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2.1   ������������������������ 

[1] ITU-T G.650 (2000), Definition and test methods for the relevant parameters of 

single-mode fibres. 
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2.2   ���������������������������� 

?`ITU-T567
89'¤�	f567\
�^$�M��bJ#Ñ� 

[2] ITU-T G.663 (2000), Application related aspects of optical amplifier devices and sub-

systems. 

[3] ITU-T G.691(2000), Optical interfaces for  single-channel STM-64, STM-256 and other 

SDH systems with optical amplifiers. 

[4] ITU-T G.692(1998), Optical interfaces for multichannel  systems with optical amplifiers. 
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5.4.1  �'12.�'12.�'12.�'12. 
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λc�λcc µ� λcj  
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¢�X��w 

1) 56 λc"�1600 nmwj�I=z?{�'λc xj1� 1350 nmG 

2) 56 λcc¨1�* 1530 nm� 

�2 � ��� !"#1550 nm$%&'()��� WDM����*+#(1550 nm-x)	�����,-���
 ./ x nm� 
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£¤?²]^
Ôû), ùÐA λc ���
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	^¥ê�. 2)C�ÐAλcc
£¤?'xT¦§λc nµ�� 1600 nm� 
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R�� ����e�7��sTU	����>� 	�c� 
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	��\� 

u � #�3���	¿ÀZ�Á�Â� �#���	ª;	 ���vw� .s<L%�WDMZ[E*
+��	���	�s �Ã�ÄÅÆ>��¥�<����(��Ç�È���*+��)	ÉÊ(Ë�¿À
Z�	Â� ¶¿ÀÌÊ¶*+��¶�ÉÊ©Ã�ÄÅÍÎÏ·	ÐÑ	��Ò�:ÓR	Ã�ÄÅÉÊ� 

�DWDM	1550 nm#�
o!'ITU-T G.652ÔÕ
ðñ­Ë1'nµÌÍ9âÎÏ�ª«'ðñô

õ���=zÐ¯%&� 

5.10   FGLMFGLMFGLMFGLM 

M�
ÔÕ8� ãÝ1
	�
�âã
Jöxj^À>¹XT�(�ITU-T G.650[1])w 

( ) ( )( ) ( )155015502/ 1550
2

15501550 −λ+−λ+τ=λτ DS  

¹\w τ1550 �	λ=1500 nm �
b�	�
�ðñö¯D(λ)=dτ/dλ  n·ÃÈ
À>¹X@Aw 

( ) ( ) 15501550 1550 DSD +−λ=λ  

¹\'S1550 �	1550 nm âã1
(ô=)ðñÑï, È0� S1550 (λ)=dD/dλ 	 λ=1550 nm1
��$

)'D1550 ���	 λ=1550 nm1
ðñ�� 

�1 � τ(λ) � D(λ) 	7�ÔÕ# 1500-1600 nm ���Ö×:6Ø¦§	�Ç�ÙÚÛÜÝ���1310 Þß� 

�2 � àá���â�®Lªã¿ÀZ���v�äå½æâ�#7�²³´��,-�ç®Æτ(λ)®LèB
<¿ÀZ��|§3S1550 � D1550� 

5.11   ��NO�P�QR��NO�P�QR��NO�P�QR��NO�P�QR 

��IIn�7=z�fÒÓ(KDD)�¨"æç"á�âã !ÔÕ(CSF)²Ô^
ÔÕ�÷øù
ú

¼� 

6     ���������������� 

ª*Q5w²n�
ÔÕ
4·"Ô5Ö�4Õ��Mû�U
À�'fwWn�aÔûHyãÝ


+,Ö�h`IJ
B]56� 
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��a��8��ÖJ�`
'W	��¢�
øù\�2� 

