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1. BJIOK-CXEMA STM32F417

Figure 5.

STM32F41x block diagram
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MpPOTOKOJIbl BHYTPEHHUX WMKH (pa3paboTaHo ARM Limited):
AHB - Advanced High Performance Bus (BbICOKOCKOPOCTHOW)
APB - Advanced Peripheral Bus (HU3KOCKOPOCTHOW)




2. PETUCTPbI AOPA NMPOLUECCOPA

Figure 2. Processor core registers
- - —
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RO-R12 Pernctpbl obuiero HasHa4YeHus

SP YKa3aTesb cTeka. Kakov B AaHHbIN MOMEHT yKa3aTeslb CTeKa
ncnonblyetcsa (PSP nnn MSP) onpenenseTtcs peXxmMmom
npoueccopa n pernctpom CONTROL.

PSP - Process SP (ucnonb3yeTtca npukaagHomM NnporpaMmmomn)
MSP - Main SP (no ymon4aHuio npuBuUaernpoBaHHbIN AOCTYN K
MNaMaATn)

Mo>XHO BCerga ncnosib3oBaTb TOJIbKO MSP

LR Ceazyowmin pernctp. Coaep>XnT nMHGopMaLmnio 0 Bo3BpaTe
(agpec n 1. n.) U3 nognporpamMm, PyHKLUN N NCKITIOHEHNI
(NnpepbiBaHUN).

PC C4YéTumk nporpamMmmbl. Cooep>XUT TeKYLLMN agpec nporpaMmmsl.
[Mocne reset’a npoueccop 3arpyxaet B PC 3Ha4yeHMe BeKTOpa
cbpoca (reset vector). BekTtop cbpoca pacnosioxXeH c aapeca
0x00000004.

PSR Pernctp ctaTtyca nporpamMmmbel. KoMmbuHupyeT B cebe




pPerncTpsbl:
APSR (Application Program Status Register) - conepxuTt
TeKkyllee COCToAHME YCI0BHbIX (hnaros (dsar nepeHoca,
dnar nepenosHEHNS 1 T. N.) Nocse BbINOJIHEHUSA
npeablaywen NHCTPYKLUUN

IPSR (Interrupt Program Status Register) - coaep>XutT HomMmep
Tnna nckar4deHna Tekywen ISR (Interrupt Service Routine)
EPSR (Execution Program Status Register) - conep>xut Thumb
state bit n 6uTbl COCTOAHMSA BbINOJIHEHNSA YC/IOBHOW
NHCTpyKuuu IT (If-Then) n nuctpykuum ICI (Interruptible-
Continuable Instruction).

PRIMASK

MNpenoTBpallaeT akTUBALINIO BCEX UCKJIIOYEHWUI C
KOHPUTYpPUPYyeEMbIM NPUOPUTETOM. DTOT PErUCTP COOEPXKUT
BCero 1 6MT pa3spellatolnmin nam 3anpeLwamounin reHepaumto
NCKJIIOYEHUS OT UCKJIIOYEHWI C KOHPUIYPUPYEMbIM
NPUOPUTETOM.

FAULTMA | lNMpenoTBpallaeT akTUBaALMNIO BCEX UCKIOYEHUN KpoMe NMI

SK (Non-Maskable Interrupt). Cooep>xuT TosibKO 1 6UT
pa3peLllaoLwmym nin 3anpeLlaruimnm.

BASEPRI | OnpepenseT MMHMMaNbHbIN NpuopuTeT ana obpaboTkn
NCKNYeHUN. NpenoTBpallaeT BCe UCKITIIOYEHNS C
MNPUOPUTETOM pPaBHbIM 3Ha4YeHUIO pernctpa BASEPRI n Hmnxe.

CONTROL | YnpaBnseT Kakon UCMoJsIb30BaTb CTEK N KaKOW NCMNOJ/b30BaTb

ypOBeHb Npusuaernn onga nporpammbel. MHOnUunpyeT akTuBeH
an FPU.

Processor mode and privilege levels for software execution
(Pe>xuMbl npoueccopa U YPOBHU NPUBUJIENrUU OJ1A BbINOJIHEHUA
nporpamMmm):

1) Thread mode: BbINOJIHEHME MPUKIALHON MPOrpaMmMmbl.

B aTOM pexxume npoueccop cpasy nocne reset’a. Pernctp CONTROL
ornpenenseTr YpPOBEHb NPUBUIErNU OJ18 BbINMOJIHEHUSA MPUKIJTAOHOW
MporpamMmsl

2) Handler mode: BbINOMIHEHNE UCKAKOYEHUN (MpepbiBaHNI).

[Nocne BbINOJIHEHNS 3TOMO peXxnuma npoueccop obpaTHO
Bo3BpauwaeTca B Thread mode.

1) Unprivileged:

HenpuemnnernpoBaHHbIN YypoBeHb. MpukKnaaHasa nporpamMmma:




- meeT orpaHnYeHHbIN JOCTYyn K UHCTpyKumam MSR, MRS u CPS,
- He nmeeT poctyna K system timer, NVIC, system control block.
- MoXXeT UMeTb OrpaHMYeHHbIN OOCTYN K NaMaTu n nepudepumn.
- LloymKHa ncnosib3oBaTb MHCTPYKUUIO SVC (super visor call) ons

nepenayu

2) Privileged:

yrnpaB/eHNs NpUBUIErnpoBaHHONM NporpamMme.

MpuknagHasa nporpaMmMa MMeeT MOJIHbIN AOCTYN K pecypcam
MUKPOKOHTpoOJI1Epa.

CTEK

Mpoueccop UCNoJsb3yeT MOJIHbIM HUCNadalowmnn cTtek. SP yka3biBaeT Ha
nocsnegHnin obbeKT NOMeELLEHHbIN B CTeK. Npn noMeleHnn HOBOro
obbeKkTa B cTek: SP nekpeMeHTUpyeTCH, a 3aTeM 06bEeKT NnomMeLlaeTcs B
CTEKOBYIO MaMAThb.

Mpoueccop peannsyeT ABa cTeka: Main stack n Process stack ¢
He3aBUCUMbIMU KOMUAMK YKa3aTenda cteka: MSP n PSP cooTBeTCTBEHHO.

Processor mode

Used to execute

Privilege level

Stack used

Thread Applications Privileged or Main stack or
unprivileged* Process stack*
Handler Exception Always Main stack
handlers privileged

* YTO MUMEeHHO ncnosbilyeTcsa onpenensetca B pernctpe CONTROL.




3. NVIC
Figure 11. Vector table

Exception number 1RQ number  Offset Vector MpuopuTteT
255 239 IRQZ239
Ox03FC
0x004C
18 2 IRQ2
Ox0048
17 1 IR
00044
16 0 IRQ0
00040
15 -1 Systick
0x003C
14 -2 PendsV

Ox00:38

Reserved

f—
(%]

—
P

Reserved for Debug

11 -5 SVCall
00020

10

g

Reserved

8

7

<] -10 Usage fault
Ox0018

5 -11 Bus fault
Ox0014

4 -12 Memory managemeant fault
0x0010

3 -13 Hard fault -1
0x000C

2 -14 NMI -2
0x0008

1 Reset -3
00004 —

Initial SP value MSP

Ox0000

MS30018Y 1

COCTOSSHMA UCKJIIOYEHUMN:

- Inactive

- Pending (nckno4veHne oxnpgaeTt o6paboTku npoLeccopom)

- Active (nckno4eHune obpabaTbiBaeTCA NPOLECCOPOM N HE 3aBEPLLEHO)
- Active and Pending (ncknto4veHumne obpabaTtbiBaeTCa NpoLEeccopoM N B
oyepeamn ecTb Takoe Xe NCKIYeHue, oxnparuwee obpaboTkn)

TUNbl UCKJIIOYEHUN:

Reset Bbi3biBaeTCa Npu 3anycke npoueccopa uanm no CUrHany
cbpoc. MNMocne Reset BbINOSHEHNE HAYMHAETCH KakK
Privileged B Thread mode c agpeca, npefocTaB/leHHbIM
B A4enke Reset (anpec 0x00000004 B Vector table).

NMI HemMmackunpyemoe npepbiBaHne. Bbi3biBaeTCAa
nepundepunen nnnm nporpaMmmHo. NMI He M. 6.
MacCKMpPOBaHO WUJIN OTJIOXKEHO APYruM npepbiBaHnem!!!
NMI He M. 6. BbITECHEHO OPYIrMM UCKJIIOYEHNEM, KPOME




Reset.

Hard fault

Bo3HMKaeT B cayyvae:

- ownbka Bo BpeMs 06paboTKkn Kakoro-Hmbynb
NCKII0YEHUS

- KaKoe-TO UCKJIto4eHne He M. b. 0bpaboTaHO HUKaAKUM
MexaHU3MOM 06paboTKU NCKIOYEHUNA.

Memory
management
fault

MPU (Memory Protection Unit) reHepupyeT 3T0
NCKKYEeHWe ON4g 3alnTel NamMaTn. Hanpumep, Korga
NOET obpaweHne K ob6sacTn NamMATN, NOMEYEHHON KakK
XN (execute never).

Bus fault

OwwnbKa Ha WKrHe NaMAaTu (Kak NMHCTpykuun (l-bus), Tak
N gaHHbIX (D-bus)).

Usage fault

OwmnbKa BbINOJIHEHUNSA NHCTPYKLUMN:

- HEN3BECTHasA NHCTPYKLUSA

- HenpaBWJIbHbIN HEBbIPABHEHHbLIN A0CTYN

- HenpaBWIbHOE COCTOSAHNE NPU BbINOJIHEHUN
NHCTPYKLNYU

- owmbKa Npu Bo3BpaTe U3 NUCKIIOYEHUS

- le/IeHNe Ha HOJb.

SVCall

SuperVisor Call - ncknioyeHune, Bbi3biBaemMoe
MHCTpyKumnen SVC. B cpene onepaumoOHHbIX CUCTEM
npuaoXXeHna M. ncnonb3osaTtb SVC ong nocrtyna K
dyHKUMAM aapa, fpanBepam u T. n.

PendSV

Request for system-level service (3anpoc Ha cnyxby
CUCTEMHOr0 YPOBHS). B cpene onepaunoOHHbIX CUCTEM,
PendSV ncnonb3yeTtcsa Ans Nnepeksto4eHnsa KOHTEKCTa,
Korga HM O4HO ApYyroe NUCKJYeHne He aKTUBHO
(cocTosHue Active).

SysTick

Bbi3blBaeTCs, KOrga cuctTeMHbln Tanmep gocturaet 0.
MpUNoXXeHns M. NCNOJIb30BaTb 3TO NCKOYeHUe. nn B
cpene onepaunoHHbIX CUCTEM, NMPOoLEeccop M.
NCMNOJ1b30BaTb 3TO UCKJIIOYEHMNE, KAaK CUCTEMHbIN TUK.

Interrupt (IRQ)

[MpepbiBaHME - NCKJIIOYEHUNE, FreHepupyemMoe
nepudepuren nnm rnporpaMmmon.

MpuopuTeT UCKITIOYEHUM.
Lower priority number indicates a higher priority (Yem Hu>Xe HomMep
rnpuopuTeTa - TEM BbllLE CaM NMPUOPUTET).

MprnoputeT nporpammmpyeTcs B npenenax 0-15. Mo ymonyaHuio
npunoputeT paseH 0. MNMpuopnTeTbl CO 3HAKOM «-» (PUKCNPOBAHDI.




Ecnun npoueccop obpabaTbiBaeT UCK/OYEHME, TO NOCTyNatoLwee
NCKJIIOYEHME C BbICLLMM NPUOPUTETOM BbITECHSAET ero!

Ecnv y nByX o4HOBpPEMEHHO OXXMAaoWwmx 06paboTKy NCKIIOYEHNIA
OZIVHAKOBblE MPNOPUTETLI, NEPBbLIM Ha 06paboTKy NAET NCKOYEHUNE C
HM3LWNM NMOPAAKOBbIM HOMEPOM.



4. MULTU-AHB matrix
Figure 6. Multi-AHB matrix

64-Kbyte ARM GP GP MAC llussord - AOCTyn master->slave
CCM data RAM Cortex-M4 DMAA DMA2 | |Ethernat HS - 0JHOBpPEeMeHHoe
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I-bus: Instruction bus - wnHa MHCTpYKUMIN. BoiBOpKa MHCTPYKLUMI N3
namaTtu Flash, SRAM, FSMC.

D-bus: Data bus - wmnHa gaHHbIX. Icnonib3yeTca a4poM AN 3arpy3ku
KOHCTaHT (literal load) n gpna oTnagkwu.

S-bus: System bus - cucrtemHasa wuHa. Nicnonb3yeTca ang oocTtyna K
DAHHbIM, pacnosioXXeHHbIM B nepudepun nnn SRAM. Tak e M. UCn-c
Ons BblIOOPKU MHCTPYKLNIN, HO MeHee 3pPEeKTUBHO, 4eMm |-bus.



5. MTAMATb

5.1. KAPTA NAMATU ARM Cortex-M4

Figure 8. Memory map

npyemas

OxFFFFFFFF
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OxE0 100000
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CywHocTb bit-band:

0x20000004 | | | | | | | | | |

................ LTI TTITT]
oezo000000 [ [ PP PP TP TP PP PPl

;

Appec obnacTum xpaHeHus
butos

0x42000004 0x42000000

Apnpec B o6s1acTn gocTtyna K
butam

NMpeumMmywiectBa Bit-band:

1. YckopseT BbINoaHeEHNE BUTOBbLIX onepaunn (1 nHCTpykumns
BMeCTO 3)

2. ATOMapHOCTb onepauun c butamum



5.2. KAPTA INMAMATWN STM32F417
Figure 16. STM32F41x memory map
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OxENDD 0000
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OxOFFF FFFF
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Flash
Resarved

Aliasad 1o Flash, system
memaory or SRAM depanding
on the BOOT pins
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COATEX-M4 Informal poaripharsls

OxEDQ0D 0000 - 0xEQOF FFFF

Fiataned
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Hesened
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w4006 D000 - CedFFF FFFF
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One4002 D0
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4001 D000
Ooe4000 TE00 - Ded000 FFFF
4000 TFFF

04000 D000
ai18513e




5.3. FLASH-NAMATb

Figure 3. Flash memory interface connection inside system architecture
(STM32F405xx/07xx and STM32F4135xx/17xXx)

AHB Flash
Cortex-M4 with FPU 32-bit m— memory
instruction jrlasn intermace bus
I-Code bus'| I-Code \ bus N 128 bits
1 N Flash
D-Code | b
%cgr:gx 4 s \/ memory
Shus AHB
D-code bus| 4 32-bit I FLITF registersl
N data bus
\\
. AHB
CCM data >
AHB periph1
E 32-bit
DMA1 system bus SRAM and
p] External
DMA2 memories
.| AHB
USB HS periph2
Ethernet /

—— Access to instruction in Flash memory
Access to data and literal pool in Flash memory
—— FLITF register access

MS 304683

OCHOBHblIe CBOMUCTBA:

1. Mpensbibopka 128 6uT no wnHe I-Code (Y Cortex-M4F 3-x cTaaunHbIN
KOHBenep).

2. 64 cTpoku Kawa no 128 6uTt no wuHe I-Code

3. 8 cTpoK K3wa no 128 6ut no wunHe D-Code

4. 3apep»xKa Ha YTeHune nu3 Flash npu 4yactoTe sapa 168 MHz n
Hanps>XeHun 3,6V cocTaBngeT 6 MalMHHbIX LLMKJIOB.

