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DEVELOPMENT OF GOOGLE DATACENTER
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SWITCH SYSTEM
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IP Router ~ CMOS
HREHT-UYDEEE N
A10~12%lyr.

C. Lange, et. al., IEEE JSTQE, vol. 17, no.2, pp. 285-
295, March/April, 2011
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Performance in Log scale
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Switches: photonics vs. electronics

_ Optical switches Electrical Switches

Type of switching
Granularity

Bandwidth upgradability
Physical I/F

Energy scaling

Energy consumption
for 100,000 ports x 10Tbps

Scalability issue

QoS

Control plane

Latency (Start up)
Latency (Transmission)

Hybrid use is inevitable!

9 201656 A20H IMPULSELVRUD L HrvrkT—0 R

Circuit switching
Coarse
Transparent > THz
Optical connectors
< W/port

~ 1MW

Number of ports
Physically guaranteed
Detached from data plane
~sub us -s

~ 0 (speed of light)

Packet switching

Fine and flexible
Transceivers, LS| ~ 100G
Transceivers

0.2 nJ/bit (Infiniband)
6 nJd/bit (IP router)

> 0.2 GW (ecInfiniband)

Moore’s law

Depends

Embedded in data plane
< 500 ns per hop

< 500 ns per hop
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Let’s talk about Exa Scale..

One of Amdahl’'s laws says: e Bandwidth vs. Radix
— You need ~ 1 bit/s per FLOPS — 100Gbps, 10M nodes?
— Then, we need — 1Tbps, 1M nodes?
~ Exa bit/s for Exa FLOPS <__— 10Tbps, 100k nodes? >
X TOP500TI&. < 0.08b/F — 100Tbps, 10k nodes?

X Post-PetaTlL, SnlZ/hEL#i 5

DEVELOPMENT OF GOOGLE
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http://mwww.theplatform.net/2015/06/19/inside-a-
decade-of-google-homegrown-datacenter-networks/
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http://www.infinibandta.org/content/pages.php? pg=technology overview
http://www.ethernetalliance.org/subcommittees/ roadmap-subcommittee/
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Si-Photonics
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EBHOI) A TAN = DARR (v TFERFERK]

NEEOR ARIORM—Y DTt DR HE S FY2017
v U)aAVHBREIRE (F-ZLTME—F) £V 2016 Standard rack;
vV ETHMAMESRTER Clos network SW
v BNEHRICEBEMELTH gzx 8385
v PILOSSkRAY X
FY 2015 SW card
EHTVICTORIESHLEA I T Design
ERBEMRARZE® optimization |
| FY2014 & test;
| Record-large port C_:ont.rol |
| count 32x32 Circuit & % 1 MCTORJE
I 1 program 7 L5HS SR T
FY2013 o mm——
| - http://www.aist-victories.org/
Record-small 8x8 |, <ChET>
CECOC2013 PDP _ 32x32F THR— ¥k Z E 5T (1st sample)
Heafervggig,g[’ OFC2015 FESWF v T D VER AT - REERMTIZAR
Optical Flber > -2 | < -7 1£ >
""”i si Chip ";‘\f}" 1 Rtz BHELTEASIRMvF=EET
IOmm p

= FFERET DB L. HlEERED— KL
In-house process]

(e-beam litho.) 1 » 45-nm CMOS foundry process (SCR)
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32X32V)AVITHN= DR RAYF

K. Tanizawa et al., B L .
Opt. Express 23’ 17599 (2015)_ Il 32 x 32 silicon photonics switch integrated on control electronics

After FC bonding

25 mm

11 mm

Ceramic interposer

| Si-SW chip  0.5mm ; LGA pads
MZI : g —————

>
0.3mm (min.)

Path Independent LOSS (PILOSS)

topology LGA socket

HAEARKBRBEOV) AV IANZHORFEF * Flip-chip package with LGA interposer
<Y/ \‘VI)@Z’(“J?].OZ‘MEI . 7,{7 Ae— * Driven by pulse width modulation with FPGAs
=R == BT * Polarization insensitivity, lower crosstalk and loss are now under development.
a2948ﬂﬂ * %l&%X%961ﬂE§$ a: Jjo <Current optical performance>
+ '“ﬁiﬁ . . —On-chip loss: 15.8 1.0 dB
7‘“/70"147( ‘j:E o PLCG) 1/401&_1: —Crosstalk: <-20 dB in the operating bandwidth of 1.8 nm

0
- 5 m -20
1 — 2 [Waveguide los€. e
m 47 & 40|
S S
— B I .3 50 |
g 8 I 5430 F '
2 4 8 70 L2
2 4 | F 1540 1545 1550
-5 g | JWave!ength [nm]
cC .
0 5 e esSuna L *----- ; ------------
3 2 18 | Path independent 15.8 &= 1.0 dB
(32,32) 20 i A : . : L
Input ports Qutput ports 1412 1-20 132 32-1 3213 32-19
1 bar-state SW Path: input port ID - output port ID
31 cross-state SWs (Trimming) 14
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« 19 rack
— 1U =W:48cm x H:5cm x D: 90cm
— 42 U (H: ~2m)

e 32 x 32 Si Photonics SW Footprint
— 9cm x 10cm — 5x 9 pcs/1U
— 45 x 42 = 1890 pcs/rack
— ~ 12 kW per rack

e 100,000 x 100,000 fabric
— 147,456 pcs of 32x32 SWs
— 147,456 /1890 = 78 racks (~ 1 MW)
— Approximately 78 racks are required

