View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

FRgAG: 10384 ARE BRI
28 90720111150107 UDC

B Ay

Mt F 7 18 X

Cu,Te HUE—14 R IR

First principles investigations of Cu,Te

KT

BRI E: A SHR

nEMH #Hig
¥ B & MR MHF
WLRXBH: 2014 5% A
WX EFHEE: 2014F A
FagFTaH: 20145 A


https://core.ac.uk/display/41388274?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BiRFFMRIFE AR

AN 2 AALR SCRANAE IR T N, ML 5E IR 7T K
Ko ANERLEEFSHHAAN NS C LRI TR,
PYAE SO DUE 205 sURARR W, AT SR EVE AT (R SA0E 7T
BEEARESRE GRAAT)).

Fh, BRSO ( ) R
(4L I FURR, 3R15 ( ) B (4 AP E
i = B, A ( ) SERG e, (LR, L3

T WIS PR e PR A 01 5T NS IR = AR, RAT LI B A A

A CLAMERS A 1)

PN (%4



BIRZEZFMILCEERUER A

ANFEFRETTRARGE (AN R E 27 2% B8 A7 S8t 7
) FERE R LA 30, JF R 38 AT B R E N LR
SR D CRIRARB AL D, SRR AL SCRE N T TR
P T S LB PR A ) L AE B A N R) R B T DR S 2 i ST
AR AR SO AR PR AT IO 2R, AR
FRIBR AR BV R, RSB . AR BN el e T sUE B il

(D7
N SVATS G
( ) L ETTR IR 2 = ¥ EZ0E IR E AR

T ¥ OH  HEE, WEREH B
( ) 2. AR, 1 EIRFAL.
CEAALEAHNAE S NI “ V7 BER EAMNE . REFAR
N DG E TR ARER R H e AR, REE TR
TRE 2 R o€ AR N AR Y. IR EAHE ),

/A\
NN ATFAMIR S, $3E ] EIRIRAL )

AN (B4
F H H



S

'

CupTe 7EKPFHBE FL U FIFA AT R P38 NI FT,  SRTAIE ) Al A S 4 — EL A
R . A SCRAE T3 EZ K HiE (Density functional theory) I%5—
VSRR AT CwoTe WAL ML T450 . fEF—Fd, NHTH
A CusTe SRR A CuyTe FEARIMRAI N« 7E58 5o, 2
AT AFEETF AR DFT 76 A 1955 — M R B TR R S AR g,
[ R T AR SO B e SR T BT, W DFT+U, JufE FoR g
1E[ DFT 4.

fEf =, B MK HBENL S M 5L (ab initio random structure
searching) , #K 1 CuyTe AIRERIZSFI AL, TR Nowotny 4514 HAT &
RIS RE S, & CuTe A NI REMIFRE L . HE— PRI, DFT+U J5
2R LU HERA A Nowotny 45K CuyTe H1 Cu-3d L7 HIUIE (155 - AH HAE
BET AT DASRAFECAERA 1) S AR E5 A0 (5 B o BRIL.ZAM, Nowotny 5441 Cu,Te H Te-
Te BRI 7O FLR WIS A1, T Cu-Te #EAI Cu-Cu BERIUNLE & 1R T
HSEhr e . AR AN GETT A ], AT I Nowotny Z5#4 ) Cu,Te Ay
SRS, &5, FAITE Nowotny Z5H4 1] CupTe REWEM PRI T — N 5H
S M AN A1 48 G A rh B BRSO SE AR SR DL O HE T A AE /T3S, HI BB HEDN Nowotny
ZERE ) CugTe 7] Be 2 A — LU RFRR IV B FPE R .

TESE DU B R BRATH S — MR EF H AR T A 458 CuaTe (1 db A4
PR T 450 . FRATTE 5 LDA. PBE fl DFT-D2 J7 kst Hgb ka7 T4k,
ST A G CupTe WHLTAB BEMRE 454, 16 1A% FEFIREAT 45
IR RBUEBR . FATSCRIH DFT+ U ki 7 R A 454 CuyTe (1)
BT AT EMBE TS, KINSHE AL CuTe NA MRS, JF AR
bEAE U E R K.

K. CupTe; #H—TEEEL, ShAZH); 745K



Abstract

Abstract

Cu,Te has been used in solar cells and thermoelectric materials, but its crystal
structure is still not clear. This thesis is devoted to the study of the crystal structure
and electronic structure of Cu,Te. In the first chapter, we introduced the available
study on crystal structure of Cu,Te and its applications in different areas. In the
second chapter, the basic theorems of first-principles methods have been briefly
introduced. We have explained the basic theory of the quantum mechanics and the
density functional theory. At the same time, other advanced method used in the thesis
has also been explained, such as DFT+U and van der Waals correction.

In the third chapter, by means of ab initio random structure search, we have
found out six possible crystal structure of Cu,Te. We found that the energy of

Nowotny’ s model is lowest among the six possible structures, which means that the
Nowotny’ s model is the most likely structure of Cu,Te. We have shown that the

strong on-site Coulomb repulsion among the localized Cu-3d electrons have to be
included via the addition of a proper U in order to describe the crystal structure
precisely. Furthermore, the Te-Te bond in Cu,Te shows the feature of van der Waals
bonding, while the Cu-Te and Cu-Cu bonding are mainly strong covalent. By
analyzing the density of states and electronic band structure, we have shown that
Cu,Te is a metallic conductor. Finally, the existence of a special Dirac-like cone at the
K point in the electronic band structure of Cu,Te reminisces that observed in graphene
and topological insulators, suggesting that there might be some special electronic
properties of Nowotny structure Cu,Te.

In the fourth chapter, we studied the crystal structure and electronic structure of
anti-fluorite structure Cu,Te by means of ab initio calculations. The LDA, PBE and
DFT-D2 methods are used to optimize the structure. There is no gap in the calculated
density of states and electronic band structure of anti-fluorite structure Cu,Te. Then
we used DFT + U method to calculate the density of states and electronic band
structure of anti-fluorite structure Cu,Te. We found that the anti-fluorite structure
Cu,Te is a semiconductor. Moreover, the band gap increases with the increase of U

values.
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