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Fig.1.2 Principle of a frequency comb Time-domain representation of the train of ultrashort pulses of period 1/ frep at the
output of a mode-locked laser and the corresponding spectrum of narrow lines of a frequency comb. The phase shift A of
the carrier of the wave relative to the envelope of the pulses induces a translation fy = fre, Ad /21 of all the lines in the

spectrum from their harmonic frequencies nfrep,. [N. Picqué and T. W. Hénsch, “Frequency comb spectroscopy”, Nat.

photonics 13, 146-157 (2019)]
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Fig.1.3 Principles of coherent terabit-per-second communications with Kerr frequency combs. Artist’s view of a future chip-
scale terabit-per-second transmitter, leveraging a Kerr frequency comb source. The demonstration of coherent data
transmission with Kerr combs is the subject of this work. DEMUX, de-multiplexer; VOA, variable optical attenuator; 1Q-
Mod, 1Q-modulator; MUX, multiplexer. [J. Pfeifle, et al, “Coherent terabit communications with microresonator Kerr

frequency combs,” Nat. Photonics 8, 375-380 (2014)]
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Fig.1.6 Generation of broadband frequency combs using DKSs in high-Q silicon nitride (Si3N4) microresonators. Measured
spectrum of a single-soliton frequency comb after suppression of residual pump light. The frequency comb features a
smooth spectral envelope with a 3-dB bandwidth of 6 THz comprising hundreds of optical carriers extending beyond the
telecommunication C and L bands (blue and red, respectively). [P. Marin-Palomo, et al. “Microresonator-based solitons for

massively parallel coherent optical communications”, Nature 546, 274-279 (2017)]
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Fig.1.7 Schematic of a photonic wire bond (PWB) between fiber and silicon-on-insulator (SOI) chip. The PWB trajectory is
selected such that it adapts to the positions and the optical axes of the structures to be connected. Obstacles like chip or fiber
edges must be avoided, and a good compromise is to be found between long interconnects and sharp waveguide bends [N.
Lindenmann, et al, “Connecting Silicon Photonic Circuits to Multicore Fibers by Photonic Wire Bonding”, J. Light. Technol.

33755-760 (2015)]
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Fig.1.8 Fabricated sample: Photonic wire bonds (PWB) connect the individual cores of a four-core fiber to different on-chip
SOI waveguides. The PWB are up-tapered both on the MCF and on the SOI WG side to match the mode diameter to that of
the fiber core and of the SOI WG, respectively. The PWB consist of a negative-tone photo-resist. At PWB 4, shape
imperfections can be seen. [N.Lindenmann, et al, “Connecting Silicon Photonic Circuits to Multicore Fibers by Photonic

Wire Bonding”, J. Light. Technol. 33, 755-760 (2015)]
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Fig.1.9 (a)Schematic of multilayer tapered vertical coupler;(b) confinement simulation of 2 pm wide SizN, waveguide with
Si0; cladding;(c-e) optical mode distribution simulation at (c) monitor plane 1, (d) monitor plain 2, and (c) monitor plane 3
in (a). [K. Shang, et al, “Ultra-Low Loss Vertical Optical Couplers for 3D Photonic Integrated Circuits”, OSA Technical

Digest (2015)]
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Fig.1.10 Top-down schematics of the Si-SiN1 and SiN1-SiN2 interlayer transitions. Mode intensity profiles of the
fundamental TE mode at a 1550 nm wavelength are shown at multiple points along the transitions [W. D. Sacher, et al, “Tri-
layer silicon nitride-on-silicon photonic platform for ultra-low-loss crossings and interlayer transitions”, Opt. Express 25,

30862-30875 (2017)]
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0z
#1356, T CTHICAM) D2 D 2 B 3 1By & He_THa/h v eiafll <
0A(r) 0%A(r) O0%A(r

a(z)+ ax(2)+ ay(z)
135, Ik 7LAATREREEY, 7L A HRAEML L %28 L CBPMIZ G
LA ERKD LU0 HETRDE— FERD 28 G L, BPMTIINOKSE 2R T 52 Lk
T& 7. BPMIR 7 LA JiRE(2.2.2 — 3) DT /T HRICIG U 7o Bk & 7o iR A % £ 0.

