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(57) Abstract: The problem addressed by the
present invention is providing an interlayer light-
wave coupling device that efficiently couples light
waves propagated in a light wave circuit between
difterent lightwave circuit layers for both polar-
ized waves of a quasi-TE mode and a quasi-TM
mode and sufficiently suppresses degradation of
coupling efficiency caused by structural as well as
material variations arising because of manufactur-
ing and the like. The interlayer lightwave coup-
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ling device is characterized by being provided
with a substrate, a first core disposed on the sub-
strate and having a pointed structure, a third core
disposed spatially separated from the first core
and having a pointed structure, and a second core
intervening between the first core and the third
core and having an index of refraction smaller
than the first core and the third core, and also by
the pointed structures of the first core and the
third core being disposed so as to have no overlap
in a plane view.

G BH: AR, BLHLFRER
BMT. leﬁlﬁlﬂ%qﬂ’é{ﬂﬂ&"'d’éﬁ'ﬁﬁ’éﬁm
FTME—FEDOTERREIZ
fEEStEhD, BiEE(C
MALREET/INMA R
naAF7E, F

Xt i
cm
A A
g
'|§§}'r
Se v 5
N\

| oz =

il

.
(B
_|_
=
=
i

W0k

—\l ﬂ
AT A

| i
NN
Ak
Mo
Mt Non

<_
-

EE

)‘gl



WO 2015/011845 A1 |IIIWANT 00T VAT 0O O

GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT, &{t/\BE4E.

NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR), OAPl __  mpsg Py

(BF, B, CF, CG, CL, CM, GA, GN, GQ, GW, KM, ML, %“Hﬁiﬁj:' (5RHIF 21 *(31)

MR, NE, SN, TD, TG). — MWEINEROSHE (FHE 195FQ0)



WO 2015/011845 1 PCT/JP2013/077037

[0001]

[0002]

[0003]

[0004]

B &
FHEADOAM : BREXKEET /N A
s 3y o
FRBE. BEARHEET/ M RCET250THS,
BRI

Nogged v Ea—T1 VI AT A, 7Oy —0sO—nNL
BEARICH LT, T oABEFEREZF DI &P, BEEENM NIV ERY
SHEBENMEWC ERESBREEINS, LA LAY LEFEOR BRI
I, ERIRETEEOHB/NPREBEERO LR R EDEHICLY . SHROMERE
BEN+RICH/FTEIAWN, 22T, YAV T4 MV RICEDWEF Y
F v TREMBZEMABEETH DD, BERICKD SN 5 BEFTHEITRRE
ETERLBITWSH, WHAITHERBRRMZEALZE LTHEBDN
AR TIIHHENARES 5, 22T, BBREELZBMNICEMIESZILDT
X5, NEREZZEICEE L RIuAEERMICEVWIRIAFE LN T
Wb,

SRTTHAEIEEMISBEEEL LRI EZEFICEEETST., EEBREM DR
HODIRWHAERRREZRIRTELEVWDRAMEHERD, Thidk, =D
DRET DHEREEEEMICOBET 2 ENTEDZLOTHD, =R
BhEAEEBREOEEMNR. REROBEELRCEMRLICHEVEIRIC
BALTWS,

SERTHERERRT 27001, BARZ2ZDODOHXEIFERB TORIBRA
HEEDARARTH BN, TORRIIBEZ TRV, BELLIE, HEES
DZEEERRY ., RPLEEBOEHYBINEORERICE > TRELRNKIE
KORELTLEDIEOHTHD, TDH, BRETHEEZPYEY T BRIC
&, UTFO&L D BRERMI/MMERINTWS,

B7ICR9EDIC. FyTERAT7ANOBORETDHERICEICAWVS
NZTF—\EEEETIRARY M XERBEEBMEA»EDLEDZ &L



WO 2015/011845 2 PCT/JP2013/077037

[0005]

[0006]

[0007]

Y, ERZEBICENTNEEINTVLWSRAEERE THES ZHEICES
DHENMERINTWS, GEEirxml 1 5R)

R7iC8WT, (a) FBEXEREST N1 ZOMER. (b) FZDFE
EERAE., (c) FZOHhREBHMEEARTH D,

FTTFEBICBRBEINTWAREFRAEWIT—/\EBEEE L TWAEHIC
 BVONERBICHEIENH 2 WEIMBNLEREOEENFELRLELT
H, T/EBEQEIHNT, EFTEOAERENZTNETNERBRTHEELLES
BOENERENALTET—RT 2EMIEFEET %, TDH. BEMHD
WEMBHREREOZHICN L THRRREEZERRTE %, MA T,
HEFEEZFA L TWBEDICREMNIERETHY. LIrEXEOLETE
BOREEETIE—EFTOATH D70, —EHEIPBITLLRITBUVITDN
BREANENRS ZEIEIFEAER,

