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1 BEEAE B R T 3 (193]

Table 1. The refractive index of glass and common transparent ceramics |

13]

B Bex Al2O3

MgAlsOy4

Y203 YAG VA{OD

P2 (n) 1.48—1.91 1.76

1.71

1.78—1.79 1.88 1.98—2.20

A, A UREZE SR ARV %% T BALES
Z4 BMN 3% AP (14 30 SLAYOM 45 R o e 2 1k R
MM EAT T 1. B3R B M 7E T LV
W KTE A 770 nm > A > 350 nm, XM
TRERIEE N 1.61 eV < E < 3.54 eV), & Rn]
5 53%; 7£400 nm < A < 1000 nm 9% K75 Fl Y,
HAr 58 2.09—2.22, HZ AL F. BMN Fe A
BRI (P3m1) AT LT (Pm3m) PR &5 R 7
X BUETFHB R UL BT (P3ml) #
AF AL T (Pm3m). SEIGHTE 7T o IE R I it R
RO G, ER o 2% M B8 I A o ik = 348 B 1)
it

55— T 5 5 VR R v IR S 56 TR 3R )
SO, AR b Ay B R R X A S0 T RORN &5
BT 3T BMN R &R, DU RIA RSB0 7
TAEZ WA i PERE /B HF. Takahashiiz F 28—
PEIR I 7508 T HARRRA A P3m 1 X R 1:2
B 7458 U8 Dai 25 M1 A6 1 1245 5 1
Ba(Zn; /3Nby3)03(BZN) 1 BMN [ B 74514, A
LR BRI FLRE, R Zn (AN 2 3d HL T2 BZN
FNBMN HL 45 #4) 1 - 45 ) 22 St RO AR A i [ 119
Diao 25+ F A3 7 BMN 20 40 6 3 f 4 2
W, e T By A A, @ A A BRI A
POFE AT K BTk 120 1 LT RE 2 O BMIN
2 R I SE R 7E R K

AR SR SIS % T 75 75 4 BMN 1)
SERIREAY ) SR BE T 5 BE v oR R 1) ST T 8 R 3R 7
% MR T E MR AR TS5 K, AT AR
FARAE G2 1 REIATL, T 1 47 S 28 A i ik 28 5
PERE, SZIGIASE B SIS H 4 R A

2 EXesnitH ik

21 £ W

PL BaCO3(AR), MgO(AR) 1 NbyO5(AR) A
JERE, SR A% 45 [#] AH B 45 72 1] £ T BMN P & B
fh. BREE24 hJ5, 71300 °C R ke dH 14 4 h;

W WA AR R 77 SUBRBS 12 h FJ%; 7E 200 MPa
AR R Y ARG TE 1600 °CHAM FRIE
24 hBE A A BE R 0. % S B R R A
mh, K A X 2R AT 41 (XRD, Philips X’Pert Pro,
i 22) BEAT A AL AN AR g5 A AR, AR A1 N =
W T =294 K, TAE#E: 40 kv, TAEHA: 40
mA, FEHE: Cu Ka, FAIEE: 10° < 20 < 125°,
H#AP K 0.0084°, B35 RALN [H]: 19.68 s.

fi FHUV-2550 214 2% 4k 0] 0L % 4y b b
(%, H &) 31T BMN 2 4k -1] WOk Tk
HE (Ultraviolet-Visible, UV-Vis) I &, Wl ik 5
Bl: 200 nm < XA < 800 nm, i % % S
0.1/0.2/0.5/1/2/5 mm, 7 #FHE /N N0.1 nm, F*
Ot/ T 0.0003%.

2.2 E#ES5HEHE

A iz A Materials Studio(MS) H' 1] Reflex
Plus #5215 BMN f) XRD #4347 Rietveld 4
WAL A, MR 5CR F CASTEP #4440 5¢ ik 221,
TS P SR FH A e OC K RE A JR 80 AL AU (LDA),
V- THI B 4% T BB (Eewe) 126 FH 700 eV, A B X R H
Monkhorst-Pack 7%, K MR E N4 x 4 x 4. JL
AR I BFGS 5%, L B UM S4: 57
¥ 18] AR ELAE F 77 B SIhR ME 1 0.01 eV /A
Ji 7 BE 2 W SUhR HE R N 1078 eV /atom; fbfk A
IS B SbR A B4 0.001 GPa; &1 B KA B U
SIBRHETL A 5 x 107> AL THE R i FH 1 i34 4 80.
otfg %, HARKSHI| TF 2.

