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Current Trends of Silica-Based Optical Waveguide Technology

Addga gty 24, o] YF
29}
422e 719z st dejyl =x2e wue} £x2¢) FHD W% CVD
Pe A0z @ Wy ARFAS =429 Ay, ER2E4 2 EAYE, A2
AsAge 5% 283 %9 2 £x2 Axe) 54 2 Wk AFAA At w92
2A4E9 LAY 22T A AR5 FAH R UIE B2 AUAYT $3
VALY 5¢ =olau

1L N8

ZRARA2E ALY AEH AFENY UAE 2R 2FHE HolE €9
538 BAE Ha9 7|8de @A71%e 92 AAES o|& dAFEE: FEHR
2 B2E TS A Fo24, FAUI5E Y dAM FHAHoz A
ste szl og o] JH&E el F £AE 71Z9) FUd A9 A =
t FYH2RET BFA 7A9 BAZe A, €H, 293, FA4AF T 583
7158 BAE #7145 & J P TEZ AITFLEA o 450 FEHoR
A" F A e =, FHFaAY FRAS 71AF AFod FE Sl 7@
3t Faztel ALgo] AHFE FAsH, £ A WIEA FAH & olf4Poz
A7VH R FAEE JMeA 3o FeEe] g dolEn

a3y FFHA2E 7€ AALARR oHAAA B9 =gdide] sHEE 4
AEE U3 9FE BHAE 798 F e O FERLAEE FEI Jgd Re
ot 1 15 &84 Ado] Hejgldh olg 2L EAFAE E7sn =02
BA/AR7), A8TA7), ABARLA, =02 YolA, FF7), AL, §9 vliy gL
GHaztEe] AT A R FIAUE AAREA] FAHe) e Hen, F
Adggle]l 234 d8F9 FUIE AAY & Ache 179 FPoz Tuge} 2
Aol 2% FAF, 293, FA5ALY, FAA §9 FFN Rofo] &850 A
9 FEN F2E 4YE FAHAG.

FRA2 ARZE A9l Avdeg 22, E9, BEA, FHAA 59
GEE Argcl ATHL Yok a2F AASA FHE 71EY AT MY gol
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AHEH ot EY AREAH ATFHoigten], FAHAY FUF F AMeMo] ue
T BH 54S 2E RN FAH AN YR &SP L Hany
T e B%Y SN o)A} 5 A P L §3 BFAHE 2= A2y B
A9 oldel g ax dst vetAEe UEA N4 vARY AF L 5}
E71€0] FE3 7H‘Q£l°f"i ol &L F871EE 4 ALY £ U FH] U

A7t ER2aRY Jlgo2E AEdl 1B ALHE PLE oy F2
A2 E 7o) AHgET Ayt ER2aA9 AFe] NHIL AEFoTA s)Ee
Z AgE 4EE AALA ARITPE ad2 A4 DAFHA, AP dFPA
& ¥ % glow, AaEe Y AN deAe ERZ 7|AFo2 o848 £ gl
3, A2 718 ZAAEE P4 AZEd g Yo AU VES Ay o)g
BAF HEo o83 AY VE AZAE vAEoR olgstd iz 23 Bh8E7T
o] FAY ol8F & YoH, 4P Z AELEL o83 FLHoE BAY
T oA wEAYolA, FHF, AATELA T UdE F L FAAAESHY solny
E AAAE Jbedt o] FRoz Asty o AR ARIGLUAE Ag
2 7192 e deEs ERE 42A7F AA FEA 48319 5L DR
A

47t FEAZ J)1ee 198087  NTTAA z=lm 80d  xwid
LETI(Laboratory of Electronics and Telecommunication Institute) ¥ AT&TSANA A
THZ ARE old2 FEE BAE AR FAGFRAA, BESY), B2, B
A7), BEAXAY), ER2HlA L FZZ7] T uo JAstd nF PN
BT, BAAM, BA3AEY Fol 443574 olzHen Ha WF S HWDM;
wavelength division multiplexing), 37}]a B(FTTH; fiber to the home) $9 Z%
A NEFAN 83D 2424 F4397) AFsdn. 2y FERS 23 F
g EA, 2, v}, HYY, AR Bgava} goly = FZ S9 o X
BA715E T F YT At £E929 24 £A4EF o]5¢ AP FEn=
SR FN5 A%, SRR A9 L 49), 293, YHY, PR L AX 9 g}t
¥ 23 715¢ $9% § A= FH2 S FAse] BHA} 2L FASuYI Y
LE FUZE A7 B=RE 2xHgE BY J AdolN FRAoT NFYsA @,

