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The Internet of Everything

Exponential Growth ‘
* Video, Mobile & Cloud is Driving Traffic Growth People-to;People

. : : o ~ b b
« Content & traffic patterns are becoming more dynamic and distributed \”5 ‘ ’-g

* Thelnternet of Things will accelerate traffic beyond recognition:
— Radically increase volume
— Dramatically change traffic patterns
— Challenge traffic engineering and management
— Demand new service definitions (SLAS)

* To keep pace, Enterprise and Service Providers need agile
solutions that reduce complexity and TCO

+ As demand for bandwidth continues to increases, there is a need for

» Higher speeds:40G and 100G

» Smaller size optics: Enables higher density

> Lower cost/bit: Enables higher adoption

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public
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Industry Trends

BRKOPT-2116

© 2015 Cisco and/oritsaffiliates. All rightsreserved.

Ethernet is a standard that continues to evolve and show
innovation - FE - GE - 10GE - 40GE - 100GigE — 400GE-1TB?

2014:25Gb/s at 3-5 m

2017: board-level photonics

QSFP28 becoming defacto for high density 100G

OTN aligned with Ethernet Speeds

Cost, reach, size, power optimisation continues
Dilemma copper vs optical for 400G and beyond

OTN — choice for optical transport (framing or switching)

Market need for flexible interfaces on client devices — pluggables
long/short/DWDM interfaces

More bandwidth per faceplate — how do we beyond current
pluggables to support 5TB+

Cisco Public Cisco [(‘/cl/
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Application Space - Today

Open Server £\ 1yiti-Mode Fiber

Summit

VCSELs
Parallel Ribbon
< 25Gb/s per fiber

Aggregate Data R

Higher Pow er
Larger FF
Less Integration

100 Mb/s Electrical Higher Cost

Interconnects

T
0.1m 1m 10m 100 m 1km 10 km 100 km 1000 km

LAN Campus FTTx Metro Long Haul

’ /
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Ethernet and OTN Evolution

* Ethernethas undergone continual innovation since standardisation

» Transport systemsevolving to 400G

FE GE 10GE 40/100GE
Standar —-— - — Demand and Innovation
Ethernet © : ————— - ||| ooren ano i
SDH Payload Eth Payload
OTN Standard’ —-—— = —|I Demand and Innovation
OTU1/2 OoTuU3 QoTu4 continue

1985 1990 1995 2000 2005 2010 2015

z /
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40/100G Client and Transport Reference

ITU-T define OTN Transport Network !
carrying Ethernet Traffic

Client Optics Line Optics

« Within a building/campus (< 10km) Across country (1000s km)

* Single I/F / Fibre (Grey optics) Multiple channels / Fibre (DWDM)
* POS, OTN & Ethernet = OTN

« Costis King

Performanceis king {
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. Allrightsreserved.  Cisco Public Cisco "/c:
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Optical Technology...

...Is the key enabler for systems to maintain pace with the

requirements of the bandwidth pressures

Challenge Goal

Form Factor Size reduction === Port Density increase
Power reduction === Port Density increase
Reach === System/network scaling
Packaging simplification = Increased Yield, lowers cost

The next speed (400G/1T) === System Scale, lower costs

BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public CISCO (‘ Vc)'
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40G/100G Industry Standards

IEEE 802.3ba: 40Gb/s and 100Gb/s Ethernet Task Force
— 40G and 100G Ethernet
— Physical interfaces for Backplane, Copper, Fibre PMDs

IEEE 802.3bg: 40Ghb/s SMF Ethernet Task Force
— 40G Serial PMD optimised for carrier applications

ITU Study Group 15: Optical and Transport Networks

— OTU4 frame format

— Single mapping for 40GE/100GE into OTU3/0TU4

— OTL protocol enabling OTU3/4 over multi-lane (low cost) optics

OIF: 100G Long-distance DW DM Transmission
— Industry consolidation around a single 100G DWDM solution

z /
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100G Standards Alignment

« 100G standardisation coordinatedamong ITU, IEEE, and OIF

* Proactively eliminate interop issues encounteredwith 40G

I IEEE — : ——
/ —_

Client Interfaces Hardware Vendors
Layer 2/1 interoperability ° Component Interoperability,
Transport Networks Commonality

Layer 1/0 interoperability

z /
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40 and 100G Client and Line Perspective

Client
Optics D

Electrical I/F: Client Optics: Line Optics:

*0-10” * 0 to 2/20km * Long Haul, DWDM
* 1X,4X,16x Lanes * Pluggable * OTN Protocol

* 10->25G electrical * MMF and SMF * 1500+km

« Key Components:

— MAC/PCS — what happens after 25G electrical; interest in 25GE MAC/MSA (server to ToR) enable
4x25/100G up

Electrical Interface (to pluggable Client optics)
Client Optical Interface
Line (DWDM) Optical Interface

z /
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40/100G Client Interface Options

40G/100G Router/Switch

40G/100G Optical Network
DP-QPSK

Native Ethernet OTN “Short Reach” Client
« Transport maps ethernet to OTN Alignment on client optics
* Lowest cost.. but perceived lack of OAM ITU added support for parallel optics:
« |[EEE 802.3baadded BIP error check — OTL4.4, OTL4.10 OTL3.4, etc

— PCS_SD _BER, TCA_PCS BER, PCS Lane BIP- Can run OTN clients (both 40G and
8 monitor 100G) over ‘Ethernet’ optics.

