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(57) Abstract: The objective of the present invention is to provide an optical modulator adapted for use with various modulating
units and various modulation regions, and with which variability in optical losses is limited as far as possible. An optical modulator
in which an optical waveguide 2 and a control electrode for controlling an optical wave propagating through the optical waveguide
are provided in a substrate 1, characterized in that: the optical waveguide 2 is provided with a first branching portion 20 which
causes one input light beam to branch into two light beams; each of a first and a second modulating portion (M1, M2) connected to
two branched waveguides (21, 22) which branch at the first branching portion is provided with a structure in which one or more
Mach-Zehnder type optical waveguides (M1, M2, m1 to m4) are combined; the control electrode comprises signal electrodes (s1 to
s4) which apply modulated signals to the first and second modulating portions; input portions of all the signal electrodes are dis -
posed on either the left or the right of the substrate 1 relative to the direction in which the optical wave propagates; and in relation to
output portions of the signal electrodes, the output portions of the signal electrodes led out from each modulating portion are dis -
posed on the side on which the first or second modulating portions are disposed, relative to the direction in which the optical wave
propagates.

(57 B#:
HREA]



WO 2016/175289 A1 |IIWAT 00T 0 0 RE VAR AR

E
o

R ERBT HC &,
ERVICAEERK2 L, ZIABRBEGRTHIRREFHT H-ODOHEHEBE ZHA-AERASRICH
WT, ZAEEBRE2MN, —DOAARE-DIZHIRT HFE 1 DIRE20%HKA. ZE1RIREHTHIEL
EZODRBRERE (21, 22) ICEMEINSF1RCE2QXHAN (M1, M2) THY, REH
BA—DLUEDTyNY T U —RIRBRFER (M1, M2, m1~m4) #HAEHOEEEERA,
ZHHEEIL, F1RVE2OLRMWICERESEMMYT HESEE (s 1~s4) #HL, ETDIE
SEBDAARIE. ZHRSMEHRT DA L TEER1DEEVNTUA—SDORICEES N, ZiE
SEBOEAWITOVTIL, FIXBOGHRARICKL, FIEE I XITE20ERABIAERES NS H

H T L. B 1
12, BRLERENBEHINIESEEOHEIPBEEESIN TSI L4 HMET 5,



WO 2016/175289 1 PCT/JP2016/063376

[0001]

[0002]

[0003]

[0004]

Bl # =
FEADEF : HEFE
52 ip sk

AFEBRIE, HAEREBICEAL. 8IS, ERICHEREB S, BAERE % G
T 2HRERET O DEIEBIE S & E 2 - HERRICAT 5,
BRE

EE, XBEVRATLOERIL, ABRENELHT, ZhICEAINS
HEFBOEFTECIE NS RKO SN, BIC, AEAREERT 28
I DOEBENEATWDS, FIZIE, BRBEREMN1 00GH z A EDHE
FABRTIE. 4DDERAESEER L4 F v o RIEBEEBEATWS, L
H. AERBADESEZOEY @O LHAEHL L. HERABROFEDLIED
FRRICEE>TWD,

RROAEFREIZ, EREXEEEMEZBELTWOT, AIXE, E1
IKRT LIS, 4 F v VRILVDERESDRIRE —MOKIFERTT>TWL
Foo BTG, ZFTBYY FOLAEDESHEMREET 2ER1IC. EH
DIy NY T F—BINERR 2 AEBEEL TWD, HEREK2 (RIEE
) 1. B DIRER2 OIS & Y ANAERERN 2 DOQIREKE (21, 2
2) IKHIK L, BOBEKRICIK, TyNY T U4 —BIRERRKR (M1, M
2) TEBHRINDH 1 RUR2OERFBIERINTWS, 1T &
FAERIE, RA MNEDLEHRTHERIN., T v /A\Y V5 —EINERFR (M
T, M2) I, 61T, Blvyn\yz ¥ —BHEFKE (m1~m4) A
NFRICHAAA T, B4 DOERBEEHEHR L TW3,

