IIIIIIIIIIIIIIIIIIII

LAR 7 A=y O T NA R [CRFE AR S (202551 A 148)

RN B EEIERFEL
H B iESiND EHH

FHEPEKF
PR EG

Fiber 2

HE R Rt




§rwars PREGEHAENAE

- JST/ERERRNA / N—2 3 E|H#EET TS S A (2010-2019),
[DAR=O AR — 17O 2O R —T v —

-O-GEARZAZ £ UM (2014-2022), METIE A2 4T S & Y@ (S DIE#E1L |

-JST/A-STEP (2020-2022), IR REE LA THN O AR HR ]

*NICT/B5G (2021-2023), R )L FFv )L B BNiEFHEDHA L FRE |

BB /1 211(2021-2022), JKA(2023), NEDO(2024)[ZL+> 7 )L B BBk

MART—~
1. RV —NE R - EEEE RV =LA F—aRI 3
2. Bl —Eml /AT UyRHHEEIENE T NARIGH

3.20a) /ARUR—NALTVYRIBEEB X T /MR
4. Eﬁj’tﬁh‘:i‘ﬁ?rﬂ\,ﬂm,ﬁ@ﬁﬁﬂ:

FRICRLRRAIS

WRARBERMEE 70T L
A- STEP ,,,,,,,,,,,,,,,,,, —

AT AT AT aTaTaTaTa"

@ A /N— (2024)

% L RRE

Bh¥: ik E
PIRA:F2EE RTH
W14

DCE 4. 54

MCZ4: 64

BCE4&: 54 2

http://www.oe.utsunomiya-u.ac.jp/sugihara/




RIVFFvS

KAIGEEREICRBE TS W) SCIERAERE-

Eoa-I)b
p ot ¥4 7
INIREDS—)L
EWEFvT N [ rywé o s
Wbk 4 K774 /
Kor—S B [T ' / _
F rRRIR

IVOPAZHIRAREF LA B RERKMO—R 72022

BT umil#R

BFvRIL 3



@ F#=- JOWN (Innovative Optical and Wireless Network) 838

UTSUNOMIYA Ul\

What’s IOWN?

Innovative Optical and Wireless Network(IOWN: 74 7> )48
F—NZF =G R R TG S e A e SR S — g

AP ZFTAT 7790 T —2avD3DDBETAV— Mt E%E2ERBLTLL

= () fllty o o 40 & —rss Figs
[ SR &5 VRNITAY
779V F=vay ¥ F-3 P yof

A Ear—T4Y oy

)

A=NIFA=O R -RXYNT—OD
F—-7o/A—-TABRASHMW

R=TTNI—3HE4

B &qﬁ

& = . i) A

| \\% é’ CMOSL {4
mode MCF =
" (FMAMCE) i N I f=
=4\ "o - (38 '7- o Tk — | OF ¥ 7AD 3 PREHRE

7 "._.7 “WMIFASIC™ (mn cm) @g- . 7“2(??"51)8%9&‘&
£774K\
= 7#07IC
&F

F o TEDOESE
Y72 0597 {6~32Thit/s

Core mutiplexng

&

Existing cptcal 1ber
(SMF)

Moce muliplesxng

NTT HPKY

RINFAT I77ANEED M S EIZ ETOESIEE 4



UTSUNOMIYA UNIVERSITY

Kf FEP= KT

gEEY—%
#EHEL /B BERE

ADAS: Advanced Driver Assistance System



e EREHET—ER

RTINAR S RT A
— ENREHILBEED

é%é;}. ] — AAS (BD)
O
g ° — hAS (%)
AYTAFAAY D —— Sz b 1—*¢ﬁ@§%-ﬁx5ﬂw1:vh-—
AT A
- ! 1] — AAZ (E)
— £y
ALESN N 2 % __; — XS (R)
S o
SA4 O EEXETFAN

BIERY bT—25

11 mm

SASM YL | ;
SR mEE E R TR A AL [l B

VDD R3S BB

YYIvI7hE
DYAVATPDfERR 400 nm EEEEEEEEEE

BHEAYNT—2(ZITFICAVYRHY (EF %, Bk, /A XTU—"+")



frwnrs FLIEFRE(THLL

ERERBE TN FFr RV EBROEEN  gurrpwrery

KFITMEHBEL
fulalat i 5% e AR

BR
://i/ hv

&7 O—

g ° wr KA
70 s

e 2@ 7@ l
e yEiCy , ViR )
& 0% 4R
T B HR B8R R
EHGM TR EC IR Ay BIRE

S MR TF F v R VBB 77 A N I R S B
» ESERBERLLSICIRNS S IBNEETENL..