COHETIIEEOE#RZTDICH T I EIIEELYL, T4abb, 77—/
EDHmEEZ I §5 2 & T, RO E— FRZNEREB DRI
IEKIARIEDIENTEDHIC, EMEREZTDICHL THRENICIE
HEEFEEIEDIEETESLDN, T0OHBE. BRREITRET 2HTHAN
BREEEDOERICL Y BRBITHRITHERES SR L TLE W, BXOD
RRE &5,

ThRbE, ZOHEIE, WREEVWEOD., EROERE+SICHT &
PREETHBEW>FEENDH B,

RIS, HERBEOREICEIREFZ2RIT25 Z &ICE YABREBORAIEICH
HBEHTIENTER L —T 1V TEESHRZRAVWEAENH D, (FFEF
SR 1. FEREFER 2. 3BR)

LOLADS ZDOHAETI, REMIEVER, XKILERKER. K=
BRERKFEE. L TEICREEI NI —HE2aWVMIBESGLEBEZR
TEELATNERSLBRVWAREDEENH S,

T, RERBRDPICIT—2EBL &L YHDOEROAZTZEZ. ER
DEICAMDELLET, AKRIZ—ZAWVWSIEILLYERDIEONER



WO 2015/011845 3 PCT/JP2013/077037

[0008]

[0009]

BICHKZE IO ETIHENDH D,

LML, BWRHEZETIHRAOHMIEHFBICHETHY . FICT )3
VIFEHENEWLOHIC, SHATMHRA LY —BRER#ETH S,

TSI, LTERAOIS—EOMUEADLE ML IV ANNI L, BVWERIE
BEEZLEET S, GEFFXE42R)
FefT A >R
T >CER
FREF (R KERFFE 706527 1 52K
WErmR2 : 2011 —-18016650%
BSIHFXER3 : 15FE2013—-0064455
FERFET R
FEHFEFSCmR1 : R, Sun et al., “Impedance matching vertical optical wave
guide couplers for dense high index contrast circuits,” Opt. Express
16, pp. 11683-11690, 2008
JEsFEFSCmR2 : J. Yao et al., “Grating-coupler based low-loss optical
inter layer coupling,” Proc. 8th Int. Conf. Group IV Photonics, pp. 3
83-385, 2011
JEsFEFScm3 : J. Kang et al., “lLayer-to-Layer Grating Coupler Based o
n Hydrogenated Amorphous Silicon for Three-Dimensional Optical Circui
ts,” J. Jpn. Appl. Phys., Vol 51, 120203, 2012
JEsFEE~cmi4 : D. C. Lee et al., “Monolithic Chip-to-chip WDM Optical
Proximity Coupler Utilizing Echelle Grating Multiplexer/Demultiplexer
Integrated with Micro Mirrors Built on SOI Platform,” IEEE Photonic
s Society Summer Topical Meeting Series, pp. 215-216, 2010
FERFEFSCERS - [ i MEBHEZRWEBEERY ) AV ERBIARY A4 X
gl . 201 28EMFHT7 SQLANEFRFMERR BEFRE]
JE4FEFSCER6 : Ryohei Takei et al., “Ultra-Low-Loss Silicon Based Spot
-Size Converter Fabricated by CMOS Compatible Process,” IEEE THE 9TH



WO 2015/011845 4 PCT/JP2013/077037

[0010]

[0011]

[0012]

INTERNATIONAL CONFERENCE ON GROUP IV PHOTONICS(GFP) 29-31 August 20
12 WB4 P36-38
FEAOBE
FEADNERL LD &I 255E

FERFEF TR 1 ICEEE D FATHMIE. ROL I BRATHLTIERD o7,
(1) EHEE#E+IRELVN &,

e, BRSO 1 WNCHRRFIFXER 2. 3 ICERBDETRANIE, ROKT
+aThah o7,

(2) REMICHEEREMEN &,

(3) HEMEICKEBICKIWERKEHEL CIREKEUENFET D&
(4) EFEOIL—Tq1 v /faaReaWMIBEGLERE TCERELRITN
(=AY AN AP

I 50, FEREFXER 4 [CRBOETRAMIE, ROKTHATHRL >,
(5) S5—DEAMRIEHETHY. BMELEEEOREIRETH
52 &,

(6) LETFEOIZ—HZEWMIBEGEHLERE TCRE L QIThIERoRWn
Eo

AFBIE, L8 (1) ~ (6) ORICEHERINLEOTHY., ERD
FRORBERE T, RROBRFEGEHRT 2K E. MTEE—RNEBTME—
REDEREICH L TRRLKFEEIEI D, BEFICE > TEL EEN
 BCICHBAEENC & 2EEMEROHSEE +2IH T X 2BREEES
FINARERBTZIEEEBEBET B,
RBERRT BI-ODFE

