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AIMS OF THE WORK

Investigating impact of Non-radiative rate and OFB 
strength on the SLs dynamics,  RIN and phase

noise (FN).
Determine the optimum conditions to operate

InGaAsP/InP SLs subject to a wide range of optical 
feedback with low RIN and phase noise

Non-radiative rate significantly affects the laser dynami cs, RIN, phase noise.
Phase noise and RIN is reduced at weak and strong OFB. In the chaotic
region the phase and RIN enhanced to more than 12 and 6 order of magnitude
more than solitary and quantum noise level, respectively. Reduction in the
non-radiative recombination rate shifts the chaotic state to stable states. The
RIN and phase noise approaches the quantum noise level.
Authors suggest that:  operating semiconductor lase rs with low non-radiative

recombination rate with weak or strong OFB improve their instability.
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Technology of optical communications 
changed the world as small village

Communication helps us to get closer one to 
the other and exchange information

� In near future “local-area-communication network” i s
planned to be driven to each home. 
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Long wavelength SLs such as 
InGaAsP/InP are the most 

applicable light sources
In this work we concern with 
OFB in the transmitter side, 
specifically in semiconductor 

lasers

The laser itself has intrinsic 
fluctuation, which is seen on the 

output power. The power fluctuates 
about its dc-value

Critical limitation to Optical Fiber Communications
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In the laboratory of optical 
communication in Kanazawa 

University in Japan, we succeeded to 
develop and establish a versatile 

time delay model to analyze 
operations of SLs under an arbitrary 

amount of OFB.
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Modified Rate Equations Including Noise Sources
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Bifurcation diagrams of a SL under OFB when I/Ith0=2.0
Under very weak OFB
stationary solution bifurcates first into a stable 
limiting cycle characterizing PO
The HB point is moved to lower values of the 
OFB strength Kex by increasing τnr

Under strong OFB
the laser stability is improved and moves 

toward stable operations with stable output

RIN under weak OFB higher than 
quantum noise level 

In Chaotic region RIN is
enhanced six orders higher than 

quantum noise level. 
Under very strong OFB and at 
lower values of non-radiative

recombination rate  is 
suppressed approximately to 

the quantum noise level

Changing non-radiative recombination rate
changes the rout-to-chaos of the laser from SH type
to PD type depending on its value.

Phase noise (FN) under weak OFB 
near to FN of Solitary laser

In Chaotic regions FN is 
enhanced more than 12 th orders 

of magnitude of Solitary FN
approximately. 

Under very strong OFB and at 
lower values of non-radiative

recombination rate  FN is 
suppressed approximately to fifth 
order of magnitude lower than the 

Solitary laser FN


