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Abstract; In order to solve the three problems of terahertz optical asymmetric demultiplexer-cross
phase modulation effect based all-optical exclusive-OR gate, which are that the strict demand of
synchronization; cannot be applied in the situation of not return to zero signal input; the speed of
exclusive-OR operation is limited by carrier recovery speed of semiconductor optical amplifier. An
all-optical exclusive-OR gate was proposed which utilizes the structure of terahertz optical
asymmetric demultiplexer and is based on four wave mixing effect, because of based on four wave
mixing, this exclusive-OR gate can radically solve the mentioned three problems of terahertz
optical asymmetric demultiplexer-cross phase modulation based exclusive-OR gate. This paper
illustrates the principle of this exclusive-OR gate through theoretic analyse, and realizes the
exclusive-OR operation for the input of 40 Gbps, return to zero signal; 80 Gbps, return to zero
signal; 10 Gbps, not return to zero signal. The Q factor and bit error rate of exclusive-OR
operation for above three kinds of input are 11. 7, 2.4X10 ";8,1.1X10'°;22, 1.3X10 "
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And then, we analyse the influence on the quality of exclusive-OR output signal which is
generated by change of parameter of main elements of terahertz optical asymmetric demultiplexer
and temperature and dispersion effect. The feasibility and effectiveness of this exclusive-OR gate
for solving the three problems of terahertz optical asymmetric demultiplexer-cross phase
modulation based all-optical exclusive-OR gate are verified by theoretic analyse and simulation.

All-optical

Semiconductor optical amplifier; Four wave mixing

Key words: exclusive-OR gate; Terahertz optical asymmetric demultiplexer;
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Fig. 2 Schematic diagram of the simulation of all-optical XOR gate based on TOAD-FWM



1034 T

55 A 5155 B RA#EER 40 Gbps, di %5 [ 2H
0.3 1y th Rl AL m 3 bk op 5 5 b E 2L ok a8 2
(CW laser,) 5i#E 2263 648 3(CW laser,) i H .0
PR 1554 nm, B OGP ¥ B0 14 dBm. % 2;
JEWOEER 1 & IO Aot R e R HRIOE Kb
LR R 1550 nm. FHET %K 10 dBm. CW
MHG3E 5 Coupler, J5 43 W #& i A TOAD ¥, H
HON 3 g RSN S A E S HA
ZEMA ST SOA(SOA HyFE AR R 0. 3A, L F 2
W SHINER 1 iR, ES NGS5 E 50 A %
SOA Hr & A DU TR A %N S 77 A2 1 TR Gid o A
(idle)) AN SOA A5 il 4y t5 J5 A 10 75 BF v 4% 2 4% i
SRJG M Coupler, 1y 4 3 I 4 fH 2 % T304 ik
A A AR A . R B Coupler, S 248 IR AL H
St TOAD 84 %%, Coupler, 5 Coupler, #93 H
X e B 0 5-3,6-4,7-1,8-2. UL A Gidle) 3% 33
% Coupler, 6 3 ;[ {55 B 5% 24D B
T FWM 74 (IR A (BGdle) ) 4% % Coupler, Y 5
Ui . #E Coupler, [ 7 %y 15 & (& B B8 P 8 1, 3L
FU K 1 558 nm, 47 75 0. 8 nm, EDFA 3% 25 4
20 dB,BPF, 5 BPF, #[F]. iX Bk H EDFA B R
hy VU TR AT AR A N BPE, it 106 B 38 AR /0N [
WG EDFA #EAT AR, AT 28 It B 43 R 1, BPE,
AL RN ES A 5ES B RS2Bai R &
BPF, [y# i s 73 51l 1% 357 I 4% 5 R 11 43 A SOk W 4%
SeElcd R S IR IE(E 3.
x1 SOAXEYES=

Table 1 The mainly physical characteristics of SOA
Active length 0.000 6 m
Width 4e-007 m
Height 4e-007 m
Active area 1.6e-013 m*
Optical confinement factor 360 000 000 1/s
Recombination coefficient A 0. 45
Recombination coefficient B 5.6e-016 m’/s
Recombination coefficient C 3e-041 m’/s
Group velocity 750 000 00 m/s
Temperature 300 K
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Fig. 3 Waveform of signal A, signal B and XOR output
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Fig. 4 Eye diagram of output of the all-optical XOR gate
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Fig. 5 Waveform of signal A, signal B and XOR output
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Fig. 6 Eye diagram of output of the all-optical XOR gate
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Fig. 7 Waveform of signal A, signal B and XOR output

6.00E-009

9m

7m

Sm

Amplitude/(a.u.)

3m

Im

0 0.5 1.0
Time/period

B8 £tRAMNAHETRA
Fig. 8 Eye diagram of output of the all-optical XOR gate
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Fig. 9 Curve of influence on the Q factor of XOR output
generated by coupling coefficient of coupler
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Fig. 10  Curve of influence on the Q factor of XOR output
generated by injection current of SOA
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Fig. 11 Curve of influence on the Q factor of XOR output
generated by duty cycle of signals
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Fig. 12 Curve of influence on the Q factor of XOR output
generated by polarization azimuth of idle light
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