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Parallelism  means communications: 
Amdahl’s balanced system law 

1 byte/sec communications per flop/sec performance 
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- cloud computing
- about equal performance as a supercomputer
- communications: ~ 0.1 byte/sec per flop/sec (serve another purpose)
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Sources: 
DARPA/IPTO study, by Peter Kogge, et. al.: http://www.nd.edu/~kogge/reports.html
Alan Benner (IBM), Key note at IEEE Winter Topical Meeting Mallorca (2010)

Parallelism implies data-transport: between cores, bet ween chips, 
between boards, between racks, between clusters, betwe en DCs

Optical interconnects: use optics for data-transport
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Alan Benner (IBM), IEEE winter topicals (2010)
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Blazar (Molex/Luxtera)
Bandwidth 40 Gbps (4 x 10 Gbps)
DFB  and silicon photonic modulators
Up to 4000 m
1490 nm
Single mode fiber
QSFP Connector
~19.5 pJ/bit

Paralight (Tyco electronics)
Bandwidth 40 Gbps (4 x 10 Gbps)
VCSEL + direct modulation
Up to 100 m
850 nm
Mutli mode fiber
QSFP Connector
~ 15 pJ/bit

Target price structure: ~ 0.17 $/Gbps (in volume)

Application: HPCs 
and data-centers
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Optical  10 Gigabit Ethernet port                     
(XFP + single mode fiber)

Power dissipation 2 Watts/inch 2

Optical Gigabit Ethernet port                     
(SFP + multimode fiber) 

Electronic Gigabit Ethernet port                     
(RJ45 + Cat 5) 

Optical  10 Gigabit Ethernet port                     
(XFP + single mode fiber) 
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• Shannon:  Error-free communications requires suffic ient signal-to-noise ratio (SNR)

• Fundamental limit - based on conservation of entropy  (2nd law of thermodynamics)

• Optical channels versus electrical channels

- noise spectral density is higher for optics than e lectronics *

optical receivers  need 15dB more signal power than the electrical ones (10 GHz @ 1550 nm)**

- electrical channels have more propagation losses
optical fiber < 0.2 db/km, electrical losses in copper traces in FR4: ~ 0.5 db/cm (@ 10 GHz)

*  B. M. Oliver, "Thermal and Quantum Noise“, Proce edings of the IEEE, pp. 436-454, 1965
** D. Neilson. IEEE Winter Topical meeting Mallorca  (2010)

Claude Shannon (1916-2001)
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Package-to-Package electronic interconnect
470 Gbps (47x10Gbps) ribbon cable (Intel) 

Jaussi et al (Intel)  EPEPS (2010)

Best reported optical interconnect channels: 9.7 pJ /bit *

Lower bound optical interconnect 0.1-0.2 pJ/bit  (f or idealistic system @ BER 10 -9)

10 Gbps

Clint Chow et al, Proc. OFC, postdeadline paper, Los  Angeles, (2011)

������ �!� optical interconnects need “distance”
�"���#�����������#��������������	$�%
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Electronic connector
TE Connectivity Strade Whisper connector

Throughput: 48 x 25 Gbps
Bandwidth denstiy: 2.4 Gbps/mm2

Optical connector
72 channel MT ferule (6 x12 channels)

Bandwidth denstiy:  257 Gbps/mm2

(for 25 Gbps channels)

Comparable cost structure in terms of  Gbps/(Area*$)

Images TE connectivity
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Source: ITRS

• CPU carrier connected to board via metallic pins
- For communications and power

• Hard limit to the number of pins (ITRS: 3420 signal  pins by 2022)

• ITRS roadmap: 230 TB/s off-chip I/O in 2022; or 67. 5 Gigabit/s per pin ���� not sustainable

• In future, more pins for power, which means less pi ns for communications
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Bandwidth densityPower efficiency

$
Gbps

mW Area
=

× ×
Figure of Merit 

for fixed  
channel length 
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COBRA Eindhoven – Electro-Optical 
Communications group (ECO)

• Small 120 Gbps transceiver
19 Gbps/mm2

scalable
low power < 10 pJ/bit
density and power limited by electronics

• 3D die-stacking of III-V on CMOS
wire-bonding but in nearby future lithography 

• Short distances  
low costs
850 nm VCSELs and PD arrays
multimode fiber 

• Application: board-to-board or rack-to-rack     
communications

CPU-Memory (DIMM) interconnect

• Packaging strategy
collaboration with TE Connectivity
thermal dissipation essential

3.8 mm

1.8 mm

VCSEL array: 500 micrometer x 3 mm  

3D die-stacking of III-V on CMOS (top view ) 
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ASML
Equipment

TE (Tyco) Connectivity
Active optical cable assembles
Packaging
Connectors 
Circuits  (Via Zarlink: VCSEL/PS arrays and CMOS driver circuits)

Philips
Philips – ULM: VCSELS/PD arrays
MiPlaza

Anteryon
Lenses 

Draka
Optical fiber 

Users
Genexis (fiber-to-the-home modules)
Many Data Center companies


