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Introduction

,Q�SUHYLRXV�7DVN�)RUFH�PHHWLQJV�ZH�SUHVHQWHG�VLPXODWLRQ�UHVXOWV�
FRPSDULVRQ�E HWZHHQ�LQ�K RXVH� FRPPHUFLDO�VLPXODWRUV�DQG�
& DPE ULGJH�PRGHO�� / RQJ�% HDFK � �2 SWLXP� % URDGFRP� �
sun_1_0504.pdf DQG�3 RUWODQG� �5 6 RI W� �shaulov_1_0704.pdf � � �
+ HUH�ZH�SUHVHQW�UHVXOWV�RI �FRPSDULVRQ�I RU�' 0 ' �VLPXODWLRQV�I RU�
VFDOHG�DQG�QRQ�VFDOHG�LQGH[ �SURI LOHV�I URP�� � �I LE HU�VHW��E \ �XVLQJ�
5 6 RI W�FRPPHUFLDO�VLPXODWRU�� 0RGH6<6�� �DQG�2 SWLXP�LQ�K RXVH�
VLPXODWRU�RQ�RQH�VLGH�DQG�& DPE ULGJH�PRGHO�RQ�WK H�RWK HU�VLGH�
7K H�RE M HFWLYH�ZDV�WR�E HQFK PDUN�RXU�VLPXODWRUV�DJDLQVW�
& DPE ULGJH�UHVXOWV�DQG�LI �DJUHHPHQW�LV�JRRG�WK HQ�ZH�PD\ �E H�
FRQI LGHQW�LQ�XVLQJ�RXU�VLPXODWLRQ�WRROV�I RU�I XUWK HU�WDVN�UHODWHG�
VWXGLHV�VXFK �DV�ODXQFK �FRQGLWLRQV� �FRQQHFWRU�RI I VHWV� �WLPH�YDU\ LQJ�
HI I HFWV� �HWF� ��
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Outline

& RPSDULVRQ�RI �UHVXOWV�RXW�RI �2 SWLXP�LQ�K RXVH�DQG�5 6 RI W�
VLPXODWRUV� �LQ�SDUWLFXODU�SXOVH�VK DSHV�RI �I LE HU�RXWSXW�VLJQDO�
' HULYHG�SXOVH�VK DSHV�FRPSDUHG�ZLWK �WK H�RQHV�LQ�& DPE ULGJH�
PRGHO�I RU�VHOHFWHG�I LE HUV�
' 0 ' �VLPXODWLRQV�E \ �5 6 RI W��I RU�QRQ�VFDOHG�DQG�VFDOHG�LQGH[ �
SURI LOHV�DQG�FRPSDULVRQ�ZLWK �& DPE ULGJH� & RUQLQJ�UHVXOWV
' LVFXVVLRQ�RI �UHVXOWV�GLVFUHSDQFLHV�E HWZHHQ�5 6 RI W� 2 SWLXP�DQG�
& DPE ULGJH
6 HFRQG�LWHUDWLRQ�RI �' 0 ' �VLPXODWLRQ�ZLWK �VWXG\ LQJ�WK H�HI I HFW�RI �
QXPE HU�RI �PRGH�JURXSV�LQFOXGHG�LQ�VLPXODWLRQV
& RPSDULVRQ�RI �QHZ�UHVXOWV�ZLWK �& DPE ULGJH� & RUQLQJ
6 XPPDU\



,(((������DT�2 W W DZ D�6H S W H P E H U ������ � 3 DJ H ��

3 DUDPHWHUV�
� � ,QSXW�E HDP� �* DXVVLDQ�ZLWK �� � P�): + 0
� � ,QSXW�SXOVH� �* DXVVLDQ�ZLWK �� � �SV ): + 0
� � : DYHOHQJWK � �� � � � �QP
� � )LE HU�LQWHUHVWHG� �& DPE ULGJH�� � � � �� � � �DQG�� � � �

� � 2 I I VHW�FRQVLGHUHG� �� � � �� � �DQG�� � � P�
� � )LE HU�OHQJWK � �� � � P

Comparison of RSoft and Optium in-house simulators

3 XOVH�VK DSHV�RI �RXWSXW�I URP�PXOWLPRGH�I LE HUV�ZHUH�VWXGLHG�
I RU�QHZ�VFDOHG�& DPE ULGJH�LQGH[ �SURI LOHV


 � 1 RW H� � �)LE HU�QXPE HUV�� � � �� � � �DQG�� � �RXW�RI �QHZ�� � �I LE HU�VHWV�FRUUHVSRQG�
WR�I LE HU�QXPE HUV�� � � �� � � �DQG�� � � �UHVSHFWLYHO\ �LQ�� � �I LE HU�VHW�RI �& DPE ULGJH�
PRGHO�UHOHDVH�� � � �
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Fiber # 29, offset 17 m Fiber # 23, offset 17 m

Comparison of pulse shapes:  Optium vs Rsoft

9 HU\ �JRRG�DJUHHPHQW�I RU�E RWK �I LE HUV� �VDPH�DOVR�I RU�RWK HU�RI I VHW�YDOXHV

% OXH�FXUYHV� �2 SWLXP
5 HG�FXUYHV� �5 6 RI W
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% OXH�FXUYHV� �2 SWLXP
5 HG�FXUYHV� �& DPE ULGJH

Fiber #23
Offset 17 m

Fiber #29
Offset 17 m

Comparison of pulse shapes:  Optium vs Cambridge

* RRG�DJUHHPHQW�I RU�I LE HU�� � � �E XW�QRW�VR�JRRG�I RU�I LE HU�� � �
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DMD study for scaled and non-scaled index profiles – comparison of 
RSoft and Cambridge results – first iteration

� 7K UHH�I LE HU�LQGH[ �SURI LOHV�ZHUH�VWXGLHG�� I LE HUV�� � � �� � � ��DQG�� � �
� DFFRUGLQJ�WR�ODWHVW�& DPE ULGJH�UHOHDVH� �± I LUVW�QRQ�VFDOHG�DQG�WK HQ�
VFDOHG�SURI LOHV�

� )LE HU�� � � �K DV�RQO\ �DOSK D�FK DQJH� �� � � �± DOVR�VXGGHQ�HGJH�GHI HFW� �DQG�
� � � �± DOVR�FHQWHU�SHDN�DQG�H[ SRQHQWLDO�HGJH�GHI HFW

Refractive Index Test Plot

Radial Coordinate (um)

0 10 20 30 40 50

R
ef

ra
ct

iv
e 

In
de

x

1.47

1.48

1.49

1.50

1.51
Legend:

#29 non-scaled

#29 scaled

Refractive Index Test Plot

Radial Coordinate (um)

0 10 20 30 40 50

R
ef

ra
ct

iv
e 

In
de

x

1.47

1.48

1.49

1.50

1.51
Legend:

#23 non-scaled

#23 scaled



,(((������DT�2 W W DZ D�6H S W H P E H U ������ � 3 DJ H ��

Fiber # 23 – first iteration

' 0 ' �VFDOLQJ�I DFWRU�DFFRUGLQJ�WR�
& DPE ULGJH�PRGHO�� �I � �� � � � � �
5 6 RI W�VLPXODWLRQ�� ���I � �� � � � �

DMD vs radial offset

radial offset (microns)
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unscaled index 23

scaled index 23
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Fiber # 29 – first iteration

' 0 ' �VFDOLQJ�I DFWRU�DFFRUGLQJ�WR�
& DPE ULGJH�PRGHO�� �I � �� � � � � �
5 6 RI W�VLPXODWLRQ�� ���I � �� � � � �

DMD vs radial offset
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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� & DPE ULGJH�� VFDOHG�' 0 ' � �
5 6 RI W�� 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
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Preliminary Conclusions

