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Data Center Trends
Transceiver, Server, Switch, Fiber Type, and
Cable Distance
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Server Access Switch Speed Migration

32 QSFP Ports
can be configured to support

25GbE, 40GbE, or 100GbE

etworkLocaton 20—t Jam

Mega Cloud server access 10 GE — 40 GE 40 GE — 25/50 GE 25/50 GE — 50/100 GE
Tier 2/3 Cloud serveraccess 1GE — 10GE 10 GE — 25 GE 25 GE — 50 GE
Enterprise server access 1GE - 10GE 1GE — 10GE 10 GE — 25 GE

* |ncreased server access switch data rates demand
higher data rate uplinks —40/100/200/400G DELLORO %

Group
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Server and Switch Trends

Percent of Server Shipments

Server Shipments Data Center Ethernet Switch Revenue

Enterprise

Revenue in $ Bilions =
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40/100/400G Switch Port Transition

Volume
A

3
2016 ' 2017 | 2018 ' 2019 ' 2020 | 2021 !

100G includes 4x25G, 400G includes 8x50G and 4x100G
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Speed Migration on Servers — Total Market

Speed Adoption on Servers — Total Market

£0 Gigabit Ethernet
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Speed Migration on Servers — Cloud Market
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Enterprise Only

| 2004 | 2005 | 2006 | 2007 | 2008 | 2000 | 2010 | 2011 | 2012 | 2013 | 2014
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Enterprise and Hyperscale
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OM3 System Length

System Length
Product Manufactured 01/2014-12/2016
50% 1 Trunk, 40% 2nd Trunk, 10% 3rd Trunk
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OM4 System Length

System Length (OM4)
Product Manufactured 01/2014-12/2016
50% 1 Trunk, 40% 2nd Trunk, 10% 3rd Trunk
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Single-Mode Enterprise

1400 - System Length (SM-without Hyperscale) r 120.00%
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Single-Mode Hyperscale

Hyperscale System Length (0S2)
Product Manufactured 01/2014-12/2016
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Data Center Fabrics
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Data Center Logical Data Flow

LAN
Core Switch
" " SAN Switc
”/ \l..
o Sthemet Edge Switch
‘ .
Fiber Channel
Ethernet Fiber Channel
I \
P | Storage
B OM4 Cable
B Twinax Cable
Server
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40GbE Port Roadmap

Physical Medium Dependent Sublayers for 40GbE

PMD Name Electrical Reach Medium Date
Interface to Standard
Optical Module Ratified
40GBASE-CR4 | Not Applicable 7m Twinax 2010
40GBASE-SR4 | XLAUI / XLPPI 100/150 m | OM3/OM4 2010
40GBASE-LR4 | XLAUI / XLPPI 10 km 0S1/0S2 2010
40GBASE-FR XLAUI 2 km 0S1/0S2 2011
40GBASE-ER4 | XLAUI 40 km 0S1/0S2 2015
40GBASE-T Not Applicable 30m Cat 8 2016
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40GeSR4 — Extended Reach Parallel Optics

* 40G eSR4 Parallel Optics Extended Reach
- OM3/OM4.
o 300 m /400 m (Standard Assumptions)
o 330 m /550 m (Corning Connectivity)

« Corning collaborated with FIT (Avago) to verify
the QSFP+ eSR4 modules met link distance
specifications for 40G Ethernet applications

— Internal testing demonstrated 1250m+ with
random transceiver and OM4 fiber

oBeAy :201n0g

« Commercially available now
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40G BiDi MMF Transmission

Electrical Optical
\ )
4 fibers T
L@ 850 nm

\

QSFP
A0GBASE-SR4 p—

|

4 x10G Optical [ | 4fiberskx

p ) @ 850 nm
S

LC-Duplex Cable

Each at 10G

717

4 Tx/Rx Lanes

/

MTP* Cable Used b . )
Standard :ocebssszlut)i'ons Electrical Optlca |
N e
1fiber

Tx Aland Rx A2
e

\

Performance
*  Duplex OM3/OM4/OM5 LC Connectivity/Polarity

» QSFP Transceiver Form Factor (3.5w)
+ Up to 100/200/200m on OM3/OM4/OM5
* Tap Modules Available

!

