
2019-2020 Fall 1

• This class is focused on the principles and practices of

modern embedded systems design.

• In class, we will focus on computer architecture beyond the

CPU, fundamentals of the hardware/software interface,

techniques for sensing and controlling the physical world,

and a few other topics.

• We will focus on the ARM Cortex-M3 (Acorn RISC (Reduced

instruction set computing) Machine), FPGAs (Field

Programmable Gate Array) and other supporting software,

to learn how to build and program embedded systems.

Microcontroller Based System Design
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What is driving the

embedded everywhere explosion?



Embedded, everywhere

3



4

Outline

Technology Trends

Design Questions
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Bell’s Law of Computer Classes:

A new computing class roughly every decade

year
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“Roughly every decade a new, lower priced computer 

class forms based on a new programming platform, 

network, and interface resulting in new usage and 

the establishment of a new industry.” 
Adapted from

D. Culler
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Moore’s Law:

IC transistor count doubles every two years

Photo Credit: Intel
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Flash memory scaling:

Rise of density & volumes; Fall (and rise) of prices
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MEMS Accelerometers:

Rapidly falling price and power

[Analog Devices, 2009]
ADXL345

10 µA @ 10 Hz @ 6 bits

25 µA @ 25 Hz

[ST Microelectronics, annc. 2009]

O(mA)
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Energy harvesting and storage:

Small doesn’t mean powerless…

Thermoelectric Ambient

Energy Harvester [PNNL]

Shock Energy Harvesting

CEDRAT Technologies

Electrostatic Energy

Harvester [ICL]

Thin-film batteries

RF [Intel]

Piezoelectric

[Holst/IMEC]

Clare Solar Cell
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Machine Levels
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Why study 32-bit MCUs and FPGAs?
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Counter
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Why study the ARM architecture

(and the Cortex-M3 in particular)?

What differentiates these 

products from one another?
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The difference is…

Peripherals

Peripherals

Peripherals
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Architecture
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Mode dependent

Registers
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Address Space
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Data processing instructions



Application Program Status Register (APSR)


