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ABSTRACT

This research concerns calculations of lattice constants and energy gaps of aluminum
nitride crystal in zincblende structure with and without defects due to oxygen-doping in the crystal.
There are three models of the defects. The first model is considered when a nitrogen atom in the
crystal was substituted by an oxygen atom (Oy). The second model is considered when there is a
nitrogen vacancy (N,) in the crystal. The last model is the mixing of O model and N,, model. The
calculations were performed using density functional theory (DFT) with pseudopotential plane wave
and the local density approximation (LDA) approach. From the results, aluminum nitride crystal
without defect has the lattice constant of 4.35 angstroms with an indirect band gap of 3.675 eV.
Higher concentration of O, resulted in increasing of the lattice constant and the energy gap of the
crystal. When the number of N, was increased, the lattice constant and the energy gap decreased. In
the last model, increasing in the number of O and N, resulted in deceasing of the lattice constant

due to the nitrogen vacancy and an increasing of energy gap of the crystal due to the substituted

oxygen atom.
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2.9 Local (spin) Density Approximation and General Gradient Approximation

Function (L(S)DA and GGA Function)
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TNUINFNIG[102] TidaminnuszuIv (102) Wudu
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A
1 4
b2 fa, ®
i 4
]
1!
Ho a
i) >
IRRE'S
b, ®
L
Wigner-Seitz cell 9
(a) (b)

51 2.8 MwA e (a) uae InsamanTuszezasaluniw uaznmduu (b) uaag

Tasananluszvvalsaundvluaealia

TUAITHITITVIINTVDINTIADUA LN UITTTNA AT A NI T UL VU9 DN TAuR
: 3/ : v . ; & v W ¥
N17HMYU (rotation) N1TAENDU (reflections) LAZNITNAVATU (inversions) mﬁ‘;ﬂmmﬁuwuﬂﬂ

o
s

atl
Space group = translation group + point group

wa : 3 i Y a U
ﬂ—ISﬁ%’—NTﬂsqwaﬂﬂ']ﬂﬂ']SI%ﬁuUﬂﬂﬂ\ﬁﬁNﬂJ']ﬂﬁﬂlﬂQlﬁﬂuﬂulﬁuqﬁp]u’]iﬂntﬂuﬂﬂlll“ﬂ

¥
@

3 | o ' 9
AR Mt UA MUY TAdail
F(n=Tn,n..)=na+ 54, +.. (37)

A B o aa & o

o a,i=1,2,3...,d lav d mnededmamdaveslnsawin uaz n=n,n,,...,n,Faiinuiu
3 < ] aa (Y ] aada 1 d o o
SuRuveaiRaziin ondnt1ves T(n) Tugeslianinisutseeniiu 2 nnmesinu 60

M50 90" vty a e

Square rectangular triangular
a = (1,0) (1,0) (1,0)
a,= (0.]) (0.5) PR

aaa a B sl 3 P '
Tnsenan 3 HANNADS primitive NHTzoze1 UMY a
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simple cubic simple hex. fce bce
a, 2(17070) (1*010) (07%9%) (_lzs%a%)
a, =(0,1,0) $.2.0) G043 G4
a}.:(O:O!I) (0,0,i) (%,%,0) (_Iz_s—;lf:'_—_]i_')

a - ad s Y s 2 & ~
gﬂﬂ 2.9 llﬁﬂﬂiﬂ3~3WﬂﬂlLUUUﬂﬂl°ﬁulﬂﬂ'ﬁ (bece) WiBﬂJLlﬁﬂQl?ﬂW]@STﬂi\?ﬂﬁﬂﬂ\jﬁ]ﬂﬂ

1 v ]
= 3 = =)

cty [ o a a :j
13 mu‘namﬂnﬂﬁwu"lﬂtmazﬂwwuclu AUINANUDIAIUA UAAIDTADNIN
ll ! = a : ﬂ o glos Jg ¢ H H
HURABDYIIADNDNDZADNNANHNIUUIZYS S-a TIUNNUNUTAY Wigner—Seitz

cell (vﬁaﬁgﬂfwmﬁau Brillouin zone #1135V fec)

:;. = =& w oA Ya  w d:‘ L o
511 2.10 uanalasananuuy Fee gailumsiaBoiozaeuliFanuuindu (close packing) 11
Vet Y 4 = s - o
Ifioznoudousouezaounily q 1IN 12 ozaoN TUMIWIARAIINIADS IATIHANII
AWINADT FIUNINVIMTAS Wigner — Seitz cell (FafigUsr1unilon Brillouin zone

ATV bee)
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¥
= o Ia
Ysumsveusadyagiu (primitive cell) 1o« uansanm ldTasnmsmamestuny
a A o Y |a @ Y o oo o
Y93 AN a tiaimua InSuasvouraaunudedyanyal Q ,

Q. =det(a) = a| (38)

2.11.7 The Reciprocal Lattice
a o a
MINNTANINTU £ ()
fr+T(m,ny,..0) = f(7) (39)

A = 7 A o ' X & o A0 w A
W9 T HueDaINAosNIsIaouAILHUA (translation vector) lONINTU £ (r) UdMIvoTUY
dnpazveseymnioglulassadauuun TaeldmsulamiiSof lumeniitivesddsznouy
Sosluanadwndvazidunnmes ¢ gasmsudasildlao@ouldinludnyazuun
Aeliloa udumenesndsynouyiSesoeniudin q Mudnvmzan lnlSues @, via

1Hmﬂ]ﬂdﬁaﬂ ﬂi”ﬂﬂllﬂ')tl N mwmuﬂﬂﬂ 'Ui':l‘iu ﬂamﬂaimu (Bon-Von Karmen)

exp(iq.N,a,) = exp(ig.N,a,)...=1 (40)
e q gnd muﬂ’lmi‘]uwmmnﬂmmmmnﬂﬂﬂu‘sum"lﬂma g.a, _271'"‘“1’” VYDAUIARY
nwos ¢ TudSiasisdai Q@ Fawnsodsuiledsumsulaises 1diy
i crysial Y
J@ =g [, drf(r)expligr) (an)
~ral
dwmsvlunsaianvasiduauannsomwou ldiy
f@=g— X [ drfescron
gzrnwaf ny,g .. : (42)
— Jq]'(nl My, ) -[ drf(r)ewqr
Nce.'f ny iy, ceH

nndouTumsidena q uazunulu anladundudunnmes b udrGounuuia I 18y
ba, =2m6, (43)
Tomanazsinliaumsi 43 Wy gud1d Taol¥ g = G Fonlmiiy

G(mysmy,...) =mb +myb, + ... (44)

2
¥

s

4 =B ° o " do R
o m deadien ifuduudy uﬁ’aﬁauiﬁagiugﬂﬂm whiuiy G

f(G)==—[_dr 7(r)exp(iG) (45)

r.eh'
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a,a
b =2g—23 (46)
: {al.(a2 X a3)!

aglSuannees lu anlsdaundulatice luauiidvesInseadauuuama 9
simple cubic simple Hex.  fec bee
b, =(1,0,0) (1,—%,0) (L1,-1)  (0,1,1)
b, =(0,1,0) (O,%,O) (1,-1,1) (1.0,1)
b, =(0,0,1) (0,0,2) (L1,-1) (1.1,0)
i191311A3304 cell 1a 4 1114 1ABA1517 determinant Y89 b Fafte

o
(27) (47)

cell

Q,, =det(b)=|b|=

e g Wuiauiaves lau

2.11.8 The Brillouin Zone

Brillouin zone LAMNUNIUAYINUAD Wigner—Seitz cell Tus2 U159 ud brillouin zone
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Yo A

a a ' v A& A 8 w v o
‘USBﬁUTUiuixUUllﬁﬂﬂ%’ﬁlﬂ‘b’ﬁ')uﬂﬁ‘U ﬁmuaﬂumxﬂuumJTﬂsaﬁﬂwmmaaﬁqﬂ'lﬂmu

(a) 21_ -
. 2 .
= %4 SR
I \\ | = )
N T
‘ ST A |
-~ -y
R e
| | e
bl ¥ | M
X
\ ! L
o X
% e
—
. d 4 |z Ny
(c) z: @ A “_H
- f\ . I —
afl
fl AN W ‘!.-.__.‘_,J/
Pl M | 1 ™H
P R ,’:’ | e L-l- —-.K
H .-_':':L--P‘i\\ ! {1 i T ! Iy
o | [ %
PEEERNN & 5 H_: | |
N> N e | M Tk
i o i P H i
e ¥ N i Xi g
| TR | L

gﬂﬁ 2.11 14@91 Brillouin zone (BZ) d1M UM ae 9 via
(a) BZ V9IAIUNDY19910 (simple cubic;bc)
(b) BZ YpaAITINTDLADNATINA1INTI (face centered cubic;fec)
(c) BZ upaA11inlinzaouognsanad (body centered cubic;bee)

(d) BZ VOIAILNNTINAIHADY (hexagonal;hex)
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a A '3 & o o A () v a = 9 =
oxgidionluInsdifuarsiednimszgalunsdalamsesiuaundnunnii 3
fumsiignidenliiandlugdnssimedmuasildduanuenaiudu ezglidionTunsd
dlumsiifiTaseada 3 Tnseadaldun 135alad, Fadiau naz sedsoan dwaaslugl 2.12,

0w & a ¥ 2 o a =
2.13 uag 2.14 f1uaiay Wﬂﬂglﬂﬂl‘ﬂuiﬂﬁﬂﬁiNjﬂ‘ﬂ“ﬂﬂl'ﬂﬂﬂﬂﬂﬁﬂ@ﬂﬁﬁﬂ

s 2.14 Tnsendnezailiiion ' Insd Tasaad19s0ARw0aN (hexagonal rocksalt)
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M99 2.3 uaasautaniaTassaaasauianudavesndnes giifion lulnsa

a A a oo I'd
pzgiiiioy pxgiiionTulnsa
FCC Wurtzite Zincblende Rocksalt
GEIRMY 13 13,7 13,7 13,7
SLULAIN INTIHAN 4.05 a=3.112 a=438 a=4.043
(lattice constant; A")
c=4.982 c=4.045
FHITILUDUNAIIU - 6.2 3.875 =
Energy gap (eV)
ANADUINAD 660.4 >2000 >2000 >2000

Ndoya . [10)
A wa =) a o daa 1 [ Pl P
iinsnnpuauidvesnanozgiiioy Tu Insdiiisdosraaundeaiuuin Suilumsi
= L] 1 = -5 - ” d! a o =) d‘ 1
fianuiaulannuAedny Gaas, Si, Ge, GaN, SiC uaza15UsenounIdnsiady 9 ua
d'. 3/ = s ﬁl ~ 1 =8 =) d! '
AIN dumsildnlSoeuarsdadu q msizlisganasunaigadd 2000 DIAUYAUTIAFIZIN
a d =1 o = Y A o = % =2 = .
a15viindu quaziivuinvoudananlndifissiunan Sic Jatlenilgn AIN UugIMTEN SIC LAz
:: ad = y 4 u - = =
I AIN Huduladis nasndifeunu sio, evaudugunsalildluauiifiumaluTadves

sic Fufluanulsziannumds g mamuanuiou uasdmsvaudinininiuieuves

AIN gnsauana gl 2.15

102 prrr—rrrrrr e —rry
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z
=
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E =S ]
1071 Fiirtel T L eu
0 500 1000 1500
Temperature(K)
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aA o = =¥
IFAUHUITIHIVE

o = 9 =l o o ' [ d'l o 4
nsfaad Tana laglsnguHandunnumuuiu flumsinauiedunsizy
o o a d [ o ] — J a d
Aiduanizvedianasoundimimdsnunazanmingiuienunguuesdianasou
o [} dv e ° ] ﬁ [l ¥
dumiaa q Tuaougiu Falumsdnnuansonteenitu 4 da Tdun
Vv
® MsiNAlATIas 1
~ o" 9 g i %
® ﬂﬁ'E)El‘lJﬂVlu“ﬂﬂN’di’N (geometry optimization)
9 =y -]
® NSAINNIAATUIN

e msAmIunaINuImtazaanle

& v = aa ¢ .
3.LAuneumINAlnssadsvesndnezgiittunlulnse (Sketching AIN Crystals)
. & G .
3.1.1 MIMHUANUTNIMUIN
0 ¥ .

