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After the session you should have learnt.. Ays
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Definition of a Microcontroller




Definition of a Microcontroller IYI

What is the Definition of a Microcontroller?

There i1s no absolut definition...

A microcontroller (sometimes abbreviated pC, uC or MCU) 15 a small computer
on a single integrated circuit containing a processor core, memaory, and
programmable input/output peripherals. Program memaory in the form of NOR flash
or OTF ROM is also often included on chip, as well as a typically small amount of
FAM. Microcontrollers are designed for embedded applications, in contrast to the

microprocessors used in personal computers or other general purpose
apphcations.

....from Wikipedia
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Architecture

Cisc and Risc




Cisc vs RiIscC ‘ﬁ

CISC RISC
Emphasis on hardware Emphasis on software
Includes multi-clock Single-clock,
complex instructions reduced instruction only
Memory-to-memory: Register to register:
"LOAD" and "STORE" "LOAD" and "STORE"
incorporated in instructions are independent instructions
Small code sizes, Low cycles per second,
high cycles per second large code sizes
Transistors used for storing Spends more transistors
complex instructions on memory registers

Example: Multiply (MULT) , considered as a complex instruction

. Risc:
Cisc: LOAD A, 2:3
LOAD B, 5:2

MULT 2:3, 5:2 STORE 25 A




Block diagram and the Core




Essential block diagram of a MCU
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Cortex-M3 CPU

NVIC interface

Hierarchical processor integrating core and advanced

CortEX' M 3 Core - Thumb-2 decode

Harvard architecture T e Daieifice
3-stage pipeline w. branch speculation
Thumb®-2 and traditional Thumb

ALU w. H/W divide and single cycle multiply

Cortex-M3 Processor
Cortex-M3 core
Configurable interrupt controller
Bus matrix
Advanced debug components
Optional MPU & ETM (Not available in STM32F10x)

watchpoints

k3

Bus Matrix

Code SRAM &
interface peripheral I/F

Cortex-M3
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Cortex-M3 Microprocessor

7

Non Maskable
Interrupt

1-244 Configurable
Interrupts
(32 Standard)
Configurable Priority
Levels

Debug Access
Port
SWD or JTAG

Bus mapper: Bit Banding
Bit Set/Clea, write buffer
alignment

Debug and Sleep

Control

 :

Data Flash

watchpoints \[m'e-h\

T ¢t

Single wire

Vie

e Bus Matrix

Flash
interface

SRAM
peripheral I/F

3-Stage Pipeline, Harvard Architecture,
Thumb-2 ISA (or Thumb)

Optional ETM

Optional MPU

Flash Patch &
Breakpoints

Data Watchpoints
& Trace



Processors for All Applications Kys

Chsw: Embedded Apphcatac}n

eortex Froces

ARM F ortex Proce

Cortex-A15

Cortex-M0




Bus system




Architecture of the bus ‘ﬁ

@ Cortex M3 Architecture: Harvard benefits with Von Neumann single memory space

Von Neumann “bottleneck” Three 32bit buses for a parallel
Single 32bit bus for: CODE 4 code execution,

4 code execution, =P 4 data transfer (core/dma),
¢ data transfer (core/dma), ¢ peripheral control

¢ peripheral control

PERIPH
PERIPH i PERIPH CORTEX-M3

4 DMIPS ARM966 (ARM)

@ Outstanding efficiency of 1.25 DMIPS/MHz AHVTENME AR

ARM7TDMI (THUMB)

» fepu
‘@ THUMB?2 instruction set provides 32bit performance with 16bit code density
THUMB 16bit Instruction Set Full THUMB compatibility 1 _
. . Complete ARM instruction set
ARM 32bit Instruction Subset i i i
for better performance 4 Single POWERFUL instruction set

- No more mode switching

New 16/32bit Instructions 1 cycle MAC and Hardware Divide ¢ 25% smaller code

Unaligned data, Bit banding ~J ¢ 25% lower RAM requirement




Cortex-M3 Memory Map

Vendor Specific (0.5GB)

Set aside to enable vendors to implement
peripheral compatibility with previous systems

Private Peripheral Bus (1M)

Address space for system components
(CoreSight, NVIC etc.)

