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Fig. 1. Surface energy and work function of different Na,KSb surface models.
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Fig. 2. (a) Adsorption sites for Cs atoms and O atoms on Na,KSb (111) K surface; (b) adsorption surface models with different

Cs/O coverages; (c) the total energies of different adsorption models; (d) the adsorption energies of isolated Cs atom of different ad-

sorption models.
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Fig. 3. (a) Hartree electrostatic potential and (b) work function and electron affinity for the Na,KSb (111) K surfaces before and

after adsorption of Cs and Cs/O.

088501-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 8 (2024)

088501

R, HATEISEE Cs R 2, H Cs BT 5Em
i 12 K R FZMAEER R, fiE Cs
FEVEEIM 1/4 ML #4Jm#] 3/4 ML, Cs JiE T 5£
JFF Z BB A . O JEF3IAJE, O &
5 3 2 ) B A B FL e S G IR B, AE Cs A
O JEi— JA = A= s K iy i fer 2R, JF B 7193 %8
%% P PE K IR Na J5 THhr. R4 arfe
2 DL Ay W o D 7 A P A AR ) A A A5 2R T 1Y
H137 A R4k, it — 2D R TR A T RESUR A
MR, Fe ZOH TR R AR AR N R AR Ak, AT S A
KAyrLfr B, L, Cs P51 A G 2 2 pRgkas
AR, T Cs Fil O JEFJL[F 51 A5 2% 18 ) R £ %

MR RN 12 5 A G
e __o e
040 9/ O\/O
Top view g o 8 ° §§ o&
N ) @ 'ﬁ r‘# D,
8 ?L u@
Side view 9% g Qc
o %
0sss’ ogﬁi
Cs:1/4ML cq 2/4ML Cs:3/4ML
oo o%o
Top view o q T = e \‘
» &@J o .k o P /O
O g Q ﬂ
Side view YOO ( g
o 4 ¢
® g @?% 0 o8 6 &
Cs/0:1/4ML CS/O 2/4ML Cs/0:3/4ML

K 4 CDD fff £ 1 A B
T AR FIFE R
Fig. 4. Top and side views of CDD (the blue and yellow re-

gions represent the charge accumulation and charge deple-

P (o B DX A3 AR R

tion, respectively).

Cs H1 O J5—F Ay W - fefi 15 2R 1HDE BUMEAR F, 3R
AT AE A -T2 18 P R A R 15 T e 3P 0/ N e EL AT A
Kotk R R SRR EE. Wi S B EE
T -RIRE AR ¢ = [2,y, 2], THEAE
e AR AR T 91 R s &)

Ap(e) = pes(e) + pole) + prasksb(€)

— pcsiomazksb(€), (8)

= |Q*| x d., (9)

QF =3 Ap(e), Aple) >0, (10)
Z Ap (D), Ap(A) <0,  (11)

QT ="+, (12)

@:$Zwmwd

Ap(c;)>0

e DAL I ()

? Ap(c;)<0

K, pes B po 43 M43 B 1 Cs JEFH1 O JRT-1
L] 25 FE 5 pnaskso HI1 posiomasksy 73 01 A 1 177 2% THT
F1 Cs/O Feng B T m a2 . {o;} Fom—4AK
BfH L S ) Ak A, QF AT Q— 4393l Ay 1 HiL Ay 2% 3
Z R LA 2B B 2 F, 2 6 e B2 RT3
MR F R R S, i (8) :—(13) RS- F31H
WL QF | IR ¢, R R
P2, RS NINE 5(a)—(c) FizR, FHRN R AR )
T R EE A Ap 4 1El 5(c) Fias. B 5(a)—(c)
A& IR, 24 Na,KSb (111) K 261 H Wkl Cs 5

T, 2 D) R BEREAIK 0.023 eV. T 24 & T
Cs/O g Bt O JEF 95| AIFNL T Cs JRF3£

AR i, Cs/O 7= AE— ettt o8 O JT-H
A UM, T COs TR T B AR A L f
SRR A2, T Z ] 2 A TE 5 i 5 Y
LT 0, AR AR/ NGR T Cs ST O 5
22 V) 8 P R e i 22 5 DRI i 6 26 T i R R 114y 44
K, DIRELREIE PR 0.157 eV, RIEH 2B SFRL,
TG FL B St B =S . SRR -5 D) R A
AL AR — B, IR MIR MR A5 i
IR B IR SR TEAR R