NMIS s UINMTA N uAMIA 1IN INTZUUSY (real space) IABA31INADI

Aimdvuiiszozning 017 uazga lumiaoTurs (Bohr unit; 1 Bohr = 0.5291772180 BadzATON)
- o " 4=l' =

wiolumsysemadulsununinafivenan

nsfvuamiaveanassad i lasiimuadinys (acel) Rununnaesvuia a widelu

3§15 mamsuaaraveImsvou TUsunsuez et sa31anasvuIn 10 x 10 x 10 Tuws

[ ]

UM 3.1 uamadnyuzndesdimaoy 3 Gadmivusigezaoy
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3.1.2 msldezaomneasiuiulasasnanan

¥

Funeumslaezaeuasllunasaiad1alilu 3.1 Tanwddguin msiznnedims

3
o

afudnvuzmmsvesasi Inssadeiimauls andsoiifnuwanozgiidion Ty Insdimw
Tasaard Fadwau Tavdsznovldvoznon 2 wiiafe sxaouvetezgiliionliavozaoy 13
uaz pzAouvod IuTnsnuiliauozaow 7 azmaua:gﬁtﬁﬂun‘szmﬂﬂfjﬁummnﬁaaua:wﬁwEN
uRazdIu Mien11A59e3 191 face center cubic (FCC) fiozaouvedTuTnsiuegssnitam
veandeslUfigatenarndeshliida Inssadadhuudadau

mafmuasulsitisadeliinadulaseaduGdwan 1WlaTaesuduindauls

= [ 4 . n:; [ o 1 q' g 9/ csy [}
WWAING 3 x 3 (rprim) ‘ﬂ'i'E]\ﬁ“UﬂWiz‘UGﬂlkﬂuQ‘U?NE]SﬂﬂllTﬂﬂ!inﬂuﬂ'lﬂi}ﬂ 0.0, 0.0,0.0 um‘ﬂﬂm

E]

1 Y £y

i ¥
AuniavetoraaufiogninvesdulseFayunaaiy Avd MY 0.0 0.50.5,0.5 0.0 0.5 Lag 0.5

«“
¥

0.5 0.0 H3oWeWTUINADS 1Aai]

A =1aY+iaZ

1
1 2

t | —

(0.0 0.5 0.5

A, = LaX+LlaZ«—{05 00 05}

& A
1D a A acell

0.5 0.5 0.0

A, = +aX+3a¥

o=

4 a s I ' - o Y

definnmesaesduazszy Inseadrauds dumitezasuiacuisaszydumiald Tag
AMuAdInYs array [Bxdmauozasuiiszy] (xred) wiaiudnlsiinooimuauda (basis)
= ) v a o o 9 = 1o ] -
Yoanan dmsudanivau Mvua lalaoluezaoun 1(AD 8gHA1MYL 0.0 0.0 0.0 Az dzABNT

1o ! & s dd d y_ o & o 4
2 (N) ogfid s % % v suiluudaidniigaveslassaiatuanalugdil 3.2 nasnmiu
o o Y o ° ' '
Tnsenanazgnimualiiauaad lnemsldmdnvesauuias uaasdunlsszydumisezaouey

¥
a

Tuginnees 1adail

B, = 0A, +0A, +0A, = 0aX +0aY +0aZ (Al)
B, = 1/4A, +1/4A, +1/4A, = 1/AaX+1/4aY +1/4aZ (N)

A A
WD a AY acell
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o v v Yy a o v o
Inmsimualaseadeondedunar lumadinsizd Inseas oz musouaad Insaa 31990

E
ar =

a 79w { s - v
pzaiifivnTuInsdludnyuzMithuvadyagiv (primitive cell) Tl

514 3.2 uanalnssadruwadyagiu (primitive cell) vos azgiitionlulnsd

Ll

Tuns@imssunaion Inseadianundsnuiouinunmsimua lasaadaiy
s ' Y 9 2 ' o o Y] a A
wadyagiu daudideenisdmuaiunuumiogaddwanalnsaasielugli 3.3 wie

glilosivad

1 o ] ' o a o
51 33 uamams Iszydumida uaz Tnseadramiomad vee ezgiiitivnulnsa

3.1.3 mamsdguldsunsuveamsnalassaing
TumamssnasziidudsmumuinsmangeiisutulunsnaTasaadiaveslns

= = a Yo d’
Naﬂmmimwmﬂuuwuwﬂﬂmu



structure

cmlfile
rprim
natrd
nsym spgroup
symrel
tnorns

angdeg

57 3.4 nanadams Tusunsumsidion Tasaadanan
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3.2 myeavd lualnsaa31a (zeometry optimization)

o
ar ]

. = o 4
Tumsm IassadniadosvesIasanamiu Sulludesldnanmsmaluagans

¥
Yo o

WV o J . 3 “a & a a v
lauaind (molecular dynamic) 1195118 Gaeunso esuedludanis Tdsunsulddail

Relaxtion
Relaxation OWW of atoms and cell
jonmov ionmov
(Only:1,4,5,6,7,8,90r12) (Only : 2 or 3)
optcell
4
dilatmx
\ 4
ecutsm
4
tolmxf
y
ntime

4 o a o . . -
57 3.5 upndans Tusunsunmsoord lud 1nsaes1a (geometry optimization)

:.:' Y = o
3.3 UHADUMIAINNIAATHIU

¥
msfuan Iasaadama Iihvesensiiudeafiuarniluse vy reciprocal space 321
o T =X cly 9y a g/ a
Anualu K- space 1143901 1889198915 1991140 5A 11 k-space Y04 Hendrik J. Mongkhorst 1ia%
A v & =2 4 . .
James D. Pack [11] tiio 1¥yan7 q T/lulasawanszy laoinnes (general lattice point)

E:R,?.+R£+R3f: (48)
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4 & o g . ° ' 4 e Bl i Y
dio 1,4, Aunnaesueansaous mnaweUTaAYATIM (primitive translation vector) )
¥

° o ' @ N Yw A
aunsomuuamaayag iy lualydiundy 1aaail

- - - - 2r= - = 27— =
by=—txt,, br=—txty, bi=—1xt (49)

3 Ry
v v v

dio vidhalsuasves misowad (1419151193904 primitive cell) 1A Brillouin zone (BZ) 31
a 87’
Usums —
N
5 y (2ar-q-1) a4 o < < 4
mruald u, =" i r=1,2,3......q 198 g UNUTIUIUANLINAADIUNUIIUIU
q

vanazli ¢’ Wumisinadmaugalu space v04 BZ
o 3
wazimualy
k,, =u,b +ub, +ub, (50)
[ b :3
Amuali @uiNAsNINUAYEY point—group 11

4,() =N,y (51)
IRl=c,,

"
o Qs

— - o o . % 2
Tagnuedanssaunuanield R AduRusny lattice point group 1Az ¢, f1D ascending order

¥ "
N unuiuanininanua e #nsan m S, (q) 19

I & i i
Sl @ =— 2. A, (kpn ), (k) (52)
q p.r.s=l
Tunsalved FCC
1 & 50 -
;ZA,,,(k,)A,, (k) =4, (53)
i=1

Tao i 52 ANATUD4 point group MuANNTH 53 Malaen Ty

0<k <k <k 2%

a
uag !cx+ky+!<_33—?r
. a
W ldaun1sii 53 deadldidiu
IR I
25w A, (k)4 (k) =5, (54)
q J=1



(q/96)(g+2)(g+4);q9/21seven
P(g)=41 (55)

%(q+2)(qz+4q+12);q/2isodd
Lae
1 if | R} -R!|=0,2q,4q,.
ab #l 5% b a
W' (q)=1(=D""if | R} - R} |= 0.3¢,5q,... (56)

0 otherwise

=i a b q 2 .
Tavh | R || R! |<5 we j=1,2,3.4,...

E

lumsasinTamasiaausoasafams lsunsylaaai

K - points Grid

kptopt=1,2 or 3

- kptbound
4 r
kpt kptrlatt ——
v
kptnrm o e ey
nshiftk E standard E
\ 4
shiftk

U 3.6 uwudams Tdsunsumsadiansadiiom

3.4 MINIAMNAIUNIY¥]Y Self Consistent Field

34

MmN Fua NI IIiNYesBidnasou [2) Tindenuluaniuzivues

P a d 1 a a
szuuszneudlodianaseunulisesueiiloa (inhomogeneous electrons gas) lugves

WaudAndane v(r) awsaouldidiu
E= [ornrydr+= [[2220 gy oin) (57)
2 |r—r'|

v 3
= o

o a(r) Wuanuvuwiy uaz G[x) duiladFunvusuanuvmuindugaion

Gln]=T [n]+ E,[n] (58)

XC
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o

(i T.[n ] dundsnueaivesssuudiinaseuiifidunsasoiuly () uaz E,[n]¥ign
o 9/
Amuals

E [n)= [n(r)e, (n(r))r (59)
A [y . ' a g & o & 3 o
1o 6"“,(}‘1) L‘ﬂuwawm exchange correlation %0 DIANATIDUUUIAD BINTTHIATWAIIU

. ﬂ & v d v oA lrlsl Ya o a o
exchange correlation IUHLTDIYTINUAIUDIAUHEUT ﬂﬁnﬂﬂ’l'jﬂjgnqmﬂ'ﬁrlﬁﬂlﬁﬂﬂSﬂuﬂﬂﬂyﬂlx

ﬁju homogenous electron gas neldidonly

j Sn(r)dr =0 (60)
danald
Ic?n(r){go(r) “+ oL [n] + ,un_(n(r))}dr =] (61)
on(r)
Lﬁﬂ p(r)=v(r)+ j Ay J dr' (62)
|r=r'|
uag u..(n)=d(ne (n))/dn (63)

{ o o o 1 o 5 g o w d A 1
1InauMIh 63 M 1T 1a4a 31 waa 1 exchange correlation YUNVFANAATIVDIAIWHUIMUY

a g - @ ¥ (; i a [ a a aa d [
DLANATDUNNITVIYAIDYTNTUUTUD Lﬁawmsmwmwmamﬁﬂﬂuizuuwmaﬂmaugﬂﬂﬂﬁ"!n

¥
Y

= o an 1 [ Fo u @ @ 1w s & a Y 9

UNTOUATNTYITSHINAU UASITUMNAINUANUMNY @(r) + w1, (n(r)) AU UAU IR
' 3 ]

g waz @ welda a(r) udunusianuaasl)luaninis 61 Agndaadreduaunis

Schrodinger
{(~1V2 +[p(r) + w1, (AN, (1) = £,(r) (64)

o Y
azAIrua v

N 2
n(r)=> |y, (r)| (65)
i=l
4 o a d :
e N duswoudianasounanuna
¥ ' [
AIWATUNTT 64 D19 65 A1UITD self—consistent 1AGITUIINMTIRAT 1(r) BN @(r) 1INAUAT

64 uay u, luaunmsh 63 udamm n(r) 1wﬁc§&ﬁﬂﬂqjmamﬁ1wﬁ’wm

Ir r'| (66)

+ n(f‘)[?n- (n(r)) = p (n(r))dr

Taondeausanaesszuu 1duszuams 1ia
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T[n]= j%(s‘n?n)é ndy ©7)

Initial guess nT(r ) 8 nJ’(r )

Calculateeffe;tive potential g
Vo(r) =V () + Vol n] + V[ 1]

&

Solve KS equation
[*‘%Vz * Vg(r)},l/f(r) =gy, (r)

Calculate electron density
n () =X S el ()

Self-
consistent

Energy, force, stresses, eigenvalues, ...

ﬂﬁ 3.7 LHUATIWAITHIAIADUUDITNNTS Kohn 148Y Sham (Self-consistent loop)

dl ad o 1 ai 9 s o
VINUAUNINN 3.7 LAAITATUIUNIAIUOY #(r) NADANADINUNY v(r)uag w(r)
] ¥ o
Tuaun1g Kohn 1ag Sham F50n133 self-consistent field (SCF) n3zuIUMstisuauTasms
a1 () W lgumssamneuudnudwanld qun1s Kohn 1ag Sham  UWamasih
Vv . Y [y o Y1 " ad o ta Y
ADANADILVY diagonal MuazAusgi limnnunuuniudianasoundialnuinlnafes
SusufuIn o masesties q amdeiooniuld Falumstinuadiudsidifyluns
suansgiirvesdinenluaunis Kobn tag Sham ldun
o Yo [ a a o A "
fu1ls  (energy cut off; ecut) [MIMuANAINUIAUgIgANHIATUAAUVDINGY
ad = o o W o o w A dg W o
sianaseusziia ldgauilumssitasmuilanguaaunlslumsdiuan
) 9 o 1 1 [N :; o F o 1 Y
fulg (toldfe) 1¥8 muammanvendsnuisiuin laseuilvgiunuseuneunii

' Ed
iWeasanaeuns SCF ms Tsunsuludmiannsoagdiudans Tusunsulddeg 3.8
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toldff

occopt

v

occ

v

tsmear

iscf

nstep

tolwf

tolvrs

5U 3.8 1aAIRan1s 1UsUATUMTAIUIMNAIIIUTIN

U

37



UN 4

Nan15 I

U =Y dai o LY = a A d
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=} o 1 = (.:; ) at = a d o 9/ 1 a o
Aomssamaimniwesnmmnzaudmsunanezaiitionlulnsd launanmasnusan
a g & ¥ & e 7w A Agq v & v
qegavesdianaseusanzasandeanuiuilindunauilylusyuomsiiuaaoaum
Hamang AR eV 181U A 1IN self-consistent LAZVUIAVBINUIUFAANIATIT VDA
wan udu
=] a A PPy ) a d o '
nanozgiiionlulnsdnidulnssadauuy Ssdwan ansouaasdumieInyuge
. w A a Y o & oo
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acell
Mnemonics: scAle CELL
Characteristic: EVOLVING, LENGTH

Variable type: real array acell(3)

Gives the length scales by which dimensionless primitive translations (in "rprim") are to be
multiplied. By default, given in Bohr atomic units (1 Bohr=0.5291772108 Angstroms). although
Angstrom can be specified, if preferred, since acell has the LENGTH characteristics. See further
description of acell related to the rprim input variable

cmlfile
Mnemonics: Chemical Markup Language FILE

Characteristic: NO INTERNAL
Variable type: character string Default is no file.

