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[10]c p(1r) s su 5 21>

E= E(p) A1-27,
Fhu ey & FIM AN A AT & as¥) L PR B O e ols i L o
(II-28)

E(po) =MiN E(p)
asla)) Ay e o
E, =(¥[H¥) A1-29)
=Fic (P)+ [V (1) p r 1130,
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(B B plsral ) e Uy SO el 0 5aSTy &S A wlal) 0 5aS

.[24d|r i rdr +G (p) dI=31

(Sl el By 2aah) Jelil) Bl oy 38 W15 Uy SO a4 Bl 2 G (p)
- P sV b BT s il U 2T o o8 - Jlaa s e ST LS
rald cags Aalas 7-11
Aeline b 2ol 3] Ahas ) ke 0508 o Uiy S A 55 e pli=0,8 Jor 1965 w3

J gamdd Goalladl) B s Jo clid) o dm g om0 13U pLi— 08 ST 8 5aST s Lgd Uy SV S e

[12] [11] Lzl dorl g Jloa ] BUST Joad o Lol Y ) Bl P
=2 W ()Y (r) d1-32)
o e g — s BL By 0B Sy SIS a))
E, =T +V

I-33

Epor =T +(VH +Vx)
(I1-34y
el J 3 ol a5 A Bl T o

O3 A — 05 A Jelid 0585 V

A0SV
A by S as A sl T,
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VAR _n( ® @ 3 _ N g
V, =V -V, E =E” + 'EY + 22E® + 2’EP + ... => A"E!" (1-35)

UGS SN AC ICVCER VR

V, =T -T, (1-36

s By A0 03
Foo =V +T +T,—T dI-37)
=To+V, +(V, +V,) d1-38)

tot RS Bl dls QW Lt A sl 058" V=V 4V

E(,D) :TO (p) +\/H +VXc +Ve><t (p) (11_39)
(Ua - Ojf Jsles
[T Vg (r)+V (r)]d)i (r)=g,(r) (11-40,

055 oo bl Ol & () 2l LS i8> g8 ks BAL) AL BLST 1) Us 385 pla—0 S Bao calsls

D b pla=0 S ol 3 bLI-Jold Bl U
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Create basic files from (Generate
the 1nitial 1nputs.

¥

how otbitals

densities and determine

atomic

are treated.

Jenerate
density for

by superposition of the
atemic densities.

a starting
SCF cycle

enerate potential V() from
input electron density

¥

Calculate the valence eigenvalues
and eigen functions.
[Ts +V]'F5 =Ex'fh

¥

Compute the core states and
core electron density

HYw=FEn'Ta

pr_'u:ue

i

Compute valence densities
from eigen vectors

Mizes input (old) and out put
densities.

Pra=2 LY

pnﬂw - (I_Q)pafd +Q(pvaf +pcar)

NO
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SR A2 oy Bl i U] feane 32l ol p ml g ldie Jleniel i S e bl ) BY) a5 s Liadll

59 Sa Vgt ) @l L) o 3V Bl e say S5

Oz ¥ g an o laghats Blas ST Jo B3l 43l O a2 540 Sl (3 0 SO OF w814 3
D5 s 5 o wllall Gy Gy ol dadll Gy U G5 0Ty, LU Al U e ey (Legam o0 ) BY))

[14]sL Y Bl

:Eexact +EH.F.L (11_41)

(correlation)
: LDA ddaall 4811 oy &5 9-11

W9, L e (6 bt aa) A 2ol BUally wio gl U3 (3 Jdts S o i) o
JSCzy adayl -2 ol alall L sud G s I Al oa bl S OY) Lt FHEN g L lomze

1St oy aws (o0

Bl ()= p(r)ee (p(r))dr (1-42)
Dbl A = ol Bl LSS e M s plisnily

EX(pTpd)=[p(rec(pT(r).p¥(r))dr d1-43)
Hmend ] s L) =l B OF Jall o

& (p)=¢(p)+& (p) (1-44,
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sl dgnall Sl ST e aadd o by Sy BT Ol
p(r)=2¥ (r)¥(r) (I1-45)
taaral) zyail) G S 10-11