Fe. BERBRICKIERESEENMT 2/-HDESEIE (s 1~s4)
ARIFSND, B1 Tk, PRER3IHSERTANOESEBE R TRIHER
AICEDESEHFEER (s 1~s4) THEBELTRLTWS, £k, &
B BEEMEZHO LD ICEMEBERNEEINS D, B1 TIENLFROE
EANEEELZVWE D IS, BHERIIETR L TWRL, RiRER3ICIE. B8



WO 2016/175289 2 PCT/JP2016/063376

[0005]

[0006]

[0007]

[0008]

BB (s 1~s4) ICHBLAERBBRIERINTSY ., PiERI3 &R 1
EDREIF., EBAETIAY—RUT1 v 7EEINS, ER1ROESE
B (s 1~s4) O—HDORERIF. PRERS &SRB TEREINDANEE
RoTHY., thAOIHREIE. KinER4 EHOSRTERINIHATE
2TW5,

Bl1Tid. 4F v U RIVOERESZRIEIE DL, RIFOEE—DD
RIRER 4 ICER L TWD, 1 0L AERTIE. —SBEROBRATRY
LOIC, BRI LOXEREEETY, ESEB (s 3, s4) ZRET S
BENHD, COLDLEBOEEERIT. HEREEGERT 5 IRHEE
ICE YR IFEREL S N, KBRS BRICRET 2 WS BEINR b,
I, 1TO0GH zU EDOHAEREB[RTIF. BHAEREOAIBRD/NZDER
C AREARYFOERDZIENEFE LWL, BB, H1 EEAKIC. 2TOES
EBOHNEE, HROEHRAE (M1 0AEISEICAND BAE) ICHLT
ERTOEEOWTNOA—FORICEFRLTEET 2H DI, FFEFTHR 1
BMEICHRINTWS, REIL 1iE, ERTICAAINBZHETHY., KED
(L2, L3) FERTIHILOHAINZHETH S,

FoATHAT SRR

R SCHR
ekl BB S5 4 398385
RIPDOHE
FALFERLELD & T 2FE

AFEANFERL LD ETHFEE. L LAEBFEEZERL. LA
BEAEICT S LA BERD/NS DX A TEEQRR Y MG LTRSS s 1R
HIB&THSB,

AR ERRT BIODFE

LERRRBEAERT 278, AFPONLHREBIILUTO L S AR H =

Y3,



WO 2016/175289 3 PCT/JP2016/063376

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

(1) ERICHEBREE, ZAERREGIRT 28REFET 2O D
HEBE 2w A AERABICEVW T, BAEREN, —DOANNEZDIC
DIRTZHE 1 DIREBEREA. ZFE 1 DIREBTHIR L 2= D DHIRERER I B
WINDE1NRUCE2OXAITHY ., FEREBHS—DULDOTYNY TV
BN GEREEAEDELEELEA. ZEEEEE. F1RUTE20
RRBICERAGES MY 2E5EBE2E L. 2 TOESEBO AN,
EHEMEIE T 2 FEICH L TEEROEZAVWT A —AORICEE X h.,
ZESEMOHENEBICDOWVWTIE, FIRHROGHAMICH L, #IEEE 1 Xk
FB2OERAHIEEINDAIC, SERAHLEHINSLESEBOHER
HEEINTWE I 2R ET 5,

(2) E& (1) ICEHONZLARICEWT, EQSZESBHBICH LT,
BEAERICE T B EREE ORI SERENHE TOERBORINAFLL
BRBEEIBEINTWDR I EER/HET S,

(3) L& (1) X (2) ICREONERABICEV T, ZHAOIE
WKiE, ZREANBICEE S N5 RIEORZFE A CREERSMEEINTWSZ
EERHET D,

(4) L& (3) IKERHOAERABICSWVW T, SHEFABILEHEFRO%
BOHEREICER /NI TRAEEZEIMY 572600 CER#F%lrx. &%DC
BARD DR &5 —8RIE, EMHMERO—IBICHRINTWVWDR A E
5,