« SONET/OTN like error monitoring OTL added to support parallel optics
— SF/SD BER thresholds, etc

— —
-~ - -~

012 910 17 18 2528 3Dy 4142 4950 5758 53\
I -|0| M | M, | Mo r| BIP, | ] Ma | Ms | Ms [ | BIP; |,
) ) 7

.
Ethernet PCS Lane-Marker with BIP Mgy e . ( z /
ciscollVZ,

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public




4P CUNEEAEEE N\ | g e ] R O R

Industry Developments

» 802.3bm Task force goal of group is to lower 100G costs. (4x25G Electrical, 4x25G for MM)
— No agreement on low cost 100G SM
— Industry with non standard optics

* 802.3bs 400G in IEEE - 4x100, 8x50, 16x25 data rates (4x100 more promising)
» 802.3bj (backplane — electrical/optical 4x25)=100G backplane

* Non standard optics proliferating proposals for 500m on SMF.

— 100G Advanced modulation —
* 100G DMT - single wavelength advanced modulation using Discrete Multi-Tone
* 100G PAM4 - advanced modulation using Pulse Amplitude modulation

— CWDM - 4x25G wavelengths
— 100G PSM4 - 4x25G parallel fibre

» 25G CFI — call for interface new MAC / Ethernet rate (server or EoR interface)

* Two key drivers:
1) Advanced modulation will fundamentally lower complexity/cost (PAM, DMT)
g teghinologies like ChQS.Ehotonics may alter costs (CWDM, PAM) Cisco{l 74
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IEEE Standard vs MSA Form-factor
Logical / Protocol Interface

» |EEE defines physical network interfaces i.e PMDs
— 10GBASE-SR, 40GBASE-SR4, 100GBASE-SR10 etc

* MSA (multi-source agreements) define transceiver form

factors

— CFP, QSFP, SFP+, X2 etc
— defined by a group of transceiver vendors based on

technology availability and roadmap

* PMDs of the same speed/reach/ protocol must

interoperate, irrespective of the form factor
— X2-10GB-SR interoperates with SFP-10G-SR, both being
defined by the 10GBASE-SR physical interface

* Focus on IEEE specification instead of form factor for

interoperability
— Optics form factor decisions driven by the port density

requirements vs reach availability

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public
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Interoperates with cPAK-100G-LR4

CFP-100G-LR4
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Data Centre Permanent Link (Trunk) Distributions
(2008-2010)

2008 - 2010 MPO permanent link length distributions
(equates to distance between patch panels)

o ﬂ 100% >100m
|
22 5% [ : =g — |
? .. <100m
2007 ) 2008 80%
) 2009
17.5% 1 overall mean = 134 ft = i T0%
) 2010
15.0% overall std. dev. = 120 ft 0%
R mean variation = +/- 8 ft | | 2008 o
12 5% - std.dev variation = +/- 4 ft | -

40%

30%

0-30 31-60 61-90 91-120 121- 151- 181- 211- 241- 27¥1- 301- 231- 3261- = 290
150 180 210 240 270 300 330 360 390 ft

Presented by Paul Kolesar, CommSche, IEEE 802.3 Next Gen Optics Study Group, Sep 2011 UISCOW Vc'
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Multimode Fibre is FORWARD and BACKWARD

Compatible

Data Camous Max Link Lengths over Multi Mode
Centre P Fibre (MMF)

16 S ssom
106 [OGSRENIN s00m

2-strand (duplex) MMF cabling can be
4 ~40GBIDI
0G 150m leveraged for 40G and 100G

Speed

No needto replacefibre
100G Future ~100m*

Relevant
*100G technology under development; target estimate of Inr Ieng

Ve,
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10G/ 40G Transcelver Form Factors

Tx 12x10G
Rx: 12x10G

148 pins
4x10G (XLAUI)
10x10G (CAUI)

< i o LT

Anl o~ & T ___
<8W <4W <35W <15W <35W <35W < 24W

BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public Single mode not available 100G GEN 2 = CPAK
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Parallel Data Streams
MAC/ ¥ EEE{; MAC/
PCS D D PCS
(4x25Gb/s)
MAC/ Nie=
(10x10Gb/s)
vac/ 30 [ = VIl
PCS [ 'p [< PCsS
(4x10Gb/s)
MAC/ g g,f’,l <« w55 VAC
PCS D] (1x40Gbrs) LB PCS
MAC/ féfﬂ <—ﬁ-,\PA § I\P/Iég/
S < >
B PCS \© 2/OL D.w n&%?ﬁ%@@i&é’é)m D Jerved.

