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OUTLINE

1 Motivations — Interposer technologies for manycores

Our goal — An optically interconnected manycore on interposer
Silicon photonic links — Optical and electrical elements

Optical routing — SWMR link and protocol, ONoC topology

Electrical drivers — Transmission & tuning

o uu ;0 W N

ONoC Architecture — Performance metrics
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COMMUNICATION BOTTLENECKS IN MANYCORES

Ext. Mem. Ext. Mem. Ext. Mem. Exw— |0 Bottleneck

7'y 7'y 3 7'y Linear BW increase w. #cores
- .I I N I I = I. Very high throughput muxed links
\ 4 \ 4
I L A 4 ) I
Mem. Citrl. |
- i
Internal Com. Bottleneck N = :
. . <Distri i ib P
Quadratic BW increase w. #cores = ~st] 'SLtzr'b Cache
Constant throughput per link - CLlh »/Cach achelg CLlh I
== ache ache I
| iyl . o e ER l
Cache *DIStl’It IStI’Ib > Cache
=5 L2 L2 =l
E—»Cach achelg+t
I Cache[% ®|Cache I
| |
i Cache FDistril istrib ¥ cache I
— L2 L2 == :
E—»ICach achelg—+*t
I Cache[¥] 1 ®|cache
I L —— — I
| o Bistrit istrib o l
Cache IStri IStri Cache
= L2 L2 =cal
E+—»ICach achelg =
I Cache Cache I
H
I Periph. Ctrl. I
I 'MPSocC Package I
L | | L] | L] | | L] | | L] | L] | ]
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TO INCREASE YIELD

* Higher manufacturing defects
per cm?in advanced CMOS
nodes

* Very-low yield on large
monolithic dies

°* Options:
* Design 4-6 cmz? dies,
deactivate processors,
sell as lower grade
* Design <1 cm?,
and stack on
variability tolerant interposer

=» Need an efficient and
scalable interconnect
solution

(2015)[NOCS] Thonnart, Y.

CHIPLET PARTITIONING ON INTERPOSERS

Zz
Computing die 1 Ext Mem.
[ )
S tiblfe o © ® Controller 1
Y 3"
Cach i
%‘T‘h‘ "l ool [[\L3 Cache Die
: 00000
| | [ J
Computing die 2 i B
[
ache istrib b
L2 % £
Cache o0
=
Computing die °*Yececee
o 0 00 00000
ache istrib 1 : : :
C;‘CZhe oo e Ext Mem
Y X ) 000090
ache oo Controller 2
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PHOTONIC INTERPOSER:
THE SCALE-UP/SCALE-OUT TECHNOLOGY...

& ]

Metallic interposer Active interposer Photonic interposer
1-4 chiplets m 6-10 chiplets
2015 2017 2020
On-chi
On-chip < 250 <2 Tb/s >4Th/s  (>2x)
Gb/s

Number of <16 <36 > 72 (>2x)
cores

Power for ~1W ~20W ~20W  (~1x)
on-chip com
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°* 96 cores in 6 chiplets on the
Interposer

* Coherent shared-memory
* Boots a single Linux OS

°* ONoC to convey cache
coherence protocol

* Fan-in from the 16 cores to a
96b interface at 750MHz to
the E/O transceiver/router

* Transduction to 6 wavelengths
used in parallel at 12 Gbps

* Complete connection between
8 transceivers/routers

* Fan-out to the distributed L3
caches, main memory and
peripherials.

=>» Peak aggregate bandwidth on

the interposer is 576 Ghit/s

TARGET MANYCORE ARCHITECTURE

to primary 10
(DRAM, periph)

16 core
cache- coherent chiplet
+ distributed L3 cache

16 core
cache- coherent chiplet
+ distributed L3 cache

to primary 10

16 core 16 core
cache- coherent chiplet cache- coherent chiplet
+ distributed L3 cache + distributed L3 cache

8x6A@12Gh

96b(@750MHz

96b@750MHz 96b@750MHz

16 core 16 core

cache- coherent chiplet
+ distributed L3 cache

cache- coherent chiplet
+ distributed L3 cache
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3D CROSS-SECTION & TECHNOLOGY OPTIONS

°* Long-term perspective

* Optical Primary IO
° Would require to add a
concentrator E/O chip with
aggressive standards (400Gb
Ethernet...)
* Integrated E/O transceivers
* With the compute chip
* Or on the interposer with
monolithic CMOS/SiPho process
* Integrated lasers ?
* Not necessarily because of WPE
collapsing at high temperatures