Used to import some of the data from one or more Chemical Markup Language 2 (CML2) file(s)
(one per dataset). Unlike most of the other input variables, it refers to a character string, e.g. :
cmlfile ../t67.in_ CML.xml
The file is preprocessed, and the relevant information is translated in order to be used as an alternative to
the usual input variables. Note that the input variables directly defined in the usual input file have
precedence over the CML data : the latter are used only when there is no occurence of the corresponding
keyword in the input file... The ABINIT CML parser is still quite primitive. The mechanism followed to
parse the CML file is described afterwards.
The ABINIT CML parser will localize in the CML file the first occurence of a 'molecule' markup section.
It will ignore all other occurences of 'molecule’. Inside this 'molecule' section, it will localize the first
occurences of the 'crystal’, 'symmetry' and 'atomArray' sections. All other occurences, and all other
sections, are ignored. The following ABINIT input variables will be extracted from these sections of the
CML file (if the data is available)

. acell from the first 'scalar title="a"",'scalar title="b"', and 'scalar="c"" sections (all three must be
present if one is present) in the 'crystal' section, expecting the data in Angstrom;

° angdeg from the first 'scalar title="alpha",'scalar title="beta"', and 'scalar title="gamma"'
sections (all three must be present if one is present) in the 'crystal’ section, expecting the data in
degrees;

° nsym, symrel and tnons from the content of 'matrix' sections in the 'symmetry’ section;

e natom from the number of items in the first 'atom' sections in the ‘atomArray' section;

e typat from the attribute 'elementType' in the 'atom' sections in the 'atomArray' section, with
identification of the pseudopotentials that have the correct nuclear charge, according to the
atomic svmbol (the first pseudopotential with the correct nuclear charge, from the
pseudopotential list, will be used);

e  xred from the attributes 'xFract', 'yFract', and 'zFract' (all three must be present if one is present)
in the 'atom' sections in the 'atomArray' section.

These limited parsing capabilities are enough for ABINIT to read the CML files it has created thanks to

the use of the prtem] input variable.

rprim

Mnemonics: Real space PRIMitive translations
Characteristic: EVOLVING (if ionmov==2 and optcell/=0)
Variable type: real array rprim(3,3)

Default is 3x3 unity matrix.

Give, in columnwise entry, the three dimensionless primitive translations in real space. If the
Default is used, that is, rprim is the unity matrix, the three dimensionless primitive vectors are three unit
vectors in cartesian coordinates. Each will be multiplied by the corresponding acell value to give the

dimensional primitive vectors, called rprimd.
In the general case, the dimensional cartesian coordinates of the crystal primitive translations R1p,

R2p and R3p, see rprimd, are

e Rlp(i)=rprim(i,1)*acell(1) for i=1,2,3 (x,y,and z)
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e R2p(i)=rprim(i,2)*acell(2) for i=1,2,3
e R3p(i)=rprim(i,3)*acell(3) for i=1,2,3.

The rprim variable is thus used to define directions of the primitive vectors, that will be multiplied
by the appropriate length scale acell(1), acell(2), or acell(3) respectively to give the dimensional primitive
translations in real space in cartesian coordinates.

Presently, it is requested that the mixed product (R1xR2).R3 is positive. If this is not the case. simply
exchange a pair of vectors.

To be more specific, rprim 1 23 4 56 7 8 9 corresponds to input of the three primitive translations
R1=(1,2,3), R2=(4,5,6), and R3=(7.,8,9).

Note carefully that the first three numbers input are the first column of rprim, the next three are the
second, and the final three are the third. This corresponds with the usual Fortran order for arrays. The
matrix whose columns are the reciprocal space primitive translations is the inverse transpose of the matrix
whose columns are the direct space primitive translations.

Alternatively to rprim, directions of dimensionless primitive vectors can be specified by using the input
variable angdeg. This is especially useful for hexagonal lattices (with 120 or 60 degrees angles). Indeed,
in order for symmetries to be recognized, rprim must be symmetric up to 10 digits, inducing a
specification such as

rprim 0.86602540378 0.5 0.0
-0.86602540378 0.5 0.0
0.0 0.0 1.0
that can be avoided thanks to angdeg:
angdeg 90 90 120

angdeg
Mnemonics: ANGles in DEGrees
Characteristic:
Variable type: real array angdeg(3)
Default is No Default (use rprim as Default).
Gives the angles between directions of primitive vectors of the unit cell (in degrees). as an alternative
to the input array rprim . Will be used to set up rprim, that, together with the array acell. will be used to
define the primitive vectors.

e angdeg(l) is the angle between the 2nd and 3rd vectors,
e angdeg(2) is the angle between the st and 3rd vectors,
e angdeg(3) is the angle between the 1st and 2nd vectors,

If the three angles are equal within 1.0d-12 (except if they are exactly 90 degrees), the three primitive
vectors are chosen so that the trigonal symmetry that exchange them is along the z cartesian axis :
Rl=(a ,0,c)
R2=(-a/2, sqrt(3)/2*a,c)
R3=(-a/2,-sqrt(3)/2*a,c)
where a’+¢’=1.0d0
If the angles are not all equal (or if they are all 90 degrees), one will have the following generic form :

e RI=(1,0,0)
e R2=(a,b,0)
e R3=(c.d,e)

where each of the vectors is normalized, and form the desired angles with the others.

natom

Mnemonics: Number of ATOMSs
Characteristic:

Variable type: integer parameter
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Default is 1

Gives the total number of atoms in the unit cell. Default is | but you will obviously want to input this
value explicitly. Note that natom refers to all atoms in the unit cell, not only to the irreducible set of
atoms in the unit cell (using symmetry operations, this set allows to recover all atoms). If you want to
specify only the irreducible set of atoms, use the symmetriser, see the input variable natrd.

natrd

Mnemonics: Number of AToms ReaD

Characteristic: GEOMETRY BUILDER, SYMMETRISER
Variable type: integer parameter

Default is natom,
Gives the number of atoms to be read from the input file, in the case the geometry builder or the

symmetriser is used. In this case, natrd is also used to dimension the array typat, and the arrays xred,
xangst and xcart. Must take into account the vacancies (see vacnum and vaclst). Despite possible
vacancies, cannot be bigger than natom.

spgroup
Mnemonics: SPace GROUP number

Characteristic: SYMMETRISER
Variable type: integer parameter

Default is 0.
Gives the number of the space group. If spgroup is 0, the code assumes that all the symmetries are

input through the symrel matrices and the tnons vectors, or obtained from the symmetry finder (the
default when nsym==0). It should be between 1 and 230. This option can be used to obtain all the atoms
in the unit cell, starting from the assymetric unit cell. The references for computing the symmetry
corresponding to the space groups are :

e International Tables for Crystallography, 1983, Ed. Theo Hahn, D. Reidel Publishing Company
e  The mathematical theory of symmetry in solids, Representation theory for point groups and
space groups, 1972, C.J. Bradley and A.P. Cracknell, Clarendon Press, Oxford.

For details see the space group help file.

symrel
Mnemonics:SYMmetry in REaL space
Characteristic:

Variable type: integer array symrel(3,3,nsym)
Default is the identity matrix for one symmetry.

Gives "nsym" 3x3 matrices expressing space group symmetries in terms of their action on the
direct (or real) space primitive translations. It turns out that these can always be expressed as integers.
Always give the identity matrix even if no other symmetries hold, e.g. symrel 1 000100 0 1 Also note
that for this array as for all others the array elements are filled in a columnwise order as is usual for
Fortran. The relation between the above symmetry matrices symrel, expressed in the basis of primitive
translations, and the same symmetry matrices expressed in cartesian coordinates, is as follows. Denote the
matrix whose columns are the primitive translations as R, and denote the cartesian symmetry matrix as S.
Then symrel = R(inverse) * S * R where matrix multiplication is implied.

When the symmetry finder is used (see nsym), symrel will be computed automatically.

tnons
Mnemonics: Translation NON-Symmorphic vectors
Characteristic:

Variable type: real array tnons(3,nsym)
Gives the (nonsymmorphic) translation vectors associated with the symmetries expressed in

"symrel". These may all be 0, or may be fractional (nonprimitive) translations expressed relative to the
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real space primitive translations (so, using the "reduced" system of coordinates, see "xred"). If all
elements of the space group leave 0 0 0 invariant, then these are all 0. When the symmetry finder is used
(see nsym), tnons is computed automatically.

ntypat

Mnemonics: Number of TYPEs of atoms

Characteristic: NO MULTI

Variable type: integer parameter

Default is 1.

Gives the number of types of atoms. E.g. for a homopolar system (e.g. pure Si) ntypat is 1, while
for BaTiO3, ntypat is 3. Except when alchemical mixing of pseudopotentials is used, the number of types
of atoms will be equal to the number of pseudopotentials npsp to be provided by the user. Thus, The code
will try to read the same number of pseudopotential files, whose names should have been given in the
"files" file. The first pseudopotential will be assigned the type number 1, and so on ...

typat
Mnemonics: TYPE of atoms

Characteristic:
Variable type: integer array typat(natom) (or : typat(natrd) , if the geometry builder is used)
Default is 1 (for natom=1)

Array giving an integer label to every atom in the unit cell to denote its type. The different types
of atoms are constructed from the pseudopotential files. There are at most ntypat types of atoms. As an
example, for BaTiO3, where the pseudopotential for Ba is number 1, the one of Ti is number 2, and the
one of O is number 3, the actual value of the typat array might be :

typat 12333

The array typat has to agree with the actual locations of atoms given in xred , xcart or xangst,
and the input of pseudopotentials has to be ordered to agree with the atoms identified in typat. The
nuclear charge of the elements, given by the array znucl, also must agree with the type of atoms
designated in "typat". The array typat is not constrained to be increasing. An internal representation of
the list of atoms, deep in the code (array atindx), groups the atoms of same type together. This should be

transparent to the user, while keeping efficiency.

znucl
Mnemonics: charge -Z- of the NUCLeus
Characteristic: NO MULTI

Variable type: real array znucl(npsp)

Gives nuclear charge for each type of pseudopotential, in order. If znucl does not agree with
nuclear charge, as given in pseudopotential files, the program writes an error message and stops.

N.B. : In the pseudopotential files, znuel is called "zatom".

For a "dummy atom, with znucl=0 , as used in the case of calculations with only a jellium
surface, ABINIT set arbitrarily the covalent radius to one.

xred
Mnemonics: vectors (X) of atom positions in REDuced coordinates
Characteristic: EVOLVING
Variable type: real array xred(3,natom) (or xred(3,natrd) if the geometry builder is used)
Default is all 0.0d0

Gives the atomic locations within unit cell in coordinates relative to real space primitive
translations (NOT in cartesian coordinates). Thus these are fractional numbers typically between 0 and 1
and are dimensionless. The cartesian coordinates of atoms are given by:t cartesian =
t1*r1*al+t2*r2*a2+t3*r3*a3 where (t1,t2,t3) are the "reduced coordinates" given in columns of "xred",
(r1,r2,r3) are the columns of dimensionless array "rprim", and (al,a2,a3) are the elements of the array
"acell" giving length scales in Bohr. If you prefer to work only with cartesian coordinates, you may work
entirely with "xcart" or "xangst" and ignore xred, in which case xred must be absent from the input file.