Singlemode
100Gb/s
Ethernet

Multimode
100Gb/s
Ethernet

—

40Gb/s Ethernet
4 (802.3ba).
Singlemode &
multimode

—

40Gb/s singlemode
fibore PMD (2km)
(803,2bg)

—

40Gb/s Multimode
— fibre PMD (100m)
(Cisco Proprietary)

—

LY

B .
U TONEN

Electrical data lane >25Gb/s (black)

w/ improve efficiency & density

<——> Electrical data lane 10Gb/s (black)
<—> Optical data lane (red)

Device interfaces in Switches & Routers
(ASICs) currently cannot handle single
40Gb/s and 100Gb/s data streams (only
10Gb/s ->25Gh/s)

IEEE has defined ‘parallel lanes’ to
handle flow of data

Multi-lane Distribution (in the PCS layer)
provides a simple way to map
40G/100G to physical interfaces of
different lane widths — with Virtual lanes

Data from any particular virtual lane will
reside on the same electrical and optical
lane across the link — No skew
introduced between bits within the
virtual lane

Cisco ( l V&/
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Parallel Ribbon Fibre for 40G/100G Interfaces

40G MPO interface
< (one row of 12 ﬁbres) Optical receiver i Optical transmitter
MTP connector o Fiber position MTP connector
40G 12-strand ribbon fibre > ] e
(4 fibres in the middle left unused)
— —
< MPO Opt|CaI ConneCtor Optical Iransrnlllsr1 T Optical receiver
MTP connector . MTP connector
fi Do Qetot Tavemttiar h

\ Parallel optics, 100-GbE

Fiber Position

\

\
|
|

N
)

100G MPO interface
< (2 rows of 12-fibres)

100G 24-strand ribbon fibre U
(4 fibres in the left unused) >

7
I

MPO is a generic name for a ribbon optical connector, while MTP is a brand name

BRKOPT-2116 W £ULU UISLU QIHIUIUT 1D GHTIGLES. MY IS SST VS UL Cisuu Ui
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Cisco 40G Portfolio
Wide Range of Hifh Density 40G Applications

40GBASE-SR4 >

FET-40G |:f>

ST b

40GBASE-CSR4

Multimode fibre, duplex

Multimode fibre Ribbon
Single mode fibre, duplex
Single mode fibre Ribbon

Hie

40GBASE-LR4
4x10G BASE-LR*

_____ ] I

10m 100m éOOm 500m/ 2km 1dkm 4bkm 80km
1km Max. thanc 4
Ciscoll Vfa

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public
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40GE: QSFP-40G Portfolio

Standard 10GBASE-LR Standard 4x10GBASE-SR
Connector MPO-12 ComEeer VPO
Reach <10 km Reach 8%2 2 288 2
o Single Mode ribbon Fibre Multi Mode ribbon
Power Consumption <3.5W Power Consumption 1.5W
Features Interoperability with 4x10G LR mode Features 10G-SR (300m) to 40G-CSR4 (300m)
leveraging Silicon Photonics migration
Standard 40GBASE-LR4 Standard 40GBASE-SR4
Connector LC Connector MPO-12
=l <10 km Reach OM3: =100 m
OM4: <150 m
Fibre Single Mode duplex Fibre Multi Mode ribbon
Power Consumption <25W Power Consumption 15W
Features Uses SM Duplex Fibre Features Configurable to runin 4x10G SR mode

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public WIDWWV W ¥ vV
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SR4 and CSR4 QSFP40G INTEROPERABI

BN L\ Ere

L O

LITY

INTEROPERABILITY

10GBASE-SR
(300m OM3/ 400m
OM4 MMF)

Cisco
QSFP-40G-SR4?
(100m OM3/ 150m

OM4 MMF)

Cisco

QSFP-40G-CSR4°>
(300m OM3/ 400m
OM4 MMF)

|EEE 40GBASE-SR41!
(100m OM3/ 150m
OM4 MMF)

10GBASE-SR
(300m OM3/ 400m OM4 MMF)

.

4

i

4QK

Cisco QSFP-40G-SR4°
(100m OM3/ 150m OM4 MMF)

K

Cisco QSFP-40G-CSR4°>
(300m OM3/ 400m OM4 MMF)

|EEE 40GBASE-SR41!
(100m OM3/ 150m OM4 MMF)

-
P
v

P

v
<
v

AN

P
v
P
v
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QSFP40G 40G-SR & QSFP 4x10G LR Interoperability

MPO-LC break-out cable

40G-SR4/CSR4

)

LC-Duplex Fibre

."."Y “.\ \
74
St #’”

Parallel MMF up to 300m

40G-SR4/CSR4 40G-SR4/CSR4

MPO-LC break-out cal
(_L_\ LR
ﬁ

LR

4x10G LR
LR

LR

-

LC-Duplex Fibre

BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved.

/ \ Parallel SMF up to 500m

4x10G LR 4x10G LR

Cisco Public Cisco {(VcI/
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40G QSFP Cables and Adapters

40G Copper Cables:
* QSFP to QSFP 40G for 1m thru’ 10m .
* QSFPto 4 X SFP10G Breakout cables n

QSFP TO SFP/SFP+ adapter

* QSFP adapter supports 40G Optical Cables (AOC):

one SFP or SFP+ module * QSFP1to QSFP 40G
* 1Imthru’ 10m
* Use case: 10G e 15m :
connectivity on a 40G port . (1303an to 4 X SFP10G Breakout ¢

z /
BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public CISCO (‘WI



40G Break-out Distance

Distance based on optic and media used

40G Optic Media Distance 10G Optic
82-400m SFP-10G-SR-X
40G CSR4 Multi-Mode Fibre
30-150m SFP-10G-SR
40G SR4 Multi-Mode Fibre 30-150m SFP-10G-SR
FET-40G Multi-Mode Fibre 30-150m FET-10G
40G Twinax Copper 7-10m N/A
40G Active Optical Cable (AOC) Fixed optical 1-10m N/A

