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ABSTRACT 
Effect of carrier noise on mode-locked hybrid soliton 
pulse source (HSPS) utilizing linearly chirped 
Gaussian apodized fiber Bragg grating is 
investigated. HSPS is modeled by a time-domain 
solution of coupled-mode equations. Relative intensity 
noise (RIN) is calculated using numerical solutions of 
these equations. Although without noise near 
transform-limited pulses are generated over a wide 
frequency range, carrier noise affect the operation of 
device making the transform-limited pulses 
unobtainable over a wide frequency range and 
therefore mode-locking range reduces.   
  
1. *ø5øù  
.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 PRGH-kilitlenme 
ROD\ODUÕ DoÕNODQPÕú >�-2] fakat gürültünün mod-kilitli 
+636 �]HULQH HWNLVL LQFHOHQPHPLúWLU� 
 
%X oDOÕúPDGD� WDúÕ\ÕFÕ �FDUULHU� J�U�OW�Q�Q GR÷UXVDO

D]DODQ DGÕPOÕ �FKLUSHG� *DXVVDLQ SR]OX �DSRGL]HG�

ILEHU %UDJJ Õ]JDUD NXOODQDQ PRG NLOLWOL NDUÕúÕN VROLWRQ

GDUEH ND\QD÷Õ �+636� �]HULQH HWNLVL oLIWOL GDOJD �PRG�

GHQNOHPOHUL NXOODQÕODUDN LQFHOHQGL� %X VRQXoODUÕ

NXOODQDUDN ED÷ÕO úLGGHW J�U�OW�V� �5,1� KHVDSODQGÕ�

6LPXODV\RQ VRQXFXQGD WDúÕ\ÕFL J�U�OW�Q�Q oHYLUL-
VÕQÕUOÕ GDUEHOHULQ ROXúPDVÕQÕ HQJHOOH\HUHN� PRG-
NLOLWOHPH DUDOÕ÷ÕQÕ D]DOWWÕ÷Õ EXOXQPXúWXU�  
 
2. MODELLEME 
 

ùHNLO-� +636 VLVWHPLQLQ úHPDWLN J|U�Q�P� 
 
+636� WHN YH VWDELO PRG VD÷OD\DQ úLGGHWOL

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

iletken lazer diyot, fiber kablo ve kablonun sonunda 
belli bir böO�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� 
 
Model çiftli dalga denklemlerinin zaman domeninde 
o|]�P�QH GD\DOÕGÕU >�@� /D]HU ERúOX÷X� HúLW X]XQOXNWD

bölümOHUH D\UÕOÕU� +HU ELU ]DPDQ DUDOÕ÷ÕQGD dt=dz/vg, 
ileri F(z,t) (+z yönünde) ve geri R(z,t) (-z yönünde) 
\|QGHNL GDOJDODU WUDQVIHU PDWULVLQGHQ KHVDSODQÕU� +HU

ELU OD]HU E|OPHVLQGHNL WDúÕ\ÕFÕ \R÷XQOXN WDúÕ\ÕFÕ RUDQ

�FDUULHU UDWH� GHQNOHPOHULQGHQ KHVDSODQÕU� 
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burada I(t) HQMHNVL\RQ DNÕPÕ� V aktif tabaka hacmi, e 
elektronik yük, N(z,t) WDúÕ\ÕFÕ \R÷XQOXN� 2n WDúÕ\ÕFÕ

ömrü, G(z,t)S(z,t) çiftli dalga denklemlerinde çözülen 
X\DUWÕOPÕú IRWRQ VD\ÕVÕ YH FN WDúÕ\ÕFÕ J�U�OW�G�U�

7DúÕ\ÕFÕ J�U�OW� FN� WDúÕ\ÕFÕODUÕQ ÕúÕQÕP �UDGLDWLYH� YH

ÕúÕQÕP ROPD\DQ �QRQUDGLDWLYH� \HQLGHQ ELUOHúLPL

ROPDN �]HUH LNL W�U LúOHP VRQXFX PH\GDQD JHOLU�

,úÕQÕP \HQLGHQ ELUOHúLPL VSRQWDQH J�U�OW� LOH LOLúNLVL

ROPDVÕQD UD÷PHQ ÕúÕQÕP ROPD\DQ \HQLGHQ ELUOHúLPLQLQ
yRNWXU� %X oDOÕúPDGD� VSRQWDQH YH WDúÕ\ÕFÕ J�U�OW�

DUDVÕQGDNL oDSUD] NRUHODV\RXQXQ 5,1 �]HULQH HWNLVL

oRN D] ROGX÷X LoLQ LKPDO HGLOPLúWLU� (QMHNVL\RQ

DNÕPÕQÕQ J�U�OW�V� LKPDO HGLOLUVH� FN nin korelasyonu 
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HHU ]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� 
 
