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Uvod do vestavénych systém

Prednaska 1



Napln prednasky 1
e Vestavény systém
* Vypocetnijednotky

* Vyrobci mikrokontrolért

Zakladni pojmy mikroprocesové techniky



Vestaveény ridici systém

Anglicky: Embedded system
* Je jednoucelovy systém zcela zabudovan do zarizeni, které ovlada.

* Je maximalné optimalizovany pro danou aplikaci (vykon, spolehlivost, rozméry, cena ...).

» Veétsina elektronickych aplikaci kolem nas je vestavénych: bankomaty, kalkulatory, prodejni automaty,
palubni pocitace, mobilni telefony ...
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Vypocetni jednotky

Kazdy vestavény systém je v podstaté , pocitacem”.

Jadro vétsinou tvori jeden nebo vice programovatelnych nebo konfigurovatelnych obvodt jako napriklad:

* MPU (mikroprocesor) | s e
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Majoritni vyrobci mikrokontroléru

X

NXP (i byvalé Freescale produkty)
Renesas (NEC Electronics, Mitshubishi Electric, Hitachi)

Microchip (i byvalé Atmel produkty) o
ST Microelectronics @
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i3 T
I’l INOTRUMENTS RENESAS



Mikroprocesor vs. mikrokontrolér

Mikroprocesor : Radi¢ + ALU (+ operaéni pamét)
« Radi¢ nebo Fidici jednotka — jadro - fizeni ¢innosti procesoru , Sada registra (v Fadi¢i) k uchovani operandd
a mezivysledku. ( ¢itac instrukci, stavové registry, registr vrcholu zasobniku, indexregistry
* Jedna nebo vice aritmeticko logickych jednotek (ALU - Arithmetic-Logic Unit), které provadi s daty
prislusné aritmetické a logické operace.

* Jedna nebo vice FPU - jednotka plovouci ¢arky

Mikrokontrolér (MCU, uC)
e soucasné integrovany zakladni periferni obvody.
 jadro mikroprocesoru, paméti (RAM, ROM, EEPROM, FLASH, citace a casovace, ADC a podobné na
jediném Cipu
* schopen samostatné funkce bez pridavnych periférii - obsahuje kompletni mikropocitac



Aritmeticko-logicka jednotka

Aritmeticko-logicka jednotka (ALU podle anglického
arithmetic logic unit) je jedna ze zakladnich
komponent pocitacového procesoru, ve které se
provadéji vSechny aritmetické (napf. scitani, ndasobeni,
bitovy posuy, ...) a logické (logicky soucin, negace, ...)
vypocty.

V mnoha dnesnich procesorech je na jednom
procesoru vice nez jedna ALU, obvykle rozdélené na
jednotky pro praci s celoCiselnymi operandy a jednotky
pro praci s operandy v plovouci radové carce (ty se
nékdy neoznacuji jako ALU, ale jako FPU, floating-point
unit). Jednotlivé ALU pracuiji relativné nezavisle, takze
procesor muze v jednom hodinovém taktu provést vice
instrukci ve vice jednotkach soucasné.

Datova sbérnice

Vysledekel Akumulator
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Architektura pocitace

Von Neumannova architektura

Von Neumannova architektura popisuje pocitac
se spoleCnou paméti pro instrukce i data. To
znamena, ze zpracovani je sekvencni oproti
napriklad harvardské architekture, ktera je
typickym predstavitelem paralelniho zpracovani.

Adresova sbérnice

[ 1 1

:D Vstup a Datova a
>tUp instrukcni CPU
vystup x o

<: pamet

C [ J

Instrukéni a datova sbérnice

Hardvardska architektura

U harvardské architektury neni potreba mit pamét
stejnych parametrud a vlastnosti pro data a pro
program. Paméti mizou byt naprosto odliSné, mohou
mit riznou délku slova, ¢asovani, technologii a zpUsob
adresovani.

T &

Adresova sbérnice Adresova sbérnice

Vstup a Datova Instrukéni
, .o CPU .o
vystup pamet pamet

1 JUJ

Datova sbérnice Instrukéni sbérnice 12




Instrukcni sada

Pocitace CISC

CISC (anglicky Complex Instruction
Set Computer) oznacuje v
informatice skupinu procesoru
vyznacujicich se podobnym
navrhem sady strojovych instrukci.

Oznaceni complex vyjadruje
skutecnost, ze strojové instrukce
pokryvaji velmi Siroky okruh
funkci, které by jinak sly
naprogramovat pomoci
jednodussich jiz obsazenych
strojovych instrukci (napriklad
nasobeni je mozné nahradit
sCitanim a bitovymi posuny).

Pocitace RISC

RISC (anglicky Reduced Instruction
Set Computing, vyslovnost risk)
oznacuje v informatice jednu z
architektur mikroprocesoru.

RISC oznacuje procesory s
redukovanou instrukéni sadou,
jejichz navrh je zaméren na
jednoduchou, vysoce
optimalizovanou sadu strojovych
instrukci, ktera je v protikladu s
mnozstvim specializovanych
instrukci ostatnich architektur
(napriklad u RISC napfiklad
neexistuje instrukce pro nasobeni,
které se realizuje softwarové
pomoci jednoduchych instrukci
sCitani a bitovych posunu).

RISC

CISC

Machine instructiuns’J

Instruction
execution

Machine instructions

Microcode comversion

Microinstructions

Microinstruction
execution
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Programatorsky model
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Dékuji za pozornost
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ARM Cortex M

Prednaska 2

16



Napln prednasky 2
* ARM Cortex M
NXP Kinetis K a KL
Rapid prototyping a KL25Z
e Systick
e SIM
 WatchDogTimer (COP)

17



ARM Cortex-M

Skupina 32 bitovych procesorovych jader typu RISC.

Nyni jsou vyrabény:

Cortex-MO (ARMv6-M, 3 stupnova pipeline)

Cortex-MO+ (ARMv6-M, 2 stupniova pipeline, optimalizovana instrukcni sada)
Cortex-M1 (ARMv6-M,optimalizované jadro pro FPGA)

Cortex-M3 (ARMv7-M)

Cortex-M4 (ARMv7-M, moznda FPU)

Cortex-M7 (ARMv7-M, velmi vykonné jadro, 6 stupnova pipeline)
Cortex-M23 (ARMv8-M, security instrukce, 2 stupnova pipeline)

Cortex-M33 (ARMv8-M, security instukce, 3 stupriova pipeline)

18



Celkovy prehled vsech vlastnosti a programatorsky model

ARM Core

Cortex
MO

Thumb-
1instructions

Thumb-
2 instructions

Multiply instruct
ions

Divide instructio
ns

Saturated instru
ctions

DSP instructions

Floating-
point instruction
s

TrustZone instru
ctions

Cortex
MO+

Cortex
M1

Cortex
M3

Cortex
M4

Cortex
M7

Entire

Entire

Entire

Entire

Entire

Entire

32-bit result
64-bit result

32-bit
result
64-bit
result

32-bit
result
64-bit
result

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Optional:
SP

Optional:
SP
or SP & DP

Cortex
M23

Optional

Cortex
M33

Entire

32-bit result
64-bit result

Optional

Optional: SP

Optional

Lr;::ﬁ;:on 3 stages | 2 stages | 3 stages 3 stages 3 stages 6 stages 2 stages 3 stages
Von Von

Com.puter Ll Neuman | Neuman Harvard Harvard Harvard Lo Harvard

architecture Neuman N " Neumann

ARM. ARMv6-M AN e ARMv7-Ml | ARMV7E-M | ARMV7E-M | ARMv8-M | ARMVS-M

architecture M M

Low registers

High registers <

Active Stack Pointer
Link Register
Program Counter

RO

R1

R2

R3

R4

R5

R6

RY

R8

R9

R10

R11

R12

General purpose registers

Banked stack pointers
( )

—
SP (R13) ——» |

PSP | | MSP |

LR (R14)

PC (R15)

PSR

PRIMASK

CONTROL

Program Status Register
Interrupt mask register
Control Register

Special registers
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AHB bus

» Sbérnice (nejen) ARM Cortex-M0/M1/M3/M4:
tzv. AHB (AMBA Hi-perf Bus)

 AHB ma crossbar topologii -> je mozna
soucasna komunikace rtiznych master portd s
rdznymi slave porty

* VSechny master porty nemusi byt propojeny se
vsemi slave porty

* Arbitraz resena hardwarové -> fizeni
metodami fixed priority nebo round-robin

e Arbitraz je z hlediska programu transparentni

ARM

Cortex-M4

DMA1 DMA2

ETH

usB

I-bus

D-bus

S-bus

¢ masters

ICODE

DCODE

ACCEL

slaves

O

|| Flash

memory

SRAM1

SRAM2

AABT
peripherals

AHBZ
peripherals

¢

AHB matrix

Ext. bus
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MCU NXP Kinetis

Rada 32 bit low-power MCU na bazi ARM Cortex-M

http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/kinetis-cortex-m-mcus:KINETIS

Kinetis K Series

Performance and
Integration
Cortex-M4-based MCUs

Kinetis E Series

5V / Robust
Cortex-M0+/M4 MCUs

Kinetis EA Series

Automotive
Cortex-M0O+-based MCUs

Kinetis MINI MCUs

Miniature chip-scale packages
World's smallest ARM-based MCUs

Low power based ARM®
Cortex®-M0+/M4F/M7
MCUs w/multiple
hardware/software-
compatibility exceptional
low-power performance,
memory scalability &
integration.

Kinetis L Series

Ultra-Low Power
Cortex-M0+-based MCUs

Kinetis V Series

Real-time control; Motor
and Power Conversion
Cortex-M0+/M4/M7 cores

Kinetis M Series

Metrology
Cortex-MO+ core

Kinetis W Series

Wireless Connectivity
Cortex-M0+/M4 cores
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http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/kinetis-cortex-m-mcus:KINETIS

Kinetis K family

Standard Key Features
UART, I2C, I2S, SPI, 16-bit ADC, 12-bit DAC, timers, comparators and GPIO.

 KOx— Entry level F—

SVGA | Segment HW Tamper

B | G | U Encryption | Detection

e Kilx— Mainstream

KBX ’ 150 MH ZEEGKEBSE?ASG M,l&gggﬁ\ v v v v
4 i .
b K2X - USB 2:2'5,2'9 e XIP QuadSPI WLCSP
K7x > 120-150 1 MB Flash
* K3x—Segment LCD cacicp W wskesnaw | WERR Y Y M
256 KB-2 MB LQFP,
Kéx > 100-180 Flash MAPBGA v v | v v v
MHz :
e Kdx—-USB and segment LCD et 64-25 KB SRAM  WLCSP
oo Y | i g | v v v
easuremen
e K5x— Measurement
K4X > 72100 64-512 KB Flash LQFP, v v v
USB and MHz 16-128 KB SRAM =~ MAPBGA
e K6x— Ethernet
K3)( > 72100 64-512 KB Flash LQFP, v <
. Segment LCD MHz 16-128 KB SRAM ~ MAPBGA
e K7x—Graphic LCD
LQFP.
K2x > soto | 2AOINE S aen v | v v v
MH MAPBGA,
e K8x —Scalable and secure 2 somkesraM  MATeSt
32 KB—1 MB LQFP,
N}’l(a:ilﬂ)s(tr:am SE"'—'EU 8—128FP|<EBS hSRAM ME;S(:BA v v v
KOx > 100 MHz B4 128KBFlash o oep ooy

Entry-level 16 KB SRAM



Kinetis KL family

e KLOx — Entry level

* KL1x— Mainstream
 KL2x—USB

* KL3x-—Segment LCD

e KL4x—-USB and segment LCD
* KL8x - Security

Standard Key Features:Low-Power UART and Timers, PWM, SPI, 12C, RTC and Analog Comparator.

KL8x >

Security

KL4x >

USB and Segment LCD

KL3x >

Segment LCD

KL2x >

USB

KL1x >

Mainstream

KLOx >

Entry-level

ARM
Cortex-M0+

72 MHz
(Up to 96 MHz)

48 MHz

48 MHz

48 MHz / T2MHz
(Up to 98)

48 MHz

48 MHz

128 KB Flash
96 KB SRAM

128-256 KB Flash
16-32 KB SRAM

32-256 KB Flash
4-32 KB SRAM

32-512 KB Flash
4-128 KB SRAM

32-256 KB Flash
4-32 KB SRAM

8-32 KB Flash
1-4 KB SRAM

LQFF, MAPBGA,
WLCSP

LQFF, MAFBGA

LQFF, MAFBGA

LQFF, QFN,

MAFPBGA, XFBGA,

WLCSP

LQFF, QFN,

MAPBGA, XFBGA,

WLCSP

LQFF, QFN
WLCSP

Pin Count

64-121

64121

64121

32-121

32-80

16-48

2
=
TE
Jus]
w
=

Segment LCD

HW Encry ption

Tamper Detection
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MCU KL2x

 ARM* Cortex™-M0+ core up to 72 MHz
7 (mbmmunwnn)

Analog

[ -~

2 x 2-ch. Timer/PWWM

'
i
'
.
.
'

.---......‘.

