.3 18 b5 bocause of this fact one geis ower 5PS for the

combination of Mn™* ions which invalves x.u = 0.3,

When the barvier width i Hmited to 2ero (L — 00 the pate of increase of the shift with
respect o the increase of the concentration of Mn** lons as in (4) & lah only when the

mpurty i ot OCB aid OEB swhien compared 190 the other twe lmpunty locatiens, This s doe
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wor the fact that the DOW effectvely becomes the Single Quantum Well (SOQW ) ag L, — 0
avd bt exhibits the charsctecistie behaviour aseribed to the SOW. However, when the barrler
width starns to incresse n betweed the two wells the rate of Inciease of 5PS (s high, only foi

the OCW ungurkty compased 10 all the other inspuardty locations s sbown in Fig 2e.

The results of 8PS agalnst barrier width is presented in Fig A for L, = 3004,
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Flgure 3: Vighation of SPS agunst the boasrber wiidth for different combinations C, o
comcentration of Mn™ for composition of X = 0.1 Koy -Re=C) in o DOW with o well widih of

L, = 300A for (a) OCH. (b OCW impuarities withow the application of magnetic fleld,
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It is scen t'mm 1!1-: ﬂgum thar the effect on SPS due o |hr: W AELati g nt' !hl': er-:cnr.nmrm of

Mn™ bon for any comblnstions |C, ¢ Xuw — Le) is predominant enly for the lower wiell width of
L.=50A rather than for the well widith approaching the bulk value ke L, =300A

The varlation of the SPS agalnst the barrler width foe all the combinations of comgpsition of
Mn** hons and for all the impurity boestions under the external applied magnetic field 1s given
in Flgd. It is well known thit tse applied mugnetie Geld memesdously reduces the confining
ptendial (111, O¥kmey, TA65meY for y =0 and v = 1S mespectively ) [5] in which the carrler

has been confined.
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Figure 4: Varation of SPS against the barricr widih for different combinations C, of Ma™
composition of x = 0.1 in o DQW with o well widih of L, = 50A for (a) OCB, (b)
CER. (e} OCW and (d) OEW smpurites with the spplication of magnetc feld
(¥ =115},
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When the external magnetke ficld i appleed. the exchange interaction between the Mo fons
ad the cartler s enhanced thereby increasing the shift largely @5 one can see from the

numerkeal values of 3PS for both ¢ = Dand 4 = (U15 from the respective figases. The trend of
the varkaton of SPS with the bareler widih uoder the applied moagnetic Oeld bs same Tor all the
impurity Jocations except for OCR impudty with respect to different combinstions of Mn™

foms as shown in Flg. 4,

In the case of OCBE impuity as given in Fig da, when the combinations of C; amd C: are
consldered, the SPS increases as the barrier widih increases and one observes the everse
trend for the combinations of C; md T4 This is because when the barrer width Increases. the
couplng between the two QWs bs reduced which causes the carmier to lnteract with the M’
I prescnted o the well material atone. Therefore, only for the comblinatlen for which
S S LOT wlone anly can show 8 iafluence 1o the nasionon exient with llH.LII'I:'!EI‘ therehy
increasing the shift. Bur when the widith of the ceamal barrier becomes thin the maximam of
SPS s obaerved only for the combinations of Cy and Oy which is dise w the strong allgnment
of the spins of Mu™ fons with the apphied magretic field. Ieds dkgo worth o note from the
Fig.d that the SFS i maximum lor OEW impurity os compared o all other Lnpurity
locatiens foe the combination of C; aml C:. This is Because there s o possibility of {imding
lesder number of antiferronugnetcally |+ajtud_h._l|'1-2*'libiﬁ abiong the interfuce of DOW, which
con effectively contribute 0 o larger <5z Therefore, the magnetization of the material
becomes larger since these lons can E;'L'-il.[}' be aligned in the external magnens feld,

d. Conclusdon

The cabculation of the SPS due o the formation of BMP with and without the application of
external magmetc feld in DOW for vanows impurity locations: and for the different
comiinations of the concentration of Mo kons in the well and the barrier DMS materials
giving rlse o 1 =01 has been made, From our lnvestgation 11 has been observed thior even
though the Mn™ concentration & = 0] (X — %o = (01} determines the effective castiflidng
ptentlal well of the DOW, the SPS §8 different and depends on the coscentratlon of Mo b
in the well (g )and in the barrier {Xa.). The large spin — splining of energy kevels doe w the
sped exchange Ineraction i such DMS matecals corvespoisds o the far — infrured (FTR)
region of the spectram which causes the possibility of & wasble coberent circularly polarized



