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Abstract T his paper analyzes and compares several PM D measurement methods based on the characteristics of passive 

optical components for both single-stage optical isolator and dual-stage optical isolator. It is shown that the Jones Matrix 

Eigenanalysis method is suitable. 
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1ItAS1~JR,tJl'ti, ftHB"J PMD tl!::-~~JEit £, ~5J\.:tff 
PI L;U!l~:£1J:JT4'J( Maxwell) 5J\.:tff ffi ~~bj~[ I] , ~O ~ 1 
foJT7F( ~~ DGD tlitB"Jtl!::1)j&5J\.Mat-g~, 1::B"J:A/J\~P 
i~* PMD) 0 f~~ft~fB"J PMD B"J1Yl~ £7J1~jC/Gtl!:: 

~~~~~~~~tt~B"J,~#7J$~~*ti~~ 

if: mil, 1lffi.rl mil, 81 ['BJ lE% rl ~ B"J -'f:l::):] 0 1EI1J:t, fffl £ 
~jYl~1~ :A£ B"J :5tiY:~tJiii, 3 ~:f,4i1~ :£1J:JT4'J5J\. :tff81, 
~~~~£tl!::m~B"J,*re~-'f~m~~PMDo ~ 

~ffi&,~~ftjC~M#B"JR~if:rl~~~~Mi1 

if:rl, foJT ~ 1:: ~ ~ ~~ ,t_~u~ i1 0 Mitt B"J PM D tl!:: - ~ 
~JE1!, ~1jf,it1ffiB~ a JIIZ~*o 

r. 
o. 4~-+-4 --+---+---+-------i 

12 

Fig. 1 Probability distribution of PM D in a 1 O(} km fiber 

I: fiber with PM D of O. 5 psi sqrt (km); 2: fiber with PM D of O. 4 

pslsqrt (km); 3: fiber with PMD of 0.3 pslsqrt (km); 4: fiber 

with PM D of O. 2 psi sqrt (km) 

