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73y FEMOEFE 7O/ @ S b L AR VB B AR A AR LT, SRR 29 AR IE, vy
M EYEE T/ (<0.1mmO) & sy Hilk EoOERE R A BT B,

71) BAKIE L FE ) - B FE T /A ADFEAT B 3

gk 26 AL, K2R b - BREEEIEO LD EEHIMNICB VT, SR TORHIFH BN & T R
vy RLDDSIiFTFy F T+ —b D7V v TFy FEEZONTHEASIBREDT-DDOEBE L NET R
v FLD EHEDEKa 2 b SR AR EESTRO—D L LTV 2= "R T4 VI 5ETF Ry LD
D Si TT v N7 g — B~DRIEBE & KR & R THED 7, SiGe HATEITH VLTI, B
KFEIF LT, SiGefimzZFA L VT 7 I A~ ROT o AR EREET 5 L 4L, &l
bR I MEEBIMELZFERT D200, BFWrmEEoRHF 2 FEE Lz, £, it EH T
72D, SiGe MEHIMNOBFEE1T>72, SMF {FH[EHZHIS LGt E Ml RKA R T v —
PNEFEIZBW T, BEHEIEHEMERGE, EIRRIE D X2 X 2 BELBLEMAT . (Wi Els 7 O JR PR EE -
FHEIC L DREEETT o T2,

Rk 27 HEFEIL, KT A b - EAEA RO LD FEESIFICK T, fiEEICED Ka X b - @iEE%h
FIEAXF— AL DHET R b LD FEORMEREMG 217\, fRR T X S 2 PR U7z, BRIz,
sl EORES, WEROBG, EAME GO 7 4 VU T 1 A L, FEARSE OB 2 70E Lz,
SiGe JEAFIHIB O TIE, BIHEE I ERG LB g~ v o Y = U A RDISHREICET T 5 2
LTk EAREMERFGET D & HRIT, SiGe fEfhE AR & L CHEMET DBOMEMH 21T -7,
EIRKAERN N T o —NERICBW T, BRI D 72 GE R O R e 2 s> . ZEMIRRE - 31
BICEDBFEE T o 72, B, BFOEMEKTT Y o 7 b knc D, iR 2 3 EIC Sk T & D55,
ERLETO 27 ~MES LT,

Wk 28 4FEEIE, (R A b - BRSSO LD FEHEMICBE W T, AEE ORI E ST, BT R
v LD & Si EFEEOMEAEKLE LT2dB U TFTOEBZ B Lz, SiGe XAV TIL, BIHEE
(CRREEFIH Lo 2 BT 5 2 ik, ERLICHT-EE - KEE « BB EBEORF 21T -
oo FIERRFEI T v —NERIZEBWTIE, BB A AT 5 2 & 23 C & 2 08 K RIE O RGE
RF T OISR ERIFEE B E LIS MEKET U 7 &2dED, 1Tbps 7 7 AD N T v —3Gf
HIEREFE LCERE O a7 ~ES LT,

gk 29 AR IL, R R b - @REEEIEO LD EEHMNICB W T RMFEEE TICE LN EZ S L 1T,
ST 7 7 TS N AERDE T/0 o 7ICEBRICHEM L, SR X ARG E /b2 MEd 5,
SiGe EFERITB W TIL, EBEIOE VO a7 ~0fHZHmF L, KIA REKEE2EOIKENLE, &
WL ZEIET D, MEREEN N T v —AERKIZBWTIE, T v—NRIERE RO T, #EN
B S U7 R T O E A SR & BRI L D RGERS R M ERGR L. RIS X 2 WEE0 A At & FEiET 5,

2.1.2.2.0).3 7 u—F, HEHEH

7)) ZAE A

K- 2.1.2.2-1 (2B L7 T/0 =27 (TX & RX)OME 2 7~7, 12.1.2.1 (@ T2 bu =27 2524
i) TBAFTDHRTIANIC, L—2NIC EMEETHEN R T o —R"ERET 572012, 25Gbps
TEIEL 12 W4T 300Gbps Diniktiiik 2 R o4 /0 7~ 7 2B, RIE LT,
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Nunn BRESAD Ll ] BRIESHA

gAmnme LA REALAME  KAHNE  ymsazn BEA ME
HLE FS4/51C ﬂmwﬁ\ﬂ_‘ \ Ly—sic
o v [ et 0 J AN o e e,
’ / \ KHHIOF-57 [ BRES  mmiozsy
TU—F40ThT5 kmmsm AEBS Fy
(a) TX (b) RX

K- 2.1.2.2-1 St 1/0 =2 7 (TX, RX) DA 2t

1) ZEAERO

AN— K EIZ#E#HT 2 LSI MO RKRFEE FREIZmT T, 7 7 A 3% LSI T IS AIE &3 5 20 51k
Hifrix, k., 774 MBROV A R L DEEFEOHIBRA TR IS, EEOMEK (F] 2138 mm A
BEOMEE) TomRET 78y NAEOREFELEZEIZBWTIL, 77 A4 MROBREZFIWHT 54102
FLBAN DN BE L D, K707 M TIREIULEM ORMACEI & L CELEEINICIER LTE D,
ZD—2& LTHEMHBTESFIAIN TV SR L E A (Wavelength Devision Multiplexing)lZ %
HL., 20hFRXER— N, Fy7TMlA v & —axsva U ~EBETRAELZED T D, NI
-2.1.2.2-2 1Z WDM 48D VO F v 7 ORAX 2777, B T/REN D K 912 WDM HERDE U0 F v 7138k
AEF L L O, 2%, 0 Mux/Demux), 5 Yas, WEHAEEEL N 7 vE—RT7 74
NEMP)IZEERET DA IR TSNS A7 e Y =7 hCIERERRZEDOIEF 12/ S VBRI AR
NHIFF CT& DRERIFA—/3—27 U — 2 L— A0 300mm 7' 1 ¥ A ArF iR @ cEE 25 L <, fuid
RS RER T DALFERRZZ DR A2 i L. F 7oA 0RO FEZ AT MWEHES S v X b —27 O]
BB L7z, — . b 9 —oDZEHME LT PAM4(Pulse Amplitude Modulation)£iffi23 & 0 |
IEEE802.3 A — Y Ha(b il & L TIHEAZED TS, A7 a7 Tk, PAM4 HiFIcbEH L,
mEhE# e PIN BINAR S 7 & % W CORE T BT PAM £ &1L %17 9 50Gbps mih R8s DGt 2 s
TW5, Ge Ztdrid, WDM IS AT TR CIRE 2 228 S 5 B%E. XU 50Gbps @ PAM4 )
TEIZRHS T DRIBE D@ OISR E 2 ZBT 5B 2 ED T D, T/ 5 BE O I3 s
OIMFNEETH D7D, BEROEIRDEEIZ/Z2 Y, ZERIEE SO RERE 217> TW5b, SR
IEEIRIZ BT 28 B O R E OB S5 &7 R v b DFB(Distributed FeedBack) L — D
MEIT-o TS, MTLCZ 7> KU TONDS EIFRRGICRD LD, Ee L —VRETFROMN &
DTS, AT ONTIE, ZE R TREERFEEDS /R R e V=T T h 7T %M
W AR XA S =T R ORRFT 2 O TV D,

System board
‘2> CPU

i & I \ > =
<J
Grating couplers &
WDM DeMUX fiber connectors
lase

e PD *——__| Integrated Transceivers
(25Gbps x 41-WDM)

XIM-2.1.2.2-2 WDM &£EFfEERT0v—

) ZECHEHNO

— BB mEREA SR E LT, EVEFETVEETEOAHEIZIE, EDOEEOAZHRE ML,
ENLUSNOWEE 7T v MIEmSE 5 Bragg KN 7 L—7 4 VT H2 WY RXRAT 4 V5 285 H
L7z, B2, FOEFHICEGT SN AN RN 7 v 2%, MEICHFE L7z TESTM R A #(PR) 7
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L—T 47 ThHY ., FERIC TE@&&TM@&&T* WCEMEREN —HT 25 Z LR TH S,
F2. EOEEFBIOTOEREHICEVIESN S 100GHz BFE B DA mKIZE, RIEEEOH D
AWG%%MKOKKL/AWGE%@ﬁ&ﬁWﬁﬂni#% ZINEECTH DT, t#AWGKAﬁéh
% TN, WEHET N4 A L LT TM Wik % TE Wi ICE#T 5 PR U 7ABER KA AL, AWG ~
@Aﬁt%TEﬁ& WZBRE LTz,

Ge ZARITIX 1600nm Hr D YEIZxt U TR NBE 2R T 272010, = 3% v MESG ORI PIN #
L%&%LtoGet_Aﬁﬁﬁhﬁfbﬁw®f EWREAZ RS T5HZ LI1I2X D, 1600nm H DI
L THmWSNHRELEDL ZENTEX D,

i)7utx% (RS AT

YV ar 7 =7 ZANERRT v T OFEMAIZHT T, T e A 2HWAHAIRAORV Y a v
?1~Af®7¢h 717A4x®7H?X¢Amgﬂﬁmﬁﬁﬂﬂgxﬂkf%é AL, &
WEZEC 7o A2 HNWT, 300mm 7= — "TDI Y a7 b= AF 4 2O &EMERE(L & &Y —1k
ZHIETOHLOTHD, S HICHEEIERIEEICIE, IR L —FFEED DD SUSIO MV = v F > 7 Hidlr
DETH Y | ZfF IR R 8 B ARUR A i LT ARRET - IRE EORSEEN RO b b, =
NOOEBEMT Yo A2 ZELIE, HEEROBFHMELZHEAET 72012, fEroEmERT =X
Vo7 FEE LTORESERRO Y = — T a— U FHIFEZR Lz, £72, Ge =X & v /LEAZHW
D NEET AN AHFE EAT D Ge T X XUy VEEE W2 IET S A DAL AR HA O
WHEEZBETLOTH D, HEMEIEKT v 7ERIL, B, FEEOmW T e A e L T2
F o FERAE BIE LT, AREE O RBESLERRIKRZ EBLARE L 75D TH 5,

F) AR R U 3 A B —R— Pl

WEFERE Y a A Z—R—=F DK X MbDT=H, U a7 b=27 AT HN
HITND SOT R AR A e L7 o) a CEMICE S DEM AR L, ~ U a v HEicib
BB RS b5 Z L THEBNE T EFEILL, AR T, BT EFR —OILEW -8Rk
BHZ XV R 2 2 & ©, Mk, IT& 2045, Sl TNE L THFBFOBEELHEEs
FaEA L, BEEETZ 0. 1mmOLL FI/MUbET 5 2 L TU U av A ¥ —R—% EO @& E SRR
EBLLUTZ,

ﬁ)ﬁﬁﬁ%ﬁﬁ-ﬁﬁf?ﬂ4xmﬁﬁﬁ%

1 K= A b - B hER D LD F2E

mﬁﬁﬁ%MWL FIENIOBREINMEZKDT-DICET Ry NLD % Si 77 v R 74— A ZFEET
LB 2w 7=, PECST TRH¥ Shui- ik &m%A~x AR OUEEK ST, BT Ky b
LD O 2Ry MERIZREEDO K& MR E LnWb, Z2 T, LD ICHBIZITW ARy MEIREZ A
T HAR Y A XML (SSC) Z#EM L EL, MFERARy MEROET Ry M LD 12689 &
I NZER AN O AR > MR Z WAL L7= SSC % & i O 2 gt L7z, JM 7 7 7 Iz VW T
X T ERED SSC RO BN D DT, eiTr — Nk A b biED, B+ Ky LD IZB T
bR AR EAT D IRFZERNZBERE L, 6 VO a7 ~OuH %A B Lz, £7-. L%
DIz A MEE—BOfEERN EZ B LT, Vo= R T 4 U7X D IRFZERIN 2 RET L.
BT Ry LD O#&E ICH#ER S1 77 v b7 — o0& AR Lz, BAAMICIE, SO ERKOE X
SOME & RTINS AL S TR AR AR ST 5 2 L B ATREZR SO0 ORI 72 i E 2 st LT,

(2) SiGe YA F 2%

T = 10 27) OiEEET) SmW/Gbps Z AFETI1CI1E. NHEREOE R HIKEE - B
BRIV VB T D, ZDIOICHAEA TS Si k0 b2 WETE 5 SiGe MBI 2D TV
%, SiGe JCZEFHZRO W HEEE O &2 X 1M1-2.1.2.2-3 1Z7R”7, MOS #4655\ % PN #8167 5
Si JEAFHEOEATIBIC, SiGe EAEIE L, Sil w@LfSﬂeF®Fﬁ4#um&fmw &%ﬂ%b
T, HE—RLEOERDVERELSTDHIEIZEY, SiGe BIZBITAF v U 777 XA~v2hRs Kiglc
INVATEDHERIZ, ¥ VT OBIENRE N K;D\iwﬁ%ET%ﬁwﬁﬁézkﬁﬂ%T&
%, F7=. PECST TBA¥ LK - IRIEH LM St #EmE & L CRHT A Z &k, BEEi
DENE SiGe s & FHLT 5 Z L NAIRETH 5,
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/n*-Si
’7 FERMEIEEY : MOSE!

