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Klasszikus ARM Cortex-M (Mikrovezérl6) magok
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A Cortex-MO mag

= 32 bites mag, 3 elemd pipeline
= Neumann architektura

o Nagyon egyszeru

= ARMvV6-M arhitektura

o 16 bit Thumb utasitaskészlet kiegészitve a Thumb-2 technoldgiaval.
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ARM7, Cortex-M3, MO osszehasonlitas:

memoria-hozzaféreés
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= Mint minden ARM architekturanal

Main
o RO —R3: C szubrutinhivas-paraméterek 2‘:
o RO ( R1) visszatérési értékek =
o R4 —R11 lokalis regiszter valtozok .
o R12 Intra-Procedure-Call 2:
o R13 Stack Pointer _ we
o R14 Link Register R10
R11
o R15 Program Counter R2__ | Process
R13(SP) SP
R14(LR)
R15 (PC)
xPSR
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Memoriatérkep (Map)

= Kompatibilis az M3-mal, de nincs bit-band

Core Memory Mapped Register Space,
l.e. NVIC (XN)

Device 511MB

Private Peripheral Bus

External Peripherals (XN)

External Memory

External Peripherals (XN)

Data Memory (code can also be placed here)

Executable region for program code and data
(vector table is fixed at address 0x0000 0000)

T © BME-MIT 2022

External Device 1GB

External RAM 1GB
Peripheral 500MB
SRAM 500MB
Code 500MB

0xEO010 0000
OxE000 0000

0xA000 0000

0x6000 0000

0x4000 0000

0x2000 0000

0x0000 0000
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Mukodesi modok

= Kompatibilis az M3-mal
o Handler és Thread mod
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Utasitaskeészlet

= Thumb-2

o A régi Thumb utasitaskészlet modernizalt verzidja,
kevés utasitas: 56 db, de garantalt idé alatt.

o Minden Cortex processzor tamogatja, biztositva van a
felfelé kompatibilitas.

o 0,9 DMIPS/MHz

Thumb instruction set upwards compatibility

Cortex-M0 Cortex-M3 Cortex-R4 Cortex-A9
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Cortex-MO és M3 utasitaskészlet 0sszehasonlitasa

( ADC ) ( ADD ) ( ADR )
(AND )(ASR ) ( B )
( BL ) ( BIC )
(CMN ) ( cmP ) ( EOR )

( LDR ) (LDRE ) ( LDM )
(LDRH ) (LDRSB) (LDRSH)

(LsL )( LSR )( mMmov )
(mMuL ) ( MVN ) ( ORR )

(POP ) (PUSH) (ROR )

(RSB ) (SBC ) ( ST™M )

( STR ) (STRB ) (STRH)

(suB )( svc )( TsT )

CORTEX-MO

CORTEX-M3
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Cortex-MO mag szamitasi képessegei

EARM Cortex-M0O B MSP430FG4619 OPIC18F242 0O 8051
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8-Bit Math 8-Bit Matrix 16-Bit Math 16-Bit Matrix 32-Bit Math Floating-Pcint Matrix
Math Multiplication
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NVIC, Nested Vector Interrupt Controller

Hasonldéan integralva, mint az
M3 esetében

Max 32 kilso vektor
tamogatasa

Az indulo stack pointer
a 0x0-an

4 prioritasi szint
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O0xBF

0x40
0x3C
0x38

0x2C

0x0C
0x08
0x04
0x00

Interrupt #31 Handler Vector

Interrupt #0 Handler Vector

SysTick Handler Vector

PendSV Handler Vector

reserved

SVCall Handler Vector

reserved

HardFault Handler Vector

NMI Handler Vector

Reset Handler Vector
Initial value of MSP
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Miért hasznaljunk 32 bites uc-t kis energiaju

alkalmazasokban?

= Pointerméret = regiszterméret
o Nincsenek memoariabankok: egyszer(ibb programozas.

o Minden memoariarégid egyetlen regiszterrel cimezhetd.
= Nagyszamu regiszterkészlet (15 darab + PC, mindegyik 32
bites)
o Mindegyik hasznalhato cim- és adat tarolasra is.

o Sok, nagy regiszter, ki tudja hasznalni a forditd szubrutinhivasnal,
nem kell feltétlenil stack mdveletet csinalni.