I Mocne 3anycka MK, pekomMmeHayeTcsa ykasaTb 3Ty 3aaep>xKy (LATENCY)
B pernctpe FLASH_ACR.

5. STM32F4 ncnonb3yeT nponpuetapHbin ART flash accelerator. (Adaptive
Real Time). bnarogapsa 3TomMy COCTOAHME 0XXUOAHNSA BbIMNOJIHEHUSA
nporpamMmmbl cBoanTCcAa K O na>ke Ha 4actoTte 168MHz.

6. RWW (read while write) onepaunsa He pa3peLueHa.



Opranusauus Flash:

Table 6. Flash module organization (STM32F40x and STM32F41x)

Block Name Block base addresses Size

Sector 0 O0x0800 0000 - Ox0800 3FFF 16 Kbytes

Sector 1 Ox0800 4000 - 0x0800 VFFF 16 Kbytes

Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes

Sector 3 0x0800 CO000 - 0x0800 FFFF 16 Kbytes

Sector 4 Ox0801 0000 - Ox0801 FFFF 64 Kbytes
Main memory Sector 5 Ox0802 0000 - Ox0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 11 0x0B80E 0000 - 0x080F FFFF 128 Kbytes

System memory Ox1FFF 0000 - OX1FFF 77FF 30 Kbhytes

OTP area Ox1FFF 7800 - Ox1FFF TAOQF 528 bytes

Option bytes O0x1FFF CO00 - Ox1FFF COOF 16 bytes

System memory: oTcioga MK 3arpy>xaeTcs B pexume system memory

boot mode. Conep>XnT BCTpoeHHbIN BootLoader.

OTP area: one-time programmable obnacTb. NMporpammMmupyeTcs oauH
pa3 n He M. 6. cTepTa B nocneacTemn. Micnonb3lyeTcsa ons
NoNb30BaTENbCKUX AaHHbIX. Hanpumep, ctoga M. 3anncaTb CEPUNHbIN

HOMep nsaesini.

Option bytes: 6anTbl HacTponku. Read/write 3awmnTa; BOR-level,

watchdog, ynpasneHune copocom Reset, korga MK B pexume Standby nnn

Stop.




ART accelerator:
System Architecture — Role of the ART
accelerator IYI

FLASH
PFQ
4x32-bit buffer
8x16-bit buffer
I-32-bit 128-bit I1- 32-bit
A e | 12- 32-bit
13- 32-bit
14- 32-bit
BC
64 rows of
BC 128-bit-I
8 rows of
128-bit -D
Branch Cache stores the 64 LRU
Branch Cache stores 8 rows of branches and feeds the CPU
128-Dbit data (literals) without latency in case of a Hit.

ll ".J l' “

3awumTa Flash:

Flash Protections ‘ﬁ

Level 1

B S P

*JTAG fuse *No readout protection

*No un-protection possible *Full access to memory from
«JTAG disabled SRAM, system memory and
*System memory disabled JTAG

*User settings protected

3awunTa oT HecaHKLI,I/IOHVIpOBaHHOI7I BbIHUTKW KOAa NJIN OaHHbIX.



5.4. FSMC
Figure 431. FSMC block diagram

FSMC interrupt to NVIC

4—|

FSMC_MNE[4:1]
FSMC_ML{or NADW) NOR/FPSRAM
From clock MNOR/PSRAM FSMC _NBL[1:0] SIQHHIS

controller memory FEMC CLE

HCLK controller

'

)

FSMC_A[25:0]
FSMC_D[15:0] Shared

Configuration Egmg m‘?'u’EE signals
registers FSMC_NWAIT

AH¢B bus
e

/
-

FSMC_INT[3:2] signals

FSMC_MNCE[3:2] } NAND

NAND/PC Card
memory FSMC_INTR )

controller FSMC NCE4 1
FSMC NCE4 2

FSMC_NIORD

FSMC NIOWR \. F’ﬁ%ﬁ:{:

FSMC_MREG
FSMC_CD

&l 15501b

HasHayeHue FSMC:
1. TpaHcnayuna AHB-TpaH3akKuMin B NPOTOKOJ1 BHELWHEro yCTpoucTBa.
2. YposnetsopeHue timing requirements nsis BHewWHero ycTponucTsa.

OcobenHocTn FSMC:

1. Bzanmopencrteue c static memory-mapped devices (SRAM, NOR/NAND
Flash, PSRAM).

la. B3anmopeuncteue B PC Card.

2. 8-6UT N 16-6UT WIMHA OAHHbIX.

3. HezaBucumas KoHpurypaumsa ansa Kkaxaoro baHka namaTtu.

4. TpaHcnaumsa 32-6uTHbIX AHB-TpaH3akumn, B obuiem cny4yae, B
nocnepoBaTesibHble 8-6UT/16-6MT faHHbIX ONS BHELWWHEN NaMATH.
Mpnyem TpaH3akuna AHB 32 6uTa, a AaHHble coaepXXalimnecs B Hen M. 0.
8/16/32 buTa. Kak oHU TpaHcAupytoTca B 8/16 6UT AaHHbIX 0719 BHELUHEWN
namMaTn - cMmoTpu reference_manual.

5. FIFO bydep 3anuncm Ha 2 cnoBa (32-6uT).



Figure 432. FSMC memory banks

Address Banks Supported memory type
8000 0000h
Bank 1 _
NOR/ PSRAM
4 % B4 MB «— 4 nopbaHka un 4 Chip

6FFF FFFFh Select -> 4 Mmukpocxembl

BHELUH. NaMATN

7000 0000h \
Bank 2

4 x 64 MB ‘ —

";; MNAND Flash no 1 Chip Select

Ha 6aHK

8000 0000h Bank 3 . .

4 x 64 MB ‘
8FFF FFFFh /
9000 0000h

Bank 4
PC Card
4 x 64 MB

OFFF FFFFh

8i14718

PSRAM - pseudo SRAM. Ha camom pene 3to DRAM, nmetowtasd
BCTPOEHHbIN MOoAY/Ib OBHOB/IEHNS A4EeeK N MUKPOCXEMY yrpaB/IeHUS
agpecamMmu, BMecTe no3spoagwouwmne pabotaTb Kak 6yato 3To SRAM.

ToDo

Burst mode - nakeTHbIN pexum obMeHa AaHHbIMN:

1. Linear burst mode

2. Wrap-around burst mode (STM32F417 He nogaep>xmnsaet wrap burst
mode /19 CUHXPOHHOW NMamMaTK).



5.5. BOOT CONFIGURATION

Mo yMmonvyaHuio:

Code area 0x00000000 Flash; I-code/D-code
Data area 0x20000000 SRAM; S-code

Reset vector T. €. YKa3blBaeT Ha

0x00000000 Ha4ano Flash

CnenoBaTesibHO, HY)XEH CcrneLvabHbli MexaHn3M Bbibopa MecTa OTKyAa
3arpy>xaTtbcs.

BapuaHT 1.
Boot mode BbibupaeTcsa no BOOT[1:0] nnHam:

x0 Flash-namaTtb
01 Bootloader, xpaHAWMNACA B CUCTEMHOW MaMATHN
11 BHYTpeHHAA SRAM

Boot-nunHbl BbiIbnpatoTcs Ha 4-oM ppoHTe SYSCLK nocne cbpoca.

BootLoader nHtepdencsi:

- USART1

- USART3

- CAN2

- USB OTG FS in Device mode through DFU (device firmware update)

BapuaHT 2.

dusnyeckoe nepepacnpepeneHne namatu (physical remap) B o6xon
BOOT[1:0] nnHos.

3HavyeHuna SW B pernctpe SYSCFG_MEMRMP

[x2001 CO00 - 0x2001 FFFF | SRAMZ (16KkB) SRAMZ (16KB) SRAMZ (16KEB) SRAMZ (16kB)
[x2000 0000 - 0x2001 BFFF | SRAM1 (112kB) SRAM1 (112kB) SRAM1 (112KkB) SRAM1 [(112KB)
DxAFFF 0000 - 0x1FFF 77FF| System memory System memaory System memory System memaory

[x1000 D000 - Dx1000 FFFF | CCM Data RAM (64KEB) | CCM Data RAM [64KB) | CCM Data RAM (64KE) CCM Data RAM (64KB)

[x0810 0000 - 0x0OFFF FFFF| Reserved Reserved Reserved Reserved
[x0B00 0000 - 0x080F FFFF | FLASH (1MB ) FLASH [(1MB ) FLASH (1MB ) FLASH (1MBE )
0010 0000 - 0x0TFF FFFF | Reserved Reserved Reserved FSMC NOR/SRAM 2 Bank1 [(Aliased)

System memory (30KB)

Aliased FSMC NOR/SRAM 1 Bank1 :Ahﬂ

[x0000 D000 - 0x000F FFFF | FLASH (1MB ) Aliased SRAM1 (112kE) Aliased




6. DMA-KOHTPOJIJIEP

Figure 32. DMA block diagram

DMA controller

BbIC <«—Hardware npnopuTteT HU3K
P
|
REQ_STRo_CHo N o |5 L
REQ_STH0_CH1, »| |& |, Memorypor >
1 : m
1 = =
BREC STRO CH7, o=
" - o
REQ STR1_CHOu N = =
MC—HJP REQ STREAMO E E 4 perncTtpa FIFO
[ . |[—1_REQ_STREAMI e e (M. ncnonb3oBaTh
REQ_STR1_CHT, REQ_STREAMZ - v |_wnu HeT)

Y REQ STHEAMC}I

REQ STREAM4.1 Arbiter
T T T

REQ STH EAM§|

REQ_STREAME

>
-

STREAM 3| » FIFO |4 STREAM 3
STREAM 4 #El < STREAM 4
STREAM 5 #_EI4 STREAM &
FIFQ
STHRE AM ?+m < STREAM 7
\

STREAM O - STREAM O
p FIFO |
FIFO
STREAM 2| »[ FIFO |4 STREAM 2

|
F F
: REQ STFIEAI'!.‘I? - pisJ M. UMe€Tb O0CTYyN K
| " % % namMaTv (ona
| = = TpaH3aKuun
REQ _STR7_CHo N ? @ memory->memory)
REQ_STR7_CH1 |
— " M ‘(
1 : -E 4
REQ_STR7_CH7, > |E 4" Peripheralpor >
. = [
=
Channel q
selection v nporpaMMumpoBaHne
DMA-kKoHTpoNepa
ApbuTp. YnpasnseT 8 DMA streams {
request (3anpockl MOTOKA). AHB slave L4
. programming . Programming port >
MpuopunTeT: cHavyana software, interface

3aTeM hardware.

ai15945

DMA-KoHTpoOJI/1Iep: 8 MOTOKOB, Ka)k4bl N0 8 KaHaNOB (3anpocos).

Tunbl DMA-TpaH3akuun:
1. Regular - obbl4HbIE:

memory -> peripheral

peripheral -> memory

memory -> memory
2. Double-buffer.
PaboTaeT, Kak 0bblYHas TpaH3aKLUMSA, 3a UCKJIIOYEHMEM TOr0, 4TO 2
yKa3aTensa agpeca. lNNoka DMA paboTaeT c ogHOM 061aCTbio NaMATHU
(nepsbin yKa3aTenb), MO M. paboTaTb C Apyron obsacTblo NaMATH
(BTOpOW yKasaTesb).



Figure 33. System implementation of the two DMA controllers
(STM32F405xx/07xx and STM32F415xx/17xx)

Flash
memory

M2 KB SRAM

16 KB SRAM

AHB1 peripherals

DMA controller 2

AHE-APE
bridge2
(dual AHB)

APB2 -
peripherals

Arbiter

To AHB2
peripherals

AHB-APE
bridge1
(dual AHB)

APBE1
peripherals

— DMA request
—

AHB2 peripherals

External memory
controller (FSMC)

To AHB2
peripherals

DMA controller 1

M318927v2

Kaxgbin DMA-TpaHcdep:

1. 3arpyska 13 nepud. perncrtpa nam namaTm agpeca NnamMmAaTn gaHHbIX
OTKYyZda 4YnTaThb.

2. 3arpyska agpeca Ha3Ha4YeHUsa faHHbIX: nepud. perncTtp nam NnamsaThb.
3. Konn4dectBo DMA-TpaH3akKumnin, KOTopble HeE0OX0AMMO BbIMNOJHUTD.

HapnexHocTb DMA-TpaH3akuui:

1. Mepudepunsa oTnpasnseT request signal B8 DMA KoHTpoanep.

2. DMA-kKoHTponep obpabaTbiBaeT 3anpoc Ha OCHOBE NpuopuTeTa
KaHa10B.

3. Kak Tonibko DMA-KOHTpoO11ep noay4un AOoCTyn K nepundepuin, CUrHanl
ACK oTnpasnseTcsa nepudepuun.

4. Mepundgepunsa oTMeHAeT curHan request signal, Kak TosIbKO nosy4usna
curHan ACK ot DMA.



5. Nocne oTMeHbI request signal oT nepudepun, DMA-KoOHTpoONNEP
oTMeHsaeT curHan ACK.

6. Ecnin ecTb elle 3anpockl nepugepunsa M. BbICTaBUTbL CUMHa request
signal. N gpanee c n. 1.



Figure 21. Clock tree
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LSE, LSI - Low Speed External/Internal

HSE, HSI - High Speed External/Internal

- NepBUYHbIE UCTOYHUKN TaKTUpoBaHUA (ncnonbsyetcsa ana SYSCLK)

- BTOPUYHbIE NCTOYHUKN TaKTUpoBaHUA (ncnosb3dyetcsa ana watchdog, RTC)



SYSCLK:

1. NMocne reset: HSI clock BbibupaeTca ana SYSCLK.

2. NepeknioyeHne C 0AHOro NUCTOYHUKA TaKTUPOBAHUSA Ha OpYyroun
BO3MOXXHO, TOJIbKO ecnu ueneson clock rotos (ctabuneH). Pernctp
RCC_CR noka3biBaeT Kakou clock B faHHbI MOMeHT BblbpaH ansa SYSCLK
n Kakume clock’v roTosebl.

CSS - Clock Security System (akTusupyeTcsa nporpaMMmHbIM
obecne4vyeHnem): Ecnm HSE clock naeTt cbon, TO 3TOT oCcUMNNATOP
aBTOMaTU4YeCKUN OTKJIIoHaeTca U reHepupyetca NMI.



8. PWR.

Figure 9. Power supply overview for STM32F405xx/07xx and STM32F415xx/17xx
MepeknioyaeTca Ha VBAT, korga VDD oTkntovyaeTcs
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1. Vppa @nd Vegs Must be connected fo Vg and Vg, respectively.

http://encyclobeamia.solarbotics.net/articles/vxx.html
5]1% "Vxx" meaning

CVd Positive
d supply voltage
Ve Vss Negative
e supply, ground
BJT - Bipolar Junction Transistor
FET - Field Effect Transistor

Battery Backup Domain - 63kan gomeH MukpokoHTposnepa (RTC, 4KB
SRAM), paboTatowmnin oT NnuTaHna baTtapenkn VBAT, korga oCHOBHoe
nnTaHne VDD oTKJIl04YeHO.


http://encyclobeamia.solarbotics.net/articles/bjt.html
http://encyclobeamia.solarbotics.net/articles/ground.html
http://encyclobeamia.solarbotics.net/articles/voltage.html
http://encyclobeamia.solarbotics.net/articles/field_effect_trans.html
http://encyclobeamia.solarbotics.net/articles/field_effect_trans.html

Pexumbl pabotbl MK u Voltage Regulator:

- Run mode. lNMonHoe cHab>xeHne aHeprnen MUKPokKoHTposnepa. MK M.
noTpebnaTb MeHblUe, Korga paboTaeT Ha YacToTe MeHblle 168MHz.

