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Introduction

,Q�SUHYLRXV�7DVN�) RUFH�P HHWLQJV�ZH�SUHVHQWHG�VLP XODWLRQ�UHVXOWV�
FRP SDULVRQ�EHWZHHQ�LQ�KRXVH�FRP P HUFLDO�VLP XODWRUV�DQG�
&DP EULGJH�P RGHO�� / RQJ�%HDFK��2 SWLXP �%URDGFRP ��
sun_1_0504.pdf DQG�3RUWODQG��56RIW��shaulov_1_0704.pdf � ��

+HUH�ZH�SUHVHQW�UHVXOWV�RI�FRP SDULVRQ�IRU�' 0 ' �VLP XODWLRQV�IRU�
VFDOHG�DQG�QRQ�VFDOHG�LQGH[ �SURILOHV�IURP �� � � ILEHU�VHW��E\ �XVLQJ�
56RIW�FRP P HUFLDO�VLP XODWRU��0 RGH6<6Œ� �DQG�2 SWLXP �LQ�KRXVH�
VLP XODWRU�RQ�RQH�VLGH�DQG�&DP EULGJH�P RGHO�RQ�WKH�RWKHU�VLGH�

7KH�REMHFWLYH�ZDV�WR�EHQFKP DUN�RXU�VLP XODWRUV�DJDLQVW�
&DP EULGJH�UHVXOWV�DQG�LI�DJUHHP HQW�LV�JRRG�WKHQ�ZH�P D\ �EH�
FRQILGHQW�LQ�XVLQJ�RXU�VLP XODWLRQ�WRROV�IRU�IXUWKHU�WDVN�UHODWHG�
VWXGLHV�VXFK�DV�ODXQFK�FRQGLWLRQV��FRQQHFWRU�RIIVHWV��WLP H�YDU\ LQJ�
HIIHFWV��HWF���
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Outline

&RP SDULVRQ�RI�UHVXOWV�RXW�RI�2 SWLXP �LQ�KRXVH�DQG�56RIW�
VLP XODWRUV��LQ�SDUWLFXODU�SXOVH�VKDSHV�RI�ILEHU�RXWSXW�VLJQDO�

' HULYHG�SXOVH�VKDSHV�FRP SDUHG�ZLWK�WKH�RQHV�LQ�&DP EULGJH�
P RGHO�IRU�VHOHFWHG�ILEHUV�

' 0 ' �VLP XODWLRQV�E\ �56RIW��IRU�QRQ�VFDOHG�DQG�VFDOHG�LQGH[ �
SURILOHV�DQG�FRP SDULVRQ�ZLWK�&DP EULGJH�&RUQLQJ�UHVXOWV

' LVFXVVLRQ�RI�UHVXOWV�GLVFUHSDQFLHV�EHWZHHQ�56RIW�2 SWLXP �DQG�
&DP EULGJH

6HFRQG�LWHUDWLRQ�RI�' 0 ' �VLP XODWLRQ�ZLWK�VWXG\ LQJ�WKH�HIIHFW�RI�
QXP EHU�RI�P RGH�JURXSV�LQFOXGHG�LQ�VLP XODWLRQV

&RP SDULVRQ�RI�QHZ �UHVXOWV�ZLWK�&DP EULGJH�&RUQLQJ

6XP P DU\
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3DUDP HWHUV�
� � ,QSXW�EHDP ��* DXVVLDQ�ZLWK�� � P �) : +0

� � ,QSXW�SXOVH��* DXVVLDQ�ZLWK�� � �SV) : +0
� � : DYHOHQJWK��� � � � �QP

� � ) LEHU�LQWHUHVWHG��&DP EULGJH�� � � ��� � � �DQG�� � � �

� � 2 IIVHW�FRQVLGHUHG��� � ��� � �DQG�� � � P �
� � ) LEHU�OHQJWK��� � � P

Comparison of RSoft and Optium in-house simulators

3XOVH�VKDSHV�RI�RXWSXW�IURP �P XOWLP RGH�ILEHUV�ZHUH�VWXGLHG�
IRU�QHZ�VFDOHG�&DP EULGJH�LQGH[ �SURILOHV


 �1RWH�� �) LEHU�QXP EHUV�� � ��� � ��DQG�� � �RXW�RI�QHZ�� � � ILEHU�VHWV�FRUUHVSRQG�

WR�ILEHU�QXP EHUV�� � ��� � ��DQG�� � ��UHVSHFWLYHO\ �LQ�� � � ILEHU�VHW�RI�&DP EULGJH�
P RGHO�UHOHDVH�� �� �
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Fiber # 29, offset 17 m Fiber # 23, offset 17 m

