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Ringresonator: Abstract model

Ringresonator 2 couplerst+ 2 cavity segments



Ringresonator: Abstract model

Ringresonator 2 couplerst+ 2 cavity segments
CW description E;H e L1 =kc, k=2 =.



Couplers: Scattering matrices

Uniform polarization,
singlemodewaveguides.

Linear, nonmagnetic
(attenuatingelements.

Backre ectionsarenggligible.

Interactionrestrictedto the couplers
$ “port” de nition.



Couplers: Scattering matrices

Uniform polarization,
singlemodewaveguides.

Linear, nonmagnetic
(attenuatingelements.

Backre ectionsarenggligible.

Interactionrestrictedto the couplers
$ “port” de nition.

C» Symmetriccouplerscatteringnatrices

0 1
A 0

0 10 1
0 AL

B =8 ° o o5
b, 00 b

A , B ,a, b : Amplitudesof wavestravelingin z-direction.



Coupler symmetries

Symmetry z | Z:
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Coupler symmetries

Symmetry z | Z:
A.! b = B ! a
O 1 O 10 1
A 00 A.
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+ 0
i oN 00 b
C A _ B B+ _ A
a b b, a.



Coupler symmetries

Symmetry x !

C» D

d

o W

x, (I)=(I):

Symmetry z | Z:
|
Ar! bh = B ! a
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A 0 0 A
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N 0
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Cavity segments

Fieldevoluton e ! S
alongthecavity core,
propagtiondistances.

. phasepropagtionconstant,
| . attenuatiorconstant.




Cavity segments

Fieldevolution e ! S
alongthecavity core,
propag@tiondistances.

. phasepropagtionconstant,
| . attenuatiorconstant.

C> Relationsof amplitudesatthe endsof the cavity segments

c:b+ei|-:2e L:2; a+:dei|-:2e
b =c e | L=2 e L=2. d. L=2

a e |

e



Output amplitudes

Couplerscatteringmatrices
+ Cavity eld evolution
+ Externalinputamplitudes




Output amplitudes

Couplerscatteringmatrices
+ Cavity eld evolution
+ Externalinputamplitudes

Ac =Py,
| B = =D, =
Externaloutputamplitudes
25 2 2
A — O; C+ — O; 2p2A+ y B+ — + 1 2p2 A+ y
| =



Power transfer

Poverdrop:  Pp = jD j?,
Transmission Pt = jB j°.

) jj4e L
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Power transfer

Poverdrop:  Pp = jD j?,
Transmission Pt = jB j°.

) jj4e L
1+jj*e 2L 2 j2e Lcog L 2)

jj2a+jj2d?e 2L 2 jde Lcos(L ' )
1+jj*e 2L 25 j2e Lecos(L 2)

P

o
_|
[

dée 2= L6 2R.



Spectral response

| X
D n s C
Ny v9
2 R=50 mb=s=10 m,g=09 m,
np = 1:45, ng = 1:60; 2D, TE.
A B = 50nm, 2 = 0:17nm,

1 L
A ) A+
0.8 11
.~ 0.6} P R
B
0.4} 1}
D 2dl
0.2 ' > 1L SN Ld
I:)D I:)D
O L L

1540 1545 1550 1555 1560 1546.2 1546.4 1546.6 1546.8 1547 1547.2 1547.4
| [nm] | [nm]



Resonances

I:)in

P

i e

L

1+ j4e 2L 9 jee

j 2+ jede 2k

Ji jde

Lcos(L 2)

L cos( L

)

1+ jée 2 L

2] j%e

L cos( L

2')
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Resonances

I:)in

P

j j*e L ()
1+jj*e 2L 2 j2e Lcos(L 2)
jji2a+jj2d?e 2L 2 jde L cos(L ))
1+jj*e 2L 2 j2e Lcos(L 2)

()
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Resonances

= Pin jj4e -
1+jj*e 2L 2 j2e Lcos(L 2)
_p 1 iP@+jjPde 2L 2 jde  cos(L )
1+jj*e 2L 2 j2e Lcos(L 2)
Resonances

Singularitiesn thedenominatorsf Pp, Py, origin:

()
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Resonances

Singularitiesn thedenominator®f Pp, Pt, origin: ().