3.4 Cs/O RFHF=4E R BE S A TIL

38 128 3 A 2R TR R T G S ) BT 4 A RN 3 i A
#JE (partial density of states, PDOS), A%t —
TR TSN AL B 6 45 TIE R Cs
W B 455 780 1 Cs /O ez B 455 780 49 i ol 45+ L L
PDOS. TEIHRMAF BN 0.252 eV, JF H 9Kk
Keopd T, R N AR, Cs TIARRY R T HE
HESHNE 6(b) Fras, 2 AR ALY S47 ISR ] &
%30, If H A S gE @JU?TE'PH?JF%WJEE’J E FARGNT]

R B S 7 A Y D B AR TTRR, X Cs-
6s ?ﬂlﬁ%?%ﬁﬁ\, SRR Cs 6s 8K
AR ES, XM ESRE Cs 5553 hnm i

— 5 ﬂﬁﬁmﬂ’]ﬁ %K. 5l Cs i Fizsh™ 4
AT RO A% . Cs/O PIFRIY R H BEHF 45
Faan & 6(d), T 2L o UigE 2] Cs-6s Pl HL X 7
R A D Re i sk, fiE Cs B 5

088501-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088501

1.2 . 4.2 . . —0.18
(2) ! (b) ! (c) !
R B S i
0.9t vl 3.6 ® ! 1-0.12
g | u— h . CsO |
v ’ Nt ' '
< ¥ = / X | %
T 0.6} Csonly | CsO ~ 3.0 K Cs only N Cs only ! CsO 1 —-0.06 >
e v = 1 " .- - | 4‘
) 1 (W} I
* i 1 & i
0.3F /! 24+t ' ' 10
. |
P S S S S P ST S S S e g

AP \P PP g\ P g\ > >

Cs coverage/ML

. N R NN LA P LN

Cs coverage/ML

NEILEALINLIN LI L LN
Cs coverage/ML
5 (a) VI TR A AL (b) EREIR T K BEAE L (o) 2T A AR T 2 ek U 4k
Fig. 5. (a) Changes of average dipole charge; (b) changes of the average dipole length; (c¢) changes of surface dipole moment and

work function.

(2) (b) () 3 (d) () 3 ) 3
2+ 2k 2 1
> > > 4 > > 4| >l
o ] o ] o ]
~ ~ ~ ~ ~ ~
> > > > > >
o0 o0 o0 o0 o0 o0
oy o P o oy o
= = g = g =
& = @ or 5 5 Of 5 Of
—1F -1t -1
ol ol ol .
-10 1 2 3 -10 1 2 3 036912
Cs PDOS/ Cs PDOS/ O PDOS/

(electrons-eV—1) (electrons-eV 1) (electrons-eV—1)

2 s o

6 (a) VUK AEN 454 ; (b) Cs B35 RMREAM 4514 (Cs B35 HE: 2/4 ML, 2L ML RIR Cs W™ A4 AREA TTHR); (c) Cs
RN Cs JiLF 6s HLiE PDOS; (d) Cs/O HHRMALW 454 (Cs BHE: 2/4 ML, O HH & 1/4 ML, 24 Al & %R Cs/0
WA 7 A O RS TR ); (e) Cs/O 36 R T 9 Cs JEL T 6s B3 PDOS; (f) Cs/O 55 & i 19 O 57 2p Hlil PDOS