) -

Communication Interfaces
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MCU KL25Z




Rapid prototyping

NXP Tower system

NXP Freedom board

“Imeseee
~AAAAALLNS
2 12
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FRDM KL25Z

NXP KL25Z Kinetis KL2 MCU (MKL257128VLK4)
* High performance ARM® Cortex™-MO0+ Core
* 48MHz, 16KB RAM, 128KB FLASH
e 2xSPI, 2x12C, 3xUART, 6xPWM, 6xADC, Touch Sensor, GPIO

FRDM-KL25Z Onboard peripherals
* MMAS8451Q - 3-axis accelerometer
* PWM Controlled RGB LED
* Capacitive touch sensor

Evalution Form factor
* 81mm x53mm
* 5V USB or 4.5-9V supply
* Built-in USB drag 'n' drop FLASH programmer

27



EB308 — EDU Platform
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Dokumentace k KL25Z

11/04/2019

Nazev prezentace

Datasheet — Popis hlavni parametrd MCU,
informace pro vyvoj z hlediska hardwaru

Reference manual — Podrobny popis konfigurace
MCU a popis funkcionality.

Application notes — Vyklady jednotlivych
funkcionalit a uvedeni priklad(

Errata — Zadokumentovani znamych chyb v
implementaci Cipu
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SysTick

* Obsahuje (kazdy) ARM Cortex-M

* Jednoduchy dekrementacni 24 bit timer
* Taktovan frekvenci jadra

e Urcen pro implementaci OS

* Mozno pouzit pro obecné ¢asovani

* Generuje periodicky exception (vyjimku)

NMI —

Up to

/ Arm® Cortex®-M0+

-

Processor
Core

32 IRQs —

System
Exceptions

SysTick IRQ

30



System integration module (SIM)

SIM umoznuje konfiguraci MCU.

Hlavni moznosti nastaveni:
* Hodinovy signal (zdroje, periferie ...)
* Flash a systémova RAM
e Zdroj USB
e Externi signal pro TMP
* UART konfigurace

SIM memory map

Absolute

address Register name (i\:i:ittg) Access | Reset value S:(;t;c;nl
(hex)
4004_7000 |System Options Register 1 (SIM_SOPT1) 32 R/W See section | 12.2.1/193
4004_7004 |SOPT1 Configuration Register (SIM_SOPT1CFG) 32 R/W | 0000_0000h | 12.2.2/194
4004_8004 |System Options Register 2 (SIM_SOPT2) 32 R/W | 0000_0000h | 12.2.3/195
4004_800C |System Options Register 4 (SIM_SOPT4) 32 R/W | 0000_0000h | 12.2.4/197
4004_8010 |System Options Register 5 (SIM_SOPT5) 32 R/W | 0000_0000h | 12.2.5/199
4004_8018 |System Options Register 7 (SIM_SOPT7) 32 R/W | 0000_0000h | 12.2.6/200
4004_8024 |System Device Identification Register (SIM_SDID) 32 R See section | 12.2.7/202
4004_8034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W FO00_0030h | 12.2.8/204
4004_8038 |System Clock Gating Control Register 5 (SIM_SCGC5) 32 R/W | 0000_0180h | 12.2.9/206
4004_803C |System Clock Gating Control Register 6 (SIM_SCGCB8) 32 R/W | 0000_0001h | 12.2.10/207
4004_8040 |System Clock Gating Control Register 7 (SIM_SCGC7) 32 R/W | 0000_0100h | 12.2.11/209
4004_8044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W See section | 12.2.12/210
4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R/W See section | 12.2.13/211
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section | 12.2.14/213
4004_8058 |Unigue Identification Register Mid-High (SIM_UIDMH) 32 R See section | 12.2.15/213
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 12.2.16/214
4004_8060 |Unigue Identification Register Low (SIM_UIDL) 32 R See section | 12.2.17/214
4004_8100 |COP Control Register (SIM_COPC) 32 R/W | 0000_000Ch | 12.2.18/215
4004_8104 |Service COP Register (SIM_SRVCOP) 32 W 0000_0000h | 12.2.19/216
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System Device Identification Register

SIM_SDID slouzi k identifikaci typu MCU

Address: 4004_7000h base + 1024h offset = 4004_8024h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16‘15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FAMID SUBFAMID SERIESID SRAMSIZE REVID DIEID 0 PINID

Heset * * * * * * * * U_ U 0 1 * * * * * * * * U 1 0 U 1 U 0 U 4+ 4+ * *

* Notes:

FAMID field: Device specific value.
SUBFAMID field: Device specific value.
SRAMSIZE field: Device specific value.
REVID field: Device specific value.
PINID field: Device specific value.

32



System Clock Gating Control Register

SIM_SCGC4 zapina hodinovy signal do periferii

Address: 4004 7000h base + 1034h offset = 4004 8034h

Bit a1 30 29 28 27 26 25 24 ‘ 23 22 21 20 19 18 17 16
R 1 0 0 O] 0
—
SPI1 | SPIO cMP | Q
w 3
Reset 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 1 0
E T E 12C1 | 12C0
< < <
] - -]

o
o
o

Reset 0 0 0



System Clock Gating Control Register

SIM_SCGC5 zapina hodinovy signal do periferii

Address: 4004_7000h base + 1038h offset = 4004_8038h

Bit 3 30 29 28 27 26 25 24 23 22 21

20

19

18

17

16

<
o
o
o
o
(=]
o
o
o

Reset 0 0

Bit 15 14 13 12 11 10 9 8 \ 7 6 5 4 3 2 1 0

R 0 L a) O m < 1 0 0 0 o

= = = = = =

oC o o c o =

O O @) O O o

W o o a a o _
Reset 0 0 0 0 0 0 0 0
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System Clock Gating Control Register

SIM_SCGC6 zapina hodinovy signal do periferii

Address: 4004 _7000h base + 103Ch offset = 4004 803Ch

Bt 31 30 29 28 27 26 25 24 23 02 21 20 19 18 17 16
R 0 0 0
3 3| S| 5|8
I RTC 2 5 = = PIT
wl © < = — =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
>
R| 0 0 g
= | FIF
=
&

o
—
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System Clock Gating Control Register

SIM_SCGC7 zapina hodinovy signal do periferii

Address: 4004_7000h base + 1040h offset = 4004 8040h

Bit 31 30 29 28 27 26 25 24 ‘ 23 22 21

Bit 15 14 13 12 11 10 9 8 7 6 5
R

0 DMA
W




Unique Identification Register

SIM_UIDMH, SIM_UIDML, SIM_UIDL -> 80 bit

Address: 4004 _7000h base + 1058h offset = 4004 _8058h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 ‘15 14 13 12 11 10

Reset 0 0O 0O 0O 0 0 0 O OO O OOOOO}* * *» *» **

Address: 4004 _7000h base + 105Ch offset = 4004 _805Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 ‘15 14 13 12 11 10

R uiD

* * * +* * +* * * * +* * +* +* +* * E 2 * * +* * +* *
Reset

Address: 4004_7000h base + 1060h offset = 4004 _8060h

Bit 31 30 29 28 27 26 256 24 23 22 21 20 19 18 17 16 ‘15 14 13 12 11 10

R uiD
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WatchDog Timer - COP

Computer Operating Properly (COP) Watchdog

Dva mozné vstupy:
e Bus clock
 1kHz

Vyvolava reset pri padu aplikace
Musi se resetovat periodicky

Po startu je vzdy zapnut

Peripheral
bridge O

|

Register
access

Y

Mode Controller

WDOG
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WDT windowed mode

e Okenni madd probiha pfi zvoleni
frekvence sbérnice.

* V okennim mdodu musi prijit signal
resetu WDT v poslednich 25%
maximalniho béhu WDT.

* V opacném pripadé predcasny reset
WDT zpusobi restart celého MCU.

 Implementace je vhodna pro
deterministické chovani programu.

11/04/2019 Nazev prezentace

Control Bits Clock Source COP Window Opens COP Overflow Count
COPCTRL[COPCLKS] COPCTRL[COPT] (COPCTRL[COPW]=1)
N/A 00 N/A N/A COP is disabled
0 01 1 kHz N/A 25 cycles (32 ms)
Control Bits Clock Source COP Window Opens COP Overflow Count
COPCTRL[COPCLKS] COPCTRL[COPT] (COPCTRL[COPW]=1)
0 10 1 kHz N/A 28 cycles (256 ms)
0 11 1 kHz N/A 210 cycles (1024 ms)
1 01 Bus 6,144 cycles 213 ¢cycles
1 10 Bus 49,152 cycles 216 cycles
1 11 Bus 196,608 cycles 218 cycles




Dékuji za pozornost
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Vstupy a vystupy mikrokontroléru

Prednaska 3

41



Napln prednasky 3
Periferie:
e PORT

* GPIO
* FGPIO

42



Port control

= Periferie port umoznuje konfiguraci pint MCU a podporu externiho preruseni.

= VeétSina funkci muze byt konfigurovano nezavisle a vysledny efekt zavisi pouze na
multiplexaci.

= Mody portu:
* Run mode — PORT bézi v normalnim rezimu
= Wait mode — PORT bézi v normalni rezimu, ale muze byt prepnut do low-power
rezimu.
= Stop mode — PORT muze byt prepnut do low-power reZimu pomoci asynchronniho
wake-up signalu.

WWW.vsb.cz 43



Vystupni rezim

Up

Ur

MCU

MCU

Up

Zarizeni 1
PORT A
bit 0
5V O 5V
MCU
Zafizeni 2
PORT A
Level | bit1 {
33V shifter hd SV
Ucc
D
R
MCU
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Vstupni rezim: Pull-up, Pull-down

= Pull up rezistor. Na kazdém logickém vstupu musi byt definovana log. droven. V pripadé
nezapojeného vstupu nebo vstupu, ke kterému je pripojena vysoka impedance, muze
dojit k neocekavanym stavum.

= Pull up rezistor slouzi k udrzeni logické hodnoty ,,1“

(i)Ucc Ucc
: 42

PORT A PORT A
bit 0 bit 0
0O 0O

MCU MCU




24
ISF

19-16
IRQC

Interrupt Status Flag

This bit is read only for pins that do not support interrupt generation.

The pin interrupt configuration is valid in all digital pin muxing modes.

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic one is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

Interrupt Configuration

This field is read only for pins that do not support interrupt generation.

The pin interrupt configuration is valid in all digital pin muxing modes. The corresponding pin is configured
to generate interrupt/DMA request as follows:

0000 Interrupt/DMA request disabled.
0001 DMA request on rising edge.
0010 DMA request on falling edge.
0011 DMA request on either edge.
1000 Interrupt when logic zero.

1001 Interrupt on rising edge.

1010 Interrupt on falling edge.

1011 Interrupt on either edge. 4
1100 Interrupt when logic one. PFE
Others Reserved.

SRE

Slew Rate Enable
This bit is read only for pins that do not support a configurable slew rate.

Slew rate configuration is valid in all digital pin muxing modes.

0 Fast slew rate is configured on the corresponding pin, if the pin is configured as a digital output.
1 Slow slew rate is configured on the corresponding pin, if the pin is configured as a digital output.

PE

Pull Enable

This bit is read only for pins that do not support a configurable pull resistor. Refer to the Chapter of Signal
Multiplexing and Signal Descriptions for the pins that support a configurable pull resistor.

Pull configuration is valid in all digital pin muxing modes.
0 Internal pullup or pulldown resistor is not enabled on the corresponding pin.

1 Internal pullup or pulldown resistor is enabled on the corresponding pin, if the pin is configured as a
digital input.

Pull Select

This bit is read only for pins that do not support a configurable pull resistor direction.

Pull configuration is valid in all digital pin muxing modes. Reset

0 Internal pulldown resistor is enabled on the corresponding pin, if the corresponding Port Pull Enable
field is set.

1 Internal pullup resistor is enabled on the corresponding pin, if the corresponding Port Pull Enable field
is set.

in Control Register n (PORTx_PCRn)

Pin Mux Control

Not

all pins support all pin muxing slots. Unimplemented pin muxing slots are reserved and may result in

configuring the pin for a different pin muxing slot.

The

000
001
010
011
100
101
110
111

31

corresponding pin is configured in the following pin muxing slot as follows:

Pin disabled (analog).
Alternative 1 (GPIO).
Alternative 2 (chip-specific
Alternative 3 (chip-specific
Alternative 4 (chip-specific
Alternative 5 (chip-specific
Alternative 6 (chip-specific
Alternative 7 (chip-specific).

Drive Strength Enable
This bit is read only for pins that do not support a configurable drive strength.
Drive strength configuration is valid in all digital pin muxing modes.

0 Low drive strength is configured on the corresponding pin, if pin is configured as a digital output.
1 High drive strength is configured on the corresponding pin, if pin is configured as a digital output.

Passive Filter Enable

This bit is read only for pins that do not support a configurable passive input filter.

Passive filter configuration is valid in all digital pin muxing modes.

0 Passive input filter is disabled on the corresponding pin.
1 Passive input filter is enabled on the corresponding pin, if the pin is configured as a digital input. Refer
to the device data sheet for filter characteristics.