I:)in

P

j e

L

1+jj462|-

j e+ sz2

2] j%e

2 L

Ji jde

Lcos(L 2)

L cos( L

)

Resonances

2] j%e

Correctionfor nite couplerlengthl :

L

2I

L Cav

=2 |+ 2,

L cos(L 2)

Lecav = 2 R,

@

0.
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Resonances

Singularitiesn thedenominator®f Pp, Pt, origin: ().

jj4e L

I:)in

p 117+ Pd?e 2L 2 jde

1+jj*e 2L 2 j2e Lcos(L 2)

L cos( L

)

1+jj*e 2L 2 j2e

Resonances

Correctionfor nite couplerlengthl :

L 2 = Leca , =2 |+
Resonanceondition: cos( L cay

L cos(L 2)

2'1 LcaV:2R1
) =1, or

@

0.
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Resonances

j j4e L
Pp = Pin _ _
1+jj*e 2L 2 j2e Lcos(L 2)
i j2a+jj2d2e 2L 2jde Lcos(L ' )
Pt = Pin —
1+jj*e 2L 2 j2e Lcos(L 2)
Resonances

Singularitiesn thedenominator®f Pp, Pt, origin: ().

Correctionfor nite couplerlengthl :
L 2 = Lca , =21+2, Leaw=2R, @ 0.

Resonanceondition: cos( L cay )=1, or

2m + . . ] ]7e
= =. m Integerm; Pp] - = Pj
Lcav
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Freespectralrange

Resonanceextto

_2(m 1) +

m 1
I—cav

L cav
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Freespectralrange

Resonanceextto
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@
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@ =7

g : waveguideparametersvith dimensionength,
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m
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Freespectralrange
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Freespectralrange

Resonanceextto
_2(m 1) + 2

- m
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Spectral width of the resonances

. -4
e
Pp = Pin J |

L

1+jjte 2L 7 j2e

Pb] = Pprres:

m

L cos( Lcay

) ,
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Spectral width of the resonances

Pp = Pin J j4e -

1+jj*e 2L 2 j2e Lcos(Ley
PoJ = Ppires:
Pp]j v Pp:res=2: =?

) ,
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Spectral width of the resonances

Pp = Pin J j4e -

1+jj*e 2L 2 j2e Lcos(Ley
PoJ = Ppires:
Pp]j v Pp:res=2: =?

Expansiorof costerms

Q 1 1 |1=2 .. L=2
- — € e
Com ] ] '
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Spectral width of the resonances

Pp = Pin J j4e -

1+jj*e 2L 2 j2e Lcos(Ley
PoJ = Ppires:
Pp]j v Pp:res=2: =?

Expansiorof costerms

= " e e
Lo ] ] .
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Spectral width of the resonances

b j j‘e L .
Pb = Pin .. 2 L .. L ,
1+j j%e 2j e “tcos(Lcav )
PoJ = Ppires:
PDJ . - PD;reSZZ: :’)
Expansiorof costerms
1 1 — . —
C> = ~ g LF2 ] Je L=2 —
Lcav J J
2 — —
FWHM : 2 = 1el=2 jje L=
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Finesse& Q-factor

Finesse F =

N

jje L

2

1

j j°e
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Finesse& Q-factor

Finesse F =

Q-factor: Q=
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Finesse& Q-factor

Finesse

Q-factor:

or

F:2—:
Q:2—:
Q= kRne F

for

Leav = 2 R

13



Performance versuscoupling length & losses

Assumption Losslessouplerelements,j j% = j j? =

P — _
. .. C1T iPe =2
1 1 jj»e L

PDj res — Pin

(1
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Performance versuscoupling length & losses

Assumption Losslessouplerelements,j j2=j j°= 1

p—— _
. .. C1TiPe 2

L , PDjreS: Pin

1 @1 jjoe
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Tuning

Resonanceondition:
apeakat . (m)=

= (2 m+ )=Lca

m -

mo
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Tuning
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apeakat . (m)= m.

