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1.1 EC®HIC

WA, R FO/NULIZET ARIEB ARSI N T VWS, AX—F 742D LD
WINS IRBETHEBRPE KL, WHAIZEBRET, KFETOV A X 2/NS LT3 VIE
I, EWICKREREHZBOTCVWS Yy Z20—2TH5. "[oT" XN, FOH
DIZHB"EI "4V R—2 Y FEDRSLEWIEZLFBBLL, HRIIROES F—4&
BIEISICENEN>TWE., TIMAT, ThaH5 e/l Tws72o, N
MEINTWAETIT LD @R T L VA ENEREINT WD, FIIfTLT, £
No O E KBRS X5 i, 72132 it Gk nHE R 5.

ZTOHEEZTERLS> 2 U OEEFEHINTWE YT U TILE LT, 74 b= v iR
CIEENDZEDRH D, 74 b=y ZFEEBBRETA2UMIZ XL T, AHT 2D HHK
AR 5. 74 b=y ZEEEOWSEIE 1897 45, B.Rayleigh (2 &K 2DV R
Xyv 7ORRITHZFHL, 1987 412 E.Yablonovitch 12 X2 ZRGcAHO 7 + b=y 7
FEMmOIIEE E o & UTHABBEOMENRAZITbNE L5k >72. 74+ b=y
7 FEBO IR E I DR EAT =V Th b7, RABIEFEFDOAT—IVEINS L
THEZENTELREEENLL, TNZEZHAVWEMEVREAICEZRbNTWVWS.

ARF—LPHRELTWET =L, 74 b=y I7fEREZAVEZONBORKTHS. &
Jedr EAZ AR DAY MOVEIE 21T 5 HFER ORIRT, 7Y XLPEFE T2 H\Wi
EDONR—RINTIXF S NT WD, BT E UTHRT S0, 74 b=y Ik z2HEEY
U= Namdb B L, TOR TV A ZIFBIIZZE Uz, AFRIZEWT, 61ty v
W HEEZHWT X SIZNREER EDH D Z L IR U2, DR ARIKD A r — i F v 7
IR DI DEEBEBNIWZD, ZOHXIZE>TAUTERBZFDX 545 KIZEHR
TENEEWTH 5.



1.2 OEEETDRITHE

AHFRIBRICBVTHUEE 2 VY =R R Y, ARG CRERKEZ R LT
BY, BHVATLIHETHIHRES THEMFHTERAIITONT WS, FHFORREIC
KELEMUZDIREHEFDOEGTHE. TNETTV XLBERZ SRV AT A
W, 79708 —7 7 =T XA T ORIEFERRIC & o TRERITHED M EL, BfE
F CIThRA R EPERE I N T E 72,

DHAIRINT B &, BN E T NERO “BEPFEET 5. Dl td s
&, MEZEEBTDIHODMOMEZANTONTEHDT, TV ALREFHELZHF >
72HED0H 5. F/-TEHBONEIE, E—LARAT) Yy XA ETHEE DT -RBIZTHIE,
ZTOTWRENET 2. BRE UTEaBIAE <, BIEIETHSLBROMES BRAIET
b T\\Wb,

1.2.1 ERBFICL DN

SER O eEE O TR D ~RIIZE LN T WS FEL, FIkTF2HWEZ5DTH 5.
[IHTAE T & 135 S BN AT RIEZFED, WRICE > TREAMEZITI LR TFTH
%. Figure 1.1. IZFEHFHRFOFMEZRLZKTH B M.

grating normal
I

| I .
surface nu{mul | incident light diffracted light

blazing direction

| grating

Fig.1.1. About the principle of diffraction grating. Each parameter is defined lat-
tice constant, incident and reflect angle as d,01,02. (From Ray T.Chen, et al., "High-
performance dense wavelength division multiplexer based on blazed grating and ion-
exchanged glass waveguide technique," Proc. SPIE 4998, Photonic Integrated Systems
(9 July 2003)



Figure 1.1. IZB1J 241X, 2d(sinf; —sinby ) L RDIND 720D, HIREDHE
AMIBWTHEOE D &ME, HRE R ZHWTIRAD IS IZRT I eV TE 5.
d(sinf; —sinfs )

A

FEEAIAHAEZ R L T D, MHED 2 OBBAEDKE TRANXPENIZRDE S 720,
THHEEZRET DN TENIITDARY M EETLTEILNTES. ZOHEEZH
WAREREEH LS oD S NTED, BRTHRALHETHWoNT WS, EHt&F
HAR D RREL, MBABIZKRESLELGINS. B FEARE N(AK/mm) & 95L&,
B HEEE AX(nm) OREBRIZIRD LS I2RINS.

27

= 27mn (1.2.1)

A 1
> =% (1.2.2)
300 A /mm DFEHE % FH\WT 1000 nm T DR % 7S 256, i ANT 5iE%
20mm &3 5L, EENMEEX0.167nm £725. RBERIE, VLV XEHAWAZ LK
LHNAERI T DL BAFROFESLZRL LT NR S\, Figure 1.2, (Z[FEH#& T+
DHERD—PITH S, ZDNYEERTIE, BT L > THMES N2 2068 TRATY
52T, 37T0nm & WS FEFET, 0.5nm OFEESREZAE L TWS. X MRHEED X
IR EDGE L, S EEIPHVSNE Z 2%\, X ITEREFE T 7y I K
Szl 3z, EEREAREORRE FOMREZ R OM#EE WS Z & THFIR O K
SIRBE TS,

Fig.1.2. Spectrometer used diffraction grating and optical component in spectrometer.
(From B&W Tek. An Introduction to a Spectrometer-Diffraction Grating. AZoM.
Retrieved on December 30, 2019)



1.22 FTYVILIZELB9H

RIZT V) AL E AN HEZNT 2. AIO T TbN 0 ERIE T Y XLz HNWT
THhNTED, —a—bURKENZ2 TV ZALBELT Tz 0nwbnTWws, U XA
DR UTiE, MhdEd e CliMR7z0, Zfiic/Ensd Z &0, 7 ALIZ X500
TIHEICERAYH S, X612, TVXLZBEBRTEEREETHRVEMHIRNWEREDRE
NRdH5zH, BEFHZ VbR TWiRY., T XLAAZEBT L E, KEICE->THE
WEPER D720, AEEDPAH U ZGEROHARIY, WEICX > TEEMAET
5. TOHREFMHUTARTZ M EELZENHEETH S P Figure 1.3. 12 7Y X L4
RV BRO—FlTH B 1B,

(a) Fore optics Collimation optics Relay optics (b) A A s A
A b
- | /_l\\

A slit

—_—

Spatial || | 2000 v
dimension)

Spectral dimension

Fig.1.3. Schematic of typical prism spectrometer. (a) Structure of prism spectrometer.
The incident light imaged by the fore optics pass the slit. The light pass through prism
according to the refraction principle. (b) Raw data on focal plane. (From Xu.L, et al.,
"Integrated System for Auto-Registered Hyperspectral and 3D Structure Measurement
at the Point Scale," Remote Sens. 2017)

1.2.3 FHDIE

RIZFEDHIRITOWTIREH T 5. DB R L3RR D, DB TRERZRET
5. XNV 2 U E—FEERES AW BN OMRITIER A ITIT DT Y
% WbIel - Figure 1.4. IZEEANZ THDHGEDOHFERERLTWDS. 2z HHAIERT 5%
DFRE LREREZ I, A &35, BEEN dZTEHIWTWS & &, MRS NS HIR
i3,

o2 i oo (222)] 023



LB, 7—YIEWMT AL TARY MLV AFHIEETEZ RS,

/\Fixed Mirror
Detector
Beamsplitter
Moving Mirror
. Light Source

Fig.1.4. The schematic representation of a FT-IR system.

SIECEL R L IR L C 7 — ) AR ER Y, IV ¥ a— X R AW TR TEME
REAGHHID ETH 5. 7 — ) A D468 1E Figure 1.5. D & 574 MEMS & LT
LEIRHINT WS O, ZHE 5l ziro7218, FAICDOABEEZMA TELFREZ KD
U, HEEEANLTWD T £7-EBREZMA TELKNFIRE AR EFEL
TW5 18,

(a) Output light

to photodetector
4

,
Incoming
light
(b)
Optical mode O -
(quasi-TE)
|
w Heater  mm Silicon Oxide

Fig.1.5. On-chip Fourier transform spectrometer. (a) Schematic of a MZI with in-
tegrated metal microheaters on silicon-on-insulator (SOI) platform. (b) Device cross-
section illustrating the quasi-TE mode (energy density) of the strip silicon waveguide
and the heated area (light red) when current flows through the microheater. (From
Frateschi,N.C., et al, "Fourier transform spectrometer on silicon with thermo-optic non-
linearity and dispersion correction," Nat Commun 9, 665 2018)



13 74bzZvoEREFDINHA
131 7#b=v ot

7 # b= v 7&&E (Photonic Crystal: PhC) &1, iFEAKICHDOREZ 7 — )V TR
WG E R MEROZ 25 5. TORPEEOGTCEICS LT, 11kT, 2R,
A 3UOLT 4 b=y R ARE NG, BT 1887 4£17 B.Rayleigh 12 & > T
5 X4, 1987 42 E.Yablonovitch (2 & o TNV REERBBHO NZR 2722 2I12& D, %
ML S OIS DB L ZEDO T WS, FHOFEMISRTEH, 74 h=v 2
FERIZIE T A F=w 2NV RE Y v TEIEN BB HIHBGFHEL, HIREDRED KD
FEEEPZE U TORBENRE I 5. ZOBRRIE, BIFTEORHNEIIZEE 7Ty 7K
BIZERLTWS

7 x b= ZfEEE, ZHlH (Photonic band-gap: PBG) &\ 5 Ko £1I1T, Kz
FAUIADLHRIZMEDONG Z DL\, HIZIX, 2T 7+ b= ZERIZHEE vz 221
I, BHEOREDONE AT IELE62EFER 5. BHlEThOR ISR T2 E#HT LI L
NTERNWD, BAUZEBR»ORIFEIENTERLS LS. ZTDO T+ b=y 7kE
mld, PV 3 VM EOE R Pt pA R E LTHWSO NG Z DLW, £z, 74
F=v ZiEEDE 5 = DD KK, TOM/NEHEIZH 5. AMMGEHEE nm D7z d,
7 x b=y ZkEEMEE BRDIEFITNE KRB0, RIROEREIEFITHEPR V.