Address: Base address + Oh offset + (4d x i), where i=0d to 31d

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 6 5 4 3 2 1 0
0 0 0 0
MUX DSE PFE SRE | PE PS
0 0 0 0 0 x* x* x* 0 x* 0 x* 0 x* x* x*
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PIN Configuration

Pinout

80 | 60 | 48 | 2 Pin Name Default ALTO ALT ALT2 ALT3 ALT4 ALTS ALT6 ALT7

LQFP | LQFP| QFN | QFN

3 - | = | - | PR DISABLED PTE2 SPH_SCK

4 - | — | — |PE3 DISABLED PTE3 SPI1_MISO SPI_MOSI

5 - | — | — |PIE4 DISABLED PTE4 SPI1_PCS0

B - | = | — |PE5 DISABLED PTES

7 3 i — | VDD DD VDD

8 4 2 2 | VS8 \SS Vss

9 5 3 3 | UsB0DP USBO_DP 1USB0_DP

10 6 4 4 | USBO_DM USBO_DM 1JSB0_DM

i 7 5 5 | VoUT3 \VouT33 VOUT33

12 8 ) 6 | VREGIN VREGIN VREGIN

13 9 7 — | PTE2 ADCO_DPO/ | ADCO_DPO/ | PTE20 TPMI_CHO | UARTO_TX
ADCO SE0 | ADCO_SEO

3] 8 — | PTE21 ADCO DMO/ | ADCO_DMO/ | PTE2! TPM1_CH1 | UARTO RX
ADCO SE4a | ADCO_SEda

B 1] = | — |PTE2 ADCO DPY | ADCO_DP3/ | PTE22 TPM2_CHO | UARTZ_TX
ADCO SE3 | ADCO_SE3

6] 12| = | — |PTER ADCO_DM3 | ADCO_DM3/ | PTE23 TPM2_CH1 | UARTZ_RX
ADCO_SE7a | ADCO_SETa

7] 13 9 7 | VDDA VDDA VDDA

8] 14| 10 | = | VREFH VREFH VREFH

19 15 ] ff — | VREFL VREFL VREFL

200 16| 12 § | VSSA VSSA VSSA

21 171 13 | = | PTE® CMPO_INS/ | CMPO_IN&/ | PTE29 TPMO CH2 | TPM_CLKINO
ADCO SE4b | ADCO_SEdb

2| 18| 14 9 | PTEX DACO QUT/ | DACO_OUT/ | PTE30 TPMO CH3 | TPM_CLKIN{
ADCO SE23 | ADCO_SE23
CMPO_IN4 | CMPO_IN4
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General-Purpose Input/Output (GPIO)

= Periferie pripojena na AHB bus.

= 32 bit konfiguracni registry

Absolute . Width Section/
address Register name (in bits) Access | Reset value age
(hex) pag
400F_F100 |Port Data Output Register (GPIOE_PDOR) 32 R/W | 0000_0000h | 41.2.1/775
W
400F_F104 |Port Set Output Register (GPIOE_PSOR) 32 (always | 0000_0000h | 41.2.2/776
reads 0)
W
400F_F108 |Port Clear Output Register (GPIOE_PCOR) 32 (always | 0000_0000h | 41.2.3/776
reads 0)
W
400F_F10C |Port Toggle Output Register (GPIOE_PTOR) 32 (always | 0000_0000h | 41.2.4/777
reads 0)
400F_F110 |Port Data Input Register (GPIOE_PDIR) 32 R 0000_0000h | 41.2.5/777
400F_F114 |Port Data Direction Register (GPIOE_PDDR) 32 R/W | 0000_0000h | 41.2.6/778
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Fast General-Purpose Input/Output

= Periferie je prfipojena primo na ARM Cortex-M

= Jedna se o stejné registry na jinych adresach

Absolute . Width Section/
address Register name (in bits) Access | Reset value age
(hex) pag
F80F_F100 |Port Data Output Register (FGPIOE_PDOR) 32 R/W | 0000_0000h | 41.3.1/780
W
FB0F_F104 |Port Set Output Register (FGPIOE_PSOR) 32 (always | 0000_0000h | 41.3.2/781
reads 0)
W
F80F_F108 |Port Clear Output Register (FGPIOE_PCOR) 32 (always | 0000_0000h | 41.3.3/781
reads 0)
W
F80F_F10C |Port Toggle Output Register (FGPIOE_PTOR) 32 (always | 0000_0000h | 41.3.4/782
reads 0)
F80F_F110 |Port Data Input Register (FGPIOE_PDIR) 32 R 0000_0000h | 41.3.5/782
F80F_F114 |Port Data Direction Register (FGPIOE_PDDR) 32 R/W | 0000_0000h | 41.3.6/783
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Dékuji za pozornost
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Analogové veliciny a A/D prevodniky

Prednaska 4
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Napln prednasky 4
e Analogovy a digitalni signal

* DigitalizaCni proces

* Vzorkovani, kvantovani, kddovani

* Typy kvantizace

 A/D prevodniky v MCU

 A/D prevodnik v KL25Z
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Analogovy a digitalni signal
= Analogovy signal je dan spojitou (nebo po ¢astech spojitou) funkci spojitého casu.
= Diskrétni signal je dan funkci definovanou pouze v diskrétnich ¢asovych okamzicich (a
tvori tak posloupnosti funkcnich hodnot).
= Analogové signaly mizZzeme rozdélovat podle média, kterym jsou prenaseny.
= akustické signaly,
= elektrické signaly,
= optické signaly ...
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Digitalizacni proces

Digitalizace signalu je obecné prevod analogoveého signalu do nespojité posloupnosti
digitalni hodnot.

Digitalizaci vzdy dochazi ke ztrateé informace.

Vyvhody digitalizace:

= QOdolnost vici Sumu

= Bezztratové uchovani a reprodukce
= Jednoduchy prenos

= Univerzalni ulozné médium

Problémy digitalizace:
= Trvanlivost datovych nosicl
= Rychlé zmény datovych formatu
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Digitalizacni retézec

= Digitalizacni proces se sklada s nékolika krok:
= \zorkovani — stanoveni vzorku v ¢asové oblasti
= Kvantovani — samotny A/D prevod
= Kodovani — zakodovani hodnoty do binarniho kodu

VSTUPNI .
SIGNAL DOLNI — ANi
E KVANTOVANI

. P> VZORKOVANI .
PROPUST (A/D PREVOD)

—> KODOVANI

VYSTUPNI
SIGMAL

oy
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Vzorkovaci teorem

= Vzorkovaci teorém ma mnoho nazvu:
= ShannonUv teorém
= Nyquistuv teorém
= Kotélnikovuv teorém
= atd.

= Presné znéeni teorému:

,Presnd rekonstrukce spojitého, frekvencné omezeného, signdlu z jeho vzorkt je mozna tehdy, pokud byl
vzorkovan frekvenci alespon dvakrat vyssi, nez je maximadlni harmonickad frekvence rekonstruovaného signalu.”
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Vzorkovaci teorem

= Praktické dusledky teorému:
= Presna rekonstrukce” —jedna se o presnou rekonstrukci sinovych a kosinovych slozek.

= Frekvencné omezeny signal” — pro presnou rekonstrukci musi byt zcela zbaven
vysSich harmonickych frekvenci.

=  Frekvence alespon 2x vyssi“ — pouze 2x vyssi frekvence nezarucuje presnou
rekonstukci.
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Aliasingovy jev

Pokud nedodrzime vzorkovaci teorém, tak vznika aliasingovy jev.
Tento jev je nezadouci pri digitalizaci.
Dochazi zde k prekryvu frekvenénich spekter, plivodni informace je zfalSovana (ztracena a
nahrazena jinou).
Aliasingovy jev se tyka vSech signalt:
= elektrickych,
= mechanickych,
= optickych ...
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Vzorkovani 10 vs 50 minut




Vysledek po vzorkovani
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Principy vzorkovani

= Vzorkovani signalu je proces v ¢asové oblasti.

= Vzorkovani se provede tak, ze rozdeélime vodorovnou osu na ekvidistantni useky, kde
odebereme vzorky.

= Stejnomérné vzorkovani je zasadni a je nutno ho zajistit pomoci hardwaru nebo softwaru.

= V praxi je toto realizovano pomoci vzorkovaciho obvodu Sample and Hold.

C
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Multiplexace vstupu
=\ MCU byvaiji vstupy A/D prevodniku ¢astokrat multiplexovany.
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Kvantovani

= Kvantovani je diskretizace oboru hodnot signalu. Vzdy je to proces ztratovy a nevratny.

U V]

VZORKOVANI KVANTOVANI

' t[s] TN

. . L} . .
1T 2T 3T 4T 5T 6T 7T 8T 9T 10T 11T 12T 1T 2T 3T 4T 5T 6T 7T 8T 9T 10T 11T 12T
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Parametry kvantovani

= RozliSeni — pocet kvantizacnich urovni A/D prevodniku uvadéné v bitech
= Kvantizacni chyba - +/- polovina kvantiza¢ni Urovné

= Kvantizacni Sum — Casova posloupnost kvantizacnich chyb
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Napétové reference

= Celkovd presnost A/D prevodu zavisi na stabilité referencniho napéti.

= Pomoci referenci L a H jsem schopni zuzit padsmo citlivosti A/D prevodniku a zvysit
presnost.
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Kvantovaci metody

= A/D prevodniky se tfidi dle metody kvantizace:
= Komparacni (paralelni)
= Aproximacni (s postupnou aproximaci)
" |ntegracni
= Sigma Delta
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Komparacni (paralelni) A/D prevodnik

= Paralelni A/D prevodnik je nejrychlejSim typem A/D prevodniku, protoze prevod probihd
v jednom Casovém okamziku

U UvST
ji_ o
K7 ;
R/2 + DEKODER
T D Q 7/3 oal
- — Cl Q F—
l ©a2
R. + K6 33
Q
/ C Q—

R/2




Aproximacni A/D prevodnik
= Nejlevnéjsi a nejcastéji pouzivany je aproximacni A/D prevodnik.

o Start pfevodu

Apr{}ximaéni Konec pievodu

@ —{  registr l °

L]

KOMP Pamét’ Vystup
a——\ n-bith :>n-bitﬁ
Uysr
_%_ / e
JURI:F

n-bitt
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Uskali A/D prevodnikti v MCU

= |ntegrované A/D prevodniky v MCU jsou levné, ale maiji radu uskali:
= Neekvidistantni vzorkovani
= Casovy posun u multiplexace
= RusSeni od procesorového jadra
= Nespolehliva reference
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A/D prevodnik KL25Z

= Vlastnosti A/D prevodniku KL25Z

Kvantuje postupnou aproximaci (SAR)

Disponuje az 16 bitovym rozlisenim

Ma az 4 diferencni pary a 24 single-ended vstup

Diferencni mody — 16 bit, 13 bit, 11 bit a 9 bit

Single-ended mody — 16 bit, 12 bit, 10 bit a 8 bit

Vystupni format diferencial — dvojkovy doplnék 16 bit sing
Vystupni format single-ended — napravo zarovnany unsigned
Spousténa nebo volné bézici konverze

Hardware nebo software trigger ve spousténém maodu
Konfigurovatelna vzorkovaci frekvence nebo rychlost prevodu
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Schéma vstupu A/D

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT ZADIN
Toed | T 2 SIMPLIFIED
Zas |leakage . CHANNEL SELECT
<7 l;jnﬁ:c @I,) % | : _cReur ADC SAR
Ras | - RADIN | ENGINE
protection |
AAAEE o ¢ —— : AN~ o @—,—¢—| >
T |
Vapin | I | | :
— |
Vas [+ —— Cas I @ 7~ | | I I
T L o |
| | | |
= = = | = = | | |
< L= === - - | Rapin |
A WE—:—-
INPUT PIN I
| Raoin |
| o
INPUT PIN s :
| DIN
| WV—Q"/::;—|—-
INFUTPN T~ T T 77 L caom




Celkové schéma A/D prevodniku

ADH\’:’TSA SC1A
: Conversion =
i b
control ADTRG
ADHWT——» +«—
Compare true (Tp— ‘ Control Registers (SC2, CFG1, CFG2) |
- = 1 24 ADRCKENl
2l =l 3 N ol £
2 = g = = 2 w22 = s
= 2wl 22 E 8 =1 - ync
5l § == % = »| Clock Gen
w =1 =1
z| = =
2
Interrupt «——— Ty yvyy * ? ‘_l_. ADACK
MCU STOP —— | Control sequencer < g-—| Clock | | Bus clock
divide -
:i
\ 4
DADPO 0—5— HEEEE +—— ALTCLK
2l B o
: 2 El gl 5
. [=
DADP3 O— v 'y vy w v
AD4D:— ADVINE PR I P
. ADVINM oy
AD23 O—— » SAR converter < 01Px
TempP » . CLiy
» < CLMx

i t

OFS "
DADMOD—. | Offset subfractor H ADCOFS I: Eltaion
L]
DADM30—*
JGE, AGS
Averagar <+ 0
TempM — N

>

MODE

Formatting CFG12

VReFsH

Y
| ®

>

|

=

—
VY REFHO—— o = A
VaLTHE— T -
@ transfer -
=
— & t
VRERL > h 4 o ACFE
Va0 Compare <« ACFGT _ACREN | sc2

r

logic -~ Compare rue )
/

CV1:.Cv2




Konfigurace v SIM
= System Options Register 7 (SIM_SOPT7)

Bit 15 14 13 12 11 10 9 8 | 7 6 5

R

W

Reset 0 0 0 0 0 0 0 0 0 0 0
= ADCOALTTRGEN — ADCO alternate trigger enable (TPM or alternate)

= ADCOPRETRGSEL— ADCO pretrigger select
= ADCOTRGSEL — ADCO trigger select (CMP, EXT, PIT, TPM, RTC ...)