One and only one of xred, xcart and xangst must be provided. Atomic positions evolve if ionmov/=0 .
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xangst

Mnemonics: vectors (X) of atom positions in cartesian coordinates -length in ANGSTrom-
Characteristic: NOT INTERNAL

Variable type: real array xangst(3,natom) (or xangst(3.natrd) if the geometry builder is used)

Gives the cartesian coordinates of atoms within unit cell, in angstrom. This information is
redundant with that supplied by array xred or xcart. If xred and xangst are ABSENT from the input file
and xcart is provided, then the values of xred will be computed from the provided xcart (i.e. the user may
use xangst instead of xred or xcart to provide starting coordinates). One and only one of xred, xcart and
xangst must be provided. The conversion factor between Bohr and Angstrom is | Bohr=0.5291772108
Angstrom, see the NIST site. Atomic positions evolve if ionmov/=0 . In constrast with xred and xcart.
xangst is not internal.

xcart
Mnemonics: vectors (X) of atom positions in CARTesian coordinates

Characteristic: EVOLVING, LENGTH
Variable type: real array xcart(3,natom) (or xcart(3,natrd) if the geometry builder is used)

Gives the cartesian coordinates of atoms within unit cell. This information is redundant with that
supplied by array xred or xangst. By default, xcart is given in Bohr atomic units (1 Bohr=0.5291772108
Angstroms), although Angstrom can be specified, if preferred, since xcart has the 'LENGTH'
characteristics. If xred and xangst are ABSENT from the input file and xcart is provided, then the values
of xred will be computed from the provided xcart (i.e. the user may use xcart instead of xred or xangst to
provide starting coordinates). One and only one of xred, xcart and xangst must be provided. Atomic
positions evolve if ionmov/=0.

ionmov
Mnemonics: IONic MOVEs
Characteristic:
Variable type: integer parameter
Default is 0.
Control the displacements of ions, and eventually (see optcell) changes of cell shape and size.

e (0=>do not move ions;

e |=>move atoms using molecular dynamics with optional viscous damping (friction linearly
proportional to velocity). The viscous damping is controlled by the parameter "vis". If actual
undamped molecular dynamics is desired, set vis to 0. The implemented algorithm is the
generalisation of the Numerov technique (6th order), but is NOT invariant upon time-reversal, so
that the energy is not conserved. The value ionmov=6 will usually be preferred, although the
algorithm that is implemented is lower-order. opcell/=0 is not available

e 2=> conduct structural optimization using the Broyden-Fletcher-Goldfarb-Shanno minimization
(BFGS). This is much more efficient for structural optimization than viscous damping, when
there are less than let's say 10 degrees of freedom to optimize.

e 3=> conduct structural optimization using the Broyden-Fletcher-Goldfarb-Shanno minimization
(BFGS), modified to take into account the total energy as well as the gradients (as in usual
BFGS).

See the paper by Schlegel, J. Comp. Chem. 3, 214 (1982). Might be better than ionmov=2 for
few degrees of freedom (less than 3 or 4)

e 4=> conjugate gradient algorithm for simultaneous optimization of potential and ionic degrees of
freedom. It can be used with iscf=2 and iscf=5 or 6 (WARNING : this is under development, and
does not work very well in many cases). optcell/=0 is not available.

e 5=> Simple relaxation of ionic positions according to (converged) forces. Equivalent to
ionmov=1 with zero masses, albeit the relaxation coefficient is not vis, but iprcfc. opteell/=0 is
not available.

e 6=> Molecular dynamics using the Verlet algorithm, see Allen & Tildesley "Computer
simulation of liquids" 1987, p 81. Although partly coded, optcell/=0 is not available. The only
related parameter is the time step (dtion).



65

. => Quenched Molecular dynamics using the Verlet algorithm, and stopping each atom for
which the scalar product of velocity and force is negative. Although partly coded. optcell/=0 is
not available. The only related parameter is the time step (dtion). The goal is not to produce a
realistic dynamics, but to go as fast as possible to the minimum. For this purpose. it is advised to
set all the masses to the same value (for example, use the Carbon mass. i.e. set amu to 12 for all
type of atoms).

e  8=> Molecular dynamics with Nose-Hoover thermostat, using the Verlet algorithm. Although
partly coded, optcell/=0 is not available. Related parameters : the time step (dtion). the initial
temperature (mditemp), the final temperature (mdftemp), and the thermostat mass (noseinert).

e 9=> Langevin molecular dynamics. Although partly coded, optcell/=0 is not available. Related
parameters : the time step (dtion), the initial temperature (mditemp), the final temperature
(mdftemp), and the friction coefficient (friction).

e 12=> Isokinetic ensemble molecular dynamics. The equation of motion of the ions in contact
with a thermostat are solved with the algorithm proposed by Zhang [J. Chem. Phys. 106, 6102
(1997)], as worked out by Minary et al [J. Chem. Phys. 188, 2510 (2003)]. The conservation of
the kinetic energy is obtained within machine precision, at each step.

Although partly coded, optcell/=0 is not available, Related parameters : the time step (dtion), the
initial temperature (mditemp), the final temperature (mdftemp), and the friction coefficient
(friction).

e  13=> losthermal/isenthalpic ensemble. The equation of motion of the ions in contact with a
thermostat and a barostat are solved with the algorithm proposed by Martyna, Tuckermann
Tobias and Klein [Mol. Phys., 1996, p. 1117].

optcell/=0 is available. Related parameters : the time step (dtion), the initial temperature
(mditemp), the final temperature (mdftemp), the number of thermostats (nnos), and the masses
of thermostats (gmass). If optcell=1 or 2, the mass of the barostat (bmass or vmass) must be
given in addition.

No meaning for RF calculations.

optcell

Mnemonics: OPTimize the CELL shape and dimensions
Characteristic:

Variable type: integer parameter

The Default is optcell=0
Allows to optimize the unit cell shape and dimensions, when ionmov=2 or 3. The configuration for

which the stress almost vanishes is iteratively determined, by using the same algorithms as for the nuclei
positions. Will eventually modify acell and/or rprim. The ionic positions are ALWAYS updated,
according to the forces. A target stress tensor might be defined, see strtarget

e optcell=0 : modify nuclear positions, since ionmov=2, but no cell shape and dimension
optimisation.

e optcell=1 : optimisation of volume only (do not modify rprim, and allow an homogeneous
dilatation of the three components of acell)

e optcell=2 : full optimization of cell geometry (modify acell and rprim - normalize the vectors of
rprim to generate the acell). This is the usual mode for cell shape and volume optimization. It
takes into account the symmetry of the system, so that only the effectively relevant degrees of
freedom are optimized.

e optcell=3 : constant-volume optimization of cell geometry (modify acell and rprim under
constraint - normalize the vectors of rprim to generate the acell)

e optcell=4,5 or 6 : optimize acell(1), acell(2) or acell(3), respectively (only works if the two other
vectors are orthogonal to the optimized one, the latter being along its cartesian axis).

e optcell=7,8 or 9 : optimize the cell geometry while keeping the first, second or third vector
unchanged (only works if the two other vectors are orthogonal to the one left unchanged, the
latter being along its cartesian axis).

NOTE that a few details require attention when performing unit cell optimisation :
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e one has to get rid of the discontinuites due to discrete changes of plane wave number with cell
size, by using a suitable value of ecutsm;

e one has to allow for the possibility of a larger sphere of plane waves, by using dilatmx;

e one might have to adjust the scale of stresses to the scale of forces, by using strfact.

e ifall the reduced coordinates of atoms are fixed by symmetry, one cannot use toldff to stop the
SCF cycle. (Suggestion : use toldfe with a small value, like 1.0d-10)

It is STRONGLY suggested first to optimize the ionic positions without cell shape and size optimization
(optcell=0), then start the cell shape and size optimization from the cell with relaxed ionic positions.

Presently (v3.1), one cannot restart (restartxf) a calculation with a non-zero optcell value from the (x,f)
history of another run with a different non-zero optcell value. There are still a few problems at that level.

dilatmx

Mnemonics: DILATation : MaXimal value
Characteristic:

Variable type: real parameter

Default is 1.0 .
Gives the maximal permitted scaling of the lattice parameters when the cell shape and dimension

is varied (see variable optcell). It is used to define the sphere of plane waves and FFT box coherent with
the possible modifications of the cell (ionmov==2 and optcell/=0). For these definitions, it is equivalent to
changing ecut by multiplying it by dilatmx? (the result is an "effective ecut”, called internally "ecut_eff",
other uses of ecut being not modified when dilatmx>1.0 . Using dilatmx<1.0 is equivalent to changing
ecut in all its uses. This is allowed, although its meaning is no longer related to a maximal expected
scaling. Setting dilatmx to a large value leads to waste of CPU time and memory. Supposing you think
that the optimized acell values might be 10% larger than your input values, use simply dilatmx 1.1 . This
will already lead to an increase of the number of planewaves by a factor (I. 1’=1.331 , and a
corresponding increase in CPU time and memory. It is possible to use dilatmx when optcell=0, but a
value larger than 1.0 will be a waste.

ecutsm
Mnemonics: Energy CUToff SMearing
Characteristic: ENERGY
Variable type: real parameter (in Hartree)
Default is 0.d0

This input variable is important when performing relaxation of unit cell size and shape (non-zero
optcell). Using a non-zero ecutsm, the total energy curves as a function of ecut, or acell, can be
smoothed, keeping consistency with the stress (and automatically including the Pulay stress). The
recommended value is 0.5 Ha. Actually, when optcell/=0, ABINIT requires ecutsm to be larger than zero.
If you want to optimize cell shape and size without smoothing the total energy curve (a dangerous thing
to do), use a very small ecutsm, on the order of one microHartree. Technical information : See
Bernasconi et al, J. Phys. Chem. Solids 56, 501 (1995) for a related method. ecutsm allows to define an
effective kinetic energy for plane waves, close to, but lower than the maximal kinetic energy ecut. For
kinetic energies less than ecut-ecutsm, nothmg is modlf ed, while between ecut-ecutsm and ecut, the
kmetlc energy is multiplied by: 1.0 / ( x* (3+x- -6x*+3x")) where x = (ecut - kinetic_energy)/ecutsm Note
that x* ( 3+x-6x>+3x") is 0 at x=0, with vanishing derivative, and that at x=1 , it is 1, with also vanishing
derivative. If ecutsm is zero, the unmodified kinetic energy is used. ecutsm can be specified in Ha (the
default), Ry, eV or Kelvin, since ecutsm has the 'ENERGY' characteristics. (1 Ha=27.2113845 eV). A
few test for Silicon (diamond structure, 2 k-points) have shown 0.5 Ha to be largely enough for ecut
between 2Ha and 6Ha, to get smooth curves. It is likely that this value is OK as soon as ecut is larger than
4Ha. Note that prior to v4.4 (in v4.3 and older versions), the smoothing function was 1.0/ ( x> {3-2%%) )
However, the second derivative was not continuous at the cut-off energy. This leads to problems for
elastic constant calculations using response functions.
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tolmxf

Mnemonics: TOLerance on the MaXimal Force
Characteristic:

Variable type: real parameter

Default is 5.0d-3 hartree/Bohr.

Sets a maximal absolute force tolerance (in hartree/Bohr) below which BFGS structural
relaxation iterations will stop. Can also control tolerance on stresses, when optcell/=0, using the
conversion factor strfact. This tolerance applies to any particular cartesian component of any atom,
excluding fixed ones. See the parameter jonmov. This is to be used when trying to equilibrate a structure
to its lowest energy configuration (ionmov=2). A value of about 5.0d-5 hartree/Bohr or smaller is
suggested (this corresponds to about 2.5d-3 eV/Angstrom). No meaning for RF calculations.
ntime
Mnemonics: Number of TIME steps
Characteristic:

Variable type: integer parameter

Default is 0.0
Gives the number of molecular dynamics time steps or Broyden structural optimization steps to

be done if ionmov=1 or 2 respectively. Note that at the present the option jonmov=1 is initialized with
four Runge-Kutta steps which costs some overhead in the startup. By contrast, the initialisation of other
ionmov values is only one SCF call.

ntime is ignored if ionmov=0.

kptbounds
Mnemonics: K PoinTs BOUNDarieS
Characteristic: NOT INTERNAL
Variable type: real array kptbounds(3,abs(kptopt)+1)
Default is No Default
It is used to generate the circuit to be followed by the band structure, when kptopt is negative (it

is not read if kptopt is zero or positive).

There are abs(kptopt) segments to be defined, each of which wich start from the end point of the
preceeding one. Thus, the number of points to be input is abs(kptopt)+1. They form a circuit starting at
kptbounds (1:3,1)/kptnrm and ending at kptbounds(1:3,abs(kptopt)+1)/kptnrm. The number of divisions
of each segment can be defined either using the array ndivk or the variable ndivsm that just defines the
number of divisions for the smallest segment

As for kpt, kptbounds is specified using the primitive vectors in reciprocal space. If your Bravais lattice
is simple, then it should be quite easy to find the coordinates of the end points of the end points. On the
other hand, for centered, body-centered, face-centered, hexagonal, and rhombohedral Bravais lattice, the
conversion might be more difficult. See the description of kpt for an explanation of how to convert data
from the "conventional" cartesian coordinates to the primitive vectors in the reciprocal space. In order to
help a bit, we list below a series of typical values, for the FCC, BCC, hexagonal and rhombohedral
Bravais lattices. Note : all the data below are given in dimensionless units ; they have to be rescaled by
the actual lengths defined by the acell values. However, kptbounds values can be used as such, if the
values of rprim given below are adopted.

