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Device innovation — a bottom-up
approach for sustainable growth?

Jorg-Peter Elbers, SVP Advanced Technology
2nd Visions for Future Communications Summit, Nov 27t-28t 2019, Lisbon
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From successes in the past ...

~2010-?
~1993-2009 DSP-based
~1977-92 Optically amplified, coherent
Regenerated dispersion managed WDM systems

direct-detection WDM systems
systems

~2010

~1990 >50GS/s,
~1970 Erbium-doped >50M gate
low-loss fiber, fiber amplifier DSP ASICs
semiconductor laser (EDFA)

@ room temperature . . o
Example: Fiber-optic communications

Component innovation as key enabler for system & network technology
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... to challenges of the future

Shannon limit Moore's law

e

Claude Shannon by Konrad Jacobs,
CC BY-SA 2.0de

C=2xMxBx

Gordon Moore and Robert Noyce,

Intel Free Press, CC BY-SA 2.0

The number of
transistors in

a dense
integrated circuit
doubles about

every two years.
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https://commons.wikimedia.org/w/index.php?curid=45380422
https://opc.mfo.de/detail?photo_id=3807
https://creativecommons.org/licenses/by-sa/2.0
https://commons.wikimedia.org/wiki/File:Gordon_Moore_and_Robert_Noyce_at_Intel_SC1_in_Santa_Clara_1970.png
https://creativecommons.org/licenses/by-sa/2.0

Entering an era of scaling disparities, ...
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How to scale capacity while lowering cost per bit/s/km at the same time?
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https://www.osapublishing.org/oe/abstract.cfm?uri=oe-26-18-24190

... energy consumption challenges,

2000

— End-user Device — Data Centers — HW Production

| . “Management is doing
— Fixed Network —— Mobile — WLAN

1500 things right;
// leadership is doing the
1000

right things.”

TWh/a

Peter Drucker

500 //
é///

0

2018 2020 2022 2024 2026 2028 2030

Source: Heise Technology Review 7/2019
Data: A. Andrae, DOI: 10.13140/RG.2.2.25103.02724

We need to drive more efficiency AND new approaches
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... and diminishing CPU performance gains
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Source: J. L. Hennessy, D. A. Patterson, Communications of the ACM, 2019, Vol. 62, No. 2

Diminishing returns
from parallelism

General purpose
CPU architecture
not optimized

for data-heavy tasks

CISC: Complex instruction set computer
RISC: Reduced instruction set computer
GPU: Graphics processing unit

TPU: Tensor flow processing unit

FPGA: Field programmable gate array

Trend to domain-specific architectures (GPUs, TPUs, FPGA accelerators, ...)
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https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext

Communication demands increase

Link bandwidth

T 4mmmmm Optical connectivity N In para“el processing,
1Mbps of I/O is required
Single

100G Mode for every TMHz of
Electrical Multi Direct .
connectivity | Detect computation.”

10G Mode

Copper Amdahl’s
1G
10em 1m 100m 1Kkm 10km 100km lesser known law

Source: Finisar

High-bandwidth and low power connectivity is needed
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Research & innovation areas
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New device developments for all network domains
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Optical
metro & core
networks

Optical
access
networks

Different network requirements and cost points demand different solutions

10
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https://www.osapublishing.org/oe/abstract.cfm?uri=oe-26-18-24190

Domain-specific compute architectures

Cloud TPU v3 Pod (Beta):
100 PetaFLOPS, 32 TB HBM, 2D mesh network (ring)

TPU: Tensor Flow Processing Unit

HBM: High Bandwidth Memory HW/SW

Virtex-2
Pro

First Virtex
FPGA

First FPGA
Introduced

T XILINX

2011

1998
1985
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First 3D FPGA &

Programmable SoC

Google Edge TPU

Cloud TPU v3

Source: Google

Adaptive Compute
Acceleration Platform

Al Engine
Application
Processors
Real-Time
Processors
GPIO & RFDAC/
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2019