ftjC~M#PMD~£~~~-@/G~~ftH 

B"J~,8: 1) ~ PMD 1!-~t~$5(!J\, ~ 0- 0.2 ps ~ 
rBJ 0 ~O ~ ~ B"J PM D *H~ ~ B"J 1fL ~J1ft ~~ ~ M5fo X'H& 
ft~~~M~~ O. 05 ps ~~, ~~B"Jft:£fqTM~ 0.1 
~~~o~~~*mmB"J~£7J$~~£B"J.~ 

PMD iliAIV}; 2) ~~llh:9:~fB"JftH/G~, ftjC~Mitt 

B"J$tvAftJlij, $tv t±\ ftJlijt~~*til!, tJ5z/Gf¥~iBHR7J[ij B"J fPJ 
JMl, ~tl!:: Mitt 1~~ £ I:t ft H 1~~ :S: 7J {! S1 - ~ til!7J; 3) 
~~jC~Mitt ~ ~ ~~1JU~i1, li~)¥::£f:!j~Jj}~ urPJ 1~/} 

( /G {ijj )¥:1JLZij] , 1lffi.rl, Et! ~:l:m~)tr 3'f.~ urPJ) , foJT ~xt ~ 
1Yl~ £ 81/G&H,&-'f:l::):]; 4) jC~Mittt~~ -JE S1I iiw 
~,~@{~m~Wft~:lttqT PMD 1Yl~£B"J7J1~~:;/G 
:j3}~ 5?5z 0 

~[ij~ftjC~M#B"J~~,:5t~~~A#~m 

B"J PMD 1~~ £7J1~o 
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~~1*i1 it Mitt S1 PM D 1Yl~ £ lW, )'G J:~ ~ - ~ 
~1ffiHJLZ1~~£ ( 1'11% PMD, PDL ~~'ti) ;f§~B"JA~ 
m~o 

3.1.1 1Ait~~Jt( Degree of Polarization, DOP) 
~~rltl!::*~ft~~~rlB"J-~~~,1::JE2 

~ft*~~~ft~:5tB"J~M,PI*7F~ 

DOP = P pola,-;,",j 

P polm>ized + P unpolarized 
( 1) 

A ~, P 1"la,;,eo 51'0 P u" 1"la,;,OO :5t jJlj i~ * 1$6 1JLZ ft 51'0 ~ ~ 1ffiB ~ ft 
S1ftJjJ$o 

-@ft~s1~~1ffiB1JLZrl~0* 1 foJT7Fo 

* 1 - ~ *imt i¥J $; ~ 'f.liHiiUt 
Table 1 Typical DOP of some light sources 

Semiconductor lasers 98% 

EELED source 5% - 50% 

ASE source 1%- 5% 

3. 1. 2 Stokes *-4t, Poincare .f;t-:fp Muller :1EF4'-

Stokes ~~5z[6] tl!::*1iEft1ffiB~tR~S1-~~£, 
1'11'15 7 So, S I , S 2 51'0 S 3 12] ~ 5J\ £ 0 So tlit ft ~ B"J ,8, ft 
5$, S I & 8j( 7 7.k -'f 1lk itft ~ ~][,tlk itft B"J:A IJ\ '*­
*, S2 &1Jlk: 7 45° 1lkitft~ 135° ,tlkitftB"J:A/J\~*, 
S 3 IJlU & 8j( 7 ft 1JLZ ij] S1 nJE rPJ ~ 0 1:: fI'J S1 ~ * PI m ~ 
(2) - (6) *7F 

So = /(0°) + /(90°) ( 2) 

SI = / (0°) - / ( 90°) ( 3) 

S2 = /( 45°) - /( 135°) ( 4) 

S 3 = /(R) - /(L) ( 5) 
2 2 2 2 ( 6) So = SI+ S2+ S3 

A ~ / ( 0°) , / ( 90°) , / ( 45°) , / ( 135°) , / ( R) 51'0 / ( L) 

5J\ jJlJ * 7F ~ 7.k -'f $i:I! ~ 0°, 90°, 45°, 13 5° 51'0 :;5nJE , ft nJE 
1lkitft S1ft5$ 0 fAA( 2) - (6) ~PI~ t±\ So, S I, S2 51'0 
S 3 12] ~:5t:S: ~ .R ~ 3 ~ tl!:: MCII B"J 0 

% %t til! * 7F Stokes ~ ~ B"J - 1~ 7J 1~ tl!:: m 
Poincare Jsj(*t/Hj£o Poincare Jsj( S1 -'¥-1?::m So ** 
7F, {SI' S2, S3} 1JlU1~* 7 Poincare Jsj(~][:nJ*1jf,* 
~B"J-~*~o*M~~B"JJE2,~[ij~B"Jff-~ 

i~* 7 -t~JEft5$ (so), t~JEiffiB1JLZ~( {SII, S21, 

S 311) B"J7L 

i:9:AMJSIHSUYl~Mitt ~B"JftB"J Stokes ~~~ 5 I 
= {SOl, SII, S2I, S31}, $tvt±\ftS1 Stokes ~~5z~ 52 = 

{SOl, SI2, S22, S32}, IJlU 5 151'0 52 ~['BJPIm-4 x 4 B"J~ 
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( 7) 

i~ j;E [l$ M ~$ Jg M uller ~E [l$, 'j~;:~ {iE 7 *ffi: ~~~ ~ 14 En 
{$B1~ tiftL Ei:rt: PI I2J * t±Hffi: ~~~ %H4 En DC Do 
3.1.3 Jones 9;H-t 

Jones j;E[l$J!~ 2 x 2 j;E[l$, iliJ!53 ~~~~HiE*ffi: 
~H#En~.tifttEnIA,~re~A~~~m~En 

Jones ~lIUf**iE9* o '~m51U~QjJHffi:~~~~14s1 Jones 
j;E[l$, iliPII2J*m*ffi:~~~H14s1 DCDo Jg7{~¥IHffi:~~~ 

H14En Jones j;E[l$(Jones j;E[l$9=t~ 41'-*~Q~, 19PI 
12Jii~9=t~1'-Jg 1, J3:t~~*En*~Q~9-~ 31'-), 
PII2JU-#~~~.~EnAM~AM~.~~#, 