QSFP
40GBASE-SR-BD
2 x 20G Optical 1 fiber

Rx Aland Tx A2

| 1T1T

Each at 10G

4 Tx/Rx Lanes

|
[
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40G Duplex OM3/0M4/0OM5 SWDM Transmission

« 40G SWDM QSFP transceiver
« 4x10G WDM 4

» Distance:
+ OM3/OM4/0OM5: 240/350/440m
* Expected Commercial Availability: 2017

« SWDM Manufacturers
* Finisar and Lumentum

Source: sWDM Alliance

-
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High Level Differences Between SR4 and
BiDi/SWDM

LC Duplex Cable
..,m"'\ 2F BiDi/SWDM -

e >

MPO Connector
~ 8/12F MPO
. L

100G GbE QSFP
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100GbE Port Roadmap

PMD Name Electrical Reach Medium Date
Interface Standard
to Optical Ratified
Module

100GBASE-CR10 | N/A 7m Twinax 2010

100GBASE-SR10 | CAUI-10 100/150 m OM3/0M4 2010

100GBASE-LR4 CAUI-10 10 km 0S1/0S2 2010

100GBASE-ER4 CAUI-10 40 km 0S1/0S2 2010

100GBASE-CR4 N/A 5m Twinax 2014

100GBASE-SR4 CAUI-4 70/100 m OM3/0M4 2015

100GBASE-LR4 CAUI-4 10 km 0S1/0S2 2015

20:LBICSI é’é _

CONFERENCE & EXHIBITION

SEPTEMBER 24-28 | LAS VEGAS, NV

aouel||y Jauiey)g :924n0S



802.3bm 100GBASE-SR4 Guidance

©IEEE
» |dentical Parallel Optical Lane Assignments to 40GBASE-SR4

» |dentical 8F MPO Connectivity for 40GBASE-SR4 and 100GBASE-
SR4

« 24F MPO Connectivity not Compatible
« Eight OM3 or OM4 Multimode Fiber Compatible

Tx: T T Tx Rx Rx Rx Rx _ TX Tx Tx Tx Rx Rx Rx RXx
OOC OO0 0CO0O0O0O00O0O0O _ QOO OO0 OO OO0O0OO0O

Figure 95-7—100GBASE-SR4 optical lane assignments Figure 86-6—40GBASE-SR4 optical lane assignments
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802.3bm 100GBASE-SR4 Guidance
e 8orl12F MPO @lEEE

e Maximum link distance is based on an allocation of 1.5
dB total connection

* The loss of a single connection shall not exceed 0.75 dB

* The maximum discrete reflectance shall be =< -20 dB

Keyway

Cles=]e) | -
12F MPO 12F MPO Transceiver Interface

Figure 95-8—MPO female plug with flat interface and MDI

and 802.3a 2017 B I cs I %ﬂég
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Extended Link eSR4
QSFP28 - 100GBASE-eSR4 Type MMF Transceiver

. Identical build standard to 100G QSFP28 SR4

+ 300m (200m) target OM4 (OM3) MMF
transmission

« FEC per IEEE 802.3bm for both SR4 and eSR4
- 4x25.78Gb/s VCSEL TOSA/ ROSA s
*  Operating temperature 0°C to 70°C

+  3.0W max power consumption (CDRs on)
Compliant to QSFP28 MSAs,
*  Technology scalable to 25GE SFP28 eSR |

Source FIT
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100G BiDi MMF Transmission

Performance

Duplex OM3/OM4/OM5 LC Connectivity/Polarity
2x50G PAM4 or 2x20G NRZ
850nm/900nm wavelengths

FEC Integrated into Transceiver

QSFP Transceiver Form Factor Up to 70/100/150m on 100GE PAM4 BiDi
OM3/0OM4/0M5 In QSFP28

Backward compatible with 40G BiDi Source FIT
Available late 2017

el cva—
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100G Duplex OM3/0M4/0OMS5 SWDM Transmission