= Nincsenek beépitett limitek a cimtérben.
= Nagy kods(rliség

o 16 bites utasitasok 32 bites adatokon
= 16/32 bites timer-ek

Méréstechnika és
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8 bit, 16 bit, 32 bit 0sszehasonlitas:

32 bites egész szam szorzasa

8-bit example 16-bit example ARM Cortex-M0

o :: _E o bi—';_a MOV R1, &MulOpl MULS 0,11, r0
T wav  R1, 3; 1 byte MOV R2, &MulOp2
; Mow E ; 2 bytes MOV SumLo,R3
MOV 2DDC R2 ; 1 bytes MOV SumHi, R4
Mo o RZ, A; 1 byte
~££ &, Rl; 1 byte 0 e
MOV R1, 2; 1 ':J;r:e c B, ¥ byte
MOV A; B ; 2 bytes MUL A2B: 1 byte
ADLC , #0 ; 2 bytes ADD A, R2; 1 byte
MOV R2, RA; 1 byte - & :
MOV R, XH ; 2 bytes - e e
MOV B, YL ; 3 bytes 0 B = nyees

) DDC 2 bytes

MOV R3, A; 1 byte

Time: 48 clock cycles*® Time: 8 clock cycles Time: 1 clock cycle
Code size: 48 bytes Code size: 8 bytes Code size: 2 bytes

Tanszék
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Szamitasi teljesitmeény és fogyasztas kapcsolata

= Gyorsabban végez: tobbet aludhat.

CoreMark/MHz

16 T

14 1
12 T

1.0 T

s T

06 T
04 T
02 +

CoreMark Performance

A
4 ARM Cortex-M 8-bit or 16-bit

INFHOI443
ADH3INI

— = Time Time
16-bit 8-bit

LEGIH MSP430 ATMega

http://www.arm.com/products/processors/cortex-m/index.php
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Cotex MO+

= Optimalizalt verzidja az MO-nak
o Pipeline 3-rdl 2 elem(ivé redukalva

o Micro Trace Buffer hozzaadasi lehet6ség (egyszeri
utasitas trace)

o Opcionalis memory protection unit

o Opcionalis vector table relocation

o Egy ciklusu 1/O port kezelés

o0 13,3 uyW/MHz (MO0) -> 11,2 uW/MHz (MO0+)
* (32 pyW/MHz (M3))
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ARM Cortex-M4
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= Cortex-M4 processzor
o Thumb-2 utasitaskészlet

I I B I = EH B = =W =

o DSP és SIMD utasitasok :
o Egyciklusd MAC (32 x 32 + 64 -> 64) I ] g 0
o Opciondlis single precision FPU 1iMSE Y| RS PoincUnic |1
o Code compatibilis az M3-mal I F““ﬁ‘#ﬁ* - i
= 1,27 /1,55/1,95 DMIPS/MHz s b ) =
= Architektura g me:crEg:yunit : -~
o 3 fazisu pipeline eldgazas-becsléssel . s Debugandmce E
o 3x AHB-Lite Bus Interface 5 e 1 T — A
= Energiatakarékos médok 1 s ]
o Deep Sleep Mode, Wakeup IT i z;( 0
o Power down opcidk az FPU szdmara 1 9 Bus Matrix -
= NVIC (1-240 IT és prioritas) 1 o [peeae o
= Memory Protection Unit 1Y =
|

B _B B 5 8 5 5 B s

= Debug & Trace
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Cortex-M4 utasitaskészlet bovulés
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SIMD (Single Instruction Multiple Data)

= Tobb adaton ugyanaz az utasitas egy ciklus alatt

= Tomoritett adathasznalati lehetbséeg

Sum=3Sum+ (AxC)+ (BxD)

32-bit 32-bit
packed data packed data
A | B C| D
X
64-bit 64-bit
Sum o o Sum
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Egyciklusu MAC utasitasok