2ikgng + V2A(r) + k3(n(r)2—n3) =0 (22.2-2)

2ikgng + ki(n(r)?—n3)=0 (222-3)

223 HIREFRIEFEM)

A IR E 3R 1% (Finite Element Method) 1370 7712 3 0 LU % BUERY 118 2 77 TH 0,
a2 maBreffiflan g, FREFECTIE, BT 2HEZERMOERICHEIL 295 2
T, BRRFRICHT L TEX LR CIaBIL 72 L oLt oz ko 5.
Wafs» < aHL, BN CTOMENR/NL 2 L) mEMEHWCEIREEZITI 29, 7
R e o L TEM S C, BITERES R WEEOT 21T 2 L 23HIk 5.

2.2.4 IRefEIREI A= SR (FDTDE)

IRFfE]aE sk 22 4314 (Finite Different Time Domain method)l¥~ 7 2 v = v J5FER % IR 2% ] fE 1§
DESTRAE AR LBERGEERIT) 2 Lick Y, EREOBHREY IaLr—vavd?
TETHE. Ay vazliBAd T LI IVBEORVY I aLb—v a YRS EBIARET
Hb—1, AHELLVE VI T AY v+ EFO,

(G

of . flx+Ax)—f(x)
ax A}canoo Ax
LTEFETE %, IREEAD TN EVERICIEI T O X 5 iciifilcE 3.

(224-1)
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fO+M0) —fl)  flx+Mx) - f(x)

L (224-2)
~7 2y 2 VHRER(QR1.1-1),(21.1-2)%X(2.24 - 2)Tik u1z> & T, fRBEAIAIC
FES % BER RIS 3510 2 BRG] 0 BUEARS & 72 Btk 035 BRETHEIC X 2 il 23

e & e 5. T OWFZEfE] & KEE Btk S s 2 Lk 7B, FDID (f-t X EEIG D BERUE L
W OMEUS OREZ T 532 & CaltREEE2 L 5. /-, MEHFEICIGRIE 5720
SrRREDS(2.24 = ) BT - T HER D B, T 2 TvIdBEHIKOmKNGIHGEETH 5.

1 1 1
VALS |t st (224 -13)

53 EJERUGIA T D E — N T

wy%ﬁiyb CROMEIR0.22 pm D Si FETZE RS & EF0.8 pmD  SiN AEJZE RS 1D
W, EERIEOR X LEEKOETIMICEL R oA - N oy, ZEA T 7
L, BPM, FEM ZHw/zv I 2L —vavick ke, HEZHELZ. 2Ty Ia
L —3 3 vC, Table3.1 ICR3 % i3 200,

Table 3.1 Parameters used in the simulation.

Parameter Value

Si refractive index ng; 3.477722137

SiN refractive index ng;y 1.996279732

SiO refractive index ng;q 1.444023622
electric constant €, 8.8541878128 pFm™1
Speed of light ¢ 299792458 m
Free space wavelength 1 1.55 um

Si waveguide height 0.22 pm

SiN waveguide height 0.8 um

3.1 =R 7 7T X B E— N

ZJFR 7 7 % F > CHGE RS O BRIEIE &, B ORI B R oA
— FO%EMERE L ORI >VWTY I aL—va viiTo7z, BEMROER ICIX
MATLAB TRH#{ vpasolve Z H\» 72, ZEX 7 78l % & & oJ5mA, EoFRIC—E3ToH
Wb Zlickh, HBERKEOEMZIT 7.
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RIS, BHMOE S FANICERER 5 =R 7 7TREE IO W CEMEITE % Ko 7-.
C OGETIE, BIKIET ICES 2 RO AR T — N3 2.2.1 153 % TEO £— FIC
s 5. K(221-17), (22.1-18)25 7 2 E . RN OEBIEME %0 < ka < m/2 D HifH
TRko B LICk Y TEO =— FOREGEZ KD, EEED S 2 RITEM L 72 B0 LA g i
RrBEH L7z, 15007 EliEIr3% Table 3.2 13T,

Table.3.2 Equivalent index calculated from slab approximation.