6.1   STLMSTLMSTLMSTLM 

	1500-1600 nmâã#��
=zy×zâã1eÐA7üýö¯
¨"��ÔøÕ¡ûüýö¯�

�x��Q7w\ÐA
�� 

� � r{ éê�ëìíî¶�c�å�ï��·�
	ï��v$ðIIPñ	�#1550 nmÞßEòó< 
0.15 - 0.19 dB/km 	 � 

6.2   UV�FGLMUV�FGLMUV�FGLMUV�FGLM 

�I¹'
ØÖï()ÙÚ
ö�n¨³¹1
PMDö¯�$��æÛ� 

��²I
�e¾¿J�PMD
`¯�|`�'MûÔÕþ�×ðñxV��÷LÜ$��zÔÕÐ

A�`¯Ýa·Ôû�[\÷��X
�J¢óIJ��÷ÐX
ÝNn	µ?Þ��÷�
¢�n	

IEC 61282-3[IV.1]\Þ�'(	��III\ßà� 

HyáxÔ^PMD�J�÷�PMDQ'��!*MÔû»
ÐA
n{�J�IJÔøÕ¡û
PMD

ö¯
�÷1{��T1{���"
n{�sâQAÓ'QU
�IJPMDö¯���PMDQ 
n{

����	Q7w\n�
M"Q�'PMDQ ��x��Q7wÐA
¨1PMDö¯� 

	�÷"ã¦äA��Mû"MûÔÕ
PMDö¯�d
Jö}�
£¤?'�MûÔÕ
MN¿ª

^�åMMûÔÕ
�÷��.ª}l��7K�=&Jö'Cæ4û¦nµIê�/ÐA�MûÔÕ


¨1PMD�� 

�PMDö¯�
{Hnµ§ç*Æ���°è�d"âã°�´�
ÃÈ	�
(DGD)
�÷´N


{H�.ªÔøÕ¡û}ÐA7PMDö¯È4'CæÈnµ@ADGD´N
Æ�{H�DGDÈ4{H


ÝN"�n	��I\Þ�� 

7   ��WX��WX��WX��WX 

�1é¿7®­f56ê�
1NÔÕAâ
56�� 

G.654.A�ðñ !�×ÔøÕ¡û
Lf¼A�T¼A�^�ITU-T G.691[3]"ITU-T G.692[4]\	

1550 nmâã#��
ö�� 
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XXXX1/G.654YYYYG.654.A��Z[\]��Z[\]��Z[\]��Z[\] 

���������������� 

����    ���� ����    ���� ���� 

�� 1550 nm 

ôõ �Ö 9.5-10.5 µm 'ö®U 

«÷ ø0.7 µm 

ôõ  125 µm 
�ù®U 

«÷ ø1 µm 

'ö�ú¨û÷ rR  0.8 µm 

�ù�ü¨ rR  2.0% 

�
���� rR  1530 nm 

TU 37.5 mm 

>� 100 tu�� 

# 1550 nmÞß	rR  0.50 dB 

ýy�þ rs  0.69 GPa 

D1550max 20 ps/(nm·km) 
¿ÀZ� 

S1550max 0.070 ps/(nm2·km) 

��
�c PMDZ� rR  Ps/√km(�) 

�	���	���	���	�� 

��  
�.Z� 

# 1500 nm Þß	rR  0.22 dB/km 

M 20 ç�
 

Q 0.01% PMDZ� 

PMDQ	rR  0.5 ps/√km 

� � vw���3	�
��ò��3_�
PMDQ ,����b	

�3����
�c	yz	rR
PMDZ������
PMDQ 	
��9� 

 

�� � �� I 

^_��"L`NO�ab^_��"L`NO�ab^_��"L`NO�ab^_��"L`NO�ab 

 

=zIJ��¤�¾¿=A¯N
ÔøÕ¡û
J�HyãÝ�HyãÝ
B]`¯	f567Q5

w"Q6wn��IJ��
+,Ì¯_ë�ÝÍO��ÔÕãÝ
�{'$)�`ÍOIJ�÷N� 

HyãÝ�ÔøÕ¡û
+,Ö�?I=A
éïÈ4'.ª`�´¨lì
�÷'��|`ÍOK

&éïÈ4�íîfw\?£4z"w
���e`ï�B]Ì¯
�÷�¬� 
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��Ö���=Lªð
À�'$�ñÔøÕ¡û�ú.J��òJ2"DEÆ
À��KLªð�

	f567\ÐA�*7Q÷��Ö��'	?�\sR7ÔøÕ¡û

���ö��÷²|`
ÔÕ

Ì¯
Q÷¢�L�MN�5×y��ÍOsR� 

I.1   STSTSTST 

��
üýAG?¹n�w 

yxLA cs α+α+α=  

¹\w 

 α 	��\ÔøÕ¡û

�üýö¯G 

  αs óôJ�æçG 

  x 	��\J�
¯êG 

  αc ��òJ2
óôæçG 

  y 	��\��òJ2(.ªEI
Æ)
¯êG 

  L ��ãÝG 

xjÈô�j
ÔûõÝnWXÔûôö
´�(�ÉJ��÷�
ÔûãÝ�ø��x�ùÝ´�

Æ)�1¹�¾¿�úòJ2
æç�I.5\nµÞ�ÔøÕ¡ûüýö¯

���	�÷+�ö��²

Ô^
üýµ�\'xTÍOKLÌ¯
�÷´�� 

I.2   FGFGFGFG 

µps/nm ��
ðñ{·HyãÝ
ðñö¯÷��X'÷��ûA�aãÝü��Jö'(�jÍ

OKLö¯
ýR(�Q5.10w)� 

jKLÔÕ^�	1550 nmâã#�+,�'¤�Ô^ZL¸¹
ðñþ��	K&£¤?'�÷�

`^�óô��ðñ�	1550 nm���M´
ðñnµ	1550 nm���^aâã
��JöXK��K

zJö^
�
ðñö¯"1550 nmâã1
ðñÑïö¯K2� 

	1550 nmâã#��
ðñö¯D1550"ðñÑïö¯S1550

��nµ	QI.1w\Þ��KL�

"��ãÝLLinkn^�	ÔÕ���÷\÷�
�ðñ� 

( ) ( )[ ] )/(155015501550 nmpsSDLD LinkLink −λ+=λ  

I.3   cDdefcDdefcDdefcDdef(DGD) 

ÃÈ	�
��&��×¹
���d�=zÖAâã"�d
ÃÈ����IPMDö¯
��'�

�
DGD°è�d"âã
´�°�´�'ú.���	È40¾\=z�

Ì¯'TÌ¯���


PMDö¯
¿ª'È���ãÝ
ó¢��PMD	ÖA�d"âã�å
ö�æÛ�S�	T�d"â

ã
DGD�ª«'G�DGDÈ4aÔøÕ¡ûPMDö¯È4IJ'5�J�DGDÈ4I^
{H"�{

�
¢�}	IEC 61282-3\��
2"��'(	��IV\ßà�DGDÈ4{�
ÝN��.?w 
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� � ��f���c�
	å		§3�ã_Á?@�	�Ö�#IEC 61282-3[IV.1]E��� 

ÌÍ��ãÝLRef w¨1DGD"éïW�^
¨1��ãÝ���<ã
��ØãÝ'^¨1DGD

Ùµ+�ãÝaÌÍãÝ
Øï
ó¢��Ë


�¨1ÔûãÝLCab�

wjIJ

���Ôûy	@APMDö¯È4�MN
ÔûãÝ"�Kz

��'¨1�nµ@ �Ë

DGD¨1�DGDmaxËw	ÍOÔÕö��÷�n{]^
DGD��Ë

¨1éïPFËw+�DGD���DGDmax
éï�Ë

QI.5w¾\�^�^_��"��\567
�÷PMD{H
ÔøÕ¡û
KLÝN�� 

I.4   gh�LMgh�LMgh�LMgh�LM 

J�G���ÔÕ�x��ITU-T G.663[�����
ö�æÛ'ðñ�x"���ö¯n2/Aeff���


�
��a+�´�
��c����ö¯
M�¢�Ivº=¾���Ë

I.5   ijklWXijklWXijklWXijklWX 

��Q�����������w�?�\
�§�IJÔøÕ¡û�Ë

 

�� CD��  

1550 nm 0.25 dB/km 

�.Z� 

16XXnm(� 1) TBD 

D1550 TBD ¿ÀZ� 

S1550 TBD 

�����¨ 400 km 

CDrR�
��¨ 10 km 

DGDrR  25 ps 

äå�¹�(DGD) 
(� 2) 

rR�Ê 6.5x10
-8

 

�1 � µ��	�È��� �!J§3�"f�XXs��V�25 nm� 

�2 � #�,�3_$1E	�
PMDQ �7� %��� 
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�� � �� II 

��NO�P�QR��NO�P�QR��NO�P�QR��NO�P�QR 

 

