|

) <

The University of Osaka
Institutional Knowledge Archive

Title BRI E2EFAREENT /N RICEAT B3

Author(s) |EEtt, B%F

Citation |KFRKZ, 1993, EHIHwX

Version Type|VoR

URL https://doi.org/10.11501/3065925

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



BRI FE2ES R BEAEEINLT /N X

e S R Y

-

1993%F 18

BN B F



BRI ESRBREEIET /INT X
BT %R

L=

1993%F 1R

BN A& &



N A & B

A, FFEDVREKFRERE TERERNEF T2 EydsH R o %,
KRB FILFEE (FAFRFRE) 2BV TITo 7" BB S5 T e
TONA AT B 2 F L0220 T, SEPLBERIATVS, UTF,
ZFDEBEIZDOVT, ABEDOERE RS,

EIE FEw

BEENILE, NI LY FRBEOTIND G (bR EDDIZRDLN
TWANIFRERETIE — L Y MBBEOERICH LT, M B S BT mR A
SHO T /N4 AN ZDHERBRHTH 5L 2T 2D FNA REHOH
SEOBREZBEIL, ZOWRICBT 2 BFEESE K SEROEEN 418
L2 BT, AFEDOBENERBL S PICT 5, |

HE2E SiO2 T AR LINDOs 08 I B

RETE, AMRICBVTRVEENT, Si0er Ty FBER L SLHEIC &
HLINDO3 DB FBM BT EREL, ZOFEICLVBOLNITBKES L —
TAYTIEDOVWTHERL, 7, FBRREDHELE FORESE, BLY, &
SN BIEHEEDFREHALPICT 5, 512, PBRREDA D =X A2
DVTHREZIT) o T, BFRICBVWTRVHEINT, b o B R
BEEIZOWTH B2,

HIE BT Y — AEELINbOME RS

ARETIE, EFY - L0EEIC L HLINDVOGEKEES L —F 4 v 78K
REBN, BONLGBTEEED LR L AL, T2, TL—F4 >
TRHEZDTV—F 4 Y T BD 0D BFE - 2EELBOBBELHSL H
KF %, BFOEEROZEICLY, FV—F 4 V7 OERERESFHRINLS

(1)



CLEEBHLPICL, TREBITCEVWERAERBLOOT LT 1 Y ITER
HEIZOWTRERD, X512, PBRED AN = XLALRTT 5,

HATE  FINA AR OBERRENT & TN A ARG

M BRI AT A S 2B AR RET N AOER)FEL 525 —KKI,
EREBE— F 707 7 4 VETEOE R Lo RS B LR EH
L, LiNbO3ZAR EICfERL L7-SHGT /N A AVEEE % Bam 1T 3 50 T 7,
VEREE L YO OIRE T ANAEABRELWHET 5711 AOBRERL,
FORETFMEELHELT 5,

#58E  GEERERTNA ZAOVER L FHE

AE T, #2, 3ETRRI2OOGBIEE TEH L, BAfifeumds
BRESL —F 4 v 7 % bOREERERERKFSHGT N ADRIEL FF
2D VWTRRD, 20D BERES B W TR L 72 R EESHG 7/5 1 A
TD, NEYAGL —¥k % HW/SHGEROHE RLRT L & BT, ZOHR
CHEREE OWBBREEIT) .

et HEIEREMR TN AOVER & FHE

B 3umOSBREE SV — T4 Y IR LE LT HFERREMSHGT Y
A A ESIOEMFESBNEEOBANE LW &, $-, BFE-2EE
SAEREEE R BT A CROBRERCEREREBORESLETHHILE
ST 2, BFY —AEESBRELBARABORELTo TRAIELL
FNA T K ATiAROs L —FHOSHGEROFMERERL, ZOFMEET) o

#78E kL — RO BPRMEREM T/ A OVER L EHE

AETIE, FEAKL —FRBEEAS L EEBESHGT N A X2V TR
R, BF - A EESBREEY BV TER LT NN, AT, FEAL—F

(2)



KO SHGEBRE 17 0 185 R &, FBARL —F & BB MBI R 7/
AXATHBEL T2, MREERT - LY MEROERTRME BT 5,

E8E M
AFFETHEONLEREZBEL, SBROBELHELPICT 5,

(3)



BB E 2B R RENT N AT A%

B X
%IE T%E?n% R ARt L L LI R T R LS S R SR LI E LD ,
B TR T -1 % — O U
1.2 SHG?‘:-*}Q‘,{ Xﬁﬁ%@}ﬁﬂkkﬁnﬁ%,ﬁl ..............................
1.3 ABFEOHREZRE  ceecerrrrertnettiiiiii s
1.4 AERTSUDREBL  w-veeerrerermrsresiensnssne |
%2% Si@%ﬁ%ﬁLiNbOS%ﬁ@}i@i ....................................
2.1 %%% .....................................................................
2.2 ﬁ\;@}i@iy‘p_:f- 4 yﬁ‘gyﬁ;@ .................................
221 SHRBIREED I coereereerremserennns e
2.2.2 SRBETEREE DB ceeeererererremreneininirianeniiannns
2.3 %&ﬂ@%{t‘:@ﬁ%ﬂ- eesreiseicisaciiitaeiiitesististaniistrassterases
2.4 1&%&1%}/@57‘]/_7- A yﬁ*ﬁ;%}éo)ﬁ]} ...........................
2.5 HEEANY FICE BOREHEEDORERE  ooeeeeeeeene
2.6 DRREE A B = X A DFEET  cevererrerreriiiciiiiii,
2.7 ﬁ%‘ LT T R T T R TP PP R TP TS T PP PTP PP TR
%3% %%@_A/‘:E‘_ELiNbOBﬁ*ﬂz}iﬁ .................................
3.1 %% U
3.2 SBEE TV —T 4 VT OFERL e
3.2.1 SHBIKEED JTHE  weveerersrerrommrmnserrerruianneanneenennes
3.2.2 SRRIREREE DL cooeeerrerrrernrrninieiniiniraeenns
33 BT U AEBEMRIFH e
3.4 E;‘:Hﬁ,ﬁg}iﬁ E@%ﬁ ................................................
3.5  BEEFERFERER TOMMREE -oooveereressmsssssisinnens

(4)

00 =1 DN e e



AR

%S

3.6
3.7

4.1
4.2
4.3
4.4

4.5

4.6
4.7

4.8

5.1
5.2
5.3

5.4

5.5

%ﬁ%ﬁ“ .....................................................................
SHGZEHANEDFGRTY  -ooreveeerererrsmsmmrmssnies -
SRR A KARTENME  wovevereerersemieni e,
SRR R RTE YL cevrrereerememrerersnnii
4.4.1 SIOEMHFESNMETEAEE TOMREH ooeeeeeeeeees
442 BFE— LEEGBEHETOBRELE oo
75y FRBERODBIEE e
FHEVEEHBARTEE  coereerrerermrrereciniiiiiiniien

FINA X%{I‘,g .........................................................

B I T INA ADOVEBLE SRfH]  --evevereeeees rerenneranans
%ﬁ%— .....................................................................
L P
7O b URBRC L ISBRES L —F 4 ¥ TR
(ﬁ{& .....................................................................
SIER FRSBIERE W2 T /N4 A TO

%2%%&%&%%& ...................................................
5.4.1 %Eﬁ%% ......................................................
5.4.2 BHEE QKBRS .- seereeseensnesaeaesesss veseeeenns
BT ¢ — A RESBREL 7754 2 TO
%2%%2&%&%% ..................................................
5.5 1 %2%%2&%&%& .........................................
5.5.2 ﬂgﬁ@ L @m&ﬁ‘é\j .......................................

