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Budget
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Path to Commercialization: Silicon Photonic Technology

Fundamental Introduction of Innovative Integration and
Discoveries Devices and Processes Commercialization
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320 Gb/s WDM transmitters based on silicon microrings

d8-channel WDM transmitter based on conventional common-bus architecture

232f)/bit modulation power efficiency, less than 0.04 [] “[chip area

Ohighest aggregated data rate achieved in silicon transmitters
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Silicon Photonics for Exascale Computing
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Photonic-Enabled Systems: Multi-Level Co-Design [

U ottt O b oy oo o o n oo oo

U oo ooy o
o0 0ty Ul Mm@ om odgy o

OO OO0 Ao oo OO 0 O O00E- 0o
00 0o ooo ot i gon o oo D




NN RN NNl

J 000000 U0 00 0 0 0O O Qo =—-

U 0ot not oo o

O 0oooidonomimn Do o 0o i
OO0 ooom MmO od o

0 0O 00 oo I O moooo o 0ooo
00O mmommm bbb ooin o 0o 0o 0o

J0oob oooobdobdno
Jmooogo oo

0 0O 0ootlm ooy oM modod odddddn o
D00 miobo0mm oy oo 00 obdodo o

Required power 'PhoenixSim

(@
i
(@
@@ @

H—J
Backbone routers(]

Computing nodes!’
©00

"
o
b |

1

1

< 1

:S ’te e ~ ~ :

)| ! Scaling Bandwidth} i
e analysis analysis Latency est. :

i g - J \ ) '
P — - - !

‘*_‘_.».._.__.-': Lab melasurements | e - s | Timing estllmatlon |

™ -~ ! |Mode|s found in Iiterature| | Application models ‘
= g 1 | | 1
d f-'".... ' Projections | | Trafficmodels | |1

# . " 1 1
" | i 1

|

1

1

o L 3 i} &1 1] B m ED 1] L]
il e O WS G DT Pl i G

B Ft et S . '
Interconnect design

| Ad hoc simulations |

Persistent storage!

FastiaCK



U0 oo oo
[]

Ut oy oo

MO0 0MO00000000m
000000 mO

[]
[]

Do O O 0 [ 0o
Joodoo L

N
[]

EREREERIInEENEN

-DDDD U mom oy 0o J o
Mo 0 I ad

JUU U mh by U oo doe



U OO ot O u o

T U0 onunn ooty ooy oumy o mooooo oemey ooty
D %

L S B ) B
A GEPTA NPT AN

[]
U ouuyd o b g dmodon o

O 00000 oo O oo dod
[ OO0 Ce e 0 ey O O

oot oom o dd odd
O 0o Ot oo oo od

A
— N

o000 o oot O0DMmoo0Ooodd oo d




LUl Do e o e e oo i B e

ool odood ool mdon b tilimoooddd oo oo
O 00000 M0mModdMmm ImodDooDomm O oooo

4 P —
| . A\

4.1

= Flat topology
a 3.9 AT [ B 8 per cluster, unaware
% 2; | : 8 per cluster, aware
;’-). 3' 1 B 16 per cluster, unaware
3:1 i B 16 per cluster, aware
5 i @ 32 per cluster, unaware
57 i @ 32 per cluster, aware
2.5 ] . . T =
f} N/A 2:1 5:1 10:1
Second level over-subscription
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FPGA-Controlled Silicon Photonic Interconnected System
Optical Network Interface: O-NIC Link Negotiation and Control
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http://www.altera.com/
http://us.micron.com/

FPGA-Controlled Silicon Photonic Interconnected System
Subsystem Thermal Control and Operation

Subsystem 2: SiP Device Control

control  CONtrol FPGA

output(s) Feedback

| b ——— SiP micro-ring |======- 1

""""" subsystem  [F=======




FPGA-Controlled Silicon Photonic Interconnected System
Switch Fabric Control and Arbitration

Subsystem 3: FPGA-Controlled Switching & optialFiver

. Electrical Cable

— WDM3
— WDM1
— WDM2
— WDM4

4x4 Microring Switch Routing Table

/0
Combination
N | S | E | W | Rings Used
1 [W[N[S |E |R2,R3,R8R5
2 |[W|E [N [S [R2R7
. |3 [W[E |[S [N [RZR7R8RI
é 4 |S [N |W|E | R6,R3,R4R5
2 [5[S [W[N]E [R6RS
§ 6 |S |[E [W]|N [R6R7,R4RI
@ [7]E[W[S [N [R8RI
8 |[E [W|N [S | none
9 [E [N|W][S [RI,R4

[N. Sherwood-Droz et. al., Optics Express, 2008]



Silicon Photonic Interconnected

Micron Hybrid Memory Cube

HMC Strat
(2GB, gen2) (Tentative

ix 10 FPGAs —
release date 2015)

1.28 Thps bisectional bandwidth

8 bidir. lanes @ 40 Gbps per FPGA

320 Gbps 320 Gbps 320 Gbps 320 Gbps 320 Gbps 320 Gbps 320 Gbps 320 Gbps
Tx Rx Tx Rx Tx Rx Tx Rx

6x6 SiPh MZl-based switch

640 Gbps 640 Gbps

8 WDM CH
SiPh Chip
(OPSIS)

s | e -

Board I/O



Scalability of an FPGA-Controlled Silicon Photonic
Interconnected System

WDM v WDM
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