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Circular Dielectric Wavequides: Optical Fibers

A circular waveguide with a dielectric cladding
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TM Modes in Circular Dielectric Waveguides

Unless n = 0, the B.C. cannot be satisfied only with E,! 27y =vljos
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TE Modes in Circular Dielectric Waveguides

Unless n = 0, the B.C. cannot be satisfied only with H,!

HO=—2 V. H® « V,H’=|a Q+a¢i H, >E=-Z.a,xH
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H? = :]'BhB J/(hr)cosng |E2 = CUZCO( HH? thﬂ;‘) B,J (hr)sinng
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Hybrid Modes in Circular Dielectric Waveguides (1)

™ TE ™ TE
EC, = —i—f hAJ!(hr)cosng  [ES, = % B,J, (hr)sin(ng+g,)|HS . =— j“;‘;’?” A3, (hr)sinng[HS = —i—f hB,J! (hr)cos(ng +¢,)
0 __j_ﬂm H 0 :ja)/uco 4 0 :_ja)gco 4 0 :_j_ﬂﬂ H
C'(E)CIQ@:_ . AJ,(hr)sinng (Eg , B,J;(hr)cos(ng+¢,) |He,, . AJ.(hr)cosng |H,, 7 B,J, (hr)sin(ng+4,)
Eg,. = AJ, (hr)cosng Egoz =0 He,. =0 He,.. = B,J, (hr)cos(ng +(%,)
SEY, = —i—f[hAnJ,;(hr)cos n¢—“’”7°°” B,J, (hr)sin(n¢ + 4,)] SHS = —i—f[&m” A J. (hr)sin ng+hB,J’ (hr) cos(ng + ¢,)]
B = I A, (n)sinng - e 8 03 () cos(ng + )] | = HE, =~ 51222 A3 (o) cosng — 8,3, (w)sin(ng+ ;)
— Eg, =AJ,(hr)cosng — Hg,, =B,J, (hr)cos(ng +d,)
E5, = Lac,Ki(ancosng  [E5, =~ 128D, K, (an)sin(ng + )HS, =12 C K (an)sinng [ HG, = 4D, K (ar)costng+ )
e5, = 2250 K, an)sinng|ES, =120,k an)costng + )| H3, = 225 ¢ ki anyeosng |13, =22 ED D K @ansin(ng+,)
deddiBg (arycosng E, =0 HS, =0 HS., = D,K, (ar)cos(ng £g,)
€, = 100 Kjancosng— DK @)sintng )] | > HE, = 17E0C K, an)sinng - 4D, K (an cos(ng + )
B = L PO K, (@nsinng— 8 qD K@ costng <] | - HY, = L1 ac K (ar)cosng+ CP DK, an)sin(ng + )]
— Eg, =C,K, (gr)cosng — Hg, = D,K, (ar)cos(ng +¢,)
Ee.(@)=Eg,(2) Hg . (@) =Hg,(a)
B.C.: E%,(@)=ES,(@) Heop(@) = Hg ,(a) s




Hybrid Modes in Circular

Boundary condition:
Ego,z (a-) =E,
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Dielectric Wavequides (2)
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HE (&) = HE.(3) —B,J, (ha)cos(ng + ) = DK, (G@)cos(ng +4;) | D, =B, 2 223
HE (@)= H (@) D212 hA, 3, (ha)cosng B, (ha)sin(ng )] S [, K (02) cosng+ D DK, Ga)sin(ng + )]

»—> A hr;a J.(ha)sinng+B, %J;(ha) cos(n¢+¢o)+(fLaCnKn(qa)sin ng+D, O K, (ga)cos(ng+¢,) =0
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K (qa)cosng— D, 5K, (ga)sin(ng +¢,) =0
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hg 98 K,(qa)

Jn(ha)}cos(n¢+¢o)+cn[q%

+%}Kn(qa)sin ng=0
a h-a

n,.n i o 3,(h3) @ea _
—>—B{E+%}Jn(ha)sm(n¢+¢o)+C{ hg 3 (ha) K,(ga)+ a5 Kn(qa)}cosn(ﬁ 0
— For a non-trivial solution to exist:  — ¢, Zi%
Oty 11 oy . Oty Ki(q2) we,, J;(ha) ey o, LN o _
VJn(haH 05 Kn(qa)J”(ha)}{ hg 3.(ha) K,(ga)+ 5 Kn(qa)}cosn¢cos(n¢+¢o){hza+qza} J,(ha)K, (ga)sin ngsin(ng+¢,) =0

Transcendental equation for modes:
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Characteristics of Hybrid Modes (1)

Transcendental equation for modes:

ha J,(ha) ha J,(ha) qa K, (qa)
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For non-magnetic media: = te = Ha = Ho

9[ s(ha) | Ki(aa) }{nfoJ;(ha)gf.K;(qa)}nzl(i) {LJ M
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Solution:
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Characteristics of Hybrid Modes (2)

hal,(ha)  2n;, gaK,(qa) (ha)’ 2n, ) \gaK,(qa)) n

i modes: - S _nheng Ki@@) _[(nconc.M K, (qa) j +n_2[gM 1, zlazn
E, TH,{ > TM-like

1/2
, Joaha)  mi+nd Ki@a) . n |(na-nmd)( Ku@a) ) n’(pY[ L 1Y
AEmodes:  =1.) ha) = 2n%, qak,(aa) (ha) || 2% ) lgaK,(qa)) "2 "
E,VH, T TE-like
Forn=0:
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2 i
TM modes: — —(13) . Kq(qa) __ M K, (ga)
ha‘]o(ha) Neo anO (qa) Ne anO(qa)

v

TE modes: — 3:(ha) _ Ky(@a) ___K(qa)

v

haJy(ha) gaK,(da)  gaK,(qa)

To be solved numerically



Cutoff Conditions

JL(ha) _ nd K(g)

™, : o
om’ > hal.(ha) % qak,(qa)
TE, . 8 _ K@)
haly(ha)  gaK,(qa)
Recall:
—h?=kZ - —>q*=p"—k]
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Graphical method

Lowest cutoff!

V < 2.405 — Single-mode!

A.Yariv, Optical Electronics, 4™ ed., HBJ, 1991.
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