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Third-harmonic generations in toroid microcavity NS

S. Fuijii, et al., Opt. Lett. 42, 2010 (2017).
A. C.-dinnai, et al., Opt. Express 24, 26322 (2016).




Introduction

Kerr comb in microcavity system &3

Convert CW laser to ultrashort pulse train w/ > 800 GHz rep rate
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Introduction

Required conditions for soliton formation A
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S. Fujii, et al., Opt. Lett. 42, 2010 (2017).
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Dispersions in toroid microcavity (r = 35 um) o3
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Design the dispersion

Y. Nakagawa, et al., J. Opt. Soc. Amer. B 33, 1913 (2016).
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Introduction

Fabrication of CaF, WGM cavity w/ cutting o3

» Precise machining process » Computer controlled lathe cutting

Y. Mizumoto, et al., Procedia Eng. 19, 264 (2011). Y. Nakagawa, et al., J. Opt. Soc. Amer. B 33, 1913 (2016).
S. Azami, et al. Procedica CIRP 13, 225 (2014). (a) :
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Introduction

Kerr comb in microcavity system &3

R. Suzuki, et al., J. Opt. Soc. Amer. B 35, 933 (2018). (Editor’s pick)
S. Fujii, et al., J. Opt. Soc. Amer. B 35, 100 (2018). (Editor’s pick)
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Two modes coupling
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Mode coupling for dark pulse comb generation

-
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Continuous wave
(input)

Dark pulse (output)

56 (E) Dt?tunving = 0.904'

— ol Main S |
= Aux.

= -20 ]
| H! |
CCL)60 1,|||. .|l.“1 .

750 40 30 20 -10 0 10 20 30 40 50
Mode number p

6 — — 0.1
5 B 10.08
o 4\
T o 10.06
()
2 2| 10.04
o |
a 1} 0.02
0 L i MO
-3 -2 1 0 1 2 3

Azimuthal angle

\S. Fujii, et al. IEEE Phot. J., 10, 4501511 (2018).) \

Dark pulse generation
at normal dispersion

CW/CCW mode coupling

Mode coupling «
'\/\/ ~

(a)

2
log,,lul

2
log,,|vI

o ], e |||‘||
Detector =
Ll ]
<«-dll - - oy W ecor |
cCw Detector | |
]
2 300 ; ; \ ‘ -
& Lol @ =05
> = ‘
3 CW(Soliton) =30 (mW)
= 100} |
E ccw o
I= -1 05 0 05 1 15 2 25 3 35 4
Detuning x107
]
2 400 - - - : - - - - -
g (b) =3.0
g 200 CW(Not a soliton)  p, = 200 (mW)
s ccwW
g 0 L Y [
= -1 0.5 0 0.5 1 1.5 2 25 3 as 4 : :

Detuning x10°

S. Fujii, et al. Opt. Express 25, 28969 (2017).

Effect of inherent
coupling

-300 -200 -100 O

100 200 300
“ 1

Dual comb generation



Mode coupling for dark pulse comb generation

Dispersion in a cavity (spectrum domain picture) o3

S. Fujii, et al. IEEE Phot. J., 10, 4501511 (2018).
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Mode coupling for dark pulse comb generation

Nonlinear Coupled Mode Equations for Kerr Comb Generation in E@
Coupled Microcavity System
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Mode coupling for dark pulse comb generation

Dark pulse generation w/ mode coupling <

S. Fuijii, et al. IEEE Phot. J., 10, 4501511 (2018).
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Mode coupling for dark pulse comb generation

Mode coupling and MI gain o3

S. Fuijii, et al. IEEE Phot. J., 10, 4501511 (2018).
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Mode coupling for dark pulse comb generation

Deterministic FSR generation N

S. Fujii, et al. IEEE Phot. J., 10, 4501511 (2018).
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Perfect agreement w/ experiments performed by:
A. Weiner (Purdue Univ.) X. Xue, et al. Nat. Photonics 9, 5694 (2015), Laser Photon. Rev. 9, L23 (2015).