A. FCC lattice
Suppose the primitive vectors in real space are given by

rprim 011 101 110

or

rprim 01/21/2 1/201/2 1/2120

(these two possibilities only differ by a scaling factor, irrelevant for the definition of the k points in the
primitive vectors in reciprocal space). Then, the reciprocal primitive vectors (in conventional cartesian

coordinates) are
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(-1/2 172 1/2), (1/2 -1/2 1/2), (1/2 172 -1/2)

or

(-1/2 172 1/2), (112 -1/2 1/2), (1/2 1/2 -1/2)

and, in both cases, the coordinates of several special points with respect to primitive vectors in reciprocal
space are

X (0 1/21/2) (conventional cartesian coordinate 1/2 0 0)

X'(1/21/2'1 ) (conventional cartesian coordinate 1/2 1/2 0) (an other instance of X, in another Brillouin
zone)

L(1/20 0 ) (conventional cartesian coordinate 1/4 1/4 1/4)

W (1/4 1/2 3/4) (conventional cartesian coordinate 1/2 1/4 0)

U (1/4 5/8 5/8) (conventional cartesian coordinate 1/2 1/8 1/8)

K (3/8 3/8 3/4) (conventional cartesian coordinate 3/8 3/8 0)

Note that K is actually equivalent to U, by spatial and translational symmetry. So, if you want to specify a
typical circuit, the following might do the work : L-Gamma-X-W-K,U-L-W-X-K,U-Gamma with
kptbounds 1/200 000 01/21/2 1/41/23/4 3/83/83/4 1/200 1/41/23/4 1/21/21 3/83/83/4 0
00

The lengths of segments (this information is useful to draw the band structure, with the correct relative
scale between special points) can be found using the conventional cartesian coordinates : I(L-
Gamma)=sqrt(3)/4=0.433... ; I(Gamma-X)=1/2=0.5 ; I(X-W)=1/4=0.25 ; I[(W-K)=sqrt(2)/8=0.177... ; (K-
L)=sqrt(6)/8=0.306... ; [(L-W)=sqrt(2)/4=0.354... ; (W-X)=1/4=0.25 ; I(X-K)=sqrt(2)/8=0.177... ; (K-
Gamma)=sqrt(2)/4=0.354...

B. BCC lattice
Suppose the primitive vectors in real space are given by

rprim -1 11 1-11 11-]

(as for the FCC lattice, there is a scale invariance). Then, the reciprocal primitive vectors (in conventional
cartesian coordinates) are (0 1/2 1/2), (1/2 0 1/2), and (1/2 1/2 0) and the coordinates of several special
points with respect to primitive vectors in reciprocal space are

H (-1/2 1/2 1/2) (conventional cartesian coordinate 1/2 0 0)

N (0 0 1/2) (conventional cartesian coordinate 1/4 1/4 0)

P (1/4 1/4 1/4) (conventional cartesian coordinate 1/4 1/4 1/4)

So, if you want to specify a typical circuit, the following might do the work : Gamma-H-N-Gamma-P-N-

P-H

kptbounds 000 -1/21/21/2 001/2 000 1/41/41/4 001/2 1/41/41/4 -1/21/2 1/2

The lengths of segments (this information is useful to draw the band structure, with the correct relative
scale between special points) can be found using the conventional cartesian coordinates : 1 (Gamma-
H)=1/2=0.5 ; 1 (H-N)=sqrt(2)/4=0.354... ; 1 (N-Gamma)=sqrt(2)/4=0.354... ; I(Gamma-
P)=sqrt(3)/4=0.433... ; I(P-N)=1/4=0.25 ; I(N-P)=1/4=0.25 ; I(P-H)=sqrt(3)/4=0.433...

C. Hexagonal lattices
Suppose the primitive vectors in real space are given by

rprim 100 -1/2sqrt(0.75)0 001

The coordinates of several special points with respect to primitive vectors in reciprocal space are

M (1/200)or (0 1/20) or (-1/2 1/20)

L(1/201/2)o0r (01/21/2) or (-1/2 1/2 1/2)

K (1/31/30)or (2/3 -1/3 0) or (-1/3 2/3 0)

H (1/3 1/3 1/2) or (2/3 -1/3 1/2) or (-1/3 2/3 1/2)

A001/2)

So, if you want to specify a typical circuit, the following might do the work : K-Gamma-M-K-H-A-L-H-
L-M-Gamma-A

kptbounds 1/31/30 000 1/200 1/31/30 1/31/31/2001/2 1/201/2 1/31/31/2 1201/2 1/200

0000012
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In order to find the lengths of segments (this information is useful to draw the band structure, with the
correct relative scale between special points) one needs to know the a and c lattice parameters. Also, in
what follows, we omit the 2*pi factor sometimes present in the definition of the reciprocal space vectors.
The reciprocal vectors are (1/a 1/(sqrt(3)*a) 0) , (0 2/(sqrt(3)*a) 0), (0 0 1/c). The lengths of the above-
mentioned segments can be computed as : I(K-Gamma)=2/(3*a)=0.666.../a ; |(Gamma-
M)=1/(sqrt(3)*a)=0.577.../a ;  M-K)=1/(3*a)=0.333.../a ; I(K-H)=1/(2*c)=0.5.../c ; I(H-
A)=2/(3*a)=0.666.../a ; I(A-L)=1/(sqrt(3)*a)=0.577.../a ; I(L-H)=1/(3*a)=0.333.../a ; I(H-
L)=1/(3*a)=0.333.../a ; I(L-M)=1/(2*c)=0.5.../c ; I(M-Gamma)=-1/(sqrt(3)*a)=0.577.../a ; (Gamma-
A)=1/(2*c)=0.5.../c

D. Rhombohedral lattices

Rhombohedral lattices are characterised by two parameters, the length of the primitive vectors, that we
will denote a0, and the angle they form, alpha. These can be directly input of ABINIT, as acell and

angdeg

This will generate the primitive vectors in real space , with

acella0a0 a0 and rprim aOc -a/2 a*sqrt(0.75) ¢ -a/2 -a*sqrt(0.75) ¢

with a”2+¢"2=1, a"2=(1-cos(alpha))*2/3, ¢"2=(1+2*cos(alpha))*1/3, (a/c)"2=2*(1-
cos(alpha))/(1+2*cos(alpha)) and also cos(alpha)=(1-(a/c)"2/2)/(1+(a/c)*2). Alternatively, these values of
rprim might directly be the input of ABINIT (then, the balance of the scaling factor might be adjusted
between acell and rprim).

Unlike for the simple cubic, FCC, BCC, hexagonal (and some other) Bravais lattice, the topology of the
Brillouin zone will depend on the alpha (or a/c) value. We give below information concerning the case
when cos(alpha) is positive, that is, (a/c)*2 lower than 2.

The coordinates of several special points with respect to primitive vectors in reciprocal space will not
depend on the a/c ratio, but some others will depend on it. So, some care has to be exercised. Notations
for the Brillouin Zone special points are the same as in Phys. Rev. B 41, 11827 (1990).

L (1/200) or (0 1/2 0) or (0 0 1/2) (or with negative signs)

T(1/21/2 1/2)

X (172 1/20) or (1/2 0 1/2) or (0 1/2 1/2) (or with separate negative signs)

W (5/6 - (alc)"2/6, 1/2, 1/6 + (a/c)™2/6 )= (1 0 -1)*(1-(a/c)"2/2)/3 + (1 1 1)/2

U ((1+(a/c)2)/6 , (8-(a/c)"2)/12, (8-(a/c)"2)/12 ) = (-1 1/2 1/2)*(1-(a/c)"2/2)/3 + (1 1 1)/2

K (10 -1)*(1+(a/c)"2/4)/3

So, if you want to specify a typical circuit, the following might do the work (the representative points on
lines of symmetry are indicated - there are sometimes more than one way to go from one point to another)
: X-V-K-Sigma-Gamma-Lambda-T-Q-W-Y-L-sigma-Gamma-sigma-X . The suggestion is to sample this
path with the following coordinates for the special points X, Gamma, T, L, Gamma, X :

kptbounds 1/20-1/2 000 1/21/21/2 11/20 100 11/21/2

In order to find the lengths of segments (this information is useful to draw the band structure, with the
correct relative scale between special points) one needs to know the a and c lattice parameters. Also, in
what follows, we omit the 2*pi factor sometimes present in the definition of the reciprocal space vectors.
The reciprocal vectors are (2/(3*a) 0 1/(3*c)), -(1/(3*a) 1/(sqrt(3)*a) 1/(3*c), -(1/(3*a) -1/(sqrt(3)*a)
1/(3*c) ). The lengths of the above-mentioned segments can be computed as : 1(X-
Gamma)=2/(sqrt(3)*a)=1.155.../a , with I(K-Gamma)=(1+(a/c)"2/4)*4/(3*sqrt(3)*a); |(Gamma-
T)=1/(2*c) ; I(T-L)=2/(sqrt(3)*a)=1.155.../a , with I(T-W)=(1-(a/c)"2/2)*4/(3*sqrt(3)*a); I(L-
Gamma)=sqrt(4/(a”2)+1/(c"2))/3 I(Gamma-X)=sqrt(1/(a"2)+1/(c"2))*2/3

kpt

Mnemonics: K - PoinTs
Characteristic:

Variable type: real array kpt(3,nkpt)
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Default is 0. 0. 0. (for just one k-point)

Contains the k points in terms of reciprocal space primitive translations (NOT in cartesian
coordinates!). Needed ONLY if kptopt=0, otherwise deduced from other input variables. It contains
dimensionless numbers in terms of which the cartesian coordinates would be: k cartesian =
k1*G1+k2*G2+k3*G3 where (k1,k2,k3) represent the dimensionless "reduced coordinates" and G1, G2,
G3 are the cartesian coordinates of the primitive translation vectors. G1,G2,G3 are related to the choice of
direct space primitive translation vectors made in rprim. Note that an overall norm for the k points is
supplied by kptnrm. This allows one to avoid supplying many digits for the k points to represent such
points as (1,1,1)/3. Note: one of the algorithms used to set up the sphere of G vectors for the basis needs
components of k-points in the range [-1,1], so the remapping is easily done by adding or subtracting 1
from each component until it is in the range [-1,1]. That is, given the k point normalization kptnrm

described below, each component must lie in [-kptnrm, kptnrm]. Not read if kptopt/=0 .

ngkpt
Mnemonics: Number of Grid points for K PoinTs generation
Characteristic: NOT INTERNAL
Variable type: integer array ngkpt(3)
Default is No Default

Used when kptopt>=0, if kptrlatt has not been defined (kptrlatt and ngkpt are exclusive of each
other). Its three positive components give the number of k points of Monkhorst-Pack grids (defined with
respect to primitive axis in reciprocal space) in each of the three dimensions. ngkpt will be used to
generate the corresponding kptrlatt input variable. The use of nshiftk and shiftk, allows to generate shifted
grids, or Monkhorst-Pack grids defined with respect to conventional unit cells.

When nshiftk=1, kptrlatt is initialized as a diagonal (3x3) matrix, whose diagonal elements are the three
values ngkpt(1:3). When nshiftk is greater than 1, ABINIT will try to generate kptrlatt on the basis of the
primitive vectors of the k-lattice: the number of shifts might be reduced, in which case kptrlatt will not be
diagonal anymore.

Monkhorst-Pack grids are usually the most efficient when their defining integer numbers are even. For a
measure of the efficiency, see the input variable kptrlen.

kptrlatt
Mnemonics: K - PoinTs grid : Real space LATTice
Characteristic:
Variable type: integer array kptrlatt(3,3)
Default is No default.
This input variable is used only when kptopt is positive. It partially defines the k point grid. The
other piece of information is contained in shiftk. kptrlatt cannot be used together with ngkpt.

The values kptrlatt(1:3,1), kptrlatt(1:3,2), kptrlatt(1:3,3) are the coordinates of three vectors in real space,
expressed in the rprim coordinate system (reduced coordinates). They defines a super-lattice in real space.
The k point lattice is the reciprocal of this super-lattice, eventually shifted (see shiftk).

If neither ngkpt nor kptrlatt are defined, ABINIT will automatically generate a set of k point grids, and
select the best combination of kptrlatt and shiftk that allows to reach a sufficient value of kptrlen. See
this latter variable for a complete description of this procedure.

ndivk

Mnemonics: Number of DIVisions of K lines
Characteristic: NOT INTERNAL

Variable type: integer array ndivk(abs(kptopt}))

Default is No default.
Gives the number of divisions of each of the segments of the band structure, whose path is

determined by kptopt and kptbounds. This is only needed when kptopt is negative. In this case, the
absolute value of kptopt is the number of such segments. For example, suppose that the number of
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segment is just one (kptopt=-1), a value ndivk=4 will lead to the computation of points with relative
coordinates 0.0, 0.25, 0.5, 0.75 and 1.0, along the segment in consideration. Now, suppose that there are
two segments (kptopt=-2), with ndivk(1)=4 and ndivk(2)=2, the computation of the eigenvalues wili be
done at 7 points, 5 belonging to the first segment, with relative coordinates 0.0, 0.25, 0.5, 0.75 and 1.0,
the last one being also the starting point of the next segment, for which two other points must be
computed, with relative coordinates 0.5 and 1.0 . It is easy to compute disconnected circuits (non-chained
segments), by separating the circuits with the value ndivk=1 for the intermediate segment connecting the
end of one circuit with the beginning of the next one (in which case no intermediate point is computed
along this segment). Alternatively it is possible to generate automatically the array ndivk by just
specifying the number of divisions for the smallest segment. See the related input variable ndivsm

kptnrm
Mnemonics: K - PoinTs NoRMalization
Characteristic:
Variable type: real parameter
Default is 1.

