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Cir cular integrated optical microresonators
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Spectral response
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R = 50 � m, b = w = 1:0 � m, g = 0:9 � m,
nb = 1:45, ng = 1:60; 2D, TE.

� � = 5:0 nm, 2� � = 0:17nm,
F = 30, Q = 9400, PD ;res = 0:44.
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Filter elements,building blocksfor denselyintegratedoptics.
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Ringresonatormodeling
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� Ringresonator� 2 couplers+ 2 cavity segments.

� CW description,E ; H � ei ! t , ! = k c, k = 2� =� ; ! 2 R, given.

Ab initio 2-D & 3-D simulations: : :
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Outline

� CMT ringresonatormodel
� Couplermodeling,basis�elds, CMT ansatz
� Coupledmodeequations,solution
� Resonator:power transmission,spectra

� 2-D modeling
� Basis�elds: analyticalbendmodes
� Bent-straightwaveguidecouplers
� Multimodemicrodiskresonator

� 3-D simulations
� Verticallycoupledmicrodisk-resonator
� Resonatorwith “hybrid” ring-cavity
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Coupler modeling
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Coupler modeling
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Coupler modeling
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Coupledmodeequations,derivation
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Coupledmodeequations,solution
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Resonator: power transmission,spectrumevaluation
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Resonator: power transmission,spectrumevaluation
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2-D basis�elds, bend modeanalysis
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Bend modes,examples
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Bend modes,examples
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Bend modes,examples
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CMT coupler model,2-D examples
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CMT coupler model,2-D examples
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2-D microdisk, structur e & basis�elds
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2-D microdisk, structur e & basis�elds
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2-D microdisk, CMT & FDTD spectra
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2-D microdisk, resonances
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2-D microdisk, resonances
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2-D microdisk, resonances
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3-D coupler modeling
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Numerical
basis�elds:

8
>>>>>>><

>>>>>>>:

� Cavity: 3-D (2-D) bendmodes (� b)�
E m
H m

�
(x; y; z) =

�
E m;0
H m;0

�
(r (x; z); y) e� i 
 mR� (x; z) ;

� Straightbuscore: 3-D (2-D) guidedmodes (� s)�
E m
H m

�
(x; y; z) =

�
E m;0
H m;0

�
(x; y) e� i � m z:

Coupledmodeansatz:
�

E
H

�
(x; y; z; t) =

1
2

Re
X

m

Cm (z)
�

E m
H m

�
(x; y; z) ei ! t :
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3-D CMT equations,solution

U

V

W

X

Y

X

o

X

i

Y

t

Y

b

U

o

U

i

V

X

W

X

i

X

o

V

Z &

O(z)
d
dz

C (z) = K(z) C (z) ; K lm = � i
! � 0

4

ZZ
E �

l �(� � � m ) E m dx dy ;

Olm =
1
4

ZZ
ez �(E m � H �

l + E �
l � H m ) dx dy :
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S.
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3-D CMT equations,solution
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Vertically coupledmultimode microdisk-resonator
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w = 2:0 � m, hs = 140nm,
nf = 1:98, ns = 1:45,
nc = 1:4017, nd = 1:6062,
hd = 1:0 � m, R = 100� m;

varying g, s;
targetwavelength:� = 1:55 � m.

CMT computationalwindow:
[x i ; xo ] = [� 12; 4] � m,
[yb ; yt ] = [� 4; 4] � m � s,
[zi ; zo ] = [� 30; 30] � m.
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Vertically coupledmultimode microdisk-resonator
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Vertical straight-disk-coupler, CMT basis�elds
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b2,TE2 1:451487� i 5:05 � 10� 5

Buswaveguides:
oneTE-like mode,s,ne� = 1:48229.

(Bend)modeanalysis:
�lm modematching(FMM) solver, semianalytical;
L. Prkna,M. Hubálek,J. �Ctyroký,
J.Sel.Top.Quant.Electr. 11(1), 217-223(2005).
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Vertical straight-disk-coupler, CMT basis�elds
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Vertical straight-disk-coupler, scatteringmatrices
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Vertical straight-disk-coupler, �eld examples
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s = 0:5 � m, g = � 1:0 � m; excitationin thebuswaveguide.
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Vertical straight-disk-coupler, �eld examples
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Multimode microdisk-resonator, spectra
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Multimode microdisk-resonator, spectra
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Multimode microdisk-resonator, spectra
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Resonatorwith hybrid ring cavity
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ns = 1:45, u = 0:9 � m

nr = 1:6275, wr = 2:0 � m, hr = 1:0 � m,
R = 100� m, � = 48� .

s = 1:0 � m, g = � 2:25 � m, nc = 1:412.
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Hybrid coupler, CMT basis�elds & scatteringmatrix
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Hybrid coupler, CMT �eld example
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Resonatorwith hybrid ring cavity, spectrum
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