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DN NE 2N T B0, ZEHIIRIADS D DI ETR T2 D TNA AWK EL T2 o
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Hazxbp@EnwzeTthh, BRE L ULERANEBAITRER > —DIF e AL DE
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oD 2 ODFEE R L 2D HERICHEARRRBEFEME LTI 4 b=y ZHEEDH
5. 74 b=y ZHERTEITRORL 2TV 7LD F ED Z 2T, ZOREAN LN
BEZEMNZEDZZETHONY FF¥y v F2HEILTWE. 207+ b=y ZiE&OYE
WWEDAFHEE I NHEE20MEFE L THKEI B8N TES. $F/METH
720, WA XD5HERe LTHWS Z EDR[EETH 5.

Ko THEERD =— R o /NI T OEBRIETIR I X b D5 HERDFEBUIIIEFIC
BENDD.
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[FIHTAEFIE A T ARDEMIC 1 em K7z D BER~BTAS 0BG TH 2 FBREICZI A
RHDTH5. WRETRIT SN AGHEL, RKEDEL EHED THIERIC X D AFHEZE
BRI I TV, Figl.1 137 L —X REHETOWMHEORITH 5.
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Fig. 1.1: Diffraction geometry of diffraction grating. a-angle of incident $-angle of
reflect d-latticr constant

ASHEH BT FORICEETH 2356, BEE 5 HIC X 2 EHTDEDERAEDKE N O
BECFE LV E ZEHFDUIERDEVTBFEITE2 225 Fig 1.1 ZRIRXIE T LS
1272 5.

mA = d(sin a + sin f) (1.2.1)

DL E mEEIRRBAERLTVWS. Lo THEIC L > TEE 2 XEHEEITR T & K5t
T30, pHELLTHWSATE:., HRTHZEZRZHBRICHOLATVS.
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(1.2.1) KO LS ICAHEDPIEFICER K2D, NIVIREICKE DBRICKEREENEL
5. ZDDIIRIRENERT 2R CEEIRS BEDLD 5.

Fig.1.2 \X[ETt& 72 W= 0ol Tcdh 5. HEHFIX 340-750 nm TH H, KE
DRREEZ 14 nm THB. T84 2P A XX 27.6 X 13 X 16.8 mm & ZEHENC X o THDIA
MRBZETH %éﬂt%%fﬁ%fﬁﬁbfh%t , /INEEIZANA) & TR 7 fRRE & AL
TBEZEDEEL N WS FEND

A A=Y AEKE ABHRU v R

{/__j_ .. AVA

-~ H S AR ER

\FIATU Y NCKBI =T 0

Fig.1.2: Example of a mini-spectrometer using a diffraction grating.(From Hama-
matsu Photonics, C10988MA-01 Data Sheet, Retrieved on February 3,2021)
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, BARCIIOKE,, FRIMRIEER A MR DA TEB D, RO TIZAEDER
$%%0Mﬂ®ﬂh%ﬁbh1héu.—%%k:ﬁﬁﬁ@ﬁﬂ#&<,%% i, 77
B, BN XEEZeNARETH S0, TORHRBIZHETHS. s LTHWSE
WX 7TV XLANTOWRRIC K o THEITEDELZ 2 Z 22 5 HBEDEIT 572D 7H
M Z 5.
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MIrror 2 £ e —
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point S ~_ detector
source SEHEn

mirror 1

Fig. 1.3: Schematic diagram of spectroscopy by prism. The composition of the ma-
terial can be determined from the emitted spectral lines. (From C. Behrens, et
al. , 7Design of a Single-Shot Prism Spectrometer in the Near- and Mid-Infrared
Wavelength Range for Ultra-Short Bunch Length Diagnostics” DIPAC. (2011))

13 T4bZvIBREEDH
131 ZxbZvotEs

74 b=y 7 Z ONERIEDOI R L FIREE OMR THERBOFERZ EITL o TH
IR BB SR TH D, Stz BHICHIEITRER BT L WMkl LT, B4
HEZFLWERZRTTWS., M tmbaInTwsyy, RF2HRAINICEAER -
TRz AG R 3R L S (3. HARDOBER A RS-V R EDEADV RN X o TH
IRPZALL, AR Z > TRAZHERE, BARRTOF ) AMMEEICIL 25D TT
b=y RO DRAZ R EE 2R [FAETH 5. 1887 4£I1Z B.Rayleigh D JEHANY
BREZEHERICBIT D 1L RTDT7 4 b=y 7 « NV FF¥ v v TOFHRIT X o THEAFIED
R X A, 1987 4£12 E.Yablonovitch I2X > T3 RITTD 7Ny F¥ ¥ v TOWZ N
FEHRREEI R SN Z e THEZED, HASHTERAICHELZRINS L5k -
72 [4]. Fig.1.4 D X5 FERIEENLEORITIZL - T, Zhzh 1 Xit, 2KL, 3
RILD 7 + b= ZHEEITTIT 52 B TE S [5].
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periodic in periodic in periodic in
one direction two directions three directions

Fig.1.4: Fig. 1. 3. Simple example of one-, two-, and three-dimensional photonic
crystals. The different colors represent materials with different dielectric constants.
The defining feature of a photonic crystal is the periodicity of dielectric material
along one or more axes. (From JD. Joannopoulos, et al., “Photonic Crystals:Molding
the Flow of Light - Second Edition”, (2008))

1 RIE7 + b=y 7FERIFERZER & XIdhTB D, HIRE [6] &6 [7] &
CISHEN, BEEELED, BiVEbLEIRELTHEZI N TES. 2Kk 3
RILD 7 * b= 7 i E RN S I R E 2 A5 2 & Tt RTE S BEE
8] 27 7 AN—=[9] BEWIGHAZINT VS, 2X0TD 7 + b= v 7 K5I E TREIC T
ERlREHhTWa. L LZOHEEZERETH 2, FERIcKEEES CMOS £1 ¢
DEBAMER I 2OMFOI )V aY LT e X THE 7+ bV Y757 4 TOIE
MO BAICHRINTED, YVaryryr b= R O@EaRARFIhTWE. £z, 3
RIED 7 + b= ZHEEIIAE Z 2120 DU % 1575 [10] RERD 2 Xt ERQ S S
FE 1], 2o ERAERD D, HAH UWERGIEICET 2HEMTbA TS, &
DEITT 4 b=y ZHEEIIHMIN THEMOHER L & ITIERDFEF L IX R E%ﬁbwﬁ
HFRTHHEINTVS. TRERELAZEDY A4 X W HIEEED» LIERDNHERET &
DH TN ZO/PNUEBEIfFE ATV S