427t=%2% FHD (Flame Hydrolysis Deposition; #%7}4=&3) ZF3),
CVD (Chemical Vapor Deposition) ¥+ AFD(Aerosol Flame Deposition)#do] ¢}
UE°A}. FHDS CVD e Agslutetg ojgsls A, 32 daag 7nos
s A2E ARLAAF o] 85E A2 RIESY dE FHYL o] &8
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T FAA Az Zou At wgax AP 34 da=g. CVDH¥y &
AT&T, LETI glA Aed oz =0z Heyy FHRY oha wupagzy
A= WEAFHYA LPCVD EE PECVDE AH£3H: vl FHD W€ NTTAA 7
W wosa FAS xﬂZ}OIIHA?H"a‘E VAD (Vapor-phase Axial Deposition) 7]&-&
ngez olg A& 718 L& wgolr

o] Al olgt & 44 L A8 5449 o4 71X FPL 2= Ay=
€ 71Res e A =29 vuoly Tz o FHD Wyd CVDEEL F4o
2 2 v AR =2 ARy, ER2EY 2 ZAYE, N2e Anfde
T 2@ we @ E92 2xe B4 2 W), AFAR Y7 £RE 445 A
2% a2l3 A £A59 AR 2 U P29 LAY §F wAYY S
€ =98z g

2. 487 FER2 42 Az}

ERE A 2@ e BE £92 Fojd 4 U2, 83 ER A 2
BF 29 20-30 W2 E Axo|T}. o] wute) TAL ol TR 22
o2 BHHs ddHook S22 BRG] REAFL FEE &y YsAel).
27t Fute] AZEe 19803473 NTTIH FHD (Flame Hydrolysis Deposition; 3+%
ZHrEd SAY) $EE A7) AFRE o2 AT&T 2 LETINA AdE 447
€14 AH83td CVD(Chemical Vapor Deposition) ¥18€ o] &3t= A77} waso
St

FHD ¥¥& 34+% 71€A 7/A2E VAD (Vapor Phase Axial Deposition) 7]&&
B2 olE AE JlWe F4F PP FALE7} lm/min EE I oo
A FAme] FAE 3= Qs BER2 e Azt HHQ WPz nde Fu
ol shsdih wd, CVDWHe 4E AALA 71&¢e shitez a9 LPCVD
(Low Pressure CVD)Y} PECVD (Plasma Enhanced CVD) %'d¢] 2 Alggu},
CVD B2 wg7] o] 2x9 fFol 2 g £9Y B9 sngadye £59
WHE71AE0] EAVAZ FAHEZ, 2E9} o] F HoHA G= uPY Aeo)
Aes 3G SAM WISl B8 (precipitation) A71E & S(soot) 2 =T
Al71E %9 FHDY ¥&te], Wj$ 449 =32 ARE BE 4 9. CVD #HL
AREAE] WA Eeef F5450 BgE Fo| A W B Ee] SR E FYoz
AYHe2 FAELES JAAEASY 0|44 S(transport rate)9 ¥HE4 X (reaction
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rate)o] 2J3td ZAAREv], wEr FFHE LPCVDY Ao £9 100A 2z
PECVD®] 7% 1000A FE2A & Ao @Folt

2y CVDHE L 0|22 ¥ FFES 2+ v T4 133 HevE H3 1009
Fol clzx WAAYE ¥ + = FHE YoM FHDS Z3A71€ o532 . J
29 CVDY ZFA&4EE ®ol7] 918, LECVD, PECVD §9 O E&Zv} 59
A 843 Byel 95 H$EEE Folv WYF WEIAE E3E o83 BA
FozA 7|AEASY ol$EEE AN FTHES FIAIE o] A7Hn Ak

