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Ultra-high precision frequency conversion using an electro-optic-modulation comb

Ishizawa, Atsushi

13,700,000

25 GHz
CEO
CEO
25 GHz CEO

loT

We have demonstrated a carrier-envelope-offset (CEQ)-locked
electro-optics-modulation (EO) comb with 25-GHz mode spacing at telecommunications wavelengths using
a continuous wave laser as a seed light source. Noise information of the microwave signal generator
at 25 GHz driving the EO comb is amplified and transferred to the CEO frequency signals. Using
carrier-envelope-offset signal of a 25-GHz electro-optics-modulation comb, we have demonstrated a
record phase-noise reduction of a conventional signal generator.



2020 1,000
5 30 GHz
100 10 Gpbs
( 10 MHz)
1 GHz
10 MHz 10,000
NIST
L) 10 GHz
(E0) (EO )
ML ML
EO ML
100 MHz EO
GHz
(GEY)
B aE I

'Eﬁﬁ#ﬁﬁ%A—Xﬁ%&ﬂﬂA
SEEAh S 'J?&%E%ﬁ

- - ' e
imﬁ ggaﬁ KB gap 3R L L RTINS 55— B YR L/ OLAFIMD
L—Y— BR LRSS “AE”

O ET—FRMHL—F—_RA—ZALFFHaL

W Rk RTTA— \/”N’/‘N/
'@&‘f/@/i L . SN

LT Z z
R LRIRE “EE"

? J—IER
AT BRIV

R B Rk
@ BRALTHEBA—RNEEHL

A

=HE0E
=== € T FRYIL—F—_R—ZAAREHL

AA |

iR

EBHE <« E#T
1
2
EO
(CEO)
2 25 GHz EO EO
EO
EO W ( 1542 nm) 1 Hz
25 GHz 38 nm
25 GHz
ASE 1.25 GHz
1w 1m
150 fs
2/3
2F-3f
CEO

2/3
CEO



@ €),

SE2E R
4 ................. i [« X2
EHEE _ EEIEM [ } " |

A oAK-SURRE : EISHE o
7y 2r3f BESBFBHEH
® @
EEREs #1923+ 55— T DR
... EOMaL AR E
e = 5 g b STAY A @ A u
EAR BRAAPERR p A] oE b
[ H = I ‘ I | ik ’ E#ﬁiﬁ ENE< > =5 AEH
27A= LRRIIN LT
T AT
2
2 (PCF)
PCF 10
142 ( 1 10°15) 1W 1.25 GHz
EO PCF 2/3 ( 3
10% T . .
~ 10*| ]
5 ;
S 103k ]
> E
m 102 F ]
et E
(0] [
€ 10'F
10° 4 L
12po 1500 18p0 2100
Wavelength (nm)
600 nm ‘_@ ]
3 PCF
EO
2/3 2f-3f 2f3f
2/3 CEQ Teeo
2 3
2
() 30 .
foro  Foorf
1stpitch length, A, 2nd pitch length, A, 8_40 L CEO p~/CEO
a — = - = Converted 3
- light > n
s gt LU LE T[4 [HTULUTH L] mmp 2-50
1 c
1800 — 1:?](; SFG 600 % ll\_ . \A
2 ““° Wy

200 400 600 800 1000
Frequency (MHz)

4 (a) PPLN (b)EO CEO



§ 20

g -40 T

S -60 |

8 -80 |

o

< -100 A

[¢}]

§-120 “«WJ’\_\

o -140 .

-160
10 100 1k 10k 100k 1M
Offset frequency (Hz)
5 25 GHz
PPLN (DP-PPLN) [ 4@)]
PCF 2/3 DP-PPLN
CEO [ 4(b)] DP-PPLN 1800 nm (900 nm)
900 nm 1800 nm (600 nm) 1240 nm (620
nm) [ 4@) 1 RF
@-3dB 1 MHz 20 dB CEO CEO
CEO 16 CEO @-3dB 100 kHz
30 dB PLL 16 CEO
GPS RF

( 5 EO CEO



5 4 0 0

Hitachi K. Someya M. Ishizawa A. Nishikawa T. Gotoh H.