ST V() o s PO Uy SN B 6 LasY) opm sl W dnsiad) LDAG s
Bl 03 GGA el - judl o8 3 5kl ) sl Alds” Lz 5 sl 2l s (o 5 3 Lede foastl nadl

[16] el e S el A1 =L
P =(pT(r).pd(r)=[f (p 1oL Vp T,V Ly (A1-46,
RN L IYRi) § B |

Olades al o gy Laday 5,323 M1 3, 400 Aoll 2 5 o1 1934 (3 a3 O b o iy Jall 0ds cnts
0580 8y b 0], 315l Olasl ol ad 1950k 3, U el ol e Olo (3 88 )l plaszal,

JTOJ aedi 2,0l SV e 1 J1 gl 5 gomaS” P i) aws O3S
¥, =) + > b (1-47,
LD i) SV ST e sz 0S5 OF S D as b s

(@

¥, )=0
(I1-48)
=W, =) - (@

o
(I1-49

by dble s P, o

HY, =E, ¥, 150,
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iy DFT 4t D1 ssda b oo Ol 5 aladl ) ¢ SY) pgll pag ol Ly g oWl 0 30
Bl am g0 g3 20 get e O Gl Pl 32 Uy SV B3taze do gl AN o gm 50 V) el b (s 5 s
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Bk (3 dhentll o 1 AN a Y ol 5t oy (3 05 SIY) BUST Jannd 201 8IS & a5 O oo

17]ak W Py BLs als Lgto s Ll plad) Bl Cro 55 8 i—s 3l

N V? Mo Z 1 ¢ PPl
oy = ZI\PI (I’)[——J‘Pi (r)dr _ZI—%|P(r)dr "’E_Uﬁdrldrz +E, [P(r)} d1-59)
1 2

by S AT wslal e (Y1)

(3 5=03 2SI o sl ol 5T e (ol ady

gy SOV ) Bl gl )

ple =058 Gl e @Al (Ul =BV oillal il i (ml J) Ay
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bl cifghad 4-11]

: TIN J Gale o L) 1-4-111

2= (Lo TIN ol of ) ol & 3 005

Welcome to w2web
the fully web-enabled interface to WIEN2k

Select stored session: Create new session:
[ | show only selection [Session_name ] Create
Session_name [~ edit hosts

3 [-]| Select

TiN & el 2- 1 e

3-11 e " TiNstruct " oy S AT Gale slasl psi S5 aay

EEY Jacadll
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Session: [ TiN
home/physique/wiendata/TiN

w2web, the fully web-enabled interface to WIEN2k

Session Name: TiN

[ Execution >> | Session ID: 8965395
[ StructGen™ | Directory:  /homelphysique/wiendata/TiN

% Last changed: Mon Apr 28 12:36:28 2014
% gle prog. | Comments:
optimize(V.c/a
mini. positions k‘

Utils. =>

[Tasks >> | U spin polarized calculation
Filos o [JAFM calculation
struct fles) | Ul complex calculation (no inversion)
input files | Ul parallel calculation

output files
SCF files

Session Mgmt. >> | | Change session information |
change session

change dir

change info

|dea and realization by
[ luiz.at] ©2001-2006

"TIN. struct "¢ 6 Cake:3-11 e
“Execution [I] StructGen”™ .«
A ollall Sl asiy A=l K2 (3 2 sl g1 e Lo

a=L=y=90° 2l Uy ,a=4, 24A0asl alds e, cfC am Y1 57 2 aSen 2l ¢ 5, TIN 0 s
il Cass (Z=7y N J awdly W, RMT=2 Bohr ¢, el (s, Z=22) T1J adl s, 1 504l
12t 5 (0,0,0) TiJ sl i susmy s o)l )5, RMT=1,9 Bohr ¢,

