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Types of Optical Resonators

Standing-Wave Travelling-Wave
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Fabry-Perot Microring
1D PC Defect Microdisk
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Analogy of Standing-Wave and Travelling-
Wave Optical Resonators

Standing-Wave Resonators (Gires-Tournois Interferometers )
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100% reflection

Travelling-Wave Resonators (Microdisks)
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,: Resonant Freq.
V: Resonator Loss

R: Partial Reflectivity

Waveguide

R «—» 1/k
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w,: Resonant Freq.
V: Resonator Loss

K: Power coupling ratio
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Transfer Function of Resonator-Coupled

Waveguides
Microdisk Fabry-Perot
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Transmittance of Resonator-Coupled Waveguide
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Transmittance of Resonator-Coupled Waveguide

Over-Coupling
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Phase Variation of Resonator-Coupled Waveguide
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The phase response of transfer function F(s) is given by
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Phase Variation of Resonator-Coupled Waveguide

Under-Coupling Im(S)
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Resonant Wavelengths of Microresonators

+ Periodical Resonant Frequency (Wavelength)

Standing Wave Resonators Resonant Wavelength
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Travelling Wave Resonators

Resonant Wavelength

2
/Tneﬂ(ZlTR) =2m7l

m

Free Spectrum Range

af :(ZLRngJ_

C

m=12,3,...

Ming-Chang Lee, Integrated Photonic Devices




Free Spectrum Range

Fabry-Prot
................................................. Resonator

m-1 m m+1
D = 2L (Cavity cycle)
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c : speed of light L
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Resonant Magnification of Microresonators

* Resonance-Enhanced Optical Fields inside

Resonators
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Quality Factor

Quality Factor vs. Power Coupling Ratio

Critical Coupling
T
6 ‘ Recall |[O=wE——| and O<k,py<lI

&) Over
: Coupling

Under
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10 i _ i Intrinei
10" 10” 10° 10° 0, =, V (Intrinsic Q)

Power coupling Ratio/Round-Trip Loss

* Quality factor decreases with power coupling ratio.
+ The maximal quality factor is limited by the intrinsic Q
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Transfer Function of Two Waveguide-Coupled
Optical resonator

Microdisk Fabry-Perot
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The Optical Transfer Function (Microdisk)
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Transfer Function of Two Waveguide-Coupled
Optical resonator
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1D Photonic Crystal Resonator or Distributed
Bragg Reflector Cavity

Fabricated on Silicon-on-Insulator (SOI)
Phase-slip

A=230nm. o h defect)

A=220nm
>« (

—p

B. Jalali

1D Photonic Crystals
(Bragg Reflector)

1D Photonic Crystal Resonator
(DBR Cavity)
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Matrix Formulation for Isotropic Layer Media

7‘: Ay A LA
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w .
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Suppose for lossless dielectric media
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Matrix Formulation for Isotropic Layer Media

A[A A A
B1 Bz 2 B3 z L>
n1 n2 n3 X
d
<+—>
x=0 x=d
Laafoney L fay
D - 2 mx 2 kln.\f
ol l a _M) l 1+ M)
2 k’ll.‘( 2 mx
s-wave (TE)

where
2 2
l(l"’ nm+1 kmx ) l(l_ nm+1 kmx )
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D ) = 2 nm k(2m+l)x 2 nm k(zmﬂ)x
e n .’k 1 n .k
7(1_ n;l mx ) 7(1_'_ mzl mx )
2 nm k(m+l)x 2 nm k(m+1)x
p-wave (TM)

Consider the boundary conditions,

(2)-2:()
(2)-2(2)

*For example (s-wave), E, and H, should continue
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Matrix Formulation for Isotropic Layer Media

—_— - — |— Consider the phase transformation,
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Therefore, combine (a) and (b),

4 A,
[B:} =D,PD,, [Bj
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Matrix Formulation for Isotropic Layer Media

n e In n Therefore, for N+1 layer media
1 2 3 N+1
......... ; A Ay,
A A As Ant [B]J =D,,R,D,,P, D, ., [BNH']
B1 BZ BS BN+1’ 1 . i
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The reflection and transmission coefficients are defined as
, :(31} N P A N _
A4 B0 M, A - M, (Field)
The reflectance and transmittance are defined as
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. n, cos 6, mcos§ |M,
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Bragg Reflectors (1D Photonic Crystals)

—p: e—d N periods
b, ay
o 0, /
)
N-d ny,, 0<x<d
n(x) =
n, d<x<A

The media are arranged periodically

Under a specific condition, the light is expected to
be highly reflected. (reflector)
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Bragg Reflectors

d For one period,
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Bragg Reflectors
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Bragg Reflectors
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Bragg Reflectors

—>i

b, N
na| Ny

n,, 0<x<d
N—-d n(x) =
n, d<x<A

How to make a high reflection? — Cis as large as possible

Recall ( =¢/:MD {_1 ~(ﬁ _k.

