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° Sr atom . O atom C

Ti atom o Nb atom

F1 o AAEss (a) SrTiOg; (b) SrTips75Nby.1950s; (c) SrTig 75Nbg 2503
Fig. 1. Cell structure: (a) SrTiOs; (b) SrTiggrsNbg 12503; (¢) SrTip75Nbg2503.
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Table 1. Cell parameters of SrTi; ,Nb,O; (a = b =

¢, unit: nm).
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Fig. 2. Band structure: (a) SrTiOs; (b) SrTijgrsNbg10503;
(¢) SrTip75Nbg 2503.
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Fig. 3. Density of states: (a) SrTiOs; (b) SrTipgrsNbg 1950s;
(C) SI‘TiU_75Nb[).2503'
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tric function; (b) refraction coefficient and extinction coeffi-

cient.
SrTi03, SrTi 575Nby.12503, StTig 75Nby 2505 HY
W BN E 5(a) Ffs. 78 4—9 eV LN, SrTi
Oj, SrTigg75Nby.19503, SrTig75Nby 2503 ¥ H A 42

PR B, LRI R B AE 5.76 eV, 5.97 eV,
6.26 eV HUf5 i KAE, HAH 2 514 1453934 cm !,
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Fig. 5. Relationship between absorption coefficients of Sr-
TiOs, SrTiggsNbg 12503, SrTip75Nbgos03 and (a) energy;
(b) wavelength.

TSR eI R B S R OCR, &
il T W A R BB K Y AR TR B 2R N R 5 (b) PR
WK 390760 nm B} XF R Al WL, HAE T
J& 1.64—-3.19 eV. W[ LIFEH|, KB4t SrTi0; 5
Z% SrTiO5 FI7E T WG Bl A 5 BARM L, 1 7E
SIS E R L, WIS EEERIGEA 10° cm .
AR WIS 57 B O, SIS Bk R R W7
k380 nml*, A IR — 3, HFT G IR
3.2 eV. HTBAMMRT BIG K, BT B0k
WS ] RE X A% 5l , BB 1B 2k BERG R, Wl
RAFRRIX, WICGh R, B2 &+ N HB4%m
ERGIATEZHBEF (T, MIOREEHRIEA
SE, PORRRGL T My &g 7 i i, LT
B R R R TRRAT . B 45 IR R W R B0,
AN, EERE T AR TSR G PR N A
FE(E, AT T 200 IR 31 35 O ARE 3R A 191,

AL RIS e (w) < 0 B, SEAAEIE L [

ALHE, HIERIET n(w) < k(w), FRIFBEATAFRMA R
BRI 2527, SrTi03, SrTigg75Nbg 10503,
SrTig 75Nby 2503 ST REANE] 6(a) Fi7R. 75 5—
9 eV LI N, SrTiOs, SrTijg5Nbg 12503, SrTij 75
Nby 503 1 HA 85 5 S 5 R 8, U5 2 4035
1E 8.198 eV, 8.069 eV, 8.197 eV B3 K {8, H:
B4 514 0.69, 0.56, 0.56. BAMF R E RECTF
B, MBI LT, RO R ) = AR X 8.
KAB Bk R F8 I 5 13 B B R T8 Ak R AR Y I
ST RE.
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Fig. 6. Optical properties of SrTiOs, SrTijg7sNbg 19503 and
SrTip75Nbg2503 (a) Reflection coefficient; (b) energy loss

spectrum.

AE 40 2% PR S Tl i 2 2 A B G
R APk, HURRAIE W 5 45 2 7 1R R i A G PO,
SrTiOs, SrTig 575Nby, 19503, SrTig 75Nbg 2505 HIRER
WIIENE 6(b) s, 7E 89 eV JEFEIN, SrTiO,,
Sty 575Nbg 12503, SrTig75Nbg 505 F A B R AE
P4, HAERBHFEMIFE 8.45 eV, 8.41 eV, 8.54 eV
B f KA, A9 4 23.86, 12.96, 12.82, I}
I HL RS € (w) = 0, ISR A Ui REE
FIFRE. T REEART 10 eV B}, K#B7% SrTiO;,
51848 SrTiO; BRI R EAN 0, X FIHOL R
k(w) 0 AHXFRE. B2l 4 B RE B I FERRAR, 448
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2ok

FU S BT, REURENE ) = RE X RS ).