LEERELZRRT D2-DDFRIIRODEBY TH B,

(1) EREICKEHEBEEZET DDA EEZBAOITHEMBOIT LY
LEMENNIWMEO I T 2N L CZEEMICEERET 5 & &6 IS, Z2EDD
TOSHmEEE. TERLTERQY 2HELVWE I ICEEINTWS I L%



WO 2015/011845 5 PCT/JP2013/077037

B ET2BRANEEET /N 2,

(2) EfRE. BERLEICEBINE—DOEHBELEITZE—DIT L&,
RE—OIAT7EFERENICHE L TRBESNE_DOAGIEBELETI2E=0D
A7 &, SE—QIAT7EEZHE=QAT7 EOBICNELEZE—DIT7RUE=
DAT7FYERETENNIVWEZDAT7 E2BAD EEBIT, ZE— DL
BERUVZEZOLEGMBER., FTARLTERY Z2/HLBVWEDICEREI L
TWB I EAERHETIERNERET /N X,

(3) LEE—DI7, LEEZQIATRVCLEEE=DQIATHRT Y TEIF
RERRHDIWNI T L —FT v REREXRBRETHD I EERHHETD (2)
ICEEBDERNRIEET /N R,

(4) EEERLEIC, EREZOAT7RCEEBE=DOAT7EEDI I TY K%
ISICHATTEERHET D (2) XiE (3) ICBBOBENERETN
1 Rs

(5) LREE—DQIATPRCE=ZOATIE, PVIAVUHILRBIIEEHHET
% (2) 7L (4) OVWTNANICEROBENEEET /N X,

(6) EBE=-—DI7IE. SiON, SiOx. SiN, SiC, GaAsk
I nPOWThOLLARZIEERHETD (2) 2Ll (5) OWTh
MIERBDBENGREST /N1 Z,

(7) £EE8VZv RiF. TRFUBEXES i O, 0nTnhrbihdl s
BEeEdTd (4) Ll (6) OVWTINMCRBDOBERKREET /N1 R,
(8) Lidkthtisld, PR EHLICHEBLAAELZET 5 &2 /HH
ET2 (1) BVl (7)) OWITIDICEREHOBRENEREST /N A,

(9) LEEhthEEE2BMT 2 RGO —IOMAH, B L AIEE%
BT aBHETd (1) VL (8) ODVWTFNMNICEHO BRI IERE
BT /N1 R,

(10) LiEEsHESEE. ERICEAN> TEHMNEOLTWE I EE2BHE
95 (1) BAWL (9) DVWIFNRMCEBOBEIGEEET /N1 R,

(11) EREHBEDERNEOHERRI=ZAR THE I E2FHET



WO 2015/011845 6 PCT/JP2013/077037

% (10) ICEEBOBENSREST /N o,
(12) LEERIE. SO I ERTHZZEEFHETSD (1) BWVL (1
1) OVWThMCERHDEENREET /N R,
(13) LRERIE. AEBORERTHIIEEFHETD (1) VL
(11) OWITNMCEHDEREIREET /N1 R,
FEFDOFR
[0013] AFERICLINE, KBEBELXTHD, REKFMH & RREFEDEV KOS
BREIONEESEEL2ERIRET I ENTREE LD,
BT O & & 75 EA
[0014] [R1]ARBICRZBRNGEEST N ROEAEELA RT TABERARTH S
[R2]ARBRICIR 2 BREYEES T /N1 ZDEAREE % R 9 hRFEMEmER K
ThH b,
[EBIARKBRICR 2 BRENEEST /N1 A0EABEE T AAEERARTH
%,
[RAIARKBICR 2 BRENEEST /N1 ZA0EAEEE T AAEERXRTH
%,
[BIS1AFRICIR 2 BENEEEST /N1 AO—KEHEOMNERTH 5,
[BI6]AFERICIR 2 BREHES T /N1 A D—EHEMEED h RS EERE T
H5
[H71kDBRNEHEET /N 2ADEEETRIBEARTH 5,
FHAZERT H7-HDOHRE
[0015] (AFEBICHEZEBENEBEST/NM R)
Bl1743W L4 13, ARBICKRIEENREET /N AOEAREEETRT
BXETH D,
K1iE. Z2OFEEAHTHY., M2, Z0OhREMEAEAKTH 5,
T, M3, zoAfilEmERAETHY ., M4i1E. ZORAEEARTH S

]



WO 2015/011845 7 PCT/JP2013/077037

[0016] B174AVWLE4AICTSAKBICKRIBENEFST /M ZAOEXRESL,
RDEBY TH B,

SOl (Silicon On |Insulator) ERFOERLICERINLZE—D
HERHE FBOE=0OHEREE IE. BEZONERREN L TRREAS
nd,

BB, M12WLH2IC8VWT, BE—RUEZOEHSBEDRI HAIZ.
EREL YHEN L TEAWICETRILTWS,

[0017] EREOEBBNXEEET /N AOEAEEIF. EiRE. BERLEICEBEINSE
—DHGBEEAE T IE—ONERROE—DIATE, F—OIT EIFZMH
BICEERR L CTREEINBEZDAMBEZE T 2E=0XATRBOE=0I7
E, B—QAT7EE=ZDQIAT7EDEIINEL, E—RUVE=DIT7 LY EE
WENNDNIWEZ_ONERBERDZEZDOIT7 EMNLRRD,

IS, M1AaWLEANSSDDE DI, E—DEMBERVEZDRL
S, ZEMNICEREL TEEINS &I, TERLTERY 2FE
BWEDICEEEINTWS,

[0018] (ARBBICKIBRANEEET /N1 ZDENMF)

B-DOAERBENITE=ZDONEREHREZEHL TWBHRRIE. ThETho
TEHBEDEMABBRT D& T, BEZOREEBEAEEET D, TDHE,
EZONERBRPAEGHRL TWBHEIE. EQZEEAREBICEEIN TV
DE=ZDORERBH D WNITE—DREREA, AHBEOERLBAT DT
ETHRET %,

[0019] C D& RIBEDHZE. EZOXEREADHBEOEEMEE, BEYARL
BRBEZAVTIAVWNIEE, FOXERBEOITDOKRE I ITERE LAV,
E_OHRERBROIAT7OEIIIEBMOERIC—HT 240, EZ0OHERK
DATHARXERELTEZEICE>T, BEDHERHZARAIC LD ENT
x5,

T, ERMNABEARVTVWA I ENS, BYLABMROEHEEE AL
Ima. REMICBETONRBEEWERIFEILS . BREFEIEIET DD



WO 2015/011845 8 PCT/JP2013/077037

[0020]

[0021]

[0022]

[0023]

THhI W,

(AR D BRENEEET /N 2D FEREE)

AFPATIE, HERBEOKEFEOI 7 OEENSRAEHKT 26 D% %kt
BEET %, H1HhoahdLDIC, A7DEmESTERL TEHAEDZED
ZAMEEKRYT 2BENRKREATH S,

ARBEHESIE, AEREOLHEEE | BT v EREENMEVNZT Y
NRERAWTHETFE—LBAERMHP D WNEIRZIF S Y — AT v /REAIC L
ZERAFICHFRTZIENTEDIARERELTVWD, (X 225R)

ZOFEICENIE, KHBEE LT, A7 0EROEDETZICROICKH
ELEBAOIEI=AFY AT OERD—LDHEROICHREL THAD
SARELELDEBERSFRTIZIENTED,

IHIC, AFEPEESIE, LEEORMEZHNBE LA, 27 O5EimDBICHER L
T BE A TR L 7= e s R OVMEIRICE D » TEH & KRS B/ st s
TOERFELERELTWS, (FEFrEt3. FEHFXE 5. 6 8R)

INICENIE, ISICESBEE L TROLIBERALHIFON 2B,
(1) —BICIER LRI A2 BT 2 hHiEE,

RIEOENAEIRX. 60EULESSEUTHHFEELL, ISHIC, 75EM
L8 OELUTALYEFE LWL,

(2) —ORCHEO—LORAD, ER L RAEELE T 5 kHHEE,

RIEOEMNAEIR. L& (1) IKESSE, SLOBEMNAERLT LER—
THBBEIFRL,

(3) HIHICAN > TEH (FX) R LTV B EHEE,

(4) ERE (2) R (3) OEEEMAEDEDIEICLY, FM41T Ty
D& ITERIRMNEDHERRE =B & L kimiBis,

BB, £iE (1) WL (4) OkhshiiEiEld. HEFXE2ICBARLEY T
WING — =2 Tl & EF R 3 ROFEREF XA 5 7 L 6 ICRZ L 7= B
DLEBBICLERTTRHIENZ2 AT DIERBEZFKTEEIRZATvFV T
EifiaEEEAEDED I EICLYRRAELTH D,



WO 2015/011845 9 PCT/JP2013/077037

BIZIE, SESBEICH T SRBEDERESEF. ) avIcPyd—Ay b
DABHA, SFe&, AIEREOREREZHBIEDIEDTESLIAR, AIZE
C,F:bDEEHAFTHIHF TCHEERAUEURBMEA A VYT yF U I1TW. £

DEEHR (=SF¢/C,F,) ZABIZIETHEBRNAREZFIEHT S
EIWCLYRETBHIENTES,

[0024] < Y)AVITOEIN220nmé LAEBAICKE, BEBEAKLERES
R DHDICBTEE—RICHLTIE 100 n mUTORBOSBEMAFETE
INTHY., BTME—RICHLTUE, KIHEADS 0 nmLUTOEBEDOE DAL
FhTW3,

AFEBPICFRDBEGEEAT /N ATk, I 7 ORHEIML Ao 7 5 8iE
BERAWSZEILE 2T, BETONEEEVWEORERGEEEZ RIS
ZENTED,

RICERE (1) AWl (4) OEHEER. ZOUWEEBELZDERIIE
NA3ZEDPRLKBE0ONmUTOREZMIFETHIENTESLH. BETON
BAEAMED, MTEE— ROARS TR TME— RITH L THRERIKEME
HBEEISEOPIEDLIENTES,

[00256] CRIC. EMEILRBEESEMRTT 27DICIE. PR EHE—DHAERE
MMEZDBE—DHRBFBENLTEZOREREOPICA>THY ., FE=DK
BRENMEZDEZOEGEEOEROE THAEZOREREOLEmICEL
TuhiE &L,

LD >T. EZOXABERBROBRUORIZRILCEDZ&ICLY, D
DHMMBESEBENICEI OO THLVRETHAIEIHEL AL RY, B
BEIAXAMETIFEIENTES,

[0026] ZDODEHGIBEDOETHRERITIEZFEIC, BVEREROE DR
BENEIEDIEICEY. HROBREFIRI N, FZOHERERICH
D THIRITHETT 5728, HERDENDEEEZERICHIRET 5 & A EHE
D,

CNICEY ZDDAESRBEDREDERHENH 5P S HFMEICEAL TEN S,



WO 2015/011845 10 PCT/JP2013/077037

[0027]

[0028]

[0029]

[0030]

CNIIRFOBREZLEF20H45T, HWEBELES LREIRMNET
IFHMRDH B,

IHIC, EHBEDER (FY) NREPT D&V BENRHIZ. BEN
2R RUAICE, RE— ROYEBEXZNHREEET 5,

ghabb, EHMNEDTEIET, ARNDETOBRTME—RICBITSH
BEDY ) AVAEREPNSEZEREITHRADEHE LI E YHRH
IRy, ZORRELT, MTME—RICHT 2 E— REHIEREMRMIC
BOPIEDENTED, TOEDIC. E— FERBROREKREEE R
IEBIENTES,

e, k52 (1) WL (4) OEBBEEERT 7O DRI EMNT v
FUUTIRIE, AEEORERFICERINLZLS | O&BERZFHKT
feHODNy T RIRR (BEOL) TEKAVWLNTWSIRENREICLY
TOCENTEDRD, BEOLEEBENICHEWERMEEZR > TWL 5,

CDH, LS | 0£ERMBLICEBINS. mWEBNEHE LIEKERK
RABERKRIETEL 77 A2 ) AVICEDWENREBERRY NT—0 %87
HHEBOEOEIR MEAHEFTE 5,

(BREYGEHEET /N RO—RERE

BI5IC, AREBICKRLIEBENEGEET /N AD—EhRPRERORGERZRY
o EEDLANBLDIC, EREICHKRINEZTI Sy REIC, B LA
BaiRz. KiROEOWEMRE =AM E Lickiide (F14 7Ty Vs
EBHWI) EETEIE—DHAEBREBOEZE—DITHIEHRINTWS,

EZONERROE=DIT7EE—OIT7 ERAKOEREE L., £—0D3
TVERERMICHERT S EHIC, FARLTERY Z2FELLVWE D ICERE
INTWS,

B—QAT7EE=ZDAT7EOREICIFE. F—DIAT7RUCE=ZDIAT LY HIE
MENNIVEZOHXRBEFROE—OITHNEL TWS,

E—DIT7RUCB=0IAT7OMEIZ. EREFORFRNS ) IVNFE
L Ly,



WO 2015/011845 11 PCT/JP2013/077037

v)yaviHRE L TR BRVVAVICERSTRY YA VRTELT 7
RYAVTHELIV, PELZ77A2) AVDHE. MRORIIER % KR
bg57HIC. KFBETELZ 7)) AVAHFE LW, PV aVmHRU
HICIRFTR. TR ZULFEEZRMUEMBTH> TH LU,