(5)

29
31

33
33
33
41
41
42
46
50
51
53
57

59
59
59

61

62
62

66
66
68



E

FIE

5.6 - ST T P TP U LR LT P EE LRI RRRLTRLCLARED
%@%)‘%ﬁiﬁgj FINA A o),ﬁ;%}é E g‘T"fﬂﬁ ...........................
6.1 fﬁ%%‘ .....................................................................
6.2 Z;j(%ﬂydiﬁ %/—3%2%‘@%}{&%/__@. .................................
6.3 13(?3%1&&*5%%%2%%&](&%& .................................
6.3.1 TINA AVERL  ceereeeresniniiiiiiiiniiiiiiiiiiiiiiiiiea,
6.3.2 %2%%(&’%&%% .........................................
6.3.3 ﬂ?ﬁ{[ﬁ_ ) @Kﬁiﬁ%ﬂ‘ .......................................
6.3.4 %?ﬁ{%o)%ﬁ@ ................................................
6.4 %—%—“ .....................................................................
LR L —FHROE2ERBERERTNAAD
,ﬁgﬁ ) ngmﬁ ............................................................
7.1 ‘#g-%—“ .....................................................................
7.2 Ti:ALOs V—%&:l%?{iﬁ%ﬁfﬁ ...................................
7.3 ﬂﬁgﬁ; 1/._-\72‘%0) %Z%%ﬁ](&%ﬁiisﬁ ..........................
7.4 ,!ﬁ;h,_%‘ .....................................................................
%gﬁ .....................................................................
%ﬂ ..............................................................................
Z{%j{ﬁ ........................................................................
Egﬁg%ﬁi?ﬁ ..................................................................

79
79
79
79
83

85



BIE Fin

.1 BEoER
IEDFINFLEEL —FOERIIDEE L, IuR7  F4 227 —7,
KR T4 A7 EBED L) Z R/ FH LEER, L—F 7)) v on 0%
COEMIZHMARETNTHVLRTWS, LAL, KLEOSHTIE, S5i12
BOWALHEE L ER T 5720 IRE T 2 3FRONE R T A/ EEE T v —
VY MEBROEBRICHT2ERIFICEL TV D, 2€% 5, @PF0RIE
FNSIHN, F120ER, HIAOEHRREARY NEKEHODT, 20
$IBHFEERH VDL L) RRERD BFEE P MEEER LSS 22
EHTEEDLTHD, T2, MIL—FHEDORGBI NI T —Lic & b %,
AT —V=WT) Y5 EORBLERR ESBETE L LS, 8K - B
RIOZHETOABRDERPELTVDE, COLILERDOT, BT iise
DHEFRT LH/MNMIFERI -V MEREOERIIE, + 7 L2 o= 2
TEIC B AEELAFEREL 2 0D, BAERE L OB T T bR T
Wb,

B, CoL) RBEEHOLDOT7 FO—F & LT,

OO -VIEEEAR? Wiz 28R L — 204

QOFZIR L — 95 0 FRIE % IR 2358 2 Vv C 250 Bk e o

JEIZ A d B 5528 FIK F 4 (Second Harmonic Generation :SHG) 7 /N4 A 5-T),
ORI A N F 2 EHEEFIICRINT 5 R Y Y S CHEELELR LD

V—YIREPICEF RO E R L —F BB 2 XRIT Ty Fa v

—Ja v L —¥)
BEDL, OICoVWTE, T-VIRFEEMEK L —F L L TRIECIZnSel —&F
HFHEER AV TORIE OV ZARIREY, & 5IEERSVAREIIRESL
Tw2d00, FEEHRFERICIZTIZEOBELEL TV 5, @QOSHGT /Y
AARLDOVTE, ThHDT 7O—FOopTRdDERMIGEVEEZLN, B



TEREAIHIFEE SN TV A,

1.2 SHGT/NA ARFFEOTIR & RIE S

[SHGT /N A ABHIFAD 72O DM 2RFEFHE R TEE T ITEE R o,
BELCOR V7 (BEROBERIRIE (E®) SAHLALE, RQ.DDLH%
Aok FOFEREIBPIOVEL 5,

P2o=JEYE® (1.1)

ZOEBETBAD Lo T, FAEEoD FE2EFE (BEROERIRIE !
E20) 2S5 HET A (SHG) 22T, R DFDOAI2KIFERENEEED 5\ I
SHGRE LI N2 EBEOEM TH S, SHGORRIVKE AL LD
X OBVRY THT —HE(<EP), ORVHEMEAE, OKE%SHG
B, @RV FHESHEDNMBEDERIFVLETH D, QQDERIL,
SR AFR IR B CaA Sz F ol 2 ERBEED 1O2HWwsZ L
THi7zT e TEL, LoT, KRELSHGREZ HFOMEE A CEERE
EOETAWBAETNA ARER L, MAEGERTE T, BRIELESHGT
INA ADEHRTE 5,

[SHGH ¥ EIRBE E2EmARRE TN A ICH 2EEBEMEE LTE
CHWHRTWS DI, K& ZSHCHRE = 7 b B IEREAMN 2513 ITHEL &
NTwW5b, =4 78 F 7 ALINbO3)I30, ¥ > ¥ )VERY F 7 A(LiTa03)31-3%),
U VBT & ZVEEA Y T AKTIOPO4)3O3DD L ) ibFBREE N DS, X F
V= a7 =) YMNAPDIDD L ) v OhOFBMEII IO DEFE
AEE L D K& LSHGRE: o 0%, ERBEREMNIKELTD 5,

[(AHEE] R THMMERT 510N T, FERETHBEP2e (ZH#E :
28°) HD Lo THEFTOR LM CHE2EAN (EHELK | p20) »HBAT 5,
BWEET (SHIE) /37— 2585 7201213, £HTHEELZSHEDIRIE



VEMTRETILEN DD, TD70 OEMIIMEESSEE LIFITN, &
(1.2)THRI N 5B, ’

Bzo—2p9=0 (1.2)

ST, BO, PIENFNES, E2DEIREBTH S, ZO&MER EIRY
MVDFATTFAMZENETERLIDL ) T 5B, RA.DEFR(A.HD LS
KERTE S,

N2o_N®=() (1.3)

2T, N® N2OIE®, EX0RERT 2EMNENERTH 5, BIFEOKE S
D7zHRADDEMHIT—REICIIFT L Sk v, #2C, ThE CHNMHES
12 e00 S SEFEIHRF SR TE |

HEBEHSHGT N A ATOMMEAEE LT, k0L b0 mbhTn

bo TNOLDHERRIAINRS PVFAT TS A2BHVTRT,

1) B B RMEL O FL LR T OB L M A A8 % B Y, Bk E
DEEITHELFH L TR FHESHEDERER T — X ¥ 5 HE (K
1.2(a)) 1D-13),

2) BEBOE-FAHEANT, HLE—FORYTHE T— FAEDORE
% ASHAEDIEME R T — A5 HE ([1.2(0) 1441539,

1.1 $2EFBEREICBIT AHES



3) BETE— FORBEOEIMELLERN 2 EL & VFELDOT, SHELHET
ET-FE 2L CERLEEBROBITELBEL, MABSOZERS
N7 FEANOREHE — FSHEZ HEIWICHBL 2 L TE D, ZOHER
F L a7 REEAMREAEEREN S (H1.2(c) 1017,

4) TV —T 4 Y FHEEC L D AAATES L HE T 2B ARESE
(K1.2(d)) 1837,

2B8°(TE) 2B (TEm)
> —> -> —>
— —_-
B (TM) B (TEn)
() HEIEFIH by E— FoEFIH
23" 23" K
> > PP e
2w ;
B mE— 1)
(0 Fxl¥aT7HHE (d) BHUNARES

(V=54 w77 pUK)
1.2 ERHESHGT/NA A TONAHBEAE

(BT AE B A BRI AHEE A 5 (Quasi—Phase-Matching:QPM)*0- 4D, fthd
NAESEICHNS &, BEBHEZOFNRLRAESTIEIHBELI 2, K 7%
ESHAED R LEREE— FTHADTENLDE—FTO T 7 A VOELR P
RKELTEBHEIEFTE S, SHAEVEEE— FTHLNSL OTHE KD
BHIBBHTH L, REDHNEEET 5,

QPMAD 7 L — 7 4 ¥ FRBIAL, EEBEMEOBITERISHTRAHD L)



QPM grating period [xm]

4 .8 9 1 1.1

O au p w d 1 O N ©

o

Fundamental wavelength [#m]

X1.3 KO TQPMER & R S REEDOBEE
(LiNbO3, EE )

WZRE B,

A=— A"
2(N2(1)_N0))

(1.4)