Parameter Value
Si equivalent index 2.85
SiN equivalent index 1.88

Kic, TR 7ZETREZ aTEORETERL L2 2T, WHARCEEZEE>ZEA7 7
Mg IconT, ERKIEZ 0 pm2* 5 1.5 pm £ T0.005 pmfHFE TZAL X & 72 B o ZAfi 8 73R
DAL EFART=. CoMETIE, WAMICES ZROREARE— FIFEE 221 KBT 2
TMO & — FiZ®iind 2. (221 -24),(221—-18)2 5 72 2 #1370 KEM %0 <
ka < m/2DHPTRKD ZZ LT TMO E— FOREEZ KD, EEMHED O EIERELE
ML, ¥yIalb—vavdholGonEZMEITE & EgEOMGR % Fig3.1 ICRT.

Si slab—approx

— SN 5 lab-approx

1.4 1 1
0 500 1000 1500

waveguide width (nm)

Fig.3.1 Effective index as a function of waveguide width (slab approximation).
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i, ERERIE B3 2 10 L 7228 o CNEBIEUIN IC ERNEIT RSB L T w X,
Table 3.2. T/~ L 72 F MR HTRICHHLE L T SRR S 5. FRIC SiE I 138 7 B iR
0~0.3 pm D FEBIC 2> 1F CRBICEIEIT LR Z IS ¢ 2B o N 5.

32 BPM IC X % & — Ff#HT

synopsis fL 23T 2 I 2L —v a v Y T P 2 T Rsoft TRV, Y12l —v 3
VERITo., OV 7 r =T REREL 22T ekt LA OBRGERNT (TS 2 L 3R]
RECTH2. HHTIINERBICY 7 Y 2 7 BHFEET S0, 1204 vE2—7 24X T
i3 2 e3[R TH Y, (FRL 2T ACHNSGELZAT 2L bAlEETH 5. K
FEDFENTCld Rsoft ICE 45 BeamProp & W25 V7 b v = T 2R L 7-.

)@ 1T Rsoft £ T CAD ZH\y, E&0.22um® Si fHEEIK & 5 X0.8 um® SiN HfZE
BIED 3D ETNEFRL 72, BTG 2z B2 BRITImE U, x & EREKIE, y dihe E
PG DIEIEA AT & 72 2 X OFRI L 72, BIBER T — FETICEE L v b, g
MEIXRICEE T 5 Z L 2B @ LIRDOIELZ BTz,

I BeamProp N Compute Modes & 9 BEREZ W C, {FBLL 7z€ 7 v ikt L € BPM
OB D — PR 21T o 7z, BRI RIS, x 5 IS E3 pm, y Bl TH
K2 umO#HiH % > I 2L —v g VEiiFHE L, EE XKW /7 120.02um e L 7z, Rsoft
T, FEDOERZZL T ¢ RO D2 25T 5 MOST &\ ) HEREV RS 5.
MOST & BeamProp ZifHAfb, BERIEIEZ 2L X ¢ R0 ARE—F, IOEMETT
KOZAZ Rk L7z, BIIEM S & 2 Lotk w7z, Si EiE&Ci30.15 pma>
515umE T, SiN EHFIKTIZ02um2>51.5umE T, TN L N0.02umEETY T 21—
vaviiror.

Fig.3.2 IC BeamProp D& EMH %7~ 3. Rsoft TIXT 7 4 b DHLI2 um & 72 > T 5,
Domain Min/Max 233 I = L — ¥ 3 V#iPH, Grid Size 287 E| T 28 OlE* R L Tk,
BPM Options ' BPM IZB 3 2 5%7E, Mode Option THRIR T % € — NICBHT % S0 E T
% 3.
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Domain Min:

Domain Max:

Grid Size:
Slice Grid:
Monitor Grid:

® Y Z
Cument  Default Use | Cument  Default Use || Curent Default Use

Walue Value Defs| Value Value Defs | WValue Value Defs
[3 [ea08 I || ]2 [e42 I |[[420 |0 r
|3 [e408 T | ]2 [ea4 T || [420 I
[0.02 ooz T || Joo2 foos T || o2 foos T
|0.02 |00z v || ooz 002 || |on2 ooz M

ez i W
Advanced Grid Cantrol

[~ Enable Nonunifarm Bzt |

BPM Options
Vector Mode: © None ¢ Semi * Full
Advanced ...
Polarization: + TE ¢ TM
E stimated Time:
Display Mode: Dutput Prefix: 0.000 min

Launch ... | ContourMap (2] LI [bptrp Save Settings

Symbols ... I Display ... | DOutput ...

Mode Dptions ... Mode Pos: |default ™ Dispersion [ Cancel

Fig.3.2 Setting of Compute Modes (BeamProp).

YIial—vavhbigbnENEITER L EIEOBR % Fig3.3 1R,

s SiN BPM

24

22

ne'Ff

1.4

500 1000
waveguide width (nm)

Fig.3.3 Effective index as a function of waveguide width (BPM).
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=R T T OFR & RIERIC B BRIE N 512 L 72 28 o TR BB 1< E R i 2
DSEAT R PSR I 3 2 RT3 R o 7z, EIREEIE £30.5 um AT O RIS T Ak SR 23 AN E e
ARy = e/ = RV

vial—va VY CREMETROMEICIA, ELH,DOE—F7u7 7 AR idh
5. HEHORANERL, HEE-FOFRA VT4 VI ~T PSS =E, x H,O—BUCi3dH
ZIREMHBERR A D 2 L EZ, v Ial—vavhr bl SiEKRKE SINERKROE—F
DEFORA VT AV IR IAVDOERY ZFHE L72. Figd3 2" 3 X 51, SiN OEXHE
PRI Si I _RBREL»TH D 2 L2, SINEREOIEZ0.3 pumICEE L, SiEi
P& DB ISR & A X ¢ 2 A 2 7o, BPEIEIR0.3 pm D SiN E K O FRE TR L8
WHEIE0.2 pm D Si E KD EMEITR L IZITHE L W 25, Si EPHIKIEA0.15 pm7s S
025 umDFFICBAL T2 22 & L, XV IEMRFERES 2 729120.001 umfElfE CHE >
lalb—vavEiiof, WHENEELH,DE—F7 177 411d MATLAB | CHH,
EHICLTCRA v T4 v Ryt LizbT, EhY %2RD77Z, Figd4 o nrzih
3. Fig33IKCERYVDI I 7% Mz 5e L.

1 T T 1.85
— 0\ EF|ED
neff Si |/
neff SiN | | 18

overlap

0.4 : : 1.4
150 200 250 300

waveguide width (um)
Fig.3.4 Mode overlap and effective index as a function of waveguide width (BPM).
BonzE— FERD T Si EKIEA0.196 umD IR AME 0.900413 % & 57-. SiiE
JEHEIE230.200 um & 72 2 BRICEBNEITHR LS 1492 L 72 b, EJFIKIE0.3 umD SiN B2
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RO FMEITR 1491 ICRDLEDOS L 2BERAD L, BEE-FDFRA VT 4V Ix7
P DOEL Y BEBEITRE L BB RO LML, £, ERYVDT T TIEE
SNEATR & RIRRIC —E MR CTAER L 2 k1% e 72,

Yialb—vavpbiEon B KIE0.3 umdD SiN EK o TE0O € — F % Fig3.5, %
T OfElRA VT4 v 7RI PLORT % Fig3.6 ICRT.
E, Mode Profile (m=0,n

or=1.491197)

H, Mode Profile (m=0.n,=1.491197)

Y (um)

Fig.3.5 Electric and magnetic field of TEO mode in SiN waveguide whose width is 0.3 um (BPM).

