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Real-time Ranging and Velocimetry Operation in Si Photonics SLG FMCW LiDAR

BEXRLI, CEREE, #E%Ht, BHEE
Yokohama Nat’l Univ. “Takemasa Tamanuki, Mikiya Kamata and Toshihiko Baba

E-mail: tamanuki-takemasa-jd@ynu.ac.jp

H BRI ZE DT T~ O Z B L LTz, /N, &, (KIEETE 72 Si 74 =7 ZFEANK
FMCW LiDAR BHFEILTCND 1D | FhxlE, 74 R=o 7kl dbEiE 1 An —Z A Nel##s 1-(SLG)IZ &
HIEADENE — LAF ¥ T 2 EIEL 39, 512 FMCW ot —L o MailgsE Ta 4 # L7~ LiDAR ©
FEL G L TERZY . AENE, FMCW Ry 77— 7 M T KA BE L B # Y 20 [®IFF ) 7 L4
ALZEBLST DL AT AOMEELZOIMBIZHOWTHE T 5.

LiDAR F»71Zi% DFB L —H# (A = 1538 nm)Z BT LT-ME =MD FMCW %t 7 (P, = 7.2
dBm) & AJL, JEHEdw 5 R T.13 Up, Down v —7"L%, 100 s, #73kiE B 1% 10 GHz £ L7-. FPGA
(28% DAC a4 VY, LIDAR v 7 D p-i-p R—7#t52e—2 il SLG 760 HE —2A0
ACEFFmER, 725ONE SLG TV ADYIVER 2 \Z LD HEE M AR 2T LRI L CRdESl L 7. SLG
MHHSTL, MR TR SNTOGIEFT SLG TEIEL, WEBIZEFEL7Z Ge-PD Tab—L U Ml L7:.
TIA TIE SHIRLIZ#, B FPGA & ADC CHESEL 72 it R A En B 12T FFT ALBEZ4T - C,
Up, Down T —7HREDE —NEEL fip, faown MG AT, FEBE R = cT(fuptfaown)/4B L
U = Mfup— faown)/4 ZZNVENIRIBHCHE L2, ADC a0y 7 (FFT Yo7V 7 JEHIRED) famp & 25
MHz, FFT %> 7V 7% N % 2048 \Z5%EL, FFT G5 R Teap % 81.92 us (RBW = 12.2 kHz) L C
T LN 7=, Fig. 1R T IS, FHIRMESC o — N B L7228 32 om O PR A% [ldsE (33.3
pm) RICEREL, HIfRY —7 v he L7z, B — A5 [ #iPHIT X = 6.2°, Y = 7.5°Th 5. BGOSR

1280 (X64, Y20) B 7 &)L, 7L —AL—F 3.91 fps &L CTHUS L 7= FREEL 3 o SR GHIERE S0
NECTFR, WEE DT —CFRR, EEITENE) % Fig. 2 (R Y —7 > hO TR & P 13 2 ik
WUT IVEANIFRENT-. A%, LIDAR F v 7 DUV >Z) D IARFC H B — 20 3kig iz ks
R —NEELRDY T VB A LR EENES HIAD S,

72, AWML A AR PITIRBL S B A R B A B & HABIF I (A) (22H00299), 725 NI AR
TR B A FEBI AR S DB 245 T Th L TN,

SZX#k 1)C. V. Poulton, et al., IEEE J. Quantum Electron., 25, 7700108 (2019). 2) C. Rogers, et al., Nature,
590, 256 (2001). 3) H. Ito et al., Optica, 7, 47 (2020). 4) T. Tamanuki, et al., J. Lightwave Technol., 39, 904 (2021).
5) 5, (E%5R 3CRE, J103-C, 434 (2020). 6)S. Suyama et al., Opt. Express, 29, 30727 (2021). 7) /IMab,
2024 FIGW), 22a-11E-7. 8) EHD, 2022 FJSH), 25a-E303-3.
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Fig. 1 LiDAR target.  Fig. 2 Point-cloud images for ranging and velocity. Rotation-stopped (a) and rotating (b).
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Theoretical Design of Collimating Optics with Low Position and Angle Dependence
BEXRL OtHt, RRRE
Yokohama Nat’l Univ., °M. Kamata and T. Baba
E-mail: baba-toshihiko-zm@ynu.ac.jp