FIR emitver and for the resonant mumselliing devices using supeclatices involving wide - gap

DMS for which our study may throw sorse Lght.
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INTRODUCTION

Mopnetic el Semi-nopnetse  nessinacire
sybema ke CdybingTe 0 CdTe (where x ix dhe
cioncenrnieon of magnetss impunty M) Chummim Tod
(R s dawing  congilernble  attendion fdoe oo
Spmironic applicstions, posdibifity of reabizing, the
optoelevronee devsces and exhibsing dhe swich over
af ihe sysiem fram tvpe - 1ia tpe - 05 B s well
knewn that Cooulomb imeraction Between ocoepdar
stales lends to increased sienificomes: of masy body
cffecis. The Mp condentmatim  Br  nonmopretic
Semecoiducior g rise o fermomopnetism o ond
metallic mmnsport. Conlomb intceaction within the G0
gives nae 1o ibe phonmmenon of Cowlond béockade of
rramspuu and i infleence stroagly depenids on the size
al the . Moreorver, ke infrared spectrs ol accepsar-
gcocpbar  mberaction in 81wl G shiw a0 snmll
sploimg  which czeami be  esploined  mless  one
considers ihe acceprars ineraction’, In the Sphi of the
pbove, in the presem wirk; the apcepiar - acoopanr
Cmilomb interncticn m Cdy Mo TedCdTe DD (hoth
spherical 720300 eeal cubical (OO0 hove bees
inyestpated an the  effectise mass theory. The
thearetical formudation is given in the next seciion wnd
in e st section, resulits mwl  discEsioss oe
preseibad

THEORETICAL FORMALISM

It dmshle aoceptor stales are  dedermined by
sodving the bole elfocive mass-Schridinger spotion
mnd the Coolomb nleaomm betwesn. these o
nceopiors B soreened by il background Eielecine
comstam £ The effeciive mass Hamiltonian is weiien
in dimnensionless form ne
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where, H, L ore the radins and smee of dhe SO0 o well
an COD respeciively and Vi=MPRAES, The externnl
applicd maynaike Geld sicongly chonges 1he difference
in ihe and gap between Cd,,n, Te gl CdTe byt

F 0T
0L Y L i
L

si that. the strengih of the confinemou podasiol e
rapedly redoced and resulls o the mindificatioms off
claptrical sad aptcol properies, n = expdopiond o &
o parameteri =k 3p asd 3y as the criticed megnetic
frehd. AEM and AE," ore the band gap difference with
and withnut magnetio fiell repectivdy; The hand gap
af the muterial is given by B (Cdi JMin Tl = |60 +
1587 [meV), The critice]l mxgnctic field y depuenids
wpon -the salue of compisstion, Thie onticed fichl =
lFesda) for ptheer values of compuosition can be ablamn)
msing e fivmuloe B = A expnx], where, Ag= <057
and n= | .70k

The approsinnie groemd sintes for confizesd louinle
pcoepears have been colculnied using ise wvariaisonl
appecach. The vamatimal seaseBmenon ¥ o chissen w
I o prosducd of the lowest coergy sabband sinres of the
s hioles confined meide the Q0.Congsadomng the
correlation hetween the double oocepoors, te arial
wnvefuncisnns fir hoily the sphencal and cobical dom
Are Wrilten s
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i the nomslicgion  condant e 2mUEN,
[I-lEnl.'l;"r'n.-I_"ljl". & ks the voriatimal peramecior sod
Uy i obinined frovm dhe coevimmioy condition.