? FEE AP

" WPRICERKENE

VIV TFE—REHK

Receive Fiber

S VE—KIEH

Launch Fiber

f I(w, 7)dwdt f I'(y, e)dyde

Near-field Pattern [lluminance Distribution
at the End Face of Receive Fiber

2 202
xo [ 1 1 T Z
n=kK- exp(—K [7<W_12+W—22) +W(W12(Z) + sz) —Xoew—lzl)

REERB LRI, WINKE WOE_RELHX. FREKRF
8

# RS T TS AV TFRAEDES



§rwaxs 7oA A VMR EAT A X DREF

FOTATTSAAVE Wl Koo TTSALAVE

"EARFERBSETLERMESE E1T 5 &Il *FEBALLGVWTRERMEELE 21T 5 Hiffi
100 pm 10 pm 1 um A7 A4 X
I S

| SN b N SBE
~ -2 C
/ :L j ) a 3 — AR
\\\\ _ - N =
«€©

Uy TFvT

AN=Hh)b

Eaﬁglﬁ llllllll::lll>
FT IRl



UUUUUUUUUUUUUUUUUUUU

B SRR (LISW) ¢ &5 i

VDAL T
B BhAYICIEHE

|

SHPRMZAR

KI77ANGEEDNERREZRYT—ERIETABNICEE

10



IIIIIIIIIIIIIIIIIIII

H A ERRER

S FEL 1A
s’ » ﬁ#(i
FT 74N ~ N\
AR - (R
E/RORESLEMELL LT
N 77 4 IR ISR
_J (BB $Eis)
g8537 .
BCINRMREALES
P A YA @ﬂ:gbva DR B
A7 E

HEERASRBAERTOER

11



””””””””””””””””””” H SRt ES (EIIAK)

KT NEEREDER | SO E1Y
| .
#Wdh = |
t |
[
I
BETH ——
==
[
I
— — I
I
& PR I
I T. Yoshimura, et al., Opt commun., 362 (2015) 81-86

ZLDOThER
12



f FHEKT > > Ao k- o
N FE-RE SRR

GIRIVFE—RI77AN " _ ,1 /mz

aA7F 100 pm gus /ﬂ )/E"‘

2ZvRE 140 pm § (|

NA 0.28 - / /;{ P( \
E 0.2

VAN

0 _’,/_‘_.:_-_'.‘J-’
£0 40 20 O 20 40 @80
Position from the core center [pm]

iR Art L—Y (488 nm)
30sectE BE HE B+t

140

Da; Db
E12'[1 q%: Db“‘,—'—-

Diameters [pm]
gy oo S
o O o

I
o

[hs]
o

- Excited mode distribution :Ez
Ekpos:.xre : -19.|2 J

0 100 200 300 400 500
Irradiation Power P [mW]

T. Yamashita et al., J. LIGHTWAVE TECHNOL, 0

Vol. 20, No. 8, 2002.

13



e T IVE— FE SR E R

VT IVE—RI77A/N

aA71% 9.5 um
25yRE%E 125 pm

iR Art L—Y (488 nm) BABIEOHEMLRETS VT IVE—REH
~20 mW, ~1sec

Ar’ Laser
/K— %:_
é P Core ; ;
Mixed |, i Je -+ e
Monomers Post-UV Post-UV = h ~
— T
=L ZLUVEREEL

— Previous Process

.-
= -
- <
Pre-UV Pre-UV Present Process
- -
- v
= =
- -

7L UVEREEIHY

VUV B ERICKY, BERERBRERICHR 1

O. Sugihara et al., IEEE Photon. Lett., Vol. 16, No. 3, 2004.



Pswuxr B 2 2 Bt it D IR B

Self-organized lightwave network

(SOLNET): B C A&t
7z AMYV—YBE A CRAEERE

Coumarin 481/Sunconnect ptlcal Fller

Core

Cured Region 4= """ "w===UV Light

Fiber

= B Luminescent Etching

(b)

800nm fs laser
energy profile
at focal point

488 nm 50-pum Fiber

488nm laser
energy profile

(d)

!Fiber ! 3
Fiber 2§

/

Luminescent Target

200 pm

>
X=3850 pm, Y=211 pm, Z=120 pm

488 nm
T. Yoshimura et al., Opt. Lett., Vol. 39, No. 12, 2014
15

B. Cai et al., Appl. Phys. Lett., 92, 253302, 2008.



e et B R W

ESBILISWILE KRR

o > —_— —_— N E
J77y~O—L—H TR EE T —JEA L BIR R DE T8t
Optical pump
a—
] FP-typelaser
= > emission [ —

oy
Cavitv lenoth

Functional

Polymer Core Polymer Core

K. Yamashita ez al., J. Lightwave Technol, Vol. 27, No. 20, 2009.

O. Sugihara et al., Opt. Lett., Vol. 33, No. 23, 2008.

16



jrer IRV EBEEXNBEHHE XEYV

e UV-light

Photomask _

UV curable resin

Electrical output

Receiver ‘ Optical pins

Z.