113

Characterization of longitudinal acoustic phonons in InGaAsP multiple quantum wells by
asynchronous optical sampling

2018

Applied Physics Letters

201102 201102

DOl
https://doi.org/10.1063/1.5041475

Ishizawa Atsushi Goto Takahiro Kou Rai Tsuchizawa Tai Matsuda Nobuyuki Hitachi Kenichi 11
Nishikawa Tadashi Yamada Koji Sogawa Tetsuomi Gotoh Hideki
Octave-spanning supercontinuum generation at telecommunications wavelengths in a precisely 2017

dispersion- and length-controlled silicon-wire waveguide with a double taper structure

Applied Physics Letters

021105 021105

DOl
http://dx.doi.org/10.1063/1.4992112

Hitachi K. Hara K. Tadanaga 0. Ishizawa A. Nishikawa T. Gotoh H.

110

Reduced pulse energy for frequency comb offset stabilization with a dual-pitch periodically
poled lithium niobate ridge waveguide

2017

Applied Physics Letters

241107 241107

DOl
http://dx.doi.org/10.1063/1.4986444

46

2018

80 85

DOl




29

2018

12 16

DOl

22 6 7

A. Ishizawa, T. Nishikawa, K. Hara, K. Hitachi, T. Sogawa, and H. Gotoh

Carrier-envelope-offset locking of 25-GHz EOM comb based on a free-running CW Laser Diode

Conference on Lasers and Electro-optics (CLE02018)

2018

Kenya Hitomi, Atsushi Ishizawa, Kenichi Hitachi, Tadashi Nishikawa, Hideki Gotoh, Tetsuomi Sogawa, and Kazutaka Hara

Simple method to lock an optical frequency comb to an ultra-stable laser without an RF signal generator

Pacific Rim Conference on Lasers and Electro-Optics (CLEO-PR 2018)

2018

Kenichi Hitachi, Mayu Someya, Atsushi Ishizawa, Tadashi Nishikawa, Hideki Gotoh

Characterization of Acoustic Phonons in InGaAsP MQW by Asynchronous Optical Sampling

Pacific Rim Conference on Lasers and Electro-Optics

2018




A. Ishizawa, T. Nishikawa, K. Hitachi, and H. Gotoh

Generation of ultralow-phase-noise millimeter-wave signal using an electro-optics-modulation comb

2019 URSI Asia-Pacific Radio Science Conference (AP-RASC 2019)

2019

Nathalie Picque Theodor Haensch

EOM 25GHz

39

2019

CEO SNR

66

2019

InP/1InGaAsP

66

2019




A. Ishizawa

Electro-optics-modulation (EOM) combs

KEIO symposium on microresonator frequency comb

2018
39
2019
PPLN
39
2019

K. Hitachi, K. Hara, 0. Tadanaga, A. Ishizawa, T, Nishikawa, and H. Gotoh

Reduced Pulse Energy for Frequency Stabilization with a Dual-Pitch Periodically Poled Lithium Niobate Ridge Waveguide

CLEO/Europe-EQEC 2017

2017




K. Hara, K. Hitachi, A. Ishizawa, T. Nishikawa, and H. Gotoh

Evaluation of 2f-to-3f self-referencing interferometer using dual-pitch PPLN ridge waveguides

ISNTT2017

2017

2018

2017

2017




InAsP/InGaAsP

2017

2017

2018

InP/1InGaAsP

2018




2018

2018

2018

2018-190682

2018

2017-160018

2017

2018-008591

2018




2018-036202

2018

(Nishikawa Tadashi)

(20374069) (32657)
(Hitachi Kenichi)

(60564276) (92704)
(Akatsuka Tomoya)

(90548257) (92704)
(Oguri Katsuya)

(10374068) (92704)
(Mashiko Hiroki)

(60649664) (92704)
(Imai Hiromitsu)

(00649551) (92704)