10.5,0.5,0.5)N

& oy ol 1 Wl Gl TN struct cike e UT e save structure ;e baall us

411 e
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Session: [ TiN

fhome/physigue/wiendata/TiN
[ Exacution =] View only mode -->[ edit STRUCT file
[ StuctGen™
inifialize calc.
mun SCF
[single prog. | Title: |TiN
LeofmzeV o) ] Lattice:
i ibons
Type: F
[ LHils. 5 | P
Tasks wo B roups from
o Bilkag Cryst Server |
[Files »»] cYZ
Lstruct fle{s) | CXZ
npui fles R
ouipui fles H
[SCE ies | 1.P1
[Seasion Mgmt. = | Lattice parameters |n|.5. Z |
[chanqge session | 8=|4.2400000202 3| b=|4. 2400000202 c=|4. 24000002023
change dir
Lchange infe | 0=|00. 000000 B=| 00000000 y=| 00 00000
[Configuraticn | Inequivalent Atoms: 2
Atom 1: |Ti Z=|22.0 RMT=| 2.0000
r 1 -
'—'[h'fv";?;"] Pos 1: x=[0.00000000 | y=(0.00000000 | z=[0.00000000
Atom 2: [N Z=7.0 RMT=1.9000

Paos 1: x=|0.50000000 Y= 0. 50000000 Z=| 0. 50000000

Number of symmetry operations: | A48 £ |

iciea and neallzat o
Jullr af ] @ Z001-2008

View only mode -->[ edit STRUCT file
TiNY sl Sldanl) o s 5306:4- 111 K2

P il ol et s "TANLstruct " clod1 Gll) eled) ant Gilusad) A 2-4-111

Session: [ TiN
/home/physique/wiendata/TiN

Initialize calculation (phase 1)

‘ Restart with phase 1 ‘
7

Execution >>
StructGen™ |

initialize cale.
un SCF | | xnn | | \ check TiN.in1_st |

[ single prog. |
optimize(V./a| view outputnn | set RKmax (usually 5.0-9.0). { Click here for more info ] check if gmaxsgmin
\ check TiN.in2_st | Perform spin-polarized calc.?

\: view TiN.outputd and cp TiN.in0_std TiN.in0

mini. positions
s, »» | EETTN
\' view outputsgroup \ set LM's, GMAX and Fermi-Energy method [ No \

| Prepare input files |

Tasks >>

Files >> | | x symmetry | | Yes |
struct file(s —

input files ‘ copy struct_st ‘ | X kgen |

output files | )

SCF flles | and view outputs | view klist |

Istart | .

Session Mgmt. >> | L x ) '

preT—— . [ x dstart | Minteractively K

I_Qe—lchan - | view outputst |
Cnaﬂ@'mo

ldea and realization by

Liijz.at],92001;200§

Wien2k b » ¢ oled of o 3561 5-111 S
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G Jaail

o\jja';ugdfﬁ\wuﬂ\u@bw.@j)}\gwjxdstartgdmjxnngiugw\ & gl

.No £ x symmetry .

LSDA a3, b £ x Istart

K=500 L sae (1 x kgen

e ollaize) Olus 1 s No it Wien TiN. outputd

U

X/
0’0

3 LS scf ol e Less"continue with run scf ", gl wiscf  Glua 3-4-111

start scf sycle Js b scf oy s e 3000, 0,0001 Ry sl Glas s a2t ez 6-111 2

StuciGen™ ]
inifialize cale.
un SCF

single prog.
opfimize(V 23]
mini. posiions
command ling
frozen phonons

siuct filefs|
input fles
ouipui fles
SCFiles

Session Mgmt. s>
change session
change dir
change infy
[Configuration |

Usarsguide
hiimi-Version
pt-Version

rina anet rmaliTatin b

34

Session: [ TiN
/home/physique/wiendata/TiN

SCF Cycle

Options: ( O help)

O spin polarized rsu E]

L] A cake Unotins 6]
O iterative diag Uintnew(z ]
U iter. after full-diag [ gimit
O iter.diag (no Hinv)

S U it-number

O vec2pratt with iter diag

[ paralel

O spinarbit

[ dm

[ orbital pot (DFT+U)