- Stop mode. NosnHoe cHab>XeHne sHeprmen MMKPOKoHTposiepa. M. 6.
nepesBeneH B PEXNM MOHUXXEHHOro sHepronoTpebneHuns.

- StandBy mode. Voltage Regulator oTkno4eH.

CynepBusop nutauiua STM32F417:

1. POR/PDR - Power On Reset / Power Down Reset. BcTpoeHHas
MUKpocxeMa - 3anyck MK, ecnn VDD > 1.8B. Ecsiim meHbwe - MK B
COCTOAHUN reset.

Figure 12. Power-on reset/power-down reset waveform

VDDVODA
r 3

I 40mV

R A T ANl S Y PDR
' :
: ]
! :

i
|
Y
: Temponzation
E tRSTTEMPO

v

2. BOR - Brownout Reset. Ecnn B npouecce paboTtel MK, yposeHb VDD
onycTuTCSa HMXKe ypoBHA BOR, reHepupyeTca npepbiBaHue reset.
Brownout reset M. oTkN04NTL B option bytes.






10. CMSIS N NMPOITPAMMUPOBAHWUE
10.1. CMSIS

CMSIS - Cortex Microcontroller software interface standard -
onpeneneHnsa perucTpos, PyHKUNN, BEKTOPOB npepbiBaHnin. C-nogobHas
HaaCTpoOMKa Hapgd ypoBHeM acceMbnepa, co3faHHasa an8 yHUdUKauum
NepeHoCUMOCTN Mexay pasandHbiMm  Cortex'amm wn  ynpouweHus
pa3paboTku.

& " Peripheral

0 Application Code N\ View

= .

h 4

2]

w

=

O System View
Description (XML}

3  Cortex  SysTick  NVIC  Debug Other

= CPU FIa™  Nes=seoend, +Trace  Peripherals

Ctpyktypa annos CMSIS-CORE:



[ cMsIS-CORE Device Files (Silicon Vendor)

D UserFrogram core_cminsth
[ ] cMSIS-CORE StandardFiles (ARM)

CPU Instruction Access

3pecb onpenesneHa d.

«— core_<cpu=.n core_cmFunc.h

CMSIS
CPU & Core Access

SUSers.clc++ (Core Peripheral Functions

User Application
main{) { ... }

core_cmd_simd.h ™

SIMD Instruction Access

3pnecb obbaBneHa . (Cortex-M4 only)
971K hannbl 4. 6. B Atobom npoekTe ansg STM32.
10.2. NMpouecc pa3zpaboTkn.
IDBLEKTHEI
doain
(o]}
ZKpMAT
KOMMOOHOB-
WHKE
{Id)
D&k EKTHEI
cphain
accembn (0] CnonHAeME)i
an3accembne

reHepaT

,D,BOI/I‘-IHbI
hlalkefile

EABI - Embedded Application Binary Interface. Habop cornaweHunn gns
dopmaToB hannoB, TUMOB AAHHbIX, UCMOJIb30BaHUA PErncTpos,



OpraHM3aunm cTeka 1 nepegaym napaMmeTpos MYHKLUNA BO BCTPOEHHOM
Mo.

KoMmnunnaTtopsl, nogaepxusatowmne EABlI M. reHepunpoBaTb Koa,
COBMECTUMbI APYr C APYrOM (BO3SMOXXHOCTb JINHKOBKMN).

10.3. HACTPOWKA CPE[bl PABPABOTKW ECLIPSE.

CocTaB cpepnbl pa3padboTku:

- Eclipse

- GNU Tools ARM Embedded

- Eclipse ARM plug-in

- Embedded systems register view plug-in



11. GNU TOOLCHAIN
11.1. GNU AS

GNU as - cemenctBso acceMbnepos A8 Kaaon KOHKPEeTHOM
apXNTeKTypbl. Kaxxgasa sepcmsa nmeeT MHoro obuiero ¢ gpyrumu: opmaT
00beKTHbIX hannoB, accembniepHble AUPEKTUBBLI (NCEBAOONEPATOPLI) U
CUHTaKCucC.

GNU as - ogHonpoxoaHoun accembnep. lNpenpoueccop He BbIMOJHAET
06paboTKy MakKpoCOB 1 BKJIlOHaeMbIX halnsioB.

CumMmBoOnbl - HAabop 3HakoB, OykB 1 CMMBONOB: ‘_.$’. CUMBOJ He M.
Ha4YMHATbLCA C UM pPbl. Pernctp nMmeeT 3Ha4vyeHume.

OnepaTtop - OKaH4YMBAETCSA Ha CUMBOJ1 HOBOW CTPOKM ‘\n’ UM Ha CUMBON
pa3gennTtens CTpok ‘;’. NMocnegHnin 3Hak BXoaHoOro panvna a. 6. cumeon
HOBOWN CTPOKK ‘\n’.

http://www.opennet.ru/docs/RUS/gas/gas-4.html

CyLHOCTDb OnucaHue

.section CnMBOJIbI, HAYMHatlOWKMecs ¢ ‘.’ - aupeKkTmnea accembnepa

.weak (ncespoonepaTop)

.type Reset Handler

dr r3,[r3,r1] CnMBOJIbI, Ha4YMHatOWKMeECs € BYKBbl — MHCTPYKL NS

strr3,[r0,rl] accembniepa 419 KOHKPETHOW apXUTEKTYPbI

adds rl,rl,#4 #4 - npamon onepaHp (HenocpeAcCTBeHHasa agpecauuns). M.
ncnonb3oBaTthb #4, $4, 4

.byte Ox4A KOHCTaHTbl N NepeMeHHble

.ascii “Ring the bell”

.octa 0x12345678




float 0f-314.0E-2
.word data

/* KoMmmMmeHTapun
commentl
comment2
*/

@1-line comment for
as

.section

11.2. GNU GCC

11.3. GNU LD

JINHKOBKA - NMPOLECC BbIANPAHUS CEKLUUIN U3 00 beKTHbIX hainnos,
pack/iaAblBaHME UX MO YKa3aHHbIM afpecaM u ucnpassieHune
NepPeKPECTHbIX CCbIIOK.

Cekuus OnucaHue

text CKOMMUJIMPOBAHHbIN MaLlUWHHbLIN KOA

.data rnobanbHble N CTaTUYECKNE NepeMeHHble (npun
ctapte MK konupytotcsa u3s Flash B8 RAM)

.rodata rnobanbHble U CTaTUYECKNE KOHCTaHThI (Npw
ctapte MK ocTtatoTcsa Bo Flash)

.bss rnobanbHble N CTaTUYECKNE NepeMEHHbIE, KOTopble

npun cTapTe coaep>XaT HyJ1IeBble 3Ha4YeHUs
(wyTo4HOe pacwmngpoBka better save space). He
Hano BblAenATb noa HUX Flash-namaTh B Lenax ee
3KOHOMUU (6€CCMbICNIEHHO XPaHUTb HYN), HO MpK
CcTapTe nporpaMmbl MecTo B RAM BbiaenaTb Hanao.
Pa3smep cekyum .bss xpaHuUTca B 06 beKTHOM dhane.

.comment I/IHqDO 0 BEPCNN KOMIMUMJIATOPA

ARM.attributes ARM-cneyngunyHblie aTpmnbyThl

Cekuwus .data - gpaHHble pm3nyeckn xpaHatcs Bo Flash, a pabotaTb
npeactont n3 RAM => HeobxoamMm 3arpy304HbIf KO4, KOTOPbIN byaeT
KONMpoBaTb nNepemMeHHble cekumm .data B RAM. 9To nenaert cTapToBbIN
Ko Ha accembnepe.




Y cekummn 2 agpeca:

LMA - Load Memory Address VMA - Virtual Memory Address

OTKyga 3arpy>xaetcsa cekuus, T. e. | Kyga byoyT nepeHanpaBiieHbl

rae oHa okakeTtcsd B GBMHapHOM CUMBOJIbI CEKLUN, T. €. yKasaTesb

hanne Ha CMMBOJ1 B Koge byaeT ccblnaTbCs
Ha VMA-appec.

http://www.opennet.ru/docs/RUS/gnu_ld/gnuid-3.html

KomaHpa OnucaHue, npuMep

ENTRY To4Ka Bxo4a B rnporpaMmmy
ENTRY(Reset Handler)

To4yky Bxo4a M. yKa3aTb (B NOpSAAKE YMEHbLIEHUA NnpuopuTeTa):
1. Onuwusa K.c. ‘-e’

2. KomaHga ENTRY(<cmMBON>) B CKpUNTe JINHKEpPa

3. 3Ha4YeHne cnmBosa CTapT

4. Agpec nepsoro 6anTta B cekumm ‘.text’

MEMORY OnucbiBaeT OOCTYMHYO NaMATb B LieneBon apxuTtekTtype. o
yMOJ14aHUIO OOCTYMNHa BCA NaMAThb.

MEMORY

{
FLASH (rx) : ORIGIN = 0x08000000, LENGTH = 1M
RAM (xrw) : ORIGIN = 0x20000000, LENGTH = 128K
CCMRAM (xrw) : ORIGIN = 0x10000000, LENGTH = 64K

}

- FLASH, RAM, CCMRAM - npon3BOJibHble NMEeHa, NCNOJib3yeMble
BHYTPU CKpUNTa JIMHKepa A4 CCbIJIKU Ha PEerunoHbl.

- (Xrw) n T. nN. - HeobsA3aTeNbHbIN CNUCOK aTpnbyToB LIRWX,
NCNONb3YIOLWNACA 015 COBMECTUMOCTHU C IMHKepoM AT&T. GNU
Id ero He ncnosnb3yer.

- ORIGIN - Ha4. agpec pervoHa pu3sny. NamMAaTU.

- LENGTH - pa3mep pernvoHa usuy. namaTu.

SECTIONS OnpepenseT «KapTy» BbIXoAHOro anna. PacnpeneneHue
cekuunmn no LMA.

SECTIONS
{

.isr_vector :
{
. = ALIGN(4);
KEEP(*(.isr_vector)) /* Startup code */
. = ALIGN(4);
} >FLASH




text:

{
. = ALIGN(4);
*(.text)
*(.text*)
*(.rodata)
*(.rodata*)
. = ALIGN(4);

} >FLASH

/* .text sections (code) */

/* .text* sections (code) */
/* .rodata sections (constants, strings, etc.) */
/* .rodata* sections (constants, strings, etc.) */

.denis :

{
*(.some_section)
} >RAM

.denis - Npon3BoOJIbHOE NMA CEKLUN, KOTopas Nnocse JNHKepa
OyneT B BbIXOgHOM panne .elf. AHanorm4yHo nmsa .text

n .isr_vector, ctoawme oo purypHboix ckobok {}. MmeHa cekuun,
CTOALMX BHYTPU (PUrypHbIX CKOBOK {} - CTaHOapTHbIE K
reHepupyTca accembnepom n KOMNUNATOpPoOM. Hanpumep, ons
dyHKLMNM main() byneT creHepupoBaHa cekuus .text.main. A
4TOObI BKJIIOUYUTL €€ B BbIXOOHYIO cekuuto .text ctonTt
Bblpa>keHune *(.text*). AHANOrM4YHO ON9 NepeMeHHbIX.

>FLASH KnioyeBoe cnoBo coobulaeT, 4To BbixoaHas cekumsa g. 6.
rnomMelleHa B pernoH FLASH, onncaHHbIN paHee B KOMaHAe
MEMORY
CyeT4uK No3nummn. Bcerga cooep>XnT TEKyLLY Mo3numto
BbiBOAA - agpec LMA. C4eT4YMK NO3NLNN aBTONHKPEMEHTUPYETCSH
N HUKOrla He O0JIKEeH YMeHbLUATbCA.

text Mpumep nmeH cekunin. B faHHOM criyyae “." OTHOCUTCSA
K "nMeHWN CeKLUnin.

.bss

.rodata

ALIGN(4)*" - OyHKumnsa ALIGN Bo3BpallaeT 3Ha4YeHNe cHeTHYMKa No3nyun,

CCbIsIKa Ha ban/ibl | BLIDPOBHEHHOE Ha rpaHuuy cneaywouwmnx 4 6anT.

BK.C.|ld. B OyHKUMa ALIGN caMma He namMeHsaeT cY4eTUYMK no3numin. Ytobel

CKobKax - nms
CeKuumn B 3TuX
hannax (oHw
N3BECTHBbI 13
06BbEKTHbIX
dannos ¢
paclMpeHnEM .0)
COMMON -
yKa3blBaeT Ha Bce
HENHULNANN3NPOB
aHHble JaHHble 13

3TO cAoenaTb, HY)KHO cAefnaTb IBHOE MPUCBOEHME BO3BpallaemMoe
3HaYeHne CYETYUKY MO3NLUNA.
. = ALIGN(4);




BCEX BXOOHbIX
hannos
*(.text)
*(COMMON)

KEEP(*(.isr_vector))

KEEP - MHCTpPYKUNA «OCTaBUTb». He faeT nnuHkepy
ONTUMU3MPOBaTh «3a HEHagobHOCTbLIO». B aHHOM nNpumepe - He
JaeT ONTUMU3MPOBaATb BCE CeKUMU .isr_vector

PROVIDE(etext = .)

NWHCTpYKLMA ncnosb3lyeTcda osa onpeneneHnsa cCumMmBoa, ecsiv OH
He NCNoJiIb3yeTCs B NMporpamMMe n ecqin OH He onpeaeneH opyrum
06BbEKTOM, BKJIIOYEHHbBIM B JINHKOBKY.

B aToM cnyyae, ecnm nporpamMMma onpepensetT etext, To byneT
NCNoJIb30BaHO onpepeneHuve etext B nporpamme. Ecnum
nporpamMMa cchbiylaeTcsa Ha etext, HO He onpependeT etext, To
OyneT ncnosb3oBaHa etext, onpegeneHHasn B cKpunTe
JINHKOBLLMHKA.

PROVIDE_HIDDEN(
etext =)

AHanorn4yHo PROVIDE gnsa ELF (executable linkable file)




12. STEMWIN LIBRARY

Mpouecc uHMunanusaumm emWin:

GUI_Init()

----GUI_X_Config()

----GUI_ALLOC AssignMe
mory()

BoioeneHne namMatm ansa STemWin B Kyye

----GUI_DEVICE_CreateAndLin
k()Co3pnaHue display driver n
BbI6op color conversion.
YcTaHoBKka display size,
KoHurypauus touchscreen.
----LCD X Config()

----LCD SetVSizeEXx()

----LCD SetSizeEx()

-—-LCD_SetVRAMAJdrEX(
)

----GUI_TOUCH_SetOrientatio
n()

—--GUI TOUCH _Calibrate()

----LCD_X DisplayDriver()

display driver Bbi3blBaeT 3Ty (PyHKUMIO. 3amnycK
onepauwnn display controller. + gon. yHKLUMK:
Cria)kuBaHue, BUPT. dKPaHbl N T. 4.




daunbl run-time KoHdurypauun:

GUIConf.c

KOH(pUrypmnpoBaHme BKAKDYAEMbIX MOAYEN
(memory device, window manager, ...) n
OOCTYMNHOM NamMaTun (Ky4da - heap)

LCDConf.c

KOH(UrypuposaHue pasmepa aucnnes, display
driver n color conversion routines

GUI_X.c

KoOHGurypuposaHue timing routines. CosgaHue
Tanmepa OS_TimeMS c nepmnogom 1Mmc. ons
HYy>X O STemWin.