The lowest energy level Fa witkaul avceptor tmpunity
can be cnmpuied by soliing. the - trapscendenial

equEtion
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The expecmnmm value of Hoe mimimeecd wdh nespec)
Im & mnd ghe hofeshole mternction @sccpy B ofeained
by compuiony

i
W _-.|..'|I|- iTe
=i Il
mnd the beniling coergy of duble oedeions oo tho
presesde of magneisc ficld e Toaml by solviep se
Scleddinger equmion vaniationally, mnd is given by

E..--E=r-l::|'q'} %

The CdTe poremetes used in our coleulmisom ane

co= DL, my = QAT Energees pre acabod by hiode

elfective Rydberg Bs = mee? 20 mmd the effective
Beohr radi o= Mo'me

s I:II'*.. i P T 3
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HESULTS AND DMSCUSSION

Fig- | mmsl 2 prosents the bamviiog coergy and the
Ciomlogmb Enteraction onerpy of double oocepars o3 o

fnciiom. of ool smee foar three  Eiflerenl  bamio
height| 143,67, 1k doneV ] comespoending o0 the
magnetic  field strenggth ol 1y = 0, Q404 [KOT)

respoctively for both cubicol aod spherical dot Ir con
ke seen thar there ie & ropid redoction in the Coufomb
interoction energy ax well os the hinding energy when
ihe magnetse Geld {91 & moreased, sinee the agplacd
magnetic fiecld greolly alters the barrier heighy of the
(D apcor@ng boooms. (1),
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In both cases (Y & 500 the bandeng and ihe
mberiction af the mwo holes inoreeses 10 & maxenm
arounal 30 wrihern applving magnetic Geld (7 = 0) aa
shirgn in Fig. la ol [

Thin 1 due 1o e cifesive confinement frequency
sciles with dhe mverss sgmre of the dm sieze
(Ch o ELY and ihe aypical mbsrncrion energy ilropm
inversely with morénsany gl miee 0¥ Guee 1 L),
wlich may bedoe s the Thd that decreasing the do
size, the wuvetanclion- is mvore sgoeeced i CdTe dot,
leading to the stronger hinding - Howsver beyond n
certaln voloe of dil wze, the wavelmoiion = gremd
inta the borrier il Mg Te, leading e the roiloced
cimfimement al the hiles m the well region

" il —_— F e

i~ - . w—h
a — W =2 ;'I P
i) La1)

Y B8

I?'- H !1 [

[ ]
!'l-ll !."\QN
B L - n -‘-_‘__.

i e I
il kR
A BT

| '“"'—h.__.__ 2 H:,__

& A & W W e

FIGURE 1. Yisisbon of ihe geoenl aude disBle oo
I;‘1I.I.|1i|'||:| erErdy and amemciion SieEd b o liedlon of G
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When ihe atremgih of  the inopnete  ficld =
incrensedl bwwords the oilical yalue {vasishmy of %),
the energy maximom shifie dowands dhe dol size
< TlA This beluavior of the encrgy 25 a Bmcixom uf dot
sizg {fior o grven mapnetsc field) can be oirihuted by
the folloeing facts. 1) For extreniely marrw dot size
i~31hA) the reprlsive lorce beimuen the swn hales. gxin
in srength mnd conses nmneling. (it When the dob s22e
is rger | Mt (RULTOA), e aitmciive foece dioe 1o
the confining potential snd the magnetic field mluced
localization win over tunwefing and tend % confime the
hites egether nside CdTe dob PFrome e ahove
arpumends,  one spoecls the posct of
guesifinydimsenmimaolily  efects 10 oceur when the
cffeciive Hohr  rdius of the  holeshale paic i
comiparable so se stee ol the (f1

Thee womization encegy of ihe doukle holes o lorges
in Sphesoul confmement than = Cubical B9 os shown

im figures |ommd Xowhich s justificd by the distributon
fmction of hofew inmide the dol as shown o Rg 3
Henee. the Cioulomb mitersctson between the holes s
simonply enhaneed omly inodot wagh ashical germeiry
rathr than in spherical peeoserry. This is dug 1o the
fact jhat e comfinemee = osphencol  peamers
decrenses ise Kinchc eneryy of the double hales thus
leading 111 the enharced binding energy:

(a) (b}

FICUME 3 Prehabilivy damnibinion of e Beles salile the

0 o e YA, B dadveti, (R = b T R Cutneal [ B2
Spheredll Bead) (hoanses D

CONCLUSIONS

The Cooluwh interaction ol acceplors in
COD and 8O0 & very effective 2nd can be cominalled
by she exvermal mugneno  field This Coulomb
imerochon m - SMOE is sggnificant in dwe Light of
Caoalomb Mockade of cramsport. Moreover, this two
parhcle mieacism can he very helpful Ay endersiand
il bwo particle merpy spocinm.
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INTRODUCTION

Compuimd  Semiconducirs. moarporieg e
coficaniretion. of wmansan meinls like 8o which me
calbod “Dhlubed Magnsosc Semicosdernrs (2345
Cd Mo Te, hove opeied o pew leld 'of apin

fewcional  samsconductor physion The  exchanpe
inerameE Pelwem e exiended (BeEdd mid locul
(esmmalby df elanrons | L2 die ped and the s endange
interactioa, which are responsible for the fnrmasiom of
Huound Megnaie Polsorn (HMF, inderlies imponan
spin- anplifled ropeties in diess nsmerials ', Several
theoreical feemlisnss G =iy BRP soorpis
hve been develuped and slss on olsmdanes of
eaperEneninl results exism un bh sccoplor — M1
gl dimie - BMP . vekeus  sesuimagnetic
mgeriaks Y The physicul nanre of impurity sises
sociatnd wish semicmdocing  heserostnactings e s
iuhject ol oreamideeble  vechnieed  asid sciemific
febevunce  hevmuse  of  their polenlial  devioe
sppdications. With the isthoodogicnl progresses in the
fahmamion of seuconducts smuinrey o dveinical
lifgraply, Mooculor Beam Epioxy sid elohmg, 0
lies Been reade pessible 1o ibricme & wide sarery ol
Crpaniwm Well Wiges (OW'W)S wigh well comridlsd
shige ond compesitiee s aclileye the hggh dennon
mohilay ' dug 10 @rong suppressim of hosh wogsariny
il opiscal psiocn. - soamering. The  spaniad
codifinement of che wavellamion o thess DWW
muinly degenils on Bob the shage of the polestis] ma

e gty positbon slong thess @ruchues  and
Berely mmnber of shedes coneerning UOWW. with
e immpakir, T-Shapel, Vogrose, rangular and ither
croe sectigs M Hesce ot of sttention were shows
during. the lsa few decmbes. In the pressnl wirk, we
Evestigae theoveticnlly the bindies enargy of doior
iy B CdleCds M Te (W wiith souarne
gpe . pofenrisl conllecmess aloop  wedirectom  and
parahulic sype confinasen dlong y-dmection, Yiv y)
mder e nflusncs of entemally sppdind euilinm
pognetic  lkeld Tiur Mo conpesiton s o sTILE
Calculstices are comied oub = e effecnve mese
approadiation using varimionel method.

THEDRY

The Hamilboman o & Bdrogenis o bugerity in the
presence of mapnenc Ged  in CdT=0d008naTe
Chimstin Well Wi in the  effegive  pumss
approdisTation is given as
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Delinmg eitecrive Hohr rodess u ®= 0 gew e an wmn
of fengih, efTonive Hvdberg 8° = Pgang® as um=n of
eompy nd e siength  of - the mamaic el
pammiser @ e O8® e - ctloron reguesey nnd
v 1 eomespoemls ne B804 Tesls), where m® 1w the

[P TS~ S K Py TER R e S s | i
AR Tl P 1TV, FEERT- - SHELI T3 ok 1B TDET] S9477FT
Fabbibod b AT Pablikang 778077541 57865V &6

(2T



elbective sise of electtun m CdTe onil - 1.'1 .y,

r-..lrl.;r ves o B oleodhe i delecric oonsmmi ol
CdTe o) amd pr ee e fsie confinemen
preiemiade e the ss sl sodirection. regectively. Vg

in i sy well pedentinl of heght Voond T s e
patabodic well potenial -.'-l‘é.w-.-‘n: o which e piven