In uence of anexternal(small)parametep: (p; ); (O; m)= m.



Tuning

Resonanceondition: =2 m+ )=Lcavy = m,
apeakat m: (m)= m.
In uence of anexternal(small)parametep: (p; ); (O; m)= m.

Tuning0! p: Resonancshiftsto " with  (p; ™) = m.



Tuning

Resonanceondition: = (2 m+ )=Lea =
apeakat m: (m)= m.

In uence of anexternal(small) parametep:

Tuning0! p: Resonancshiftsto 7, with

G mm) O m>+p%o; ("

m
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@
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Tuning

Resonanceondition: = (2 m+ )=Lea =
apeakat m: (m)= m.

In uence of anexternal(small) parametep:

Tuning0! p: Resonancshiftsto 7, with

C’ (P; "m) O, m)+p g) N + (Tm

m

mo»

(p;

) ;

0; m) =

(P, m)= m.

m)

@

@ ,

1y m

m-

Wavelengthshift effectedby the perturbation

= or

@

2
m

_ @ .
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Tuning, speci ¢

Electrooptictuning,
anexternal eld strengthE; changeshecavity permittiity :

(Et) = N0) + Et€:
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Tuning, speci ¢

Electrooptictuning,

anexternal eld strengthE; changeshecavity permittiity :
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Approximation: Bend! straightwaveguide,

modeprole E = (EXiEy;iEZ)’ H = (Hx;Hy;iH2)
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G (ExHy EyHy)dxdy
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Tuning, speci ¢

Electrooptictuning,
anexternal eld strengthE; changeshecavity permittiity :

(Et) = N0) + Et€:

Approximation: Bend! straightwaveguide,

modeprole E = (E,;Ey;iE;), H = (Hyx;Hy;iH;
ZZy y

E éE dxdy
C» g — ITO 27 )
G (ExHy EyHy)dxdy

Wavelengthshift effectedby the electrooptiduning:
ZZ

r __ E éE dxdy
9 zz

e, = Et
t 2Ne 0

(ExHy EyHy)dxdy
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Bend modeproperties

AZ

2

Np

0

It

=
R/

Homogeneityalong
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Bend modeproperties

AZ
nbxg\ Nk Homogeneityalong ~~* bendmodeansatz
r
E 1 ED it i R
r, ;t) = zRe rye- ;
> = o (iD= 3Re 1B (1)
- R / prole E§, Hg,
propagtionconstant = i




Bend modeproperties

AZ
nb ng nb
r
0 <b>
- d? 1d
—+ - — +
drz r dr

—

X

Homogeneityalong ~* bendmodeansatz

E 1 E? it i R
r, ;t) = zRe rye- ;
H (G =3 H% (r)
prole EJ, H3B,
propagitionconstant = |

= E§y (TE), = H§, (TM).
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Bend modeproperties

AZ
nbx‘q\ Nk Homogeneityalong ~* bendmodeansatz
r 1 b : i
_ L (nin=3Re S (et TR
0 =b= X H 2 H 0
- R / prole E§, Hg,
propa@tionconstant = i
@ 1d ’R?
drz rodr r2 ’
n(r): piecaviseconstant, = E§, (TE), = Hg, (TM).