F2 FEAPHTRAN 80. otfg JEH MM
Table 2. The related parameters of 80. otfg pseudo-

potential used in the calculation.

J5F WHE rc/Bohr qc/v/Ryd
O 2s2, 2pt 1.1, 1.1 7.0, 7.0
Mg 252, 2p%, 3s2 1.8,1.8,1.8 6.5, 6.5, 6.5
Nb  4s2, 4pb, 5s!, 4d* 1.6,1.6,1.6,1.6 6.0,6.0, 6.0

Ba 5s2, 5p%, 6s2 2.0, 2.0, 2.0 5.5, 5.5, 5.5
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TE 2 P e [ 50 ] A ] 47 22 MR ' 22 i 187 Ry 25 e
HHEN R e(w) = e1(w) + iea(w) KAfIR. &
RS HLH B 5 20 (w) AT LLE IS THE HL 7 Hin s
TE AR (5 4R B 2 18] 1 RT3 (24251,

T e \? 2dK

MW‘%QM>§HéﬂMP

x |a - Moy (K)|?

XﬂEdK7—EwK7—mﬂ} 1)

Hp CRIV 735 3R T FAN 5, BZ NE — Bril-
louin [X, K NE K, |a - Moy (K)|* A8hEKiE
HiFF T, Ec(K) M Ev(K) 758 58 M B
AAERELL, w A, (1) 23 B 4 2 0
2 B0 RO BB Y 45 M RO R B TR 25 % B A
5% DRk, HRET S5 M, AR BB R IT M 1 s
Al Kramers-Kroning 8§ 5¢ £ B AT XJ [ 44 (1) /- B2
TR &1 (w) FTH R n(w) IR EL a(w)~ A
R R(w) AR R L(w) #4715

) =14 2p [ 2ECS )

n(w) = <\}§> [ 51(w)2+€2(w)2—|—£1(w)] vz

®)
aw) = (V3) [Var@P +@p =) )
()
o) = 5(w)—12
R = YA o)
W) = Tm | — 1 _ 62((,0)
=[] - ot ©

BT EIR BB SLA, AT BMN B H 145 A
FPERGEAT 2 T AR

3 HEERATS
3.1 MRIRGEHIRIE

Kl 1 (a) y BMN ¥y oK (1) XRD Wt 3. 5 &
FHA #T (QPA) &5 5 3R B 75 5 A BT o5 o & 40 B0
99.999%, .5 FH: 0.001%, il &1 BMN A 1:2 F %
(7N AR SE . WOk DL (ICSD No. 95497) 201 &
Fr B g R R % BMN [ XRD $iE3:47
Rietveld 215400 &, 45 R a1 1 (b) FIZ 3 B,

20000 —
18000 | (a) & — Observed
16000 | =
£ 14000 |
= 12000 F
é 10000 g g
<8000 )
= 6000} _ -
i = = = ~ &
4000 |5 oS 8 5-5-2 com-o
23578 TeTRSR no=8
2000 |2 2 | 8 S |83a §3238
O:A—LJ._?_ JLV}L@AVA Saatad
10 20 30 40 50 60 70 80 90 100 110 120
20/(°)
20000
(b) . Observed
15000 b Ryp =6.73% o Calculated
a R,=5.05% Difference
=2 Reflections
S 10000
<
g
a 5000 |
=
() -I LI B | FLLRELE RRRnr RRRnenn Rnrunen snnunnn npenen gmummaw w
ds
Ll
—5000

10 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0 1(.)0 11.0 120
20/(%)

1 (KA f) BMN ARSI S LR (a)

BMN ) XRD Kli#; (b) Rietveld 4= iUl & 45 H

Fig. 1. (color online) The testing and refinement re-

sults of BMN powder: (a) The XRD pattern of BMN;

(b) the results of Rietveld refinement.

