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Abstract: Generalized gradient approximation projector augmented wave method based on first-principle
in the frame of density functional theory (DFT) were put forward. The slab model of GaAs (110) crystal
plane was adapted for calculating adsorption system on basis of the optimization of bulk GaAs structure.
Three types of adsorption system including specific adsorption sites, total binding energy, and adsorption
electronic structure were taken fully into account with adsorbate quantity of @=0.5 monolayer (ML) sole
Cs, ©=0.5 ML sole O, and ©®=1.0 ML Cs, O, respectively. The comparison results of calculated total
binding energy and projected maps of electron density show that when adsorbates of Cs, O reach to @@=
1.0 ML, they don’t form local domain of competitive chemical adsorption, while they form a compound
uniformity phase of cooperative chemical adsorption. Considering electronic dipole correction in the
calculation, the work function of the three adsorption systems were 4.423 eV, 5.749 eV, 4.377 eV, the
method and mechanism for improving and maintaining photoemission characteristics in GaAs photocathode
preparing technology were further obtained.
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Fig.1 GaAs primary cell, black ones are As atoms, grey ones are

Ga atoms
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Fig.2 Optimization of GaAs lattice constant
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Fig.3 Model of GaAs surface(110) (black ones are As atoms, grey

ones are Ga atoms)
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Fig.4 Three adsorption systems(Black ones are As atoms, grey
ones are Ga atoms, (a) reference to ®=0.5 ML Cs; so as
to (b) considering O adsorption; (c), (d), (e) assuming

©O=1 ML Cs,0 co-adsorption, respectively)
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Tab.1 Three adsorption systems and total energy

Adsorption

Adsorption structure quantity/ML Energy/eV
Csl(reference to Fig.4(a)) 0=0.5 —42.856 00
Cs2 (reference to Fig.4(a)) 0=0.5 —42.890 64

O1 or O2 (reference to Fig.4(b)) ®=0.5 —45.470 05
Cs & O (reference to Fig.4(c)) f=1 —-48.862 49
Cs & O (reference to Fig.4(d)) A=1 —49.136 50
Cs & O (reference to Fig.4(e)) =1 -48.821 69
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Fig.5 Projected maps of electronics density of three adsorption systems

KR Sehght; 24Cs, O MIF k%] O=1 ML if,0 ¥
b F“Top™fii ,Cs 4 F O BT , LAY /D 2 1 i F2 47 ok
(1) Ga YRS, X 55 A 3 T Bt 75 b 3¢ 1 J A fF
1 GaAs(110)2 [ W B I £ 22/ Ga (1484
Ry, i Z Wik & AR m O 4L T Ga
F1 Cs PG> F 67 M 55 9 J5 7 b TR e 2 LU AR5 3, A
FITREIC N RGc e, WIMAGREME, B 5
(38T, R85 53R 1 Eq+Eo<2Ec.0, 1 GaAs JGHL ]
Wil & B H, Cs, O JTEAE GaAs(110)3 M M4k
P BRE T ELIE TR B SR B B [ e Ak 2 g B A =
T 48 ) 1) 5 e PR Al W R
3.2 3 MR RS S

GaAs Jt: A BRI I A8 B 28087 9 v B AR, FE
Z T LLRE TR WU R ) G e R g g 2 R A B Cos
O JFAERMMMIZNFEm T, REMNY) LS H
Tl B T2 AR L BB SR D) R T BE B RIS TR £
R, A 5E Cs O W B A9 2 SO AN AE TAF 98 Cs O
W Je Cs . O HIEEZ Al By B mi/E ], BE EE 2
JECs O W X5 oy ok ER () 52 e, FT A 1) 3 e g B 455 784
W A A AE 2 GaAs 't L B AR il £ o 78 v e A3 LAY 25
SCHY 3 A Oy =2 43 i M Cs ) & TS L Cs
AR O R & 1 S AR UE “yo—yo BT , 3 Fh
B 2 48 NN 2 T B A0 L S )2 1 3 T H A e AR
& 6 Fros , B 6(a) . (b) . ()R I ek £ o3 ] 2
4.423 eV 5.749V 4.377eV, HILE H , W Cs O
() 2 R A B A, AU B O My Bl R B K, L )55
— AN E T 2% Sk [9-10] 1 Cs A9 0% f = 2
L TE LR T A% | B AR 3R 10 D) eR B/ 5 1t O
I Cs Jit 5025 by o B, DR I BT 22 3R T A8

Local potential Local potential

3 8
6_(a) 6_(b)
al Vacuum al o Vacuum
2t /,Ei_/—___‘\ 2 [—_—___\____‘w
ob [\ or
5l V Fermi level _oby g | Fermi level
s -4 % -af
5] K
6 6
_g s/
10 -10
—12] -12
—14l -14
1% -16

Z direction Z direction

0821001-4



oGk T

www.irla.cn

% 45 %

Local potential

©
Vacuum

Cs,0

i

V Fermi level

Z direction

6 3 Fii b 5 Ge T R Bk

Fig.6 Work function of three adsorption systems
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