L. PNE
L— p-ESiGe layer

ny

Si

XM-2.1.2.2-3  SiGe JE28 5/ %5 O Wi i AS 1S HE & X

(3) B ARFEN b T — N
ArF VUV V757 4 ROVK AR ?:—A%%wt#%WtEV?/7i¢i WEZEZIILHETD

TS B & K RAEEEBUCLATH D, KR,

FERER T o 2 W ERIEIX 2 A R

K OEERI D30 B 728, RAE - BRGEIC oté?”/\ﬁ‘ﬁ;’%ﬁ o TETWD, erH#'ﬁf@/\;I/w‘
MHEK T O R TN, AV o L—Z PRI T 10— CRRE
WD DIZXF LTS DORREH ALy 73 30dB LA LD # A F 2 /yv//%gkéhfwéwpmﬁ

9 VIRBAEDTH THEEL R DN,

BB T3IIEA D ZENTE

“Cl,\yfﬁl,\

¥F1Z, 1Tbps 7 7 ADH—F— R 7 7 A NHNE T v — Tk, XOWELZE, REKLE, KiEZ
AL Z RV LT 5, 204, KKE., K7 A h—7, [KELXHS 7o ADEL T I L TH

NA DI G LTI B,

T D ZITHER DO BRESRATEAM TIERR LG22 o7, A%

MrETEBLTH0ABULOF A FI v 7 Lo PEMEETCE D FERZEA L, WD 725 « BEL - WIN

[ZOWCHIRE R BT &2 SEHL S

7:,
—o

F o, AREENTHANIZ, e v e =7 AREEHKEEINF CTEB S S FDTD £ (Finite-Difference

Time-Domain method; FDTD method) T

RS R N QI A PAN - &1 i A

2.1.2.2.(b).4 FHE
7)) A HIEAf

XII- 2.1.2.2-4 (206 /0 =2 771

NEFEBTE D,

LT IR 7 S % IR SR C & Y6l HE TCAD IZAfR &

b L= v—T 4 v 77D SEM BEEZ R, S L—T 1

THT701F V) a7 b= ZAF v A6 U CKEHFBONAE 5 %2 EE S AIE 0 Bz DEERE 2 FF,
Y TO a7 I3 EZ N L TCINLTFE— R T 7 AN BT D570, ORI bE Tk L
7o V=T 4 7 T 13FE K TEQ014 FNCERIEL 72 D L 0 0.7dBAS%EMEN S ELTZ, =

D &) RFMSEOHEAERIZ K > THEE N ZHIRE L 7=,
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1) ZEALEHRO

RS, 24 FEFE DN B 26 R E TlE WDM iz b B ICii) 7= BN O FiF 2, EksaE
7¢ ArF @YCEEE 2R L, mTERE7r WDM A0 g 0k it L WEZ N L7-, 4 &K WDM O FEARFHE
ZHeiR L, WDM sk el 2 fesr L=, e & Ge ZHERITHOWTIZ PECST 7226 OB E 252 T
L. %F 1T 25Gbps EMEA B L7z, F7-BRENEIEE & KRR 2 Bafi 3 5 N o TRk 72p & F2E AT D
FRAIE 2 18 6O TERENAIRE &SGR OGN ZBE L7, N6 E2KET 25 Z &12L Y 256GbpsWDM 58
B AT T FARHAT 2 e Nr LT,

Flatband DMZI

[dB]

1
-

Transmittance
R
o

'%%1 1520 1530 1540
Wavelength[um]

X -2.1.2.2-5 (@R EETF N ZEREO#EE, O)TE, TM FIEIZBIT D AT MVRRT

Rk 27 FEN D, S BIZEEMZRBR A DT, £ WDM HYEZAE IR DWW TR E& b2 1)
F TR Z A R—2F ¢ DR EED -, TE & TM ORI ICKHSTTiER 2RI vV —FT 4 v T HT T
DORIRZITV, FILEBIE~ v~ « Y = U ZRID 4 PRI 2 B Y 7= (R B4 7 WDM 5213 =]
HBORIEEIT -7, KI-2.1.2.2-5@IZE&EXZ2R"T, 2RI L—T A>T T 7D _>OH IR —
IZENZEN IR AR MVEREZ ©OBIE~ v/~ « Y = U A BT 2 BT DA L 7> T D,
MM-2.1.2.2-5MIZFER AT MAOfEREZRT, TE KO TM ORIV TR A7 b VR
ZHERR LTz, WK IZERIT 2 IR ERIFHELIT 0.56dB LR TH Y . BAFRMFEIE X A S— T ¢ Btk 2 iR
U, W& A S— 7 o Bt o Bigz= 1572,

4F v %)V DFB L—H7 LA FEFRCEA L QI Var 7y b= 2877 FU Ty ar >
F b= ZAFBAITT T A EIT D, Tz— T v A TOL—PEGH AuSn BB EZITo72, L
—YRIEREOSRMEHLEZE/ML, L—TF T LA % 4 {HEEL CTOHUMEDNT NV ERE R TR
ENL LT, ZOH%OLFRIREAM TRICE W TH U— OB N IED & 72 BAG 5 % il Nr
L7z, KII-2.1.226 12 4fHEE L4 T ¥ RNV L —FT LA DEEERT, 4O L—V7 LA 23HE
M BHINTWDZ LRG0 D, KI-2.1.2.2-7TIZFEHE L 16 F v 1r/L DFB L —VDORIFEAT FL
BT, &F v X0 L —FRIEBEIT 15~18mA L ZE L TEBY ., BT — FIHItLIX 50dB £ <
ZTC, BB FICHHEHT D ECHORf A2 AT 0 ENHEERCTETZ, FRTEOTF ¥y RINVITBITLEHEL
WIEEHEA BB I N T, BURFEETRAME TE,

Intensity (dBm)
A
o

-80
1546 1548 1550 1552 1554
Wavelength (nm)

K- 2.1.2.2-6 4 Ty R —H 7L A% XII-2.1.2.2-7 16 F v RV —HFIRALT L
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Tk 28 FEEE & 29 421X WDM 425558 7 & PAM4 & 7O {EA D 7=, WDM 4555 11X WDM 7 «
VE OEWER RHIFEIH O v —& 2858 U B AHIE2 rTee ik 5t 2 980 L7, PAM4 F - IXEMBER D
N Y 2 U EREREREE L, ALY T ZITIXE R EREMED e PIN BUEEEA A L, 25Gbps
BRI T i B A 2 7 AP HOEIIE Xy "\ H 2 ) a7 b= ABTRNICER LT, K
M-2.1.2.2-8 |2~ v/~ YV = XM PAM4 Sh{EFBRENE I O XX 2 /rd, XIT-2.1.2.2-9 1
28Gbps NRZ 7 A & 56Gbps PAM4 7 A 2 ~9, PAM4 Z 5z D iHE E /113 2mW/Gbps LA
ERMED ONHAR Ny T LAV OEEIEELER LT,

CMOS chip

Vpp 1.0V
Vs 2.5~3.5V

Re 1.1kQ
Cg 1.36pF

Cpaa 20F

RC PIN phase shifter
equalizer 1 MZ modulator

XM-2.1.2.2-8 PAM4 Eh{EHBREN A1 ESG R AR [X1T-2.1.2.2-9 28G NRZ & 56GPAM4 7 1 1E

V) ZEHMNO

TWDM-PON FJE 7 v o — Nah By, — WG RS EME L ZBT D EA D7 V2 %
BAFE L7, WIEEH(PR)Z L —T 4 » VT OHEARMEEZRAE L, /N> RSRRHEDN R KT & 70D 2 &
PR LTz, TNETOHEEHANY RAXZAT7 o v ZIZEA L, 612, EDEHANY RAXZAT7 4 4
X AWG, T A R LW o T BB O EFET N A R 2 G BN L7z, KT-2.1.2.2-10~12 (247 /3
A ADHEER X OGHl A7 s vERT, KI-2.1.2.2-10 O EVESZHANY KRR 7 4 VX TiL, £—
RRBEWR O 7 V—T 4 > T HWT, EEES(TE W 1532~1540nm) DA % Portl (2530 L, %
DO ER S % Port2 ICE B S5, K-2.1.2.2-11 1257 FOEFHAANY R82 7 0 % Tk, PR
Hreaz BT 5 7THEEERO 7 L —TF 4 780 SREHTEEN TE & TM R & T—-HLTnd
TLNWERTED, INHEVEEHAARVRRRT A NEZLETFTOEEHAY KRR T 4 VE ElHED
BHZ LI, FORERICHT AT A YL —3 3 40dB DR TE -, £7-. XII-2.1.2.2-12 T
R L 912, 100GHz MO NAZE 51 AWG Tlid, B 5BKERE R HAZ =TT LT LA ik
WL OB ) TRIER K A LN T R TR T — S A LKA L T\ b, 100GHZ
A O 0.8nm [HF7E T 8ch DI RHERS LN TRV K% 1.2dB 2 WEM 7 2 A F—7 %#-16dB
WMz 7z, EHIT, U 7HRBER K 2 - TR B EERR 2 e taE L, TE, TM Ry 2 2B L
T, Wik % TE WiKIZZE A 2 CHET 2 8EZ MR LTz,

ZJFHE 1T, TWDM-PON @ T Y & 1600nm (2 @\ ah=r 488 PIN i Ge 7 4+ N4 A 4 —
RAZBFE L7, R 1600nm O h# L, XA MEEIRET 1.18A/W, VU —X MEHIRIET 1.06A/W
T, X RE RO SR ST, EEEE 4T 17GHz TH Y, TWDM-PON i FiZ -+ Ze #H s
Sohiz,

B DT RA R A A E T TWDM-PON ONU YIS EERET v 72l E LT, WA
% X M-2.1.2.2-13 (2739, FOEBEOLERERKIZIH > T, EONNU KRR T b TP KRR
T TE AR S BERERSE T. AWG BE D Ge 7 4 M F A A — RRIEREG STV 5D,
TR BERERTE A &2 W TARIE 2 A R—2 T  #ERIC & 0 R R IFZE 2 AfREIC LTV 5, LV ES
DIGIERKIZH > TR L L, 4 R LD Fv 7, BT 4%, St Eifgs, LV AU RARZ2T 0 L8
AR S ATV D, ERgsE SRS —AD~ v « Y = VX PR Th 5, A1
WZIE ARy M A AEHER 23T CHEE A EET 20— FR%Z 3um BEIZIERTAZ EICLD,
W7 7 ANRNE DB ONAERN R AR L TS, LD F o 7137 ) v 7 F o FREEC L D07V v R
FEEN . ZNUANOHRETII Y arF v T EOE ) vy 7 ERETH D, HERRBIEKO 2KV A XX 5000
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X 3500pm2 T, 7 4 A7 U — FEFTHET LEMBEE RO N T o — NIRRT A ZOEN M
FLTW5, ZORMEESEETICHHEYT 5 TETH 5,

0 0
Input
Portl -
5 =i port2 3 TN
—
. -10 Y -10 Output ~t=~
-] T <
= -15
5 8
2 4 -20
48 -20 @
g g -25
g .25 |  ——TE-Portl g N\
= ——TE-Port2 = -30 -~
T 30 —TE
’ ~———TM-Portl R |
=S w TM-Port2 » B
| y [ o —TM-Po ‘
-40 d | Iml.flurlll,mtl.—“ -40 = s
1450 1500 1850 - 1650 1450 1500 1550 1600 1650
wavelength[nm] wavelength[nm]

X-2.1.2.2-10 EOESHACRARZA702 JIT-2.1.2.2-11 FOESHANURSRT 4L

Mod s W;’M LD
,§ 1524-1544n AWG
- <« TE
g } WDM1 PRS [ PD #H]
3 o Arra
25 | i j h * = y
seAAAT 5 1596-1603nm ™
30(;1596 e oo Tor g AWG
Wavelength (nm) 1=
XI-2.1.2.2-12 100GHz [k 8ch i AWG MII-2.1.2.2-18 KEZEHEET » 7 O

) 7ut AR EAE R

Rk 24 FFED B 26 RO TIE, £97, IR ArF A7 v N—@R N2 oo U o 8K
AIEICE Y, Ty TR RET v 2AOEEEAZ R Lc, KZELICX VSO -ERKIL, 300mm
V== EICTEERIBONT Y XS OO TEWE—ERHR T, £/o, BEKOK
iligisPN e ﬁ%f%@%52594ymy&?7*%%@@f¢éﬁotoﬂﬁ%%i@&%@&%@%
1%, R 1.55um (2% LT, 0.5dBlem LN &7, RIT, ZIEET A A OB HIFRESEI i C, E
AL7Z 300mm UV = — 5t Ge TEH oy )LEEEIZ LD Ge = ERLEFAG A FEhi L7-, 300mm >V
a MR EICIERR L= ) =2 B DjB Ge T“UEENEINFICKE TS Z &, B Ge = VA W=
MS Bl & A F— RIZTHEERN TSIEBN 2 & 2R L,

pK 27 FREDN B AR 29 FE ORI T, 7, #EREIEE Y 2 —ABRIZHONWT, P8R —F %
FEFTHNFRTEEOTEENRIEE Y 2 — D7 nt X - FMEFOMEEZ 300mm >V = 5k E
TITo 7z, KII-2.1.2.2-14 (TR d K 912, BEHRERKED 2 — O Z2)L—T vt 285, FHERL—F
FEEDOT- DOV — v F o FHEER T v A, BLOY = — 7w — N2 K25 R iR
DA VT A URBEEIN 2R RGO E D Z LT, EENEERIECLER T ok Z - FHIE %
REE L, SHECRBORIMEICEM Lz, £7-. KII-2.1.2.2-15 12571 X 9512, KX Ge = B REEHARIC
TER L 72 Ge ZHERTIHIKY — 7 T, 2% ¥ |ZEBTEDHZ &%%;Ltoé% ZRIET NA A%
S U725 AR R I oW ik, MIT-2.1.2.2-16 (277 X 912 300mm ¥ = — [l TR 0>
BTN PGB I DR R IE H o & £0.03 dB/em)Z FERTX 5 Z LR T 72, £/, KNI
-2.1.2.2-17 IRT LIS, v —T 4 T HFTIZoO0TiE, PLOEEIESSENE VIR LA
T5HZ &ﬁ%;f%touhib JCARFERIIE T~ 7" % RHISER LT 2 BRI 2 e L7,
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L—HRE
RIBYE