Bendmodes Nonzerosolutions,

boundecdattheorigin, J r(npkr) for r < R Db,

outgoingexterior elds, H(ZFg(nbkr) for r > R,

continuityatinterfaces & d, (TE), & (d; )=n? (TM).
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Bend modes,examples

AZ

Np \Ng\ MNp
r
0 - - X
b 2D, TE,
- R np = 1:45 ng = 1.:60, b= 1.0 m, = 1.:55 m,
/ R = 1000 m.
o /\ R = 1000 rmm
b/k=1.540
J k alk=0
0 2 4 6
(r-R) / mm
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Bend modes,examples

AZ

Np \Ng\ MNp
r
0 - - X
b 2D, TE,
- R np = 1:45 ng = 1.:60, b= 1.0 m, = 1.:55 m,
,// R =50 m.
15 R =50 mm
b/k=1.526

alk=23440° |
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Bend modes,examples

AZ

Np \Ng\ MNp
r
0 =< 3
b 2D, TE,
- R np = 1:45 ng = 1.:60, b= 1.0 m, = 1.:55 m,
/ R=10 m.
o & R =10 nm
0.5
b/k=1.488
4 a/k=0.0166
0- . : :
0-
1 4
2 :
0 2 4 6
(rR)/ mm
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Propagationconstantvs. bend radius

b/k

Ioguﬂa/k)

AZ

Np ng Np

b 2D, TE,
~ R np = 1:45 ng = 1:60, b= 1.0 m,
/ R 2 [2;200] m.

1.6F

0 25 50 75 100

125 150 175 200
R/ mn

= 1:55 m,
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Propagationconstantvs. bend radius

log 10(a / k)

AZ
Np ng Np
X
0 -~ X
b 2D, TE,
~ R np = 1:45 ng = 1:60, b= 1:0 m, = 1:55 m,
/ R 2 [2:200] m.
1.6 T . —
o e S Alternatve de nition':
= | R= R b=
Identicalphysical elds
(. 0rO= R,
0_ R
R b=2
0 25 5I0 7I5 l(I)O 155 léO 1%5 200
R/ mnm
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Propagationconstantvs. bend radius

AZ
Np ng Np
'
0 ~- x
b 2D, TE,
~ R np = 1:45 ng = 1:60, b= 1:0 m, = 1:55 m,
/ R 2 [2;200] m.

1.6 b'/k ] . S
L == — Alternatve de nition':
s T o - R°= R b=2.

1.4F . ; )

Identicalphysical elds

13 : : : : : : :

G ®o- R,
i . | alk, a'lk | 0_ R _
o R b=
L 10}

0 2I5 5I0 7I5 l(I)O 155 léO 1%5 200

R/ mn
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Coupler modeling, CMT ansatz

®
.

®

.

Known: Modesof thebentandstraightcores

N
o |
_
)
Y
5 O
g >~
)
O
o

Py,
\
il

A
Y

E N
Ng| Np Htt))(r’)_

E% (r)e | bR

S
~
S
~

ES —_ ES . SZ'
i (X;2) = H S 8 (x)e ' %
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Coupler modeling, CMT ansatz

®
-

®

.

Known: Modesof thebentandstraightcores

N
o |
_
)
Y
5 O
g >~
)
O
o

Eb 0.y EZQ | | bR (X 2).
gl Hy, (X;2) = H% (r(x;z)) e ;
— R <>>< »la—> X
. b/ 9(S
1 ... .. 1oL ES (X Z): ES (X)e | SZ-
| a . A HS b} HS .
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Coupler modeling, CMT ansatz

Z

) 5 Known: Modesof thebentandstraightcores

1 b\.-
Zo S MRTE Prr PRRRS

"""" \ Eyp ,o.. . EB . i R (X 2).

0 ' r}bnb ng ﬂb> Hb (X,Z)— H% (r(X,Z))e b ( )1

SR Jefels ] E ES .

. b el I B R S . — 0 I SZ'
Zi a/ “Ta HS(X’Z) HS(X)e ;

Coupledmodeansatz:

E oo 1 Ep : Es /.. 1t.
H (X1 Z,t)— éRe Ab(Z) Hb (X, Z)+AS(Z) HS (X1 Z) € .
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Coupler modeling, CMT ansatz

Z

) 5 Known: Modesof thebentandstraightcores

1 b\.-
Zo S MRTE Prr PRRRS

"""" \ Eyp ,o.. . EB . i R (X 2).

0 ' r}bnb ng ﬂb> Hb (X,Z)— H% (r(X,Z))e b ( )1

SR Jefels ] E ES .

