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Parameter | Symbol Value range

Tota photon number I | 107 - 2.56x10? photons
Linewidth broadening factor T 15-55cm?
Spontaneous emission rate Ry 64MHz - 720 GHz




| SSN:1813 — 1662 2013 (4) 18 «Ad pall a glell cyy <5 Alna

Stimulated emission One spontaneous
emission

/ Relaxation
/ oscillation

3 Baa Ja1 Lkl Aisaall dasall sk le (KN Sas¥) 55 g (1) JS

DWags (GHZ) —X—minimum

—o— maximum
0.5

0.4

0.3

0.2

0.1

ALY Gl Jira g 3dB die Adkl) b)) Gas i (2) JSé



I SSN:1813 — 1662

2013 (4) 18 «dé_pall o slell cy i Alaa

Dwsgg (GHZ)
100

10

1

0.1
0.01
0.001

0.0001 E X

N

x\x\x\
*‘*‘X—x-
0.00001 X

0000001 Lo v v 0 w0

M

XXX —x—x—x

—X—minimum
—o— maximum

TRIK=K =K =X —K—X =X =X =X X

0 5

10 15 20 25

Total number of photons (x10%)

Cligisill LIS sml) ga 3dB i iskl) bAY Gage s (3) Jd

Dwsgg (GHz)

1

0.1

0.01

0.001

0.0001

x—x

P

/x/x/)l(/

—X—minimum
—o— maximum

__x—X—X—X
g—x—X—x—X
—x—
—X

0.00001 : L
2

a |y (S-l)

b)) (o x5 Jalas ga 3B ie ikl Bl (e s (4) JSd

[1] T. Katsuyama Development of semiconductor
laser for optical communication sei. Technical review
No0.69,0ctober 2009

[2] Intensity Noise and linewidth of laser Diodes
with integrated semiconductor optica amplifier,
IEEE Photonics technology letters, Vol. 14, No. 12,
December 2002.

[3] A. Yariv, “Optical Electronics in Modern
Communications”, 5" edition, Oxford University
Press (NY), 1997.

[4 W. Zhang, N. Cue and K.M. Yoo, Emission
linewidth of laser action in random gain media, Opt.
Lett., Vol.20, No.9, 1995, pp.961-963.

de‘

[5] Y.Yamamoto, T. Mukai and S. Saito, Quantum
phase noise and linewidth of a semiconductor laser,
Electron. Lett., Vol.17, 1981, pp.327-328.

[6] K. Vahala and A. Yariv, Semiclassical theory
of noise in semiconductor lasers, IEEE J. Quntum
Electron., Vol.QE-19, 1983, pp.1096-1099.

[71 Z.Xu, T.Cheng, Y. Yea Y. Wang, D. Wang &
J. Liu , Simultaneous erasure and rewriting of a
subcarrier-multiplexed label in an al-optical |abel
swapping scheme ,Optics Express, Vol.18,Issue 3,
pp.1974-1980 (2010)

[8] O. Emile, D. Chauvat, A. Le Floch, and F.
Bretenaker, Temporal behavior of an unstable optical
cavity, Opt. Lett., Vol.24, No.1, 1999, pp.22-24.

> [ | <



I SSN:1813 — 1662

[9] N. Kikuchi, S. Sasaki, S. Tsuji and H.
Tsushima, Novel Phase Noise Cancellation Method
for Optical Frequency Conversion, Electron. Lett.,
Vol.28, N0.3, 1992, pp. 266-267.

[10] A. Wax, S. Bali, and JE. Thomas, Optica
phase-space distributions for low-coherence light,
Opt. Lett., Vol.24, No.17, 1999, pp.1188-1190.

[12] H. Shi, I. Nitta, A. Schober, P.J. Delfyett, G.
Alphonse and J. Connolly, Demonstration of phase
correlation  in multiwavelength  mode-locked
semiconductor diode lasers, Opt. Lett., Vol.24, No.4,
1999, pp.238-240.

[12] A. Pe’er, D. Wang, A.W. Lohmann and A.A.
Friesem, Optica correlation with totally incoherent
light, Opt. Lett., Vol.24, No.21, 1999, pp.1469-1471.

2013 (4) 18 «dé_pall o slell cy i Alaa

[13] C. Harder, K. Vahaa and A. Yariv,
Measurement of the linewidth enhancement factor in
semiconductor lasers, Appl. Phys. Lett., Vol.42, 1983,
pp.328-330.

[14] M. Hyodo, N. Onodera and K.S. Abedin,
Fourier synthesis of 9.6-GHz optical-pulse trains by
phase locking of three  continuous-wave
semiconductor lasers, Opt. Lett., Vol.24, No.5, 1999,
pp.503-505.

[15] C.H. Henry, Theory of the linewidth of the
semiconductor lasers, |[EEE J. Quntum Electron.,
Vol.QE-18, No.2, 1982, pp.259-262.

[16] R.M. Williams, JF. Kelly, J.S. Hartman and
S.W. Sharpe, Kilohertz linewidth from frequency-
stabilized mid-infrared quantum cascade lasers, Opt.
Lett., Vol.24, No.24, 1999, pp.1844-1846.

Analysis of Phase Noise Effect on the Spectral Line width of the Laser

"Diodes Used in Optical Communications Systems
Rana Osama M ehdi
Department of Applied Sciences, University of Technology
(Received: 26 /4 /2012 ---- Accepted: 16/ 9 /2012)

Abstract

In this work, analytical results for the effect of phase noise on the spectral line width of laser diodes used in
optical communications systems and the factors determining the effect of such type of noise are presented. Three
factors. spontaneous emission rate, total number of photons inside laser cavity and line width broadening factor
were considered with an explanation of their effect on the spectrum of the laser output. These results are an
attempt to achieve the optimum operation conditions and control design parameters of the transmitter in optical
communications systems.