Hikw- 55 K%

TL—F429 - HhT5

XITM-2.1.2.2-14 : 25{5 FEEERE R O Wr i A i =X

1E-2
1E-3
1E-4 HRFO.SAW (it F2HE80%)
< s
= 1E-6
g BBRE0nA@3.3V
1E-7 /
1E-8 |
€9 17 2 3 4 s
EDMBE (V)

KII-2.1.2.2-15 : 300mm 7 = —/~ BT L= Ge 5 Jtas O B B E R

XI-2.1.2.2-16 4 ¥ 300mm 7 = —~ FICTERL LT- 256 A I8 T OB H S DO Btk 1T 6 o & ik
(T == NADOBDOREKIL, 72— NHNTOEKEF v 7OEFELOEEEZFRRLTND),

10
8
6
4

Coupling loss (dB)

2

0
1250 1270 1290 1310 1330

Wavelength (nm)

1350

XI-2.1.2.2-17 300mm 7 =— IR LTz 64D T V—TF 4 T T T DT 7 A R3FEG AT hv
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F) AR 2 F U o 2 — R —

Rk 24 FEEEIE, SOL FR ~DALA 8RR S (BT T/ =63 1l MQW:MultiQuantum Well
Uz —) K DERER T OREAEEEREI LTz, o, N7 U a &b T D B0 JEE
MR bl U7z, Sk 25 AR T, /DR & LTV v IR O BER L — (U 7 LD)
EZEREABICHMEO SO IERZ Y E T (A1 FVPD) ZMEtLiz, U 27 LDIZHOWT, AlH
DRIEE— R LR BIRE— ROBE L WO RNENRREEEZET— N7 0 VAEEOEANTLENT D
TEITERII LIz, S Y a v ER EOYGER K E LT, MIRYERSIC X D SION YE R A RIE L,
1dB/em LA T OIR$ERFHEZ R L7, Ak 26 4RFE1, SOI bV o L E ek SRR TI2 L D
HBHRA o F —R—FEFAE L, vV 2 HREROCBRAR O REENE A BREE L 7o, TRk 27 R, (K=
ARV ) 3 RSO E W EEIRAE AT X DR T EBEE OB 21TV, ERDERE T RIcHE
FEEET TN T 7 AV ) a NI XD EE K2R T DREEDREARGEEZ T 70, 7o, VU 2 kE
W R RARIH O 7= DT T E BRI E O b 2 D 7=, Pk 28 HEE X, 7L U = S EER
WFEF- D/ - EmRhERAL & EFE A ENER KR T 0 A Db EED T, 2. TEALT 7 ALY
T UNEP I O A& SION SEEIT IS E S 2 D 2 L TR E R 2 ATREIC 9 2 8RO E T
DOHEERIE LR RO 7 a8 AMGEEIT 5 72,

S (e
™ } (REREIF) 20
< ' :
¥ [Fm] i
2 SION 3
. e \ =10 —
W - G ] /
1 -
L b 2 5
N/ TnPRMQW
SEHIE- BT (A—TC8A)

LD&EJi (mA)

(RRRISEYE) JOLISIEIR

KII-2.1.2.2.-18 KAV ar Ao Z—R—F OEREECRRE L & AR ZEMERE

71) EBAKVHEE ) - MEET A A OB

- v U7 HEAM SiGe AT OME CGRTRT  HOHn0 e sl & o JLE)

BII-2.1.2.2-19 (ZHFRFNTFAEAEDHIEE TER L7 v U THEARD~ v~ « 7 = o ZRDIEGH
BTN ZA0W&EN A RT, B8 PIN #i&E 280 T, SiGe B3 i BICA SN tiEN 5725, DC
EPEREmC & 0 . PIN #65&5 0 Si AR 1 i LT 20% 2L E/ SV o B fTE A #(1.47TmA/250um) T
PEFHY 7 R ME BTV D, [KIM-2.1.2.2-20 (ZHTALE SiGe BFfignT /A A DO EHIGEFEE RS, 7V
T Ty AEMND Z 228V 10Gbps TONEFMHNEIERGFHATIEY | & SiGe & HW o A
THERT A AL LT, R THID CTREsENEL FERE LT,

b e i T

KM-2.1.2.2-19  HRYTHAFZEE CER L 7= KM-2.1.2.2-20  FRYTHAFZE=E CIER L 7=
7 SiGe & & v 7~ PIN BIZS 35 85 75 SiGe &% 7~ PIN BIZ5 30 25
F A A DM A AR T34 2D 10Gbps H ik E

- v U 7222 SiGe YR A DR
KMI-2.1.2.2-21 & [XM-2.1.2.2-22 [ZKM-2.1.2.2-19 TR Lol 2 X — A2 LT, ¥ U 7252z
SiGe JLZETER DT /A AREEIZBE T 2 Wi & & (A 7 # &3 250um DFE 231 % 28Gbps T
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DT Z 774, DC R B3, T ABE-1V~-2V 2BV T L% 0.60~0.67Vem 2315 S 41,
Xy UT2EZRO PN EHfes & L TR LV OMREN S DLz, £72. Bk, 20GHz 2
JE LEE O Si-PN Affigs & RIEOENRSE L TEY, CMOS BREid 2% Z L2k Y 50Gbps LA & E)
ENEERNETHOND Z L EZMAE LT, SiGe ZFRIZBWTIX, (AT 7 MILEE e & & ek
D Si ARG LT 50%REE T 5 Z ENAHETH Y . 3mW/Gbps LU T DIKTEE B /1{b2s Al g
RMRETH D Z L AMFE LT,

Ti/RiN/AISICu/TIN . TH/TIQ/AISICU/TIN

i
$i0, clad

Si substrate

XIT-2.1.2.2-21 % U 7222 M SiGe XIT-2.1.2.2-22 % U 7222 SiGe
SZE T D L HeZEiR D 28Gbps HFJHTE

21.22.0) .5 RoF~v—7

7)) 2B

5mW it /0 =27 % VT 100G A —H —5tiis AOC (25Gbps 4ch) % &4 2854, CDR 23 Hi&1L
ENTWD T2 OENMEDN 2 AT ETE ) O f TSkt U CTEAL & 72 5, E 72 B KO 100Gbps =
EE21T 98413 CDR 247 300m £ TOIRENTE 572 DIEEE O S TEN TH D, FiZ 3mW il
K0 a7 HHNDZ & TCZOBMMEEMRTHZ N TE D,

1) ZEAERO

IEEES802.3bs T? 100G, 400G A —Hrv hOIEXE(LIZHDOE | 2016 FLHLEY 50G ER A ¥ —T = — A%
NR—2LL72 2006 DA —H Ry MEHE(GIGELL ATV, ZRUSE DRI TN—2AL—FY 25Gbps T
PAMA4 % i\ 7= 50Gbps PAM Z 25 D BAFE AN I BINAT O TS, ZO BRI I IXBREN a1 3% G0, Selm
PREREE - UG EAT . HEHITOMA G ORICLAHEA RN T e —F REREND, B 7Y/ MCiE
28nm CMOS L&E#h37e PIN BZEFHEREM A SO T 50GPAM4 515 2T OB R 21T 7=, &K1
-2.1.2.2-1 IZftittl DR F~—r 2R, BA ARSI L T 7Y =7 ME 2mW/Gbps LA R OA E )
EZSFZBILTEY, £/ BIZHEIL TV D,

#1M-2.1.2.2-1 PAM4 £l DX F~—7

PETRA IBM CISCO
0OIC 2015 JLT 2016 OFC2015

Driver 28nm CMOS CMOS9WG 32nm CMOS 40nm CMOS
Modulator PIN (+RC) (monolithic) PN MOS
Eye [ B
o B
Data rate 56 56 46 56
[Gbps]
ER [dB] 5.4 6.3 2.8 6.4
Length 0.75 3.0 1.8 0.47
[mm]
Power 1.59 4.8 2.8 2~4
efficiency
[mW/Gbps] (at NRZ)
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V) ZEHMNO

—BOBT AR A DRI OVWTIE, Y ar 7 =7 AFNOFZETH ., il(E 05 TORK &
WﬁM®ﬁwiﬁﬁmL9@< o X ER BRI E S TN D, FrZ, 7278 ARXy NU—JH

B D EEEOWRKEHARE Y Y Ik L7ZBIRITIERAIZIZE L A ER SN TW R VWO REIRTH 5,

xﬁ THA%E L7z WDM 7 ¢ /v %1%, GE-PON IZEHHEI0 24 TICHERLL . -30dB LA F D7 1 A h—7
ML TEY, ekp7e s EZB L T\ 5, ﬂWWH@N%@UM&h@AWGTi@E@%LT
2dBUL F O 2SR TEY R EE L~V OMREZ 8L L T\ 5, FERIEN & L CIdRem DRz ArF
BHEBRHAL NS ZEHH 0, ﬂﬁ&%%ﬁ%®ﬁA$%w@me

Ge ZHERITHOWTIE, #1M1-2.1.2.2-2 1, TWDM-PON  ONU F 7 v — 281 %5 PD @ A
&L BRICHA STV D 1600nm Hr ) F B A GePD & A [EIFE L7z Ge PD ORI it iR %
R, ZAEHYEE X TWDM-PON @ 4% 10GHz Z ik L TR Y, BEEIISMER & b CThi# @iy
ARG TS, £, HE 1600nm (281 552 SR IR & T d 45 K & 7ol 03 i i (K
ETHELNTEY, TWDM-PON H ONU FJ o — "THEER, BHRRKIZERENMEOND D
EHIFES LD,

F1M-2.1.2.2-2 : {REHRFFERER CTH S LTV 5 1600nm 45 ] 1T B % #5755 GePD D45

e SR SERIIE
& BINZERRE -28dBm @1596-1603nm,
TWDM-PON H#Z BER 1073 10GHz
1.0AW (-3V) @1600nm
AT . 17GHz (-3V
& BT (3V)
Kotura (2010) 0.76A/W @1600nm 20GHz (-3V)
IME (2013) 0.7AW (-1V) @1600nm 21GHz (-1V)

™) 7ok ARE AR

ek, vV ar 7 b= 2ZEMEIET v 7 TlE, CMOS HARIZHE LT 150-90nm XD 7 vt 2 H;
WAL TE 7z, Zhud, /EROEIET ~ 7Tk, 40Gbps(4 F v /L x10Gbps) DHERETH 5 = &
b, KT A ADT v AL ThoTo B bd, KT r Y MIEBW T, 100Gbps(%
F ¥ RV x25Gbps)A LD EMERRLEBR A HIET O THY . ERET oA E2 X=X L LIeT /N1 X
Hitfi 2545 = & THEMEENER T 5 & & %2, PETRA Tl 300mm ¥ = — Hf & 40nmCMOS £
WEANTWD, —J, R TIZ, 300mm U =— R TH D, LV EHVY 90nmCMOS Hiti & v
TkD\mﬂm¢W1~A7DtXHmimw%kw@LT\Fwﬁ&w¢7yhfuyhmﬁﬁﬁﬁ
ERIEICB W, BALARERTHE EE 25,

F) KX bV ar A o Z—R—PEl

I A M X OMEMERIZIEE D2\ SOT FEkicfty . R CHE— -8R L 7 br =27 X T—&K1Ic
fEHENTWA AL ) av ek sy avf o2 —FR—FE2EBLT\D, /-, KFTDHE
B E e U, MUERER 72T D 2 LI K0 B e i YRR 2 SEEL L
T35,

77) HIKEEET) « WEBET S A A DOHBEFE
(D) K= 2 b - @FEEZIEO LD FEEHI

Y ay ENREROTEDOLFRE LT, 7V w7 F T RBELT2— R T 47D 2 Y NRE
2T oD, AN THD 7 U v 7T v FEEEZH WA TR, VU a2 SRSk L TR M
MOIEANTHZEITRDD, TNETIIATICT T va T ARy M A ZEHZHSSC)D L 9 724
MEZRRETE D SSC W CWa, A7 e =2 N Tld, PECST OH T2 _— R Z/ERRH 5 T, 7o)
o EP R L OFREERIROEWEETEAZHRE L TS, THUIEEOEMES AL T, ®JiEa R k
DI Z X > TnDd, Fo, V=R T4 7R E v c— T atv R EFZETEA KL TE
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0. REAERHNZZ, 2 X MEBEOWELIHIFF SN D, L LEEYETH S LD OB FITREMRER KT
HD SiONHY | HEREEICE D, TDD, EIREREICENDIET Ry by =2—OEHITIEDT
bbb, KFavz7 FTIE, QD Uz—"EHWET =— KR T 0 7R E D, K2 A b - SiRE
Ktk LD S22 HEE L. WEAMIFZeER%BES (UCSB. Aurrion, Skorpios, etc) & DzZEFALEX 5,

#F1M-2.1.2.2-3 E72EIRFZEH KD g

I IF o7
1) \nﬁyi’f/ﬁJ

x70J 26 - UCSB,
Aumion X

(e = Skorpios
5 k)

ey ® ® (QDERLT)

(2) SiGe Y25

#IM-2.1.2.2-4 |Z Si KERGZOX U F~v—r &rd, Vo 7RG ERAMAL T, /N - {KET) - mk
72 SiOEERERDHE SN TV D, BER EWIEA Inm LT EIEFIT/NE < mkEEE 7o TR <o
VIR EEDS BR v, FEAMBICIIRE 2 2592, —7 . SiGe M L7z~ v/ « ¥ = U X RO SIS
FRIX. AR 7 X OESIX 1 mm BE L 72508, 50 Gbps g A 0.9 V LU F O &L TR K (<4dB/mm)
(ZEBLUHRD EIfF S LD,

