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All-Optical Switch in Coherent Medium Based on Modulation via
Rectangular Barriers

Tian Xiangchun, Tan Chaohua’

School of Physics and Electronics, Shandong Normal University, Jinan 250014, Shandong, China
Abstract On the basis of the electromagnetically induced transparency (EIT) phenomenon which occurs in three-level A-
type coherent media modulated by rectangular barriers, a theoretical scheme is proposed to achieve an all-optical switch at
a weak light level. The Maxwell-Bloch equations are derived to describe the dynamic evolution of optical pulses in the
system under the semi-classical framework. By the multi-scale method, the nonlinear Schrodinger equation (NLSE)
describing the propagation of optical pulses under the modulation of rectangular barriers is obtained. In different incident
cases, such as single optical soliton incidence, as well as symmetric and asymmetric double optical soliton incidence, this
study systematically investigates the excitation properties of propagation modes and cut-off modes in the rectangular
barrier. Moreover, it analyzes the influence of the phase of incident double optical solitons and the intensity and width of
rectangular barriers on the propagation properties of different modes in rectangular barriers. Finally, this paper proposes an
all-optical switch at a weak light level by changing the characteristic parameters of rectangular barriers and the phase of the
incident optical pulses.
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Fig. 1

Schematic of theoretical model. (a) Propagation schematic of probe field, control field, and adscititious non-resonance Stark

field in A type three energy-level atomic gas; (b) energy-level diagram and excitation scheme of A type three energy-level atomic gas
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Fig. 2 Propagation modes of soliton excited in the barrier. (a) Excitation process of single soliton incidence; (b) excitation process of

double solitons symmetric incidence
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Fig. 4 Influence of barrier intensity to excited modes. (a) Average intensity |«| of excited modes as a function of barrier intensity Vo;

(b) corresponding waveshapes of excited modes under different barrier intensities

Bl 4(b) &y 1 A [l 3 22 56 B R OB Bk v % 1 22 5 =
30 Kb (YT , X I T 1A 4 (a) 4 A4S (B AL 0 I .
EANAE s = 30 A5 48 BA7 B s 1 5 12, 3% W L AE A% %
AR RE R R AR . B 4(b) it g i T X A%
R A — A= 1] A 3] b A g 42 58 (FWHM) , BE%&
Vo (R , 30 S A5 S A 4o A X 10 2 1] Jo] 300 8 i )

e P 4 v 3 o i A i 48 i JRE o T A0 9 R A X
142 6] S 3, AR 3 48 50 B2 AN AR I, 4 48 PN AR L RE FR iR
HA R RE 25 18] J8 )R /N B i e A oA 3 2 R B AL

@

B X R RTEEAE B X S h R
Fa B AL AR AT 5 5400, 06 T 3% 4 55 13 o 08 % 48 =X 1 5% i
W AE T SCHE AT I

B 5(a) T 5% S 35 4 4 B R AR i s = 20 &b i = 3
i I A 42 5 I AR AL L S 4 R B A IR T AR 22 Ag
O TS TE | HE 28 3675 W i A AR T AR 07 2% A K m 1 1%
o B4 T A A T R 3R B ||t R
o o JE A 1
() —Ap=0 - Ap=n

A .
ede i,
4. v \,'\,"‘,'\_ A
O s VAR A
NEAY

3 55
Kl 5.0
20

=

PR 5 22 5 ok Y R A XY 52 ) AM?%‘(E*%ECE‘J?%?&TEW%B H 728 £ 5 (b)) AN [ 380 22 8 8 T 38 A 468 X i of iz ) 9 T2

Fig. 5 Influence of barrier width to excited modes. (a) Average intensity |« |Z of excited modes as a function of j3;
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