Tx b=y ZEEROEHEO—2 LT 74 h=v 7 « XY FXp v S5 RERDEE
filHy & FRIOEDIEMRDPE Z NN FREET S, ZDT7 4 b=y - XU FFXFr v 7

DEZEIZ LD HDLRICHUIAD HAURATER VW Vo 2HRER T L AJEETH
5. e LT2RIC7+ b= VIEMAT T 2EZD. 2007 # b= ZHEWmA T 71
B Az A AR 72 22 L SRR ORGSR R Z B AT 2 Z I8 K o TIERS N EKIE T H
D, EERRIERCZEZLOERCI T EMEEE TSI ICED T7r b=y - XY FF Yy
TOHET 570, R DEOFZBRZHIET 2 Z e 2n[gEL 5. Figl5137 #
b=y 7 HEEEEIED ATIEICA MY v TEFE R EEZEDOERE I LDDTH 3.
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300 nm

Fig.1.5: Fig.1.4. Input section of the photonic crystal waveguide showing the sus-
pended silicon membrane etched with holes and butt-coupled to a strip waveg-
uide.(From Y.A.Vlasov. et al. , ”Active control of slow light on a chip with photonic
crystal waveguides”, Nature 438, 65 - 69,(2005))

132 7#bZyvIERZRW:-9
K27 + b=y ZHiEEH W3R OV TR S.

e Z— %— + YL

Z—=o8— « YL EIX, AB LY —ADEFICKERMETHERO T +
= 7D THD. 74 b=y ZiHEMOREICHRDITHLBARTZ L

, Atan 2GR T 2 DM ZADEDIRER ASAIZIE U T THURICZEL T %
;Zkiof L TWS. ZOMRIEEIERD T X LDRREHARTHR D
2 ML EBENS DTH S [14]. ¥4 X510 mD> S 100 imE HERD 7V XLk
RPN W WS KED D2 DD, AJJEKEE 7+ b=y 7 OFRETD
KN X 2HEEFX LR IZUENDETH 5. Fig.1.6 X ASERIE © H %
RO 4 =y VRIBOERBETEMEGTETH 5. HEHEKZ 60° 22 5-60°
FT10° $O0FINTWVWS. Fig.1.6(b) \ZAIEEKEE 7+ b=y ZiEfHE O
DA FE B L7z (a) OFREBDOILAKTH 5.
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1 okt

Fig.1.6: (a)Scanning-electron micrograph (SEM) (top view) of photonic crystals
with input and output waveguides. The input waveguide is tilted 10 from normal
to the crystal edge (the incident edge is- M). The output waveguides are orientated
at divisions of 10 from 60 to 60. (b)Enlarged central section of (a), highlighting the
input and output interfaces between the access waveguides and photonic crystals.
(From L.Wu et al. , ”Beam Steering in Planar-Photonic Crystals:From Superprism
to Supercollimator, ” Journal of Lightwave Technology 21, 561-566,( 2003))

o 74 b= iR T T
74 b=y ZRERRA T I T 4 b=y Z RS R BE & MR TE D,
JEHARY 722 22 L L SRR DO EEI R BA T 5 2 TIER SN BRIETH 5. 7+
F=v ZHEERA T TOEILDER, ZhZhOZELOFLOEREE R T T EHE
WYIREIZT 22T, AWMLENKOZEABRZHIET 208 TE5. KfFKD
AR 2 DORDFEEBREHIE S 2 HiEEHOTWS, Figl.7 &7 + b =v 75
A7 TDT7 4 N&E% CMOS &% =1 7/MD I TH 5. Fig.l.7(a) &
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36 HDEL 2157 X =K% HD PhC A7 7D7 L AIZ &> T 550~750 nm DI
REPTH Inm OFRETENMES 2 0 B OB TH 2. ThoDR 771X
CMOS > #—7 L4 FIcEEEN 3. Fig.1.7(b) iZ PhC R 7 7T DI E B LR,
ALy, BIXUORTEAZNEG XNz PhC AT 7D 3 DDEEME FHEME
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Fig. 1.7: Micro-spectrometer based on photonic-crystal (PhC) slabs. (a) Schematic
of the spectrometer, which consists of an array of PC slabs with different parameters.
These slabs are integrated on top of a CMOS sensor array. (b) Optical image of
the fabricated 6 X 6 PhC structures. Three scanning electronmicroscopy (SEM)
images of selected PC-slab structures marked by red, orange, and green frames,
respectively, are shown on the side. (c¢) Measured transmission spectral T'(\) of the
three structures in (b). For each PhC slab, the corresponding T'()\)is characterized
using a monochromator(From Z.Wang, et al. , ”Single-shot on-chip spectral sensors
based on photonic crystal slabs, ” ,Nature Communication 10, 1020, (2019))

1.33 Z20—51 3R

JE 3 x 108 m/s OFEEE DB, 1 HEICHIERE 7.5 A3 2133 2 2 —RINcH
STV, HEICRD, FIEEEGELD $EL HESDRD. RELRSHEETORED
HEIIHE DR n ITKIFEL, ¢/n &RES. ThEs —RZYEDEREII 10 R
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WTH D, KORMBEEIIHIAILD BIELIE 85 T LidRv. ZHUss L OB
LR DB R F USRS & > T T 2725, HIBE(LT 512 E IR 72
5. COWEROBEEDE LWVETFICE > CHE BHMEEAT—5 4 MHRL WL, B
HE% o/n, LEES. ZOYEn, FREFETHD, RROESCHR LN,

dk dnw dn

7 M= v ZiEEOBM R L LT, 1CROWENERE ¥ 13572 2 BRI fR %
JFohd, ZoNEBEROKERE L THREIC X > TIBBRENIEFICEL RD, Ru—3F
4 MDEEIX NS [12]. Fig.1.8(a) &7 + b= v ZiEMERKOEERE FHEMEHE T
H%. Fig.1.8(b) 7 x += v ZHEGOMN HBBITHN T 2 FREEITRTH D, N