A7t =92 fEuge] F2 =AE& BPSG .(Borophosphosilicate Glass)o]t}.
BPSGe 24 &2 P#F o F713s, BEZFl o2 v FAdd. CVD 4es)
ZlgdAs BPSGZH F2 AT P @§#Fe2 2HEL Aodd. a2y H2
2450m UVHo| o8& Ged 324 A7t 34+ E4847 £ WDM d&st =32
24 G 857 AFHAAN Ge-BPSG ¥eto] LPCVDY | oA % Lucent A}2)
Allan Bruced9l 93t A7H3 vt

FHDH 2 SiCl, GeCly 59 €24 SfE ARES H% 0.8 77 s¥&dd 7}
83 8-(hydrolysis reaction)e] 2}3f Aol 100-1000A =79 vA# SiO 7+
(Soot)& ABAAI713, ol& HFr7IAe] 52§ A9 F(thermophoresis)o] 93 A&
718 A3 FA=Z dLdsA FHAAY IS, sootVl FAE A2 E 7]%E 1300C A
F9 2xoA oA FHE 73 Tuutgto g wEolF 31U 3N Consolidation) F
ol 93t wEojA,

n SiCl + m GeCl + 2(n+m) H:0 — n SiO; + m GeO; + 4(n*m) HCl
q7]1A Ged EEEo E5F W FAEL F/8tA Adh 283 sootd) S-S
$A®7] fstqd BChe POCLh 5 H7IgA wgAI7Y oj82 wntzze AANE
€94 =gt AJEPE AAHFE 48 ¥ FHDEE FF457 lm/min
AE2ZA FAme FAE 83 AEs ARz AFo] &4 WPez gA
At
FHDR 2 A4 EXWAA SiCLH GeCl 9 71A 9 nucleations] o] @ %

HRe=2A u]HE homogeneous 7] A4 uwhgoltt ol L%} wiLE9 FFH
50l 3d oA FUsA HE 5 93 TF FHXFAA 2 LEH2 Q5o =Y
R FARAWFE FEHAUZIZL Add 1 AF BE Fol, A4 4% 9
exhaust $5= Tl soot§/de] WAsA ¥stn =F 13 FAH dHAE IA F
9. FHD¥Y S 7|99 @& do] 4] v)3 29 47t 4L 21 5& 2504
dA2NE 7] WES HAF 1B A gstutge] AP Aoz Aste $Y¥o] YT
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71%e gdygo] AUt E=F g0 1415C 29 Silicong 7|BoZ A&7 G2
ol 1350T o9 2 4 LxdAE 718 Wio] 44 dojuy, dgZ gl
Aei7te WO ASHE ASE 0B WYL UL UsTh BE 500928 9
FA9 4-50% A E 7199 73-?- doly T4 ¥y AxE 05 mmAEOIT
oIhTe WY Aste] £o2e ANAZ FARYAA vhras YREA, PG
HIAAANM BEA 59 o7 71X EAUL 28 o] Fol7] $15t49 Imm ¢
2ol FAL 718E AHEEe 3o dutsl Holglgh FHD 487t 71€dE Ge-BPSG
Ex Ti-BPSG #9%o] F2 A5 A 28k Ti€ 718 39 &40 ga
g adn gees H3E Tiol flo] F2 Ged) £49 woz ZHEL Ao
a3t

CVDR& =32 LETI (Laboratories of Electronics and Telecommunication
Institute) 18] v]5 AT&T Bell 74 FolA AZE ARARA7EAA AHgsed
LPCVD (Low Pressure Chemical Vapor Deposition) = PECVD (Plasma Enhanced
Chemical Vapor Deposition)& o] &3t /Mg d A7 =9=2e] Azygoict. CVDHHY
< XD 93 29 HgusHAAE T FAHE=E ugy 3959
precipitation®] ¢}3] 7] soot T&H < FHDOl vlsle] v]$ 3Fe) =RzARE g
€ 7 Ut o] AAL JAEAESC] WA Fdo] FAHT NS oS, FAdEE o
Al @ZEe Aoz FAEEE VAEAY B FAEY qFAuge &5 93
o AAdr) olgjg e wuiutge EAog it CVDHEL Z&Eo] LPCVDY A3
§ €% 100A 223 PECVDY A% 400AFE2A & Aol dHFolt),