SiN width = 0.3p

0.4
03
0.2
0.1
-0.1
-0.2
-03
0.4
-0.5

-05 -04 -03 -02 -01 0 0.1 0.2 03 0.4 05
X axis (um)

Y axis (um)
=)

Fig.3.6 Pointing vector of TEO mode in SiN waveguide whose width is 0.3 pm (BPM).
Fig.3.5, Fig.3.6 25, EKEKIF0.3 um® SiN E D HA T — FIEREE N D <7 —

CEPEIMC B L 72T — DM ST R FFO Z L b h o7, 72, HEFENED YT —
I$H,, IR D ST —RE SRS LTHEIEL TS 2 L 23bh o T,
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Fig.3.6 178 L 7= f5 3R 2, EFEEIE0.15 um, 0.196 um, 0.25 um® Si RO HA
— FBROFRA VT4 v I RI P VOMRT % Figl.7 IR,

SiN width = 0.3, . (b) 05 Si width = 0,15,
04 09 04
03 08 03
02 a7 02
01 06 — 01
E E
3 3
2 0 [H] 2z 0
-] g
H H
o1 04 T 01
-02 03 -02
-03 02 03
-04 a 04
-05 0 -05
05 -04 03 02 -01 0 01 02 03 04 05 05 04 03 02 -0I 0 01 02 038 04 05
X axis (um) X axis (um)
(C) 0s Si width = 0.196u (d) 05 Si width = 0.25u
04 04
03 03
02 02
—~ o ~ 01
E E
3 3
@2 0 2 0
2 i
3 H
> > 01
-02 -02
-03 -03
-0.4 -04
05 -0.5
-05 -04 -03 -02 0.1 o 01 02 03 04 05 05 04 -03 -02 =01 0 0.1 02 03 04 05
X axis (um) X axis (um)

Fig.3.7 Pointing vector of TEO mode in waveguides (BPM)
(a). SiN waveguide (width 0.3 um), (b). Si waveguide (width 0.15 pm),

(c). Si waveguide (width 0.196 um), (d). Si waveguide (width 0.25 pm)

Fig.3.7(b)-(d)2> &1 Si B EKIEA K & < 72 3 IC 2 BRI TR 25613 Y, Ei
B TRCBALIA® LN T IRTF BB TE 5. Tl Figl33 2R3 X 951C, SilE
IEPEIE % 0~0.5 pmE THIN X ¢ 208, EMEFTELRESEEMST 2720, aT7EE 7 T v
Fig LT Ed KEL D70 TH 5. Figl.l(a)k Figl.7(c)Z LT 2 & DT SiEH
PRI £30.196 um & 752 5 BRICTHEH OBEE e o T b 2 2 3 RCTHL 5.
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33 FEM IC X % & — T

FEM ¥ Ia2lb—3v 2 YTl Rsoft CEEND FEMSIM &5 YV 7 by =7 %L 7.
3D BT NMPEREZBITATE cHV 2 0% AL, 3.2 LFEKIC MOST & FEM % fllA &
b, ERERIEA0~1.5 umiZ 217 T0.01 umfHfg T X 2 72 TEO £ — F & EhEdT
KOEL %L 72, HfEREIT xy #i3£120.01 um & L 7=,

Fig.3.2 {C FEMSIM D%/ EME %/~ 3. Domain Min/Max 28 I = L — ¥ = VH#iPH, Grid
Size D3 fiFAER K LT3 D, Mesh Options THEIFEEICEI 3 2 5%, Mode Option THE T
5E— FOFEHDVRETE 3.

X Y z

Current  Default Use | Current  Default Use || Curent  Default Use
Walue Value Defs|| Walue Value Defs/| Walue Value Defs

Domain Min: | |-3 078 | |2 [033 T || [100 [0 r
Domain Max: | |3 fors T || ]2 039 T || [400 (390 T
Grid Size: |dx 005 T || [dy ooz T || [dz [ r
PML */idth: 0 [0 [0
Advanced Mesh Control
¥ Enable Nonunifo Mesh Options ... | View Mesh |
Output Prefix:

Polarization. 1M )
|temtmp Save Settings

Mode Options ... Mode Pos: |default Output ... i
Advanced ... I Dispersion Display ... | Cancel l
Symbals ...

