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Circular integrated optical microresonators
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Circular integrated optical microresonators
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Spectral response

N an,
S — R=50 mb=w=10 m g= 09 m,
\&J / np = 1:45, ng = 1:60; 2D, TE.
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Ringresonatormodeling
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Ringresonatormodeling

(2-D)

Ringresonator 2 couplers+ 2 cavity segments.
CW description,E ; H e t 1 =kc, k=2=:12R, given.
Ab initio 2-D & 3-D simulations: ::



Outline

CMT ringresonatomodel
Couplermodeling,basis elds, CMT ansatz
Coupledmodeequationssolution
Resonatorpower transmissionspectra

2-D modeling
Basis elds: analyticalboendmodes
Bent-straightvaveguidecouplers
Multimode microdiskresonator

3-D simulations
Vertically coupledmicrodisk-resonator
Resonatowith “hybrid” ring-cavity



Coupler modeling
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Coupler modeling
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2-D basis elds,
analytical:
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Coupler modeling
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Coupler modeling
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8 .
Cavity: 2-D (1-D) bendmodes (b)
% ST (x2)= SO (rixz)e | mR (62);
2-D basis elds, H m H m;o
analytical: g Straightbuscore: 2-D (1-D) guidedmodes (o)
. Em (X;Z): Em;o (x)e | mZ:
m m; 0
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Coupler modeling
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E;H; Em:Hm; m= b EmiHm:; m= s
8 .
Cavity: 2-D (1-D) bendmodes (b)
% ST (x2)= SO (rixz)e | mR (62);
2-D basis elds, H m H m;o
analytical: g Straightbuscore: 2-D (1-D) guidedmodes (o)
. Em (x:7) = Em;o (x)e | mZ.
m m; 0
Coupledmodeansatz: Cm(z) ="
X .
E .\ _ Em /... E . _._1 E .. 1Nt.
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Coupled mode equations,derivation

Zi+

Functionatf%%n of Maxwell equations:

F(E;H) = H (r E) E (r H)+i! gHj?+i! ¢jEj? dxdz;

f eF=0;, 4F =00 === fr E= 1l oH ; r H=1! ¢ EQ:



Coupled mode equations,derivation

Functionarf%%n of Maxwell equations: 47 /
F(E;H) = H (r E) E (r H)+i! gHj?+i! ¢jEj? dxdz;

f eF=0;, 4F =00 === fr E= 1l oH ; r H=1! ¢ EQ:

CMT ansatz
F(E;H) > F(C);

G 0(z) d%c:(z): K(2) C(2): Kin = |



Coupled mode equations,solution

02 5,C(2) = KD C ()
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Coupled mode equations,solution

d iy

O(z) -C Z(z) = K(2) C(2); i Y\B
O“m:%r e, (Em H,+E, Hpy)dx; 0 i

X7 Xoi X
1o : :
Kim = I E, ( m) E mdx: Zi+ e o

Numericalsolution [z;; zo], projectionjz,, |

Zo

Couplerscatteringmatrix S,

X .
% - g g ; jSoij2 1. Sui=Siq normalizedmodes,

symmetricsetting
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Resonator: power transmission, spectrum evaluation
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Resonator: power transmission, spectrum evaluation
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Resonator: power transmission, spectrum evaluation
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2-D basis elds, bend modeanalysis
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2-D basis elds, bend modeanalysis

AZ
nbxg\ Np Homogeneityalong ~* bendmodeansatz
r
E . .. _ 15, Eo it i R .
0 <b> >X H (r1 1t)_ éRe HO (r)e J
- R / prole Eg, Ho,
propag@tionconstant = i
d 1d ’R?
G —_+ 2+ K?n? = 0:
d2 r dr r2
n(r) piecaviseconstant, = Eqgy (TE), = Hoy (TM).
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2-D basis elds, bend modeanalysis

AZ
nb\xg\ Np Homogeneityalong ~* bendmodeansatz
r
E . . _1 Eo it i R .
0 <b> >X H (r1 1t) - éRe (r)e )
- R / prole Eg, Ho,
propag@tionconstant = i
¢ 1d ’R?
- ~ _+ 2+ kn? = 0:
dr2 r dr r2
n(r) piecaviseconstant, = Eqgy (TE), = Hoy (TM).