Y RIZy BRI THEIT RS IERICRELSRD 2 e 0h 5. Figl8(c) 374+ b =v
2 fitiim D IERMLE BN T 2 B@ R e TR e B L XN TH 5, RUIFERKS
RTH D mfHINFAERBCELUC X 23T EMRTH 5. BRRIVNILKREZANY Py IF
RIICTAR =4 FIRBPEELTWE 2005, (1.3.1) Xo@b, HEPKEL
25 A0 =54 PIRPEEZ D BT S
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Fig.1.8: (a) Scanning electron microscope image of a photonic crystal waveguide.
(b) Band diagram and group index of the photonic crystal versus absolute frequency.
(c) Transmittance, group index and normalized wavenumber of the photonic crystal
for normalized frequency. The dots are the experimental results and the dotted line
is the calculated result using the effect index approximation.(From T.Baba, ”Slow
light in photonic crystal”, Nature Photonics 146, 465-473,(2008))
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A0 —7 A4 PRI X o TOEDMEIRT 2 DI 2B RAL 22806, VHED
AR DE Z IR CEROBIRNCH £S5 5. Zn—5 4 FPOISHEE LTIEEH
LELT2S LRBERIEILEE, ZOXEEE, RETLINHXEVDARLT, K
DEEIRE % D3 2T 2 AE 2 WD S ZRRICHFET 5.

21 —7 A4 MI Fig 1.9 GERNEBRD R Y ez 2 eV ary 7+ b=y 7 #55aEE
HRRICARN S Z 8T, H3EmAEPIRAT -7 4 MLk THiEENzdDTHS. H
FUS TR 2 R T 5.

Fig. 1.9: Observation of green light. (a)Visible green emission from the surface of the
chip as seen by eye. (b)Emission captured by a 0.25NA microscope objective and
imaged onto the CCD camera, with the enclosedbox indicating the relative position
of the photonic-crystal waveguide; the pump is injected from the left-hand side.
(From B. Corcoran, C. Monat, et al., ”Green light emission in silicon through slow-
light enhanced third-harmonic generation in photonic-crystal waveguides” Nature
Photonics 3, 206-210, (2009)

134 T7APZYvIERORERELEE

Tx by 7RI ISR TH 2720, BERENRE LT RoTWS., 2D
72DFEBED 7 + b= v ZHEREN R OEBREISREED DD D LIXER 2D o T
W2, BibL72K9187 % b=y ZREROBIE AR, 7+ VYUY F T 7 4 L E TR



1.3 7x b=vw 7itHMe Z200H 11

D2MED Y, FEFRMETRIXY YV 77 7 4 ITHANTHENIEMICIER S 2 2 £ AAJEET
BB, HERAEREEIC T I IETETVARL.

SHILD 7 + b= v 7SR OBRLEFA » LT Fig.1.10 iy sh s, FHILD
EREHLOMENZLTWS. 74 b=y ZHEERKOGEEBRIEICE,IET
% L FIRRC, RPN LD CADMRNEZ 2560 H 5. ZoRRIC X HERKO L
B2 IR T HRELE Vo LBRDEZ 5. KIFRTIEZORRIENKREZ L ITE
RENR—=VEBHTE 2 ZHOTHHEGRE LTHVWTWS

BHEOMA

EiRDOM L

Fig.1.10: Manufacturing errors in photonic crystals. Variation in the diameter of
the hole and the position of the center.

HRTEIIE OV O RATHFENIFEEL, Figl 11 Z20—fFlTH 3. Fig.l.11.(a) iZ
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FE I 2 FWT, TV X AR XRIGEDARY M bl Lz IERbE -
BESMTH L. 70X LERRVEEEL AV =3 HICED S BHRIGEVWIEE E o T
WBED, TUYRLUNDLGERIZTEHETHI NS, BRTOA YR I R Y
R g R IC X o T & 2 BREIA DM 25l 2 =0 IcHWHNTED, F >
X LIZIAH T ONRMEMOEH 2 LT 2 7-0IcHVws TV, Figl.11.(d) 7+ b
=y 7tk Fig.l.11l.(e) 7 4 b= v ZH#EEREE. T2 7+ b=y IHbidme 7 +
=y ZHEREREICB T2 7 X atko C LD AV X7 XV R g L DERERL
T%D 7 VR LI T REEDN TP D, 74 b=y JHEFOKERIE. 74 b=y
i ARAEHR R AT HEARTELAUS R 2 DM N Z e 37002 5.
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28— 4 MIRICE 5T, ELAORESHERE N2 ATREMED D 5 72, FERMNTE#ER
DELRBZIERHD S B, ZAIH LTI VR LEDPEL 22 A0 —F 4 MR
¥ 0, ZEAELIRIED T 2720, BRFIINIL KD, ZODERER T V& LD
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Fig.1.11: (a)High-power photoluminescence spectra collected while scanning an ex-
citation/collection objective along a photonic crystal waveguide with an amount of
disorder ofc = 0.03a. Normalized intensity distribution recorded from the spectra for
the case of a 7 4 m X 7 u m 2D photonic crystal (b) and a 100 p m-long photonic
crystal waveguide (c) and varying amounts of disorder. A pronounced deviation
from Rayleigh statistics (dashedline) is observed for disordered samples. The solid
lines represent the Rayleigh distribution. (d) and (e) show the recorded g versus
amount of disorder in a photonic crystal and a photonic crystal waveguide, respec-
tively.(From P. D. Garcia, et al. ”Physics of Quantum Light Emitters in Disordered
Photonic crystal Nanostructures”, Annalen der Physik 529,1600351,(2017))
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B2E
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2.1 T #* b2y IBRDOGIREE

74 b=y ZREEIINEOBRICH S G o TV b 729, IEROMBIOND 5
B3R 2 0GR ERD. Fig.2.1(b) & Fig.2.1(c) XIERDMELL (a) DX 5% 2D
7% b=y ZEERONDOSEBEGRER LTV, Fig.2.1(b) XK ORIE TR PN 7 A
koA Y IR R ERODHBERICHE > TWS. ZAUSH LT Fig2.1(c) D7+ h=v
755N T BEEBR IERLEFRIC X > TR L TE D, HBEEBEBRO DG
PELONDE 74 b= IRV RE Y v ITHEFEET 5. 74 b= v ZHEENTEOIDEE)
REZDBIZ, 7 P=w ANV RXy v TOERIIIEFICEETH 5.
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PBG: photonic bandgap
2D-PhC: two-dimensional photonic crystal
LL: light line

Fig.2.1: Photonic crystal. (a) Schematic of 2D silicon hexagonal air-hole photonic
crystal slab fabricated from a silicon-on-insulator wafer. (b) Dispersion of light
in conventional materials. (c) Dispersion of light in the photonic crystal shown
in (a).(From M.Notomi,et al., “Manipulating Light by Photonic Crystals” ,NTT
Technical Review 7, No0.9,(2008))
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211 RIVRVTILAER

ZOHITIE 7 + b=y ZHEICB U 2D EMRICEE T 2 BERICOWTHIAZITS. 74
=y RN O OEEFNI L TERBE OB IR T 2~y 7 2 Y 2 VR -
TVWA. R Eb~y 727 2 VBRI T 4 oo BRI THKEATED, E
BESORE, H 3G mME, D IZEREE, BIRIBREETHS. Zhs 420K
WEZEHICEREE p, BIREE § 25 5 2 X OB LT D L.