Fig.3.8 Setting of Compute Modes (FEMSIM)

23



Y ial—vavroGonEREITE BRI OBR % Fig3.9 1R,

Si FEM
s SiN FEM

1.4 :
0 500 1000 1500

waveguide width (nm)

Fig.3.9 Effective index as a function of waveguide width (FEM).

HiD 2 D D6 L RIRRIC, ERFEIE OGN > TREBEIEIIC 77 Z 7 3% i 3 4
E~EWHET TR o, £z, BHIKIEL4 imATR T Si & SINDZ 7 7D RKE X
ARPUIL TRERIRY = S o/ AL TR 4/

E—FOHEZAZDICOWTHHTH & FRICEHREZ1T o 72, Si BHKIEIEA0.15 um 2> 5
0.25 umDH A L C0.001 pmfEIECTHE S T 2L — ¥ 3 Y 21T\, 1§H0.3 um®D SiN &
Heo®e—FOEALY ZFHE L. Figl9 KHLNEMEE/RT. Figd3l3 CERY DS 7
7xRMz BB L LT,
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— et lap
neff Si /
neff SiN | | 18

overlap

0.4
150 200 250 300

waveguide width (nm)

Fig.3.10 Mode overlap and effective index as a function of waveguide width (FEM).

BoNERYD 77 7% Si EREEIEA0.203 pumDBRICHR AME 0.906026 % & > 7-. Si
R £30.208 um & 72 2 BRICEBNEITER DS 1.490 & 720, ERFEKIE0.3 um® SiN E
DFRFOENEITE 1489 LigdiiO T L% BE 2 5L, BPM L[Hkk, £— FER D 2R
KE 7R 5H, ROEMETRESRDOEL 230 IcE VLT, ERKIEIZIZIE—8T3LE2

7=.
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Yial—vavrbEon-EEEKIE03 umD SIN EEORA VT4 v IRT v
% Fig.3.11 IZ/R ¥,

SiN width = 0.3, i (b) i Si width = 0,15,
04 09 04
03 0s 03
02 a7 02
o i | 06 — 01
£ E
3 3
2 0 05 ]
2 g
H H
o1 04 > o1
-02 03 -02
03 02 03
-04 [ 1] -04
-05 [ -05
05 -04 03 -02 -01 0 01 02 03 04 05 05 04 -03 02 -0I 0 01 02 03 04 05
X axis (um) X axis (um)
(C) i Si width = 0.203y (d) 8 Si width = 0.25,
04 04
03 03
02 02
—~ ~ 01
E E
3 3
o 0 2 0
2 &
El H
T > 0
-02 -0.2
-03 -03
0.4 -04
-0.5

-05
-05 -04 -03 -02 =01 0 0.1 02 03 04 05
X axis (um)

-05 -04 -03 -02 01 0 01 0.2 0.3 04 05
X axis (um)

Fig.3.11 Pointing vector of TEO mode in waveguides (FEM).
(a). SiN waveguide (width 0.3 um), (b). Si waveguide (width 0.15 pm),

(c). Si waveguide (width 0.203 pum), (d). Si waveguide (width 0.25 pm).
Fig.3.11(a)-(d)IZ Fig.3.6 LI EE IR L 3b 5. L LIEEL TH S L Fig3.6(b)ic

T Figl3 110) TREDP L VS RNUHE T2 ETPEETE 3. 2ol brb,
PRI SHE K 72 512D BPM & FEM QAR IR T 2 2 E A FRHTE 3,
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3.4 &— FENTRER O i

3.1~3 T b N7 Sl R TR (ER AT ER) & ERERIE OBIfR % Fig3.121c L &0 3.

Si slab—approx
—SiN slab—approx

28 SiN FEM
Si BPM e —

SIN BPM e

2.6

2.4

Si FEM e

0 500 1000 1500
waveguide width (nm)

Fig.3.12 Effective index as a function of waveguide width.

ZJE R 7 7AUC X 0155 7 SRR TR E R R IE 250 K & WHEBK T l1d BPM, FEM
EEDLLIRER R L 72, EHEIEA1 umbL F O CiIkE < B 2 fERER L /-
I, ZEAT 7EBICIREREENICOEA LA O T L RELTE—F%
M 2 2%, EFEIKIRSPE RO IR T — FIHEREIMC D FEET 2 2 & 2 RRA TR0
PhEEZD.