OPERATION INSTRUCTION CYCLES
16 x 16 = 32 SMULBB, SMULBT, SMULTB, SMULTT 1
16 X 16 + 32 = 32 SMLABB, SMLABT, SMLATB, SMLATT 1
16 x 16 + 64 = 64 SMLALBB, SMLALBT, SMLALTB, SMLALTT 1
16 x 32 = 32 SMULWB, SMULWT 1
(16 x 32) + 32 = 32 SMLAWB, SMLAWT 1
(16 x 16) * (16 x 16) = 32 SMUAD, SMUADX, SMUSD, SMUSDX 1
(16 x 16) * (16 x 16) + 32 = 32 SMLAD, SMLADX, SMLSD, SMLSDX 1
(16 x 16) * (16 x 16) + 64 = 64 SMLALD, SMLALDX, SMLSLD, SMLSLDX 1
32 x 32 = 32 MUL 1
32 + (32 x 32) = 32 MLA, MLS 1
32 x 32 = 64 SMULL, UMULL 1
(32 x 32) + 64 = 64 SMLAL, UMLAL 1
(32 x 32) + 32 + 32 = 64 UMAAL 1
32 + (32 x 32) = 32 (upper) SMMLA, SMMLAR, SMMLS, SMMLSR 1
(32 x 32) = 32 (upper) SMMUL, SMMULR 1

- Meéréstechnika és
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Cortex-M4 utasitaskeszlet

Cycle counts

CLASS INSTRUCTION ARM9E-S CORTEX-M3 Cortex-M4
Arithmetic ALU operation (not PC) 1- 2 1 1
ALU operation to PC 3 -4 3 3
CLZ 1 1 1
QADD, QDADD, QSUB, QDSUB 1-2 n/a 1
QADD8, QADD16, QSUB8, QSUB16 n/a n/a 1
QDADD, QDSUB n/a n/a 1
QASX, QSAX, SASX, SSAX n/a n/a 1
SHASX, SHSAX, UHASX, UHSAX n/a n/a 1
SADD8, SADD16, SSUB8, SSUB16 n/a n/a 1
SHADD8, SHADD16, SHSUB8, SHSUB16 n/a n/a 1
UQADD8, UQADD16, UQSUB8, UQSUB16 n/a n/a 3
UHADD8, UHADD16, UHSUB8, UHSUB16 n/a n/a 1
UADD8, UADD16, USUB8, USUB16 n/a n/a 1
UQASX, UQSAX, USAX, UASX n/a n/a 1
UXTAB, UXTAB16, UXTAH n/a n/a ¥
USAD8, USADAS n/a n/a 1
Multiplication MUL, MLA 2 -3 1-2 1 n
MULS, MLAS 4 1 -2 1
SMULL, UMULL, SMLAL, UMLAL 3-4 5 - 7 1
SMULBB, SMULBT, SMULTB, SMULTT 1-2 n/a 1
SMLABB, SMLBT, SMLATB, SMLATT 1-2 n/a 1 y
SMULWB, SMULWT, SMLAWB, SMLAWT i - 2 n/a 1 53|f1£]|€3
SMLALBB, SMLALBT, SMLALTB, SMLALTT 2 -3 n/a 1
SMLAD, SMLADX, SMLALD, SMLALDX n/a n/a 1 2 CyC|e
SMLSD, SMLSDX n/a n/a 1 hﬂ}\(:
SMLSLD, SMLSLD n/a n/a 1
SMMLA, SMMLAR, SMMLS, SMMLSR n/a n/a 1
SMMUL, SMMULR n/a n/a 1
SMUAD, SMUADX, SMUSD, SMUSDX n/a n/a i
UMAAL n/a n/a 1 —
Division SDIV, UDIV n/a 2 - 12 2 - 12

- Meéréstechnika és
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Cortex-M4 FIR sz(ro

= DSP-n assembly kédban 1 ciklus
= Cortex-M4 standard C koddal 12 ciklus

= Cirkularis cimzés hasznalataval ugrasok szamanak
csokkentésével assembly-ben kb. 6 ciklus

= SIMD utasitasok hasznalataval kb. 2-3 ciklus (16-bit-es
adaton)

= Koztes valtozok cash-elésével 1,5-2 ciklus

= Hasonld hatékonysagu mint egy normal DSP.