V-B(r,t) =0 (2.1.1)

V- D(r,t) = p(r,t) (2.1.2)
VXEmﬂ+8%$w:0 (2.1.3)
V x H(r,t) - aDa(;’t) - (2.1.4)

(2.1.1) MISHRFEEICREHT 2V RDHANTH 2. WHEEZORMD LIFFEEHLY
& ZHMMATFAELRZVWIEEZRL TV, (2.1.2) REAVROERITH D, BEHIZ
BHHD 2 IGFTCTIEFERL, HRIFRE LB BRVGEFATIE—ETH 2 I ZEKRLTYL
5. (213)KFZ7 7 77 —DEAITH 2. WHHEL LI SRENIEL S 2 2R
LTED, 7757 —DBWAEOEAZHTREL TV, (214) Xd~xv 720 =
e 7 UR=AVDOFEAITH 5. B EMERICEIDBEEIRELTVWL I E2RLTE
D, 7YR=IVOFEHNCEMBEREZMAILRL 2D TH S, FEZEPTIIELLE
R RUOHS L RREE OBICIZEZOFEER ¢ LB ug ZZHVZTo 2D X
5 I LLBIBIRD D % .

D(r,t) = eoE(r, 1) (2.1.5)

B(r,t) = uoH(r, 1) (2.1.6)

7 4 b=y ZEERIEIRT RS EINICEL T 5 F  HERTH 5. BITRIIFEER L B
REHNT, TROXS1CRE 3.

n=\/en (2.1.7)
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ARSI M L8, BER L BRRLAMICAT 2. koT74 b=y
oG OO WY L WAER, B L ROUEE OMRIIE O AR ¢ & HBRR 4
ZRHWTTRD LS 1Tk %,

D(r,t) = eoe(r)E(r, t) (2.1.8)

B(r,t) = pou(r)H(r, t) (2.1.9)

—RINC 7 + b= ZHEEIE R ZFEROFERTHERINTED, HERRITZ1 TH
5. XoTulr)d1 35, 2GRS 2HEPCERARVERETZE 74 b=y
TGN IR T AN R Ty 7R 2 VFREREI TRO XS ICEEHRZ 32T
N

vV -H(r,t) =0 (2.1.10)
V.e(r)E(r,t) =0 (2.1.11)
VXEu7yHmmg?ﬂ:0 (2.1.12)
V x H(r,t) — gpe(r) 8E§;’t) =0 (2.1.13)

212 T bZvINYRIEE

T x b= ZFERENONDEIREZEZ 37D ER 7+ b=y 7Ny FiEEOE RS
3. WEDOY% BRI — D BB T O ADFHE L NEST 3 L, ARENEEZ w &
LTPFROESICELG WG ZERTE 5.

H(r,t) = H(r)exp(—iwt) (2.1.14)

E(r,t) = E(r)exp(—iwt) (2.1.15)
ZD2X%2 74 b=y ZHIENE R ERT 26Kk T~y 7 A0 2 VGERERITRAT 5.

V-H(r)=0 (2.1.16)

V.e(r)E(r) =0 (2.1.17)
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V x E(r) —iwpoH(r) =0 (2.1.18)

V x H(r) + iwepe(r)E(r) =0 (2.1.19)

(2.1.16),(2.1.17) REIWHPEKEER L T3 2 e v s, B WEOMBERAZRLTY
% (2.1.18),(2.1.19) XKEHWT, FEHEHERNEZEHTE 3.

1

g(r)

V x (——V x H(r)) + (%)2 H(r) =0 (2.1.20)

Fig. 2.2: 1D photonic crystal. Blue and green dielectrics with different relative per-
mittivity are stacked alternately with lattice constant a.Each layer has a width 0.5a.
Light is incident from z direction.(From JD. Joannopoulos, SG. Johnson,et al., ” Pho-
tonic Crystals: Molding the Flow of Light,” Princeton university press,(2008))

Fig22 X572 1 X7 b=y Z#&zhle LTER 5. E5E z By, WHEy
M DAHE%ZE B, Hid z HENZEHT 2 EIREST 2. 2ot % (2.1.20) Xid H, 23
EEEAERICEERI NS,

_d 1 dH,

dz e(z) dz

1LRICT7 4 b= ZHEED & 5 22 AN 2 - T 2 S R O BRI O [E5 BE

ITHEERLZDDICTe y ROEHEDH . Fig22 DL5R1RITL7 + b=v 7

D HIAER c(2) FZNZNOFEBROELZELEDLE LB FER a ZHVWTTRAD
XHITRES.

)==<%)2H¢ (2.1.21)

e(z+a)=¢(z) (2.1.22)
EX &5 RBRICH 255G, EEE— NI

_E<k§

a

SHE

(2.1.23)
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THHEBE &, kIHKAFS 5 FIIBEE wpn 2 VT
Wen (2 + @) = Ujon (2) (2.1.24)
ri5. koT
Hyn(2) = exp (ik2)ugn (2) (2.1.25)

YRIIEDTES. ThHbLBIEED 2r/a DEEELTEN 256 B\ O B B R EE
3, BEBENCEZ S Z e TE L. DXV AMINAZEL 2R D7 + b= v ZHiEANDIED
EHE—RFZKRDZ L, (2.1.23) OHFOFEHOAEEZRTIUI V. ZD K5 RIEK
DHEBEHE 1 7L 7Y =V LR,

(2.1.21) K& (2.1.25) XEFHAET L2 T, 7+ b=w ANV FFy v TOEHRZITR
5. Gpn=m-2n/a, M7=V ZHE km , pm ZHOT 1/e(2) & ugn(z) D7 =1
TR Z1TS .