Si 74 h=7 A FMCW LIiDAR 2B i, HHENTWSD., Hx A —TF A MNelHE 1
(SLG) b — AR ¥ J#45#H FMCW LIDAR % SE3E L T X 72 Y. SLG 226 it &5 o Mz mikic
JEDR S TE, FERRRHO T Y XL L XNCL D E—LfRIZa U A— T 5. 2TOE—AT,
0 NI EAR SRR AR R, T ANZIZT LA RICECE L= SLG 080 Bz b Lo XiTxfd
HF 7y FEFIHLT2RCEET S, ZOL X LT, H&ITIEE NA RS 2 Mok
ARG L TELNY, ER (>1mm) 2SLG O HHE SN BN ENRKE REITHT 53U A
— MEREIZ AR+ TH-o7=. BB, HOHHIEy A 0 123 L TRk TR A—h LY
X DOHEFRRET E AT o T2

2 A— MMEDGHT B E—LIENY 3673, y=0-4 mm, 0 = 10-30°D#i[H TIRIKTEL 725 L 91T,
SNIRONEAE y FEICAT7®y FSERDE, Lo X L THEAECHFER L2 HRREIC LY
KL L2, K1@icik, BL U RXEaRELLEE Dy & 012k T 5 soDrIHEMEREZRT. 012
LTI, 80D bE 0.2°LL FICHIFI TE TWA. L, Ly XTI TE /85 A —
HPDIRNTZ D, yITRT D SODEERITIMEI TE T, K 06°FETILND. —F, 2L v X%
BHT 2 ETRIEATRER T A — 2 BN 2 5720, K 1O RT LIS, 0 12kT D S¢DELEK
0.25° L HL U X LA Z 72D, y I LTS W S & MEFRFT 2 Z N TE 5. Z b,
BRI 2 X — A LT FENC L DT A —FRB AT TR TH L0, S % OFEIZE D,
y &I LTop<<01°ERDEMNHIFFEINS.

AHFZEIT B AP R B B 0F 70 A B4 AR FE(A) (22H00299), 722 & TNT NEA B H il il
W EIBFZEBIEL S OB 215 TIThit T\ 5.
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1) T. Baba, et al., IEEE J. Sel. Top. Quantum Electron., 28 (5), 8300208 (2022).
2) J. Maeda, et al., Opt. Lett., 44, 5780 (2019).
3) H. Ito, et al., Optica, 7, 47 (2020).
4) R. Kubota, et al., CLEO-PR, CWP17A (2022).
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Fabrication of Nb.Os waveguide for visible-light phased arrays
RIK' MRIIHKS, OVEHE AL X8 B L k> hER "S? KR '
Tokyo Tech.!, KAIT? °(M)Y. Shimbo %, S. Yajima®, Y. Hayama?, K. Nakatsuhara?, Y. Shoji'

E-mail: shimbo.y.ab@m.titech.ac.jp
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Fhond, OPA (I EfHY 7 2 —,
TVo—T 4 Ty T Lo THERENS,
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W7 ==X RT7 LA /ERT DRTERE & L

T EB YuviRAEKIMHA A 2y F T
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Fig. 1. Example of Optical phased allay

Fig. 2. Nb2Os waveguide on SGGG
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[1] S. Dargan et al. Computational Methods in
Engineering (2023)

[2] Y. Guo et al. Appl. Sci. 11, 4017 (2021).

[3] M. Notaros et al., Opt. Express 30, 13790
(2022).

