
 

lecture8Wa_veguidedevices

Le.aming objectives

Mode coupling

Waveguide coupling directional coupler

Ring resonator and critical coupling
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Modecoplingc_Yarivtii
whenax.gs is independent of 的 modes are independent

but when dieteticperturbation is appied to thewaveguide
Cbending surfacecorruption themodes are coupledtogether

Eg incident TE mode Some of its power will be
transferred to other modes Such as TE TE

Special case LE y 2 EN.gs

EH.y Ealx.pt LEG y
Ǚ constof unperturbedWG

Let the unperturbed modes be

Em Emlx.pe
以 fmZ

iz



where Em xy transverse wavefunction satisfy

PEEmlx.pt ⼼µEdxyrpihip 0

Apply the perturbation i we have

吐 tulip twgaxpkqmtocilfs.fi EmtsEm

neglect the second order term OE.SEm and SfiSEm
use ego we have

Eitutpi.pISEmtgoGEmTiSEmtSfEn

Tosolue2O.ue expand SCmay am Gay

plugin we have

EamnGipiE in cspi wioakmcx.gs

Scalar.multiply30by Ei integral over xy use theorthogonalproperly

i.efiixyisixyidx.dz
the left term is gone 3



we get

Gai Sfi 岞 a may

s.is
using the orthogonal relation 器µGEitdx.dyfmn

srifioc aog

thfamnzpfioa.in g
amni

fnfiipendxdyf.rs

Define knm 8fiYfioccmda.ly
as the coupling coefficient betweennodes
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waeguifiti

M.de

E.u.pe
⼼冷

c.gg ftp.t

when they are closer not
to lose

the general wave propagation in the coupled waveguide
is

Éx y.tt A的Gcxpè
⼼法 By a ftp.D

N

if distance between a.b is infinite

Alt Biz donot depend on z
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Index distribution ricx.gs

icx.gr
nieorean5wrebnielsewhenedefineonicx.y

fnE
ni core a

0 elsewhere

onicx.gl
mini core b

o elsewhere

nicx.pe ni
The indexprofile rt.p nicx.ptonly toni xy

So the wave equation for the composite waveguide

淼淼訌笀 nix.ptonip nicx.pDE

cahereEAGEan.pe
⽐⼀

国乃创 Gap in
A 7

God solve ACE Blt
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Assuming slow variation of
mode amplitudes over z

we get

zipa㼭ca ein zip噐 sin

⼆ ⼀ 管 on rip AEaè⼼⼦吐器nàgpgè冽

Take scalar product with Ein y Entcxy and integrate
over sayplane we get

坚⻜ ikab Be Ii KaaA

张器 ikbaAEP PDZ ikt.roB ioupledmuql.CM

where kab YEoffionilx.gsEbdxdy
Kba⼆ 号 a 若 only Ea

dx.dykaaYGofeionicx.gs
Eadxdykbb

YGGaionicxyss.bdxdyamo
kab.kt.cn are exchangecoupling between 2waveguides

Kaa Kbb resultfromperturbation to onewaveguide due to

the presence ofanother



Kab Kǜ ensure theconservation ofenergy

If assuming

ELxy.tt Ay Geht ft
Kaa

⼗By
ǎèlwttftkbblz

CME reduces to

器 i KabBei282

瓷 ikbaAēi282
对⼆经⼗Kaa ftmn

Assuming kab kbu kjss sis.lutionof

isfAlzkAoeTYossz
ifsinst7IBLtF
iAoeTIsinsz.In

terms of power Pa Z Am

RPhlzFIBHFSPaltiPo Pr.cz 0

1 B Z P 5器 siizz
where p 1A⼼ RAE is the inputpower at z
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al ujuhen8 o.lpa f.IO becomes

Pact R Pba

Plz P

sin2KZiiixziiiz.by

controling the coupling length L
we an control PaGl Prt
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D For8to the maximum fraction of power
that can be transferred is 器5

For two identical channel waveguides

1 黙
贰

If modes are well confined 七 2P
n 器签 㒧 nini

At ⼊ 1Mm t s 3im on 5 ⼼了

K ㄢm couplinglength L i z.mn



AppleWavelength filtering

z_trhorns
u.mn_Ǖǜcczrnyhrzrrhinm

i
am

smaller K

Eleto

optiswith_eyig_pf_f

nfr_r_armzsl
fi

a.mn
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3RingresonatorsandcriticalcouplinglYarir.PE

Freespaceringresonators

By
⼝ ⻔

⼜ Bowie
B Big

waveguide fiber

iǘi

through port

coupler2

ou.it
iiiii 1 111



Defineostraight.through coupling coefficient t.tn't ti
Cross couplingcoefficient Kini kz.kz

Model the ring as Fabry.Perot Etat on Then

As t.AithkitieTAitk.r.it it 址兴 __

t.tk.kitiii.ttitieiictitieiit.jp

AK k.mil titieftltit.fi t J Ai

where 8
2⼤

婴 Lircumterene of thering

Summing up the geometric series

0 鲁 您庄ㄎㄜ等
4 管 ⼆ 点哇燕

⼉



⼀ 器 您年㐂共笙兴 through藼

which is quite similar to F

petalonlcautp.fi.Howto determine t.ti.tz.tl and Kiki.kz Ki
A They are not independent of eachother They are

related by reciprocity conservation of energy and
time.reversal symmetry

i.e titk 2 t 千⽄
12

1

t.ti k.li 1
ti R86 188

Then we have

o ⼤
葌宝 ⼤器
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Assuming kz o.tt 1 we have

j 㵰
AS
fit

5 ⼆ 是 ⼆ 本器 8 1ˋ器 8

whereㄊ t f t y a exp 2d

hi 𢡠 岱品器
When at resonance f8 2me.m 1.2

fill6



笔等1 uhana t dc gie.lk F Hai_roundtrip
loss

This is known as a tied couplingcondition

in
la Pio 9

i iii

For high Fines highQ_resonators lal 1
round triploss 1 1al 0

T.UiI.nu
A smallmodulation of1k will modulate thetransmission from
zero tounity ⼀ Applications highmodulationdepthmodulators
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