Receiver IC ‘

/ Si photonics substrate |

7
Photo detector

MMF
Transmitter
Optical pins Electrical input
= Driver IC
I_ Si photonics substrate
Grating éoupler moaulator

e e V 4
NETOERLEIT

https://www.youtube.com/watch?v=6C31GBrTVVI&ab channel=SCIENCECHANNEL (JST) %—CE 5& E j’f, E é

iﬁk$



https://www.youtube.com/watch?v=6C31GBrTVVI&ab_channel=SCIENCECHANNEL

NIRBISAHI & BV e B Lt As RS THY |

NFP A, =850nm, P=2.4mW, T= 5 sec

850nm

NFP Intensity (a.u.)
8 2 8 8 =&

-2 0 2
Position ( # m)

VCSEL O X oD
H SRR E

IST/S-A /X 18



froe FARBERRICETBHEY
) | B

LR {‘ﬁijﬁ X774 KT77A4% *Iﬂﬁﬁ 5 i 18 kB

’ﬂ’f‘v —y wER W7 Ly —7
H—E—FETr4,1
L
=M =148
Hh
T
58
KI7118- K774:5-
=70 =N
o A E TR SR
2 ¥
4
HIGWEES

wikipedia

HE1.55 umBEAWVEDL T W E—RRT7A/N—TBIE
(A7 Y4 X10 pmLLTF)

oo FERMSD IR S TEB M E DiEE:

IOWN: Innovative Optical and Wireless Network, APN: All Photonics Network




@Wﬁ v )arox b=0 R

Rt

UGN E—RETTAN— V) 3 VRS IR

SiO,
1)a U ER

RHKL—Y— VCSEL
s i (EFESL—H—)

[5] NTTHi ¥ ¥ —F L, Vol.21, No.12, 2009, #%
YarI4 b=H AOMEFHESIE

= RER=
- E—KFKIJ4—ILFEDIRIYF
s B IJumA —F DEERE

HROERIH# - B C R iERZE]

EEARBEERLL —F—

20

Vertical Cavity Surface Emiitting Laser:



ARy bH a4 XEHIE (SSC) TJL—T4J%E%H# (GC)

SUTINE—RIT AN
(27 3~4 um)

RYy<w—a7 . \ o
(3 um X 3 ym) SUGNLNE—FRTTFAN
(3 7%% 10 uym)

) a2V EIRE
(0.2x0.4 um)

SiE K %

: 5L—F 1 L
(%t T —/ SHAR)

Sy LT/

(1810 um)
1) 2 VEIRE
(0.2x0.4 um) . ﬁﬁ;%
- ARy P4 X #10 pm
- InE SR . .
c Ry YA X #3 pm T ABRTORE

- {RIREREFH
- BEHE ~40nm

B : BRELTITATT7I3A-A2 MHABE

21
"EARFFERHSE TAERUESHE 1T 5N



f?ﬁ[ﬁak?"
jrees Photonic Wire Bonding: Z—FE& Z AL /-

arIix b= RANER

Vanguard
23t F&E & (Karlsruhe Institute of Technology) (2017) Automationtt

i AR

SiP Chip

B Ea i OLRS)

BES: RI)I—Tyh??
(RIVFF+RIVEITEHEE)

22
https://doi.org/10.1038/s41377-020-0272-5



j

FHEKXT

T PEATNTav RS

Complete confinement
(b) in Si waveguide Confined in both Si
and PWG structure

ISR Complete confine-
ment in PWG

https://doi.org/10.1364/OE.23.004736

ILO770N7 5 (BEEFRHR)

A FEATOCRATSIE R IRAFEEZ

Side view SlO2 coupler top

4
SiO,depositionQJ/ /
484 @ =

Sii mverse taper
(embedded)

SiO, cladding Si w(avesu:zed)
embedde

048 9¢

BOX layer 23

S um

B —
= 5 —
_ N ———— —




TR B T LB

a7 ER

KREED

3 30 sk =B S R TLFF ¥ R ILOFE b —ZIViERE
ARy b A LR |T7IT7147 |1dBHEE ff;gﬁ;tgﬁiék