N® EN20 & LTLINbO3D /N )V 27§55 0 BB RGICxT 2 BIrR 2 AV R
AHEFET S &, 130X 512 ), THERED 2DIIZEHI00mEL T
DITV—=T A4 TPLETHDEBbRD3,

[BRELS L —T 14 7] QPMICAWV % IS L LT, IESBEED
RELEND, SHGREOFE2EMWICRKEL-F VT4 V72 AVE S
EHFERTHE, TDLIBTV—F 4 > 7%, BHEBEROSEL A ERY
CRELZGEBIERS V=T 14 Y7 TERTE S, LHAL, BHIopmlF o
ABREET L —F 4 ¥ T ORBRIES TR {, EEBRFSHGT /N4 AVERC

__...5 —



HAwbnzoid, LINbOsEERE L7 ROZODHEFNH 57217 TH o 72,

1) TiPIILE:18-22).42) ) LiINDOs D +ZE S TifR 2 HFE, ¥ =) —BEME X

TMBELCTiZ T 5 L HBATOHBRENEL 5, TiIKZ VS —
VMELTBL CETHBREE SV —T 4 VT RIBAZ ENTE S,

2) Li2OFMIEL #5243 ¢ LINbOs#E & % 1100°CAH T £ TN &3 5 & Li20A%
SR L ) AN E BT B, DL E, +ZHEICBVTOBREIE
C%, ZOL2OSMEEIISIOEEL B REEMICHE T 5 2 L THHT S
CENTEDLDT, /8% —ALSiOEELY v A7 & LTHW TR ER
TV—T 4 VT RBHILENTE S,

QPM-SHG 7/51f 2 OE#hFRALICxT L THERN R IBXERS L —T 1 v 7
X, H1.40 & 9 (O KRR IR ASE R BRE S IR TR, RERHEE
ERKEREBOENSE LVWEETH S, LL, L) , 2) OFETHLA
B0 BIEREEIIXL SO L ) hEY VIEOKEREE TH A 72012, EEtL
SREEREEDEL ) /NS L, BIIETNAAMERTETWERWY, 7,
SRR EREBIC B CRITREMLDE L 2RED Do, 0L ) ZMEL R
RS %7230, # LWARKEREICHT 25D v {0 fTh i TH P50,

Domain inverted grating

Waveguide

1.4 BEEMNZQPMESBIELRS L —T7 414 ¥ 7HEE



Inverted region

' ]
Waveguide
X1.5 HROFETHLNLSTBIELS V—T 1 ¥ 7 OWHEEE

TLBEC R o T, LiTaOsZEMRICHT 2 70 b URRHIC L ) BB ERWTBK

TAHE C MER L2 7/ ATRVSHGERBERIBE O N TV B39, F7z,

KTiOPO4 D 73 8 b TG 3% S 7237,

[SHGT /N4 ADHEL] B KBEQPM-SHGT /N A AEBICBITHAHAED

M

@ﬁﬁﬁ&&v T%/?W%%@ﬁn#itf+ﬁf%é L,

QMR IR, ﬁk“ﬁﬁ%ﬁL%%@Li@ﬁ#ﬁ&A&ﬁbnfw&wp
&,

@QPM-SHGT /A A TDI L —7 1 ¥ TEBOBREII#HRL {, TOBE:
ERTAHIENHE LW E, RETHD,

1.3 AFEOBH LA ~

[B] AAF%E, %&%K@mP$MTA4Z®ﬁﬁWﬁ%@@,p@T
WAL BANEEREI— LY MEREERO-DOMES L 2O EEER
BLPCTAHIETHBE LTS,

[(RRE] #EJEKRIFQPM-SHG 754 ADERIRILD 201X, SBKEES L
—F 4 VT OREGHEEVBO TEECTH DL, /2, FV—T 4 Y ITRABOER
MEOEELHRLC, TERNHEAVERTEL LI ICTILEN DS,

CDX)REREWT 720, BMAELHBDHICHI2Y, RO LD HFEDN
Hol,



1) 3 LWLINDOIOBREE S L —F 1 ¥ FERERER L, BEOFELR
B L CEERFEQPM-SHG 7 /N 1 A i@ %2 0 B iR 2 #Et L7- 1T,
FOVEBER w LT 5,

COREITHL, RFFAETIE, #HLVLINbOGE KERE L L TSio%
TEBMBBIZ L BB RET S (828) . Iz, BFE—LERIIL
% 53 A8 R E OB BBIEQPM-SHG 7 /8 A ANOBAICMH THEL,
COHREOHFHMEFHLLART, 2oBEARERET S (5B3%8) ,
2) PBREAEELER LT AR O HRBAT R 2L T 5,
COBRBIIHLT, KBETIX, MBRESV—T 1 Y THEEE T —
VIERLCHELETRATLIFELZHVT, TEREEEZERL
I-HERIRAT AT D (8B4 o
3) RELNMHBETERTE L TNA AERORETFIELHELT 5,
CORBEIINL, KA TIE, BEEEL LI-oBRESV—T1 ~
FEF v ANVERBRT L — 2 HAGE RO FNA AR BVEI L E
L, ZIZZERNHEEFTERTELTFNAADHTET) (F4E) .
4) TNA A% FME - Gl L CERAMANORES L TREETHL 2T S,
COREIIHL, KFRETE, KRELEBERLFOAEBERHO 7/NA
AERIEL, SHGERRTI T LICL Y, FNL A LR AT 2 (8
56%) o £z, LVERTNA RAGEVEERO, FEEL —FERY S
IR & L THW/SHGERZ TV, ERI~OMERL TRz HL
PICT B (BT1E)

1.4 KEFXOH

H1.6ICARIDOBERELRT 7Oy 2 5 AT T I AR, BETIE, KiF
ZETHR W S N 72SiO2 % 35 FELIN bO3 TR I BRIE IS D W TiRR B, FI3ETIE,
EF E—AERIC L HLINDOTE REREICOWT, EEBESHGT /Y4 AN
DEHA ZZEICEWT, TOBEDHFHzRALEREZRRS, FI4ETIT,



SRR EEE L ZE L2751 AMEE
TTINA ARET2AT) o BESETIL, rﬁi’éj’t’:'}ééﬁi?ﬂ%zoﬂ’ﬁ%&, Nd:YAG
V=2 HWTIT 2 7-SHGEBRD KR IZ OV TS, H6ETIE, BFY—
LAFEETBREE A FRERER TN ADOERYE, TiAbOsl —F %
HW7:SHGEERD R L FDOFMICOWVTRRD, HE7ETIX, WEL LTE

EARL — 2 W 7-SHG EER I
LbNIBRETRIETLE L B,

DHEHRBI 24TV, FOREL DL LIZL

DWTIHER D, FEETIE, AHFEICBVWTE

SROMES - RELEHT 5,

EIE

Fr i

Y

SRR B

F2E  SiO T FHACLINDO

v

v

%38 BT L - LEELNDO,
B

v

BAR 75 AMREOTMAIT & 731 AR

v

S5 ﬁ’é#ﬁ"&% FINAAD

= 2=

Bl

v

H6HE %éyﬂ:’”‘éﬁﬁwwxm
YESL & BFAf

Y

F1E FERL —FROEETR
EEHTFN

A X OFEBL & S

v

FE8E

it

M1.6 ARB/XOBEZRT TV IFATITI A



F2E  SiO2EEM FAZLINDO3 18 [ 85241 25)

2.1 W=

AEBTIE, RFRCBVTHICRWE I N, SiERHFHRLLINDO SRR
HEICOVTERD, 3, COMBKIEEIC L 0BRESL—F14 Y 7D
ERIZOWT, ZOFELBLNLIDBREBETHL PICT 5, KIS, 7ER
Seth, BREBIZ L —F 4 ¥ FVER, SBREDEL S A H =X L% ECDW
TORFFIT ). T2, AFEICBOTRWESNS:, BREANYZICLNE
HERET 5 2 L1 X HLINDO3 D B R ERHE 1 DI EIC OV TH BN B,

22 SRBRESV—T 1 v TOER
2.2.1 SREFERO L
SiO i FFRELINDO3 T B ERE O FINEEZ 2. 1 IR T o B S 1mmD ZIK
LiINbOs S O +ZH Ei2Sioe 2 0. lpymEfEL, VLI A My —=v T
SiIRLYy F VT TSIRTV—F 4 VI F =V 2RET 5, KIC, BEFHE
HT, 1000C, 203D ELE L TV, MK TRESFHATERGHT 5,
DL EDFNETSiO2D TEB TLINDO3 D SR FERSAE L, TBRE TV —T 1~ 7
PESND, FBREEICE - 72Si023 7 v BBEEABRGBHH TRETE %, &
B, COFETRITBIIRICE L) BRDOBITERELT2VEZEZLND,
2.2.2 AR ECAEE DR
LINbO3DO 3 i BEEHEET 22 L XTE 2w, LIL, 7VER-
HERR AW (BEH12) CLINDO3ZE®R T &, +ZEIFIFLALZYF VT &R
VRS, +ZHE ETHBREDOE L2EHS (ZH) BTRLyF U TIN50
T, REBELTHLNPETHI LHFTE B5D:52), SiOp2EMT & #LEIC L ) 1E
B ZBRMTIumD O BRE SV —T 4 v 7 Ty F U7 LR E 220K
o Ty F UL, BRTI~6RHERET 72, K22@IEBEREATO LY
FUITNRY - ERMEIVEELZDOT, XR.20b)3HE S 2 TN, FOum



7 .

