Chinese Physical Society

Mﬂ#ﬂ Acta Physica Sinica

. Institute of Physics, CAS

B 5 LaBg [AR AR L Y RTE R R F AN & ST M RER R

XFkE KT EH KB KA

Surface electronic structures and emission property of single crystal LaBg typical surfaces
Liu Hong-Liang Zhang Xin Wang Yang Xiao Yi-Xin Zhang Jiu-Xing

5| 15 & Citation: Acta Physica Sinica, 67, 048101 (2018) DOI: 10.7498/aps.20172187

1E 251515 View online:  http://dx.doi.org/10.7498/aps.20172187
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/14

AT RERCH B B S &
Articles you may be interested in

Xe 121 PR HE N Tk P 38 3 M0 A 905 B3 280 0o EU I 9

Comparative studies of irradiation effects in borosilicate glass and fused silica irradiated by energetic Xe
ions

Yy =4.2018, 67(3): 038101 http://dx.doi.org/10.7498/aps.67.20172117

HIF-N A4 5% 0 & AR 28 TR i 1) 26 — 1k SR B 7

Novel compounds in the hafnium nitride system: first principle study of their crystal structures and me-
chanical properties

YE=4.2016, 65(11): 118102  http://dx.doi.org/10.7498/aps.65.118102

I %S Nbo GeC 1 ot 520 F) 55 — P SR B 7T
Theoretical investigation of the effects of impurity on the properties of Nb,GeC
PP 27 4%.2015, 64(23): 238101 http://dx.doi.org/10.7498/aps.64.238101

Ca?T 44 CdO £ di #A L MERE I 521
High temperature thermoelectric performance of Ca?* doped CdO ceramics
PP 22 4%.2015, 64(21): 218101 http://dx.doi.org/10.7498/aps.64.218101

LT AR TR f AT 1) SEUA s [ A b P o 2L 2 5 g T A A 2
Microstructure evolution model of zirconia solid electrolyte based on AC impedance model analysis
YE=4.2012, 61(9): 098102  http://dx.doi.org/10.7498/aps.61.098102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20172187
http://dx.doi.org/10.7498/aps.20172187
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I4
http://wulixb.iphy.ac.cn/CN/abstract/abstract71586.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67482.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65915.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65629.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract48286.shtml

1) 32 % )}  Acta Phys. Sin. Vol. 67, No. 4 (2018) 048101

8 8 LaB MR P S5 & T P F 450
BEHERERTT

gD Tt EAY HieHY

S K A D2
1) (B TR RL 2 5 TR B, B DhRE ORI 5 pi sl s, Jbat 100124)
2) (BRI A RRE 5 TR, &L 230009)

(20174 10 A 9 Hic3; 2017 4 11 A 16 HREMESH )

i LaBe A& — P B AH (1 78R SR A7 2 S5 BIARAA B, AN [ & T B AN [RD ) i 1k . SR 4 T
PRSI — MR T LaBe #4010 (100), (110), (111), (210), (211) A1 (310) 78 f5 T (1 2 43 #L
TR R A MRS, RS2 DX AR 1) 45 1D v o B B & LaBg 1 bk S5 o T P 24 A S 1 RR EAT 17 U
. BT S LR LaBe £ i 1 45 K4 IR A [A AT B TS5 44 (1 22 53 5 80 LaBe R T8 BLAT & M s, ST A
La J5 (1% FE K L oK BB N S BR IR L 9% K e 0 P I/ 45 2 JE R O B U 3y DX 3y 0 A1 o S bk e L 5
HE PR RE L PHAL r AR 22, o I (1368 HH DB AIG, R S PR R I, SR S SRR W, 24 B AR 2 A
1773 K, MR RN 1 KV I, (100), (110), (111), (210), (211) F1 (310) /T 5 A R 56 EL 37 96 B 20 il 42.4,
36.4, 18.4, 32.5, 30.5 f132.2 A/cm?, Horh (100) il E AT S i R Sk .