External Device (1GB).

Intended for external devices and/or shared
memory that needs ordering/non-buffered

External RAM (1GB)
Intended for off chip memory

Peripheral (0.5G)
Intended for normal peripherals. The bottom
1MB of the 32MB peripheral address space
(Ox40000000 — Ox400FFFFF) is reserved for bit-
band accesses. Accesses to the peripheral 32MB
bit band alias region (0x42000000 — Ox43FFFFFF)
are remapped to this 1IMB

SRAM (0.5GB)

Intended for on-chip SRAM. The bottom 1MB of
the SRAM address space (0x20000000 -
0x200FFFFF) is reserved for bit-band accesses.
Accesses to the SRAM 32MB bit band alias
region (0x22000000 — Ox23FFFFFF) are remapped
to this 1MB address space. i

Code(0.5GB)

OXEQOFFFFF

0xE00FFO00

0xE0042000

0xE0041000

0xE0040000

OxEQQ3FFFF
0xEQ00FDOD

0xEQO0ECDD

0xE0003000

0xE0002000

0x20001000

0x20000000

OX43FFFFFF

0x42000000
0x41FFFFFF

0x40100000

%40000000

0x23FFFFFF

Reserved for code memory (flash, SRAM). This

region is accessed via the Cortex-M3 ICode and

DCode busses. 0x22000000
0x21FFFFFF
0x20100000
0x20000000

Ly

ROM Table
External PPB
ETM
TPIU
Reserved
NYIC
Reserved
FPB
DWT
[T
32MB Bit Band Alias
HME
iME  Bit Band Region
32M8  Bit Band Alias
31MB
iM3  Bit Band Region

0xFFFFFFFF
Vendor Specific
0xE0100000
_ i OXEDOFFFFF
Private Peripheral Bus - External 0+E0040000
_ i OXEDO3FFFF
Private Peripheral Bus - Internal
0¥E0000000
OxDFFFFFFF
External Device 1.0GE
0xA0000000
0x3FFFFFFF
External RAM D]
0¥60000000
OxSFFFFFFF
Peripheral 03GE
0+40000000
0x3FFFFFFF
SRAM 0.5GB
0x20000000
0xIFFFFFFF
0.56E
Code
0%00000000
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Production Technologies

The road to success...
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CMOSF9 eEEPROM Technology History [yl

STMicroelectronics designs and manufactures embedded EEPROM
products since 1988 for Microcontroller and Smartcard applications.

Beside embedded
EEPROM each
technology node
contains also a sister
technology with
embedded flash.

Today the 65nm node
Is being developed.

0.35u 0.18u 0.13u
FEY s=7.4p? F8 s=5.04p? F8N s=3.02u2 F9 1.28p2

' a

Vi




Technology to Break Price Barriers Kys

 Technology driving 8-bit evolution
e Breakthrough with 130nm lithography
 E2non-volatile memory, analog and digital peripherals

0,4uM - 0,13um

0.45um 0.13um

DIGITAL

= AT B AT T R PTPR Rat, B
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What part can be shrunk with production

technologies?
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Total digital bloc is 25%6 of the die size

The CPU represents 30206 of the digital
area

Cortex MO is half gate count of M3 for
the same configuration

Using MO instead of M3 would lead to :
e Less than 496 die area gain
e Less than 2%b6 product cost gain
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How do we think when we design a MCU?
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MCU total market trend

MCU Sales by Category
—+— 4-/8-bit 16-hit —&— 32-bit

9,000 -

7,900 -

6,000 - v m o omm e

4,500 -

Millions of Dollars

3,000

o7 03 09 10F 1F 12F 13F 14F

4-8-bit| 5460 5242 4036 4399 4751 084 4728 4917
16-bit | 4370 4195 3062 3307 3605 3966 3847 4078
32-bit | 4475 4,766 3934 4701 5,641 6,/69 7108 8103

Source: |C Insights




Product Strategy — 5 Product families

j

/4

General Purpose
family

The foundation of our
product portfolio

Application specific in_]

key area of expertise

-ug

g—

Iltra Low Powe

STM32

STM8L/32L CortexM3

Touch
Sensing

RF
2.4GHz, MAC

24



Minimal External Components [y[

Built-in Supervisor reduces need for external
components

Filtered reset input, Power-On reset, Low-Voltage Detect, Brown-Out
Detect, Watchdog Timer with independent clock

One main crystal drives entire system (with help
from PLL)

Inexpensive 4-16 MHz crystal drives CPU, USB, all peripherals

Embedded 8 MHz RC can be used as main clock

Optional 32 kHz crystal needed additionally for RTC, can run on
internal 40 kHz RC

Only 7 external passive components for base
system on LQFP100 package!!