Fig. 6. (a) Band structure for clean surface; (b) band structure for Cs-covered surface (Cs coverage: 2/4 ML, the magenta curve rep-
resents the energy band contribution from Cs adsorption); (¢) PDOS of the 6s orbit of Cs atoms on the Cs-covered surface;
(d) band structure for Cs/O-covered surface (Cs coverage: 2/4 ML, O coverage: 1/4 ML, the magenta curve represents the energy
band contribution from Cs/O adsorption); (e) PDOS of the 6s orbit of Cs atoms on the Cs/O-covered surface; (f) PDOS of 2p orbit

of O atom on the Cs/O-covered surface.
ol s

JEE BRI, X LEREAT SRR A TE ORI . i 9 L
P ]l O-2p Bl it 7 MR HZ AL T2 Z ) &
ARE R, Cs/O DUBE Sl IR A1 T A2 78
T2, X UL LA RUTR 2 , LT IE RS R
ARR, EARALA T B TR AR R R,
A B T4 e A L 1 A B g

Cs/O W= FEERTL

HRAE 520 F e KR, 315 NaoKSh (111) K 3%
i Cs WCRRFT Cs/O MBS O35 2RI Ot R 4L
Ak, 43BN E 7(a) FE 7(b) B, 7E 1—3 eV
(AT DB LT AME N, I I 2 AR AL A 4 5 o4

3.5

ARAREL/N, Bl Cs WY 36 B2 RO HE AN, 37 5 532
FEAR, WM O Ja 2t — P RRAIR. 15 4—7 eV BRI

LN, P RpiEE Cs 1Y% o5 BE B i 3 %, Jf
AT SR AR /N T b7 197 AR I e 328 7 1] 4 98 7 1]
gl Beoh, R T REE 3 eV £
F B, XY Cs /N 2/4 ML B, {HER
ORI AR A B AR — 3, A5 Cs 3 5 BE Ak 223
THEREOE(E N 2 T RE. T RECE XA LS
A B BT DI R R Y Cs/O IR TIE A &
YT BER TR BERG N, 7848 SMRA] L X ek 2 M i
Ao, DT D T BB 3R T DA R s S
J. EZ, Na,KSb (111) K FEHEWH Cs/O 245 F
TERML LTSN B EMI, (H 22 SBOESMRTA]
DL ICRE 7T B, BRI TR &) Cs/O i
AFITOGHL A

088501-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088501

0 (a) --a-- Clean
—— Cs:1/4ML
5r —— Cs:2/4ML
—— Cs:3/4ML
4 — Cs:4/4ML
Cs/0:1/4ML
—— Cs/0:2/4ML
2 3f Cs/0:3/4ML
‘ —— Cs/0:4/4ML
2 F
1t

Photon energy/eV

K7 AN Cs B E T 3 i B Al 2 P o

3.0
(b) -#- Clean
— Cs:1/4ML
2.5} — Os:2/4ML
— Cs:3/4ML
20}k — Cs:4/4ML
; Cs/0:1/4ML
— Cs/0:2/4ML
15 T, Cs/0:3/4ML

1.0

051

W\ 2 — Cs/0:4/4ML
N\

Photon energy/eV

(a) iR, (b) WHLRE

Fig. 7. Optical properties of adsorption surface models with different Cs coverages: (a) Refractive index; (b) extinction coefficient.

4 # #

25 PR, SRAELT DFT A5 — 1k 7 v,
WEFE T AS (7] 35 11 ) A1 28 1k 1T A9 Nao,KSb &
TIRERL i 5F T NaoKSb (111)K 2 1 W b B £
A A MFHFLES. ik, #E—2mMRT
A Cs BT Cs MFHELRUFN Cs/O L B
BRI e B L TR A ARG | BB A5 R
SRR G5 R, BRI Cs 5, RITDIREUL T
[ 0.02 eV, MMMz} 2/4 ML ) Cs A1 1/4 ML 1 O
J5 R V) pRELRERS T 1% 0.16 eV, 2t i Y Cs YR
SRR BRI T R Cs T, B
o3 R EIr 5 R, W S bl Cs B3 95 i
B, 1A O JEFJ5 A H b = A B K
HLfaf R R X, Cs-O ik 743 B T 7 & 4T, bl
Cs 7 5 I AN W in =2 T (AR A 25 080N, AH N 1)
T L) BRACTS Bt 2508l N SR TR Cs Xt i
FREHT TR, WERFF Cs/O T2 B LA LI I S
HE A TRAS S E L. Cs/O UURUT F T3
K Na,KSb FHITZLAMN GRS R L, (HRERS51E
SEAMRTA] DGR S R T R, LA AT I 3
IN. ARSCHIFSE TAER T it NaoKSb S BAM: e f: %
S LK R Cs/O UUA AR MUK B — 2
e =5-9"8