ETRFiae e 72547 |~3dB ff;gﬁgtggiék

2 R FEOER WEMESY |1 dBAIRE \30B~5% O fiﬁi&éﬁjﬁ;ﬁk

TTFEATNTF 4y o8 |1y 7 1dBwEE |19 AL O :g;;z;;;:

SRt AR s Nyo7 1 dBRIE (1082 LA FaIEE (O if;i?iﬁg%;lb? ;;’éfi:ij)t i

RIVFFrRIVEb S A EEZ2EL CHEEREIERICER

24




Qs v )aAVIF =D ARAD
BRI EREDEA

4
FHL—H— DU RERER

E*EE 5mmET ) a G iEE
Vo) avIEEEIM100 nmUTDYEIZAFEH 5% i "Thorlabs#
Ve A TX (K2 O R (AN A€ . . 5
—EFhEES UV~1070 nm £ 5
“HFARFRHIEES 750~1064 nm 5 o

1
800 950 1100 1250 1400 1550 1700 1850 2000
Wavelength (nm)

SEERE1310 nm, 1550 nmTORESDEEREINNE

25




yrwerr EFRNICBICEBIEORFTRAFRE

Transparent region of Si 1100 nmLEl _E
(1,100-8,000 nm) TEAT3
1k : sipe bt
: Two-photon (1,064 nm) X Other Group G ERAYAYA
: O Utsunomiya Univ.
X

s

5 1

o

L

n

O]

£

c

9

E "

B odm e T FO S — Typical output

S T T N PO 4 b do i dell oLl

& of light source

= (~1 mW)

o

o

1 Telecommunication
M

1000 1200 1400 1600 1800 2000

Wavelength (nm)

26
A. Barsella, et al., Appl. Phys. Lett. 100, 221102 (2012).



j

FHEKT

UTSUNOMIYA UNIVERSITY

“HAFEADH : HAZ/PDEF

BRI 1ms/spot
2F 25w 7:50nm
F15/X0 —:EmW

{ESLESRS: 13min

BRK HEHICLBD8umDEF

Hi 88 S Kawata et. al. Nature, 412 , 697(2001)
BHEH1 #SE8umDFDOREIL{E~ KMk

27



freasz Z“HAFESHMHEK

" 400000 1 IB-3
E/\]j\/ a. S SN o BTP-1
o s -
0 N
" 07%( ﬁ)il ™, 300000
N /N []
(m+n=4) Ie)
AT 0'10' £ 200000 -
(0] Cl N~—"
FHOULRE) T— 5 OH L EABIAH s
2,2-bis[4-(acryloxy diethoxy) phenyl] propane (A-BPE-4) 2,4 ,6-tris(trichloromethyl)-1,3,5-triazine (TCT) g_{ 100000 1
R
HS___CH, %
Y 0 T T T T LB | T T T | R T T T T 1 1
\(fo Hj 550 600 650 700 750 800 850 900 950 1000

CH, O

J\)LQ%M #E (nm)
P FILIRICIZR
Hscj 100 1

S — 0 BTP-1
FEALAR A % at
Pentaerythritol tetrakis(3-mercaptobutylate) (PE1) < 80 A IB-3 o
o T
E i * o ®
\:J:é 68 --------------------- ‘-;--'-? b4
g—( e [ 1] :
Fg 40 1 e, * &
N0 Sowi e
%R e I AR ;..:..........:-;‘ .
ZHFRREER ZHFRREFR 'l 0 \.! * fo ¢
BTP-1 IB-3 0 o 3 1 e

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

—XTFRaEL K& (nm)

ENS de Lyon ZHFRINEFEBBAANY ML
B R 28




=B M=
- HTTFAN
7% 8.2um
25y F& 125 ym

- ZJUUVEBE/ D —FE

3 mW/cm?

- NLRL—H
RE : 1548 nm
YR LUBERES - 200 kHz
NILAIE : 5 ns
E—5/87)— ~28 W

LISW waveguide length (pm)

LISW waveguide length (um)

1400

1200

1000

800 F

600 F

400

200

0

30

700

600
500
400
300
200
100

60 90 120 150 180 210

Pre-UV irradiation time (sec)

7 9 11 13 15 17 19
Lase peak power (W)

H. Terasawa, et al.,

L—HE—4H/80—:28W
L—HEETEERT - 30%)

7 LUVER SBR[ 253
L—YREERE : 15

v 7LUUVERSHZ & Y ERNE
BIKEBROERIZHD

VERLELMETW

(8.2 MW/cm?2 )
29

Opt. Lett., Vol.42, No.11 (2017) pp.2236-2238.



