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Abstract

In this paper, based on first-principles method and application of the Material Studio CASTEP
module, energy band structure and density of SrTiO3; and Nb-doped SrTiO; materials were simu-
lated, and we analyzed their energy bands structure and density of states and got the conclusion of
optical properties. The analysis results show that the undoped SrTiOz valence-band maximum is
mainly composed by the 2p state of atom O, while the conduction band is mainly contributed by Ti
3d state; SrTiOs is an indirect transition band structure, and the band width is about 1.8 eV. After
doping, the SrTiO3; becomes a direct transition band structure with the band width of 2.02 eV, and
the refractive index and static dielectric constant increase in different extent compared with be-
fore.
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A3 FEAMRYE F — M R B 7 % M Material Studio H i) CASTEP AR 3 437 %F SrTiOs B & Nb# 2%
SrTiO: A A B RE T A SE BT T EWE, REXNILBITHMNKM IR IE R K et
MG RER, RBLASITIO N HTRFEER HORETFH2pSAR, BHSHEN FEHTi 3dS T,
SrTiOs 2 FHEETE RE T &5 4, TR EELIN1.8 eV. BRIE RAN T K N2.02 eV, NEEKITREHEM,
HE5BAMNMHERENITHRSHNRELHE AFEBEENIY K,
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1. 518

ERRREE(SITiOs, STO)RSARY Sify i AL . STO BA B S, LS. SEhE. At Sk
PE, AAMEF A EE RS RIS, BB S A BT STO JE A R i I5 R A2 e 14 A s i
JEREE, PRI 2 H - Tl A B R 8 — e B B AR, W T s 5= FR A A R 2 R B (Positive
Temperature Coefficient, PTC)#B#s F[1] [2], fEfGAFa T ERE SiO,, nIfifffrEiem 30 5L ks A
L R EBOC R TR MR R e AL s, OSBRI ZEM. 74, STOEH
—FRESERH &R A A Ak, B2 B T AR K SRR R AR, ARy A E AR A
AR — ARG A s 2 1 v B A T 7E 1) S ANEL[3]-[5] » 1T B8 1 B s v it vl DA I oo s AR B B 4
KT, STO MR LeEME, AMBAE HL 783 rh B B R A, 0 Ho e it 8 R 2 3
ARG T A R SR 58 EAISES b T .

afi STO A& H AR, hF I E BIEE N 105 K, HMEERERN RS A E R, A% ke
BRHLAHAS . HA, X STO Bast)E, et RA R EveaRe. ok, 55—V BTSN H T
W7 i524 STO AR B 7450 5 6 2 R &2 (6] [7]. HRTXT Nb #8324 STO 14 2 ) LA 45 K4 Al 145
PRI S0 50 /DA TR o AR SR FH 25T 5 5 7 bR S (1) 58— 1 J B T AT 73, WEFE T Nb
B R U G5 MR T 5 o0 i 7 HE =, B AT Nb 3344511 STO @k J LA &5 f Fl L
BERERAN, AR FR R 17 HOGME R B SR S O . RN A B R 2 e R
94 STO HeARLEMAIMERE, SAJFIETH RN, AT LRI, B ERE MM, i a6
RS RSE RS MBIt REFIRR, REH Nb #1782, TR, HXTHatr, Kbk
ARG IITEREMI AR b, A IR, DU A S LRI 4518 .

2. BIREE
21 HEAFE

AR FH 3 55 B V2 86 B2 (Density Functional Theory, DFT) 55— JEFE HH58[8]. KA SUB
FE i fel(Generalized Gradient Approximation, GGA)& IE J774[9]. fEiHE B A & Hliessm, 15 E
TSP A EAE K H Vanderbilt 72 28 0% %5 (Ultra-Soft Pseudopotential, USP) .

