Challenges in the Microelectronics Systems Industry
(a personal view)
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Challenges and Opportunities

* Smart Electronic Systems — all around us
* Progress through bulk CMOS - Moore’s law

e After Moore’s law — Architecture and
Materials

* Business challenges
* Opportunity
* The future
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Quite a small crowd
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UN Population estimates
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Smart Electronic Systems - all around us
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In the fabric of our everyday life....
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Now and even more in future

PHEE Professors & Heads of l H
Mechanical & The Institution of

A forum for Academic Leaders in
Manufacturing Engineering Engineering and Technology

</ Electrical Engineering and Allied Technologies



Smart Connected Device Processors
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Smart Device Acceleration
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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
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Fixed power budget

Today 11% Growth

1 day 475mW 1095mW
3 day 159mW 365mW
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Nature still the best engineer

g n Today 11% Growth

1 day 475mW 1095mW
- 3 day 159mW 365mW
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Challenge: Implementation Complexity

ARM7TDMI = ARM Cortex-A9 MP Dual Core
— 74K transistors

— 4.2 mm?in 0.5um technology
— 3 corners, 1 voltage domain

= >20M transistors
= 3.4 mm?in 28nm technology
= 12+ corners, 3 voltage domains

PHEE

A forum for Academic Leaders in
#/ Electrical Engineering and Allied Technologies

Professors & Heads of l H
Mechanical & The Institution of

Manufacturing Engineering Engineering and Technology




Challenge: Implementation Complexity

2 min 55s video

U
The Architecture for the Digital Werld® pwemy

Launch the App

ARM Cortex-A9 (today)

tI

Source: ARM estimates
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http://wiki.emea.arm.com/pub/ARMopedia/ARM1/arm_gds.jpg

Digital: Anywhere and Everywhere

0.1mm? 0.1mm?

Processor Size

Solar Panel Size to Power Processor

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

Percentage of Performance Increase
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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
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The right Processor for each job

Energy saved versus today’s

high-end multi-core phones
LITTLE cluster activity  Big cluster activity
Cortex-A7 Cortex-A15

80%

60%
Shared Resources

40%
‘ | Cortex-A15 MPCore
20% I CPU CPU Cortex-A7 MPCore
| po crPU crPy
I ' ' ' ' L2 Cache

0% ) — _ _ L2 Cache
Internet radio OSUI activity = Casua HD gaming  Rich web

Gaming services
Coherent Memory and System

* Dual Cortex-A15 + Dual Cortex-A7 big.LITTLE system estimate
in 32/28nm compared with a dual-Cortex-A9 system estimate
in 40nm
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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

Processor Optimization Pack

Optimized physical IP for processor
and
foundry process

Big.LITTLE Processing

Power Management
Components for low power
implementation
Multi-voltage characterization

Memories and Interconnect

Reduce memory bandwidth
System cashing

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




Beyond architecture and system design

* Packaging
e Structures
e Materials
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Beyond architecture and system design

* Packaging

 Structures
111 wz 1M

IVl ate ri a IS Package Substrate or PCB Package Substrate or PCB
25D IC 3DIC
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Beyond architecture and system design

3D NAND Poses New Critical Etch Challenges

Channel Hole Staircase Contact (1,2)

° St ructures Billions Per Die Billions per Die

Gate Trench
Millions Per Die

Mask Open

32, 48, 64 Layers

Periphery

Sources: VLS| and IEDM publications

Arguably the most complex set of etch challenges ever
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Beyond architecture and system design

e Materials
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A few Business Challenges

* Getting the skills
* Dichotomy of Innovation & Scale
* Collaboration and Competition
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Skills

6000

5000

4000

3000 A —— *¢

2000 r/{

Number of UK Students Accepting Degree Places

—@—E&E Eng Degree Acceptances
1000 -
=dr— Civil Eng Degree Acceptances
=—4=—Nech Eng Degree Acceptances
0
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
PHEE

Professors & Heads of l H
Mechanical & The Institution of

Manufacturing Engineering Engineering and Technology

i A forum for Academic Leaders in
#/ Electrical Engineering and Allied Technologies




Semiconductor Investment

Worldwide Semiconductor Industry Capital Spending
"Milestone"” Years
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3,500

Investment volatility

Semiconductor Equipment $M (3 month avg.)
Sources: SEMI & SEAJ
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Not for the faint hearted...

