LY gl dakail e pud) e Alagl 3l gl
i sl

gDl il 4y 3 98
i
) J& b dhaa

S d5aa daal 2

Laliiual)

b 5S Aaals 3Ll racatll 53 Aoyl e Sla pall ol )l Sa
Jamay Jasi il 5 4601 duaidia b jpadll 4 guall GLIYI YLl alai il
Lisame 0588 el Adlall (panaill Ao o 1Y) AGED 8 Cillaos €0 Jl )
o anll e GV i e Jand 15 () 3l 2350 5 Aal
or ALals Al jo Al o8 (i jat s A0 gl LYY VL) alas ool 3eliS
2220 436 US g de juall e @lia sall oluil ) 5all a8l panaill (ailad
[en g £0 510 LM (pacal ¥ aee die 43 suall GV YL alas &
) Dlanilly (8 9 yrall 40 ST il JLEY) (panal (23 gad aladinly @lld g 4l
4l gl Qi NRZ il (N2 gai ¥ Al Gliaiil) 5 RZ jaall 3 a3
oy pedl bhde (e 38 )5l ()l (el pailiad ey (S sle
Jishal Llall 3 sasd) A3y 45 gacall LIV Ui olal api oy LeS | (o) o il
LAY lagie Jlad ouill) il sl ualal g 4 aall Gyl
allai el Cpea (e (3aa o LS A guall GLIYT IS W5 50 i 4 guall
ol Jaadll agala) Asuldl) A geall CaWIY) Jlasuy dai A geall Calldy)

il Ay e e dal ) QA s

Yi\‘Q\Mq\q})ﬂgaaﬂ\@w\u@f,Qih\)ﬂ\@‘ma)@ahéj
e\.b.\uj‘\_ﬂj 9.9 x 10720 cm?2d) Ssall sl Jalae 30b 0 ¥ oa s
'\Y\/c_\.\JuM\MU\AMU\uAA_\Jh\AA;\~¢c)muLdY\L_1YL44\
) Aadll 28 2la ¥ Lin (NRZ s RZ (il )LL\UAJS@J.UA\A_A
Gob) b Al b Cullas £ dew die Jia L VYA 0,
Jaxi Al 4 guall QLY ks 3l LS sl e (NRZ 5 RZ Gsanalll
O sl dagts GV sl e W) aadl alud Al 6 cullas V0 de o die



@bl s 889, 5V, 0T a8 cadilldaging K VA EA gAY, 00 o
vie Jaxd Al 4 saall GV ok a Wl ¢ sl e (NRZ 5 RZ Gsanal
VLYY 5 Y00 ad il i) Ja J) gl eda ol A0l 8 cylilags £ Ao
il dad JiE oy Leie 5 (M 5ill e «(NRZ 5 RZ (el (s ] (3 oS
45 ) k) baill sl o gall GUY 4 16.75 ps/nmikm e
dtall pe daa gell ds)HY) Q) 4 gl LY Al & S ps/nm/km
G aS 4,06 5 VA LGN Jshl eI aall 8 saly ) Gaaad caill
b AL 13¢] Gkt anlss s sl Lo (RZ 5 NRZ Opeadl (5L
s VL) i s sl dal e o aag a8 Ay jal) A0 gl Sl
Lo oS (S5 dpulal)l LYY & Wi (e Gl il af 4 el coalias
o <l Aal ) die sady Al jall oda J8 Laiy il jdiall dad J s (S
i Ceadinl M 1 (RZ (paadl jUa) 8 el (&8 duny jiuall dad
DBl Al Lo 7 genall il da ) el Baaa GlENe apad & Al Al
Gd Al A geall GYLAY) alad A ey Jaay ) 2gaa 80308 Al e

LelSlase




Performance of high speed laser diodes in optical
fiber communication systems

Fwoziah Thabat Albeladi

Supervised By

Dr. Moustafa Farghal Ahmed
Dr. Ahmed Hamood Ali Bakry

Abstract

Directly modulated high-speed semiconductor lasers are of great interest for low-cost
40-Gbps short reach fiber communication systems. However, the high-speed
modulation is associated with a large shift of the lasing frequency (chirp), which
works with fiber dispersion to limit the fiber system performance. In this thesis, the
modulation characteristics of high-speed lasers under 10 and 40 Gbps modulations are
introduced, and their performance in fiber communication systems is quantified. The
study includes the return to zero (RZ) and non-return to zero (NRZ) patterns of the
pseudorandom modulation bits. The modulation characteristics of the laser include the
eye diagram and the frequency chirp. The performance of the fiber system is assessed
by the fiber length limitation by both the fiber attenuation and dispersion.
Improvement of the fiber system performance by replacing standard single-mode
fibers by non-zero dispersion-shifted fibers is examined.

The obtained results indicate that the modulation bandwidth of the laser
increases to a value as high as 24.2 GHz when the differential gain is increased to
9.9x10?cm?. Under 10-Gbps modulation, the transient chirp is ~ 62.7 GHz and is
independent of the bit pattern. The chirp increases to 65.1 and 72.8 GHz under 40-
Gbps modulation for the RZ and NRZ patterns, respectively. In the 10-Gbps fiber
system, the fiber length is limited by the fiber attenuation to 81.51 and 78.48 km and
by the dispersion to 17.06 and 9.30 km under the RZ and NRZ patterns, respectively.
In the 40-Gbps fiber system, these fiber lengths decrease more to 2.51 and 1.37 km
under the RZ and NRZ patterns, respectively. When the dispersion parameter is
reduced from 16.75 to 4.5 ps/nm/km in non-zero dispersion-shifted fibers, the fiber
length increases to 9.14 and 4.78 km under the RZ and NRZ patterns, respectively,
which correspond to short-reach transmission networks. The power penalty associated
with the variation of the fiber dispersion is too much enhanced around zero
dispersion. This power penalty drops too much apart from the vicinity of the zero
dispersion. The RZ-pattern induces power penalty higher than the NRZ pattern. New
dispersion tolerances were explored for 1-dB power penalty of the RZ and NRZ fiber
communication systems.