[ eece (hybrid-DFT for correlated &)
0 hf {full hybrid-DFT, expensive! )
0 diaghf (diagonal-only full hybrid-DFT )
L non-sef full hyrid-DFT)
L mewidt (full ybrid-DFT with new kelst)
[ reddt (full hybrid-DFT with red. ic-list)

Type of execution: | background | & |

E-mail notfication [ to | ]

| start SCFeycle || Clear entries |

Expert options:

L

Convergence criteria:

Energy: (20001 JRy
[ Farce: n'lF!y."au
O charge:0000__ Je

O only save parameters

Wien2k 3 "SCF cycle" s56:6 -111 e

SN e 2l Y
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BU 2 &gt o Jlamioly Lol v 3 ity A o iy p s LAIA8) Basg e;;w4-4—lll

plot s b =8 3 a5l ol gl R (-10,-5,0,2) xoptimize

Session: [ TiN
fhome/physique/wiendata/TiN

Optimize volume, c/a-ratio, ...

| x optimize ' Generate structure files from O TiN.struct

Execution == ———— . .

[ StructGen | | edit optimize.job | Uncomment "x dstart” or "cp clmsum"; change options in run_lapw, save_lapw,...
initialize calc.

run SCF e . A
[single pog.| | run optimize.job | Type of execution: | background | |

optimize(V.c/a

min. postiions | plot | Platenergy curve
utils. ==

WlenZk CAL’J: L} w\ SJo-j o> sdel 7—IIIJ£~:J\

R L UNP g W R EVE IR

.(V=a3) o) AV B e
Lol (ol =2 U ale
Wsles plaraly Ul W) bl i (B 2l Loy y 200515 w2y (3 B S5l i oy
W 8L g
- -1y [4
B, -1 =1 14

0

BV )-E,+ Bov [ml}_l
0

Pl e il Glas 8

) e sl B
RSRIPCINCrEWER WJ"‘JVO

O3 s bl b e o B

orzl) 1l ab ) b e 2201 By
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band L » 45, Tasks Je Laall slall sl blas 2 :48Ual) cilibas Jial 5-4-111

LSS TINLINSp Cie & o B -, Edit . TIN ) Jyo i e 536 1,581 Je a5 ¢ structure

B Sblas) Lh2 Jo Lams LU ISE) @3 mose o LS ol i

| TiN@localhost | ==
Session: [ TiM
Shome/physiquesswiendata TiN

Band structure

| ficc Z || create TiN.klist_band | [ Brillouinzones from Bilbao Cryst Server

StuctGen™

mifialize calc. | = lapwl -band | Calkulate Eigenvalues [ o interactivety
mun SCF -

ancghe prog.
[:ﬂ" r:mn.rg.a] ] needed only for continuous lines in the plot (not for non-symmorphic spacegroups)!
. PO e — _ _ - -
L = |_ % irrep _| Calculate irreducible representations [ S0 interactively

E

for band character plots only!

[ x lapw2 -band qti | Calculate partial charges ("qtr-file) [ so interactivety

[TELMES3 | | edit TiN.insp | Insert correct EF

| = spaghetti | Calculate bandstructure ] sa interactively

mput fles | plot bandstructure | Plot bandstructure or  download Xmgrace files for plotting with xmgrace

sawve_lapw -band | with name: [ ]

change dir

Wien2k zubi 3 8l wllas af ol sk 3336 :8- 11K

2033l o> Tasks .. Electron density plots 1A g Kty Aaldl) ABUS i 6-4-111

36

S stmadd Bl 55000l |25 edit TIN () sl e, 1l 6 =V b 3as1y )53 Je b

izl BUST bb2 s less V1 3y ol bl o5 kel
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| TiN@localhost | ==
Session: [ TiN
fhome/physigueswiendata/ TiN

Electron density plots

| You must hawe a valid TiM . wector file (from an scf calculation).
[ Exacution =] If you don't have it, you must run "x lapw1™ with an appropriate input.
[ StuciGen™
nifialire calc.
run SCF
sngle prog.
[EM%FEU Select E-range for lapw2 for a density without semicore or within an E-window.
i =2 For proper values check energy-parameters and eigenvalues or band-ranges in the corresponding sci-files