. b el I B R S . — 0 I SZ'
Zi a/ “Ta HS(X’Z) HS(X)e ;

Coupledmodeansatz:

E oo 1 Ep : Es /.. 1t.
H (X1 Z,t)— éRe Ab(Z) Hb (X, Z)+AS(Z) HS (X1 Z) € .

Ab(2), As(z) =7
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Coupled mode equations

|2
AN N
o > N Ng| Np |Ng| Np
=== ~ =
R [b[dTs -
Z a.. Al
(E;H ;)

AZ
e
R b
(Ep;H b b)

x|

)2
0 Np ng Np _
(EsHs; )
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Coupled mode equations

)? % )?
PN A AN
r e r
0 nb ng nb ng nb — _ 0 nb ng nb — O nb ng nb —
R bl 9s X —_— R b X + S X
Zi VA Al
(E;H ;) (Eb;Hb; b) (EssH s s)

Suitableintegral form of Maxwellsequationg“reciprocity theorem”)

. b bs 9 Ap _ G Cs Ap .
sb ss dz As Csh GCss As '’

/
1

pq:Z (prqu EpquX+ prqu HpXqu)dX;
| /
L

Coq = IT E q) E g dX; pP;q= Db;s:
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Coupled mode equations

\? \? \?
PP NN AN
o > ‘np \ng\ np [ng| np 0 <" np \ng|np 0 np ng| i
— _ — —
R bl 9s X —_— R b X + S X
zi o -
(E;H ;) (Ep;H b b) (EssH s )

Suitableintegral form of Maxwellsequationg“reciprocity theorem”)

. b bs 9 Ap _ G Cs Ap .
sb ss dz As Csh GCss As '’

/
1

pq:Z (prqu EpquX+ prqu HpXqu)dX;
| /
L

Coq = IT E q) E g dX; pP;q= Db;s:

Numericalevaluation ~> Ay(2), As(2)
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Coupled mode equations

Np

)% )%
ol \BY B}
J "r'{b ng| Np [Ng| N ' np \n
0 g g — _ 0 g
R Jof9Ts] ~ ~ : b
Z; ay- Al
(E;H ;) (Ep;H b b)

x|

AZ

Np

Np

(EsHs; )

Suitableintegral form of Maxwellsequationg“reciprocity theorem”)

H prqy) dx;

. b bs 9 Ap Cob
sb ss dz As Csb
1Z
pa= 7 (EpxHay EpyHo+ HpyEox
I /
L
Coq = IT E q) E g dX; pP;q= Db;s:

Numericalevaluation ~> Ay(2), As(2)

A

x|
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CMT coupler model, examples

AZ
Zo+
r
OA
R 2D, TE,
L oy S I Ny = 1:45, ng = 1:60, b= s= 1.0 m, = 1:55 m,
' a/- A R=50 m, g= 0:90 m.

20 15 10 5 0 5 10 15 20

j j2= 093 j2= 007 j2= 092
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CMT coupler model, examples

AZ
Zo+
r
OA
R 2D, TE,
L oy S I Ny = 1:45, ng = 1:60, b= s= 1.0 m, = 1:55 m,
! a’r~ 1A R=50 m g= 0:12 m.

R=50mm g=0.12 mm

20 15 10 5 0 5 10 15 20

j 2= 0:16,j j2= 0:83 j2= 0:16.
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CMT coupler model, examples

AZ
Zo+
r
OA
R 2D, TE,
L oy S I np = 1:45 ng = 1:60, b= s= 1.0 m, = 1:55 m,
! ass A R=200 m g= 0:12 m.

20 15 10 5 0 5 10 15 20

j j2= 093 j2= 0:07,j j2= 093
28



Coupling coef cients vs. coupler geometry

1.0

0.6

Ik|®

| E T S N R W

0.2

2D, TE,

0.8

0 N /0 N R =1000 mm
Al R e RETAERI

-~

! — . -~
. Il

‘

-~ . 3
-

. ~_ ., L

-
. -—
- —
L R

— oy

np, = 1:45 ng = 1:60, b= 1.0 m,

= 1:55 m.
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Coupling coef cients vs. coupler geometry

Zi e ) S A 2D1 TE,
| /- A np = 1:45, ng = 1:60, b= 1:.0 m,

= 1:55 m.