A7 =29 F=2 AEHE= wetz A48 BPSG (Borophosphosilicate Glass)
22X SHEE PEHF v so Frsla, Barel oal vjg gAdcg o] 234
EL F=2 Po #§Fo2 Aoy, B} P #Fo 93sle ututo] o512 X (Softening
temperature) & XA @Y. CVD PN FAELEY AT fEd 714 Fgd2oz
dutd o2 Hipox (High pressure oxide)E Al2%c}l HipoxE AeE 7188 2%
1000C 283 ¢3 10-20 atm.] F57] 47104 A Aoz A gy
€ 7 e AR FAS 1-2m ol v YR AVIE FozA ARAQA £57)
o] E4ES =AM Astee] FAE F7HA2 Aolth Hipoxe AJE 719 Asiute)
BE 1 §A4o] 85497 FAIet 383 FAo] vl$ Hojurt widHd] AFTAHL
A Eol AgHo oA HAR He RuHRRAPolnz Asuel gL vhE A
7} dtatel] ujste] of =3 whube) EFAH e 30-50% © Zch.

CVDE HEF 500-700C AFe &xo]A o|Fojxn HZ 7|#9 $AuY}
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w4 WolA FHDO w3l 7l#9 ¥Wyd& Y & Utk £& LPCVDY #A$ 7|90
g2 YRAAN £Roz HPsA AYH FHo] o|FANEE sl@e] FuAA F&
€ T F gdolA uhete] $¥o] % HAYE FHAESF Ao CVDY wegde »
Y mTorr2A 7|Ae F2 $A4Y L F3o] Fdd =g o A¢TA
EAQA wgEo] FA3A L F3ld F4HER JWRY) AYE Fmm WS Fo
s 71899 2-3% 3xY ¥& FF FYEE A& F AT = 13 FHA £4
WA duFAAE S FE Jod ojgPe 5Poz Ade LPCVDWH 3
£x7t wozsts AAYAE 7leo] H2 Ao

FHDel &)@ 47 £%= A%e 29 19 2o A2E 7lge] FHD 92 )
A degsted =92 30FE FASRL 1 ) AFusFoz dFugoy aF
EE deE 3¢ $F3Y dgoz 3AYNE =¥ XErAFE o83l =i
29 AEE AT AAG g, ol HGRIZF 4 =& D4 HdYez A
Agd 1 9g AZE 353 HaS 402 A7 (reactive ion etching)olU # %
A EF=vt 4 ZHY (inductively coupled plasma etching) 2.2 T332 9] :0] 3] o)
A3t WAL EAAAHES oo viARe R HZ4d =z ¥4 9o FHD 2o
2 R 9NEE 49 499 =329 AFE B o) ARy Z FARAANE
o] g HYFYFE FE9 d3l2=(softening tempperature)’t ¥olor @r}.
o] 7zt 3 A2k e W £aFH FAAANAN ERE A€ 2HYL
%42 F Utk

A7t =92 429 JjBozA JE i AesE ALY £ Yok o] A
§ A7 =927 F9F AFQA Yt 71@ el glenz AR $8o| gla w
A =z EFde] glon, 7|AFe] flo] oz I E 7|9 vz FIAY &
dae F3ol Ao w4 Jl@o] u|FAelnz AAFAQN ALE Jjgdes g8 2
5474 1200CHH 7189 Anyol FH3 ase Wyl dojyr] Azsiam, uhet
7 $o 43S dE A$ AdedA 4A TFEol dojvr] dEd A=A F3
Z109 Fo] FL Yol Utk F 18 A =2 J¢& AFPela E 2= FHDS}
CVDE vl 43¢t

