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All Optical AND Gate by Utilizing Fiber Optical Parametric Amplifier
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Abstract The all optical AND logical operation using the wavelength conversion in the fiber optical parametric
amplifier (FOPA) is completed. The logical relation between idler output and two input optical waves in the FOPA is
proved through the principle of wavelength conversion and the phase match condition for four types of code word in
two input optical waves. By solving nonlinear coupled equations numerically utilizing Runge-Kutta method, the all
optical AND logical relation between output and two input optical waves in the FOPA is verified numerically, then the
output power of idler in this all optical AND logic gate influenced by fiber length, the power ratio of two input optical
waves and the values of two input wavelengths is investigated. These results are conducive to the optimized design of
all optical AND logic gate in practice. The selection for the width of input optical pulse in 100Gbit/s all optical AND
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logical operation is discussed.
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Table 1 Value of some parameters when a and b transmit different code words

Wavelength conversion

Code in a Code in b NS AB o Input power in b Output power in ¢
efficiency
0 0 2yP., ‘ AR ‘ >0 smaller smaller smaller
0 1 2y(Py, +Py) ‘ AR ‘ >0 smaller larger smaller
1 0 2yP., AR A0 larger smaller smaller
1 1 2vP. AB: =0 larger larger largest

3 MiER S0
3.1 &5y mERIE

A R (D) ~ O IR MER A g, o 715
o G I A oy 8 B T R AR R 06 R AT RLKE () 5
AT FRZH (1) ~ (3 F FH e ks — P 1 1k L 4ok HL K
o . HARAGE T /ME 5 RIS E . B g
A5 Y FOPA A 78 4 K X ¢ St ik i i 2
oo vk IRV R T RMEA BN NI T
BB, Kt FOPA v 58 86 2 500 718 4k %o i A i
ISR, BEAE St I 0 5 1T By PERE
EUERMES T ERA (D ~COR TS B S H
B 2wt SRR S, T LAAS Y a R b i 4 A D) R
e s 1Y) S 20 A I TA] A AR AR OE &R

D5 EEEFIT 300 m & HFERECH 0. 61 dB/km,
FEWP KN 1554 nm JELPERECH 17 km 'w !

100
80
40
20

0

The input power
of SI/mW
=
(=)

§ 10

8
o B
2 E 6
3
g5 4
2 o2
& 0]
g

2-

2=
g5 E
8 o
3%
P 0-
=
=

-150 -100 -50 0 50 100 150
Time /ps
(a) L=300 m

() HNL-DSF #J ) FOPA.a #1 b Wi i A Y60k S1
OS2, LA L E B MR 20 Gb/s, W] T=
50 ps. {7 2 B B B 1 — 125 ~125 ps, @R 5T
BF IR P AT o ST ORI S2 H 30 176 Bif 11 068 (i T R
4331 100 mW 5 10 mW, 3l K43 31k 1558. 5 n

11552 nm, HI“17 G E] £ ﬁ#ﬁJF%zJiE’J{ﬁﬁ/%B
v L, Ho A 98 (FWHM) ¥R Tewaw =
12 ps, 5T BFIa] Py S1 FI S2 #5747 /9 B4 43 1 0
“100017F1“010117, MIE 2Ca) A H1. 24 S1 Fil S2 Ky
Stk ob 17 A H ) B B R, o S B W (E Th R R
2.46 mW, e K FHA LA T iR, st A
ATRUA R L 1B ORI B0 B 807, T
o e B I B TAE B o “000017 il AR da =

dy »dy FRTH"EZHITHXR, HMMSER
A5 BT BE S 3 500 m, 7] LSS E 2(b) R

5 100
gg &
S E 60
2 @
g o 40
v © 9
<]
a2 0
g 10
£z 8
ZE 6
2 &
g9 ¢
2 2
&= 0
;]
6-
2 &
5 E 44
N
3% 2-
g -
= 0

-150 -100 -50 0 50 100 150
Time /ps
(b) L=500 m

P 2 SBER I A ) I D 55 10 A4 A A s R i o i 1 445 2R

Fig. 2 Simulation results of input and output in all optical AND gate when selected different length of fiber
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Fig. 5 Simulation results of input and output in all optical AND gate when the pulse width varies
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