[4] S. Yajima et al.,, Opt. Express 31, 16243
(2023).
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Wavelength selective switch with high-power input using SiN
BEEXRI, OPMEBE EEEE, #ARH, AWK, BEEE
Yokohama Nat’l Univ.,” Y. Komatsu, T. Tamanuki, M. Kamata, S. Nawa, T. Baba
E-mail: komatsu-yoshiki-pv@ynu.jp

Fx1E Si 7AR=I A AN SLG AF v F#45# FMCW LiDAR ZBH%E L CT\5 12, ZZTiX 2 Rt
N —BAF Y B FEB T D20, 32~128 KD SLG (ZASTDHOUVEZ B~/ = F TP
(MZI) AL v FIT L THT - TNA. LdL, MZI Ay FILEZHE TR 14 BRo BREENRKEL,
ZHUH LIDAR OPERECHIBIL RZHIPRL TG, N EmifE T D R 715, AU —% BiFsZ
ETHDHN, Si O I WD ENERIRT 5. ZZTAFETIE, K ()DL, PRI
SIN EJ I A S, SIN w427l 7 7L AR RAA YT & SiN/SI 77— \EA%ZIT LT, Si £T
DFEFE AN FINT—THRIETEXHINCL. K 1(b)DERRITE—D SIN Vo7 TRy 7L, Si B
A B SETLED I A IVFEDFE R, HARIIRIBINE LS EITRL TWD. JIEDRER, 28 dBm
THHEL CWD, ZO/T—X Si OADEELD 5 dB LLEKEW. 7272LH 0IE 5 dBm CHAE A
LTS, X 1(c)iE 8 D SIN VT T L AL D7D/ S AE Y7 | OR vy 78RO H A
RIMVTHY, Vo7 1 ORI RABOEF 2 RIZED 1553 nm n‘%bﬂ\é WRAZZICRETD

ZETAA T EEIZEONTZN, NAEN I CORBEENX 1(0)DHNIZEIZEL TWDHD, B
RAET DM ENDD.

ARV IR BT FE(A) (22H00299), 38 LN A B2 IR BLA [ D2 B A2 %% 1 T,
SE R

1) T. Baba, et al., IEEE J. Sel. Top. Quantum Electron. 28, 8300208 (2022).
2) Y. Maeda, et al., VLSI Symposium, JFS5.3 (2024).
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Theoretical Consideration on Athermal SLG Beam Scanners (II)
MEXBEL O/NEEE, BHEREZ
Yokohama Nat’l Univ., Y. Ozawa, T. Baba
E-mail: yuki-ozawa-by@ynu.jp

Fex X Si 7 b=y 7 EiE R (PCW) 225
A AT—FANalHT#&F (SLG) B —ALAF v
A LT AR RS FMCW LiDAR Z B L T
= [1]. ®lE, SEIREL THOWAYERL —F D
IR EOIREERFNE SLG DIEFMEEEE
S, B — A PR L OFREOE TR L TR
IRIFIS 72 D 2 Mt U= [2]. A lalEATE o0&
BIZAS TR ST —FD SOA B4y, Bk
DFENER, Vo 7 DINIFAE I EBEL T, S

DICHRFLZ.

X T SAROBEZ RS =PI Sifl
BB Y TN DD AVER MRS [3] 2 ARE
L, —HcAOEITRIBEREEL SR ~—2
FTyREAE LT, HEREOELRIT

soa ., Ongg” Ongss
2Lsoa (neff a+—7 >+ 2L51< ngga + a; )

ong ange) (1)
AL A +2L < nbea + afff)+(r r( nSea + a;ff)

T ZLSOAng OA + ZLSi

ThHAbNG. 22

ngi + 2Lpng + {Ling

T SOA, Si E K, R~—7

v RER, SV 7 O ENEITHREZIE I nes™Or,

Nefi, Net®, N, FEIRITHRZ ngSOA, ngSi, ng, ny,
F72S0A, SiE K, RV~—rT7y RO IR
FAZIEI Lsoa, Lsi, Ly, ZLTCalX Si O#RIE
SRR LT, FET, L 1TV 7 DI
ZELTHY,

( L 1- t4Al€ing1 L
Ring1
o 1 +t A%{mgl 2t2 ARing1 COS(BLRingl) e
1—t*A%i,
g2
LRingZ (2)

1 + t4*ARings — 2t?Agingz €0S(BLRing2)
ARing VIR, Lring 1TEE, ¢t 1TV 7 OAC
i o FREL, BIIIFHER THS.