T ' LiNbO3 SiO> deposition
v Resist patterning
SiO, etching

-~

T 1 Heat treatment

N
\l/ Domain-inverted
region

SiO, removing

2.1 SiO2EEMT 7 A2 LINbO3 7318 SR L

LiNbO3

-

Etched region 1.3um

(a) KEHEE (b) WFTEHEE
2.2 FAIumOSBREE TV —F4 7 (o F U THER)



EAFELTHLNE holt T v F v 7 OMERKRTH S, H2.2(0& Y, &
B EE R T8 KEEEROE (my F V78 O7V—7 4 ¥ TR
Tl ThbbFL—F4 Y 7OTF2—7 1 HiZIFI20.5TH Y, L2 dA
WERICE > T — 2 BREFEOPBRES L —T 1 Y HPERTE TS C
bbb, 12, SOIYFUINY — VIFER LTSI V—T 4 ¥ TN
y—vE—HLTBY, SiRCL)VIBRELSFEINLZILFDDPL, D
B I 0D LRI L 2 HEDANELLHETH B05, T IZBMLEDRRE,
ﬁ@,ma,%HEE&EO%ﬁwéwﬁﬁﬂa%ian%oit,@znm
Do bR b LI, Ty FYFOMERBRIEZEVVRICEL, TORIITH
1.3um, ShIIE SRR L T30~40ENAE L L LTS, LAL, TV
Fv FOWERIL D VIEIZ 2 5 DIZLINDO3DKE RN KB L 3EZ LML D
T, EEOSBRENEEENVETH), RERSPLy F Y 7RI LFLT
ThbHEIIMETEZ 2V,

X5\ B BoSBREES L — T 1 v 7ERE RS LRR, K23
Kﬁ?lﬁaﬁ%mmwﬁ@ﬁﬁﬁv—%4Vﬁéﬁéztﬁﬁéto:oﬁ

2um Etched region
2.3 FEfoumOSBRES V—F4 V7 (T F Y THER)



DIy F ¥ 7OWERIKRG RILNEVETH Y, 2hIoKEXEICHT 554
BEI30~40E Tholze THEY, Ty F v 7 ORIHPERC BT 25 HBKE
FEROMIIFIZHS LTVE S Edbhot, LL, 0 &> LilERo
SEREET L —F 4 ¥ THEROERMERS T ) A ol TRIZOWTIE
24ITBVWTHFEHLBERS,

2.3 BILHEEHORET

AKEeHWT, BHo~TumD G BREES V-7 1 Y IEE 23 E ST %
BMBEGO T TRAATERERL IR T, IhE ), KRERICL 5K
HEA%, 1000C, 2B EDILVWBAAFZHFEDOTTELL I bR b, TD
BB EGT TOSBRES V-7 1 YERHOBEMIBROD TR o2, &
B, 1100COBMIETIL, EH L1ZSIPER L) OTENR LD T5E,
SIO2DEERT L TV WS C b REHTE Uz, |

F2.1 SiOEEfT AR KR TE D BB SR
O BREES L —F 14 » FVERLT 8
X | PRREES L —F 14 v TVEBAR T BE

~temp. [C] time [h]
1 1.5 2 4
950 X
1000 X O O O
1030 O O o
1100 X

2.4 PHEB L —F 1 v ITERORA
222TL«1;7R,$ﬁ&kiﬂiﬁ%mm®ﬁﬁﬁﬁﬁv F 4 VTH



VEBINTRECTH B, LA L, EIVBuml T TH 5 & ) 2MEAN T BRES L
—F 4 Y 7EBIC BV T, SRS ORAER L7zSieeniE L ) b <
ho 77, BICIKESE U 2L, EROBABIKECERT 5, &
NSDBEBOHED -2, FBREET T XIZBVTKRD &9 2 TR2AR
776 DEMTASIS V=T 4 VIR —VDFa—7 4 HeHE LT, SiO2
DBV T L —F 14 V72 Avd, BELERICFEH2ERFRNTHRGH
FTHDTRLBET Do HumEEDEVSIEMB L HV 5, HH2.4ITRT
91z, —B, SELZAHNOREOFIeA 2 FOTBRE IV —T 1 VT
RYESL 7218, FOEFPFTNZT L LAMEICSISV—T14 Y T2H
BERL, BUSBRELRA D, DOFECE VRSBREOMLESR LN
7285, FNREATEOLELDTH ol 2),3)DHELTHVTHIELNFRIIK
X EVI o T, HDOFERHVEE, IHBORERIECREL L
ZAMBBOKEHEETERELTRICR-2TLIV, BlEARS L —T 4
VI RIBAZEEITE LD,

SiO2 cladding

™ Inverted region

@ | SiO2 cladding

Inverted region

2.4 BEEEZ L —F 4 v IERICRK T H



2.5 BERA/SY 12X B0 TEEEEDOWHDR

LINbO3D BRI EEZ FARL 720D 7y B - HERBEAWIC LD Ty F ¥
TIBBEHREELETH Y, B2 HETIEL V. RAFRICB VT, LiNbOsH
mm EICERANY ZICE ) EOERZHET 5720 TR E#EE s H1ELT
EHILFRBINT, BATumE BH3umO SBRE 7 L —T 4 ¥ TR ER
L7-#ER I, BRASY ZEEBIZL ) £2H60nmMERE L2, HFEME
THELLHERZN2.5R T, 5 K AR 5V 5BO K L7 HIRTH
D, B{RZBHAVEREDERTHD, T b7 A+ EKE - ERER
XATE5, #HBEL-SEEZ, 3vRI ML) 7 2BWICL ) HHEICKRE
TEXLHDT, ZOHFEZAVIUTHEIC L2 dIEBECOm RIsHEEL Ma &
EDTED, EERB L VELHBLHEA I, SBEHEEDOHEZIZT
ol SO LI, CORBEDAN=ALEEETLHL, RDL)
LA TE %, FWBTEFEIR & IEREFERTIIERSBD ERD 7290 1245
REBMPRLY), 7IXATBBARICHE LAY ¥ EF OMEERITED
HEL %, ZDOHET HEDOREICENE L CTHBREBESRENLTE S
DTV EEZLND,

Inverted region Non-inverted region

<7\

(a) AHA7um (b) FEH3pum
X2.5 &OEMA/NY Z12X A5 BKEHEED HER



2.6 SRBEERX = X b DORE

DRTEED A A = X 5T R WS, TREE LT, RSO RAFC
TIARIZELENTY, BFE—LABRINTVTHI LR, HEHVI,
Si02 7 T v FHIZAMPATREA L TWTFNDLINbOsKE &P ICHEE L 72D § 5
CENDBIEICEE RS A TWHELEZONS, £2T, #0LH) Rl
DGR IEAND BB EEFARL 1202, SO0, VIR My —=
7, SiRTy FUITOZ T LRI LT, E2.2AIRTIIZWVANAEL)N
BERA L THhIz, BIziE, &L BOFETHR L SId F CAMBZ EAT
WBEEFEZICLVOT, SIRDOHBEOANFRELZ LYV IV EHAREL THRE
REEEAANIT, SiOFORHY DT BRENDEECMH I L HFTE D, L
PL, AR LIZED FHEL2 AWHAETH SBREEOKEEICEVIIRS
Niholz, TNEY, TOSBKERIIFEICSIOOEAROHEIZ L 5 &
TENTWAEI bbb, TNUEDA I ZXAIIHSL P TR RVA, —D
DU EEME &L LT, SiO2k LINDO3D IR DFEWSIIITL Y, BB D 5\
X% OBICLINDO SR FICEADTEL, SHICEBRICLIZERIFEEL T
SRBFREZFRLTVAEOTREVWAEEZLND,