Figure 1. STemWin layers

Application

\

1. The CRC m

odule (in RCC peripheral clock enable register) should he enabled before using the librany.

IBa display driver B STemWin:

LIN Direct Linear access. nsa BHyTpeHHero TFT-LCD KoHTponnepa.
Hanpumep, B STM32F429.

FlexCol |Indirect access. Inga nocnenosaTesibHOW N NMapassiesibHON

or WKnHbl. Ona BHewHero LCD-koHTpoiepa. Hanpumep,

KOHTposinep STM32F417 n BHewHM LCD-kKoHTposiniep Solomon
SSD1963.




Figure 2. Project tree

=N Sl STemWin_Library_V1.0.0

4. _htmresc
=l |. Libraries
CMSIS N

" STemWinLibrary5200 e
o ﬁ;mﬁg - _l Standard and advanced libraries I
: .. Documentation

i—{ inc STemWin Library:
48 Lib Config: global config file + templates

, 05 GUIConf and LCDConf files
Software

T S——— Ducumentatrion: emWin User & Reference Guide
G- L STM32F10x StdPeriph Driver Inc: header files of the STemWin components

& STM32F2x7 ETH Driver Lib: binary format libraries compiled for CM3 and
@ | STM32F2xx_StdPeriph_Driver CM4 cores (with and without OS support)

- |, STM32F30x_StdPeriph_Driver 08S: library interface with RTOS

& |, STM32F37x_StdPeriph_Driver Software: PC application

@}, STM32F4x7_ETH_Driver

B f STM32F4ox_StdPeriph_Driver

oo STM3A lux StdPeriph Driveg

Binaries folder: contains all projects in "“hex’ format

- |, STM32100E-EVAL
[ ), STM3210B-EVAL
B . 5TM3210C-EVAL
H- g STM3210E-EVAL
|, STM322xG-EVAL
[ |, STM32303CEVAL
[ ), STM32373CEVAL

Examples implemented on all supported boards

[}, STM324xG-EVAL
G- b STM32L152EVAL STM32_EVAL: standard evaluation boards
\GL L STM32 15o0-Eval v hardware driver

=- L Utilities Third_Party: third-party drivers such as:
@[5 STM32_EVAL l - LwlP drivers
- |, Third_Party - FreeRTOS drivers

MSv32145v1




12.1. HacTponka n komnunaumsa npoekTa B Eclipse, ncnonb3yiowero
STemWin Library, ona nemo-nnatel STM3241G_EVAL.

1) Co3pnaTb HOBbIV NPOEKT C MMeHeM stemwin. File -> New -> C Project.
G}E Project =] Ed
C Project

7

Create C project of zelected type

Fraoject narme: Istemwin

¥ Uze default location

LLaeation: ID:'\Ku:unstantinu:uv'xandru:-id_wnrkspace'ﬁstemwin Hrawse, |

Froject type: Toolchains:
El-= ARM Crozz Target Application ARM Windows GCC [GHUARM ., wWindB ]
@ Empty Project ARM Windaws GOC [Linaro Adrched Bare)
; @ Hello &RM ‘World C Project ARM windows GCC [Linaro AdrchBd Linus]
(2= ARM Cross Target Static Library ARM windows GCC [Linaro GMUEABIHF]
|£:; b akefile project ARM Windows GCC [Sourcery Like Bare]

ARM Windows GCC [Sourcery Lite Linus)
ARM Windows GCC [Summon]

ARM Windows GCC [Toalz Far Embadded]
ARM Windows GCC vagarto]

ARM windows GCC [devkitPro]

¥ Show project types and toolchains only if they are supported on the platform

':F?_:' < Black Meut | Finizh I Cancel

2) Ha)xxaTb Finish.

3) [Moka MPOEKT BbIrNNAOUNT Tak.
ElTEC- shermwin
- e Includes

B «Includes» copgep»xaTbCa NyTU K BKJOYaeMbiM KaTanoram GNU Tools
ARM Embedded.

4) Co3paTb B npoekTe KaTanor CMSIS.
[MoMmecTnTb B KaTanor CMSIS 9 gaiinos:

core cm4 simd.h

core cm4.h

core_chnstr.h

core_cmFunc.h PacwunpeHne .s o6asarenbHo ¢ GONBUON

startup stm32f4xx.S OykBH! VHaue KOMIOMUJISTOP HEe I[IOMMEeT.




stm32f4xx_conf.h

stm32f4dxx.h

system stm32f4xx.c

system stm32f4xx.h

stm32f4xx conf.h Ha camoM gene He npuHaganexuTt CMSIS-CORE, Ho 4.
6. B 3TOM KaTasnore T. K. Ha Hero CccblylaeTcs stm32£f4xx.h, €Cn
onpepneneHa USE_STD PERIPH_DRIVER.

B stm32f4xx conf.h - BKJIlOYEHUA BCEX CTAaHOAPTHbLIX 3arojl0BOYHbIX
dannos nepuncepunn.

Bce channbl M. B34Tb, Hanpumep, 13
STM32F4xx_DSP_StdPeriph_Lib_V1.1.0. CBoboaHO 3arpy»>aeTcs C
opmumanbHOro canta st.com

5) Co3pnaTb B npoekTe KaTasor StdPeripheralDriver.

MomecTnTb BO BHOBb CO3AaHHbIN KaTasior StdPeripheralDriver kaTanorn
inc 1 src u3 Katanora STM32F4xx_StdPeriph_Driver - cTaHgapTHble
ApanBepsbl nepnepnun MMKPOKoOHTpossiepa. M. B3aTb, HanpuMmep, 13
STM32F4xx_DSP_StdPeriph_Lib V1.1.0. CBoboaHO 3arpy»>xaeTcs C
othuuymanbHoro canta st.com.

iNC | 3aros1I0BoYHbIE hanibl
OpanBepos

Src | ucxogHble hannbl
OpanBepos

6) NobaBnTb K NpoeKTy HOBbIN C-hantl main.c
Copnep>xaHue hansia main.C MUHUMaINCTUNYHOE:
int main (void)

{

return 0;

}
DyHKUMA Main - To4YKa BXoZa B NporpamMmmy.

7) DobaBUTb K MPoOeKTy a1 IMHKepa stm32 flash.1ld
Mocne aToOro wara NpoeKT A. BbIrNAAeTb Tak:



EH== stemwin

' ,ﬂj Includes

‘= CMSIS

<= StdPerpherallriver
@ main. c

“o| 4] stm32_flash.ld

8) HacTponTb NpoekT
Project->Properties
BbibpaTb npoueccop Cortex-M4

@ Properties for stemwin =] 3
It_l,lpe filter text Settings - - -

- Resource

Builders

C/C++ Build Configuration: IDebug [ Active ]
uild ariables
izcovery Options

j tanage Configurations...

Erwiranment

eftings

ool Chain E ditor
- C/C++ General

- Project References
- Run/Debug Settings
Task Tags

- Walidation

= @ Target Processor
= @ Debugging
(B2 Additional Tools
=555 ARM Windows GCC Assembler [Tools For Embedded]
@ Preprocessor
(2 Directories
(2 wamings
@ Miscelaneous
=553 ARM Windows GCC C Compiler (Tools For Embedded)
(2 Preprocessor
@ Directories
@ Optimization
(Bt armings
(2 Miscallaneous
=583 ARM “Windows GCC C Linker [T ools For Embedded)
@ General
(B Liraries
@ Miscellaneous

@ Olutput
@ Section
(B Miscel.
(22 Miscelaneous

: @ General
=] @ ARM “windows GNU Print Size [T ools For Embedded)
LB General

=583 ARM Windows GNU Create Flash Image (Tools For Embedded)

El@ ARM Windows GMNU Create Listing [Tools For Embedded)

ogging 52 Todl Setings | Build Stepsl Build &tifact I Binary Palsalsl €4 Enor Parzers |

Processar I cortes-md

Architecture I Toolchain Default
V' Thumb [-mthurmb)
[ Thumb interwork [-mbhurmb-intenwark]

Ll L«

Endianness IToo\chain Drfault j
Float ABI [ Taoichain Defauit =]
FPU Type IToo\chain Drefault j

Other target flags |

Restare Defaultsl Apply |

(?)

S

Cancel |

HNobaBuTb «onpenesieHHble» CUMBOJbI KOoMNnnaTopa STM32F4XX n

USE_STDPERIPH_DRIVER




G) Properties for stemwin o x|

It_l,lpe Filter best Settings

Resource

C/C++ Build Configuration IDEbug [ Active ] j Manage Configurations... |

- -

%3 Tool Settings | Build Stepsl Build Artifactl Binary Palsersl 3 Emor Parsers |

T ool Chain E ditor @ Target Processor ™ Do net search system directories [-nostding)
& CAC++ General (2 Debugging ™ Preprocess only [-E]
- Project References =2 Additional Tools " ] S
- BunDebug Seliings -8 ARM Windows GCT Assembler [T ools For Embedded) Defined symbols [-0] ] 1] & Gl 2
- Task Tags (2 Preprocessor STHaF 4
- Yalidation -2 Directonies "ERIFH

@ W arnings
@ Miscelaneous
=8 ARM \Windows GCC C Compiler (Tools For Embedded)
@ Freprocessor
@ Directories
@ Optimizatiorn
(B amings
@ Miscelaneouz
=88 ARM Windows GCC C Linker [T ools For Embedded)
(2 General Undefined symbals U] [ ARG
(B Libraries
(2 Miscellanzous
=555 ARM Windows GNU Create Flash Image [Tools For Embedded)
@ Clutput
(2 Section
(B Miscellaneous
- t:,} ARM “windows GNU Create Listing [Tools For Embedded)
e General
B8 ARM Windows GNLU Print Size [Tools For Embedded)
@ General

Restore Defaultsl Apply |

'C?/I Cancel |
NobaBnTb BKJOYaeMble KaTaslorn komnunsaTtopa: CMSIS n
StdPeripheralDriver/inc

@ Properties for stemwin =] S
Ilypa filter text Settings - T
Resouce
Builders

C/C++ Build

Configuration: IDebug [ Active ] j Manage Configurations.. |

i T00|58ttin95| Bvild Stepsl EuiIdArtifactI Birary Parsersl & Emar Parsersl

- Tool Chain E ditor %: Target Processor Include paths (-] &l ) = ol B
- CAC++ General e Debugging
- Project References -2 Additional Tools
- Fiefactoring Histary =58 ARM Windows GCC Assembler (Tools For Embedded)
- Aun/Debug Settings -8 Preprocessor
- Task Tags b"a Directaries

- Validation (2 Wamings

@ Miscellaneous

=8 ARM Windows GCC C Compiler (Tools For Embedded)
@ Preprocessor

(22 Directories

] Optimization

% Misoellaneous

=83 ARM Windaws GCC C Linker (Tools For Embedded)

@ General

@ Libraries

@ Miscellaneous

=58 ARM Windows GMU Create Flazh Image [Tools For Embedded)
) Output

(B2 Section

(B Miscellansous

=] @ ARM “indows GMU Create Listing [Taols For Embedded)

‘ : @ General

=58 ARM Windows GMU Prirt Size [Tools For Embedded)
@ General

Restare Defaults | Apply |

=
@ el |

YKa3aTb CKpPUNT JINHKepa stm32 flash.ld. He ncnosb3oBaTb
CTaHOAPTHbIE CTapToBble ansibl (y HaC CBOM - startup stm32f4xx.S)



(D Properties for stemwin _ O] x|

Itype filter test Settings - T

Resource
Builders
C/C++ Build Configuration: IDebug [ Active ] j tanage Configurations. . |
Build ¥ ariables
Discovery Options
Ervionment
Logging
Settings

- Tool Chain E ditor
[#- C/C++ General
- Project References
- Refactoring History
- Run/Debug Settings

£ TDD|SEttinQS| Build Stepsl Build Artifact | |ord Binary Parsersl 3 Eror Parselsl

B Target Processor Sciipt file [-T] It|nov\androld_workspace\stamwm\stm32_ﬂash.Id EID&I

Diebugging

B Additional Tools
3 ARM Windows GCC dssermbler (T ols For Embedded) ™" Do ot use defaul lbraries (nodefaullibs)

- Preprocessor ™ Mo startup or default libs [-nostdib)

¥ Do not use standard start fles [-nostartfiles)

o )
- Task Tags g Directaries V¥ Remove unused sections [linker -go-sactions)
[ Walidation B wiamnings

. ™ Print removed sections [linker ~print-gc-sections)
22 Miscelaneous

ARM Windows GCC C Compler [Tools For Embedded) I Omit all sprmbol information [-5]
% Preprocessar
% Directories
g Optimization
- g Warnings
(B Miscelansaous
=83 ARM Windows GCC C Linker [Tools For Embedded)
- g General
g Libraries
g Miscelanenus
-8 ARM Windows GMU Create Flash Image [Tools For Embedded)
(B2 Dutput
% Section
- g Miscelaneous
3 ARM Windows GHU Create Listing (Tools For Embedded)
g General
3 ARM Windows GMU Print Size [Toals For Embedded]
2 General

1]
L

Fiestare Defaults | Apply |

Cancel |

9) BbIMOJIHUTL KOMAUIALUIO NPOEKTa

Project -> Build Project

'E'i'_ Problems | v Tasks & Concdle 52 l =] F‘ropelties| 3& Debug‘ == Disassembly| B8 EmbSys Flegisters| Q Devices‘ bj Proiacts| =3 F’mgless| = 8
O (GG e

[

CDT Build Console [stermwin]

Building file: ../StdPeripheralDriver/sre/stm32fdxx gpio.c

Invoking: ABRM Windows GCC C Comwpiler (Tools For Ewmbedded)

arm-none-eabi-gee -DITM32F4¥Y -DUSE_STDPERIPH_DRIVER -I"D:\Eonstantinowhandroid workspace'stemwwini CHSIS™

—-I"D:} Konstantinovhandroid_workspace)stemwin StdPeripheralDrivery ine” -00 -ffunction-sections -fdata-sections -Wall

—Iﬂa,—adhlns="5theripheralDrivEr!srcIsthZf‘lxx_gpiD.D.lst" - —fwessage-length=0 -MMD -MP

—HF"SthEripheralDriverfsrc,-’sthZf‘lxx_gpiD.d" —HT"SthEripheralDriver!srcisthZf‘ixx_gpio.d" —mepu=cortex-md —mthur

-g3 -o "StdPeripherallriver/src/stm3Zfdxx_gpio.o" "../StdPeripherallriver/sre/stm32fd4xx_gpio.c” _1
-

B npouecce komnunnayum 6bis10 NOKasaHo npeaynpexaeHue o He
NCcrnosib3yeMmon nepeMmeHHom tmp_size. He obpawiaem Ha 3TO
npenynpexgeHne BHUMaHme,

Building file: ../StdPeripherallriver/src/stm32f4xx_flash.c

Invoking: ARM Windows GCC C Compiler (Tools For Ewbedded)

arm-none-eshi-gee -DI3TH3ZF4XE -DUSE_STDPERIPH DRIVER -I"D:'Konstantinovhandroid workspace' stemwinh CHSIS®