Ik|®
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Circulartraveling wave resonators

Rectangulastandingwave resonators

30



Rectangular Resonator: Abstract model
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Rectangular Resonator: Abstract model

Resonator centralcavity segment+ 2 facets
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Rectangular Resonator: Abstract model

Resonator centralcavity segment+ 2 facets

CW description E;H e Ll =kg, k=2 = .

31



Central coupler segment:Basis elds & transfer matrix

-
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Central coupler segment:Basis elds & transfer matrix

> -

Basis:Guided elds |, §,, andpropagtionconstants [, g,
of portandcavity cores.

\
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Central coupler segment:Basis elds & transfer matrix

> -

Basis:Guided elds |, §,, andpropagtionconstants [, g,
of portandcavity cores.

F, B : Amplitudesof forwardandbackward copiesof the basismodes.

\
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Central coupler segment:Basis elds & transfer matrix

\
<{$> i
\_\

NV

> | |
\ 0} L

-~

—

-~
30
=13)

Basis:Guidedelds [, §,, andpropagtionconstants [, g,
of portandcavity cores.

F, B : Amplitudesof forwardandbackwardcopiesof the basismodes.
Propa@tionalongthe cavity segment:

F(L)=TF(0), B()=TB(L),
T : Cavity transfematrix.
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Facets: Multimode re ection

Facets:

noeffecton P
strongeffecton

F = Fc;
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Facets: Multimode re ection

(1)

(I1)

C» Guidedwave re ection atthefacet:

B.L)=RF¢(L),

R: Facetre ectivity matrix.

Facets:

noeffecton P

strongeffecton ..

F= 2P

F <(0) = RB¢(0),

. B —_
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Output amplitudes & power

Cavity transfematrix

Tpp TPC

T =
Tep Tec

+ Facetre ectivity matrix R
+ Externalinputamplitudes

1

Fp(0) = 0

Bp(L) =

0
0
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Output amplitudes & power

Cavity transfematrix

D C T = TIOIO TIOC
(1 (I Tep  Teo
2 . z + Facetre ectivity matrix R

+ Externalinputamplitudes

1

Fp(o): O J

Bo(l)=

Externaloutputamplitudes

Fo(L) = (Tpp + TpcR  TccRTep)F p(0),
Bp(0) = TpeR  1Tep Fp(0), =1 T.RT«R.

Pa = jBp:1(0)j?, Pg = jFp.a(L)j? Pc = jFp2(L)j?, Pp = jBp:2(0)j2.
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Spectral response

AX

D W C
v9
ny Ny TW _ W = 2524 m, L = 5738 m,
0 i 2 w= 0:112 m, g= 0:450 m,
Np = 1:45, Ng = 3:40; TE.
A 3 B
L 3 —— CMT,
- — Rigoroussimulationg(BEP).

1
\/'
P
08 Fs } | H v m B
0.6
[a)
<
a
0.4f
— P4 Pa
0.2¢ " Pe 1 F i
""" - Pp l e Py
1.3 1.35 14 1.45 15 1.55 1.6 1.65 1.545 1.55 1.555 1.56
I [mm] I [nm]
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Resonant eld pattern

Ey(X; z;t):

Z [mm]

= 155 m, T = 5:17fs.
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Detachingthe cavity

Resonances$ Singularitiesn
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Detachingthe cavity

Resonances$ Singularitiesn

Thecavity ampliesa eld F (L) = v thatcorrespond$o alarge
eigervalueaof lv = av, v = (1=a)v, amplication A = jaj.

Resonanton gurations:
= 1 T RT.R hasazeroeigervalue.