(5) L& (4) IKKRHOATRBICSWVW T, SHBREHEERICEBIL TV
ZDCHEHRICIE. 100Q~10k QOERIERINTWSEZ & EHE
5,

(6) L& (3) BE (5) OWTIhNMIEHOATRKICEWT, EE
AN LEHINDIHED—BEE_ITEI2ZNRTEREA. ZZHBRTA
DEHRO—EBH, BEMEIHEERO—ZICHRINTWD Z L 2R/HET D,
(7) L& (6) ICERHOAERABICS VT, HKHERORE LICIE,
IO S RIS AR T OEIEE OBIC, BIFERXITIEEFINEEINT



WO 2016/175289 4 PCT/JP2016/063376

[0015]

[0016]

[0017]

Wb E&xRmHET 5,

FEEA DR

AFERICLY ., ERICHERBE., ZAERBREZGRT 2R EHET 2
1= DEIHEB & AR ALNERABICEWV T, ZRERED. —DDANR
EZDOILNIRT 21 NIRE A RA. FZE 1 DRI THIR L AEZ D OIS
REBICERINDGB 1 RUCE2OEFABTHY., FEFBH—DLULDT Y
NY BN ERREHAEDEBEEZREA. SHHERIE. £1 K
VUE2D0LABBICERAGESZEMNT 2 ESEWMEE L. 2 TOFESEBOA
NEBIE. BEFCEAMGIRT 2 AEICH L TEEROEZAWVWT N —HORICE
BEXIN, ZESEWOHNERICDOWTIE, BIRBHEOEHRAEICKH L. #IE
FB1IXIIE2OLAMLIPEBEINSAIC. BEFABINLEHINZESTER
DODHABMEEHEINTWVWS DT, AERBEZETIFHEBORZFHI I
BT EMEBEEAY, HBROBERVNSDOEEMET S &P AREE A
%,

AT D & 88 £ Ei B

[EIRERDALABROMIEZ R I TH %,
[H2]AFBRICHRDALRBOE 1 OXRMEHIZFHHET 2MBHTH 5,
[H3IAFRICIRDAERBOE 2 DEMEHIZFHET 2MBHTH 5,
[HAIAFRICIR D AERBOE 3 DEMEFIZFRET 2MBHTH 5,
FAEERET 57-HDOIRE

T, AEBRICHEDAZRARICOWT, FHICERRT 2,
AFEADO—REBIRICHED HERIRIE. H2ICRT L DI, ERICHERE
2&, BNERBEGRT 2HREFEEHT 57O DHEERE ZH A AR
AFICBEVWT, BATBRE2N., —DOANKZZDICRIRT 5 1 DIRER
20%EA. BB DRMTHRLAZOONRERE (21, 22) (I
MIND2ENTRCE2OZERAT (M1, M2) THY. FLRATBHN—DLE
DOy N\NY T —BREREEK (M1, M2, m1~m4) ZHllaEbtk
BExEA. ZEIEE®RIZ. £1RCE2OELATICKAGSEZENMT 2E



WO 2016/175289 5 PCT/JP2016/063376

SBB (s1~s4) ZBL. 2 TCOESEBOANTRIE. BARMNMEHET
A (B20E05EIKAEMND AR ICHLTEERTOEEVNT AL —
HOM[ (2 TIEERTDOLETVWThADOR) ICBEIN. HESEBOH
ABBICDOWTIE, BIEEYSRDEMRAEICHT L. AIEEE 1 XL 2 OEFFERA
BEEINDAIC. SEFANISEHINSGESEBOHEATEEEINTL
T EERHET D,

[0018] ARAONERFBICEAINDERIELTE, LiNbO;, LiTaO
sXIFPLZT (JINIVEFIVEIRT VI V) REDBIAFZIRERT
DEREAVTE LV, . ERICHRT 2R 21E. FIAE, L
NbOEMHR (LNEWHR) LICFHY (Ti) REOHENENEEBILHT
D EICEYFEHRING, Fz. ERICHKERRICSA > MM%EFKLEZY
v VBN BRBEFBARETHD, IHIC. 2T, XAy MIOERE
FAWEAERREZFRLTWSED, AEBIZINICREST ZHy NELOER
THRRICEA TSI &L HEETH S, T ER1 & LTHEBHEMHER
W3 ZEHHRETH D,