44

g

TR B T R MR O B

S

Bt U f-LISWHRES (EZ#10 pm)

U ILE—F
774\

' REBAE  (SMF)

O 7 LuviEst @iEFo L—FHRE
TLUVES  geppimne B #RLISWE R E&

l ' l l l (RRREIZH LAD)

SMF

BAERICIYKELSR

30

H. Terasawa, et al., Opt. Lett., 42, 11 (2017) p.2236.



e SIBREE—NT 7 A /\EOEHA ERE

SIERB—HXT 74 /\ED

EHate Tk
SSCHD YT L—F 424

o\ A BB & [Z& Y R5G¢
ﬁ D
<> / ; I’
Ep—— 7 7 4 1\l —FBGH
B SRR RS / L B 2R AR
ARy MY A XL
(55C) SUTLE—R 27ANTIVY
KT 7AN JL—T429
(SMF) (FBG)

— =
L—5% A%

B SRt SRS 31
F. S. Tan, et al., J. Lightwave Technol., 36, 12 (2018) p.2478.



B ekt kRRER

- YT 74N SMF-28
7% 8.2um
275 F& 125 uym

- jl/UVFﬁQ‘]'/{U—%"E yo¥aLmA FBG
' 1550 nm — —— SMF-28 ¢ SMF-28 —,
3 mW/cm?2 N @ — —— [ITTIIT ]
- NILAL—H RO— |RYhEfxE
;’&E - 1548 nm A= — | L —H—RBEBEOREE
YR LBRE : 200 kHz
INILARTE : 5ns
E—&HI/)\7)— ~28 W
= § I
HmABRKAER P hb 4 FCRO)
1550 nm SMF-28 l/ SMF-28 LISWE®® SMF-28 INT)—
32

FBGLAICHREIZS—TRIRA




7 FEHEAS

" SR — KT 7 A DS R

12
PY ® 140 pm
~ 10
m @ 400 pm
-
()} 8 o
/)]
o
- 6
O Y
©
o ®
& o
= 2
)

(1) (2) (3)
Connection procedure
(1) ZRFER )
(2) IR H Rt ER TH4~8 dBOUE
(3) LISWXt 5

33
F. S. Tan, et al., J. Lightwave Technol., 36, 12 (2018) p.2478.



p FEP= KT

IIIIIIIIIIIIIIIIIIII

VADTAMZH/ XA B C R IR DB

Q | . SION

" waveguide

SSC region :

405 nm

. — l
_ _ SSC (SiON)
Si waveguide
SiPh Single-mode fiber
SSC (SiON) ‘ Self-written
waveguide
NTTEBRFER

https://doi.org/10.1364/OFC.2020.W1A.2



UTSUNOMIYA UNIVERSITY

? FHPE AR

Transparent region of Si
(1,100-8,000 nm)

1k :
: Two-photon (1,064 nm) % Other Group
: O Utsunomiya Univ.
X Two-photon (1,550 nm)
- : ke
=3
s ]
@)
O
79}
)
=
C
9
© .
T 1m e Typical output
= S VO N NS EU— I— — i A ALl AL
= of light source
= (~1 mW)
@)
o
1 Telecommunication
M

1000 1200 1400 1600 1800 2000

Wavelength (nm) 35



1

CIR-960 in acetone

09 30 mg/L
=ip 79 YL E/ < —| Btk % (CIR-960)
S \_1810 nm v/ 1070 nm EfE L—Y HASmW LLE
= 1070: ~
g- 0.4 a SMFN 5 DEHBHEIAE RO /ER

0.3
§ 0.2

0.1

0600 800 1000. 1200 | 1400 :IGOO 1800
Wave|ength (nm) K. Kawamura et al., Proc. MOC2017, p.178 (IEEE Xplore)
— S F RN E R CIR-960* D IR I B ;

*A A A=y g 72 YIE/ <2—| ARHIBERFINFHE

ViRMEEMZ 5 & T, BEREL
v 1310 nm & 1550 nmTH R
KB FBOERIZAKDH 36



frme RN RBILME— KT REESHH

2500
E 5000} . UVEBST & H &R E
= ®
£ A = i =
£ 1500} + UV 23 mW/cm? HEMMABRKE  sMF
E BT e
% 1000 o . 1070 nm 1070 nm |
m | -
g 500f 200 pW  . _
= 20 sec 1310 nm_
0

60 80 100 1200 1400 1600 1800

UV irradiation time (s)