Comparison of pulse shapes:  Optium vs Rsoft

9HU\ �JRRG�DJUHHP HQW�IRU�ERWK�ILEHUV��VDP H�DOVR�IRU�RWKHU�RIIVHW�YDOXHV

%OXH�FXUYHV��2 SWLXP
5HG�FXUYHV��56RIW
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%OXH�FXUYHV��2 SWLXP
5HG�FXUYHV��&DP EULGJH

Fiber #23
Offset 17 m

Fiber #29
Offset 17 m

Comparison of pulse shapes:  Optium vs Cambridge

* RRG�DJUHHP HQW�IRU�ILEHU�� � � �EXW�QRW�VR�JRRG�IRU�ILEHU�� � �



, ( ( ( �� � � �� DT�2 WWDZ D�6HSWHP EHU�� � � � �� 3DJH��

DMD study for scaled and non-scaled index profiles – comparison of 
RSoft and Cambridge results – first iteration

‡ 7KUHH�ILEHU�LQGH[ �SURILOHV�ZHUH�VWXGLHG�� ILEHUV�� � ��� � ���DQG�� � �
�DFFRUGLQJ�WR�ODWHVW�&DP EULGJH�UHOHDVH� �± ILUVW�QRQ�VFDOHG�DQG�WKHQ�
VFDOHG�SURILOHV�

‡ ) LEHU�� � � �KDV�RQO\ �DOSKD�FKDQJH��� � � �± DOVR�VXGGHQ�HGJH�GHIHFW��DQG�
� � � �± DOVR�FHQWHU�SHDN�DQG�H[ SRQHQWLDO�HGJH�GHIHFW

Refractive Index Test Plot
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Refractive Index Test Plot
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Fiber # 23 ± first iteration

' 0 ' �VFDOLQJ�IDFWRU�DFFRUGLQJ�WR�

&DP EULGJH�P RGHO�� �I� �� �� � � �
56RIW�VLP XODWLRQ�� ���I� �� �� � �

DMD vs radial offset

radial offset (microns)
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Legend:

unscaled index 23

scaled index 23
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Fiber # 29 ± first iteration

' 0 ' �VFDOLQJ�IDFWRU�DFFRUGLQJ�WR�

&DP EULGJH�P RGHO�� �I� �� �� � � �

56RIW�VLP XODWLRQ�� ���I� �� �� � �

DMD vs radial offset

radial offset (microns)
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unscaled index 29

scaled index 29
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*  See John Abbott’s presentation at telecon 7/28/2004

&RUQLQJ�&DP EULGJH��VFDOHG�' 0 ' � �
56RIW��QRQ�VFDOHG�' 0 ' �

DMD results comparison ± first iteration

DMD vs radial offset - Fiber 23

radial offset (microns)
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DMD vs radial offset - Fiber 29

radial offset (microns)
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Preliminary Conclusions

7KH�DJUHHP HQW�EHWZHHQ�56RIW�DQG�2 SWLXP �LQ�KRXVH�VLP XODWRUV�LV�
H[ FHOOHQW�

%RWK�56RIW�DQG�2 SWLXP �UHVXOWV�IRU�SXOVH�VKDSHV�DUH�LQ�JRRG�DJUHHP HQW�
ZLWK�&DP EULGJH�UHVXOWV�IRU�ILEHU�� � � ��KRZHYHU�IRU�ILEHU�� � � �WKH�
DJUHHP HQW�LV�QRW�DV�JRRG�

' 0 ' �VLP XODWLRQV�E\ �56RIW�IRU�QRQ�VFDOHG�VFDOHG�LQGH[ �SURILOHV�VKRZHG��
JRRG�DJUHHP HQW�ZLWK�&DP EULGJH�UHVXOWV�TXDOLWDWLYHO\ �H[ FHSW�WKH�KLJK�
RIIVHW�YDOXHV�� ! �� � �XP � ��EXW�QRW�D�JRRG�TXDQWLWDWLYH�DJUHHP HQW�

7KH�GLIIHUHQFH�P D\ �EH�GXH�WR�WKH�IDFW�WKDW�WKH�&DP EULGJH�P RGHO�WDNHV�
LQWR�DFFRXQW�RQO\ �ILUVW�� � �P RGH�JURXSV��56RIW�2 SWLXP �P RGH�VROYHUV�
EDVHG�RQ�VROYLQJ�IRU�LQGLYLGXDO�P RGHV��QRW�P RGH�JURXSV��DQG�FDQ�LQ�
UHVXOW�LQFOXGH�KLJKHU�P RGH�JURXSV�DV�ZHOO�

7R�P DWFK�&DP EULGJH�UHVXOWV�56RIW�2 SWLXP �VLP XODWLRQV�KDYH�WR�EH�
UHSHDWHG�ZLWK�WKH�QXP EHU�RI�P RGH�JURXSV�FRQWUROOHG�
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Fiber # 23 ± second iteration, with 18 mode groups

• Plot on the left shows DMD for different number of mode groups included. 
• At 18 mode groups the scaling factor is 

– RSoft  f = 2.7944
– Cambridge  f = 2.7054 

• Plot on the right shows DMD for non- and scaled indexes (for 18 groups)
• DMD of scaled index profile is 1.66 ns/km, nonscaled – 0.72 ns/km (factor 2.53)

DMD for fiber # 23 with and w/o scaling
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Legend:

# non-scaled

# scaled

DMD vs # of groups
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Fiber # 29 ± second iteration, with 18 mode groups

· Plot on the left shows DMD for different number of mode groups included. 