[0019] HIHSBEIE. F1RCE20ZEHEL (M1, M2) H2VEEEHEIN%E
T B8y NY T —BNERE (BREBEEM 1 ~m4) (I L T,
ESEM (s 1~s4) RUFRHROEBEBRENLERIND, Tk,
FIEIEMRICIE. BIRTDLDIC. BRANATRAEXEEZHMT 27HDDCE
BRELEEND, HEEMEIE. ER1OKREIC. Ti - AuDEiB/N4Y—
VEERL. EXAYFRFEQECIYEKT DI ENARETH D, I HIC,
MBI U THERBEAREOERKRAICEERERS | OL,FONY I 7E%ZH
7. BNy 7 7BOLERNICERABBZTMKRT 52 &b RAETH D,

[0020] EMR 1 OEMEICIE. FHER3 XIEKRIHER (40, 41) PBREIND
o FIEEMNR 31X, ABESENSOERAESHEAIN, PRERANDES
BoiRaiRC. ER1DESEER (s 1~s4) (I, TRESE=HRT HEE
ZH->TW3, SR ABEESRICEEINDIIXRIIDO—m%E. ER10O
ZIESEIE (s 1~s4) RUINICHDT ZEMEITICEREERE L, Hig



WO 2016/175289 6 PCT/JP2016/063376

ERSA2ET DI EHARTH D,

[0021] #&mEMR (40, 4 1) ([ZiF. BRESORNEIFHT 5-H0BNE%
B A F-imEEE N ENR (40, 41) LIZERITLNRTWS, HifEKR3S & &
W1 EDESIHERY. ER1 &SKRER (40, 41) SOBRNERIE
. BIRENIEEY RV REBBERORVEERH D WITEEMN Ry A EHF
FAABETH D, EinERIE. ER1OAEICERET 2 EICREINT. &
WR1TOERXIGETRAICEEL TERW, I5IC, ERICHENHQVEE
ThHNIE, RIFEEREZERL. ER1OLAE. AEXIETEOVWTNNICIE
MEERE (HWEEREE) LTHRLV,

[0022] RE2DERFITIE. HROGHKAR (R20EHISEICAEND HA) KK
L. RZAR (M1, M2) DERINLAIIC. BERMBTHEALALESE
B (s1~s4) ORNBABRET 20T, —REHBROBRADLDIT, XE
HRAEYZESEBAEOHEEBOREIFITLI &N TES, TOMRF
R, RBROBRERUVNRSIDILF[VITEDZIENAREELRD, AH. KE
ARBICAF LAEADKL I, BEFH (M1, M2FEm1~m4) T
ZHEIN, B (L2,L3) ELTHHEINS, HAX (L2, L3) i
. BERIG LT, FHROREERAFREETERIND,

[0023] &7z, AEBOKEREETIE., H2ICRTLIIC. BERDHESER (s 1
~s4) [T LT, ZHEB (M1, M2F/iEm1~m4) ICHIFBERME
g (ZRESHIERT 2ERNTAERBICEIININSEE) OB (—=
HIRB) HOHRHENE (—HEIRCXIED) FTORBMORINELL RS
EORELTWS, COLDBEREMBREZHAT 52 & T, RinOE TEH
EEN’RATIEOBEIRNOBRBSEARA DI ENTE, SUYREL
EEAFEEZBDENTES,

[0024] &/, ABESENOLANINZZRAEEDS. ABESENLERT DR
ERBEORBEICESD ETOREEZ, FERESETHALICLTH LW,
hICEY., BREZABRTEIIMNIVIZBRICHAD I ENTE. AEME
SRICERESOMNEEZRART 2HMELERT 5 ENTEICAS, Tk,



WO 2016/175289 7 PCT/JP2016/063376

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

ERBEIBORBEICE > L ELRABESDREZEERABEETRALICT S I &
HEHABEICAR D, TDRHITIE, BERTICBVWT, BESEBET. AHDIH
SHERBEIBDORBEE TOEZRORIZHMA TH LW, RIC. BIGCECHRA
> TWARWEEI, FRRER EOERR. AERASFHIEEIN 2 EIERER
LR RIIAEABREBESOBRERE ZESTLF S TIERER (F
PC) REDERORIZRAETSZ & T, BRDOHEBIIIVIZHADS
ZEHLHRETH D,