27 ke Ky,

)sin kZXd} cf :i
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k2xk1x

2
sin2 k,.d
2x

{ k,’ -k, large ——p High index contrast

2m+1)mr .
k,d= Q@mhm —» dis quarter wavelength (m=1)
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An Example of Bragg Reflector

N 5 1
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d= A = A + A What is d?
4nHigh 4nHigh 4nL()w
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Transmittance Varied by High Refractive Index

10° gerr —
Y. .‘ /— K n =1
T || ’f & Low
3 B M =14 N=2
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‘Ig 10 P | 24 ’, .»'.
= : A Nygn 524 ¢4 s
€ AN /’ &
2 2 e 2
e 101 % Nygn = 3.4
= K R
-3
10

1 1.5 2 2.5 3
Wavelength (1« m)

* The maximum reflection (minimum transmission) occurs at 1.55 um
+ High index contrast has larger reflection
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Transmittance Varied by Number of Period

r-‘Low =1

Npigh = 3.4

Transmittance

1 1.5 2 2.5 3
Wavelength ( « m)

* The maximum reflection (minimum transmission) occurs at 1.55 pm
* More periods have larger reflection
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Comparison of DBR Cavity and Fabry-Perot

DBR (Distributed Bragg Reflector) Cavity

D
L

— =

r 7 :reflection
Fabry-Perot
—>
r L r

But, what is difference?
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Distributed Bragg Reflector

DBR (Distributed Bragg Reflector) Cavity

D—
L

_— Y~

v r :reflection

+ The reflectance is strongly depends on the wavelength
* The phase shift is also dependent on the wavelength
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An Example of DBR Cavity

A g

Nhigh Nyigh

Hid
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4nHigh 4nHigh 4nan 2nHigh
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Transmittance Varied by Number of Period
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1 1.5 2 25 3

Wavelength (1 m)

* The extinction ratio increases with slab number.

* The bandwidth reduces with slab number
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InP Tunable Filters

InP72/4
Airh/4
InP9%/4
Airhs4
P34
Airds2
InP9A/4
Airhsd
InPoA/4
Airh4
InP7A4
Additional air
InP substrat n+

Top Bragg
Reflector P

Resonant
Cavity

Bottom Bragg
Reflector
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Vertical-Cavity Surface-Emitting Laser

Yoshitaka Kohama, PTL, 1997

2 —— T 1 T T ;6
elactrode — RT.CW 21 pm¢ p-type 1
AuZnN N AuGeN =
o polyimide-. E15 .
= = 14 >
p-DBR @ e
2 pair n-DBR 2 ®
22 pair 3 1 o
S o 3
active layer : pDBR 5 2 g
L 35,5 palr o
" g 308
5 pair o
| Wasalangt (jim}
e AU 0 ERERRR B B I 0
n-type GaAs substrate p-ype GaAs substrale 0 10 20 30
Current (mA)
TABLE [
Comparison oF LASER CHARACTERISTICS
Berwees n-Sul Tyee ann p-Sus Tyre VOSELS
n-sub type p-sub type
Mumber of pairs of n-DER 35 a2
MNumber of pairs of p-DER 20 355
Reflectivity (Calculation} 0,998
Threshald current density (kAlem2) 1.2 17
Threshold voltage(V) 21 25
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Resonance-Enhanced Photodetectors

. Pp-contact

| |

E | | Top brage mirror
; { 5i- 5i0,)
adoP—a| | Zu/ P+ diffusion

Quantum efficiency (%)

-+ Lag—Juantum well

) Bottom Bragg mirrer

Inl* n+ substrate

f-contact

+ Atresonant wavelength,
sok photons are accumulated
N in the cavity

+ Itincreases the quantum

at N, efficiency

2000 2020 2040 2060 2080 2100
Wavelength (nm)
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