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TY./EY&E$10.3125Gbps (FY10.3125Gbps, EY1.25Gbps D IERFRPRX L HY)

i=f= Downstream (TFY) Upstream (LVY)
PR10-D | PR20-D | PR30-D | PR10-U| PR20-U | PR30-U
o3 EML DML
R&(hm) 1575-1580 1260-1280
mtaeem | 27 | LT | | e | e
JHIEEE (dB) 9(TxtH AUpT6dBIZEEFT) 6
Sz PIN PIN APD APD
W/FEC | w/EEC | WIFEC W/FEC
Z{ERE (dBm) | -20.5 -20.5 285 | -24 28 28
AR K (dB) 20 24 29 20 24 29
NFILT4(dB) 1.5 3.0
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Downstream
Upstream BRERIES
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10GE-PON
Upstream Downstream
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1300nm 1400nm 1500nm 1600nm
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BBU: Base-Band Unit, RRH: Remote radio Head, CPRI: Common Public Radio Interface
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KBEVATLA TWDM-PON (Time and Wavelength Division Multiplexing-PON)

AT LEH2013F3AICITU-TG.989.1& L TEE
MIRE (8513 G.989.2& L T20145 12 A &R,
(EEOAN— T AREG.989.3132015F7A% T,

IRE BkFH
. 40Gbps (10GbpsX4ik)
b oI
TEEEE 10Gbps (2.5Gbps X4 )
LG ERE 40Gbps (10Gbps X 4ik )

10Gbps (2.5Gbps X 4if)

(X ERRE - FURE, ) . 40kmT 25653 E
=74 7 \E#E8 % [dB/km] x EEEE[km]+ 10log,(1/$> ik %K)

e = 7 ide: EV) 1524-1544nm

R Wide: E

R REE Reduced: £t 1524-1540nm

Narrow: EV) 1532-1540nm
____________________________ N 1596-1603nm

Point-to-Point WDM overlay Shared spectrum:  1603-1625nm
Expanded spectrum: 1524-1625nm
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Upstream Downstream
NG-PON2 Wide:  1524-1544 | oy eie 1596-1603
Reduced:1524-1540 550-1=56 Shared:
Narrow: 1532-1540 1603-1625
‘ ‘ ‘ Extended:152‘4-161§
1300nm 1400nm 1500nm 1600nm
10GE-PON
_ _, Downstream
Upstream BRBIES  1575.1580
1260-1280 1550-1560 I/
lSOJ)nm 1400nm 1504)nm 1604)nm
GE-PON Downstream
Upstream BIZES
1260-1360 1480-1500 1550-1560
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TWDM-PON®D ¥Rk

OLT
Ce—
MAC " A3 10Gbps s Tx2
N e — =
A4 10Gbps < Tx3
=
a x4 PON-
Tx — A5 2.5Gbps =< MAC
MAC --------- > Rxl
Bx/"_ A6 2. SGbps = oo
--------- X
A7 2. SGbps — g
......... \ RX3
A8 2. 5Gbps

Rx4
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100G Coherent TRx | &
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JeAmp
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N
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-DEMU

A-MUX

1 100G Coherent TRx
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100G Coherent TRx
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20184EFE . ..
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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KBES AT L EthernetytE#RELER
| 100Basex | [ 1000Base-x | | 10GBASE-RWIX |
300m 0 500m | 5km | gom | 300m | 10km | 40km
""""""""""""""""""""" 3125Gbpsx4 ——— [ ——— —
_______________________________________ wwom) | | LESEASERAE ]
10.3125Gbps | : [10GBASE] [10GBASE{[10GBASE-
(Serial) ~1lsR g LR |ER
0.95328Gbps | |[10GBASES | [L0GBASE{10GBASE-
(Serial) |sw ; ILw EW
1000Base- || [1000Base-
SX - |LX
100Base-
________ 20 SO (S S S SOSOSUUNN S A S
1310nm- | | 850nm- || 1310nm- |:| 850nm- 1310nm- 1550nm-
WGLD | || VCSEL || WGLD Ji| VCSEL WGLD WGLD

SMF/MMF | || MMF [ | SMF | MMF SMF 3



20184 [ EthernetD{RZER B ILHR (1)
HBIEZAT L (10M~10Gbps)
jm s 10Base 100Base 100Base 1000Base 1000Base 1000Base | 10GBase
T -TX -FX -SX -LX T T
xR E 10Mbps | 100Mbps | 100Mbps | 1.0Gbps 1.0Gbps | 1.0Gbps [12.8Gbps
X ED
IEEE 10Mbps 125Mbps 125Mbps | 1.25Gbps 1.25Gbps | 1.25Gbps | 800Mbps
R XIEE 550m(MMF)
2B B 100m 100m 320m 550m 5km(SMF) 100m 100m
28/ |&ZE/ |2ZE/
G | CSMA/CD | CSMAICD ICSMAICD | cq\viach | csma/ch |csmalco
IUFTRA
REEAL| o NRZ/MLT-3 | NRzI NRZ NRZ | 4D-PAMS | 16{EPAM
= 64B65B%
PCSHS1E .
ﬁﬁﬂﬂ L 4B5B 4B5B 8B10B 8B10B | 8B1Q4 |16{EPAM
29"y
UTP UTP MME MMF g/IMMFF
) FP-LD) l