S2% 30k

[1] Hamamatsu Photonics K. K. https://www.hamamatsu.com/
content/dam/hamamatsu-photonics/sites/documents /99 _SALES
LIBRARY /etd/PMT _handbook vAE.pdf [2023-6-1]

[2] Trucchi D M, Melosh N A 2017 MRS Bull. 42 488

[3] Tian L P, Li L L, Wen W L, Wang X, Chen P, Lu Y, Wang
J F, Zhao W, Tian J S 2018 Acta Phys. Sin. 67 188501 (in
Chinese) [HBHHM, 253757, W3O, 2%, BRiE, FHi, TR,

27]
28]

29]

088501-8

BT, MR 2018 PFEIR 67 188501]

Maxson J, Cultrera L, Gulliford C, Bazarov 1 2015 Appl.
Phys. Lett. 106 234102

Wang Y, Mamun M A, Adderley P, et al. 2020 Phys. Rev.
Accel. Beams 23 103401

Cultrera L, Gulliford C, Bartnik A, Lee H, Bazarov I 2016
Appl. Phys Lett. 108 134105

Yang B 1989 Appl. Phys Lett. 54 2548

Rusetsky V S, Golyashov V A, Eremeev S V, et al. 2022
Phys. Rev. Lett. 129 166802

Erjavec B 1994 Vacuum 45 617

Galan L, Bates Jr C W 1981 J. Phys. D: Appl. Phys. 14 293
Dolizy P 1980 Vacuum 30 489

McCarroll W H, Paff R J, Sommer A H 1971 J. Appl. Phys.
42 569

Erjavec B 1996 Appl. Surf. Sci. 103 343

Guo T L, Gao H R 1991 Appl. Phys. Lett. 58 1757

Guo T L, Gao H R 1993 Appl. Surf. Sci. 70 355

Guo T L 1996 Thin Solid Films 281 379

Cultrera L, Karkare S, Lillard B, et al. 2013 Appl. Phys Lett.
103 103504

Cultrera L, Lee H, Bazarov I 2016 J. Vac. Sci. Technol. , B
34 011202

Ettema A R H F, Groot R A 2000 Phys. Rev. B 61 10035
Murtaza G, Ullah M, Ullah N, Rani M, et al. 2016 Bull.
Mater. Sci. 39 1581

Amador R, Safinick H D, Cocchi C 2021 J. Phys. Condens.
Matter 33 365502

Schier R, Safnick H D, Cocchi C 2022 Phys. Rev. Mater. 6
125001

Wang X C, Zhang K M, Jin M C, Ren L, Han Y F, Wang Q
L, Zhang Y J 2022 Solid State Commun. 356 114960

Wang G X, Pandey R, Moody N A, Batista E R 2017 J.
Phys. Chem. C 121 8399

Shen Y, Yang X D, Bian Y, Chen L, Tang K, Wan J G,
Zhang R, Zheng Y D, Gu S L 2018 Appl. Surf. Sci. 457 150
Xiang S M, Ni G Q 1999 The Principle of Optoelectronic
Imaging Devices (Beijing: National Defense Industry Press)
p291 (in Chinese) [[a] B, 58 1999 Sy 7 MR d 3
(Abmt: ER T T ARt 5 291 5]