Bl NboHB 44 B4 &, MRMA 2R Rl s
B, EA] WOGIX 1.64—3.19 eV b RHA R B 8%
MRS R, B R 8 e AR, XK B Nbo+iB
F AR R AR A A 2R 2 VB TR 1 AT UL G X35 B 1 R
Yun!"™ i1 &P, Nb, La, Sb #4% SrTiO; # BHA
F A WO 3 R 5 T AR B2 SrTiOs; Kumar®)
it Bk b O DT AR AE SrTi04(100) 44 i L 1l
7 R EIK 91% 1) ND*HBZRIY SrTi0, M.
AR S b SOk 25 R — 2, R
Nb™ 3424 FI T4 8 SrTiO; MkhE it 2. [FlA
F Nb 8240 n B4 B4l iR R i 7k i 4
o, ol R e v () 0 NDO B 24 R R S8 A R AE
AT WG R N B i, A SR T & U L
LR

MR

WEFERE R Jy 22 P T, T 3 5 i A
AR L ARUE G PSS, AR Tolk i H A &
PR S PR TS SRRV 2 AR RUA G, a0
Fa A LA FIPE TR IR B A, n] RIS HEAT OC A A 2%
[e] S M RIS 45 ) P ) o A R YL R
B SRR FRTEA G, SrTiO; fhid )& T
SEOT AR, PIICA 3 NS A SR NI sk i (C),
SR Cryy Cry, Cuy. SETT M FR B AT E R E R

Cn+2C2>0, Ci1 —C12>0
{On>0, Cys >0 }
JI %) SrTiO4, SrTipg7sNbg 19503, SrTig 75

3.3

(4)

Nby 0505 B FLPENIEE sk & (Cy) Wk 2 fiom, I
SCHR (16, 32] HRiB A EAR I T T XL, PTLLE R
SR SrTiOs BPERIEE SR A Cyy, Cyy 5SCI0{AEE
I, Cyy WWSEESAE /. X AT figJ2 i T AR A AR
TR 7SI B A ity 2 A L B A O | 25 A A A
BRBE T, (HH R T S8 — B, B B s W
BB AR L LA AT A5 0. rh e TR B 2 B ml
SrTiOs, SrTiyg7sNbg 19503, SrTiy75Nbg o505 321 45
BT FE.

K HERIEE Sk Cyy, Oy, Oy ATHHE B
BHORTLPER . B, 78R G IREiE E 50
FAEE o331 andk 3 fiR. fiREAA ZF A=, H
PERTHLAS AR, Al AR B 2R A i 2 2 3ok R e
Fr A, Y Nbo 5 | AMEMA R, Tit+ g,
fif Ti-O NS Al HABAE T XU ep J LA
SERR A T e, NI AS MR 22 PEfE. B3R 3
BAEAT LB H, SrTi0;, SrTigg7sNbg 19503, SrTig 75
Nby.0505 FIR SR B B JLF- AR, 2% KAl #4
RE B AR i A A . TR N B 24Uk
K, SrTiO; MEMA R BT UIE i G 5% (G
E BEAIG, IAMAEE o BEAIR.

F By DB B AR B (W U (E (G/ B) Refig &
TEMRHIEYERE BY. 24 G/B > 0.5 i, bk
WatE ARl 24 G/B < 0.5 i, FonAHRHE
Kb G/BREFER, WSRO, A S
MEPEWTEL. 118 SrTiO;, SrTij g75Nbg 19503, SrTig 75
Nby 2505 [ G/B{HANZ 3 Fiw, ATLIES], B4k
FEEAIERT, G/BEYI KT 0.5, J& Tkt kL, HpE
% Nb BAWEMIG K, H G/BEHFREL, RIBA

