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Mnan pacckasa (1)

Beepenne

AnnapaTHoe obecnedeHue
ApXUTeKTYpbI
ARM-MukpokoHTponnepsbl

JleMOHCTpaUnoHHbIE NNaThl
WNzrotosnenne, cbopka MM

CpeacTBa nporpaMMmMpoBaHust U OTAaLKN
ARM DAP
JTAG
SWD

Nutepdelicel
USB
RS-485
CAN
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Mnan pacckasa (2)

Mporpammuposarmne
no
MeTtoabl oThagkm
C++11
RTOS

HemoHncTpauus paboTbl
STM32F4 discovery
Eclipse
ChibiOS-RT
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Llenb

» Ob30p annapaTHOro u nporpamMmMmHoro obecredenusi
» YT0 gonkeH 3HaTL paspaboTyuk

> [lpakTuyeckue coBeTbl

Bbl MoxeTe HavaTb pa3pabaTbiBaTb COBPEMEHHbBIE YCTPONCTBA YyXKe celivac!

Fertser (Free Software enthusiast) CoBpeMeHHble MUKPOKOHTPOIepbI

Cansat Russia 2014

4/29



AnnapaTHoe obecriedeHue ApxutekTypbl

ApxuTekTypbl
» Cortex-M (ARM, pa3sHbie nponssognTenn)
» PIC32 (Microchip)
> AVR32 (Atmel)
» Quark (Intel)
» DSP (TI, Analog Devices)
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AnnapaTHoe obecneueHue ARM-mMukpokoHTponnepbl

[NponsBoguTenu

» STMicroelectronics (STM32)

> OrpoMHbIli BIOOP
> COBMECTUMOCTb MexXgy cemeiicteamm (B T.4. pin-to-pin)
> HU3Kasi CTOMMOCTb
> Bosibwoe coobLecTBO pa3paboTymnkos
NXP (LPC)
» LPClxxx — 6onbLwoii Bbibop Cortex-M0/M3
» LPC43xx — mHorosigeptbie rubpugHsie (M4+MO0), BHewnss SPI
flash-namsaTe noboro pasmepal

Nordic (nRF51) — Bctpoentoe 2.4 Ty pagno

» Silicon Labs/Energy Micro (EFM32) — Huskoe sHepronoTpebnenne

>

Texas Instruments (Stellaris/Tiva C) — wunpokuii Bbibop; OMAP5 —
Cortex-A + Cortex-M

Freescale (Kinetis) — wupoknii Bbibop, nonynsipHbl B
NPOMBbILLNEHHOCTN

Atmel (SAM) — wupoknii BbIGOP, NONYASIPHLI B MPOMBILIAEHHOCTI

» KK Munanap (1986BE) — BoeHHas npmémka
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STMicroelectronics
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AnnapaTHoe

VMHbIT gaTyunk

Ultra-low-power mode (10 pA)
2g/4g/6g/8g/16g
Data rate; 3.125 Hz to 1.6 kHz

ARM-based, 32-bit Cortex-M0
(80 MHz)

64 Kbyte Flash memory

128 Kbyte SRAM (64 Kbyte
with ECC)

I2C master port; slave port
SPI master/slave

4-wire UART

11 programmable GPIOs
3x3x1 mm LGA package

ARM-mMukpokoHTponnepbl
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STM32F42971T6

v

2 MB Flash, 256 KB RAM

» ARM 32-bit Cortex-M4 with FPU, frequency up to 180 MHz
» 3x12-bit, 2.4 MSPS ADC: up to 24 channels and 7.2 MSPS
» 2x12-bit DAC

» 16-stream DMA

» Up to 17 timers: up to twelve 16-bit and two 32-bit timers up to 180
MHz, each with up to 4 IC/OC/PWM or pulse counter and
quadrature (incremental) encoder input

» 168 /O ports with interrupt capability

» USB 2.0 high-speed/full-speed device/host/OTG

> 8- to 14-bit parallel camera interface up to 54 Mbytes/s
» PosHuunas uena: 20 USD
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ARM-mMukpokoHTponnepbl

STM32F4 discovery

» STM32F42971T6
microcontroller

» On-board ST-LINK/V2 (SWD
connector)