ADCOPRETRGS |
EL

ADCOTRGSEL

o

73



Konfiguracni registry

ADC Status and Control Registers 1 (ADCx_SC1n)

Bit 15 14 13 12 11

10

9

8

7

6

5

4

3

2

1

0

COCO

AIEN

DIFF

ADCH

w
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1

COCO - Conversion Complete Flag
AIEN — Interrupt Enable

DIFF — Differential Mode Enable
ADCH — Input Channel Select
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Konfiguracni registry

Status and Control Register 2 (ADCx_SC2)

Bit 15 14 13 12

W

ADACT - Conversion Active Reset 0 00 %
ADTRG — Conversion Trigger Select (Software x Hardware)
ACFE — Compare Function Enable

ACFGT — Compare Function Greater Than Enable

ACREN — Compare Function Range Enable

DMAEN — DMA Enable

REFSEL — Voltage Reference Selection

ADACT

ADTRG

ACFE

ACFGT

ACREN

DMAEN

REFSEL
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Konfiguracni registry
= Status and Control Register 3 (ADCx_SC3)

Bit 15 14 13 12 11 10 9 8

W-—-
] CAL — Calibration Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

= CALF — Calibration Failed Flag

= ADCO — Continuous Conversion Enable

= AVGE — Hardware Average Enable

= AVGS — Hardware Average Select (4, 8,16, 32 samples)

CAL

CALF

ADCO

AVGE

AVGS
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Konfiguracni registry

ADC Configuration Register 1 (ADCx_CFG1)

Bit 15 14 13 12 11 10 9 8

S

1 0

R

W

Reset 0 0 0 0 0 0 0 0

ADLPC — Low-Power Configuration
ADIV — Clock Divide Select (1 az 8)

ADIV

ADLSMP

ADICLK

ADLSMP — Sample time configuration (Short x Long)

MODE — Conversion mode selection (8 az 16 bit dle modu)

ADICLK — Input Clock Select

(@]
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Konfiguracni registry

ADC Configuration Register 2 (ADCx_CFG2)

Bit 15 14 13 12 11 10 9 8 ‘

[\S]

o

R 0

w

Reset 0 0 0 0 0 0 0 0

MUXSEL — ADC Mux Select (A nebo B)
ADACKEN — Asynchronous Clock Output Enable
ADHCV - High-Speed Configuration

ADLSTS — Long Sample Time Select

MUXSEL |»

o| ADACKEN |

ADHSC

ADLSTS

o

o

(@]
o
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Vysledkovy a komparacni registr
= ADC Data Result Register (ADCx_Rn)

Address: 4003_B000h base + 10h offset + (4d x i), where i=0d to 1d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12

11 10

Reset 0 O O O O O O OO O OOOOU OO OO 0 OO0

= Compare Value Registers (ADCx_CVn)

Address: 4003_B000h base + 18h offset + (4d x i), where i=0d to 1d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16[16 14 13 12

11 10

R 0
w
Reset 0 O 0 0 O 0 O O OO OO O OO OUO|O0O O OO
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Dékuji za pozornost
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D/A prevodnik a analogovy komparator

Prednaska 5
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Napln prednasky 5
* D/A prevodnik

* Analogovy komparator
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D/A prevodnik

Prevadi digitalni signal na analogovy.
" Ma rozliSeni uvadéni v bitech.

= Dosahuje své maximalni vzorkovaci frekvence.

= Nejtypictéjsi pouziti v dnesni dobé je reprodukce digitalniho zvuku jako napriklad:

= Zvukové karty
= Domaci kina
= Mobilni telefonu
= KL25Z obsahuje jeden 12 bitovy D/A prevodnik
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D/A prevodniky
= Digitalné-analogové prevodniky s vahovymi rezistory

= Digitalné-analogové prevodniky se Zzebrickovou siti rezistort R-2R

R / Reoe R R R R R Roe
o Ao o  o— }p—s
| = e
| - R R ) R
vt R / BT w zesiovat OZ -
1 o . LA 1
. l . ! -
' T ! | L r—
LS8 bed MY Bal b3 MS8 pA pR pC
ﬂ_A ° 0 o o m " 1] A 2 bR m
B0 1 1 0
5.0 - 4 1 3 prA 0 0 0 0
pt.B 0 1 1 0
pt.C 1 1 1 1



Analogové vystupy pomoci PWM

= Vyuziva se PWM signal — Vyuzivame stredni hodnoty PWM signalu

R f(f)}
O s L O
vstupni vystupni
modulovany u (1) —_— u(t) analogovy
PWM signal ' 5 signal
ut) ufo
L ¥ e
r -

o @ O




Vlastnosti DAC v KL25Z

= Moznost dvou zdroju referencniho napéti
= |mplementovany buffer
= Preruseni od bufferu

= DMA operace
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Data registr
= DAC Data Low Register (DACx_DATnL)

Address: 4003_F000h base + Oh offset + (2d x i), where i=0d to 1d

DATAO

Bit 7 B 5 4
Read
Write
Reset 0 0 0 0

= DAC Data High Register (DACx_DATnH)

Address: 4003_F000h base + 1h offset + (2d x i), where i=0d to 1d

Bit 7 6 5 4
Read 0
Write
Reset 0 0 0 0

DATA1
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Status registr
= DAC Status Register (DACx_SR)

Address: 4003_F000h base + 20h offset = 4003_F020h

Bit 7 6 5 4 | 3 2 1 0
Read 0 | DACBFRPT | DACBFRPB
Write F F
Reset 0 0 0 0 0 0 1 0

= DACBFRPTF — DAC Buffer Read Pointer Top Position Flag
= DACBFRPBF — DAC Buffer Read Pointer Bottom Position Flag
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Control register

= DAC Control Register (DACx_CO)

Address: 4003 _FO0Oh base + 21h offset = 4003 _F021h

6

DACRFS

0

5 4 3 2 1
0
DACTRGSE LPEN DACBTIEN
L DACSWTRG

Bit 7
Read
DACEN
Write
Reset 0

= DACEN - DAC Enable

0

= DACRFS — DAC Reference Select

= DACTRGSEL — DAC Trigger Select

= DACSWTRG — DAC Software Trigger
= LPEN - DAC Low Power Control

= DACBTIEN — DAC Buffer Read Pointer Top Flag Interrupt Enable

= DACBBIEN — DAC Buffer Read Pointer Bottom Flag Interrupt Enable

DACBBIEN

0 0 | 0 0 0

0
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Control register
= DAC Control Register 1 (DACx_C1)

Address: 4003 _FO000h base + 22h offset = 4003 _F022h

Bit 7 6 5 4 | 3 2 ! 0
Read | pmAEN 0 DACBFMD 0 DACBFEN
Write
Reset 0 0 0 0 0 0 0 0

DMAEN — DMA Enable Select
DACBFMD — DAC Buffer Wrok Mode Select
DACBFEN — DAC Buffer Enable



Control register
= DAC Control Register 2 (DACx_C2)

Address: 4003 _F000h base + 23h offset = 4003 _F023h

0

Bit 7 6 5 4
Read 0 DACBFRP
Write
Reset 0 0 0 0

= DACBFRP — DAC Buffer Read Point
= DACBFUP — DAC Buffer Upper Limit

DACBFUP

1
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Analogovy komparator

Komparator umoznuje porovnani dvou analogovych vstupnich napeéti.
KL25Z ma jeden komparator s 6-bit DAC.

Tento typ umoznuije rail-to-rail funkcnost.

Je zde implementovana hystereze

Umoznuje nékolik zakladnich maodda.

DMA transakce
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Blokové schéma
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Blokoveé schéma

Internal bus

¢

o

FILT_PER
EN,PMODE,HYSCTRL[1:0] COS INV

OFE

WE FILTER_ CNT SE COUT

[ER/F CFR/F

INP

INM

Polarity

_ 2P select

Filter
block

/\

A

A

Interrupt
control

WINDOW/SAMPLE 1
bus clock Clock 0
divided
FILT PER prescaler o CGMUX
clock
SE

IRQ
CoUT >
To other SOC functions
0
COUTA 1 CMPOto
PAD
COSs
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Modes

Mode #

CR1[EN]

CR1[WE]

CR1[SE]

CRO[FILTER_C

FPR[FILT_PER]

Operation

NT]
1 0 X X X X Disabled
See the Disabled mode (# 1).
2A 1 0 0x00 X Continuous Mode
2B 1 0 0 X 0x00 See the Continuous mode (#s 2A &
2B).
3A 1 0 1 0x01 X Sampled, Non-Filtered mode
3B 1 0 0 0x01 > 0x00 See the Sampled, Non-Filtered
mode (#s 3A & 3B).
4A 1 0 1 = Oxd X Sampled, Filtered mode
4B 1 0 0 = 0x01 = 0x00 See the Sampled, Filtered mode (#s
4A & 4B).
5A 1 1 0x00 X Windowed mode

5B 1 1 X 0x00 Comparator output is sampled on
every rising bus clock edge when
SAMPLE=1 to generate COUTA.
See the Windowed mode (#5 5A &

5B).

B 1 1 0 0x01 0x01-0xFF Windowed/Resampled mode
Comparator output is sampled on
every rising bus clock edge when
SAMPLE=1 to generate COUTA,

which is then resampled on an
interval determined by FILT_PER to
generate COUT.
See the Windowed/Resampled
mode (# 6).
7 1 1 0 = 0x01 0x01-0xFF Windowed/Filtered mode

Gomparator output is sampled on
every rising bus clock edge when
SAMPLE=1 to generate COUTA,
which Is then resampled and filtered
to generate COUT.

See the Windowed/Filtered mode
(#7).

All other combinations of CR1[EN], CR1[WE], CR1[SE], CRO[FILTER_CNT], and FPRIFILT_PER] are illegal.
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Continuous mode (2A & 2B)

Internal bus
¢ b
FILT_PER
EN,PMODE HYSTCTR[1:0] COS INV WE FILTER_CNT SE COUT IER/F CFR/F
0
INP
.+\
Interrupt
T control >
- IRQ
INM
COUT >
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0
COUTA 1 CMPO to
PAD
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Sampled, Non-Filtered mode (3B)

Internal bus
o
FILT_PER (@]
EN,PMODE,HYSTCTR[1:0] cos INV WE FILTER_CNT SE COUT |ER/F CFR/F
0 0x01 0
INP
Filter Interrupt
block 91 control |7
IRQ
AN
INM —— COUT >
To other SOC functions
WINDOW/SAMPLE 1
e 0
bus clock Clocl; — 0 COUTA : CMPOto
FILT PER p prescaler ivided bus cloc CGMUX PAD
SE=0
cOos
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Sampled, Filtered mode (4B)

Internal bus
¢ h‘
FILT_PER O
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0 0
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Control registr
= CMP Control Register 0 (CMPx_CRO)

Address: 4007 _3000h base + Oh offset = 4007 _3000h

Bit 7 8 5 4 | 3 2 1 0
Read 0 FILTER CNT 0 0 HYSTCTR
Write
Reset 0 0 0 0 0 0 0 0

= FILTER_CNT — Filter Sample Count (0 - 7)
= HYSTCTR — Comparator had block hysteresis control
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Control registr

= CMP Control Register 1 (CMPx_CR1)

Address: 4007_3000h base + 1h offset = 4007_3001h

6

5

WE

TRIGM

PMODE

INV

COS

OPE

EN

Bit 7
Read
Write SE
Reset 0

= SE-Sample Enable
= WE - Windowing Enable

= TRIGM —Trigger Mode Enable
= PMODE - Power Mode Select
= |INV —Comparator INVERT

0

= COS - Comparator Output Select

= OPE - Comparator Output Pin Enable

= EN - Comparator Module Enable

0
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Period registr

= CMP Filter Period Register (CMPx_FPR)

Address: 4007 _3000h base + 2h offset = 4007 _3002h

Bit

7

6

5

4

3

Read
Write

FILT_PER

Reset

0

0
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Status a control registr
= CMP Status and Control Register (CMPx_SCR)

Address: 4007 _3000h base + 3h offset = 4007 _3003h

Bit 7 6 5 4 3 2 1 0
Read 0 0 CFR CFF CouT
DMAEN IER IEF
Write wlc wilc
Reset 0 0 0 0 0 0 0 0

= DMAEN - DMA Enable Control

= |ER — Comparator Interrupt Enable Rising
= |EF — Comparator Interrupt Enable Falling
= CFR - Analog Comparator Flag Rising

= CFF - Analog Comparator Flag Falling

= COUT - Analog Comparator Output
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DAC registr

= DAC Control Register (CMPx_DACCR)

Address: 4007_3000h base + 4h offset = 4007 _3004h

Bit 7 6 5 4 \ 3 2 1 0
\F}\?ﬂd DACEN VRSEL VOSEL

rite
Reset 0 0 0 o | o 0 0 0

= DACEN - DAC Enable
= VRSEL - Supply Voltage Reference Source Select

= VOSEL — DAC Output Voltage Select
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MUX CMP

= MUX Control Register (CMPx_MUXCR)

Address: 4007_3000h base + 5h offset = 4007_3005h

Bit 7 _ 6 | 5 4 \ 3 2 1 0
Read | pgry 0 PSEL MSEL
Write
Reset 0 0 0 o | o 0 0 0

= PSTM — Pass Through Mode Enable
= PSEL — Plus Input Mux Control
= MSEL - Minus Input Mux Control
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Vyjimky

Prednaska 6



Napln prednasky 6
« Uvod a zékladni terminologie

* Exception handler

e Systémové vyjimky

* Preruseni

* Vyjimky — obecné vlastnosti
 NVIC

e Vector table

* Exception nesting



Uvod

* Motivace: Jak reagovat na asynchronni udalost?
* Polling — program (pravidelnée) provadi kontrola vyskytu udalosti.
e \lyjimka (exception) — béh programu je automaticky ovlivnén vyskytem udalosti.

