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Résumé

Dans ce travail ,nous avons étudié les propriétés structural ,électronique de
Tétragonal BiFeO3 p4mm, notre résultats a été effectué¢ par la méthode des
ondes planes augmentés linéarisés (FP-LAPW) come implémenté dans le code
Win2k et dans le cadre de la théorie de la fonctionnelle de la densité. Nous
avons utilisé 1’approximation du gradient GGA+U pour le potentiel d’échange
et de corrélation. Les constantes de réseau calculées et les valeurs de bande
interdite pour ce composite sont en bon accord avec les données théoriques et
expérimentales disponibles, ainsi que le moment magnétique de Fe a été calculé.
Les propriétés é€lectronique et optiques révelent que ce composé est trés utile
pour des applications en photonique, optoélectronique et dans les appareils
photovoltaique.

Mots Clés :FP-LAPW,DFT,GGA+U , Optoélectronique , Photovoltaique
Abstract

In this work ,we studied the structural, electronic properties of tetragonal
BiFeO3 , our result were performed by the full-potential linear augmented
plane wave (FP-LAPW) based on the density functional theory DFT
implemented in the Win2k code ,for the exchange —correlation function we
used the generalized gradient approximation GGA+U. The calculated lattice
constant and band-gap Values for this composite are in good agreement with the
available theoretical and experimental data. electronic and optical properties
reveal that this composite should be very useful for application in photonics,
optoelectronics and photovoltaic devices .

Keywords : FP-LAPW, DFT,GGA+U, Optoelectronic, photovoltaic
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Boa Aa Jleb A A0l Al oda (i i auaall STy ¢ A8 all 50 a a0 B
JSE (2 [18] Pm3m-opsbadl) de sone o 2Se o8 0N 4880 5 01 4
(Sl W55 ekt AclisalSl Cua ccanSal Q) cuSid gyl Ay (1-2)
s nSall S gl sliadll de gane Gun panSY) ae Sl & Boslsll

[19] (221) Pm3m



CuSad g gl J g il gas Jo¥) Juadl

iy KU gA il 5l o8 31 el S Jiad G Al el Cad gyl Ay 3(1-2) JS&Y
alae) 1 50aUS ol JSE (V) gl o) yaal) iy SN Jiai g ¢ Bl sl Jia o) jial)
(el Ak

Site Location Co-ordinates
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Abstract. The [ull polorisl linowr segmenicd pluee were method induding Hubbeed potentisd snd spin-
orbi coupling sre perkrmed Lo stady the streserad, chdronic, magpetcoplical and magnetic aniscbmopy
pres=rib of il EFels . Umsg the ochenge corclal ions pobestink generalomed gradem plus Hub-
kard permmstier {COA | U] approcimatioes aee wal for the descrpiim of decieoscleciron micracinm.
We wlmSied fint bhe sisucknred = which proant . bel dislortion reiuhs from bhe siooechmm-
icnl Ea” I:nvl:p-l.i.rnl'ﬂi.”l.nd ﬂ:th}Tdh{Jij:ImiFk"-dlhcrlhrrd:fn = | 38, The
cakculsiod gap i 20 ut Ug = de¥ . The 2 mmomenl of Fiin phee = 1800 0. Ko med clbpticty
an: cadmlnbed using & Epin-orbn g mnd Blubberd polcriisl whek preseol & high vl
—LI* mred 1.5 respctiwly. s plane unincis] seed urfokd ansokropy comstests e delerminmd fom ke B
cerved of [T calezlation. We observad o predominmsa: of uniais] ansctopy an Uke bendinld sessioopy