Establishes a normalizing denominator for each k point. Needed only if kptopt <=0, otherwise
deduced from other input variables.
The k point coordinates as fractions of reciprocal lattice translations are therefore kpt(mu,ikpt)/kptnrm.
kptnrm defaults to 1 and can be ignored by the user. It is introduced to avoid the need for many digits in
representing numbers such as 1/3. It cannot be smaller than 1.0d0.

nshiftk
Mnemonics: Number of SHIFTs for K point grids
Characteristic:
Variable type: integer parameter
The Default is 1.
This parameter gives the number of shifted grids to be used concurrently to generate the full grid
of k points. It can be used with primitive grids defined either from ngkpt or kptrlatt. The maximum
allowed value of nshiftk is 8. The values of the shifts are given by shiftk.

ixe

Mnemonics: Integer for eXchange-Correlation choice

Characteristic:

Variable type: integer parameter

Default is ixc=1 (Teter parameterization). However, if all the pseudopotentials have the same value of

pspxc, the initial value of ixc will be that common value.
Controls the choice of exchange and correlation (xc).

e (0=>NOxc;

e 1=>LDA or LSD, Teter Pade parametrization (4/93, published in S. Goedecker, M. Teter, J.
Huetter, Phys.Rev.B54, 1703 (1996)), which reproduces Perdew-Wang (which reproduces
Ceperley-Alder!).

e 2=>LDA, Perdew-Zunger-Ceperley-Alder (no spin-polarization)

e 3=>LDA, old Teter rational polynomial parametrization (4/91) fit to Ceperley-Alder data (no
spin-polarization)

e 4=>].DA, Wigner functional (no spin-polarization)

e 5=>LDA, Hedin-Lundqvist functional (no spin-polarization)

e 6=>LDA, "X-alpha" functional (no spin-polarization)

e 7=>LDA or LSD, Perdew-Wang 92 functional

e 8=>LDA or LSD, x-only part of the Perdew-Wang 92 functional

e 9=>LDA or LSD, x- and RPA correlation part of the Perdew-Wang 92 functional

e 11=> GGA, Perdew-Burke-Emzerhof GGA functional
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12=> GGA, x-only part of Perdew-Burke-Ermzerhof GGA functional

13=> GGA potential of van Leeuwen-Baerends, while for energy, Perdew-Wang 92 functional

14=> GGA, revPBE of Y. Zhang and W. Yang, Phys. Rev. Lett. 80, 890 (1998)

15=> GGA, RPBE of B. Hammer, L.B. Hansen and J.K. Norskov, Phys. Rev. B 59, 7413 (1999)

16=> GGA, HTCH93 of F.A. Hamprecht, A.J. Cohen, D.J. Tozer, N.C. Handy, J. Chem. Phys.

109, 6264 (1998)

e 17=>GGA, HTCHI120 of A.D. Boese, N.L. Doltsinis, N.C. Handy, and M. Sprik, J. Chem. Phys
112, 1670 (1998) - The usual HCTH functional.

e 18=>(NOT AVAILABLE : tentative assignment, for planning purposes) GGA, BLYP.

e 19=>(NOT AVAILABLE : tentative assignment, for planning purposes) GGA, BP.

e  20=> Fermi-Amaldi xc ( -1/N Hartree energy, where N is the number of electrons per cell ; G=0
is not taken into account however), for TDDFT tests. No spin-pol. Does not work for RF.

e 21=>same as 20, except that the xc-kernel is the LDA (ixc=1) one, for TDDFT tests.

e 22=>same as 20, except that the xc-kernel is the Burke-Petersilka-Gross hybrid, for TDDFT

tests.

e 23=>GGA of Z. Wu and R.E. Cohen, Phys. Rev. 73, 235116 (2006).
26=> GGA, HTCH147 of A.D. Boese, N.L. Doltsinis, N.C. Handy, and M. Sprik, J. Chem. Phys
112, 1670 (1998).

e 27=>GGA, HTCH407 of A.D. Boese, and N.C. Handy, J. Chem. Phys 114, 5497 (2001).

e 28=>(NOT AVAILABLE : tentative assignment, for planning purposes) GGA, OLYP.

e  30=> (tentative assignment, for testing purposes) X-only functional, from the Nanoquanta libxc,
developed by Miguel Marques

e 31=>(tentative assignment, for testing purposes) X+ VWN C functional, from the Nanoquanta
libxc, developed by Miguel Marques

e  32=> (tentative assignment, for testing purposes) X+ PZ C functional, from the Nanoquanta
libxc, developed by Miguel Marques

e  33=> (tentative assignment, for testing purposes) X+ PW C functional, from the Nanoquanta
libxc, developed by Miguel Marques

e  34=> (tentative assignment, for testing purposes) X+ AMGB C functional, from the Nanoquanta
libxc, developed by Miguel Marques

Note that the choice made here should agree with the choice made in generating the original
pseudopotential, except for ixe=0 (usually only used for debugging). A warning is issued if this is not the
case. However, the choices ixe=1, 2, 3 and 7 are fits to the same data, from Ceperley-Alder, and are rather
similar, at least for spin-unpolarized systems.

The choice between the LDA and the LSDA (or between the GGA and spin-GGA) is governed by the

value of nsppol (see below).

NOTE : in the implementation of the spin-dependence of these functionals, and in order to avoid
divergences in their derivatives, the interpolating function between spin-unpolarized and fully-spin-
polarized function has been slightly modified, by including a zeta rescaled by 1.d0-1.d-6. This should
affect total energy at the level of 1.d-6Ha, and should have an even smaller effect on differences of
energies, or derivatives. The value ixe=10 is used internally : gives the difference between ixe=7 and

ixc=9, for use with an accurate RPA correlation energy.

ecut
Mnemonics: Energy CUToff
Characteristic: ENERGY

Variable type: real parameter
Used for kinetic energy cutoff which controls number of planewaves at given k point by: (1/2)[(2

Pi)*(k+Gmax)]*=ecut for Gmax. All planewaves inside this "basis sphere" centered at k are included in
the basis (except if dilatmx is defined). Can be specified in Ha (the default), Ry, eV or Kelvin, since ecut
has the 'ENERGY" characteristics. (1 Ha=27.2113845 eV) This is the single parameter which can have an
enormous effect on the quality of a calculation; basically the larger ecut is, the better converged the
calculation is. For fixed geometry, the total energy MUST always decrease as ecut is raised because of
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the variational nature of the problem. Usually one runs at least several calculations at various ecut to
investigate the convergence needed for reliable results. '

For k-points whose coordinates are build from 0 or 1/2, the implementation of time-reversal symmetry
that links coefficients of the wavefunctions in reciprocal space has been realized. See the input variable
istwfk. If activated (which corresponds to the Default mode), this input variable istwfk will allow to
divide the number of plane wave (npw) treated explicitly by a factor of two. Still, the final result should
be identical with the 'full' set of plane waves.

See the input variable ecutsm, for the smoothing of the kinetic energy, needed to optimize unit cell
parameters.

nband
Mnemonics: Number of BANDs
Characteristic:

Variable type: integer parameter
Default is 1.

Gives number of bands, occupied plus possibly unoccupied, for which wavefunctions are being
computed along with eigenvalues.

Note : if the parameter occopt (see below) is not set to 2, nband is a scalar integer, but if the
parameter occopt is set to 2, then nband must be an array nband(nkpt* nsppol) giving the number of
bands explicitly for each k point. This option is provided in order to allow the number of bands treated to
vary from k point to k point. For the values of occopt not equal to 0 or 2, nband can be omitted. The
number of bands will be set up thanks to the use of the variable fband. The present Default will not be

used.

If nspinor is 2, nband must be even for each k point. In the case of a GW calculation (optdriver=3 or 4),
nband gives the number of bands to be treated to generate the screening (susceptibility and dielectric
matrix), as well as the self-energy. However, to generate the KSS file (see kssform) the relevant number

of bands is given by nbandkss.

occopt
Mnemonics: OCCupation OPTion
Characteristic:
Variable type: integer option parameter
The Default is occopt=1.
Controls how input parameters nband, occ, and wtk are handled.

e occopt=0: All k points have the same number of bands and the same occupancies of bands.
nband is given as a single number, and occ(nband) is an array of nband elements, read in by the
code. The k point weights in array wtk(nkpt) are automatically normalized by the code to add to
1.

e occopt=1: Same as occopt=0, except that the array occ is automatically generated by the code, to
give a semiconductor. An error occurs when filling cannot be done with occupation numbers
equal to 2 or 0 in each k-point (non-spin-polarized case), or with occupation numbers equal to |
or 0 in each k-point (spin-polarized case).

* occopt=2: k points may optionally have different numbers of bands and different occupancies.
nband(_nkpt*nsppol) is given explicitly as an array of nkpt*nsppol elements. occ() is given
explicitly for all bands at each k point, and eventually for each spin -- the total number of
elements is the sum of nband(ikpt) over all k points and spins. The k point weights wtk (nkpt)
are NOT automatically normalized under this option.

* occopt=3, 4, 5, 6 and 7 Metallic occupation of levels, using different occupation schemes (see
below). The corresponding thermal broadening, or cold smearing, is defined by the input
variable tsmear (see below : the variable xx is the energy in Ha, divided by tsmear) Like for
occopt=1, the variable occ is not read All k points have the same number of bands, nband is
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given as a single number, read by the code. The k point weights in array wtk(nkpt) are
automatically normalized by the code to add to 1.

o occopt=3: Fermi-Dirac smearing (finite-temperature metal) Smeared delta function :
0.25d0/(cosh(xx/2.0d0)**2)

o occopt=4: "Cold smearing" of N. Marzari (see his thesis work), with a=-.5634
(minimization of the bump) Smeared delta function : exp(-xx’)/sqrt(pi) * (1.5d0+xx*(-
a*1.5d0+xx*(-1.0d0+a*xx)))

o occopt=5: "Cold smearing" of N. Marzari (see his thesis work), with a=-.8165
(monotonic function in the tail) Same smeared delta function as occopt=4, with
different a.

o occopt=6: Smearing of Methfessel and Paxton (PRB40,3616(1989)) with Hermite
polynomial of degree 2, corresponding to "Cold smearing" of N. Marzari with a=0 (so,
same smeared delta function as occopt=4, with different a).

o occopt=7:Gaussian smearing, corresponding to the 0 order Hermite polynomial of
Methfessel and Paxton. Smeared delta function : 1.0d0*exp(-xx**2)/sqrt(pi)

WARNING : one can use metallic occupation of levels in the case of a molecule, in order to avoid any
problem with degenerate levels. However, it is advised NOT to use occopt=6 (and to a lesser extent
occopt=4 and 5), since the associated number of electron versus the Fermi energy is NOT guaranteed to
be a monotonic function. For true metals, AND a sufficiently dense sampling of the Brillouin zone, this
should not happen, but be cautious ! As an indication of this problem, a small variation of input
parameters might lead to a jump of total energy, because there might be two or even three possible values
of the Fermi energy, and the bisection algorithm find one or the other.

oce
Mnemonics: OCCupation numbers
Characteristic: EVOLVING
Variable type: real array occ(nband)
Default is 0's.

Gives occupation numbers for all bands in the problem. Needed if occopt==0 or occopt==2.
Ignored otherwise. Also ignored when iscf=-2. Typical band occupancy is either 2 or 0, but can be 1 for
half-occupied band or other choices in special circumstances. If occopt is not 2, then the occupancies
must be the same for each k point. If occopt=2, then the band occupancies must be provided explicitly for
each band, EACH k POINT, and EACH SPIN-POLARIZATION, in an array which runs over all bands, k
points, and spin-polarizations. The order of entries in the array would correspond to all bands at the first k
point (spin up), then all bands at the second k point (spin up), etc, then all k-points spin down. The total
number of array elements which must be provided is ( nband(1)+nband(2)+...+ nband(nkpt) ) * nsppol .
The occupation numbers evolve only for metallic occupations, that is, occopt=3 .

tsmear
Mnemonics: Temperature of SMEARing
Characteristic: ENERGY
Variable type: real parameter
Default is 0.04

Gives the broadening of occupation numbers occ, in the metallic cases (occopt=3, 4, 5, 6 and 7).
Can be specified in Ha (the default), eV, Ry, or Kelvin, since tsmear has the 'ENERGY" characteristics.
0.001 Ha=27.2113845 meV = 315.773 Kelvin Default is 0.04 Ha. This should be OK for a free-electron
metal like Al. For d-band metals, use 0.01 Ha. Always check the convergence of the calculation with
respect to this parameter, and simultaneously, with respect to the sampling of k-points (see nkpt). If
occopt=3, tsmear is the physical temperature, as the broadening is based on Fermi-Dirac statistics.
However, if occopt=4, 5, 6, or 7, the broadening is not based on Fermi-Dirac statistics, and tsmear is only
a convergence parameter. It is still possible to define a physical temperature, thanks to the input variable
tphysel. See the paper by M. Verstraete and X. Gonze, Phys. Rev. B (2002).