- Méréstechnika és
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Cortex-M3, M4 osszehasonlitas:

16 bites funkciok

1.2
1 .
0.8 —
0.6
04 L Cortex-M3
m Cortex-M4
0.2 I I
A
<& & s <3°°° ,§°°
" NS & N
O@Q ,5{5‘" . & O
= & S
&
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1:2

0.8
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0.4

0.2

Cortex-M3, M4 6sszehasonlitas:

32 bites funkciok

b=

0
N
. o®
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LebegOpontos egység képessegei

EEE 754 standard kompatibilis
Kulon floating point regiszter készlet

Képessegek

— Osszeadas, kivonds, szorzds, osztas, MAC, gyokvonas

OPERATION CYCLE COUNT
Add/Subtract 1
Divide 14
Multiply 1
Multiply Accumulate (MAC) 3
Fused MAC 3
Square Root 14

© BME-MIT 2022
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DSP Library tamogatas

= CMSIS DSP library

o Alap matematikai miveletek: vektormdiveletek
o Gyors matematikai mdveletek: sin, cos, sqgrt stb.
o Interpolacié: linear, bilinear
o Complex math:

e Statisztikak: max, min, RMS stb.

e Sz(rés: lIR, FIR, LMS stb.

* Transzformaciok: FFT

e MatrixmdUveletek
* PID szabalyozas

- Mérestechnika és
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ARM Cortex-M7
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= ARMvV7-M architektura

= Beépitett lebegbpontos
egység ARMP® Cortex®-M7

= 6 allapotu pipeline Nested Vectored L
o superscalar Interrupt Controller &

o branch prediction 1 ETM

CE

= 2,14 - 3,23 DMIPS/MHz

utasitas-cache ARMV7-M —
= 0-64 kB 4 utas adat-cache | = = —
= Nincs bit-band Cache TCM TCM

= 8vagy 16 tartomanyu MPU
= ECC Error Correcting Code
" Lock-step lehet8ség

\ - Meéréstechnika és
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M7 utasitaskeszlet

[ smmia W SMMLAR VMLA
[ aoc__ X ADD Y ADR W AND X AR N B )
{ erc N ef N BC NCBNZW CBZN CDP N COP2 J
GEEED GEEFED GEEIED GEEID GEEFIIED GEETID
{ oc N itpca N iomA N iDMDE N LDR N LDRE
| LDRET N LDRD N LDREX N LOREXB N LDREXH N  LDRH
GEIED D TS GETTED GETID GEISEED
{ sk X MCR N MCR2 N MCRR N MCRRz N MLA N  sMusD N SMUSDX ]
{  mMRRC2 M Mo X MvN X nNOP N ORN N ORR _J
D GEIIED LD GEEED IS GELEAED
{  Revie N REVSH N ROR N RRX W RS8N  SBC
T GESEED RGN VST
ANDI{ ASR J{ B ) [ umaalL i UQADD1é J
VSUB
CMP DMB | EOR J UQSAX
C— Ds8 W e WOMAN (DR STRT WERYE
LORB M LDRHLDRSBMILORSHE LSt N LSR J TBB
[ MOVEl MRS ) MSR L MUL J
[ v L NoP I ORI POP W PUSHINL REV MM uerx N UDF N UDIV
(REV16 REVSH ROR N RSB N SBC M SEV J
STRH SVC UXTH VVFE
SXTB SXTH TST UDF L.I)(TB Mi'ﬂ] VWFI ¥YIELD IT
gL vrE X WFRCYIELD ] Cortex-M0+ Cortex-M3 G | iid
A - - | Cortex-M7 FPU FPU
- Méréstechnika és
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M7 pipeline

