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ABSTRACT 
Noise of hybrid soliton pulse source (HSPS) utilizing 
linearly chirped Gaussian apodized fiber Bragg 
grating is described by using coupled mode-equations 
including spontaneous emission noise. Relative 
intensity noise (RIN) is calculated using numerical 
solution of these equations. It is found that although 
without noise transform-limited pulses are generated 
over a wide frequency range, spontaneous noise 
affects the operation of device especially at the 
fundamental mode-locking frequency and therefore 
transform-limited pulses are not generated over a 
wide frequency range. 
 
1. *ø5øù 
,úÕ÷ÕQ NXDQWXP WDELDWÕQGDQ GROD\Õ OD]HU GL\RWODU

|]�QGH J�U�OW�O� FLKD]ODUGÕU� /D]HU� GDOJDODQPDODUÕ

LKPDO HGLOHQ VDELW ELU DNÕPOD ELDVODQVD ELOH� \DUÕ

LOHWNHQ ODVHU� oÕNÕúÕQÕQ úLGGHWLQGH YH ID]ÕQGD

dalgalanmalar gösterecektir. Spontane emisyon ve 
shot gürültü olarak bilinen elektron-oyuk yeniden 
ELUOHúLPL LNL WHPHO J�U�OW� PHNDQL]PDVÕGÕU� 6SRQWDQH

HPLV\RQ� J�U�OW�Q�Q HVDV ND\QD÷ÕGÕU YH J|QGHULOHQ

RSWLN úLGGHWLQ YH HPLV\RQ IUHNDQVÕQÕQ KHU LNLVLQL GH

HWNLOHU� 6SRQWDQH HPLV\RQ� úLGGHW �E�\�NO�N� YH ID]Õ 
UDVJHOH ELU úHNLOGH HWNLOH\HUHN RQODUGD GDOJDODQPDODUD
VHEHS ROXU� %X GDOJDODQPDODU GD VLVWHPL HWNLOHGL÷L LoLQ

RQODUÕQ E�\�NO�÷�Q� GLNNDWH DOPDN |QHPOLGLU�  
 
.DUÕúÕN VROLWRQ GDUEH ND\QD÷Õ �+636�� VROLWRQ LOHWLP

VLVWHPL LoLQ JHOLúWLULOPLú ELU D\JÕWGÕU� %X W�U GÕú

ERúOXNOX OD]HUOHULQ� PRG�ODV\RQ YH PRG-kilitlenme 
ROD\ODUÕ DoÕNODQPÕú >�-2] fakat gürültünün mod-kilitli 
+636 �]HULQH HWNLVL LQFHOHQPHPLúWLU� 
 
%X oDOÕúPDGD� VSRQWDQH �VSRQWDQHRXV� J�U�OW�Q�Q

GR÷UXVDO D]DODQ DGÕPOÕ �FKLUSHG� *DXVVLDQ SR]OX
(apodizeG� ILEHU %UDJJ Õ]JDUD NXOODQDQ PRG NLOLWOL

HSPS üzerine etkisi çiftli dalga (mod) denklemleri 
NXOODQÕODUDN LQFHOHQGL� %X VRQXoODUÕ NXOODQDUDN ED÷ÕO

úLGGHW J�U�OW�V� �5,1� KHVDSODQGÕ� 5,1 VSHFWUXPXQGD�

DQD IUHNDQVWD ELU J�U�OW� WHSHVL ROXúPXú YH WHSHQLQ

bulXQGX÷X IUHNDQVGD J�U�OW� VLVWHPLQ oDOÕúPDVÕQÕ

etkileyerek çeviri-VÕQÕUOÕ GDUEHOHULQ ROXúPDVÕQÕ

HQJHOOHPLúWLU� 
 

2. MODELLEME 
+636� WHN YH VWDELO PRG VD÷OD\DQ úLGGHWOL

geribeslemeli bir sistemdir [3]  ve temel olarak üç 
E|O�PGHQ ROXúPDNWDGÕU �EN]� ùHNLO ��� %LU çoklu-
NXYDQWXP GXYDUOÕ �04:� 0XOWL-4XDQWXP :HOO� \DUÕ

iletken lazer diyot, fiber kablo ve kablonun sonunda 
EHOOL ELU E|O�PGH ROXúWXUXOPXú %UDJJ \DQVÕWÕFÕ�

'L\RWXQ ELU \�]H\LQLQ \DQVÕPDVÕ \�NVHN �+5�� GL÷HUL
LVH oRN G�ú�NW�U �$5�� dÕNÕú úLGGHWL \DQVÕWÕFÕGDQ

DOÕQÕU� 
 

 
              ùHNLO-� +636 VLVWHPLQLQ úHPDWLN J|U�Q�P� 
 
 
Model çiftli dalga denklemlerinin zaman domeninde 
o|]�P�QH GD\DOÕGÕU >�@� 'R÷UXVDO D]DODQ DGÕPOÕ ILEHU