TEB L & U T EITE THRHEHE (electron-beam lithography: EB lithography) 3
WonBEM, T MIVITITT 4 THERIIAETHS. 74 NIV T T T 10 DHE,
CMOS Bt 7u v AT TE 5720, M KEEHETES. —HEBYY I I T«
@%A RERTEZ A NIV T I 7012550, GVWHEZROZ EVdks720, #

EHRAEEZNI ST HI NSRS, 0B, K THWZ7 4 b=y Zf5REREIEET
7 NIV ITTT 4 TERINTVS



1-D

/7

periodic in periodic in periodic in
one direction two directions three directions

Fig.1.6. Simple structure of photonic crystal. The different color represents different
dielectric materials.  (From Joannopoulos, John D., et al., "Photonic Crystals: Mold-
ing the Flow of Light," Princeton  university press, (2008)

> GBI

T7A v OoRRmORY A=Y Py 72 ZAGHBNE, 74 b=y ZfEEE AW
TREEEETH B, Figure 1.7. 1%, 74 b= ZiEFERIKOEERE BB
(Scanning electron microscope: SEM) B TH 5. 7+ b= v 7 ik D & k4
BDS L, ZEAD—FZT MO EEERTHILICED, N RF vy T
DHFZ DI DAMEIHTE B728, FRHE UTHIET 2 M. 2O X5 RER
FRERRRIGEL T + b = v 7 fE SR (PCW: Photonic Crystal Waveguide) &\
5. PBGIZ& B URADIFIERITHOT, BB DHMICHKEITES., £/, N
Y RF vy TRHE OISR 2 i R E DR ITES RS, 2O XD R
2 FHWT, A —J4 PEEKO XS 7%, HEEZIEFIZES T &I
£oT, Ny T77DEI LB R E B AEL TWD 12,



Fig.1.7. Scanning electron microscope image of a silicon PCW.(From Baba.T et al.,
"Slow light of photonic crystals," Nature Photon 2, 465-473 2008)

> St Rds

HHRER L 1E, HEHLAD SNLMEEEZHVWTIHERELRMREZEZTETZ2 WV
. HHPMARRSHEEZI T —2ALVAEDEICEEL, FEEEFE2FES
EH5HDTHD. WUNeERE: & U TIX, whispering-gallery mode(WGM) &
XN 2, MBI OREEORmE Z VAT 2HLZFA L7 b oA FHERES P
Oy FHRER, U a3y - YU AR TROVESESMEZ D 7268 AT RHRER 72 &3
HB. IO DOW/NLHEEDILIRERIE, T— FMEENNS W2 DI FERI R %
EIUPTL, V=3, AL v F B Kerr 3 LDFAE 9 72 LiF
JEOCIABIFETS 2. £72, 74 b=w IFERONY RX¥ Y v T2 FIH U726
REBHBFEL TWB 10T Figure 1.8. 17 #+ b= v ZfEF IR D 1 A — I
ThHod. 74 b=y 7EREEREO 0 OAEALZIMNT S 7 b EE, B
EZEIETVWS. BUNEIRESOEARKMEREOEFEE LT, QELE—-FEEV
DHSNTWS., Q EIFHIREBADHKFRMOYPITDH 5 72D —fIIZIEE W IF
SHMERERENTE D, T— FMRE VNI WIZEEZ /NS LEFEICE U
DOENTVWEORWEINE. 74 b=y kR IIREG OB AL, €— FEK
DWINEWZ LIZhd. 77, EBADMNBEZHHIIKET DI ENTE S0, Kt
ODHHEENEWV. ZOM, ) avERK EIZ/ERTE5-04 v F v THAHED T
O, EREREICHAADG Z T4 7 TV r—Ya VIR I Twa 8,
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Fig.1.8. Schematic illustration of a two-dimensional width-modulated line defect PhC
nanocavity. Air holes only at the centre of the structure are slightly shifted toward the
outside of the waveguide from their original position. The silicon slab is covered with
SiO2. (From Ooka.Y et al., "CMOS compatible high-Q photonic crystal nanocavity
fabricated with photolithography on silicon photonic platform," Sci Rep 5, 2, 2015)

> 436 ER

7 A b=y IR E AW HEE ORI L FEL TS, ZOWNWLD

EHEATS. —OHDEGFHERIE, V) ERBIZANZARIZ T & b= 2 ks
HIREEPER > TWERNETH S P, NABD T 4 b=y ZiEREREZ H W
tﬁ%&i?%ﬁ—VPv&zmiﬁf%D FATHIEE L < {F(ET B oIl
ZD WHWSNE 7+ b=y ZfERIRERIE L3 RS XN, 7+ b=y
7%m%m®£%30%@®t LiRgefE 2 LT \W\Wa. L3 RS0 HIRF MBI
EHRDEADAEZIMINCY 7 FEEBEIETAIETH L7280, RFUEE TR~
HIRFA P E S O HRA 2 EET 5 Z 23K S, Figure 1.9.(a) (BT, 2l
DO Az AFH IR RO BRI %2 EBEL TV EFREOMAIZIET 4+ b
— vy JRER IR BN IE R S TE Y, TNENHIRFREEEZDLTOTS L

TEEILTWB 720, &% DFEEBIZINT 20 ARG T B ITHK
LT3, TOBENEZHEL, ANNDARZ MLVEHBET L LW AN XN
ThHb. UL IZOEDSHERIE, &I & > THfiae & R R AL E < il
RN, FIME5DOIIRBOE—TEN D 5720, DEFED 10 Gkz 1F L IZHIR
INb. £z, T TEIEEHITILIRSROEICINS 726, RN EH#HIXILRS
DBUZE > THIF XN LW HEDD - 72, HIREOKZ % < T T DR
TEDLMN, 777075 —=yavOaANER, SHBOY A XEH? S EEFETR
<, BEETOBRIERES LE2-OFEMANTRV. LLELOREZTRT 5720
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Z ORI IR B OE Y 7 MZEH L TWA. Figure 1.9.(b) Xtk DO
TRERMALUEZDHIATLOAA=VKTH S, BT bk, HLIRERHEIZE
EMMZ5Z e CHRIBRWNBMNPZAT2HKDZ 2SS, 74+ b= 7R ILIRS
D&, BUZL->o TV AV ORFTENZETSH I LIZLoTEI 5 B2, Figure
1.9.(c) BB 7 b DB & > THIRAWBNS 7 8 d5 2 2mLsI7T7T
hd. FEBEDZZ 715, 0.073nm/°C OMEEBRREH B Z L b, 7 b
THWERIED 1.5nm OEEPBIC LS QEOZALITHN 5% T E 570,
TEZEeNHEKSL. EROETHIEIZENT, NAB TRV —OHRERE & W
IIEFITNS I 4 X% H o THMEED 0.02nm &\ S FEFITHE TG 72 43 Y68t % B
FUlz, B 7 M2MALDNHEOHEL U TIE, &iROBEIXHEIE D EREN %
705 ATREMED B 5 728D, HIEDEEIEH 20°C 2R S50, HIbFERES 1.5nm
RSN TLES.

a outputs towards dctectors c

— e
Input spectrum

15302 |- Coupling Efficiency
=+ Resonance Wavelength

== linear fit

Resonance Wavelength (nm)

1
(5]
wn
Coupling Efficiency 1) (a.u.)

:ﬁ 1?
slope = 0.073 nm/°C
1528.6 | |

1 | 1

25 30 35 40 45

Temperature (°C)

Fig.1.9. Operating principle of a PhC cavity spectrometer. (a) Spectrometer using an
array of sequentially tuned cavities. (b) Spectrometer using a single dynamically tunable
cavity. (c) Resonance wavelength, cavity Q, and coupling efficiency p as functions
of temperature for an optimized L3 PhC cavity. (From R.W.Boyd et al., “On-chip
spectroscopy with thermally turned high-Q photonic crystal cavities," Appl. Phys. Lett.
108, 021105 2016)
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RIZHNTHEDRT VXL T4 b=y ZiEFEE WD NHETH DL 2. 7%
b=y ZREED T VA LEIZ KB EELE HITHW D L0 S ERIE, B DI
HLIEWEDNH 5. Figure 1.10.(a) 5B 3 05 L 51T, /&I EHOMEEE L
TWa. HEKEERL 72 AJ0E, EFHORIERS S, EANT VX LITHRE
SNHBIZAD 2 ZCHELT 5. BELIZT Y X LR EONZ 2 E D EL &, 25
ARESI N7 4 b=y JFEEEREZED, TORIIHDIZNHHETRMEIND.
T4 N= v I FEREEROGICZ AR ERET S LIZLD, ZHABROR B EH
WU, HEE2 LG REDITT 5T MRS, Figure 1.10.(b) (& A =1500 nm
DHEASIUZEEDFDFD Y2 ab—Ya ViERTHS. F7z Figure 1.10.(c)
6i¥ﬁﬁ%%'@% D, BELI N XA EH VRO W ZHERDOHEIBIZI - E D ENT

CEREL L, BB THEINZT — XL, BRI MY v 2R UTFHO

nﬂﬁéﬂ% DEDEHET MY Y IR, EOEEDHRPED K S RiFEH
%Tﬁﬁt%mtab%wfwéﬁ,awor—aﬁxofwé._wﬁ%%:
LT, F2FHECZRBOV Iy ML 0MEIXGFAELRY. DED, BE
DEALEETF ¥ ANANDFEPZEDOREFREERT, AT FIVHBEREE (spectral
correlation density: SCD) & T 2 HEXH 5. HEUHBEVR S hel 75,
DF D SCD =0.5 L5 EMD 0.6nm THD7-0, ZOMMBAREEL RS, &
BROHEREIA S, 25nm OWEMIT, 0.75nm O HFREZ LKL TV 5.

b

Rando m

.'.f:'g ‘%f*

Fig.1.10. (a) SEM image of the fabricated spectrometer. The distribution of intensities
over the detectors is used to identify the input spectrum. (b) Numerical simulation and
(c) experimental image of TE polarized light at 1 = 1,500 nm diffusing through the
random structure. (From H.Cao et al., "Compact spectrometer based on a disordered
photonic chip," Nat. Photonics 7, 746-751 2013)
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132 74 bZvIERICBITZRERELFORE

HARM R GHE D O 7 & b= v ZFEEERRTIX, Y Ialb—Ya Vil b 0@
B2 ehHks. U UEBICIZELE EOREA LI o d, ShEHA 8 8RR
BhH 25, BYEMET L ARBIZOWTREL BIIENThNT VWS 2425 7 4 h=wy
IRERIRIIIBWTE, QUEOERREDI AT 1« Tt B% 52 TULE S 129, KL,
FEDFLNIZFFAR DA CIADMBEZE ZTIHELH D, ZOHRILFEAE L FEIZN
TWa., X512 PCW HBEIZELNDH S Z & T, AIPEHEL I B @RI E 25 2 7-
D, NURNFX vy THEOEENEHRT HHR{MVIEZ 5.