1550 nm

‘E 2200 #
S amf cionom]| BALEME e m—m——mm—mmmm e :
£ 1600/, &t S0 | EALELE !
£ 1500 | a4 T UV 23 mWiem?, 80 sec 11070 nm 1 W (1.9 Wiem?) |
o 901 x | *L—%20sec 1 1310 nm 500 pW (0.95 kW/cm2) |
S 600 x X 11550 nm 2 mW (3.8 kW/cm2?) |
o 400t A A N ——
e IR
g 0 02040608 10122040 60 80100
Laser power (mW) EALELMEIHLLLEER
1310 nm & 1550 nmTHEEER
37

H. Terasawa & O. Sugihara, J. Lightwave Technol., 39 (2021) 7472.



j

FH=KT

UTSUNOMIYA UNIVERSITY

Polymerization threshold (W)

1K

—

3

Ty

Transparent region of Si
(1,100-8,000 nm)

Wavelength (nm)

Two-photon (1,064 nm) X Other Group
; O Utsunomiya Univ.

X Two-photon (1,550 nm)
: Re)
One photon (1,070 nm)

O/ One-photon (1,070—-1,550 nm)
: Typical output.

of light source
(~1 mW)
: Telecommunication
1000 1200 1400 1600 1800 2000

38



_3?%@*#

UTSUNOMIYA UNIVERSITY

LISW waveguide length (um)

Waveguide length (nm)

350

300

250

200

150

100

50

1000

800

600

400

200

5 10

15

UV irradiation time (sec)

20

® A

A

® 1310 nm
A 1550 nm

5 10 15

20

Laser irradiated power (W)

25

* UV 23 mW/cm?2, 6 sec

RO AEEE—RFREESHE (MHUB)

UVER S & iR B e _
J— : 1070 nm 1 MW (1.9 W/cm?) :
mWicm2 1 1310 nm 500 pW (0.95 kW/cm?) |

= 1 1550 nm 2 mW (3.8 kW/cm?) |
L= e e e ]

1310 nm

20 yW

5 sec v

(IR -
| JE%EI& L— "f_
&LELME 1070 nm 1 JWELTF

1310nm  5pW

I
I
I 1550 nm 10 yW

L—Y&#H
* 1310 nm, 10 sec
* 1550 nm, 30 sec

v EE1070 nm~1550 nmT
TA4o07y FLRILDES
LELMEZER

39
H. Terasawa & O. Sugihara, J. Lightwave Technol., 39 (2021) 7472.



UUUUUUUUUUUUUUUUUUUU Faﬁyﬁ}im

B2E G FHmHl R
. ‘ hv
O

EFiH5E — -
AN BRA mroiam

B A

EFHESHELEFZREDERD
FRiaHIZRANS,

. RERBS
Dye™ A
Dye™" A

Dye

2ERBETDS P hIDRE
*CyclicZZ Bt
-WETFERBOHE



uuuuuuuuuuuuuuuuuu @%Eél}ﬂ%

1 . 00"
NG NS - RIS\/\
R2
REPOBRER R
roliligtd RIVFFLSTHN
ZPHIVESZERIGT S
EIFTEEN
00" OOH
Rls\/\ * — Rls\/\ + RLS"
R? R2

FA—Iv. 7IUEE
y/EA AT

41



@roerr  VCSEL & SHEERERA S D B A ERE DR

VCSEL (K&1310 nm) » 50
LISWAERE CkE>) {FR

SiERERH 5 D LISWIEE R IR {ESL

CWL—% (EE1550nm) #L VXK
T77A4N\THERESETHER

VERERNANAEIEEEEICXY.
EFRNERE S USIERENSD
P eV SR EHBOEERNE LISWIt &R /E R

TU—KE

VCSELADLISWH

42



uuuuuuuuuuuuuuuuuuuu VCSEL/SiEREE—5t T 7 1 /\[E DLISWiE#E

FRSVCSEL-SMFE] LISWiE B pRiEHt SiEHIR-SMFE LISWE ik B% B4t

\

v #5+VCSEL-SMFF, Sisllii & -SMF RS 0 LISl i BR 1545 00 25T
VEI7ANHHFRIRFHISI—EET. —ARBHOATER



jrmmr BEIT7A/\FEOBHENLES

7
595 6.06 75 um
~> 06} 777, S “
m B . @ 85 Mm
0, K
~ 5} ’
#5 dB
Q 4 “‘ E&%
C *
3 i .
__CED 233 2.35 "‘
2 sy 097 094

(1) (2) (3)
Connection procedure

(1) fHEEaHE
(2) 2=
(3) LISW i

UHNA3 -
(MFD 4.1 um) [F

SMF-28
(MFD 10.4 um)