Karkare S, Boulet L, Singh A, Hennig R, Bazarov I 2015
Phys. Rev. B 91 035408

Shaltaf R, Mete E, Ellialtioglu S, 2005 Phys. Rev. B T2
205415

Hogan C, Paget D, Garreau Y, Sauvage M, Onida G, Reining
L, Chiaradia P, Corradini V 2003 Phys. Rev. B 68 205313


https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/PMT_handbook_v4E.pdf
https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/PMT_handbook_v4E.pdf
https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/PMT_handbook_v4E.pdf
https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/PMT_handbook_v4E.pdf
https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/PMT_handbook_v4E.pdf
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.1557/mrs.2017.142
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.7498/aps.67.20180643
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1063/1.4922146
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1103/PhysRevAccelBeams.23.103401
https://doi.org/10.1063/1.4945091
https://doi.org/10.1063/1.4945091
https://doi.org/10.1063/1.4945091
https://doi.org/10.1063/1.4945091
https://doi.org/10.1063/1.4945091
https://doi.org/10.1063/1.4945091
https://doi.org/10.1063/1.101046
https://doi.org/10.1063/1.101046
https://doi.org/10.1063/1.101046
https://doi.org/10.1063/1.101046
https://doi.org/10.1063/1.101046
https://doi.org/10.1063/1.101046
https://doi.org/10.1063/1.101046
https://doi.org/10.1103/PhysRevLett.129.166802
https://doi.org/10.1103/PhysRevLett.129.166802
https://doi.org/10.1103/PhysRevLett.129.166802
https://doi.org/10.1103/PhysRevLett.129.166802
https://doi.org/10.1103/PhysRevLett.129.166802
https://doi.org/10.1103/PhysRevLett.129.166802
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/0042-207X(94)90263-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1016/S0042-207X(80)80012-1
https://doi.org/10.1063/1.1660065
https://doi.org/10.1063/1.1660065
https://doi.org/10.1063/1.1660065
https://doi.org/10.1063/1.1660065
https://doi.org/10.1063/1.1660065
https://doi.org/10.1063/1.1660065
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1016/S0169-4332(96)00549-1
https://doi.org/10.1063/1.105081
https://doi.org/10.1063/1.105081
https://doi.org/10.1063/1.105081
https://doi.org/10.1063/1.105081
https://doi.org/10.1063/1.105081
https://doi.org/10.1063/1.105081
https://doi.org/10.1063/1.105081
10.1016/0169-4332(93)90457-M
10.1016/0169-4332(93)90457-M
10.1016/0169-4332(93)90457-M
10.1016/0040-6090(96)08623-3
10.1016/0040-6090(96)08623-3
10.1016/0040-6090(96)08623-3
https://doi.org/10.1063/1.4820132
https://doi.org/10.1063/1.4820132
https://doi.org/10.1063/1.4820132
https://doi.org/10.1063/1.4820132
https://doi.org/10.1063/1.4820132
https://doi.org/10.1063/1.4820132
https://doi.org/10.1116/1.4936845
https://doi.org/10.1116/1.4936845
https://doi.org/10.1116/1.4936845
https://doi.org/10.1116/1.4936845
https://doi.org/10.1116/1.4936845
https://doi.org/10.1116/1.4936845
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1103/PhysRevB.61.10035
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1007/s12034-016-1300-1
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1088/1361-648X/ac0e70
https://doi.org/10.1103/PhysRevMaterials.6.125001
https://doi.org/10.1103/PhysRevMaterials.6.125001
https://doi.org/10.1103/PhysRevMaterials.6.125001
https://doi.org/10.1103/PhysRevMaterials.6.125001
https://doi.org/10.1103/PhysRevMaterials.6.125001
https://doi.org/10.1103/PhysRevMaterials.6.125001
https://doi.org/10.1016/j.ssc.2022.114960
https://doi.org/10.1016/j.ssc.2022.114960
https://doi.org/10.1016/j.ssc.2022.114960
https://doi.org/10.1016/j.ssc.2022.114960
https://doi.org/10.1016/j.ssc.2022.114960
https://doi.org/10.1016/j.ssc.2022.114960
https://doi.org/10.1016/j.ssc.2022.114960
10.1021/acs.jpcc.6b12796
10.1021/acs.jpcc.6b12796
10.1021/acs.jpcc.6b12796
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1016/j.apsusc.2018.06.272
https://doi.org/10.1103/PhysRevB.91.035408
https://doi.org/10.1103/PhysRevB.91.035408
https://doi.org/10.1103/PhysRevB.91.035408
https://doi.org/10.1103/PhysRevB.91.035408
https://doi.org/10.1103/PhysRevB.91.035408
https://doi.org/10.1103/PhysRevB.91.035408
https://doi.org/10.1103/PhysRevB.72.205415
https://doi.org/10.1103/PhysRevB.72.205415
https://doi.org/10.1103/PhysRevB.72.205415
https://doi.org/10.1103/PhysRevB.72.205415
https://doi.org/10.1103/PhysRevB.72.205415
https://doi.org/10.1103/PhysRevB.72.205415
https://doi.org/10.1103/PhysRevB.68.205313
https://doi.org/10.1103/PhysRevB.68.205313
https://doi.org/10.1103/PhysRevB.68.205313
https://doi.org/10.1103/PhysRevB.68.205313
https://doi.org/10.1103/PhysRevB.68.205313
https://doi.org/10.1103/PhysRevB.68.205313
https://doi.org/10.1103/PhysRevB.68.205313
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088501