7K H�DJUHHPHQW�E HWZHHQ�5 6 RI W�DQG�2 SWLXP�LQ�K RXVH�VLPXODWRUV�LV�
H[ FHOOHQW�
% RWK �5 6 RI W�DQG�2 SWLXP�UHVXOWV�I RU�SXOVH�VK DSHV�DUH�LQ�JRRG�DJUHHPHQW�
ZLWK �& DPE ULGJH�UHVXOWV�I RU�I LE HU�� � � � �K RZHYHU�I RU�I LE HU�� � � �WK H�
DJUHHPHQW�LV�QRW�DV�JRRG�
' 0 ' �VLPXODWLRQV�E \ �5 6 RI W�I RU�QRQ�VFDOHG� VFDOHG�LQGH[ �SURI LOHV�VK RZHG��
JRRG�DJUHHPHQW�ZLWK �& DPE ULGJH�UHVXOWV�T XDOLWDWLYHO\ �H[ FHSW�WK H�K LJK �
RI I VHW�YDOXHV�� ! �� � �XP� � �E XW�QRW�D�JRRG�T XDQWLWDWLYH�DJUHHPHQW�
7K H�GLI I HUHQFH�PD\ �E H�GXH�WR�WK H�I DFW�WK DW�WK H�& DPE ULGJH�PRGHO�WDNHV�
LQWR�DFFRXQW�RQO\ �I LUVW�� � �PRGH�JURXSV� �5 6 RI W� 2 SWLXP�PRGH�VROYHUV�
E DVHG�RQ�VROYLQJ�I RU�LQGLYLGXDO�PRGHV� �QRW�PRGH�JURXSV� �DQG�FDQ�LQ�
UHVXOW�LQFOXGH�K LJK HU�PRGH�JURXSV�DV�ZHOO�
7R�PDWFK �& DPE ULGJH�UHVXOWV�5 6 RI W� 2 SWLXP�VLPXODWLRQV�K DYH�WR�E H�
UHSHDWHG�ZLWK �WK H�QXPE HU�RI �PRGH�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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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
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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
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DMD vs # of groups
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' 0 ' �& R P S DU L V R Q �± 5 6R I W �DQ G �& R U Q L Q J � & DP E U L G J H �U H V X O W V

' 0 ' �I RU�� �VHOHFWHG�I LE HUV�FRPSXWHG�E \ �5 6 RI W�VLPXODWRU�± WRS�SORWV� �������
DQG�& DPE ULGJH�PRGHO�� - RK Q�$ E E RWW� �& RUQLQJ� �� �� � �� � � �± E RWWRP�SORWV�

DMD for fiber #23 with index scaling
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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�VK RZHG�WK DW�' 0 ' �VLPXODWLRQ�UHVXOWV�DUH�VHQVLWLYH�WR�WK H�WRWDO
QXPE HU�RI �PRGH�JURXSV�LQFOXGHG�LQ�WK H�VLPXODWLRQ� �7K DW�LV�HVSHFLDOO\ �
WUXH�DW�K LJK �UDGLDO�RI I VHWV� �DQG�WK H�I LE HU¶ V�WRWDO�' 0 ' �FDQ�FK DQJH�
VLJQLI LFDQWO\ �LI �WK H�QXPE HU�RI �PRGH�JURXSV�DUH�PRGLI LHG�E \ �HYHQ�� � � �
7K H�FXWRI I �QXPE HU�RI �� � �I RU�QXPE HU�RI �PRGH�JURXSV�LQ�WK H�& DPE ULGJH�
PRGHO�PXVW�K DYH�D�I LUP�E DVLV�E HK LQG�LW�WR�JLYH�FRQI LGHQFH�LQ�WK H PRGHO�
DSSURDFK �
5 6 RI W�VLPXODWLRQV�I RU�� �GLI I HUHQW�I LE HU�PRGHOV�I URP�� � �I LE HU�VHW�ZLWK �WK H�
QXPE HU�RI �PRGH�JURXSV�UHGXFHG�WR�� � �JDYH�YHU\ �JRRG�DJUHHPHQW�ZLWK �
& DPE ULGJH�PRGHO�± E RWK �I RU�QRQ�VFDOHG�LQGH[ �SURI LOHV�� VFDOLQJ�I DFWRUV�
DUH�ZLWK LQ�� �� � �HUURUV� �DQG�I RU�VFDOHG�LQGH[ �SURI LOHV�
)LQDOO\ � �WK H�RYHUDOO�JRRG�DJUHHPHQW�E HWZHHQ�5 6 RI W� 2 SWLXP�DQG�
& DPE ULGJH�VLPXODWLRQV�ZLOO�VWLPXODWH�XV�WR�JR�RQ�ZLWK �I XUWK HU�VLPXODWLRQ�
VWXGLHV�RI �YDULRXV�WDVN�RI �LQWHUHVW�I RU�� � � � � DT �JURXS� �


