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Challenges and Opportunities 

• Smart Electronic Systems – all around us  

• Progress through bulk CMOS - Moore’s law 

• After Moore’s law – Architecture and 
Materials  

• Business challenges 

• Opportunity   

• The future 
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Front row at the Royal Wedding 
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Quite a small crowd 

UK 
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UN Population estimates 

30 : 30  
Medium case estimate 
30% growth in 30 years 
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Smart Electronic Systems - all around us 
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In the fabric of our everyday life…. 
 

 

 

 

 

 

 

 

 

 

 

….. Now and even more in future 
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Smart Device Acceleration 
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Source: Gartner Q1 2012 Forecast 
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The Cost of Data Transmission 

• 4G modem ~500x more complex than 2G 
– Control processor 

– Dedicated data processing engines 

– More silicon area 

– More power consumed 

 
0 200 400 600

4G

3.9G LTE

3G

2G



Professors & Heads of 
Mechanical & 

Manufacturing Engineering 

Fixed power budget 
 

Today 11% Growth 

mWh  6,000 14,000 

1 day 475mW 1095mW 

3 day 159mW 365mW 

~ 6Wh 
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Nature still the best engineer 
 

Today 11% Growth 

mWh  6,000 14,000 

1 day 475mW 1095mW 

3 day 159mW 365mW 

4.5 kCal 30g 

255 kCal 49g 
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Challenge: Implementation Complexity 

• ARM7TDMI 
– 74K transistors 

– 4.2 mm2 in 0.5µm technology 

– 3 corners, 1 voltage domain 

 

 ARM Cortex-A9 MP Dual Core 

 >20M transistors 

 3.4 mm2 in 28nm technology 

 12+ corners, 3 voltage domains 



Professors & Heads of 
Mechanical & 

Manufacturing Engineering 

4 hours encoding 

ARM1 (1985) 

2min 55s encoding 

ARM Cortex-A9 (today) 

2 min 55s video 

Source: ARM estimates 

Challenge: Implementation Complexity 

http://wiki.emea.arm.com/pub/ARMopedia/ARM1/arm_gds.jpg
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Digital: Anywhere and Everywhere 

0.1mm2 

Processor Size 
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Solar Panel Size to Power Processor 

 

 

Source: ARM,  Ambiq Semiconductor 
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Can’t rely on Moore’s Law 

?nm 

Source: IBM Microelectronics, IBM, IC Insights 
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It’s all about the System 

Low power leadership requires a holistic approach 

 

Integrating and optimizing solutions…… 

• Compression technologies to reduce 
 memory power 

• System caches and snoop filters in  
coherent interconnects 

• Processor physical implementation  
solutions and advanced implementation flows 

• Efficient micro-architecture design 

• Intelligent software management of resources 

 



Moving to Heterogeneous Multi-core 
Little: ARM Cortex-A7 Pipeline 

• Focused on energy efficiency 

• 8-11 Stages, in-order, limited dual-issue 

 

Big: ARM Cortex-A15 Pipeline 

• Focused on efficient peak performance 

• 15+ Stages, out-of-order, multi-issue 
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The right Processor for each job 
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Cortex-A15 MPCore 

L2 Cache 

CPU 
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L2 Cache 
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Energy Efficient Chip Design 
• Designing systems-on-chip for low-power 

– Smart interconnect and system components balance the demands of 
multiple asymmetric processors with widely differing memory 
requirements 

– Smart physical IP implementation for desired balance of power, area, 
size and yield 
 

 
 

 

 

 

Memories and Interconnect 
 Reduce memory bandwidth 
 System cashing 

 

 

 

Big.LITTLE Processing 

Processor Optimization Pack 
 Optimized physical IP for processor 

and  
foundry process 

 

 

 

Interface 
 Integrated DDR PHY 
 Low power operating modes 
 Architected for low power 

 

 

 

Power Management 
 Components for low power 

implementation 
 Multi-voltage characterization 
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Beyond architecture and system design 

• Packaging 

• Structures 

• Materials 
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Beyond architecture and system design 

• Packaging 

• Structures 

• Materials 
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A few Business Challenges 

• Getting the skills 

• Dichotomy of Innovation & Scale 

• Collaboration and Competition 
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This position has to be taken seriously with regard to global academic performance and must have correlation with the curriculum, teaching and 

examination system.  Is this situation symptomatic of too much change and political influence?  Is there scope to de-couple education and politics?  

Promoting the value of STEM careers – shortages of STEM skills affect the entire country.  It is in everyone’s interest to address this and industry 

and Government must accept the challenge facing the country.  Industry already works closely with its local communities and there is a willingness 

to do more, however, it is vital that industry initiative is supported by Government and key stakeholders to address this priority area. 

Remain a subject of continued debate and complaint where employer feedback criticises the quality of the output from Higher Education (HE) in 

relation to academic rigour, in particular Science, Technology, Engineering and Mathematics (STEM) capability.  In addition there are concerns in 

relation to employability and work readiness. 

 

Between 2002 and 2008 a 47% decline in students registering for electrical and electronic engineering resulted in the electronics industry 

responding by developing the UKESF programme to reverse this trend but also the overall quality and output of the HE process.  The programme is 

industry led and was developed by the NMI, Semta, BIS and industrial partners to address the problems outlined. 

 

The chart below illustrates the fall in students studying Electrical and Electronic degrees between 2002 and 2008 (source UCAS 2011)3.  It is also 

worth indicating that that other subjects, especially Computer Science are equally important. 

 Skills 
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Semiconductor Investment 
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Investment volatility 
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Not for the faint hearted… 



  Electronic Systems Enterprises 

 

 

 

 

 

 
 Electronic Systems employs 435k people in 30k ES Enterprises 

 ~50% of employment is in 250 companies with ave. size of 1,180 
 Nationally only 22% of employment is in 250+ category 

 These are very successful ES businesses! 

 ~80% of ES Enterprises are <10 employees 

 These a tremendous growth opportunity for the ES Sector 

 

UK Industry structure 
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Dichotomy of Innovation & Scale 
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ARM’s Licensing Model 
Business Development / Segment Marketing 
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ARM Partner

/OEM 
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r 
Base of circa 100 licenses 

Grows by 80-100 every year 
 

Approx 330 potential  
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9 bn ARM-based chips in 2012 

25% CAGR over last 5 years 
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Industry collaboration essential 

Connectivity 
Choice 

Interoperability Trust 
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UN Population estimates 

30 : 30  
Medium case estimate 
30% growth in 30 years 
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Food: we are  running out of room 

Image courtesy of Jonathon Foley, Uni. Of Minnesota 

Data from UMN Global Landscapes Initiative (GLI) 
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Water is our rarest commodity 

From USGS data 
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Energy – Cheaper to be efficient 
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Ageing population, growing problem 

39 

Potential support ratio (PSR): world, 1950-2050 

Source: World Population Ageing 1950-2050,  United 
Nations 
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What is already out there? 
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Future 
What 

• Continued Innovation in Electronic Systems 
• New materials and microstructures 
• More software for flexibility and cost 

How 
• Skills and retraining required 
• Multidisciplinary Engineering collaboration 
• Collaboration between businesses 
• Standardisation & reuse 
• Global outlook 

Why 
• Huge opportunity for this technology to address big 

societal challenges and make the world better  
 


