In The Name of God

Faculty of Electrical Engineering
Microprocessor Laboratory

U'{.L:/':‘U("o {j/.;,

V1 (@2025)

Microprocessor LAB

Lecture 1:

Introduction to ARM

By: M.Razeghizadeh




(BAF) LT .1

85 (5w 17 (5y59110159,Sue CuSlw 4 paasal ACOIM Sy
393 ARM sloodsjloy (s=hb Eg)u akds auaual ¢yl

d,}.l9| eL 2

M .93 Acorn RISC Machine waazo ARM ojlg
. (1990) g, et (b yiwS .3

Advanced RISC Machines _ .
| Advanced RISC Machines [N RO

Ousnls g b yuu95 .4
21> ob yues Advanced RISC Machines 4 ARM

Adb Gl ) LiudS5l g yuaS 504 ;5 ARM Holdings ey




awl 6393 ARM7 Juws (AARM (g)lage 11y 035515, 2,389,220 j1 (S5
Caanl 0392 3,0)By )Ly 1))y 1iS9)Sauo 395 9 5=k 5> Jaws 2
ol id)S 51,8 o3lasiwl 390 () BaiiSIgd S| wgs (gledyiwS job a

Cawl 6340 =hb u_é);a.oﬁS 9 .).,oT)lS LSLm.B).g)lS P )le=o (2l

A (80 ARM7  Juws (glys 3ia3)38 aiSole yloic 4y (Cortex-M3 sasjla, Juws




bawgi g 394 (50 63wl (Siw FF g (Siw PV sl 63551d) sl (glp &5 cwl (g)laeo Sy ARM v
Gl 634 8313 a=wgi ARM Holdings (5bweS
394 (50 63100 ARM ))5iiS59,Sa0 3940 03lakwl ARM  (g)lamo 1 (T ) a5 (6)),iiS9)Sa0 v

o Ol > o3liwl 3)90 (Gl YyiS9)San ()33, 0)0 9 )5 B9ye I 52 ARM - ))yiiSg,Sue v/

AL
Ol g 639 83lw g @S W Jasll)giwd dlaei (g)la=o ¢l > .cwl RISC 4L o lig)laco ARM v

0lg5 eSS (W)gimniilyd 5l edlaiwl Jud a4 3gw 50 Wby (ghol cucyuw Halidl Cucl Equdgo

rho 4 Cawd (550nb Caid Vgazo ol ) iise ())iiSg)Sao g aidhy (oS 635515y (;9a0




Slide 9
ARM (_gL(bo.lj)’b)g (_gL(bb.f‘)"%

Hiloads 4l RISC  jgiuwsns g oolw 5 loxo 4.4 » ARM  (slaoussls »

el 0als 00ld (6 loxe (pl jo Sl (o J 059,00 o) cadbiaad slopinnss j0 0,5 6l

QS o 59,0 LOAd-Store s loxs ;i aoassls s oy

DS oo plol hilo o iy (69, ald g Wigd o Wy 05 lul Waosls Load-Store S olexs o
Sg5n pll b ) 53l 5| o den aSk S o IS aliblo (5, Laniiins 0033l iny

St oz o jl dli8le Ay o wd @y gy e Ol g g 0810 (50318 9 4 bogspe Ol g

QS o Slatio [l ce o Ll ol (Pipeline) dgd ks al> o pois I ARM ousjls

S o b | al e ans b foallygins wosles (glals podns alg) Las S o

(Execute) |~ - (Decode) L5, - (Fetch) sl




Slide 6

ARM g diwe L (_gL(b)J).ufg)iJ.o (SL(D.)).g)lS

Madigr ;> ejlg) o JUiazd )99 (sige

gl Miadig (gloimun ATy J,yiS (sloaimun

9 Madgr (ogiboluwl osley d@)y09S31gS (5ib o gwiS (05w 9 AT )l

S8l 2 Glise (505w (550
s)lal dos g Likd J)iiS 9 lexiew (ol ((Sibjy Dliagad 1550518l g Sibjy (glosp)l
G183 (51505181

9 bygwisw (Hudg ylpl Gl> siadgd gaiwaw (10T) clubl coynl gosp)ls v

l .. LSLD IS. o




Slide 7

ARM g diwe L (_gLQ))J).uS9)i.w (SLs'b.))g)lS

Drones
Smartphones
and tablets

E Digital cameras
.