1 Introcducrion

Muliderroics motorialy that bawe more then ono pop-
erty such as magnetism, ferroelectrie, amd Terroeleetriciy
are of g;rul. irterest for :]:int.rmiﬂ techmoliogy such as

memory and kogic davies 12 The oml-
tifierrnic l:-u.'m':hlt ]ﬁﬁﬂ;ﬂ sl iraclod ullonting
of researchers for its itics to prosent Lasm,

ismm amd magnelism with Ned tem-

parature Ty = E&G K, herthermom it has a lerroclestric
i ab tempersiures mach higher then room Lem-

perature |J]. HiFely omes m different phases fn-ri}'_pn

ﬂtﬂ’ﬂfﬁ“’mw“ﬁ]hﬁ?wmmh iz

(| mooe]inge; :Ilign:ll [arthorhombic; }IPI:III.I:II 'Iri

d]. Havindran of ol [4] found that
ke B EmLLaﬁwmlﬁ

m:u:dm::ﬂ:nuu'unmhutmu died lattice. While
the structural properiies of bulk BiFeCly ane farly well
kncwn, ﬂtuuﬂmdﬁiﬁmﬁﬁlﬂmiﬁ
Gl uslinns otal |b

I mnl:lmmal[:rﬂ:w np-pl.\:n“hnalum nrlh.n-lu.'un.nl.-l.nl s =
thin fim. The thin yers of [Fe0s bawe mized rhom-
biohedral and tetragnnal phases |6]. The tetmgmme] phase
i the thin leyer hes & I"mm symmeiry. In an epitaxial

'_l:-n-.il: frheammefiyaheo:. fr; fchsessfini r-tobaans. 3=
"lk. Mahdi Mokammed died m Tehioms ciy on the 30
Jnaussy MK

heterosinsciure  prepared

lasor deposition
-][ul ﬁEmrngcmlphm-:-fEfiﬁﬂll
thicknes I than 3 nm whick leunl:-urhz‘

medim Eﬂmmull.irgdhu the symmetry of HiFe(y m I‘J:I:I-.'I:I
films was uqm.l:h'n.r.h: Pdmm, H:u:]-'?nl.':l'luuuhn-
dra reorientmg, themsdves the axis JTH|. Forther
ithis hypothese allowed io the recently obecrved
giani spomianeous polarizaiom |155. Sevemal epitax-
il heterostructures hesod on the structure

of BiFo0y amo siwdied Lheometieally and experimentally,
which sims to reduee the band gap and mimam the ke

walme of the ferrodectric E:ln:mu:m
1.'|1-|:L::|:Il.n:|:; supertaitioes | ,}n_.fl:ElgLJ,:L__mlng the

first pliz calrulation method ot ml. 9] Tound
that the band gap reduction in epi gysiems B due
io lattioe def cetehedred distortion and polariza-
tion dmcontinuity at the interfaces. !ullu“'nng-r.-‘l 1{F
i thecretical work, bave observed thet I.htgs.p
milaeneed by ihein distanes in Lok I!l;ﬂ;?u:
ithin ln.;'-nr:h’whil:h ﬂﬁhﬂuﬂ in the Eﬂ:ﬂl‘l
d:l.n.rn:l.a'|l1|.]]1.|-|:b|:|i:t.|-bn.|:l!glp IJ:EIEFEﬂgutr'n-r
tare alss has very interesting oplical and magneto-opticel
p which bave grest ntial for esdum in
photovoltaic wnd photceatalytie devices. Tho with
iransnion metal ipurities m ihe iron site of Fx 2«3
superlaitioes of HiFe(h, -H-.HL]I aobserve that tho
-:ph-:n] shanrplion b@:-r [ERSE, '|Ir|:||r.'|:| imdicates thei
hotans cen be alworbed For low in the tet
Pulnr:tl.rl:-:d'l!il"eﬂg without inﬂmueilglhnd‘hﬂ pwhrﬁnﬂ



Fage 1ol 7

A giarn Kerr rolation of 125 ol low enengy
ol !'FE"'I' was foend for w ]Iih.ﬂ: perovekite stmelburo
[1%. Fepeni work on Ko offect ealeols-
tion of the double pervvskile BagNaCw(ly rovealsd giant
Kerr rotations in the visible and infrared spoctrum engo,
rmn'l:ln to —1.0* at ~ILE eV, 1.5° nt ~D.3 oV and 4*
iF'iI:I:F This valum of Kerr rotation is due to
rJ:: "du:E-cI} anid () hybridmation end the stroog spin
orhit coupling of the O atoms |11, Magnotic anketropy
caleulation by demsity functional H'u::rry (DFT) has hoen
sindiod for BiFelly structure by difereot groups |14, 15].
Ohr work mima Lo study the eletromic, magneto-oplical
and magneti: ansciropy properties for the teiragpenl
HiFolky.