2.2 OBRKEEA B = X LB 12D 2 &0 s 71 & A TR HE

processes SiO2 deposition resist patterning SiO2 etching
sputtering photolithography BHF chemical etching
techniques EB evaporation EB writing RIE
P-CVD
sol-gel




2.7 S
AR BV TRV SN, SiOER & BLEIC L ALINbOs DR ERE
ZoWT, ZOFIE, MEIEHEE, RUE ORIV TR,
ZOFEI L, BB, RORLERFEO T THRER, B—%EH
BELRHOTBRES V—T 14 v T2 EHTE 5, fERTEEL &/ IZ2um
LFTH2s%, FEBumM T CRIEROBREIMET Lz, KEDA D =X A
FERETIX 2 WS, SIEAEOHEIER L TWAZ LBHL M IR,
COFETEBLN BMEREMEIL, Ty T SOMEYRORY, FERA
WHENTRZTIRERR LIMERIZ L2 HFETE LA DD L EUOBETH
o LAL, COFETHEBETNMIBIRELLEL LD ebhvEWV)FIEED
%, |
e, BRANRY $ICL2&0BEERICL D, PRREEELFANL L
HTEBZERRLI



$38 BT Y — AEELINbOsE [T 5526)-28)

3.1 #8

HETRRLSIERFEIBREEDIEOT, TRLETIKALATVS
LiNbO3 73 & [ ERE Tldfh SR ORE WEHFAMIC L 208 REHEBr BT
BIEWTE ol LAL, &, EFE—20ERICLVERREIH
EMEICETSH L) L0BREBEBIBE TE S I LRI N85
SHGERIIEEICHME I N TWAEYD, Z 0 L) & o i E 2 EEBESHG
TNARZHWNE, PBRES LV —T4 YT LB REREOE—-F 70774
DELRYDPRELTELDOT, BRIELSHGOHHARTE 5,

ARETIE, BREFESHGT N4 ANDOFEALZEEIIBNWT, TOEFYE—A
FERELINDOI MR ERE DI 2 ARLER 2B, 7, TOFETED
NEDBRELT L — 5 4 ¥ TREEBICOWTEMICRR %, FL—F4 7%
ROBFE— AEEFMIIGTAEFRLEHS 2T 5, 7, BRIFRERR
SHGTNA AZLELRVHEEAREZBL 720D TRIZOVTHRNL, &
LIZ, BONTRRERELT, PBREDORX I ZAATDOWTHREEIT) o

3.2 SGRKESLV—TF 14 v T OER
3.2.1 SRREEDF &k

BEFY—LEEIT L HLINDOIOE ERE Y H3. ISR T, JEE0.5mm, MH
BB DZALLINDO3#E & D + ZE F 112, B 380 lum D& HEL R L ER L 72
ZLTC, ¥, NMTABRELOZFHOT, -ZEHLETEFE—LLZEEL
TTV=F4 VTR —VRHEET 5L, BFE— 2B ICE N TOERKE
PELTHBRESV—T 1 v 70 BbNi, BT E—s0EEEME, HE
BE20kV, E—ABR0.3nATH o7, T2, COBFE—LDER LY~
TIVERETOAKR Y MEEIH0.3umTH o 72,
BTE—LAEEET—FOBVWICIATRREES V—7 1 VI BE~NOZE Y



Electron beam

z
Domain inversion
3.1 EFE— AEELINDOI R SR
Tra;ectory of center of EB spot ’
— > >2 ECHONONONO) _
Grafngg , Grating
e S GO NONONMONOD e

fa—a > - GOHOHONONOND,
Trajectory of center of EB spot EB spot spacing

(a HEr—EREESL (b) BIBRIA Ry MRERE
M3.2 BFY—AEEE—F '

57010, H320RT LD 2200 BTV — ARET— FEH v TRERS
Brzo H3.28EETE - bk MK —ERBECRET 5E— FTH D, 18



32MZBEFE—2DARY MiBR2AY Y Y7 LAEDBORHN ICHET 5 E
EE—FThb, MIFENEEOEAEDO Y — A XKy FhLEEIZ0.3umd b
SumDEHFENOEE F 72,
3.2.2 RREEEDFE

BFE—LAEETHER L OTBREBEZ AL, 2.5TRRLER
ANy FICLAEEEHRBICLAHELTHCTARALDY, TBREE/NY — ¥ T
%<, BFE—-2BENY -V ERTEBDLNENY — VPN, 58 ERHE
HEHRETHAI LA TER P o7, THIE, BEREMTICETY - ABEIC
LD BEHMIEREINTRoTBY, BEREBEMIIEELG A 7-0LERDL
nb,
BFE—AERICIVERLZGBRES V-7 4 ¥ T O-ZEHMNETOE
EE, JvBE - WBEAWCIYZyF L, LHL)SEMEEL TR/
BREH3.3I1R T, M3.3@)d@EMNEFY— AERICK VIR L oB KR
FV—5 4 VTOBAD, H3.3(bEARY AL 3SumD MR ET Y
—AEBICI VR LE-SBRES LV —F 1 Y TOBEDIY F U TRERTH
Bo FL—F4YIOEBIE BIT6.4umTHY, FL—F 4V T4 VD
NEIUZVDBEFE—ALCLAEMOBEHE, TobbLRERMEEILL DI
30nClemTH o 2o WTFNDBETHIHTHBRET LV —T 4 Y IIHBFLRTNW S
B, Tl ZERICBEFY—LAERELLBETH, PBRKEILEERIZORS
STRIDZDTRLHMBRICHHENTEI > TVREI LR 5S, SIBER
DR > TVANBIREED —DD LT AL P FOBDL T XV P DR
X2 1IpmTH %, EMPWBETE—L2EEZ I T IELEEEE LBV TRAA
=A%, TOXTAY MEBIRIZIZRAICTH oz, T2, WIRiWEFY—2EE
@%Ai E— 2 ARy PGB IumEL EOGA& CiZE 7 2 MBI

=L 2o —H, ARy MHLERBS IumPL T OBEE 1327 X MR
UM T ARy PHLHBICEE L 2P o7, B3.30b)IR L2 v
PROFMEIVBELBEREH34IIRT, T D, EREO-ZEME TIE



IR IE IS D L D ITR o TVA T L b b, BF Y —AERICLD
SRR ERFE LB, BEIrOTYF o FEFEMEBIER L 2 DEL TTD

() ERMETE—L2ER (b) WHRMETFE—2EXL
3.3 #E@EE (-ZH) HEToOB6.umSBRES LV —T 14 ¥ 7
(Zy F U TR

M3.4 SRREESLV—T 14 v ORI FBERER (Zy F UV 7ER)



CETIORER L VHELLANS L, PEREIEGZORENLHT > TV
ZOTIE L CRERFETICH LTHO2UumDESDOFIP LT > TH), RKED
LI/ 0YOES DEETIRABREDIEIR SIS L THRAICK ST
LoD holz, HRENBTOMBRERELM H72012, K3.3IIRL
7Y FNOETEB 2 H100pmBFE L TRY £ YBULY F 7 Lo €O
BAH3.5105T . M3.5(), (b)iFFNFNE3.3@), b)DH ¥ TSV TONERE
ETH D, RN TOMEREEEIREMIICHRTEDRIKR 22T
WBZEDbRL, L, FOBRETOTBREIV—T4 YT DTa—T4
W02 Lk <, BARSERES L —T4 v 70T a7 11]05&0
LEFARV, 0L hELEERBREC LS HEEAET OB REEER
ERBOETEICLY, BEAROMEEHEED, RELC ORI
0y CoEBERGIE, BROESFHIC L TT—HKTH LI LiDP
otzo EB6IXTYF Y IHOF Y FNVORER (+2ZH) ©HEMEBRLIHR
Thbo FL—T4 Y IRBEPBEN TSI L L), FPRREEEERE