75

diemix
Mnemonics: model DIElectric MIXing factor
Characteristic:

Variable type: real parameter

Defauit is 1.0 (norm-conserving psps) or 0.7 (PAW).

Gives overall factor of the preconditioned residual potential to be transferred in the SCF cycle. It
should be between 0.0 and 1.0 . If the model dielectric function were perfect, diemix should be 1.0 . By
contrast, if the model dielectric function does nothing (when diemac=1.0d0 or dielng is larger than the
size of the cell), diemix can be used to damp the amplifying factor inherent to the SCF loop. For
molecules, a value on the order 0.5 or 0.33 is rather usual. When iscf=3 or iscf=5, diemix is only
important at the few first iterations when anharmonic effects are important, since these schemes compute
their own mixing factor for self-consistency.

diemac
Mnemonics: model DIElectric MACroscopic constant
Characteristic:
Variable type: real parameter
Default is 10° (metallic damping).
A rough knowledge of the macroscopic dielectric constant diemac of the system is a useful help
to speed-up the SCF procedure: a model dielectric function, see the keyword dielng, is used for that
purpose. It is especially useful for speeding up the treatment of rather homogeneous unit cells.

Some hint :The value of diemac should usually be bigger than 1.0d0, on physical grounds. For metals,
simply put diemac to a very large value (the default 10° is OK) For silicon, use 12.0 . A similar value is
likely to work well for other semiconductors. For wider gap insulators, use 2.0 ... 4.0.For molecules in an
otherwise empty big box, try 1.5 ... 3.0. Systems that combine a highly polarisable part and some vacuum
are rather badly treated by the model dielectric function. One has to use the "extrapolar" technique,
activated by the input variable iprcel. In sufficiently homogeneous systems, you might have to experiment
a bit to find the best diemac. If you let diemac to its default value, you might even never obtain the self-
consistent convergence ! For response function calculations, use the same values as for GS. The
improvement in speed can be considerable for small (but non-zero) values of the wavevector.

iscf
Mnemonics: Integer for Self-Consistent-Field cycles
Characteristic:
Variable type: integer parameter
Default is 7 (norm-conserving) or 17 (PAW). (prior tov3.3 : 5 and 14)
Controls the self-consistency. Positive, non-zero values => this is the usual choice for doing the usual
ground state (GS) calculations or for structural relaxation, where the potential has to be determined self-
consistently. The choice between different algorithms for SCF is possible :

e =] => get the largest eigenvalue of the SCF cycle

(DEVELOP option, used with irdwfk=1 or irdwfg=1)

=2 => SCF cycle, simple mixing of the potential

=3 => SCF cycle, Anderson mixing of the potential

=4 => SCF cycle, Anderson mixing of the potential based on the two previous iterations
=5 => SCF cycle, CG based on the minim. of the energy with respect to the potential

=7 => SCF cycle, Pulay mixing of the potential based on the npulayit previous iterations
=12 => SCF cycle, simple mixing of the density

=13 => SCF cycle, Anderson mixing of the density

=14 => SCF cycle, Anderson mixing of the density based on the two previous iterations
=15 => SCF cycle, CG based on the minim. of the energy with respect to the density
=17 => SCF cycle, Pulay mixing of the density based on the npulayit previous iterations
Other positive values, including zero ones, are not allowed.
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Such algorithms for treating the "SCF iteration history" should be coupled with accompanying algorithms
for the SCF "preconditioning". See the input variable iprcel. The default value iprcel=0 is often a good
choice, but for inhomogeneous systems, you might gain a lot with iprcel=45.

(Warning : if iscf>10, at present (v4.6), the energy printed at each SCF cycle is not variational - this
should not affect the other properties, and at convergence, all values are OK)

- In the norm-conserving case, the default option is iscf=5, which is a compromise between speed and
reliability. The value isef=3 is safer but sometimes slower. - In the PAW case, default option is iscf=14 ;
option iscf=5 or 15 is not yet allowed. In PAW you have the possibility to mix density/potential on the
fine or coarse FFT grid (see pawmixdg). - Note that a Pulay mixing (iscf=7 or 17) with npulayit =1 (resp.
2) is equivalent to an Anderson mixing with isef=3 or 13 (resp. 4 or 14). - Also note that: * when mixing
is done on potential (iscf<10), total energy is computed by "direct" decomposition. * when mixing is done
on density (iscf>=10), total energy is computed by "double counting" decomposition. "Direct” and
"double counting” decomposition of energy are equal when SCF cycle is converged. Note that, when
using GGA XC functionals, these decompositions of energy can be slighty different due to imprecise
computation of density gradients on FFT grid (difference decreases as size of FFT grid increases - see
ecut for NC pseudopotentials, pawecutdg for PAW). Other (negative) options:

e =-2=>anon-self-consistent calculation is to be done; in this case an electron density rho(r) on a
real space grid (produced in a previous calculation) will be read from a disk file (automatically if
ndtset=0, or according to the value of getden if ndtset/=0). The name of the density file must be
given as indicated in the section 4 of abinis_help. isef=-2 would be used for band structure
calculations, to permit computation of the eigenvalues of occupied and unoccupied states at
arbitrary k points in the fixed self consistent potential produced by some integration grid of k
points. Due to this typical use, ABINIT insist that either prtvol>2 or prteig does not vanish when
there are more than 50 k points. To compute the eigenvalues (and wavefunctions) of unoccupied
states in a separate (non-selfconsistent) run, the user should save the self-consistent rho(r) and
then run iscf=-2 for the intended set of k-points and bands. To prepare a run with iscf=-2, a
density file can be produced using the parameter prtden (see its description). When a self-
consistent set of wavefunctions is already available, abinit can be used with nstep=0 (see
Test_v2/t47.in), and the adequate value of prtden.

e = -3 => like -2, but initialize occ and wtk, directly or indirectly (using ngkpt or kptrlatt)
depending on the value of occopt. For GS, this option might be used to generate Density-of-
states (thanks to prtdos), or to produce STM charge density map (thanks to prtstm). For RF, this
option is needed to compute the response to ddk perturbation.

e =-] =>|ike -2, but the non-self-consistent calculation is followed by the determination of
excited states within TDDFT. This is only possible for nkpt=1, with kpt=0 0 0. Note that the
oscillator strength needs to be defined with respect to an origin of coordinate, thanks to the input
variable boxcenter. The maximal number of Kohn-Sham excitations to be used to build the
excited state TDDFT matrix can be defined by td_mexcit, or indirectly by the maximum Kohn-
Sham excitation energy td_maxene.

nstep
Mnemonics: Number of self-consistent field STEPS
Characteristic:

Variable type: integer parameter

Default is 30. (was I before v5.3)

Gives the maximum number of SCF cycles (or "iterations"). Full convergence from random
numbers if usually achieved in 12-20 SCF iterations. Each can take from minutes to hours. In certain
difficult cases, usually related to a small or zero bandgap, convergence performance may be much worse.
When the convergence tolerance tolwfr on the wavefunctions is satisfied, iterations will stop, so for well
converged calculations you should set nstep to a value larger than you think will be needed for full
convergence, e.g. if 20 steps usually converges the system, set nstep to 30.

NOTE that a choice of nstep=0 is permitted; this will either read wavefunctions from disk (with irdwfk=1
or irdwfq=1, or non-zero getwfk or getwfq in the case of multi-dataset) and compute the density, the total
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energy and stop, or else (with all of the above vanishing) will initialize randomly the wavefunctions and
compute the resulting density and total energy. This is provided for testing purposes. Also NOTE that
nstep=0 with irdwfk=1 will exactly give the same result as the previous run only if the later is done with
iscf<10 (potential mixing). One can output the density by using prtden. The forces and stress tensor gets
computed with nstep=0.

toldfe

Mnemonics: TOLerance on the DiFference of total Energy
Characteristic: ENERGY

Variable type: real parameter

Default is 0.0 (stopping condition ignored)

Sets a tolerance for absolute differences of total energy that, reached TWICE successively, will
cause one SCF cycle to stop (and ions to be moved). Can be specified in Ha (the default), Ry, eV or
Kelvin, since toldfe has the 'ENERGY" characteristics. (1 Ha=27.2113845 eV) If set to zero, this stopping
condition is ignored. Effective only when SCF cycles are done (isct>0). In this case, since toldfe, toldff,
tolrff, tolvrs and tolwfr are aimed at the same goal (causing the SCF cycle to stop), one and only one of
these must be specified.
Because of machine precision, it is not worth to try to obtain differences in energy that are smaller than
about 1.0d-12 of the total energy. To get accurate stresses may be quite demanding.

toldff
Mnemonics: TOLerance on the DiFference of Forces
Characteristic:
Variable type: real parameter
Default is 0.0 (stopping condition ignored)
Sets a tolerance for differences of forces (in hartree/Bohr) that, reached TWICE successively,
will cause one SCF cycle to stop (and ions to be moved). If set to zero, this stopping co.

tolwfr

Mnemonics: TOLerance on WaveFunction squared Residual

Characteristic:

Variable type: real parameter

Default is 0.0d0 (stopping criterion ignored)

The signification of this tolerance depends on the basis set. In plane waves, it gives a convergence

tolerance for the largest squared "residual” (defined below) for any given band. The squared residual is:
<nk|(H-E)}nk >, E = < nk/H|nk >

which clearly is nonnegative and goes to 0 as the iterations converge to an eigenstate. With the squared

residual expressed in Hartrees’ (Hartrees squared), the largest squared residual (called residm)

encountered over all bands and k points must be less than tolwfr for iterations to halt due to successful

convergence. Note that if iscf>0, this criterion should be replaced by those based on toldfe (preferred for

ionmov==0), toldff tolrff (preferred for ionmov/=0), or tolvrs (preferred for theoretical reasons!). When

tolwfr is 0.0, this criterion is ignored, and a finite value of toldfe, toldff or tolvrs must be specified. This

also imposes a restriction on taking an ion step; ion steps are not permitted unless the largest squared

residual is less than tolwfr, ensuring accurate forces. To get accurate stresses may be quite demanding.

Note that the preparatory GS calculations before a RF calculations must be highly converged. Typical

values for these preparatory runs are tolwfr between 1.0d-16 and 1.0d-22.

Note that tolwfr is often used in the test cases, but this is to/wfr purely for historical reasons : except
when iscf<0, other critera should be used.
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In the wavelet case (see usewvl = 1), this criterion is the favoured one. It is based on the norm 2 of the
gradient of the wavefunctions. Typical values range from 5*10™ to 5*10~.

ndition is ignored. Effective only when SCF cycles are done (iscf>0). In this case, since toldfe, toldfT,
tolrff, tolvrs and tolwfr are aimed at the same goal (causing the SCF cycle to stop), one and only one of
these must be specified. This tolerance applies to any particular cartesian component of any atom,
INCLUDING fixed ones. This is to be used when trying to equilibrate a structure to its lowest energy
configuration (ionmov=2), or in case of molecular dynamics (ionmov=1) A value ten times smaller than
tolmxf is suggested (for example 5.0d-6 hartree/Bohr). This stopping criterion is not allowed for RF
calculations.

tolvrs
Mnemonics: TOLerance on the potential V(r) ReSidual
Characteristic:

Variable type: real parameter

Default is 0.0 (stopping condition ignored)

Sets a tolerance for potential residual that, when reached, will cause one SCF cycle to stop (and
ions to be moved). If set to zero, this stopping condition is ignored. Effective only when SCF cycles are
done (iscf>0). In this case, since toldfe, toldff, tolrff, tolvrs and tolwfr are aimed at the same goal
(causing the SCF cycle to stop), one and only one of these must be specified. To get accurate stresses may
be quite demanding.

Additional explanation : the residual of the potential is the difference between the input potential and the
output potential, when the latter is obtained from the density determined from the eigenfunctions of the
input potential. When the self-consistency loop is achieved, both input and output potentials must be
equal, and the residual of the potential must be zero. The tolerance on the potential residual is imposed by
first subtracting the mean of the residual of the potential (or the trace of the potential matrix, if the system
is spin-polarized), then summing the square of this function over all FFT grid points. The result should be
lower than tolvrs.
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A Calculation of Electronic Properties of AIN in
Zinc — Blende Structure

Chaloempol Saributr’ . Pitiporn Thanomngam' , Sirapat Pratontep !

