Introduction to Density-Functional Theory (KIAS-SNU winter camp) December 2017
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3. Quantum espresso O|A X| 3 5t= Of|A| 01 1} =5l X| M| 2. examples = 0f| Q= example0]l S
ARSI pw.x T E2 1O input file 0f Q= parameter 52| |0| = CH=F IS0 HE|SHM 2.

http://www.quantum-espresso.org/wp-content/uploads/Doc/INPUT_PW.html &=,

4. Total energy, lattice parameter, bond length, and bulk modulus of silicon. example01 2| Si A| A= 27t
H S S5HO] lattice parameter S HFY 7FH A total energy S A4S E 10 (output file Of total energy 7}

Lt L|C}) Energy vs. lattice parameter Z12ff = 2 £ E{ (1) total energy 7} X| A7} E| = lattice parameter 2}
O|0f s F5t= Q- Si ®ALS AO|L] AHE[F R YTl gLt Hl w31 (2) curvature 'd 2 2 £ H bulk
modulus & GPa THR| 2 A At 20 L2{ Xl gt H{Wsf 2N L.

4. Electronic energy band structure. 22| = Xt 22| A|ZH0| Kronig-Penney model & S5 SFHA 7+&
o

eI X HHE RS P S CH fEl= 3 A3 SEH2 MHE &0 24 0] AUX|TH of Xt 22
0|0F7| 0| L| Kronig-Penney model 2 O EH| E£=X|E E&5IAM| 2. 12|11 Brillouin zone O] £A QX &

72 MA| S5 S0t SF oA K.

5. Electronic energy band structure of silicon. example01 2| Si | At0j| A = total energy 22 B+ OFL| 2}
MAO| QX HHE R2XE HS = QUESL|CH (1) Silicon o BHE 2XE T 2l0 2 J12{E 1, Brillouin
zone 20| A O[St k path £ [Mf2tA 12l BHE X OI7LE MAEHGIM K. (silicon 2| Brillouin zone 2 &
24X AZLICE) (2) OIE S band 7F A} A= HHE (occupied band) O] 11 O{fH HHE 7F H|O] Ql= HE
(empty band) 2X| EA|SHE A K. (3) Band gap 2 (band gap: At = & B SOM 7t 2 F2 energy &
2t = AEfQF — valence band maximum — H| O QU= AEf ZOf| A 7+E W2 energy £ 4= 4El — conduction
band minimum — 2| 0| L4 X| Zf X}0|. VBM 1} CBM O| Z2 k point Of| S Z Q= Q11 Zr-2 k point Of

= —
Q= E&E E Y| direct gap material O|2} &) H0OIQI7IE S0{CtE 1D 22{ %l band gap 1} H| S 2 M| 2.

-

* £k 11: Kohn-Sham energy eigenvalue = TR} ™ X} 9| excitation energy Of ol & SIX| = QO Lt MES| =22

AR 80 M0| 2| /JESLICE (CHEFAE Q1 0| 8= 0|9 = correlation R 17} electron-ion
interaction, Hartree, exchange &1} S 0| H|8l| 20} A{.) 12| A| A}F2HS0| Kohn-Sham energy band structure &
Al ANt XM H| WSk Y2 80| 2hL|Ct. Angle-resolved photoemission spectroscopy (ARPES) A& 2
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http://www.quantum-espresso.org/
http://www.quantum-espresso.org/wp-content/uploads/Doc/INPUT_PW.html

6. Bond length and the frequency of vibration of a CO molecule. Pseudopotential library
(http://www.quantum-espresso.org/pseudopotentials/) Of| 7}A{ Functional & PZ (2Z 9| LDA) £ MEHSI D,

Type 2 NORMCONS (norm-conserving) = A EiSE T ANY PP LIBRARY £ MEHSE, other options =
NON OR SCALAR RELATIVISTIC & MEHSI T (C LI O = 7t & {A2HA A L{EA correction 2 &
7t Q& LICH Apply Filter HES =2 M| 2. 2| 10A C /A E SEI|M C.pz-hah.UPEF € CHRZE
20,0 #2E S EO|A Opz-hah.UPF S L2 2 E 2HOEM AFESHMR. 4 ZX & Sl 2ot 4= S
HIEFO 2 XM StSt input file S IFHEHM pwx T2 1S MMSIA| Q. C 2F O ALO|2| AHE|E HE|SHHA
total energy & A|AtSt0] D2l 2 A8{E 10, O] A4 AUt EEE CO £X}2Q| bond length 2} molecular
vibration frequency & A|AtSHM| Q. A AHSH Zrat 22{ %l bond length 5! & AtO| E hitp://hyperphysics.phy-
astr.gsu.edu/hbase/molecule/vibspe.html O Lt} 4= molecular vibration frequency 2| 5H 42

H DS EAM 2. O] XA = 62{£0| ZH input file & O|E pwx ZZ21HE

A 2= 20|17} AFLICH (O XM= ':'f'=017‘| input file & 2fZFH BAESED FO{ T script
£ AF8oil 2_SLICE)

—

Ol 2X|E sl Zst=0 a3t ™ ot 7kX| = unit cell 2 {E A &=L} I L|Ct. Quantum Espresso & crystal
2HE F=4 £H™3 £ Q7| I 20| periodic boundary condition & A2 2FL|Ct. 12§ A molecule O| Lt
nanostructure & 5} H

LK He GE2E = uitcell 2| 37| & S0 A siF0{M AT
H AN LU= MU=t M2 AX|X| Q1 QI St unit cell 2] AXIZ Olsh

—

unit cell AFO|O| }IXIEEE
M EI Aol MBIE = 7)| K| QOOF Bt L|Ct. (KAX}ZHO| HE| 7} 8 angstrom M & & 0| 2{3t 7| =0 A L]
LD o 4= ASLICE) O] & !ISiA O] MO A= unitcell & ZO|7F8Ax8Ax 16 A 2l A =2
MHESIAICE J2| 1 C Q09| x,y X EE= ZHH A™HTHA|IC} z &0 2 Bt unit cell 90| Q= C QF O
ALOl2] AHE| & HA| 7| E| AH 2|7t 8 angstrom 2L} EO{X|A| &[H (Tt unit cell 2H0]| Y= C -0 H 1)
QI Bt unit cell o] U= AXFA2| 2|7t 8 angstrom E L ZHOLX| 2 £ 8 angstrom 77t X| B A4S S E M| 2.


http://www.quantum-espresso.org/pseudopotentials/
http://www.quantum-espresso.org/wp-content/uploads/upf_files/C.pz-hgh.UPF
http://www.quantum-espresso.org/wp-content/uploads/upf_files/O.pz-hgh.UPF
http://hyperphysics.phy-astr.gsu.edu/hbase/molecule/vibspe.html
http://hyperphysics.phy-astr.gsu.edu/hbase/molecule/vibspe.html