FM-21.224 v V77T A EERH LTz~ v Y = XS] RGO F~—7

Chinese PN 1.5-2.0 ~1.0 40 0.75 7
Academy of | (interleaver)

Science

IME PN 1.5-2.0 151 50 3 3.0
CISCco MOS <0.2 6.5 28 0.4 1.0
PETRA-®X | PN/MOS <0.6 4 >50 <1 <0.9

(3) EHARKEN N7 v —NEE

#IM-2.1.2.2-5 & 3 RCEBMIENTIED iR 2R, mEKEE N7 v o — N[ & EBLT 51213,
ZEACHMNNEEIC /R, B, KZ7ex b—7 KBRAS7r v A0RLEIZ L TrANR M e
FerEiE ARG L2 T o2, Z OO FIEO BN EE ef L 725, v Varvy7xr =2
A TIIEEM O BITEED K Z W=D, 3 IRITTOMNT FiE L LT FDTD WO T E 72, EREFE DO
il D Z & T, KRS 2 B CRHE T & D, RERURE 8 B A0 Ik o B k£ — R
(CEHT DERORESICMENAE TLT VY, LB TR TIENT N T 7 v 7Ry 7 RO T, FEED
FRAE S AL T, —J7, #1 L < EBAT 2 HEMATIE, BN EGE CRGLITY # B8k 5 2 & T,
E— NEBELZERE Ty I 2 b —a 0 T& 5, FEIARINTEY ., M E CTRIEFTEETH 5,

53 ELEE BN



#<IM-2.1.2.2-5

FDTD;% (BES 5)

3 RITFERL S ARAT 15 D ELH

R R R (R F i)

BAOB DS © (GUITRHRAH) X (CUITX—K—KAH)
REORER | ABEICE-TRUBETIS) )
. O (REI<EET B, LRAR
ﬁ;’gﬁm’ x (B EMMELL) £EH12100dB. DY 10HET
BELERTES)
O (Avs & MACLTERTED | A HAMEEBET AV
AMOR7IE N EMESEE) @A L)
FRORE x (LB, TFvIRIHR) © (1AB1. REEE D)

2.1.2.3.(c) XL 7 hu=r RA v Z—7 =—RFEH

KMUET — 2 & o 2 NOERERERL, 7 — % & o 2 HEEHkH

5'/1/:11: L MEZEEY 2 — /VERO T2 O(E SALERRIEE &SGRl 2 B 2 FARHIN 2 2k 28 4R

TIZPHZES D,

2.1.2.3.(c).1 [ A=

FERK 26 T B

Rk 28 AEEE R B AR

2.1.2.8.().2 AHF T a—)

KRBT — & & X NOERMEER., 7 — % & 2 ki

A7z, 100Gbps DInERREEZFFHOT Y

72,

100Gbps DInEF EEFFO/MIT V2 vae—L U N T /~/\ﬂﬂfﬁ

7 /) DSP-LSI, £ttt
100Gbps ¥ & /Lakb—L v h hTri—3

1:::5 Vo "‘/]/@uitﬁz %Kéﬁﬁzﬁﬁmu ?? 5 o
TBWTHEE T %K) 30W

R E TR T & D2 28T %,

#£IM-2.1.2.3-1 IZWFIEBHFEA 7 ¥ 2 — LV ZIR T,

#M-21.231 oL r ha=f A H—T =2—AFEWOMIERRREA 7Y 2 —/1

MRB H24(12) M 8A~ H25( 13) % H26 (“14) & H27 (' 15) R H28 ( 16) &
18—71-2 18—-71—-2
N—2Y—r@E | 18—71-2 wEE mE
125712 WEBERH EEBAL BETAIL
B FEy ET R
wwzen\ || mwmoan | SERZOS
7 7 i oEmEEE
e Al HEEHET T30 {E&Dsp {ESinma ESmEn \
B ESmmmEAge /| PG #EBAL BE/AL 1 ACOMTTy—/1EDSP/
BE- Rl s BMEH ) moRrrrosEE [
| e
DSP-LSI RSP, REERR BEHLDSP BEHLDSP
EEALEE | ERALARORI EEmt T
KXBETFNIR EYEES, WRE #haY
DB EMEEREo ) BESHCFEEE) e ) g7z @emekrz O ELEH
ERizARN Bl B/ BEGE | HEREH-HE Wor-,
Fyslae—Lob oo
gy s R’ o—INRIE, =5,
bors—iEVa-) | gmpEeso | BR@H. FREE \ B CrPaghszy—s\ | SRRV
fesdd ER AR Bl CFPARNSYY—IS /| BAHRE ol e A
EXRE
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91233 T7u—F, HEHI
(7) =% « =R A 7 — 7 = — R SR
J— B RoP— MADIE 5% 100Gbps TP F /b ab —L v MREICHE LT 7 L—LMMEB~DA & —
7 = — AR DEERETD & = oERE (L1) X O MAC & (Media Access Control J& : L2)DF = # f&#E (L
FLO MR SRR E N O] 0 3 TR RE 2 EBL T D720 OfRE) BUE LR S, Fx VT 7L —RKx vy b
—ZIZb RS ATRE R RE L L b IT A —F - =R OF DA X —T = — AR — NIZBIT A%
EZEL, WEELE MAC O E= e LFEETLH L E LT,

() BB R B A i

WAL T ¥ 2 AR F B IL, EE AT VI, U =7 74 A RENEEBUSERTE - 2% =
—HE D 3 A DMEEY 1~ 7 THERL L ZAE RIS b HEM TR FARAE L LTE 5 & ticiEnd %
728 DZAZ MBI EREE « A% 2 — iR 2 RIET 5,

(77) DSP-LSI {&7E 1 bl

EHEET 0y I ERA T L—a LT, &kE LTOMRE - BMEATEIRT 2 A MR 2 fe s
L. BEO7T 7Y r—y 2 > 2 E L5 BALER R O Bl EERC iR > 1~ 7 3 B AE O MREHR
EHSLSE D, 2O ETTF VX Lab —Ly AT AREHIN &2 BB R IR 3R FHEL AT O - Rl
WZED VAT AV T AT DG SAERRIEE O L L TIRE b A D 5,

() HEZET ANA ADOERLEM

INRE N T SR ET N AL LT, BERE - B OBBRE, R, A7 FUiIER &)
R EFEU EE LoD, ERONEZ T IFAET a—/LE 120 FE725 8X16X8mm DXy r—
A X & BiET, £ l:~l// M R @/J\ﬁ”ﬂ:%%fﬁ'?‘%g??&fﬁ& LTl (PLC: Planar
Lightwave circuit) & . 5 Jt3% 7 (PD:Photo Diode) DS/ T /N A LB T 57-0, /MY
LU AT LA RV PD & OXFESHEE G 5,

2.1.2.3.4 pE

FEROA)) DM BT RS RIS X . 20nmCMOS 7 12 & 2 & VK& /1% DSP-LSI #&{E4
FEhi L7z, #81E L7z DSP-LSI 048 % [X11-2.1.2.3-1 125779, DSP-LST I mk RIS U T, R E
DTHAHEEEZER L AZET 7Y r—a VEIOHEE ) & Rt AeEE A LT\ 5, MIT-2.1.2.3-2
(AR DR RHMAS SR A T, BARREEEREC DWW CRR VW ETIERIC 1012 L FDO=F—7 ) ~@Jﬁ5%ﬁﬁ;ﬁa L
toitJBPMH®ﬁ%$ﬁiﬁBWT%D 20nmCMOS 7' vt & & Z il L= 58 IR
WEBFE LIk, AETH 72 20W & FE-> TWDH Z ERHR I,
ﬁﬁQWﬁ§#E@*F®ﬁﬁﬁm%ﬁhLtﬁﬁﬁﬁDﬁﬂﬁhﬂup CEFLE, HET S CMOS
71 A% 16nm FinFET & U, FinFET ORMEIZ (LT 5 <, Faat 7 e AR T v ik L+
DA, 74~FN/7m@ﬂ#%%@to%®#ﬁ X7E 71 DSP-LSI O#)°1-4y & 72 % 10W At
W EBT 5 BAEET,

08 }G FEC
= 70km |

-~ BtoB
~©-560 km
--BtoB
~+-840 km

} E-FEC

}SD-FEC +E-FEC

Log (Post-FEC BER)

L
12 13 14 15 16 17 18 19 20
OSNR (dB)

XII-2.1.2.3-1 #4E L 7= DSP-LSI 418l XIM-2.1.2.3-2 AR DE% O ReREMn
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() JEEZAZT A A DERE LT

X M-2.1.2.3-3 1258 fF L7z piTLA DAL E A7 R ViR EZ 7~r 3, 32GBaud-DP-QPSK 100Gbps
kDAL 300kHz LT OFMENER SN DH08, ~Af 7 oay bo—7 72 EORIMEEREART ST
THEN ) A RO ZTRT O UTLA LT B 7 U LIZREETH/NIANZ 7T 4 L —FE V2 —/LH
REF% T, ITUT 7Y v R2E T 300kHz LI T OMIEREEZ R TE 5 2 kéﬁwbtonm
-2.1.2.3-4 IZEE 2t — L MEZEEROINE & FetEp 273, -20dBm O AME ST —IZk LT
15 QM 15dB DL EZ& R L, 1ERADEZAG AR & /o W EERE 2 fEfR L7,

Rk 2T L H1X CFPAf, b T > v — N E FEEBLT 5 72O O JEZAF T A A DERLEIT Ot %
W, Ny —UEBRIEL, ZOMEOHR &R AT > 72, EROWFFERRFERIC X 0, FRET).,
(1), (7). (=)D Fpk 26 AR HAZ, ik 28 4R A& HIE A2 Z N2 100%5E5 L 7=,

400 l T T T T | T T T ]
< 350 | —o— FIHEREAH — IBR/IETS5A
= 300
E 250 N—
4
§ 200
Z 150
[T (LA
| AL LR ? 100
. 35x20x69mm0)"ﬂ"fx X 50
[CERE) MR . fEE< o> 0
*5EFE, 1 11 21 31 41 51 61 71 81 91

e RE: C/AVE/LAVE S0GHz-grid Channel

o JEHIA: >16 dBM(C/AVE)
o $R18: <300kHz

X M-2.1.2.3-3 ASEL7- niTLA OAVELE 227 kL

Qfili %

19
18
17

16 Kk‘“—‘_‘ﬂﬂ
15

14
13
12
11 Pin=+13dBm
10
-25 -20 -15 -10 -5 0 5
Signal Power [dBm]

Q[dB]

KI-2.1.2.3-4 FA/E L 72862E85(16 X 30 X 5bmm) 3 K OS2 5 85

2.1.24. (d) YHxTv 7 bv=27 ABEERHEIH
(d-1) v 7 b o= G EH BREI RS

W L7 b= ZEEZT AARHREIC L D, BEFEZICHT RN R 7 o — o
(T CHAE AN 2 ST B

(d-2) JE /O a7 HERADET A ARG — /LB %
7uY s MNTORERIZHET TUT OHMBHIE 21T - 72,

2.1.2.4.(d-1).1 [ HE
WL 26 FEEHR EFE . v VT T 4 V7 ARHEDOR T LT ha =g AT R T AEA R RO AR
AR L, VAT ARARFORARN2 7 0 —DFEEE1T ),
Wk 29 AR BAZ - 6 1O = 7 SEAEFSE A RIS GRS & LT, =Ly br =7 x5
VAT ARG EREZFIA LT, EE A A X — RS A RN
EFT DD, ARG 7 v —OREE1T O,
2.1.2.4.(d-2).1 [ EHE
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ok 26 (EFEH R BAR - D6 O 2 7 #ERDET S ARG RAiT & LT, RO TO F v 7Tk %
JCA AR E ORI A AT RER BRI 2 L— X LETT A XA =Wt
TCAD 7% diff S 7= - Ll TCAD O AR E 2N T D,

PRk 29 AEFE P AR 6T A ARG HET - i TCAD [ZOWNWTy =Lz TV, 7y
=7 MNTHIHFREL T 5, Flo, KEFERA X —FR V&G LrEL T
DA R AT BB A S, AR X — R 2 R EACBGRT I RE
T2,

2.1.24.(d-1).2 AZYa—L

Rk 24~26 AL, mMEREY— 2B AL, e LY b= ARIEE GRS~ T g L 2
T LD ANET o Tz, BRI, LRI FERE, 2 - IS RHBEREOME LTV, FRI =R
fl:%i_lﬁlf'tk&ﬁ’ CAD(Computer Aided Design)® —/L % HUNZ ICHRENT . BEREEAT. B\ IS 7e PR

TRRRRHENTY — NV E OBRFT =X OV Y (T X EBEEDTC) EAEETHILEICEY, v AT
T4 VY AKIG LT R S A ERE TEX AN LY hu =7 AR AT ARG RFHERED
R DT,

$&2%48$Em\t$%ﬂé&#E%kﬁ®% ATV, HT/0 = 7% EH mftﬂﬁ7m~@%
AR HED -, SROTHEERIREREE CAD (23 U o B e R Y~ — Mk S T S0 BRI
S B AE R 5 %@tw%/z—w@%%%@w B DT A v — T = v 7 KR ®%%%ﬁbto

2.1.2.4.(d-2).2 AF T 2—)L

Pk 24~26 LEFEIL, LU =L RS S 2 =¥ Technology CAD(TCAD) (HyENEXSS #87)
HR—=2AZ L, T AHFDONDOIRDFHNEEFHE A7 FDTD (% (Finite-Difference Time-Domain
method; FDTD method) &i#ifs SH72E 1« SEHE L I 2 L—F OB A H#ED =, ZD7=H, TCAD />
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Oz BIE L U727 A ADORERE L OS2 G 2 M5t L 3 el — F (FPGA-Mid2) OifE%
BAAE L7,

