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(X ERRE - FURE, ) . 40kmT 25653 E
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e = 7 ide: EV) 1524-1544nm
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____________________________ N 1596-1603nm

Point-to-Point WDM overlay Shared spectrum:  1603-1625nm
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100Mbps— pst.” 8E' k=785 JL(X)
0 i~ 3 =
pcs | 125Mbps V v an 8B10BHF
0l1]1|1]0 10[1]0/0/1 10/ 11| geEwb-SYFILR W)
| J AR — 1¢I:‘yl~ SWPL | 10EYRSUFILX)
| NRZIFf'ﬁvﬂ: L IJVNRZH’? WIS: OC-1927L—Lt
PMA | T e (W)

NR%/%F%‘

B .
' @125Mbps o b xigg L
' JefEE - 1250Mb
SMD NRzm%(a’ﬁ) HIES PS| " 10.3125Gbps(R)
9.95328Gbps(W)
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100G/40GbE{E£E{L B [m)
@® |EEES02.3balcT20104%F 6 BiZ#{L

BB &t 147 A40GbE 100GbE
100GBASE-ER4
40km SMF A3 X 25.78125G
1296~1309nm (5nm[EIME)
10km SME 40GBASE-LR4 100GBASE-LR4
45k X 10.3125G 438 X 25.78125G
1271~1331nm (20nm[EM) 1296~1309nm (5nm[EIfg)
A0GBASE-SR4 100GBASE-SR10
100m | MMF(OM3) 41 X 10.3125G 101x X 10.3125G
840~860nm 840~860nm
100GBASE-CR10
10m Copper 40GBASE-CR4 !
pp A X 10.3125G 1083 X 10.3125G
im Backplane 40GBASE-KR4

4X10.3125G

@ 2011.4 IEEE 802.3 Industry Connections Ethernet Bandwidth Assessment Ad Hoc #5RX
— S#I13400G or 1Thit EthernetlicR} THEBAESL




20174 FE

xkEESATL  BIEI0GbERMI VY —/N-ED21—ILDLLE
MSA: Multi-Source Agreement
&% | SHEILEE H4Z ESiF | A
*—=h
XENPAK| Agere, Agilent | 17.4%x36 % 115.2mm3 | XAUI (10GbEZz&

XPAK Ir)fin_eon, Intel, 13.4 X 39.5 X 83.8mm? XAUI, | 10GbE,
Picolight SIF-4 OC-192
Finisar, JDS,

XFP Innovation Core SEI,| 10.2 X 17.8 X 58.4mm3 | XFl %)O((:;tl)gz
E20 Comm. )
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XFP

XPAK

ASIC

MSA (XFP, XPAK)®D R EB4E Bk
622MHz
_. . PLL
= TXT—3 |
OE ™| k548 | PR rimux &
X CLKl1:4 DEMUX—
EO 1 TIA—— CDR—— '
RXF—|
*T 5{ XAUI
10GHz
oE- LD i TX X4
aick CAN IR PR VITIV AN
1:4 DEMUX ASIC
——{EO— TIA = —_—
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SBIES AT L CFP MSAT AYO 5 AT 5L
J. Anderson, and M. Traverso, IEEE Commun. Mag., vol.48, No.3, pp.535-540 (2010).

CFP MSA : 100G Form-Factor Multi-Source Agreement

MDIO f Controller

vV V

Control/alarm

RXMCLK
(optional) *
RXDATA
REFCLK

TXDATA

TXMCLK <
(optional)

X
Z

X
<

: thica@l Q

RX DMUX
optics o

Optical Q
TX  [—MUX —

optics

Interface IC

\ 4

X
<
NEIRN
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CFP CFP2 CFP4

HA4X 82x145mm2 40X 110mm? 21.5 X 92mm?

HE
32W 11W <5W
g7
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BEDARA—RVEDIER
@ SEFEDAUIA—FRYNMIENSILDNS D4y DER
® KBET—2DOEMNEM

® H—/\tERE: X 100%. 725010
(X 40~50%/%E, 412 3—RYbcTD0vOEMNEL
Al F2fE)

® T—3EEADNS Ty HEEX

:

100GbpsZEHBAAEIELANA VAT —AADERIE K
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201746 & i 3 - LS
P 200/400GbE PMD#Z#E{L BRI (2017.7 =)
IEEE802.bs 2017.12Z#{tETFE
PVD| th | HTBXL— | SR EMER e
0 - 400GBASE-SR16
100m| MMF | 16X25Gbps | 16/ 7V 25G NRZ
MMF
4 X 50Gbps 4N FUISMF 25G PAMA4
>00m) SMF ._ 400GBASE-DR4
4 X 100Gbps 4N FVISMF 50G PAM4
4 X 50Gbps 4R RWDM 25G PAM4
2km | SMF ’ 400GBABE-FR8
8 X 50Gbps 8iEFWDM 295G PAM4
4 X 50Gbps 4k RWDM 25G PAMA4
10km | SMF . 400GBASE-LRS
8 X 50Gbhps 8iERWDM 25G PAM4