J|EH÷LQLQ NÕUÕOPD LQGLVLQLQ LOHUOHPH \|Q�Q�Q

DúD÷ÕGDNL JLEL GH÷LúWL÷LQL YDUVD\DOÕP  
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%X HúLWOLNWH n ]¶H ED÷ÕPOÕ GH÷LúHQ NÕUÕOPD LQGLVL� nco 
ILEHULQ GH÷LúLPH X÷UDPDGDQ |QFHNL NÕUÕOPD LQGLVL

����� RODUDN DOÕQDELOLU�� ûQco LQGLV GH÷LúLPLQLQ JHQOL÷L

(ûQco <<nco ), m modülayon dizini ve� Õ]JDUD DGÕPÕ

�WHNUDUODPD VÕNOÕ÷Õ� GÕU� 
 
Çiftli dalga denklemlerini kullanarak ve ileri yöndeki 
dalga E+(t,z) (+z yönünde) ve geri yöndeki dalga 
EØ(z,t) (-z yönünde) DUDVÕQGDNL NDYUDPD �FRXSOLQJ�

DúD÷ÕGDNL JLEL \D]ÕODELOLU 
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Burada, gnet ND\ÕS YHULPGHQ oÕNDUWÕOGÕ÷Õ ]DPDQ

lazerdeki net dalga verimi ve � ileri ve geri yöndeki 
GDOJD DUDVÕQGDNL NDYUDPD IDNW|U�G�U� / genel yD\ÕOÕP
sabitinin ��� JHUoHN NÕVPÕQÕQ %UDJJ \D\ÕOÕP VDELWLQGHQ

VDSPDVÕGÕU )( δββ += o . sf ve sr ise ileri ve geri 
\|QGHNL GDOJDODUD ED÷OÕ VSRQWDQH J�U�OW�G�U� %XQODUÕQ

E�\�NO�÷� D\QÕ YDUVD\ÕOÕU >�@� \DQL� 
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6SRQWDQH HPLV\RQXQ *DXVVLDQ GD÷ÕOÕPD VDKLS ROGX÷X

YH NRUHODV\RQX VD÷ODGÕ÷Õ YDUVD\ÕOÕU�  
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Burada, lsp LBNR /2= VSRQWDQH HPLV\RQD NDWNÕGD

bulunan birim uzunluktaki elektron-oyuk yeniden 
ELUOHúLPLGLU� B ÕúÕQÕP \HQLGHQ ELUOHúPH NDWVD\ÕVÕ� Ll 
OD]HU NÕVPÕQÕQ X]XQOÕ÷X� N WDúÕ\ÕFÕ \R÷XQOXN� �sp 
spontane kavrama faktörü ve vg ÕúÕ÷ÕQ R\XN LoLQGHNL
JUXS KÕ]ÕGÕU� 
 
/D]HU ERúOX÷X� HúLW X]XQOXNWD E|O�POHUH D\UÕOÕU� +HU

ELU ]DPDQ DUDOÕ÷ÕQGD dt=dz/vg, E+(z,t) ve EØ(z,t) 
WUDQVIHU PDWULVLQGHQ KHVDSODQÕU� +HU ELU OD]HU

E|OPHVLQGHNL WDúÕ\ÕFÕ \R÷XQOXN WDúÕ\ÕFÕ RUDQ �FDUULHU

rate) denklemOHULQGHQ KHVDSODQÕU� 
 
+HU ]DPDQ DUDOÕ÷ÕQGD \HQL DODQ �ILHOG� GH÷HUL

KHVDSODQÕU YH VÕQÕU úDUWODUÕ X\JXODQÕU� %X LúOHP VWDELO

mod-NLOLWOL GDUEHOHU HOGH HGLOLQFH\H NDGDU WHNUDUODQÕU� 
 
5,1 oÕNÕú úLGGHWLQGHNL GDOJDODQPDODU RODUDN

DGODQGÕUÕOÕU YH DúD÷ÕGDNL JLEL \D]ÕOÕU 
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burada <S> ortalama güç ve û6�I� belirlenen bir 
frekansda, ûI EDQW JHQLúOL÷LQGHNL J�U�OW�Q�Q VSHNWUDO

\R÷XQOX÷XGXU�  
 
 
3. SONUÇLAR 
6LPXODV\RQGD� GDOJDER\X ���� �P� PRG-kilitleme 
IUHNDQVÕ ��� *+]� OD]HU YH Õ]JDUD X]XQOXNODUÕ ��� �P

YH � FP DOÕQPÕúWÕU� 8\JXODQDQ GF YH UI DNÕPODUÕ � P$

YH �� P$ GLU� .XOODQÕODQ GL÷HU OD]HU SDUDPHWUHOHUL

ise; kazanç doyma parametresi 2x10-17 cm3, 

diferansiyel kazanç 10x10-16 cm2, spontane kavrama 
faktörü 5x10-5, alan kavrama faktörü 0.8, AR 
NDSODPDVÕQÕQ \DQVÕPDVÕ ����� +5 NDSODPDVÕQÕQ LVH ���

GXU� +DSVHGLOPH IDNW|U� ���� ND\ÕS �� FP
-1

YH WDúÕ\ÕFÕ

ömrü 0.8 ns dir.  
 