~~~m~~En~m~En~.~,J3:~~PIl2Jm~ 

-1'-7J~¥; imJ1*~7J~¥~PPI{~¥IHffi:~~~~14s1 Jones 
j;E[l$ 7 0 

~m~=#AM~En~.~Jg~*~7J~%~ 

JVG 00, 45°;fQ 900S1~1ffiB~, tE~{m~JJ]jffs1~m~En 
{$B1~~:5J\jJIJJg h, v, q,4( 

K I = hxl hy 

K 2 = v , lv y 

( 8) 

( 9) 

K 3 = qxlqy (10) 

K 4 = (K 3 - K 2)/(K I - K 3 ) (11) 

~9=t hx, hy, v" Vy, qx ;fQqy :5J\jJIjJgh, v, q S1x ;fQy 

mlj*ffi:~~~~14En Jones j;E[l$ ] PI~~Jg 

= I K1K4 K21 
] K4 1 

( 12) 

3. 2 )9!IJ';':iJ5tbt*~ 

PMD~;PIm~~%Jg~~~.~~~~; 

~*~o~~~.9=tX%W~ffi3~,~~M~~ 

~~~~~o$~#7J~tE~.~~~~m~~. 

$83 En lix ~, J3: ~ tR 5E" 7 ~:ft ~ S1 ~~~ ; 811'B] {tHf:; ~ foff 
~~~ ; En 1][ J! tE ~ 1'-~ * ~ En ~j.jr 81 {t rm ~~ ~:I:~ 1][ 0 53 
)If-~*~W¥,;fQ~~~iJ\;Ef:!i~~1it~%t5E" 0 foff 12J~ :gJ3:~~~ 
7Jr!tE1I!t%..tt1ZJg~., 19~1it ffl 0 ~1tJ;r!( INT) 
9=t PMD S15E")(J!1t~~rB]S1:1:~7J~[3.7l, ~lU3(~~~ 
;7mM~~En~ffi~~~o~~~~;PMD~ 

& tR:, x1;Ef :!i'~ U[p] ~ H}:J: ~, foff I2J {~~ ir T If)lf- ~~~ ; 0 

@~T~~fflm~W¥"I~~~*~mffi~tE~+ 

M*, foffl2J~~irT~®*m~EnH14( ~IJ WDM H 
14) En~~~;, rmiL ~x1~w¥'En~m%~H}:J:~o 53)1f-~ 

~~ili~~m~~~.~m~ o ~~;ffi~~~& 

*i~, ~ T 9- ~~~ 7 Stokes ~~ 9=t En ~1'-. S I, foff I2J 

29 ~ 

{~x1jj~~ m 0.05 ps I2J r S1 PMD {to § $ OO)lf-B~ 
£T i~ r! En ~~~ ; * ~JE ( ~Q Exfo En Model IQ- 5500 
PMD :5J\tJT1X, CN Nettest En Model PMD440 ~~~;* 
~JE), PI~~~EnJi/J\ PMD Jg O. 05- 0.1 pSo 

~~±~~~~;, ~~~~*13mr!(WS, X~$JQ]5E":5J\ 

tff ()( r!) ;fQ l~ 1tJT j;E [l$ * {iE {t r! (JM E) 0 ~ * 13 1; r! 
foff ffl En1@: ~~ ~1tJ;r!~ ~ $( t~ffl ¥Ij m *~W¥" iE9{$B 
~,1ft1ffiB~), 9- J!~ffl ~i~1x( OSA) *:5J\tJT jA*ffi:~~~ 
~14 m ~f S1 {$B1~~~, rm ~ ~ ffl M-Z ~ 1tJ;1x~ 

Michelson ~1tJ;{)(o -$~..t, J3:~~~7Jr!tE~I]!..tJ! 

~~En o ~~~~9=t1ft~~En~~*~M£~~~ 

~,~;f§3T~*13mr!9=t OSA En~mm~ 7 0 ~ 

~1tJ;r!~t~, ~*13mr!ili9- ~~~ 7 SI, ~Ji;j\ PI~~~ 

; {t ilitE 0.05 ps 1i -;(j 0 Normand eyr ;flj ffl PI JjJE~ 
S1~1'-1ffiB.~, ~81~~~ m 7 SI ;fQ 52 {t, W;fljffl s7 + 