First MPSoC
& RFSoC

Next Generation

Programmable
Logic

2017

SoC: System on Chip

MPSoC: Multi-Processor System on Chip
RFSoC: Radio Frequency System in Chip
GPIO: General Purpose 1/0

Source: Xilinx



Optical & electronic integration
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Lower footprint, lower power, lower cost per bit
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Integrated coherent TX-RX optical subassembly

£

bower Supply S C-ﬁh-_&-»
Voltages ( Powler|D|.s.-t.r|b|utlon ) LG
N N N o bl 2019
High Speed [ 3 Lnear || Coherent Transmit Optics “s'“‘"i e Fber, 7 ///
TX Signals 1 1yl Prvers 1 (Mach-Zehnder Modulators) ! P //
To/From I \____/' 4 * : \
' B Laser :
Module DSP | - a . : ‘
. «— . .
Héﬁ}(hsf;g::li > - Coherent Receive Optics |
< | N . . - L
“ |- | (90° optical hybrid demods) [ RX Single Mdde Fiber
Kk _’: \__/j - _ :
TEC Controller { I _:
Two-wire Intfc. Micro Integrated ADCs &DACs | B : :idem' V
to Module pC Controller (Control & Monitor) - » ;;ﬂ:s
Aarm & [ *external (for IC-TROSA type 1)
Control: { : ** not needed for Silicon Photonics

TIA: Transimpedance amplifier
TEC: Thermoelectric cooler

*U

IC-TROSA

(BGA, reflow-soldering capable)

~ ADNDVA
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Electro-photonic integration 2.0

Silicon as base platform

Integration of new
materials

InP quantum-dot based

laser/amp integration

DSP
co-integration

_SsPEED
/ Electro-photonic integrated circuit on SiIicon:\

Coherent Modulator+Driver+Receiver

2

ePIC process
(SiGe BICMOS & Silicon Photonics)

Pluggable
interfaces

14

Non-hermetic, uncooled optical transceiver chiplets
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Coherent optical DSP ASIC advances

|Year r 2010 r 2012 2014 2016-17 2018-19 2020-21
ADC/DAC PARAMETERS - Next Generations
POWER (MAX) <2W/channel | <1.5Wichannel | ~1W/channel § <IW/channel | <<IW/channel TBC Le a d | N g e d g e
RESOLUTION 8-bit 8-bit 8-bit 1 6-8-bit 6-10 bit 6-10 bit .
CONVERSION RATE 56GSals 55-65G Sa/s 55-92GSals ] 34-128GSals | 34 to >140GSas | 34 to >160GSass |2 C M OS
ENOB 55 >5.7 =6 ] 55t065 55t0>8.5 551085 |-
BANDWIDTH (3as) >16GHz >19GHz >26GHz ! >35GHz >42GHz >49GHz tec h NO | Ogy
ASIC RELATED - :
TECHNOLO GY* 65nmCMOS | 40nmCMOS | 28nmCMOS 3§ 16nmFinFET | 7nmFinFET snm FinFET |
DIGITAL GATES (DSP) >50M >70M >200M ] >400M >1000M ~1500M |
ADDED FEATURES ] ] 12&dnte { 12&1Ante | 12& Vdnte | 12& /4 rate, Leve ra g e fO I
ASV E ASV A SV, others ASV, others .
PACKAGE SIZE 35x35mm 37.5x37.5mm 375x375m 4 25x25mm <25x25mm <25x25mm futu rer ad io
COMPnT AP 1 Poches | Zocbes | O00bps Juovobps =Tl 2w | 2 I d ?
"’,,.-"""'- ’—___.-"""’- ASV: Adaptive Source Voltage modaems:
1006 200G 400G 400G 600G - 800G 1.2T - 16T >>1T
Coherent Coherent Coherent Coherent Coherent Coherent Coherent