B2ICRTEIIC. EBER (s 1~54) OEENEOEEICIE. ZH
NEICEFEIN S KRImERE % B A &imRER (40, 41) PEEINLTL
%,

AFERICHEINELRBTOB2OEMAIZHIICRT, B3 TlE. ZEAER (
M1, M2ZAEEREEM 1 ~m4) XITERATBORE RO AERERICER
WA TRAEEZENNT 27-HbDODCHEHRE (d1, d2) ZfgA. %D CHEig
DR &5 —8BIE. EHImER (4 1) O—BICERINTWS,

ZDEHIC. BimEEE DCERIFEZ2A—ERLICERET 52 & T, 3B
RBERD I, HUFEOBRERVCIZ MERICEFST 5,

I I, HImER (4 1) KEBINTWADCHERICIE, 100Q~1
Ok QDIELMMAEHRINTWVWS, ChiZkY., KiREEKE D CHEIRE DEO
JORM=7, HEB/ A ARVHEKEHRET 2 ENTREE 0D,

AFERICHEDINELRBTOE 3 OEMOZR4ICRT, B4 TlE. ZFEER (
M1, M2ZF&iEmT~m4) AHoEHINBSNE (BAOESHAXITEIRER
NoDREN) O—HEE=4T25%HRF (PD1, PD2) %fmx. &
SHRFAOERBO—EBH, ZHIHERO BRI TWD, B4 TlE
 ZHRTFERIRER (41) LEZEINEHETIFEELT. €F (w1
, W2) ZRLTWSA, SEICIHELC T, ER1 EIC. SHRTFOLHNES
ZBHTLODESEIREFRITDIEERETH S,

X4 DikimENR 4 11C1E, &%k F (PD1, PD2) oDHENES%
ABBICBET 270 DESER (FRR) MERINTWS, KinEik4 1



WO 2016/175289 8 PCT/JP2016/063376

WICHE T HRIRER E SRR TORBEDOEATI/ORAN—VE2ERET 580
. BInER4 1 ORETH> T, KRiRCE & ZIHARTFOREEOFEICIE. B
42 BRI EHEARBEINTE LV, TOLIWELEFE, K30
RimEiR 4 1 ORIKLOEE D CEMREDEICEKRITE I EHARETH 2,
Ex ORI AT
[0031] LIE, SREALALDIC. ARBICLhIE, SEFIH ISR EHBEICHIN
LeHBRD/NS DX ZAEARY IME L ALRAREIRBT DI ENTE
%,
= DERA
[0032] 1 HEiR

2 RBKER

20 1 DIRE (LEHEK)

21, 22 HIREREK

3 ARikEMR

4, 40, 41 KIHER

42 BXITEHK

M1, M2 ETvNYzIvd—RINERHE

mil~m4 Elwv/\YIysd—RIE KK

s1~s4 (E5EE (E5EHREF)

d1, d2 DCH#g

PD1, PD2 SH%%RTF

wl, w2 £

L1 AJBH

L2, L3 HA%



WO 2016/175289 9 PCT/JP2016/063376

[55KIA1]

[553K1R2]

[553KIR3]

[553K1R4]

[E53KIR5]

[E53KIR6]

fa R D&

ERICHERE S, BAERBEGRT 2R EHET 572D 0H]
HBEB & %8 A T NEFRICBWT,

EHBRED, —DDAAXEZDICDIRT B85 1 DIKEREH .
B DB THRLAEAZDODOPREFRICEFEINDIE 1 RUE2
DEFHTHY. SERH—DULEDT v/N\Y =045 RS ERFEK
A EDEEEEZRA.

ZEHEEBIE. B1RCB2OERFNICERAESEZHNMT ZESE
BEBL.