Rk 29 X, VAT MUK EIEER T —X T 7 F v 249 5 — O E (FPGA-Mid3) .
R ATV, BEEEZER A LTS 2 T LY e = AREE LT RE FERY— SR — R
DY AT 2MbEFIET 5,

#1M-2.2.2.1-1 FPGA+AR— RBARA ¥ a—b

EHE H26 H27 H28 H29
2014 2015 2016 2017

FPGA-Simple FPGQ;éiﬁg#
FPGA-Mid gl
FGPA-Mid?2 F"fﬁ?’ﬂf‘ 3
FGPA-Mid3 -
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(a1) (pE2) AFrYa—L

B (CERk 24~26 4£) 1, oA v ¥ —ax 7 % CPU R 2 72 O EAfaRE of .
BIOEAREMZBE L. BAREMERHZ 6T A AERSCEESEL2HET L Va7 b= A
HEZAE AR DO IR SZEEM 2 5%t - SUE L. 25Gbps EIfEZ FZ5E, 5mW/Gbps OIRVHE /) & 2R L7,
%28 (CFpk 27~29) FEIX, FERICHT, WEEEEEN, WELZE(LHEINEZ#EH L X T0 =
7 Zd&Et. #EL. lem 4T 25Gbps x 16ch(400Gbps) D KBEENX1/0 =27, WRLZEICLH 1 L—1
100Gbps D KA EriE % FIET 5,

(a-2) CPU/RLEHE DA v & —axr ket - iffE (5% 3)

oY 24 AEEE L, Y6 T/0 £7% SSD (Solid State Drive) FEELIZ [} 7 ALAk T & B ER T - 72, F
Al 25 FEFEIR, AREHER N L— DA X — T = — 2RSSR FERE) IC OB EER 1T o 72, SRk 26
X, A 7Yy FEDET/O f1% SSD E¥ a—/LDORIEL o AT MMERERR 21T o T-, YRk 27 4E)E
I, FEFERE) IC ORMELEET SR 2 R TO £V 2 — VD%t 21T 72, Rk 28 FE L, Ot
FLEE IC OIEEIMERFTE KT A MR TO EY a2 — VOBERERIEELIT o7~ Tk 29 AR 1%, K
W2 ESHETERE) IC L= X M T/0 Y 2 — L OREREEEZTT 5,

2.2.2.1.3 7Tru—F, FEHIH
(a-1) (5= 1)

N FEM Ny r— & LCLSL (FPGA) EEMNETO0 a7 2 R—0/ Ny r—y RIZFEL, o
LSI (FPGA) OETICERNE U0 27 #EET 5 2 & T, mlERE T OEMEZ BT 5 2 L 36
| BEELEMETIREELE LSS, A U F—T 2= AEOEEEN R TE D, HET
RN r— VB BHET DB TEMY— AR — FERIET S 2 & ThRBEEOFIMEE FZRET D,

(a-1) (532 2)

AK7vY =7 FTIE TEORNAY FIRZEL 72012, BXUE 5B LR © & 2 EXBE % 5281
AIREZRFELIERE. T 700 H CPU Ny r — P (PKG)EAMR BT T/O @ LI T 2 BN 2B 2 2 &
Z AR R D, A CPU /Ny 7 — Vil oot U0 EEEHEINIE, 1RO AR — R EFE LV b s EE &
b5 ENRFRTH D,

(a-2) (432 3)

VAT KA —YRNEREERT D LK) TENTE, VAT AFESCA VT AE I NE
TERBRIZAT O Z E W ATRE & e D HANIBIFME 2 R 527 e —F L LT, 2O, EHEX K
L—A B —T = — AR O £ F I N A BRI 2 D EAR O BIFE ICE Y A, SERM DO IE D 7= 8
W10 FY 22— OfKa 2 MEFEIFIC BBV A TN, EHEA ML=V X —T72—R L LT, i
B ROk, T4 VHREDOEW SATA, SAS ZEF—7 L L, INOOBKRIME2 ) v VNI E S %
AT BT AT 5, F7-. RKREREDN /O = 2 MERUZHIT . S B2 - EER 7 = —
INLASPURy r =TI AN TO B 2 — VBT B,

2.2.2.1.4 pE
(a-1) (3= 1)

Rk 26 FEEIINETHEMR Ny F—PEERDETO0 27 & FPGA Z[Rl—/3w 7 — JI2##) 2 iV 7= 11k
AR — K (FPGA-Simple) Z##{E L., WEHAFEIE TH 5 CDR (Clock Data Recovery) %% AdLd
\Z Back to Back #fi35 L 1 300m .7 7 A N T 7 —7 U — (BER: 1le-12 LL ) EifEL#ER L 72,

Rk 27 LR K-2.2.2.1- 1 IR OREFERE/ Ny 7 — U 2837 5 2 WEHAH A — R (FPGA-Mid)
ZRIEL, U0 a7 Z2GNERT D57 —%T7 7 F v it Lz, FPGA Bo#H (ch k) &0
T & CEE R RIS A L CEL 72D 2 L a2 R Lz, 970 H FPGA R ZERDE /0 =271
L0 IEHIC T D 2 & T, FPGA IR v MU — 7 OAREHIR O R LR v 7 D36 S g oM
BENRIESND Z B0 5D,
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—— T R i —
HKUOOTIZ&D /ZTA1b
VEEHOTRNF
YRNOOFP TR
vET IR

~
Bk

=
E
E
o
ain
LJ'
ee
o
=
i
£
8

KI-2.2.2.1-1 Y8 HERE Ny r— v L EER (FPGA-Mid)
SRk 28 AEE T XIT-2.2.2.1-2 |27 F /8w 7 — |IT 24ch #5487 RE72 % ch B THEBE/ v 7 — (I
KAk 1.2Tbps) ##iA— F (FPGA-Mid2) % f{E L 7=, FPGA-Simple [F#EIZFMF1FT CDR L CHEEL
ch [RIFFEIE TP 25Gbps@300m 5t T2 T —7 U —%FFE L7,

VLN (Beh BhERT)

/Eye Scan (FPGAH xf;)i‘iﬂf)

B e 1 o 2 2 0

v REFER/ T Stets  Bils  Eros  BER

No Link 235E14 BSITEND
25000 Gbpe 2 348E 14 OED & 2BE-15
250’35% 234TEN4 0ED lZiIE 15

ED] 4 2656~ 15

IB24E-1

MI-2.2.2.1-2 % ch HFETHER/ S 7 — P K% 1.2Tbps)#s# A — R (FPGA-Mid2)

SRR 29 AR, B T/O =2 7 OEERLE VAT MUK T —X T 7 F ¥ OFIMEE FERET D
ZEHRBINET DY — 3K — R (FPGA-Mid3) 3 ET %, AR — NIZATHFEE £ TIZRE L 72 FPGA-Mid
KON FPGA-Mid2 DEKKTH Y, e KEK 2.4Tbps ZH LT L7 b= ANREE L= JtE THEMH
P— IR — RO AT M OF 2 FEIET 5,

(a-1) (/3= 2)
(1) CPU A1 v & —axy N OREARE,
CPU MDA v Z—ax s NOREABEMZUTO LI R/E L,
sk L Thps (CPU Fy 7 1lH720)
cfrikl— b 25 Gbps
+ CPU—Jt I/O [Hj#ERgE : 40 mm UAF
BRI E . 40~80 Gbps/mm
(2) & 1/O D HAME
CPU-T/O O3y RIEAHE 2 512041, BRUE B i BB E 2 R 5720, EXERE I, /)
FHWHREE LY, £2T, KI-22.2.1-3 [TRTEIIZ, CPUNRLY Y a7 h=7 AF v FITE
HFECOBRBMENRECTHRDL ) T v TEHEBEEZER LT,
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CPU/SwA —UE IR E O RI/0 5t

CPUF ESIOFv L) s
SEEHOEE
} SNIZITARZIR
i ] Sy~ SRR
j') v /iaﬁ’fﬁf&

KIM-2.2.2.1-3 1O OFEALE () 7V v UE, h): &KB7 Y v o

(3) B 1O FAE L 314

ATET O FAREIE IS & | @mEBEOER - 15 5%t 217> T, 25Gbps x 16ch(=400Gbps) D) /O D
AIEZ T2, BIELIETO 2KM-2.2.2.1-4 1277, KTVOIFLKE T Y v oFEEREEL > TED,
YA X3 10mm x 11lmm TH 5,

XII-2.2.2.1-4 400Gbps & /O =t 7 2FAf FAAS 2

AAAE L 726 VO S FeAR O 5l & F20E L 7=, 251588 D4 16ch O T A i & X 1-2.2.2.1-5 12753, PRBS
27-1 TOZ 7 —7 U —BEREHELNTWND, ZEEDE 16ch DY v MR RO T A BRI % X1
-2.2.2.1-6 2779, 2 ch TPRBS 231-1 TOxT7—7 U —EIENE ST 5D, 72, A 400Gbps X 1I/0
DOEMEBINIEZE R DY T 5.5mW/Gbps THDH Z EVRENT, Fo, BERN. ZIEHRNO RS
ERED 7 A b =27~ L7 428 1.7dB, 1.4dB LIRS 2 6N TR Y EN-EFRNEIC X D RIFFA A
O F T ) A RO DOIRTHLEEZEZLND, ZRHDFRERL D A 400G Y 1/0 73 CPU /Ny r—
Y EICHEET o mBERERMNE LTATHD Z RSN,

(8ch®)fE. PRBS2’-1, VDDT=0.9V)

Ch_0 Ch_1 h_4 Ch_5 Ch_6 Ch_7
, b~
O azoxc ﬁ agozc sosleoelses
Ch_8 Ch_9 Ch_10 Ch_11 Ch_12 Ch_13 Ch_14 Ch_15

e.e o b ele el sl ol osleesloos

KII-2.2.2.1-5 400Gbps Yt 1/0 2 7 &G 7T 1
Ch_0 Ch_1 Ch_2 Ch_3 Ch_4 Ch_5 Ch_6 Ch_7

SCOo0CO

Ch_8 Ch_9 Ch 10 Ch_11 Ch_12 Ch_13 Ch_14 Ch_15

COCO0OCO

XI-2.2.2.1-6 400Gbps Y /0 =2 7 % {5%% 16ch [FIFFENERF O BER 2% & #R X

75 ELEE BN



(a-2) (432 3)

SRk 24 L, JE /O FH&E EEEEEE T SSD OEHICHT, EHERA WL —IU A X —T 2 —AH]
KA A= A MEAE CMOS (Complementary Metal Ox1de Semiconductor) (Z & % 3 1 BXE[A]
B OHRRIRFT 21T > 72, Rk 25 TR, R ML —U A U ¥ — 7 = — AR KRG 3R 7-BEE) IC D ¥)
HIFAE & SATA k& D OOB (Out of Band) {55 (%ALY 7 TIRIEAREE) & @i NRZ (Non Return
to Zero) 1575 ODIREZ WINLT HHERE DGR 21T o 7o, Rk 26 FJEIX, BEERX N L —V A v X —T = —R
B SO B IC 12k 5 U0 B o — L3 E L SSD & 1At g 7 U o FEE O ff
SSD D v AT AEREMERR AAT o 7ce AL 2T LT, FFEYER M L — U A U F — T = — ZAHRE IS LT 7B
&) IC OIFEHE CMOS A ORFIEEEN ZIE T 2RI ZHREt L, £/, A L —Y T = 2 MET/O0
EY a— L EEEHRE Lo BB FERENIC I, ¥ = — N E N O RS A0 2 KIEENHI 25 2 S ITpsh LT,
SRR 28 AR, KBEWER N L—UA U H — T = — ARSI TERE) IC o E A L & BT HIE L & R
mEtl, £/, X ML=V E 2 A R T/O Y 2 — VOERRFEAEEZIT - 72, HFE TBRE) IC 1%
SAS BRIk AT RE 72 ik & 5mW/Gbps UL T OIRVHEE b Bl L 2457, (K2 A M T/0 £V =
— /U BHEE—V FIZ X D= X b EEREREN & LT FO-WLP (Fan-Out Wafer Level Package)
et LA — FEER & ORBIEE— /L RIEOE VO A2 H T 2 EOM T 7 v & X 2R EHME L7z,

FZ 4 nIC Leir—=10

O00Bizikifftz (K cEHT. & ciER)
F-2.2.2.1-7 AR N L— A & — 7 = — ZAHEEHE T/O OEMERGERS

"""Hf"ﬂ TOSP ROSP , neeneneeenses

1'"’""'
cbububbube
433839393

EEBHFE o R
II-2.2.2.1-8 FO-WLP B = 2 8 /O & 2 = — /L OFREfE R

22215 RyFv—7
(a-1) (57 1)

A, @EORIEEEZ AT D FPGA A — R Sho>>5 5, PETRA TRIEY % FPGA-Mid3
A= K & il FPGA 7R — ROMARE, T Y 2 —WHEET), WInbiitl v LT D
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#1M-2.2.2.1-2 FPGA+ T Y 2 —/L DR — R

PETRA FPGAKR—K N#FPGAK—F P#FPGAK—F
FPGA ALTERA Stratix10 ALTERA Stratix10 Xilinx Virtex UltraScale+
== 4
HhS2L—IR(XCV) ;;jﬂj'“" O37 TXRX 12ch | norpog x 4 SAMTEC Firefly x 4
I O48ch @25Gbps = 16ch @28Gbps = _
FeinidEs 12Tbps 448Gbps 16ch @14Gbps = 224Gbps
HigHA4X 190 x 250mm 111 x 266.7 mm 120 x 257mm
XCVIEEE A 4x2.7TW 4x2.OW 4x2.0W
sl Jm== sAL sz —L
HEBEFBIYD | 59 ow/Thps 18.0W/Tbps 34.5W/Tbps
HEESD