= Vyjimky jsou metodou umoznujici procesoru efektivné reagovat na asynchronni
udalosti.

" |nterrupt-driven approach, inzenyrska technika - navrh architektury SW tak, ze
algoritmus spoléha na vyuziti vyjimek.

= Zde diskutované vyjimky nemaji souvislost s ryze softwarovymi vyjimkami, které se
vyskytuji v nékterych prog. jazycich (Java apod.).

= Terminologie je znacné zavisla na dané architekture CPU.



Zakladni terminologie, CPU Cortex-M0+ (CMOP)

= Vyjimky jsou déleny na:
e Systémoveé vyjimky (system exceptions)
* Preruseni (interrupts)

= NVIC (nested vectored interrupt controller) - standardni radi¢ preruseni.
= |RQ (interrupt request) - zadost o zpracovani preruseni.

= Exception handler - rutina (podprogram), ktera je vykonana na zakladé aktivni
indikace vyjimky (= IRQ v pripadé preruseni).

= Vector table (tabulka vektoru) — tabulka adres expt. handlerd.

= Expt. nesting (vhnizdéni vyjimek) — preruseni béhu expt. handleru jinym expt.
handlerem.



Exception handler

= Ma formu funkce s prototypem: void handler(void)

= Stacking/unstacking — ulozeni/obnoveni hodnot registrt (kontextu) pred/po
vykonani expt. handleru.

= Stacking/unstacking je v pripadé CMOP provadén hardwarové.
» Poradi ulozenych hodnot registri na zasobniku: XPSR, PC, LR, R12, R3, R2, R1, RO

= HW stacking/unstacking odstranuje nutnost tzv. prologu/epilogu, expt. handler je
tedy "normalni"” funkce.

= Unstacking je zahajen nahranim vyhrazené hodnoty (tzv. EXC_RETURN) do registru
PC, tim je spusténa obnova hodnot registru (viz. vyse) ze zasobniku.



y o0

Systémoveé vyjimky (system exceptions)

= Vyjimky, které jsou interné generovany v ramci CMOP.
= CMOP implementuje prave 5 syst. vyjimek:

NMI (non-maskable interrupt), nemaskovatelné preruseni (pozor — vnéjsi zdroj)
Hardfault — vyskyt kritické chyby

SVC (supervisor call), softwarova vyjimka, typ #1

PendSV, softwarova vyjimka, typ #2

Systick — expirace periody std. casovace

= Alokace jednotlivych syst. vyjimek neni implementacné zavislé (= nelisi se s
modelem CMOP MCU).

= Systémové vyjimky nemaji flag (priznak), tj. chovaji se jako edge-sensitive udalosti.



Preruseni (interrupts)

= \yjimky, které jsou generovany zdroji mimo CMOP.
= CMOP implementuje az 32 preruseni.

» Alokace jednotlivych preruseni periferii je implementacné zavislé (= muze se liSit s
modelem CMOP MCU).

= Soucasti CMOP (a také CM4 atd.) je tzv. NVIC (nested vectored interrupt controller).

= |RQ (interrupt request) — signal generovany danou periferii, je propojen s
odpovidajicim vstupem NVICu.

" Priznak preruseni (interrupt flag) je nutné nulovat (clear) v expt. handleru.
= Latence < 16 taktt CMOP.
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Vyjimky — obecné vlastnosti

Povoleni obsluhy vyjimek (mimo NMI a Hardfault) je rfizeno bitem PM v registru
PRIMASK, CMSIS: __enable_irq(), __disable irg()

Dana implementace CMOP priorizuje vyjimky (mimo NMI a Hardfault) 2N drovnémi,
N je pocet bitl konfigurujicich prioritu.

eVvVV/

VVVVVVVVVVV

Nemaskovatelné vyjimky: HardFault (priorita -1), NMI (pri. -2), reset (pri. -3, tj. reset
ma absolutni prednost)



NVIC

= Standardni radic preruseni platformy Cortex-M.

Povoleni/zakaz zpracovani daného preruseni, registry ISER/ICER.
* CMSIS: NVIC_EnablelRQ(), NVIC_DisablelRQ()

Nastaveni/nulovani pending ptiznaku daného preruseni, reg. ISPR/ICPR.
 CMSIS: NVIC SetPendinglRQ(), NVIC ClearPendinglRQ()

Nastaveni priority preruseni, registry IPRO — IPR7.
e CMSIS: NVIC SetPriority()

|dentifikace vyjimky, dat. typ IRQn_Type, je definovan v systémovém headeru
(MKL25Z4.h)



Vector table

Tabulka 16 (syst. expt.) + az 32 (preruseni) adres expt. handlerd.
Velikost a? (16 + 32) * 4B = 192B

Obsahuje také adresu prvni instrukce vykonané po resetu CMOP a inicializacni
hodnotu registru SP.

Tabulka se muZe nachazet kdekoliv v paméti CMOP, je mozné jeji premisténi.
Adresa tabulky je ulozena v registru VTOR.

Vice polozek v tabulce mUze ukazovat na stejny handler, tj. vice vyjimek, mohou mit
i jinou prioritu, muze sdilet handler.

Cislo aktualné aktivni vyjimky ¢teme z reg. IPRS (CMSIS funkce _ get IPSR()).



Exception nesting

Nesting = béh exception handleru je prerusen jinou vyjimkou s vyssi prioritou, t;j.
muze dojit k preruseni handleru handlerem.

Nesting je transparentni, stejné jako je transparentni preruseni thread (= funkce
main() apod.) mdédu vyjimkou.

Kazdy novy level nestingu ma za nasledek stacking/unstacking registra.

Na CMOP Ize nesting deaktivovat jen:
= Nastavenim stejné priority pro vsechny vyjimky.
* Globalnim vypnutim zprac. vyjimek (reg. PRIMASK) v kazdém handleru.

CM3, CM4 umoznuje vypnuti nestingu pri zachovani priorizace vyjimek.



Dékuji za pozornost



Komunikace v embedded systémech
RS232, UART

Prednaska 7
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Napln prednasky 7
 Komunikacni rozhrani

* UART
* RS232
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Komunikacni rozhrani

Délime na:
= Sériové

= Paralelni

Délime na:
= Dratové
= Bezdratové

~ )] [¢)] D wW N = o

~ ()] ol » w N = o

RxD

TxD

TxD

RxD




Duplexni spojeni
= Duplexni spojeni (duplex, obecné duplexni systém) je takova komunikace (popfr. prenos
dat) mezi dvéma subjekty, pfi které mohou data putovat obéma sméry soucasné.
Opakem je simplexni spojeni
= |ze rozliSit dva druhy duplexniho spojeni:
= polovicni duplex
= plny duplex.

RxD & TXD RxD/TxD 3 TXD/RXD

TxD A RxD




USART(UART)

= Synchronni / asynchronni sériové rozhrani USART (Universal Synchronous / Asynchronous
Receiver and Transmitter).

= Jde o zarizeni pro sériovou komunikaci, které lze nastavit bud pro asynchronni rezim (SCI -
napf. pro linky RS232 resp. RS485), anebo pro synchronni rezim

psp7/RD7 |29

PSP6/RD6 %
PSPS/RDS =

PSP4/RD4 fEL Ry - Input for USART

RX/RCT o

sgéﬁgg 24  Tx - Output for USART

SDI/RC4 %
RDS/PSP3  [£2
rRD2/PsP2 |21

PIC16F877P



Synchronni a asynchronni komunikace

= Fyzicky prenos komunikace lze rozdélit na komunikace synchronni a komunikaci
asynchronni.

= Komunikaci lze povazovat za synchronni, pokud je prenos atomickych elementl zpravy
(napriklad jednotlivych bitu) z hlediska vysilace i prijimace explicitné synchronizovan
jednotnym synchronizacnim signalem.

= Naproti tomu v pripadé asynchronni komunikace neexistuje zadny jednotny
synchronizacni signal.

Master § 3 Slave Master § jSIave

CLK

CLK




Vyslani bajtu

= Jakmile jsou data zapsana do registru TXREG, vSechny bity jsou prepsany do registru pro
vysilani (Transmit Shift Register).

= A odtud jsou dale preposlany na TX pin, pficemz je jim prirazen na zacatek start a na
konec stop bit.

" Pouziti specialniho registru pro vysilani umoznuje nacitani novych dat do registru TXREG
uz behem vysilani dat predchozich. To maximalné zefektiviuje komunikaci.

TAREG
SR
g bits

!

Transmit Shift Register ok |}_<l Pin TX/RCE




T se

Prijem bajtu

= Po detekci start bitu na pinu RX, se dalsi data bit po bitu presunou do registru pro prijem
(receive shift register).

" Po presunuti posledniho bitu se zkontroluje stop bit a data se poslou do bufferu, ktery je
preda registru RCREG, pokud je prazdny.

* Tento buffer a registr RCREG jsou dva elementy FIFO. Separatni pouziti registru pro prijem
a FIFO bufferu poskytuje softwaru k precteni dorucenych dat bez rizika prepsani téchto
dat dalSimi dorucenymi. Je tedy mozné obdrzet prvni dva byty a dale prijimat treti byte
jesté predtim, nez jsou data ,vytazena” z registru RCREG.

Pin RXIRCT <] + [Receive Shift Register|
+ . .
Buffer

, FIFO
8 bits
I

|HCHEG|" 12



RS-232

Standard RS-232, resp. jeho posledni varianta RS-232C z roku 1969, (také sériovy port

nebo sériova linka) se pouziva jako komunikacni rozhrani osobnich pocitacu a dalsi
elektroniky.

RS-232 umoznuje propojeni a vzajemnou sériovou komunikaci dvou zarizeni, tzn. ze

jednotlivé bity prenasenych dat jsou vysilany postupné za sebou (v sérii) po jednom paru
vodicl v kazdém sméru.




Technlcky popis RS-232

Standard definuje asynchronni sériovou komunikaci pro prenos dat. Poradi prenosu datovych bit( je od
nejméné vyznamného bitu (LSB) po bit nejvyznamnéjsi (MSB).

= Pocet datovych bitl je volitelny, obvykle se pouZiva 8 bit(, Ize se také setkat se 7 nebo 9 bity.

= Logicky stav,0“/,,1“ pfenasenych dat je reprezentovan pomoci dvou moznych Urovni napéti, které jsou
bipolarni a dle zarizeni mohou nabyvat hodnot £5V, 10V, £12 V nebo +15 V.

= Nejcastéji se pouziva varianta pri které logické hodnoté 1 odpovida napéti -12 V a logické hodnoté 0 pak
+12 V. Zakladni tfi vodiCe rozhrani (pfijem RxD, vysilani TxD a spolecna zem GND) jsou doplnény jesté
dalsimi vodici slouzicimi k fizeni prenosu (vstupy DCD, DSR, CTS, RI, vystupy DTR, RTS).

= Ty mohou a nemusi byt pouzivany (zapojeny), nebo mohou byt pouzity pro napajeni elektronickych obvod
v zarizeni, jako je napriklad pocitacova mys.

= Vystupni elektronika je vybavena ochranou proti zkratu, kdy po prekroceni proudu 20 mA proud jiz dale
neroste.



Logicke urovne RS-232
= pro datové signaly (tj. RXD a TXD): logicka O je +3 Vaz +15V, logicka 1je-3V az-15V

= pro fidici signaly (tj. RTS, CTS, DTR, DSR, ...): logicka 0 je -3V az-15V, logicka 1 je +3V az
+15V

= Ridici signaly maji tedy opa&nou logiku neZ signaly pfendasejici data.



MAX232

= MAX232 je levny a velmi pouzivany prevodnik urovni RS-232 (sériova linka) na TTL
urovne.

= Jeho nespornou vyhodou je, Zze potrebuje pouze jeden zdroj napéti a to +5 V, nikoliv +15,
-15 a +5 V jako nékteré jiné prevodniky.

" QObsahuje 2 prevodniky TTL - RS232 a 2 prevodniky RS232 - TTL.



