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Reference from ARM

| Mo | wmo+ | M3 me |
0.93 1.25 1.25

DMIPS/MHz (v2.1) - official) 0.84
CoreMark/MHz (v1.0) 2.33 2.42 332 3.40
Number Interrupts 1~32+NMI 1~32+NMI 1~240 + NMI 1~240 + NMI
Interrupt Priorities 4 4 8~ 256 8~ 256
Interrupt Latency 16 cycles 15 cycles 12 cycles 12 cycles
Hardware Multiply 1 or 32 cycles 1 or 32 cycles 1 cycle 1 cycle
Hardware Divide No No 2-12 cycles 2-12 cycles
DSP Extension No No No Yes
FPU No No No Optiongl§ing|e
precision
o Cpme omomseen oo
Trace option No Optional Micro Optional ETM, Optional ETM,
Trace Buffer DWTand ITM DWTand ITM
Core Architecture Von Neumann Von Neumann Harvard Harvard
ARM Architecture ARMV6-M ARMV6-M ARMV7-M ARMV7E-M

Reference from ARM
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.. -- Cortex-M Processor Family."(3/3.).
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Reference from ARM Instruction Set

: AGveTon

_ .." " Cortex-MA4F Function Block - /5=

* Cortex-M4 processor includes
— Cortex-MA4F processor core (DSP + FPU)
— Nested Vectored Interrupt Controller (NVIC)

— System Timer (SysTick)
— Memory Protection Unit (MPU) N“VOtO:rOV'der
Y
Nested AHB-Lite
Interrupts Vectored Cortex-M4 interface
— Interrupt Processor < P
Controller ore + DSP + FPU ROM
(NVIC)
RAM
'y
; Memor Peripherals
Sy T IMer < > Protecti)cgn
(SysTick) Unit
Cortex-M4 (MPU)
N
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Features of Cortex-M4F Processor @ /q,j

* Conceptually M4 is M3 + DSP instructions, with
optional FPU. Key features include:
— ARMV7 architecture with an instruction set of

* Thumb, Thumb-2, 1-cycle 32-bit hardware multiply, 2-12
cycle 32-bit hardware divide, saturated math support,
DSP extension (1-cycle MAC and SIMD arithmetic), FP
extension

— 3-stage pipeline with branch speculation

— 1~240 physical interrupts plus NMI, 12-cycle latency
— Integrated sleep modes

— 8 region memory protection unit (MPU)
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* Most operations are dominated by MACs

N-1
+ FIR Filter )= hiep[n k]
k=0
- IIR or recursive filter )= boxln]+ bialn =1]+ baln 2]

+ uL\'[n - l]+ a_,j'ln - 2]

« FFT Butterfly (radix-2)  y[k|= X[k ]+ X[k
)-[‘t": ] = {X['F"ll_ X[f\':]]e ”

* Single Cycle MAC . S
. R6 | Al0,1, -] | AL0]
— 32 x32 + 64 -> 64 operation b3L ~ b A
Rl4t:
e sum 1= A+ % =Bt g
. R7 | B[0.1,] |
— Two 16 x 16 operations b3 ~ b
R3 | Sum | =
b31 ~ b0
Rz sum |

b63 ~ b32
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Features of Cortex-M4F Processor (3/45)

* SIMD Instructions

— Handle two 16-bit data or four 8-bit data in parallel.
pacz:-::ia ta pazi-::; data

* Single Cycle SIMD

¥ 10+
— sum = _ SMLALD(*__ SIMD32(pSrcA)++ re [CAILS T T[TAT0.2.0 7] I EE
. b31 ~ bl6 b15 ~ b0 AT [ ALl
, % SIMD32(pSrcB)++ Ly AT at6)
. v
, sum); g7 [ BIL3.~1 | Bl0.2.-1 | L
b3L ~ b16 bI5 ~ b0 e
R4 | SUM | B[7] [ BI6]
b31 ~ b0
R12] Si |
b63 ~ b32
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Features of Cortex-M4F Proces‘éor (4/4)

* FPU boosts performance by using hardware to handle
single precision floating point operations.