1 - .
=B = mzz_oo KEmexp(iGm2) (2.1.26)
Upn (2) = Z ©mexp(iG, 2) (2.1.27)
XoT
Hin(2) = Z omexp{i(k + Gn)z} (2.1.28)

rEDES. (2.1.26) R (2.1.28) X% (2.1.29) RICRAT 3 Z ¢ T,

oo oo

2: 2: K (k4 G + G ) (k 4+ Gr)

m''=—oo m/'=—o0

Xomexp{i(k + Gy + Gy )z} (2.1.29)

:(%)2 i omexp{i(k + Gm)z}

m—=—0o0

2185, KT Gy =Gry + G BT M OflZ m ORNCT 5 &,

Z Z Em—m (k+ Gm)(k + G )pmrexp{i(k + Gm)z}

m=—o0 m’/=—oco

::<%)2 53 omexpli(k + Gz} (2.1.30)

m=—0oo
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AW ITRTD 2 IZOWTHEDDT2D, m OB BETHE L BIDERDH L. ko T

3" R (b G (k + G Yo = (f)ngm (2.1.31)

m/=—o0

(
(
A

fmm' = Em—m (b + G ) (k+ G (2.1.32)

3%, EREDOKDE S DONT ML CIEFITHI M 2 TRDO LS ITERT 5.

©Y—-1
© = @0 (2133)
©1

oo foien foio fein
M= ce fO,—l fo}o f071 ce (2134)
Ji-1 Jfio  Ji1

(2.1.32),(2.1.33),(2.1.34) X2 FWT, BEHEHER (2.1.32) 13

W\ 2

M¢::<E> v (2.1.35)
ERTIENTES. —RINIC NAT N FUTHNE N EOEEME M LEAERZ P %
o, 2 h—o0 kiZxf U THMPERICTHEEST 20, EBROFETIX 50 BED 0K
Ehom/ KTHBYD, BEHEEEAERZ FLERDTWS. BHEXZ bL o Bahi
X, (2.1.28) RE DM Hyp(2) BEZ 2720, v 7 27 2 VAFREREH W TESLI R E
5. ZOXSWCLTFig23DXo% 74 b=v I NNV RXx v TG0 %RI 7
n5.
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Gahs Bulk Gahs/GaAlAs Multilayer GaAs/Air Multilayer

DSU/- T \
n=2

0.25 = =1

00|~ Photonic Band Gap _|

Frequency ma/2nc
=

0.05

0.00 . i 0.00 l ' 0.00
05 025 o 025 05 0.5 025 0 0.25 0.5 45 D25 L] 025 05
Wave vector ka/2m Wave vector ka/2r Wave vector ka/2n

Fig. 2.3: The photonic band structure for on-axis propagation.GaAs Bulk:Every layer
has same dielectric constant ¢ = 13. GaAs/GaAlAs Multilayer:Layers alternate
between € of 13 and 12. GaAs/Air Multilayer:Layers alternate between e of 13
and 1. (From Joannopoulos,et al., ”Photonic Crystals: Molding the Flow of Light”
Princeton university press,(2008))

22 T7HAbLTFYFTAN—=D3 Y

T b7 FarAN=a iFZxNF ENLDRVWERREDEEZHWTEZNT - £
BTN S 2 2 2 C, TAAF—HENOBWEIREDNICERT 25T, KB
FHEOMBILREMRA X =DV TOHTHHINATVS. SfEEES 7+ Ty T
AN=Var ek RERED TN, AHD=XLEEBRDET-D7 T TEZ 0
ENH D, AL DD LT, TRAF 2R L WRINT 2 EHES e =L
F—2ZUMOFENT 2RITERD 2 0ZR/MT 2 THRIVT vy Far =y a U
X5, EEEA e BRI AN F - 2E LRI e R =7 72T 2 -t
MERXZ s D2, HEEF O L LTIE Yb BZEIFoh3., Yb3H i Af i co L
MNP 2 DL, 980nm (HEDHKDAERINT 2 72T 3 [16]. FEXAEDH
U TEARMZEICTHOW S R E RICHIET % Er RE/R0E, &, K2 Tm R ED
H5. Fig.2.413 Yb-Er I X 2R Al fiicEfix s Fat X2 /R LT
W3,
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Fig.2.4: Energy diagram of Er and Yb co-doping in double perovskite oxides.After
excitation at a photon energy of 1.26eV(A=980nm), up-conversion emission oc-
curs at photon energies of 1.85 eV (A=670n), 2.21eV (A=560nm), and 2.25eV
(A=550nm).ET and dashed arrows correspond to energy transfer and non-radiative
transitions, respectively.(From M.ISHI, et al., ” Synthesis and up-conversion emission
propertiesof Er-Yb co-doped double perovskite oxides,”, Journal of Advanced Sci-
ence 31,(2019))
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%3E

3.1 7HAbZwvoEEFYTS

74 b=y ZREEREE HOTONZITO 72, Fv TR F v 7 EOEREK
g TH <.

—INC T+ b=y ZEERERETFR LT, ETRBE (EBYV Y27 74) 874 MY
Vo7 abEFONhS. Zh e —R—RTH D, EFRHENIIEE M AN T AA]
RECTHHZ DRy b LTETLN, RINIEMTRREDZD222 23T XY v M T
Hb. 7+ M)V TTT I XEFERE LD ZEREEESFSTTUIVRY. LA L CMOS
CHEWD D 5720, ZMTRKEEEIRETH . AKX THWZ 7 + b= v ZiEfaE
PEEFMIREIZERT (AIST) TRl hizFv I TH 3.

h

2um
— 1 01010 E T e——Si 220nm

3um

v

#9775um

v

3um

Fig.3.1: CAD data of the photonic crystal chips used in this study.(a)Overview

of the chip (b)Cross-sectional view.(c)Photonic crystal waveguide consisting of one
section.

Fig.3.1(a) ZAMECTHHA L2 7 + b=y 7R T v TOLEXKTH 5. #ft 2.5 mm
B 14 mm O REXIWEHNTWS., BHEOHTIEARY AL XarN—&RrkoT
BY, FyTUHIPOAH LT 22 ERBICENLTE I THELSLTLLTWS.
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Fig.3.1(b) i (a) DF v 7OWTHERTH 5. KuAS Vay, Kans )V hThs. 7+
Py ZHimEVaryTfEfonTEh, EXE 220 nm & RoTWa. o>y b s
Zy FE2mZEXo>THRELTWVWS. Fig.d1l(c)id (a) Lichbs 17> a>p7x b
= ZHEEREIEDO—FITH 5. BT EK a % 420 nm & U7z =AM IR E X
MTBD, ARG 80 Ffit\TWa. ZODEKEOLRIE 33.6 ImTH 5. B
1AL E A NS 2T R W X S BWEL TW B 72, BIKIE W IXFfLoH L OMES
MIEEEE 727 nm % 1.00 ¥ LEMEIZL TV 3.