5

H
]
fiE

KHUEIR): #.n LaBg, dnl, 55— VIR, IO TERE

PACS: 81.05.Je, 71.15.-m, 61.66.Fn, 81.10.Fq DOI: 10.7498 /aps.67.20172187

1 5 =

W L /S A6 8 (LaBg) U~ b4 RL B AT Ty b 4
(@) IR Z R FA AR E « i B T3 i g
5 BHASIAET T HE AL ISR, AOGE Tl
A P PR AT D0 A HL T S P RE ) [ A A e
T LA DA Ay 2 113 3 O S A 3R A e (291
FERH BT B 7 Db EE 5 T R A T2 IR

H AT, E NS T LaBe BUAT AL 2 AR T3
2 ity AL (R ) S5 AN P T 2 B LaBe AR K
JUSF AU B AR 3, o Zhou %5 7SR i J s 25 9
T RPN Be S Tk, VAGIKR £ LaH, 1B #3{F
9 JEORE, R B ) A Ll R R B R K
LaBg SeARFRL, B AL 1 70 2V RE AN FA R
PERE. H Eh - e F 00 82 i BR A 1 A 3 A A

IR, JF HIR SRR Rt — 2Dk s, B)G,
R 21 %5 )75 [ Py SR X vk o I Al 46 T o IR
B i KRSE I LaBg H 5k, 52§ LaBg
AR L, e B AT TG A a6 H T R B e ) BRI
R, A i R B AR R A E A R
] MR Y SR AE SCHIE ST AT LR B, BR 8 LaBg AN [R] &
T FL A AN [ FF) 2 bR H5ORD R S5 1 e, JF AAROR B
B0 R B V8 T R 4 SR A5 B AN [ O T T R K
NI B(100) < D(110) < (111) B-101, 84
— SO RF R I 4 X 2R A T R B
LT 525 T BUR BIL(210) & T B 1% B A 2 (100),
(110), (111) & I 5645 ) 3 R H =2 Geesley A1
Swanson 2} 38 2 WK AN 5] &k T B 1 K 59 37 B i
FEMIARAK, B (310) & TR A SRR D%
UE RS LA i, BT AN [ ] 4 0772249 2 1) LaBg 5 il
Ji 8 22 S DA R T R B0 7 VA A ), i BT

* EREHRRHEEES (S 51371010, 51572066, 50801002) FIdbHT il HARRl 3 4 (HEAES: 2112007) BRI,

T #E/E#H. BE-mail: zhxin@bjut.edu.cn
© 2018 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

048101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172187
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 67, No. 4 (2018) 048101

B gifs LaBe A~ [7] fi 1 ) D R BOR RS 1 RE A2 4k
EEA—ANE—HINR. B, AR SCEERTIRT 7T L
P FEA, b 120141 SR e -85 B V2 R PR AR () 55—
PEFEE T 5 SCIRAN S & I JTE, REWTIT 15
LaBg $1 74 & I (0 2OR I 1 RE S FL 22 70 L7 2
RE 7 45 M AN A3 B, AT 461 75 RE Wi B s LaBig AN [A]
s T A P B HO A AT LA

2 HEHRALR

LaBg I dn R &5 142 % - La o R ARS8 B
TG 3 ZH R ] B SZ 7 AR, G ot RS AR G 1R 1 TR
B 7 B 1 Aa g I\ A = 4EHEZE S5, #it La
JR AL THEZEZ 6], B IR T ZEJE R T M A 42,
€ B \IHRZ A4y B—B1 8, #/8%B J\ 1
ROy B—B2 5. K4 18] B SZ 7 1 LaBg fn Mk
T UIEIFE LaBg (100), (110), (111), (210), (211)
A1 (310) (¥ J& H14 “FAR & ML (Slab) A5 28 (5T 4 Sy A
JSE PR i TS AR . RS v JiR 22 (1 5 8 ok AR 8 3 T
F R SRR BE T AT AN R, (H SR S RalE 1 A
B 2R ARPEAR R, DA R B R 24N SR
SRR N [R] —Fh 2. B XA i B A Z 7 1)
BCAO0 A TFHECR AL 2 CASTEP #f (Cam-
bridge sequential total energy package), 22 # I HKk
# X H Perdew-Burke-Ernzerhof #2 H [ ]~ b6 &
AT 00T SR TARIE TSRS B, 1 ekt dh A A
RUBAT S5 KAk, SRJE R ) LaBg (100), (110),
(111), (210), (211) F (310) & ThI AR L 1) 2 43 Ho Ao 25
JE. e A M AN T AT R AL T R A
i 35 Y DAY 1T 96 R T ) e AT B Ecye = 400 €V,
P R RE B IR SUE HL 2 x 1076 eV /atom, i B
I X A2 93 F Monkhors-Pack 2 201 5 5 FR 455k &
MITVE, JEH kMR R E N 12 x 12 x 12, A3
Z 5B BTN B (2522p!), Lati d1 7 HEAi
N La (5d'6s?).