3130292827 262524 232221201918 17 16/1151413121110 9 87 6 5 4/3 2 1 0

Reserved CP11|CP10| Reserved | CP7 | CP6 | CP5| CP4 | CP3| CP2|CP1|CPO
\—Y—J Available on the Cortex-M4 with
FPU only *
00 Access denied (/ Floating Point Unit \\
01 Privileged access only = L :’
10 Reserved B ] %‘
11 Full access >J [ ]
il 05
T3 | o]
15 14 D7
D8
S 0o
SCB->CPACR |= ((3UL << 10*2) | 1* set CP10 Full Access */ = : L
(UL << 11*2) ); /* set CP11 Full Access */ 13 o1z
526 D13
D14
D15
J

Floating Point Status
\ and Control Register
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‘Cortex-M address map

OXE0000000 — OXFFFEFFEF System system segment including the PPB, XN

0xC0000000 — OXDFFFFFFF

e _

0x80000000 — OX9FFFFFFF

0x60000000 — Ox7FFFFFFF RAM

0x40000000 — OX5FFFFFFF Peripheral on-chip peripheral, XN

0x20000000 — Ox3FFFFFFF SRAM Typically used for on-chip RAM, WBWA
0x00000000 — OXLFFFFFFF Typically ROM or flash memory, WT

Note 1 : Event entry points (vectors), system control, and configuration are defined at physical addresses
Note 2 : A multi-word access which crosses a 0.5GB address boundary is UNPREDICTABLE
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Bit-banding

* Writes to a word address in the bit band alias affect a single bit
in the bit band region.

* Bit 0 of the stored register is written to the appropriate bit.
* bit_word_addr = bit_band_base +

Memary map
(byte_offset x 32) +
. Vendor Specific
(bit_number x 4)
Private peripheral bus
=E.g. : 0x20000000[11] = 0x22000000 +
(1x32) + :
32MB alias region (3 X 4) External device 1.0GB}|
| o e el ) i i i) =) = 0x2200002C
u‘m:mt 022000018 | 022000014 | 0:22000010 | 022000008 0:22000008 | 022000004 ﬁmm\T] : R External RAM 1.0G8|
1MB SRAM bit-band region \ 31V
Weseaz g0 3210765432 1078543210 Peripheral 0568,
[Tt T T T T ot T TT T T [ T "
: i bandatas SRAM 0568]
Pesa3ii07ecicziares 12 g assaea 31M8
[T Topmop T TTT [t T TT T oot T TTT Togeese [ T £ =4
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Vector Table Offset

* Optional 8 region MPU with sub regions and
background region — to prevent memory access

violations
.
4Gb | [ Access not 4Gb [ Privileged |
alk)wed - ACCAEEEE
only
Region -1
Rogion 3 Region 3
PeErmISson PEMMESSIoN
ovarride S —— override
A 2 A 2
Region 3 aen Region 3 i
-4
F'!etpon 2 Ragion 2
Flegion 2 A | ] Region 2 “+ [ permission |
[ Region 1 [ Regien1 |
aglon " egion
Region 1 hi | permissian ] Region 1 + | permission | [ AP Value | Priviloged Accoss | Usor Accass
Privileged Y[ o0d N access Mo access
rivilege
- ni:::e:t ] Region -1 - amen 001 Read,Wrire Mo access
. ) [ew Read/Write Read only
o1 Read Write Fead Write
100 Unpredictable Unpredictable
Region 0 #] p’:rﬂr'ni:::'gn Region0 -+ Regicn 0 101 Read only Mo access
110 Read only Read only
m Read only Read only
] ol
Without background region With background region
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* The vector table starting address can be changed by
updating Vector Table Offset Register (VTOR @
OxEOOOEDO08).

— Relocating vector table to SRAM

* To allow dynamically changing exception handler
entrance points.