· At 18 mode groups the scaling factor is 

± RSoft  f = 0.842
± Cambridge  f = 0.779 

· Plot on the right shows DMD for non- and scaled indexes (for 18 groups)
· DMD of scaled index profile is 2.18 ns/km, nonscaled ± 2.57 ns/km (factor 0.85)

DMD for fiber #29 with and w/o scaling
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DMD vs # of groups

radial offset (microns)

0 10 20 30

m
ea

n 
D

M
D

 (
ps

/m
)

0

1

2

3

4

5

6
Legend:

# groups=17

# groups=18

# groups=19

# groups=20



, ( ( ( �� � � �� DT�2 WWDZ D�6HSWHP EHU�� � � � �� 3DJH�� �

Fiber # 36

· Plot on the left shows DMD for different number of mode groups included. 

· At 18 mode groups the scaling factor is 
± RSoft  f = 0.7601

± Cambridge  f = 0.7248 

· Plot on the right shows DMD for non- and scaled indexes (for 18 groups)
· DMD of scaled index profile is 1.88 ns/km, nonscaled ± 2.63 ns/km (factor 0.716)

DMD for fiber #36 with and w/o scaling

radial offset (microns)
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DMD vs # of groups

radial offset (microns)
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' 0 ' �&RP SDULVRQ�± 5 6RIW�DQG�&RUQLQJ � &DP EULGJH�UHVXOWV

' 0 ' �IRU�� �VHOHFWHG�ILEHUV�FRP SXWHG�E\ �56RIW�VLP XODWRU�± WRS�SORWV��������
DQG�&DP EULGJH�P RGHO�� -RKQ�$EERWW��&RUQLQJ��� � � � � � � � �± ERWWRP �SORWV�

DMD for fiber #23 with index scaling

radial offset (microns)
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DMD for fiber #29 with index scaling
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DMD for fiber #36 with index scaling
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Summary

: H�VKRZHG�WKDW�' 0 ' �VLP XODWLRQ�UHVXOWV�DUH�VHQVLWLYH�WR�WKH�WRWDO
QXP EHU�RI�P RGH�JURXSV�LQFOXGHG�LQ�WKH�VLP XODWLRQ��7KDW�LV�HVSHFLDOO\ �
WUXH�DW�KLJK�UDGLDO�RIIVHWV��DQG�WKH�ILEHU¶V�WRWDO�' 0 ' �FDQ�FKDQJH�
VLJQLILFDQWO\ �LI�WKH�QXP EHU�RI�P RGH�JURXSV�DUH�P RGLILHG�E\ �HYHQ�“ � ��
7KH�FXWRII�QXP EHU�RI�� � �IRU�QXP EHU�RI�P RGH�JURXSV�LQ�WKH�&DP EULGJH�
P RGHO�P XVW�KDYH�D�ILUP �EDVLV�EHKLQG�LW�WR�JLYH�FRQILGHQFH�LQ�WKHP RGHO�
DSSURDFK�

56RIW�VLP XODWLRQV�IRU�� �GLIIHUHQW�ILEHU�P RGHOV�IURP �� � � ILEHU�VHW�ZLWK�WKH�
QXP EHU�RI�P RGH�JURXSV�UHGXFHG�WR�� � �JDYH�YHU\ �JRRG�DJUHHP HQW�ZLWK�
&DP EULGJH�P RGHO�± ERWK�IRU�QRQ�VFDOHG�LQGH[ �SURILOHV��VFDOLQJ�IDFWRUV�
DUH�ZLWKLQ�� � � � �HUURUV� �DQG�IRU�VFDOHG�LQGH[ �SURILOHV�

) LQDOO\ ��WKH�RYHUDOO�JRRG�DJUHHP HQW�EHWZHHQ�56RIW�2 SWLXP �DQG�
&DP EULGJH�VLP XODWLRQV�ZLOO�VWLP XODWH�XV�WR�JR�RQ�ZLWK�IXUWKHU�VLP XODWLRQ�
VWXGLHV�RI�YDULRXV�WDVN�RI�LQWHUHVW�IRU�� � � �� DT�JURXS��


