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U'Ylfl11lJtl'ltlbIj'Uu lum'lbml::'V\'1dJo/I~tln'ltl (guided mode) 'lJu\lbiu1mblj'\lbbUUbbmnn~ij 
'II 

'illU1Ufl'lJu\lllj'o/IidJ,hu ,U'illrlo/l 10/1t1 1'li1UbbJJU~ld\I 4J\I'il::ih 1'V\L0/I1dJo/I~t:ln'ltl~lj'uo/ifli u\lnu bill, 1mblj'\I 
'l..I q'l 'l..I 

bbUU bbmn n'1 U 'Yl1 \lu5u~dJ1n:fiu 10/1 tI t:-I ,,~1'll'illnm,¢hu 1 ill'lll t11U~\ln~11'1t l1u bU1t1U b Vi t1U nu t:-I,,~ 
M'illnm,l bf1d1::'V\'1dJo/I~t:ln'ltl'lJ u\l bill, 1mblj'\I bbuubbmnn ~~'illU lUfl'lJ u\ll Ij'I?l~dJ'illU lum! ulli'LI?l tI 1 i 

'\J '\l '1'1 

"",,<=I = 6" """ 'V 0 ...... 

11lbdJ'Yl,n'llb'l!\I blj'UmnU 

uumlnm'lbml::'VI'1dJo/I~t:ln'ltlbbil 
'II 

(radiation loss) bb"::fll'1'll'liJbo/iu{~lj'b'l'lu{iu (dispersion parameter) 'lJu\lbiu1mblj'\lbbUUbbmnnbbnu 

ulml'! (air-core Bragg optical tiber) 'illnt:-l"m,¢llUlill'l'lUl1Ij'UldJbbJJb'VI~nl'V'lvh'lJu\lldJl?l~n5U~U~1 

~1'\,t 1 Vi ill El ci1 '\.tU1b 1 llibbnUEllnllff ~lnl~~ru b~tJ"li El~ nldbbr-4~ ~"-jlu;1'\.tEl cin1J~lU lUflon El\J1 ~~~ 3J I b~!: 
<lI 'lI '\l ILl 'U '\l q'l 

ldJo/I'lJ U\lfl ~mb"::~ Ij'b 'I'l u{iU'lJ u\l bill, 1t1 bblj'\I bbUU bbmnnilflldJ1 nnl1 bill, 1t1 bblj'\I bbUUtt,1u (conventional 

fiber) 

FI16'hA'w: 1dJo/I~t:ln'ltl, m,m::'illtJIj'UldJbbJJb'V\~n1'V'lvh, f11m,lj'rub~t1'lJu\lm,bb~'I'l~\I\llU, 
~ 'U 'U u 

, eo. ((ar. 6'11.-

fll'l'll,ldJbo/iu,o/Ilj'b'l'lu,'l!U 

* " , , 
1U'llu%uubljuluVi 22 bdJ~lt1U 2547 bW::1'll1UU'Ylfl11dJ%UUbbnL'lJbljuluVi 17 'I'lC1~mfl:IJ 2547 
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ABSTRACT 

This paper presents the analysis of guided mode of a Bragg optical tiber which tinite pairs of 
cladding using the exact method. Consequently, the guided modes are corresponding to the Bragg 

optical fiber in practical. The computational results from this method are compare with the 
computational results from the analysis of guided mode of a Bragg optical tiber which intinite pairs of 
cladding using the asymptotic matrix method. 

In addition, this paper is demonstrate some examples of the analysis, electromagnetic field 
distribution, radiation loss, dispersion parameter of an air core Bragg optical tiber. The computational 
results have been found that the most of electromagnetic field of the lower order mode are in the air 
core, the radiation loss is depend on the pairs of cladding and the mode, and the dispersion of the 
Bragg optical fiber is higher than the dispersion of the conventional fiber. 

Keywords: Guided mode, Electromagnetic field distribution, Radiation loss. Dispersion parameter 
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o 

'U't1"1 

lUbiulmbG1'\lLb1J1J~11u~Lbnu (core) b1JULbn1 bb~:::~i'G1'~~3J (cladding) b1JUbbn1~ij~~~'ll'U , , 
m~nnnuLbG1'\llmiulmbG1'\lbb1JlJ~11uli'VI~nm~G1':::'Y1f)'\.l,n~lJ'VI3J~ Q..I 'V I "'V 

'VI n b 'VI"l.I fl\lLbG1'\lUfl rmT1LbnUb~nUfl [J 

(total internal refraction, TIR) ~\lbbG1'\I~1Ul'V1nJfl~lubbnU"l.Ifl\lbiulmbG1'\I <;)\I,xum~G1'rub~£JT.!h~\lbb~\I a1U 
QI 'lI 'lI QI 

1 'VInJdl~"iJlnLbn1~ b1JUbbnU"l.I fl\lbiu 1mbG1'\I 1~ [Jm~G1'rub~[Jfh~\I bb~\I"iJ:::ij~litfl [J 1 wrl1\1ml3J £Jl1fl~U 1.3 
v " v 

I' m bb~::: 1.55 I' m bb~:::fhm~G1'rub~[Jfil~\lbbG1'\I"iJ:::ij~litfl[J~G1'~ij~lU~:::3Jlru 0.2 dB/km ~ml3J£Jl1fl~U 
" v , 

1.55 I'm 

lull fl.f'!. 1978 P. Yeh bb~:::flru::: [Yeh, P., Yariv, A., and Marom, E. 1978.11~UlbG1'uflbiul[J 

bbG1'\I bb lJlJ bbmn n~\I b iJubiu 1mbG1'\I~u~::: n fllJ~1 mbnUb iJUfll mf'! bb~::: iii' ~~~ 3J b iJwffu"l.I fl\ll~ ~ b ~ n <n1n~ ii , , 
~1~~~'ll'uim'VI3JlnLb~:::itfl[JG1'~lJnULblJml[JmlJ'VI1fl<;)1G1':::'Y1flUbblJlJbbmnn (Bragg reflector) <;)\I~U~ 1 

" 
b ~fl\l"iJl nfl ~UbbG1'\lnnU 1 fl ~l UbbnUfllmf'! <;)\I,x U~\lijml3J biJU lul~~ biu 1[J bbG1'\I bblJlJ bbmnn"iJ:::ii m~~ru b ~[J co 'lI 'U QI 

rh ~-:I bb~\lit€J [Jnll biu1mbG1'\lbblJlJ~11u 

Uflmln P. Yeh bb~:::flru::: [Yeh, P., Yariv, A., and Marom, E. 1978.11~b~ufl1m\l~fl-:l"l.lfl\lbiu 

1[J bb~-:I bblJlJ bbmn nbb~1 11\11 i'Y1bl1Y~fl ~Ubb~ b 'VI ~n 1 y..jY:h"l.l fl\l bb3Jn.nb 1 ~ ~lbml:::rfbiu1[J bbG1'-:I bblJlJ bbmnn~fl 
~lmufi"l.lfl\ll~~~3JbiJumtu~ b~lb1[Jnl~m~lbml:::rf<;)\ln~T:dl 1~m~lbml:::'VI1~[Jhn~Lb~um\llull " , , 
fl.f'!. 2002 Y. Xu bb~:::flru::: [Xu, Y., Ouyang, G. X., Lee, R. K., and Yariv, A .. 2oo2.11~b~ufll~m~ 

1 b ml:::rfb iu 1[J bb~\I bblJlJ bb mnn~ ii~lU 1U~"l.I fl\ll G1'~i 3J biJumt u<n1~ [J 1 im~U~:::3Jl ruG1'U 13J bb~ b 'VI ~ n 1 y..j-Wl~ " , , 
fl~lwfful~~~3J~1[Jm~u~:::3Jlnu.:n\lbiurhnlJ b~lb1[Jnl~m~lbml:::rf<;)\ln~1111 1~m~lbml:::'VI1~[J1i " , , 
=d ""'" 6' = v (I Q..I 

lli'b3J'Y1~n'JH'll'-:lb~UmnlJ 

lUYll\lunlJ"ibb~1 WJimY;ullbiulmbG1'\lbblJlJLbmnn~~lU1U~"lJfl\llG1'Cfi~3J~lnCfi <;)\Ib'rluluu Rf'!. 
~ 'lI 'U '\" 

1999 Y. Fink bb~:::flru::: [Fink, Y., Ripin, D. 1., Fan, S., Chen, c., Joannopoulos, J. D., and Thomas, E. 

L. 1999.11~~fl\lbiu1mb~\lbblJlJbbmnn~ii~lului'~~i:lJ 9 offu dJUl'Y1t'l~:lJ (tellurium) iifil~'l'l'll'U~m'V\ , , " 
4.6 iiml:lJ'VIUl 0.8 I' m ~lU1U 5 offu nlJ 1 'f'l~~1<n1u (polystyrene) iifilm'l'll'uinl'V\ 1.59 iiml:lJ'VI'Ul 

1.6 I'm 'illU1U 4 offu ~~lJnubiJml[JmlJ bb~:::iii'~~'lfl-:l (substrate media) biJufllmf'! byjfl'}11'Y1~t'lfl\l 
m'lulbb~-:I"l.Ifl\lbiu1[Jll~\lbblJlJbblJ'mn "iJlnb'VI<nv.J~,yl-:l~myjfl1~G1'fl~fl~fl-:lnlJbiu1mb~-:lbblJlJbbmnn , 
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1U'Yl1"tJ~lJl1 ~",rumi£J~"i.~u1b"U€lm11bm1::~b~u1£Jbb""bblJlJbbmnn~ij~lu1Ufl'lJ€l,,-r"1ll~:IJ~lnlll 
CU 'U q q 

till £1 1 mn:bb~u<n1,,~ij-r"1ll1€l"biJU€l1ml1l bbSl::b Vl €l bb"<n" 1 ~b ~U'-.hn111 bfm::~b~U 1mb""bblJlJ bbmnn~ij , 
~lU 1Ufl'lJ €l,,-r "1ll~:IJ~lnlll till £1 1mn:bb~u<n1" nlJn111bm1::~b~u 1mb"" bblJlJbbmnn~ij~lu 1Ufl'lJ €l,,-r"Ill~:IJ 

'U I;j q 'U q q 

Ell! u~"lm1n 1 'lfbb 'Ylunu i.~ ~1i£J~"bm£JlJb Yi £JlJ~Sln11fhu 1ru t:IJlll~nnU1 tlll£Jln:bb~u<n1"nlJl~b:IJ'Yl-1n<Jf 
~ ~ 

b~"b~urhnlJ 

u€lmnni.~u1b"U€l n111bm1::~b~u1£Jbb""bblJlJbbmnn~ij~lu1Ufl'lJ€l,,-r"Ill~:IJ~lnlllbbSl::ij-r"1ll 
'U II q q 

1€l"biJU€l1n1111 (air substate media) tlll£J1mn:bb~u<n1"bbtr1 tT,,'l~~mn~rutrn'l!l-ru::~~l~'1! G) 'lJ€l"b~U1£J 
bb""bblJlJbbmnn b'1lU n11m::"iI1 £J"U1:1Jbb~b Vi~n'l yJvh hbffu1ml""bblJlJbbmnn n111 bm1::~n11"rub~£J 

~ ~ 

b ~€l""iI1nn11bb~~~-J-J1U1 Ut:IJ1ll TE bbSl:: TM n111bfl':n::~~"b~€lf'lfu'lJ€l"b~u1£Jbb""bblJ1Jbbmnn tlll£J1'lf 

~1 €l ci1-Jn111 bfm::~b~u 1£1 bb~"bblJlJ bbmnn1 um rn<.9i1 " G) rJi'1 £1 

h i1'JJ €lit mi£J"iI::'l~u1 b"U€l n111 bm1::~b~u 1mb"" bblJlJ bbmn n~ ij~lU1Ufl'lJ €l,,-r"llli:IJ 
cu 'U Ii q 

~lnlll tlll£Jhnn:bb~u<n1" ~"iI11ru1b~u1mb",,~iibbnubiJufl1n1111 fl1lii'lJ€l"bbnU€l1n1111 P, bbSl:;-r"Ill~:lJii , , 
m1'1iit in b Vi mmbSl::U€l £1 "~lJ nUbiJu 11 £1 mlJ~ ij~lmu -r "1ll~:IJ N -1 ,Tu bbSl::ij-r"1ll1€l"biJU€l1n1111 , , , 
Lm-J"11"'Yl1-Jb1'lJ1f1ru<nlJU1::U1lJ r - z ~-Jbb"lll-JhmJ~ 2 

~ 

Z 
Core. Region CI",ddilig Region Sub5tr.)te Region 

f<-----: • 

..................... -....... -....... ~I+-¥---t\ 

"I ='1.1) 11'2 11,3 1 ___ ... ___ ._ 

:.::.1 \.i 

-W"n'lfUblJ"b'lfSl <n1:IJ":lJn11 [Agrawal, G. P. 1992.] 

F(r) = ii' " 
{

A'} (kr)+B'Y(kr)'k' =n'e -{3' 

C'K/yr) + D'I/yr);y' = {3' - n'k,~ 
(I) 
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L~a J,(x) Lthj,~\lniuLlJffL'l5~'D'it'fi~ 1 elW~llJ 1 Y,(x) Luu~\lniuLlJffL'l5~'D'it'fi~ 2 elU~lJ I flex) 

Luu~\lniuLlJffL'l5~~'fiLLU~\l'D'it'fi~ 1 elU~lJ 1 (modified Bessel function of the first kind) K,(x) 

Luu~\lniuLlJffL'l5~~'fiLLU~\l'D'it'fi~ 2 elU~lJ 1 (modified Bessel function of the second kind) A', B', 

C', D' LUULLa~'I"I~'<il'fi'lJa\lffUl~LL~L'V\~nly.jiAh I LUUelU~lJ'lJa;J~\lniuLlJffL'l5mL~~LUUL~'lJ'<D1UlUL~~ 
" 

~l~L~aul'lJ'lJalJL'lJ~ffU1~LL~L'V\~nly.jiAhluLLUl;~~ff E" H;, Ell LL~~ H(} ~a\l:n~l~a Lita\l~ 
~1'lJa\l'latJ~a1::w:11\l1'fi€iL~n~1n.ffu~ i nlJ i +1 ~~lLL'V\'I,j,\l r = p, LLU\lLUU 3 mill ~\lii' 

~ a~ d ~v 
mnm 1 L~a i = 2, 3, 4, ... , N -1 '<il:: b'fi 

[M(i'P)( ~,l-[M(i + 1,P,)( ~':l ~ [0)" (2) 

J,(k,p,) Y,(k,p,) 0 0 

OJ&, J'(k ) OJ&, Y'(k ) 
k/P, J,(k,p,) k/ . Y,(k,P,) 

d 
[M(i,p,)]= 

flk, I ,p, flk, ' ,p, 
L~a 

,p, 
0 0 J,(k,P') Y,(k,p,) 

(3) 

_1_. J (k ) 1 
OJJ.l, J' (k) OJJ.l, y' (k p ) -Y,(kp) e . ' ,p, k2 I I flk, ' 'p, flk, ' I I ,P, ,p, 

LL~:: k; dJUL~'lJfI~ulul'fi€iL~n~1n.ffu~ i :n~1 k, = ~(klln,)' - fl' 

nnaii 2 L~a i = 1 LUmatJ~a1::WJ1\lLLnUalmf'lnlJlff'fi~~.ffu~ 1 lJ~nrnLLnU'lJ€I\lL~ultJLLff\lLLlJlJ 
q q 

LLmnn ~\lniULlJffL'l5~ Y,(kr) 1~ffa'fifl~a\lnlJ~n'Mrn::'Yl1\lmtJ1l1'\Al ~\ltfU~lf1\l~ B" D, = 0 (fn~L~aU-
1'lJ'lJalJL'lJ~'l::W:11\lLLnUalmf'lnlJ.ffulff'fi~~.ffu~ 1 ~~lLL'V\U\l r = p, '<il~1~ 

q q 

(4) 

, d 
mriln 3 L~a = N dJUd€)[J<il€)d~vr:il.r1~~~~~~\.t~ N n1Jl~~deJ~~btJU€)lnlf'f "UlntnM.rn::r11.J 

q q q 

lulJ1nru,lff~'lEh'ltfu ~;JniUfI~U~€I;J:n~l~'fi~.J dj€IL':n~'<il11ru,lf1ru,ff~~'lJa", 
q q 

~\lniULlJffL'l5~ I, (kr) 'I"IlJ"h~"'niuLlJffL'l5~ I, (kr) :n~ru,ff~D~1~ffa'fifl~a"'nlJ~n'Mru,::'Yl1"'mrJf11'1"1 

~",tfu~aul'lJ'lJ€llJ L'lJ~1~'V\11",1~€iL~n~1n.ffu~ N nlJdffma"'Yl'111LL'V\U;J r = PI '<il::LUu~.Jff~mJ 
q 
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[
A'\'] [M(N,py)] B" _ 
C, 

D, 

o 
I 

--2-
K'(Y'UhPy) (A J y"'t" ,uh = [0], 1 

tCY,uhP,') C",h 
_ OJf./.",h K' 

fJ 
'(Y",hP,) 

Ysllh 

[AL",ABL,,J = [01,,1 

deter ALy"" ) = 0 

(5) 

(6) 

(7) 

Ln eJ L ~1 rh'VI 'U.Cil'l"n~lii L<il eJf"lJ eJ\! Li'U.1rJ LL~\! LLlJlJ LLlJdn nLLt:l::ml ~ rJ11fl ~'U.LL~\!~f111Cil f11 'VI it\! LL ~ 1 L n'iJ:: L~ ~ t:l 
LUt:l rJ"lJ eJ\! ~~m~ (7) LU'U.f11f1\!~"lJ eJ\! m~LL Vr:fm::"ill rJfl~'U. (propagation constant) ~\!~ ~ LUt:l rJ"lJ eJ\! ~~ m~ 
(7) ~'U. ~lmdmLtl\!eJeJmU'U. 2 mru ,t'U.~eJ Ld€lLdl1i5'U.~lJ 1=0 L~I"il:L~~mUt:lrJ"lJeJ\!~~m~(7) LU'U. 

f1ifl\!~"lJeJ\!m~LL'I'f':fm::"illrJfl~'U.1'U.t~Cil TE LLt:ld~Cil TM LLt:l:LdeJ5'U.~lJ 1*,0 L~I"il:L~~t:lLUt:lrJ"lJeJ\! 
~~m~ (7) LU'U.f11fl\!~"lJeJ\!m~LLvdm::"illrJfl~'U.1'U.t~CilL<llJ1Cil ~iI 

m~i Lml::~Li'U.1rJ LL~\! LLlJlJ LLmnn~i1~I'U. l'U.f1"lJ eJ\!i'U.l ~Cili~~I'U. l'U.~1 nCil tCil rJilhL:W'U.o/l~ \! 
'U , , 

'U.eJn"illn 1 "ll'1 'U.m~i Lml:~Li'U.1mL~\! LLlJlJ LLlJdnn~i'U.Lo/l ~L~no/l1n"lJ eJ\!1~Cili~i1f11m n-,xeJ rJ ~~lJn'U.L~LL~l , , 
i~m~drJ\!~lmdfl1.h::~no/ll inlJutjJ'VIl ~'U. ') L'l:f'U. Li'U.1rJ LL~\! LLlJlJ LLlJdnnlfl LLm~rJ t:l ~\! i1 LLn'U.L U'U.eJlmfl 

LL mn~l rJLCil ~L~no/l1n LLt:l:Li'U.1rJ LL~\! LLlJlJLLlJ'~'nn~Cil~~"ll'ii.i m 'VI"lJ eJ\!l~Cili~i1LCil ~L~no/l1n 1 'U.'VI it\! 'VI U 1 rJ , , 
L'lft:l~ (unit cell) mnnll 2 i'U. Lcmin~lrJ 

1 'U. il-n eJd"il: n ~11 n\! m~i Lml:~L i'U.1rJ LL~\! LLlJlJ LLlJdn n tCil rJ 1 'lii~L~Y11n'lfL:n\! Liw'h nlJ eJ ~1\! 
fl111 ') ~\!~lrJt:l:L~rJCil~'U.L~n~11HLL~11'U.lJY1ml~ [Xu, v" Ouyang, G. X., Lee, R. K., and Yariv, A .. 

2002. and Xu, Y., Lee, R. K., and Yariv, A .. 2000.] tCilrJi~L:lJYl1n'lfL:n\!Li'U.fhnlJdLU'U.m~iLml:~~ 
lh:: m ill~'U.l~ LL:W L 'VI ~ n L vJr"h~ eJ ~1 'U.lJ1L 1 ill l~Cili~ LL t:l:: Li'U.1rJ LL~\! LLlJlJ LLlJ~nn~\! n ~11~'U.~ eJ\! i1 

'U , , 

~1'U. l'U.f1"lJ eJ\!l~Cili~ eJ,x'U.~ tCil rJ1 'U.m~i Lml::~"il::LLtl\!lJ1L 1 illmd'VI1~ t:lLUt:l rJ"lJ eJ\!~~m~fl~'U.eJ eJn LU'U. 2 
'U , , 
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Core Region Cladding Region 
Z~···················································· ............ ~ •••.......••..•••.•.•...................••••.......................•••••..•..................... 

r 

1ulJ1b1ru.bbnutl·l~nEllJ~-HJiul~~b~n~1n N iu bb~[;l~iUii~dd"ll'-crim~ n;.., bb[;l::ml:IJ~Ul 
t:" bdEl i = 1,2,3 ... N ~lWrlJ,rwYi i iifil~dd"ll'-crinm n;." bb[;l::ml:IJ~Ul'lJEl\liu t:" bb[;l::lulJ1b1ru.l~~ 
'\K:IJ1h::nEllJ~1 tJiu 1~~b~n~1n ~iifil~dd"ll'-crim ~:IJln-'!!El tJ ~~lJnub1Judl tJfIllJ ,ru~Ell~ ~b~n~1n~ii , 
~"ld"ll'-crim~ n:., ml:IJ~Ul I:., ~~lJnlJl~~b~n~1n~ii~dd"ll'-cr'\Km~ n:, ml:IJ~Ul (2, ~\lbb~~\llU~U~ 3 

t~tJ lulJ1b1ru.bbnWiJ~ lmumju~d\l (exact method) bb[;l~ 1 UlJ1b 1 ru.l~~'\K:IJ'iiJ~ Hm"lUd~:IJlru.~Ul:lJbb~b ~~n , , 
'lvJwlbblJlJmdU"l:::IJlnl,b;\lb~UfhnlJ (asymptotic approximation) 

b"ll~l:lJl"lrJ~lfilfl\l~'lJEl\lm"lbb".dm::'iiJltJfl~u1ut:IJ~ TM, TE bb[;l~'lOjlJ1~ l~'iiJlnmdH\~Elul'lJ 
'lJEllJ b'lJ~ (apply boundary condition) ~"lEltJ~Eld~~ll\llJ1b1ru.bbnUnlJlJ1b1ru.l~~'\K:IJ hltJfilfl\l~'lJEl\lmd , , 
bb".dm::'iiJltJfl~u1ut:IJ~ TM ~ll~~\I~:lJmd'JJl\l~l\l [Xu, Y., Ouyang, G. X., Lee, R. K., and Yariv, A .. 

2002.] 

{U&,,(n:j JI" (k,'"p:J g~11 
kc:o(J J()(k("IIP(',(J) g;:1! 

'h.nh\'H)~b~l'Jln'U bdlb1'1:IJl'H1'Y1lftlfl~~'1H)~f11'Hb'Vdm::1l1I'Jfl~'Ulw 1:IJ1'I TE M~~'ff:IJf11'j [3] 

(UP" JI" (k:,,P:,,) = g:, 
k:J3 J"(k:,,P:J g~F 

(8) 

(9) 

b~mdlril~u~~ldlih~Elf'lJEl\lb~UltJbb~\lbblJlJbb1Jdnrl bb[;l~b~Elnml:IJ~ {U ~~Elml:IJtJl1fl~U ;l fill~fil 
~{j,\I b"ll~lfilfl\l~m"lbb~'fm::'iiJltJfl~Ut:w~ TM f3/11 bb[;l::1:IJ~ TE f3n l~'iiJlnmdbbn~:lJmd (8) bbt:l:: (9) 

m:IJ~l~lJ 

~l~1lJ t:IJ~1~lJ1~~iierU~lJ I", 0 r.J[;lbU[;ltJ'lJEl\l~:lJmd'iiJ~.rrlJ'J!ElU:lJln bdl~lfilfl\lYi'lJEl\lmd 
bb~'fm::'iiJltJfl~ulut:IJ~hlJ1~ l~~\I~:lJm"l [Xu, Y., Ouyang, G. X., Lee, R. K., and Yariv, A .. 2002.] 
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(10) 

(II) 

(12) 

(13) 

(14) 

~de:J~dl~lfilfl\l~'lJ€h'lnl"H~~1m::,nVfl~u1uhi~~h\l "J 1~~~~1 t-1~Yit§ll~~l ~dl~l~ldfl~l 
n1dm::"illV~ul~bb!l~~~n1'V'l.y:hmv1ulJ1~Iru,bbnUbb~::1~~i~1~~\I~~~ , , 

1u~~u1m~~\lbblJlJ~~mnn~iJ~~nudJue:Jln1f'1~~~::iJ·;(hmufi'lJe:J\I.ffu1~~i~-;)lUlU N fi ~\ldtJ~ 4 
IIU q q <U <lJ 

n1d~qJ~~V~;ie:J\I"illnn1dbb~1m::"illV (propagation loss) "il::~tJUt-1~dl~'lJe:J\ln1d~qJ~~V"illnn1d~~c.J~~\I\llU 
~;ie:J\I~1"illn-;)lUIU-;)ln~'lJe:J\I~1~~i~ ~~~::n1d~ru~~m~lJlJ~~n~u (absorption loss) ~;ie:J\lm"illn1~~~1i 

'U q q cu QJ <U q 

~tJu 1~~i~ ~~~\l1 U~~U 1v ~~~\I ~~lJlJ bbmnn ~IU 1 ~nJ"il::f1nnnnu 1 Ubbnu ~ ~tJUe:Jln1f'1 i\l,! Un1d~ru ~~v ~~lJlJ 
q q QJ 'U <u IV 

~~n~u~ ;ie:J\lm"illn1~~~1 'lf~tJu 1~~i~~\liJ~lUe:J V ~\I ~dl"il:: 13J-W"illdru,11 U\llUl-;ij vii' 
<u q II II 

t;'r, ;:;0:10'9 
r.i~t 

1st C!,J-:.:!df:'J 
t:.Jif 

:: 
t::;tdc<.j.jv-~ 

I::U 
:\llt~ ('ia:Jdi:Y) 

;-,,';11 
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mrn~bi'\.l,1r.Jbb~\lbbUUbbmnnij-;)1'\.1,1'\.l,f1'll€l\l.ff'\.l,1~~i:IJ-;)1'\.1,1'\.l,mr'\.l,~ bd1~::b~'\.I,11~d€lr.JIil€ld::'VI11\11~~i:IJ 
cu <:j'l q'l 

.ff'\.l,~ N nu.ff'\.l,~ N + 1 ,!'\.I, ~'\.I,l:IJbbajb'VI~nlv.JYh~::lh::n€lU~lr.J€l\l~l.h::n€lu 2 €l\l~lh::n€lu tt'\.l,~€l f1~'\.I, 
~bf1~€l'\.l,~€l€ln (outgoing wave) ~ijbb€l:IJ'V'l~~~bblh~'\.I,~d\lnu a" c, bb~::f1~'\.I,~b"li'l:1J1 (incoming wave) 

~ijbb€l:IJ'V'l~~~bblh~'\.I,m\lnu C'+l' d"+l bbIil1'\.1,mrn~li'\.l,1mb~\lbbUUbbmnnij-;)1'\.1,1'\.l,~'ll€l\l.ff'\.l,1~~~:IJ 
-;)1'\.1,1'\.1, N f1 Ci1\1dtJ~ 4 ~'\.I,1:IJbbajb'VI~n1l'lYh~::ijV"'V'l1::f1~'\.I,~bf1~€l'\.l,~€l€lmYh'!'\.I, bii€l\l~lnmd~::'Yi'€l'\.l, 

'IJ 'IJ 

..." " 1 6"~,d ~ ~ ~ 
~1m~~'Vl:IJ'll€l\lb~'\.I, mb~\lbbUUbbUdnn'1fWYlb'VI~€l '\.I,'\.I,f1€l C'+l =d'+l = 0 

~l'V1ful:IJ~ TE f1~'\.I,bbajb'VI~n1l'l-w1ijmdbbw~m::~1r.J1wYil'lm\l Z 'll€l\lbi'\.l,1mb~\lbbUUbbmnn~ij 

md~rub~r.J~lnmdbb~'V'l~\I\l1'\.1, 'Yh1in1~\I'll€l\lbb~\I~::~~~\I~l:IJbbmbbn'\.l, Z dh exp(-anz) 1i 
'IJ ~ 

'V'lld1ih~€lf aTE bll'\.l,f11f1\1~'ll€l\lmd~qJb~r.J~lnmdbb~'V'l~\I\l1'\.1,'ll€l\l1:IJ~ TE 'VI1 am 1~~ln~:lJmd [Xu, 

Y., Ouyang, G. X., Lee, R. K., and Yariv, A .. 2002.] 

= 2. -"!.. Tii I' I'" II ( ,,,p,.,) ( ""p",,) 
(

kl )21 B I' ,[J k' , ]2 k' , 
an, An' 

f3 k", ATE - ATI! + BTl! rJ'''[J' (k' r)]' rdr 

h'Yi1'\.1,€l\lb~r.J')n'\.l, ~1'V1fU1:IJ~ TM bd1~::1Ci1 'V'lld1~h~€lf ani 

'V'l~\I\l1'\.1,'ll€l\l1:IJ~ TM ~\I~:lJmd,y1\1~1\1 [3] 

o ('0 

a, = _ ~ 7:11 Ix I'" lIe ,,,p,.,,) ( ,."p,.,,) 1 ( 'k' J'I B 12 . [J k' , ]2 k' , 
HI f3 ' k' J - A B /,1/ r:" 

n"" d ""/,1/ 1:11 + 1:11 J[J' (k I r)]' rdr 
() "0 

(15) 

(\6) 

~:lJmd (15) bb~:: (16) bll'\.l,~:lJmd'VI1f11f1\1~'ll€l\lmd~qJb~r.J~lnmdbb~'V'l~\I\l1'\.1, ~\lbd1~::b~'\.I,11f11f1\1~'ll€l\l 
md~ru b~r.J~lnmdbb~'V'l~\I\l1'\.1,~:::ff'\.l,€lcinu l:IJ~'ll€l\lf1~'\.I, 11'1ij'll €l\lbbn'\.l,€llml'l f11md"l5uYi'm 'VI'll €l\l1~~i:IJ 

'U Q,I • cu - 'I II 

o • ct. Q..I ~ I d I .d 
~l'\.1,,)'\.I,f1'll€l\l"l5'\.1,l~~'VI:IJ bb~::f11f1\1'Yl'll€l\lmdbb'V'ldm::~lr.Jf1~'\.I, 

'IJ •• 

bd€l~~ tfbb~\I (optical pulse) b~WY11\11 '\.I,bi'\.l,1mb~\lbbUUbbmnn~::bn~md1J1'\.1,€l €ln'll€l\liqJt},11 rn 

bb~\I ~\I bll'\.l,iJru'VI1~~1f1 ru 1 '\.I,d::UU~€l ~ldm\l bb~\I ~ ~b 'V'l €lfi'\.l, 1 mi'\.l, 1r.J bb~\I bbUU bbmn nbbU\I €l €l n b lI'\.1,~€l\l 
~ '" 

lh::bfl'Yl1v.q) ") ~€l ~~b'V'l€lfim::'VI11\11:w~ (intermodal dispersion) bb~::~~b'V'l€lfi'\.l,mr.Jh1:IJ~ 

(intramodal dispersion) Ci1\1d1r.J~::b8r.J~Ci1\11il€l1tJd 

.Q, ~'*" I t 
~~L't'Ivd'7f'",l:::'VI11\1 !J~ 

~ ~b 'V'l €lfi'\.l,d::'VI11\11:IJ~bll'\.l,md1J1'\.1,€l €ln'll €l\l iqJqJ1 rn ~ ~tfbb~\I b ii€l\l:lJ1~1 m ') ~1~1,n '\.I,mdb~'\.I, 
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m"'lleh'lbL~\'11t.j,Lb\91G'ld3J~ilfhhib'Yhn'U ,;):::bn~;]'U1'Ub~'U1mbLmbuubbmnrl-Jrii.~13J~~13J (multimode Bragg 

optical fiber) ~"~~b 'YHl'fi'U'l"::: Vr:l 1 " h~';):::ill!-JG'l\91 eJn1"lU1'Uf) f)n'll f)"~G'lGfbb~"m nn--h~ ~b i"l f)fi'U 'lfii.~ ~'U 
iil 1 V;ill!-JG'l\91 mim1m"l~"'JJf)3JG'l~~@lf)G'l tt'Uflf)eim1m"l~"'JJf)3JG'l~1 f) ~l"hfi@llm"ll~lm"lf:1'Yh 1 'VIl:l.hn~ 

~ ~ 

~~bi"lf)fi'U"l:::'VI11,,13J~t~1@l£.JHb~'U1mb~"LbuuLbmnnbbUULbI!-J'Uf1~'j..l.b~£.J1 (single mode Bragg optical 

fiber) ih1V;~lm"lnG'l~~~bi"lf)fi'UG'l"t~mh"mn 

~"'L'VH).fi"1l1E.Jl"t3J~ 

~~b i"l f)fi'Urn £.J 1 'U13J~bu'Um"lu1'Uf)f)n'll f)"~qJqJ1 ill~G'lGfbb~" b ~f)"m,;)lnf1 ~'ULb~" bb\91G'l:::ml3J 

£.J11f1~'U,;)::: 1-lh 1G'l11 'Um"lb~'U m"t3Jb 'Yhn'U ~~b i"l f)fi'Urn £.J 1 'U13J~b1£.JnEin f) ~1"11~~b i"l f)fi'U lmm~n ~ 
(chromatic dispersion) 'VI1f)~~bi"lf)fi'Um1m1'm~3J (group-velocity dispersion, GVD) b"ll';):::t~ 

i"ll"lliib@lf)f~~bi"lf)fi'U D ~"~3J~'UTInu~~bi"lf)fi'Urn£.J1'U13J~ ~"~3Jn1"l [Agrawal, G. P. 1992] 

(17) 

b"llb1£.Jni"l1"l13Jb@lf)f /32 = d 2 /3 / da/ b1£.Jnl1i"l1"l13Jb@lf)f GVD (GVD parameter) LbG'l:::b1£.Jni"l1"l13Jb@lf)f 

D 11i"l1"l13Jb@lf)f~~bi"lf)fi'U LbG'ld~£.J~111h:::1i'V\'Ul£.J ps/(km -nm)~" D ~lm"lf:1b'~j£.J'Ubb£.Jnt~<K" 
~3Jm"l [Agrawal, G. P. 1992.] 

(18) 

b~f) D" bU'Ui"ll"ll3Jb@lf)f~~bi"lf)fi'Ub~f)",;)lmim..bf1~'U bbG'l::: D" bUUi"ll"ll3Jb@lf)f~~bi"lf)fiub~f)",;)ln 
1~~ ~",ru~~bi"lf)fiurn£.J1ul3J~bbll"~f)£.Jt~bU'U 2 'lfii.~ f1f)~~bi"lf)fiub~f)",;)lnl~~ (material disper-• • 
sion) bbG'l:::~~bi"lf)fi'Ub~e:J",;)ln'Yimbf1~u (wavegiude dispersion) Uf)n,;)ln~~bi"lf)fiu~t~n~11'JJ1"~'U 
Lb~1 1 Ub ~'U 1£.J Lb~" bbUU bbmnnbbuu bbl!-J'Uf1 ~Ub~ £.J1 rr" iln1"lUl'Uf) f)n'll f)" ~qJ qJ1 ill ~ G'l GfLb~" ei'Ub ~f)" m,;)ln 

~~b i"l f)fi'U'lfii.~ ~u b "liu ~~b i"l f)fi'Ueiu~u~" (higher order dispersion) LbG'l:::~~b i"lf)fi'Ub ~f)",;)ln 1 i"lG'l1-
~ 

t db'lfiu (polarization dispersion) 1 'Ub~'U 1£.J bb~" bbuuLbmnnbb~" ~1U 1 'VIq) b~WYm 1 'ULbnUf)ln1f'! ~"bbn'U 
f)lmf'!iln1"luJ~rJ'Ufh~"l"l'lfii.V;m'V\'uf)rJmn <K",ru1'U"1'UiirJd~"t3J~~I!-JG'l'llf)"~~bi"lf)fiub~f)",;)lnl~~ • 
bbG'l:::b~f)",;)lnb~'U1rJbb~"bbUUbbmnnillm,,~f1"m"b"l'll1f1ru@l ~~~u'liU'lff)'U3J1nn11b~'Ubbb~"bbUu~1tll 
~",ru~"t3Jbu'U~u1LbllG'ln1';) ~fh~~bi"lf)fi'Ub~f)",;)ln'Yimt1f1~U'llf)"b~'U1rJbb~"bbUUbbmnn';):::ijf11mnn11 
b~'U1mb~"Lbuu~1tll 

'i-'. """ 6"Q..< a.,.. Q..< oJ" I Q..< I Q..< ""'" t)'Q..< r:f """ 6"Q..< Q..I a... Q.,; """ I 

Lbm1~ ~b i"l f)"l'lfUf)U~U~",;):::'ll'Uf) rJnumml3J'lf'U~~b i"l f)"l'lf'Un@ll3J ~~b i"l f)"l'lf'Uf)'U~U~" rJ"1.iI!-JG'l@lf) 
~ ~ ~ 

n1"lU1Uf)f)n'llf)"~qJqJlill~G'lGfUf)rJmn b~mYirJunUi"ll"ll3Jb@lf)f~~bi"lf)fiu D uf)mlndb~u1mb~"bbuU 
bbU"ln nil Lb nUbUUf)lmf'! ~"~"l"l'lfii.V; n b 'VI'll f)" bb~"U'U 'VI ul~~il f1111"l:::3J1 ill 1 n ~b~ rJ" n'U ~",rUI!-J G'l 

'llf)"~~bi"lf)fi'Ub~f)",;)lnli"lG'lltwJri'Uilf11Uf)rJmn ,;)lm'VI@lI!-JG'l~t~n~11m'JJ1"~u 1u"luiirJd~~bi"lf)f • 



) 

~~n1~1t~~1~~U~'"1.~u~~tu.n.Jttlnnn'"n~m~dDd1~ 

r~~1.'*iihuj"m~~tt~~1BUJ't1~n4t~~ti"lhntl 

, , 
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€nml'l n' = 1 <lldd"]jitimV\'lJ8,rr~<lli:IJ"]jit~l'Yi 1 n', = 3.0 <lldd"]jitimV\'lJ8,rr~<lli:IJ"]jit<llYl 2 n', = 1.5 
W 'I 'I c 'I 'I ( 

fl'liJ'lJ8-:1bbnU81ml'l p,'" = 1.0 J..I m md88mb1J1J.ffwr~<lli:IJHV\inmdnn11U~bV\:IJ1::~~<ll (optimal , , , 
confinement) ,xU~8 k' I' = k' I' = 1f /2 '<il::1~ml:IJv\Ul'lJ8-:11~~~:IJ"]jit<ll~ 1 btJU I,'., = 0.13 J..I m fl11:IJ c{ cf c{ ({ , , 

v\Ul'lJ8-:11~~~:IJ"]jit<ll~ 2 btJU I~, = 0.265 ,um ~ml:IJrn1fl~Umn-:l A, = 1.55 ,um bb~::lumd 
lbml::V\1<lltll'lf1TIbb~uCjjd-:liJ"<illu1U~'lJ8-:11~~~:IJ (N -1)/2 = 15 ~ 1~~d8-:1btJU81ml'l n",h = 1.0 '<illn 

~:lJmd (8) (9) bb~:: (1 0) '<il::1~ml:IJ~:IJ'I4'ulh::V\'",h-:l fJ 1 k" 'lJ8-:11:IJ<ll TM TE bb~::1~1J1<ll Cjjl:IJ~l<ll1J 

Vl181:IJ<ll ~i15U<ll1J '<illn I =0 ~-:I 1= 5 n1Jml:IJrn1fl~U (A,,) <ll-:l~ll~ 5(n) 

V1'<illdrn 1 N ~mdl bml::V\13J<ll~t1 mt 1'lJ 8-:1 biu lt1 bb~-:I bb1J1J bb1Jdnn1<ll t111hb~uCjjd-:l 
'U 

b.:n-:lbiuf'i1n1J 'V'l1J'",h 1:IJ<ll~t1mb'<il::i1bQ'V'n:: lu1J1-:1'li1-:1ml:IJtJ11fl~U ml:IJtJ11fl~U<ll<ll (cutoff 
'U 

wavelength) ttu~81~"<illbtJu~8-:1bn<ll;ju~ fJI k" = 0 bb~::1:IJ<ll~t1mb1~"<illbtJU~8-:1i1fil~-:I~<llbtJU 1 ~-:I 
'U 'U , 

btJUfl rn~:lJ1J1i~ bbCjj n 0/11-:1 '<ill n 1:IJ<ll~ t1 mt 1'lJ 8-:1 b iu lt1 bb~-:I bb1J1J~1 11l 
, 'U 

10
0 

E~gg~Eo~E~~ n go ~ ~ ~ E ~~n< ~ ~ ~ ~ ~ ~ ~ E. ~ ~: ~ ~E~:. ~ ~ ~ ~ ~ ~~~,~~E~g~.: ~:::::_ 

::: !:::::!!!!!!:::!!!!!!!:::!!:!!!~~![ 

1.1 1.2 13 1.4 1.5 1 6 17 18 19 

A.,(lm) 

(n) ('lJ) 

"'juri 5 NflnTl"j!fIJ'l::Yll:JJ(jJr/nmi'l (n) m'l:JJffmluf"J::w;:i'lJ fJ 1 k" nmrn:JJlJTJflNu!!1,'fJ ( * !!YJuj~!!;jjumJ !!fI:: 
u v 

- !!YJU~~!:JJYJ1wJ!i-dJ!iurhn~1J ) ('11) m'l:JJ!!(jJn~'lJ"J::whJ(jJn'lrti1h::ffYJ~NfI neff n1JWnJJlJ'lJfl~U!!ff\J 
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b~ emJ'1UlJb ri uUt:-JSlmdlbml~Vl1~<n~rlnul t<n ulrrbb3.1u~d.J nulrrb~'Yl~mrb:n.J biurllnlJ'lHl.J t~<n 
'" 

TE bbSl~ TM Vl1Elt~<n~~eluiu 1= 0 'V'lu';h";i)~1it:-JSlmdlbml~~~~El<nf1~El.Jnu ~--mt~<n1ej1J1<nVl1Elt~<n 
~~eluiu I*-O t<nut~<n~iielUiU 1:::; I:::; 3 ";i)~1it:-JSlmdlbml~~~~El<nf1~El.Jnu bbSld~<n1f.jU1<n~ijeluiU 
I? 4 ";i)~1it:-JSl~~El<nf1~El.JnUUElUSl.J b~mheluiu I ~byj~,]U UEln";i)lnd";i)lnmdlbml~Vl1~<n1f.jU1<n 
t<nU1mrrb~'Yl1n'lh:n.JbiurllnU ";i)~bn<nt~<n1f.jU1<nUl.Jt~<n 1umrn~mnd~El HE

22
, HE'I,HE" bbSl~ 

HE; I ~.Jbn<n 1 UU1b 1 rn ~1n ~'lJ ElU'lJ El.J bbUU1<nrl bb~t~<nb VI ~Td'";i)~13.1bn<n:ffu";i)lnmdl bml~Vl1<n u 1 mrrbb3.1U­

(j]d.J~~·'i'hUlU~'lJEl.J,ffUl~<ni~':illU1UUElU 1umrn~mnd~El 15 ~ brtEl.Jm";i)lnt~<nbVl~ldb1Jut~<n~El~ 
'U 'i'l 'lJ 'tI 

1n~U1blrn'lJElU'lJEl.JbbUU1<nrl ";i)~~md~rub~U";i)lnmdbb~'V'l~.J.Jlu~ln '" ~ 

";i)lnmdlbml~Vl1~<n~rlnul t<nU1mrrbb3.1Utj]d.J ~~':illUlu,ffU'lJEl.Jl~<ni~ 15 ~ nulrrb~'Yl1n'lfb:n.J 
'tI 'i'i 'tI 

biurllnU ";i)~1~~lml~bb~n~l.Jd~V\':ll.J~l<ndd'lfihh~~'Yl~t-JSl (n,}/ = f3 / ko ) 'lJEl.J t~<n TE TM bbSl~ 

1f.jU1<n t<n U mdl bml~Vl1<n U 1 mrrb~'Yl1n'lfb:n.J biurllnU H':illUlU,ffU 1<n €h~n~1n 1 UU1bl rnbbnu 7 ,ffu n'~/I 

bY1uunumdlbml~Vl1<nu1mrrbb3.1u~d.J~~':illulU~'lJEl.J,fful~~~~ 15 ~ n::r ~.JHbtJUm~d~lU'lJEl.Jt~<n~ 
~eluiU I ";i)ln 1= 0 n.J 1=5 i.JdtJ~ 5('lJ) 

'" 
Y1";i)ldrnl~lml~bb~n~l.Jd~VI--h.J~l<ndd'lfiitJd~~'Yl~t:-JSl n,.// 'lJEl.Jt~<n TE TM bbSl:::1f.jU1<n 'V'lu--h 

~lml~bb~n~l.Jd~Vlll.J<ndd'lfiitJd~~'Yl~t:-JSl'lJEl.J t~<n TE ";i)~~~lUElUri~<n t<n uij~lmn~~<ntJd~mrn • • 
3 x I 0-' ~lml~bb~n~l.Jd~Vlll.J<ndd'lfiitJd~~'Yl~t-JSl'lJEl.J h.J'fI TM bLSl:::1~U1'f1~~elUiU I ";i)ln 1= 1 n.J 

1= 3 ~~lmn~~<ntJd~mrn 2 x I 0-' bbSl~~lml~bb~n~l.Jd~V\';h.J'fIdd'lfiitJd~~'Yl~t:-JSl'lJEl.J t~<n1f.jU1'f1 ~ij 
• 

eluiu I? 4 ij~lmn~~'fItJd~mrn 0.1 ";i)lnmdlbml~~ bdl'V'lUllb~El~l I mn,]u ~lml~bb~n~l.J • 
d~Vlll.J <ndd'lfiitJd~ ~'Yl~t:-J Sl";i)~ mn:ffu~l U bb~'fI.J II mdl bml~Vl1'f1 Ulrrb~'Yl1n'lfb:n.J biUrll n U nu md 

lbml~Vl1'f1ulrrbb3.1U~d.J~lmdrlhlbml~~biu1mb~.JbbuubbUdnnbb'Ylunu1~~ b~ElelUiU I ~~l~l (1U 
.:::t& A' I Q.; <v 

mrnl'fmnu fllElU'fIU 0:::; I:::; 3) 

1 umdl bml:::~biu 1u bb~.J bbuubbUdnn t'fl U 1 mrrb~'Yl1n'lfb :n.Jbiurllnmr u ";i)~ijmdtJd~m rn~Ul~ 

Lb3.1bVl~n 1'V'ly'(hEl~1 UdtJ exp(±kr) /.J; 1 u,ffU'lJEl.Jl~'fIi~ i.JJu1 umdSl'fl~lml~Lb~n~l.Jd~Vlll.J<ndd'lfii 
'U 'lJ 'ill 

tJd~~'Yl~t:-JSl b~El1imdlbml:::Vl1~'fI~rlnul~ml~rln~El.Jmn:ffu ~.J':illbtJW~lEl.Jbyj~':illulu,ffu1'f1~b~n~1n 
'" '" 

1 UU1blrnbbnU b~El1i n,'/~ btJut:-JSlmdlbml~~~l'fldd'lfiitJd~~'Yl~t-JSl t'flulrrbb3.1u~d.J~ii':illUl~~~'lJEl.J,ffu 
1~~~~ 15 ~ btJUm~d~lU bbSl~1i n"~1 btJut:-JSlmdlbml:::~~l'fldd'lfiitJd~~'Yl~t-JSlt'flUlrrb~'Yl1n'lfb:n.Jbiu 

rllnU ~ij':illU1U,ffu1<n~b~n~1nmu1uU1nrnbbnu':illUlU N ,ffu 1umrn~mndL~Eln1i N b1JU 1, 3, 5 

LLSl::: 7 ";i):::1~~lml~bb~n\9h.Jd:::Vlll.J'fIdd'lfiitJd~~'Yl~t-JSl'lJEl.J t~'fI TE TM bLSl:::1~U1'f1 ~.Jbb~'fI.J1udtJ~ 6 
'" 

(' 
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(n) ('Il) 

HEll mode 
10·t ____ ."". -.------ ..... -.- ____ A_A. __ • _____ • ______ •••• _ •• __ ••• _._ •• 

HE12 mode 

1O.
t 

::::::::.::::::::.::::::::.::::::::.::::::::.:::: --- •• _.- ••••• -------

~ ~ ~ ~~;;:tW~~~~!LLi~~~~~:l:~~·~HI~~?~~.t:l::~J~D;~~ 

.. ········1· ••• 1······'1·· ... 1······· 

--. -~ . ~ --...... ; ------. -; ........ i -.. -... "1" -..... -1- --. --. "1"" . -----

k,~·~~D;Li" . 
:::::::: ~::::::::~::. _:··:t::::::::!:::::::::::::::::!::::::::::::::::: 
::::::::~::::::::~::::::::r·::-':·:i::::::~/~:~~;,~:f:::::::::1:::::::: 
······_-['······'[·_-_· __ ·[·······-1·· - ····--···1-·-----·:-····· 

10" L-----:-~-"~-',-----':-----,-'::----O,::---c'::----,J 
1 1 12 1.3 14 1.5 1.6 1.7 1S 1.9 

10" '=--"':::--':-----:-':::--~---,-L:__--c'::--_,_L::---:' 
1.2 125 1.3 135 14 1.55 1.6 

A,,(/,n) A,,{JII11) 

ltl~ 6 rilml3JLL'ilmhJj~Vl11MI1J"1fuI1j~ffn~e.J~ nell ~lnmj!I1NlfuLLI1~J.ffullkJfuLLnUJl1lflu 
!umj]!mldT'illfb'~!3Jn1n.m:gJ!;ufhn1l!filfllnllmj]!ml~Vl1'i1lfb'~!!3Ju'iljJ rthf,hU?uri . ~ 

'1/€JJ.ffuiw~1f3J 15 fj !'lfiiJU3Jl'i11J1U (n) T3J'iI TEll! ('1/) T3J'iI TM", (fl) T3J'iI HEll (J) T3J'iI HE" 

9JlnnTH ~~~1'u, lU,,ffU, Llil ~ L~nlil1n 1 WlJ1L lnubnu,l u,nTJl Lml:;'V\1~Iil~nmtl11il tJ 1 m~L~'Y11n.nL~~ 
'II 

L~'u.fl1rlU V'-IU-h~lml~uliln~h~1:;w·h~1il11'JJ'ihh:;~'Y1TIj:.J~'Ilfl~'Y1n l~lilij~TufltJ~~ ~1tlL~11 m11Lml:;~ 
• • 

L ~u,ltJ LL~~ uuu LLlJdn n11il tJl~L~'Y11n.nL ~~ L ~u,rhflU flU m1l Lml::~L~u,ltJ LL~~ LLUULLlJdn n llil tJl~LL~u,1il1~ 

~lm1n 1 m Lml::~L~u,lmL~~LLUUUlJdnnu 'YlU,flU, L~ L~flIihu, lU,~'Il fl~,ffu,l~lili~'Il fl~ L~u,ltJ LL~~ LLUU 
'II •• 

bblJdnni. u,m11 Lfm::'V\11il tJl~LL~u,(§lJ~ijfhmm Yl tJ~V'-I fl LLf'l::"4hu,1U,,ffU,'Il fl\) L~ aL~nlil~n 1 U,U1L 1 nmnu,'Il Ehl 

L~u,1uu~~LLUULblJdnn lu,m1lbml::'V\1IiltJl~L~1il1n.nb~~L~u,nlfluij~lmmYltJ~V'-IflL'liu,nu, flf.h~Ldnlill~ 

m11Lml::'V\1~Iil~nn'\.tl1~ tJ lm~L~'Yl1n.nL ~~ L~Unln1J9J:: 1 ij:.J~~L~lnl1m11Lml::'V\11il tJ 1 m~LL~u,1il1~ 
'II 
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~H~m7:'h~71~Vi'T3J~~~n,"11u'2i1\1 0.258 < AI) / Ac < 1.382 

1 Ui1'11tl'd' L 11'91:: hrm1iLm1::'VI13J~~r1n'l.b 1~ £J lmn-L3J'Y11n'l1L .:n\lL~ufi1rl1J L yj El;;;m~1fl rn~3J1J~ " , 
1J1\11.h::m1'1.1El\lL~ulml1LL~\lLL1J1JLLmml 1~£Jl~~11ijL~Elf'1.lEl\lL~Ul£JLL~\ILL1J1JLLmnnL'VIi'jElU~\I":;1'llEl~ 

LLGh '9l::L~m13Ji3JY~'Ulh::'Vd1\1 fJ / kl) '1.IEl\ll3J~ TE TM n1J ,1",1 Ac lU'lf1\1 0.258 < AI) lAc < 1.382 

~\l1tl~ 7 
'IJ 

09 "\ 

08 \ 

07 

06 

-:::.."' 05 
"'-

0.4 

0.3 

0.2 

0.1 

TE modes of Bragg Fiber 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 12 1.3 

",IA,. 

(n) 

TM modes of Bragg Fiber 
1 

\ 
\ 

~ \ 
\ 

\ 

\ 

0.9 

0.8 

0.7 

0.6 ... 
;;;. 0.5 

\ 
0.4 

0.3 

0.2 

O. 
1 1 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 12 1.3 

",1 A,. 