LTOESEBOANGRIL, BZARMIMEIT 2 HMICKH L TEHER
DERAVWT NI —FORICEE I N,

RESBBOENEICOVWTIE, AIRHEOGHRABICK L. B
FB1IXIIE2OLAMIPEBEINDAIC. BEFBHIMLOEEHINDE
SEBDOHNIBHEMEINTWS I & 2R & T 2 KRS

ERE1ICEHOAZTRARBICEWT, ERSZESEHICHL T, &
ZREBICH T D ERBEORBIA SRENIME TORBORI NS
LLARZEIBREINTVWSE &2 RFHE T 5K

FEORIE T XIE 2 ICEEBOAZRABICE VT, BHAZODEEICIE.
R ANEBICER I N D RIRLOR A B A L RBRERISBEEIh TWSZ
R e T KRR,

ERBEIICEHOALTARBICH VT, BEFBUIHERIBOKE
DARERBICER/NNA PRAEEEZNMT 570DD CEIFEREA. =
D CEHRD DA< &6 —8BId, ZMImBERD—EICERINTWVWSZ
R e T KRR,

ERBEAICEHOAZTRARBICEWT, EZRHEERICEEINLTWS
DCHE#EICIE. 100Q~1 0k QDERIMERINTWDE I L4
BE T DHERR

BEREIHESOVWTNNMIEHOAELRAFICS VT, ZEREBH,



WO 2016/175289 10 PCT/JP2016/063376

LEHINDNED—HEE_IITEIRARFERA. ZRHEFA
DEHRD—ERH . ZBIFERO—FICHERINTWE I & Z2/HHET

BHEBE.
[&KIA7] OB 6 CRMONREARIC SV T, BRBERORE LT, &

KInOEE & RIS ARFOERRE OEIC, BATAXIGEFRIEES
NTWB I E=FHET DHEHRE



WO 2016/175289 PCT/JP2016/063376
11

MIE S N-FEROFHE
[20164£9 H 30 H (30.09.2016)E #7572 3]

(FBRIE 1] GHE®R) HERICHEEHEKLE, ZAEREEZEMT I 0EE2HET 2
T DOHIEERE 2 X T ERE IV T,

MABEEL, —DODANKE DI HIETHE 1 SIEE & X
LB LD THBE LI Z OO0 EREICERESNLIE L RVOE?2
DEFHFTHY . EERATHR—DOLU LD~y Y = & —FBISLE g 3
B EDLET-EELHA.

ZHIHERIT, F1ROB2OEFARICEREFLHAMT2EETE
mEA L.

ETORZFEEBOAAIIT, KPS EIRS D H MK U TRER
DERVTRA—F ORI EES .

FEFEBDOENEIZ OV T, AT OB A mICS L, Al
FIRIFE20ERAAHPEBS LM, EERAMHLEHEND(E

BEOH IS EE

BHAMOEEIZIE, RHE OISR SN 5 KIEE R 2 # X 72 Ko
R EE S 4,

ZEFRMIIEERBOBRBE DR G RIIANA T AEELHMT 2
e, S%EFTEREITERANITHER L TR WD CEBR A H L.

ZEFMPOEH IO EO—HEET =45 L HITFEEKR LI
BEINDIZAET L, AXAFFLOOHNESE*ENHTIE=F
MHEHR & | % .

ZDCERXIIZET=FABERDO DV EH—HIX, EREERD
—EBICERINTNWD I LM e+ 5 EHE,

u
Nt

[FFkmE 2] FRELICEBOXLEFABICBNT, BRBEFEBIHLT, §
EHREIZRB T 2 IEREBOBBEN ORI E CORERDOE I B E
LAARDEIBFEEEINTVEII L E2HBETIREHE.

