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The triple-band (S+C+L) transmission system using only C-band transceivers
and all-optical wavelength conversions (AOWCs) without S- and L-bands optical transceivers has been
reported. Although the AOWC employs highly nonlinear fibers, it is not applicable to photonic
integrated circurts (PICs). For a device of successful wavelength conversion, a silicon-rich nitride

(SRN) waveguide provides superior performance, as it is applicable to PIC and permits a high Kerr
nonlinearity compared with conventional stoichiometric silicon nitride waveguide. In this study, we
design the SRN-waveguide for AOWC and demonstrate the successful operation of AOWC of 64-channel x
64-Gb/s QPSK signals between the C+L bands and the S-band by numerical simulations.



Si

8K 5G

SiN
CMOS
Si
SiN
SiN (Silicon-Rich Nitride: SRN)
SRN
Si
SRN
C 1530 1565nm S
1625nm
S L

SRN

WDM

Four Wave Mixing: FWM
Highly Nonlinear Fiber: HNLF

HNLF m
Si SiN
SiN
1460 1530nm
C
C S

L

1565

1 @



O SiN

SiN
SRN
(2) WDM
SiN
BER
(2) SiN
(1)-1
SRN FWM 1
Wy Wy SRN

wi(=2 w, — wy)

SiN

SiN
QPSK
SiN

SRN

14
Group Velocity Dispersion: GVD 3,
Third Order Dispersion: TOD £,
RO TH — RETH
ESK RZTXap ” 5 ES%K
R FERAZNIE PARS—%o, R[S RS —3k
€ Aw W’ (SRNWiRE) € Aw JAw 7
ws @, ~@o T ot MM ws  w,  w @79
1
(1)-2
SRN Sio2
SRN Si7N3 Si3N4
19 21 Sellmeier
1530 nm SRN 2.70 1.44
SRN
z r-8 (r,0) z
2
SRN
Kerr n, 28x10713 cm2/W Acsr
2 1530 nm TEoo GVD B, THD
B3 14
11 w = 051 mm B2 0 y =435 W-1/m
w =114 mm B, =0 y =154 W-
1/m
0.51 mmx 0.51mm SRN 4.5dB/cm
1.1cm

7dB



0.51 pm
1 ' =
S & 2
5 5 E O -,
g ® 2% BE
S~ 4 §.01 87
88 2 g5 g2
S g x 2P .
o Ll ) | A | 2 :
04 06 08 10 12 14 04 06 08 10 12 14 04 06 08 10 1.2 14
Waveguide width [um] Waveguide width [um] Waveguide width [um]
(a) (b) (c)
2 TEOO (a) GVD B, (b) TOD B
(c) 14
(2) WDM
SRN
32768 1~128 x 32
GBaud QPSK QPSK C L 375
GHz 1-128 1530 nm 17dBm
SRN SRN
WDM C+L
S
Noise Figure: NF 8 dB
QPSK
1 WDM
(Single Mode Fiber: SMF) 100 km
2 (S C+L ) 2 QPSK
BER
3 QPSK 1
QPSK 0 dBm 1530 1565 nm
B, = 0.4 pszm
>, =0 psz/m
B2 =0 pszm
2 w =051 um
—35.9 dBm
-34 PRRTYY
— f, = 0.0 ps/m
_36 (w =po.51 pm)
c% -38 ¢ B, = 0.4 ps?/m
=2, (w=0.48 ym)
R -40 — B, =—04ps’/m
@ (W = 0.57 ym)
el — =00pst/m
44 (w =114 ym)
46/
48! ‘ ‘
1490 1500 1510 1520 1530
T4 K7 —XKER [nm]
3
4 WDM
WDM Error Vector Magnitude: EVM
9dBm/ch WDM FWM WDM