L o
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Organization Glass system Waveguide types Process
LETI Si02~P20s single-mode plasma-CVD
BTRL Si0-GeOo/As;03 single-mode FHD /CVD
Univ. Glasgow SiOz~-GeO, single-mode FHD
AT&T SiO2-P20s single-mode LPCVD
Hitachi S10.-Ti0; single~mode EB-deposition /FHD
NTT Si02-GeO»/TiO; | single/multi-mode FHD
Furukawa Si0:-GeO, single-mode FHD
PIRI Si0:-GeO;  |single/multi-mode FHD

# 1 427 =92 71¢8%.

FHD CvD
2432 (1 um/min ) A4%3 (10 - 40 nm/min)
- Ge, Ti, Er, Nd, B, P 93 PSG, BPSG, Ge, As, Si3N4
= M3 homogeneous 7] A4ut-g <33 heterogeneous ¥ HuH-S
Adl=nene 37 EREde 17
8] [T B Aol7t P, SR A e go)
2 |99 batch ¥4 (10 wafer/run) N9 batch 4 (100 wafer/run)
QT R RFHoE YUYl F (YuSA 2L HeFYos Puyo] Bo
soot TXo2 Y713 AT "o |9x v Y =z

¥ 2. FHD¢ CVDe] EAu|w

A7t =9z AFPYPL 7% HYsE deE 71899 Hipox £= CVD
‘4 FHD ¥l o3t BEch 2 0 713 4yt Slo] E32 30j28 ZZax
vtAAE o] §3hd 53}39] RS AARL AZ2e @ wiAgo s Ry wu=
BN A BASE 49 ST old wute Yo gt 2YFE AT} =
otok 3w, clote x| ostel 7} whuke] FRAAY o] =z Wde L
= HEF AT AYE dael deste vwoz ALE $E QU A7s o
=Zdo] We M3, NAFo] go] ERE T E Mz ZHY 4 A= FAe) e
WE, W3 AQ At AR S 120008 )we) Wyo] Yojuty] A28k vt
WA &) U A AW FLo] HA dojuy) Mo AIHBHA Zz49 %
°f §& 3ol A =2 Y] Nz F2 RIE (Reactive Ion etching) & AH&
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8 32 P& weEth =¥ Zo] FA v Y 2 FF F444E AH8E
F gt 2y o] 3¢ =9z Ewgn qRUgdes =Rz T2 71dse
R ZHEY Foj7t Yo BFAEET} A71A E9.

3 Bx%z9 4

E 32 AF AH4HE 929 dEd wFolth ¥ A =R2E A gol B
Al ol FAH REAFAE] Foo, =H29 ol A& FE FEl AA
BFEA7IYd WDM AEHF 22L& A9 AAd 7z =249 3¢ AF A4d
B A EREZE ARG FEEAE g4 dEE 2029 Ho gE FE&AE
Zol7] 913t A e F/HAN FREA WA A47], WDM &4 E= 8x8 F29
A ud 59 £52 o] A FF JAEE Ze ALY =R A9 FE AE
Je 2ot FAARNE B2 A%} & A9 FIAZ F2 ARR-HY, Ago] 194
o ER2 e oA F& AF7F HA s AL oYX FF 16x16 FAHX wF
(2567] AR TA7NE AHEE) T nAHAETE 23y =HE AR AHgH R V)
elE £z282A o] A% FAR Re AYa Lo HARA Huz olE fAF
71 918 Rewigie sz 447 928 Aoz Jlyd

AHE 1799 =2t AE 7l FARIZE ol2F Fu&d UG
wetA A& 7lay Qs vhge] YA Aold e izl S APl A
719, ojetz e vl 5 uate) S oo et vt o= EFAo] AUIA
"ok 2% 12 3arle 5x10° AE2A 33 AU/ nmAEE 85 248 B¢
o] A3 A Z 9 cross-takZ &3t TR W& AR EAE dog. ol
< AHE AASE WYHoEZE ER29 2-303E dd A& Asiys e 1T
AE 3¢ F4 mmAE FAZ Fo| TES TMY FESHEES HE 24 ¥gA]7|
AY, 427 =94 45 HEF Ao 48 %E Fo $9¢ JEAY == 4
g7l B2 FHo] 228 3& FHA AFEHE ANGAAFE WS nAHA o]
A YPEL =24 A ET, v2F £ A4 F9 FHHQ w23 FAH oY
a3z RS 982 e AooA AXAZFY A S Hojx=En =29 g 54
E9 Aojol 9L FAHALAY.