by,
Wixp= ¢ 'M‘L B

¥y Jx|=Liz

| 4 i
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Vi e L2

L i thie vl of the eociangula erids section of ibse
wire il W, = MEAER AR & the banil g
iliflerence with magnene feld *' and 1 gives by,
arb u-:-[n-:xnl;rj I] -
n-L
wiers AES in il bamd pop  difference  witho
maogeziic ficld gnem z5 eeitie chesm with 5 o s
perietieter (0] mad o an e crtical osgnei! deld
which depends  upim the vabse ol fhe Sy oo
poppaiteinion. ‘x'. The critbeal  magneic field for
diflerem compesinen e = &e™ o glven in Ted with
AT = 19 043 which mves: thie bedd fir 1o the
catmupodated. experimestilly avelsbbe crincal telds
Phe baml gap al’ Oy in, Te ds glven o he
Ll L 38 e 2
he rml waveunction Tor growid mne doser imgearity

in such £V witks dilferent colinerens olung sen
dirzcniona is gives by

W N, W g v Exp]-ar] i1
WEE,
Cogfuda]  |xjgLiz
wiKi=
Hu-_qi;.pm iKf=Le2
5k
L —t LI—
o3 s
H:li-::-:rl|-|l25.'| =L
whene. Mo B b2 seeslimiion oosmen

il 13 Ep® and i Lo YEEN w1 the
vardsiie] pormmeter, "B end B2 6 eldainsd fom
ilie compinuicy pusaitiin,

(e bnding megy ol e dess egumy o fie
presesece of megeeto feld is foond by sodving The
Schmoddimger ot vimalionsdly and is gives by

B = e Hla ) 16

Spdn palarmeds offeor

The musdifed Hvillisiin fiocion ™ w mvcke
the éachanger micrscion betvess (e oatier ond
HEEnELS unparity i S preimce of anexiansd
mragnesie lekd B, vielding dee magseie poleamic shil
shich s given by
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wheme - excbange couplisg paremeler, S s e spin
of Mn® 801 und M s deE M I OGN CeHIERE
with Mo = 284 & 1 e’ and [N = 230 eV for
Cdle. Also o =3 anid B s ge streygith. of the 2oemal
magnes Oeld b the Bedumaanm conslesd ond Bay)
i the ieodified Bedllimin letiom

HESULTS and MSCUSSIONS

Ubservaiions Base heen made on the hinilimg
enorgy il s polwonic it ol the Bvdrogenic
doaor inpurny confined moa OWW waill mpuee
cietileemesy  alig  wedveetos  md  purabalic
comiimemist louy v-direcrion lu de varioug magselid
fielils applied aloug thae free direoime 2

= 1 -
M
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Pige 1 : Diww fhining, Cngray v Wies Selol [ =111 i

varaiim ispnstic flielib

It oo b s frone thie Fig 1) San de donm
buoafiong greergy decrmes with Bcresss o megnanc
figdd. This is due o e fact fhin dse applicabios ol
mapnese fdd redices the onfines podential barrig
Baight nzoording &hegn 3 thus makesy the doner e

{271



podtfined i the wie This e be qusified lhom the
probahility dignbunon fimeron ploteed in Fig (2) &
il anid y=h

il anad L= B4

Flg. 1= Proilesaiily didsibeitesn Tir o= gl s fir wine elez
Lo 10,

I ocen be osen mume e purs shat o e
Prohabiliny Sensity of domor irdde the wire 5 highes
in magiiishe i the sheemee of nmpmase Hold thes
the presesece ol magmetic Sebd 19 s e obmerved Bl
the hrnding energy decrones us 1B wire sde mepsasss
wingl v = capecied one in ofy Ling dimessiool
iystiwm. I8 rebahilivy of oo reaila oo Be overlfied
=S
e Well

i for Wi,

B s it
Eyy L WA w)
wlene, LT e Wl iy the  dunor b

emetgy il n Cuamum Well with Square © Fanbhodic
pirtcninial contleemess !

