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Ringresonator modeling
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Ringresonator modeling

e Ringresonator
~ 2 couplers
+ 2 cavity segments.

e CW description:

E,H ~ eiwt,
w=kec, k=21/\

AD 1nitio 3-D model ...



3-D CMT simulations of circular microresonators

e CMT ringresonator model
e Coupler region: Basis fields, CMT ansatz
e Coupler region: CMT equations, solution
e Resonator: Power transmission, spectra

e Numerical results
e Vertically coupled microdisk-resonator
e Resonator with “hybrid” ring-cavity



Coupler region: Basis fields & CMT ansatz
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Coupler region: Basis fields & CMT ansatz
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Coupler region: Basis fields & CMT ansatz
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Coupler region: CMT equations, solution

Suitable integral form of Maxwell equations

G o) d%A(z) — K(2) A(2),

A:(Am)7 O:(Ulm), K:(/{lm), T - R

1
Ulm:_//ez'(Em><I{ZI<_|_E2|< XHm)d:Cdya

:—1@//15[. e — em) By dady.




Coupler region: CMT equations, solution

Suitable integral form of Maxwell equations

G o) d%A(z) — K(2) A(2),

A= (An), O=(om), K= (kim),

1
Ulm:_//ez'(Em><I{ZI<_|_EZ|< XHm)d:Cdya

:—1@//15[. e — em) By dady.

Numerical solution |z, z,]|, projection |,., |..

Coupler scattering matrix S ;

symmetric setting

2 normalized modes,
§ ‘Soi‘ S 19 Soz':Sio ( . . ) .
o



Resonator: Power transmission, spectra

B _ Sss Ssb A :r ________ i
b/ \Si. Sipn/\a)/’ Py, ,, [ D= C s
D\ (S« Sa \/(C fi‘a?
d/| Stbs  Shb c)’ Sy L
Gb - _____
c = Gb, _ —1Ym L b
a—Gd, ° dlag(e ) _______________ - SO
P ?’A=B-=ﬁ P,
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c=GQ 1S, A, Prm = |Bm|?,

d = SbbGQ_lsbSA, D = SSbGQ_lsbSA,
a = GSbbGQ_lsbSA, B = (SSbGSbbGQ_lsbs + SSS)A.



Resonator: Power transmission, spectra

B _ Sss Ssb A :r ________ i
b/ \Si. Sipn/\a)/’ Py, ,, [ D= C s
D\ (S« Sa \/(C fiﬁ?
d/| Stbs  Shb c)’ Sy L
Gb - _____
c = Gb, _ —1Ym L b
a—Gd, ° dlag(e ) _______________ - SO
P ?’A=B-=ﬁ P,
Pnm, A given, C = 0: el i
G b=0lS,.A, Q=1 Sp,GSG, Ppm = [Dml?.
c=GQ 1S, A, Prm = |Bm|?,

d = SbbGQ_lsbSA, D = SSbGQ_lsbSA,
a = GSbbGQ_lsbSA, B = (SSbGSbbGQ_lsbs + SSS)A.

Spectrum:  S(A), Y (A) ~=  Pram(A), Pom(M).
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Resonator: Power transmission, spectra

B _ Sss Ssb A :r ________ i
b/ \Si. Sipn/\a)/’ Py, ,, [ D= C s
D\ (S« Sa \/(C fiﬁ?
d/| Stbs  Shb c)’ Sy L
Gb - _____
c = Gb, _ —1Ym L b
a—Gd, ° dlag(e ) _______________ - SO
P ?’A=B-=ﬁ P,
Pnm, A given, C = 0: el i
G b=0lS,.A, Q=1 Sp,GSG, Ppm = [Dml?.
c=GQ 1S, A, Prm = |Bm|?,

d = SbbGQ_lsbSA, D = SSbGQ_lsbSA,
a = GSbbGQ_lsbSA, B = (SSbGSbbGQ_lsbs + SSS)A.

Spectrum: S(X) L—2mtR/2> Tm ()\) interpolated T PT,m ()\), PD,m ()\) .
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Vertically coupled multimode microdisk-resonator
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Vertically coupled multimode microdisk-resonator

o4y /e
w = 2.0 um, hg = 140 nm,

| ng = 1.98, ng = 1.45,
ne = 1.4017, ng = 1.6062,
hq = 1.0 um, R = 100 pum:;

Skl

varying g, S;
) S target wavelength: A = 1.55 yum.

~
~

N7 _ / CMT computational window:
/ (i, o] = [—12, 4] pm,
/ b, y&] = [—4,4] pm — s,

#z VP, (24, 0] = [—30, 30] um.