—-I"D:' Konstantinov)android workspace' stemvinhStdPeripherallriver)ine” -00 -ffunction-sections -fdata-sections -Wall
—Ua,—adhlns="StheripheralDriverfsrcf3tm32f4xx7flash.0.lst" - —fmessage-length=0 -MMD -MP
—HF"SthEriphEralDrivEIISrcfsthZf&xx_flash.d" —HT"SthErlphEralDrlver/Src#stm32f4xx_flash.d" -mcpu=cortex-md -mthumb
-g3 -0 "StdFeripherallriver/sro/stm32f4xx_flash.o™ "../StdPeripherallriver/src/stm32f4xx_flash.c"”
../5tdPeripherallbriver/src/stw3Zf4xx_flash.c: In function 'FLASH EraselllSectors':
...fStheripheralDriverfsrcfsthZfllxx_flash.c:434:12: warning: wvariable 'tmp_psize' set but not used
[-Wunused-but-set-wvariable]

Finished building: ../%tdPeripherallriver/sro/stw32fdxx_flash.c



1 Problems | «= Tasks | Bl Console 52 l = F‘ropelties| 35 Debug| = Disassembly | B0 EmbSyps Hegisters| Q Devices| = F'miecls| =5 Progress| = 0
O e e =

[~

COT Buid Conszole [stermwin]

Building target: stemwin.elf

Invoking: ARM Windows GCC C Linker (Tools For Embedded)

arm-none—sabi-goo —T"D:\Kanstantinav\androld_warkspace\stemwin\stmﬁz_flash.ld" -nostartfiles -Hlinker --go-sections
-W1l,-Map, "stemwin.wap” -mocpu=cortex-md -wthumbh -g3 -o "stemwin.elf" ./StdPeripherallriver/sro/misc.o
./StdPeripheralbriver/sro/stw32fdnx_ade.o ./StdPeripheralbriver/sro/stw32fdnx_can.o
./StdPeripheralbriver/sro/stw32fdnx_cre.o . /StdPeripherallriver/sro/stw32fdxx_cryp.o
./StdPeripheralbriver/sro/stw32fdnx_cryp_aes.o ./StdPeripheralbriver/sro/stm32fixx_cryp_des.o
./StdPeripheralbriver/sro/stw32fdnx_cryp_tdes.o ./StdPeripheralbriver/sre/stm32fdxx_dac.o
./StdPeripheralbriver/sro/stw32fdnx_dbgweu.o . /S3tdPeripherallriver/sre/stm32f4xx_dewi.o
./StdPeripheralbriver/sro/stw32fdnx_dwa.o ./StdPeripherallriver/sro/stw32fdxx_exti.o
./StdPeripheralbriver/sro/stw32fdnx_flash.o ./StdPeripherallriver/sro/stw32fdxx_fame.o
./8tdPeripheralbriver/sro/stw32fdnx_gpio.o ./StdPeripherallriver/sro/stw32fdxx_hash.o
./StdPeripheralbriver/sro/stw32f4nx_hash wd5.o ./8tdPeripherallriver/sro/stm32f4xx_hash shal.o
./StdPeripheralbriver/sro/stw32fdnx_iZe.o ./StdPeripherallriver/sro/stw32fdxx_iwdy.o
./StdPeripheralbriver/sro/stw32fdnx_pwr.o ./StdPeripherallbriver/sro/stw32fdnx_roe.o
./StdPeripheralbriver/sro/stw32fdnx_rng.o ./StdPeripherallbriver/sro/stw32fdnx_rte.o
./StdPeripheralbriver/sro/stw32fdnx_sdico.o ./StdPeripherallriver/sro/stm32fdnx_spi.o
./StdPeripheralbriver/sro/stw32fdnx_syscfg.o ./StdPeripherallriver/sro/stm32fdnx_tim.o
./StdPeripherallriver/sro/stw32fdxx_usart.o ./StdPeripherallriver/sre/stm32fdux_wwdg.o . /CHSIS/startup_stm32fdxx.o
LACHSIS/ systew_stwizfdxx.0  ./wain.o

Finished building target: stewwin.elf

Invoking: ARM Windows GNU Creaste Flash Iwmage (Tools For Embedded)
arm—-none—sabi-objcopy -0 ihex "stemwin.elf"™ "stemwin.hex™
Finished building: stemwin.hex

Invoking: ARM Windows GNU Create Listing (Tools For Embeddesd
arm—none—sabi-objdunp -h -3 "stewwin.elf" > "stemwwin. lstc™

Finished building: stemwin.lst

Invoking: ARM Windows GNU Print Size (Tools For Enbeddsd

arm—none—-sabi-size --format=herkeley "stemwin.elf"
LEXL data hsz dec hex filename
1048 u] 1100 2148 §64 stemwin.elf

Finished building: stemwin.siz

15:33:27 Build Finished (took 1m:36s5.937ms)

-

KoMnunayma npowsia ycnewHo, co3gaH NCnosiHAeMbIn pan
stemwin.elf.

10) CTpykTypa npoekTa
El‘:E- ghermain

El--ﬁ}p EBinaries

ﬁ stermwin.elf - [arm/le]

-l Includes

i= StdPeripheralliriver
-] main.e

“o| 4] stm32_flash.ld
Hanee BKAOYUM B NpoeKT bubnnoteky STemWin.

11) Co3paTb B nNpoekTe KaTasor GUI, Kkyoa byaem cknagbiBaTb BCe,
oTHocsuweecs K Graphical User Interface.

12) MomecTnTb B KaTanor GUlI bubnmoteky STemWin522 CM4 GCC.a U3
kaTanora STemWin_Library V1.1.0\Libraries\STemWinLibrary522\Lib\



HobasuTtb npedukc lib K nMeHn BnbnnoTekn: Takum obpasom
nepenMeHoBaTb ONG/INOTEKY U3 STemWin522 CM4 GCC.a B
1libSTemWin522 CM4 GCC.a

ITO HY>XXHO ansa ocobeHHocTenm komnunaTopa GCC - y bubnuoTtekn 4. 6.
npedukc lib.

No6aBuTb BKAOYEHNE BUBANOTEKN 1ibSTemWin522 CM4 GCC.a U MYTb K

Hewn B nyTAaAX NMNONCKa bnbnnoTek JINHKEPa.
@® Propeities for stemwin =13

Jtvpe fiker test Settings - -

- Resaurce
i Buiders

- CAC++ Build Configuration: IDebug [ Active ] j Manage Canfigurations.. |

- Build Yariables
- Discovery Options
i Ervviranment = . =
Logging i Tool Settings | Build Steps I Build Avtifact I \n_ﬂu Binary Parsers I &3 Enor Parsers I
Seftings -
‘.. Taol Chain Editor %‘: Target Processor I Libraries [-] ] | 5 ‘ﬁ I \G |
B CAC++ General (& Debugging =
- (2 Additonal Tools
- Project References @
- Retactoring History -8 ARM Windows GCC Assembler [Tools For Embedded)
- Aun/Debug Settings 3 @ Freprocessar
- Task Tags - g Directories
B Validation - @ Warnings

(2 Miscelaneous
(=158 ARM Windows GCC C Compiler [Tools For Embedded)
= @ Preprocessor
= g Directories
- g Optimization
- g Warnings
- @ Miscelaneous
BB ARM Windows GCL C Linker [Tools For Embedded) Library search path [-L] & ow F Gl
%: G.ena.ral "$iworkspace loc A4{ProjNamel/GUI"
(=2 Librarizs
- g Miscellaneous
E1- 53 ARM Windows G Create Flash Image (Tools For Embedded)
(2 Dutput
(2 Section
(2 Miscelaneous
$3 ARM Windows GNU Create Listing (T ools For Embedded)
: @ General
(=583 ARM Windows GMLU Prirt Size [Tooks For Embedded)
g General

Fiestore Defaults | Apply |

IC?:I Cancel |

13) MomecTuTb B KaTanor GUI kaTanor
STemWin_Library V1.1.0\Libraries\STemWinLibrary522\inc, cooep>xawuwn
3arosioBoYHble hansibl bubnmotekn STemWin.

HobaBnTb KaTanor B nyTn KOMMmMidaTopa



(D Properties for stemwin =] E3

|t_l,lpe filter text Settings - T

[ Resource
Euilders

- CAC++ Build Configuration: IDebug [ Active ] ﬂ Manage Configurations. ..
. Build W ariables
Dizcovery Optiohs
Errdiranmet

- Logaing i¥3 Todl Settings | Build Steps | Build Artifact | lows Binary Parsers | €3 Eror Parsers |
- Gettings = —
- Tool Chain Editor (7 Target Processor Include paths [4) 2N ERS NN

B Debuggin

g Add.t.gg |g-|- I "$workzpace_loc:/HProiM ame}/CMSIS )
? ||0nfa nals "$lworkspace loc: /${ProjM amel/StdPeripheralDriverfinc

BB ARM Windows GCC Assambler [Tooks For Embedded) "$workspac ) HGUAnc”

[#- C/C++ General
Project References
- Refactoring History

b
- Run/Debug Settings ‘B Freprocessar
- Tazk Tags g Directories
[+ Validation g Wl arnings

@ Miscelaneous

-8 ARM Windows GCC C Compiler [Took For Embedded]
@ Preprocessor

@ Directories

@ Optimization

@ W arnings

@ Miscelaneous

=88 ARM Windows GCC C Linker [Tools For Embedded)
@ General

@ Libraries

@ Miscelaneous

-8 ARM Windows GNU Create Flash Image (Tools For Embedded)
(2 Dutput

g Miscelaneous

E“}* ARM Windows GMU Create Listing [Tools For Embedded)

General

E---E‘g; ARM Windows GMU Print Size (Tools For Embedded)
(B General

Restore Delaullsl Apply |

14) Co3paTb KaTanor STM32_EVAL B npoekTe
B aToM KaTanore 6ygeT BCe, 4TO OTHOCUTBLCSH K CaMOM OTJIaZlOMHOM naaTe
STM3241G_EVAL.

15) Nob6asnTb B KaTanor STM32 EVAL kaTanor

STemWin_Library V1.1.0\Utilities\STM32_EVAL\STM3240_41_G_EVAL,
copep>xawmnn annbl HACTPONKKU nepudepumn oaa oTaafg04u4HON NaaThbl
STM3241G_EVAL. XoTsa HeKoTopble hansibl N3 HEro N He HY>XXHbI, HO
MOCKOJIbKY OH CTaHAAPTHbIW, OCTAaBUM BCE KaK eCTb.

Hob6aBnTb B NyTN KOMNUAATOPa NyTb K KaTasnory STM3241G_EVAL.

16) JobaBuTb B KaTasnor STM32 EVAL kaTasor
STemWin_Library V1.1.0\Utilities\STM32_ EVAL\Common, cogep>xaLinm
obLme HacTporKKM AN oTAafo4HbIX nnaT STM32 EVAL.

B kaTanore Common HY>XHO nepenmMeHoBaTb pani

lcd log conf template.h B lcd log conf.h U B CTPOKe

#include "stm32xxx eval lcd.h" /* replace 'stm32xxx' with your
EVAL board name, ex:
stm3210c_eval lcd.h */

3aMeHNTb stm32xxx_eval lcd.h Ha stm324xg eval lcd.h



[o6aBNTb B NyTU KOMNUASTOPa NyTb K KaTasory Common.

17) CkonunpoBaTb B KaTanor GUIl kaTtanor
STemWin_Library V1.1.0\Project\STM324xG-EVAL\Standalone\Config,
cogep>xawmn annol

GUIConf stm3240g eval.h/.c

LCDConf stm3240g eval.h/.c

global includes.h

nepenvmMeHoBaTb pansibl
GUIConf stm3240g eval.h/.c B GUIConf.h/.c
LCDConf stm3240g eval.h/.c B LCDConf.h/.c

[o6aBnTb B NyTU KOMNUASTOPa NyTb K KaTasnory Config.

18) CkonupoBaTb B KaTaJlor NpoeKTa KaTasor
STemWin_Library V1.1.0\Project\STM324xG-EVAL\Standalone\Demo,
coepXxalun ncnonHaembole pansibl 4eMOHCTPALNOHHBIX 3KPAHOB.

[o6aBnTb B NyTU KOMNUASTOPA NyTb K KaTasnory Demo.

19) CkonunpoBaTb U3 KaTasiora
STemWin_Library V1.1.0\Project\STM324xG-EVAL\Standalone\User
cnepytowme ganbl:

B KaTasor Demo:
bsp.h
bsp.c

B KaTaJlor rnpoeKkTa.
main.c

stm32xxx it.c
stm32xxx it.h

ByneT npenno)XXeHo 3aMeHUTb main.c. CornacuTbcs.



20) HayaTb KOMNMAAUMIO NpoEKTa.

Ei"_ Problems | += Tasks | B Consale 32 l = Properties| #CF Debug| e Disassembly| Bl EmbSys Hegisters| Q Devices| ID-J F'loiects| = Progress| = 0
O E A e EEETE
COT Build Congole [stemwin]

d:/stm/gnu tools arm embedded/4.7 2013g3/bin/.. lib/gee/arm-none—eshis4.7.4/../. ./ .. /.. /farm-none-eabi/bin/ ld.exe: ;I
error: D:YKonstantinovhandroid workspace)stemwinh GUIY 1ibSTenWin522 CM4 GCC.a (WIDGET Effect Simple.o) uses VFP register
arguments, stemwin.elf does not

d:/stm/gnu tools arm embeddeds 4.7 201393/ /bin/. . lib/goce/arm—none-eabhi/sf4.7.47 ../ ../ . ./ .. /arm-none-esbhi/bin/ ld.exe:

failed to mwerge target specific data of file

D: % Konstantinowh android_workspace\ stemwin' GUIY 1ibSTemWings 2_CM4 GCC.a(WIDGET Effect Simple.o)

d:/stm/gnu tools arm embedded/4.7 2013g3/bin/../lib/gee/arm-none—eshis/4.7.4/. ./ ../ .. /. . /arm—none-eabi/bin/ld.exe:

error: D:YiKonstantinovhandroid workspace)stemwinh GUIY 1ibSTenmWin522 CM4 GCC.a(WIDGET.o) uses VFP register arguments,
Stemwin.elf does not LI

Komnunnatop coobwnt 06 owmnbke libSTemWin522 CM4 GCC.a uses VFP
register arguments, stemwin.elf does not. YTo roBopuT 0 TOM, 4YTO
bnbnnoteka STemWin ncnonbsyet pernctpsl FPU (Floating Point Unit),
TaK Kak npu koMnuaaumm éubnmotekn paspabotynkamm bbiia ykasaHa
noonep>xka FPU. Ho B HawleM npoeKkTe Mbl HE yKa3an UCMOoJIb30BaTb
FPU. Coenaem 310 cenyac.

