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Ââåäåíèå

Öåëü

I Îáçîð àïïàðàòíîãî è ïðîãðàììíîãî îáåñïå÷åíèÿ

I ×òî äîëæåí çíàòü ðàçðàáîò÷èê

I Ïðàêòè÷åñêèå ñîâåòû

Âû ìîæåòå íà÷àòü ðàçðàáàòûâàòü ñîâðåìåííûå óñòðîéñòâà óæå ñåé÷àñ!
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Àïïàðàòíîå îáåñïå÷åíèå Àðõèòåêòóðû

Àðõèòåêòóðû

I Cortex-M (ARM, ðàçíûå ïðîèçâîäèòåëè)

I PIC32 (Microchip)

I AVR32 (Atmel)

I Quark (Intel)

I DSP (TI, Analog Devices)
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

Ïðîèçâîäèòåëè

I STMicroelectronics (STM32)
I îãðîìíûé âûáîð
I ñîâìåñòèìîñòü ìåæäó ñåìåéñòâàìè (â ò.÷. pin-to-pin)
I íèçêàÿ ñòîèìîñòü
I áîëüøîå ñîîáùåñòâî ðàçðàáîò÷èêîâ

I NXP (LPC)
I LPC1xxx � áîëüøîé âûáîð Cortex-M0/M3
I LPC43xx � ìíîãîÿäåðíûå ãèáðèäíûå (M4+M0), âíåøíÿÿ SPI

�ash-ïàìÿòü ëþáîãî ðàçìåðà!
I Nordic (nRF51) � âñòðîåííîå 2.4ÃÃö ðàäèî
I Silicon Labs/Energy Micro (EFM32) � íèçêîå ýíåðãîïîòðåáëåíèå
I Texas Instruments (Stellaris/Tiva C) � øèðîêèé âûáîð; OMAP5 �
Cortex-A + Cortex-M

I Freescale (Kinetis) � øèðîêèé âûáîð, ïîïóëÿðíû â
ïðîìûøëåííîñòè

I Atmel (SAM) � øèðîêèé âûáîð, ïîïóëÿðíû â ïðîìûøëåííîñòè
I ÏÊÊ Ìèëàíäð (1986ÂÅ) � âîåííàÿ ïðè¼ìêà
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STMicroelectronics
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

Óìíûé äàò÷èê

I Ultra-low-power mode (10 µA)

I 2g/4g/6g/8g/16g

I Data rate: 3.125 Hz to 1.6 kHz

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

I 64 Kbyte Flash memory

I 128 Kbyte SRAM (64 Kbyte
with ECC)

I I2C master port; slave port

I SPI master/slave

I 4-wire UART

I 11 programmable GPIOs

I 3x3x1 mm LGA package
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F429ZIT6

I 2 MB Flash, 256 KB RAM

I ARM 32-bit Cortex-M4 with FPU, frequency up to 180 MHz

I 3x12-bit, 2.4 MSPS ADC: up to 24 channels and 7.2 MSPS

I 2x12-bit DAC

I 16-stream DMA

I 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

I 168 I/O ports with interrupt capability

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

I 8- to 14-bit parallel camera interface up to 54 Mbytes/s

I Ðîçíè÷íàÿ öåíà: 20 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F4 discovery

I STM32F429ZIT6
microcontroller

I On-board ST-LINK/V2 (SWD
connector)

I 2.4"QVGA TFT LCD

I SDRAM 64 Mbits

I L3GD20, 3-axis digital gyroscope

I USB OTG (micro-AB connector)

I Header for LQFP144 I/Os

I Ðîçíè÷íàÿ öåíà: 34 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F303VC

I ARM Cortex-M4 with FPU (72 MHz max)
I 128 to 256 Kbytes Flash
I Up to 40 Kbytes of SRAM, with HW parity on the �rst 16 Kbytes
I Up to 87 fast I/Os
I 4xADCs 0.20 µs (up to 39 channels) with resolution of 12/10/8/6 bits
I 2x12-bit DAC
I 7xfast rail-to-rail analog comparators
I 4xoperational ampli�ers
I Up to 24 capacitive sensing channels (touchkey, linear and rotary)
I CAN interface (2.0B Active)
I 2xI2C
I Up to 5 USART/UARTs
I Up to 3 SPIs
I USB 2.0 full speed interface
I Ðîçíè÷íàÿ öåíà: 10 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F3 discovery

