
COPYRIGHT © 2014 ALCATEL-LUCENT. ALL RIGHTS RESERVED.  

 

EVOLUTION OF ETHERNET SPEEDS  

WHATõS NEW AND WHATõS NEXT 

Greg Hankins <greg.hankins@alcatel-lucent.com> 

RONOG 1 

òHere is more rough stuff on 

the ALTO ALOHA network.ó    

Memo sent by Bob Metcalfe on 

May 22, 1973. 

RONOG 1 2014/10/29 



2 

COPYRIGHT © 2014 ALCATEL-LUCENT. ALL RIGHTS RESERVED.  

 

AGENDA 

1. Ethernet Speed Evolution  

2. Whatõs Next: 2.5 GE, 5 GE, 25 GE and 50 GE 

3. Whatõs New: 40 GE 

4. Whatõs New: 100 GE 

5. Whatõs Next: 400 GE 
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ETHERNET SPEED EVOLUTION OVER 40+ YEARS 

EACH EVOLUTION DELIVERS HIGHER SPEEDS AND/OR LOWER COSTS PER BIT 

 Speed Name Year 

2.94 Mb/s Ethernet Invented!  1973 

10 Mb/s Ethernet II (DIX) 1982 

10 Mb/s IEEE 802.3 1983 

100 Mb/s IEEE 802.3u 1995 

1 Gb/s  IEEE 802.3z 1998 

2.5 Gb/s MGBASE-T Soon 

5 Gb/s MGBASE-T Soon 

10 Gb/s  IEEE 802.3ae 2002 

25 Gb/s IEEE 802.3?? ~2016  

25 Gb/s 25G-50G Specification  Soon 

50 Gb/s 25G-50G Specification  Soon 

40 Gb/s IEEE 802.3ba 2010 

100 Gb/s IEEE 802.3ba 2010 

400 Gb/s IEEE 802.3bs ~2017 

New Interfaces 

New Speeds 
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Ethernet  

Standards 
 

Å802.3 25 Gb/s Ethernet Study Group  

ÅP802.3bm 40 Gb/s and 100 Gb/s Operation Over Fiber Optic Cables Task Force  

ÅP802.3bq 40GBASE-T Task Force  

ÅP802.3bs 400 Gb/s Ethernet Task Force  

Ethernet MSAs 

and 

Consortiums  

Å10x10: 2 km, 10 km, 40 km 100 GE 

ÅPSM4: 500 m 100 GE 

ÅCWDM4: 2 km 100 GE 

ÅCLR4: 2 km 100 GE 

ÅOpenOptics: 2+ km 100 GE 

ÅMGBASE-T Alliance:  

  2.5 GE and 5 GE 

Å25 Gigabit Ethernet Consortium:  

  25 GE and 50 GE 

 

Pluggable 

Module 

MSAs 

Next-generation form factors  

ÅCFP MSA: CFP4 (100 GE) 

ÅSFF Committee: SFP28 (25 GE), QSFP28 (100 GE) 

ÅCDFP MSA: CDFP (400 GE) 

Component 

Standards 
 

Electrical signaling from ASICs to pluggable modules 

Å25 Gb/s (CEI-28G-VSR) 

Å50 Gb/s (CEI-56G-VSR) 

KEY INDUSTRY DEVELOPMENTS FOR THE NEXT COUPLE OF YEAR 

MAKING ETHERNET FASTER AND CHEAPER 

SFF Committee  

òMSAó means Multi source Agreement.  

100G PSM4 MSA  

CWDM4 MSA Group  

OpenOptics MSA 
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2.5/5 GE Applications  (Soon) 

ÅCat 5/6e  

25/50 GE Applications (~2016)  