(@)

Fig.3.2: (a)Overview of chirped waveguides. It is divided into 22 sec-

tions.(b)Boundaries of the sections.

F v — FTEWEII L 7 ¥ a ¥ T EITERIRIEDR 4 1N S KRS ERIRTH 5. B
BE/NELRoTW ZRICED, 74 b= IANY Xy y THREERMANCY 7 T
5. UKD IS a T IERERTERL R0, RTELED LD Hh
HTL 3. ZoROHI R L oS 2 2 THNERREICL TV, Fig.3.2(a) I&
SEREE LTz F v — TEEKRDO CAD 77— X Th 3. 220172 a Y THRIATED,
127> a i AATH 2. HEEEEIEIZX 764 nm 225 722 nm £T, €72 a3 YO
SUZTET2 S5 1nm, 2FED 2K LT 2um §2/h&< K5, Fig32(b)dtra
YOEFRDO—HITH 3. 764 nm 5 762 nm (B FRIERNNZ S B oTWDB Z 230
%.

Fig.3.3 XS EHAWEEBREETHS. AOLF vy 7EBENERITS. Elllro4E
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HEY 2—LE@ELT, 1500-1630 nm OFEREAIEL —F —%2H LD F v FOMIHEIC AST
X, HRIOEY 2 —N%ERT =X —RICETF 3 2 & TEEED S M L to@EREr
HETE2. L—HY—DHNE CAYVETZYTIRL ANV 7 v P THIREX BB,
R =X =R = TED BT 2 D% 72D 7 v 7 r— X =%k L TIHEIHHIE L
Jo. fICH B S IR A X7 KU CMOS B X% AWCTRENREZEBEIT 2 Z L BAJEET
Hb. RKFETET vy Tar"—a v ERoLBOF v — FEEKD &R 7 BTENE
ZIR ARX TR CMOS I X ZRHWTHEZIT-o 7. £z, 74 b=y 7T RE
LTWaI VAT Ty FEEZRHE, Ero7y 7 arvN—yarvRira—T42755%
BfRL, Fy7PEOERT 74 b=y JHEEREDEHALEEL TV 2 0HN5
WERDH D, DoV A7 7y NEZHIHET R, U7y Fary—-—YarvyiRfr
aA—F 4 Y THEDIODREDF v — L TWRWT + b= v ZHEFER K OZFEERR S
ELT.

Fig. 3.3: Measuring device. The chip is placed on the table and measured from above
with an IR camera and a CMOS camera.
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3.2 IF7T)wIiEE

T4 b= ViR ERELTVWES VA7 Ty KEZRIDL, =77V v IMEICL
By TarN—UarPEHEREL LT, Au—54 MIRBEEICK e E
OHEERIZE Ty Farnn—2a roshRe FiFs. =770 v OEICT 35,
BHF iBicF v 72k z2iZd e, Fv 7OMHIRFEET 2 ARy P4 Xy =%
73 bo v RSB, EEEROBBETTLEVT Yy F U T 2 RBED IR WIS BIAT
TLEVWHET 22N TERLSKRSE. Z0DF v 7 EHMIRCHEIETHRICZ + LI A b
HaA—T 47 L7 b=y ZHEEEEOIIRICEDE R 7 BB TENXT ST
MBI ELIRANTHRETS. ZO®BHF BREHVWCZyF 73522 TLY
7Y DREEFHIEL, 7k b X BBERIEEIT o .

s - - -

Spin Coating Exposure Side Protection Wet Etching (BHF)

Fig. 3.4: Fabrication Process of Photonic Crystal Waveguide with Air-Bridge Struc-
ture.

3.3 A—Fa>J

74 b=y ZHRERONERICT, BELLEEREF O E A HCERT 2 ke L
T, H2ETHMNZT vy Far"—yarEHHVs. ZOBETHETIE 7+ b=y 7k
DIV A Ty RO PO T 4 v Fa—T74 Y7 %21To Tk, ZOFETIERAL
TBERERONPAIIZE AYEREINT, KB L TATDEEIOLNS. 2O
T OARIETIE, 74 b= v ViSRS SIROUHZBEEE OKIE LT 35729
W2, 77V IREIL Y y Sar A=Y aryRERFra—T74 Y7 L.



26 33 a—74v7

Fig.3.5: (a)Cross-sectional view of the air bridge structure.(b)Cross-sectional view
after applying the up-conversion element.

331 BR(ER/ZE®H

WREMZITS 7y Tar "= a YEFIZ. InSMRIZHWE 7 + X7 7 =% Er
Tm ZHWEI VX4 F, BFFy b, L—Y—@ERCEEEBE#G»DH 2. Fheh
IAVF—HEN 2 RT3 T EDEBUFEL, ZRBIESZHTFRINGZED D 5. 2T
W3 22 BRBE IR\ HER T, FIRHISYETF 2 RN T 2 7 DHER DN S ZhFRHIFE .

FOl, KETIET v FarN—a VETRZEREE Ty Farn—yar
EITO5Er 8 74 R 77— L 7277 =%, LDP-LLCH®O7 v Far"—Ya
¥ 7+ A7 7— (IRSPG-5G) ZH\Wz. iR ERRIVEREIZ 700-1500 nm TH D, ik
i 490 nm DFRETH 5. Fig.3.6 1% 1550 nm DPFERENE 7 + 27 7 =Y TEKTH
5. FEPINEE 2 51T TWED, Lohh e LiREDOR RIS HERTE 3.



33 a—74 7 27

Fig. 3.6: The image of a phosphor illuminated with light of a communication wave-
length.

Ty TaArAN—Ya VETFEVNEREERICHIZD, YA AEE PDMS W3
HiED 28D TiTo 7=,

o VLI NVE (Er)
VTR DWW THIBICEHAT 2. MREFERNIAK L K2 A5 Z & TR #
KIGXH, BEERIGLEMERE LT, YAPHEXRDD 2. Ok —EREKES
52 TRIBZEEE, FAZIEDBEREZEZBIEDRI VWS etk Tta—
T4 YT ERITIFIETHS. SHE 7y Far"—yaryHET L TE 20
7z. Table.3.1 IXfER L7z VT NVIBHRD T ETH 5.