# 2  SrTi, Nb,O; #PENIEESK & (7 GPa)
Table 2.  Elastic constants (Unit: GPa) of SrTi; ,Nb,Oj.
SrTiO; (Caculation)! SrTiOy (Experiment)?? SrTiOy SrTig g75Nbyg 12505 SrTig 75Nbg 0503
Ci 318.6 317.0 311.1 299.1 306.3
Cy 99.3 102.5 97.2 105.9 122.9
Cy 109.8 123.5 109.4 99.4 79.3
%3 SrTip Nb,0O; RS H
Table 3. Mechanical property parameters of SrTi; ,Nb,Oj.
Parameters Symbel SrTiO; SrTij g75Nbg 12503 SrTig 75Nbg 9503
Bulk elastic modulus/GPa B 168.8 169.7 166.0
Shear modulus/GPa G 108.3 100.8 78.3
G/B / 0.64 0.59 0.47
Young's modulus/GPa E 267.7 252.4 202.9
Poisson's ratio/(m-s!) o 0.236 0.252 0.296
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Nb*H i SrTiO5 MRHHIMEERER, AERSUE SrTiO,
PR 1P BE.

BRI G 5 MR O, MY BT D)
B GOBEG, DB A s B2 BRAEG 7. By PTG
5 R B oa] B0 & M AR R VE T D B R0,
A R A B, BRSPS BN A
% 3 AL, ND IR AR BT UM G, 3%
WIRARL A AP B0 T 08058, 3B 5T U)LY
RE s, A5 R A BT U HE . Nishiyama 55 21
TR B ND B A2 HI55 Ti-O fE, 51 Mk
Hﬁ’}:‘, Mﬁ%‘?&ﬂlﬂ@xﬁ%‘riﬁ%{& SrTig 75Nbg 9505
(0 A X AR PR e A, TR 4B 2% SrTi0, dh X AR
Bhf. AN ND Bk AR B DI G 5
BB B SR, JRETE T N B2l fh i py )
PRVEREAR, IO 15 | B2 A RS FIRE S 2R I 18
MG WA, IO AR 37500 50 5 B RS TR, DA Tt ot e 5
BGAEIE BO, fifidy AR i B UIR R PR, AT
AR FABERE . M RAB 4% SrTiO; if ML R P8
AN TR J7 1o e s it A 800, SO BT DA i G
L REE BB

PETRRLE I S e J 5 Z TR 45 45 ) 1) i 22 3
TR, BT AR RSN A R R AR R RS
PR 5 I I S A B R YRR R, %
%4

3.4

W I 1~ 22 (B0 A P O i, s A8y . Pl A TR i
E Kbt B MgiUIfia G nfLIHEH SrTio;,
STy 75Nby. 19503, SrTiy 75Nbg 0505 1Y F 4 i 3 |
SYPINGH | FEFFIR T G SH P Nk 4 s, K 4
UL, A N> 222 5 O, AR T 4 5 3 |
BUDINGH | TEFRIR L R [, R Nb> B2 AR
VR 3080555, F8 BRI, 315 Z Fi G T B DA
i 5 s 1 o —3K.

X T REBGEFER LSRR, PG £
SR - U S55 A EORSRE R, AT
PHBHE SRS VK, Slack S T AE S g PR
B R IR AP E 7(a) R TR Slack £ Y
TR kg, FEIR BB E R, AT LIE B, 48
Slack BAIFFH AR AL S SrTiO; 5484 SrTiO,
18 A T 3 B UL T i T AT, 7 R T I
N 5.7-8.2 W/(m-K), 7£ 1000 K &l F#GR
H1.3—2.4 W/ (m-K). iR BEAR S e sk, #1
BHA SRR Z IR, AT AR S Clark BRI
RIS TR £y, SR Clark BETHE
B SrTiO5. SrTigg75Nbg 12505+ SrTig 75Nbg 0505 Hi
WA TR Ky, WE 7(b) F7R, B Nb>*
BAREER TR, SR RAR AR TR ki, FEAK,
M N B R 25% I, B Hc Ik AnAs 5 %
Fomin N 1.396 W /(m-K).