(a-1) (432 2)

A [EIOFRAE L 72 400G Y T/O Z kB0 1 o & bhifig U= thO#%ES & Heifis LT A RO SE /0 13 400Gbps
EWVWORRFIRAE S Y a3y T b= A EEEEEIRAEREIE LN T — R D DO THID
TRLIEBDOTHY, o, FiElEE L L TR 2 (50 EEBETH L, SEOKTO %3y 7
— VI A2 LTy 74— 130 60mm BRI 5 B DY 1/0 A 44# L T 2Tbps DImERHIR 2155 =
ENTE D, ZHUTREEIE LT CPUICK L 130 2Tbps, A A » FIT% L TiE 418 8Tbps IZFHY L,
ZIEN 2020 FOKMEIZET D, SRITSDITEHBENEIT O 720, PAM4° WDM 72 EOLAE - £
HLEM A VO ICHD ALD Z &, EOICEBERERNE UTHETHERA ¥ —A—F 2T
5 ET, 2025 FIZ e 10Tbps Ol a HE57,

(a-2) (/32 3)

A L—=VMTHT0 L, Si 7+ b= A LER#E) IC LISMI 284, SoC (System on Chip) %,
KEET LV b= AOEMAVLETH Y | BFRME, BRE, o XEZRE LR b a X &
il DNITAREM N > r— 2 L0 RBF5ED FO-WLP 2 EEIRICHF] & 72 5,

2.2.2.2 (b) A— Nk, EXRBEGEEIED T 2T AMuEli
2.2.2.2.1 YRHIBHE
Rk 26 FEEHFRIBRE - S T v—N (X TO 27) MR EICHEHL, EXax7 ¥, )k
%7 & LfES LT AOC 25 S8, ERMTo 100Gbps-400Gbps {5%
DFERMEIEZIT O, a7 X TiL 100 G 2 0T 48 718,
24 R 12V ETHEA FTRER o 3 7 A EE R ET D, b T v o— N (4
B I10 =27) Euvyy s LSI MoESISEIZE L, EEE N 2 EE L
RINHA B —T 2 — AR ERET D,
ERY 29 AEFE A B BEHIE L7 SR BRI A O CRIEZ VIR L, LSI &t v T v v—oN (4R
Xt /0 =27) OFEwEEEZIRET D, 7o, RE LR EEICE S X
FPGA F7213#1UCET 5 LSI ZH#4 2 R 2555 - 3 MEL. o —7
Jb % FA T LSI ## R e B 2 8L+ 5,

222292 AT a—)

Wk 24 FELVERE T v —N /0 27) #HW= AOC (Active Optical Cable) % %BL7 5%
FAEREE (BER - D - 67 7 A B IE) T L. Ak 26 R AOC ZalfE L7z, Rk 27 4
FE1Z. AOC D—>Tdh 5 4chTx+4chRx E¥ =2 —/L (QSFP) DIEAEEEIZHEVVERDYE /0 2 7 % #5#k
L QSFP iZ#:#72 CDR (Clock Data Recovery) % & Ee[Rli& % FEAH A — NICHHAIA A THRE, HERERF
liZ17V>. 25Gbps DIF 5% 300m DN7 7 A N L TRE LT —7 U —&EFE LTz, AL 28 -
I, BRI R T =N ERDETO0 27) ZHE LT EY 2 — &2 VTR — Rifd X OERM
AR LT RIS A7 D OMERRZ G 5 & 3o, ERRICmT 72PERE, BERE DRRET & fkie L 72,
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Rk 29 FEEEIE, BBFEL R T U — R EHEH Lo AR — MBS KO A7 AERRICHHE L CTERE. HRE
BLMEEMEOEEEZITH 2 & T, Ko —7 & vz LSI # SR ek 2 Z83 %,

2.2.2.2.3 7 FXu—F EREHik

AOC O AHFESR UF AR ITERERE TR O BN TWD — 5T, AOC WEOHEIT 72 <. AOC N
DWEZ /NS LT 52 ENMRIEEE ) LARERMESGEIC S0 5, 2 2 TiE AOC W OB UGEZ B
IZ. AOC 7 4 — L7 77 ZO/p8b, Bl NI X DB E R, B8 V0 =27 & AOC FEHR o
i 2 Etd 5,

FERE U0 27 EOERFBEAPEIL. K748 (Drv) &L—¥ X A4 —F (LD) THY., HEF:
PN Y = (BREE IR D N— L Uil L= NE I EWERE) ZBIRT 20 ENH D, s
PEDOENTS = VEBRT D720, ittt AOC OEVGHT 21TV, & = VBHRIC T 2 2l L. ABH
AT 7 4 — Ry Vet E T - 72,

2.2.2.2.4 AR

LR TVO =27 % QSFP O 7 4 — A7 7 7 Z [ ZHERL U T HEIEIZUUE Rt in 2 B Lo, JtHsst
ERELIE, R Y =R A WS C, S T I K DA A EE L, KT LA EH L, EREDE
/O =27 DY v ch RHEE 125pum (2 H %S AIRETH D, FEMEN 10 =27 O AHIA 250um B >~
FIZ72 556 (4chTx/Rx X° 8chTRx) [ZHAREFfEZ M EE W72, Vo Xftaxs 2T LI,

LNV a7 HORBJIL, RIANRNEL—F XA F—RTHY, ZOMEDRIBRET DD,
EPERE A 2 BAYE Lo, RO 10 27 LR E I N—T ofiE e L TRy = VA LT, &
IZHERDE VO a7 ZfkAiAitea L Ry MNEBAA T L v X &% LTz, 3 E QSFP % #FffiR — RiC#H iR
FERHM A ATV, FTEOMEIMERER D Z & Zfifad LT,

CDR [EI#E 2 B < X TOMRE, BRI, flIEH~ A 22 LD R 7 A AN[E#E %2 QSFP ik (1 X :
70.6mmx16.4mm) EIZ##H L QSFP 7 4+ — A7 7 7 X DY = )VIZHbE 7= QSFP (K11-2.2.2.2-1) %
AIELT=,

Y3134

‘o
.2
2
e ]
Voo«
<o
-

Bottom

16.4mm

Mm-2.2.2.2-1 #&fE QSFP

VW T QSFP Btz Aot CDR e #5435 729, MllR® CDR F v 7 LR /O 27 &8k L
TR EAR 2 5 E L. s hEReERTMl 2 320t L7z, TX T v 7 & RX F v 78 S 372 5AM FE b 2 5t 1) 2
e L. CDR DA & CDR AOEX M IR A L, CDR ADHFNKEN U EIND Z & 2R L
77

I BT AOC LN /0 27 23k L ChiEERtrAlse TH > LSI iz 322k mfae7s EOM

(Embeded Optical Module) & L CY 7 v FEV2a—NEZFIELTE, Y a2 —VERTA XL,
12mmx12mm, Y%7 > I, 80 B (20%4 %], 0.4mm v F) & LTk EOM (20mm~25mmo
FREE) K0 /VEURAE BES Lo, Rk 29 L1 LST 5 S M el 2 555E 9~ 5 729 LSI (FPGA) & v
7y MEE Y 2 — L A RIS U 7R EE R ORI EZ BRLG L 7o, SR 2 YA v —T = —
ATERT D EThA VX —T 2 —ADFINEEFRET D,
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T
X
R
X
T
X
R
X

X= XBT x=- XD

XIM-2.2.2.2-2 V7> FEEY 22—/ b LSI #5# R

22225 RNoFvw—7

PETRA Ti#/EL7- EOM & iiflx EOM O ch 2472 0 OGS, ch 24720 OmEFE, ch 24720 OHEE
TR B L 7= £ A FKM-2.2.2.2-1 1287, ch %720 OFEEEN 14Gbps EIEWH DO HH 5, PETRA
AVEMITIEEE ), B ERE O CIEBi At & g LB T 5, £72 ch %720 o m gL FO
WXL 25500, o 2 I - TB Y /AN - BEELOSATHIRSEL ETH D,

#1M-2.2.2.2-1 EOM ki

A | PERA | st A | foit

ChiR & O 25Gbps/ch X 14Gbps/ch O 28Gbps/ch X 14Gbps/ch
ﬁ w fag? 2%
Ch#k 12chTx/Rx,4+4TRx 12chTx/Rx 12+12chTR 12chTx/Rx
LAS AR 8 A 12mmx12mm A 10.8x16mm X 24mmx24mm O 7.8mmx8.2mm
EEEmFE/ch 12mmA2/ch 14.4mm"2/ch 24mmA2/ch 5.3mm*”2/ch
HEBN(Tx+Rx)  O5mW/Gbps/ch+LD X 22mW/Gbps/ch X 16mW/Gbps/ch X 22mW/Gbps/ch
rrer izt i3 O 300m X 100m@0M3 X 70m@0OM4 X 150m@O0M4
e 28GbpsmBAFE S

2.2.2.3 (7 —F kv 7 RERESO v 2T MMEBHT
Tk 28 FEEE DTS 2 BAR L. HAfBARZ1T 9,

2.2.2.3.1 HHEE

Rk 26 AR BAE - SRR 24, 25 R CRlAMRET L7z F 7 o — o MEESRERI S . 1 EEDL
FRA AR DSP-LSI Z## L= b7 v v —"D 1 Rk EZ4T 5, 25
e g b7 ¥ 2 NG S A B RE O BMERMGE, £E 7 1 h= 2 RO EJE
Wk, T, AFEEERGEZTT 9, Flo, SHBOWE - 5epEm R
M 7efadt « 7 40— Ry 7 HIEA T 5,

ok 28 FEIERCHE HHE : CFP4 R b7 0 v — ROEARRFEER L, Ty 77 v 7ORMEICL Y E
TEREZ MR L, IHEES) SOW B2 (K 7 > v —3 & DSP OAFE D
CFP4#kzt—L > b b T o —"EilfEML S HE 5,

222382 AT a2—)L
#1-2.2.2.3-11C T—% b MG DO Y AT MU OB A7y ¥ 2 — V&2 R/ T,

e ELEE BN



#IM-2.2.2.3-1 BAFATr T 2 —/b

IMAE

H24 (" 12) &K 8A~

H25 (' 13) &£

H26 (‘14) &

H27 (' 15) &£ H28 (' 16) &£

Foahae—-bob
MU —INED 2N
el

mARRRED

B, FREME

;oo o—NRIE.
Bl

CFPARNS Y S—1S
EEBE

CFPA#RkZ>o—ix
EVOTITRE

CFP4#Bk7—Ix
B

KI-2.2.2.3-1 127 V¥ Lvabt—L 2y kT oror—_"0O¥n— RN~y 7 2rd, 7—% 1 Xk
HATrvsnrabe—L v b b7 —NEFEICCFP EFES Y T4 7 2 MAIDO I IZHES DT/ 2 D
LN TW5D, L 26 4£)E121% CFP-DCO. CFP2-ACO DBA%E % i L. “Frk 28 4EfE % Tz CFP4 #% k
T = DAL & T LT,

\\2/75

OIF Genl MSA
5'x7', 90W

OIF Gen2 MSA

_ 4'%5, 45W
@ CFP-DCO
3.2'%5.7", 32W
w\\/

| FRi245F-
265 RICHIR

BH/OAX

CFP2-ACO
CFP8-ACO
1.6x4.2° 12W

CFP4-ACO
OSFP-ACO SFEE27 285

0. 85x3 6" ‘-—ﬁﬁﬂﬁ

DCO: Digital Coherent Optics

Year ACO: Analog Coherent Optics

XI-2.2.2.3-1 FYo¥%Labt—L 2 h oo —R_"OfEae—RN~vy 7

2.2.2.33 T7T7u—F, KR

2.123@NT L7 hn=2 AL 4 —7 = — AFHT CHIEB% 247 - 7= DSP-LSIL, WikZ 5T /31 A
FHOTMI NS oo — R T 5, BEERA v 2 —7 2 — R ZHOWTIE b T v v — SN B R
fERAE 7 4 — K3y 7 L DSP-LSI O Y El, Kz EM, B2 G U EEARET H 2 & T/
Ty —REERT L, £72. T ATHOWTIE, OIF (4% U ERUERE L 247 - 7= 8 AR
HHEm. WZET AL AEZANDEZETCFP A X TOFVH ak—L 2k bT oy — "% FZH Ak
T 5,

2.2.2.3.4 pE

CFP 7 v v — O KI-2.2.2.3-2 (2, M ZXIT-2.2.2.3-3 IZENEIRT, RT3 —10D
@%$ﬁmm%Wf%©\é@ﬁﬁﬁf%émWanm%%ﬁbtomwm%ﬁén:ﬁbﬂmﬁﬁ
(G-FEC) ZH\\AZEIZED 7T0km {5ERHIITZ(FL ~UL-27dBm ([ZBWT=7— 7Y —BfEA 8 L7z,
SRR 26 R D5 1L, CFP-DCO O FIZEAF DO A A(108mm x 42mm x 12mm) & 725 CFP2-ACO
N7 o= OREE T o T2, ACO &1T Analog Coherent Optics DA TH Y | I KOFEJR TH 5
DSP-LSI # 7 v — 0D PCB RICHEET 2 Z & C, FBEVRZ 5 BllE S CEZET O
JESREE A FEHL L oD, mﬁ&t$m®% %77ﬁ7»b7//~ﬂ 952 ETC, HEEEIMERICE
DETHT U — NEEREICHRR FTRE E T A EFrR &35,  CFP2-ACO k7 v v — ORI
& HMBL A X TT-2.2.2.8-4 [ TR T, CH&AU}b?yv~ﬂkD&Hﬁ}@Pﬂ&t@%ﬁ%M%%ﬁb
THfENTERY 25GHz FRIEDOH#R 24 L T\ 5, KI-2.2.2.3-5 (2 CFP2-ACO & DSP-LSI [ % #f¢
5% PCBECHMI 22 o3, SRR 2 % )% L T CFP2-ACO & DSP-LSI 3% em [EE L THE L TER Y .