25



Cortex-M processors Kys
Forget traditional 8/16/32-bit classifications

Seamless architecture across all applications
Every product optimised for ultra low power and ease of use

Cortex-M0O Cortex-M3 Cortex-M4

“8/16-bit” applications “16/32-bit” applications “32-bit/DSC” applications

Binary and tool compatible




Cortex-M processors binary compatible AY/S

D G G GEIED GEEEED GEITED GEEITED GEETHD D
G GEETED GEIIED GEIIED GEESED GEETD GEIED GEINTED GEEISIHD
RIS GEITED GEIED GEEDED G GECEED GECETID
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: D GEED GETD
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: () (@) (on)
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T @D GO ™) Em | G G GEED
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G GEED CORTEX-M3
Cortex-M4

=
A

m
=

( VABS ) ( VADD I ( VCMP D@D ¢ VCVT YO veviR - ) ( VDIV ) ( VLDM I ( VLDR )
( VMLA ) ( VMLS ) ( VMOV ) ( VMRS ) ( VMSR ) ( VMUL ) ( VNEG Y VNMLA ) (C VNMLS )

(__vwmue__)(__wop__ )(_veusH_ )(__vsart ) (__vstm__ )(__vsiR__)(___vsuB__ ) Cortex-M4F

Cortex

Low-Power Leadership from ARM




STM32 product series

4 product series

Common core peripherals and architecture:

Communication peripherals:
USART, SPI, I°C

Multiple general-purpose timers

Integrated reset and brown-out
waming

Multiple DMA

2x watchdogs
Real-time clock

Integrated regulator
PLL and clock circurt

External memory interface (FSMC)

Up to 3x 12-bit ADC (up to 0.41 ps)
Main oscillator and 32 kHz oscillator

Low-speed and high-speed internal RC
oscillators
-40 to +85 °C and up to 105 °C
operating temperature range
Low voltage 2.0 to 3.6 V or
65/1.7 to 3.6 V (depending on series)
5.0V tolerant /05

Temperature sensor

STM32 F4 series - High performance with DSP (STM32F405/415/407/417)

Ethernet

audio | \eeey 5ag

era IF

STM32 F2 series - High performance (STM32F205/215/207/217)

STM32 F1 series - Connectivity line (STM32F105/107)
72 MHz Up to Upto

]

g USB20  3-phase  2xCAN Ethernet
Cotex M3 bLaawie 250Xovte oteFs  MCtimer 208 2XIS2udlo gppi5eg
STM32 F1 series - Perl‘nnnanue line (STM32F103)
Upto — yepps  3phase  CAN SDIO
“"“gu"'a *@E"{F THOMe  device  MCtmer 20  2xPS
STM32 F1 series - USB Access ling (STM32F102)
48MHz  Upto Up to
+ Cotox-M3 16 Rbyte 128-Koyte ﬁgf %«%’?
STM32 F1 series - Access line (STM32F101)

36 MHz E Upto
Cortex-M3  80-Kbyte  1-Mbyte
CPU SRAM Flash

STM32 F1 series - Value line {STMSEFHJD]

24MHz  Upto o

[:nrtax-ua 32- m&m 5124<1ma i CEC
MC timer

STM32 L1 series - Ultra-low-power (STM32F151/152)

32 MHz Up to p to USB FS Data EEPROM | LCD
Cortex-M3 | 48-Kbyte | 384-Kbyte | "o m: 8x40 | Comparator
CPU SHAM as! =

AES
128-bit




STM32 — leading Cortex-M portfolio

Flazh size (bytes)