.. Less than 10% of all racks in mega DC (~1000 racks)

LIV
Y,
! 1/
/
Si-photonic Matrix SW / /7/7/7/7

L v/ V4

I T~
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Optical frequency

TS KoL RIBICED
| I, 25 ron
NN | IS — .
FARTTYF—F IR A ITHN=HOR

e A—S —| Exa-bit/sSRAYF I AT L

RNRERAMVTFRE:
~1 Pbps — Ebpsifi~

Distributed ¢

BREE-ZELH
10TbpsFtA 2 —aARIk

XRINSTTIE |
e TS = LB HRARS

I&El\/
GHgR oL

Sl Photonlcs '
Matrlx switch

HIT7AI\

fJﬁ]

BRI, 70/ \HT=Y
~100Gbps

= > BR/AVOSEAXLSEERICEY, FEABHEEE
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10ThpsDT=HDIEEF X IRET

Baud Degree of Channel Channel Total Required
rate (net) multiplexing number spacing Bandwidth SNR/Q
28 (25) 2 (PAM4) 200 >50GHz > 80nm 20dB
4 (DP-QPSK) 100 30-50GHz 24~40nm 15dB
8 (DP-16QAM) 50 30-50GHz 12~20nm 22dB
12 (DP-64QAM) 33 30-50GHz 6~10nm 28dB
43 (40) 2 (PAM4) 125 >80GHz > 80nm 22dB
I 4(OP-QPSK) .83 oo 50GHz ..25nm 17dB
o 8(DP-160AM) .32 ... 50GHz . .13nm .. 24dB_ |
12 (DP-64QAM) 21 50GHz 9nm 30dB
56 (50) 2 (PAM4) 100 >100GHz ~40nm 23dB
4 (DP-QPSK) 50 75GHz 30nm 18dB
"""""""""""" 8(DP-16QAM) 25 75GHz ~ 15nm  250B
12 (DP-64QAM) 17 75GHz 10nm 31dB

Should be <15nm  Should be < 30dB
for Si-SW passband for SNR margin
18  2016%6RA208 IMPULSELVRIDL HRvbT— K http:/www.aist.go.jp s AIS T 5o scence ; MC‘TDEIS'
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10TbpskS2 Y —N\IZF (- E 7 5T i SR ER

1. Optical comb source based on cascaded LN modulators (IM + PM)
2. Integrated IQ modulator based on InP

3. 44Gbaud DP-16QAM, Nyquist of o. = 0.1
4

H H e Int ted dual-pol |
Five Carriers Comb generator o oo

Commercially available

R N O — ‘. :
vt L T | - 35.GHz bandwidh
w/ Pol. Mux (A ] 26 GHz : @ E AWG
| — I Ps 1
g 8 Lo 5 | 44 Goaud
T [ : yquis
S Ia : i X1ixai viva
@ Multi- E Y&mp VAmp i Y ¥ ¥
= channel 1
g DSP : " InP Dual-Pol. 50GHz-spacing, 5-subcarrier
= ol : N (N f QM 44Gbaud Nyquist (o. = 0.1)
B = w0 A / DP-16QAM superchannel
O < - i =
10Thit/s parallel @ : S 2
t interconnect wi-Pol.di g 25 GHz gl‘idl z 50 GHz grid 3
| Network controller g I g E
i |3
T T T T T T S | | % = Cmmmmmem >
193.00 THz & £ | £ 2 250 GHz (2nm)
o 1929 103 1931 1932 183
A 193.05 THz © “'g2g g3 q9aq 193z 1933 | E1.92.9 193 1931 1932 1932 Frequency [THz]
ol Q. 193.10 THz ¢ Frequecy [THz] Frequency [THz] 1.76Thit/s gross line rate
Eeo 193.15THz ¥ x-pol. y-pol. (7.04bit/s/Hz)
HD-FE 193.20 THz _
et Moo MR || 8290] 9000 _
= Ry e g@gg 8338 Carrier # Total
) 3 - S—— ;;‘-__,.“--__"_ F— -
D s gt @@@@ @@@@ CapaCIty
ke) ‘9‘{“ single comb line .
: | c - 5 1.6Thit/s
at / — apable of transmission
... up to 320-km SSMF link 32 10.24Tbit/s
Y e i SeEA-lAas@r o] )
K. Solis-Trapala et al.,

18 20 22 24 26 28 30 32 34 36 38
OSNR/0.1nm [dB] OECC2016.
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Transmittance [5dB/div]
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Circulator PBS
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Phase Shifter Directional Coupler

K. Suzuki, et al., OECC2016.
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CN1 Optical SW Controller Optical SW CN2 C&mlgi“% gr'tg/s/
1 Start of ontical 2_The controller FE/—F Storag?é units
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Bidirectional optical path between CN1 and Cn2 is

established
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AIST-Super Clean Room (SCR)

v 3,000 m? floor area

v Cleanliness: Class 3 (< 103/m?3)

v 12-inch SOI wafer

v' 45-nm CMOS technology utilizing
ArF immersion lithography

Available for outsiders. http://unit.aist.qo.jp/tiaco/orp/scr
At 20144 [ FRjE % F F &l B | &l E
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