¥ 72, BPM & FEM OFEROBIE I L\ 28, S EIE A fHI © 13 o a3 2 Kk
T230h 5. BEEIES R OGTEIC O WTER T 57291, Fig3.121CF17 % BPM & FEM
DAEFICTDWT, 0umA 50.5 umE TOHLKM % Fig.3.13 IC/R 7.
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Fig.3.13 Effective index as a function of waveguide width (BPM, FEM).

B EEIE 23PN FHI T UE, FEM ORI O 227 d O TH 5 —77, BPM DFHR LN
M IC A HE & 7 2 RT3 BATEICTERER C X 5. FEM TR® 7277 73 Ficihtd 5 —77,
BPM TR®7-277 7% FEM TR® 7277 7% Lt 77 7 0ELETIER L 72 X 5 ok
FTHEELTWS,

£ — FHE7Z% Y (Fig3.4, Fig3.10), JEITEHES(Fig.3.12, Fig3.13)0 &b HIZBWTH FEM
TRD=T7TITBWEO IR DTH L), BPM TRD=77 73EATED, BE»L
FZ2TH FEM TRO7ZFERB LV EHCTE 2 L FE 2 7z,
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FHATE W7 — S E DR AR

2 EmCOHMBHL 2T — & ic o, BPM, FDTD EDOWEZHWAZY I 21—
a Y EITW, FBIEOHED T 2 WG 21T - 7-.

41 Y Iar—yaviclHwEETL

Afficlt, XffirbdzvIar—va vy offiffiLzdr— SfhEe T ricon it
3 2. 7 LOFHICIE Rsoft ® CAD 7z, v Ialb—va VICHWAEERNRZE
F134>C Table 3.1 ICHEHL L 7=,

ERLL 7238 7 — & o %K% Figd.l IS/R9. 2 2°C, SN EKOEA120.8 um,
Si EIEDIE A 13022 um e L7z, A O SIN ERKIEEH 3 RoMR KT 5720
03 pumIC[EE L7295 2, A SIN EIKIRHZZHE L RO a3 % K 72,

y

-

X

0.3 um x pm

1.6 pm 0.44 um

390 pm 300 pm

Fig.4.1 Reverse tapered structure used in the simulation.
Fig4.l IORTETICE T 2 AFE G2 b CEP L ZGADY IaL—v a3 Vi,
tRif 3% FDTD L CREHREDPIERHICL L, ET+2f0r 2L —va v BIERENT

H57-®, Figd2 ICRTHEATH O ZEWKIE10 pumBEL 72 f 81 >\ »w T D A, BPM, FDTD
W& DG AR 2t L7z,
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y 10 pm 10 pm

z —

Fig.4.2 Simulation area.

T, YIalb—va VEEIEE 3EICAL Y, x /T ANIC6 um, y i/ 1A1IC4 um, z
BHYFIAIC20 um D E TR & L 72,

¥ Ialb—va Tl SINEREED O Si B ICEAEKR T 256 % E L 2. ASHE
AT 510 pumid 772 SIN BRI ORI IC D\ C FEM THAE— N2k 7-b D%
i FH L 7z (Fig.4.3).

E, Mode Profile (n.q=1.473179) H, Mode Profile (n,=1.473179)

‘.
.-

1.998

Y (um)

S
I

oL
(=T

X (um) X (pm)

Fig.4.3 Electric field and magnetic field of incident light.