= 6 allapotu superscalar pipeline
o duplazott shifter, ALU

o Egy MAC
o Egy floating point pipe
4 )
Load Load Load Load/Store
Store Store Store Pipeline
L #1 #2 #3 3
gL I I I Ratira / 1 R
I Prefetc ! Decode Issude Execute || Execute || Write/ |1 FUre/ Main / ALU
Lo | Feh [l qsgeqy || & #1 #2 store || E™ | #1 Pipeline
-, | dec) | L trace _; P J
= Y
Execute || Write / ALU #2
#2 Store Pipeline
Multiply
MAC #1 || MAC #2 Accumulate
" Pipeline y
g R
Float Point
F1 F2 F3 F4 Pipeline
\ (optional) /
- Meéréstechnika és
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Tightly-coupled memory (TCM)

= Kis késleltetesdi memodria, amit a cache
kiszamithatatlansaga nélkul lehet hasznalni.

= 16 Mbyte-nyi memoriat tamogat mind az utasitas-,
mind az adatoldalon (utasitas 64 bites, adat 2x32
bites).

r . =
| TCM | i Q
p— :
D TCM %
e
‘E'

- Meéréstechnika és
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Teljesitmeny-0sszehasonlitas

Highest core performance
combined with the efficiency of Cortex-M

Higher = better

Processor CoreMark/MHz
Cortex-M7
]t Cortex-M4
Core C
Core D

2 3 4 5
Today's MCU total

Cortex-M7 MCU
Cortex-M4 MCU
MCU Core C
MCU Core D

200 400 600 800 1000

Source: CoreMark.org. ARM for Cortex-M7
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DSP funkcionalitas

= Kétszeres atlagos teljesitmény a Cortex-M4-hez képest
= CMSIS library tamogatas

FIR (C7) |
FIR (031 | —
1P ot
Biquad (Float sterec) |
Biguad (Float mone) -_
Real FFT (015) |

Real FFT (Q31)

Real FFT (Float)

Complex FFT {Q15)

Complex FFT (Q31)

Complex FFT [Float)

0

0.5 1 1.5 2 2.5
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Cortex MO+, M3, M4, M7

osszehasonlitas
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MO+, M3, M4, M7 o6sszehasonlitas

Cortex MO+ Cortex M3 Cortex M4 Cortex M7
Memoria interfész Neuman Harvard Harvard Harvard
DSP: SIMD, MAC DSP: SIMD, MAC
vy Redukalt tobbnyire | Kiterjesztett fix utasitasok, utasitasok,
Utasitas készlet _ ) )
16-bites pont Lebegbpontos Lebegdbpontos
tamogatas tamogatas
SIMD utasitas nem nem igen igen
Lebgbpontos utasitasok nem nem opcionalis, 32bit opuonal:z,hc: Tl
Pipeline 2 Gtemd 3 Gtemd 3 Gtemd 6 Utemd
Superskalar nem nem nem igen
Kilsé IT-k max szama 32 240 240 240
: : . 0 — 64 kB utasitas és
Cache nincs nincs nincs
adat
Jellemz6 flash méret 4k - 256k 32k-512k 64k-2M 64-2M
Jellemz6 RAM méret 2k - 256k 4k - 128k 16 - 640k 256k -1,4M
Jellemz6 labszam 8-100 32-144 32-216 64 - 240
Memory protection unit opciondlis opcionalis opcionalis opcionalis
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Cortex M magu mikrovezérlok

Flash Lbyte]
M7
2M -

1M - M4
512k -
256k

128k =+
64k -

32k -

16k -1
8k -+

|||IIIII|I|IIII
N I B R RN I NN R BN BN RN R E— m— —

8 20 28 32 48 64 80 100 128 144 176 180 208 216 240

labszam
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ST portfolio

x

High
Performance

STM32 MCUs
32-bit Arm® Cortex®-M
STM32F7 STM32H7
1082 CoreMark Up to 3224 CoreMark
216 MHz Cortex-M7 Up to 550 MHz Cor-
tex-M7
240 MHz Cortex-M4
STM32F2 STM32F4 STM32H5
308 CoreMark 608 CoreMark Up to 1023 CoreMark