[ Wtils. 5= ] [ edit Tinsca |

LEL Dens | [ edit Tinscrz |

TELMESS [ = lapw2 | Galulate cimval with Emin andEmax____ | [l so

For difference densities only !
LFiles > ] default valence states: non-default valence states:

Linput Has ] | edi

TiM.inst | put P for all your states

| = 1start sigma | Calculate atomic valence densities | x Istart | Calculate atomic valence densities as defined above

Lchangs dir | | edit TiM.ins | Edit input-file

[ Configuration ] [ % 1apw5 | Calkulate density

Lhmm[mﬂ_\,re,gm] [m] Plot Density or download [ Tik.rho ] for plotting with your own plotting program
Wien2keobs , 3.2zl 8L L& ol ox e 5 3366 :9-111 JSCad
= o35 Tasks a6 a 53U Dos.» Density of state s :Allad) A8US Jia 7-4-111

W 3 AW BT bk e Lass (Sa) (3 tes L) ol gl

Session: [ TiN
ShomesphysiqueswiendataTik

Density of states

| = lapw2 -gtl | Calculate partial charges [ e interactively

[ Execution == |
[StructGan™
misalize calc. Optional alternative to "x lapwz2 -qtl” (f-states, SO-DOS, rotations) !

[sngle prog. | >
opimre] W o'

i, NS

ing | Edit input-file for QTL
[ = gtl | Cakulate partial charges with OTL program || so interactively

The required input file TiM.int can be generated by:

EL Dens. [ configure Tin.int | configure input-fils for TETRA | e .int_| Edit input-file for TETRA

Ti

i
i

[ x tetra | Calculate partial DOS interactively

edit TiN.outputt | Check cutput of TETRA

4

: dosplot | Plot DOS or downioad DOS ASCIlI-data fikes for plotting with your own plotting program

Sasgion Mgmt. -
chanoqe SeSson
chanoe dir
change indo

save_lapw -dos | with name: [ ]

Wien2k b @ I als” Jat ol sow o 5 3356: 10111 JCe
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(1997).
[4] Z. AYAT.,Calcul des propriétés electroniques de quelques dihydures de terres rares

déterminées par le code WIEN2K . These de magister, université d’Ouargla 2006.

[5] P.Blaha, K. Schwarz, G.Madsen, D. Kvasnicka, J. Luitz, Wien2k, An Augmented Plane

Wave Plus Local Orbitals Program for Calculating Crystal Properties, Techn.
Université, Vienna, Austria, 2001, ISBN 3-9501031-1-2.
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Résumé

La structure électronique de TiN est fondamentalement intéressante et technologiquement
importante. Avec le code de simulation WIENZ2k,nous avons effectué des calculs (ab- initio)
des propriétés électroniques de TiN en utilisant la théorie de la fonctionnelle de la densité
(DFT) dans I’approximation LDA et dans 1’approximation de gradient généralis¢ GGA. Avec
cette méthode, nous avons déterminé les paramétres de maille, les modules de compressibilité,
la structure de bande d’énergie, la densité de charge électronique et la densité d’état.

Les résultats obtenus sont en accord avec les résultats expérimentaux disponibles.

Mots-clés : TiN, calculs ab-initio, théorie de la fonctionnelle de densité, WIEN2k, LDA,
approximation de densité locale; approximation de gradient généralisé GGA.

Abstract

The electronic structure of TiN is fundamentally interesting and technologically important .With
the use of WIEN2k simulation; we have performed ab-initio calculations of electronic properties
for TiN within the density functional theory (DFT) , local density approximation LDA and in the
generalized gradient approximation GGA. By this method, we have determined the lattice
parameters, bulk modulus, density of states, electronic charge density and energy band
structures.

The results are found to agree with the available experimental data.

Key-words: TiN, WIENZ2k, ab-initio calculations, density functional theory, DFT, LDA, local
density approximation, generalized gradient approximation GGA.