	ÔÕ�÷\'×ØÙÚ(MFD)2W"I�á�âãλce����`
Ì¯��ô¾ÛÔÕ	1.55 µmâ

ãã
Æäåæçαb�ðñD"íîï�å�!*2W"λce
Ð¯'.�II.11\²��	«'ó��#��

x�ITU-T(CCITT)G.652ÔÕ��(2W1.55µm =10�1.0 µm'1.10 µm <λce<1.28 µm)56
1.31 µm%��×Ô

Õ�·�II.1\nµ3,'1.55 µmâã#��
äåæç�1/À�]^� ¾Û�÷
1.31 µm%��×

ÔÕ(SMFGITU-T G.652)�G�äå�å
Ôûæçnµfm*Æc�Æäå±ÚReã
äåæç� 

�×ÔÕ(V!1.7)	1.55 µmâããG�4û�U�å
÷�æç"N1#*0.015 dB/km'���x�

äå±ÚRe=45 m�	«'¦�1
äåæçGÆ�äå±ÚRe=45 mm÷�� 

*7 ;ÔÕ
'æçÖ�'x$n{/ý>4û�U�å
÷�æç�·�II.1\nµ3,'*+

,>�0.005 dB/km
4ûæç'×ØÙÚ(MFD)2W
1{"I�á�âãλce
?{1#Èâ*11.5 µm"

1.35 µm'²m%
¨&ÔÕÌ¯G�II.1\
'À#����"ÉI�á�âãλcenµs=1.55 µmã
ä

å()'$�"ÉÔÕ*Iæç'E$'I�á�âãλce
1{(ÙÖ1.60 µm)x�	<ãÔû£¤?
�

×o!$A�ú.	«'}�+�Ä,ÔÕ(2 m)"ãâMûÔÕ(ã�20 km)
I�á�âãbß1# 

70nm� 

�II.1\
-(.)§�	1.55 µm¨"æç"á� !�×ÔÕ(CSF)Ô�1
MN�'�c
Ì¯	�

II.1\����\'ÔÕ1"ÔÕ2 Èâ§�/01ÕÜ/F�� ¾ÛÔÕ'ÔÕ3"ÔÕ4Èâ§�ÃGe"

F�23ÕÜ/F�� ¾ÛÔÕ'ÔÕ5¤�*Ge23ÕÜÔÕ�$ÔÕù¤�*1.31µm���×ÔÕ

(SMF)�·�II.1\nµ3,'M�ÔÕæç"ðñÈâ*0.176-0.197 dB/km"17.7-19.3 ps/nm-km�KLÔ

Õ
4�ñîö¯A0"�âãV5�æçB01#Èâ*0.83-0.97 dB/km -µm
4
"0.011-0.015 dB/km� 

1.55 µm¨"æç"á� !ÔÕ(CSFGÔÕ1-5)"1.31 µm%�ÔÕ(SMFGÔÕ6)
+�¿ª	�II.2

\���·�II.2\nµ3,'1.55 µm¨"æç"á� !ÔÕ(CSF)	1.55 µmã
äåæç"�¤�


�×ÔÕ(ITU-T G.652)	1.31 µmö�o�âãã
äåæç� 

 

____________________ 

1 NAMIHIRA (Y.), HORIUCHI (Y.) and WAKABAYASHI (H.): Optimum fibre parameters of low-loss 

single-mode optical fibres for use in 1.55 µm wavelength regions, Electronics Letters, Vol. 23, No. 18, 

pp. 963-964, 1987. 
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ITU-T

10�1 

 

mmmmII.1/G.654YYYYnnnn1.55µµµµm	
o�p3456	
o�p3456	
o�p3456	
o�p3456ααααbqqqqFGFGFGFGD"ABC"ABC"ABC"ABC∆∆∆∆����
r�'()r�'()r�'()r�'()stststst"uv��	
"uv��	
"uv��	
"uv��	
λλλλce�4h�4h�4h�4h����

XXXXII.1/G.654YYYY1.55 µmwx56"����
���wx56"����
���wx56"����
���wx56"����
���(CSFyyyyITU-T G.654)����M����M����M����M 

����  ���� 

MFD 

[µµµµm] 

@1.55 µµµµm 

λλλλce 

[µµµµm] 

∆∆∆∆ 

[%] 

����  ���� 

[dB/km] 

@1.55 µµµµm 

(@1.30 µµµµm) 