2 Compurtational details

Using ithe mothod of sollconsistom known Full-
potentiel Lincmrized Augmenied Plano-Wave [FLAFW)
withiz the demsity functimsl The performed cal-
culetions and results are obiamed by WienZk code with
tho exchange rorroatices potentinle gemeraled predient
plus Hubbard CCa + U npprl:-nmu:-rlm
:md.E:-T mm&mm imeractions
LE,I"" "i'n-z-m-:hu.:-nflhul!h.:ﬂ’ln T {BMT) wea chosen
Hims 3.3 au for Oras 15 anand Fens L45 an For
pood convergemes of we msed 1000 kpomnt in the
speacial irreclurshle rillonin Bone (B l-uul:-r.njnmqlg;umi
rzvulis end used. The cutoff ) R
= T fior the phmrmm:lRHT Cmax = {2 [or the
EEE density; where Kmux I3 maximum ware
r:r-:fll'h':pln:l:l-l:n'im:ln e interstitial region anid
Gmax B the maximem reciprocal ladties vector. The total
cnergy B oomvenged to botter then 0] Ry, the default

velue of the ion hetween corevalmee s
—6.8 Ry. The Ll of (0¥ Ry i wsed
in tho spin-orhit eoupling [E}E']- -EII]I:1.I|.II:L‘IEH:I magnetic
mnisctropy amd Wi hove tmed
a different Ly values changed in the range 06 ¢¥ 1o
iny o Lhi effiect of [lpg wvalue on the dertronie wnd

muagnetic properiies. The best way to obtain the walue £,
we Lruce Lhe curve of the variation of the hemnd gap energy

Epund & ic moment of Fe atoms secording to the
value Loy, We checrve that this valoe of the band gap

inszresses wp to Lhe walug of 4 2¥ this vadue
Ey m:lrrlggnul.r: momant I:nt'ulEE I:-e;u‘rdm%
dndmdthﬂthenhcnﬂ.f 42V can deseribe the effort
n{ﬂﬁlmn’:ﬂﬁmmm‘hiu]ﬁ{:r-:[}mﬂéiﬂmnippm-
priate electronic and mugnetic properties o the tetragpoal

5.
1 Resules and discussion

11 Crysmal snscoure and cleoronic properties
ﬁnupti.mim:hlnﬂwilprmﬂr.bih?:umﬂ Tha

cubie strocture haa p Fdmm Hala) i
hmtadﬂ-[ﬂ.ﬂ,'ﬂﬂﬂ“ I:-]ﬂnntnLL'I:Enm: pm-
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minad walus of lattiom parameton are prosentod in

i
Figure 3 prosents the total energy as & function of e
makio and also & hmetion of volume. db shows that
giant vedue of oo ratio of BiFa0y iz oqual Lo .28, sprecmg
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Fig. 4. Projecied demeity ol sete [PID0E] of the s eagemal streciere BaFeOy o GOA 4 U oalculstion with U = 42¥. The
mrrowe indicals spin maperity (up) med spm o moserity (dows]. The Formi e ooecd oz

with previom maleulntod value (1. 4.21]) and the expen-  the rr.JH| g o —6eV i the Ep B doe to the Felly ootahe-
mental vahue [11]. This giant l:m.r.:.gl.n distortion results  dron. The 1t} is Jopaiod aroend — eV, it hos a litile
from the steroochemical G52 Jone pair of Bit? and the h_l.'lurl:lu:i.u:m with {){2) in the orhitals [ip] and ().
Jaho-Tdler (T dfstortion eiloeet -:-F]--:"" Fir The difference betwom the valence snd eonduction band

The projected density of states (FDOS) of Bi, Feand = around 1) oV which is m good agreoment with other
O atoms BaFely m GOA 4 U [y = 42¥) B pree  DFT caleulations |23, 24] bt les than the experimental
sonted in Fagure 4. We chaerved thed the hybndimation  walue of 2.6-31 ¢l it £7], which & due to the limis of
Bzt woen I’E‘E and atoma of cxygen of orhital (3p} in  the eomelation Funelon and the local exchenge [24]. The
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magretic momems of Fe with Uy = 42V is . ui.n:ll:l.
good sgreement with compurable valms U !Lﬂ
m{rrm:mu:ltufl'eni-:mu]:ugh.r:rrhm e T

its come from different wlenee state of ihe bulk and the
Fet? in BiFe0y. From the Hund rules the bulk iron has
u clectromie configuration (s'd) but in Fut* in BiFeO,
bas & electronic co " in this coac the magnetic
moment is larger than the bulk of ron. The Eerromag-

#E;u;unliitﬂu:ﬂd] i indicated by the szymmetry hamd in

12 Magneco-opuical properies

The of the optical conductivity tensor o)
s |Eunelmcfﬂulmqm:l-:ﬂhemmm g eleetro-
mrgnetic millation was ed from the energy band
gmucture using the Kobo-Croenwood %28 and lincar
responss [ ).

L I () L
S (k) & = Ly ) ET

o] ?':ﬁ}' ¥

where Ve 5 the mit-cad]l volume, flta) = the Fermi
Function, tne mnd ¢, are the Kohn-Sham eoergies at the
point k for the band noand n', respoctively. ko, (k) -
fng — &gy B Lhe encrgy diﬂu:ml:'-:rlhn iwn hands
and w', T[ (k) i the dipolar opticsl matrix clement,
1fr i the lifetime ter, and T is the relaxation
time parameter []. imegmary part of the non-
dmgnoal clements of the conductivity temsor describes the

magreto-opticel nhsorption. For the polar Kerr effect the
ntion i perpendieudar o the serfeee of the sam-

maprel
pleand paralld to zaxs. The didoctric tenmor s oxpremed  Tange
il

whirn £pg &mdl £z are the diggonal componenis end
the off disgonal co hulﬁcl:ﬁﬂn:ln-riﬁm
optical conductivity Lamar Tas = Tog + 05 W related to
the dicleeirie tersor by the epmtion

capl] = s + ")
We define that the o is the el uhsorption
ud g2, it mgt:l.nﬂ:’:rn:: (lﬁu:mwﬁrﬁm

components of the optical conductivity.
E'n-r 1.1:-& linear pim.nﬁm tion of Maxwells

the melation between the complex Eer

tho dielectric teosor. Assumimy that & and o

m:mﬂ]lﬂ,;}:rlfh-nrmghmhﬂhiu owing rentions
[30,5:

By = By | dcg

Ear. Phys. J. H (200} 33: 148

- e

LEEnCENERE

L
[~ ]

ﬁ&hmma_{u?lndﬁprnnr‘[uﬁth:ﬂ
coaductiviy w & fundxa of phoica ey (=Y ).

B + by = =
Opyf | ¢ gy

where 8 is the Kerr rodation and o the Kerr dlipticity.
T stiedy the magneto-oplical hehavier of cur systems, wo
heve adopied the spectral caleulation of the Ko effect in
iily P-MOKE], and only considored inter-
'I:m:nd conlribulings in the neulls presented. The energy
ﬁ'u-qlvm.pllﬁ w of Lhe inddent redistion i presented
-:nlhnr-.n.'r.u heve 1med & wide mnge of encrgy up to
ileV.
i shows our caleulabed tical mndoe-
ity ok, and @2, Jor the com s L0 4
U+ S0 mr.-lJ'u:-:I.: with 1 ol and a beomd-
ening of 0.7 2. ﬁ;umh?nmﬂulﬂ nhn'ptmphq ourve and
ithe dispersive of the {'En.lillztr'llt}'? wilh & muximmm
LFe¥. In condzetivity o, the hund gap &
stared arround 3iel. The pm.'l:u of
tically at the same positian, these ure the
they orgimate from the p-l:i i transition |,
lozabed in wide range from 205 to 10 2V,
The oif- al conduetmvily curve {Fig, &) we o,
s miormation about the Kerr roteism and -|:I]:]:|Tru1.f.
The oblained result is also Lo the differ-
-u:mu: the ahanepiion rute of the lefl and n.g:h.L
LCF and AC Iis in di
m{nlui mﬁﬁ { I:ITE].IE;I:I1 l#”m mﬂﬂ?ﬂ r-r;'q:mm::r:"'r
hie for the mi-a'hnnd Lransitions producing the structurns
im the . T find the arigm of the studied Kerr
mmlm,mut ] Bmﬁ!.’qliﬂ' shaorptive parl of
the off Fagonal optical conductivity o3, ::rrtlr.pln;'u.n
imporiant rok: m the Ko efiaet. "|||"|:|:E|1 pomparing o s o
with Lhe Kerr motation, it was lound that the Aure
ot dependence is stromger than the o, d@uﬁw i
1[ 18 mierestmg to note that the w3, spectrum and
the Kerr {fiy) rotation in Figurs G and 7 hawe o Smilar
ling shape.
Figure 7 shows the Kerr rotation and cllipticity. The two
are reluted to earh other. We observe two poaks of
m and ellipticity with LOCF dominance sl (L8 oV with
0.5 end 0% for Berr and elliplicity rotation ively.
Furthermore, we ohserve also that the main of 15*

CUTVes are pred-
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Fig. 7. Calculebal Herr sngie 8 o e cllpticey o s
Bunchics ol phobos energy {e¥']-

Incated st an incident photon energy of £5 oY have a
large width of 2 oV in cllipticily rotation and & domi-
nanes of LT of polarised hghi, and the mem peak -1.0¢
Al an incident of & eV with width
of 1 @¥ im Km%m RCP d:lTHInthEE[H the
offerod cnecgy we sep Lhat the inversions of sign of
iy and £p @re rn]:wu-:l when & troverss tho zern Ime
and a peak turns up in the fy speelrum, and vice wnm,
which possibly attributed to the Kmmers-K relation
[H]. I"u:-'n' we compare our MOKE rosults with that of
other materinh. & valw greser than 0.2 for Ko mole-
ting = of imberest. for Lica! reronding. Cai
el el. kave found in kis study of ferromagnets: ball metal-
lie in g perovskte BaNi0y o Kerr rotedion |28 e 137 oV
[19]. Thiz low cnergy of reopanec is explained by the
indured ahout the plesma rescoance which is duc to the
metallic properties of electronic strortiere. A balf-metal of
douhle perovekites 3roFe'W0, heve o Kerr rotatiog engle
o 3B at L6 c¥ [M]. In rerent peper Lu ot sl JI3
kave studied a bulk of Nitdsldy and epitaxial thin ﬁlm
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AR mGEA + U calouleiiion with U = 4 ¥, The aclid kne

m B4 funcison.

BN, /(BaTily}g by used n frst principle study.
The hulk dag"llﬂﬂ., presents & pienl Ko rotation of
at 1.2 oY which higher thon the epiteriel thin films

11 Magnetic anisoropy

There & annther phencmenon that pln,;r: 1 mj' impur-

tant mole. This phenocmenon is

& produced s roult of sp Ln-m'hl.r.n:-u Ejm_l- T11|:

MEgnietic ALRCLIORY CNCCEY [H.l'nl': :uuku:hl: by apply-
orbil coupling {30} and Hubbard potemisl

ﬂl!..- 'ETEV The mlu{mgmw CIRTRY |:'.'|.1.|F'LE"] ]:rn-

senbesf im this section is the polar angad ﬂﬁp&:

hy the diflerence hetwoen the I:aln] enorgics of the sys

tem when the pluulion ® in the (M) and the

energy in other direcions by AE - El) - F:F{unw}.
Where Ejurw) presents the energy -:n.L:’ulnuo'n T

megnelic moment oriented in this direction. Figure -!
presemis the polar angular dependence with AE. To deter-

mine the magnetic ansotropy constact fram Figure
userd Lthe relation of energy L-utrn.!-m'm] ayslom |3§h§'

AE = Kysin® @ - 3 Kyy eont F — 3K,y (3 4 cosdg)sin® &
The Ko Ky amd Ky represent Lhe uniaxial ||:|-p{n.u|:
RmEOLTOEY, pﬂ'pml:ﬁ.-:u[n.r and pn.rnilll:l.:l'ulu-fu-l.:! anisatropy

respectively. O is the @ in the simuthal
angh in & rugn:']:lnnrn-[ﬂ'i"l,;umﬂ'l"tt:h.nﬂl
we the aximakal angk # = &= The val-

o= of the panaliel end dicular fourfold enisotropy
defuced from the il -50 pe¥iunil eell and
#yy o= DeViunit woll respectivddy. The welue of in-
plane emisxisl anisotropy is Kz = 14.9pcV /emt ool we
dodwed from the fitting which is in good agroemem
with the Fe-bulk value [17,38) and the tetragoeal struc-
ture ol E'uﬁrl.'.l'g 0. Kz » Ky milimies & CIEIMENCE
of unisxie] anisotropy on the fourfold anisotropy which
B doe to the misxie] Felly cetehedral distoriion. The

negulive value of puralld fowrfold anisotropy confirm the
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axes in the direction [114 The in-plane mmiax-
nn:r in thas tr:l[iumlhae Pnntnlu:-:hl
rnLn.le-:d'-:l:;p und also of the lone pair of Bi [15]. In
mporeell rhombichadrad [Flﬂi:ﬂ BiFe(hy stucture, Shimida
ol gl [3Y kave found thel the rotation of the magnetic
moment &t 1he surdeee (110, = n-:'l’hyﬂ:lemnlg
reloerystalline anistropy. I{qurﬂ
and theoreties] work about epiiail lh.m ﬂlru:-:fF.u'['rD,
on the TySelyilli0) substmale show that sirong uniaxial
magretic anisctrepy, which due 1o the unanal Tidy ccla-

kedrel distortion. A neti: mni i= obaerved
in double perovakito LdeSﬁC which i3 due 1o

thnl.':.rgnq:i.uu:n.gnﬂlnm:mmh m:cn.gsp-m.-m'l:rrt
poupling on fie aloms.

4 Conclusion
ﬁehﬂmﬂﬂﬂﬁmqmﬂdﬂm:m method

ineufing  Hiehbard und span-ocbil BJ'-I.IF-II.EE:
hnlhnmp-u'fn-rmdl-u:tu:l;'lh:tnﬂtmﬂ,
&l amd it anisoiropy proportics

tmﬂ HaFey. We studied frst the structure]
ties with the optmization of the Ritiee constant which is
&=1.7817 A and o/a = L.98. This last value cormmspands
ko the glant tetragonal distortion nesults from the sterea-
dhunu:ﬂﬁj’}mnpli:cfﬂi”mdﬂmln]m-'lﬂh[.l;{:l
effect of Fot?, Caleulated gap & 20 oV at Uy =~ 4 oV,
The magnetic momet of Fo in phase is 3660 5. Kerr and
elli resenl & = wmlues -Il:l'“md‘lh‘
r-;ﬂfr?i;'mn ]:ﬂ.nnl-:'!:ulﬂﬂ and furfold
mm%mcbindm frcam the fit En‘! nImII}I"I' ralru-
ion & prodominance of uninx l.nn:-i-:-p;r
on the fountfold anisotropy which is doe to the unizxal
Felly ortnhedral distoriion.

Wa are very grmiciul ko the Alperiss Mosiey of Hagher Edu-
linmrcml mppan.
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