« 100G SWDM QSFP transceiver 4
.« 4x25G WDM */
* Distance:
« OM3/OM4/OM5: 75/100/150m . .;'
+ Expected Commercial Availability: 2017 % (’

« SWDM Manufacturers
* Finisar and Lumentum

Source: sWDM Alliance

-
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100G SM Activity

» |EEE failed to acquire 75% membership approval for
a 100G SM short reach (500m to 2km) variant

» Proprietary Alliance/MSA Activities

 Data Center Focus 4x25G l

+ CWDM4 MSA
* 1310nm, 4x25G cWDM4 7 oM
« 500m — 2km — QsrPes

* PSM4 MSA l
4x25G

 1310nm and 1550nm 4x25G parallel
e =<500m

Source FIT
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IEEE 802.3 25 Gb/s Ethernet

e 802.3by Task Group TOR
- ToR to Server interconnect focus 256 serdes
- 25G Obijectives:
* MMF at least 100m (2F) 48-port 256 4-port 1006
« Twinax at least 3m and 5m A
- Standard completed July 2016 L
: Server

e 802.3cc Task Group
 ToR to Server interconnect and Carrier focus
- 25G Objectives |
» SM at least 10km (2F) r
» SM at least 40km (2F) sever RS 1
- Estimated Standard completion October 2017 3

g Ed INO-HeaIg

i . i i Source: IEEE 802.3 Call For Interest — 25Gb/s Ethernet over a
AOC, Pluggable Transceiver Modules and Twinax Will be Primary Server single lane for server interconnect — July 2014 San Diego

Interconnect Method

-
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IEEE 802.3bs 400G Ethernet Task Force

e Study Group Adopted November 2013

— 400G Objectives:
« Atleast 100 m over MMF
+ Atleast 500 m over SMF
» Atleast 2 km over SMF
» Atleast 10 km over SMF

e Hyperscale Data Center Focus

e |EEE 802.3bs 400G Task Force Approved March 2014

— Expected standard completion date: December 2017

2017BICS) ?Zé’

CONFERENCE & EXHIBITION

SEPTEMBER 24-28 | LAS VEGAS, NV




400G MMF Variants

e First Generation Standards Guidance 32F Parallel
Optics (2017)
- 400GBASE-SR16
- Tx 16x25G and Rx 16x25G (NRZ)
- 32F MPO Connector, Double Array
- Minimal traction expected with AOC primary use

2x16 format

e (Pending) Second Generation Expected to Utilize

8F Parallel Optics with WDM (2019)

- Tx4x100G and Rx 4x100G
- Two wavelengths at 25Gbaud PAM4
- Four wavelengths at 25Gbaud NRZ

- 8/12F MPO Connector Source: USConec

- Deployed as pluggable module / embedded optics for core to edge
uplinks

1x12 or 8
format
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IEEE 802.3bs adopts 200G SM

200Gb/s PHYs
+ SMF at least 2km (2F)
+ 200GBASE-FR4

* SMF at least 10km (2F)
« 200GBASE-LR4

* SMF at least 500m (8F)
 200GBASE-DR4

50G PAM4 Modulation

Optical Recelver
MTP" Connector

Optical Transmitter
MTP Connector

Fiber Position

Optical Transmitter

MTP Connector

Fiber Position

Optical Recelver
MTP Connector

200G SMF Parallel 4x50G (PAM4)
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400G SMF Variants

« Atleast 500m - 8F Parallel Optics
« 400GBASE-DR4
 Tx4x100G and Rx 4x100G (50Gbaud PAM4)
« 8F or 12F MPO Connector

« Atleast 2km - 2F Serial Optics

WDM Lane Assignments

Lane Center -I:;lequency Center Wavelength | Wavelength Range
+ 400GBASE-FR8 : i o