» 2A4"QVGA TFT LCD

» SDRAM 64 Mbits

» L3GD20, 3-axis digital gyroscope
» USB OTG (micro-AB connector)
» Header for LQFP144 1/0s

» Posnunuynas uena: 34 USD
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STM32F303VC

ARM Cortex-M4 with FPU (72 MHz max)

128 to 256 Kbytes Flash

Up to 40 Kbytes of SRAM, with HW parity on the first 16 Kbytes
Up to 87 fast 1/Os

4xADCs 0.20 ps (up to 39 channels) with resolution of 12/10/8/6 bits
2x12-bit DAC

7xfast rail-to-rail analog comparators

4xoperational amplifiers

Up to 24 capacitive sensing channels (touchkey, linear and rotary)
CAN interface (2.0B Active)

2x12C

Up to 5 USART/UARTs

Up to 3 SPIs

USB 2.0 full speed interface

PosHununas uena: 10 USD
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ARM-mMukpokoHTponnepbl

STM32F3 discovery

» STM32F303VCT6 (256 KB
Flash, 48 KB RAM)

» L3GD20, 3-axis digital gyroscope

» LSM303DLHC, 3D digital
accelerometer, 3D digital
magnetometer

» 8 user LEDs

» USB device (Mini-B connector)
» Header for LQFP100 1/Os

» Posnununas uena: 17 USD
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ARM-mMukpokoHTponnepbl

STM32L0 discovery

> STM32L053C8T6 (64 KB Flash,
8 KB RAM)

» One linear touch sensor or four
touch keys

» Ipp current measurement

» 2.04" E-paper display, 172x72
pixels

» Header for LQFP48 1/0s
» PosHuunas uexa: 65 USD
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ARM-mMukpokoHTponnepbl

STM32F0 family
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AnnapaTHoe obecneueHue ARM-mMukpokoHTponnepbl

STM32F030C6

» ARM 32-bit Cortex-M0 CPU (48 MHz)

» 16 to 64 Kbytes Flash

» 4 to 8 Kbytes SRAM with HW parity checking
» 1x12-bit, 1.0 pys ADC (up to 16 channels)

» Up to 10 timers

» 16-bit 7-channel advanced-control timer

» Up to two I°C

» Up to two USARTs

» Up to two SPIs (18 Mbit/s)

» Posnnynas uena: 1.8 USD
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AnnapaTHoe obecneueHue ARM-mMukpokoHTponnepbl

STM32F042K6
» ARM 32-bit Cortex-M0 (48 MHz)
» 16 to 32 Kbytes of Flash
» 6 Kbytes of SRAM with HW parity
» Up to 37 fast 1/Os
» 1x12-bit, 1.0 pys ADC (up to 10 channels)
» Up to 14 capacitive sensing channels (touchkey, linear and rotary)
> O timers
» 1xI?C interface
» 2xUSARTSs; one with ISO7816 interface, LIN, IrDA, auto baud rate

vV vy vy VvVvYyy

detection and wakeup feature

2xSPIs (18 Mbit/s)

CAN interface

USB 2.0 full-speed interface (runs from internal 48 MHz oscillator)
HDMI CEC

PosHununas uena: 3 USD
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AnnapaTHoe obecnedeHue ARM-mMukpokoHTponnepbl

N3roTtoenenue, coopka M1

» WNsroToenenue M1

» PaspabotaTtb n passectu
(KiCAD, Eagle, Altium)

» Ornpasuts B Seeedstudio (10
nnat 50x50 mm crosT
14 USD c pocragkoii) nnn
OSHPark

» Cbopka BpyYHYIO, NasiNbHas
ctanums Lukey 702 crout
~3000 RUB
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AnnapaTHoe obecnedeHune CpepacTBa nporpaMMuUpoBaHust U oTnagKm

ARM DAP

SWJ-DP
SWDP
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JTAG

AnnapaTHoe

Boundary-Scan Chain  Boundary-Scan Cell

Physical Pin

TDI

w TAP Controlier W
S

TCK TmMs TDO

er (Free Software enthusiast)
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AnnapaTHoe obecnedeHue CpepacTBa nporpaMMuUpoBaHust U oTnagKm