Hy>XHO yka3aTb ncnosb3oBaHune FPU. Float ABI: FP instructions. FPU Type:
FPv4 SP D16. MeHHO 3T napaMeTpbl yKa3aHbl, Tak Kak STM32F417

nmeeT FPU 1 3T1oT FPU peanunsyet FPv4-SP pacwunpeHue.
@® Properties for stemwin =

It_l,lpe filler test Settings y T

Fesource

- Builders
= C/C++ Buid Configuration: IDebug [ Active | =] Manage Configurations...
+ Build ¥ ariables
Discovery Options
Erwironment T =
Logging £ Toal Settings | Build Steps I Build Artifact | [sry Binay Parsers | €3 Eror Parsers |
- Eeligs >y
... Tool Chain Editor g Ealbgat Processor Processor Icnrtex-md j
[+ CAC++ General 3 % A:d.u.gg\r}g.[ ) Architecture ITonIchain Default j
- Project References = tional Tooks
- Fiefactaring Histary BI85 ARM Windows GCC Assembler (Took For Embedded) IV Thumb [:mthurmb)]
- Run/Debug Settings %: Preprocessor ™ Thurb intenwark (-mthumb-intenaork)
- Task Tags 22 Directories - =
- Walidation (2 Wamnings Endianness ITDDIcham Default J
g Mizcellaneous Float AB1 IFF' instructions [-rmfloat-abi=hard) j
(=188 ARM Windows GCC C Compiler [Tools For Embedded) T Pl SPDIG it o 6
-mipu=fpyd-sp- -
g Preprocessar pe I b [mfpu=fpvd-sp-d1E) J

g Directories Other target flags I

g Optimization
@ “Warnings

g Miscellaneous

E1-58 ARM Windows GCC C Linker (Toolks For Embedded)

g General

g Libraries

g Miscellaneous

=158 ARM Windows GNL Creats Flash Image (Tools For Embedded)
@ Output

- Section

-2 Miscellaneous

3 ARM Windows GNU Create Listing (T ools For Embedded)

: g General

ARM Windows GMU Print Size [Tools Far Embedded)

<3 Gereral

Restare Defaults | Apply |

'i?' Cancel |




21) Komnunmnpyem ewle pas n cCHoBa ownbKa

1. Problems | v Tasks El Consale 32 l =] F‘roperties| fed DBbug|E"" Disassembly| B8 ErnbSys Flagisters| Q Devices|bJ F‘roiects| =5 Plograss‘ = 0
R = i
CDT Build Console [sterwin]

./Demo/GUIDENC Skinning.o ./Demwo/GUIDEMO Speed.o ./Demwo/GUIDEMO Speedometer.o ./Demo/GUIDEMO Start.o =]
./Demo/GUIDENC TransparentDialog.o ./Dewo/GUIDEMO Treeview.o ./Dewo/GUIDEMO Vicreen.o ./Dewo/GUIDEMO WashingMachine.o
./Dewo/GUIDENC ZoowAndRotate.o ./Demo/bsp.o . /CH3IS/startup_scm3Zfdxx.o ./CHSIS/system sStm3Zf4xx.o ./ main.o
./Stm3zxxx¥_it.o  -15TemWinSzz_CM4_GCC

./3TH32_EVAL/Common/fonts.o: (.rodata. ASCII16x24 Table+0x0): multiple definition of ~ASCII16xZ4 Table'
../STHSZ_EVAL/STHS240_41_G_EVAL./St.m324xg_eval_lcd.D: [.rodata.A3CII16x24 Table+0x0): first defined here
.fsTHSZiEVALfCUmUHffDHES .o0:{.rodata. ASCIT1Z2x12 Table+0x0): multiple definition of "ASCITI1Zx1Z Tahkle'
../STHSZiEVAL/STHS2407417G7EVAL./3t.m324xgievalilcd.D: [.rodata.A3CII12x12 Table+0x0): first defined here |
./5TH327EVALK’CDmmDn/fDnES.D: [.rodata. A3CIIEx12 Table+0x0): mwultiple definition of "ASCIISx1Z Table' LI

Owwnbka multiple definition of “ASCII16x24 Table” n T. A. n3-3a 4BOWHOIroO
BKJ1lOYEeHUs pania font.c:

) fonts.c KOMOuUAnpyeTca u3 katanora STM32 EVAL/Common
II) fonts.c BKlOMaeTCa B pannie stm324xg eval lcd.c

CnepnoBaTesIbHO, HY>XXHO UCKJTIIOYUTb Paisl U3 KOMMUASALNK, HO YTOObI ero
copep»xxmmoe 6b110 B (haine stm324xg eval lcd.c.

Ona aToro nepenmMmeHoBbiBaeM fonts.c B fonts c.h N OeflaeM TaKoe Xe
nepenmMeHoBaHne BHYTPU panna stm32xg eval lcd.c
#include "../Common/fonts.c" -> #include "../Common/fonts c.h"

22) Komnunmnpyem eule pas n cCHoa ownbkn

1.t Problems |+ Tasks | & Coreole 52 l =] F’mparties| fed Debug| Ee Disassembly| B8 EmbSys Hegistels‘ Q Devices‘ = Plo\ects| =5 Progress| = 8
TR = e
COT Build Conzole [sterwin]

L/STH32_EVAL/STN3240 41 G _EVAL/stm3Z4xg eval sudio codec.o: In function "DMAL Streswmd IRQHandler': d
D:4Konstantinovhandroid workspace'stemwin' Debug/ ../ /8TH32 EVAL/STM3240 41 G EVAL/stm324xg_eval sudio codec.c:d63:
undefined reference to "EVAL AUDIC TransferComplete CallBack!'

L/3TH32 EVAL/STM3240 41 G EVAL/stw3Z4xg eval iZc es.o: In function "DMAl Stresamé IRQHandler':

D:%Konstantinovhandroid workspace)stemwin' Debug/../3TH3Z2 EVAL/STM3240 41 G EVAL/stmiZ4xg eval iZc ee.c:748: undefined
reference to ‘sSEE_TIMEOUT UserCallback!'

L/stm3Zxxx_it.o: In function “3ysTick Handler':

WEKonstantinovhandroid workspace)stemwvin' Debugy../stm3zxxx_it.

D: c:50: undefined reference to ~O03_Timels' -J
D:YKonstantinovhandroid workspace'stemwin'Debug/../Stm3Zxxx_it.c:50: undefined reference to ~0O5_Timels'
D:YKonstantinovhandroid workspace'stemwin'Debug/../stm3Zxxx_it.c:80: undefined reference to "0O3_Timels'
D:yKEonstantinovhandroid workspace)stemviniDebug/../stm32xxx_it.c:80: undefined reference to “03_TimelS!'
D:

YEKonstantinovh android workspace'stemwin GUIY 1ibS3TewWin522 CM4_GCC.a(GUI_Time.o): In function “GUI_GetTime': LI

I) undefined reference to EVAL AUDIO TransferComplete CallBack -
HeonpeneneHHasa cCblIKa Ha PYHKLUIO

EVAL _AUDIO_TransferComplete_CallBack. OTkpbiBaeM hann
stm324xg _eval audio codec.c U BCTaB/igeM CBOIO (PYHKLIMIO-3arJTyLLKY,
KaK HammcaHo B 3arojloBO4HOM (panie stm324xg eval audio codec.h,

/* Manage the remaining file size and new address
offset: This function should be coded by user (its prototype
is already declared in stm32 eval audio codec.h) */

void EVAL AUDIO TransferComplete CallBack (uint32 t pBuffer,
uint32 t Size)
{}



[MoCcKONbKY PYyHKUMA CBA3aHa C aya4no, a Mbl MOAKAYaeM rpadpuyeckyto
6nbnnoTteky, To He 0ocobo 3aboTNUMCS 0 ee COAEP>KUMOM.

II) undefined reference to EVAL sEE_TIMEOUT UserCallback()-
HeonpeneneHHasa ccobiyika Ha pyHKuuo sEE_ TIMEOUT UserCallback().
OTKpblBaeM a1 stm324xg eval i2c ee.h W PAaCKOMMEHTUPYEM
#define USE_DEFAULT _TIMEOUT CALLBACK, Kak n HanmcaHo B CaMOM
hanne:

/* Uncomment the following line to use the default

sEE TIMEOUT UserCallback () function implemented in

stm32 evel i2c ee.c file. sEE TIMEOUT UserCallback() function
is called whenever a timeout condition occure during
communication (waiting on an event that doesn't occur, bus

errors, busy devices ...). */
/* #define USE DEFAULT TIMEOUT CALLBACK */

lII) undefined reference to OS_TimeMS - HeonpeesieHHada CCblJIKa Ha
OS_TimeMS.

B camoM panne stm32xxx it.c 3Ta nepemMeHHas obbsAB/IeHa KaK:
extern IO int32 t OS TimeMS;

NcTuHHOe onpepeneHne B pansie GUI X.c, KOTOPOro B HalleM MpoekTe
MoKa HeT.

CkonunpoBaTb U3 KaTaJsora
STemWin_Library_V1.1.0\Libraries\STemWinLibrary522\0S

thann GUI_X.c B KaTasor GUI npoekTa.

23) Komnunnmnpyem eule pa3 1 CHoBa onbKu
.. Problems | «= Tasks El Console 32 l = Ploperties| :’33'* Debug | == Disassembl_l,l| Ml EmbSps Hegisters| Q Devicesh_,:'—;J Proiects| =5 Progress| = 0

vt A E =
COT Build Congole [stemwin]

d:fstm/gnu tools arm ewbedded/4.7 ;I
2013g3/bin/ ../ lib/goe/arm-none-eabi/4.7. 4/ .. /. ./ ../ Sarw-none—eabi/ lib/armvTe-w/ fpud libg.a(lib a-sbrkr.o): In

function "_shrk r':

shrkr.c: (Jtext. shrk_r+0xc): undefined reference to °_shrk!

d:/stw/gnu tools arm embedded/4.7

2013g3/bin/ . ./ lib/goe/arm—none-eabhi/4.7.4/ ../ ../ ../ . /arm-none-eabi/ lib/ armwie-md fpuh libw.a(lib a-w_sgrt.o): In

function “sgre':

w_sgrt.c:f.text.sqrt+dx9c) @ undefined reference to *_ errno’
w_sgrt.c:.text.sqrt+ixas) : undefined reference to *_ errno’
collestZ.exe: error: 1d returned 1 exit status

wake: *F% [stenmwin.elf] Error 1

09:25:11 Build Finished (took 5=.594ms=)

Ll

34ecCb Ha4YnHaeTCcs caMoe MHTepecCHoe.

I) undefined reference to ‘ sbrk’ - HeonpeneneHHas ccbisika Ha _sbrk.




_sbrk - pyHKLMA BbIoeNneHna naMaTn B Kyye (heap).

Hanuwem ceBoto pyHKUWMIO sbrk B hansie main. c:
extern int  HEAP START;
caddr t _sbrk ( int incr )

{

static unsigned char *heap = 0;
unsigned char *prev heap;

if (heap == 0) {
heap = (unsigned char *)& HEAP START;
}

prev _heap = heap;
/* check removed to show basic approach */

heap += incr;

return (caddr t) prev heap;

n pobasnum HEAP_START B thann nnHKepa B ceKuuio ._user_heap_stack:
/* User heap stack section, used to check that there is
enough RAM left */
. _user heap stack

{
= ALIGN (4);
PROVIDE ( HEAP START = . ); /* 11l */
+ Min Heap Size;
= . + Min Stack Size;
. = ALIGN (4);
} >RAM

II) undefined reference to __errno - HeonpepnesieHHas CCblJIKa Ha __errno.
Hanvwem yHKUMIO-3arnyLwKy B panie main.c
void _ errno(void) / /dummy

{
}



24) Ha aTOoM BCe. KoMnunnmpyem un 3arpy>aem stemwin.elf B JEeMO-

MnnaTty v Byai4.
.. Problems | v= Tasks B Console B2 1 =| Pluperlies| :}& Debug‘

CDT Buid Console [stemwin]

D\sassembly| B EmbSys Hegislers| Q Dewcas|bj Pruiecls| =35 F'mgress| |
oS A RERETE

Building target: stemwwin.elf d
Invoking: ARM Windows GCC C Linker (Tools For Ewbedded)

armw-none—esbhil-goo 7T"D:\KDnstantinov\android_workspace\stemwin\5t.m32_flash.ld" —nostartfiles -Elinker --go-sections
7L"D:\Konstantinav\andraid_workspace\stemwin\GUI"’ —Wl,-Map, "stemvin.map" -mopu=cortex-md -mthunk -mfloat-abi=hard
—mfpu=fpvi-sp-dlé —g3 —o "stemvin.elf" ./StdPeripheralDriver/sre/mise.o ./StdPeripheralDriver/sre/stm32f4xx_ade.o

./8tdPeripheralDdriver/sro/stm32fdxx_can.o ./3tdPeripherallriver/sro/stmi2fdnx_cro.o
./8tdPeripheralbriver/sro/stwd2fdxx_cryp.o ./StdPeripheralDriver/sre/stm32f4xx_cryp_aes.o
./8tdPeripheralDdriver/sro/stwdZfdxx_cryp_des.o ./3tdPeripheralDriver/sro/stw32f4xx_cryp_tdes.o
./8tdPeripheralbriver/sro/stwdZfdxx_dac.o ./StdPeripherallriver/sro/stwd2fdnx_dbgmou. o
./3tdPeripherallriver/src/stwdZf4xx dowi.o ./ 3tdPeripherallbriver/sro/stml32fdxx dwa.o
./3tdPeripherallriver/src/stw32f4xx_exti.o ./3tdPeripherallriver/sro/stmd2f4xx_flash.o
./3tdPeripherallriver/src/stwd2f4xx fowec.o ./ 3tdPeripherallriver/sro/stml32f4xx_gpio.o
./3tdPeripherallriver/src/stw3Zf4xx_hash.o ./3cdPeripherallriver/src/stmlZf4xx_hash md5.o
./StdPeripheralDriver/src/stm3Zf4xx_hash shal.o ./StdPeripheralbriver/sroc/stm32f4xx_iZc.o
./3tdPeripherallriver/src/stw32Zf4xx_iwdg.o ./3tdPeripherallriver/src/stm32f4xx _pwr.o
./3tdPeripherallriver/src/stm32f4xx_rco ./3tdPeripheralDriver/src/stm3Zf4xx_rng.o
./3tdPeripherallriver/src/stm32f4xx_rto ./3tdPeripheralbriver/src/stm3Zf4xx_sdio.o
./3tdPeripherallriver/src/stm32f4xx_spi ./3tdPeripheralDriver/src/stm3Zf4xx_syscfg.o
./3tdPeripherallriver/src/stm3Zf4xx_tim ./3tdPeripheralDriver/src/stm3Zf4xx_usart.o
./3tdPeripheralbriver/sro/stwizf4xy_wwdg.o ./3TH32_EVAL/STM3240_ 41 G_EVAL/Stm3Zdxg_eval.o

L/STH3Z_EVAL/STHM3Z40 41_G_EVAL/stm3Z4xg eval_audio_codec.o ./3TH32Z2_EVAL/STH3Z40_41_G_EVAL/sStm3Z4xg_eval fswe_sramw.o
./STHM32_EVAL/STH3240_41_G_EVAL/stm3zdxg_eval iZc_ee.o ./STN32Z_EVAL/STN3240_41_G EVAL/stmdZdxg eval ice.o
./STM32_EVAL/5TN3240_41_G_EVAL/stm3zdxg eval led.o ./STH3Z_EVAL/STM3240_41_G_EVAL/Stm3Z4xg_eval sdio_sd.o —
L/BTH32_EVAL/ Commons led log.o . /GUI/Config/GUIConf.o ./GUI/Config/LCDConf.o ./GUI/GUI_X.o ./Demo/GUIDEMO.o

./Demo/ GUIDENO_AntialiasedText.o ./Dewo/GUIDEMO Automotive.o ./Demo/GUIDEMO BarGraph.o ./Dewo/GUIDEMO Bitmap.o

./Demo/ GUIDENO ColorBar.o ./Dewo/GUIDEMO Conf.o ./Demo/GUIDEMO Cursor.o ./Dewo/GUIDEMO Fading.o ./Demo/GUIDENO Graph.o
./Demo/ GUIDENC IconView.o ./Dewo/GUIDEMO ImageFlow.o ./Dewo/GUIDEMO Intro.o ./Demo/GUIDENO Listview.o

./Demo/ GUIDEND RadialMenu.o ./Dewo/GUIDEMO Resource.o ./Dewo/GUIDEMO Skinning.o ./Demo/GUIDEMO Speed.o

./Demo/ GUIDENC Speedomweter.o ./Demo/GUIDEMO Start.o ./Dewo/GUIDEMO TransparentDialog.o ./Demo/GUIDEMO Treeview.o
./Demo/ GUIDEND VScreen.o . /Dema/GUIDEMO WashingMachine.o ./Demwo/GUIDENC ZoomindRotate.o ./Dema/bsp.o

LACH3IS/startup stw3Zfdxx.o ./CHII5/system stmiZf4xx.o ./ wain.o ./stm3zxxx_it.o —-1l5TemWinszz CM4_GCC

Finished building target: stemwin.elf =l

.o
.o
.o
.o

N ewe, y MEHA NONYyHYMSIOCb TakK, YTO CUMBOJ1 onpeaesieH, nporpamMma
KoMnuanpyeTcs, a Eclipse nogyepkuBaeT ero kak symbol could not be
resolved. PeweHne gaHHon npobnembl - NpoBepbTEe, 4HTOOLI B HACTPOMKAX
npoekTa B C/C++ general -> Indexer cTosi/1n BCE rajloyku.