< -— e
» A

Duplex LC

QSFP %

MPO to duplex / w

»
breakoutcable duplex patch panels — . Ilvc/
BRKOPT-2116 5015 Cisco andloritsaffiliates. Allightsresenvad. —  Claco Public Cisco ’
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Bi-Directional QSFP40G-SR

QSFP+ SKU  Center Wavelength

Cable Cable Distance
Type (W]

* Short reach transceiver with 2 channels of 20G, each transmitted and QSFP-40G-  850nm
received over a multi-mode fibre SR80

LC 100m (OM3)
Duplex 125m (OM4)

* 100m with OM3 grade fibre

* Electrical interface: IEEE 802.3ba Compliant

* Power consumption < 3.5w

* Use of duplex multimode fibre allows customers to migrate from 10G to
40G with minimal capital investment

* QSFP-BIDI to QSFP-BIDI connection only — No interoperability support
with QSFP-SR4 or 10G SR

* Cisco exclusive transceiver

Cable |Core Size |Modal Bandwidth |Cable Comments
Type (Micron) (MHz*Km) Distance
500 (OM2) 30m
2000 (OM3) 100m Connector loss budget for OM3 Fibre is 1.5dB
4700 (OM4) 125m Connector loss budget for OM4 Fibre is 1.0dB (Engineered
MMF 50.00 Link)
OM4+ 150m Connector loss budget for OM4+ Fibre is 1.0dB (Engineered
Link)
Reference OM4+ Fibre: Panduit Signature Core Fibre:
http://www.panduit.com/en/signature-core

CO { (‘/&/
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QSFP40G-BIDI Value Proposition

QSFP40G SR4 QSFP40G SR4

QSFP40G-BIDI QSFP40G-BIDI
TX
42306
12-Fibre === === 12-Fibre Duplex Duplex
infrastructure —— e infrastructure Multimode Multimode
4-x-10G Fibre Fibre
RX T
12-Fibre ribbon cable with Duplex multimode fibre
MPO connectors at both with Duplex LC connectors
ends at both ends

Higher cost to upgrade from 10G
to 40G due to 12-Fibre

infrastructure

BRKOPT-2116

Use of duplex multimode fibre lowers cost of
upgrading from 10G to 40G by leveraging
existing 10G multimode infrastructure

Cisco {f V&/
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10G Fibre Infrastructure Reuse: BIDi vs SR4
1OG Optical Link

Jumper Patch Trunk Patch Jumper D
cable Panel Cabling Panel cable RS
(100m) ~§F
LN s
40 GbE BiDi
_ _ _ o Reuse 10G SR
40G Optical Link with BiDi fibre
~ infrastructure?
Jumper  Patch Trunk Cabling Patch Jumper
Cable  panel (100m) panel Cable V’YES
40G Optical Link with SR4 40GbE SR4
SN Jumper Patch Trunk cabling Patch Jumper Reuse 10G SR
Fh-c.age Panel (100m) Panel cable fibre
1 - ™\ s ama infrastructure?
-\ -
O o
BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public
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Optical Monitoring with a BiDi Optic

*  QSFP BiDi optics does not include Digital Optical Monitoring

« External tap monitoring is feasible for a BiDi*, and similar to 10G SR
Use 2x2 splitters for BiDi rather than 1x2 splitter for 10G SR or other uni-directional links
Neither 10G SR nor the 40G BiDi have link budget allocation for external tap monitoring
Link margins are used to determine if external monitoring is feasible

LR
10G SR Tap . Monitor

Monitoring
Connect to external tap monitor
850 nm
c~ TX Monitor
40G BIDi Tap
Monitoring _g00nm
onitor

850 nm
TX Monitor

Connect to external tap monitor {(Vc/
[

srOPWAEK in progress o detesaringsfeasibilierand limitations. of external tap monitoring with 40G BIDi Cisco
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QSFP40G BIDi: Targeted Solutions

COMPACT AGGREGATION
Nexus 7000 %: %:

Nexus7000

Nexus 6004
News 6004 g 2 BF 69 £8P Access LARGE SCALE
FABRIC
Nexus 2000 &~~~ TTTTTTTTTTTTIImmmon FEX Nexus 7000 CORE
Nexus 6004 SPINE
HIGH PERFORMANCE COMPUTING - = "
Nexus 6004 CORE/AGG. Nexus6000g55p 39 &3 ‘£ & = LEAF
S§ S
N . :
< QSFP-BIDI Optics
Nexus 3548 _?_
exus -
Nexus 6000 =Y BB = g s =Y = QeSS

’ /
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100G Module Form Factors Evolution

Linecard faceplate

CPAK 24 CFp2 CFP4 _ QSFP28

Power <32W <4W? <75W <8orl1l2WwW? <5W?? <35W??
Only multimode For CPAK portfolio
The technology that enables Cisco CPAK is ....... CMOS Photonics

r
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public CISCO ll/cl
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100G Client Optics Comparison

Features CXP CFP CFP2
Front Panel Bandwidth 1.5Tb/s 200Gb/s 800Gb/s
Power Dissipation (W) 3.5W 24W 12w
Fibre Type MMF SMF & MMF SMF & MMF
SR10 In Production In Production Sampling
IEEE Reach LR4 No In Production Sampling
Availability
10x 10GE-LR No No ?
ER4 No In Production ?

o]
CIsSCcoO

CPAK

1Tb/s

7.5W
(CPAK- LR4: <6.75W)

SMF & MMF
In Production

In Production
Planned

Planned

Competition plansto use CXP
or CFP2. Both approaches
have a number of
disadvantages.