F 3

T STRFOTVG STMRFEITIG SRGF207ZS STHGRFZITZG SHS2Faorts. STMSZFrT
STHSEF 2057 STHGEF 21516 STHGZF205V STUGZFZYSG STWREF2052 STHSZF2176

5TM32F101RG STM32F103RG STM32F101WG STM32F103VG STMa2F101ZG STM32F03IG

—_— B S ) [ ) [ ) Y]

‘STMS2R207VE STMZF2IVE
512K STM32F20SRE STM32F21SRE. STM32F20SVE. STMA2R21SVE. STW32F2OSEE. STM32F215ZE

STM32F10MRE STM32F101VE STMa2Fo ZE

STMazL162RD" STMa2L182VD0 STMa2L1627I0
STM32L151RD" [STMazL152R01 | STMazL151VD1 | STMa2L1 52VD1 (STMazL151201|STMazL1 5220

STM3ZF101RD STM32F0IVD STM22F01ZD
STM32F100RD STM32F103RD STM32F100VD STM32F108VD STM32F100Z0 STM32F1032D

e STueFats Stz swcra:

STM22F106RC STM32F108VC
STM22F10MRC STM32F107RC STM32F101VE STM32F107WC STM3zFiZC
STM22F100RC STM32F103RC STM32F100VC STMazF10aVC STM3azF100ZC 8TMa2F108IC

SThecp20sB STuzrse 5
(2

128K STMa2F105RB STM32F107R8 STM32F105VB oﬂ e
STM32F103T8 STMa2F101C8 STM32F103C8 STM3ZFIOTRB STMS2FI03RE STM3ZE101VR STM32F107VB
STM32F101TB STMa2F100CB STM32F102C8 STM3ZF1O0RB STM32F102RE STM3ZE100VR STM32F103VB

STM32L161C8 | STM32L162C8 | STM32L.151R8 | STM32L152R8 | STM32L151Va | STM32L152Va

STM32F106RS STM3zF105Va
STM32F103T8 STM32F101C8 STM32F103C2 STM32F101RS STM32F108RS STM32F101Va STM32F10avs
STM32F101T8 STM32F100Cs STM3z2F102C2 STM32F100Rs STM3a2F102Rs STM3zF10ova

32 K| 8TMa2F103T6 STM32F10106 STM32F103C6 STM32F101R6 STM3ZF103R6
STM32F101TE STM32F10006 STM32F10206 STM32F100RE STM32F102R6

STM32F103T4 STM32F101C4 STM32F103C4 STM32F101R4 STM32F103R4
STM32F101T4 STM32F100C4 STM32F102C4 STM32F100R4 STM32F102R4 Pin count

36 pins | 48 ping I 64 pins I 100 pins I 144 ping I 176 pins >
QFN LOFP/QFN LOFP/BGA/CSP LOFP/BGA LOFP LOFPAFBGA

384 K

256 K

B4 K

16K

Legend: Hote:
W sTh3z L1 STM3IZ F1 [ STM3zF2 W STH3ZF4 1. awdlable In Q472011 Tor all 235- and 384-Kbyte STM32L denicas




STM32F4xx Block Diagram

Cortex-M4 w/ FPU, MPU and ETM
Memory
Up to 1MB Flash memory

192KB RAM including 64KB CCM data
RAM

FSMC up to 60MHz

New application specific peripherals
USB OTG HS w/ ULPI interface
Camera interface

HW Encryption**: DES, 3DES, AES 256
bit, SHA-1 hash, RNG.

Enhanced peripherals
USB OTG Full speed

ADC: 0.416us conversion/2.4Msps, up
to 7.2Msps in interleaved triple mode

ADC/DAC working down to 1.8V
Dedicated PLL for I12S precision
Ethernet w/ HW IEEE1588 v2.0
32-bit RTC with calendar

4KB backup SRAM in VBAT domain
Pure 1% RC

2 x 32bit and 8 x 16bit Timers

high speed USART up to 10.5Mb/s
high speed SPI up to 37.5Mb/s

RDP (JTAG fuse)

e
More 1/0O:s in UFBGA 176 package
uires an external PHY connected to ULPI interface,
V NEIE I ption is only available on STM32F415 and STM32F417