OKoH4YaTeslbHas CTPYKTypa NpoekKTa:



=55 stemwin

--ﬁ,‘f Binaries
.ﬂ.l Includes
(= CMSIS
[E; Debug
[E;- Demo
E‘E’ GLUI

M2 Canlfig
Eb NG
H-[g GUILxe

[F#-[= StdPenpherallriver
E-5= STM32_Eval

[E> Comman

:} STHMZ240 41_G_EVAL
EEI---@ main. o

@ gtn32um_ibo
gtn3dem_ith

| 4] stm32_flash.ld

Conep>xaHue kaTtasiora Demo:
== Demo

@ bzp.c

bzp.h

@ GUIDEMO_AntialiazedT ext.c
~[€] GUIDEMO_Autamative.c

- €] GUIDEMO_BarGraph.c

€] GUIDEMO_Bitmap.c

€] GUIDEMO_ColorBar.c

€] GUIDEMO_Canf.c

€] GUIDEMO_Cursor.c

~|€] GUIDEMO_Fading.c

€] GUIDEMO_Graph.c

€] GUIDEMO_lcaniew.c

-[€] GUIDEMO_ImageFlow.c

-] GUIDEMO_Intro.c

€] GUIDEMO_Listview.c

€] GUIDEMO_RadialMenu.c
@ GUIDEMO_Resource.c

€] GUIDEMO_Skinning.c

€] GUIDEMO_Speed.c

@ GUIDEMO_Speedometer.c
~[€] GUIDEMO_Start.c

@ GUIDERMO_TransparentDialog.c
€] GUIDEMO_Treeview.c

€] GUIDEMO_WScreen.c

@ GUIDEMO_'w azhingh achine.c
€] GUIDEMO_ZoomandRatate.c
€] GUIDEMO.c

~[h GUIDEMO.h

Copnep>xaHue kaTasiora GUI:



- GUI

El[:‘b Config

; global_includes. h

~[€] GUICont.c

~[B] GUICanth

-~ LCDCanf.c

~[B] LCDCanfh

[F-[= iho

&-[€ GU¥e

o IS T erwWinG22_CM4_GCC.a

Copoep>xxaHue kKaTtanora STM32_EVAL:

g2 STMIZ EWAL

== Comman

; “[hnl fonts_c.h

forts. b
lzd_log_conf.h

@ led_log.c

“[H] led_log h
#tm32_ewval_legacy.h
(@ Release_Notes.himl
= STH3240 41 _G_Eval

@ stm324wg_eval_audio_codec.c
stm324ug_eval_audio_codec.h
@ gtrn32dug_eval_fzmc_sram.c
ztm32dug_eval_fzmc_sram b
_@ gtn324ug_eval_iZc_eec

[ [B] stm324xg_eval_iZe_s=h
El strn324=0_eval_ioe.c

|':'|...!

; stm324wg_eval_ine.h
@ strn324=g_eval_locd.c

; stm324wa_eval_lod.h
8] stm324xg_eval sdio_sd.c
; R stm324xg_eval_sdio_sd h
@ gtn324ug_eval.c
ztmd2dug_evalh

- (@ Release Motes.html

Copnep>xaHue katasiora CMSIS:



== CM5IS

@ care_cmd_zsirmd.k
@ core_cmd.h

@ core_cmFunc.h
@ core_cminstrh
EI startup_strm32fdes. 5
@ st 32fdwe_conf b
- [0 stm32fdsnh

@ gyghem_strm32fdum o
@ system_strn32fdu h

doTorpadpum otnagodHon naatbl STM3241G_EVAL, Ha KOoTOpOwn
3anyLeHo OEeEMOHCTPaLMOHHOE NPpUoXKeHne, NCnosib3yoLlee

onbnnoteky STemWin.
L1
STemWin - Denis compilation

Universal graphic software
for embedded applications

For STM32 MCU Prod % M3 - Cortex h4

o

Compi

+18
Version of STemWin: 5.22




12. USART

Figure 296. USART block diagram
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13. TIMER

Figure 134. General-purpose timer block diagram
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Clock pna tanmepa:

1. BHyTpeHHun clock (CK_INT)

2. BHewHun clock (TIx)

3. BHewHun TpurrepHoin exon (ETR)
4. BHyTpeHHMe TpurrepHblie Bxoabl (ITRx). icnonb3yeTca oanH Tanmep,
KaK npepnoennTtensb ANg opyroro.

Monaynb Tanmepa BKJOYaeT B cebs:
1. Counter Register (TIMx_CNT)



2. Prescaler Register (TIMx_PSC)
3. Auto-Reload Register (TIMx_ARR)

Auto-Reload Register

Copgepxunmoe Auto-Reload Register nomewaeTtca B Shadow Register
NOCTOSAHHO nnn B Kaxxgom Update Event (UEV), B 3aBUCMMOCTM OT
KoHpurypauyun. Update Event reHepupyeTca npu nepenosiHEHNN
Tanmepa.

Prescaler Register

MpeogenuTtens 4eNNT TaKTUPYIOLWYIO YacToTy TanMepa Ha ntboe
3HayeHme oT 1 ao 65536 (16 6uT). 3HavYeHne npenaennTenss MOXXHO
MEHATb Ha Xo4y, T. K. 3TOT peructp bydepusnpoBaH. 3HavyeHue
BCTynaeT B 3pdeKT npu cneanyouwem Update Event.

Pe>Xumbl paboTbl Tanmepa:

1) Upcounting mode

B aTOM pexxume Tanmep c4yutaeT oT 0 no 3HavyeHmnsa B Auto-Reload
Register, 3aTeM nepesanyckaeTcs 3aHoOBO ¢ 0 u reHepupyeT cobbiTue
«nepenosIHeEHNE CHETYMKA».

Korpa npouncxognT Update Event:

- Bce perncrtpbl 06HOBAAOTCS

- yCTaHaBnmBaeTca pnar UIF

- byhbep npepnenntens obHoBnseTCs 3Ha4YeHMeM B peructpe TIMx_PSC.
- Auto-Reload Shadow Register obHoOBNAeTCS 3Ha4YeHNEM perucTpa
TIMx_ARR.

I Bce 3T Byhbepbl n CKpbITble PErnNCTPbl HY>XXHbI AJ19 TOro, 4Tobbl M. ObINIO
MEHATb 3HAaYeHne «Ha XOo4y», He OCTaHaB/MBas TauMep, NP KaK4oM
Update Event (Hanpumep, Nnpn nepenosiHeHUU, UK CoBNnageHnun v T. n.).
OTO W eCTb OCHOBHOE NPeNMYLLECTBO TalMEPOB.

2) Downcounting mode

3) Center-aligned mode (up/down counting)

Capture/Compare channels (KaHanbl 3axBaTta/CpaBHeHun)
OCHOBHble KOMIMOHEHTbI KaHaJ1a 3axBaTa/CpaBHEHNSA:

1) Capture/compare register (Bksto4ass Shadow Register)

2) BxooHowm Kackag ans 3axsaTa (C uMdpoBbIM PUIbLTPOM,
MYJIbTUMNJIEKCUPOBAHWEM U Npeanenntenem)

3) BbiIxogHOM Kackag ansa cpaBHEHUS (C KOMMapaTopomMm)



Figure 159. Capture/compare channel (example: channel 1 input stage)
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curHana TI1F. 3aTtem pneTtekTop PpoHTa reHepupyet curHan TI1FPL,
KOTOpPbIN M. 6. KOMaHAa Ha 3axBaT WM KaK TpUrrepHsln BXoa Ang slave
mode controller. TILFP1 penntca npeggenntenem onga noayyvyeHus
3Ha4YeHnsa perncTpa 3axsaTta IC1PS.

Figure 160. Capture/compare channel 1 main circuit
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onHoro Shadow Register. 3anncb nnam 4yTeHne Bcerga MMeeT OOCTYnM
ToNbKO K Preload Register.




B pexxnme 3axBaTa, 3axBaT Ha CaMOM fesie nponcxoguT B Shadow
Register, koTopbln 3aTeM KonupyeTcsa B Preload Register.

Figure 161. Output stage of capture/compare channel (channel 1)
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14. USB OTG FS n USB OTG HS.

14.1. ObLLAA NHO®OPMALINA

USB TpebyeT nporpaMmMHbIn cTek. USB opraHn3soBaH No TOMNoJsiornm
«3Be3aa», rae oaHo ycTponcTBo - host, a octanbHble - device. Host

opraHunsyeT Tpaduk.

Ckopoctb USB:

HS - High 480
Speed Mbits/s

FS - Full Speed |12 Mbits/s

LS - Low Speed | 1.5

Mbits/s

Knacchbl device:

OTG On the Go. CnocobHOCTb MEHATb
pYyHKLUMOHaNbHOCTL C device Ha host n obpaTHO «Ha
neTty»

HID Human Interface Device - MbIlUN, KNaBnaTypbl...

CDC Communication Device Class

N MHOXXECTBO

Apyrunx

Pa3sbembl USB:
- A Ha CTOpoOHe X0CTa
- B Ha cTopoHe ycTponcTBa

YCTPONCTBO M. UMETb HECKOJIbKO endpoint (HOMep OKOHEYHOIN TOYKMN).
Ka)xgasa TpaH3akuua npmeMa namv nepenadv gaHHbIX cooepxuT B cebe
HoMmep endpoint.

KaHan (pipe) - COBOKYNHOCTb endpoint n CTpyKTYypbl AaHHbIX (CKOPOCTb
KaHaJsa, KJlacC KaHasa, HoMep endpoint n 1. a4.) ana Hee B aape OC.

Mpwn nogkn4YeHUn ycTponcTea gpaneepbl B agpe OC co3gatoT OAsis Hero
KaHan(bl).

1 kaHan - 1 endpoint

Knaccbl endpoint u pipe:

1) Bulk (noTO4YHbIN)

,D,aET rapaHTuio OOCTaBKN KaXX4oro nakeTta, nogaepXxXmBaet aBToMaTU4eCKyto NpMoCTaHOBKY nepeaayn gaHHbIX No
HeXenaHuI YCTPOWCTBa (MepenofiHeHMe uUnu onycTolleHne bydepa), HO He AaeT rapaHTUn CKOPOCTU N 3aAEPXKKU
AO0CTaBKW. V|CI'IOJ'Ib3yeTCFI, HanpumMep, B NpuUHTEPAx U CKaHepax.




2) Control (ynpasnswowmnin)

MpenHasHayeH ans obMeHa ¢ yCTPOMCTBOM KOPOTKMMM MakeTaMm «BOMNpoCc-0TBET». JTloboe yCTponcTBo nMeeT
ynpasnsoLwuii kaHan 0, KOTopbIi NO3BONAET NporpammHoMy obecnedeHnto OC npounTaTth KpaTKyo MHdopmaLluio 06
yCTPOWCTBE, B TOM UMCIe Kodbl NPon3BoauTens U MoZdenu, ucrnonb3yemble Ans Boibopa apaiisepa, U CNMCOK ApYrux
OKOHEYHbIX TOYEK.

3) Isoch (M30XPOHHBIN)

Mo3BonseT AocTaBnaTb NakeTbl 6€3 rapaHTMM AOCTaBKM 1 6e3 0TBETOB/NOATBEPXKAEHWIN, HO C rapaHTMPOBAHHOM
ckopocTbio goctaBku B N naketoB Ha oauH nepuof wuHbl (1 Ky y low v full speed, 8 Ky, y high speed).
Wcnonb3yeTtca anga nepegaym ayamo- U BUAEOUHMOPMaLnK.

4) Interrupt (NpepbiBaHne)

Mo3BonseT 4OCTaBNATb KOPOTKME NAKETbl U B TOM, U B APYroM HanpasneHny, 6e3 nonyyeHns Ha HUx
OTBeTa/NMOATBEPKAEHMS, HO C rapaHTUell BpeMeHN AOCTaBkM — nakeT OyaeT AocTaBrneH He no3xe, Yem vyepes N
MuUnnncekyna. Hanpumep, ucnonb3yeTcs B yCTPOMCTBaX BBoAa (KnaBmaTypbl/MbILLW/IKONCTUKN).

HVW3KOCKOPOCTHbLIE YCTPOUCTBA (Hanpumep, Mbillb) HE M. UMETb
MOTOYHbIE N N30XPOHHbIE KaHaJlbl.

Bpems WWNHbI AennTcsa Ha nepuoabl, B Havasie nepmoaa KOHTposiep
nepenaeT BCEN LUMHE NAKET «Havyaso nepunonax». [lanee B Te4eHume
nepuoaa nepenatTcs NakeTbl NPepPbIBAHUA, MOTOM N30XPOHHbIE B
TpebyeMoM KoJIM4yecTBe, B OCTaBLUEeCcs BpeMs B Nepunoe nepenatoTcs
yrpaBasiioLLne NakeTbl U B NOCNEAHIO o4yepenb NOTOYHbIE.

AKTMBHOW CTOPOHOW LUMHbI BCErga ABnAgeTCsa KOHTpoJ1ep, nepenaya
NakeTa AaHHbIX OT YCTPOWUCTBA K KOHTPOJIJIEpPY peasin3oBaHa Kak
KOPOTKNI BOMPOC KOHTPOJIJIEPa U OJINHHbLIW, COAep XAl OaHHbIE,
OTBET YCTPONCTBa. PacnncaHmne gBumxXeHMa NnakeToB OJ19 KaXK4oro
nepuoja LWWHbI CO34aeTCA COBMECTHbIM yCUIMEM annapaTypsbl
KoHTposinepa n MO gpaneepa, 419 3TOr0 MHOMrMe KOHTPOJIJIeps.!
NCNONb3YIOT KpanHe c/1oXHbI DMA co cnoxxHon DMA-nporpammon,
dopmMupyemon gpamBepom.