The vanamim of mogmens polirmic shift of the
dunor impuriy foc el =3 and b e given e
w03 i 1k nietiveid dod thicre & n draste inoreass in the
spin podarinic ahifl with incnssse o magmetse el o=
e s an incresse oo ihe eschigige inlgucion
between the magneic s pnd dosor impuray
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Fig-3: Syme Molawre shill ov Wide S o 8 0- 003 [
Vet iipietic Gokls

CONCLUSHON

Ihe stwdy of ihe mugnete el m e o
mpmiry confined moosuch 8 QWW with  vanons
comlimenosts along ran direciions = impiEmn e i
in peegiibe 1 dmvesligone s varicus propemies (e
wagneeiz  mcilions oad  obe  magnesa opticel
e fbons anid olso i siomelate and Dibrseeis QW af
Wilerml cruns secilonal geossetry  amd cmfinmg
peieninl acenndimg 4 B requiremend iy o
cevace apphesrios.
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Impurity states and Diamagnetic Susceptibility of a donor in
a Triangular Quantum Well
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Enhanced Coulomb Interaction due to Spatinl Diclectric Screening in Semimagnetic

Quantum Dot
F. Ralpang’, A. Merwyn Josper D) Reaben®, P. Nithiananthi®, K. Javakemar”

‘hepartment of Fyeracs, Crandiugram Mural fesrmee, (ramflipramaS 20007 Thimilimads, fnalla
Departmpnt of Plysics. Sohoo! of Engineering, Smveerka Uwiversiny, Thissdalom, Chennai-S000 04, Tamiinady,
Teeeli
kumar eS| fmad comi

The elzctmpic structure of the Quantum Dots (00 with enhameed Coulomb interaction m magnetic Aeald
displuys & rich scenario of different phaces in the ground slade A novel spproach ¢an be made to reduce the
chiatged tmpurity mduced scatterng] 1] and to caleulate the vabrational spectra, the carrier infersctions in
exciton problems and mmpurity potentials vin wave vector dependent and spatial diglectric scresning[ 2,31
The purpose of the present work s to investuigate the stgnificance of spanal dielecine screening () 1s
working out the Coulomb imteraction botween the accepton|d] in 4 CdTe/'Cd, Mn Te Semimngneti
Sphencal QD wssuming the confining potential o be: sguare well type within the effective mass
approximation using vatstionsl principle. [t s seen from the results that the cammers show mose Intermctios
(a0 enhancement of —1 3%} when they are screened by spatial dislectne function in the absence of external
mgnetic fickd a3 well as the presence of magnenc field, Thas work provides the foundasion 1o saudy the
ivirinsic tramsport properties of the carrens In low dimenstonn] svsems and o gxplore the patential
nppticattons i spintronte snd electromc devices

Referance:; | Fung Chen, Jitm Xia, Davidd K Ferry and Nonggian Tao, Namo Levherr, 3009, ¢, 2571, 2. Zhen- Yao Deng
ling-Kan Crus and Ting-Roag Lad, Priw 8ea 8, 1994 50, 1. ] Hemunsain, M fev. 1908, 10600 4. A Merwvn
Tasper [ Beuben, K. Jiyukiimar. Saperiar omd Micmortmet, 2012 52,722
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";-\._‘Itlill'lili:'_lll;".l-\.; Manmstnciured Sysiems Wherdi mapniiic mterind like SaTe o6 & SpaIEIERIENT 0
Semiconducior materipl CdTye i drawing considerable migrest [1,2] Tnlerest m these matcrings
arides mainly becase of the fact that (he band offsets con be wilored by on external magnenc
Figld [ 3], which opens up tha possibality o renlizing Optoeiectrome deviees. [n e peesent work
the He-like inxparity i o Semomagents Quamtum Do Tike CdTe — Ody M. Te 1s considered and
the Coulamb nkemsetion of ekeciyons confined i such Quesntiom [ has been computed for the
o - centie dnd on - edpe mpardies ander the anlluesee of extermal magnebe Deld n Ui
effective mass approximation gsmg varsbional peinciple 11 m potseed that the Coulomb
intersction for the on - contre mparsty (5 higher than the on - edge impurdy Toc both i the
presencs and shseneo ol magiebe Hold o all the sores of the Dot 1 s also obaerved that the
Coulomby imtersction @ lowered by the external magnetic field as expocted because of the

tnilormg of bansd offset as menuoned earfier. Results are presented und discussed