TTELTVWAILEPHERTE L,

(a) EHHBETFE—LERE b) WEMET Y —AEE
®3.5 HEAHTORS6AnBEES L —T 4 V7 (T FYITHER)



 +|

6.4um

3.6 #ERER (+ZH) CoOSmRERE (v F ¥ 7ER)

(a) FREM® (-Zm) (b) #EZAIER
M3.7 2OLdBoTHBRENPEL-FV—T4 77 (ZyF U THER)

BEFV—AEESBRETIE, H3.3R L) T, FRREF DL -
TERILFTHMENTRIZEAN S5 L 2biro e LA L, R3.7ITR
TEI%, DLt o LGBREHEELHBDLIL ST, COFTBRES L —



F4 U7E, BFE—ADARY b HLE R [SumOK W E T € — A EE,
B EEI90nC/em TYER L 72, 3. 7(a) i3 RBEFHED, (b)I3XKEE % I
Do 72BDITY F ¥ 7 TRANIAEZNITOSEREHEE TH b, HRKRE
R CIEIRIC 2 o TV B2, HWERTIRERICD % A5 12 0 i R 415 &
NTWBZ bR b, EHI2, BEARTOTV—T4 Y TDTFTa—T1 1
120518V DT, ZOBEIZQPM-SHGIZHE L TW5A, LHL, 2D L) %2
WEDSOGEBRES L —T 1 ¥ TEROBFRABRISGOL L HT Y R %\,
FEMALEO DI E 5 ICHBELBTE — ARELHOMHEFLEL 0TI
TuhtEzbhb,

BF VY- AEESBREEIC L VERL ZBAM3UumO B RER S L —T 1 V7
DIy F UV TERPHB8IIRT, COTVL—T4 7%, BFE—LDAR
v b G ERRO.6umD BT WETF ¥ — 2k, REMHEE 120C/mTER L 72,
SRR R L) TSN TELTWA D, L7 A Y bOMBIRABumTH Y
6. umD S BREET L — T4 ¥ T DOBE L VIERL DB o72b OFEL
g

Sum

(a HEFXH (-ZMm) (b) FHRAL
M3.8 FBHBumOBEES L —T4 v 788 =V (v F YV ITRR)



3.3 BFY-—LsEEEFHKENE

BFY— AEFEIC L ALINDOE KEED BF ¥ — AEEEM IOT K4
HEFARL72D, A6 4pmOFBRE TV —T 1 ¥ TERZDTICENS &
) kA REBOT TRA . OBFYE— AEEFBOKRE I 5 HE
REZTCOBREES V=T 4 Y TR KA Tz, Q4 L BETFE — 2EERE
RRAT. QBFE— LADOMEBE L L T2KVDIIPIZ40kVH A AT, OF
FE—ALBHE L TO3nADIE NI InAD R AT, OWFHEF E—LEEIC
BWTOARY FLEER0.3um2 S lpmE TOEER TS WVERAT,
COEIBRADER, PBRESV—T 4 v TR BADICEX, FTL—T4
VISGAVEMNER YL YVDBEFE - LI ABHEERE, TALLRENE
EEAS12~160nC/emDEFNTH B Z EPRETH LI L Db o, COKRE
MEEILERNETF - AREDBAIBETFEY—L2BREEEERE TRI Y,
Wt EEDBE I - LB, EEREL, AKXy FRLMEBICIIRT S,
MB3OIHMBHMEEIARNL &, BIER L E, BRLLEZDTEBRET L —

EB scanning direction

’

(@ AR (b) HIE (©) BF
(3.9 MEMEELTBRE/NY — 2 ORR



FAVIERERE R, INE), FEDL ZCISRREL TV EETD
L LADBFE—AEEFACHZREFPEL 2V D5, T2, BE
HEBWWETV—FAVITFGAVHRNTL B b hb, BrABFE—
AEEE-FIIH L TOBEREFERERIIIA LT o7,

I LT RES (2.5, 3.0, 3.3, 4.7, 6.4pm) DPWREETV—FT4 VT
BERERRT, ZREPROBROS L —7 4 ¥ 7RI BV CHERBEHHE
WP 2 AR 2 310K T . HFO@TRLAZDFFBRIES LV —T 4
VIRBHIENTERERTHE, ThEY, HOFHRTRLAEFICBY
THBRES L —F4 Y %18 N TELI LD DI ol 72, BTYE
— AFEBFIC L WERTEELZOBRRES L — T 4 ¥ 7 OR/NEAFA2.50m T T
HoIEhbhrol,

Line charge density [nC/cm]
T T

N

3 4 5 6 7
Grating period [um]
}3.10 SBRERS LV —T 4 ¥ 7 B & BIERE R EREH OB



3.4 EMHEEHEOFEHR

BEXESHG ICEVWHEFHARDOZERIATRTH 50T, BEEHEQPM-
SHGT /N4 AEBICIZE K L OMBEEHEDORWI V=7 1 ¥ T2 ERT 5
CEDPNELLE L, LL, BFE—-LAERICL) —LOREDN33mmDIES
HOHEBIC 6. AumDTBRE T L —F 4 Y VT OERZEAA AR, K311
CERIICORT ) IS, BFE—AERL-EBROBERS T LIRIERS
L—F 4 Y ITPBLNT, BERFTTROBRES L —T 4 vV ITBEPEAT
W) GRBREEESE LT hdolz) Liz, TOLIRTBREETV—T 14~
JOEEHRE, BEFC-LBRBHESENICEEINL TR TWAHERMIDL
PERIETC— L BAICHEEE5 20 ELbNE, JRICDOVTH,
36ICBVTHLIKRAT S, COXI LT V—T4 V7 OEREGIKE L E#L
TEVWHEFHAELYBA-DIC, KB 1R2IRT L) 2 FERZHV, H3.12(a)
BTV —F 1V TR2ODWSHE L THERT A25EELRL TS, FR
CEFE—22BE LEVWERREHEEBLESZ LT, HFHBITICEREINL
B L 2BERMPHRER S TOETE— ABRFHICRIZTEEIRR I L ToE
FEZH TR 2D THERELTEVHEEHREZBAZ LN TE S, X
120X T L —F 4 YT OMIEE NS TH L CHEERERREL T 24EH

Inverted grating

3.3mn"l§’ %

Tt Noinversion

E3.11 SEEES L—5 4 ¥ 7 OEEHIE

—27—



L

(a) TEIF b) HEfE
(3.12 BEHBEERRIBRESV—T 14 Y 7EHOIR

BERL TS, 223 L II32IC7E L08R EIEL ImmfERE I L72M
B  Hv5Z & TEM6.4um, MEEARIIMmOOBRE SV —T 4 V7
ZVERTE 2, SHIRRVWHEERHERERCRE L2, 7EETIEFLY -
LAFERZEE OEAEBREORFICHER INTI.3mml LIZFGL Wk d oz —7F,
I CIIEIE L 100umiZE T 5 2 L TSmO EEHERZ ERTE 12,

3.5 EEFEMEBRESTOSERER

KBNS EE (—ZH) DA TH 5 L) ZLINDOFES FER 2 H W THE K
HErRA T, BHumBEEOSBRIES V—F 4 ¥V IHEMBORKRT AV
ree E R LR TERTE 24, BHBumBEDO 7LV — 7 1 Y 73Ny —>
PEHNTLE o7z, 3.6ICBR5 L) T, BFE—L2ERICLI20EBKEEL B
BENBFIHRABIIOL 2BREIFBELERIDILEELZOND, —4,
EE (+Z6E) FFEORR TIRERBO MM L ) & RHE COBRS A HE
ENb, TOLI) L BROENSDBRTEIL Y —IZ52 528, JL—F
4 Y RSP VIEEREL 2 AHDOT, EReumidfERTE TH EH3umid
VB TCE LoD LEZLND,