* Only supports MMF
* Only offers SR10
* Cannot deliver LR, ER

* Not yet in production, MSA
just concluded

e Larger in size than CPAK

* Higher power dissipation
than CPAK

* Timing for supported
reaches (SR10, LR4, ER4) - ?

Cisco CPAK, the highest density, lowest power consuming 100G module available,

w/ complete portfolio of IEEE 100GBASE reaches
CPAK is shipping today on 5 Cisco platforms and is already deployed in customer networks




Relatlve Cost of Optics and Electronics

Putting Optics on the Same Path as Electronics

Time/Performance/Level of Integration
Electrical ICs o CMOS Photonics

Applying Moore’s Law to Optics

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public
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CMOS Photonics Circuit

Highly Integrated and Highly Repeatable in Performance and Production

Integrating over 32 optical elementsin a single CMOS chip
Wafer scale manufacturing
Wafer scale repeatability

BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public
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Compare the Power for 1Th/s
CMOS Photonicsis Bringing Downthe Power of Bandwidth

Power Dissipation for 1Tb/s

Cisco CPAK Provides the Industry’'s Most Efficient Bandwidth

’ /
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. Allrightsreserved.  Cisco Public Cisco {"/c'
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Cisco CPAK 100G Product Portfolio

Wide Range of High Density 100G Applications

O\

Multimode fibre, Ribbon
Single mode fibre, duplex

100GBASE-SR10

Single mode fibre Ribbon

100GBASE-LR4

10x10G BASE-LR

PAK D10 R4

100GBASE-ER4

10m 100m 150m 300m 2km 10km 40km 80km
Max. Distance

Max Pow er

Cisco Product ID IEEE Standard Compliance Dissipation REET) Fibre Type Optical Connector

100GBASE-SR10
<100m OM3

CPAK-100G-SR10 2X 40GBASE-SR4 MPO-24
<150m Om4

10x 10GBASE-SR
CPAK-100G-LR4 100GBASE-LR4 < 10km Duplex SC
CPAK-10x10G-LR 10x 10GBASE-LR < 10km MPO-24
CPAK-100G-ER4 100GBASE-ER4 <40km Duplex SC

BRKOPT-2116 © 2015 Gessa——s
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CPAK-100G-LR4

KEY

LD = Laser Diode *CDR = Clock & Data Recovery
*PD = Photo Diode *TOSA=Transmitter Optical SubAssembly
«Mod. = Modulator +TOSA=Transmitter Optical SubAssembly

+TIA = Translmpedance Amplifier

OIF-VSR28
Electrical
Inerface

RX

x 100G-LR4

FEATURES
IEEE 100GE Compliance
Interoperates with other 100GBASE-LR4 module
CFP & CFP2

Low power CMOS Photonics TOSA
CMOS Photonic Integrated Modulators/Mux
CMOS CDR on each channel

Supports DOM

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public

TOSA enabled by Cisco’s
CMOS Photonics
Technology

Key Specs CPAK100G-LR4
Standard 100GBASE-LR4
Connector Duplex SC
Reach < 10km
Fibre Single Mode Fibre
Max Power Consumption <6.75W
Wi <5

CiscollVT/
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IR,

100GE: CPAK-100G Portfolio Leveraging Silicon Photonics

Key Specs CPAK100G- Key Specs CPAK100G-ER4

Standard 10GBASE-LR
Connector MPO-24

Reach <10 km

Fibre Single Mode

Power Consumption <5W

Features Configurable to runin 10x10GLR or

2X(4x10GLR) mode, 2 lanes per laser

Standard
Connector

Reach

Fibre
Power Consumption

Features

100GBASE-ER4
SC
<40 km

Single Mode
<7.5W
Up to 40 km reach on SMF

Key Specs CPAK100G-LR4 Key Specs CPAK100G-SR10

Standard 100GBASE-LR4
Connector SC
Reach <10 km
Fibre Single Mode
Power Consumption <S7T5W
Features Up to 10 km reach on SMF

BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public

Standard
Connector
Reach

Fibre
Power Consumption
Features

100GBASE-SR10
MPO-24

OM3: =100 m
OM4: <150 m

Multi Mode
<45W

Configurable to runin 10x10GSR or
2x40GSR4 mode
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“Anyport” 100 Gb CPAK Line Card Solution

Breaking the Fixed-Port Paradigm with CPAK
One CPAK Line Card Can Support 100G, 40G & 10G

10G Ports
Router/ Switching

Platform

MPO-24 to 10x Duplex LC
SMF or MMF

40G Por
Router /S\(/)\nihmg % y SR10 10X10G-LR
Platform

MPO-24 to 2x MPO-12
SMF or MMF

Extend the investment of a single line card to manage migration from 10G

and 40G to 100G {
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public CiSCO lvc'
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CPAK to CFP2 Adapter