('1.1) 

LdEliLm1::'VI13J~~blml1'1.1El\lL~ulmL~\lLL1J1JLLmnnLLnUEl1mf'l'1.lEl\ll3J~ TE LLG'l:: TM lU'lf1\1 
" 

0.258 < AI) / Ac < 1.382 ~1J':hL~ulmL~\lLL1J1JLLmnn3j13J~~~n'll11u1J1\1"li1\1m13J£J11fl~uL'Yh,fu LL~~\I 
'h L~U 1£J LL~\I LL1J1JLLmnnL ,r'll1LL~\lL~LQ ~1::1J1\1"li1\1f)113J£J11fl~U :A\I'9l::L3JL 'VIi:] ElUn1JL~U lmL~\I LL1J1J~1 Ltl 

•• ~ CI.oII:::o. I.J". Q.I I I .. 
(conventional optical fiber) L11 L1£Jn~ rn~3J1J~L 'll'U U11 ~ rnG'ln1Yrn::LLbl1J'll'El\l'VI1\1 (bandgap charactenstlc) 

~\I,fu~\l3jm13JdJuLtlL~~1,rL~ul£JLL~\lLL1J1JLLmnndJu~1mEl\llu'1.Irn::L~£J1n1J~1,r'll1LL~\I 

~HI m7i L~71~~ m7m~\l1!1i;'{U13J LLa.i L Vi~n 1 v-IYh 1 uu,u lmLi;'{\1 LL1JULLU7nn 

'9l1nm1iLm1::'VI13J~~bln'll11ui1'llEl'111\1~U L11'9l::L~~h~11'll'il.tl1::~'Y1~~G'l fJ / kl) ~m13J£J11 
" 

fl~ul~ "l '1.IEl\ll3J~ TE TM LLG'l::LeJ1J1~ ~\I~111\1~ 1 
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1:lJ<il fll f3 / kll '118\l1:lJ<il TEl II TMII' LL~:: HE'2 ~ml:lJtlldfl~'U.l<il "J L'lJ<il'118\lL~'11~nl~\l 

All (1-'111 ) f3 / kll All (1-'111) f3 / kll All (1-'111) f3 / kll {m,n,p,q} 

TEll I 1.2 0.7217 1.4 0.5454 1.6 0.1852 {-1, --, --, -1} 

TMII' 1.2 0.9545 1.5 0.8050 1.8 0.6253 {--, -1, 2,--} 

HE'2 1.5 0.9207 1.65 0.6823 1.8 0.2491 {12, 13, 15, 15} 

V1:lJl tIL V1\9l Lfl~8\lVl:lJl tI u_u V1:lJl t1ml:lJ':h l:lJ<il~\lfl~ldl3-1ii 8\lf11h::n8lJ'11 8\l ~'U.l:lJ LL3-I LVI ~n 1 wV:h~ 'U. 
i 

Ld 8mllJfll<ildd"15ihh::;'Yl1Y~mL~1 ~l:lJldblVllnldm::"'ill t1~'U.l:lJLL3-I LVI ~n lwvh 1 'U.Li'U.lt1LL~\l LLlJlJ 

LLmnn~ml:lJtJl1fl~'U.l\9l "J l<iltlhn~L:lJ'Yl1n'l1L<]-\lLi'U.nlnlJ [Xu, Y., Ouyang, G. X., Lee, R. K., and 

Yariv, A .. 2002.] l~~\l~U~ 8.n\l 10 LdmhVl'U.<illi E,,(a.u.) = E" x 10"', E,(a.u.) = E, x 10", 

HII(a.u.) = H" x 10" LL~:: H,(a.u.) = H, x 10" 

L rt8\l"'illn ~'U.l:lJ LL3-I L V1~ n 1 wV:h 1 'U.lJ1L 1 rnLLn'U.'11 8\l Li'U.lt1 LL~\l LLlJlJ LLmnn L <] t1'U.l 'U. dU ~ ~dd:lJ L <]-\l Li'U. 
" 

'11 8\l v:I\ln'J5'U.L lJ ~L'lJ~ LL~:: 8 'U. ~'U.TI'11 8\l v:I\ln'J5'U.L lJ ~L'lJ~ ~\l~ 'U.~'U.l:lJ LL3-I LVI ~n 1 wvh 1 'U.lJ1L 1 rnLLn'U.8l nll'!'11 8\l 
q 

1:lJ<il TE TM LL~::leJlJ1<il~ii5'U.~lJ~l "'il::8cil'U.lJ1L1rnLLn'U.8lnll'!:lJlnn':h 1:lJ<ille:rlJ1<il~ii5'U.~lJ~\l ~lVl1lJ " ~ 

1:lJ<il~ii5'U.~lJ:lJln~'U. ~'U.l:lJLL3-ILVI~n lw'iAll"'il::8cil 'U.lJ1L 1rn l~<ili:lJ:lJln~'U. LL~:: 1 'U.lJ1L1 rnl~<ili:lJln~ "J (fll 
'if '\ <j Cj <j 

kr iifll:lJln) ~'U.l:lJ1ulJ1Ldrnd"'il::~<il~\lL~8t1 "J \9ll:lJLL'U,11I'!ii 'U.8mlnd~'U.l:lJ~8ci1ulJ1L1rn~ln~'118lJ 
" 

'118\lLLlJ'U.l<iltl'il::8ci1ul~<ili:lJ:lJln~'U. V11m~:lJ13-1'ibfl~'U. (unguided wave) ~\l1ulJ1Ldrnd"'il::iinld~ru 
'U q'l 'U QI 

Field Distribution In Bragg Fiber. 
35 ,--~--.---,------,--,;-;..:. -:-. ,------,.-,.~-:-. -,-. --". 

J)~)II~dIi1l0A);:::1.2}01t. ~ 
30 1)~tslkdlf}/~Al, =1.~/U~J \ 

I~I.\/~ -dO'ili+'A., ~1.11UII : 

~'-', : 

-···;f··t.:-~---;:'-h·:L:;;··~~!,~~~·:;·~4::-,-·;~· : -.!: "_.' . 
-5 

-iOO!--""O 5,-----!------'-~1 5:----'-----'--co----'----'--""25:'----'---" 

/,UIII) 

(n) 

{ 
:t: 

Field Distribution In Bragg Fiber 
0.2 

015 

01 

005 

0 .... 

-005 

-01 

-015 

·02 
0 

t(jUII) 

('11) 
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~. 
'" 

" "-
",' 

0.15 

01 

005 

-005 

-01 
0 

0.5 

0.4 

0.3 

0.2 

Field Distribution in Bragg Fiber, Field Dlstrrbutlon in Bragg Fiber 

" " " 

j)~){fhllill{jA)= 1.2~U1~ 
J~/.Jwdlil4'Aj, = 1.~.lI~/ 

08 

,J'i 'I' .~,,,~, i,i,." 
........................................... ~ .. j.?.~ '\~·f,~~i;:·;;·~,···'111~~·:: ·:::·b."'"·t.;...··c. '-l'''~''r .;;,.~ 
"0-. ----.)/J':' :-' : "j,/! 

: " 

06 

0.4 

0.2 
-, 

~ 0 :;.~. 

",-' 
-02 

-04 

-0.6 

-0.8 

-1 
0 0.5 1.5 2.5 

I' (,UII) I' (,UII) 

(n) ('lJ) 

~tl~ 9 mmr~-;nfJffUI3J"JjLV!~n1yJWlr3J~ TM", (n) '1IU1WlI€JJ E ('11) '1IU1~'1I€JJ H" 

Fjeld Distribution in Bragg Fiber 

Do/red 1inc A., =;15 ),ml 
Da,\:hcd!line An + 1.6~ jon 

Da.\~ -yoI1ine+, ::::~l.H}lm 
'~:' " :: :: .,' 

~ . ; , " ,r ,,, 

0.8 

0.6 

0.4 

Field Distribution in Bragg Fiber 

j)()rle~'Jille A" ~ I. 5~1IJ1 
l)l~hettlilleA" ~ 1.~5J.ul1 
IJt;t'h~d()llille~, 41.8/U1r 

Ji.!' ; 
1:/ 1 '. 

01 

-0.1 

I--~"~""""=-------4c -" -k '_72-'-'~~~ 
/, :\-" . , y: ,\, 

~. :: ··-e '~'~r-t-;-\ :/ 
02 

-02 

-0.3 

-0.4 

-0.5 
0 0.2 0.4 

0.8 

0.6 

04 

0.6 0.8 1 2 1.4 1.6 18 
1'(1111) 

(n) 

Field Dlstnbutlon in Bragg Fiber 

1J()1~l!J/~}}eA" = '.5,L~1 
lJa,'~1ed ~ille ~J' =:, I ,6~ /.UII 

Da.\~l-lY()llille~ = j.8,lUll 
i ,r/----. t i 
: ii \ i 

(' " 

o ----... ,.;.~~;-,-::',.:=.:j,,--;------!.L .. -J.\: 
:!::/ :l: 

02 "). 

-0.2 ! ~~ '\ 
~\"" 

-04 

-06 

-08 

-1 oL.--,0:-'.2:--:0"-.4~-::0'::.6-='0 '::-8--'-----'-:,'::.2~:',.':-4--'-,:-'.6:--:,"8;-'~------' 
1'(1111) 

" : J: "; 

-06 

-0.8 

-10~-:0:-'2:--:0~.4~-::0'::6-='0.'::-8-~,~~,'::2-:',.':-4--'-,:-'6:---:,"8;-'~~ 
I' (lUll) 

0.5 

('lJ) 

Field Distribution In Bragg Fiber 

: :: 
j ; ~ 
: ' : ~ 

j)()lredi(III.·A.u =i l.5),fllI 
lJa'f,ed~;ne A" ~ I ,~PIII 
/)a . .J!1-~/()llil1e1" =;1 .8J.olI 

:\' :' 
j'l , 

) --+_. .i ~ . 

~. 0 f----~~c<,;.,,;.;:..{.; ...... J,L 
~~",-

J: .. ~:. 
-0.5 

-1 

0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 

r(lulI) 

~tl~ 10 m'Jm~-;]lfJWUI3J!!Jjm~n1yJWlr3J~ HE'2 (n) '1IU1~'1I€JJ Eo ('11) '1IU1~'1I€JJ E 

(fJ) '1IU1~'1I€JJ Ho (J) '1IU1~'1I€JJ H, 
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~a n1"a1 LfI"a1 :::'VI"L3J lilvifl mb ~1Vi1"a13jL@I E1f~G'fL Vi E1fiuL .aEl\l\l1mi m.b fI ~U LLa:::~1 fI\lvi'll E1\1 n1"a .. 
G'frudhJ\l1nn1"aLL~Via\l\l1U'llEl\lT3J1iI TE LajEl-rA'3j'llEl\lUnUEl1n1~mJ~£JULLtla\l .. ~ 

l'U.~J'll€ld~::~n1!l-I~~~ln~l'Iii'1l€l~LLn'U.€llmI'lLtI~[JmLtl~~~ii~€l1:IJ~~f1mtl ~hvn~nilL(j]€lf~~ 
'IJ 

L'V'l €lfi'U.L ~€l~~lm1 €l,;tlf1~'U. LL~::~If1~~'1I €l~m"a~ru L;[J~lnm·nL~'V'l;~~I'U.'1I €l~ 1:IJ~ TE ~~TH~1 Ld €l'V'lljl 
'IJ " 

ilL(j]€lf'1l€l~Li'U.lmL~~LL1J1JLL1Jjnn·hjtl~ 3 ~~li~d ~jj"lfit~m'V\'1I€l~LLn'U.€llml'l n l = 1 ~jj'lfit~m'V\ 
'IJ W 

'1I€l'1'1~~~:IJ'lfit~~ 1 n;, = 3.0 ~jj"lfit~m'V\'1I€l~l~~~:IJ'lfit~~ 2 n:, = 1.5 mj€l€lmL1J1J.ff'U.l~~~:lJH 
'V\;mjnml'U.~L 'V\:IJ1::~~~ ~::1~ml:IJ'V\'U.I'11€l~1~~Vi':IJ'lfit~~ 1 II, = 0.13 I' m ml:IJ'V\'U.I'11€l~l~~Vi':IJ 

q q q C q q 

'lfit~~ 2 I:, = 0.265 f1 m ~ml:IJrnJfI~'U.n~l~ A, = 1.55 f1 m Ld€l~l'Iii'1l€l~LLn'U.€llmI'lLtl~[J'U.LLtl~~ 
P;" = 1.0, 1.5 LL~:: 2.0 f1 m ~::1~ml:IJi:IJ-0'wlh::w:h~ fJ / ko n1Jml:IJrnJfI~'U.LL~~ i~~tl~ 11 

TE modes of Bragg Fiber 

,l.,,(!III) 

'juri 11 mlJJffJJWU{j~'W;hJ fJ / ko "lI€JJLffUilllLWJLL1J1JLL1Jjnnn1JmlJJtJTmiuLLWJ .. 
"lI€JJrJJ~ TE LiJ€J1P1iJ"lI€JJLLnU€JlmPliJfhLlJU p,l" = 1.0, 1.5 LL~~ 2.0 f1 m 

