EEE ey

EEFRIK

KM X RO T PR D 5

EEE IS B
"R IR MBS TR BB, M BT 6505005
EMITE R AMA R FE AR ALRE, mf BY 6505005
R R T R RS R e R S S M E M E AR E, mi B 650500

WE FTEHENESYEEREEBETEIENEZS R, T 5 BS80S0 WAL, NES 05 T8
2 OB =2 BB I B0 T IR FR B0 TR T2 B0 DL A R AR O ) R AR . RS R R R MOk T
W Wi 22 B Bk T2 0 1) b R AR O R 1) R 10 AN ECR G, HLXOE T W I 2R B RE 25 2 B0 15 I B K I LR i i
K LA s BT WS R B3R A S 5% O 41 6 100 O 4 0 T2 4 A0k 5% o S0 TR A0 M AR Ak L 2 A St e D B O 1) TR R 1 O
T B X - IR 3R e O L B A S % 88 A, WO R s/ T A i O T 5 O A O 1] — B A B B, b
IRBIEFE A K BB TG SR R T — e IR S

K@ AR BORT IR Bk ETFEEG AR R

FESES 0437 XHtERER A doi: 10.3788/A0S202242.0419001

Theoretical Study on Layer-Dependent Two Photon Absorption in
Black Phosphorus

Luo Xueqin', Feng Xiaobo"* "

' School of Physics and Electronic Information, Yunnan Normal University, Kunming, Yunnan 650500, China ;
! Yunnan Key Laboratory of Opto-Electronic Information Technology, Yunnan Normal University,
Kunming, Yunnan 650500, China;

* Key Laboratory of Advanced Technique & Preparation for Renewable Energy Materials,

Ministry of Education, Yunnan Normal University, Kunming, Yunnan 650500, China

Abstract The number of atomic layers is an important parameter for wide band tunability of physical properties of
black phosphorus. We theoretically investigate the two photon absorption coefficient in monolayer, bilayer, and
trilayer black phosphorus and its dependence on the atomic layer number and polarization direction of the incident
light based on the 5-hopping parameter continuous approximate model. The results show that the order of
magnitude of the two-photon absorption coefficient of black phosphorus in armchair direction is 10 orders of
magnitude larger than that in zigzag direction. The two-photon absorption coefficient of black phosphorus increases
with the increase of the number of layers and the absorption peak has a red shift. Moreover, the two-photon
absorption coefficient changes periodically with the polarization angle of the incident light as a cosine function. And
the two-photon absorption coefficients of black phosphorus are the maximum when the polarization direction of the
incident light is along the armchair direction, and the absorption coefficients decrease with the increase of the
incidence angle. When the polarization direction is consistent with the zigzag direction, the absorption coefficient is
smallest. This study provides a reliable theoretical guidance for the use of black phosphorus in photoelectric devices.
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Fig. 1 Crystal structure diagram of black phosphorus. (a) Side view of monolayer black phosphorus;

(b) top view of monolayer black phosphorus; (c¢) side view of trilayer black phosphorus
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Fig. 2 Energy band structure of black phosphorus and variation in band gap width with number of layers. (a) Monolayer black
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