|} DBeastird G, Brum 1A, and B Forreara) Sodfid State Mlosics 1991, 440129,
7} Faboov Lo M. Plosies Tedae 19992, 45,46
1y Von Orenberg M. Plaa Rev. Leer 1952, 4103
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Vs b veriable ressier i eabibisnon-ihimee cumeni—valige chameiersne e i
cinmie af semmcomilueting Fol graids surmoumded by thin issulahieg inlergacales Byers, En recend
cimars. comtimsed efforts hove been direcred o develop kgh performuanee varismes specifically by
redducing thy grn sige of Zidd, beciuse th breakdown voltage of o viesior ls knewh i ko
mverschy proportional 1 e preen size. Hiowever, economcal production of ulirefine. grained
wullsior ferveiies o technoboglead challenge wwing 1o mped grain coarsening during alnleiing. A
wrmple approach to tetand gram groedh of nasosrystalline vari@or poaders during smemeg s
addivion af appropriate rmee ganh oxodes. They should act as gruin argth inbvhinee, inaine hand
il it e heseficinl for alecirical properies, om thig other hanil. The present sty examines the
effect of Erlly addibios (0 o 0 mol %) oo densiflicoison e gmim grawth behavior o
Himirasinllee Ptk Uy -MpO-MbsUwvarstor powders preparsd by ustng likgh emorgy Ball
imillmg. Hall mifles powaders Have Been densified by comvenrional single siage emiering at 400,
| L0 and URMC for The Mlicrossracturs od ball midled powders and sinieresd pellets bave: hees
charpissriznd by SEM amd TEM snmmmations 52 well pn XRD and image amadyses m addstion te
dmsity measurmment of sintered peliss. TEM apd XRIF resulie enndiom the gensmben ol

nimdnmagneie sisad Ini particles by begh smergy ball inilfme. Mcrissucteml chamoiomndiom af
aimrerml |:||:|le|||: nssists 1o imfer thin while sddidon of Erdly fedudes densdlention process,
shimilicntdy relonds e praie oascting durng sikrieg particulacly ol elevated  lompenibanes,
These effects are found 1o esbarce wiih increming addition of Er:th,, 1t has been eswhlisked thui
Eri) be an effemboe grain growty inbibion for the T hised verision sysoms,
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P Kalpsma, P Mithsasanii sed K. Jovsbama
Sanowiwciore Lab, Departmear of Mo, Guntigram R’ Diveraier,
ramatiiprane. 624000, T, o

M Oitoied  Meensic Semeoedussars se hevpming o infersstisg st ground - o
warinistgore ool iden s cisheadsiruciirecmbanilredsnlbagh the electromic ond magnetic
rropertics qn #ho healterod. The distincbve behmviour of Double Quamnom Wells | DGW jcan bo
obwarved whan compared with o Siogle Chuamium Well (SOW) especaatly whes e dealty of
shaigs pets rnsdifed From 200 w0 0D duee 66 the Brrmetion af Landan kel i ihese sroctunes under
the enfluesee ul ilie mmgnene feld. In the prosent wosk, we linee sl e scironky stans ol the
pocepint mmpidby & well as the ieffuece of Bound Magnetic Polarmos by colculnting the Spin
Palsremic Shift i Cdj Mo Te - CdTe DOW weder the caremal spplisd magnetic fleld i the
elfeetlve imiss approsimation using variational technique for sarises coopdsition of magectic
impruriy Mo o (o= 000, BV amd mlsas for wanoos popurity locetions. 1 i ohserved that the
e iy fp Bphly Incslised anly &l 0 bs albeted af th senser ol e wall ropion and 1
i= letss bowsred sl incresse m mmageetic field (79,21 Tesla), near erifieal mogmetic. field due bs b
redisctionn wn the conflising potenisl burrie holght becass of the apphial magnic Gold ahich cn
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cunficming highly stable silver nanoparticles while the XIS reveals the seto sxidation stite of nano
stlver. Further, the stroctural informalion of formulated silver naneparticies is characterized through
HR SEM, TEM that yeelds 5-10 nm aszed nanoparticles. Again the symmetrical distribution of metol
nanoparticles i thoroughly examined through mapping of TEM. The designed silver nanoparticles
are haghly siable and regularly arranged; and can be emploved i virjous technelegical applications
of sensing, drog delivery along with device formulation.

