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Implicit assumption of the existence of a leaky resonator mode

E(r;t) = E(r)exp (—iwt), @ =wr —1iy
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Implicit assumption of the existence of a leaky resonator mode
E(r;t) = E(r)exp (—iwt), @ =wr —1iy
... How to formalize the description of these modes?
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» Definition of and previous work on quasi-normal modes
» Roundtrip matrix technique for calculating quasi-normal modes

» Quasi-normal modes in photonic crystal cavities side-coupled to
W1 waveguide
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Quasi-Normal Modes: Definition

Definition: Time-harmonic solutions E(r; t) = E(r;w) exp(—iwt)

W\ 2
ofoVxE:<E> eE
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Definition: Time-harmonic solutions E(r; t) = E(r;w) exp(—iwt)
2
of VXV XE= <ﬂ> eE with an outgoing wave boundary
c

condition.

Non-hermitian problem: E(r;t) = E(r; @) exp [—i(wr — i7)t].
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Quasi-Normal Modes: Definition

Definition: Time-harmonic solutions E(r; t) = E(r;w) exp(—iwt)
2
of VXV XE= <ﬂ> eE with an outgoing wave boundary
c

condition.
Non-hermitian problem: E(r;t) = E(r; @) exp [—i(wr — i7)t].

Explicit description of time-decaying resonator mode.
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Quasi-Normal Modes: Selection of Previous Work
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Bloch Mode Expansions: Calculating Quasi-Normal Modes

Section W

Section w

. Section 2
t» r;  Section 1
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EY(r) =3, ci’ef(r1, 2),
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E“(r) =3 ;cef(r1,2), ef(ri,z+a)=exp (ik}”a) e’(r,2)

Section W
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t» r;  Section 1

DTU Fotonik
Department of Photonics Engineering www.nanophotonics.dk 5/7


http://www.nanophotonics.dk

Bloch Mode Expansions: Calculating Quasi-Normal Modes

E¥(r) =%, cj’ef(rL, 2), ef(r.,z+a)=exp (ikfa) e’(r,2)

Section W

Section w

cooo0o000O0O
Jocooooooo
000000000
000000000
000000000
000000000
000000000
Moocooooooo
000000000

0
/2

Section 2

z
t» r;  Section1

I DTU Fotonik
www.nanophotonics.dk


http://www.nanophotonics.dk

Bloch Mode Expansions: Calculating Quasi-Normal Modes

E¥(r) =%, cj’ef(rL, 2), ef(r.,z+a)=exp (ikfa) e’(r,2)

Section W

Section w

cooo0o0o000O
Jocooooooo
000000000
000000000
000000000
cooo0o0 0000
000000000
Moocooooooo
000000000

0
/2

Section 2

z
t» r;  Section1

I DTU Fotonik
www.nanophotonics.dk


http://www.nanophotonics.dk

Bloch Mode Expansions: Calculating Quasi-Normal Modes

E¥(r) =%, cj’ef(rL, 2), ef(r.,z+a)=exp (ikfa) e’(r,2)

Section W

Section w

cooo0o0o000O0
Joocooooooo
000000000
000000000
000000000
cooo0o0 0000
000000000
Moocooooooo
000000000

0
/2

Section 2

z
t» r;  Section1

I DTU Fotonik
www.nanophotonics.dk


http://www.nanophotonics.dk

Bloch Mode Expansions: Calculating Quasi-Normal Modes

E¥(r) =%, cj’ef(rL, 2), ef(r.,z+a)=exp (ikfa) e’(r,2)

Section W

Section w
Resonator

cooo0o0o000O0
Joocooooooo
000000000
000000000
000000000
cooo0o0 0000
000000000
Moocooooooo
000000000

0
/2

. Section 2
t» r;  Section1

I DTU Fotonik
www.nanophotonics.dk


http://www.nanophotonics.dk
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Section W
. 00O0O0O0O0 c 0o )
- 0 O O o O o O O [0
(\ 0 O O o O O O O o)
0O 0 O [o3Ne) O 0 © (e}
S . RtOp P+ £ ooo oo 0o0o0 o
0 0 O o O O O O o
ReCtlon w 0 0 O © O 0 O O (e}
esonator bOt 0 oo [ele} o000 [¢)
P~ AR I

Section 2

z
t» r;  Section1

Quasi-normal mode condition:
Resonator roundtrip matrix M(w) = RP'P~RPP™ satisfying
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Section 2
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Quasi-normal mode condition:
Resonator roundtrip matrix M(w) = RP'P~RPP™ satisfying
M(w)c” = Agc®, Ar =1

[J. R. de Lasson et al., arXiv:1405.2595]
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Quasi-normal mode condition:
Resonator roundtrip matrix M(w) = RP'P~RPP™ satisfying
M(w)c” = Agc®, Ar =1

[J. R. de Lasson et al., arXiv:1405.2595]
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Quasi-Normal Modes in Side-Coupled PhC Cavities
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