SrTi; Nb,Og 7 FIAEFF I

Table 4.  Calculated sound velocity and Debye temperature of SrTi; ,Nb,Os.
Parameters Symbel SrTiO; SrTig g75Nbg.12503 SrTig 75Nbg 2503
Compression wave velocity/(m-s?) vy, 7916.5 7745.6 7241.4
Shear wave velocity/(m-s!) Uy 4655.3 4460.2 3897.8
Average wave velocity/(m-s ) Uy 4876.2 4694.3 4351.6
Debye temperature/K ©p 630.7 603.9 557.7
o 3
b
M gl -0 SrTiOs (® <18 1.760 ®)
T @~ SrTio.s75Nbo.12503 T
7 -@- SrTig.75Nbo 203 g 607
Z 6l Z 16}
~ ~
Z sl z
.E E 14 1.396
S 2
= o
3 3r g
° ° 1.2¢
= 2F !
£ £
1t 5
< . . . . X = 10
& 200 400 600 800 1000 1200 & 0 12.5 25
Temperature/K Content of Nb°* /%

&l 7 SrTiOjy, SrTigg75Nby 19503, SrTig 75Nby 0505 BIFA TR

(a‘) Rglacks (b) Kmin

Fig. 7. Thermal conductivity of SrTiOj, SrTijg75Nbg 19503, SrTij 75Nbg9503: (&) Kgack; () Kmin-
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Zhang 55 B9 R AR 4 T Nb> B 4EKR
BEFE AL, 7E 1000 K B, HAFZ N 3.2 W/ (mK),
UL A% T2 00 2.5 W/ (m-K). Okhay %5 [40] i
£ 1) ND> B 28 BR R S8 A B, 7E 1160 K B #4 5%
H 2.9 W/(mK), I T34 2.3 W/ (mK).
ARSCR S — PR B Y Koo FRISHAK A
FEF R ki, SRR BB, H kgaa A1
Kin I BEE N5 2% W B2 (9 38 K B AR, =W
Nb> 524 RE A R ARM R A T 38 AT R AR
MORHY BT R, R TREE Nb B4R i 1
K, FmBEXFFRPEREAL, BRI 5 i R Rl &
FIR VR AR AR, N AR 7 8 S BUAR b TR, A
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B O2p FEEM M HF IO, 1 Tidd Al Nbdd $iEH
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JE AR HEAT RS

2) Nb* B BRI BEOL2= M B TR SR B, Y
Nbo B AUk BEHG A, A HUH BRI (3 O, il
HRORE R BB/ )N, SERRT RRA P T35 1l v
REX 3, 1E 4—5 eV L EIN, B¢ SrTiO, £ K
RV ARSI REG 76 5—6 eV IEHN,
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3) Nb* B ERIR B0 ) 2= M B A TH R SR T, Y
Nb> B AWk B, MPRMA TP 1 L P Ak,
117 55 YIS 5 4 [ i), TARA U3 R, N2
&t SrTiO; MR HT Y V1AL e | A BE Ak
R, BIPERS K.

4) ND*HB AR IR SR A B TR I, ok
B2 SrTiO,; 5157% SrTiO, i ks # F K B IR i
ThEr MR, e T ATRE 5.7—8.2 W/ (mK),

£ 1000 K R F#GRN 1.3—2.4 W/ (mK). 4
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Abstract

The modification of SrTiO; materials by doping Nb®' ions in B-site is studied through using the first-

principles method to calculate the electronic structure, optical properties, mechanical properties and thermal

properties at different Nb>* doping concentrations. The calculation results show that as the doping content of

Nb®* increases, the lattice parameters increase. After being doped with Nb°*, SrTiO; changes from an indirect

band gap compound into a direct band gap compound. Doping Nb" can reduce the reflection coefficient,

absorption coefficient, and energy loss of SrTiO; material, which can be used to modify its optical properties.

Additionally, the brittleness of SrTiO; material is improved through doping Nb'. As the doping content of

Nb’* increases, the elastic modulus of the material hardly changes, the shear modulus and Young's modulus

decrease, the Poisson's ratio increases, and the Debye temperature decreases, and both the lattice thermal

conductivity and the theoretical minimum lattice thermal conductivity decrease as well.
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