UART periferie

Full-duplex komunikace
Programovatelna rychlost

Moznost generovani preruseni
Hardwarové kontrola parity
Programovatelna délka — 8 nebo 9 bitU
Programovatelné 1 nebo 2 stop bity

5 kanalovy DMA interface
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UART Baud Rate Register

= UART Baud Rate Register: High (UARTx_BDH)

Address: Base address + h offset

Bit
Read
Write

Reset

= UART Baud Rate Register: Low (UARTx_BDL)

7

6

5

4

LBKDIE

RXEDGIE

SBNS

0

0

Address: Base address + h offset

Bit
Read
Write

Reset

7

6

0

0

0

0



Control registr
= UART Control Register 2 (UARTx_C2)

Bit 7 6 5 4 3 2 1 0
Read
Write TIE TCIE RIE ILIE TE RE RwWU SBK
Reset 0 0 0 0 0 0 0 0

= TIE —Transmit Interrupt Enable for TDRE

= TCIE — Transmission Complete Interrupt Enable for TC
= RIE — Receiver Interrupt Enable for RDRF

= |LIE — Idle Line Interrupt Enable for IDLE

= TE - Transmitter Enable

= RE —Receiver Enable

= RWU — Receiver Wakeup Control

=  SBK - Send Break



Status register
= UART Status Register 1 (UARTx_S1)

Bit 7 6 5

Read
Write

Reset 1 1 0

= TDRE - Transmit Data Register Empty Flag
= TC-Transmission Complete Flag

= RDRF — Recieve Data Register Full Flag

= |DLE —Idle Live Flag

= OR-—Reciever Overrun Flag

= NF - Noise Flag

= FE—Framing Error Flag




Data register
= UART Data Register (UARTx_D)

Bit 7 6 5 4 3 2 1 0
Eﬁﬁg R7T7 R6T6 R5T5 R4T4 R3T3 R2T2 R1T1 ROTO
Reset 0 0 0 0 0 0 0 0




Dékuji za pozornost



Komunikace v embedded systémech
SPI, 12C

Prednaska 8
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Napln prednasky 8
¢ SPI
e [2C



Uvod - SPI

= Zkratka Serial Peripheral Bus
= Sériova synchronni sbérnice
= Vyvinuto firmou Motorola, dnes vseobecny standard

= Komunikace mezi MCU a perifériemi na kratkou vzdalenost (v ramci DPS)
" Senzory Master
= SD karty -
= LCD displeje,

= drivery LED displejl

MISO
551
552
553




Vodice
= SCK-hodinovy signal
= MOSI - master out/slave in

= MISO — master in/slave out

= SS —slave select, jinak také CS (chip select)

= Mozné je i alternativni oznaceni

= Napf: Misto MOSI/MISO se nékdy pouzivad SDO (serial data out), SDI(serial
datain)

= Kromé vyse uvedenych vodicl je nutné spojit i zem vSech zarizeni!



Prenos dat

= Plny duplex — moznost posilat data zaroven obéma smeéry — nemusi byt vzdy
vyuzito

= Velmi jednoduchy princip
= Master je zdrojem hodin — fidi chod celé sbérnice

= Rychlost — neni omezena standardem, zalezi na konkrétni komponenté
= Obvykle jednotky az desitky MHz
" |ze dosahnout az 70 MHz

= Neni nijak dan protokol prenosu

= Bez omezeni na 8 bitoveé slovo jako u 12C



Prenos dat, polarita hodin a faze

= Neresi se potvrzovani (ACK/NACK) — master se nemusi ani dozvédét, ze jeho
data nikdo necte

= Slave nema moznost zpomalit prenos, pokud nestiha, jako u I°C

= Klidova uroven hodin muze byt ,1“ nebo ,,0“

= Data se berou jako platna bud na vzestupné nebo sestupné hrané hodin
= Celkem tedy 4 kombinace, jak muze sbérnice fungovat

"= Oznacenijako méd0az3

= V MCU lze nastavit pomoci prislusnych registr

= U neprogramovatelnych obvodUl nutno ovéfit, které mody podporuji



Mod 0 a2

SCK (CPOL =0)
mode 0

SCK (CPOL = 1)
mode 2

SAMPLE |
MOSI/MISO

MOSI PN \ A H H A

CHANGE 0 4<_
| MISO PIN

.

H
HOHC

= A

<
II

W
Hor
/

MSEB first (DORD = 0)
LSB first (DORD = 1)

MSB
LSB

Bit 6
Bit 1

Bit5
Bit 2

Bit 4 Bit 3 Bit 2 Bit 1 LSB
Bit 3 Bit 4 Bit 5 Bit 6 MSB



Mod 1 a

3

SCK (CPOL =0)
mode 1

SCK (CPOL =1)
mode 3

SAMPLE |
MOSI/MISO

CHANGE 0 \_<
MOSI PIN

CHANGE 0 ﬁ

B

T

MISO PIN
= N\

T

MSB first (DORD = 0)
LSB first (DORD = 1)

MSB
LSB

Bit 6
Bit 1

Bit5
Bit 2

Bit 4
Bit 3

Bit 3
Bit 4

Bit 2
Bit 5

Bit 1
Bit 6

LSB
MSB



Prenos dat

Jednoduchy priklad:

= 1 master
= 1] slave
Mod 3:

= SCKvklidu ,1“

= Aktivni vzestupna

hrana

MASTER

SLAVE

Master to Slave

01234567

SCK
MOSI
MISO
S5

Slave to Master

e ML UL

01234567




Usporadani
" Pro vice slave zarizeni na sbérnici je
potreba pouzit dalsi SS vodice

= V pfipadé mnoha zafizeni to muze
byt dost nepraktické — blokuje
mnoho pind MCU

" Lze obejit pouzitim
dekodéru/demultiplexoru

= Nebo zapojeni daisy-chain

MASTER

SCK
MOsI
MISO

581
552
SSn

MASTER

SCK
MOsI
MISO

55

HEHE ]
e he R




Elektrické vlastnosti

Sbérnice nema pull-up rezistory
U kazdého vodicCe jasné dano, které zarizeni je zodpovédné za generovani signalu
Aktivni budice na vystupech
Maximalni délka sbérnice zavisi na vice faktorech
= Kapacita vedeni — typ vodic¢e/DPS
= Rychlost hodin — 10 MHz bude jisté fungovat na kratsi vzdalenost nez 1 MHz
= Napétové Urovné
= ¢inny odpor vodici/cest na DPS



Periferie SPI

Master nebo slave konfigurace
Full-duplex nebo single-wire mod
Programovatelna rychlost
Konfigurace hodinového signalu
Podpora DMA



Hardware

= Zakladnim prvkem HW pro SPI v zafizeni je posuvny registr

. MASTER SLAVE .
} L
MOSI MOSI
SPI SHIFTER SPI SHIFTER
MISO MISO
8 BITS < 8 BITS i P
SPSCK SPSCK T
o
CLOCK
GENERATOR ==

2%




Blokové schéma

PIN CONTROL
Y M
MOSI
oSt
l Tx BUFFER (WRITE SPIxD)
ENABLE
SPI SYSTEM M MISO
SHIFT SPISHIFT REGISTER  |SHIFT )\ < » (SI1S0)
ouT IN
Rx BUFFER (READ SPIxD) SPCO
BIDIROE | ——>»
LSBFE SHIFT SHIFT  Rx BUFFER Tx BUFFER
DIRECTION CLOCK FULL EMPTY
MASTERCLOCK _ |
BUS RATE SPIBR CLOCK >
€, > > sPscx
CLOCK "~ | cLOCK GENERATOR | LOGIC SLAVE CLOCK s
<
STR MASTER/SLAVE »| MASTER/
MODE SELECT SLAVE
; (o0 ]—>
- SSOE
MODE FAULT [ SSOE |—> —
DETECTION | ) « >SS
RX DMA DONE I ] -
Rx_DMA REQ SPRF » B-BIT COMPARATOCR
} SPMF |
RXDMAE | | ] ¥ SPIxM SPMIE
TX DMA DONE
SPTEF
TX DMA REQ
TXDMAE __;;{:)
L |
INTERRUPT 15

REQUEST
2



Control register

= SPI control register 1 (SPIx_C1)

Address: 4007_6000h base + Oh offset = 4007_6000h

Bit 7 6 5 4 3 2 1 0
fead | spig SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
Reset 0 0 0 0 0 1 0 0

= SPIE — SPI interrupt enable: for SPRF and MODF

= SPE — SPI system enable

= SPTIE SPI transmit interrupt enable

= MSTR — Master/slave mode select

= CPOL - Clock polarity

= SSOE - Slave select output enable
= |SBFE — LSB first (shifter direction)




Baudrate register
= SPI baud rate register (SPIx_BR)

Address: 4007_6000h base + 2h offset = 4007_6002h

Bit 7 6 5
Read 0 SPPR[2:0]
Write
Reset 0 0 0

= SPPR —SPI baud rate prescale divisor
= SPR - SPI baud rate divisor




Status register
= SPI| status register (SPIx_S)

Address: 4007 _6000h base + 3h offset = 4007_6003h

Bit 7 6 5
Read SPRF SPMF SPTEF
Write
Reset 0 0 1

= SPRF — SPI read buffer full flag

=  SPMF - SPI match flag

= SPTEF — SPI transmit buffer empty flag
= MODF — Master mode fault flag



Data register
= SPI data register (SPlx_D)

Address: 4007_6000h base + 5h offset = 4007_6005h

Bit 7 6 5 4 |

Read -
Write Bits[7:0]

Reset 0 0 0 0 |



Uvod - 12C

Inter-Integrated Circuit
Vyvinuto firmou Phillips v 80. letech
Komunikace mezi IO v ramci jedné DPS (obecné na kratkou vzdalenost)

Dvouvodicova synchronni sbérnice (+spolecna zem)
= SDA (data)

= SCL (hodiny)

= GND

Kompletni specifikace a manual na webu NXP



http://www.nxp.com/documents/user_manual/UM10204.pdf

Uéel

Pfiklad: spojeni mezi mikrokontrolérem a dalSimi zarizenimi
EEPROM

Senzory

Hodiny realného Casu
Drivery LCD/LED displej( G] “

ADC nebo DAC ‘ ‘

Slave 1 Slave 2

12C Master (ADC) (LCD)

Slave 3
(Sensor)

vdd

SDA
SCL



Vlastnosti

Adresovani reseno SW — prvni byte zpravy

" rozdil oproti SPI, kde ke kazdému zarizeni musi vést adresni vodic
Multimaster sbérnice s detekci kolizi
Sériovy prenos dat — po 8 bitech

Half duplex — v jednom okamziku prenos dat pouze jednim smérem
(mam jen jeden sdileny datovy vodic)
= Je potreba kontrolovat a ridit pristup k e sbérnici

Pevné dany komunikacni protokol (na rozdil od SPI)



Terminologie

Transmitter

Odesila data na sbérnici

Receiver Prijima data ze sbérnice

Master MUzZe odstartovat prenos dat, adresovat jina zafizeni a
ukoncit prenos, generuje hodinovy signal

Slave Podléha adresovani master zarizeni

Arbitration Procedura zajistujici, Ze pokud se dvé master zafizeni

snazi naraz zapisovat na sbérnici, je vybrano pouze jedno
a jeho zprava nebude narusena

Synchronization

Synchronizace hodinovych signalt dvou a vice zafizeni

" Poznamka: Jak master tak i slave mohou fungovat jako
transmitter i receiver



Arbitraz podrobneji

V eeo

Nutna pokud je na sbérnici vice master zarizeni

Kazdé master zarizeni muze zacit vysilat pouze tehdy, je li sbérnice volna
= Kontrola, zda na obou vodicich je log , 1

Presto se muze stat, Ze dvé master zarizeni za¢nou vysilat soucasné
Master musi kontrolovat, ze stav sbérnice odpovida tomu, co sam vysila

Pokud je na sbérnici ,, 0 zatimco vysila ,1 je jasné, ze na ni pristupuje jiny master a
svoje vysilani musi ukoncit



Maximalni rychlosti

Standard mode | 100 kbit/s

Fast mode 400 kbit/s

Fast mode plus | 1 Mbit/s

High speed 3,4 Mbit/s

= Rychlost prenosu udava master frekvenci hodin (vodic SCL)
= Slave zarizeni se podridi
= Rychlost celé sbérnice volime podle nejpomalejsiho
zarizeni

= Napriklad pokud bude master taktovat celou sbérnici na 1 kHz,
bude prenosova rychlost pouze 1kbit/s (pfiblizné)



Elektrické vlastnosti

Klidové napétové urovné na vodicich zajistuji pull-up rezistory
Necinna sbérnice ma tedy na obou vodicich log. ,,1“
Pripojeni: open-collector, open-drain — unipolarni soucastky

Zarizeni muze vodice pouze

pﬁzemnit nebo neChat b\"t Internal to IC External to IC
Pull-up rezistory je
v 7 : "0 "
zpét ,vytahnou* na VDD sase . /T Collector
IC Output ~_  Input ;
7

IC Ground



Omezeni
" Pocet zarizeni omezen poctem dostupnych adres
" Fyzickda velikost - délky vodicl — omezeno celkovou kapacitou 400pF
= Do této hodnoty rostouci kapacitu sbérnice kompenzuji nizsi hodnoty pull-up rezistort

= Musi propustit dostatecny proud, aby se kapacita sbérnice stihla nabit do log. ,1“ v Case
vymezeném periodou hodin

R,= 10 kQ | | S
C = 150 pF / \ [ L
Clock 100 kHz W




Napétové urovné & platnost dat

= Urovné pro logickou ,,0“ (LOW) a ,,1“ (HIGH) nejsou pevné

= Odvozeno od napajeciho napéti sbérnice Vy,

= V, =0,3Vpp

=V, =0,7Vy,

* Po dobu logické ,,1“ na SCL musi byt uroven na SDA neménna

SDA / X

N\
scL / N\

data line change
stable; of data
data valid allowed




Start & stop condition

Klidova uroven sbérnice je log ,,1“
Kazdy prenos musi byt zapocat respektive ukoncen start/stop podminkou
Ty mUze generovat pouze master