75 um
@AM, #5 dBRk £ S

UREEERELEBRL T, W13 dBiRKk%E
W&

A BEIMIZTF—/NMRLISWIS B R T O E#E
(2R Zh

44



jrer SRFRIPLISWH BRI O R

Transparent region of Si
: (1,100-8,000 nm)

1k :
: Two-photon (1,064 nm) % Other Group
: O Utsunomiya Univ.
X i Two-photon (1,550 nm)
—~~ - \O
=3
- 1
2 :
2 { One Photon (1,070 nm) One-photon (1,310-1,700 nm)
£ / [Optimized]
5 : One-photon (1,070-1,550 nm)
§ 1m b ....................................... Typical output
= S VG S SRR St AR L | ATk Sl
= of light source
= (~1 mW)
O
o
P "
1 : Telecommunication 3
M o=
1000 1200 1400 1600

Wavelength (nm)

B 1700 nm TOLISW B i R 4E Y
) EESEBREALREAN— T




[1 FEHEAT

UTSUNOMIYA UNIVERSITY

L ZAYY—2R

= RKFEHP/JST

& 5w
= xrecx  [mec) (ED ZF=Q
A ST E P WRARBERE 7075 L KCoogle K
- ptablle and Seamless Technology transter Program <
throug h targetckiven RO m
; o = V=RAEBHLO [ HBEOEFEED
ElEg HRERER RREFR MR it d B ® FEDHA & {TAL MR £~ 0—
JSTE2 T > A-STEP
> AHEA | mRiTLY
o L-ably [asrer
| A-STEPRREH SHIEXABS (T

SHIEMAH (W2EHY)
REE (EFR)
118308(%) EF£7T

> LEWAR
. Mﬂi?’iwﬁllﬁ%k& BHE

I:s TiR&ORB\IWBEER
BEABRE DRVWLITET,

BEHA

[ START

CIIIIII )
A svzr-llﬂml-x A
11 A U3 = IO ]

Iﬁis-

A-STEPRRKZ - MOFRMBE T IN/BIPRMICBET 2FRAREER
BEFEEEGRT &L TREMT 2 LT FIRAROHARTEBIR TR
BEXZET7OT5LTT.

R TREC8E ZEW,

2 AWERRE

KEFRE (PBR) ROV ERESE (VyFr /77 VR o9REERRQ
BTWicLELE, (2021/5/18, 6/15)

| rEYVZZ
FRMRARGE ZICDONT, SSTREDCT LAY V—A0ME. MNIMRREPAT « PREGYEBNTLET,

ORI AFV RIA TRENE : ¥F 3 OREEBVNLCOVID-1 92—/~ TL v ¥~ ORERUEOMR (§
2 5F 2 5D

L]
ONTEPSY A 7 - A REVHIHER MM E N T 5 B WRE 08 (Fr29F H2R)

= SRR~ (ﬂmnm [zuwmmﬂ V((JtJ—Ibti%& KPR
RuF )] :2021/9/8)

’m

a-step@jst.go.jp
~L : . g1 , &
=0 -r]mmm [#mx;ﬁ] 2021/10/1) jtsuyomka"@ij ~yy)
OEFHT (AAE)  FAXEEEER VLY YTy 72 D 2 AR BEROFR IR (FI2ERER O - SIS HiFAvEE
[heg 1
- (o 2 HE (B ERPHIRON 2 SR HFORED
!!S T (2021/9/2)) uam:szz:ts#ﬁuuft.

TV RAYY—2R

(2021%F10R1R)

46



UUUUUUUUUUUUUUUUUUUU

RS B C 2 B iR i D B



2 ) FE—RLISW Bk B

Gl - Graded-Index
................................... Ly, core: @9um ceveeeeees I cOrE: @ 50 M
clad: @ 125 um clad: @ 125 um

Single-mode for long-distance transmission Multimode for data-centers, office-LAN

A7 %565 (BrER25E)

ZEE1/25 S B BiEE

MMF

Receiver Optical pins

/ Electrical output

Receiver IC

l Si photonics substrate |

Photo det’ector

MMF

Transmitter -
op(fal pins Electrical input
Driver IC \
I Si photonics substrate

7 A
Grating coupler modulator

ESRENAECEEIEDOOTIVFE—RLISWERRBZAREA

K. Endo, et. al., Mol. Cryst. Lig. Cryst., 768, 10 (2024) p.309.




7)1&:7774’ AN

TILFATITF7AIN TILFATI7AIN
A=1.31 A=1.31
~1.55 um ~1.55 um
BB E R

A7 R

Rl -

SRENE M E A\ TRBRE EHRE

T. Namekawa, et al., IEEE Access, 12 (2024) pp.95634



250umt’y F

)RR
R
KiER — ———

AF v RIV—FELISWHER IR

50



05yR R ELISW

® AF RV VAV ERE (RRYMY A XEHRER) EADUKR T7A4/8ED
— R BB CEEEICARI

® USYRERIIT 74305405 nme B (KX BBIREFS7OER)