I STM32F303VCT6 (256 KB
Flash, 48 KB RAM)

I L3GD20, 3-axis digital gyroscope

I LSM303DLHC, 3D digital
accelerometer, 3D digital
magnetometer

I 8 user LEDs

I USB device (Mini-B connector)

I Header for LQFP100 I/Os

I Ðîçíè÷íàÿ öåíà: 17 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32L0 discovery

I STM32L053C8T6 (64 KB Flash,
8 KB RAM)

I One linear touch sensor or four
touch keys

I IDD current measurement

I 2.04� E-paper display, 172x72
pixels

I Header for LQFP48 I/Os

I Ðîçíè÷íàÿ öåíà: 65 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F0 family
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F030C6

I ARM 32-bit Cortex-M0 CPU (48 MHz)

I 16 to 64 Kbytes Flash

I 4 to 8 Kbytes SRAM with HW parity checking

I 1x12-bit, 1.0 µs ADC (up to 16 channels)

I Up to 10 timers

I 16-bit 7-channel advanced-control timer

I Up to two I2C

I Up to two USARTs

I Up to two SPIs (18 Mbit/s)

I Ðîçíè÷íàÿ öåíà: 1.8 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

STM32F042K6

I ARM 32-bit Cortex-M0 (48 MHz)
I 16 to 32 Kbytes of Flash
I 6 Kbytes of SRAM with HW parity
I Up to 37 fast I/Os
I 1x12-bit, 1.0 µs ADC (up to 10 channels)
I Up to 14 capacitive sensing channels (touchkey, linear and rotary)
I 9 timers
I 1xI2C interface
I 2xUSARTs; one with ISO7816 interface, LIN, IrDA, auto baud rate
detection and wakeup feature

I 2xSPIs (18 Mbit/s)
I CAN interface
I USB 2.0 full-speed interface (runs from internal 48 MHz oscillator)
I HDMI CEC
I Ðîçíè÷íàÿ öåíà: 3 USD
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Àïïàðàòíîå îáåñïå÷åíèå ARM-ìèêðîêîíòðîëëåðû

Èçãîòîâëåíèå, ñáîðêà ÏÏ

I Èçãîòîâëåíèå ÏÏ
I Ðàçðàáîòàòü è ðàçâåñòè

(KiCAD, Eagle, Altium)
I Îòïðàâèòü â Seeedstudio (10

ïëàò 50x50 mm ñòîÿò
14 USD ñ äîñòàâêîé) èëè
OSHPark

I Ñáîðêà âðó÷íóþ, ïàÿëüíàÿ
ñòàíöèÿ Lukey 702 ñòîèò
≈3000 RUB
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Àïïàðàòíîå îáåñïå÷åíèå Ñðåäñòâà ïðîãðàììèðîâàíèÿ è îòëàäêè

ARM DAP
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Àïïàðàòíîå îáåñïå÷åíèå Ñðåäñòâà ïðîãðàììèðîâàíèÿ è îòëàäêè

JTAG
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Àïïàðàòíîå îáåñïå÷åíèå Ñðåäñòâà ïðîãðàììèðîâàíèÿ è îòëàäêè

JTAG-àäàïòåðû

I FT232H dev module � 16 USD

I TUMPA (with aux UART) � 30 USD

I Olimex ARM-USB-OCD-H � 75 USD

I J-Link EDU � 60 USD

I LPT-ïîðò

I RaspberryPi èëè äðóãîé êîìïüþòåð ñ GPIO
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Àïïàðàòíîå îáåñïå÷åíèå Ñðåäñòâà ïðîãðàììèðîâàíèÿ è îòëàäêè

SWD-àäàïòåðû

I STLink � áåñïëàòíî â ñîñòàâå discovery board

I CMSIS-DAP � â ñîñòàâå ïëàò äðóãèõ ïðîèçâîäèòåëåé

I J-Link

I JTAG-àäàïòåð ñ ïåðåõîäíèêîì (7 USD) èëè ðåçèñòîðîì
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Àïïàðàòíîå îáåñïå÷åíèå Èíòåðôåéñû

Ñâÿçü ñ êîìïüþòåðîì

USB � ñàìûé ïîïóëÿðíûé ñòàíäàðò ñâÿçè ÏÊ è ìîáèëüíûõ óñòðîéñòâ
ñ ïåðèôåðèåé

I âñòðîåííûé êîíòðîëëåð

I USB-UART ïðåîáðàçîâàòåëü (FT232R, CP2102 è äð.)