#%3 BMN i) XRD 4 Rietveld 4= Il S A G510 24K
Table 3. The crystal structure data of BMN derived from Rietveld refinement of XRD data.

ff%i BT SRR gé:’“ ~ E
BMN Bal la 0.000000 0.000000 0.000000 0.968849
P3m1l Ba?2 2d 0.333333 0.666667 0.666588 0.974617

a=>5.77537 A Mg 1b 0.000000 0.000000 0.500000 0.833716
c=17.08803 A Nb 2d 0.333333 0.666667 0.177310 0.965492
Ryp = 6.73% ol 3e 0.500000 0.000000 0.000000 1.000000

Ry = 5.05% 02 61 0.662674 0.831337 0.331815 0.878041

217801-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 21 (2015) 217801

LA, AT Mg A1 O2 i 67 B 5 A F /0
T-0.9, X % W] £ BMN I 7] G877 75 /b B 1) Mg #5
RFO? 24, X F O &, OL I 5 H ZE N1,
ANAFAEO¥E K. Ui B P3m1 =% 8] B ] BMN 7 O?
R r AL B B AR ) E P, O B R 48 77
§5. WA ZRH T Ryp = 6.73%, 77 2K T
R, = 5.05%, ¥t 8] XRD & & 45 B 5 bx itk P £ 4
(ICSD No. 95497) W) & 5. X #8L4 B BMN 45
AT LTI, He g /AT 384, St R 4
B2 s, ATRUE H, TURTIAG 515 20 240 5
ZH G KEAE AR R, IR ZEAE 0.36%—0.43%, Ui
WA BT SR ) T B i R B A 2

@z oOoxv oM @O

2 (MTIRM) BMN fSEE MRS
Fig. 2. (color online) The crystal structure of per-
ovskite BMN.

# 4 BMN ATTARG AL IS I H S5
Table 4. The optimized lattice constant of hexagonal
BMN.

4 a/A c/A a/(°) v/(°)
4] 5.77537 7.08803 90 120
T 5.79628 7.11884 90 120
R 0.36% 0.43% 0 0

3.2 HTFLEH

B3 Bt 7 O i 55453 1) i BMIN RE 7 45 14, 3%
P oK A B A TR AR B, BMN 72 4 47 (9 A 5
BT B0 G R R P A A B BT, A 5 R
E, = 2728 eV 1 HIH G s 1 B3R BRAE K
0.065 eV. X3 W] fE BMN b & 2B 47 7] B 3T i, i
TRETZH5MEURMEEER D, St T s8R &
B,

Bl 445 7 BMN [ 5025 2 2 R4y 25 % 5 .
TLUE Al o R AR (—17.24——14.32 eV) #F

SIHIRENE B O-25 75 HL AR, 5% UG H B
£ —15.45 eV 4b; Ffirit (—11.23——8.56 eV) 7>
T2 Ba-bp & LTI, SEEMZAE —9.77 eV
Aib HE UL TG 2 OK BE 44 B B AR (—5.54—0
eV) #4r EFH O-2p BB, IR 4246 T Nb-4d
BHT, Mg 2sf2p BT RE D ETTHR, &%
JE #h 27 ITE —4.02 €V, —2.48 eV Fll —0.64 eV &b
HPLEAE. a7 A (2.72—4.78 V) #7r E
EH Nb-4 d BB, FB 2410 T O B 2p B HLF,
Nof 0 25 5 P AR L 3.29 eV F14.17 eV Ab; T b 547
(5.52—8.69 eV) &7 T2 H Ba-5d M1 Nb-4d LB
B, A4 T /b & O-2p A HLF, Mg-2p 4 U1 Bkl 55,
HAHELE6.57 eV I 7.36 oV Ab BRI, 7] W,
BALIIND 5 O TR T BRI, 1M1 Mg T
BETTRRAR /N, PRI 1 2.

8
=
—
6] 1 | ] T
4 - ;
E L— '—/>/\
w2 2728 eV | 2.793 eV

B3 (M) BMN FfeH 251 B (3K mbiT)
Fig. 3. (color online) Energy band structure of BMN

(near Fermi level).