TE modes of Brag9 fiber 

( 

radius of air core I 
= 1.0 micron 

~f 

. I 
radius ofalf core; 
= 2.0 . 

radius of air COre 
= 1 5 micron 

-5 '---"-l-'r-'=--.L,-,-L----,J,,--.J,,--"--'---:'-,---' 
1 1.3 1.4 1.5 1.6 U 1 8 1.9 

Ao{JD») 

(n) ('11) 

Juri 12 (.J~"lI€JJmjL1iitJuLL1J~J1P1iJ"lI€JJLLnU€JlmPl P;" = 1.0, 1.5 LW~ 2.0 f1 m (n) fiTWTnnL~€Jf$jWL'w€Jf';u 

dt€JJ~lnrim;;'lfliu"lI€JJ rJJ~ TEo I ("lI) filf1J~"lI€JJmj~'!JLWtJ'illnnTmeJwciJJ1urJJ~ TE 
" LL~~iJ-Jlwmfi"ll€JJ';uiW~iJJ 15 fi 

'lI 'f" 'Ii 
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d}6~'\1ij'lJ e:J ,mn'UEn nl~'IL 1.l~ £1'UbLl.l ~,riil::ij~ Ml e:J~1 'U '"m tlJ<11 ,t u,~ e:J~flij'lJ e:J\I Lln'Ue:Jl nl fllJ1 n:Du, "il:: 

't111 ,x~lm'UtlJ<11mn:D'U 1 Wrl1\1<111\1nu,-v1lJL~e:J~flij'lJ e:J,'!un'Ue:JlnlflUe:J £1 ~\I 'il::l111 ,x'ill'!.n'UllJ<11ue:J £1 ~\I bd e:J 

W"il11 rn.1 tl1'Wl11iJ L~ e:Jf~L'fL w-erf.iYm Ue:J\I"il1mi mbfl~'U "il1n fflJnl1 (17) "il:: 'l!il~~'lJ e:J\lv11'Vil"niJ L~ e:Jf~ ff 
.'~" ,." 1 .. ~ .. .ld.1 ~ .I d 

L'Nfj~"l5'Ume:J,'!"il1mle:J'U1f1~'U'lJe:J,'! lJ'il TE LlJe:JdfllJ'lJe:J\lLln'Ue:JlnlflLlJ~£1'ULLlJ~\I 'il\lllJ'YI 12(n) 

·'lff71';j1.l~ 12 (n) Lrle:J~flij'lJe:J\lLln'Ue:J1mfllJ1n:D'U ~m1lJ£J11fl~'Ul'il ') v11'Vi111iJL~e:Jf~ffL'Vie:Jfi'U 
" 

L iie:J\I"il1 nri m.1, 1f1~'U Ue:J £1~,'! 1 'U 'YIl\lm \I n'U-V1lJ Lrl e:J~flij'lJ e:J\I LLn'Ue:J1 nlflUe:J £1 ~\I v11'Vi111 iJ L~ e:Jf~ ffL 'Vi e:Jfiu, 

L Ue:J\I "ill nri m.1,lf1 ~'UlJ1n:Du, LL~:: 1 'UlJ~L 1 rn.ln~'lJ e:JlJ'lJ e:J,'! LLlJ'Ul<11l1 tl1'Vi111ih~ e:Jf~ffL 'Vi e:Jfi'UL rte:J \I "ill nri m.il 

f1~U, 'il:: ijvh 1J1 n u,e:J n"il1n d' ~flij'lJ e:J\I LlnU,e:J1 mf'(ij~ ~ <il e:Jm1lJ £111 fI ~'U ~l111 ,xvi1'Vi111 iJ L<11 e:Jf~ ffL 'Vi e:Jfiu, 

b rte:J \I 'ill n ri e:JU 1 fI ~ 'UL D'UflU, 6 (wavelength at zero dispersion) n ~11 ~ e:J b rl e:J 1flij:JJl n:ff u, 
" 

"il:: ii 11 ,x m llJ £1 11 fI ~ 'U ~ 'Vi 111 iJ L ~ e:Jf~ '" L 'Vi e:J fi'UL ii e:J \I "ill n ri e:J 1.11 fI ~ 'Udhfl 'U cl' (zero dispersion 
" 

wCfvdength) L~e:J'U'l1.l'YI1\1m1lJ £111fl~'U#'U (short wave length) "il1nfflJn11 (15) "il::: 

'lcp)~~'lJe:J\lfi1f1\1~'lJ e:J\lmdffruL~£1"il1nn1dLL~'Vi~\I- \l1U,'lJe:J\I tlJ'il TE Ld e:J1flij'lJ e:J\lLLn'Ue:J1nlflLl.l~£1U,LLl.l~\I ".. . 

~,nl.l~ 12('lJ) 
" 

''lff7T'j1.l~ 12 ('lJ) L~e:J1flij'lJe:J\lLbn'Ue:J1mfllJ1n:D'U m1ffruL~£1"il1nn1dLL~'Vi~\I\l1'U'lJe:J\I llJ'il TC ijfi1 
" "" 

Ue:J £1~\I 1 'U'YIl\l~1\1n'U'JJ1lJLrle:J.~flij'lJe:J\lbLn'Ue:J1n1I11UmJ ~\I m'lffruL~£1"il1nnl'lLL~'Vi~\I\l1U,'lJe:J\I tlJ'il TE 'iJ: " .. 

, , , 
~ I .co. 6'''''' ... 'V.d loA I """ .d . ca,... 

tnm1 f11'Vi1'llm~ e:J'l<11ffL 'Vi e:J'l"l5'UL 'Ue:J\I'iJ1n'YI e:J'U1fl ~'U LL~::mfl\l'YI'lJ e:J\lnl'lffru Lff£1"il1nn1'lLLm'l~\I\ll'U'lJe:J\I 
" " .. 
llJ'il TE l~'il11rn.1mrnrt'Vi111ih~e:Jf'lJ1J\lL~'Ulmbff\lbLlJlJLbmnn1ml.lrt 3 ijv11~\ld 'il11"l5ii,imv,'lJ1J\lLbn'U 

" 
1J1n1fl 11:" = 1 md"l5ii,imv,'lJe:J\l1ff~~lJ'JfU<11~ 1 n~, = 3.0 <11~d"l5ii,imv,'lJe:J\l1ff~~lJ"l5U'il~ 2 iJtl1 

bl.l~£1'ULLl.l~\lLiJU, 11,2, = 1.5, 2.0 bb~:: 2,5 md1J1JmLlJlJ.ffu,1ff~~lJHv,~nm1nnn'UrtLVim:::~~'il 'il:::1~ 
fll1lJV,'U1 'lJe:J\l1eNl'~1J'il'U'ilrt 1 LU'U II, = 0.13 pill m1lJv,'U1'lJ1J\l1ff'il,xlJ"l5U'il~ 2 LU'U (, = 0.265, 

q q t 'I. 'I ( 

~.d. 'VI ~ 0;..,. Q.,< CI • 

0,19375 Lb~:: 0,155 pm 'YIm1lJrn1fHmn~1\1 A, = 1.55 jll11 'il::b<11f1l1:JJff:JJ'ViU,1l1::W"dl\l jJik" 

nlJmllJ£J11'lJe:J,'! f1~U,Lbff\l <;l\l11.l~ 13 
" 

L~ e:JmllJ LL~ n <il1\1'lJ e:J\I'ild'l"l5ii, in L v,'lJ e:J\l1 ff'il,x lJue:J £1 ~ \I lU::yh l,xLL lJ 'U i 'il 'I1'lJ 1J \I L ~u, 1£1 LL ff\l LL lJ lJ , . 
.. .t (ill 

b1.ID·lln·Ue:J £1~\I 1 'U'YIl\lm\ln'U-V1lJ LlJe:Jm1lJLL~n<il1\1'lJe:J\I<111d"l5ii,i m v,'lJ e:J\l1 ff'il,xlJ m n'lJ'UIU::rll 1 ,xLblJ'U 1<11'11 •• 
'lJeh1b~u,'lmLff\l bLlJlJLLmnnmn:ff'U ~~'lJ1J\lv11'Vi111iJ L~1Jf~ffL'Vi1Jfi'UL ti1J\I'il1nri e:J1.11f1~'U'lJ1J\I t:kJ'il TE L~ €I 

fIl1lJ LL~ n<il1,'!'lJ 1J\lm".i"l5uim v,'lJ 1J\l1ff'il,xlJLl.l~ £1U,LLl.l~\I <;l\l".il.lrt 14(n) . . " 
"illml.l~ 14(n) Lrl1Jm1lJbL~n<il1\1'lJ1J\I<11'l1"l5ii,im V,'lJe:J\l1ff'il,xlJmn:D'U tl1'Vi111iJL~ e:Jf~ ffL 'Vi 1Jfiu, " .. 

b ii1J\I'ill mi €I 1.11 fI ~'UUe:J £1 ~\I 1 'U'YIl\l ~1\1 n'U'JJ1:kJ brl1Jml mL~n!j)l\l'lJ 1J\I<11".i".i"l5U,x m v,'lJ 1J\l1 ~~ilJlX1J £1 ~\I . , 
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""" 6'Q../ d 'o.d.d , ,J' fi,I I &<:II Ci.' q..,o "" Q,..oO.d 

~~L 'I"l €l"l'll''U.L 'U.€l,j,;)1n'Yl €l'U.1f1~'U.,;)::;:lJm:lJ1n 'U.€lm1n'U.LL~1m1 :lJLLCiln~1,j'll €l,jCil"l"l'll''U. 'VI n L'VI'll €l.:n ~Cil'VI:IJ tJ,j:IJ , , 
~~'1l€lm1:IJtJ11f1~'U.~'Yh llXfl1'1"l1"l13JbCil €lf~~L 'I"l €lfi'U.b rt€l,j,;)1n'Yl €ll.t1f1~'U.dj'U.I'I'U.rJ (wavelength at zero 

<U 

dispersion) n~11~€l Lrl €lm1:IJbbCiln'1l1,j'll€l,j~"l"l'll'itim 'VI'll€l,j1~~lX:IJ:IJ1n;r'U. ';)::;rh 1 im1:IJ tJ11f1~'U.~'Yh , , 
1 ifl1'1"l1"l13JLCil €lf~~L 'I"l €lfi'U.b rt€l,j,;)1n'Ylml.1f1~'U.biJ'U.I'I'U.rJb~ €l'U.1U'Y11,jm1:IJtJ11f1~'U.tJ11 (long wave-

<U 

length) ~~'ll€l,jfl1f1,j~'ll€l.:m1"l~qJL~tJ,;)1nm"lbb~'I"ltr,j,j1'U.'ll€l,j t:IJCil TE brl€lm1:IJLLCiln'1l1,j'll€l,jm"l'll'itim'VI 

'll€l,jl~CillX:lJLu~tJ'U.LLU~,j ;,j"lU~ 14('ll) 
, , <U 
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TE mcdes of Bragg fiber 

n1 ;: 3.0,11 = 0.13 micron 

n2;: 1.5, 12 = 0.265 micron 

'-.J ......... n2 = 2.0, 12 = 0.19375 micron 

'" n2 = 2.5,12 = 0.155 micron 

'\'./ 

, 
;~ 

i\ 

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.B 1.9 

A,,(/III) 

~t1fi 13 m13,,,f3JWUf'i::wilJ fJ! k" "JJil.JlwUll1LlffJLLlJlJLLll'inn nlJml3Jl1TJfI~ULLffJ"JJilJ r3J~ TE 

dfil ml3JLL~ mhJ"JJ ilJ ~"j"j"JJuim VI'llilJiff~i3J11J~l1UIllJflJ 

TE modes of Bragg fiber II 10
6 

3~~~~~~--~~--~~--~1, -. 