Medical devices

Wearable tech

Smart home
Robots

Wireless
communication

A
é’ Printers

Smart cars

Home appliances

— Routers
-jga | Smart cities

Televisions




Slide 8

ARM g diwe L (_gLQ))J).uS9)i.w (_;lmsﬂ)LS

03yiwS job ) adge gelliws )3 Wb LB 9 dae G>hb J> @ ARM  glooasjlsyy v

Lawl 024 83laiwl g Adgi (ylgz ywlw )5 ARM dwlys 5)ldao Voo I Giw (59iS U . 3igi 0 6318wl

ARM926EJ-S ARM7TDMI

ARM1176JZF-S ARM Cortex-M3 Jadgr  duwg SO Vv
ARM11MP Airbag

Auto infotainment . . -
033515, €93 Az Vgamo

ARM7TDMI Dashboard ;
ARM Cortex-M3 P , 39)(s0 )|5 LARM

Wl (plo sz ARM

Door, seat body, misc @0y WuSgw  Eiwaw

ARM7TDMI

5 ARM Cortex-M3

Engine control . LSL(DW )glw 9 GPS

ARM1156T2F-S Antilock braking
ARM7TDMI

ARM Cortex-M3 A5 (50 JyiS |y (sXuigyusll

ARM1156T2F-S




Slide 9

ARM o5lg5l>

1039450 i (Lol 69)S )lgz 0 3,15 4 diuy ARM  (sloojla),)

(S (sl@s33j15) Classic ARM v
(595 sessjlsyy) Embedded ARM v

(35 e ssjlsy) Application Processor v/

(isiel dind b (glooasjlsyy) Secure Core v




Slide 10

ARM s3lgil>

ARM Processors (Gortex Processors GortexX Processors.
Cortex-AB
‘Cortex-AY

GOrtex-AS
ARM11 S—
T ——

Ay Cortex-M3

ARM7 Cortex-M0

Olwse gl cubls g () ede @ OHeD 294 (509 .).J.lg_\)i)) 9 Cawl 6340 agw.o ARM 7)’|)3 5338 gl odlg3ls

S5 (g 9 03 odlatiwl il 51 o 859y ST, (Classic (g 4 caws Embedded sl 015515, ,5V0 L

el 36 Eomio Jl> )3 LS jub (5w ol Il .39 (0 6315 Zuz)S




(Application Cortex )
_ Processors |
(Embedded Cortex )
| Processors |
("~ ClassicARM )
Processors )

Cortex-A15

Cortex-A9

Cortex-A8

Slide 11

ARM o5lg5l>

( ARM11MP ) ( Cortex-AS -
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[ ASC100 ) ( ARM9G8 | ( ARM1136J | ( Cortex-R5 |

( Cortex-M4 | ( Cortex-M1 |

( ARM7TOMI | ( ARM946 | (ARM1156T2 | ( Cortex-Ré |

( Cortex-M3 ) (Cortex-MO )

Family | ARM7TDMI  ARMSE ARM11 Cortex-A/IR

Architecture

Version ARMv4T

ARMVSTJ ARMv6 ARMV7AIR

Cortex-M Cortex-M

ARMVIM/ME  ARMvEM
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High Performance Advanced Architecture

High benchmark scores Advanced deeply-pipelined

High clock frequency micro-architectures
ARMv7-R instruction set

Low latency interrupt response

® @ including Thumb-2 for higher
AMBA®3AXI" bus ncercomnest ARM® Cortex=R s
Instruction and Data Caches . ; SIMD and DSP instructions
Tightly Couple Memories > Instruction pre-fetch. Branch

Multi-core configurations B prediction, Dual issue (super
’ scalar) execution

Floating Point Unit with single-
and double-precision capability

S . S Daw /O coherency and
Safety and Reliability N dedicated peripheral

interconnect
Memory Protection Unit

Automatic error detection and
correction

Dual core lock-step Real-Time Response Energy Efficiency
configuration with redundant
core Bounded low-latency response Features to optimize

to real-time events and implementation for Performance,
interrupts Power and Area

Using tightly-coupled low-latency
memory for selected programs
and data
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Highest performance

Optimised for
rich operating systems

Smallest/lowest power

Optimised for
discrete processing and
microcontrollers
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Keil yVision
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}.IVISIOH®5

rated Develo I'I'IICI"I Environment

® Arduino IDE -

WinARM -
STM32CubelDE -

% stmzs

ARDUINO
IDE CubelDE
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Long-Term Partnership with ARM

A solid foundation for 32-bit ARM® processor-based MCUs

SAMAS

Cortex-AS
NECN

L ]

plcati omiotive
gl Cortex N7

+FPU
SAMAL/G !