‘Department of Applied Physics, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Chalongkrung Rd. Labplatiew Ladkrabang, Bangkok 10520, Thailand
*National Nanotechnology Center, National Science and Technology Development Agency, Thailand Science
Park, Pathumthani 12120, Thailand
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Abstract

The electronic structure of aluminum nitride (AIN) in zinc-blende lattice structure was studied by
density functional theory (DFT). The calculations using DFT were performed for both local density
approximation (LDA) and GWA approach. The energy gap was investigated and the full energy band structure
was plotted and compared with the previous theoretical and experimental works. The results are in good
agreement with the previous theoretical studies and the result from GWA calculation is closed to the
experimental data.

Keywords: density functional theory, local density approximation, semiconductor compound, band structure

Introduction

High efficiency microclectronic devices, such as electroluminescense laser diode, from Il1-Nitride
compound have been developing during the last decade. Several experimental investigations of the I11-Nitride
compound have been reported. A number of reviews have been published concerning with AIN.

AIN is an important material for optoelectronic devices. It is characterized by a large bulk modulus [4],
high drift velocity, high breakdown voltage and high thermal conductivity [3]. This makes it an interesting
candidate for practical applications, for example, for high speed, high power and high temperature device
properties. Previous theoretical investigations are not adequate to understand its physical and clectrical
properties and more investigations are necded.

Density Functional Theory (DFT) is one of the most widely used methods for calculations of the atomic
structures, molecular structures, crystal structures and their internal particle interactions. It is a keyword to
understand the electronic structure of AIN.

The objective of this study is to calculate the clectronic structure of AIN in zinc-blende lattice structure
using DFT with local density approximation (LDA) and GWA approach.

Computational Method
In zincblende lattice structure, Al and N atom are at (0 0 0) and (% ' '4) of the face center cubic (fec)
respectively. The AIN lattice constant is 4.38 A. In LDA approach, the positions of k-points were generated

from Monkhorst-pack grid and the symmetrical property of the crystal for calculating Khon-Sham cigenvalucs.
For GWA approach, the calculations of screening potentials and self-encrgics were performed before

iCSE 11 (2007) 179 Phuket, THAILs
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calculating the cigenvalues at the associated k-points. The calculations were performed in non-relativistic and
augmentation plane wave.

Results and Discussion

In figure 1, it is clearly seen that AIN has direct band gap. The band gap from LDA calculation is about
3.488 eV, while the correction value from GWA calculation is about 0.187 ¢V. As a result, the band gap from
GWA calculation is 3.675 ¢V which is shown in table 1. The values spread over interval 0.2 ¢V.LDA is no
clear justification about KS eigenvalues and should give excitation cnergies, and exact exchange correlation
potential 1o supposed exact quasiparticle energies. For GWA and experimental data, the exact quasiparticle
energies and the energy gap depend on the pseudc-potential calculations in GWA while the optical energy gap
from the experiment depends on the growth technique and should be an overestimate of the real band gap.
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Figure 1. LDA band structure of AIN along reciprocal space in zinc-blende structure, The zero energy
level is taken at the valence band maximum.

Table 1. Calculated band gaps of AIN compared with theoretical calculations and experimental study,

Band gap
Method Source
(eV)
Exp. 3.875 [3]
(RF -Sputtering)
LDA 3.488 Present Work
GWA 3.675 Present Work
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Conclusion

This paper shows the calculations of zinc-blende AIN eclectronic structure for LDA and GWA
approach. The calculation result showed that the band gap from LDA calculation is closed to the experimental
value. A better agreement was obtained with GWA calculation.
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prediction are considered satistactory, and the prediction
system may be used as an early warning system for currency
crises for countries in this study. SVM, applied to currency
crises, is shown 1o be a good alternative method o statistical
methods, e.g.. logit and probit. or artificial neural networks (ANN)
with back propagation (BP) in financial forecast application.

S Dé-6

Application of Artificial Neural Networks for Pineapple
Maturity Grading

Author({s) : Suwanee Boonmung

Faculty of Engineering, KMITL, Thailand
Kannachal Kanlayasiri

Faculty ol Engineering, KMITL, Thailand

The resonant frequency of the fruit obtained from an acoustic
tester somewhal indicates the slate of maturity and the intemnal
quality of the fruit. However, the accuracy of the acoustic method
is limited by the nonlinear relationship between the resonant
' frequency and the fruit ripeness. Artificial Neural Networks

. (ANNs) have shown promise for dealing with nonlinear

problems, especially for classification applications. The main
objective of this study is to evaluate the performance ol the
ANN model on pineapple classification using the resonant
frequency. Two additional parameters, average firmness and
Brix value, were also included in the model to investigate
whether it could improve the classificalion accuracy. A sample
of 149 pineapples was utilized. These pineapples were classified
based on their internal qualities into live classes: immature, fairly
. mature, mature, fully mature, and overmature. The network

Inputs were preprocessed using the principle component analysis
s (PCA) technique before training and validating. Results showed
that the developed ANN model successfully classified
pineapples inlo merely three classes as immature, mature, and
overmature, The mosl! effective model obtained when both
resonant frequency and average firmness were included in the
model. The classification accuracy of this model was more than
83% lor all classes.

¥ Applied Physics 4:S_E6

iDate : 23 November 2007, Friday

- [Time  : 15:20-17:20
i Venue : Patumchard Room
S E6-1

Structural and Electrical Properties of Ni-Doped CuAlO,

Author(s) : Ngamnit Wongcharoen
Faculty of Science, KMITL, Thailand
Thitinal Gaewdang
Faculty of Science, KMITL, Thailand
Juthamas Wattananurak
Faculty of Science, KMITL, Thailand
Chalsingh Poo-Rakkiat
Faculty of Science, Chulalongkom University,
Thailand

The polycrystalline Ni-doped CuAlQ, were obtained by solid
state reaction method. The mixture of high purity grade of CuO,
ALLO, and Ni(NO3)2.6H20 powders was ground and then
pressed by using uniaxial pressure. The obtained pellet was
sintered in air at 1423 K for 24 h. XRD patterns showed the
crystal structure of the as-sintered CuAl, Ni O, (0 x 0.10)
belonging to rhombohedral, space group . No evidence ol
second phase was observed when Ni doping up to x = 0.01.
At Ni content x 0.01 CuAl_Ni O, solid solution phase along
with the CuQ and CuAl,0, phases were observed. From SEM
micrographs, the grain size decreased from 6 to 2 m when the
amount of Ni in CuAl, Ni O, samples increased. Hall mobility
and hole concentration of the as-sintered samples were
obtained from Hall eflect measurements at room temperaturs.
The activation energy values deduced from the electrical resis-
tivity measurements as a function of temperature ware reported.
The variation of Seebeck coefficient and power faclor as a
function of temperature were also investigated. From the
expenmental results, the substitution of Ni** ion in Cu* site of
CuAl_ Ni O, material may be drawn.

S E6-2

Measurement Technlque for the Thickness of Transpar-
ent

Material by Confocal Microscope

Benchapol Tunhoo

Faculty of Sclence, KMITL, Thalland
Thutiyaporn Thiwawong

Faculty of Sclence, KMITL, Thailand

Author(s) :

Confocal microscope is high performance microscope
technique. The advantage of this technique is controfiable depth
of field in measurement sample. In this research has applied
confocal microscope principles to measured thickness of
lransparent materials. The results showed percentage errors
of measurement were less than 10% when compared with
micrometer as reference value. That indicated the confocal
microscope technique has good agreement to used measure-
ment the thickness of transparent material.

S E6-3
First-principles calculations of Lattice Constant and
Energy gap of AIN in Zinc-Blende Structrue

Author(s) : Chaloempol Saributr
Department of Appled Physics , KMITL, Thailand
Pitiporn Thanomngam
Department of Appled Physics , KMITL, Thailand
Sirapat Pratontep
National Nanotechnology Center, NSTDA, Thailand

The electronic structure of aluminum nitride (AIN) in
zinc-blende lattice structure was studied by density functional

85



theory (DFT). The calculations using DFT were performed tor
both iocal density approximation (LDA) and GWA approach.
The energy gap was investigated and the full energy band structure
was plotted and compared with the previous tneorelical and

expenmental works. The results are i good agreement with
the previous theoretical studies and the result from GWA
calculaton 18 closed 1o the expenmental data

Structural Characterization of Sputtered Zinc Oxynitride
(ZnON) Thin Films

Don Kiaitabtim

Faculty of Science, KMITL, Thailand

Suttinan Jaroensathianchok

Faculty of Science. KMITL. Thailand

Sarinya Wanitparinyakun

Faculty of Science, KMITL. Thaland

Sirapat Pratontep

National Nanotechnology Center, NSTDA, Thailand
Jiti Nukeaw

Nanotechnology Research Center, KMITL, Thasand

Author(s) :

2Zinc Oxynitnde (Zn-0-N) thin films were grown by reactive
gas RF magnelron sputtering with different deposited RF power
The changing of crystaline quality and plane onentation has
been investigated by X-Ray diliraction (XRD) technique.
* The XRD results of films were grown at 30 to 170 walt showed
strongly peaks in the onentation along (002) and (103) planes
However the peak intensities were decrease with increasing
RF power. The grain size of films has been oblained by
" analyzed of full width at half maximum (FWHM). The calculated
grain size ol ZnO (002} crystal onentation in ZnON films
deposited with several RF power at 30, 50, 80, 120 and 170
watt are 41.6. 12.4, 13.9, 11.5 and 10.4 nm, respectively.
This resullindicatas that the optimized excited nilrogen plasma
obtained by the imited RF power, can efiectively to nitrogen
incorporation into zinc oxide to from zinc oxynitride hilms.

S Eteh

Photoluminescence of InGaAs/GaAs Multiple Quantum
Well Structure Grown by Molecular Beam Epitaxy
Author(s) : Wisanu Pecharapa

Depanment of Applies Physics, KMITL. Thailand
Chokchai Kahattha

Department of Applies Physics, KMITL, Thailand
Prasert Kraisingdecha

Department of Physics, Silprakorn University,
Thailand

The electronic state in In0.1Ga0.9As/GaAs multiple quan-
tum wells grown by MBE was investigaled by photolumines-
cence spectroscopy. The sharp PL spectra due to the excitonic
Iransition associated with the quantum wells are obviously ob-
served The well-defined PL spectra indicate high interfacial
quality heterostructure between these two compounds. Their
temperature dependency of this structure is thoroughly investi-
galed and relaled parameters such as activation energy, elec-
tron-phonon interaction strength. and broadening mechanisims

are achieved. The dependence ol PL intensity on laser axciation
intensily 15 also charactenized. The experimental daia showed |
that the PLintensity 1s linearly proportional to excitalion atenstly.

Seasonality Transmission Model of Dengue Disease with -
and without Symptomatic and Asymptomatic Classes
Author(s) : Puntani Pongsumpun

Facully of Science. KMITL, Thailand
Rujira Kongnuy

Faculty of Science. KMITL, Thailand

The transmission of dengue disease is studied through
mathematcal model. It has been observed that the exirinsic |
incubalion period of dengue virus i mosquito caused e |
seasonality in the transmission of this disease. Aeades Aegypli |
mosquilo 1s the primary vector for this disease After the |
infected mosquito bites the susceptible person. that personmay |
be ntroduced into the infected class. The infected person may !
be symptomatic or asymptomatic. We compare the seasonality
transnission model of dengue disease (without symplomalic‘:
and asymplomatic classes) and the modified seascnatty lrang- |
mission model (with symptomalic and asymptomanc classes).
The standard dynamical analysis method 1s apphed to both ‘
mathematical models. Numerical results are used ! confim
these results. We found that the symptomatic and asymptomatic
classes reduce the penods of oscillabons in the human population.

Environment, Energy 2 : S_F6

Date 23 November 2007, Friday
Time 15:20 - 17:20
Venue Boontarik Room

I
{
Color and COD Removal from Printing Ink Wallmurby §
Adsorption with Agricuitural Waste {
Author(s) : Suchapa Netpradit
Department of Pnnting and Packaging Tedruogy
KMUTT, Thailand J:
Piyawan Leechart
Pilot Plant Development and Training Institute, :
KMUTT. Thailand i
i
]
This paper presents the results on the use of agncumuai i
wasle as the adsorbent for color and COD removal in the final f
treatment of printing ink wastewater. The expernment was?
carried out by using 0.3 g of adsorbent in a small columné
contacted with 10 ml/cycle of pretreated wastewater !eedng
wilh the vacuum manitold, The color adsorption capacity of |
sawdust llyash, bagasse llyash, burned macademia nut shell
and burned corncob was around 500, 433, 400 and 233 mi of -
waslewaler/g ol adsorbent, showing the maximum color removal
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