1/O chiplet

* Short-term option

* Off-chip lasers )
* No TSV (neither power nor signal)
* Separated E/O transceivers

ire bond

Orean
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DESIGN TARGETS

° Ultra-dense integration Processing 9,9\ 3

Cluster
*  ONoC Implements a complete
graph interconnection between
all transceivers/routers
=» Drivers should not take more
space than the 3D connection Rt
interface pitch to the photonic
interposer (~0.01mm2 per
channel)

D & & »
Serializaqon’
Modulator

> ‘ 5’ ‘
3
-
Clock

-
Waveguide to

drivers

».

s

Output |/F * X
?

v Transceiver

W

other clusters waveguide

P D

Flow Control,

Demultiplcxing,
Photodetgctqr
amplifiers,
Deserialization
..

P AAS S

L. &

- 4 - - - - - - - -
Iod P I d I 9D I
- - - " - ; - - - -
SN WL SN
Waveguides & lines
from other clusters

Y O
terposer

°* Improved power-efficiency wrt. CMOS solutions

* Point-to-point high-speed electrical links do not scale
* Asimilar synchronous NoC of the same size with the same performance
including virtual channels would use > 20pJ/bit

°* Wide temperature range

* Dissipated power in manycores can create temperature rises up to the TDP
of the package, but the system should also be operational at ambient
=2 0°C to 90°C operating range

(2014)[FETCH] Y. Thonnart (invited) OPTICS Workshop — DATE 2017 | Yvain THONNART | Mar. 31st 2017 |8
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leti COPPER REPLACEMENT ON THE INTERPOSER:
ceatech LOW-LOSS MULTIMODE WAVEGUIDES

g

* Tapered transitions from 400nm to 2.5 um
width

* Preservation of a single mode in a
multimode waveguide

* 12x Reduction of optical losses

* from 2.2 dB/cm for a 400 nm width
monomode waveguide

* to 0.18 dB/cm with a variance of 0.02 com<| 300% | 155740 5" o0 aceal 20
dB/cm for the 2.5 pm width waveguide - }\\

* For atypical optical link length of 10 : 2 \7\
centimeters, the net gain in transmission £ ™ SN
expected to be 20 dB (relaxes the design . \
constraints and the energy consumption 4
for a 6 dies multiprocessor system). Yo e s w on ow ow ow ow o»

(2016)[SPIEOI] Reboud et al. rropagation leneth fem)
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SWITCHES REPLACEMENT ON THE INTERPOSER:
MICRORING RESONATORS

°* Dense integration requirement:

* Mach-Zehnder modulators are too long to be
matriced locally (>1mm)

=>» Microring resonators are compact
=2 have sharp resonances allowing WDM
=2 PN or PIN diode junction for electrical control

=2 PN rings can be used as modulators (> 10 Gbps) d K
=2 PIN rings can be used as filters (<500 MHz) for
routing and wavelength demultiplexing

(2k+ 1)z phases

Out of resonance At resonance

(2016)[SPIECI] Reboud et al. OPTICS Workshop — DATE 2017 | Yvain THONNART | Mar. 31st 2017 | 10




MICRORING CHARACTERIZATION o /Mdl/T:eda

Ha:er ontgct
°* Test of various parameters Waﬁ;m@\/ \IFI
* ring radius ~ s/ /' "/
e coupling factors \ |
* Assemblies of several rings with different radil  snsresoworwin s

for WDM transmission
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WDM: TAKE BENEFIT OF THE THERMAL SENSITIVITY

* Low voltage sensitivity requires Design intent = laser source
high Q-factors Intrinsic resonance @ room temp.

* High process variability forbids T o T
relying on design-time tuning

Thermal tuning to laser wavelength
=» Use thermal sensitivity to align to V W(
laser source
Modulation around resonance
a4 AV
v
|

°* Yet FSR is large compared to
thermal tuning capability

*  But WDM allows to use different

laser source A
wavelengths in a single waveguide

aa
=2 The total power required to tune the
WDM link is no more than to tune a S S S

—

single wavelength o =

< Need run-time reallocation of [ V V-\L H,V VY V V V

wavelengths for large T° variations
OPTICS Workshop — DATE 2017 | Yvain THONNART | Mar. 31st 2017 | 13




A SINGLE WDM POINT-TO-POINT LINK

Monitoring

Tuning

Mod.