(fkmE3] (HIER)

MESNM (RAH19%)



WO 2016/175289 v PCT/JP2016/063376

12
[fEkE 4] (HIER)
[fEkmE 5] (MWHIEH®R) FHRE1IXTI2IZEROAEFABICEB VT, EEHEERIC

BREINTWVWAZDCEAZIZIZ. 100Q~10k QOIEFEAHZIT S

NTWDE I EERFE-ET LR,

[FEskE 6]  (HIER)
[FERKE 7] (WE®) FRELI I 2ICHEHMOALHFRICEB VT, ZRBERD

FiE LICRE SN DRI LT = & B & ORIZ. AR
XITEERPEEINTWVD Z L 2R E T 5 HKEFES

MESNM (RAH19%)



WO 2016/175289 PCT/JP2016/063376
[E1]
ml
1 4 m2 21
A T~ m3 20
L mA
T s oy
e
—|eeennn- S | D e sl Saemeky
17 e e T Sdennes S
L3 JUSTR N BPLs S 1) SV
il R <7 NIIIIIIIIIIIIIIIINGIIZIIZIIIS ~w
/
] Lo
22
54/ (3
[Eg2]
40 mi
1 e m2 21
(A ma P\ [
T = NN
L2 _..'7'--\-\‘-- T .__:_:" '1-~..M1
D B -{‘ﬁ_",\__l_‘. -------------- 3\---\-\------7':_ f__o Fomeh ~" L1
- SIIIIIIIIIIIIIINIINIIIIIEDD 2 3deanan -«
L3 Rl o e e M2 &
e <7 SIIIIIIIIIIIIIIIyTIIIIIIIIllss ::----7 'j
T =
;) I—; ____ -0 1/ —
/ 1] e
sd L
L41 3
[523]
21
40
L2 JC UL DY (] ittt LL SR VY )
—|remenann] B PO T Smeaedy
-------------------- ‘:“-----"“"“"““-""-:—m a=q--" ool
L3 JUSONRR - ALy LS S IOV S
it NI - — e W | :-jw
d2 d1 s4 s3 s2 sl ( KZ
Y Y 29



2/2

WO 2016/175289 PCT/JP2016/063376

[2d4]




INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2016/063376

A, CLASSIFICATION OF SUBJECT MATTER
GO2F1/035(2006.01)1

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G02F1/01-/035, GO2F1/21-1/225

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho  1996-2016
Kokai Jitsuyo Shinan Koho 1971-2016 Toroku Jitsuyo Shinan Koho  1994-2016

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2010-185978 A (Fujitsu Optical Components 1-2
Y Ltd.), 3-7

26 August 2010 (26.08.2010),

fig. 8; paragraphs [0048] to [0058]

& JP 5439838 B2 & US 2010/0202784 Al
fig. 8; paragraphs [0070] to [0080]

& US 8078015 B2

X JP 2010-286770 A (Fujitsu Optical Components 1-2
Y Ltd.), 3-7
24 December 2010 (24.12.2010),
fig. 3 to 8; paragraphs [0008] to [0056]
& JP 5120341 B2 & US 2010/0316326 Al
fig. 3 to 8; paragraphs [0009] to [0072]
& US 2013/0251303 Al & US 8467634 B2
& US 9081216 B2
Further documents are listed in the continuation of Box C. |:| See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered to date and not in conflict with the application but cited to understand
be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international filing “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

“O”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than the being obvious to a person skilled in the art
priority date claimed “&”  document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 July 2016 (20.07.16) 02 August 2016 (02.08.1¢6)
Name and mailing address of the ISA/ Authorized officer

Japan Patent Office

3-4-3,Kasumigaseki,Chiyoda-ku,

Tokvo 100-8915, Japan Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

23 October 2014 (23.10.2014),
fig. 1 to 3; paragraphs [0021] to [0034]
& WO 2014/157669 Al

PCT/JP2016/063376
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2012-215678 A (Sumitomo Osaka Cement Co., 1-2
Y Ltd.), 3-7
08 November 2012 (08.11.2012),
fig. 7 to 9
(Family: none)
Y JP 2015-55840 A (Fujitsu Optical Components 3-7
Ltd.),
23 March 2015 (23.03.2015%),
fig. 1 to 4; paragraphs [0014] to [0058]
& US 2015/0078763 Al
fig. 1 to 4; paragraphs [0026] to [0070]
& US 9229292 B2 & CN 104467980 A
Y JP 2014-199302 A (Sumitomo Osaka Cement Co., 3=7
Ltd.),

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




I s EpsHEEES PCT/JP2016/063376
A, EREOBTLHTFOME (EEFFIE (I1PC) )