7

64KB CCM data RAM

s B

J

CORTEX-M4 B-bud AHB2 (max 168MHz) E o
. <=p ncryption
CPU + FPU + v yp
MP -bus| 5
168 MUHz — g E 512kB- 1MB _ o Camera Interface
@ 0 « Flash Memory
S-bus 5 = =
o JBKE S .~ - USB20OTGFS
S 128KB SRAM
- ) 35 -
[ JTAG/SW Debug J = g External Memory e S
[ J S g <) Interface Reg 1.2V
53 POR/PDR/PVD
Nested vect IT Ctrl g - PR usB200TG
o ® FS/HS XTAL oscillators
1 x Systic Timer = 32KHz + 8~25MHz
DMA 5(1 Ethernet MAC
10/100, |IEEE1588 Int. RC oscillators
-
Bnd e APB1 42MH
Clock Control AHB1 g (max42MHz)

168MH
51/82/114/140 1/0s “(max ?

Sx 6.0t Time «»m

2x 32-bit Timer | > 2 4KB backup RAM
2x DAC + 2 Timers

2x6x 16-bit PWM

Synchronized AC Timer
2x Watchdog

“ g (independent & window)
=

Upto 16 Ext. ITs . . - cé m

1% SPI <) gﬁ Si( cﬁntr)]:atlsA/zﬁsps w
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Free software solutions from ST KYI

Standard USB device library Motor Control Library Self-test routines for

Peripheral Library USB Host Library EN/IEC 60335-1 Class B

ol =

plain text cipher text plain text —

DSP Library SPEEX Codec Encryption Library STM32 Audio Engine




Software libraries — speed time to market &ys

=) STM32F108_5StdPeriph_Lib

ST software libraries free at www.st.com/mcu PO e
- Libraries
C source code for easy implementation of all STM32 101 SkPotoh,Diver
: : : . o i
peripherals in any application o=
. - roject
— Standard lib Fary - source code for implementation of all standard ~H) Examples
peripherals; code implemented in demos for STM32 evaluation board : g QEPE
. +-77) CaM
— Motor control lib Fal'y — sensorless vector control for 3-phase +1) Cortesh3
brushless motors : g EEE
. . +-7) DMA
— USB Device Lib Fary - supporting HID,CDC, Audio, Mass Storage, + g EXL;;H
DFU...) -3 F5MC
. +-3 GPID
— USB Host Lib Fary - supporting Mass Storage and HID + g i2C
#3125
— DSP Library -pi, ir, Fer, FR =S
. . 45 NVIC
— Grap hics Lib Fary - brop down menus, radio buttons, sliders, ... : g :‘E’?
+-|5) RTC
_ 4 5DID
— Software Solutions for i~
— Ethernet TCP/IP 210 1M
—  Bluetooth =l CMSIS
— SpeexCodec - [é[ait;mplate V COMPLIANT
—  And many others. w3 STM32_EvAL Saftwars Interface Standard

@ Feleare_Motez html
EQ st 3201 Ow_stdpenph_lib_um. chm

32



STM32 Evaluation Board

Hardware Evaluation Platform for all

Interfaces
Boards available for ALL STM32 Families

Possible connection to all I/Os and all
peripherals

Flash is loaded with self-test firmware, and
demos for USB, CAN, SD Card etc.

Firmware projects available from

Vendor neutral
works with any IDE or JTAG dongle

e |
STM32F10X-128K-EV,;

33


http://www.st.com/mcu

STM32 Discovery Kit

STM32F100RBT6B microcontroller,
128 KB Flash, 8 KB RAM in 64-pin LQFP

On-board ST-Link

Can be used as standalone ST-Link with SWD for
programming and debugging

SwD
On-board / Standalone configurable
Multiple Power Supply Options Tumper
USB P
External 5 V

External 3.3V

Two user LEDs
LD3 (green)
LD4 (blue)

Two push buttons (User and Reset)
User / application
Reset

2.54mm (0.1") Extension header for all MCU
pins

Quick connection to prototyping board

Easy probing

\'i NeIE O

The easfest start to
working with STM32!
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MCU Trends — a selection