Bendmodes Nonzerosolutions,
boundedattheorigin, J r(npkr) for r < R b,

outgoingexterior elds, (2)(nbkr) for r > R,

continuityatinterfaces & d; (TE), & (dr )=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.
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b/k=1.526

alk=23440° |

12



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 :
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(rR)/ mm
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CMT coupler model, 2-D examples

AZ
Zo+
r
OA
R 2D, TE,
5 | o e np = 1:45 ng = 1:60, b= s= 1.0 m, = 1:55 m,
' a/- A R=50 m g= 0:90 m.

z [mm]

jSssi® = 0:93, jSspj® = jSpsj® = 0:07, jSppj? = 0:92
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CMT coupler model, 2-D examples

AZ
Zo+
r
OA
R 2D, TE,
5 | o e np = 1:45 ng = 1:60, b= s= 1.0 m, = 1:55 m,
' a/- A R=50 m g= 0:12 m.

R=50mm g=0.12 mm

20 15 10 5 0 5 10 15 20

jSssi® = 0:16, jSspj® = jSpsj® = 0:83, jSppj® = 0:16.
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CMT coupler model, 2-D examples

AZ
Zo+
r
04
R 2D, TE,
5 | -~/ L.l np = 1:45 ng = 1:60, b= s= 1.0 m, = 1:55 m,
! a/- A R=200 m,g= 0:12 m.

20 15 10 5 0 5 10 15 20

jSssj? = 0:93, jSspj? = jSpgj2 = 0:07, jSppj? = 0:93
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2-D microdisk, structure & basis elds

n, = 1.0, ng = 1.5,
4 m,g= 02 m,
0

0:
50 m.
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2-D microdisk, structure & basis elds

Basis elds, cavity:
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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

8 Cavity: 3-D (2-D) bendmodes (b)
% STy = ™0 (rz)sy)e FmR (62,
Numerical m;0
basis elds: % Stralghtbuscore 3-D (2-D) guidedmodes (s)
: Em (x;y;z): Em;O (x;y)e | mZ:
m m; 0

. E R X Em ! t
Coupledmodeansatz: H (X;y;z;t) = éRe Cm(2) H o (X;y;z) e
m
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3-D CMT equations,solution

E| (

H, +E,

m) Em dxay;

Hm)dxdy:
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3-D CMT equations,solution

A l A l
e . . _
t | |
I N
L&f—’ =
S _.___.:_.
o2z
Kim= i E/(  m)Emdxdy;
22
Olm:Z e; (Em H;+E;, Hm)dxdy:

Numericalsolution [z;; zo], projection |z, jz,
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Vertically coupled multimode microdisk-resonator
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Vertically coupled multimode microdisk-resonator

%4 // :i” w= 2:0 m,hs= 140nm,

n{ = 1:98, ng = 1:45,

1:4017, nyg = 1:6062,
1:0 m,R = 100 m;

>
o
T

| varying g, s;
--) targetwavelength: = 1:55 m.

—4-----

v A/ /A 1 // CMT computationalindow:
/ [Xi;xo] = [ 12;4] m,
/ [yo;ytl=1[ 44 m s,

y V - [zi;zo] = [ 30;30] m.

22



Vertical straight-disk-coupler, CMT basis elds

5
14 I s=05 m
% 01 i Cavity disk:
11 ! threeTE-like bendmodes,
Ne
& b0, TEp | 1:503778 i1:35 10 °
— 1 - bl,TE; | 1:474931 i1:77 10 °©
£ o - b2, TE, | 1:451487 505 10 5
1 Buswaveguides:
] ’ ’ ’ ’ ’ ] oneTE-likemode,s,ne = 1:48229,
— 17 (Bend)modeanalysis:
% 01 s Im modematching(FMM) solver, semianalytical;
1 1 s L. Prkna,M. Hubalek,J. Ctyroky,
. - ; " - . ) J. Sel. Top. Quant.Electr 11(1), 217-223(2005).
(rR) [ mm]
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Vertical straight-disk-coupler, CMT basis elds

2-
I I s=05 m
£ o - Cavity disk:
11 ' threeTE-like bendmodes,
Ne
g b0, TEp | 1:503778 i1:35 10 °
— 1 - bl,TE; | 1:474931 i1:77 10 °©
£ o - b2, TE, | 1:451487 i5:05 10 5
t Buswaveguides:
] : ’ ’ ’ ’ ] oneTE-likemode,s,n, = 1:48229
- 1 (Bend)modeanalysis:
% 01 s Im modematching(FMM) solver, semianalytical;
11 ' L. Prkna,M. Hubalek,J. Ctyroky,
. - " > - - ) J. Sel. Top. Quant.Electr 11(1), 217-223(2005).
(rR) [ mm]
- 5 CMT 5
1 1
Bs Sss Ssho Ssh1 Ssh2 As

%Ezo & = %Sbo s Sbob0 Shobl  Sho b2
1

K @30 K

Sbis Sb1bo Shibr  Shinb2 ap1

bz, Sb2s Sb2bo  Sb2bl  Sb2 b2

dp2

Zj
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Vertical straight-disk-coupler, scattering matrices

s=1.0mm

(b) s=1.0mm

powertransfer mode ijZi !

modeoj, .
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Vertical straight-disk-coupler, eld examples

4
E
< 4
8 T T T T
30 20 10 0 10
z [mm]
A
| |
e
| |
o |
| |
—-—
| |
N g

s=05 m,g= 1.0 m,; excitationin thebuswaveguide.