SAM DA Ulra Low 945 DMIPS

Autorrotiv e r'.-ﬁtL::frr.m

Cortes=Mo+ 5 N S 600 DMIPS

SAMAS/ 1
512KB TO 2MB Flash
Efle C General 600 DMIPS
Appliance Purpcee 512KBE TD 2ME Flash
B Industrial Cortex-M4
Cortex-Mo+ = 180 DMIPS
y SAML 512KB TO 2MB Flash
Ulitra Low 180 DMIPS

Powwer
SAM D Cortese Mo+ 180 DMIPS 512KE to 2MB Flash

General ' 512KB to 2MB Flash
_ Purpose 45 DMIPS
Ll BKE to 256KE Flash
45 DMIPS

BKE to 256KB Flash
45 DMIPS

32KB to 256KB Flash
45 DMIPS

BEB to 256KB Aash
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2 Tr's ARM Processor-Based Products ABIs0 (Ui |y €Sy

-
LM3S3xxx LM3S6Gxoxx
LM3S 130, M SxRX

*EMACY +Uptn3  «Device/
EPHY Bosch CAN  Host
*CAN20 20A/8 = Ethamst
MACs MACH PHY

§
£
g
£
&
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o PWM with

deaddband

" eddet 20 uz - 100 Wit
Starting at U.5.$1.00

Cortex™-M3
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& ©

: STM32 H7 :

STM32 F7
STM32 F4
STM32 F2

= '
= i '
= ' .
(=] i ‘
- | '
| '
a ! '
= | '
=2 ' '
- ‘ _ :
! '
i H

STM32 F3
STM32 F1
STM32 FO

Mainstream

Ultra-low-power

Automotive

32-bit
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High-performance

r ' i '
i ] i .
] ' h '
] ] ’ r
' ' K ]
I ' f !
' ’ N ]
’ l i '
i '
]
]

398 CoreMark /608 CoreMark ! 1000/2020 CoreMark
120 MHz /180 MHz /2161400 MHz

428/ 826 DMIPS

150 DMIPS ,' 225 DMIPS

&
/106 CoreMark @ 177 CoreMark 9 245 CoreMark @

! 48 MHz
38 DMIPS

' 75 CoreMark
32 MHz
26 DMIPS

Cortex-MO(+)

72 MHz

[ 72MHz " 90 DMIPS
61 DMIPS /() from CCM-SRAM

93 CoreMark /2731409 CoreMark
32 MHz / 80/120 MHz
33 DMIPS / 100 /150 DMIPS

| 64 MHz
80 DMIPS

Cortex-M3 Cortex-M4 Cortex-M7

Cortex-A7




Slide 28

STM32 63lgils (glon,),iiS,Sao

Cortex- wlizxe glodiws L RISC ARM i Y'Y (g lamo p (i Soswgl deos ;1 STM32
&lg )5 STM32 (ge3lg5l> .l Cortex-M0 g Cortex-M0+ Cortex-M3 (Cortex-M4F (M7

Aikwe STMicroelectronics Sy (siw PV (gloy)yiiSg,Suo

ko (laShs a3 b SVgiamma
VU (ibjlays 3,Slac v

@S Bpae 9 ol )5 jWy v

(DSP) Jtizms JUSso (3251353 3UlSel ¥

(STM32CUbeIDE ,ub5 31yl oS 43) yljdloys azangi 55 calggus g v
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:STM32 (sly)yiiSg)Sao
Aledis (s=lyb 35laslinl Sisio diwe S Qb O
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80 MHz Up to
Cortex-M4 | 1-Mbyte
CPU Flash

Cortex-M0+J§ 192-Kbyte

Up to
128-Kbyte
SRAM
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2x 16-bit
advanced
MC timer

Up to
16-Kbyte
EEPROM

LP Timer
G{Jlé)bty(;e BL&% T-BRNG LP UART
EEPROM axso | comparator} LP Aﬁébn

AES 256-bit F

T-RNG
2 x SAl

AES
128-bit




Mainstream
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STM32F3 series — Mixed-signal with DSP (STM32F301/302/303/334/373/3x8)

72 MHz Ub to Up to
Cortex-Ma4 | - ¥ | 80-Kbyte
with 2<% SRAM

osp/epu | F1@sh | com-ram

Up to
72 MHz
Cortex-M3
CPU

STM32F0 series — Entry-level (STM32F0x0/0x1/0x2 and 0x8)

8MHz | upto | UPto32-Kbyte

Cortex-MO § 256-Kbyte S 2.0 FS device

) 20-byte
CPU Flash backup data Crystal less

96-Kbyte
SRAM

Comparator

Ethernet
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erformance
STM32F7 series - Very high performance with DSP and FPU (STM32F7x6)
200 MHz Up to 2x USB | 3x 16-bit § 2x CAN

Cortex-M7 | 1-Mbyte ] 336-Kbyte F2.0°01G jadvancedy CEC
CPU Flash SRAM FS/HS IMC timer

LCD-TFT
SDRAM VF

IEEE 1588 | Quad SPI
SPDIF input

STM32F4 series — High performance with DSP and FPU (STM32F401/411/405-415/407-417/427-437/429-439 and STM32F446)

Up to . SDI0 | Crypto | LCD-TFT
Up to Up to 2x USB §3x 16-bit § 2x CAN A
180MHz | 5 pbyte | 256-Koyte |20007G fadvancedl CECTE s | e s | SOHANTE

Cortex-M4 . audio | IEEE1588 | Quad SPI
psp/rpy | Flash | SRAM - EESESSRMEMERIRSINEREE eIl 2x Sl | SDIF input

STM32F2 series - High performance (STM32F2x5 and 2x7)

120MHz | Upto upto | 2xusB f3x 16-bitfax can|  >°%e
Cortex-M3 | 1-Mbyte | 128-Kbyte F200TGJadvancedy 2.08

audio

CPU Flash SRAM MC timerj] FSMC Camera IF
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SiMs2. _F 051 R B8 T

|

Family

STM32 32-bit MCUs
STM8  8-bit MCUs

Product type

Automotive
Foundation
Ultra-low power
Standard
Touch sensing
Wireless
Fastrom

Pin count

14 pins

20 pins (STM8)
20 pins (STM32)
24 & 25 pins

28 pins

32 pins

36 pins

40 pins

44 pins

mwnIT--xXomm<o

NDl< o= colc c

48 & 49 pins

63 pins

64 & 66 pins

72 pins
80 pins
90 pins
100 pins
132 pins
144 pins

Specific features
(3 digits)

(Depends of product series
None exhaustive list)
STM32x ...

051 Entry-level

103  STM32 foundation

303 103 upgraded with DSP
and Analog

407  High-performance and
DSP with FPU

152  Ultra-low-power

169 pins
176 & 201 (176+25) pins
208 pins
216 pins
256 pins

=1

Code size (Kbytes)

IO MMOONI>WEONDOSEWN—=O

Package

Plastic DIP*
Ceramic DIP*
Ceramic QFP
LFBGA /TFBGA
UFBGA Pitch 0.5**
UFBGA Picth 0.8**
UFBGA Picth 0.65**
Plastic SO

TSSOP

Plastic QFP

QFP

UFQFPN

VFQFPN

WLCSP

* Dual-in-Line package
** For new product serie only
for existing product

marketing serie please use
H letter

S s (== i e o P S it e o M o o ¢

Temperature
range (°C)

6andA -40to+85
7andB  -40to+ 105

3andC -40to+125
D -40to + 150
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08 yiwS 5 jLuwdigos g azwgi sl < STM32 Nucleo Boards v
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Boolean Algebra