I âíåøíèé RS-232, RS-485 èëè CAN êîíòðîëëåð ñ USB

Ethernet � ïðîñòàÿ èíòåãðàöèÿ â ËÂÑ

I âñòðîåííûé êîíòðîëëåð (íàïð. STM32F105)

I äîïîëíèòåëüíûé êîíòðîëëåð ñ UART èëè USB
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Àïïàðàòíîå îáåñïå÷åíèå Èíòåðôåéñû

RS-485

I 32 è áîëåå óñòðîéñòâ íà îäíîé øèíå

I äèôôåðåíöèàëüíàÿ ëèíèÿ

I ïðîñòîòà

I ñîâìåñòèìîñòü ñ ÏËÊ, ïðîãðàììàìè è áèáëèîòåêàìè äëÿ ÏÊ

I Modbus (íàïðèìåð, freemodbus)
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Àïïàðàòíîå îáåñïå÷åíèå Èíòåðôåéñû

CAN bus

I multi-master

I àâòîìàòè÷åñêàÿ
ïðèîðèòåçàöèÿ è àðáèòðàæ
øèíû

I ïîìåõîóñòîé÷èâîñòü

I ïðîòîêîëû âûñîêîãî óðîâíÿ:
CANopen (íàïð. CanFestival),
DeviceNet
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Ïðîãðàììèðîâàíèå ÏÎ

Ñðåäû ðàçðàáîòêè

I CooCox CoIDE � áåñïëàòíàÿ (íî íå ñâîáîäíàÿ) ñðåäà ðàçðàáîòêè
(òîëüêî ïîä windows)

I mbed � îíëàéí ñðåäà+êîìïèëÿòîð, áèáëèîòåêè ñ HAL

I Keil � ïîïóëÿðíàÿ êîììåð÷åñêàÿ ñðåäà, èñïîëüçóåò MDK-ARM

I Eclipse � ñâîáîäíàÿ ñðåäà, ðàáîòàåò âìåñòå ñ GCC ARM Embedded
toolchain

I Em::Blocks (Code::Blocks fork)

I QtCreator + baremetal debug plugin

I Emacs èëè Vim

I GDB cli + tui
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Ïðîãðàììèðîâàíèå Ìåòîäû îòëàäêè

Ìåòîäû îòëàäêè

I ïîøàãîâîå èñïîëíåíèå

I breakpoints (òî÷êè îñòàíîâà)

I watchpoints

I ARM semihosting

I SWO tracing
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Ïðîãðàììèðîâàíèå C++11

C++11

I ìàêñèìàëüíàÿ ïðîèçâîäèòåëüíîñòü: âñå äîïîëíèòåëüíûå
âîçìîæíîñòè, êîòîðûå âëèÿþò íà ñêîðîñòü, îïöèîíàëüíû

I ñòàòè÷åñêàÿ ñòðîãàÿ òèïèçàöèÿ (compile-time îøèáêè âìåñòî
îòëàäêè!)

I ìåòà-ïðîãðàììèðîâàíèå (àâòîìàòè÷åñêàÿ ãåíåðàöèÿ
îïòèìèçèðîâàííîãî äëÿ êîíêðåòíîãî ñëó÷àÿ êîäà)

I î÷åíü ðàñïðîñòðàí¼í â ïðîãðàììèðîâàíèè ÏÊ (C++11 + Boost
libraries)
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Ïðîãðàììèðîâàíèå RTOS

RTOS

Ñèñòåìû æ¼ñòêîãî ðåàëüíîãî âðåìåíè: ðàçäåëåíèå çàäà÷è íà
íåçàâèñèìûå ïðîöåññû ñ ãàðàíòèðîâàííûìè ìàêñèìàëüíûìè
çàäåðæêàìè ðåàêöèè íà ñîáûòèÿ. Öåëåñîîáðàçíîñòü ïðèìåíåíèÿ
çàâèñèò îò êîíêðåòíîé çàäà÷è, òðåáóåòñÿ îïûò ìíîãîïîòî÷íîãî
ïðîãðàììèðîâàíèÿ.

I FreeRTOS

I ChibiOS

I CoOS

I eCos
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Ñïàñèáî çà âíèìàíèå!

Be free, use Free Software.
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