First-principles study of Cs/O deposited Na,KSb
photocathode surface”

Wang Qi-Ming!)  Zhang Yi-Jun'’ Wang Xing-Chao?  Wang Liang?
Jin Mu-Chun?  Ren Ling?  Liu Xiao-Rong!  Qian Yun-Sheng D?
1) (School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

2) (North Night Vision Technology (Nanjing) Research Institute Co., Ltd, Nangjing 211106, China)

( Received 25 September 2023; revised manuscript received 4 February 2024 )

Abstract

NayKSb photocathodes have many applications in vacuum optoelectronic devices, such as photomultiplier
tubes, image intensifiers, and streak image tubes for high-speed detection and imaging in extremely weak light
environments, due to their advantages of high temperature resistance, small dark current, low vacuum
requirement, low fabrication cost and high fabrication flexibility. In addition, this type of photocathode has
important application prospect in high brightness accelerator photoinjectors. To guide the fabrication of high-
sensitivity Na,KSb photocathodes, Na,KSb surfaces with different surface orientations and atom terminations
are investigated by the first-principles calculation method based on the density functional theory to obtain the
most stable and most favorable surface for electron emission. From the perspectives of surface energy,
adsorption energy, and work function before and after Cs adsorption, it is revealed that the Na,KSb (111) K
surface exhibits superior surface stability and electron emission capability. Furthermore, the electronic structure
and optical properties of Cs adsorption and Cs/O co-adsorption on the Na,KSb (111) K surface under different
Cs coverages are analyzed, and the mechanism of Cs/O deposition on Na,KSb surface is studied. The
adsorption energy of Cs in the Cs/O adsorption model is much larger than that in the single Cs adsorption
model, indicating that the adsorption of O atoms on the Na,KSb surface can make the adsorption of Cs atoms
on the surface stronger, and thus increasing the adhesion of Cs atoms on the surface. After adsorption of Cs on
the Na,KSb (111)K surface, the surface work function only decreases by 0.02 eV, while the maximum work
function decrease for the Cs/O adsorbed surface is 0.16 eV, with the Cs coverage of 2/4 ML and the O coverage
of 1/4 ML. The adsorption of Cs/O atoms on the surface facilitates the charge transfer above the surface and
results in charge accumulation, which can form the effective surface dipole moment. The magnitude of the
surface dipole moment is directly related to the change of work function. Furthermore, through the analysis of
the electronic band structure and density of states, it is found that the adsorbed Cs atoms have additional
contribution to the band structure near the conduction band minimum. After the introduction of O atoms, the
valence band moves up, also the bottom of the conduction band and the top of the valence band become flat.
The Cs/O deposition is beneficial to increasing the absorption of near-infrared light on the Na,KSb surface, but
it will reduce the absorption of ultraviolet light and visible light, and the refractive index will also decrease.
This work has a certain reference significance for understanding the optimal emission surface of Na,KSb
photocathode and the mechanism of surface Cs/O deposition.

Keywords: Nay,KSb photocathode, Cs/O deposition, work function, dipole moment
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