TA b= ZREROEREO 7 A NIV T T T 1010E, SATRAX—=2O ELSIEEL,
RAZZEPF LN %E T 2N ETTFHITENTS. 20720, 7+ NI AT Ehro L —
PEEPTEZIETREME ~RICNNZ—= VI TE5:0, EEEICENTVNS. %
7z, VVATENUTENIELHELDH D, TOHEIIEEEOND D IZEWHEE %15
bNB. NE—=V T DREE R Eq. (1.3.4) TRk oh 3.

Y
=k— 1.34
R =k (1.3.4)

ZIZT, kiZVV IS 714D AMEEZRTCHTHS. EEL EIF272DI2IF R
ZRTNIERWEZD, V—YEEZEREMAL, VLV AD NA%Z EFBZ L THEETE
5. 7NV VITTT7 1 DGE, BIEHREIIRIK, 2~5nm TH5. /274 VYT
77 1 DFMRIE % EIF BT T\ws BT,

Laser

Mask

’\9 NA=n-sind
Resist
Silicon

Fig.1.11. Resolution in photolithography.
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HRAEIT DWW TUIBR % R BATHREDIFAE S 5 8IR0) Fig. 1.12. 1%, BHEEEIC L5 7 +
N VKR OBEROLFE R LUK TH S, Fig. 1.12.(a) 1&7 & b= v 7 fEHEE K
@ SEM T, ZZADHFMIBEFSIZ X AHLNDBELTWS., ZRIL > THIFT v
RLBEELEZRZ T, 74+ b= ZFERRE T, BEMAICERREZS 7 NS85 2
tKiaT%ﬁ%ﬁﬁ®%%%Uﬁbfbéﬁ,%ﬁh WL BELNIFNE L, FVR L
BGATIZ KNS, Fig. 1.12.(b) XEMEICIN > THEZFHIL R THSL. Thod
BERIENY RX vy HRIZER2D6T, TJVXLBRGRIIENRLEEEFoT0EZ LN
35, ZDXSRE— 7 IFEEEMEEP AR RS DIGEDIFE/NT K RoT L.
Fig. 1.12.(c) &R ENREAERL TV E 02 Rk4 REETBHIL 77 71t Lz DT, Z
NIZREDMI 2R THEL RS, BRIV A ) =G FIEN, BE LI >TW»
BWGEIZZORRZ T4y T4 V0T 5. ZOZehodh, HEMAEIZK > TREDNED
5ZENbrsd

10

Intensity (arb.units)

y7g 980

976
7 974 "
Wa\,e\eng

Intensity distribution

(nm)

0 5 10 15 20 25 30 35
Normalized intensity I/<I>

Fig.1.12. Anderson localization in disordered photonic crystal waveguides. (a) Pho-
tonic crystal waveguide with 6% engineered disorder. The red circles represent the hole
positions in an ideal structure without disorder. The orange arrows depict the wavevec-
tors of localized modes. (b) High-power photoluminescence spectra collected while the
excitation and collection microscope objective was scanned along the waveguide at 10
K for a 3% disordered sample. (c) Measured probability distribution of the normal-
ized photoluminescence intensity extracted from the data presented in (b). The black
dashed line represents the Rayleigh distribution. (From P.Lodahl et al., "Cavity Quan-
tum Electrodynamics with Anderson-Localized Modes," Science 327(5971), 1352-1355
2010)
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1.3.3 FHEROBE

WUNTA v F v TR edr DEHIL, HEBPBROI 52 RIZHIRTE S K E
WRT VY NEMODTZT—THb. TDOIILNEE, HFIZEAY—F 740D &
SR HEMIZHWO N EFHEISITHAAD Z L BHEE o IX, a7 7V r—r =
VENTELAREMEAMOTWS., KigXDT—<IE, TDIILBoNEE2VWNIZLUTE
HEBENEVIFRIZH L. BIIEE KU TV EHE T2 W20 0881, EVIRERESZ
LH, DOREMMEETHS. LALUNESHIERITNE RS WD, ElRzMT0
N5, ZDD, FEAMREERL D OBEMBEEKROY A X2/NELKTH5Z LIFEHL V.
74 b= rkEEEEE, PV a v HERICEAE RENCEET 272 0RL, 5124/
AT —VRSETH B 728, JEREIE L IEFICHMESRR V. X SICERFHRE T4 IR E
IRV Ry T2ERT S ZeBnHkE 720, WHEICEATEY, 72 )V TS
74 CEBTE LD, B KBEENTES., 20226, EiEy—<Ilid#EY
WTITY N T A =0, 74w IkERTHEERED T, B, 74 b=vw 7kE
i & W72 e DEEIE, AR D & B D BITMHEN L S FEELTVWS. ZTOHTHAR
LTI, VAT LIEMFEEOY 7 vy 2 7 2 HARGH L WFEEZHVT WS,
NY RF¥ vy TEEHRICBEWT, BEEEIILREL R TERNS. ZOREFEE
2 & o TIHBITHRIZZAT 27280, BUNRZALZ B3 00 & 72 £ Ui (Simulated
Annealing: SA) EIEEN S HEHEALT VT X L2 HWTHTT2Z2I12&kD, F¥y—7
T A b=y ZREEEREE WD B AED £ F, MO NREE EIF S Z 2T L
7-. BRI ZIEFR E LT EY, BFEZHVWTHE RO Z2iToTW0W5d. Hu
7R EEEGIE FDTD & 2 2 b —Y a Vil & EREGOW S CTHALZ. T0®’, A
NEEBREIZEZTHRALTWS, 22T, BWMEE TS ITE3MA RE8ER D - -
728, —H SA THMiZiTo7-. TD%, HEBUKE TOMWTEIZ X5l AT
W<,
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52 AR
LR

2.1 AR DE KRR
211 wo2RYzLARER

THx b= 7GR OEMOBHDOENIZ, EARRZEROFEHEIZOWTHHZITS.
T i b= IR ONEKE GO TR TOMBAR B EIE~ 7 A oIV FERICE
flxnTwnwad., v 72 o)V HEAE, &% E, SREE D, &5 H, MEEE B O 4D
DR MVERFD 4 XEFEHRLTWS

V. D(r,t) = p(r, 1) (2.1.1)
V- B(r,t) =0 (2.1.2)

V x E(r,t) = —%B( ) (2.1.3)

V x H(r,t) = j(r,t) + aatD( r,t) (2.1.4)

XA zVAERRITBIT 2R MVE G-I, 2SR & WX ¢ 0T,
p(r,t) [C/m?] & j(r,t) [A/m?] FETNETNEMEE L BREETH L. FER: LBK
FpEHWSD L D(r) =coe(r)E(r), B=poH TH Y, HRIEOEEFIZE M0 &
e L7z6, EMEELEREEIZO 0570, kX

V-E=0 (2.1.5)

V-H=0 (2.1.6)
OH

VxE =y (2.1.7)
OE

V x H =¢epe(r)— 5 (2.1.8)

Y75, Bq. (2.1.7) ¥ Eq (2.1.8) X DB ARANEHLTE 5. Eq. (2.1.8) (26 LTl
IR (curl) 217 5 &z,

0
V x V x H = gge(r)

5 (V< E) (2.1.9)
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N7 M VOARY Eq. (2.1.6) 225,

VxVxH=V-V-H-V?’H
= -V’H (2.1.10)

Eq. (2.1.7) ¥ Eq. (2.1.10) 2T, Eq. (2.1.9) 2 &L,

0’H

V?H = 806(P)M0W (2.1.11)

2185, Eq. (2.1.11) 2 W AER LIES. HH0O~D Hr,t) = H(r)e @ & L%
BRI ATEE, K ce= 1/,/60#0 ZHW\WT,

V2H = —&(r) <5)2 H(r) (2.1.12)

w

WEENG. CORIFER c(r) NG X SNEEE2EEBT 205 H 0OEEHRRT

212 7OvHROERE

71y REH (Bloch’s theorem) &%, 1IRIE7 4 b=y Z#EED & 5 23235 R D& 1]
HIZ AL 2B 2 E MY 2 EHIKDOEAFE— FIZH L TR DB DTH 5.

> 7 HyROER
WiEBR c(z) M e(r + a) = e(x) DERIZH 856, FEAE— NI,

Tep<t (2.1.13)
a a
THIPE L &,
Ugn (T 4+ a) = ugp ()
2729, kAZHAFET 2 AIABIR upy, (2) 2 HINT,
Epn(x) = ey, () (2.1.14)

TERIT I LA RS.

70y ROEMOERAMEE, —RT T 4+ b=y ZEEO & S RFEERP NI 2T 5
HEOBAEE— RE2RTHEICHS. Eq. (2.1.14) £ D, HWZ 2r/a Nz k Tl
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AR B L 25, LikhtsT, MAMEEISET 51012 Bq. (2.1.13) OO
W A EET S A ChD. COLSREEES 1 TUVLT Y — Y LIS,

a

Fig.2.1. A dielectric configuration with discrete translational symmetry. If we imagine
that the system continues forever in the y direction,then shifting the system by an
integral multiple of a in the y direction leaves it unchanged. (From Joannopoulos,
John D., et al., "Photonic Crystals: Molding the Flow of Light," Princeton  university
press, (2008).)