S; + 5; = 1 ( BY3~1t) S1~*, ffJt{~¥1j 7 Stokes ~ 
~En 31'-:5J1,.; 7 (53 S1*;j\ PI ~Qm, 19:r;4%*~Q) , 
jArm1R:~7~~~.~&[8l 0 

1~1tJT~E[l$*{iE{tr![ 9] ~~~; PM D PI 12J~if m {~$ 
~T{$B1~En~~( ~Q{$B1~& DOP, Stokes ~~~), 
1£1. ~ lHffi:iAJgJ!~~En, ~~En, ~x1~w¥'En~*raJ 
(~~{~~f:l:-fui~i~, j1*{~/J\, i~!JiE~), ~~~;81rB]~* 

(jA~:5J\~~¥Ij~+:5J\~~), ~)t;Ef:!i~1Jt, ~~~.81~~Q 

m~A,~mftlffis11ffiB1~~, ~~~;*S1 PMD 81~~£ 
/J\En~*I'B]~~;fQ£~En~:5J\tJ'f$[1] 0 J3:®~JEz~ 

:pjij~x1~~f S1 PMD ~~~ .** 7 ~lI;fQ !!lxi, {gJ! 
tEJ.IIIfflT~jCw¥'~14~, *~FllL 

4 ~~R.~a~ 

ffl l~ 1tJT ~E [l$ * {iE {t r! ( JM E) ;fQ ~ * 13 1; r! 
(WS) :5J\jJIJx1 .~j~~~~H( PMD **H~) ;fQXJ~j~ 
~~~H(PMD B*H~) En PMD *tf7~~~;o ~~~ 
7Jr!En~ll§t~:5J\jJlj~1J ~ 2( a) , (b) foff~ 0 

~ 3( a), (b) :5J\jJljJ!ffl JME r!x1 .~j~~~ ~~ 
;f1J)(;Uj~~~~~En~~~;~s*; ~ 4(a), (b) J!ffl ws 
~~.~~~~H~XJ~~~~HEn~;~*o 

~~ 3(a) PIJ7l!" i~*ffi:~~~En.~j~~~~~S1 PMD 
Jg O. 2007 ps, J3:~I]!ii:it~{t 0.198 ps ;f§pmir 0 53 
)If-tE~1'-~*En~*ffi~ pg, PMD J!t1t§:5E"En( tff, 
{t7J~Jg 3.4 fs), ~rffi:*jC~o rmtE~H~~~ ;9=t , 

J3:~atJ~~~{~*EniE91j\, J3:ililEJ!~H~~~; ~~~ 

~:I:~En~l3I o ~1l§t9=t&1'-1ffi:*~:ft~S1~rB]Jg 2 s, 
~*~1~Enj1*Jg 1 nm, mUtE 1530- 1580 nm Enrffi: 
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-If m II ~ ~ ~ 61 l' ,9:, ,\~t S1 ~~~ .S. at rBJ 79 122 So if 
If:Z~-Ifmll79 1540- 1550 nm, W-If79 1 nm( ~it 

-TwjP~B"J7C1Jlflo14), ~~Bz-lfmll79 1525- 1575 
nm, W-If79 5 nm, IJlU?JT$Btl'BJPJ~79 22 s, £IJt~~~.S. 

1lm~ft O. 20 ps tit; 0 l!~PJ ~lf:Z 21',9:*~~~.S. 

(JME ~*JiY$~1~~ 21' ,9:) , ~~1~~ :!i Bt I'BJgJtft~ 

tj l2J, r*J 0 

LPA 
ASE 

source OSA 
TLS 

source out in 0 c 

~ r--

PI ~-t-- Pz 

(a) isolator 
(b) isolator - '--

~ 2 JM E tlt: ( a) 5frl WS tlt: ( b) 19W.m. PM D '=*!MZtl! ~ 
pc: l' ]I. i'fl.!li3r; TLS: PI i);<d i\1i ~:7't1)Jj(; LPA: :7't{$HJibHJTil~; ASE: JlJ::A § :6ttMt; PI. P 2 : {$U tJK il~; OSA: :7'tPMf7HJTil~ 

Fig. 2 Experimental diagram of measuring PM D using Jones Matrix Eigenanalysis method (a) and 

wavelength scanning method (b) 

pc: personal computer; TLS: tunable laser source; LPA: light polarization analyzer; 

ASE: amplified spontaneous emission; PI . P 2: polarizer; OSA: optical spectrum analyzer 

0.2 3 :--...r- ../""",.... 