Si JES% 213 nm &L, R EKIE w 228 kst
7oL EDOHREALR AR O FAEREK 2
W, 2IFRV~ =TTy REDRNEE,
2(b)i% Si IR DK 1/4 % BCB R ~—27
RIZLIZEZDFERTHS. RV~—TT v RED
IR E A IR T 5L T, TEASEVY Si E
CIRE BRI SR 2T 2 s b o7z,

AR H AR B R 0 S0 BT
ZE(A) (22H00299), 7325 NI ST A B 2 3 1 42 Bl
WA FE B Y. S DB A1G TS,

2% CHR [1] T. Baba et al., JIEEE J. Sel. 28, 5
(2022). [2] /NEED, JEEZE, 23a-1BJ-9 (2024)
[3] T. Kita et al., IEEE J. 22, 6 (2016).
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I FERRERAVICARAEFLFERMEITE-LXT ) v &
Beam Splitters for Visible-Light Quantum Optical Circuits with Alumina Waveguides
ELELFITEIMA? CLOBALRRES ', EHBE , SR EHL !, EREB—,
BE Az, AOM—, AR B—?, ik (SKEB '

Fujitsu Ltd.!, TU Delft> ©Takuto Yamaguchil, Naoki Fushimi!, Masaharu Hida!,
Tetsuya Miyatake', Shoichi Miyahara!, Toshiyuki Miyazawa', Kenichi Kawaguchi',
Ryoichi Ishihara?, Shintaro Sato'

Email: y.takuto@fujitsu.com

RAXYEY FHOA T =LY ZR—IZBI 2 A VIREEFEHL-EFa s Pa—RE, £V a—
MET 2 2 TEBELDATREL R 2 72D BN A7 — SV 7 4 ET 5 [1]. AFTROFEHRIIZ.
B TIREDOHAL LRIEZIT S 720 OFHDEE FOLERR B BRERAIR E 85, ZD7, #i
B3 & 1ZATHDEIR T DB R D707 v 2 F & W THREYE (R 637 nm) 23 RAFIZEH#kAT
REZRER R DIESUC DWW TS L7z 2], AME TR, BENW-EFEy METREFDIONEAEL X
B2 DICRERKAETRTHEZ - AT Y v & (BS) 270 FEERTIERL, 20k
FEHI 2 AT o A RIS DOV THR B,

Tz i3, JERATIAD & BERIENCTID 72 2 RO BRI 2 S B BEITAE T 2 0y £ 2 M
GBrAA L. Btz 7S & 28K BS 2/ L7z (Fig. 1(a) kXD, #&KE%Z L=120 um
ELUTER L7 BS ITBWTE LOEREE (A) XA L, G (A4) BXUOETR (B)D
R 7 © D HRREE 2 IE UG B/ (A7 + B) BEH LTz, A BEIERE L o iz 1T
578, TERIL 728 i& OWiE SEM fRIC EDX iR~ v BV 7 e ERzH D (Fig. 1(b) £X) %
$ LI, Fig. 1(b) HERNTRTIRICGEMEIT o720 7V FEOERNICEIT 2 BKEM X v v 7
D HI2 % BSIZBWT, 3XILE — AMeitiEE W TOED I L2 f#AT U 72455 b . AR &
DR oI e D% Fig. 1(c) IR, FERIHER L 271 A THEEFBEAAR L FH
UL Fr v 7 DOZEIT Ko TERIAHIEFTRETH D D =300 nm TIERH Z A7z BS 2B W
TA B ~1:1D00E%ER L7 (Fig. 1(a) ), SEO BS Z{RIBR7ZEHKEER T L AL
bEdZr T, BFEy MEOHAFHZAIREICT 2 BRI EI I NS,