22 TJ7HbMZvoERORIE
221 74 bMZv IRV RFXvy S

T7x b=y 2REIZIE T A b=y 2N FF¥ ¥ v 7 (Photonic Band Gap: PBG) &
XN 5 2 VFAEL TWaS. PBG 0EH 29 % & S BBIZ25RE, EAELEX
Eq. (2.1.12) £ 70y kxOEHOAR Eq. (2.1.14) THB. £TE—UGET7 4 h=v 7§
mafle UTEZS. HIDIZ 1/e(x) & upp(x) D7 —Y TR Z1TS.

1 - .
) m;oo Emexp(iGm) (2.2.15)
Un (T Z ©mexp(iGm ) (2.2.16)

ZIT, Gp=2mm/a THY, K, pm B7 =V THEBTHE. Lo THAE- NI

Hip(z Z omexp{i(k + Gm)x} (2.2.17)

m=—o0
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y#Fbahd, Eq (22.16) & Eq. (2.2.17) 2 EA AR Eq. (2.1.12) KAAT B &,

S Y kmlk+ G + G ) (k + Gy)
Xomexp{i(k + G + G )z} (2.2.18)
2 oo
w ,
=2 Z omexp{i(k + Gn )z}

m=m'+m" EIRET DL, Gy =G + G &0 Eq. (2.2.18) 13,

Y Y Bmeme (bt G (b + G )ppvexp{i(k + Gz}

m=—o0 m’/=—o0

w2

=3 omexp{i(k + Gn)z}  (2.2.19)

INWTRTD z IZDWVWTHKDALDTD, m ODFREVPEATETEL L RITNER S

W, Ko T,

w2

> B (b + G (ke + Gor ) omr = —m (2.2.20)

m’'=

Eq. (2.2.20) 245 0 %3 #idd 572012, UFOES ICEHT 5.

— o0

Jmm = Em—m/ (kK + Gm)(k + Gpr) (2.2.21)

f—l,—l f—l,O f—l,l

M = Ce . fO,—l fo}o f071 e (2222)
fi,—1 fi,0 fia
Y—1
P = ©o (2.2.23)

P1
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IO E Bq. (2.2.20) I,

w2
Myp = =¥ (2.2.24)

Eq. (2.2.24) OFEAEIZ, —DD k1Zx U THIIZFEES 205, EROYIab—va v
TIEHHERMEm 252, BHEMEEEERZ MVEEHT S, BHEXZ ML o Bahrn
X, Eq. (2.2.17) K O35 Hy, (x) BEF 5720, 27 A7 2 )V ARNEHWTEE K
HoND.

TWRIET A b= w 28R OEE, Fig. 22. 128WT TRy SOEHEHA WS &, [EE
- NI FHEAFOWEANRZ MV k| & 2 HRDEHRARZ bV k, ZFHWT,

H, . i, (r) = e™Pe™2u, o (2) (2.2.25)

LRLTED., Z0HA, E—T7INVTVY =ik —n/a<k, <7/a THD. ZIkxT
Tk b=y 2FERICB T2 EHITEET SN, EEORIET A b=y ZFERICBIT2E
HOXDICEEZED D &, B ARBBOBERIE Fig. 23. 0k 5125, 22T, £
JA B BUEAE 7B 0 12 & - TR/ S N2l wa/2rc TH 5. Fig. 2.3.(b) 2BV,
nIFE—RNREERLTHB Y, HOADHEBIZEDE— RS Z & DT ERWVEIR 7
ELTW5.

Fig.2.2. A dielectric configuration with discrete translational symmertry. If we imagine
that the system continues forever in the y direction, then shifting the system be an
integral multiple of a in the y direction leaves it unchanged. (From Joannopoulos,
John D., et al., "Photonic Crystals: Molding the Flow of Light," Princeton university
press, (2008).)
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~

0.30

VAR

0.25
0.20 . Photonic Band Gap __|
0.15

0.10

Frequency wa/2rc

0.05

0.0 l l 0.00 0.00
05 -0.25 0 025 05 05 025 0 025 05 05 025 0 025 05

Wave vector ka/2n Wave vector ka/2n Wave vector ka/2n

Fig.2.3. The photonic band structure for on-axis propagation. Each layer has a width
0.5a. (a) Every layer has same dielectric constant € = 13. (b) Layers alternate between
¢ of 13 and 12. (c) Layers alternate between € of 13 and 1.  (From Joannopoulos, John
D., et al., "Photonic Crystals: Molding the Flow of Light," Princeton university press,
(2008).)

TH RNV INVYRFryy FlEn=1&n=20DF— NIZHINZHEEZL, Z0s5D
E—RNIZBWVWTHBED LS B LR oTwENETWL. k=rm/a, 2%V Fig. 2.3.
ZBIT2E—-TINT vV — Dl DEE, BRIFKTERD 5D 20 L7405, 1@E
AT T EBICET 2 R 75720, Fig. 24. DLH5 @O REZ NS,
Fig. 2.4. 1%, Fig. 2.3.(b) DE—FDOBEDMTH 5. Fig. 2.4.(a) I FDn=1F—FI(Z
WIHLTHED, FERPEVHEIRISHREN > T0d. KX Fig. 2.4.(b) & ED n =2
E—RNIZHIGLTED, FERMEVEHBICHREN RS, ZOHITCIEFEERN13 L 120
LA, BARNL T + b=y ZfEEIEZEA, TRDLLFEBRIMMVEEITE K e =1 D
72, EOE—FIE, BEREHOREHKEEEDORFRERT, w=—Cck/niZHHTE, 74 b
TAVEMENSERE RS, BB 74+ b=y ZfEETIE, TE, TM O # XS
EROTVWAEINHEMEL > TED, MEMEIZEI>TIETM E—FOANNY F¥ vy
TIEELBRWEGEEHD, TOHEH 5.
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Fig.2.4. The modes associated with the lowest band gap of the band structure plotted
in Fig. 2.3.(b), at k = 7/a. (a) Electric-field energy density ¢|E|?/8m of band 1. (b)
Electric-field energy density ¢|E|?/87 of band 2.  (From Joannopoulos, John D., et al.,
"Photonic Crystals: Molding the Flow of Light," Princeton , university press, (2008).)

222 7# bz v UEREKE

74 b=y ZRERERKIE, T4 b=y IR O%EAE —FIED 7, KRR AL
N ThH 5. Fig. 2.5. 1TId FHZR, ot 7 4 b= v 7§55 O KRR R ©
bHb.

1)

negative positive

Fig.2.5. Electric-field E, pattern associated with a linear defect formed by remov-
ing a column of rods from an otherwise-perfect square lattice of rods in air. (From
Joannopoulos, John D., et al., "Photonic Crystals: Molding the Flow of Light," Prince-
ton, university press, (2008).)
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E DR R IERBE IR T y SEIZAD > T, N2 RF vy TSIk S
e BT 5720, BEEE L TO@E2R>TW\Wa. Fig. 2.5. Tk y HRAIOEY
MERER LT X, o HAOMNMEEZEXIICHL TWS. TDR, k, 3ED S 7%
V. Fig. 2.6. 13 k & w OOBBIRT, EEWEROBNY Ry v I THDE. MRMIZ K
D TM BFEDNY RFE ¥y THIZFHREOE— RDBHET WS, FOE—RIFANY KX vy
THIZH B 72 DFERICRNH T Z L IXTET, RFFSICEHALADSND. 8D OJFELRE
BIEFDFFIT, BRKIEEZZEZ DI LICE>TE—ROMELZ EFSEEZ L HAHET
H5. T —HORIETI, Fig. 2.6. DESIZY Y ZIVE—RIZREH, EEIIOLK
faCld~VFE— RERIEE 2 5.

0.5

O 04 linear-defect band

B (guided modes)

g

O

3 03

>

<

q’ 02 oo 0O OO OB

: LB BN N N N N N N ]

g LB BN N N N N N N ]

L 0l R
L N B B O O N
L N BN B IR O N

0 | 1
0 0.1 0.2 0.3 04 0.5

Wave vector ka/2n

Fig.2.6. The projected band structure of the line defect (inset) formed by removing
a row of rods, plotted versus the wave vector component (k) along the defect. The
extended mode in the crystal become continuum regions (blue), whereas inside the
band gap (yellow) and defect band (red) is introduced corresponding to a localized
state. (From Joannopoulos, John D., et al., "Photonic Crystals: Molding the Flow of
Light," Princeton, university press, (2008).)

FT74 b BB TIIOEDOREEE N IEFIEL D Z RIS T W5 1B,
BRI, GRRMOESHEZ SV, BEEITE ng Z0WERD 77 72HOWTTOKX
TERITZ LA RS,
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Fig. 2.7 (38R 7 x b = v 7 #5EEKR O DBBERD 77 7 Th 5. FHOHEIE T 4
=y IRV Xy T2RLUTED, BVWHERITE-FZ2RLTWS, BEHTRIETZ
bbb, FEROMETHL. NPTy VOIFMIMEEH 01250 < 728, BEEITRIZFER
T5. DEDHIZFERTERSRDILEZHEKLTWS.

Guided L

a_‘ --a;_g
g Slow light &
g & ow g Bandedge | =
& § i
UerZone folding
o~ l L L1
0 0.5 1.0 10 30 50
Normalized wavenumber Group index

Fig.2.7. Waveguides, photonic bands and group-index characteristics. schematic band
and group-index spectrum of a silicon PCW with respect to the absolute frequency.
(From T.Baba, et al., "Slow light in photonic crystals," Nature Photon 2, 465-473

(2008))
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223 7 bMZvOoERICBITIZIRE

74 b= ZfEROMEFEIC LSBT L TIRRIE T Mz, ZOBETIEHE S
DAUIRD FIF5. FEICIXBEICIE DDA D= ALIFEL, TNENRER L EHEE
RE%. FTRAEOHTFEY I 2L —Y a v Tilko & Fig. 2.8.(a)(b) TH 5. %
IR E RO R IR IZHREL TE D, BT EMRIE e =260nm THD. HKEEIX1 T
BRI NT WD, FEEBEAIZENTT, o= 0.0da OELEZZADOFNIIIR> TV
%. Fig. 2.8.(a) 1T EIK 2 (RS 2K E, Fig. 2.8.(b) JMEMHTH I L DTERVWAV R
XFyvy7ORRETOYIalb—ya VlifRTh5b. F£7z, Fig. 2.8.(c) DFER» S RIEE
ERERT D, RIER I T EBCHMEAL S N7z JiRE & W BUE B> 72 XIRED 75 7 D
MHEDWHTH 5.