Vertical straight-disk-coupler, CMT basis fields

y [um]

s = 0.5 um

Cavity disk:
three TE-like bend modes,

Neft

y [um]

b0, TEg | 1.503778 —i1.35-10?
bl, TE; | 1.474931 —i1.77-10~6
b2, TEs | 1.451487 —i5.05-10°

Bus waveguides:
one TE-like mode, s, n.g = 1.48229.

y [um]




Vertical straight-disk-coupler, CMT basis fields

y [um]

s = 0.5 um

Cavity disk:
three TE-like bend modes,

Neft

y [um]

b0, TEg | 1.503778 —i1.35-10?
bl, TE; | 1.474931 —i1.77-10~6
b2, TEs | 1.451487 —i5.05-10°

Bus waveguides:
one TE-like mode, s, n.g = 1.48229.

y [um]

CMT
Bs SSS Ss b0 Ss bl Ss b2 AS
bbo | Svos Svobo Sbobl  Sbob2 apo
bp1 | Sbis Sbibo Sbibl  Sbib2 ap1
bba/ Sbh2s  Ob2b0  Ob2bl  Ob2b2 ab2



Vertical straight-disk-coupler, scattering matrices

s=1.0um (b) s=1.0pum (c)

ISo;|?: power transfer mode i|,, — mode of, .




Vertical straight-disk-coupler, field examples

z [um]
| )= | 1K
e ——— e P
_ \ | i
\ i
‘ 0 ‘ = \ 0 Iz
‘ ‘ EE——— sy
S | I
! ! 7‘7 - a iT
s = 0.5 um, g = —1.0 um; excitation in the bus waveguide.
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Vertical straight-disk-coupler, field examples

X [um]

x [um]

| )= | Ly
E—— AN B e 1]
e @

\ \ — ——

‘ 0 ‘ > \ 0 |z

‘ ‘ 4 | N
R R

! ! i i

s = 0.5 um, g = —1.0 um; excitation in the bus waveguide.
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Vertical straight-disk-coupler, field examples

X [um]

x [um]
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: 0 : = | 0 | =
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! ! N ii - a iT
s = 0.5 um, g = —1.0 um; excitation in the bus waveguide.
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Multimode microdisk-resonator, spectra
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isk-resonator, spectra

de microd
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isk-resonator, spectra
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Resonator with hybrid ring cavity
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Resonator with hybrid ring cavity

P%[% Y /]Pin ne = 2.009, hs = 0.27 pum, ws = 2.5 um,
ng = 1.45,©u = 0.9 um

ny = 1.6275, wy = 2.0 um, hy = 1.0 pum,
R =100 pm, oo = 48°.

s =1.0pum, g = —2.25 pm, nc = 1.412.

SR
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Target wavelength: A = 1.55 pym.

> — 7 1 /) CMT computational window:
/ (1, xo] = [—12,4] pm,

~ [y, yt] = [—3.7,4.4] um,

/Z VP (21, z0] = [—35, 35] um.
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Hybrid coupler, CMT basis fields & scattering matrix

S-TE,, [H, S-TE,, [H,|

y [um]

y [um]

2 -1 0 2 -1 0
(r-R) [um] (r-R) [um]

Neff

S-TEg | 1.625326

S-TE; | 1.553733

S-TM | 1.511020

Ro 1.490975 —i2.7-10~7
R 1.483477 —i1.2-10~7
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Hybrid coupler, CMT basis fields & scattering matrix

y [um]

y [um]

S-TE,, |H |

S-TE,, [H |
1 X

Neff
S-TEg | 1.625326
S-TE; | 1.553733
S-TM | 1.511020
Ro 1.490975 —i2.7-10~7
R 1.483477 —i1.2-10~7

2 -1 0 2 -1 0
(r-R) [um] (r=R) [um]
% S-TEq S-TE;1 S-TM Ro R1
S-TEq 100.0 ~ 0 ~ ~ 0 ~
S-TEq R~ 97.8 ~ 1.9 0.1
S-TM ~ ~ 0 26.2 6.3 67.0
Ro ~ 2.1 6.7 86.2 5.5
Ry ~ 0.1 67.5 5.2 27.3
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Hybrid coupler, CMT field example

z=-28um, |HX|

y [um]

y [um]
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Hybrid coupler, CMT field example

z=-28um, |HX|

z=—14pm, |HX|

y [um]

y [um]
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Hybrid coupler, CMT field example

z=-28um, |HX|

z=—14pm, |HX|

z=0um, |HX|
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Hybrid coupler, CMT field example

z=-28um, |HX| z=—14pm, |HX| z=0um, |HX|

y [um]

IS
=
>

y [um]

y [um]
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Hybrid coupler, CMT field example

z=-28um, |HX| z=—14pm, |HX| z=0um, |HX|
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Hybrid coupler, CMT field example

z=-28um, |HX| z=—14pm, |HX| z=0um, |HX|

y [um]

IS
=
>

z=35um, |HX|

y [um]

z=35um, |Hy|

y [um]
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Resonator with hybrid ring cavity, spectrum
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Resonator with hybrid ring cavity, spectrum
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Resonator with hybrid ring cavity, spectrum
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3-D Microresonator Simulator
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