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T here is a strong need for analog optical communication systems- In these systems, one of the

key elements that determine the total system perform ance is optical source linearity . Direct

modulation of semiconductor laser diodes is the simplest and most economical solution but linearity

of the laser diode is often not sufficient for many applications. T his is esN d ally the case for next

generation mobile systems, which require much higher carn er frequencies. Consequently , it is of

significant impor tance to understm d the causes for nonlinearity in laser diodes and to come up with

ways of suppressing it . In this paper , we present an accurate method for analyzing signal

distortions due to laser diode nonlinearity. In addition, we investigate the iMecum locking technique

that can be used for suppressing laser diode nonlinearity .

Intrinsic dynamic nonlinearity in a laser diode is caused by the interaction between carn ers a d

photons in laser cavity . T his cm be analyzed based on the rate equations-
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For the nonlinear distor tion analysis, we used the perturbation method in which a sinusoidal input

curTent of small magnitude w ith modulation * eqtJUIcy is assumed, M d output photon density a d

cam er densi- have their harmonic responses varying around the mem values.
For analyzing second harmonic distort ions after fiber * ansmission, the E- field can be expressed

as shown below in Eq. (2) that fully considers laser diode dynamics. V alues for both magnitude a d

phase indices can be obtained from the perturbation m alysis- In order to model the influence of
fiber dispersion, the fiber * and - function È ï = e/¤r ¤»*¤D¤L¹ is used.
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Exper iments are performed in order to verify the accuracy of OW model for a fixed link length

(4Okm) w ith vary ing modulat ion frequencies and at a fixed modulation frequency (4GHz) for varying

fiber lengths. Fig. 1 shows measured fundamental signals and second harmonic diston ions-

Calculated result s with ow model are shown in solid Unes- Good agreement w ith the measured

results can be seen. For comparison, cd o nated results with previously reported models are shown
in dashed - and dotted lines (4) res* cUve- -
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nonlinear distortions(5), (6). Optical iMecum locking occurs when external light from Maser Laser

N L ) is injected into Slave L aser (SL ) and then, the SL cha ad en sUcs a e con¤ d led by the ML.

For inj ection locking, the frequency difference between ML a d SL m d imecum power rat io a e

import ant parameters. When locking occurs, the relaxation oscillation frequency of the SL increases-

Since the nonlinear distortions are more pronounced as the modulation frequency approaches the
relaxation osci llation frequency, the iMecum - locked laser with the increased relaxation oscillation

frequency suffer s less from nonline- distort ions. However, the m ount of d stort- n suppressmn can

be influenced by the locking conditions such as iMecum1 wavelength. Our investigation is aimed at

understanding this dependence a d determ ining the optimal locking condition.

In order to de- - nine the dependence of distortion suppression on inj a Oon wavelength, the

amounts of IMD2 (second order intermodulation distor tion) suppression are measured at var ious

injection wavelengths that are w ithin the stable locking range. T he SL is modulated with 2.8 GHz
and 2.9 GHz RF signals, a d the modulation power is adj usted to the free- running (no optical

inja non) modulation power . Fig. 2 shows the experimental results.
T o investigate this result , the laser frequency responses according to the optical imecum

wavelengths are simulated. With the per turbation method, the frequency responses after light

injection are calculated [5] . A t small frequency denn ing, the relaxation oscillation frequency

increases very much with small damping. However, at lu ge frequency detuning, the relaxation

oscillation frequency does not increase much. Instead, damping is very lu ge. Such frequency

response changes influence the m4D2 suppression and we believe that the fundamental signal power

change is the most impor tant factor . T hen, to investigate the effect s of modulated signal power

change to the distortion suppression, the mtD2 suppression simulation consider ing these effect s is

also done. When the fundamental signal power is adjusted as w as done in the expenment, the mm 2

suppression character4st ics are good agreement with the experimental result s. AH the detailed

procedures a d the simulation results w ill be presented at the meeting.
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