%LOLQGL÷L JLEL� JHOHQHNVHO PRG-kilitli sistemlerin 
PRG�ODV\RQ IUDNDQVÕ GL]D\Q IUHNDQVLQGDQ IDUNOÕ 
olunca, mod-kilitleme kurulamaz. HSPS'in dogru 
mod-NLOLWOHPHOL ROXS ROPDGÕ÷ÕQD NDUDU YHUPHN LoLQ�

VSHNWUXP JHQLúOL÷L� oÕNÕú GDUEHOHULQLQ JHQLúOL÷L YH
zaman-EDQGJHQLúOL÷L �7%3� oDUSÕPÕ LQFHOHQLU� %X

oDOÕúPDGD ]DPDQ-EDQGJHQLúOL÷L oDUSÕPÕ ��� LOH ���

DUDVÕQGDGÕU� 6ROLWRQ GDUEH �UHWLPL LoLQ ����� *+]

oDOÕúPD IUHNDQVÕ HWUDIÕQGD GDUEHJHQLúOL÷L �� SV RODQ

sech2 YH\D *DXVVLDQ úHNLOOL� oHYLUL-VÕQÕUOÕ GDUEHOHULQ

üretilmesi gerekmektedir. 
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                         ùHNLO-2  Sabit gürültüde oÕNÕú úLGGHWL 
 
(÷HU ��� *+] PRG-kilitli frekans için spontane 
HPLV\RQ RUDQÕ VDELW LVH� EX VRQXo GDUEH JHQLúOL÷LQL

����� SV �EN]� ùHNLO ��� VSHNWUDO JHQLúOL÷L ���� *+] YH

TBP 0.394 gösterir. Fakat spontane emisyon rasgele 
ELU V�UHoWLU YH EL] \DOQÕ] RUWDODPD GH÷HULQ QH ROGX÷XQX

ELOLUL]� %X UDVJHOHOLN J�U�OW�\� DUWÕUÕU YH EX GXUXPGD

GDUEHJHQLúOL÷L ����� SV �EN]� ùHNLO ��� VSHNWUDO
JHQLúOLN ���� *+] YH 7%3 ����� GLU� +HU LNL

durumdada mod-NLOLWOHPH VÕQÕUÕ �-� *+] DUDVÕ

EXOXQPXúWXU� *�U�OW� GDKD GD DUWÕQFD GDUEH JHQLúOL÷L

����� SV� 7%3 ����� YH VSHNWUDO JHQLúOLN ����� *+]  

0

1

2

3

4

5

6

0 100 200 300 400

Zaman (ps)

d
ÕN
,ú

ú
LG
G
H
WL
�P

:
�

ùHNLO-� 5DVJHOH J�U�OW�GH oÕNÕú úLGGHWL 
 



ROXU� 6RQXoODUGDQ J|]OHQLOGL÷L JLEL G�ú�N J�U�OW�

VLVWHPLQ oDOÕúPDVÕQÕ HWNLOHPHPHNWH� IDNat yüksek 
J�U�OW�� VLVWHPL HWNLOH\HUHN� GDUEHJHQLúOL÷LQLQ

GDUDOPDVÕQD YH\D \RN ROPDVÕQD VHEHS ROPDNWDGÕU�

Elde edilen bu sonuçlar ise soliton iletim sistemi için 
X\JXQ GH÷LOGLU� 
 

ùHNLO � WH J|U�OG�÷� JLEL 5,1 VSHNWUXPXQGD� ��� *+]

de bir gürültü tepesinin ROXúPDVÕ RSWLNDO UHVRQDQVÕ

gösterir. Bu frekans sistemin yüksek gürültü seviyesi 
ROXS� EL]H GDUEHJHQLúOL÷LQLQ GDUDOPDVÕQÕQ YH\D \RN
ROPDVÕQÕQ QHGHQ EX IUHNDQVGD ROGX÷XQX DoÕNODU�  
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ùHNLO-4  HSPS'in RIN spektrumu 
 

6RQXo RODUDN� VSRQWDQH J�U�OW�� GH÷HUL N�o�N LVH

VLWHPLQ oDOÕúPDVÕQÕ oRN ID]OD HWNLOHPHPHNWH IDNDW

J�U�OW� DUWDUVD� UHVRQDQV IUHNDQVGD 5,1 GH÷HUL GH

artarak çeviri-VÕQÕUOÕ GDUEHOHULQ ROXúPDVÕQÕ

engellemektedir.   
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