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Waveguidemodesand modesuntoA

Today O TM modes in symmetricslabwaveguide

Effective index

Effective indextheory
Orthogonality ofwaveguidemodes

Waveguidedispersion
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TM mode

f Hyto H x

AzlEgg Ex to Ez to

Fieldamplitudes

Hyltz.ts Hmyeilwt

fzjllx.tt 前录Hy
Ez x.z.tt Ep录Hy

To have confined TM wave in the slab waveguide

an 們 啦

z

lCei
tx x 是

Dexpcqx x 是

B.C Hy and Ez must be continuous at a ⼟⽣














































































































htankhd 噐q evenmodes

hot End liq Coddmodes

combine

tan lhd 2譽 where i 器q

verysimilarto TE tan ud ⼆

个器
mode can also be solved bygraphicsolutions
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fǜǖygidmodeGEo.TE.TEin.tn How t

describeand compareeachmode

Eet eachmode has a unique set of

u.vorh.q.andftipFpzqgp.int 竺君 2

iiiiiiiiii.ie
kEnRafa Kini

Let'sdefine p nets.to so no Go tie index

h 2

i
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9点答 be regarded as an avengedindex ofwaveguidecm

and cladding ni it containstheinformation of

a mode confinement f largernet heHer confinement
in dispersiveproperty ofmaterial
ma ma net a

的 phasevelocity of light in WG
net 命

There's no mode cut of for TE To forsymmetric
slab waveguide But for nonsymmetric slab waveguide
there's cut.OH PleasereadYanivPuq 125

ri.n.AT

Physical meaning Rt or d T.be Her confinement

higher ordermodes have less net por confinement

I 墡
fundamentalmode higherorder modes














































































































how to getrid of higherordermodes
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w 器

器器 whenwisvey.inall his very lay light arise
more of the d dinglni so waveguide dispersion is

veryclose to t dispersion incladdingcm

ORegion12 When W is large in issmall the light is veryconfined
in thewaveguide so thewayaidedispersion isveryclose to
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the dispersion in the are my
3〇 Evenwithoutmaterialdispersion m nave const waveguidemolehasdispersion

Dispersionengineering








Each confinedmode has its own net phasevelocity groupdoing
Fundamentalmode has the highest net
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More commonly we use2D waveguide with more complicated

geometry ridge channel waveguide

Foretamp_osiwys.nl photonics

䬙 i
Lithium riobate photonics Kos

1 ⾯1in
is

iii



For those complicated waveguide geometries no analytical
Solutions are available However we can use effectiveindex

theory to approximate

y.in

1 1

1 1

艺 ò 是

还 Asymmetric slabwaveguide with thickness d

I ___ __ in

t.nety 1if
⽔艺 Hate indexof asymmetricsub⼯

Rect⼆ 专 y f e____ ˊof ⼆

⽓a y ___ ___ __ __ ____ I

Then to calculatethe net of the 2D confined guidedmode

we justneed to solve the Slabwaveguideproblemagain

along the y direction using neteneAI.net I 8



Case Ii Strong lateralwaeguidiyltss.li
Case ⼆ Weak lateral uavegcidinglt

djn.tt

4 Waveguidemodepropertiesro_CP6oz.Y.ir

Orthogonality of eigen
modes

For TE modes

是µ Gci
的 d a Smn

For TM mode

器 9年⽣的d a Smn

J I
normalization factor Kronecker Delta

f
Smn 1 m n

smn 0 m to
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Waveey forconfined wane in

multimode waveguide

i Emlxyitlinixyi.MEmay 0七
transverselaplacianoperator

Solution
E Xy Z t Emlx.pe

⼼⼀

冷了
net⼆界

答 r multimode wa eachmodehas its distinctnet.gr
modaldispersion

pmdepends on waveguide geometryrice y and
w

waveguidedispersion

Cureason diferentEmcx.usandraypaths atdifferent fg
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⼝ 蹄减峎 waveguide if asequence of pulses is represented

by a superposition ofmodes

iǘii
the pulse will spreaddue to Dmodal dispersion

2 waveguide dispersion

3 material dispersion

D In singlemodewaveguide thepulsespreading is due to
i waveguidedispersion

2 material dispersion

Consider singlemodewaveguide

net net In⼼ 以⼼ w

T T_waveguidedispersion
materialdispersion
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Usingperturbation theory

Apply a small Sw to wave.go Let Spi 8nisi
be the corresponding variations then

管 嶔简䨊警警些
吧

where R.in are confinement factorgiven by

eg 2⼝⼀ waveguide

7⿊⽯
measures howmuch

energy is concentrated in n

l l



SinglemodeWG.dropm.iq can be ur.tn as

㼭 不是蕊器 ⼗⼆三器器 彘 T.it in

plugin f heHE

豐 慧熙it 欎㸑
㼻 碧 _i 㼦 waveguide

where
㒌 man ⼆ 碳 器 ⽯箱器
2
器 uayu.ee

⼆点岯 it Emine

If m m n

等 material 䍿
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We can also write

甇 煭 i 㓵 war

0

器 韵matt 篆 ng

Consider the propagation of pulse in a single
mode waveguide of length L

total phaseshift f n.AE L

group delay it ⼆装 L 笀⼗号甇

以哭 会甇

The dispersion parameter⼝ pslkm.mn inwaveguide

⼝ 杰到⼆六优品巡

知䪥
⼀ 知 嚠上



GO We can use waveguide dispersion to compensate

madrid dispersion Dispersionengineering

waveguide dispersion depends on n.in and

the core dimension

Eg I Silica fiber

a 4 5MM

1 韬

I

⼏Mm
zero GUDwavelength

We can tailor the zero END wavelength t.is 1.6 um

where silica fiber has the lowest loss
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Eg2 Broaden band zero

GUD.ui.nu
eg3 Dispersion engineering in integrated photonics

ameijpeio_ia_ldis_ieiri.rs
Anomalous GD

apilna.ge

________2i.muAnomalous
Applications OSolitonformation AnomalousGunwith 们

Supercontinuumgeneration r

Modulation instability_______ 15