EVM K L7z, AJIEBEESH-3 dBmich
EVM 64



3 dBm/ch EVM 16.7 % 128
SRN 64
5 100km SMF 2 AOWC BER SRN
3 dBm/ch SMF -9 dBm/ch WDM
64 1 WDM SMF 50 km -9 dBm/ch 100 km
3 dBm/ch WDM 5
SMF BER BER
2
1 WDM
2 SRN
2 SMF SRN
BER 7%
Forward Error Correction: FEC 2
Optical Signal-to-Noise Ratio: OSNR 1.4 dB
SMF 3.8dB
@ Before AOWC
A After 2nd-stage AOWC
40 - . . . . i -+ After SMF transmission (100 km) & 2nd-stage AOWC
—%— 9dBm k ™ <3.8dB ' 1
6 dBm
50 ||~ 3dBm 18
- —— 0dBm
2 —A— -3dBm ~ 2
o
S A & & 4 W FEC limit
b 20 v @é-z.sf .
B g
2
10 7 -
——— a8
o . L L L L . | -4 - T
1 2 4 8 16 32 64 128 A L (48] 15 4
WDMF 7 ) LES (Reference bandwidth: 0.1 nm)
4 1 EVM 5 2 BER
(3)
SRN
0.51 umx 0.51 um
SRN 0dBm QPSK 1
-35.9 dBm
64 x 64 Gb/s QPSK
BER 2 OSNR 1.4dB 100 km
SMF OSNR 3.8dB
Si
SRN
2

SRN



2 2 0 2

Asahi Sueyoshi, Ken Mishina, Daisuke Hisano, and Akihiro Maruta 11
Multi-stage adaptive equalization for all-optical-aggregated 16QAM signal 2022
IEICE Communications Express 183-188

DOl
10.1587/comex.2022XBL0013
Ishihara Yuki Roy Mrinmoy Pineda Carlos Alfredo Ruiz Maruta Akihiro Mishina Ken 14
Wideband Simultaneous Wavelength Conversion of Multiple WDM Channels Using Silicon-Rich Nitride 2022
Waveguide
IEEE Photonics Journal 17

DOl
10.1109/JPHOT.2022.3225084

9 0 4

Mrinmoy Roy, Ken Mishina, and Akihiro Maruta

Simultaneous Wavelength Conversion of Multiple WDM channels Using Silicon-rich Nitride Waveguide

Conference on Lasers and Electro-Optics (CLE02021)

2021

SiN

, vol.

121, no. 375, 0CS2021-44, pp. 15-20

2022




, B-10-22
2021
Si SiN
, B-10-38
2022

Mrinmoy Roy, Ken Mishina, and Akihiro Maruta

Simultaneous Wavelength Conversion of Multiple WDM channels Using Silicon-rich Nitride Waveguide

Conference on Lasers and Electro-Optics (CLE02021)

2021

Y. Fujihara, K. Mishina, A. Sueyoshi, A. R. Paula, and A. Maruta

All-optical PAM4 to QPSK and 16QAM Conversions Using Si-rich SiN Waveguides

The 27th OptoElectronics and Communications Conference/ International Conference on Photonics in Switching and Computing
2022 (OECC/PSC 2022)

2022




A. Sueyoshi, K. Mishina, D. Hisano, and A. Maruta

Flexible Data Center Interconnect Based on Optical Aggregation

and Electrical Disaggregation

The 15th Pacific Rim Conference on Lasers and Electro-Optics (CLEO Pacific Rim, CLEO-PR 2022)

2022
PAM4/QPSK PAM4/16QAM
, vol. 122, no. 245, 0CS2022-48, pp. 46-51
2022
Si SiN
, vol. 122, no. 398, PN2022-53, pp. 56-61
2022

https://rd.iai.osaka-u.ac.jp/ja/d27126dd1c5F9888. html ?2k=%E4%BB%BIUE7%AT%I1
http://wwwpn.comm.eng.osaka-u.ac.jp/home/index.php/list/

https://sites.google.com/view/kenmishina/publication