0.025.----...-----.----,----.---.. 

0.00 
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Weavelengthl nm 
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1580 

(b) 
o. OO.L:-:----:-:~-___:c±::-__:_-="=":-__:~:____::-::oI. 

1530 1540 1550 1560 1570 1580 
Wavelencth/nm 

Fig. 3 Measured PM D of a single- stage optical isolator (a) and dual- stage optical isolator (b) using 

Jones Matrix Eigenanalysis method 
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Fig.4 Measured WS of a single-stage optical isolator (a) and dual-stage optical isolator (b) using 

wavelength scanning method 

00 3( b) ~ m JM E ~* 1~~ X'Ul 7't ~~ ~ flo, 1~~ .S.1l 
79 O. 01248 ps( mi=J:E!l:l i~itJf1l 0.01 ps 1~~J5:) 0 

~~rt6~~$5(:AB"J!@1*, {§.#/G:W:P*.Jt PMD i=J~ 

-If~;f§~Hi(.Jt PMD **gJt1~/J\, ~1)j&B"Jj~Jf-T1}t 
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ffJt~ 1Za~ft atJ t~ En !E9i7Cl, 1ff, it 1J ~ ill/t 0.00560 
ps) 0 3 rt 7'171~~ .;. it:Pjij, ft ~*~ 't~)JL r PI 11~J[ 1~~ .;. 
JL{X~$!fX*1-F,8( tE~Bz*~1ttv*~/J\, ~~Bz*13 

1B3m~±~A) 0 
1!/4(a) ~m WS ~*1~~';'[J=I]-1'1¥L~1Z7U~libfl:, 

-Jt PMD 7'1 0.208 pso ~'£}iff m JJJ: A § 'ffi:. m ~t 
(ASE) 7'tW¥, En~* 13 WI m ~ 7'11450- 1650 nm, 1~ 

*III--&r * ~J:!fX 7'1 1 ( ~~ 1~ A *III --&r iR: 5E 7 1:: !fX M 1, I!/ 4 
(b) ~ill7'11) 0 

1!/4(b) ~m WS ~*1~~:!i[J=l]-1')(J~1Z7't~~libfl:, 

-JtM7FS1 PMD 1~~';'1!7'1 0.001 ps, BAA1ffiUIib 73]1. 
i12:1!0 !*IEI ~ PMD q~/J\ Bt, ft7'tmm ~ pg 1lZA1! 
~*Y( ~'£~:ff 11', ~Y~*:ff 21', -~~* 
4- 10 1') 0 ~0A 

'T K· N e • \tart • \hm 
""'c= 2( A.top - A.""l) C 

( 13) 

A ~ "",1'7'1 DGD 1!, K 7'11~*1II--&r *~, N e 7'11lZA1! 
~, A.la, 1 ;to A.loP :5HJIJ7'113W1En!E9Jt~*, C 7'17'tJ!0 

~x K = L N e = 2, A.""l = 1450 nm, A.top = 1650 
nm, {~~§J.IIZEn "",1'7'10.04 ps, illmt~iJ?ftm 1450-
1650 nm ~*m ~ En7'tw¥'jlHT1~~:!iBt, ~/J\ PI1~~ En 
PMD 1!7'1 0.04 pSo PI%, m ws ~*B/G~~1~~';'~ 
1[;1i;En PMD 70 

5 ~a i~ 

7't~w¥'fl:#EnPMD~.;.~7't~En~';'~ft-

5EEn~H, -Jt PMD ~-:Pjij5E1!, ~~*~~t /Gw 
~~~~o~%~*~*~,m~M~~*~m~ 

29 ~ 

1~~';'7't~w¥'fl:14En PMD ~:ff*~&r'i3J,J!&'t*,xt7't 
w¥'~*1[;1i;,{~¥IjS1{ffiUt)H§}~,$~t~,8, t~jJIJ~xt~{[;Ii; 

PMD fl:14, ~wfl:14En1~~';'£~!E9tf/GPI Mi~EnfF 
mo 
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