Vertical straight-disk-coupler, eld examples

X [m]

X [m]

20

10

0 10

1:0 m; excitationin thebuswaveguide.
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Vertical straight-disk-coupler, eld examples

X [m]

X [m]
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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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Resonatorwith hybrid ring cavity

ns = 2:009, hg = 0:27 m,ws = 2.5 m,
ng = 1:45,u= 09 m

ner = 1:6275 w, = 220 m,hy = 1.0 m,
R=100 m, = 48.

s=10 mg= 225 m,nc= 1:412.
Tamgetwavelength: = 1:55 m.

CMT computationalvindow:
[Xi;Xo]l = [ 12;4] m,
[yo:ytl=1[ 3:7;4:4] m,
[zi;zo] = [ 35;35] m.




Hybrid coupler, CMT basis elds & scattering matrix

2
1
E 0
>‘1
2
2
1
E 0
>‘1
2
° X[lmﬂ] ° ! ° ’ X[1nrm] erm] (rR)l[rTm] (rR)1 [ mm]
Ne
S-TE | 1:625326
S-TE; | 1:553733
S-TM | 1:511020
Ro 1:490975 i2:7 10 '
Ry 1:483477 i1:2 10 7
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Hybrid coupler, CMT basis elds & scattering matrix

2
1
Eo
>‘1
2
2
1
:o
>‘1
2
° X[lmﬂ]O ! ° ’ X[1nrm] ' [lrrm]0 ° (rR)l[nrm]O ° 2(rR)l[nrm] !
Ne % S-Tkp S-TEE S-TM Ro R1
S-TE | 1:625326 S-TE | 1000 0 0 0 0
S-TE; | 1:553733 CMT S-TH 0 97:8 0 1.9 01
S-TM | 1:511020 ~ S-T™M 0 0 262 63 670
Ro 1:490975 i2:7 10 ' Ro 0 2:1 6:7 862 5:5
Ry 1:483477 i1:2 10 7 R1 0 0:1 675 5:2 273
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Hybrid coupler, CMT eld example
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Hybrid coupler, CMT eld example
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Hybrid coupler, CMT eld example

(] A
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Hybrid coupler, CMT eld example

x [mm]
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Hybrid coupler, CMT eld example

x [mm]

x [mm]
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Hybrid coupler, CMT eld example

2
1
E o
>x1_
, |
2
1
E o
>\1_
, |
8I 6 4I 2 O 8 4I 4I
x [mm] X [mm] x [mm]
— . . .
1
E o
>x1_
) |
2
1
£ o
>\1_
, |
8I 6 4I 2 0 8 4I 2 4I 2
x [mm] X [mm] x [mm]
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Resonatorwith hybrid ring cavity, spectrum

n

o
\D .
/ — o
iy -
l_
o
I/ \/ %\/ _
T
/_/
7 .
1.555
% S-T S-T S-TM  Rg Ry
S-Tk | 100:0 - - - -
S-Th - 97:8 - 1.9 0:1
S-TM - — 26:2 6:3 67:0
Ro — 2:1 6:7 86:2 5:5
R1 — 0:1 67:5 5:2 27:3




Resonatorwith hybrid ring cavity, spectrum

7z

T
7 .

% S-T S-T S-TM  Rg Ry
S-Tk | 100: - - - -
S-Th 97:8 - 1.9 0:1
S-TM — 26:2 6:3 67:0
Ro 2:1 6:7 86:2 5:5
R1 0:1 67:5 5:2 27:3

0.8

n

In

0.4

PT/P. :
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oo o % L

1

1

1.553
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1.552

1.554

1.555
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Resonatorwith hybrid ring cavity, spectrum

n

PT/Pin’ PD/P.

Y
AN

L

7 -
% S-TRy S-TEE SSTM Ry R N
S-TE | 100:0 _ - _ _ b
S-TE — 97:8 - 1:9 01 <
S-T™M - ~ 26:2 6:3 67:0 o
Ro -  2:11 67 86:2 55 ] S N O R
Ry -  0:1 675 52 27:3

1.55 1.551 1.552 1.553
I [rm]

N 4




3-D Micr oresonatorSimulator
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