7]
BRAUH—Tx—X: (Phasel) 25GX16Lane (NRZ) (Phase2) 50GX8Lane(PAM4)
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e B T—45+t> % (Data Center, DC) &[& ?

e R*EHI

Google, Amazon, Facebook, Microsoft, Akamai, YouTube, ...
(INAIN— D ATURERIEND HEDA 2 F—RYM 57499 D
30%EHEhN., ILITEFDT7%HDCARIS T1vIEEHNTILNS)

hoDEEEDH—E XEOTT(Over The Top service)&EHFES,

® @k

- BROY—N\ESVIIZINAE
B —N\FYIERVNT—ITRRTISRZEER

@ FEphrhnrha

5 YRY—ERERANTRERE

1 DDT—REUAFE1EBDAVEA—RELTHESCEEH D
o HiE

VTR <H—1\¥TFE

-KBE:>8FBE 56



Rmearn | TARVAOKRET—SRERE
o Y—/\HDEMILY S ROT—SENE

(B H—FToooDINVITSHUR
‘Phase 1: IRELT=WebD¥F—7—KZ 7
- Shuffle: WG Y —/\ [T —2% 5%
‘Phase 2: T—AR—XEZEH

Phase 1

@ H—/\HDT—REEINED
RV DRI REME
HEAR MBI HELT—4

WM& S DEIE
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@ Ry—3E)T1 DR
0B B ~BI0BEDH—/N\DEFEARELE T L,
o BEHEEDRER
TIVr—2av DERTHLEFEE - EEBEDEREEZERRTHL,
® itifEE DR
BEEMNFRELTH, HREEHIFTH L,

® HEBHDER

H—/N\DIEEEBHIELOERIZKY., RYNT—HDBEEEHD
BREbLHELGH>TE-,

® OXMDIERE

58



WIEE en REOT—2ELR RIFT—HDOER

® R
- Oversubscription [Z &4 #1s  fRB
-Rr—5EUT1DRERE:
R—MIDKELGRIIFDHEBENKR. BRHZHECT EXMVFHIEX

59



WIEE en BEHET—AEUR Ry T—H DR

BREGRBORMYFE

RCR—F R DPODZE S
— -

ERIETRDI A
]V

— oversubscriptionZgL

"

J £PODIN TButterfly
FROCEBR. R—F

60

DRZENRSYyFER—}
BDINSENWRAYFT
B




20174 & s]2
SBEDRT L 7'5*“/"'7_7%10) H H"]

— AR YRR A YT

61



20174 FE
SBEEATL

AR —aARI 3y

62



Bbexrs  RBEBFOEEE~OBEADEE

@ JUULEBRRDESRETDERIL (> GH2) IZ&Y  (ZIETEHIERA
BiRIZBGELTE
() R—/8—arEa—4d1 IF >20Gbps ‘ rem

® EMMFOREHA W) ZEBHOAEMA
>GHZ OB THERANZENIC  >2GH TOREREEROEE

BEILSFOZH 2200546 H6AE



20174EFE . ..
RBIES 2T L Necessity of Optics into Data Center

Average growth rate of data traffic (U.S.) : X 45%/yr
Cf. Node growth : X 30%/yr (After R. Ho et al., OFC2011, OTuH1)

) Growth of bandwidth within PCs required

Issues in Electronics
@ Loss of wires

@ Signal crosstalk »
@ Power increase
(repeater, pre-emphasis)

Merits in Optics
® Low loss
® No crosstalk

® Low consumption power

To further develop Data Center performance,

@ Optical Interconnection promising due to
merits mentioned above.

@ Optical packet switch (OPS) expected due to
‘ - Low latency

kemt -Fine granularity
= Statistical multiplication possible
(High network efficiency)

IP pac
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Y. Urino et al., Opt. Express, vol.19, No.26, pp.B159-165 (2011).

EXHREE
3.5Tbps/cm?

(5Gbps/0.144mm?)

20134=30Tbps/cm2i@ 2
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Q;EEZ;A COBO(Consortium on Board Optics)

@ JS5yAITILTHWN, R—FEERDEDS 21— IVIBESLH
@ ETEBIBRAEEN
e BERFADOFRTELATL

http://cobo.azurewebsites.net/docs/COBO%200verview.pdf
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