42 BPMICX 3T — SfdEy a2l —va v

% 3% 2 fiiTlE BPM %& H\» 72 BRI AT D & — FEHT 21T o 7223, Ak BPM X &
B OB T 2 T2 Z L B ERHETH 5. 5 35 2 fi & [Ak Rsoft ® BeamProp %
W, FIETCEAL 72 T LI DWW T BPM % H W 7284 2 17 - 7=,
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Fig.4.4 IC BeamProp D%/ EHA %77 3. Domain Min/Max I35F 3 EHE AL LT Ialb—
va vz R T A, S z THOHHOIEE T 2 0EH»DH 5. SEREITETIE
0.02pmé& L 7=.

b h e

Current  Default Use | Cument Default Use || Curment Default Use
Value Value Defs = Value Value Defs Value Value Defs

Domain Min: | |-3 (164 || ]2 124 T || [380 [ r

Domain Max: | |3 [16a I ||]2 {124 T | |400#en, |E30 T

Grid Size: jo.0z jo.o1 T || Jo.02 ool | jo.02 oz I

Slice Grid: {0.02 {00z W || joo2 {00z | 0.0 005 W

Monitor Grid: [z [0z W
Advanced Grid Control

[ Enable Nonuniform | |

BPM Options
Vector Mode: ¢ None & Semi ¢ Full

Advanced ... |
Polarization: & TE  TM

Estimated Time:

Display Mode: Output Prefix: 0.366 min
Launch ... | ContourMap [%2) ﬂ |bptmp Save Settings
Symbols ... | Display ... | Output ... |

Cancel

Fig.4.4 Setting screen (BeamProp).

BeamProp CENPK % HE T 537 — %ML T % 72 ® 1T 1E Pathway Monitor % F\» %
Pathway Monitor (3& 5 2> U ®FXIE L 72 Pathway % @i 3 2 KD X7 —*@ﬁ*ﬁ IR L7290
DHERETS 23, Pathway X EI N T WA WEAEY I 2L — v o VHEZER T 2 o n
THERET 5. L7235 T, BeamProp ZH W T z FRI~DNHDE %L IaL—va VL,
[A]IFF I Pathway Monitor 2> 5 AN DT —% 1 & L 7258 OKIGEHCTONT —%ko 5 C
LI VERBOBENEEEZ L LNTEL, ChETDOY I aLb—v 3 v LA
MOST % HWiiazh# & Si BKRIEOBIR % Ko 72, Si B IR I20.15 um 2> £ 0.30 pmic
2213 7C0.002 umfHfE T2 L X & 7=,

Ko 7-AEE T & STERISIE O BRI O Fig.3.4 T2 f5 R & DL % Figd.4 ITRT.
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Fig.4.5 Coupling efficiency, mode overlap and effective index as a function of waveguide width (BPM).

Fig4.5 12, Fig3.4IC L 723202777 & L bic, BPM & TR 725 EE0E % Rk
TRT. AT Si EHIKIE230.17 pumFFIC R KME 0946 2 & o572, ZORER XY,
BPM TR 72#EAED T EITRLET— FoELR Y L AR~ EMEcrE L 25
ERRD BN, EEAMELE-—VFVEEAVOE—IEVPRELRRL LD BPM Tfn
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Fig.4.6 Light propagation simulated by BPM (Si waveguide width 0.15 pm)

(a). Electric field propagation, (b). Power transmission.
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Fig.4.7 Light propagation simulated by BPM (Si waveguide width 0.25 pm)

(a). Electric field propagation, (b). Power transmission.
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Fig.4.8 Setting screen (FullWAVE).

34



MOST % W CHEG#IE & Si EF KR OBRE Ko /2. Si HF KK IZ0.15 um2> &
0.25 umiC 2>1J CT0.01 pmfEIfE CZAL X &7z, RO 7-FEERFE L Si BRIKIEOBIR, 7
Fig.3.10 TG 7z #5H & D% Fig4.9 ISR, Figd.5 TldRv g2 FDTD % v Tko
TAEEhEE IR L, Y A Fig3.10 TRLZEFERE o T3,

") ®  § power FDTD /
power overlap

neff Si

neff SiN

0.9

0.8

0.6

0.5

0.4 : '
150 200 250 300

waveguide width (nm)

Fig.4.9 Coupling efficiency, mode overlap and effective index as a function of waveguide width (FEM).
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Fig.4.10 Light propagation simulated by FDTD method (Full WAVE).

(a). Si waveguide width 0. 15 um, (b). Si waveguide width 0.20 um, (c). Si waveguide width 0.25 pm.
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