ÅData Center Access 

ÅServer NICs 

40 GE Applications  

ÅData Center Aggregation and Core 

ÅData Center Access 

ÅServer NICs 

ÅMetro Core 

100 GE Applications  

ÅService Provider Aggregation and Core 

ÅData Center Core 

ÅMetro Core 

400 GE Applications (~2017)  

ÅService Provider Core 

ÅLarge Data Center Core 

ÅLarge Metro Core 

ETHERNET TARGET APPLICATIONS 

KEY APPLICATION DRIVERS 

40 

GE 

40 

GE 

100 

GE 

100 

GE 

400 

GE 

100 

GE 

400 

GE 

100 

GE 

400 

GE 

100 

GE 

400 

GE 100 

GE 

400 

GE 

100 

GE 

400 

GE 

25/50    

GE 

40 

GE 

25/50    

GE 

40 

GE 

25/50    

GE 
40 

GE 

25/50    

GE 
2.5/5    

GE 
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MPO CABLE ASSEMBLIES 

HIGH DENSITY RIBBON FIBER CABLING 

Å40 GE and 100 GE short reach pluggable modules use a multifiber  push on 

(MPO) cable assembly to interconnect network devices  

­ Also called MTP by US Conec 

ÅWidely available in a variety of high density multimode fiber (MMF) and 

single-mode fiber (SMF) cabling options for data centers  

­ MPO to MPO 

­ MPO cassette for patch panels with into LC, SC, etc  

­ Keyed connectors maintain correct transmit/receive orientation  

Å40GBASE-SR4 uses a 12-fiber OM3 or OM4 MMF MPO cable 

­ 8 fibers used, left 4 for transmit and right 4 for receive  

­ 4 middle fibers are unused  

Å100GBASE-SR10 uses a 24-fiber OM3 or OM4 MMF MPO cable 

­ 20 fibers used, top middle 10 for receive and bottom middle 10 for transmit  

­ 2 fibers on each end are unused 

12-Fiber MPO Cable Connector 

100GBASE-SR10 CXP 

10 x Transmit 

10 x Receive 
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WHY LOWER SPEEDS? 

Å2.5 GE and 5 GE 

­ Enabling the large installed base of Cat 5e/6 UTP 

cabling to support new applications  

­ 802.11ac wireless capable of multiple Gb/s 

throughput needs faster Ethernet  

­ 10GBASE-T has limited distance on existing 

cabling 

Å25 GE and 50 GE 

­ Single 25 Gb/s lane preferred over 40 GEõs 4 x 10 

Gb/s lanes in hardware design  

­ Maximizes ports and bandwidth in ToR switch 

front panel: 48 -port 25 GE + 4-port 100 GE (or 4 x 

25 GE) 

­ Lower cost of SFP28 compared to QSFP+ 
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LOWER SPEED ETHERNET DEVELOPMENTS 

 
MGBASE-T  

Alliance  

25 Gigabit  

Ethernet Consortium  

IEEE 802.3 25 Gb/s  

Ethernet Study Group  

Media Cat 5e/6 UTP 

Backplane 

Twinax Copper  

Active Optical Cable? 

1 m Backplane 

3 m and 5 m Twinax Copper 

70 m OM3 and 100 m OM4 MMF 

Signaling (Gb/s) 
2.5 GE: 2 x 1.25 

5 GE: 4 x 1.25 

25 GE: 1 x 25 

50 GE: 2 x 25 
1 x 25 

Founded June 2014 July 2014 September 2014 

Supporters  Broadcom 
Arista, Broadcom, Brocade, Google, 

Mellanox, Microsoft  
Industry 

More  

Information  

http://www.broadcom.com/support/

MGBaseT/ 

http://www.25gethernet.org/  

 

http://www.ieee802.org/3/25GSG/pu

blic/index.html  

http://www.broadcom.com/support/MGBaseT/
http://www.broadcom.com/support/MGBaseT/
http://www.25gethernet.org/
http://www.ieee802.org/3/25GSG/public/index.html
http://www.ieee802.org/3/25GSG/public/index.html
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40 GB/S QSFP+ MODULES OVERVIEW 

QUAD SMALL FORM-FACTOR PLUGGABLE+ 

ÅCreated for high density interfaces primarily short reach 

interfaces for data center applications  

­ Small compact form factor enables low power consumption and 

high density 

­ Also used for longer reach 40 GE 

ÅUsed for a variety of Ethernet, Fibre Channel and InfiniBand 

applications  

­ 40 GE uses 4 x 10 Gb/s bidirectional channels  

ÅSupports a variety of copper and fiber 40 GE interfaces  

­ Breakout from 40 GE to 4 x 10 GE 

ÅSame faceplate size as an XFP but slightly shorter 

 

40GBASE-LR4 

40GBASE-SR4 

Images courtesy of Finisar. 
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Data Center Server and Access  

40 GE to 4 x 10 GE Breakout  

Aggregation and Core  

Native 40 GE  

Physical  

Layer Reach 

10 m  

Passive Copper Cable 

100 m  

OM3/OM4  

7 m  

Passive Copper Cable 

100 m OM3/  

150 m OM4 

10 km  

SMF 

Pluggable 

Module 

10GSFP+Cu 10GBASE-SR 40GBASE-CR4 40GBASE-SR4 40GBASE-LR4 

Media 

Integrated Twinax 

(QSFP+ to 4 x SFP+) 

