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Moore’s Law Continues To HoldMoore’s Law Continues To Hold
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• Integration capacity exceeding >1BT next decade•• Integration capacity exceeding >1BT next decadeIntegration capacity exceeding >1BT next decade



Silicon Integration Providing Greater 
End-User Value

Silicon Integration Providing Greater 
End-User Value

• More transistors/area: enables substantial system-o n-chip 
integration opportunities

•• More transistors/area: enables substantial systemMore transistors/area: enables substantial system --onon --chip chip 
integration opportunitiesintegration opportunities
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Challenges: On-chip Interconnect PerformanceChallenges: OnChallenges: On --chip Interconnect Performancechip Interconnect Performance

•• RC/RC/mmmmmmmmm increases 40m increases 40 --60% per generation60% per generation
•• Local interconnects scale with technology Local interconnects scale with technology 
•• Global wires not scalingGlobal wires not scaling

Source: ITRS Gate delay (FO4)
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•• Significant variation in IOFF (hence FSignificant variation in IOFF (hence F maxmax spread)spread)

•• Worsening with process scalingWorsening with process scaling

•• Excess leakage dies: lack in robustnessExcess leakage dies: lack in robustness

•• Low leakage dies: overLow leakage dies: over --designed for robustnessdesigned for robustness

Challenges: Process Variation ToleranceChallenges: Process Variation Tolerance

Fast corner

(180nm CMOS, 110�¶�¶�¶�¶C)
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Challenges: Functionality with High LeakageChallenges: Functionality with High LeakageChallenges: Functionality with High Leakage

SubSub --32nm active leakage tolerance:32nm active leakage tolerance:
•• Cache, RF, Arrays, Bitlines most affectedCache, RF, Arrays, Bitlines most affected
•• Keeper sizes > 50% of pulldown strengthKeeper sizes > 50% of pulldown strength
•• High contention High contention ��� ���� � degraded performancedegraded performance
•• Slow keeper shutoff Slow keeper shutoff ��� ���� � high shorthigh short --circuit powercircuit power
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0

0.4

0.8

1.2

1.6 Sub-45nm

K
ee

pe
r 

/ p
ul

ld
ow

n 
ra

tio



8

Challenges: On-Die Temperature VariationsChallenges: On-Die Temperature Variations
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Parallelism: MultiParallelism: Multi --core for energy efficiencycore for energy efficiency

Why MultiWhy Multi--Core?Core?
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Special-purpose HW AcceleratorsSpecial-purpose HW Accelerators

� DSP functions are more throughput-oriented
� Amenable for parallelism and pipelining

� Better power-performance optimization
� Optimal partitioning of tasks between general- purpo se 

processor, DSP and dedicated engines

�� DSP functions are more throughputDSP functions are more throughput --orientedoriented
�� Amenable for parallelism and pipeliningAmenable for parallelism and pipelining

�� BBetter poweretter power --performance optimizationperformance optimization
�� Optimal partitioning of tasks between generalOptimal partitioning of tasks between general -- purpose purpose 

processor, DSP and dedicated enginesprocessor, DSP and dedicated engines
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Ultra low voltage circuitsUltra low voltage circuits

1.2V 1.0V 0.8V
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MPEG4/H.264 Video Coding AcceleratorMPEG4/H.264 Video Coding Accelerator
65nm Motion Estimation Engine

Media Center PCMedia Center PC

� 8-pixel Sum-of-Absolute Difference Engine

- Accelerates critical motion-estimation operation in  video encoding

� Novel redundant-binary 4:2 compressor

- 20% delay, 16% energy improvement vs. standard desi gns

� 1080p H.264 real-time processing @ 60mW

Output FIFO Input FIFO Clock Generator 

I/O Control Motion Estimation Engine 

+&&���,--./�0&&��0��1-2
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Accelerator OrganizationAccelerator Organization

� On-die special-purpose motion estimation  accelerator for high-
performance mobile processors

� Performance/power critical algorithm for real-time video encoding 
workloads
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UltraUltra --Low Voltage IssuesLow Voltage Issues

� Degraded on/off currents at low supplies
� Static droop at circuit nodes

� Largest impact on flip-flops, multiplexers, deep stack logic and 
series transmission gates

Conventional 
Flip-Flop

65nm CMOS, 50°C
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UltraUltra --Low Voltage Optimized MultiplexersLow Voltage Optimized Multiplexers

� Wide multiplexers converted to stages of 2:1 
� Up to 3X reduction in worst-case static droop

Encoded 4:1

One-hot 4:1

65nm CMOS, 50°C

Ultra low voltage optimizations ��� � 1% area, 1% power 
and 2% performance penalty at nominal operation
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Frequency and Power MeasurementsFrequency and Power Measurements

� 2.055GHz, 48mW at 1.2V, 50°C
- 43GOPS/Watt (1OP = Complete 8 pixel pair SAD)

� Scalable performance up to 2.4GHz at 1.4V, 50°C

1

101

103

104

102

10-2 

10-1

1

101

102

0.2 0.4 0.6 0.8 1.0 1.2 1.4

65nm CMOS, 50°C

M
ax

im
um

 F
re

qu
en

cy
 (

M
H

z)

T
ot

al
 P

ow
er

 (
m

W
)

Supply Voltage (V)



19

EnergyEnergy --Efficiency MeasurementsEfficiency Measurements

� Wide operating range: 1.4V–230mV (Subthreshold)
� Active leakage = 1.6mW at 1.2V (3% of total power)

Peak energy-efficiency of 411GOPS/Watt at 320mV 
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SummarySummary

� Tera-scale challenges:
� Energy-efficiency GOPS/Watt
� On-chip Interconnect performance
� Process variation tolerance
� Functionality at high leakage
� Hot-spots and temperature variation

� Solutions:
� Parallelism
� Low Voltage operation

�� TeraTera--scale challenges:scale challenges:
�� EnergyEnergy --efficiency GOPS/Wattefficiency GOPS/Watt
�� OnOn--chip Interconnect performancechip Interconnect performance
�� Process variation toleranceProcess variation tolerance
�� Functionality at high leakageFunctionality at high leakage
�� HotHot --spots and temperature variationspots and temperature variation

�� Solutions:Solutions:
�� ParallelismParallelism
�� Low Voltage operationLow Voltage operation
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