A S 6 A B B LaBeg 5K ' 27 X4 15 il
#& Bl T EW R KR S B T e 4 ) 4% (1) LaBg
Z AR TN G 5 DX O o A oh AT XM, AR AR
Kot BRI AN SR RIE A 5 L/min B &2l i <AE R
PRI SUE, SRR ORFFE 0.1 MPa. ¥ S AUEHE
S AT, R 25 v /min, AEKE N 10 mm/h.
A K B LaBe B b AT 50 X0 4 4 455 il etk
7, PRAE B RAFH) 5 &, LaBe H50

AARANTA] & 1] R 57 RAT S 8 IRSCR I E , 1 SETR dbiA
K C il ) R EERT S B A, FF H Orient Express
BT A0 s v P VS 1 R T I i T, PR T AR
o T ) H k. SR #ROR 3 1 R DK R G K 7
1773 K TG T 25 i I R R ST P VA 85 .

© ©
Lo e
© , ©
| S vt%
) © ©

1 LaBg kgt gl

Fig. 1. The crystal structure of LaBg.
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Fig. 2. The calculated electron density difference of (a) whole cell surface and (b) inner cell.
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Fig. 3. The calculated electron density difference of LaBg typical surfaces.
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Fig. 4. (a)—(f) (100), (110), (111), (210), (211), (310) crystal surfaces structure of LaBsg.
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Fig. 5. The calculated electronic band structures of LaBg typical surfaces.
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Fig. 6. The calculated the total DOS of LaBg typical surfaces.
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Fig. 7. The thermionic emission current density of

single crystal LaBg typical surfaces.
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Abstract

The electron emission properties of lanthanum hexaboride (LaBg) have received much attention because its low
work function, low volatility, high brightness, thermal stability and high mechanical strength. However, single crystal
LaBg is an ideal thermionic emission and field emission cathode material, its different crystal surfaces exhibit different
emission properties. So far the physical factors of the emission properties of different crystal surfaces of LaBg single
crystal have been rarely reported. In this paper, the density function theory based first-principles calculations are used
to analyze the electron density differences, band structures and densities of states of the typical LaBs (100), (110), (111),
(210), (211) and (310) surfaces, and the thermionic emission properties of the high-quality single crystal LaBs typical
surfaces are tested. The theoretical calculation results show that single crystal LaBg has metal properties, electron
emission characteristics and anisotropy of emission performance which are mainly caused by different crystal structures
and electronic structures of LaBg typical surfaces. The densities of La atoms in different surfaces of LaBg single crystal
are different, and a high density of La atoms in a surface is beneficial to its emission performance. The difference
between relative positions for the Fermi level of different surfaces has different effect on their emission performance, and
a surface with high position of Fermi level against the bottom of conduction band could have small work function and
good emission performance. In addition, a surface structure of single crystal LaBs has a large density of states and a
high number of distributions of conduction band near the Fermi level, which are in favor of its electron emission. The
(100) surface of single crystal LaBg with the highest density of La atoms and electronic structure in favor of electron
emission could have optimal electron emission performance compared with the remaining crystal surfaces. Thermionic
emission test results show that maximum emission current densities of the (100), (110), (111), (210), (211) and (310)
surfaces are 42.4, 36.4, 18.4, 32.5, 30.5 and 32.2 A/cm? at the cathode temperature 1773 K and the voltage 1 kV. The
(100) surface of LaBg single crystal has a maximum emission current density under the same test condition, meaning
that this surface has a smallest work function and best emission property compared with the other crystal surface. The
thermionic emission test results show that the actual performances are basically accordant with the calculated results,
demonstrating that the first principle calculation could provide a good theoretical guidance for studying the electron

emission properties of rare earth hexaborides (REBg) and other cathode materials.

Keywords: single crystal LaBg, crystal surface, first principles, thermionic emission property
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