80 ELEE



16GHz D15 S &% 5-7dB BREN A E N D, A RIBA%E L7z DSP-LSI IZIHME 5 A2 ML DfkzE
EATOT20DA 274 WHREZ BT 5 FIR 7 4 VX 2 FEELTWDH, ZD FIR 7 1 /L4 % PCB Bl ®
JE B ER O A 27 A FICHEHA T2 Z & 2t Lz, BEML ZEME HI2 20GHz £ TIRE7 7
v MR E A RBLARETH V| BB R T QIESUGEES N D Z & A FEH TR LT,

<€
TX Output 10
(Optical) =T
10 Gbps x 10
100GE/OTU4
S>>
Rx Input ‘ 3 10
! Integrated
(Optical) g Regeiver =:
> MIDIO
interface

MDIO: Management Data Input/Output

KIM-2.2.2.3-2 FY%Z/Lat—L > k CFP kJ 23— HERkX

InP DP1Q Modulator

HiTLA Gen2 ICR Low-power DSP ASIC

KI-2.2.2.3-3 #AIELT-FoXLab—L 2k CFP F5 2 o — D4

I PCBHC#REB

| ® || 106x10ch
3| WESALS

AAAAN

i
i
4ch x2 :
25G 7FrOJES |

» MDIO
155-71-%

) *hO-
.[' = 591
| DSP-LSI

CFP2-ACO RS> —/X

K1-2.2.2.3-4 CFP2-ACO T o > — O & /M8l
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i " DSP-LSI

K10-2.2.2.3-5 CFP2-ACO & DSP-LSI % #6553 5 PCB E2#41

Rk 27 £EE ) 513 CFP-DCO 323k HFE D 1/4(CFP2-ACO @ 1/2) & 725 CFP4#% @ ACO k7 v
— NRORBMEORE & i L7-, CFP8 725 N2 OSFP @ 2 FifAD b T v — "D v 7 7 v TR E
Wk, FEEEEAZHERL, CFPAf N T v v — ORI OMESLZITH) Z N TE T,

R OMZERIRERIZ LD, NNUGHEE T VXV ae—L > b h TR L, AT ORE
MNEHRINTWDHZ &, — B/ Z B L7- CFP4 #k b7 v v — OEM AT S8 722 L AVR
SH. PRk 26 FEER EAE, PRk 28 AR A& BARZ Z 2 100% R LT,

2.2.24 (d) ERM*Ry bU—7 BG#IRO Y 2T MMEBH
2.2.2.4.1 "B
Wopk 26 FEFEE R AR « U o U YREHR KA N— R LT AR EASEREE ., R, ZtER L MAE
HHET, 1.25Gbps O— WG b T v —"ERIEL T, ¥R Y b
U — AT 5700 N T vy — NIk A ESRERE A T T S,
VR 29 4EE PR AAE © ) 3 U RER R A N— R LT R GMEERAG L 4 RS EHES
WaR A A Y CHEMRIET D Z 12k Y 10Gbpsx4 Hx LV /T Y o—
B F S EIEEZ LY 2 VT o7 ECHEIEL, REMR Y FhU—7
(ZiEH T 272D WDM &5 an ZR LD 72 O ERERE A Al L, Mgk
DBELEED,

22242 AT a—)

Wpk 24~26 FJE X, 7 7ur by RAFE)RIEO TR, 74 Y b—2 7 U—%JHE LT
OFHREAR(GC)DFB-LD ORMERT, EELAIEE Loy 7 — Y MG 217072, BT /1 A
HCRR LI-ERlT v 72 AT, —BRFmTa N2 A TH T v—"ERfEL, GE-PON Bli% %
T 2 E R Z MR LT,

Rk 27 RV, — BT IRDE T = SHERET v O ESE L | KR CAN Ny r— Ul —
RFELE U 72— W b T =D R kb 21T > 72, S 512, WDM-PON (Z[[i) T,
GC-DFB-LD 0%l Rt ¢t & & 5 & & bio, Liigs HERBIEE O WM 217 > 72,

YRk 28 AL I RS R E Y 2 — L OSBRI D 72 8 DR EREL 21T 9 & & HIZ . TWDM-PON
M—EWGMEH T =D DFE D 2 — VEAR R OB 2D -,

Rk 29 RV, — BTG BT v — SO ERERE A MREET D, TWDM-PON ~O# Iz m) T,
TR m N A T TFy e T I rn s T7uy by REIR A HAG DY Z8EEHh 217, RO
DORE LW HNNTT 5,

2.2.24.3 7 FXu—F, EREHik

a7 hOHEEFBAEE LT, U arBEKes X—RA LT 5 ESDIERE . I,
I, e L AT, TWDM -PON ONU HO— MG T v — " ZB%T 5,
TWDM-PON TiZ, EV TV K A4PFEEAZLEL T, 1EEHTZY 10 Gbps T, b—% /L 40 Gbps DiEfE
#1179, ONU H b7 > o — 3¢ LCIE, 100GHz Mg CHBEESHE SN TR Y . YR : 10 ps~
25ms (7 7 A 204) T, IHEOKELZ LV —VRIESE DL, MEUEEHOLD, L —¥iEEEL, 7
¥ ANAERE LT 43E DO DFB-LD 27 LA IRICEE L, vV o 8k LA S otk s Lz,
DFB-LD (IR Y YO R 5O T, KRV L2 A3 28156565 DFB-LD #i& & L7,
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2.2.2.4.4 pE

MRy =2 AT 572D GE-PON LT TWDM-PON — &R A kT v v — N2 s
T, BEHEENTHLT A4V L—% 7 ) —DFB-LD &g, o r— 2R L,

#HIELT=T A Y L —% 7 ) —DFB-LD % 1.244Gbps TEFEZF L. IEEE 802.3(2008) ([ZHiE S h7-
Wt~ AT RE—0 B 7 VT LI=T A NRNE — 2 Z il d 5 Lz, M E Y EmETH GE-PON #
KAMIET 52 & 2R LT, TWDM-PON HiZif4ch ~VvF A T4 7LD Fv7#AEL, 4ch DIF
EHER ) R LT,

WFFEE Ry r—UEMBE TIE, BT EZEEE Ty e T e s T a s b REE
IR CAN Ny r — DI REE LT B N7 o —"E P2 — L E2HIEL T, GE-PON
DR Z i 7= BAF R e 2 1572, AR v b YA Xa v oX—2 O K OSERE S g o (b
W2k, EEKONXT 7 A NEEEFEB LT,

AIELTev Y ary 7 b= ZAF v 7 (SiP) & AW THE Y = — L O/NYE - (KIHEE b2 EH &+
% 72912, GE-PON Al SiP AW T CAN BUD R o r— D a4 L F Y 2 — LikE L CEVE M EZ S L 7=,
IC RIA DI EEAFIINL, Z20%EE 450 mV BEEh T, [M1-2.2.2.4-1 (27738 10.6dB @D BAif727
AR =GBz, ZOREOYEEH 11, 1.8 dBm T, BEFED SFP £ 2 — /L D5 Z [ % VTl
Zf5H%%-31.93 dBm & TEEE 802.3(2008) D#ifE Z-jii 7= SEN1F H 7z, S 512, -11dB O RE Y S
(OFB) W§, Fit7s LT 20km {5 L -11 dB @ OFB T 20km 1m0 BER A HI7E L 7-#% 54 X 1T
-2.2.2.4-2 {277, WL IEEE 802.3(2008)IZE# S 41TV 5 GE-PON ORI % Ji5 72 9~ B 7o {5054
PERSE BT,

S e e R |
30 mA , 450 mVpp (1.8 Vpp) JTE=tstaae
TR By, T §EN
N . 1 T My, 3
. \
PV ¢ ,’:'._ ,‘1 107 "I
& x-uwwv—-»aj 109 \
100 ps/div
70 uW/div
MI-2.2.2.41 ELa— W HIOT A% —> XIM-2.2.2.4-2 BER &%

TWDM-PON HIZiZ, At 2.1.2.2 (b) K L7 bu=7 ZERET A AT 7)) ZEALEROT
BA%E L7z, £V 4ch/ TV 4ch — MG MEZEERE T~ 7%, KM-2.2.2.4-3 (T3 T /MUE D 2 — W2 HE
WLz, BV 4ch/ TV 4ch OEEZERY BT 7-00REER—RKE, VI LE— R 77 AN LTE
WHEREA N R LT LT DDOF—REBL T X IV E B2 TWD, T— REBRL BT X 7L L 4EFE
F o TRDO AR B A REBIEOMAE DRI LD | KA DIRITIHKK-2.2dB TH VKL L THA T
XL L EMER LT, SEERICEERIEEZITO TETH D,

E 5B R — R % SFP+/8 v 77— VIZIAN T & 5 X 9 1/VEREH 2470y, TWDM-PON o A7 A2
B DHEZEET Y 2 — /N L - IREEE L E B9,

E—RE#] , .
LtTay) T T

KMI-2.2.2.4-3 TWDM-PON HIJEiEZEEY =2 —/b
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22245 XoFv—7

LD fiAHEAET4dB A FTORAHEINFIAD D Z MBI 7 7 A RN ) a7 3 =7 ZADMES
A 25 dB UL FICHIZ A 2 L CTPON v 27 ADOIMEEARTET- 32 LN TE 5, BEOELOBEFIRM
HFRM-2.224-112F & D7z, A, CHETBWNTIE, YV ar7x =7 2D EHEIR AR v
YA R "= EHNSLZ LT, o SMF ERZEDE—R7 4 — )V FRETRITFT WD, —F B,
DAEIZEBWTIE, vV a7 b= ZUOF— R 7 4 —)V FRIZT—EICNNO TBEZ MO 7 7 A4
DE—RT 4 — )V FREM/NTHZ LI TR EHREEZET L WL Z ERbnd, RO LnE
— K7 4=V RET 7 A NEHNT, YV arTx b= AMUDOE— F7 4 —/V FREKRELT D 2
I X 0 R 1524~1610nm (2 CTHREAHEK 2.5 dB LA T XUV PDLO.5 dB L T2 EBTX %,

#IM-2.2.2.4-1 JEFFEHEHITO g

Coupling Loss
Organization Fiber Thickness of top Si PDL wavelength
TE ™
A Cleaved SMF 220nm 1.5 dB 2.1 dB 0.6 dB 1550nm
B High index fiber 300nm 0.8 dB 1.3 dB 0.5 dB 1550nm
C Cleaved SMF 150nm 0.95 dB 1.3 dB 0.35 dB 1310nm
D Mode Conversion Fiber 220nm 2.0 dB N.A. N.A. 1550nm

2.2.83 (i) EPEEREL

2.2.3.1 EE=E%(L

AKFaTxl NOSIETHLIEEERSL AT LD a—VREBICET ., FHECOBLEN O RS
nYx/ FOREE, BAETHREFIT_NESHINTE LTT T v 7Ry 7 2T _R&EEHE, A—F L
TIEL MR A D REFICHID 45T | A—T Uy OEBEE b 25, BAEMICE, A2 —7 =
—ADT 4 — T LMEHRE(E TERICHEE T 5, IS oo T, EREELEZESZE LI T, I
Tz 7 FUSOERNEEE L LT,

2.2.3.1.1 HHEBEE

PRk 26 R BAE oA v F—ax s MY 5 o oERE(LH{A (OIF, IEEE802.3) (2%
BL, ARy U= ZMEL, IF¥—RA o R"a3ia=F71—] T
B RA%E/GD, ZAUTEY | EEEE 2 RS 2 72 O —E O ML A i
9%, Z5HIT OIF Next Generation Interconnect Implementation
Agreement (IA)IZY I/0 =2 7 OHAEZ Y iATe,

PRk 29 EEE I AR AT 1Y = 7 b OFFFERFERUCR Th 5 RIS D F ¥ k% B HE L. OIF,
IEEE802.3 T, #HliA v & —7 = —ADT 7 7 7 MEFEREEE 21TV,
LT 2 BIR R B 0 LT B R DR R 24T 5 . FLUKROIC 13, LS
BHA =R =R — T 25 0IFF vy TRHA v F—T7=— XA %
BRI D,

22312 A Ta—)

B CFpk 24 N D 26 %) 2BV TiE, OIF XN IEEES802.3 D oD 7 4 —7 MEUE( (&
WZBML, FHEAL N —=~ORT e 7 ORMERDEEHIT, Kk 26 FEHH B OIF Next
Generation Interconnect IA 2 F T o —% (O /O 7)) OfEAEZ KD Ate /-2, OIF Next
Generation Interconnect Framework IA T/ LB XA &2k L7,

B CEAk 27 4EE 5 29 ) IRV TE, SIS0 2 7220 TIiE, ETHEREA ¥
— R —=F~OEHZKY , ENNAOFIEFELHRH LR T 260 A 7 —7 2 — AT
WCHEREZZITV., 74— 7 MMERLE BEICHEET 5, 100Gbps 7V ¥ /Lbake—L > hENT &
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T ANZOWTR, BT 2 O E(RIEE & L THREFREAITO L LB, KT =D 1A
VU —2& BT, IRET, S, MikECB 2EEEO O DO HREZINET S,

#KIM-2.2.3.1-1 [EFEEELA 7V 2 —b

MFEEE F—1(H24-26) M (H27-29)
in‘f-;ﬂ_ig_,,f #1007 iRELE EEFEB/ A JEL
QIF  Implementation &