3.6 SORKERA T = XLDRE

Ah = AN

BFVY—LEBRIC I BZ0MTEEA I = A LIHBEIC IR T W WS, Fido
E) RS ET ST LRFEToHR, —DOOWEBELLTRDLI A=K
ABEZDLILDPTE D, BFY—2PLINDORER D-ZEHIZ BTSN &
OFETFERERMIRLAOPHI13TH S, BFE—L L BHEFO—L
IFLINbO3ER OWE~NEH I 70 VEERAL, BRERMEICHEER L
DL b, HBEREIEL TIOX ) RS LHEERID L0 125 L T RER
FEAPEBEREL B CEBIN TV A7, LINDOREZMICIREDO L ) %
BRVREET 5, COBFRIZERTBOHHE T HRDRTEZHODOT, C
DERPTHFICRETNETBRESEL 2D0EEZ LMD,
BEFC—s0OBHSFICE WV FEBHEBANTIIELOEI - BFHPERT 5, &
DIEFL - BF AHILINDO3#E &4 H CHEL T 525, #MBZATH HLINDO3HF TIH
DEHBEEIBI 7OV AT EZL LN DT, ERLLEL - BEFHOEL

Charged region

1 | | +Z
3.13 BFYE—LAEEDIBRED A =X A



AEPEBEBRNCHELETHAEEZOND, 2O LX) RWEIRENFISEF
AT AHBEEBHNTOBREE NS RS, LT, FEHBOET
BBV TCERBERRKE 25, COBROBEHLLINDOIOTER L
bAEXITNIZZ OO THRREDEI L %, —BOBRKEOEHE L NIT,
BRBEIRRE R ZDOEIZDOREHMFTOETRG D, DL ) RERR
BARAKL % HE5 OBEII S BREFERO THRNORE 2T OT, F1&
RS RER IO LEECKEL CHERERICETET S, 2DIHKT
Zz2 MTB2THLMZLAL ) 2OBKENEBEN RO HEHZTER
{BHTES, BEFE-2BHC LV BRAOBRFFETFHIEINTRREST
AF VB VEERBENET A LR, BFE—L20BEIC L DERE
TR DEENFLAET LI L IZEZON, FPBRREOEIBETHAIHFIZZNL
ALBRIPEELTCWLITREDD 5,

RSB ERC £ 5 BRO B

M3.10%5, FE2umBEO SBRES L —T 4 ¥ FVERITIZ 10nClomiE
DRBHEEILETHLI Wb L, 2T, TBRIEBEBDOIEHZ DE
HMoOX501umTH 5 LRET ISR HEMEEIZ100uC/om? & 2 5,
LINbOs#E R D B REAMBOKE & (70uClem?) VI O REHEBEHEEOK S
EVOT, BRSBREIETFE - 2B LV REMECEZLLONLE
WOKRBGEHNT S, BRRALBETYE —AEET 50, 2REFBTHK
TAHEAOHBIBE I N, L, BERE COBMNORELZLEKRLT
By, BESBKIEEIC L AFHED, BRHICECTHWEZEEZERL TV,
BFY LB D EREEMICEL OGN BN TBRREL5 ISR L
TWb%51E, TORERER PR, TERREISTH I TELSLZ L L
BRLTWwWAEEZLNS,

FL—F 4 v 7Y fE ARSI RO K

HESBEERC & 2 B BHOFHSRIELETIELEWVIEEG, BFEY—A%
BBE L 728 iE 314107 &) W RREMEICEMITRE LERIN T




7o TO L) LEFE-ABBHERTOEREEN I, GEEATEFE-
ADOBEIIK L THRFMOBREFELEBHTIETE-L20ERPLARY ML
BILEEY 525, €O, KER b ) MBIELFRT 5 REL MR
THDIRETH S, 34TRREGBERES L—7T 4 Y7 OHEBFIRIZZ D
SBIZLBDbDEEZLNS,

Electron beam

Accumulated
electrons

000

+Z

3.14 BFEY—LEEBIIITBRESV—T 4T D
VERTTRETEREHIBR D X 1 = X A

3.7 &&= :

KBTI, B EEBBOPM-SHG /3 A 2 EHTEX S L L N5
BTY—AREMBRES LV —T 4 ¥ TERICOWTHM R 2 fTo 720 &
DS BREEDOERFEBEESHG T /N4 ANOBEAIL I v THER I {, &
BBV TAD TR EINZDDTHS, TOHEKEICKH0BIERERIIERE
B ELTBYERRF NS, ZERIZERN TH L —F, TRIEITHEN
THELBZE, HBEREMETOMBRERBEIHERTHLZ L, FV—F
LAYV TDF2—F 4 KISV L, FV—F4 VY ERBCHBEI®L LS
1RERLHONT ol £z, SBRES VT 4 YV TEROBTE— A



RS EBIKFERERAN, PBRESV—T 4 V7285729010, BENEE
CHEEHEEIFAET A EEREL, FOEELZHO TV —F 4 v F RS
HEHLPIZ L,

SRBEEEDEL D A H A LZHALPTREVD, BFE—LBHICLDE
EREECICBRAL BT EARICEL BRI IR ERILTWAE
W) —DDEXFRRLTZ,



A FNA APEEDBRBNT & FNA RAFER28

4.1 HE

- AREBETI, BERBEQPM-SHGT/NA A MEE2 BRI HT T AL & b IT,
ZOBIEREA VT, Tﬂ4xwﬂﬁ§ﬁao%k%ﬁ%%@WHMGTﬂ
A A DSHGERHNR % 52 5 — N 13HE SN TwE4D, ARFETiE, Bk
KDBERE-FFO 77 A NVOERE, TRRESV—T 1 Y TEEO 7~
TEELACIERIC L D ERORY 2170 72158, Thdk 20—t

LTI ATV, SHGEMSRhE OB Y A 1T 5850, DB EHEE
BHEEZHLPICT 5o T, BERRE~NOEBIES 7 v FRENORE
RHNR, DBREEBORIVERRICHERTRNAT /N, A TO, FREPEHNF
KELHETELIERRB L,

IBTELET V—TF 1 ¥ TREBICE D OREND > TH I N L HE L TIRITE
ERAHBEAOER TE BTN AL LT, RUEEL FoomRES L
—F 4 VTl Fy AVERERRT L — %ﬁ&Aﬁtﬁﬁ%ﬁﬁb,%mfﬂ
A ADHREFEOMSLEIT o T2,

4.2 SHGEHEIEOHERH
_gEa

4. 11 &9 7%, W—EARASERIEES L — T4/7%%0?V$W§&
B TOQPM-SHGIZRD € — FEEHERTRLETE %,

L AC() = - KB A Y- 2%)
X 4.1)

A B2x) = - ji{ A%x)Pexp(+ j2Ax) -
dx

T IT, A%X),BXx)IRY K ESHEDBRIER, «iISHGHEARE, Al



M4.1 H—FAHRMBRESV—T 1 VT RO
F v A VEREBEFSHGT /N1 A

VHTREEETH D, cEARKRRNTRENS, 72, BEAEOGEIK T Zx,
ERRES HkzE T H5EBEREHW,

| [E2*] 4[E®dydz 2
oo (20f (£)3’2. [ f i ) (4.2)

AN® 2 n7200 \E&0 2
| ,) N f ] B2 Pdydz [ f E® |2dydz)

2A= ¥~ (2B%+27 /A) | (4.3)

TIT, oKy TROBRY, NGEEE - FORMERE, BIHMEMEL
EZEEAERE-—F U774V T, HiFo, 203 E0NENEY 7 ESH



HrFT, T2, AIZFPNICELT 2SHGREWWD S Hix 7— ) TEBRAL
72k XOERFYBESTH L, E°, E20, diiX (y,z) OBEHETH 5, N, B, E
BERBOBINMRIFICL o TRT 5, T2, AETBREESV— T4 V7
BIZLoTHRED, BHA, To—74 ay, 0 D0BRELT V—TF 14 ¥ TITxT
LT, RE.HD X HIcEKE S,

diy.2) = Wsin @yom) (4.4)

READIKRLEE— FREAFEAOBRERE, Y a2CosMBEHsny BT
KDL HICERED,

%gi_izysn{&«/‘%:@;v}
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ZZ T, Pos|AO)2E, ABARYTHNT —, LIIHEEHETH 5, I,
SHCEHAHFEND D E ) KE L 2 LRY THNT —DFEFEIVRE VL BT,
£@.5FR@.HD L) BB TE B,
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21(«/?5
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+ 4.6)
, ZK«/P—J ;

n=x2 Py L? (sin AL /AL} (4.7)
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HECBWTIIMHESSER SN TWS, §2bbA=0Th oL L1, I



72, LINDO3DSHG 7 ¥ V WV THRAD d33(=4.2x1022FVD 2 W 5 Z LD T
X5, ZIRER LDOEW, EITORAT v THEIFEGA 2o /2F ¥ X IVER
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Efy,z) = (1- 12(2 )cos(kzz+¢1) cosk,y+¢s)
, kgn?