ojgtze =29 EZA FHE EAE HPs] Hdste A2 odoj2E 395
Hol LA o] WYL E4F) ARE /AR FASE WPoRA F¢e] #
< NaAlel 84 2 SZYUEIESE 4A AestAawaed & & A4 AF7A
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CVDY FHD ¥iel o3t Axd & gAY Pyrex (Na;O-B,0s-SiO-ALOs)AlS] &
et} AFo] 7HsstA Stk Pyrex: FWAEo] Sio) AP} Zo} whotol
Holu &3o] A3 4714 FOoH o942 PyrexARE o] 43t E2ZAo] g T
29 Azo] 7bedte] FF AFZFIH FEH Aot AAZAE Nag E s A
7t Age AAHZHE] Polq =Rz AFde ta o g Yoy Enze] 4
ZE gASn A NE IASY =22 ALY 4 9on, TEdy] = s
Hege By ALodstd ae AAYY AMdEgz e HAFE s5Hs Yo B
th a3 o] ABE JFEF A7 F Er, Nd, Yb &9 &3%=7} 7AA ol589 FF
718 ER2E UE & on o9 JAEF Yr 94 qoj2E P sty 4
A Age] =993 & F e FH] ALk

Eqazy dAe 3A dgAe] ddd =29 249 2 3349 HHo2 Y
4 Atk $4 utebAe MM MARE B HAZHES TFHE AR Al
A 8 glenz 47)A =3A gt 239 AMe =Mz FAE W)
z

e

it

Fol Bod AufAg FHEWUNI} e A9 ALY 5 U= 2z Y
Wi, ZA3E A#Y (Point matching method), S+EAZAEY, 2= AW
(mode matching method), X3¢+ AW, Hermite-Gaussian #5270y, W2y
(variational method), ©%= A/Y (multiple multipole method), ¥ &AEH (finite
difference method), H# &8 4% (finite element method) $¢ E%29¢ ER= AA
Hel ok 3z #4239 Mo 95 7Y meoo AFHPL FHLF Wygoly
beam propagating method, coupled mode methodS o] §lo.8] ZA %o ma En=z=
Ee WAolE T Udd Bol AgEd HZ ol @ slMdde dRE ¥ien
BPM 5& A143 =82 4A9 HAZ ulaz e file AX W ¢ Y& A
A =Fgo] Adsn o

lo

Waveguide type low A middle A highA super high A
Relative index difference A (%) 0.25 0.45 0.75 15 -2
Core size (tm) 8x8 X7 6X6 45%X45 - 3X3
Loss (dB/cm) <0.1 <0.1 <0.1 0.1
Fiber coupling loss (dB/point)* <0.1 0.1 0.5 2
Minimum bending radius (mm)** 25 15 5 2

*  Index-matching oil?} A% GYRE FHEE ALL
** Bending loss in a 90° arc waveguide is less than 0.1 dB at A=1.55m
¥ 3. Si0y-GeO; =528 EH w4,

— 135 —



4. 47 =2 LAE

B2 I VL FE AR 7 XD B AYAE F IS A o
& Z2¥sA oA Qo oL 7S FI3A e 7 a9 Y-EX7|
o} AZe Sol® MZ(Mach-Zehnder) 7H47], 1xN E& 2xN FEE7] 55 ojgjge
718 FX2 o]FojZt. 1Y 2& ol dLA E oEE FAHE /|2 AAES
BoFth MZ IAVIE F A Sam)g oY 2 vdAe ¢E § ey gy
d Ae 2 54 3 Fa3HA %7—‘}3}-‘5 B}FER A4TA77 =1, v A
Ae F 2o F2A g 33 FHEAdo] gAY 3 FH 1.3/15m 2x2 B
87, 1.3/15m WDM #AE3, FDM ¥ §& A2ZxE& Z¥std ddsiA we ¢
AHzE 3).