[0031] &7, SN2 7DO#EHI., SiON, SiOx SiN, SiC, GaA
s. | nPHAIFELWL,

TSI, FZOATPRCE=DATZB I LDICTRFIUBAEXIES i O,
NoRBEVTY RBIEHRIN S,

BE, M5ICHBITIHBEETNNA ADHODOERE LTI, SO (S
ilicon On Insulator) ZHift, HEBORERSEN,FH
INnd,

[0032] EI6IC. ZOHhREMEEAREZRT,

BE—RVWLILE=ZOXREEROE—LRWILE=QOAT7 EE—RUTEZDESH
BEDEMRIE NICAERRIE. IRDEEY TH S,

E—DOHRERROE—DIATEE=DOAEFROE=0IT7 &IE. E6T
FEZT1. OumDEZOXRERBOE—_DIT7 452N L TEEANICHBEI N
TW3,

BEZOHRBRBDEHIF. B—DONERBOEALYEETNIFNST
H LW,

[0033] HE—QAT7DE—OEHBELE=OIAT7OE_DOkHFEESIE. 100
wmiZEEEMICEERE L TW 3,

BB, E—OIT7OE—ORGEEEE=DIAT7OE_DEHEEIF, F
HELTERY ZFEBVEDICEEINTWE I ENFETH S,

IHIC, BEZOXEREROEZOIATRUVE=ZDONEFROE=DIT %
BOLDIC, EUZY RBEHRINTWS,

[0034] LAE, BE1TAVWLHKGICKRLEERAEERUERTEEAZSRBL T, &F
BADBRENERE T /NA A& LN, IhbidEH EFTEHEARREBPOER
NREET /N ADEBEBRHICTDHDEDTH D,



WO 2015/011845 12 PCT/JP2013/077037

L7 > T, BHFBEROGHEICEH I N/-ARPOFIMBEBICE DL EH
. WOEREREIE., UREFRBOBRENEFEST /NI AICEBEINDZEDT
H5

[0035] 3 % IX, TAWLRGICKRLAEABERCERIBEICSITIE—D

A7 RCE=Q T OHSEBEDRDIE, FEKR L TERFERTHZH, M
TIRXITEFIRTH > TH LN,

e, B—OA7, FZOATPRCE=DIAT7DORADDHL EH—D2% T
L—F vy REFREEERHDIWERAT Y TEFRERKETIIEHTED
o ZODHFE. B—OHXERRRVE=ZONEERIBEMTHEE L LEBOERM
BITENEZ_DHERERDOENLYERZIVWRENH D,



WO 2015/011845 13 PCT/JP2013/077037

[E5KIR1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

[E53KIRT7]

[E53KIR8]

FEk DEIH

ERLEICHESIBEEET2PREEZ@AOAT7HE-EOIT &£
YEBINENNIWMEO I T ZN L TEBMICEHRET 2 & & B I,
“BEoI 7 OEGEEIF. FERL TCERY ZRHEBVL D ICERES
NTWB I EZFHHETIBRANREET /N

HEiRE, ZERECEBEINE—DOEHIBEEEITZ2E—DIT L
CEE-OIT7EREENICHRE L CTRESNEZDAHRIBEEETY
PHE=ZQATE, ZB QAT EZFE=DAT EDEICNELEZFE—
DAT7RUCE=DIAT LY EERENNIVWEZDOIT7 E2BAD L
EBHIC, ZB-DEHGBERVEZE—DOEBMBEL. FTEELTER
YEFLZBWEIICEBEINTWS I 52 HE T 2BANERET
INA X,

LRE—0I7. EREZOATVRCLEEE=0ITORD P %L
EH—DONRTY TRIFEEREH D WNET L —T v REITEEREK
THdIEERHET IHERBE2 ICEHOBELEEET /N R,

EERERLEIC, EREZOAPRCLEBE=ZQOAT7ZEOITY R
ZILIRA LI E 2R/ E T 25K 2 XIS 3 ICRBOBREIERE
BT /N1 R,

LRE—OQIATRUCE=ZOATIE. 2V IAVIHRBZIEEFHRE
FTHERBE2HVLALDOVWT N 1 BICEBEHOBRNEEST /N R

FRE—DI7IE, SIiON, SiOx, SiN, SiC, GaA
SERY I nPOWITNIDLRDIEEHHMETHHEKRE2RLVLS
DOWEFh 1IRICEHDERNEREET /N1 R,

LEIZ Y R, IRFUEEXES i O,00nWThhhsisdl
EEBHETIEREL VL 6OVWTNA 1IBICEH OB
BT /N1 R,

FRESEEIE. PR EESLIERLAEEET S &5



WO 2015/011845 14 PCT/JP2013/077037

[E5KIR9]

[E5K1R10]

[E5KIR11]

[E5K1R12]

[E5K1R13]