Allows you to take advantage of CMOS Photonicsin CFP2 platforms

« Will fitin CFP2 ports
* Allows CPAK modules to operate in CFP2 ports

* There are some differences that may affect
platforms

— Module will protrude further than CFP2 from face plate
— Timing of various function are different than MSA

’ /
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. Allrightsreserved.  Cisco Public Cisco {"/c:
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Typical Client Signal Reach Summary

100GBASE-ER4

100GBASE-CR10 100GBASE-SR10 o ONLY 100G
% A40GBASE-CR4 40GBASE-SR4 QSFP40G-BiDi 100GBASE-L R4 40Km
8 Copper Cable Parallel Fibre OM3/4 ONLY Multimode Fibre 40GBASE-LR4
g NEW IEEE 802.3bg
< Intra Office 2Km
ONLY
Copper Multi Mode Single Mode
CAMPUS
ND
DATAICENTRE 0
L 1-10m 10Km
2 S# drect 26/82/300m 10GBASE-LR
a3 (OM1/2/3)
Q 15m 40Km
15 abling) 220m 10GBASE-ER

100m 10GBASE-LRM 300m {r /
BRKOPT-2116 © 2015 Cisco and/ﬁ&ﬂﬁ?@%@%ﬂl rightsreserved. Cisco Public 10GBASE-L X4 CISCO l‘/c!
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Inter-DC Connectivity in the Cloud-era
More than DCI

= Enterprise Data Centre inter-connect
Ent DC1 Ent DC2 = Enterprise Data Centre to Provider Data Centre

= Provider Data Centre to Provider Data Centre

“DCI” with varying EGN
requirements:
— Multiple 100G needs

— Higher Density Interconnectin
metro

— Intra DC architecture extend
beyond metro

’ /
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. Allrightsreserved.  Cisco Public Cisco ("/c:
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100G Technology

Coherent Detection

Direct Detection
— Must correct forimpairments in the physical domain (insert DCU'’s)

— Forcedto live with non-correctable impairments via network design (limit distance, regenerate,
adjust channel spacing)

— Dumb detection (OOK), no Digital Signal Processing, only FEC

DCU DCU

D — (S e — T —

Regen

Coherent Detection
— Moves impairment correction from the optical domain into the digital domain

— Allows for digital correction of impairments (powerful DSP) vs. physical correction of impairments
(DCU’s). Addsadvanced FEC.

— Massive performance improvements over Direct Detection. — —
[ ﬁ

z /
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100G DWDM Optics — CP-DQPSK

Coherent Detection and Post-Processing
100G PM-OPSK — Atand / or exceeds 10Gig System Performance

0 e 0" “10° —r— “o0°
e
25Gbi/s } 1n-phase {: ) " + A
QPSK1 Modulator o o o o1 Four mutually
25Gbis Quadrature S0Gb/s S0Gb/s Orthogonal
mmmm)»> 100 Gb/s = 25 Gbaud .

(“independent”)

| 25Gbis Lin-phase
QPSKZ Modulator B ;
i0 Signal signals allow to

25Gh/ Q drat )
bis ___TQuadrature Processing recover the four bits

- ? | Laserg i1 [ﬁical 1 transmitted in each
s

symbol, if linear signal

Linear _ _ :
tem processing is applied
* 40G Lessons Learned * RX Laser serves as Local Oscillator to provide a polarisation and

— No standard implementation; Multiple Mod phase reference
Schemes — ODB, CS-RZ,DPSK, DQPSK, « Coherent receiver with Signal Processing:

PM-QPSK, DRZ, etc... . .
Q * Synchronises to carrier frequency and phase

+ 100Gig « Compensates CD and PMD
— Industry consolidation around common «  Benfits: ~3bB better noise tolerance _
modulation _
— Use for 40/100G transmission ~2x distance; {}
+ Can compensate for huge amount of

, . , _ , Dispersion (>200x more tha convetions
BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public
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100G Coherent

Dramatic Performance

..........................................................
¢¢¢¢¢¢¢¢

CD { Mean PMD {  Network
Robustness i { Robustness i Reach

10G T-XFP %»
[gg“ B 5
40G Coherent @m 3000 km

100G Coherent @

10G MLSE

.
‘a
--------------------

* * *
.
------------------------------------------------

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public CISCO&WI
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High Speed Client Implementations

Interface Independent Functionality

* |P-over-DWDM

— Pre-FEC error threshold is monitored
directly by router

— RP initiates fast re-route based on internal

trigger directly from PLIM

* Gray Client - Ethernet

— Pre-FEC error threshold is monitored by
transponder

— Ethernet trigger is generated by
transponder and sent to router which
initiates fast re-route

* Gray Client - OTN

— Pre-FEC error threshold is monitored by
transponder

— OTN PF-FDI trigger is generated by
transponder and sent to router which
initiates fast re-route

— OTN interface monitors end-to-end path

BRKOPT-2116

© 2015 Cisco and/oritsaffiliates. All rightsreserved.