A¢ 2L AR E oL FA W N2 J15e R FEE} 2L AAE
Z NxN %29 %, programmerble delay lineojt} AJ7HAae) AS sjelg s @ 4
A= transversal BE, FEAF Ao] & lattice H, F3F ¥dr] 5L s 4 o
1€ TP BaAdAN B2 zdd e At dBFRYE o488 9rA
A E 7182 2 ASAZA BT 4229 dHH AFE E94FY olE £AES
Eg WM Sx2 T AHEAE Fol7] A Si 78S FRHe= Hzstd
bridgeZ2 & T2 1YXNA FE4FE £Y FE don 24 £5= EE 1 ms W9
=3

AQESR2E I 7Y 1449380 A8 g Fo) ol$He 538 Zed. gax
BA3E TUHoZ ¥HE AYIEE F § USW ol B dFAHL Fx57]
oYM HFIH LA AL AFAYRE ¥ F gtk ol2F FrAe] dAEL
HE &3 (slab)g& AA HAF F 3. NxN 28 #AZ2 9 Arrayed Waveguide
Grating (AWG)= €HEHEE o439 F9 AN T S04 S do: &
Aolth. #+4 NxN 2BAERE Ad =929 ERREE £z g9 Yugoz
ARLF Ye €F =922 HBAA E0r=9 FHL doym oA NAY aid
Evnz2 Fhde] gEste 59 NxN 922 3te 44 old. wels No| 2 3%
e EEHOEZ FE £EEY F Ut a: AWGE 19 28ASH 2718 32 9
dol AR AolE ZE NAY =922 dFFgozA 179 AdeRz F& NA A
dEn2e Gy 77 £9271 4A3% 4248 2ES @ og oA NAY gds
B23t grating FAaA e} 2L &L 42 LA B8 ER2E o) L3}y W)

o
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2ol £922 A4AE 27 85 g0 FRBHHOEE A8 £ gu suns A
A4 AEE s ARHo2 DRSS 24 A= 22otHad 4)

=02 3WLAZ2E 4 EE Bragg 34 3707 dew 1 7L a9 59 2o
4 FA7NE AFY FLo ER2E THHY BEL, AR FANE JN S
ol HAIANE Fo VECD oy A FZad AQNAT ANz o
s} WEAY UVHE GeSilicarl®) E02o] 2 B8 +E It 22U UV 24}
o g =%z 2AE WHE E%2 S8E ZARY B So B a3 g
Anz oz B AT oFolFol ¥ Rolol7lE &} Bragg A% TS
AWGS B2 BEHAE o482 2REdAse B1 UEHEAT AWGH
Mgkl 2o AAEsL ad gy AYERZE JL2 o)g}mE N/ WDM
dEAde Aoz 2R gaA Adsel ne FRAZs QojAm FEdo] =
AHE @dol g e olTe Y AAE AUSI HolE H: AUR BE
A Sol 2d & e Aoz Ay,

5 28

ASAA A2t Ezae 7188 AAY L ALLASS Anpgy A
7h 22 A BBV, A $o 2AS0] BEA 2 Vg FNN 2oz 9o
¥, AWG, WDM/FDM ¥H 59 &A= ¢o2 trlg 218 344 2 793 %
Ao APRFo2 AE Fotn Aok zF3 AAY 754 HIYXNE Er ASE
o188 F& A dolA 7l¢, UV-writing € A71ZFPe] & EO 79 §E So] @
THIL Ak 2y oy desti #A7)Y s)eL uEste] FATHS oS
fev FF R FRF2ZY FAsVEd nFHst Besh A SiOB (silicon
optical bench)7|€ & d27} =02, 23 ¢ £3F2A45L IISIE A7)A7ez A
&3 glov 1 sjedPe] gk st 71¢L A 154929 71EALNE AA of
A F71€9 88 R =¥ ol ez YzE F Bolo szl AR, BA,
34, A 59 ARty V1¢e FHYo2 Dasy Yo gy YA A=
714 S $F o] Was dFo] AANCE Y Yt ol see
gR S+ 7S Zldgd.
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