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AFwsCiE TStudy of optical coupling between silicon and topological waveguides for on-chip optical angular momentum
multiplexing] &L, X 7 B ORI TEY , RIS EMEINTH 2 MEEMICRAIRRERTH D
TINF T VI Y OESUZAT /R EZRET D, FKFRONMT AT T L7, bR YT+ B
= ADRHEAE AL, N Ny T EEREERHIFF SN D,

% 1 % [ntroduction] TIIAFEDOERIZOWTHA L, D HINE LOARRXOME LR ~7-, EF°, TF
DOHBFICEREN DB EAENETETHRL TWE T, BBFEOBEFROALTIERANB-TND Z &
\ZfiliL, FORIFIEL L TROFTZ2BAHEEZRWZZEAENENTHY . FTHLRBEEAFNELEATLZ
ERHETH D Z e xm~Te, KiMZEAFRXEZERMLLTWLITHTZ o T, MUXIDEMUX R 03EE 70 | Z
DRERFOWEEN LB/ IMADZENREELL, ZOXOIRFFEERTDIHIUL., PR INT+ F=7 ZAD
Bz AN 2 ENBE LN EER LT,

% 2 % [Requirement of Performance of OAM MUX/DEMUX] Tit, MMZEMLER IO MR e P A KimT <
NTFTL 7Y OMEEZHTHA L, ERILTHLEEICERIND MR PO VKBT VT 7 L7 FICE R k%
RH L7, £ofR, MEEEHEE2> IM-DD THEMT 572912, -2050dB LLFd 7 v X F—2 & 10.00dB
UTOMABERPUETHD Z L &R LT,

% 3 #& [Horizontal coupling of Si wire waveguide and topological waveguide] TiZ, FFRB Y BT+ h=7 R
DWTHBI L, MR UHNT + =7 ARG R ARFFRONE SIFIC D0V Tik 7z, BEAF O MRS #E
HEFEIZBNT hARa IV T x b=y T E —2DTNA AL LTI IBRIZ, BTHAETDHE— RREEIC
ERTDHREEHEREZIHT 7200 hAFRa P NVE— K77 —0FFr - {ElETo72, BRELT, bARa Y
ANE— RO T T —%FH L2546, 512dB f62%F4 LRSEONDZ 2R LI, S, bARrYAL
74 b= 7 552 R 2 BRSO THEER ICP-RIE IOWTHMIAR AT 2 BE L, B ER L > © 2 1Bk
L7z, TORBRIT 4 FBICRHRBLTRY, MY IV T+ b=y 7 iEROEGIRL 2K 1550 nm (2B T
-0.20dB/cell £ T L7 Z L 2R L, hRB I I AE— DT T —OFFAHKITONTHIEE 1550 nm 2B
T-2.3dB/taper £ TR TE 5 Z & &R LT,

% 4 % TVertical coupling of free space and topological waveguide] TiX, bR I HANMAELEE L TEESE
DEFED MR VAT F h = I FERA~OEBEF DD OAF O MBSO TG L, BRI L0,
KM DRGSR EOm ICABTH D Z AR L, 16.18dB H2 5 16.49dB (5 1520-1530 nm) O[] 173 i
Nize Frz. FEXCOEHES N & > TEMG R E S5 2 L 2R L. 2 DIy o—J5m % R ipEE
DE/AIZEY 1365dB LR TEX 2 Z Larr Lz, EBRICRIMEEZHWT bR e U VERE 2R L FRE
ZIEE ST 2O NH ST & S OfFARHRIT-16.46dB, ik AO—J7AMEIE 12.64dB & AL biviz, £z, f#TIC
BT, KIEHEEOBEREZ 2S5O0, KGOBEDREEZZ ST L 2RE LT,

% 5 & [Optical vortex demultiplexer design with band-tuned topological waveguide] Ti%, FrFRr Y I LT b=
JRERD T+ b=y VN REERIICY 7 hEEIN RFa—=0 7 %L, B—tilE— RaR>o hRe
UHNERREERE LT, T PR L, B—URE— FEFO MR O VR A L, Ei-,
N RFa—=uThTolc hARRYILT7 4+ b=y 7 a B LT R e AT~ Vv F 7 v o 4%
BEF L7z, IR 1530nm (28T, -5.42dB D/ B A h—2 BRERR LT,

% 6 % [Evaluation of optical vortex demultiplexers| TlZ, TN ETIZHBLNIREEZ ALY T, PR Y I AN
MW7~ TF 7 L7 OERE LOFM AT 72, MREQNM(m = |1))Z K 1490 nm TAR SH=HE5D 7 1
AR—=7&FELIZE ZA, RADI B A N—7(F-478dB L7225 T L &R LT,

% 7 % [Conclusion (F5#) | TiX., AW TH LI RERERIE LT,

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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The title of this thesis is "Study of optical coupling between silicon and topological waveguides for on-chip optical angular
momentum multiplexing", which consists of seven chapters in English. This thesis presents the results of a study conducted
to realize a demultiplexer, an essential element for optical vortex multiplexing as a next-generation multiplexing technology.
The optical vortex demultiplexer in this study is based on the characteristics of topological photonics and is expected to be
able to be miniaturized, passive, and operate without power. In this respect, the optical vortex demultiplexer research
reported by other institutions used large-scale space optical systems or required power input for phase adjustment, so the
optical vortex demultiplexer in this study is superior. The main results of this study are the proposal and experimental
verification of a mode coupler that suppresses the light coupling loss between the topological photonics system and the
existing fine line waveguide system. This made it easier to numerically measure the topological photonics system and is the
most advanced point. Additionally, a theoretical analysis of a vertical coupler designed to enhance the coupling efficiency of
light incident vertically on topological photonic crystals from free space was performed, and it was confirmed that its
coupling efficiency was -16.46 dB. Experimentally, the circular polarization splitting ratio was confirmed through the use of
a vertically-coupled splitter and it was established that the highest value was 12.64 dB. Subsequently, a theoretical analysis of
a single vortex mode waveguide, a key component of the topological vortex demultiplexer, was conducted and the design of
a topological vortex demultiplexer using the waveguide group was carried out. As a result, it was possible to obtain results
such that crosstalk was less than -3.09 dB at a wavelength of 1535 nm. In the experimental demonstration of a topological
vortex demultiplexer performed at a wavelength of 1490 nm utilizing this design, it was confirmed that the minimum
crosstalk was -4.78 dB when circularly polarized light with orbital angular momentum of £2 was incident. The partial, yet
successful accomplishment of the experimental demonstration of a topological vortex demultiplexer constitutes a milestone
in the current research.
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