30 ;
20 + [ Total
10}
0 oy
15[ M s-Ba !
6 p-Ba |
- == d-Ba
0 ! 1 [} 1 é
12¢ mm s-Mg |
- 6l p-Mg
% 0 1 Il Il ] Il
B 12+ [ s-Nb !
= ol SN p-Nb !
@,3 = d-Nb =\
¥a 0 el L 1 ' 1
12 - s- !
o0 Aﬂm& Y |
0 n n o - n
12 M s-
6l ..
0 A n

—20 —15 —10

4 (MTIER) BMN [FAA%EE RS EAEEE (—20
eV LUFARER)

Fig. 4. (color online) Total and partial density of states
of BMN (states below —20 eV are not shown).
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25 BMN [ 54 Ha A  J5 7 [ SR A L 7 2 FE B AT JE 4
Table 5. Atomic net charge, bond length and electronic population of BMN.

T

D% KR KA e HLTi e
S P d Total

O'-Nb 0.54 1.95704 ot 1.85 4.91 0.00 6.76 —0.76
0O2-Nb 0.47 2.01126 02 1.83 4.89 0.00 6.72 —0.72
O'-Mg 0.25 2.03150 Mg 2.35 6.68 0.00 9.03 0.97
O!-Bal 0.01 2.82512 Nb 2.33 6.61 3.19 12.13 0.87
Ol-Ba? 0.02 2.78903 Bal 1.99 5.97 0.72 8.67 1.33
02-Bal 0.01 2.82343 Ba? 1.96 5.97 0.70 8.63 1.37

BMN HJ Mulliken 177 J& ¥ 73 #1 0% 5 7. Nb
JiR AN R 223840t ML A 0.87 B IE HiL AR, Mg Al
Ba J5 T fr iy 1F B faf B 2 % F Nb J 7, H Ba )&
T B Mg 1 8 7 14 5 5%, 68 Nb 2k BT 68 /18
55. 1 Nb-O [ 47 f& £t B 2 & F Mg-O F1 Ba-0,
YLHAYE BMN H1, Nb 5 O JR i ittt iE, H'5 O?
MEML, 2 F OV EM OS5 Nb K, H
A JE B v, WEOL-Nb LM E I 8, X 58
FE TSR Rietveld FE 15 45 -5 SR — 3. X 2
KN Nb J5 7 B A R d#uE, B0 T 50 &
T2 A58 d-p A4k, [FIE Nb Fl Mg 2 [A] B 725 1
REAE I 22 57, B2 A 74T B BMN 75 77 A8 1 3R 3))
J1 P8 gh G H o G5 H AR T R B, BMN A Nb-O
W AE R 58, % S R A B TE 1) T SR A R
ok, TRAMER YL 2.728 €V AR (A > 454.5 nm) 6T
REE, BRITHEN S, (B BMN Mo 55,

He B,

3.3 AFMR
3.3.1 BMN #7 Fg 52 36 52
E 58 BMN ) W Ui s k. wT P& H, 3

200 nm < A < 400 nm i, BMN B A & 5 1%
uﬁ%? 2\ > 400 nm Hﬂ', YR AR 59, i Tauc
SRR A 3R 2

ahv = A(hv — Eg)", (7)

A, o KRR EL, hoAE B 08 HL, v s
R, ANWH R, B, AESH TR, I, ARk
NEBH B, no= 1/2; AR R B2 BR
PEBR, no = 2. HAEH S5 1 70 i, BMN [ [a] $ 4
Bl (A—=G) 5 HETEW IR (G—G) 2 Z BN, T8 42

BRI SR R AR I R R L OE & — A g
B, RAEMMER LR HEKEZE MM 2, HIE AW
At HL R BRE e (w) 2 B B2 R IE MR 1 2 SUHE
Sy PO R E R e = 172, R 5 4 AT LA
5, BMN [ B,/ = 3.582 oV, it B4R K
0.854 eV. X H T DFT & FHS#H S, XA DFT
THEY T RE T S5 RN, 45 21 87 BB 2 bE SEEG{E D
/NBOLARYE By = 1240/ N, B Eg MRRZE R 15 20
Wil Ao 2 346.8 nm, AT ML, BMN 7E A WL 6 [l 1
B EISCE RN

0.5

0.4 r

0.3

0.2

(WM FRHL X e FRER)2 /e V2

2GR /arb. units

0.1F

L L L
3.5 4.0 45 50

JETRER eV

5;)(] 6;]() 800
#HK/nm

5 BMN¥ARRIRBOE R (RICRE x 6T REE)?

Bl raemox mhsk (RE)

Fig. 5. Absorption spectrum of BMN powder and a

0 1 1
200 300 400 700

relative curve of (ahv)2-hv (inset).