0 1
Normalized intensity

b & L & o

<In(Intensity)>

T T T T
0 20 40 60 80 100
Distance (units of a)

Fig.2.8. (a) Electromagnetic field intensity at propagating wavelength. (b) Steady-
state electromagnetic-field intensity in a disordered PCW perturbed by o = 0.04a cal-
culated near the cutoff frequency. (c) Ensemble-averaged electromagnetic-field intensity
profile along the waveguide direction. The localization length can be extracted from
slope of the exponential decay. (From P.Lodahl, et al., "Two mechanisms of disorder-
induced localization in phtonic crystal waveguide," Phy. Rev. B, 96 (14) 2017)
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[RIERIEZDEE? S, HBENDML TV IIEEEVBIEEZINS. RIZEE L BT
EOMGEER LAY S 74, Fig. 29.(a) TH 5. ThEh, NV ¥y v 7 (K) LEHK
R ERT 288 (F) &, BERELEHRTESR2VER (F) o ohTtnd. £-58HR
FHhy b A TEBEETHY, Toy kBN TH S, Fig 2.9.0b) ZEE L THEE
(DOS: Density of state) D275 7T, 71w bA 7 FEBUIHE TP ERTE RN 720,
HFBEENFEL T WA, Fig. 2.9.(a)(b) 25 BEE ¢ BEMFHTIZ DOS 2 i, =N
F vty MES (%) TR [m (W@ —w?)] P T v v s ENnG, m3aESNTE
BEMEN, m=0%0/0k® TEHIND, NV NHEEICI->THRELEHMTHS. OF
D om IZDHBEROHMEBOHBMTH L. TNEFN wy & w FEERED WG L HDH
GOy NI TEBEETH 5.

Fig. 2.9.(c)(d) X ZNFNEMEL L TRy 2> MNMEBICB I, WEHREDOREX
CIRERDBBRERLZZ T 7 ThHS. Fig. 2.9.(c) TBWVWT, 1/pS 74 v T4 V7 X
NTWS. p & Y BENTNEELEE L HELEEZRX L TED, pld Fig. 2.9.(c) DA
MOBNESROERERT. ZNXEAOHBOME?STN-HBETHS. £z, T iX
LT DHERZRLTE D, RTEENRKRESVIFLHELT 2HRITE 25, BRAI
YxDOS? k5. D0 pt L RELSBHMELICEEL TS, 2D72d, (EHiE
T BT B MERE OB EITHELZ L WS 2D a5, — 4 Fig. 2.9.(d) 254 H
5801, HEFRIZEIS>TREENPREL LD I LEFRV. T, ALKy EY b
PEICIXELER A IZ XD DU R ARIRDBEZ 5 Z L TRIENR I 5728, BEMENKE
{725 Z CRERDVBIMIZZLT 2 Z L3202 TH 5.
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Fig.2.9. Two regimes of disorder-induced localization. (a) Localization length calcu-
lated in a photonic-crystalwaveguide with a lattice constant a = 260nm and a hole
radius 0.29a perturbed by o = 0.01la (black dots). The dashed line pinpoints the cutoff
frequency of the propagating Bloch mode in the ideal structure. Two different scalings
are observed. In the band region of a propagating waveguide mode, the red line shows
¢ o« DOS™2, while the blue line is £ o m — 1/2 in the band gap region. (b) The black
line plots the corresponding density of optical states (DOS) of a perfect photonic-crystal
waveguide. (c) and (d) Plot the localization length vs disorder at w = 0.266a/\ [(c)
inside band] and at w = 0.261a/X [(d) inside band gap], respectively. The red line in (c)
shows the scaling £ o< 1/p. The inset shows the effective scattering (shaded) area when a
hole is displaced from its ideal position. Finally, the inset in (d) shows the electric-field
component perpendicular to the waveguide at w = 0.261a/A and for o = 0.05a.  (From
P.Lodahl, et al., "Two mechanisms of disorder-induced localization in phtonic crystal
waveguide," Phy. Rev. B, 96 (14) 2017)
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23 FDTD &

R SEIR 22 77 % (Finite Different Time Domain method :FDTD %) & i&, #EREH >
Salb—varvE{FI L EICLHVWONIBUEMBHIOT VTV AL TH S, HERDAES
& R REE £ THER U 72 FDTD 1%, 27 A =)V SR %2 I & 2ot e U
TEVGEHRZIT>TWS 2228, BRIKOEROMNTFEZY I ab—Y a3y ETHET
HZENAEETHS. T I Tk FDTD JKOEAMZAE ZHHI L T L.

E X IRGG vy Fl LD TE WEEEE Lz~ AT 2 VA& D, UFo=X%
HEHE5.

0F, OH,

S0 = 9 (2.3.26)
ok, OH.

€0 OH, = OF, O, (2.3.28)

ot Jy ox

TE RiEZREL TWAB 720, At 2 Jﬂ‘z’\, BRIz, y DA THD, 9/02=0
Thd. ZO=RNz2BEMIZEMET B0, REIDVW AzAy DEeIVEEZ, B, %
Fig. 2.10. D XS 1EHT 5. EREY, E, iHZ DHRFENTREN, E, 1¥ H, O
RENTREN, H, 12 E, & B, DhEachasnsg, 55, - (Kv b 2EEHS
80t #FKLTW5. Eq. (2.3.29) ~ Eq. (2.3.31) I Eq. (2.3.26) ~ Eq. (2.3.28) & %4>
fEU7= R TH 5.

: 1 H(i+4j+3-H(Gi+37-13)
E,li+2,5)= 2’2 2 2’ 2 2.3.2
€0 (HQ,J) Ay (2.3.29)

: 1 Ho(i+3,5+3) —H(i—5.5+3)
Eyli,j+5)=— 27 2 27 2 2.3.

€0 y(l,j+2) AL (2.3.30)

: 1 1\  E(i+%j+1) —E.(i+1,))

_HZ . - B - — 29 2

E,i+1,j+%)—E,(i,j+ 3%

_B(itLJ QA) o(6:J + ) (2.3.31)
X
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»(i+1,j+1)

y Ax

9] (,j+1)
X

Fig.2.10. Space relationship between E and H in FDTD method. The coordinate (¢, 7)
corresponds to the place (1Ax, jAy)

DA EAREEIE 2 B R L Wb TH 553, EEED FDTD £ TIER I ME £ CHLaE
Uzt Z 7o CTW5b., 2T, HEEBIZBWTHERBAT Y 7 At 12490, =01k
119,

El = E.(t = tg + nAt) (2.3.32)

x

n RO ELUIEETHS. Lh>T, Eq (2.3.29) 13 Eq. (2.3.33) DL S ICH R 2
ZENHKD.
B2 (i 3.4) ~ B2~ i+ 1.9)
At
n—=% . . n—1% . .
H: 2(i+%,j+35) —H: *(i+35,7—3)

= =~ (2.3.33)

€0

Eq. (2.3.33) &0, #0EUKM n 25328 E" &, H' 2 £ B hosRkdoh
TN B. X502, B (2.3.31) 2RSS TEMELERICE 5T, HVE I,
Hr=3 Y En roRDOND. D512, BEEHBEE2LHIZEXRNTWL 22z &
n, RREBICBVWTHEMEL T W5,
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5 3 8P
FDTDI&EICE S Ial—YaYy

3.1 MEEP D%7E

T A M=y ZEERERKOREDY I 2L —Ya VEGE T 57280, MEEP & W
5 FDTD HBIC KB I ab—va v 75, A—TVvVY—-A7 7TV r—Yavk
AWz, SBIEX, HiEREofHziddL7zay he—L7 71 (.ctl) Z MEEP 123%
5Z81Z2&0 FDTD tBEZZRIT-oT<Nd. I =T 740D 7TaTIIVT
SiElX, C++, python, Scheme 7’1 X —7xt— AL U TEINTESH, AWIETIX
Scheme %\ /2. 728, WEZ2ERT57-DIIFIEFIZZ S DAZHREL R TERS
T, POBALNTIA—REEZTYIalb—ya vz H>8EEH 5720, Scheme %
T B0 C++ ZHVT WS,

72 MEEP LOFHEXKH, RIIFTANTHEEA T, TOEEIXTNTEHAHFIZIEZRS
Na. SEOYIalL—yavilB0ne, BEIE 74 b=y 78RO T EH a = 420nm
% 1"MEEP length"& L TW5. ZHIZ &> TR BB I, BEZEFIZBWTHHE
T 1"MEEP length"$£ & 72 O 2 S22 1 "MEEP time" & E&H I 5. LAFICHE
WEERT 5 ECTEHEEE ROy RERBRLTEL.

> (set-param! resolution number)
RHADODMHEEZREL TWA. SEIOHEHFTTIX 15 IZREL TE D, BAINIZIX
420/15nm T 28nm TH 5.

> (set-param! rl r);sigma = Ar
TH b=y IRERDEADPEREFEL TS, "sigma IFERICT VX LLMEE
MAThh, EBEOEZEFr—Ar<r<r+Arzts.

> (set-geometry (append))
YIalb—var hoOMERZBE, KETS. Wl UZHECREL TH7Zd,
IS EEE A ERT 5. FHEEKROE &I geometry-lattice 7 7 A D (make
lattice ---) ZH\W\ 5.

> (list ---)
append WIZELIR T 5 Z & T, HADHKEE —ZITTD T WK 5.
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> (make cylinder (center x y z)(radious r)(height h)

(material (make dielectric (epsilon ¢€))))

AEE c OMAIZAET 5. MBE, PR, ST 2RET LI LHHKD.

> (set! source (list
(make source (src (make gaussian-src (frequency f)(fwidth df)(cutoff cf)))
(component E)(center x y z)(size X Y 7Z))))
HIRIZBET 2R ETRT 5. AT VOV ADNEE AW SGEE, HLEE
B(EER) PHIEZEDLRBEDNDH L. BEIZI>TRIBERPHY NAT72EDD
ZeHTES., b0 IHEkEH (CW: continuous wave) 2R ET 5 L HTE 5.