25 

0.5 

I ~ 
I' 
Ii 

n2=25"2=0.'S5~ : 

n2 = 2.0, 12 = 019375 mlcrpn: 

02= 1 5, 12=026~/i 
~ j .j 

/y 
-----","' .... ~~~-.. (-!,. =---=="~::'" - -

or
7 -r "I Ii 

-Or,5 12~125 1.3 

1.211 
13!ltt.. 1.4 145 ~5 

L361~,(11II) 1.471 

(n) 

1.55 1 6 1.65 

, , 

('ll) 

'ltlfi 14 Nfl'll ilJ nl'ill.l~l1ULLl.lflJml3JLL~ n~lJ"JJ ilJ~"j"j"JJuim VI"JJilJ iff~i3J (n) rllWl'ilijl ~il{$jffl W il{ii/,l fiilJ 'illn .. " 
ri€JUlfl~U"JJ€JJ r3J~ TE", ("JJ) fI'lflJrt"JJ€JJnTj"ffClJlffl1'illnnl'iLLeJWWJ1Ur:JJ~ TE lifil';lU'Jl/,fl'''JJilJ.jWrff~i3J 20 f'i 

'lI GJ III 9" tV 
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~~-:I-:ll'\-l~1l-:lbnrr.li1l-:lniJnl".lnnn'\-lnl~-:lUa.j'lJ1l-:li'\-lla~i~ •• 
m'if!l1JL~tHii1l.J"illnm'ibb~,h~~.J.Jl'\-l'lJ1l.JbNulmba.JbbiJiJUiJ'inn'lJ1hll~~ TE U~:::: 'I'M b~mtl~uuutl~.J 

'\J ~ 

~lUl'\-lI'i'lJ1l-:l.ffula~i~ ~"iJldrnlb~ulubba.JbbiJiJbbiJ'inn~ij'\Alldl~b\ll1lf'lJ1l-:lb~uluua-:l lll;jili1l~Slmd 
'lJ , , 

1 bml::::~h~~nnu 1'lJ 1l-:lb~U lu bba.JU1J1JbblJdnn 1~ U1TI-bb:WU\ll'i.J bb~::::lTI-b~'Y1~n'l1L:n\l L~Unln1J "ill n a~nT'j 
''U 

(15) bb~:::: (16) bdl"iJ::::l~md~b1!b~m.a1l\l"iJlnmdbb~'\Al~\l\ll'\-l'lJ1l-:lbNuluua-:lu1J1JUlJdnn'lJ1l;jl~~ TE bbSl:::: 

Pvl bdmtl~uuutl~.J~lUTUI'i'lJ1l\l.ffula~i~ Ill\ldtl~ 15 
'U q, q 'U 

IJ' !;;~;;;~;~)E"~it'~'~'W~W1n~rHi'W'W;!;;;1;l;'!;'!;;!i!;;;: 
10' """"",;;""i"""""""",i"""""""",i,~"",;;"""" 

, ::: ~,,,,,~@~'~~i~~~~~r~l~~~·~ 
:-: !,!~;,~i~;l~;~,i:·m,~1:~:,:,;!",:,,,::::,::::: 

I Q' ~ ~ ~ iii iii ~~·ii h~*~*im ~ ~ ri~ii~ ~ ~ ~ i i ~ ~ i ~ ~ ~ i i~ ~ i i ~; iii ~ ~ ~ ~ ~ i i ~ i ~ i ~ ~ ~ 
,,~, ·:-·-r~.~_;'If~~:~~~_._~:~~ .............. : .. . 10,1. I i j , I. ,I I I 

'.2 ~ J. 1 5 16- 11 '2 1.3 14 15 , ; 17 1a :J 
A,lllm) A,(,1lt11) 

(n) ('lJ) 
.J ..... ..... lIS" • t,.J .... I _..... .d 

'ilh'l 15 ml1J ff1JWU1i1::'I'! J1J fI1f1JYI'IJ DJ n1nHULffll,;)ln nTme.J VI"J J1JW Uml1J llTJfl" U .. ., ~ 
,tmhU'Juri'IJDJiff@lf1J!U§l1I~LLlJ"J (n) TmJ n('IJ) T1JVJ TM ., .. 

\fr71TJ~ 15 ~lmul'i'lJ1l.Jla~i~"iJ::::ij~~!ii1lmdanHihJ"iJlnnTm~'\Al~\I.J1U n~ll~1l b~1l~lU1U 
"U 'U ~ q 'lI CI.I 

~'lJ1J\11a~i~mn:5u ~lnTlf!lUlffU"illnm'ilb~'\Al~.J\llUii~h,xmJ~\I 'lUYll\l\ll'i.Jnu"JJ1~ b~1l~lmmi'lJ8\1 
'\J 9 9 'U ~ '\I 

.... 'iV..... , .t:":I ,4-' ,""", ~ 
la~'V\~'\-I1lUi:'1\1 fIlmdarubaU"illnmdbb~'\Ali:'1\l\llU~mmn'lJ'\-I 

q '1 IU ILl 
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61'')"11 
q 

1 ulJl'lfnl3Jifi'?i'l1.1 L~W) nl'l"l Lfl·n::~LNu lrJ LLff\lLLlJlJ LLmnri~~'illu lUfl'lJ eJ\liu 1 ff\?li:IJ'illU lU 
'U , , 

"'ill n\?ll\?l rJ 1 'lilTILLlJw~n\l LLGtl MLmrJlJ LVi rJlJt-J ~nl'l"l Lml::Vi13J\?l~ n nl1.1nlJ nl':i·:'hfl'n::~Liu lrJ LLff\lLLlJlJ 
. 'II 

b\.mlin~G'illUlUfl'll eJ\liu 1ff<ili3J'illU1U1)U U~ 'I"llJ'i1nl'll Lml::~Liu lmLff,mlJlJUmn n l<il rJl!h~J1'11ni 
'II , q 

L ~\I Liur'i1nlJTllJn1'll Lml::~L NU 'U.llrJ LLff\lLLlJlJ LLmn n1<il rJ lihLlJuCjld\l ffl:lJl'ln 1 'lil Lml::~L iu 1 mLff.J LL lJlJ 

LLlrmn·LLl'lUnU 1'?i' Lti eJ'illU lufi'll eJ.Jiu 1ff<ili3J'lJ eJ.JLNU LmLff.J LLlJlJ LLmn n L Unl'll Lml::~1<il rJ1TILLlJwild.J 
'U q, 

d f ~. LL~:;'illU lUiU'lJ 1:],1 i.~a L~nCil1n'l UlJ1L 1 lliUnU'll eJ.J Liu LrJ LLff.J LLlJlJLL mn ril Unl'll Lml::~ 3Jmmmvw.JVi eJ 

l'il rJl!ib:lJ1'11n-nL~..J L iufhnlJ~fh:lJl m ~ rJ.J'I"l 1) L "1lunu 

~ ~ nl"j.'l Lml:;v113J 'il~ nnl1.l'll eJ\I Liu lrJ LLff.J LLUlJ LLmnri·LLnUeJl nlf'l 'I"llJll Liu LrJ LLa.J LLlJU LL mn n 
'IJ 

nfl lli~mflli:: LbrllJ"1leJ.JV;l.J U~:; ~ ~nl'll Lml::~ ffUl3J LLlJ LVi ~n 1. v.Ji'h 1 ULiu Ltl LLff.J LLlJlJLLmn n 'I"lUll ffUl:IJ 
q 

LLlJLVi~ni.v.Ji'hlu u1LllliunueJlnlf'l'lJeJ.J13J\?l TE 'I'M LL~:;i.<lU1'il~n5u'?i'lJ~1 (lumru~mn 1 s! S 3) 'i):; 

fjJ1UlJ1LllliLLnueJlnlf'lmnnlll:IJ'il1.<lU1'il~n5u'?i'uff.J (LUmrn~mYl !:?: 4) LL~::'llUl\?lffUl:IJLL~LVi~ni.y.J-
'II 'II 

vh 1 UlJ1ll llid'i)::~'il~\lL~eJrJ '1 Cill3JU U 11f'1~ ueJn'illndl3J'il~eJcilnGt'lleJlJ'lleJ.JLLlJU1'il'Yl ffUl:IJLLlJ LVi 5n i. vh"ll 
" 

\J:; El ci'l U i ff'ili:IJmn1iuVi1El L~6J i.lJ'U.1Yl~U 
<u r; 'l . 

L~ eJ1f'1ii'll 1)\l bLnueJlnlf'lLtJ~ tlUbLtJ~.J 'I"llJl1 Lti eJ1f'1ii'll eJ.JunUeJln1f'1:1Jl n1iu "il:;rh L i'illU lul6J'il 

mn;ffu ~ffL l'leJfiuL tteJ\l"illnr\El'U.1Yl~U UeJ rJ~.J fnl3J tJ11Yl~U~'Yil1 ifil'1"ll'll3JLCil eJf~ ffL l'l eJfiuL tteJ\I"illn 

'Yi eJl1.lfl ~UL 1JUf'lUUL~ eJU 1.tJm.Jflll6J rJllYl~U:U LL~:; nl'lffruL~tl"ill n nl'lLL~'I"l ~.J.J1WlJ eJ\ll6J'il TE ~filUeJ tJ 
'II 'II w 

-~\I Lti eJ'illU1Ufl'll eJ.Jiu 1ff'ili3Jfl\l~ L~ eJflll6JLLCilnCill.J'll eJ.J'il'l'l'lfU i m Vi'll 1)\llff\?li6J LtJ~ rJUlLtJ~\I 'I"lUll 
'\J q q , q 

,d , A...... Q... q,.. ",.f 01'V A 6' q,..1 <' &" 
() b1f"tftld 'IMb\~rrf1.on;Jl{6'.J\Ifn"liUVim Vi'lleJ\ll~'ilVi3Jmn'llU "il::l'll VibLlJU1\?l1'1'll eJ\lL~U tlU~\lLLUlJUU'lnn:lJln'llU 

q q 

~b1lW-eT~~Jlm iil).J'i)lnl'l eJUlfl ~UUl) rJ~\I flll6J rJllfl ~U ~'Yill ifll'l"ll'llil LCil 1)f~ffL 'I"l eJfiudJuf'lUtJ"L~ l)U i.tJ 
'U 

m.Jml6JrJllfl~UtJ11 LL~::nl'lffruL;tl"illnn1'lLL~'I"l~""lU'lleJ" 16J\?l TE ijfll,xeJrJ~\I LdeJ'illUlmi'll eJ\liu 
'II ~ 'U 

i ~'ili 6Jf1"~ LL~::dj El'illU lUfi"lJeJ.Jiu i ~'iliW tJ~ tlULLtJ~.J 'I"lUll L~ eJ'illUlUfi"lJ 1).J1 ~'ili:IJ6Jl n:J'U nl'l~ru 
q q 'U q q 'U q "'l. qJ -lI 
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