Agreement LAY
W\ 2—0x—2 100Gbps T8 LlaE—L kRS —i% 1R E

OIF lmplementation Agreement &

2.2.31.3 7 Fu—F, HEHI

AJEENZIBWTIE, A7 vy FORRETH LTRSS AT 207 a— VRIS T, F
RDOBLENOART O 27 NORRE, BPETREFTREEME LTI 7 v 7Ry 7 2T &
e, AT AL TR EREZK D _NEEHZITE0 30 | A= U H o OEBEER A XD, BARR
121X, OIF (Optical Internetworking Forum) & TUNIEEE802.3 (100G/400G A —H% % v ) D7 +
— 7 LMEE(LFARIZIBWN T, FEECERRS, FERES & el L7220 6 B IEEh 21TV, A v ¥ —T =
—ADT F— T MMEEN A FERCHEET D, RIS o> T, BRSO NEELHR LA D
DD, SHIT, avyY—yT7AEBELT, 7Py MNSOERNEEL LEEEL TV,

2.2.2.1.4. AR

ik 24 1, OIF XY IEEE802.8 O — 2D 7 4—F MEME(LFIRIZB L, EEAL N—~DART 1
Tz OB EXDHEEHIZ, AL 26 HFEO) OIF Next Generation Interconnect IA (2~ T o
=N (U0 2T) OHEEZRKEY AT~ 12, OIF Next Generation Interconnect Framework IA T
TVLYB U REER LTz, R 25 4EEE LS é‘ﬁé‘ OIF COF LBV A EEKY, /MDERT o o—
BT 2 HESMHERE LIz, Pk 26 FEIZITH N T v — DA o Z—7 = — AEFEEN 28Gbps 7 5
56Gbps (2> 7 L, IEEE802.3 Ti% 400 X7 A —H % > b OEHELR TR L e o7, ZHUTHEW, OIF
T3 VO a7 OEIEEEIEEZ AN LTEERA V24— 7 = — ADMEREITH & L b, BEE L X
ZAHTEEE LT, I IEC IZBWTH IO a7 OF v T A r— o3y ir — D ORI R 24T - 1=,

DNy r = VRFHEDRE BRI SHL. TRk 27T LD 29 F T T n =7 U —XZ L LT T0
AT DNy =V R L U CER (LA TE L TS, IEC TIES v r—Uoft, @mEBEERT 7 AN
T LARM AR ZOFERECIRE LTV, WEBELFEEICKNE L bt a VR —x v NOEE L Z 8
LTV, IGHICE L TIE, PRk 27 SEEN S A VR — R b7 v v — " OE#E(L 21T 5 COBO (231
L, 7T—Zer2OEm#EtA 2 —axy MIEHT2/MDEE Y 2 — L OREEERIZS L, tUO
a7 O/NEERE N =D N— A LT L RMROIE A A v Z— A=Y ORI TR
HTWBH,

#1IM-2.2.3.1-2 HEHELFEDOHHK

2012 &
2013 &£ &
2014 E£ &
2015 &£ &
2016 E &
2017 &

= IN[(W NN
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F— A K SRR T IR T 2/ R Z o — NI L, OIF I2BW T AR, ZE7 v
h» ROERMERE/IMETZvae —L 0 N T = NCEE LS ROFEREL T2, 2
DHIH AL FxBALTFONFTOHLabt—L N TN ZONWTIEREL e Y7 F D
V—HuE%D, EELECETHS IA(Implementation Agreement) DT ¢ ¥ Z Y L CRITEITH T2
(CFRk 25 4 8 A),

SO/ ENTZ BT o = ARRHEIC O W T H B & EWNIADOE R LG L N L HE

R E1T\V, OIF TORERE 2 T8I CHEE LT, [XI0-2.2.3.1-1 (2 OIF FEREHOHE &~

N
(%)

N
o

20

FEREGN
&
9
i

[X1-2.2.3.1-101IF Z ER L2 OHES

22315 XUFv—7V

ATRY=2 bON O 27 ORI L R A, LSI LT Y 2 —AMOBRA v 5 —7 =—
2B L, oV, NEBFERA VA —R—VEEFRTH e s MIBHERLTWS, Kk
T2 — ROFEREA T E SRR T D 2 A 7D AOC (T 75 4 TN —T ) 13BRA L F—7
T— A, EVa— ANy —VOBEEINIFITE T L, A v=7 RO /0 a7 bitkEkE A bhE T
BIR 2D TS, BIfE, LSI &A v ¥ —7 2 — 2% R— F ETERET LT P O )i
TR THY, HEREA L ANA—L LTEBETHZET, K VO a7 OA v ¥ —7 = — A % I REEHE L
HARLGEF LTV D, K IO a7 DIEMEE/IMEEZ A L AR—ZT =L T52 LT, KV ex
DIRDNETHEIEA v F— R —VFOEREE ) — RT 5, K VO a7 OFETHL, IKIHEE & &E
FEFREEIE, RIRWSHDBEIRF SN TEY . ZAEHET 5720 OEEIEE E LT, Ny Fr—T DA
AR VELE & W o TR, ST 7 A NI R s Z L O kA LR T DRI A £ o TnvD,
BE, IEC IZRBT DIl v 7r— VOB ITF 2 OMITERIN S DIRERH DM, F I ITAE
FoTELT, AVav=l R EITLTWVD, S T0 a7 "y r—CrEIbHLEE N T o —
NOBEECIT T2, K7 7 AN IR 7 XORBEL AT THRELTEY ., FEo U U00tE
TEEREA X — AT OREREEZ Y — FLTW5,
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2.3 B RIEE)
2.3.1 REE

PR 2THEE LY, a7 FNTH ﬁéﬂf%tﬁn%%ﬁ%®\ﬁ%@&%%\*$®ﬂ~f\
WoeE ., FEGENRAS TR EIEDH72012, L7 ha=7 A5BICED DM EE . BT
BRI DS B D B KL kwf m%i& IMERIZCET =270 7 T5 [T b= AL )
R—yva yHATe 7T L) BERLT,

K777 LTIE, b7 ha=J A5WHITBIT5HA 7 X—va VAIIZHIT 72 AMERR. ke
Ta VB, AR OIREh A HEE L 7s, BARMICIE, R KRR BT EHT L Y b= AWFSERE
REICBWTER L TWAREREEZRNRE LT+ M7 AFEMEBROBE L) X275 THD [/ &

TEHRT L7 ba=7 245R] MOFERNNOZELHESNDTZOD 7 + h=27 AL TOARE I
— [ TH b= R A ) R=T a1 —] LIRREY a VOEROTDD 175 b= AA ) _—
arevVarv—rsiavy’ ZEL TS, T LT, ARUFERT O REE KT T O A
& LS 2 keI S L 72, A RICEAE, BERIZOWTIRR 5D,

2.3.1.1 Hi=

WRKFT ) B EHRTL 7 ha= 7xﬁn%% IBWT, eV MNRROBERDT=DD ANME
FRAP ONE R R e 2 X % & RIRFIZ, RSOOSR EIEIC i - ey a VIR AIT ., Fo, Efrgte L
Tﬁ%@&%@%%@k@@%ﬁﬁﬁ ZEMT 5,

KEFEPEERNGE L=y b=l AGHICEDLIHAE L) X=2T 6 T BEEHRT=LY e
=7 AR B OFERNAOFAERCHSNERNRE LAY I T — 175 b=F A e f ) R—= g
T ERERICE LT e Y e 7 MAROTE R X ONY L AEIR O M FEBH 5 M OV FERE % et
TAHMMEEBERTHEEBIC, [T+ =T AA[IIR_R—2 gy - EV0a0 U =72 a 7] ZEMEL TH
DELEICAT Y a VOBEKREX D, 7o, BIAWEE U CEBIOMEEITV., FORREE IS
_Oﬁféo

2.83.1.2. AT a2—)L

AMER. FERE Y a VB, BRFSEIE, LTDOAR ¥ a— /L THEIMT 5,

Wk 27T FEEL Y, (74 b=V 2 ) R_R— g VAT 7T A ZBM LT, RERAEN ) =
ThF ) BERTLVY bu=J A6 24 0RICBT b EEETHEREZEO CHEE L, 74 b
=T AGHDOANMBEE LT+ =T X - 4/~~ya/t‘+ R LT, £/, Y2 b
REOHEFREOT- OO a VERKICHITTC I+ b=V AL ) RXR—2 g« B Vg TU—T s
/7%%%Ltoﬂkﬁnkbf\f/v4?$ wF Ny MBI Zclc, CEFRGEM
E%«E%iﬁﬂ%&%mV~$%ﬁ@%%%ﬁokoik\%%mﬁTw%?a%%@&ﬂkioﬂ
BRI O 2 e —T 0 U EIRICET AR E Y g UiRET R T o7z, R 28 R, Bl E
ERFPGER [/ &7 EHR= V7 br=7 2%5m] 21TV, 74+ h=J A -4 /) _X—T a8 F
—%FE L CE VIR AMOEBERE 74+ b=7 AW OREZE#{T>7=, 74 h=J AAf ) X—T' 37
Ve EYg LU — 7Va/7%%%Lf7??Fki@i/?ﬂ/ﬁ:~%4/7«@7ﬁ% 7 AH
WOIHEBZEm L T, Y FICBIT2 74 =7 AFWO Y a VIEREK D & RIFFZ, W8
W®®m®%A%mmLtoﬂﬂﬁnkbfi\7¢P%V7Fm&£¥F/F%L%ﬁﬁAbﬁtf
JHEEEHWT, RETRAE AT LAOKHEEEIMLE 7O L — P RIEOEEE BHiF LT,
KB T —F T 7 Fx LR ar Ea—T 4 Y THIFIZOWT, ZRETORGTEEYa IV —rvay
TOREREMKL T, itz TR 29FEEIL, 7+ h=F A e f ) R—=va I F—%FEL
TT74 b=7 A58, BRICEETERBEINO—BOBMEIRD, Hi ANMOBREZIT>TW\D, 74
=208 oeya Bk LT, 74 =V AL /) R_X—Y g -EVa L U— 7/5/7 BIF5
T+ b= A ORBER a2 —TF 4 7L AL-ToT ~DERR & F 7= e tt Sl AIE 12 0 7= s
@Efﬁvay%&%ﬁofwéo:hiT@%mﬁ%?ﬁot%@&%@ﬁ%&%«@%%%ﬁof
Wb, RIFENORRRE AR EHNIER Ll - B O a2V a—T7 0 U7 HIRICET 2 ke Y
3 O EE > T\ 5D,

2313 77n—F
T4 h=I AL ) _=va VIR R T T AT, LT ORGSOV TR E KRB 21T 5

87 ELEH



(a)  AMHERK
(7) BEEFHFEELFEDRFEHEI VX255 [F I BTIHERT LY b= AR
1) ZNANDOZE LB NDTZDD T 5 b=7 ZZET LRI ST — [T b=F 2 4 /X
—vartEIg—]
(b) CFkE Y a UIERK
(7)) 7u =l NERROSFEIECHT IR E Y g VOO T=DD [T h=F AL ) _—
gy eEVarvu—ria v/
(c)  JE:OW5E
(7) 7 # b= AGHEE O AT
(1) JEEART —%7 7 F ¥ OGS HICET 2 Y a UG

2.3.1.4. H

(Zd b=V AA ) R—=v a7 a s 75 2B TE, 7uev=7 NEREOE K L ERET 2
HNMOERE B L TR Lz, fFRORGHZ 2D ANMOERKE LTI L7 KRFEBAERT S Y
XaTh T8 ER=VZ br=7 XFER] 13, L7 b= 20K 6T, Yl HER
T, HHE T S L%, By, BB TR E250MRICED 7+ F=0 ZAOMEOE k&M 5 &
RNMOERE 2 oT-, Flo, BEICBITHEFHERESTELIC 4 RIEHET D 2 & CREMIRICEEE
NOEZH T CHEELBER LIIROED F 2R & TlRBEE RICERMIZEIRT 2 AMEBR L
776

TH h=T A e A4 ) _R—=2 g I T =BT, Yk 27T FEEIZ 3 [mD® 2 F—, Pk 28 FFE 1T
5 RO I F—%BAEL T, TR 513 ZLOSMERTZ, 74+ h=7 ADOJEmEN. HE TS HEIRC
ENEDVAT MEHIZE D OMEREITVD., 2 ANEEL 7+ =7 AHNOMEE DAL LT %
S DR BHENOLDOSMEEIFT, 7zl MNEROEZRE 7+ N=J ABHOAMBE L LTO
MEREA BT~ LTz, ERE 29 4EE 1L, 4BIO® I F—DREEITH 2 & T, —JEBDOAMBEROBILEZIT I,

TH "=l AL ) R_R—=ary - VarU—rva vy IlBWCL, kD ar v a—T 0 7O
m& 7+ h=7 AR OEREHZX 5L, WoFHORHERY, A—"—a s Ea—7
TICBT DHEFEBBRTORESCE Yy NU—I a v Ea—T 4 TOMBEBIZBITS 7+ b= A
WO LAESMEANEICE L Co#EmDLLE LT, BV a VERICHE Lz, & 1 Bov—rvay
TICBWTEA—=R—a s ¥ a—XIBIT5 7+ =27 AFIOIERIZEE T 2 A OFRBE O & 4 %
OHEY FHTe R ZFHINBIFE O ILFEN AT, F2HIZBWTX, 77U NlmyYarva—T 47 &
T N=7 ZAEMICOWT OGRS TN, BlFSar Ea—XIZBANAL v F U T EEtA v
F—axya IRy NU—7 OFEMERER EOHFINEATS, F 3 EICBNTE, By /T —%
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