20184E EthernetD R ZERELHR (2)
FBEVAT L (10Gbps)

EL 10GBase| 10GBase|10GBase | 10GBase |10GBase|10GBase| 10GBase
= SR LR -ER -SW LW -EW X4
REEE | 10.0Gbps | 10.0Gbps | 10.0Gbps| 2:28°7 92857 | 9.2857 |5 sopna x4

GbZps | GbZps | GbZps
mER ED 103125 | 10.3125 | 10.3125 | 9.95328 |9.95328 | 9.95328| 3.125Gbps
mEEE | Gbps Gbps Gbps Gbps Gbps | Gbps | X4
= g y=s¢ |33M(MMF) 33m(MMF 300m(MMF
Xi& m( ) ( ,
?EEE % 300m 10km 40km | 300m 10km | 40km | #HEMMF)
(FTEMMF) (EHEMMF) 10km(SMF)
BEHE | 2B | £°E | 2-F | £°E | £-F | &2-E| 2-E
FEIEAFH NRz NRZ NRZ | NRZ NRZ NRZ NRZ
PCSE &1k 64B66B | 64B66B | 64B66B
ot 64B66B | 64B66B | 64B66B| .\ /o WIS | +WiIS 8B10B
MMF
—. MMF MMF
SMF SMF IMMF
e LAY S RINVIME SMF 3 \IVIE SMF gﬁMEE
:&E 1275/1300/
‘ 850nm 1310nm 1550nm 850nm 1310nm| 1550nm 1395/1350nm
L—# VCSEL | FP-LD | DFB-LD| VCSEL | FP-LD |DFB-LD| Hl<#%L
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KBRS AT L MEBLANYDIEEAR (KT71/\EH)
¥7° 1Y 100Base-FX 1000Base-SX/LX 10GBase-S/L/E(R, W)/LX4
IRSLIVER S REifD) |/ SSUIVIES (R hBifL) | /SSLILES U MRS
MACZL—LA MAC?I/—A MACTL—Ls
MAC 1 ‘ o | b
4EYk-RSLIL 1000?\'/%'“ "7Wl’ 64E v/ 85LIL(R)
100MHbps— ps\.” 8E k=735 JL(X)
0 i~ 3 =
pcs | 125Mbps V v an 8B10BHF
0l1]1|1]0 10[10/0[1/ 10/ 1 1| GoEwh-SYPLR W)
| JL IR 1¢I:‘yl~ SWPL | 10EYRSUFILX)
 NRZIBBHE L I%'\'Rzﬂ’? WIS: OC-1927L— Lk
PMA | T e (W)

NR%/%F-E_,—'

B .
' @125Mbps o b kg8 L
' JefEE - 1250Mb
SMD NRzm%(a’ﬁ) HIES PS| " 10.3125Gbps(R)
9.95328Gbps(W)

3.125Gbps % 43K (X)
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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[EME) 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
40GBASE-KR4
Im Backplane 4%10.3125G

@ 2011.4 IEEE 802.3 Industry Connections Ethernet Bandwidth Assessment Ad Hoc #5RX

— $#%(3400G or 1Thit EthernetiCm} THEBHMED 42
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MSA: Multi-Source Agreement
&% | SEILEIE 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
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J. Anderson, and M. Traverso, IEEE Commun. Mag., vol.48, No.3, pp.535-540 (2010).

CFP MSA : 100G Form-Factor Multi-Source Agreement
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osEs . 200/400GbE PMDAEEELEAF (2017.1285:5)
IEEE802.bs 2017.12{Z#{t5E7T
PVD| th | HTBXL— | SR EMER e
- 400GBASE-SR16
100m| MMFE | 16X25Gbps | 16" 7V 25G NRZ
MME
4 X 50Gbps 4N FUISMF 25G PAMA4
>00m SMF . 400GBASE-DRA4
4X100Gbps | 4N 5UKSMF | 50G PAM4
4 X 50Gbps 4R RWDM 25G PAM4
2km | SME - 400GBABE-FR8
4% 100Gbps (M&E%(?&%%?PAM@?' WDM 256G PAM4
ORI PES .
MHRE 4 X50Ghbps 4R FR_WDM 255G PAMA4
10km | SMF . 400GBASE-LRS
8 X 50Gbhps 8iERWDM 25G PAM4

18
BRAUH—Tx—X: (Phasel) 25GX16Lane (NRZ) (Phase2) 50GX8Lane(PAM4)