2013F Company 2010 2011 11/10%| 2012 12/11%| 2013F 13/12%
Rank (M) | (SM) Change| (SM) Change | (5M) Change
1 Intel 5,207 | 10,764 107% | 11,000 2% 13,000 18%

2 Samsung 10,948 | 11,755 7% 12,225 4% 12,000 -2%

3 TSMC 5936 | 7,333 24% 8,324 14% 9,000 8%

4 GlobalFoundries 2,750 | 5,400 96% 3,000 -44% 3,500 17%

5 SK Hynix 3,028 | 3,165 5% 3,655 15% 3,200 -12%

6 Micron 2,495 | 2,913 17% 1,773 -39% 2,225 25%

7 Toshiba 1,762 | 1,935 10% 1,637 -15% 1,600 2%

8 umc 1,854 | 1,585 -15% 1,723 9% 1,500 -13%

9 SanDisk 1,052 | 1,368 30% 988 -28% 1,000 1%
10 Sony 460 1,805 292% 1,100 -39% 775 -30%
—  Top 10 Total 35,492 | 48,023 35% 45,425 -5% 47,800 5%
— _ Others 18,303 13,150 -27% | 12,035  -8%

—  Total Cap Spending 53,795 | 66,065 23% | 58,575 -11% | 59,835 2%
*Includes company's share of joint-venture spending.

Source: IC Insights, Company Reports
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UK Industry structure

= Electronic Systems Enterprises

Table 6: Overtly ES Enterprises (P+5) ...

EntSize ES Enterprises Dist'n Employment Dist'n Wages (Em) Dist'n
0-4 22,450 74.8% 30,021 6.9% 1,285 7.5%
5-9 2,894 9.6% 16,520 3.8% 707 4.1%

10-19 2,000 6.7% 23,994 5.5% 978 5.7%

20-49 1,388 4.6% 37,738 8.7% 1,537 8.9%

50-249 50 3.5% 92,740 21.3% 3,581 20.8%

250+ < 250 0.8% 234,441 53.8% 9,106 53.0%
30,031 100.0% 435,454 100.0% 17,195 100.0%

= 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

http: //wmw . @8c0 . 02g . uk/ 31



Dichotomy of Innovation
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ARM's Licensing Model

Business Development / Segment Marketing

Partnher
JOEM

il__ll_} OEM

Custome
2-3 years 3-4 years 20+ years Base of circa 100 licenses
ARM research Partner chip Multiple applications Grows by 80-100 every year

and development development development and sales

Approx 330 potential
shipping SC partners

i 9 bn ARM-based chips in 2012
25% CAGR over last 5 years
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Industry collaboration essential
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UN Population estimates
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Food: we are running out of room

Agricultural Lands of the World

-

Academic Partners
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Water Is our rarest commodity
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Energy — Cheaper to be eff
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Ageing population, growing problem

Source World Population Ageing 1950-2050, United
PHEE Nations
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What Is already out there?

(ONFARM EnLight v4 Syrinix@’ S SCANADU

GROW INFORMED" ADVANCED LIGHTING TECHNOLOGY

Leading Pipeline Pratection

Y ¢ T
Scanadu Scout™

Precision Streetlight Leak Chronic Disease
Agriculture Efficiency Detection Management
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Future
What

e 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
e Standardisation & reuse
* Global outlook

Why
* Huge opportunity for this technology to address big
societal challenges and make the world better
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