2.2. B ER
T 5%, A TEML SR 45 /) %03 % 1CSD (Inorganic Crystal Structure Database) 254k STO &k 5 7 ik Sz
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KM%, SRIFTTIT Materials Studio6.0 & 37—/ 3D SCkY, FF#EAL STO HIZEHIBAL, kS HCeR
X HHERAT I S0 45 5 a = 3.905 A [10]. M Build 2 #.3%4% Crystal R Build Crystal 2] ¥4 5 1) i A5
HXFIEHE, {E Space Group #=H, 4% Enter Group, i A PM3M (No. 221), Jf H% T Tab ##EATH#iIA,
SRJ51E Lattice Paramenters £ 91, {EAHM (M7 A LA STO A% S5 SLi0(E . %~ Build 4%5H, —14~
20 M 2t IRE SCRY o SRS STO al i & AR I E &k, Sr EFrEJE 5, HAHR (0, 0,
0), Ti i FAESL 7Ry, HALFRA(0.5, 0.5, 0.5), O JFT7ESL AR L, HiARARN(0, 0.5, 0.5), %
JEA3E] STO M [ = 4 i AR L 4] 1(a) B

P FORIATHE B L — MBS FE T — 4 2 x 2 x 2 P 1), SRR F BRI,
Nb FEF450T, B0k RN 12.5%, Nb JEFBWMANM ER Sr 57, JHHB A G S Mk REEAT 451
Dotk o 5 LR b, ST AR BT AR EX 300 eV, A BLMIX K SMEN 1 x 1x 1, HIFEEN 2.0 x 10°° eV/atom,
YERESANE T 171/ 0.01 eVIA, AR /378F 0.02 GPa.

3. BRE5VE

Xt STO it db MU #EAT 45 Ak Ja , 4G &% I i ab ks SR it . 520 1 IUib )5 7k R AR E S5 A4 1) did
S HL X ERE. A STO B MMtk S8 a = 3.9491 A, IM550MEN a = 3.905 A [10], LLSLERfE K
1.13%, {ESLKAVFRIRZERAN . BARL RAE 1R,

3.1. REHEGHY

FESS AT EERE b, FATHEH 7B RAT R Re a5, BRI 2(a). ] 2(b).

POKBER N B AR N F R FTR, fERemr T, TORREZLL B Sy, FoRBEH UL N &M
W, MR EMT S0 . WE 2@ T LB |, STO M DAL T4 BIHIX R £, SS9 AL T4 B I
X G A5, AFBATE BN 1.90 eV, f&—Fhal B . M 2(b) T LA H, Nb$54% STO J&, WARFKAEE
Pl S A X3, Al AL TR BN X G i, S AL T4 BIMIX G ml, BER N EHEA R n B 5
(Nb A 3T, B SrE2R—MT, FATAEEBT, 808 n BESE). AR EEEALA
2.022 eV. RETHNEE FE PR TR T HEZ RIS R U EIEB(GGA), H&THRE I BUE
R SEIAE /N TIRZ[10], SYFZHIFT/NANS STO HIRSH G5 M EAT (3L T35 B2 IR PG AT B 45 SR 2
— ). X B RN B P R B AT LE T T B B P T AR R G A ke P 1) R, R B VA G R A
Frig ) [11]-[13] . (RIXFEARE AT 528 STO HLF45M 5YE B b B S BE THEEAS B i) B
FESSCbrEA R ZE, (A3 27 BR o8 B AR =2 v {5 1
32. BFSEE

M 3@ AT LAE H, 52401, 1520 eV F-10 eV bR EE i Srdp, O2p F Tidp A vi#k. 1
—5eV F 0eV AR E EEH Tidd 7i#k. /£ 5eV 2] 10 eV AR E EE i Srad, 02d F1 Tidd 7
AR /N

ME 3y R LAEH, B44J5, 20V #-17 eV AR E T8 Srds Ml 02s 5Tk E-17 eV
FI|-15 eV AL HIAS % BE B Srdp B TTHR. 7£-7 eV -2 eV AR % £ O2p AT Srdp & TT#R. £-2
eV | 3 eV AR B £ BB Nb KTk, 34h Tidd Fl Srbs A A — & DTk
3.3. JeEFFE