Table. 3.1: Amount of sol-gel solution prepared

g i
IR 5.006g
FNVNT AT NI XFIL | 2.505g
MTES 2.507g

1% + K 2.004g

Er 0.050g

Er O5E&— KNI a4 FEIERTIZ02% IFE Ty vy FaryN— a UiRAE
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33 a—74>v7

3.3.2

T35, AMETIRIFAHENRTY vy Far—2ar 27570, bo4 FHRE
FEEDHPHZ EIFEZIC WV, ¥, VR4 REHWEYy Fary =Yz
YO LTREZEL LT TRGEFNNRNIED T 2REHE NI RET 5.
ZDDAN ST AT b7 XAFALINIBHS LIIMETH2 225, Er
DR EIEINT 1% 725 X5 WRBRZER L. 20K Ay 7L —MCTT,
70 °CT 15 TR L s iR D 7.

PDMS(7 # A7 7 —)

PDMS 3RV I XFrsuaxy o ThHYH, BHTHIOBMENR VWD, £ DR
WKWHWSRTWS. (LA sylgard184 # AN 3 Z ¥ T, To#ERkEeR23. 7%
A7 7 =3I 70 P A R ERIIHRTRE WD, VLrVEERWEEGES
RENENTLE oK. 20D T7y A=Y a VHETFIIWE T+ AT77—%H
W7z, PDMSICXW LTI 4 A7 7= 3% 272 X5 IBEREIED, KAy b TL—
k% FWT 90 °CT 20 FFEHHIE L 72, Fig.3.7 1% 20 FFfE#HH 4RI D PDMS /AR T
Hotz. FRITICTART7 7 —RT L L THE->TWS. HPRLFAROIRETH -
Jz. AV Y a— b &1T5 BRNCE{LAIZ AR E 10:1 DERITR S XS5 ITANT.

Fig. 3.7: PDMS solution: The phosphor remains in the solution.

5

BN

I7 7))y MBI > TVWAER, 74 b=y ZEEPNReELTWS. E
BOEHEME L TLTOWA D FRICRET 2RENDH L. $T 7 b 2ES L
2%, Ny e =AY 2HVWTRELE., ZOTREEZTZX ) —LTHREEICITS
ZeT, HERZAZREZIDZIAZRELL., ZORERWZIMDR DT I X
XTIV E2FMEET L. IS 3007 vy T RF v THBIATo 7.
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e AV a—}
F v 7 LICHERERT 2720, A Ya— b 2{To). A Ya— MIEERXE
2HDEEE L%, EEEESE 222 )OI THEBERER T 25 TH
%. EEGERESHENZY, RSN 2EEITE RS, B LSS, 7y 7ofl
HCIBEHIENTLE S 720, Fv MHICH 25 ARy b A Xar =I5
L, ERERIEPASRL BRI Vo N E 5.
SN B2 sl e B3 286 L, BREED £ D BEGRI RV, Ko T Er
Hoa—7 4 Y 7iERE T X 7 —)VFEHS T T 6000 rpm T 60 PEME#HE X € 7.
IR —NVEFHKTTAE YA -1+ 3232 KD EERZYEFEICTEIENT
%% [16]. ZHCHLTPDMS &7 # A7 7 —2H5 7=, # L [l X855
Fig.3.8 ® X 51T F23F v THUEORIE L7 WERE 2 SRR TLEW, 7y 7
aAUAN=VarRRLNBEWI ENFETE. - T 1500 rpm T 50 R EEE
B

Fig. 3.8: Spin-coated at 4000 rpm.

o H7MR
VLT NIBIRIIBE R BRE T 208D 5 7=, HEEUFIZ 500 °CT 30 70\W\ ALz 1%
X7z, F72, PDMS IS Z R X8 2 72 DI E R R IC 125 °CT 20 2%
XET-.



30 4.1 Fx—TEHEKIC X 3 REE
EA4E

S

41 Fr—TERERICKLDFEEN
41.1 Er

AMFUNE T 7 7V v DREBICR 727 + b= v ZFEEERKICY VS VRICT Br 28
AREBEEERL, Fv 7 EOF v —7F 7 5 b=y ZiERERE» S OREEE 7 v 70
YN=T a3 NZTERIVED HAHDEICE L TN EITH DD TH 5.

Figd.1 XD Y AT NVEICTHER L 2 BRIZ O CEINRTER STV S 2 e B30 h 5.
HINBEHEED AR ICHIEEIT T 7Y v DEEZIER T 3 BRICAR Y b AL XavoN—
RPRETLZDIFEALEZ7+ LR M) L EHCTE R o220 > TLE -
TRT®H»2. L2L, WD20»0DF v — FEEHKIE Fig.d.2 O X 51T —FEEKIEH/N X
W22ty a Y HICCEERMAEIER TV 5.

Fig.4.1: Photonic crystal waveguide after coating by sol-gel method. There are no
cracks on the surface.
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Fig. 4.2: Defects in photonic crystal waveguides.

OVENRWHEENTE =720, BhTtuwins v — FEEEIEERE 1500-1630
nm OYx AH XV RELTZEHP L7z, Fig.4.3(a) XK E 1591.1 nm OX:% ¢V — 0 dBm
TF v — TEFEICANTBORELEZ IR IXZICTRE LD TH 5. EFEH»S
RTENDIRAETWS Z B R TN S, FEEDNEIVNE WD, LAY R T T %
FWTHEIE L 72 ® D23 Fig.d.3(b) TH 5. FMRICIR #X T EHWTEIRE L. LAAVE
7 ¥ 713 15 dBm & 10 dBm @ 2 BFEIZ T THEIEZIToTWwa. (b)) DL ANV F7 Y
7 CHIE L 72 IREEZ R B OO UHEKIZ CMOS 7 X 712 T L2 5ED Fig4.d ThH
. 7y 7arA—Ya VHPRELGECBETEIRELCIA SR o7z BEREICL
THRXTDBNKREE & 54 VR EHEL, HEZRIT - 7RI T 2 b o 7.

Fig.4.3: Waveguide using sol-gel method taken by IR camera.(a) Localized light
when light of 0 dBm is input.(b) Localized light after amplification by L-amplifier



32 4.1 F v — TEREIC K B RS

-

Fig. 4.4: Waveguide using sol-gel method taken by CMOS camera.

4.1.2 |Rphosphor

PDMS I[ZHRA N E AR EIR T 2 7+ 27 7 — % AN TETHB 2 AL, a—
T4 Y7 LFy FI3AIHEIC PDMS 3N CEE - TWiz. PDMS IZRENE W=D,
Ay a— b ERITIBEOREEDED 72 2  PERZ L HEHITE 3.