STM32 MCUs STM32
32-bit Arm® Cortex®-M Solutions

STM32H7 Artificial
3224 CoreMark Neural Networks
480 MHz Cortex-M7 ‘

240 MHz Cortex-M4

High STM32F2 STM32F7 STM32F4 Graphical

398 CoreMark 1082 CoreMark 608 CoreMark User Interface
Performance 120 MHz Cortex-M3 216 MHz Cortex-M7 180 MHz Cortex-M4

STM32G0 STM32G4 STM32
)‘) 142 CoreMark 550 CoreMark Motor Control

64 MHz Cortex-MO0+ 170 MHz Cortex-M4

STM32F0 STM32F1 STM32F3 STM32

Mainstream 106 CoreMark 117 CoreMark 245 CoreMark i
48 MHz Cortex-M0 | 72 MHz Cortex-M3 72 MHz Cortex-M4 Connectivity

STM32L4+ STM32

409 CoreMark USB Type-C
120 MHz Cortex-M4

STM32L0 STM32L1 STM32LS STM32L4

Ultra-low-
75 CoreMark 93 CoreMark 442 CoreMark 273 CoreMark
power 32 MHz Cortex-M0+ | 32 MHz Cortex-M3 110 MHz Cortex-M33 80 MHz Cortex-M4 Ecosystem

‘_——
o -3 '"",‘:
Rt by o
STM32wB STM32
216 CoreMark Community
32 MHz Cortex-MO+

STM32Cube

64 MHz Cortex-M4

Wireless STM32WL STM32

161 CoreMark Education
48 MHz Cortex-M4

Arm® Cortex” core -MO / -MO+ -M3 -M33 e -M4 i c—
Legend: @ Optimized for Mixed-signals appications @ Cortex-M0+ Radio Co-processor “ SEIIE Il ey Y/
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3 Specification Specification

Core Specifications
Core Architecture Data Bus Width
Frequency Max Frequency
Memory
Flash Memory Size Memory Size
Memory Type RAM Size
Power

h:_j:ﬁ?;f:j:;g Min Operating Temperature

Max Supply Voltage Min Supply Voltage
Max Power Dissipation Nominal Supply Current
Interfaces

Interface HDMI, 12C, Izshgi};'_rl_m’ SPI, UART, Number of I12C Channels

Number of SPI Channels 2 Number of USART Channels

Number of Programmable

Number of 1/0s 55
I/0




Analog Features

Number of A/D
Converters

Number of Channels

Number of PWM
Channels

Peripherals
Peripherals
Watchdog Timer
Physical
Case/Package
Number of Pins
Length
Compliance
Lead Free
REACH SVHC

Others

Schedule B

DMA, 12C, POR, PWM, WDT

Yes

Lead Free

No

8542310000

Number of ADC Channels

Number of D/A Converters

Number of
Timers/Counters

Oscillator Type

Contact Plating

Height

Width

Radiation Hardening

RoHS

Lifecycle Status

Slide 41
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Internal

No

Compliant

Production (Last Updated: 4 years
ago)
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STM32F05TR8T6 ,,iiSg)Sae (sloar Ly

64 [ VDD
63 [ vSS

62 [ PB9

PORT C  VBAT

PC13IC]
PC14-0SC32_INIC]
PC15-0SC32 OUTIC]

PF0-OSC_IN[]
PF1-O OUTI[]

STM32F051R8T6

LQFP64

PORTF _NRST[]
PC
PCC]
PORT C | pealr
PC
VSSA [
VDDA ]
PAOIC]
PORTA | PAIC]
PA2JC]

:8¢omﬂmmaw-~\

oA b wh =b
N & N
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Boolean Algebra

PFO PF1
3 R22
X2 390
1 I] 2

$MHz il
—(C14 —C13 P13l

PC14-0SC32_IN
PC15-0SC32 OUT
PF0-OSC_IN
HSE| eri1-0sc out
NRST

PCO [

PC1 (]

PC2(]

PC3 ]
VSSA ]
VDDA [

PAD ]

PA1 (]

PA2 []

60 [] BOOTO

64 [ vOD
59 [ PB7

83 [] VSS
62 [ PB9
61[] PB8
s8 [ PB6
57| PB5
56 [ PB4
55 (7] PB3
54 [ PD2

48
a7
46
45

STM32F051R8T6

42

LQFP64 o

©® NG AN -\

Cl6

6.8pH

HSE : High Speed External 8 MHz
LSE : Low Speed External 32.768 KHz

3535 (50 )18 o3liiwl 3)90 @iwaw SYS (1ol (gl
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