BATHE T STOND) RS HIHTH REIAN R B IF 5B RGN, 4550 R T 16 4 FlE 5 s,
4 45T STO(Nb)FI STO Wi RE n(0) 56 TREEMICR, NEIFR AT LLEH, BRh, 4itE
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Figure 1. (a) The unit cells model of STO; (b) The 2 x 2 x 2 super cell model of STO(Nb)
[E 1. (a) STO B E4ERL; (b) STO(ND) 2 x 2 x 2 FBEIFEA
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Figure 2. (a) The band structure of STO; (b) The band structure of STO doped Nb
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Figure 3. (a) The PDOS of STO; (b) The PDOS of STO doped Nb
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Figure 4. The refractive index
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Figure 5. (a) Dielectric Function (Re); (b) Dielectric Function (Im)
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Table 1. The comparison between experiment value and calculated value
#* 1. LWESIHEERNXE
AR HBL(R) THEAE 5 S (B I 2 5+
KKAE 3.905
HEE 3.9491 1.13%

HNERPTH ZE nl(w) = 2450, 45, MEEENENITH RZE n2(w) = 7.025. AiEXTEEAT%I, BR)5
RERIT IR KT .
P 5(a) ATFE 5() 2 e A HL BB B ()RR e2(w)ERE R AR I R . 0T b B AT A Ha bR 8
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(172 A AN LRI S (0, 4% R85 MR 2 =43 A7 T 3.876 eV Al 35.551 eV &b, 25—/ o i
A —ANELE 2.878 eV Ab. F BT ER A R BN AR, A H R U S R B T, TEIB R T Y
6T R RN HOH N O EE A B BB UE N ¢ = 5.998, B240E, HE M EE B AN, HEEN
e=47.979. BiEXTELATAI, BRFERGENFHNMBEEHEKRT .

4, gig

AU SR T 37 ek BRI 5 — M B AR AT U1 57 VA CASTEP 3, 1 /e 57 STO BLALN
HAAT AT, SRS ENL(2 x 2 % 2)f) ND(g 125/ ST (0,675 T103 B AL, B T Nb(g125Sr 0,875 TiO3 FIRE
A FIAS B, X LT T VR b, TH R R R R

1) Z3d CASTEP JUAHRAL 5452 STO IS H #0 3.9491 A, HSEIEEEAR—F, M T H IAE
R A, FRHIE G /i, JB TP R4 1, REFRN 1.90 V. BARJ5 STO(ND) I 2K AE R 7 it
T A, Bl STOND)AE g n B3k Ml DAL T4 LMIX G A, Sl AL T X G A%,
WO Y E BRI R RE T 450, YRR T BT AL 2.022 eV

2) 23X} STO (LA LR T, AIATE SOKBE NIE Nbad 25 TTRRiR K, X /2 STO(ND)/& & 1
RET BAR PRSI LSRN . HAb 5 1H, 52400, 7E-16 eV F-14 eV LM A% 12 Srdp. O2p A1 Tidp
ATk, 7E5eV 3] 10 eV kRIS T HE il Sr3d F Tidd & 5iiHk. B4)5, 7£-20eV F-15 eV ALHIA 5
JEEEH 02s. Sr5s Fll Srdp & TTHk. 7E-7 eV E|-3 eV A% FZ i O2p Fl Srdp A 5Tk

3) EGEARETT I, BAET RGN ET R n = 2.450, BAJE RGPS E Jy n=7.025, HLA %0
B2 Nb IiRE, REMNITHEEKRT . oBRERI R ER, OTTDARH, BRI RSN T
AR e =5.998, BREHENMHEECN e =47.979. KA BB RERGENENBHEHEE LT .

e HE

E XK 3 AR IS Y £ THE 45 (11447153) B2 BH AR
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