10
9
8
7
3
5
4
3
2
1
a T T T T T T T T
1 2 3 4 5 6 7 8 ] 10
umut:sls
= (3 STMIFE0 S1dPogh_Dinwn
w e
T S e
Rednase,Notes ird
1 I3 b, sty oo b
k]
B8
7
6
5
4
3
2
1
a T T T T T T T T
1 2 3 4 5 6 7 8 9 10
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MCU Trends — a selection of topics Lys

Price — Technology

Performance — Low Power and MIPS
Memory size — Larger flash and RAM
Peripheral Integration — analog, RF
Industry standard cores — Cortex M
Advanced Peripherals — USB Ethernet LCD

Predefined Libraries + RTOS —
Abstraction from the hardware

37



F-4 series STM32F47x

. 1.62V-3.6V Supply

e« 180 MHz running M4 +
FPU

« EMI with SDRAM Support
. LCD Controller
e Audio

*  PLL with streaming
support

e 12S full duplex
 Fast power-on reset
 Fast wakeup and recovery
« USB downto 1.62V
*  Dual power IOs
* 64 pinsto 176 pins
e« -40/+105° C

I Improvements l

New

7

CORTEX M4
CPU+ MPU
+ FPU
180 MHz

JTAG/SW Debug

[

Arbiter (max 120MHz)

)

Nested vect IT Ctrl

|

DMA
16 Channels

ARM ® 32-bit multi-AHB bus matrix

Clock Control

80/112/140 I/Os

w/ CTlib MUX

2x6x 16-bit PWM
Synchronized AC Timer

3 x 16bit Timer

Up to 16 Ext. ITs

-

AHB1
(max 150MHz)

<)

AHBZ

Data Flash

521K- 2MB
Flash Memory

Flash I/F

<«

PR Up to 192KB SRAM

External Memory
Interface with SDR

LCD Controller

USB 2.0 OTG HS
with Phy CR, BC

Ethernet MAC
10/100, IEEE1588

5x 16-bit Timer

<«

APB1
(max 75MHz)

4-}

2x 32-bit Timer

2x Watchdog
(independent & window)

PR o0

3x 12-bit ADC
24 channels / 5Msps

16bit ADC 16ch
PGA x 2
Temp Sensor

<=p Encryption

0 Camera Interface

.~ USB20OTGFS

- TT

Power Supply
Reg 1.2V

POR/PDR/PVD

XTAL oscillators
32KHz + 8~25MHz

Int. RC oscillators
32KHz + 16MHz

PLL + AUDIO

2x 4KB backup
RAM

0 2x DAC + 2 Timers
6 x Comparators
-~ 2xCANZ20B
duplex

4x USART/LIN

3x 12C
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F-O Series 16

Key features

* 48MHz max CPU freq

*  SRAM with hardware parity
checking
o 2.0V-3.6V supply

. 1.8V 10% with special
bounding

» Package UFQFN 32, LQFP48

« Upto 39 fast|Os (AHB)
e 2x GP comparators

» Capacitive touch sensing
 |2C Fast Mode +

* SPl variable data length

KB STM32F051

7

7

' CORTEX™-MO | ) DMA W
CPU 5 Channels
48MHz

2

2

X

@ POWERED
=

16kB/8kB
FLASH
Memory

Nested vect IT Ctrl b

JTAG/SW debug

w/ ROP level2 protection

Fast I/O interface
26/39 w/ CTlib MUX

up to 3kB SRAM

ARM Lite Hi-Speed Bus

Matrix / Arbiter

it

[

ARM® Peripheral Bus
(max 48MHz)

1 x 12-bit ADC
10ch / 1ps

Up to 16 Ext. ITs

2 x 16-bit TIMER 2x GP comparators

1ch (2 with cpl/dt) 1x 12-bit DAC
X -0l

1 x 16-bit TIMER

1 x 32-bit TIMER
4ch

Power Supply
POR/PDR/PVD

HSI
8MHz 1%

XTAL
4~32MHz

1x SPI
w/ variable data Igth

AdlS
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After the session you should have learnt.. Ays

Know the difference between a MCU and a MPU

and a CPU.
Differences
Differences

Differences
Architecture

petween a 8 bit and 32 bit MCU.
petween RiIsc and Cisc architecture

netween Harvard and Von Neuman

Temporary production technologies
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