2
En(y,z) = (Hi;iz{) cos(k, T-¢;) coslk,y+¢) exp{y.s(z+T)}

8

2
Euly.z) = 1+~——-ZZ3 cos¢; cos(kyy+¢2) eXp(-Yz32Z) (4.8)
kgnZ
) [kW ) W
Ewly,z) =|1- —=2—| cos|—=— +¢, ] coslk,z+¢, ) exp!- A(..__)}
my»z) K02 2 02 ( ¢1) P{-YyaY 5

W
2

Ev(y,z) = (1- klgiz) cos ¢2) cos{k z+¢) eXP{Yy 4(3"" %)}
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/La L’ kozzn/ko‘iE§¢@%?&®?ﬁﬁr ky,kz,q)1,¢2,7223'YZ3,'YY401[ﬁﬁﬁﬁ*ﬁﬁ
N THLNLETH 5,

#4.1 FHEICHW/-LINbOsEMR B & Zﬁﬁ?&@ D

Pump wavelength A=1.064 um A=0.886 um

Indices ns’ =2.156 ns. =2.167
nse® = 2.234 nse® = 2.287

ni =2.166 nt’ =2.179
ni2¥ = 2.254 ni2% = 2.337




Ez [a.u] Waveguide

M43 <= v T 1) DHFETRKDZTM likeEARE— FO 7077 )V
(W=3.6um, T=2.7um,A®=1.0641 m,A2®=0.532.m)

MBS & U AR
W=3.6pm, T=2.7umD %A Xk FHOEREOF R MR L M4 4FITERTR
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BRI FnslE, RE.DIRT VA Y HRRNEZH N TRD,

n2=4.9048+-29210 _ .2 194x10*A2 (4.9)
A2-44478
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JEHTHnslE, LINDO3D 710 b U AHIZ & BTN P ER CKIBIT5 L
REL, EE1064nmD & & O JEHTEEMNG0.01 2 ZFE I LTELZAG.100%
BT EE L7,

nf=ns+lQX@‘lx0.01 (4.10)
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YA YN '
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DER Y A ZIRIF 2 RD 2o BENLIBTEETV — T 4 v TS ER
T B E, RAHESBEZERLLTROLIHICKRT LN TES,

- (z<0) |

di(y,z) = (4.12)

2%‘-3— - (z20)

EXRFEEREZL064umE L, R4 UR L22BITEL H Vv CSHGEBAF D &
EIRTEWE L OB BE ST § 2K 2 AR 2 46107 T, #itsh
i, HEEAEY4mmE L7z 2 OHBESHCERSFETH 5, RARBILE
B & L CAS0%/WIRIED B DD = L A5hh 2o BB A LH/RE & %
B, RUYTHONT—BEIREL LAIDOT, RERERGEMEFELNATY
5, LPL, WHsWETI2um T OH v b F 74HEOERE ik, Bk
D LADPEL L )P R o TERSENBET T L D25,
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(4.8 VIEET I TDz=20M & & D58 KRN
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0 (z<0,z>D)
di(y,z) = (4.13)

2% (0<z<D)

M4.8IZVEETNVOBEDVESBIETFT IR L TRLZDDTH S,
BOFIZR LI L DI, 0<z<DDFEIRA D z=20C D 5548 K EENE 1 2(D—20)/tan(7t/5)
ERELDT, T V=T 47 TFTa—F14 BidRN@G. 19D L H 124D, di=
@150 X5k b, ‘

a(z)=2(D-z)/A tan(m/5) (4.14)



f 0 (z<0,z>D)
di(y,z) = (4.15)

2(71% sin (a(z)m) (0=z<D)

F72, RE1HED, APUmEED & EDOFKREIT (a=108) 2umfBETH
5 EWDDP5,

Ry 7 HERE1.064ume L, FBRFERE S I3 HSHGH & REOKENE
RETE L7 REMAINR T, ERVAED, BHRIEVEETVOGEOKE
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BRI 5 NERBE S OIS ITHEIMERT 5, 72, WThoy
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mERE TS ERIIER - TWRE 0D, FRATTIIIZIZT—THS, LT,
SBRERT LV —F 4 YT DT 2—F 4 W% RN HH%0.510E v, Zid
DI LEERT L L, HENITOSEREMHEE Y H W25 HSHG OERhFRAL
CANTH S, £oT, TITiE, BERBOTBREREEZHNWSL120IZ,
SBRETV—T 4 VT RER LB THERER LIV ED, 20 LICEE
BERITTWBETFTNAZAEEZ, TOHWRBELRARDL, BFE—LAERICLLD
BREII D422 o TR I 5T, M3.3, K3.50 & ) ITHHERICTRI S TS
LERBH LD T, ftEOODTBREHEEET NV E LTHA (@D X)) %
BT 2ERAOAPERT A2 ETNVERW T, T2, KB/ I1ZXK4.11(b)
DED) BHFERICOL P o BETORMROEE L 72, BRBOES FMIZIZm
BREBEE R THLE L, 7, BEARESVEZHEALT 5. HREK
HTOEREROFLE —DOAOFLIFHL12O L) IT—FHLTWEETEH L,
BHIZRT & ) ICy=yo COSFERERIRIL(P-4y) 2 RINDBDT, FLV—7T

Inverted region Inverted region

Waveguide

(a) BEEEMRET IV (b) FHRETNV
X4.11 BFE—LAEESBREETV—T 4 Y TOREHBEETIV

J— 46_



y

apy
C\%o
y
>

YY

B4.12  BEEEMIRE 7V T O y=yo®D B D 57348 S ERIE

AV TDTFTa—=T A IERODEHI12k 5,

a(y)=Y d%4(y-md)?/A (4.16)

BL, midly-mdisd2 & %5 &9 2EHTHS, ZnEHVIIEN411@DE
BHKETVIZRO L) CRT I ENTE B, '

0 (2<0,z>D)
di(z) = (4.17)

2%31 sin (a(y)n) (0=z<D)

I, WREFVOBEER, FV—FT4 VT DOFa—F 1 KIIEIZIATH S
DT, di cift(4.18)o>ot I B,



[ 0 | | (z<0,2>D)
di(z) =] : , (4.18)

%‘;‘33- sin (X‘—n) (0<z<D)

HAWHPELOAum, EREIEW=2.0um, EEBE ST=3.50mD L ED, &
BRI —BRKNWEZIATOT VY —F 4 V7 Fa—7 4 Ha=d/ACKT 58
HALSHGZEHENZ n/Po DKM % TR %2 M4 1310 T o EFIFHRD,
BRSBRBEAROSBIEET VO L EOKRTH S, HREFVTT 2 -7
4 6 4%0.5 DB D38 KA & IZQPM-SHG 123} L THAEM L DO THY), Z0
& X DBBAEHAIRII240%WTH 5. BEARETVOBETHT2—7F
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DEEDTEEATr—Y 7 LT, n®=1+r (ms®-1), n2®=1+r (ns2®-1)& FH
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BEL Y, SHGEBRINEIKE L 2B B L %% b, SHCEEEIERD
MEERELCHT 20EEE, BBCEIRE.5HTEHFZbNE, 22T, i
MABARESBA=0DBEAIZIIRUNITRD L H Tk b,

n=tanh’(xvPoL) (4.19)

Ry THINT —%100mWE LT, RE19IRTEHEIEOH B/ REKFE
24 17ICHRT 5, RO ERAIFBEEBEEVEBENTH Y, BREKIE
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Proton-exchanged/annealed waveguides

Fan-out domain-inverted grating
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Domain-inverted grating

Proton-exchanged regions
(Channel waveguides)
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