Coupling length L [ ' ' ]
(a) h :g 9 ::g A .(0)31'0 e  Experiment
; : ::::::}:Coupllng + —— Simulation
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A~ - A’ Cg 0.5 .
0 - B’ =
©
(b) . - °e
»—SiO, hard mask =
AlF BT o
-t== Alumina\ D 0.0L, , , , , ]
= ) 250 300 350 400 450 500
Thermal SiO, Coupling gap D (nm)

Fig. 1. (a) Schematic of our 2-input/2-output waveguide beam splitter and a photograph of the fabricated beam splitter demon-
strating a 1:1 optical split ratio. (b) Left: Cross-sectional SEM image of an alumina waveguide overlapped with EDX mapping
of Al (red) and Si (green). The waveguide is well formed although a small amount of SiO, hard mask remains on the top. The
refractive index at a wavelength of 637 nm is 1.632 for sputtered alumina and 1.443 for plasma-enhanced chemical vapor de-
posited SiO, hard mask. Right: Approximate cross-sectional structure of a fabricated beam splitter for numerical calculations.
(c) Plots of measured and numerically calculated optical split ratios for beam splitters with different coupling gaps.

BEX@A: [1]R. Ishihara ef al., in 67th IEEE IEDM (2021), p. 14.5.1. [2] (L fth, in £5 71 [BIFZEISY) (2023), 22p-11F-13.
BEE AMEO—EIE. SR E T=T7 UV 7ARRY —F 4 > 7 51 H¥E GREHS IPMXP1224NM0089) DXIE % 21T 72,
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High Q-factor Er:Gd;O; Microring Resonators based on Bound States in the Continuum
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Er-doped single-crystal rare-earth oxide thin films are promising active media for on-chip integrated
optical amplifiers and lasers. Recently, we successfully grew high quality Er-doped Gd,Os3 thin films on
silicon by molecular beam epitaxy [1] and developed a low-loss waveguide platform for optical amplification
[2]. To further develop laser devices, high Q-factor optical resonators are desired. In this work, we
demonstrated high Q-factor microring resonators based on our previously developed SiN/Er:Gd>O3/SOI
strip-loaded waveguides [2].

In the case of a straight waveguide, by properly choosing the width, the otherwise inherent lateral leakage
radiation can be cancelled out through destructive interference, through the so-called bound states in the
continuum [3]. We verified by numerical simulation that the similar principle also applies to the bent
waveguide of the microring. As shown in Fig. 1, the Q-factors of microrings show a strong width dependence
and the mode profiles of waveguides with unoptimized or optimized widths indicate lateral leakage or its
cancellation, respectively. We experimentally measured the transmission spectra of microrings with
optimized ring widths, and found intrinsic Q-factors typically higher than 80,000, which were limited by the
residual Er’* ion absorption and scattering loss induced by fabrication imperfections. By using resonant
pumping at a short wavelength around 1480 nm, we also observed significantly enhanced light emission
(enhancement factor larger than 70) compared with those from reference waveguides without microrings (Fig.
3). These results indicate that microring resonators are promising device structures for the development of
Er-doped lasers on silicon.
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1553 nm for microring resonators with different spectrum of microring resonator.
waveguide widths. Inset: cross-section of the ring Inset: microscope image of a
waveguide. Layer thicknesses of Si, Er:Gd203, and waveguide-coupled microring;
SiN are 90, 157, and 300 nm, respectively. (b) and  Enlarged view and fitting of a
(c) are resonant mode profiles for waveguide widths  resonance around 1553.8 nm.

of 1000 and 1120 nm, respectively.

spectra from a microring
resonator and a reference
waveguide.
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Crystallization of Polycrystalline YIG/Ce:YIG bilayer structure
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Investigation of sacrificial layer materials for magneto-optical material

integration by p-transfer printing
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