JTAG-aganTepbl

>

FT232H dev module — 16 USD

TUMPA (with aux UART) — 30 USD
Olimex ARM-USB-OCD-H — 75 USD
J-Link EDU — 60 USD

LPT-nopt

RaspberryPi naun gpyroii komnstotep ¢ GPIO

v

v

v

v

v
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AnnapaTHoe obecnedeHue CpepacTBa nporpaMMuUpoBaHust U oTnagKm

SWD-aganTepsi

v

STLink — GecnnaTHo B8 coctase discovery board

v

CMSIS-DAP — B coctaBe niat gpyrux npousBoauTeneii
J-Link
JTAG-aganTep c nepexogrukom (7 USD) unu pesncropom

v

>
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AnnapaTHoe obecneueHue NuTepdpeiics

CBsi3b C KOMMNbIOTEPOM

USB — cambliii nonynsipHblii ctangapt ceszu MK n MmobunbHbIx ycTpoiicTs
¢ nepuchepueii

> BCTPOEHHbIi KOHTpOsNEp

» USB-UART npeobpasosatens (FT232R, CP2102 un ap.)

> BHewHnii RS-232, RS-485 nau CAN koutposnep ¢ USB
Ethernet — npocras uvterpauus 8 JIBC

> BCTpOeHHbIN koHTpoanep (Hanp. STM32F105)

> nononHutensHblii koutpossiep ¢ UART nan USB

Fertser (Free Software enthusiast)
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AnnapaTHoe obecnedeHue NuTepdpeiics

RS-485

v

32 n bosee yCcTpoOIACTB Ha OAHON LWMHE

v

andpdbeperymnansHas AnHNS
> npocToTa

» cosMecTumocTs ¢ [MJIK, nporpammamn u 6ubnuotekamu gns MK

>

Modbus (Hanpumep, freemodbus)
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AnnapaTHoe o eHeHUe NuTepdpeiics

CAN bus

» multi-master

> aBTOMaTUYECKas
npuopuTesaums n apbutpax
WNHbI

> NOMEXOYCTOR4NBOCTb

> MPOTOKOJIbl BLICOKOFO YPOBHSI:
CANopen (Hanp. CanFestival),
DeviceNet
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BE
Cpefbl pa3paboTku

» CooCox ColDE — becnnathas (Ho He cBoboaHas) cpega paspaboTtku
(Tonbko nog windows)

» mbed — ownnaiin cpega+komnunaTop, bubnunorteku ¢ HAL
» Keil — nonynsipHas kommep4deckast cpega, ucnonssyet MDK-ARM

» Eclipse — cBobogHas cpepa, pabotaer smecte ¢ GCC ARM Embedded
toolchain

» Em::Blocks (Code::Blocks fork)
» QtCreator + baremetal debug plugin
» Emacs nan Vim

» GDB cli + tui
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MNporpammMmupoBaHune MeTopabl oTnagku

MeToabl oTnaakm

> NOoLaroBoe€ NCNOJIHEHNE

v

breakpoints (Touku ocraxosa)

v

watchpoints
ARM semihosting
SWO tracing

\4

v
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C++11

> MaKCMMaJibHass NPON3BOANTENBHOCTb: BCE AOMNOJHUTENbHbIE
BO3MOXXHOCTU, KOTOPbIE BJNAKT Ha CKOPOCTb, ONUNOHANIbHbI

> cTaTudeckasi cTporast Tunusauus (compile-time ownbku BmecTo
otnagku!)

> MeTa-nporpammunpoBaHne (aBTOMaTUHeCKasi reHepauus
ONTMMN3NPOBAHHOTO A/l KOHKPETHOrO Cy4ast Koga)

> oyeHb pacnpocTpaHén B nporpammuposarun MK (C++11 + Boost
libraries)
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RTOS

CucTembl XECTKOrO peanbHOrO BPEMEHUN: Pa3fesieHne 3a4adun Ha
He3aBNCUMble MPOLLECCHl C FapaHTUPOBAHHBLIMU MaKCUMaabHbIMU
3agepXxkamun peakuum Ha cobbitus. LlenecoobpasHocTe npumeneHuns
3aBMCNT OT KOHKPETHOM 3agaqn, TpebyeTcst onbIT MHOTOMOTOYHOTO
nporpaMMupoBaHus.

FreeRTOS
ChibiOS
Co0OS

» eCos

v

v

v
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Cnacubo 3a sHumanne!

Be free, use Free Software.
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