> (run source+ time ---)
V3alb—¥a vk % run BETCHRET 5. Eoaxr FOEE, 2T
SR T2 5 "time" MEEP time #6383 % & TRkl 3 5.

Fioax v F2MHAEHLESLZ L TCFDTID A ZITOMEZERT S, —IRITDFESE
R TRER UL, RFEZ2RELUARZ MLEHIELZD, BROGRNERE DA %2
HoU7-.

32 EIRMER
321 FEARTv TS
> (at-beginning output-epsilon)

MEDaxY RRoERUZBERS Y 71E, 7077 LAD0FBIHTHDIZ, h5 77
AL THhEING. FEERYY T, AOVELTSET ) D (BIFE ngiica = 1.44)
2, D ORVHEED YY) 3 (JEHTER neps = 2.81) IZRALTTWS. MEEP LD
TIHFEBLRZHWS 720, BB HFEROBFKE» S, FERIZEZAZEHRIXIINSD
TRERTHD. BATOFIOZEAERY REBEREEAERLTVDE. TORD, BREKIE
DEIEIE 420 x /3 = 727nm & 725, FEEIE 2 HIICHERDLDH Y, YIVIDATT
RSEIZ > TWBD, EREITREZEZEZI DI LIZE>T 2RIGEHETIEALT 5 Z & 3] RE
TH5s P ZhIZXo CEHARRHZ KIFICEHETE 5.
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Fig.3.1. The profile of refractive index of structure. The hole diameter is perturbed by 6,..4-

322 ARZ MNIVAIE

RITERBERHE DN T A = REZBZIED O E R ZFARTz., Z2ILI BT X =&
F=250, AR (period), HikikiE (waveguide width), £ U THED T v X LMK
(randomness) TH 5. AU Y7 U HIFEZERIEO /LU IZHEL, AWiICERBL TE7H
EZHET 5. ROWPEELTD 72D "Hux-region" % &1} 2 B ENH 5.

> (define object-name
(add-flux fcen df nfreq)
(make flux-region (center x y z)(size X Y Z)))

ARV INEA TV V4R GEZONZAREBEEHEL, »EGMEYIal —
YavikT ETITERT BIGEEE, 52 0N RMBEECHIET 5. dub AR A
BRI, BRBEBOMeEED 5 2 L2k, (display-fluxes "object-name") TT 7
VT —REULTHNT DI EDHkS.

Fig. 3.2. IZERKIED A2 LI B GEDEBANRT MVOHER 2 LK L 724551 T
H5. APHEDEI LYRD T VX LEITERE L TH S, EIRIKED 744 nm DEED
Ny Ry IE1593mm A0 THEDIZH L, 764nm OHBED/NNY Ry Vid 1610 nm
WY FTCREEMIZC 7 LTS, ZORRE» S BRKIENLS 25 L, EHE— RO
NY Ry UNEREMIZBHL TV 223005, £72, BRBIENPKELRBIZD
NNV RTy URRPHBIZR > TWARKNE LT, E— NPEFEEMIZHEBLTLES
20, NUREYy IR oTUE D ARBENE L kb0 Bbhs.
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Fig.3.2. Transmittnace spectrum of a PhC waveguide. Waveguide width is changed
from 744 nm to 764 nm by 5nm. The periods of structure is 60 and randomness of hole
diameter is 2 nm.

transmitted power (a

T
1570 1580 1590 1600 1610
Wavelength (nm)

Fig.3.3. Transmittnace spectrum of a PhC waveguide. Randomness is The diamiter of
holes is changed from Onm to 8 nm. The periods of structure is 60 and PCW width is
744 nm.

Fig. 3.3. 1RO T VX L2 ZLIETWS. AEEDRE XX p = 60, EHIKIF

X 744nm CHEEINTWS. IV X LEDRWHREE AN, SUXLEAr 2 k&< T
B2, BEARTZ NVOBFNTWAZ A ah5,. JilE, BEPEKE2EiET 5 EH 00
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EOENIZE > THELENE 2O THS. F/- Ar=8nm IZHWVWT, 1590nm H7- 9 12
BENPRZTWS.

-
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Fig.3.4. Transmittnace spectrum of a PhC waveguide. The period of PCW structure
is changed from 20 to 80 by 20 periods. Randomness of hole diameter is 2nm and PCW
width is 744 nm.

Fig. 3.4. 3IERE X 22/ ¥, BHEARZ PLVEZHE LR TH S, FHROT VX
LR Ar = 2nm, ERFFKIEIL 744nm TEEINTWS. ZOMRE»S, HiEr RS
BIEENYRXF Yy ITDREOBECT 4y T UTRABZ DRSNS,

323 JO774IDOEA

V3ial—Ya vhOEERKOESXHESE O TAEDICE, kROav Y RE
fHFmz 5.

> (output-efield-y)
> (output-hfield-z)

Zoavy RNicky, EMANGET— X% png B LTHITHZ e HKSE. 20
<Y RORETIC at-time X at-every D15 Z LT, HARED XA L ATy TOHEE
T—RERNTHIENTES. FLEET 22 EIT2 L &, HFEEZERKICEZ
T o7z, @ TR ROMIZ, FARERECIRE TR S 2R E T 5 2 &k
%. Fig. 3.5. ZRHAT Yy TDHRLD, B E, LS H, 0707 71V ThHS.
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(a) (c)

(b) (d) .

Fig.3.5. Profiles of waveguide, which has 80 period, 744 nm waveguide width and 4 nm
randomness. Light sources of all profiles are excited at 1590.9nm(a) and (b) are the
y component of field E and each is taken 170, 300 MEEP time after light source is off
respectively. (c) and (d) are the z component of field H and each is taken 170, 300 MEEP
time after light source is off respectively.

DT X LT Ar = 4nm, EREKIEIZ 744nm, BERIIZS0 THL. F/-#E
BEIXETRUHDOEM-oTED, HEES 1590.9nm TH—-LTWVWD. Tk, EEAN
I MV S RENHRTELRETH S, SO NIRIX G IEHE D IR E L TdH
L. MENMIENT =<y TIZHTIROD L E, Kb EOVIRE 2 HEICHKRLT 5720
WD REEZEETO 77V EZR->TLES &, 2EKIZARENRTLES. TD
728, 0 75 20000 MEEP time £ CHiflk Uiy, LD X570 7 74 V2GS 2
(iR E Y > T\WA. Fig. 3.5.(a)(b) & Ey, Fig. 3.5.(c)(d) 13 H, DRENHFTHS. %
7z, Fig. 3.5.(a)(c) &M% Y > T S 170 MEEP time, Fig. 3.5.(b)(d) % 300 MEEP
time 2 IZHF L T\ 5.

Wiz iR 5 L, RRLNEOYG, B LS TIALVT =2 E-> TW BT
DELSTWBZ DD o7, I, BHEFEZIIVF—2BL WG THTE-TH
D, BIZE > TZRVF—DIKD HHR RS> TVWEDRSEEER L. TDH, RIC
BN T ANV X —OBENHE I LT,

> (output-tot-pwr)

> (synchronized-magnetic output-tot-pwr)
FEoaxy RiE, SRR AW CTERRBRED A E LT 5.
1 1
Protar(t) = SellE@)|* + SulH(t — At/2)|*

B IR LS OAEIZ R, ERIEA T Y T OT T VWS 20, R VT«
VIRY MV BREGRE 2 FILT 2 541%, ERCERBETIEARV. 20O OO
<Y RD & S51Z, "synchronized-magntic" ZFiZMA B Z &Ik >T, TDEEZ/NILT
5 Z MRS, BERERIZIX H(t) 2B BIIZ ke 5720102, H(t— At/2) & H(t+ At/2)
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Fig.3.6. Profiles of the total electric and magnetic energy density in waveguide.

and (b) are taken 170 and 300 MEEP time after light source is off respectively.
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F v —TEREEE L, AT S ICEREIEEZ RO T W AREEE LTS, EEEEA
W RBIZONTAY RE¥ vy THREREMZY 7 v T5Z 8 2FHL, ThThots
Y av TCREDBIDZWENRLL., TORDEANEMAZF ¥ — TEFKIZTEZ LI
FoTE VKW EMSCREZBNT 2 Z KRS, Fig. 3.7. 1%, —WRFv—7
T A b ZREREREOA A -V THL. Fr—T 74 b=y ZEEERKIX, &t
7Y aVIZBVWTHELT 2IRENR L5720, IHEIC X 0 EERE 2% % Demux? %
POVADREREMZ 727 74N B 2 LI T WA,

1st section Nth section

0 5000000000 Bee e CSUNCRC RGN
e 8 e 0 0 00

® & F 8 0 5 0N 8 0 8O 80 0 B OT R
L AR T I B N IR S I
T8 e 888 88 ST e e s

RO N R ORI N )
LR ORISR

1764nm
e 00

Fig. 3.7. Image of chirp structure. The WG width decreases from left to right. Light is
input from the left. As a result, the mode-gap frequency shifts toward a lower frequency
as light propagates along the WG, which allows lights with different wavelengths to
scatter at different positions. Also, randomness is inherent in this system.

SEDYIal—yailBVWT3kr2varDF vy — TEEKEFERLTYI 2l —
vavEiToTED, HARIBEATARS MLVEHIE LR, I8 W = 764, 759,
752nm E 2T EGENRBELTWSH EFEZX, TOMEEZHRMAL 7. Fig. 3.8. IFAX
I NVOREMRTH D, F 7 a 40 AHTHKREINTE D, EEOT VXL
X Ar =2nm TH5. FLARZ MVIX, &7 a v OLERIIAFEZHEL, AinE
TEBLUTE2MELUERTH S, Fig. 3.8. £ 0, BEKENEATEZ2TA
YRF Yy TPEELTWAB I DRSNS, BHRZENZEN 764, 759, 752nm D7 > =
VTNV R¥ vy v 7121610, 1605, 1600nm 4D TRONSG. FEE2REI Y ary T eI
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5nm 3§ OMETND LD

WAL TWA. /- Fig. 3.8. D777

%ﬁ§®%ﬁ@?%é.:@:t#%%%ﬁmicf%@%Uﬁb
RTE, TNILL > TERMEEEORKEVNES WVMEZI > T\W5. £7z Fig. 3.9. I$HETE
DERIZEI7VarvDRLS, FROWEKTHS.
INTWB D, BREHREOHERIIELDNTNDS

10°

10—1 -

10*2 -

10*3 -

104_

transmitted power (a.u.)

