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Abstract: The numerical model of the linear optical amplifier (LOA) is built based on the rate equations. The gain
clamping characteristics of LOA are simulated. By combining the transmission matrix of the symmetrical, Mach-
Zehnder interferometer (MZI), the all-optical XOR model of LOA-MZI has been constracted, and two XOR operations
are realized at 40 Gbit/s. The performance of the XOR result has been analyzed and compared with the semiconductor
optical amplifier (SOA)-MZI. The result differences of the two XOR gates are explained from the structural property.
The theoretical results indicate that, LOA has a flat gain characteristic and improved tolerance against small signal
distortions, the carrier recovery time is shorted by the vertical laser field, and all-optical XOR functionality can been
achieved by using LOA-MZI. By using the differential phase scheme the high-speed operation limitation by the carrier
recovery time is solved, and better results can be achieved by choosing the delay time properly. The output signals of
LOA-MZI have opener eye diagram, higher extinction ratio, lower peak chirp and lower sensitivity to wavelength.
Key words: information optics; linear optical amplifier (LOA); Mach-Zehnder interferometer (MZI); all-optical
logic XOR gate; difference phase scheme
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Fig.1 Structure diagram for all-optical logic XOR gate
based on symmetrical LOA-MZI
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phase scheme
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Table 1 Typical parameters of LOA

Symbol Value Explanation

L /pm 500 Active region length

w/pm 1 Active region width

d/pm 0.2 Active region thickness

di/pm 4 Effective cavity length of the VCL
a/pm™' 2.5X1073 Material loss
No/ pm™  0.9X10° Carrier density at transparency

r 0.3 Confinement factor

a/pm’  2.5X107° Material gain constant
n/ pm™? 7.4 Gain spectrum coefficient 1
Y2/ pm™*  31.55 Gain spectrum coefficient 2

ky / pm? 3X1078 Material gain constant

A/ns™! 0.1 Nonradiative recombination coefficient

B /(um®/ns) 2.5X1078
C /(pm®/ns) 9.4X107*
B 1074
vg/(pm/ns) 7.5X10*

Bimolecular recombination coefficient
Auger recombination coefficient
Spontaneous emission coupling coefficient

Group velocity
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Fig.4 Gain and carrier density of SOA and LOA
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Fig. 6 XOR operation using LOA-MZI and differential

phase scheme
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