T.cRT.cR hasaneigervaluel:

Fol) R BoL) B0 R Fu) " E(L):
T.cR hasaneigervalue = +1 or = 1.
Ampli cation fora eld v with TcRv= v, =ré
1 1

A= - — = :
j 2 12 1+r4% 2r2coq2 )
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Detachingthe cavity

Resonances$ Singularitiesn

Thecavity ampliesa eld F (L) = v thatcorrespond$o alarge
eigervalueaof lv = av, v = (1=a)v, amplication A = jaj.

Resonanton gurations:
= 1 T RT.R hasazeroeigervalue.

T.cRT.cR hasaneigervaluel:

Fol) R BoL) B0 R Fu) " E(L):
T.cR hasaneigervalue = +1 or = 1.
Ampli cation fora eld v with TcRv= v, =ré
1 1

A= - — = :
j 2 12 1+r4% 2r2coq2 )

Isolatedcavity:

1 . C . ¢
chg—>diag e lib.....o T (L
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Resonantcon gurations, CMT model

Am, Ami :
cavity modes
m or mé&l.

C» classi cation
of resonance

AD

l I I
JLAALJ\‘JAALJ\,./\N. A A A AAJA,/L A N A

\
A A A AL A A A AL A A AL/\ MLlllJA A AN A A

A A LA A A

A A NN AN A AN NN AN N N




Abstractmodel& examples
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Waveguidefacets

39



Multimode facetre ectivity

|
b
A . . q 2
S — SiN ¢it = Np=Ng, SIN max = 1 nb:ng,
\) p .
> ot $ Ng> 2np.
qcrit qmax
0.8 : ® o o : .
. e 'Eg TE, TE, i
0.6} : " & -
4 .. i Singlemodere ectivity
0.4r TE, ! ! g
. :
i . | | | Ny = 1:45,
e P o 1 ng= 340
0 ! TE;o® W = 2:524 m,
% 10 20 30 40 50 60 70 = 155 m.



Multimode facetre ectivity

|
b
A q
S o B SiN ¢it = Np=Ng, SN max = 1 ng=n3,
\ p .
> it $ Ng> 2ny
qcrit qmax
0.8} : 6 o o ' .
——= 'F¢ TE, TE, :
0.6} ! " & -
4 .. i Singlemodere ectivity
0.4k TE : : 1 —— Two modesuperposition,
— o 3! ! maximumre ectivity
| —— o ! ! ] n, = 1:45,
- -t ettt - - ng = 3:40,
0 ! TE;o® W = 2:524 m,
% 10 20 30 40 50 60 70 = 155 m.

q/° 40



Single-and bimodal re ections

Re = 0:79
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Single-and bimodal re ections

0:79
0:78
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Single-and bimodal re ections

Re = 0:79
Rg = 0:78
R6;8 > 0:99

41



Waveguidefacets

*
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Slabmoderesonances

AX

' 9
nb TW
l z
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Resonancesslab modereasoning

(A)

b b

Fieldin W=2< x< W=2, L=2<1z< L=2
(A) Ey(x;2)= Eo (x)(e ! Z+be 2,
(B) Ey(x;2)=Eo (2)(e ! X+ dé X,
(A)=(B): b= 1,d= L

(B)

(x)=e | X
(2)=e ! Z

¢ X,
¢ Z
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Resonancesslab modereasoning

) (A) (B) %

|
A R

b b

A
Y

Fieldin W=2< x< W=, L=2<1z< L=2

(A) Ey(x;2)=Eo (x)(e ' 2+ be %), (x)=e ! X X
(B) Ey(x2)=Eo (»)(e ! X+de X), (z=e! 2 &2
(A)=B): b= 1, d= 1

C» Resonanton gurationsW, L for given = 2 =k, ng, Np:

Theslabwaveguideof thicknessW supportsa modewith angle
while the slabof thicknesd. guidesa eld with angle =2
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Resonancesslab modereasoning