3.3.2 AAwIHRAITHE

HE T BMN 7 B (1) 552 56 {8 A0 oF B0 5 b, 5l
AN IER T 40.854 eV, il i 8 J] 5 7% #4718
1E BU321 DU B AR S I (1] R 2. R F
BMN B A SR, TFE T w6 7 5 W o fl
[100] A1 ¢ $f1 [001] 77 ) Y 24 FE Bk 8, &) 6 s,
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0.10

0.08

B
iy 0.06
=

2 0.04

0.02| 0
AR

(b) i

0 0.5 1.0 1.5 20 25
figiE/eV

6 (MTIRE) BMN # [001] A [100] 77 4 B4 HLER 3

S (a); MEH (b) I A THE AR (46 )

Fig. 6. (color online) The real part (a) and the imagi-

nary part (b) of the dielectric function of BMN along
the polarization directions [100] and [001] with the

whole calculated spectrum, respectively (inset).

BB 6 7T LA H, BMN ¥ [001] F1[100] 75 [ )
Fr A A B e (0) 20 B N 3.32 R13.37, E AN
1.48%. 54 HH bR UM 5 I B T BR Y 45 M R i
(R, X FLEAT 43 b vl DAVE 28 7 /i BMN H HE T
8] R R A B AR, eo(w) #5 [100] AT [001] J5
[ ERTE 3.22 eV A A5 A A R, 1T £ 3.56 eV i
eo(w) FFURHE R, I IET- 4 i T 21T 45 J 1Y) HL 7 2R
I X R X TR WG X, BMN A e i aE
D B R R — g L

B 6 (b) $ % BMN # [001] J5 11 [ A H R %L
M EERRS T 6NN A B, C, D, E, F.
xR T BE & 4 A N 6.04 eV, 9.09 eV, 10.98
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Abstract

Transparent ceramics have been widely researched for their broad range of applications, e.g. from optical windows
to laser and optoelectronic switches. However, the challenge is to obtain the optical materials with high refractive index
to miniaturize optical functional elements, such as lens for optical information storage and waveguides for flat optical
components. The hexagonal complex perovskite Ba(Mg;,3Nby,3)O3(BMN) ceramic, being widely researched as a type
of microwave dielectric ceramics, presents the excellent dielectric properties such as high dielectric constant and high
Q value, which indicate its potential application as optical materials. In this paper, the electronic structure of BMN
is calculated by using the first principle method, to analyze and predict its intrinsic optical properties. The hexagonal
complex perovskite BMN ceramic is synthesized using conventional solid-state reaction at 1600 °C for 24 h. The structure
parameters are obtained through Rietveld refinement of X-ray diffraction data. The crystal model is established, based
on the Rietveld refinement result of the XRD test on synthesized BMN (with the weighted profile R-factor Rwp = 6.73%,
the profile R-factorR, = 5.05%), and then the crystal geometry optimized. With the optimized crystal model, the energy
band structure, density of states and optical properties of BMN are calculated using the first principle method based
on density functional theory (DFT) with local density approximation (LDA). Results show that BMN has an indirect
band gap of 2.728 eV. There are the strong ionic interactions between Mg and O as well as Ba and O, while there is
covalent interaction between Nb and O. The energy band near the Fermi level is mainly occupied by O-2p and Nb-4d
electrons, which forms the d-p hybrid orbits. With real band gap correction, the optical properties of BMN are obtained
from the definition of direct transition probability and the Kramers-Kronig dispersion relations along the polarization
directions [100] and [001], including the complex dielectric function, absorption coefficients and reflectivity, respectively.
It is shown that the optical properties of BMN are nearly isotropic. According to the Lambert-Beer’s law, the intrinsic
transmittance of BMN ranges from 77% to 83% in the visible region, and its refractive index is dispersive, ranging from

1.91 to 2.14. Experimental test results are consistent with the theoretical calculation results.

Keywords: Ba(Mg;/3Nby/3) O3, electronic structure, optical property, first principle
PACS: 78.20.Ci, 71.15.Mb, 61.50.—f DOI: 10.7498/aps.64.217801
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