® VSYRERETODI I A ALIZSTLLT . HREFEUIL100% 51



JrEss?  SEMALISWHEREE : o5y RIES

O7#BIRESH 1310 nm 1310 nm 1310 nm

QﬁLISW%ﬁi&E& *1 Optical fiber 11 il Core formation Cladding formation
Uv uv
E/Y—A,B = = = =
RIESERTES
-RIEJEREN "
B A FE 3 e Polymerized core Monomers A, B
,E = tt;ﬁ g—t{: 7/ A.B (Monomer A photo cured) photo cured

IS5yRBITEE

£ BElF B SRt

UV E—RAGIHR@1550 nm 5
Y. Kawasaki, et al., Phys. Status Solidi A, 220, 24 (2023) 2300244



{f TEE @ EMALISWHERER : /Sy RMER (M R7OEX)

WRERESD IS5yRESDEOINFEICESIATRABD
2 EELISWItE R IR heElg—{L=ETEXEZER

_ LISW optical waveguide core
Resin mixture

S E

- <

B

Core .
Cladding (a)

LISW optical waveguide core

===

®) Counter diffusion of monomers

Leaked light
44 ! 4

SSC

Silicon optical waveguide

LISW optical waveguide core

* (b) —
© Resin A enriched region -
L SSC
N - L 100 pm
(c) (b)

(d)

MRERES7OER EBIL - B C 2R E R iR )8R K S iR
2B ECERIERET dBLTOBARK .

H. Terasawa, et al., Opt. Laser Technol., 175, 110786 (2024) .



§ rmany 7°|/2U|)_2

F# = KFEOrbrayik—AR—

T p FHh=E AT Orbray

UTSUNOMIYA UNIVERSITY

4f64E3H26H

¥R 7y FELZekRIZXD
BEHE2EEE R EERE R DOERIZ D
~JBIEER 5 Dl 5 EHE L E R ITHIRF ~

{%§®T4/h]
S 6k 0 B BB fTRE e B CIUBOLERE ©, Fills 7 v FELY ot A& 8% - FEL
ko

- BERENCL Y. EHkO2EEKE R ERENRERTE 1,
- XTI BT 7 A SHOEREEFEEB SRR L,
varzx b=2REX7 74 " BOLEEE SRR EER % FEIE L=,

WA AR
FHERFOFRIEWRR, EREWBE, HREEBROMES/ NV —T1E, Or b r a y AR L 54
O]FFRET, 77 v FEEILT 2HH 7 0 2 &% L CRER R 2EKE SR L ERLE L



UTSUNOMIYA UNIV

? N

47 7714/\E D
2 E& B Rk ES

A7 774 /\B 2B ELISWER

BRI ERIEDIFABRKIL
¢s0AXk—%(dB@1550nm)

1Ch. | 2Ch. | 3Ch. | 4Ch.
1Ch. 0.3 | -57.5|-64.2|-62.1
2Ch. | -b8.2| 0.2 |-61.2|-62.8
3Ch. |-56.4|-57.1| 0.2 |-65.38
ACh. | -b7.2]-64.8|-65.6| 0.2

S EMELISWIHEZRED I IR A L5 LA

FHEFEVU100%

o HC RO ERERDIL
- JAAN—S

55

T. Namekawa, et al., IEEE Access, 12 (2024) p.95634




Jresre b#v?)lxﬁ Eﬂiﬁﬁ:‘v‘u’:zﬁl&'ﬂﬁ

In- Ilne Connector

1 Gbit/sTTD

HEJERER

SI-POF (37 1%980 pm)
TODO7LF7)VLISW
K

LISW Waveguide (L = 212 um) LISW Waveguide (A =112 um)

%ﬁ’fﬁ#’&%ﬂﬁ :

5
ol
i
i
7
>
A
S




UUUUUUUUUUUUUUUUUUUU

A7 1ES50 um THDGIEFET 74N
TODI7LF T I)LLISWItIES:
(a) Optical fiber

opfical
waveguide

180 um

Optical axis

Insertion loss [dB]

6.00

5.00

4.00

3.00

2.00

1.00

0.00

10~50 Gbit/s

(BEh&E#R) A

® Air gap

4 LISW optical coupling

o o

& (b)

5 10 15 20 25
Axial misalignment [um]

57

R. Futawatari, et al. Appl. Phys. Exp., 17, 022003 (2024).
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