Mode coupling for dark pulse comb generation

Observation of noisy state

»Direct transition to ML
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»Observation of noisy state (in normal dispersion)
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to reach directly in a mode-locked regime

Noisy state is present when generating 1-FSR comb




Mode coupling for dark pulse comb generation

Deterministic FSR generation is not always possible

»Phase matching condition
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- 1-FSR comb generates.

- Agrees with the observation by [Y. Liu, Optica 1 137 (2014)]

v' Offset frequency is a the red shaded region:

- strong oscillation is observed

- Agrees with the observation by [M. Karpov, Nat. Commun., 9,

1146 (2018)]

We found that deterministic FSR generation in a normal

dispersion system is not always possible even when

using coupled cavities.



CW/CCW mode coupling

. effect of inherent coupling

Two modes coupling
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Dual comb generation



CW/CCW mode coupling: effect of inherent coupling

CW-CCW comb measurement N

Silica toroid (Q = 2 X 107) S. Fujii, et al. Opt. Express 25, 28969 (2017).
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CW/CCW mode coupling:

effect of inherent coupling

Effect of CW/CCW coupling (experimental)

S. Fuijii, et al. Opt. Exlpress 25, 28969 (2017).
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>M0d9| S. Fuijii, et al. Opt. Express 25, 28969 (2p17).
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TE/TM mode coupling: for dual comb generation
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Dual-comb applications o3

Dual-comb applications: scan rate < difference of repetition frequencies

Microcombs have a potential to achieve fast scan rate due to high repetition frequencies
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TE/TM mode coupling (numerical model) o3

Coup|ed Lugiato_l_efever equations (LLEs) R. Suzuki, et al. IEEE Phot. J. 11, 6100511 (2019).
da _ « Dy(qy 0%a AD; da
B = (Z)a + iAwggya + i Za 3572 +igw(al®* +olbl?)a+ [Kea)Sin) +—— 2 9%
db K( b) Dz(b) 0%b . ADl db
== b+ ihwopyb + i 2 997 +igm (UDI? + olal®)b + [Kcp)Sinw) — = 9%
(loss) (detuning) (dispersion) (Kerr effects) (input) (repetition difference)

t: time, ¢: angular coordinate, a, b: internal fields, k: resonator loss, Aw,: pump detuning, D,: second order dispersion,

g: nonlinear coefficient, o: XPM coefficient (o = 2/3 for orthogonally polarizations), k.: coupling rate, s;,: input field,
AD;: FSR (repetition frequency) difference

Dimensionless coupled LLEs (Assuming k = k) = k4, 9 = 9@y = 9))

ou 92u ) ou

P = —(1+iag)u+iBuw 35 5572 +i(lul® + olv|*)u + Fy +Va¢
ov _ 0% , ov
- = —(1+iaw))v+iBuy = o5z + i(|v|* + olul®)v + F) — V5%

_1 _ /29 _ /Zg _ _ 2Awo(n _ D2ty
T=oKt,u= [-~a,v= Yb,a(*)—— ” » By = ”

AD 2 [29Kc(«

= Sin(»)

Relations, a: detuning, 3: second order dispersion, y: repetition difference, F: input
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Soliton trapping with dimensionless coupled LLEs
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Soliton trapping with dimensionless coupled LLEs
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Soliton build-up NS

R. Suzuki, et al. IEEE Phot. J. 11, 6100511 (2019).
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a: detuning, B: second order dispersion, y: repetition difference, F: input, d = y(2B)°°
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Trapping conditions as functions of F and 0 N

»Trapplng COnd |t|0nS R. Suzuki, et al. IEEE Phot. J. 11, 6100511 (2019).
(as functions of F (input) and d (rep. difference))

4 ] ’

o 2

1 2 3 4 <

Relations a: detuning, B: second order dispersion, y: repetition difference, F: input, d = y(23)-%-°
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