Tx chiplet

Monitoring A,
Tuning A,

Mod. A,

Rx chiplet

Dem. Dem. A,

Tuning Tuning A,

Single-mode

Multimode )
Vertical waveguide ~waveguide
grating o between chiplets within WDM bus
coupler microrng Broadband microring

modulator

photodiode filter
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SINGLE-WRITER MULTIPLE READER LINK

Cascade several Rx chiplets
* Use voltage-controlled PIN ring filters to lock on Tx wavelengths only when
active
* Use higher-level protocol between chiplets to signal transmission
Tx chiplet Rx chiplet Rx chiplet
Monitoring Monitoring A,, Dem. Dem. A, Dem. Dem. A,
Tuning Tuning A, Tuning Tuning A, Tuning Tuning A,
Mod. Mod. A, Vbias Vbias A, Vbias Vbias A,
| m = A= == )i | =
(e Ce) (= L
i, (@_....., ) @
D Clag @Z- Clew
‘y seiqn Selgn ‘y selgn Selgn
Uy Buiung Buiun| Uy Buiuny Buiung
‘v "waqg ‘weg Uy ‘weq ‘wiag
jordiyo xy Je[diyo xy
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ONOC TOPOLOGY

Photodiodes for Photodiodes for
PN rings for Tx

Tx tuning PIN rings for Rx Rx data & tuning

-, o o o e o - - - C S — o o o o o —— o —

§

SN

0000

Chiplet 0

Chiplet 1 Chiplet 2 Chiplet 3

Chiplet 7 Chiplet 6 Chiplet 5 Chiplet 4

I 1-1elel

N e e o o mm mm m mm mm mm e Em E m mm E Em mm m  E Em mm m mm mm mm Em m mm m

e
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TX AND RX DRIVERS

°* Designed in 65nm CMOS @ 8Gbps target
* Operational up to 12Gbps
°* Cascoded Tx driver

* able to drive a 70 fF modulator
with 2.4V, swing
achieving an efficiency of 537 fJ/bit

° Rx TIA
* does not require input DC current

PD emulation
compensation 1000 HON I

* gain-bandwidth/power FoM of 150 THzQ/mW 10pF110k0 G Iy,
* 23 fJ/bit of consumption for 2.3 kQ of H Ecpgg,;
transimpedance e =

1.0

rp [V

14V

g
capacitor
1 1 -

0 BWI[GHz] 20 0 Transimp.[kQ]18 O FoM [GHzka/mw] 150 ™

(2016)[SPIEOQI] Reboud et al.
(2015)[OIC] Polster et al.

(2016)[NEWCAS] Gonzalez et al. OPTICS Workshop — DATE 2017 | Yvain THONNART | Mar. 31st 2017 | 18




THERMAL TUNING DRIVER Digital —— xmit

remapping il (518

°* Use of the drop-port of the modulator

* Robust closed-loop control

* Decision thresholds for remapping with
hysteresis

* Digital remapping decision from the
different rings of the WDM

* Automatic remapping to higher/lower
wavelength

over/under

Closed-loop
analog tracking

B Chip Temp
Ring O

B Ring 1

¥ Ring 2

B Ring 3

I e e o e e L e e e e L i e  an ma
0.0u 50.0u 100.0u  150.0u 200.0u 250.0u 300.0u 350.0u 400.0u 450.0u 500.0u 550.0u 600.0u 650.0u 700.0u
Time (s)
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POPSTAR : MANYCORE ARCHITECTURE ON A SILICON
INTERPOSER

POPSTAR : PrOCGSSOFS On 2x Ethernet 10Gh/s wg W 4xEthernet 1Gb/s
Photonic Silicon inTerposer H N e el ...
ArC h IteCtu re SD x2 keyboard+mouse

Our objective: Demonstration of a e ”
manycore achitecture with optical
routing on a photonic interposer

* 96 cores with unified shared memory _ S %“
* Peak aggregate bandwidth 576 Gb/s o] | o o A

* End-to-end latency @O0 load < 30ns

* integrated management for routing,
arbitration and flow-control of the e
optical communications subsystem

* integrated thermal management and
tuning of the microrings

TX1INDSD

VGA
PS/2 x2 8 *
1 50 DDR4 16 bitsI

E USB Framebuffer
[

FPGA #1

flash

96, 3.2GB/s
SE@400Mbps

11 a 18 fibres

:::::::

..........

Carte fille en mezzanine

76+2x104=284 signaux

Carte mére commune
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CONCLUSION

Interposers are key to continue many-core integration

* Silicon photonics enables denser integration on interposers,
with improved scaling capability

At SoC level, efficiency needs to reconsider design, architecture,
and even application and partitioning

* Innovation is needed on many architectural and technological levels

In the long run, with unified optical interfaces for on-chip and off-
chip communication, the computation model itself could evolve
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