Parallel MMF  

(12-Fiber MPO to 4 x Duplex LC) 

Integrated Twinax 

 (QSFP+ to QSFP+) 

Parallel MMF  

(12-Fiber MPO) 

Duplex SMF  

(LC) 

Standard 
July 2009 

SFF-8431 

June 2002 

IEEE 802.3ae 

June 2010  

IEEE 802.3ba 

June 2010  

IEEE 802.3ba 

June 2010                            

IEEE 802.3ba 

40 GBE QSFP+ PLUGGABLE MODULE SUPPORT 

40GBASE-SR4 and 40GBASE-LR4 QSFP+ images courtesy of Finisar. 
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40 GE TECHNOLOGY REFERENCE 

Physical  

Layer Reach 

1 m  

Backplane 

7 m  

Copper Cable 

30 m  

*TP 

100 m OM3 /  

150 m OM4 

2 km  

SMF 

10 km  

SMF 

40 km  

SMF 

Name 40GBASE-KR4 40GBASE-CR4 40GBASE-T 40GBASE-SR4 40GBASE-FR 40GBASE- LR4 40GBASE-ER4 

Standard 
June 2010  

IEEE 802.3ba 

June 2010 

IEEE 802.3ba 

September 2015 

IEEE 802.3bq 

June 2010 

IEEE 802.3ba 

March 2011 

IEEE 802.3bg 

June 2010 

IEEE 802.3ba 

March 2015 

IEEE 802.3bm 

Electrical 

Signaling (Gb/s) 
4 x 10 4 x 10 4 x 10 4 x 10 4 x 10 4 x 10 4 x 10 

Media  

Signaling (Gb/s) 
4 x 10 4 x 10 4 x 10 

4 x 10  

850 nm 

1 x 40 

1310 nm (RX) 

1550 nm (TX, RX) 

4 x 10 

1310 nm Ʀs 

4 x 10 

1310 nm Ʀs 

Media Type Backplane Twinax 
Cat 8.1 F/UTP? 

Cat 8.2 S/FTP? 

Parallel MMF  

(12-Fiber MPO) 
Duplex SMF Duplex SMF Duplex SMF 

Module Type  Backplane QSFP+ 
RJ45?, GG45?, 

TERA? 
CFP, QSFP+ CFP CFP, QSFP+ QSFP+ 

Market 

Availability  

No Known 

Development 
2010 2015+ 2010 2012 

CFP 2010 

QSFP+ 2011 
2015 



14 

COPYRIGHT © 2014 ALCATEL-LUCENT. ALL RIGHTS RESERVED.  

 

AGENDA 

1. Ethernet Speed Evolution 

2. Whatõs Next: 2.5 GE, 5 GE, 25 GE and 50 GE 

3. Whatõs New: 40 GE 

4. Whatõs New: 100 GE 

5. Whatõs Next: 400 GE 



15 

COPYRIGHT © 2014 ALCATEL-LUCENT. ALL RIGHTS RESERVED.  

 

CXP 
C (100)  

X 

Pluggable  

CFP 
C (100)  

Form-Factor  

Pluggable  

CFP2 
C (100)  

Form-Factor  

Pluggable 2  

ÅDesigned for high-density short reach 

applications  

­ Small compact form factor limits 

distance to MMF interfaces 

ÅUsed for 100GBASE-SR10 and 

InfiniBand 12X QDR 

­ Provides 12 bidirectional channels over 

24 parallel fibers  

­ 100 GE uses 10 of the 12 channels 

ÅSlightly wider and shorter than an 

XFP (27 mm wide x 45 mm long) 

ÅNew module optimized for 100 GE 

long reach applications, but also used 

for short reach applications  

ÅUsed for IEEE Ethernet and 10x10 MSA 

standards 

ÅComplex electrical gearbox and 

optical components need a large 

module 

­ Long reach modules contain an 

integrated WDM component for duplex 

SMF transmission 

ÅLarge size and power consumption 

limits front panel density  

ÅLarger than an iPhone 4                 

(82 mm wide x 145 mm long)  

Å2nd generation 100 GE module 

ÅOptional external universal gearbox 

can convert electrical signaling so 

that all current IEEE and MSA 100 GE 

standards can be supported in the 

CFP2 module 

ÅSmaller size and lower cost, 

complexity and power consumption 

than the CFP 

ÅApproximately ½ the width of a CFP 

(41.5 mm wide x 107.5 mm long)  

 

100 GE PLUGGABLE MODULES OVERVIEW 

Images courtesy of Finisar. 
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1st Generation 100 GE  