Pa3smep nakeTa OJ15 OKOHEYHOMN TOYKU eCTb BlnTasa B Tabnmuy
OKOHEYHbIX TOYEK YCTPOMCTBA KOHCTaHTa, U3MEeHEeHUIo He noanexxut. OH
BblbupaeTcs pa3paboTYNKOM YCTPOMUCTBA U3 YMUCa TEX, YTO
noonep>xxuearTca ctaHoapTom USB.

14.2. PEAJIN3AUUNA USB OTG FS B STM32F417

USB OTG FS noapep>XuBaeT NPOTOKOJIbI:
- HNP (Host Negotiation Protocol) - Bo3amoxxHoCTb aByM USB OTG
obMeHunBaTbCa ponamm host/device Bo BpeMsa paboThl Apyr ¢ opyrom.



- SRP (Session Request Protocol) - 3anpoc ycTponcTBa Ha4vaa ceccum y
X0CTa. B oTBeT XxoCT nogaeT NuTaHne n T. A.

Host-mode:
- o 8 kaHanoB (pipes); kaxabin M. 6. CKOHUIYypUpOBaH Ha NMNOOLEPKKY
BXoga/Bbixona n nobon kKnacc KaHana.

Device-mode:

- 1 nByHanpasneHHada Control endpoint0

- 3 BXoAHbIX endpoint: bulk, interrupt, isoch
- 3 BbIXoAHbIX endpoint: bulk, interrupt, isoch
- nopaepxka soft disconnect

Figure 385. OTG full-speed block diagram
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CTDRL S G : UTMIFS Y PHY ¢ X
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I ‘\
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CKOHUrypunpoBaH E
o

B MEPBYylo OHEpenkb onpegpenseT paHr (host/device) npu

noakatoYeHnn. Mo cyTv 3TO NEpPeEMbINKA B |
1.25 Kbytes

kabene, 3aKopoYeHHas Ha NUTaHMe UIn
USB data 3eMIII0
FIFOs 0 - host

1 - device

2

Y106kl rapaHTMpoBaTb KOPPEKTHOCTL paboTbl USB OTG FS, yacTtoTa AHB
A. 6. sbiwe 14.2MHz.

USB OTG FS nmeeT moaysb AnHamMu4eckon noactponkum nepmnopa SOF.
9TO HY>XHO Ansa 6osee TOYHON CUHXPOHU3ALUNN C YCTPONUCTBOM.



14.3. USB OTG FS B POJIN XOCTA

' USB OTG FS He nmeet annapaTtHoro Vbus, noatomMy posb Vbus urpaet
nobon GPIO Ha BbIbop. Korpa nporpamMmma pellaeT BKJAKYUTb NUTaHNe
Vbus, To A4.:

1) BoicTaButb GPIO B 1

2) YKa3zaTb B USB KOHTponnepe, 4To nuTaHue nogaHo (PPWR 6uTt B
pernctpe OTG_FS_HPRT)

I Korga aktmsumpoBaHbl pyHKUmMmM HNP 1 SRP, To nuH PA9 . 6.
noaknyeH K Vbus, 4Tobbl n3MepsaTb HanNps>XeHne Ha WuHe (ans
peakunn Ha OTCYTCTBUE HaMpPsSXXeHns, npeBbilLeHNEe TOKa U T. 4.). Ecnn
Hanps>XeHne un Tok yaoB. TpeboBaHnam (5B n 100MA), BO3MOXKHO
noaksat4vYeHue device.

MHunumanmsauma yCTPOMUCTBA, BbIMNOJIHAEMANA XOCTOM:

1) YcTponcTBO hn3mnmyeckn noaKIto4aeTCHa, XOCT reHepupyeT BHYTPEeHHee
npepbiBaHME, 4TO NOAK/IIOHYEHO HOBOE YCTPOMCTBO.

2) XOCT yooCTOBepSAETCs, 4TO NUTaHue ctabunbHo.

3) XocT genaeTt USB reset (10-20ms)

4) XocT npepbiBaeTca no 6uty port enable/disable; Tenepb ckopocTb
yCTpOMCTBa M. 6. Npo4YnTaHa N3 CTaTYCHOro perncrtpa xocTa; YyCTPONCTBO
rotoBo npuHuMaTb SOF (onsa FS) n Keep alives (ansa LS).

5) X0oCT 3aKaH4YMBaeT UHULIMANN3aLMNIO0 YCTPONCTBA, OTNPaBaas
KOH(pUrypaunoHHble KOMaHabl YCTPOUCTBY.

Y X0CTa eCTb CBOM MAAHUPOBLLUK, MJAaHUPYEMbIA AaHHbIE MO 8 KaHaNaM.

14.2. BUBJINOTEKA USB oT STM.



Figure 1. USB host and device library organization overview
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The USB host and device libraries are built around the common STM32 USB OTG low level
driver and the USB device and host libraries.

CTpyKTypa hannosB B bubnmoteke:
Figure 2. Folder structure
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Device Library +-{3 Core
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=) STM32_USB_HOST_Library
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& | Release_Notes himl
) 5TM32_USB_OTG_Driver
) STM32F10x_StdPerph_Driver
) STM32F2ec_StdPeriph_Driver
=) Project
+-1) USB_Device_BExamples
+-{2) USB_Host_Device_Examples
+-{ ) USE_Host_BExamples
=1-{3) Utilities
+-{3) Binary
+{) STM32_EVAL
+-{3) Third_Party
@| Release_Notes html

Low-level driver

—

+| - [#] [+

ApxuTtekTypa Low-Level Driver



Figure 3. Driver architecture overview

Host oTG Device Uppelr layer: library
and high-level software
£
HCD INT HCD DCD DCD INT Low-level driver
NS
CIL (Core Interface Layer)
MS19707V1

DCD - Device Core Driver
HCD - Host Core Driver

FnobanbHasa cTpykTypa USB core, XpaHUT BCe MepeMeHHble,
cocTosHUSA 1 bydepsbl, UCronb3yemblie core s yrnpaBJieHUss CBOUM

BHYTPEHHUM COCTOAHMNEM N NePECbIJIKN AaHHbIX:

typedef struct USB OTG handle

{
USB_OTG_CORE_CFGS cfg;
USB_OTG CORE_REGS regs;

#ifdef USE DEVICE MODE
DCD_DEV dev;

#endif

#ifdef USE HOST MODE
HCD_DEV host;

#endif

#ifdef USE OTG MODE
OTG_DEV otg;

#endif

}
USB_OTG_CORE_HANDLE , *PUSB_OTG_CORE_HANDLE;

'BHUMaHne y USB OTG HS HeT BCTpoeHHOro Ha 4yune HS PHY (Hago wcn.
BHewHu PHY), ectb Tonbko FS PHY.



15 SDIO
15.1. ObLLUAA NH®OPMALNA

SDIO host interface npepnoctasnseT nHTepdenc mexxay nepnpepuinHon
lwmHon APB2 n MMC (Multi Media Card), SD memory card, SDIO cards u
CE-ATA ycTpoucTBa (noTpebutenbckasa 3N1eKTPOHUKA).

OcobeHHocTHn SDIO:

- MonHaa coeMmecTumMocTb ¢ MMC System Specification v4.2. Nognep>xka
1-6uT, 4-6UT 1 8-6UT pexxmma WNHbI OaHHbIX.

- MonHaga coBmecTMocTb ¢ SD Memory Card Specification v2.0

- NMonHaga coBmecTtmmocTb € SD I/O Card Specification v2.0: kapTa
noanep>XmnBaeT 2 peXxuMma WnHblI AaHHbIX: 1-6uT n 4-6uT.

- NMonHaga nopgaoep>xka undposoro npotokosna CE-ATA.

- SDIO He nmeeT nogoep>xku SPl-coBMeCTMMOro KOMMYHUKaLWOHHOIO
pexunma.

KOMMYHMKaLuna OCHOBaHa Ha nepegaye KoOMaH N OaHHbIX.
OCHOBHaf TpaH3aKunA - TpaH3aKUMAa KOMaHaOa/oTBeT.
NMepenaya gaHHbIX B/U3 SD/SDIO aenaeTcsa TonbKo 6/10KaMu AaHHbIX.

Figure 322. SDIO (multiple) block read operation

From host tocard  From card to host

data from card to host Stop command
stops data transfer
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ApxutekTypa moaynsa SDIO:
Figure 326. SDIO block diagram TakTupoBaHus
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Figure 327. SDIO adapter
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Control unit - ynpasneHue nutaHmem un genntenb clock’a gna SDIO_CK.
Command path - oTnpaBaseT KOMaHAbl U MPUHNMAET OTBETbI OT KapThl.
CocTosiHne KoHTponupyeTcsa 4yepe3 CPSM (Command Path State
Machine). UMeeT BCTpOEHHbIe MOAYNS POPMMPOBAHUSA KOMaHAbI,
pacdyeTa CRC, obHapyxeHunsa TanmayTa.



Data path - oTnpaBnaeT n NpUHUMaeT gaHHble U3 KapTbl. CoCTosHME
KOHTponunpyeTcs Yyepe3s DPSM (Data Path State Machine). UmeeT
BCTPOEHHbIN Moaynb pacdyeTa CRC, obHapy>xeHns TanMayTa.

FIFO - 6ydep maHHbIX: 32-6UTHbIN, rnybuHon 32 cno.a.

15.2. ®YHKUMOHAJIbHOE OMNMMNCAHWE KAPT

a) Card identification mode.

XocT cbpacbiBaeT BCe KapThl, NPOBEPSAET HaNpsXXeHne, ngeHtuduynpyeT
KapTbl U yCTaHaB/IMBaeT OTHOCUTENIbHblE aapeca ansa scex kapT (RCA -
relative card address).

6) Card reset.

YcTaHoBKa KapTbl B cocTosaHMe IDLE nyTeM OoTChbIZIKM KOMaH bl

GO _IDLE_STATE.

B) Card identification process.

HauynHaeTcq, korga SDIO _CMD wunHa nepexoanT N3 TPeTbero CoCToAHUA
B ABYXTaKTHoe cocTosaHue (push-pull).

Ona SD-kapT:

- LUMHa KOMaHg aKTUBUpyeTCH

- XOCT oTnpaBaseT wupokosewaTenbHoe coobweHne SD_APP_OP_CMD
- KApTbl OTBEYalT XOCTY COAEPXKMMbIM CBOUX PErncTpoB COCTOSAHUN

- N8 He NoaXoAsWwmnX KapT yCTaHaBIMBaeT HEAKTUBHOE COCTOSAHME

- XOCT OTnpassseT wWwupokoseLwaTenoHoe coobeHmne ALL SEND CID
BCEM aKTUBHbIM KapTaMm

- KapTbl OTANPaBAAIT 06paTHO UX YHUKANIbHbIE NOEHTUPUKALNOHHLIE
HoMepa KapT (CID - card ID) n BxooaT B coctosHue Identification State
- XocT ycTaHaBnmBaeT SET _RELATIVE_CID pna Bcex akTUBHbIX KapT.
HoBbIn agpec ngeHtuduumpyet KapTy - RCA (relative card address),
Kopo4e 4yem CID.

r) 3awnTa KapT:

- BHYTPEHHSAS 3aliMTa KapTbl Ha 3anNncb (OTBETCTBEHHOCTb KapThl)

- MeXaHn4yeckas BHeLIHAS 3alMTa KapTbl Ha 3anncb (0TBETCTBEHHOCTb
xocTalll)

- 3allKTa KapTbl Naposem

15.3. JOMNOJIHUTEJIbbIE CBEOEHINA

B moayne SDIO STM32F417 peannsoBaHa pyHkumns Hardware Flow
Control - annapaTHoe ynpasneHue NOTOKOM. OCHOBHaA NpuvnHa -
NCKNOYNTb nepenosiHeHne BHyTpeHHUX 6ygepos SDIO. CyTb MeToAa:
ocTtaHoBka SDIO_CK (n octaHoBka SDIO state machine), Ho SDIOCLK



lnHbl APB2 no-npexxHeMy paboTaeT, ocBoboXXaasd BHYTpeHHUeE bydepsbl
monoyna SDIO.



16 AU
16.1. ObWEE OMNMUCAHNE

AL ncnonb3yeTt MeTon nocsenoBaTesbHOro NPUBAnNXKeHns.

CyTb MeTofa nocsiegoBaTesibHOro Nnpuban>xxeHus:

nocsiegoBaTesiIbHOE CpaBHEHME U3MepsaeMoun BeINYUHbI C Y2, Va4, 1/8 n T.4.
OT BO3MO>XHOI0 MaKCMMaJIbHOr0 3Ha4YeHUsA eé.
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Prc. 9. CTpyeTypHAd cXeMAa M BpeMeHHEIE gHarpamuer ATTTT
Mocne oBaATeNBHOTO IPHOTHAEHH

AL M. 6. paboTaTb B pexxmnmax:

- Single conversion (OanHo4HbIN - AL nenaet oaHo nNpeobpa3oBaHue,
BblaaeT pe3ynbTaT, AU ocTaHaBinBaeTCs)

- Continuous conversion (MpogosmxnTenbHbIN - NpeobpasoBaHme AL
BbIMOJIHAETCA O4HO 3a APYrnM, MOCTOSIHHO, C BblAa4Yen pe3ysibTaTa)

- Scan mode (CKaHupyoLWwmn - Nno CyTn 3TO ToXKe camMoe, 4To 1 continuous
conversion, HO NOET CKaHMpPOBaHWe rpynnobl)

- Discontinuous mode (HenpoposmxkuTtesnbHblin pexmum -go N <= 8
npeobpa3zosaHuin. Hanpumep, N=3: npeobpasoBaHune KaHanos 1, 2, 3;
3aTeM KaHanos 4,5, 6. N 1. 0.)

AUM:
- 12-6UTHBbIN



- Pe3ynbTaT coxpaHsaeTca B 16-OMTHOM peruncrpe
- 16 MyNbTUNIEKCUPOBAHHbLIX KaHaJI0B.
- opraHmsaumna npeobpasoBaHnin B gBe rpynnoi:

- regular (B rpynne oo 16 kaHasnoB) (ONpoc BCeX KaHaJI0B Mo
o4vyepenmn)

- injected (B rpynne o 4 kaHanos) (bosiee BbICOKNI NPUOPUTET, YEM
y regular, noaToMy M. npepsbiBaTb regular npeobpa3soBaHue, No
BHELWIHeMY Tpurrepy (Hanpumep, cobbiTne TanmMepa Uan BHELUHUN
CUrHasa Ha NuHe)).
- ImeeTCcs BHYTPEHHUN TeMNepaTypPHbIA CEHCOP, MOACOEAUHEHHbIN K
ADC1 IN16
- ImeeTcs BHYTPEHHUN BONbTMETP NuTaHusa MK, nogcoeaAnHEHHbIN K
ADC1 IN17
- Bpemsa npeobpaszosaHua (roe 3 - sampling time - BpemMa Heobxoaumoe
ONs 3apagku KoHaeHcaTopa. Ero Tak>ke BO3MOXXHO BapbMpoOBaThb):

12 6uT: 3 + 12 = 15 umknos ADCCLK

10 6uT: 3 + 10 = 13 umknos ADCCLK

8 ouT: 3 + 8 = 11 umknos ADCCLK

6 6uT: 3 + 6 = 9 ynknos ADCCLK
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Figure 44, Single ADC block diagram
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