Jednoznacné definovano jako zmeéna urovne na SDA pri SCLv ,, 1
= béhem komunikace se takova kombinace jinak nevyskytuje



Prenos dat

Kazdy byte zapsany na sbérnici musi mit 8 bit(
Poradi bitu: MSB first

Pocet bajtl prenesenych nardz neomezen
Povinné nasleduje ACK (NACK) bit

V pripadé, ze slave nestiha prijimat data, ma pravo podrzet SCL ve stavu ,,0“ (Clock
stretching)

—— -

SDA - | / X X X X \ _/ \ X X ——— _X X - XU

| | acknowledgement acknowledgement | Sr |

| | signal from slave signal from receiver |
I—

st Isors | \/1\/2\__ _/_\_/_\_/_\_/_\_/_\_/-:m srore|

— CK ACK
START or STOF’ or
repeated START byte complete, clock line held LOW repeated START
condition interrupt within slave while interrupts are serviced condition



Prenos dat

= Adresa ma 7 bitd
= Osmy bit urCuje, zda master chce do zarizeni zapisovat nebo z ngj Cist

= Nasleduji datové bajty vzdy spolu s ACK

sar\jjjjjm T OO0

I I
___| | L——

START ADD RESS Ra’W AC K DATA ACK DATA ACK STOFP
condition condition




Adresovani

7 bitu umoznuje maximalné 128 ruznych adres

Nékteré adresy jsou rezervované — dostupny pocet je tedy mensi, nez 128

Napriklad 0000000 O je broadcastova adresa — data prijdou vSem zarizenim na sbérnici
Novéjsi standard prinesl 10 bitové adresy — 1024 moznosti

RozSirené adresovani ale nepodporuji vSechna zarizeni

Zajemci najdou podrobnosti primo ve specifikaci



http://www.nxp.com/documents/user_manual/UM10204.pdf

Adresovani

= Tabulka rezervovanych adres

Adresa

Pouziti

00000000

Broadcastova adresa (general call address)

0000000 1

Start Byte

0000001 X

CBUS adresy

Adresa je rezervovana pro pfipojeni CBUS pfijimacu, které maji odligny
format komunikace, na 1°C sbérnici. I°C zafizeni ignoruji zpravy s touto
adresou.

0000010 X

Reservovano pro odliShé komunikacni protokoly na stejneé sbhérnici.

0000011 X

Reservovano pro budouci pouZiti

00001XX X

Zahajeni vysokorychlostniho pfenosu — kod master zarizeni

11110XX X

10bitové adresovani

11111XX X

Rezervovano pro budouci pouZiti




Zapis/cteni

SLAVE ADDRESS RW | A DATA A DATA

> |
-

data transferred
(read) (n bytes + acknowledge)

SLAVE ADDRESS RW | A| DATA | A | DATA |AA| P

data transferred

‘0" (write) (n bytes + acknowledge)
from master to slave A = acknowledge (SDA LOW)
A = not acknowledge (SDA HIGH)
from slave to master S = START condition

P = STOP condition



Zapis + cteni kombinované

S | SLAVE ADDRESS | RAW | A | DATA| A/A [Sr| SLAVE ADDRESS | R/W | A | DATA|A/A| P
| (nbytes | | (nbytes |
read or write +ack) +ack)
read or write direction of transfer
may change at this
Sr= ted START conditi point
*not shaded because r-repeate condition
transfer direction of
data and acknowledge bits
depends on R/W bits.
from master to slave A = acknowledge (SDA LOW)
A = not acknowledge (SDA HIGH)

from slave to master S = START condition
P = STOP condition .




Vysokorychlostni prenos

= Po start bitu nasleduje master code 0000 1XXX a NACK bit

= Pocatecni prenos probiha béznou rychlosti (a Ize provést arbitraz)

= Po master code zacina vysokorychlostni prenos

= Stop bit vysokorychlostni

prenos ukoncuje

Pfenos b&Znou rychlosti

Vysokorychlostni pfenos

[
>

>
g

S S c
T T t
A A e
? I2C adresa + W bit $ Slave adresa n
i

[ ] \
Q 0 | 0 | 0 | 01 |x|x s EV’

| | |
ID g 0 z
master 2 a
A K ‘I’
C o S

K v



Srovnani a shrnuti

SPI 12C
3 vodice + zem + adresni pro kazdy 2 vodice + GND
slave

HW adresovani

SW adresovani

Full-duplex

Half-duplex

Rychlost fadové MHz — Mbity/s

Bézna rychlost 100 nebo 400 kbit/s

Jednodussi, bez protokolu a
potvrzovani

Dany komunikacni protokol,
potvrzovani

Bez pull-up rezistoru

Pull-up rezistory

Pfipojeni open-collector/open drain




Dékuji za pozornost



Citace a ¢asovace I.

Prednaska 9



Napln prednasky 9
e Systick
e Periodic Interrupt Timer (PIT)

e LPTimer
e RTC



Terminologie

= Cita¢ (counter): sekv. obvod, ktery na zakladé udalosti (¢asto jde o vné&jsi signal)
meni (obvykle inkrementuje) hodnotu celkového poctu udalosti.

= Casoval (timer): sekv. obvod, ktery ve stanoveném ¢ase generuje udalosti (obvykle
periodicky).

= Casoval lze pokladat za spec. pfipad ¢itace, tj. takovy &ita&, ktery méni hodnotu s
definovanou frekvenci.

= Down-counting timer — dekrementace, up-counting timer — inkrementace.

= Modulo hodnota: slouzi k urceni limitni (down-counting t. -> startovaci, up-
counting t. -> konec¢nda) hodnoty ¢asovace.

= Pozor, hodnota O je také soucdsti sekvence Citace/Casovace.



SysTick

Standardni ¢asova¢ ARM Cortex-M, nezavisly na platformé.
Generovana uddlost — vyjimka 15 (syst. vyjimka).
24-bitovy down-counting timer.

SysTick Control and Status — konfiguraéni registr
= TICKINT — exception enable
=  ENABLE —timer runs
=  COUNTFLAG — pfiznak preteceni
=  CLKSOURCE - zdroj hodin (1 — core clock, 0 — core clock/16)

SysTick Reload Value — maximalni hodnota

SysTick Current Value — aktualni hodnota = =

SysTick Calibration Value — u Kinetis vidy O

Name Address Description
SysTick Control and  OxEOOOEO10 basic control of SysTick e.g. enable, clock source, interrupt or poll
Status
SysTick Reload Value OxEO00EO14  yalue to load Current Value register when 0 is reached
SysTick Current OxEOOOEO18 the current value of the count down.
Value
OxEOQOQOEODLC

SysTick Calibration
Value

might contain the number of ticks to generate a 10ms interval and other information,
depending on the implementation

17



Periodic Interrupt Timer (PIT)

PIT generuje ¢asové znacky v periodickych intervalech.

Casovac¢ nacte vychozi hodnotu LDVAL a dekrementuje ji az do nuly a poté ji naéte znova.
Pokazdé, kdyz docita O, vygeneruje znacku a nastavi interrupt flag.

Ma Sirku 32 bita.

V Kinetis L ma 2 kanaly



Blokové schéma PIT

PIT

Peripheral
bus

C

interrupts

<

Triggers

<
Peripheral
bus clock

PIT
registers

load_value

Timer 1

Timer n




Scénare pouziti

Timer enabled
Start value = pl

Disable Re-enable
timer timer

Trigger I_‘ I—‘
event
pl pl pl pl
Timer enabled Disable timer, Re-enable
Start value = pl Set new load value timer
Trigger r' J
event p2 p2
pl “——P———— P —>
< p < >
pl
Timer enabled New start
Start value = pl Value p2 set
Trigger
event | ] | ] | ] | ]
pl pl pl p2 p2

v

A

18



Hlavni registry
= Timer Load Value Register (PIT_LDVALN)

Address: 4003_7000h base + 100h offset + (16d x i), where i=0d to 1d
Bt 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15|16 17 18 19 20 21 22 23 24 256 26 27 28 20 30 3i

R
W TSV

F{esetOOOO000000000000‘0000000000000000

= Current Timer Value Register (PIT_CVALN)

Address: 4003_7000h base + 104h offset + (16d x i), where i=0d to 1d
Bt 0 1 2 3 4 5 6 7 8 9 10 11 12131415‘16171819202122232425282728293031

R TVL

Reset 0 O O O 0O O OOO OOOOTOTOTO|0OO0 OOOTOOT® OO OOUOTGOTGOUOOTPO



Konfiguracni bity
= Timer Control Register (PIT_TCTRLn)
= CHN - Chain Mode

= TIE — Timer Interrupt Enable
= TEN — Timer Enable

= Timer Flag Register (PIT_TFLGn)
= TIF — Timer Interrupt Flag

= PIT Module Control Register (PIT_MCR)
= MDIS — Module Disable
= FRZT — Freeze



Low-power timer (LPTMR)
= LPTMR je zapnut ve vSech low-power mddech.
= LPTMR je resetovan pouze pro power-on resetu nebo low-voltage detect.

= Casoval ma déli¢ku kmitoctu a 4 rGzné zdroje hodinového signalu.



Konfigurace LPTMR

= Low Power Timer Control Status Register (LPTMRx_CSR)

Bit 15 14 13 12 11 10 7 6 3 2 1 0
R 0 TCF
TIE TPS TPP | TFC | TMS | TEN
w wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0

= TCF—-Timer Compare Flag

= TIE —Timer interrupt Enable

= TPS—Timer Pin Select (Input selection)

= TPP —Timer Pin Polarity (rising or falling)
= TFC-—Timer Free-Running Counter

= TMS —Timer Mode Select (Time of Pulse)
"= TEN -Timer Enable



Délicka LPTMR

= Low Power Timer Prescale Register (LPTMRx_PSR)

Address: 4004_0000h base + 4h offset = 4004_0004h

Bit 31 30 29 28 27 26 25 24 ‘ 23 22 21 20 19 18 17 16

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
:: 0 PRESCALE PBYP PCS
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 0 0 0 0

= PRESCALE — Prescaler configuration 2 — 65 536
= PBYP — Prescaler Bypass

= PCS - Prescaler Clock Select



Citaci registry LPTMR

= Low Power Timer Compare Register (LPTMRx_CMR)

Address: 4004 _0000h base + 8h offset = 4004 _0008h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 ‘15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 COMPARE
w
Reset 0 0 0 0 0 0 0O 0 OO OOTOTP O O|0O0OO OGO OO O0GO OGO O0TO 0T O OO0 O

= Low Power Timer Counter Register (LPTMRx_CNR)

Address: 4004 _0000h base + Ch offset = 4004_000Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 COUNTER

Reset 0 O O 0 0 O O OO OOOOUOT OOOOUOUOOOOTOT®OOUOUOOTU®OOTDWO



Real Time Clock (RTC)

= Jedna se o hodiny realného casu.
= Umoznuji:
= 32 bit sekundovy citac
= 32 bitalarm
= RTC je vzdy zapnut ve vSech low-power mdodech

= Zdroj je 32.768 kHz externi krystal.



Popls RTC

32 bit sekundovy Citac se inkrementuje jedenkrat za sekundu.
= 16 bit délicka (prescaler) se inkrementuje s kazdym nactenym cyklem v taktu 32.768 kHz
"= RTC umoznuje kompenzaci od 0.12 ppm do 3906 ppm
= RTC ma 2 vektory preruseni pro preteceni a alarm.

* Nepodporuje hardwarovy kalendar.