105_

106_

1600
Wavelength (nm)

Fig.3.8. Transmittnace spectrum of a PhC waveguide. The width of PCW structure of
each section is 764, 759, 752 nm. Randomness of hole diameter is 2 nm. The light source
is located at the left end of each section and measure at the right end of each section.

The bar graph represents the maximum of energy density in PCW. The wavelengths

in Fig. 3.9. are highlighted.
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Fig.3.9. Profiles of chirp PCW. Each wavelength is (a) 1598.8 (b) 1604.4 (c¢) 1608.2 nm.

These intensity are normalized.
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Fig.3.10. Profiles of multiple wavelengths while propagating in chirp PCW. (a) is
1604.4 and 1608.2nm, (b) is 1598.8 and 1608.2nm, (c) is 1598.8 and 1604.4nm, (d) is
1598.8, 1604.4 and 1608.2 nm. These intensity are normalized.
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Fig.3.11. A comparison between target data of two wavelengths input, 1604.4 and
1608.2 nm, versus theoritical result that means supeposition of single wavelength datas.

WIZFAIUE 2 Y a Y TCRENRI S, ThObLERALED VN TVWIRWEGEEEE
Z5. HHTHRALX T T80, BEHMREREKEZHCTHRIEZ{To72. Fig. 3.12.
ETRERZ AN UEGEOREBKERTH L. HWH#EEIL, 1§ W =764, 759, 752nm
T T2F vy —7PCW T, 120 DAIEEZE S, EADERIZ 2nm D J VX LM
RRi-ETW5.

TRZELIRTOY I ab—Y 3 VEGIZRKEEARE Z2 HE TR LI TS
728, ML EGEDOR L EDE L IXE L SED, Fig. 3.12. #2156 L, WHONIZHEEN
ZALLTWB Z b, 58 Fig. 3.12.(a) DR KEMARE X 6.69 T, (b) DK
BREFREEIL 6.79 TH D720, HEFFLA YR U THS. Fig 3.12.(c) DEAEBA
TR 1551 THD. I HITHEIZELRTH720I12, LBIFEELFEUL &S5 AET, HE
T AHD—HEOBBIKBENHDOT -2 2R LEDLEHEOREEL, ZIREAN
Fig. 3.12.(c) Z L L 7245 R % Fig. 3.13. IR 7.
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ZORKNELTEZONDDI, MHIZLZHETHD. Hinhe RO BRI
ERADRELAEDLER, H2_D2DKEDEY By = Ajexp(jd1) & Ey = Asexp(jga)
EHWT, g (A3 +43) /2 TREIND. UL UEROBEZMHOERPA>TED,
c0{A2 + A2+ 2(A1Ascosd)} TRIND. BB, ¢ LS ¢y — ¢y THB. ZDZ L
o, HiiLE—-FEORLUADLETIIIMHOKRE, THE2EELTHRY. —H, FE
DGR TIIMAZE ¢ HPREHFICHARENT WS 20, TNBHELTWEEDELE
ZoNb. KBEOERNSE, REDR I Y a v B> TWBIGEEIL, HOTFHIZLS
WEERDEOZIIIRNZD, Bl EEOBERNPZNIZERMEL T oz, —H, B
HEDXY 7Y arEUPER > TWEEAIE, ROTFHIZX2ENM b0, Hin
CEBORENPAEILSTNTLUE > TV, TOIZ D SAMHIZ X BHEIX, FEEED
SA THEBIEETOON 217> L TRELRPEEL 2D 5 5,
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41 2E7)JY) XA

9 3ETHI U B OME S AEGRIE, WEANMOZOIMHAING. 532 5K
IZBWT, BAREREDOY I ab—Ya VE{EL TS, SEOEET VT XLDE
751X python 2 L CTH Y, Anaconda @ Spider £ \V5 T 5 1 X % H\\/z. python D
TensorFlow (27« — 75 ==V 7 Db DFEMZ T4 77 VNRLEMORKATHD, £
DD Keras ZFHWT Ay MU — 7 EZIToTW5. HESHTIZHW S HEGT — X1,
B3I E N T E BN DIGRENHT — X ThHh D, TNTNOEKIE, HEOT—X
IRV ZEIN, AVDEZRTEGET —RIET VXL 73126 nsd. Hushn
BF—RIEZNTN, WHNEBEPRENRL > T\ 570, ZNENOM&HD LT
DR STWE, TENF ML -V T —XTHEY 3ENEITANT—RER5. —IRT
T—REIZOWPEDFHEHR L L EHIZFALY AMIASTWS.

Vertical edge detection filter
-1
-1 .

=}

-1
-1

=
coo

Fig.4.1. Data processing before deep learning.

Fig. 4.1. [3EEFEHOHMEMD —EDRNEZRU7zA A—YKTHD. TILVITY XL
2L LALRTNIZ, OoTtHEiGZ €/ 20 L CTHRES 28 0 kb g, BRI &
Y10 B 72 A BEGIE, 1pixel 22120 (B) 25 1 (A) £ TOELH D, TH5HY A
MZIENTWS., FOV A MIT Y VERHT {5 Fonsd. Ty VBT«
VR LK, AKEHAOBED AL %M 2HEGMUEZT5EDTH L. TDHE, M
D7 2ILVDEDFEEEEY, —RTD) AMIEZINS. THUIL>TTar 7 L0
B %2 REEAICHIR T 2 Z e ks, Zhon a2z > T—kmibanizs—
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Rk, BEFEOTILVI) ALZEAINS. Fig. 4.2. 3FEEFHOT VI XLDA
A=V THS.

Convolution neural network (CNN)

pixel

Y
Spectra data

e
./

softmax function

Convolution layer Fully connected layer

Fig.4.2. Deep learning algorithm we use for data processing.

FHOHBRE & UTHifE—Rots 7 7ITELR, TOT—XIZFEET VI Y XA
Awohsd, FET7LIT)XLE UTEEAAA=Z2—TF 2y b7 —2 (Convolutional
Neural Network: CNN) ZfHL T\W5. CNN ZAEL< AT TZ2o0EMH D, —DH
MNTF— X DFEAAA%LTS Convolutional layer TH 5. —IRILT — X ILEKD L T )L
OCOFTONEUEL 7D ) A MZA>TW3. Convolutional layer (Z#EBMDL 1 ¥ —
MWELEDESTE D, HHLEIE (Relu) IZX > TER>TWVWE. L1 Y —TI, Biv&-
723207V —D0REEL U THIETS., ThaifiR LU TREE DA 16 12
RBETHEMTS. ZOXICERAADRHRE LTI, 7—X%ATIER<HEETREE
DN IR L 720, BROBECLL L EITBEIZRS. £2FE XN ZHIET
5 kS,

Fully connected layer 3% & 217\, FHEMER2 LN TIETHS. TN TORBEUL
ETURNTY b (EE) ZBEFoTEY, EAPDITOSNTWS. HAFRVPIEMRD T —
ZIEL 7B LS ICHEAZZ LT ET WL, HMLBEIEIZ Softmax 2 HWT W5,
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AR L72FE 7NV T XL 2FHAOCTANDPR—FEEDOBED I 21T o7z, HEDIL
%i FIFEOF ¥ —TEBEEIZBE TSI ab—ya VEGREH W, EESRE
1597.8 ~ 1599.6 nm, 1603.2 ~ 1605.0nm, 1607.8 ~ 1609.6 nm TIKE D f#EEIL 0.2 nm
ThH57-0, WEDIITAFZI0THS. 1 77 AIDZ0MDT—XZ2HH L2720
G600 DY I alb—Ya vEifEHAELZ. BEGIXESET K% 10 MEEP time 3
DFHTILILLoT, BENMMILMERLETWS. 5600 MOE KT — & 13 480
WMON—=vTTF—=2%, 120 DT AT —=RIZ3ToNTEEITLONS. FRED
T VR LMD 2nm OHBE L 4nm DA THEZITV, TOME%E Fig. 4.3. IZR7.

Accuracy
Loss (a.u.)

0.0 M . 1 . L10.0
0 1000 2000

Iteration number

Fig.4.3. The results of Accuracy and loss function. Solid line represents "Accuracy"
and Dashed line represents "Loss" function. The holes diameter are perturbed by 2 nm
and 4nm.

Fig. 4.3. OREEHZZEH ORITRIETH 5. HIEDZ T 71d"Accuracy" 2 KL TH D
ZNIFFEFEROIEE %%%bfbé.itﬁﬁ@777 @%%ﬁmwywﬁ%%%
LTEY, EEBEBITZBRINOEE —REATRO NS, Thbb, ANz, THEOLN
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=y, &, EBROEZZ t, EHWTRRTEZ 515,

1 N
E=3 3 ltn = unl?
n=1

FEROEBELEEBDOEED? SIRENLWIFZY, FHEFEMREIIRE ANEEHILTL
FoBGEIIREL BB NSNS, Fig. 4.3. L0, FHEEEAD 2000 1I2BWVWTT VK
LVED 2nm DEEIZ 3% BOIEERZELHRKLZZ 2L, 7YX LED 4nm DEE
X 80% iz E¥E T LES7Z., ZDIZehs, HEEENPRKEWIZEESRN LM
LTI NZ &R oz,

WIZEBEDERT — X TO¥E2RA. Fig. 4.4. 1ZFERT—XOESETH 5.

Fig.4.4. Experimental data of PCW.

W7z Eaigix 1561.5 ~ 1564.5nm TH 0, HESMEEIX0.1nm THD. ZDH
BRI IAE31LHD, 1 7F7A8KTODHBELTED, TNETNAGNOBENER 5T
W5, SEOBGEIX N ==V TF =R ETF AT — X &R0 TiT-> 72, Fig. 4.5.
FEEERTHS. 202 s, ERERIZBEVWT9%im &S EEfERE —HED
SIS Z e k.
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Loss (a.u.)

[+
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0 2000 4000 6000

[teration number

Fig.4.5. The result of Deep learning algorithm using experimental profiles.