* For faster vector fetch.
— Relocating vector table to different one in ROM (or flash)

* Different stage of program execution can have different
exception handlers.
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‘Exception Model (1/2)

‘Exception Model (2/2)

* An exception occurred and is higher priority than the
current level, and not blocked by any masking
registers

d Vectored Interrupt Controller (2/5)

VTOR
Old sp — :' Word 0 Initial value of stack « SP : updated for stacking,
L xPsR i
i PC | Word 1 Vector address of exception 1 then MSP will be used
I R : Word 2 Vector address of exception 2 PSR : exception number.
L2 1
1
[ r3 1 ! PC : vector handler
e .
L r 1 : LR : updated to EXC_RETURN
New sP—»lro ] Y ]
L T
S0 ~ S15 and FPSCR will be pushed Word 255 | Vector address of exception 255
to stack if FP exists and Vector Table
CONTROL.FPCAis 1
novoton

* Exceptions defined in Cortex-M4

Exception number M Priority level

0 MSP initial value

1 Reset -3

2 NMI -2

3 HardFault -1

4 MemManage configured by register SHPR1

5 Bus Fault configured by register SHPR1

6 Usage Fault configured by register SHPR1

11 SVCall configured by register SHPR2

14 PendSV configured by register SHPR3

15 SysTick configured by register SHPR3

16 External Interrupt (0) configured by register NVIC_IPRx
255 E"t‘?;';‘g)'"te"“pt configured by register NVIC_IPRx
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Nested Vectored Interrupt Controller(lf&)

* Supports up to 240 discrete interrupts which can be
either level-sensitive or pulse-sensitive.

* NVIC interrupts can be enabled/disabled, pended/un-
pended and prioritized by setting NVIC control
registers

interrupt O

Interrupt Exception Exception 1
number number Exception 2
1
i
!
ﬁ Exception 255

System Vector Table
interrupts

Interrupt 239

17 nuvoton

Nested Vectored Interrupt Controller (2“[5)

* Automatic nested interrupt handling

— By assigning different priorities to each interrupt, the NVIC
can support Nested Interrupts automatically without any
software intervention. (automatic hardware stacking and
unstacking)

IRQ #2, Higher priority
IRQ #1 !

Lower priority

FUERT J-me ‘
(Cmain() } (Cmain() )

~

Time
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Nested Vectored Interrupt Controller (3“[5)

* Tail chaining
— Skip the stack Pop and services the new interrupt
immediately.

W B
e \

Interrupt Interrupt
exit exit

v v
Interrupt Stacking | | [ Unstacking
Processing (PUSH to stack) | 251 | ] BhA | (POP from stack)

Tail-chain
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Nested Vectored Interrupt Controller (4“[5)

* Stack pop pre-emption
— Abandons the stack Pop and services the new interrupt

immediately.
o —t %
IRQ 2 Interrupt Interrupt
exit exit
, : {
Interrupt Stacking ISR 1 ‘ ISR 2 Unstacking
Processing {PUSH to stack) | k {POP from stack)
Unstacking Stack Pop
Pre-emption
novoton




Nested Vectored Interrupt Contr"t-)lle_'r (575)

* Late Arrivals

— If a higher priority interrupt arrives during the stacking of a
lower priority interrupt, the processor fetches a new vector
address and processes the higher priority interrupt first.

IRQ 1 —/_—\

(Higher priority)

IRQ 2 _/ \

ol Interrupt Interrupt
(Lower priority) exit exit
v v
Interrupt Stacking ISR 1 ‘ ISR 2 Unstacking
Processing | (PUSH to stack) | || | (POP from stack) |
Late arrival Tail-chain
21 novoton W

“System timer - SysTick

* SysTick provides a simple, 24-bit clear-on-write,
decrementing, wrap-on-zero counter.
* When enabled, the timer will count down. When the

counter transitions to zero, the COUNTFLAG status bit
is set.

* The reference clock can be the core clock or an
external clock source.

SysTick request
CPU clock Reference when counter
_—

_ Mreneso

[ Reload counter }

-
external clock

novoton

Q&A
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