Hlavni registry RTC

= RTC Time Seconds Register

Address: 4003 _D000h base + Oh offset = 4003 _D000h

Bit 31 30 29 28 27 26 256 24 23 22 21 20 19 18 17 16 ‘15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
" TSR

FlesetOOOOOOOOOOOOOOOO‘OOOOOOOOOOOOOOOO

= RTC Time Prescaler Register

Address: 4003 _DO000h base + 4h offset = 4003_D004h

Bit 31 30 29 28 27 26 256 24 23 22 21 20 19 18 17 16 ‘15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0O O 0O O O OOO O OOOOT®OOOOOTOOO O OTOOUOTOOUOUOO OV OFOO
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Alarm a kompenzacni registry RTC

RTC Time Alarm Register (RTC_TAR)

Address: 4003 _DO000h base + 8h offset = 4003_D008h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 3 2
R
W TAR
FlesetOOOOOOOOOOOOOOOO‘ODODOOOOO 0O O
RTC Time Compensation Register (RTC_TCR)
Address: 4003_DO000h base + Ch offset = 4003_D00Ch
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 4 3
R CIC TCV
CIR TCR
Reset 0 0O O O OO OO OOOOUOTO OOOTO|O0OOO0OOTO0OUOO0ODQO 0O 0

CIC — Compensation Interval Counter
TCV — Time Compensation Value
CIR — Compensation Interval Register

TCR — Time Compensation Register



Konfiguracni registry RTC

Bit 15 14

RTC Control Register (RTC_CR)

I
o
Reserved

W-

SC2P

SC4P

SC8P

SC16P

CLKO

OSCE

UM

SUP

WPE

SWR

Reset 0 0

SC2P, SC4P, SC8P, SC16P — Oscillator Load Configure
CLKO — Clock Output (to other peripherals or not)
OSCE — Oscillator Enable

UM — Update mode (register locking)

SUP — Supervisor Access

WPE — Wakeup Pin Enable

SWR — Software Reset

0




Status registry RTC

= RTC Status Register (RTC_SR)

Address: 4003 _D000h base + 14h offset = 4003 _D014h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

= TCE — Time Counter Enable
= TAF —Time Alarm Flag
= TOF —-Time Overflow Flag



Ochrané registry RTC

RTC Lock Register (RTC_LR) — 1 not locked

Address: 4003 _D000h base + 18h offset = 4003 _D018h

Bit 31 30 29 28 27 26 25 24 ‘ 23 22 21 20 19 18 17 16
R 0
W

Bit 15 14 13 12 11 10 9

:: 0 ' | LRL | sRL | cRL | TcL 1
Reset 0 0 0 0 0 0 0 0 | 1 1 1 1 1 1 1

LRL — Lock Register Lock

SRL — Status Register Lock

CRL — Control Register Lock

TCL — Time Compensation Lock

[a2]
~l
[#2]
(6
~
w
3]
o




Preruseni od RTC
= RTC Interrupt Enable Register (RTC_IER)

Address: 4003_D000h base + 1Ch offset = 4003_D01Ch

Bit 31 30 29 28 27 26 25 24 ‘ 23 22 21 20 19 18 17 16

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 > -UDJ
O | Reserved | TSIE § TAIE | TOIE | TIE
= WPON — Wakeup Pin On s ¢
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

= TSIE — Time Seconds Interrupt Enable
= TAIE —Time Alarm Interrupt Enable

= TOIE — Time Overflow Interrupt Enable
= TIE - Time Invalid Interrupt Enable
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e Modul ¢casovace TPM



Timer/PWM Module (TPM)

= TPM je casovac, ktery obsahuje dva az osm kanald.
= Zakladni mody:
= |nput capture

= Qutput compare
= PWM

= Zalozen na historickém modelu HCS08 — Timer PWM Module.



Input capture

= Pomoci funkce input capture muze ¢asovac zachytit okamzik, kdy dojde k vnéjsi udalosti.

"= Okamzik je zaznamenan v pripadé detekce hrany na vstupu Casovace dle platné
konfigurace.

= Vtomto mddu je mozné generovat preruseni, pokud je danou konfiguraci povoleno.

"= Modd input capture ma tyto moznosti konfigurace:
= detekce vzestupné hrany,
= detekce sestupné hrany,
" detekce vzestupné i sestupné hrany.



Output compare

Funkce output compare umoznuje generovat casoveé pulsy s programovatelnou pozici,
polaritou, trvanim a frekvenci.

Kdyz CitaC dosahne hodnoty registru v prislusném kanalu, tak vystup dle danych pravidel
provede zadanou akci.

Tato akce se mUze prenaset na vystup ¢asovace nebo pouze interné.

Vystup ¢asovace muze samozrejmeé generovat preruseni, pokud je v konfiguraénim
registru povoleno. Mdd input capture ma tyto moznosti konfigurace:

= pouze vnitrni (softwarova) akce,

= preklopeni vystupu ¢asovace pri dosazeni podminky,

= nastaveni logické nuly na vystupu Casovace pri dosazeni podminky,

= nastaveni logické jednicky na vystupu ¢asovace pri dosazeni podminky.



PWM

Pulsné sirkova modulace — PWM (Pulse Width Modulation) je diskrétni modulace pro
prenos analogového signalu pomoci dvoustavového signalu.

Pulsné Sirkova modulace Casto vyuzivana ve vykonoveé elektronice pro rizeni velikosti
napéti nebo proudu.

Kombinace zdroje PWM signalu a dolni propusti byva vyuzivana jako jednoducha levna
nahrada D/A prevodniku.



Perioda, strida

Informace v sighdlu PWM je prenasena pomoci stridy. Prenosovy signdl muze nabyvat
hodnot zapnuto/vypnuto tj. log.0/log.1.

Hodnota prenaseného signalu je v prenosu "zakdodovana" jako pomeér mezi stavy
zapnuto/vypnuto. Tento pomér je nazvan stfida.

Cyklus, kdy dojde k prenosu jedné stridy, je nazvan perioda. PWM ma omezeni, protoze
prenos informace je vzdy vyjadren procentni hodnotou, a to v rozmezi 0 — 100 %.

uv]

N

t[s] 20

D.T T D.T+T 2T D.T+2T 3T D.T+3T 4T



Konfigurovatelné PWM

N AN
Y EDGE-ALIGNED Y EDGE-ALIGNED
LOW-TRUE PULSES HIGH-TRUE PULSES
Umax Umax
t[s] ) tfs] )
T 2T 3T T 2T 3T
N AN
uv] CENTER-ALIGNED Y CENTER-ALIGNED
LOW-TRUE PULSES HIGH-TRUE PULSES
Umax Umax
: fotls] > ’ t[s] >
T 2T 3T T 2T

3T
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TPM - schéma

CMOD

no clock selected
(counter disable) O
module clock o) \;
external clock———— | synchronizer o prescaler
(1,2, 4,8, 16, 32, 64 or 128) h’
CPWMS
h 4
Module counter TOIE Y timer overflow
P b | MOD ’-TOF / ) interrupt
Ch 10
MSOB:MSOA anne
ELSOB:ELS0A | CHOIE — ™ _ channel 0
CHOE ¥ interrupt
i
Chﬁ]npnuﬁl 0 > input capture » Cov output modes logic
mode logic 0 > (generation of channel 0 outputs signals in p- channel 0
I—’ output compare, EPWM and CPWM modes) output signal
L]
[ ]
O
’ Channel N
L LI'MSNB:MSNA
ELSNB:ELSNA !_—I-CHNIE _\,'_’clhannel N
> C?NF / interrupt
Ch%npnlﬁm_, input capture > output modes logic
mode logic —» CNV > (generation of channel N outputs signals in p- channel N
output compare, EPWM and CPWM modes) output signal

20




Konfiguracni registry TPM

Status and Control (TPMx_SC)

Bit 15 14 13 12 11 10 8 7 6 5 4 3 1
R 0 S
=
()
DMA TOIE § CMQD PS
5
w wic

Reset 0 0 0 0
DMA - DMA Enable

TOF — Timer Overflow Flag

TOIE — Timer Overflow Interrupt Enagle
CPWMS — Center-aligned PWM Select
CMOD - Clock Mode Selection

PS — Prescale Factor Selection




Citaci registry TPM

[ CO u nte r (TP MX_CNT) Address: Base address + 4h offset

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16‘15 14 13 12 11 10 9

R 0
W

Reset 0 O O 0 O 0O OO OO OOOOT®OT OOOOOOT®OOTOOOUOOP®OFOO

Address: Base address + 8h offset
" MOdUIO (TPMX_MOD) Bit 31 30 29 28 27 26 25 24 23

22212019181716‘151413121110987654321

Reset 0 O O O O OO OOOOOOOOOITT 1T 1 1 1 1 1 1 1

= Channel (n) Value (TPMx_CnV)

Address: Base address + 10h offset + (8d x i), where i=0d to 5d

Bit 31 30 29 28 27 26 256 24 23 22 21 20 19 18 17 16‘15 14 13 12 11 10 9 8




Kanalovy konfiguracni registr

Channel (n) Status and Control (TPMx_CnSC)

Bit 15 14 13 12 11 10

9

8 \ 7

6

R 0
w
Reset 0 0 0 0 0 0

CHF — Channel Flag

CHIE — Channel Model Select

MSB + MSA — Channel model Select
ELSB + ELSA — Edge or Level Select
DMA — DMA Enable

0

0

CHF

wic

CHIE

MSB

MSA

ELSB

0

0
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Primy pristup do pameéti
Direct Memory Access (DMA)
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Sbhernice AHB

 AHB (Advanced Hi-perf. Bus), sbérnice (nejen) pro SoC s CPU ARM Cortex-M.
 AHB popsana standardem AMBA (Advanced Microcontroller Bus Architecture).
* Jina sbérnice dle AMBA: AXI (pro Cortex-A).

 AHB ma crossbar topologii, tj. je mozna soucasna komunikace riznych master
portU s ruznymi slave porty.

 VsSechny master porty nemusi byt propojeny se vSemi slave porty.

e Arbitraz pri soubéhu je reSena hardwarové (metody 'fixed priority' nebo 'round-
robin', viz. MCM->PLACR, bit ARB).

* Arbitraz je z hlediska programu transparentni.

11/04/2019 Nazev prezentace



Sbérnice AHB, priklad implementace

ARM
Cortex-M4 I DMA1 I omaz || eTH || use
7 t
I.:‘:I U.J masters

I-bus

slaves

& P -
— * & * * * » [
' F & » » {
n
& - i E?I I
:I eripherals
T ? J ;erigherals I

+—t——t 1 ] s |
11/04/2019 AHB matrix



Sbérnice AHB, implementace v KL25Z

11/04/2019

ARM core
unified bus

DMA 5=

USB — -

MO

M2

M3

Crossbar Switch

S0

51

52

GPIO
controller

A

controller

Flash

SRAML

SRAMU

BME

Master Modules

Slave Modules

Peripheral
bridge 0

-

Peripherals




Direct Memory Access (DMA) .

 Technologie umoznuijici presuny dat v pocitaci bez ucasti CPU.
 V pocitaCi s AHB sbérnici je provadéna vyhradné mezi 2 slave porty.
* Presuny dat provadi zafizeni pripojené k jednomu z master portd, tzv. DMA radic.

* Konfiguracni registry DMA radiCe jsou pristupné jako periferni registry, tzn.
prostrednictvim prislusného slave portu.

* Prenos (transfer): data prenasena v 1 read-write operaci DMA radice (KL25Z: 1/2/4
Byte)

e Jednotlivé prenosy tvori prenaseny blok dat.

 Dokonceni prenosu bloku dat vede ke generovani IRQ nebo aktivaci jiného DMA
kanalu (channel linking).

11/04/2019



Direct Memory Access (DMA) II.

 DMA radice obvykle implementuji vice tzv. kanald.
e Kanaly predstavuji ruzné pary zdroj-cil prenosu dat.

e Dany kanal je aktivovan volitelnym spoustécim signalem, tzv. triggerem (signal
DRQ, DMA Request)

 Dva mozné scénare prenosu bloku dat:
= (A) Pfenos celého bloku dat na zakladé jediné aktivace triggeru.
= (B)Jeden prenos spustén kazdou aktivaci triggeru.

11/04/2019 Nazev prezentace



DMA radic KL25Z

* Fixed-priority arbitraz v pripadé soubéhu cinnosti kanala.
* Celkem 4 kanaly, kazdy disponuje sadou registru:
* Registry pro zdrojovou (SAR) a cilovou (DAR) adresu dat.

* Registr DSR_BCR: priznakové bity, zbyvajici velikost bloku prenasenych dat (pole
BCR).
* Konfigurace kanalu — registr DCR:
"= Objem dat v prenosu (SSIZE, DSIZE).
" |nkrementace SAR, DAR po kazdém prenosu (SINC, DINC).
= Deaktivace triggeru kanalu po vyCerpani velikosti bloku pren. dat (D_REQ).
= Volba scénare A (CS=0), neboB (CS=1)

11/04/2019



DMA radic KL25Z

11/04/2019

DREQO DREQA DREQ2 DREQ3
l DACKOD l DACK1 l DACK2 l DACK3
Channel 0 |Channel 1 |Channel 2| Channel 3
Slave SARO SAR1 SAR2 SAR3

Peripheral Bus DARO DAR1 DAR2 DAR3 Interrupts
B T EE— -

DSRHO DSR1 DSR2 DSR3

BCRO BCR1 BCR2 BCR3

DCRoO DCR1 DCR2 DCR3

Channel i Channel
Requests Attributes
Channel ¥
Enables System Bus Address
MUX System Bus Size
MUX 4 Current Master Attributes
Control
Y
Arbitraton/ ¥
SysBus Interface| Control SysBus Interface
Data Path Data Path Addr + Attr

Control
Read Data Bus Write Data Bus

Registered Addr
Phase Bus Signals
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DMA multiplex KL25Z I.

 Mapuje DRQ signaly jednotlivych periferii na trigger vstupy jednotlivych DMA
kanald.

 Umoznuje kterékoliv periferii, ktera podporuje DMA, spoustét prenosy na
kterémkoliv DMA kanalu.

* Celkem 4 specialni "always-on" DRQ zdroje.

* DMA kanaly 0 a 1 umoznuji pouzit tzv. periodic trigger mode.
= TRG_N=DRQ_N && PIT_N_FLAG

= POZOR, NEFUNGUIJE! (Dokumentovana vada v ndvrhu MCU KL25Z.) Ponauceni:
Polovodice obsahuji dokumentované vady.

11/04/2019 Nazev prezentace 9



DMA multiplex KL25Z II.

11/04/2019

Source #1

Source #2

Source #3

Source #x

Always #1

Always #y

DMA channel #0

DMA channel #1

DMA channel #3
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