) (A) (B) %

|
AR R

b b

A
Y

Fieldin W=2< x< W=, L=2<z< L=2
(A) Ey(x;2)=Eo (x)(e ' Z+be 2), (x)=e ' X € X
B) Ey(x;2)=Eo (2)(e ! X+dd X), (=e ! 2 dZ
(A)=(B): b= 1, d= 1

C» Resonanton gurationsW, L for given = 2 =k, ng, Np:
Theslabwaveguideof thicknessW supportsa modewith angle
while theslabof thicknesd. guidesa eld with angle =2

BimodalresonanceTwo pairsof modeswith propersymmetry
($ facetedgeskatisfythe conditionssimultaneously
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Looking up resonantcon gurations

oo inaplot
modeangle
vS.slabthicknesd :
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Slabmoderesonances

Extensions

AX

' 9
nb TW
l z
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Filter device basedon rectangular cavities

b
D g i C
: T
3 3 i w= 020 m, g= 029 m,
A | | B W=L=154 md= 072 m,
§ § n, = 1.0, ng = 3:2; 2D, TE
I I I I I I I
1k i
0.8 -
2 0.6 -
al
0.4F -
0.2 -
O ] ] ]
1.526 1.528 1.53 1.532 1.534 1.536 1.538

| [nm]

1.54
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Filter: Resonanteld pattern

= 1:532 m,
T = 5:11fs.

Pp = 0:02, Pc = 0:68,
Pa = 0:02, Pg = 0:03.
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Grating assistedresonator

AX
Po o BT P
—— D Ng tw o cC ——
{9 Il
I w AR
5 = 1.0 ,g= 1.6 ,

JOO0E v LUUE 7 Wi'ooms i = o085 m
— m ———————  p=1:538 ms= 0:281 m,Np = 40,
Pa =7 vr o Pe  ny, = 1:45, ng = 1:60; 2D, TE.

W N
0.6F
[a)
<
o
0.4f
<« 7.6 NM
0.2 5 0.18 nm
PA,C,D A,C,D - ~
0 1 1 1 A AlL 1 e 1A ] ] ] ] L L
151 152 153 154 155 156 157 158 1.59 1.5485 1549 1.5495 1.55 1.5505 1.551 1.5515

| [nm] | [nm]



Grating assistedresonator: Resonant eld pattern

X [mm]

T T
I lllll lllllllll|I||I|I|!|li|lilll|||||“|H|IFIIF1IHIllIIlIIlll“l“““”lllHlIHIHHI ll
LR LR ARR R AR AR PH!HIH|N\ |

LERLELLRLLED) L MIHIH!HlHIHIHIHUHIHIHIHIHIHINIHIHIHIHIHJH!HII 1L EELLELERLLARL
il \'INII'Illllllll|l||l|ll|ll||||l|llll||H|Il|lHIl1ll|Hl||lIHIINIHIHIIllIllIlIlHIH LR

X [mm]

LR P A

X [mm]

X [rm]

60 40 20 0 20 40 60 80 100 120 140

= 1:55 m,
T = 5:17fs.
Pp = 0:21, Pc
Pan = 0:21, Pg

0:21,
0:28.
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Resonatorwith perpendicular ports

| ﬁpv

Ny Ng
w
el o
Wi 0 z
o e 9" 1q W = 1786 m, w= 1.0 m,
—= W' e — Oh = q= 0:355 m, gy = 0:385 m,
P Pr np = 1:0, ng = 3:4; 2D, TE.
= 1:55 m: Pr = 0:22, Pt = 0:22, Py = 0:46.

1.53 1.54



Concluding remarks

Analytical approacheto opticalmicroresonators:

Circulartraveling wave resonators

Alternatie viewpoint:
Time-domaingallery modes
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Concluding remarks
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Concluding remarks

Analytical approacheto opticalmicroresonators:

Circulartraveling wave resonators

Alternatie viewpoint:
Time-domaingallery modes

Extensionto 3D:
Straightforvard,if :::

Rectangulastandingwave resonators

AX

Speculatre.
Sofar 2D modelsexist.

Standingwave phenomena
... insmallrings?

51
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