Int.CL GOZF1/035 (2006.01) i
B. FH&EZITonE

ARE 21T o 7o/ MIRE R (EERRSRT08 (1 PC) )
It.CL.  GO2F1/01-/035, GO2F1/21-1/225

B/NBE R OB B TR To - BFICEENns 60
HAREEAFEAH 1922—19964F
H AREAREAFEAR 1971—201614F
H AR EE A 285N 1996—201614F
HAREBREEAFEAR 1994—201614F

FERAECHEALIZETT —F =R (F—F X=X DLFF,

AR L2

=H.
2=

C. PBET5 L35S CH
EER X a5
BT Y —% BIASCHG  RO—IBOEFRAMES 5 & X3, ZOMET sEF0FER ERIEO R
X JP 2010-185978 A (wLidA 77 4 o R —3 VRSt 1-2
Y 2010. 08. 26, [ 871, [0048]-[0058] & JP 5439838 B2 & US 3-7
2010/0202784 Al, F1G. 8, [0070]-[0080] & US 8078015 B2
X JP 2010-286770 A (@ LtidA 77 4 o iR —3 VRSt 1-2
Y 2010. 12. 24, [I 3]-[I¥ 81, [0008]-[0056] & JP 5120341 B2 & US 3-7
2010/0316326 AL, F1G. 3-8, [0009]-[0072] & US 2013/0251303 Al & US
8467634 B2 & US 9081216 B2
W CHIOE X2 b AR S T B, RF VRT3 — ST BRIk A R,

* BIEBObT TV —

TA] BICEED S 5 LTI <. —RAVET K ER =4
H oD

TE] EBREEHOBBEEIIETTH L, ERRHER
PIBICAREINZHO

[L ) BT RICRELIRET 5 O X I tho TR O 4T
AE L ok 2Bk 25+ 5701231 39
B30 BB &M

o] NERICL 28R, A, BTREICS kKT 5300

[P EBEMEERRTC, D EEEOTEOEME L 725 HE

D H OBITATE S 7= 3CHR

ERRHEEH SOMEEH BICARENT- TR TH - T
HEE & P ES 5 b 0Tl FIFOFBEXIER
DEMOTDIZEI AT L

BRZBED B 5 LR CThh - T YAk B TR
OFRME AT ESER N BZ SN HD
BICEEO D D IR TH - T, UGBk e fhod 1 LA
o3kl 0, BEEIZL S THETHLHEERIC
Lo THERERNEEZEZ NS LD
=37 77 2 U —3CHK

MT)

rx)

ry)

&

EEEaErs T LzH EpSFRE s %4
20. 07. 2016 02. 08. 2016
ERSFTREEE 0L TR R N T BHHITHEEE MEROHDHIEE) 2L | 9316
BARERZFT (1 SA ] P) ——
TERZ100—-8915 ferk H
HEHATREXENPE=ZTH4% 35 EEEE S 03—-3581—1101 H#HE 3295

HAPCT  ISA 7210 (F23—)

(2015%#1A°)




[E| B A A EEsHERS PCT/ JP2016/063376

C (Bix) . BEd 5 R0 L5 3k

51 Lk BEd 5
B — BIASCHNG RO O AT 5 & &3, 0T 5 ETOER FREOFE
X JP 2012-215678 A (EAKFRE A > MERSH) 2012.11.08, [IM 1-2
Y 71-IK9] (77 VU—7L1) 3-7
Y JP 2015-55840 A (Bt T 7T 4 b a o BR—p I BRRE4) 3-7

2015. 03.23, [I¥ 1]-[¥ 4], [0014]-[0058] & US 2015/0078763
Al, FIG1-4, [0026] -[0070] & US 9229292 B2 & CN 104467980 A

Y JP 2014-199302 A (EAKFRE A > MERSH) 2014.10.23, [IM 3-7
1]-[3 3], [0021]1-[0034] & WO 2014/157669 Al

HAPCT / ISA 210 (HE2_—Y0k%) (2015%1H4°)




	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 - claims
	Page 12 - claims
	Page 13 - amend-body
	Page 14 - amend-body
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