LO 2354 1273.55 1272.55 to 1274.54

« 8x50G WDM (25GbaUd PAM4) L1 234.6 1277.89 1276.89 to 1278.89

L2 233.8 1282.26 1281.25 to 1283.28

2F LC ConneCtor L3 233.0 1286.66 1285.65 to 1287.69

o At |eaSt 1 Okm - 2F Serial Opt|CS L4 231.4 1295.56 1294.53 to 1296.59

L5 230.6 1300.05 1299.02 to 1301.09

¢ 400GBASE_LR8 L6 2298 1304.58 1303.54 to 1305.63

e 8x50G WDM (25Gbaud PAM4) L7 229.0 1309.14 1308.09 to 1310.19
° 2F LC Connector 14-16 January 2015 6 Finisar

« 200/400G SM Connector RL Requirements : MPO: -45 dB, LC : -35 dB

2017BICS| 722
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400G Pluggable Modules

« QSFP-DD and OSFP

« 32 ports per 1U line card

* 100/200G breakout capability
* Module power 10-12w
 MPO or LC Connector

« MM and SM Capable . -5
« 2018-2019 Availability Micro-LC

2x 200G CWDM 4 )
QSFP-DD/OSFP

I |
N N N | |

32 OSFP or 32 QSFP-DD Ports
128 Th / 1U
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Multi-Level Encoding 50G (PAM4)
MMF and SMF

* Non-Return to Zero (NRZ) NRZ (PAM-2)
» Typical modulation method to 25G at 1 bit / symbol
 Electrical channel loss and noise issues at =>25G
« Two amplitude levels
« Potential MMF VCSEL NRZ limit

. Pulse Amplitude Modulation (PAM4)

Evolving systems increase the amount of information
(bits) sent with each symbol

« Requires more complex transceivers

* Doubles the BW with 2 bits/symbol

* Four amplitude levels

* 4-6 dBo optical penalty
* FEC power gain compensates
» Extends MMF VCSEL lifecycle
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PAM4 ASIC: 100G Module Implementation Example

50G PAM4 Each
A

4
Lane FEC PAM =
CAUI Encod output :
RX e

4*25G
CAUI-4
Electrical

2 A 100G
Optical

XX PAM ASIC

Interface

4

e

Lane FEC bspP
CAUI Decod

ADC &

CDR

\\TX

2017
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IEEE 802.3cd 50/100/200G Task Force

» 50Gb/s « 200 Gb/s
- MMF at least 100m (2F) * MMF at least 100m (8F)
« 50GBASE-SR - 25Gbaud PAM4 « 200GBASE-SR4 — 25Gbaud PAM4
- SMF at least 2km (2F)
- 50GBASE-FR - 25Gbaud PAM4 &3
- SMF at least 10km (2F) QFP2 - G
- 50GBASE-LR — 25Gbaud PAM4 P il Ty
* 100 Gbrs, 00000000000
- MMF at least 100m (4F) LA T 654 3L
- 100GBASE-SR2 — 25Gbaud PAM4 QPR3 47
« 25Gbaud PAM4 _—
- SMF at least 500 m (2F &
2r) 060000000080

* 100GBASE-DR - 50Gbaud PAM4

Source: Brocade
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Ethernet Speed Roadmap

r

. . -

2015 — 100GBASE-SR4  2017— S00GBASE-SR16
100 m on OM4 100 m on OM4

400G 2010 — 1 () !
— 100GBASE-SR10 ~d 20197
v 150 m on OM4 . T malm
= 100G @—-@ ==} 2000mase.sn4
D =4 SOGBASE-SR
- 406G 2002 — ‘ O L 4 100 m on OM4
- 10GBASE-SR O
Q 300 m on OM3 2010 2016
Q 10G » O 40GBASE-SR4 2SGBASE-SR
(& 150 m on OM4 100 m on OM4
wn
> 1995 —
= 1G 100BASE-FX Qmm
— Skm : 10008ASE -SX
on OM2 550 m on OM2
100M T
1990 2000 2010 2020

Standard Completed

Q) Ethernst Speed () Speed in Development

Possible Future Speed
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Ethernet Speed Roadmap

4 N
- - - - - - L
20177 — 400OGBASE-LRn
500, 2km, and 10km
4006 ! 2010 — —
~~ 100GBASE -LR4 20145 —
W 10mm 100GBASE -OWOM4
:',5 100 G | @ @ 100GBASE-CLR4
~’ 40G 2002 > ( ) Fe U
L. 10GBASE-LR — Not IEEE Standard
Q 106m 2010 — 2014
" LOGBASE-LR4 <014 -
2 10G Q 1‘_"5*&5 - 100GBASE -PSM4
J—T A.If‘! v : S00m on parafiel SMF
e Not IEEE Standard
> m _—
1G ! 2011 —
L= 199 _ O 10X10 MSA
- 1008BASE-LX 2,10 and 40km
Skm Not EEE Standard
100M O
1990 2000 2010 2020
Standard Completed
() Ethernet Speed () Speed in Development Possibie Future Speed
Cal )

. . . P
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Fiber Channel Speed Roadmap

., =
Naming (Mbytes/s) (Gbaud) Technically Availability
Complete (Year)* (Year)*
200 1996 1997

1GFC 1.0625
2GFC 400 2125 2000 2001
4GFC 200 425 2003 2005
8GFC 1,600 85 2006 2008
16GFC 3,200 14.025 2009 2011

FC 32GFC 6,400 28.05 2013 2016

~~ 128GFC 25,600 4X28.05 2014 2016
B4GFC 12,800 56.1 2017 2019
256GFC 51,200 4X56.1 2017 2019
128GFC 25,600 TBD 2020 Market Demand
256GFC 51,200 TBD 2023 Market Demand
512GFC 102,400 TBD 2026 Market Demand
1TFC 204,800 TBD 2029 Market Demand

= - - -
ce: FCIA Speedmap v20 2017 B I cs I %ﬂég
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FC-PI7 64G / 256G Obijectives

e Backward compatibility to 32GFC and 16GFC
Same external connectors as present connector

- LC and SFP+ for 64GFC

- MPO and QSFP356 for 256GFC
Distances

- 100m on OM4 cables for 64GFC (2F)

- 10km on SMF cables for 64GFC (2F)

= 100m on OM4 cables for 256GFC (8F parallel)

- 2km on SMF cables for 256GFC (8F parallel, 2F WDM)
PAM4 multi-level encoding (28 GBaud (56GFC))
Server virtualization and flash storage require higher FC data rates

Standard Completion 2018
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Server Virtualization Drives Higher Data Rates

* Multiple applications run in parallel on one server.
» Increases utilization efficiency from < 20% to >70%

NP
+ CPU cores (4,8,18..28) LK m Voono

& SOL  Application Servers  E-mail File Print

— Typical Enterprise / Hyperscale server:4-12 c

— Typical HPC server: 18-28 cores
» Typical 2-3GHz/core
* Increased Memory (6-12 TB) '
+ PCle2: 8 lanes @ 5G 8b/10b

« PCle3: 16 lanes @ 8G 128b/130b
+ PCle4: 16 lanes @ 16G 128b/130b (2018)

Mare bandwidth

More aplications Moredata

More virtual machines  Multi-core pracessors More memory Faster PCle FasterSS0s

Drives utilization of high data rate optical connectivity
(40/100/400G) to support increased sever 1/O speeds
(10/25/50/100G)
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Switch ASIC Roadmap

100000 | BEanowiath (GO's)

25600
10000 . . 12800
6400
3200
1000 4 1000
400 400
100 '
100
Standard
Ratification <0
0 Server |10
1L
1956 2015 2020 2025

Source: Broadcom
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Ethernet Lane Speed Transition

Lane Speed 10Gbps 25Gbps 90Gbps 100Gbps

1X 10G 25G 50G 100G
2X — 50G 100G 200G
ax 40G 100G 200G 400G
8X — = 400G 800G

Availabilty 2011 2015 2018 (E) 2020 (E)

e

Source: Arista “" 4 Years % 3Years 2 Years +

2017BICS1 7~ l¥
CONFERENCE & EXHIBITION

SEPTEMBER 24-28 | LAS VEGAS, NV



Switch Silicon Manufacturing Status

Product | Bandwidth |  Serdes | Notes
Trident Il 128Tb 128x 10G Volume 40GbE
Tomahawk 32Tb 128x 256 Volume 100GbE
amahau g4Tp 2562236, sanclinenou
19Th 96x 10G
; 25Tb 100x 25G User programmable
Tofino family L ;
33T 132x 25G Edge-Core Networks building into Wedge switch
6510 260x 25G
Xpliant 32Tb 128x 256 Programmable, updateable Chosen by Arista, Brocade
Chinese semiconductor and white box vendor
Golden Gate 12Tb 96 x 106 ) )
Open Compute Switch Abstraction Layer
32Tb 128x 256
’ 64Tb 128 x 50G PAM4 First to announce switch with S50G PAM4 serdes
Teralynx family S 2
96Tb 192 x 50G PAM4 12 8 Th in single 16nm die Programmable

12.8Th 256 x 50G PAM4
=== ==

8" generation switch silicon

ectrum 32Tb 128x 25G
5 Support Open Ethernet Also offer complete switches

12Tb 96 x 106G Suppurting OCP spics

L XiTh 128 St - 10G switch shipping 6.4 Tb switch demo
6.4Th 256 x 256 (2 die
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Switch ASIC Environment

» Broadcom Tomahawk 3.2 Tb/s ASIC
- 128x25G SerDes lanes
— 7 Billion Transistors
- ~200W power dissipation

- 32x100G Ports, 128x25G ports,
64x50G ports
» Expected Industry ASIC Roadmap
- 3.2 Tb/s (25G per lane, 100G/port)
— 4.8Tb/s (25G per lane, 100G/port) Accton Switeh
— 6.4 Tb/s (25/50G per lane, 100G/port) Mok 25C
- 12.8 Tb/s (50/100G per lane, 400G/port

— 25.6 Tb/s (100G per lane, 800G/port)
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ACCTON 64x100G 2U Switch
(Tomahawk | 256x25G lanes)
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OIF CEI-56G Baseline Clauses

Technically stable documents (no TBDs) in early 2015

] — — CEI-56G-USR . NRZ baseline clause
— have been adopted for
3D Stack  2.5D Die-to-Die USR.
4 CEI-56G-XSR + NRZ & PAM4 baseline

Optics Chip

XSR: Chip to nearby optics  c|lauses have been

engine
Chip to Nearby OE L ameennerier,  Qdopfed for XSR.

CEI-56G-VSR

NRZ & PAM4 baseline

56G PAM4 Chip ':’ Optics st: fgiz;:f']"lﬁ‘::dor clauses have been
. 10-20dB loss @28 GHz dopted for VSR.
AL Chip-to-Module
— + PAMA4 baseline clause
Chip Chip CEI-56G-MR has been adopted for
- MR.
\Chip-to—Chip & Midplane Applications j
+ Baseline clause will be
- . PE-56G-1R adopted 2Q15.
Chip |, L "I Chip

Backplane or Passive Copper Cable OPTICAL
é OIF INTERNETWORKING
_ L roRU ,

. —
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Host Card Electrical Link

Electrical Link

Host ASIC

Host
PCB SEP
Traces Connector
SFP PCB
Traces
S |
Host i : = ®* Module SFP
IC Rx —{ Tx IC |e Retimer
BZ

Source: Brocade
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OIF CEI-112-VSR Electrical Chip to Module Interfaces — 56Gbaud
(PAM4)

Optical roddc

Host ASIC

Source: Arista

-

- - e
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Evolution of Optical Interconnects

3.2Tbps/6.4Tbps

Switch Ratinser® Retimed-Module
Legacy
* Required only on high loss channels >10 dB
6.4Tbps/12.8Tbps
Switch Retimel/OE PP Connector
12.8Tbps/28.8Tbps
OE
switch Connector S—
] ©n Board Fiber
Source: Corning Photonic Interposer
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Contact Info

CORNING | Telecom

Doug Coleman
800 17th Street NW
Hickory, NC 28601
828-901-5580
doug.coleman@corning.com
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