43 RBZFEBICLZRRASNICEAT Z2ZEER

PEDFERDM S, Y Ialb—Ya VEBREZIZEREBRIZS VT, B—-EETOSI
ARETH D, BREPODEVWEERZLEKL DB 0ho7-. UL UMERWLUZEAD
HLAVZE o TIEEWVWIEBRL RSN WZ e EHo7-. I SIZHEUMEEIZEWTH &R
WMELEZ2 1T - 72356, EEEVRENR>TIZhnWZ e LIXLVIERsN, Kz, VX2 L%
PREVES (0 = 8nm) RIEARM EASBVI L RS BTN, ZOREKFYE LT
ZEZoNdDlk, BHERGEIZ XD RENBIICRDTEE720, KD ELBEBTE 4L
BREPOIEEEZOND. Fig. 4.6. 1RO T VX LMD 0 = 8nm © PCW DEMH
BEDO T 7 7 AV THB. Fig. 4.6. D (a) & (b) &, ZTNE G EIRO IR % 10
T 200 Meep time & 300 Meep time #DOEHETH 2. TNzl d b L, HTHATE
LIEEDENRRETCVWEZ eSS, ZHIFENBETAIORENRT E 572012, i
RE>7-8BEDE VG, Kol BN CEIREHEEDBMANIE#L T\ 28, %
DEMABRTHENE RS eEZ 6N, £ ZOMETOFEIER%Z Fig. 4.7. 2R U
TH L. FEEAHIE 1588.6 ~ 1591.0nm THEDEGEIX 0.1nm THD. TD7=HHEE
JIAE2 THAH. THhOH Fig. 4.7 IZBITBIEERIIA%N TH LD, FVXLkE
ETCHEEBHRT VRN D015,
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55 AR
BEET7ILTY) X LxBWRRON

5.1 BEEARFLFEOT7ILTY X A

B & 81 L 3% (Simulated Annealing: SA) & IH/AITOmEMEZ R DT 272012 K < H
WONBZTIVIVALTHD. REDO LS CYEZRAEST 2 £ TEEMNZ, R2ITWET
52TV 70N, SAIXZD LD RYHBES,SERERTWS. —RH
WHRGEAL TV T ALK, Z—7y MIREIEL 25 508fE, BHaX MEEAVNE <72
LZHENZEITT, NTA =R E2E-BAIHTWL., —HSATRYATLAREL VWS B
DREHEINTED, BEVPEHVE EZXIANPETIETEZIIANS Z & TL
TOBEZITS. VATLREIZD DB EINTVL 72D, T X MBEIAT 2£4L
BRFEIZZTANGL D, ThbbREFTOHEREITI I &I12m5. ZORMN S SA
&, MOFEET VT XL THEFfRICHERE S WA EIEZ 012 <, JRET
DEEfREERD D Z L2V T WS, UL SAIC X AFERIFEEICETE AT A—X
WHBEIBETHE7-0, Fa—=VINHLL, EEE2E2DICEHAEELE R 5.
Fig. 5.1. 13 SA 7L T XL DHEAMTH 5.

Cost
Cost
Cost

A \ /

a . o

Iteration number Iteration number Iteration number

N »

Fig.5.1. Schematic image of simulated annealing algorithm.

SAD70u—F ¥ —h%& Fig. 5.2. \ZR7. FTHDITIEEEDZ/NT A — X O
Ex2ITD. SA DERMBEMEIEIIA NDPRE/NILKRIREMERDITEILTHL-D,
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INS6DNTA—=RIESA 7NLIT) ZLZHI D 2L TWL.
( Start )

Set initial temperature : Tjp;
Setdecay: 7 (n < 1) Set target G

Set modulation parameters

Change the

contr olle r

Measure the
output signal §

Decrease system temperature Calculate the cost function €

T=Txn G=G-5;C=C_1—CG

itC=20

itC <0

Accept the change True
if rand[0:1]<exp(—C/T)

False

Reject the change Accept the change

C; is small

True

( End )

Fig.5.2. Flowchart of a simulated annealing algorithm.

False

Fig. 5.2. IZBWVWT A MHBIX G LEHEINTED, X—T v heDEG-S %2R
LTV, i34 7L —YaryOiiThsd. TD®R, NITRA—REEZEADHI Ci_y &1
Cioy DECZRETS. D2F0 CHW0E2TEDE, XIRXA—ADPBEI NI LITR
5. C>0DHEEFNRNTA—ZBPHBEINT VSO, TD LD BELIFLTEZITFANS
N5, —HC<0DGEHERFETHI V7 FINdDIFTIERS, —EDOMRTEZITA
NONNTA=ZDPBEI NG, TNDPFRESLFE UVIEORETEH S, NI XA —X2DOUCHE
WO ZATLRE T HEWEERI DRI, ZOREME,

A =exp (—g)

THEZOND., 005 1 ETOHPFHNS T VX LGEINEEREHEL LD A ZHKL,
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FOMlEDE ADERS>TWEE , WETLIEBBHRT D, VAT LEEDN
EBWEIT TR L, E&/u@fgé\b\ﬁ’d\éb‘ic‘i;tl@’@'é’<@?51&%, XSV z B,
VAT LAREBIEZTNLNI) AL RO IRT-OCICEEIZELS 25720, EL 228/
Z Iz K5,

52 SAICEL BRRDDITHER

FRHOTNVIT) XL EZHNT, ETER-FEETOSNEZITo72. HOWHEITHEEY
BTEHWEF v —THET, E2 764nm, 759nm, 752nm TZ L TW5A. 7%
LORZEIZ o =2nm DT VX LMZHELTWA. Fig. 5.3. ik~ 28— EANIZ

BITESATNIT) XLIIZEBERTHSE. VATLDNRITA=RIFIH—LTHD,
AIHATEEEIX 5 x 10° TH b WEFREUL 0.9995 TH 5. WEHEIL 1597.8 ~ 1599.6 nm,
1602.4 ~ 1605.0nm, 1607.2 ~ 1609.6 nm T E D f#HEX 0.2nm TH 5.

[ 1598.4nm
_ 1599.6nm

1603.2nm
1604.2nm
1607.6nm

|- 1609.0nm

[y
o
1
1
]

Amplitude (a.u.)
1)
o

0.0 = T l’?
1600 1603 1605 1608
Wavelength (nm)

Fig.5.3. Spectrum coefficients obtained with SA. The light input is sinple wavelength.

Fig. 5.3. &0, B—HEDARY MVEEEIIHER CE . F-REEMOSHIEL
HREMO AL D BENEL RAEARD 72, ZOERELTEZSNEDIX, KE
PEWEE X OEEORE TERT 5720, HMENMMMOEREZ LD Z ARFLTVWSEH
LEeEZND. REEDGEIIMEDFHIHICHELT 5720, £ X TOMRESMHEL D
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WEHTZ ek,
WRIZE 227 a VTCRIEORZ S ZHEZ ANE U THWEGEED AR VR
Fx1io7-. Fig. 5.4. ZZDERZRT. RBERFEOHRIIILT—ETH 5.

(a) (b)

15 08
? ’; 0.6
5191 &
3 3
3 S 0.4+
2 2
Q Q
£05 £
< <02
00 . . 00 1= N il I .
1600 1603 1605 1608 1600 1603 1605 1608
() Wavelength (nm) (d) Wavelength (nm)
1.0 1.0
08 08
3 3
@© ©
~ 06 ~0.6
[ [}
nel nel
2 04 2 04
B ]
£ £
0.2 0.2
. T

=4
=}

=3
=}

1600 1603 1605 1608 1600 1603 1605 1608
Wavelength (nm) Wavelength (nm)

Fig.5.4. Spectrum coefficients obtained with SA. The inputs are two wavelengths. (a)
Inputs are 1603.2 nm and 1608.8 nm. (b) are 1599.6 nm and 1603.0 nm. (c) are 1598.6 nm
and 1607.8nm. (d) are 1603.6 nm and 1607.4 nm

Fig. 5.4. K0 ZIEATTOLAETE, RET2XL 7Y a VAR LGEITART MV
BRENTRETH o7z, TNEEZHTHERBRRZIED, BEVPHENTIEGEILWME DA
NEMLELEbEEART KL, HEl7 VT XL CHBELRET
Holz. WIZBIENEILETZ Y 2 v TRETWVWBRGEICHEIWHETDH 5 D MEE L 7-.
Fig. 5.5. IZZ DFR%E £ L 7=
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5 5

g g05-
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Fig.5.5. Spectrum coefficients obtained with SA. The inputs are two wavelengths and
localization occurs in same section. (a) Inputs are 1603.0nm and 1603.6 nm. (b) are
1597.8 nm and 1599.4 nm.

UEDOHRIFRELUE 7Y a v TARZ MIVHEERRII U TH L. ULErLEILEZ
VaVTRENRIZ ZHEEATIDARY MVEAEEIZS T nrhnZ 4L, N7
A—REBEZTIT>TEIFELLEMETH LD RbZeEbIEORONEIL -7, ZTDJR
KeULTHEZONSERNE LTIE, HEEORBPIZLE2EDE, FENNPISE I LITL
LHREBENEZING D, FITRBEHAEDEIGC X DHEEERT B7-DIZ, BOREEILZ
HHELHIOBRVEEZFAKICANT 256%% 2 5. Fig. 5.6. IZRVWEEDOR I 5
1607.6 nm & Z 5> TWARW 1608.0nm % AJ1EE U TAN, ART MUVEHEEZ{T- 72
MRTHD.

—~
O
~

(b)

1607.6 nm Intensity : 10.2192

N

1608.0 nm Intensity : 0.71878

Amplitude (a.u.)

1600 1603 1605 1608
Wavelength (nm)

Fig.5.6. (a) Spectrum coefficients obtained with SA. The inputs are two wavelengths
and localization occurs in same section. Inputs are 1607.6nm and 1603.6nm. (b)
Comparison of the profile of these two wavelengths.

Fig. 5.6.(a) 7*5, 1608.0nm DEELPHHEETE TWRWI LRn0 5. £z, Ik
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Fig.5.7. Spectrum coefficients obtained with SA and profiles. (a)(b) Inputs are
1599.4nm and 1599.6 nm. (c)(d) Inputs are 1599.4 nm and 1598.2nm.
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