IP-over-DWDM

Router

—
=
pu 4

FEC

Cisco Public

_h-

Ethernet
Client

Ethernet
Trigger

IR

OTN
Client

OTN
Trigger

T ransp(znde r
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The WDM Promise of Slllcon Photonlcs
100G DPQPSK Measuren

DP-QPSK Eye =I5 Opportunistic evaluation.
Power Dissipation <1W \ Lot of room forimprovement
including drive circuits L with optimised ICs

7 o ]
5 1:0E-04 § 0.0 } } ==

1.0E-05 %

1.0E-06 8 o

1.0E-07 4— | 1.0

OSNR[dB/0.1 nm] CD [ps/nm]

B-t-B Measurements @ 100Gbps OSNR Penalty of SiP wrt LINbO3

BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public
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Obijectives for = 100Gb/s

« Costreduction
* Increased system density
* OSNR performance improvement(=100Gb/s)

« Spectral efficiency
— reach optimised interfaces
— capacity optimised interfaces
— flexible wavelength assignment (flex spectrum)
— optimised channel spacing
— cross-talk compensation between channels

z /
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Line Interfaces — What's Next?

Higher data rates
— 200G, 400G, 1T

Channel Flex

Need to investigate other modulation techniques
— PM-16QAM, PM-64QAM, .... or CO-OFDM
— All come at the expense of reduced distance

Need deeperlook at FEC
— Softdecision FEC

Spectral Efficiency
— Staying within the current fixed 50GHz grid is challenging !
— Dynamic bandwidth filters (Flex spectrum ROAM technology)

z /
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Network Today

NPU Transponder DWDM

10GE/40GE/100GE 10G/40G/100G DWDM 50Ghz/100Ghz
interfaces interfaces DWDM systems

Ethernet MAC/PCS layer fixed at 10G, 100G , 400G

Modulation Scheme options limited to PM-QPSK ( for 100G )

Transponders tied to a single 100G PM-QPSK modulated output

Fixed Grid DWDM systems allow 50Ghz OR 100Ghz channels Cisco {"/c'/

BRKOPT-2116 © 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public
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What is Channel Flex?

Flexible, efficientand dynamic mapping of packet services to optical
transport

NPU Transponder DWDM

Superchannels

Flex MAC Flex Mod
Flexible nx6G/25G 50G/100G/200G DWDM

interconnects interfaces , /
BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public CiSCO [{‘/60
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Flex Spectrum DWDM Architecture

FlexSpectrum DW DM system
Today s 50GHz Grid System

le e q q |
k 1

| 50GHz I 50GHz | 50GHz | {
BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public CiSCO ‘Vc’
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Flex Spectrum

The ability to combine arbitrary continuous slices of C-Band spectrum to form
a larger channel.

As perITU-T G.694.1 flexible DWDM grid, Channels have a :

Nominal central frequency (in THz) defined by :

193.1 + n x 0.00625where n is a positive or negative integerincluding 0 and 0.00625 is the nominal central
frequency granularity in THz

Slot width defined by:

12.5 x m where mis a positiveintegerand 12.5 is the slot width granularity in GHz.

< 875 GHz - 875 GHz > 50 GHz > 50 GHz >
( n=-1,m=7 T n=13, m=7 T—Qr-lm 4\(—32 :W
| LI | 7 =T | L | LI | =TT | f | l |i l '| |
© © © © © © © © ©
w w w w w = w w w
= L] — - ] ) L] LN ] L]
on w L] oo ] o =] ]
L] = —_ on on on

-] n P

wn on
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Flex Mod

Transponders supports Nyquist shaping and software configurable modulation
*I°E B

N 50G PM-BPSK —

QQ..

I \
, ‘ g Q » .
I !

28 Gbaud/s
Nyquist shaped

Q0 0 0
O o Bl o Jg o
L 00 0
Q0 0 0

»r
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Reach and Capacity Relationship
New DSP with 80-WXC: 80x 50G |
@ 50GHz
4Thl/s per fibre pair i F— Spectrl Effciency [bwaiz) .
Over 6,000Km Unregenerat®t || ew-ersx - . ' '
33.3 - - Values of A f [GHz]
00 i I 12 _— j;-?) ’ 20 24 "
Today capabilities with 80-WXC: New DSP with 80-WXC: 80x
8Th/s per fibre pair | | | 16Tb/s per fibre pair

o comer,oi000Km Unregenerated, 800 to 1,000Km Unregenerated
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FlexSpectrum and Capacity Relationships

From 4Tb/s to 6Tb/s per fibre M H From 16Tb/s to 24Th/s
Moving from 50GHz to 33GHz Moving from 50GHz to
ChS SpaC|ng dd d . Specatral Efficiency4[bt/s/Hz] ) 33(37HZ ChS SpaC|ng
i 5; PM BP'SK ". - ' ' ?
—_— g L5 3] 1. - " ﬂueuolAl[GHz}
. L %j&*?z’ Sf:,// .
= 2000 o 02-.,', 29735‘( ) :.:. o -
200 _‘lt L lé 112 ey 1”‘%5] 2‘0 é * 28
From 8Tb/s to 12Thb/s per fibre H
Moving from 50GHz to 33GHz

h ing — <coll [
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DSP Evolution - —
A Track Record of Silicon Innovation Digitﬂ|

Equaliser
paPsSK- NG

-

50/100/200/250G
100G Receive side compensation
Receive side compensation Transmit Signal Processing+ DAC
UFEC 2" Generation SD-FEC

’ /
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Next Generation Flex Mode: Filling The Gaps

Relative
capacity to
: larity with diff
25G Granularity with different rates
BPSK BPEK BRSK BRSK BPEK BPSK BRSK 05
Tsme s wr B P ey (e ¥ B 0.75
’ 14 » . . . 4
AAL L ) . .
R e - - OFsK i
- m - » e '
Ll >d Pobdanan
¢\ - . 3 JAM OFSK 105
e
.- . .,
l - 1RCAM 5 16 CIAM 15
o roam
1RO 160N 1.75
-
1GCAM 16CIAM 16 CTAM 16 M 1B0AM 1GCIAM 16N 2.0
. . - 0 1E0AM 160AM 1BGAM 16CAM 225
Capanwy [Thw|
1RCHAM 16CAM BN 25
- 275
16048 AETaT AT
3.0

. v
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Flex MAC

Flex MAC was designedto provide the following:

» Ability to adapt the data rate of the line interface to meet the available performance of
the DWDM layer

« Allow for channel rate definitions outside the stringent hierarchies defined today in the
ITU and IEEE without the need of LAG (Data Rate must be within capabilities of
Network Processing Unit - NPU)

» Allow for hitless reconfiguration of Service channels

MAC
Flex MAC | Reconciliation | Flex MAC “BIP
cGMII 100Gb/s Media Independent Inte - AM insertion insertion > Physical Lane
ane Multiplexer
i i Scrambler \
Vit Physical Coding Sub Layer Flex MAC . BIP_
Lall'lre:a 5Gb)’s Granularity AM insertion insertion
PMVIA Physical Coding Sub Layer (20:10 / 10:4)
10{:n';:y' CAUI - 100Gb/s Attachment Unit Interface (10.3Gb/s per Lane) Physical Lane
. . Flex MAC BIP / Multiplexer
PMD Physical Media Dependent y : g . .
| | AM insertion insertion
MDI Media Dependent Interface

Optical Medium
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Client Interfaces — What’s Next?

High density low cost 100G — QSFP28 (FF)
100G single lane optics — (lower cost) (SiPH w/advance modulation)

400Gb/s
— Challenge — cost points

Continued investment in higher speed. Cant just go parrallell, hence advance modulation

We need keep interfaces narrow (like 10G) to get lower cost

Will have to follow patterns of LH for cost reasons with advanced mod

S m—— N o 7-{ e ] . :—
B cen e g MR e [ ]
e |
= 200G:LR16 |~PNT'-D : !
T — o = T LS L o | |
Sk e

A FPossiDle A00 GEh/S Architecturs
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Agenda

* Trends / Introduction
* 40GE & 100GE Standards
* 40GE Transceivers and Cables

 100GE Transceivers and
Cables

* Impactof 40GE & 100GE on
DC Fabric

* 40GE & 100GE and beyond
Inter DC consideration

e Summary

z /
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Summary — Technology

40G is mainstream — cost points of 10G (40GE BiDi)

High density 100G will become mainstream (industry focus)
— QSFP28

— Advanced modulation

— SiPh

— High 100G will be enabling for core and access

400G
— FlecMAC
— Advanced modulation

Optimised system interconnects on the horizon
— optical backplane, embedded, diss- agreagtion of components etc..

z /
BRKOPT-2116 © 2015 Cisco and/or itsaffiliates. All rightsreserved. Cisco Public CISCO [{‘/60
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Summary - Trends

 Transition infrastructure to duplex fibre for lower overall cost
- Balance choice of optics with cost, reach, power and packaging
* Move to high speed opticsin the DC fabric improves application performance

« CMOS photonics enables enable new generation of SM optics (CPAK) and
beyond

* Move to SM backbone in DC will require low cost short reach SM optics

 Evolution of high speed optics will enable flexible bandwidth, increased system
performance, drive network architecture and facilities consideration

 Cisco continuesto invest and lead the industry in optics innovation to drive to
lower cost structure.

»
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Deployment Consideration

Multimode OMS3 duplex fibre for:
 <100m links, for 40G* and 100G
* No change from the current 10G fibre infrastructure

Multimode OM4+ duplex fibre** for:
« 100-150mlinks, for 40G and 100G

Single mode duplex fibre for:
« >150mlinks, for 40G and 100G

BiDi innovation enables dual fibre forward and backward compatibility for high
speed interfaces on MMF

*125m supported

** New version of OM4 fibre for 150m (. /
© 2015 Cisco and/oritsaffiliates. All rightsreserved. Cisco Public CISCO ‘Vc’
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Complete Your Online Session Evaluation

Give us your feedback and receive a
Cisco Live 2015 T-Shirt!

Complete your Overall Event Survey and 5 Session
Evaluations.

* Directly from your mobile device on the Cisco Live
Mobile App

By visiting the Cisco Live Mobile Site
http://showcase.genie-connect.com/cimelbourne2015
* Visitany Cisco Live Internet Station located

throughout the venue Learn online with Cisco Live!

Visit us online after the conference for full
T-Shirts can be collected in the World of Solutions accessto sessionvideos and
on Friday 20 March 12:00pm - 2:00pm presentations. www.CiscoLive APAC.com

»
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