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CMOS Scaling

SC^2*S^2Global Interconnect delay (Rin*Cint*lint^2)

1/SIntrinsic Gate delay

SCGlobal Interconnect length (lint)

1Local Interconnect delay (Rint*Cint*ltoc^2)

1/SLocal Interconnect length (ltoc)

S^2RC constant per unit length (Rint*Cint)

1Capacitance per unit length (Cint)

S^2Resistance per unit length (Rint)

1/SCross-Section (Wint, Hint, Wsp,tox)

S = Scale Factor (Technology)       SC = Chip Size Scale



Introduction

• CMOS = Scalability

• From 1um to 45nm -> 20 fold (S=20)
– Global Interconnect delay 400 

times slower

– Gate delay 20 times faster

– (Global Interconnect / Gate delay)  
8000 times slower

• Wires now cross-coupled
– Higher than wide

– Closer to each other than to ground
– Capacity depends on neighbor 

switching (Miller number)
Source: Intel

90nm

.5um



Short Conclusion

• CMOS still scalable for local scenario
– Short wires
– Transistors

• Long wires don’t scale
– Introduced problem of scale

• Long wire / short wire = 100000
• Different Solution needed

– Timing driven integrated place and route for local
– Packet Switched Network for Global
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Determinism

• From “ deterministic”

• Meaning:
The next state can be predicted based on 
the last state and given input



System Determinism

• By Construction:
– Time Division Multiplexing or Circuit switched 

Network guarantees clock cycle determinism 
by construction

• By Cognition:
– Adaptive Network Information System guarantees 

“Quality Of Service” determinism by traffic 
simulation and scheduling techniques



Physical Problems of Scale

• Aluminum and Copper

• Crosscoupling

• Processor Speed and ASIC speed

• Block versus global speed

• EDA solutions

• Network-On-Chip



Aluminum and Copper

• Resistance of wires no factor in beginning
– Aluminum was perfect interconnect material

• With scaling, resistance increased
– Passed driver resistance

– Signal degradation

• Copper replaced Aluminum
– Significant cost (more complex process)

• Resistance in 65nm again significant



Cross Coupling

• Wires significantly higher than wide

• Closer to each other than to ground

• ->Cross-Capacity significantly higher then 
Ground Capacity

• Coupling Noise = Cross-cap / Ground-cap

• Coupling Noise depending on neighbor 
switching
– Miller number



Processor versus ASIC Speed

• Processor and ASIC used to be similar 
speed (e.g. 25MHz)

• Today Processors are 3+GHz

• ASIC’s run around 200MHz

• ASIC getting in trouble
– Lost one order of speed advantage
– Lost power advantage

– Huge development disadvantage



Block versus Global Speed

• Local blocks (“ IP’s” ) have scaled well
– Can often run >1GHz

• Mature design methodology
• Timing driving, integrated Synthesis / Layout

• Global Interconnect is the bottleneck
– Many, long wires

– Fan-out / Multiplexors
– Unpredictable, inflexible

– Not synthesizable, automated



EDA Solutions for Block Level

• Design and quantization

• Simulation and Modeling

• Entry, Control and Dataflow synthesis

• Hardware implementation, RTL synthesis

• Physical Implementation

• Verification

• Test



Network-On-Chip for Global Level

• Self contained packet-based
• No global control or arbitration
• No broadcast
• Point-to-Point connections
• Short, single fan-out wires
• Each connection fully independent
• Fully Pipelined
• Distributed switch fabric



System Scale

• Global Control and Arbitration

• Algorithmic Depth

• Determinism

• Determinism of the Interconnect

• Quality of Service (QoS)

• Development cost up, component 
price down



Packet-Based Network

• Self-contained Packets

• Local Arbitration

• Determinism through QoS

• Flexibility in (re-)design process



Scale in Real Life

• Kitchen, living room and commute
– 20 Seconds walk from living room to kitchen
– 30 Minute drive to work, one day to walk
– Startup cost 2 minutes

• California and Europe
– Cost for 24 hours (return-)flight: $1000.-
– Cost for 4 week car drive: >>$10000.-

• Driving to Europe, 747 to living room
– Utilize NoC in the proper scenario 



Summary

• Busses across the Ocean
– Slow, expensive and risky

– Great to be deterministic in the waves but I’d 
rather get there by Friday

• Quality of Service
– Guaranteed Throughput

– Low Latency
– High Bandwidth, best effort

• Scalability restored



Conclusion

• Scalable, future proof NoC offers
– QoS determinism
– Standard IP socket formats
– Physical Timing de-emphasis
– Wire efficiency (higher speed, less wires)
– Signal Integrity (less, shorter wires, spacing)
– Power consumption (less switching)
– Power Modes (power down, voltage islands)
– Opportunity for yield, reliability enhancement 

(less wires, redundant, dynamic routing, graceful 
degradation)

– Supports asynchronous operation - GALS