BETHEREBEIRVWL7TOWTNN 1 BICEEHDOEBENEES TN
1 Rs
EERAMBEEIBNT 2 SLRCMBO—DORA M, EH L7 AIEE
EETDHIEER/RBETHHEKRET RV BOVWTIL 1IRICEHD
EBREYEEET /N R,

LEEAHESIE. AWmICAN > TEANREPILTWDE I EE2/HHE
TEHEFERBEBIHEVLIDODWTNA TIBICEEEHORBRENEREET /N R
FREASBEDEBNEOMERRIZAT THE I 2 RFHET
55 KIE T OICKEEHDOBENEEET /N R,

FEEERIE. SO I ERTHEIEAFHETIHERET RV T
ToOWFhH 1 IRICEBHDOERNREET /N R,

FERERIE, AEBORERTHD I EERHHETIEKRET 2L
LT 1TowdFhh 1 IRICESHDOERMLREET /N1 R,



WO 2015/011845 PCT/JP2013/077037
15

FHIE ST EER DB
[20144E1 524H(24.01.2014) B E 745 = 1]

[FERIE 1] (B
[FERIE 2] HE®R) BRE, ZERLICRBISNE —OSSBELE LASE
CTENT 7R ) A PoRE—0aT Lt %%E—0a7 & 3ERNICKE
LTERBESNE _OEFIEELH LAKRILTELT 7 AL arnbREE=0D
AT B DOAT EFEZ0aT L OBMIINE LEE DT ROE =0 o
TROOEFREMNSWBE_0aT LEHLD L L BT, BE—DEGHEER O
REZOLGEET, FERLTERV ZE-R VL ICEBESATNE - L 2
R L T OBELERAEST SA 2,

[FRE3] LEBE—Da27, LEE _0a7ROLERE=0a7ORNOH 2
REb—DOBRT vy VBN REFEDH DML L —F y FERIFREKRECH D =
LERBETIHRE 2 ICEHOBRRERET 1 2,

FERTEA]  EREKREIC, LR COITROLEESOSTEES 75 o
FEIOITMATZZ L2 RBME T2 RE2 VT3 CEHOBRLERELS T N4
2z,

[FEkE 5] (HIER)

FERIE6] EEHBE_o=T7iE, SIiON, SiOy, SiN, SiC. Ga
AsRUOTI nPOWTLNLRDZEEBEETHERE220L 500
1 IEIZEER DO BN E AT A1 &,

[(FERE7] LRI 7y NI, =RFUHIEXIES 1 0,00 FRhrndbi s
CEERHEETIHEREAROL6DOWVTRI 1 HICEH OB EELS T A
Z,

[FARIE8]  ERESHBEL. DA< b—0IEB LE-RELEST S L%
FRETOERELLRVL7TOWFAL 1 BIIZHOBEIREZELSTF A1 R,
[(FERIEO]  LRESBELERT D TR OMDO—BDOWE . L L 7=
BERTLILeHEET 2@ REL AN LW 1 HICREHO BRI
HET AR, |

RERIEL 0] LEEAHEEIT, LMIcmro TELREA LTWE = & 24
BETDHRELILZVLIDOWT R 1 EICRHBORBEEHESF A1 R,

MIESN-FAK (FHE195)



WO 2015/011845 PCT/JP2013/077037
16

(FERkTE1 1] EREFBED KRN IEOMERRNZAT TH D = & 454
ETDFEREL O ICRBOBRNEREE T A 2,

[FERIE1 2]  LERERIT. SOIERTHIZ L 2HHEETBERIEL 220
L1I1OWEF»1BIZEHROBBEERZET N1 2,

[FERE1 3] ERERT, AERERER CHE - L 2B ELE T 58 RE 1
ZOLT 1OWTN 1 BICRROBERERESF A X,

MIESN-FAK (FHE195)



WO 2015/011845

[E41]

1/3

PCT/JP2013/077037

B—DAHEE
e

B DIHEE

B—DIE K

DE—DIAT T

B=DFERE
- =07

B_DIERER

|~

DE_DIAT

[E42]

E—D&EHIEE

/

B DEEEE

1—~E7Zv R
BE=DFERRR

- oE=na7

BE—DIHE KR
DE—DIA7

........... o

7

E_DIERRER
DE_OIAT

)

1—~TFU>vk

4 &R

[E43]

B—OWEHE

DE—DOI7

——

et

L~ 55y R

| B0

DE_DOI7

L~ T7Z vk

L~ Eify



2/3

WO 2015/011845 PCT/JP2013/077037

[Eg4]
N oty AVE
E=DNEREE
DE=0a7 | o
| | BT OMNERE
DE_D2IT
3—TFTU>v F
4 &k
[Eg5]
AN
B-ONEHE |
DE—DOAT \
L~trs359r
| BE=OERRE
HE=HIAT
| B OEEE
OBE=HIAT
L—TF2ZwF
4 Eif