Keywordi:AHMYT, Silver nangeparticle, Senaong, Drag delivery,

Fig I TEM tmages of regularly arranged silver nanaparticles

DONOR STATES IN SEMIMAGNETIC TRIANGULAR QUANTUM WELL
EALPANA M, [AYARKUMAR KY

Matrestrucutre Lab, Department of Physics, Gandhigram Rural [nstitute -
Deemed University, Gandhigram - 624 302, Tamilnadu, [ndina

kkaumar_gricereddfmul.com
SN S IARTLTT.

Absteact

The ellect of Bound Mugnetic Polacen {BMP) oo the doner banding 1n a Sermmagrenc  Triangualy
Cuantum Well {TQW) as a function of various combrinations of the compostion of Mo" jon in
the well {z_) and (he barricr I'::_"] in such a way that k_ - X=X i¥dame has been investigated.
The binding energy of the donor ks calculated tsing varlational technique i the effective mas
approxintation and the intecaction between the magnetic moment of the Mo* ion and the spin of
the carrier s treated using Mean Field Theory, The magnetic Geld alters the barner beight of the
POW which drastically changes the binding of the donor as well as the Spin Palaronic Bhilt (SPS).
The results have been computed for the cases with and without the application of magsetic Gedd for
the resultant composition ol £ =0.1 and x= 0.2 s 2 function of well width of the TOW, The binding
energy decreases as the applied magnetic field (v, a dimensionless parsmeter) incteazes and the shaft
in the binding occurs towards the higher well width as the y approaches the eritical value, The resulis
shaw that the SP% tocreases with the tncredie in Ma* joan,

Keywords: Trnangular Cuantum Well, |, Boand Magnetic Pelaron, Binding Energy, Dinor lenpunily, Spin
Padaranic Shifl
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Fig L. {a) Varkation of Bidning Enengy e 2 =001 and 0.2, (b) 3PS for 1= 0.1 ax a lunction of Well Width
for vatiols magnetsc felds ().

BATIO :EU*- PEROVSKITE RED EMITTING PHOSPHOR: STRUCTURAL AND
TEMPERATURE DEPENDENT PHOTOLUMINESCENCE STUDIES FOR THE
LIGHTING APPLICATIONS

DHANANIAY KUMAR SINGHY, . MANAMY

Department of Applied Physics, Indian Institste of Technology {Indian School of Mines),
Dhanbad-826004, India

Corresponding author: a) dksismB%& gmail.com

Abstract

Otse ol the mast sophisticated] approaches [n prodoce whae light emitting diods {W-LED} s Phosphor comerted
(PC) LED whach ouy be breated as the mext gereration: enengy efficent Eglting smerce to substitule traditional
meancescent and fuorescent limps becanse of their ooy Bhetiane, hagher eneqiy dlficency;, and envmotmen-
friendly characteristics, BaTi0 2™, a promising candidate for the same applications have been prepared by the
Bcile solid state reaction nethod. The synthesteed phosphaons were dharacteried through varcos techmgue sudh
s XRD), FESEM, Photuluminescence, lemperature dipendent spectroscopy, decay ime analysis asd UV-Viaible
spectriscopy for the studies of coystal Aracture, morphology and optice propecties, KR analyss confirmed
:|!-.1'I'.i'|.:'I pleisphor hve the setragonal stracture wath space group PAmen (99}, FESEM muages -|.'l|.'|:'I:f:I':L5'I eichilaned
the particle sizes in irregidar gpherical shape with high resolistion and aggloeserted in nature The Bo' activated
peroiakie BaTi) phosphaes have been effectively eucted under the wavelength 397am {F +'L ) whach exhilns
very interse and sharp red emissdon peak at 6150m due 1o the bypesenstive electnic dipole transition 1,278
[he critical dissance between Eu* ions wene etimatisd as 1E208,, relens (o andtipele-mulitpale (dipale -digde)
inleracton which was mast probable ceson foc the concertrabon quenching, Tamperature dependent PL studies
forr the opbmuam composition H.alml'l'l.'i.l'lﬂ.':liliu". reveals the enough thermal stabdity even 2 427 K Furthermaore,
usirny (il rellectance spectra the B value wiss estmated s be ubout 3250, 3257 fur Bali0), BaTed 00580
resipectively. Theretore, bused on the experimental redts, Bal30 b perovdite phosphorscould be o sustable red
canelidate in plosphor comerted white light ermitting dinde applications
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