T AR 7 7 —NTDEE, VLVFMARD Er L B DIERICIET ST 7+ X7 7 —R T
DB 7D, HEOVDUENZ T TROEREE LI2H 27+ A7 7 —RFORDAHDLED
BHNCIZEETH 5. FigdblZ PDMS ZHWTa—7 4 Y J7HBO7 + b= v Z{iHE
K TH5., IFOBREN 7 + 27 7 —KFThHbD, REIZITHNUIRW. PDMS
WBEE S 2 T LEMERICR 27D EZILNS.

Fig.4.5: This is a photonic crystal waveguide after coating using PDMS. There are
no cracks on the surface. The black objects are phosphor particles.

Fig.4.6 & PDMS ZH W THE D7 7 + b= v 7 EEREICIEE 1550 nm D% %
7—0dBm ZAHIELKTHZ. »I2BEAPRABLTVWS. 712
7 7 —PFIERIED AN T 5 Z & THELL TS, C N2 F7 ¥ 7T 30 dBm I
LARRDIERT CMOS 7 X 7% FHWTIRE L1 EHD Figd.6 THD. 7+ A7 7—D
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Ty TaArAN=Ya Lo TSN GREIEIR oL o7z YILTNVIEDEEE[HE
FRIC, BERIC L TARX S OBNRR 74 VR EBL, HIEZITo 038 T =
o T,

Fig.4.6: Localized light leaking from a photonic crystal waveguide structure using
PDMS captured by an IR camera.

Fig. 4.7: Waveguide using PDMS taken by CMOS camera.

PDMS ZHIHIZTES R\ A Yy a— b OEEEFIIERST Z e HETH L. L
PL 7+ A7 7 —RF2 PDMS IZIHETBRWIRETEDRIINIE Ty Tarn—ya vz
BlcERwz s, AV a— T 3RIEENRRZS LS v SR OB
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Fig.4.8: Transmittance of photonic crystal waveguides. Blue line is with silica
cladding layer.Green line is without silica cladding layer.Red line is after coating.
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Fig.4.9: Transmittance of a photonic crystal waveguide for observation of localized
light.
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Fig.4.10: Localized light leaking from a photonic crystal waveguide structure cap-
tured by IR and CMOS camera. (a)IR camera (with background light and illumina-
tion, input power is -20 dBm) (b)IR camera (without background light and illumina-
tion, input power is 0dBm)(c)CMOS camera (no background light, with illumination
Input power of 5dBm amplified to 45dBm by L-band amplifier) (d)CMOS camera
(no background light, no illumination. Input power 5dBm amplified to 45dBm by
L-band amplifier)
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Fig.4.11: (a) Model of the fabricated air-bridge structure. The blue areas are silicon
and the red areas are vacancies. (b) Photonic band diagram of the model.
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Fig.4.12: (a) Model of the newly fabricated air-bridge structure. Blue areas are
silicon and red areas are vacancies. A silica cladding layer has been added at the
bottom. (b) Photonic band diagram of the model.

Fig.4.12.(a) 37+ b=y 7{iRBREOH 2>V avE@r Tro> VA7 Fy KET
RELTVWBETAZER L. 2O ZRADOHILOMEEZS Y A7 vERIZ X 5T
BIFTWEEeEZLNL DR L Lz, IREDETIES VA TH D EITERIE 1.444 &
U, REEEGEFAkEZEZ T3 me L. ZOEXDNY FXy v R LKRD LN S
B U7 72 B RZ 1559.8 nm ¥ #2572, Figd 8 DRI 2 E—FF¥ vy v/
DOHMED I0nm IFEDTNIZR -T2 eh o, BEEOZT 7V v DMEIETEIZS Y A2
T v REIER - HEICHIL Wiz Wr 3.

D720 Er 2 VI AERZAWTa—T 4 Y 7 LE TV ZIER L7, Fig.4.13.(a)
F7 4 b=y VBRI ODES )V aYER LTS Er 280 VA2 Ty FET
RELTVWEIETILTHS. ZOL TRADHDIES ) HTHYEITRIZ 1.444 ¥ L.
F/MILTHEHREDEFIE VBN > TVWDE I eEZ SN0, BITE LRI
1.444 ¥ L7z. Fig.4.13.(a) o TEMZ TE L L, ket L RABICEZE 3 m, HHITH 2
LoD VA2 S5y FOEA%R 100 nm & L7z ¥ Fig.d.13.(b) X W BEB LKL 251K
Rl 1578.8 nm &2 o 7. EEOHREID BEEEMIE—FF vy vy 7210 nm 1D
TheRoTWwd., ZOHREI—T 4 VI IT2HIETE—FF v v TOMNEDOTHLOE
RARZ LBV EARE LGS, EBEOa—T7 4 Y I7R%OMRe BT 2E21605.
I—7 4 Y7 LTTERLFEEDN 100 nm-TH 2 Z e Doz, LEOS VAT 5y
FEOBEEEZZEHLZETARERL, AV FEX Yy TREERTZ 2 TEBLERL I
BEERHFN. LEDOS VA 7y FEOREI BB L RZ2EEOBFREF D



40

4.3 MREE

b DA Figd.14 TH 3. BED 100 nm T TERELLESKEZWVA,100 nm £ D Z20WIEAE

HIFE ACZEL TV,
IO DRERPSERBICa—T 4 VT B 2 TTERLEEIZ 100-200 nm 72 & #E T

%%, ZHEFEFZEEICT 6000 rpm ICTAY Y a—F 4 Y7 LRGN 3 EEDR
B BBOA—HT 5.

(a) (b)

Hybrid Band Structure
0.5

r{i y. odd
0.4 ST 77 T Lantine,
% i Z neff=lightline_neff_TE.dat
N :!
SRR
g 02 . .
=} k| .
é'; L]
e ] .
01 /*
0.0 -
r M K r

Fig.4.13: (a) Model of the fabricated coated waveguide structure. The blue area is
silicon and the red area is vacancies. Silica cladding layers are added at the top and
bottom. (b) Photonic band diagram of the model.
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Fig.4.14: Relationship between the thickness of the upper silica cladding film and
the wavelength at which transmission ceases.
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Fig.4.15: Spectral sensitivity of CMOS cameras.(From The Imaging Source
DFK72AUCO02 Technical Reference Manual,Retrieved on February 3,2021)
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