%LU OD]HULQ� \D\ÕODQ RSWLN J�F� J�U�OW� VHUJLOHGL÷L YH

bu gürültü onun stabil-KDOLQLQ HWUDIÕQGD

daOJDODQPDODUD VHEHS ROGX÷X LoLQ� RSWLN J�F�

DúD÷ÕGDNL JLEL \D]DELOLUL]� 
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burada <P>  ortalama güç ve /3�W� optik gücün 
J�U�OW�V�G�U� %LU OD]HU GL\RWXQ 5,1 GH÷HUL� úLGGHW

daOJDODQPDODUÕQÕQ NDUHVLQLQ RUWDODPDVÕQÕQ RUWDODPD

J�F�Q NDUHVLQH RUDQÕGÕU�  
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*�U�OW� V�UHoOHULQLQ GXUD÷DQ YH HUJRGLN ROGXNODUÕ

G�ú�Q�O�U� EX QHGHQOH �! VHPERO� \D W�P SDUoDODUÕQ

(bütünün) ortalamasÕQÕ \D GD ]DPDQD J|UH RUWDODPD\Õ

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

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

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

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

oDOÕúPD IUHNDQVÕ HWUDIÕQGD GDUEHJHQLúOL÷L �� SV RODQ

sech2 YH\D *DXVVLDQ úHNLOOL� oHYLUL-VÕQÕUOÕ Garbelerin 
üretilmesi gerekmektedir. 

ùHNLO-2 +636
 LQ ��� *+] GH J�U�OW�V�] oÕNÕú úLGGHWL 
 
Gürültüsüz, 2.5 GHz ana mod-NLOLWOHPH IUHNDQVÕ

HWUDIÕQGD JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD ��-3 GHz) çeviri-
VÕQÕUOÕ GDUEHOHU HOGH HGLOLU� ùHNLO � GH GDUEH JHQLúOL÷L

����� SV� VSHNWUDO JHQLúOL÷L ���� *+] YH 7%3 �����

RODQ WLSLN oÕNÕú GDUEHVL J|VWHULOPLúWLU� (÷HU WDúÕ\ÕFÕ

J�U�OW� J|] |Q�QGH WXWXOXUVD� EX GHID GDUEH JHQLúOL÷L  
 
 

ùHNLO -� +636
 LQ ��� *+] GH J�U�OW�O� oÕNÕú úLGGHWL 
 
����� SV �EN]� ùHNLO ��� VSHNWUDO JHQLúOL÷L ���� *+] YH
7%3 ����� ROXU� 6RQXoODUGDQ J|U�OG�÷� JLEL� DQD  
mod-NLOLWOHPH IUHNDQVÕQGD VLVWHPLQ oDOÕúPDVÕ

J�U�OW�GHQ HWNLOHQPHPLúWLU YH HOGH HGLOHQ VRQXoODU

uzun mesafe soliton iletim sistemleri için uygundur.  
 
ùHNLO � +636
 LQ J�U�ltülü 2.3 GHz mod-kilitleme 
IUHNDQVÕQGDNL oÕNÕú úLGGHWLQL J|VWHUPHNWHGLU� %X

IUHNDQVGD GDUEH JHQLúOL÷L ����� SV� VSHNWUDO JHQLúOLN

8.541 GHz ve TBP 0.008 dir. Darbe çeviri-VÕQÕUOÕ

ROPD\ÕS� SUDNWLN X\JXODPDODU LoLQ HOYHULúOL GH÷LOGLU�

(÷HU J�U�OW� ROPDVD� GDUEH JHQLúOL÷L ����� SV� VSHNWUDO

JHQLúOLN ���� *+] YH 7%3 ���� GLU� %X VRQXoODU
soliton iletimi için uygundur. 

ùHNLO-� +636
 LQ ��� *+] GH J�U�OW�O� oÕNÕú úLGGHWL 
 

                           ùHNLO-5 HSPS' in RIN spektrumu 
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5,1 VSHNWUXPX ùHNLO � WH YHULOPLúWLU� ùHNLOGH

J|U�OG�÷� JLEL� 5,1 ��� *+] GH ELU WHSH\H VDKLS YH

DQD IUHNDQVGD ���� *+]� GH÷HUL G�ú�NW�U� %X ROD\

oÕNÕú GDUEHVLQLQ QHGHQ ��� *+] GH N|W� ELU úHNLOGH

HWNLOHQGL÷LQL J|VWHULU� 
 
%XOXQDQ VRQXoODU WDúÕ\ÕFÕ J�U�OW�Q�Q PRG-kilitli 
HSPS' i HWNLOHGL÷LQL YH J�U�OW�Q�Q GR÷UX DQDOL]L LoLQ

OD]HUGHNL VSRQWDQH J�U�OW�Q�Q \DQÕ VÕUD EX J�U�OW�Q�Q

GH LQFHOHQPHVLQLQ JHUHNOL ROGX÷XQX J|VWHULU�  
 
6RQXo RODUDN� J�U�OW�V�] JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD

çeviri-VÕQÕUOÕ GDUEHOHU HOGH HGLOPLú IDNDW WDúÕ\FÕ J�rültü 
VLVWHPLQ oDOÕúPDVÕQÕ |]HOOLNOH G�ú�N PRG-kilitleme 
IUHNDQVÕQGD HWNLOH\HUHN oHYLUL-VÕQÕUOÕ GDUEHOHULQ

ROXúPDVÕQÕ HQJHOOHPLúWLU YH EXQGDQ GROD\Õ PRG-
NLOLWOHPH IUHNDQV DUDOÕ÷Õ D]DOPÕúWÕU� 
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