120 MHz Cortex-M3

180 MHz Cortex-M4

250 MHz Cortex-M33

STM32G0 STM32G4 @
142 CoreMark 569 CoreMark
64 MHz Cortex-M0+ 170 MHz Cortex-M4
. STM32C0 STM32F0 STM32F1 STM32F3 @ O tiized for
Mainstream 114 CoreMark 106 CoreMark 177 CoreMark 245 CoreMark ® 1iixed-signal
48 MHz Cortex-MO+ = 48 MHz Cortex-M0 72 MHz Cortex-M3 72 MHz Cortex-M4 applications
STM32L4+ STM32U5
409 CoreMark 651 CoreMark
120 MHz Cortex-M4 160 MHz Cortex-M33
STM32L0 STM32L4 TM32
Ultra-low- L
75 CoreMark 273 CoreMark 443 CoreMark
power 32 MHz Cortex-MO+ 80 MHz Cortex-M4 110 MHz Cortex-M33
\\ STM32WL STM32WB0 STM32WB @ STM32WBA
& 162 CoreMark 64 MHz Cortex-M0+ 216 CoreMark 407 CoreMark

Wireless

48 MHz Cortex-M4
48 MHz Cortex-M0+

64 MHz Cortex-M4
32 MHz Cortex-M0+

100 MHz Cortex-M33

® Cortex-M0+
Radio co-processor
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NXP portfolid

LPC portfolio overview

Flashless i

1T MB

768 KB

512 KB

256 KB

128 KB

64 KB —

FLASH

S2KE LPC Connect

16 KB —

8 KB -

4 KB

8 16 20 24 33 48 64 80 100
PINS
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144

180

Thi

208 256
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Uj Cortex M generacié
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Uj magok szerepe

Cortex M7
=
'S
S Cortex M4
Y
<

Cortex M3
=
S
E Cortex MO, MO+
<

B ekt

T cE

Cortex-M85
> Cortex-M55
> Cortex-M33

Cortex-M23

Méréstechnika és

a
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ARMv8M

ARMvEBM
base
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Altaldnos ARMv8M tulajdonsagok

= Stack limit registers
o Alkalmas a stack limit tullépés figyelésére, és esemény kivaltasara

= Szinkronizaciét tamogato primitivek
o LOAD Exlusive
o STORE Exlusive

= Nincs bit-band

= Trust Zone

o Safety funkciok levalasztva, kifejezetten IoT és egyéb szenzitiv
kdnyezetekre
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= Memoria Secure és nem Secure részre bontasa, fejlettebb
szeparacio, mint a Memory Protection Unit

= Kilon bank-olt stack pointer-ek a secure modra
= Kilon secure, non secure IT tabla lehet6ségek

Non Trusted Trusted

Non secure
Handler

l Mode
Non secure

Thread
Mode

ARMv7-M ARMv8-M
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Mire hasznalhato a Secure rész

= Minden olyan tehetd Secure
részbe, amit nem engediink
megvaltoztatni, vagy
kiolvasni a user code altal

o Licencelt szoftver stack
o Titkositasi key-ek, és
algoritmusok

bl BME-MIT 2022

Untrusted Trusted

, Ul
stacks Cryptography
library
Device drivers
Interrupt Resource
handlers Manager

System &
power Secure boot
management

| OS kernel

Software from MCU Built-in firmware
system Developers
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Security API




Trust Zone

Non-secure memaory Secure memory
MNon-secure
. 5 callable
|:;|.I;II o R 4 b
. Secure o ”;,,_;:>
Non-secure riun_| @0y point 1=
= P
application A r, Secure
library
L
| rohum
b e
L 4 , ¥
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Trust Zone