����  ���� 

[ps/nm-km] 

@1.55 µµµµm 

(@1.30 µµµµm) 

1 11.1 1.48 0.33 
0.176 

(0.320) 
19.27 

2 10.8 1.43 0.34 
0.184 

(0.323) 
18.69 

3 10.9 1.51 0.35 
0.181 

(0.348) 
18.92 

4 9.50 1.56 0.45 
0.189 

(0.334) 
18.99 

5 10.1 1.38 0.35 
0.197 

(0.351) 
17.67 

rs~rR 9.50 ~ 11.1 1.38 ~ 1.56 0.33 ~ 0.45 
0.176 ~ 0.197 

(0.320 ~ 0.351) 
17.67 ~ 19.27 

�c 1© 2&'()cú*�c 3© 4&ä Ge+,cú/F�-.�ù* 

�c 5&/0	 Ge+,cú� 
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�
�
�
�

α
b
[d
B
/m

] 

10
-1

 

10
-2

 

10
-3

 

 

� � 12(3ÆuÆ)°$�c6�4CD	ITU-T(CCITT)G.652�c��Eλ=1.30µm(λce51.12µm�2W130µm 5

9.20µm�650.33%)� 

����II.2/G.654����	
����
	
����
	
����
	
����
1.55µµµµm�����������
�����������������
�����������������
�����������������
������ 

�  �  III 

z{UV�FG`O�abz{UV�FG`O�abz{UV�FG`O�abz{UV�FG`O�ab 

��������PMD	
��
�����IEC 61282-3 [IV.1] ���������������

���� !"#$% 

III.1  &' 

III.2  ()*+ 

III.3  PMDQ,��(-./0
�123) 

III.4  DGDmax,��(-./0
�123) 

� � IEC 61282-3[IV.1]�º»�37_��	�8�â�79:ã;�<=[�45â:>^Ür«¬?@� 

III.1   |}|}|}|} 

45678(PMD)9�:
�.�;<�#=,>?;@=A�BC�=DEFG,HI,JKLM

N(DGD),OPQ�R�DGDQ9SMT�FGSUVW,;<XY,PMDQZ[I,\]^,��_,

�`abcd�e15%��:�fgh@ijk�lmno>?p>qrbstCu�\�vw,xD�

�y,lmz{jk�|=�,}�~����ijk�PMD��������:Cu,K�9�k�

,� 
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��PMD,�\;��,���9�#=MT�FG�,�
��9RDGDQ�b,;�DGDQ�

S�PMD Q,VW
��VW���#=�.=�q>?,PMDQ;���Z���DGD�$#=Q,

	����� ¡,9;��¢£<�x=,�cQ,¤��¥¦§¨�
�\,6©ª«�¬9;PMD

,
�xD­¦�<��:®¯,DGDQ,
�DE��:DE�	�=A;¦��:��
°�"±�

,Q;�Qt²
��xD"I³,Q´;�µ¶h,�
°��DGDQ_cd`20%��	�_`·:

(¸¹� 

º»,��9¼½��>¾?¿q"HI,PMDQ,K�=A�:Àn,
�Á¸�ÂÃÁ¸ÄÅÆ


ÇuÈ3�ÇuZV�·:ÈÉ���	�Ê¹,ËÌ_aÍ9Á¸� 

ÎÏÐYZ�zC��no>q,PMD�(,ÑÒOPrÓ��ÔÕÖ>q,PMD�(�×¤�,

ª�rØ;��#ËÌ_aÁ¸�Ù,ÚA;¤��20o>q,ÕÖÛÜ,_a��:>q(Ý´�Ù(

ÛÜ"±�,(Ý;¬×ÞßÕÖÛÜ,DGDK�rØ;@Îàác;âã»,�A��0.01%,	�Q

Í9äåW, æ çK9è�éDGD�C�:aQê�:QÄÅë{`ì,	�íÊ�ËÌ_aîï�

PMDQpÛÜ°�Q;�xDðñï�È31� 

o)iò�
,��;Æ
Z\�ÛÜ",óôPMD¦�õö,÷�;DGD,	�ab�6.5·10
–8

.�

IEC 61282-3øù��úû=�cQê�	�=Aì,È3;�±I��K��C�È31,»ü;��ýþ

�R>¾?¿q��,ÛÜ,DGD��CDGD�cQ,	�´�6.5·10
–8

.�»��� DE,K���û

=�:DGDmaxQ�ÎÐx=>¾?¿q,PMDK�,�úDGDmaxÈ3�È32��IEC 61282-3"#$�

kÈ32 �(�óô>?õö,�(,È3� 

È319�úè�H¸��,�¸äå;ÂÃ	�xD»ü�
���
"�ó�û�±��È329

���
°�ÚA,�ú��;ÂÃ	��
°�,Ì�Æ
��� 

III.2   M~��M~��M~��M~�� 

��Þ#=>q���b�M�, PMDQr��������»100:Q��yz{»�iò��,

>q�iò,>? Ë����� 

!»<�#=,��;"�q>?�>qQ#T,��$=;��"�q>?,H¸Q�Z\±>q

K�%c��ú%c,È3#�9×&:"�q>?Q"¦�':Z\,>qQ�¤(SU�lm��Q

r�Þz{,���ZV�(~�S�H¸Z]^�VW,ZV�)�Â�V¸,DEÆ
Z]^�)*;

ÂÃ�úÓ�>qPMDQ,È3Z\¾+`ÓPMDQ� 
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HI,�yGÁØ,r�È32,��â�����ÎÏ��-.;I$� ���È32ÚA</0

´�400 km,ÛÜ1â2;!»% 

–      34,>q´�10 km;p 

–      HI,GÁ´�10 km� 

III.3   PMDQ�O��O��O��O�(����`O�������`O�������`O�������`O���) 

IEC 61282-3"#$óô,��È3��µøù-./0
�1239Â�ó�5�øù;�6±�,

7°��� 

HI,PMD�(QRxiÞß;i× 1 ³N;N�H¸(���Q��¦�100 000:ÕÖÛÜPMD�(

Q;ó"&:Q�SU×c¸�y"lm,20:no>qQ,ÑÒOP��� 

� � ,N= 100¹��5.3A10
20
���	�� � 

���&:ÛÜQ;lm×1³N,20:SU(�lm��Q;�8&9kä:�ÛÜPMD�(y��

£��% 

 

2/1
20

1

2

20

1














= ∑

=k
kxy            ; (III-1);

�����QM;*+100 00:Q<=�:>?+Á,@AB�(���CM;×@AB"��DE

	�F(;Gû=í��99.99%,PMDQ�XH�:Q;	�PMDQ����I,PMDQ´�x=Q(0.5 

ps/sqrt(km));��K��$È31� 

III.4   DGDmax�O��O��O��O�(����`O�������`O�������`O�������`O���) 

�ú��IJ�PMDQ,��_����";K=�DGDmax,Q(� 25 ps);G���C�Q,	�

PF�����$,	�´�x=Q(6.5·10
-8

);��K��CÈ32� 

�LMÇN-./0
�123#O;��£��PMD�(aQPmax% 

25.1
20

25
max

max
===

refL

DGD
P  

<�20>qÛÜÕÖQy2j-1�y2j;40>qÕÖQzjR�£¦�% 

   

2/1
2
2

2
12

2 











 +
= − jj

j

yy
z          ; (III-2);

� � 7�Î�_50 000�zj ��B6Ø¸� 
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��£���C�40ÛÜ_,�j:ÕÖ�_,DGDmax,	�pj% 

 

� � ( ) dtt
t

p

jzP

j ∫ 






π
−

Γ









π
−=

/

0

2
22/3max

4
exp

2/3

4
21     (III-3) 

 

ExcellTM=A�Z�����pj,F(;GAMMADIST (X, ALPHA, BETA, Cumulative)� 

<�F(,»ü¤�9% 

),1,5.1),**()/(**4(1 TRUEZIZIPIPMAXPMAXGAMMADISTPJ −=   (III-4) 

�CDGDmax,	�PFR�£#$% 

  ∑=
j

jF pP
50000

1
     (III-5) 

��	�PF´�x=Q;K��CÈ32� 

 

�  �  IV 

���� ���� ���� ���� 

 

[IV.1] IEC 61282-3:(work in progress), Guidelines for the Calculation of PMD in Fibre Optic 

Systems. 

[IV.2] IEC 60793-2 (86A/563/CDV), Optical fibres – Part 2: Product specifications 
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