10 x 10 Gb/s Electrical and 4 x 25 Gb/s Optical  

2nd Generation 100 GE  

4 x 25 Gb/s Electrical and Optical  

1ST GENERATION VS 2ND GENERATION 100 GE SIGNALING 

10 Gb/s Electrical Signaling and    

10:4 Gearbox Adds Complexity,    

Cost, Space, and Consumes Power 

Diagram source: http://grouper.ieee.org/groups/802/3/ba/public/jul08/cole_03_0708.pdf  
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100 m OM3 / 150 m OM4  10 km SMF 40 km SMF 

Pluggable 

Module 

100GBASE-SR10 CXP 100GBASE-SR10 CFP2 100GBASE-SR10 CFP 10x10-10km CFP 100GBASE-LR4 CFP 100GBASE-LR4 CFP2 10x10-40km CFP 100GBASE-ER4 CFP 

Media 

Parallel MMF 

(24-Fiber MPO) 

Parallel MMF 

(24-Fiber MPO) 

Parallel MMF 

(24-Fiber MPO) 

Duplex SMF  

(LC) 

Duplex SMF 

 (LC) 

Duplex SMF 

 (LC) 

Duplex SMF 

 (LC) 

Duplex SMF 

 (LC) 

Standard 
June 2010  

IEEE 802.3ba 

June 2010  

IEEE 802.3ba 

June 2010  

IEEE 802.3ba 

August 2011            

10x10 MSA 

June 2010  

IEEE 802.3ba 

June 2010  

IEEE 802.3ba 

August 2011           

10x10 MSA 

June 2010                            

IEEE 802.3ba 

Electrical 

Signaling (Gb/s) 
10 x 10 10 x 10 10 x 10 10 x 10 10 x 10 4 x 25 10 x 10 10 x 10 

Optical  

Signaling (Gb/s) 

10 x 10 

850 nm 

10 x 10 

850 nm 

10 x 10 

850 nm 

10 x 10 

1550 nm Ʀs 

4 x 25 

1310 nm Ʀs 

4 x 25 

1310 nm Ʀs 

10 x 10 

1550 nm Ʀs 

4 x 25 

1310 nm Ʀs 

Maximum Power 

Consumption (W)  
3.5 TBD 12 19 20 TBD TBD 26 

100 GE PLUGGABLE MODULE SUPPORT 

Images courtesy of Finisar. 
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1st Generation  2nd Generation  

Market Availability  2010 2010 2014 2014 2015 

Approximate Module 

Dimensions   

(Length x Width to 

Scale) 

Front Panel Density  

(1 RU) 
 4 Ports  12 Ports 8  Ports 22/44 Ports 16/32 Ports 

Electrical Signaling 

(Gb/s) 
10 x 10 CAUI-10 10 x 10 CPPI 

10 x 10 CAUI-101                 

4 x 25 CAUI-4 
4 x 25 CAUI-4 4 x 25 CAUI-4 

Media MMF, SMF Twinax, MMF MMF, SMF MMF, SMF MMF, SMF 

Power Consumption  

(W) 

< 24 W (100GBASE-LR4) 

< 20 W (2nd Generation CFP) 
 < 6 W (100GBASE-SR10) < 12 W (100GBASE-LR4) < 3.5 W (100GBASE-SR10) < 6 W (100GBASE-LR4) 

Industry Standard 

Modules 

CFP (82 mm Wide) CXP (27 mm Wide) CFP2 (41.5 mm Wide) QSFP28 (18.35 mm Wide) CFP4 (21.7 mm Wide) 

Cisco Proprietary 

Module 

CPAK (34.84 mm Wide) 

100 GE PLUGGABLE MODULE EVOLUTION 

EACH MODULE INCREASES DENSITY, WHILE REDUCING COST AND POWER 

Pluggable module availability and capacity is based on industry developments,  

and are not a product roadmap commitment.  

1 Subject to market  

availability.  
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CFP vs. iPhone 4s 

100 GE MODULE EVOLUTION 

GRAPHICAL VIEW OF MODULE FORM FACTORS 

CFP 
CFP2 

CFP4 

CXP vs. iPhone 4s 

CFP2 vs. iPhone 4s 

Diagrams courtesy of the CFP MSA. 
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CFP MODULE EVOLUTION FOR 100 GE AND 400 GE 

HIGHER DENSITY CAGES AND FRONT PANEL DENSITY 

 

CFP2                            

8 Ports Per Card     

Front Panel Density 

CFP4                            

16 Ports Per Card    

Front Panel Density 

Diagrams courtesy of the CFP MSA. 