Classic embedded Secure embedded

design design

ARMv7-M ARMv7-M Untrusted Trusted
] | |
3 D D
g & g
— = = Trusted
2 z o Ve
& 5 = iIrmware libraries
e c =
2 - -

p—

——

Trusted

Trusted
resource

resource

manager
and libs

Privileged

Privileged
Privileged

manager

and libs ‘

|

- Meéréstechnika és
ME-MIT 2022 Informaciés Rendszerek 47

Tanszék



Cortex-M23

= ARMV8-M baseline
architektura arm

CORTEX®-M23

= Erdsebb utasitaskészlet,

m | nt aZz M O+ TrustZone for Armv8-M

2 elemd pipeline

0.98 DMIPS/MHz (M0+
0.95)

2.64 CoreMark/MHz
(MO+ 2.46)

BT BME-MIT 2022

Nested vectored Wake-up
interrupt controller interrupt controller

CPU
Armv8-M baseline

Memory protection unit

Data
watchpoint JTAG

ETM trace Breqk[)omf
unit

Fast1/O
port MTB

Serial wire
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Cortex-M33

= ARMvV8-M architektura

= Beépitett lebegbpontos
egyseg
= 3 allapotu pipeline
o Floating point
o SIMD utasitasok

= Memoria protection
o Security Arbitration Unit

Arm Cortex®-M33

Arm v8-M mainline Floating-Point Unit
Core SIMD instructions

2 M t t Memory - ASItE::bL:JItI:En | | Secure Memory Protection Unit |
O ' emOI‘y prO ection Protection Unit Mon-Secure Memory Protection Unit |
unit

Embedded Trace
Macrocell

S-AHB
AHB-Lite

Trace Port
Interface

Instrumentation
Trace Macrocell
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Cortex-M33 vs M4

= BQvitett funkcionalitas
= Nagy kulénbség a TrustZone

Cortex®-M33
TrustZone®
Stack limit checking
Enhanced debug
Cortex®-M4 Coprocessor I/F
ETM ETM/MTB
NVIC, 240 IRQs NVIC, 480 IRQs
Cortex®-M33 Cortex®-M33
MPU (PMSAV7) MPU (PMSAV8)
- Cortex®-M4 Cortex®-M4
AHB lite AHB5
FPU FPU "
SIMD/DSP SIMD/DSP 3 A 1
WIC/SMD WIC/SMD 4 6 2
Serial Wire/JTAG Serial Wire/JTAG 8 2
ARM V7-M ARM V8-M Mainline
CoreMark/MHz DMIPS/MHz
‘,’ . New/enhanced
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ARMvV8.1-M mainline
architektura

4 elem( pipeline

Sokkal er8sebb
lebegbpontos egység

Helium kiterjesztés
lebegbpontos vektor

muUveletekhez

o Ml tamogatas
o Edge tdmogatas

Utasitas és adat cache

1.6 DMIPS/MHz (1.25
DMIPS/MHz M4)

BME-MIT 2022

arm
CORTEX®-M55

Nested vectored
interrupt controller

Memory
protection unit

Coprocessor
interface

Arm Custom
Instructions

JTAG/Serial
wire debug

Breakpoint
unit

TrustZone for Armv8-M

Wake-up interrupt
controller

CPU
Armv8.1-M mainline

. Performance
Helium i -
monitoring unit
I-TCM, Peripheral
D-TCM AHB

AXI-5 Interface
interface protection

|-cache,
RAS D-cache
Data

ETM trace watchpoint

ITM trace
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Cortex-M8&5

ARMvV8.1-M
architektura

7 elemd pipeline

64-bites main
buszrendszer

32-bites SIMD
utasitasok

Helium kiterjesztés
lebegbpontos vektor

muUveletekhez

o Ml tamogatas
o Edge tdamogatas

Utasitas és adat cache

3.13 DMIPS/MHz (2.14
M7)

arm
CORTEX®-M85

Nested vectored
interrupt controller

Memory
protection unit

C9processor EPU
interface
Arm Cusﬁom DSP
Instructions
JTAG/SeriaI ECC
wire debug
Breakpoint

- ETM trace
unit

Thi

Helium

Wake-up interrupt
controller

Performance
monitoring unit

I-TCM, Peripheral
D-TCM AHB

AXI-5 Interface
system bus protection

|-cache,
RAS D-cache

Data
RACEN watchpoint
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