1x 100G, DP-QPSK

1x 200G, DP-16QAM

2x 200G, DP-16QAM

1x 400G, DP-16QAM

1x 800G, DP-64QAM

2x 800G, DP-64QAM

1x 1000G, DP-256QAM

2x 1000G, DP-256QAM

ADC DAC
4ch 4ch
5 ENOB 5ENOCB

ADC 4ch
5.7 ENOB

DAC 4ch

5.7 ENOB 8ch

6 ENOB

8ch e
6 ENOB DAC 8¢ch

6.5ENOB

ADC 4-ch
7ENOB

DAC 4-ch
7 ENOB
DSP

DsP (]

28G SerDes (16-ch)

CAUI SerDes (4-ch) CAUI SerDes (4-ch)

Line Card Line Card Line Card

Line Card

Line Card Line Card

Line Card

Source: Socionext, 2019
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Optical transceiver chiplet integration

Next generation Top-of-Rack (ToR) switch 100G intra-office transceiver
e Monolithic ePIC chiplet

Switch-to-Optics Options ot T —
Pluggable Optics Sisbstiats Rxin
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L
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12C Digital block|

Mg Tx out

12C Digital block s
BB Digital C triNIN-4-

e _odulator <4 Laser

3.2-Thls chiplet set —% o

[ Monitors
I i

Il

On-board Optics

Sl I‘I..lI..ll..lI..l L L1 11}

e AV

Source: Sicoya, 2016

Co-packaged Optics
. | VPV

32-ch ADC/DAC/EQ
8-ch driver

See also:
https://www.facebook.com/
CoPackagedOptics
Collaboration

3.2T chiplet Switch ASIC ==

3D stacking

Source: Acacia Communications, 2019

Co-packaging optics with switch, routing, or processing dies

~ ADNDVA
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https://www.facebook.com/CoPackagedOpticsCollaboration

Main take-aways

Sustainable network capacity growth imposes huge scaling challenges

Network, system, and component research need to go hand-in-hand to solve these
Optical connectivity will play an increasing role

Domain-specific architectures and (the right level of) integration are key

Device-related research and innovation areas (architecture & design, hardware, software):

- Novel System-in-Package/System-on-Chip approaches
(multiple technologies, heterogeneous integration, new materials)

- Advanced (optical) transceiver chiplets and related digital signal processors

- New optical fibers, amplifiers, switching nodes, terminal nodes

- Optical-wireless integration (analog/digital) towards “optical radios”

- New computing nodes for edge applications (Al inference, video pre-processing, ...)

- HW-based security functions
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Thank you

jelbers@advaoptical.com
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The content of this presentation is strictly confidential. ADVA Optical Networking is the exclusive owner or licensee of the content, material, and information in this presentation.

Any reproduction, publication or reprint, in whole or in part, is strictly prohibited.

The information in this presentation may not be accurate, complete or up to date, and is provided without warranties or representations of any kind, either express or implied. ADVA
Optical Networking shall not be responsible for and disclaims any liability for any loss or damages, including without limitation, direct, indirect, incidental, consequential and special
damages, alleged to have been caused by or in connection with using and/or relying on the information contained in this presentation.
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Microprocessor scaling continues ...

19

42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2017 by K. Rupp
https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/

Scaling
trend

“Jid 5

Most recent advances by increasing the number of cores
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https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/

From chip to chiplet integration

PC-CENTRIC DATA-GENTRIC

TRANSISTOR SCALING & MONOLITHIC INTEGRATION HETEROGENEOUS PROCESSES & INTEGRATION

One process design point for all products Mu > processes optlmlzed for |nd|V|dual IPs
Monolithic integration Multi-chip integration with advanced packaging
Product restricted by reticle Product unconstrained by retlcle

Source: Intel, 2019

Systems in a package (SiP) comprising different building blocks
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Deep-dive: Flexible coherent optics

— 7 T L
/ Optlcal WDM network
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Open Line System (OLS> /

SN / S WDM: Wavelength division multiplexing
<t Channel rate - flexible [\» Shaping -
100G...600G  wavelengths . channel adaption

o o
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@\ Modulation speed -
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FEC- ultimate gain
and options

The gold standard in WDM networks at 100Gbps and beyond
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WDM transport platform evolution
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Increasing capacity while lowering the energy per bit
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