3/3

WO 2015/011845 PCT/JP2013/077037

[Ea6]

%;2?%%% 1~E535y R

B—DFAHEE o isass

" B= Oy
A A2 E=DAT

PRt

A [ ofg=—oa7

Nl A AV N

E—DFEREE
DE—NIA7

4 Eik

[E47]

3
¥
&
¥
¥
¥
¥
&
¥




INTERNATIONAL SEARCH REPORT

International application No.
PCT/JP2013/077037

A, CLASSIFICATION OF SUBJECT MATTER
G02B6/122(2006.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

G02B6/122

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2013

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2013
1994-2013

JSTPlus (JDreamIII),

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
JST7580 (JDreamIII)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2008-261952 A (Nippon Telegraph and 1-9,12,13
Y Telephone Corp.), 10,11

30 October 2008 (30.10.2008),
paragraphs [0048] to [0051], [0055], [00b6];
fig. 4, 7, 8
(Family: none)
Y JP 2010-230982 A (Nippon Telegraph and 10,11
Telephone Corp.),
14 October 2010 (14.10.2010),
paragraph [0004]; fig. 6
(Family: none)
Y JP 2008-139478 A (Hoya Corp.), 10,11
19 June 2008 (19.06.2008),
paragraph [0044]; fig. 2 to 5
(Family: none)

|:| Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
21 October, 2013 (21.10.13)

Date of mailing of the international search report
29 October, 2013 (29.10.13)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)




B s EpsHEESE S PCT/JP2013/077037
A, RHPORTLNEONE (EERFHFNE (1PC) )
Int.CL GO2B6/122 (2006. 01) i
B. WH&&EITonY
A ZAT > T/ RE R (EERFRr2E (T PC) )
mt.CL. GO2B6/122

B/NBEBIUSNOEE CRHE LRI T =D BFICEENL LD
HAREEZERAFHEAR 1922—19964
HAREAREAFEAR 1971—201 34
H AREEAFH RGN 1996—201 34
H AREBRGE AT EAH 1994—201 34

EBFHA CHEM LB T — 4 N— R (T —H = RDLH,
JSTPlus (JDreamIII), JST7580 (JDreamIIT)

AHAZ B U7 HIRE

C. BIESS LD 505 S

ENERT D) T

BTy — % BIFSCHG RO—IBOEFAMES 5 & X3, OMET s EFOFER R TE o 5 -

X JP 2008-261952 A (A AEEEFEMKASH) 2008.10.30, B [0 | 1-9, 12, 13

Y 048] —[0051),[0055),[o056], [IK4], [7], | 10, 11
[K8] (77xIVU—72L)

Y JP 2010-230982 A (HAEEEEKASL) 2010.10. 14, By [0 | 10, 11
004), [®M6) (77IVU—72L)

Y JP 2008-139478 A (HOY ARE &%) 2008.06.19, BE¥% [00 4 | 10, 11
4], [K2—5] (Zz7»IVU—7%L)

I CRIOEE X IC b ST S TN D, ST T 2 Ut A B A B,

* BIESGROB T TY —

TA] BICEED D 5 LTI L, —REVETKEZ R4
HD

[E ] EEEEERTOBBEE- ST Th 50, ERHEH
PRRICAREINTZHO

[L ) B RICRELIRE T 5 U IO TR O R1T
EE RO EC NS b= NezR 2 1 AVAS NP oY -1l =
D0 (EEEA)

O] NERIC L 28R, A, BTREICS kKT 530

[P EEEMEBRIC, D OEEEO RO L 22 5 HE

D H ORI S T= 30k

ERSHEE H OB E B ICARENT- X TH - T

HEE & FES D H 0TI, FAOFE X THEH

DEMOT=DIZEI AT HO

(X | BCEEO S BT o C. BEESTHRO A TR
OFRMENIESER N EBZ LN HD

(Y| BCEEOH B CH - C, SiEoTEk & oo 1 L4
ok 0, BEEICZLSTHHTHLHEEEI
Lo THEBERNEEZONLED

(& F—%5 2 773U —3CHk

IT)

EEfRA e T LA

EERERA R E OFELH

21. 10. 2013 29. 10. 2013
E SRR O PR KR UM Tk HTHEEE MEROLDHIEE) 2X | 9124
AAERZT (I1SA]P) =l
BERE100—8915 =
HEATRHEESE=TH4%3 5 EFEFERE 03—-3581—-1101 A 3294

HAPCT  1SA 7210 (FF23—)

(20094 7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - amend-body
	Page 18 - amend-body
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

