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Marepian ciy>kuTh AJiS IOMOMOTH Yy BHBUEHHI MOXJIMBOCTEH 32-po3psiaHUX
MIKPOKOHTPOJIEPIB 1 iX BHUKOPHUCTaHb B TI00YJI0OB1 1H(GOPMAIIHHUX CHCTEM,
oprasizariii B3a€MOii JEKUIbKOX MPHUCTPOIB MK COOOI0, BUKOPUCTAHHS Iepenadi 1
BioOpakeHHs 1HQoOpMaIlii B KOMITIOTEPHHUX CHCTEMax, HaBYaHHI CaMOCTIMHOI
pPO3pOOKH TIPOrpaMHOTo 3a0€3MeYCHHS 3 BUKOPUCTAHHSIM CIICIIaIi30BaHUX MIPOTpam,
MPOBE/ICHHI TECTYBAaHHSI Ta HAJArOJKEHHS HA pEaIbHUX TPUCTPOSIX.

B npomeci BUBYEHHS JUCHUIUIIHM  BHUBYAIOTHCA TMPUHLUIKA  pOOOTH
MIKpPOKOHTpPOJIEPIB, iX OCHOBHOIO mepudepii, opraizamii mnepeaadl JaHUX 3 iX
BUKOPUCTAHHSAM, VYIOPaBIIHHSA IHIIMMUA MPUCTPOSIMH JJIE BHUMIPY 30BHINIHIX
MOKA3HUKIB, HAJAILITYBAaTH 30BHIIIHIN BUIIISA 1H(OpMAIii, OTpUMAaHOI BiJl 30BHILIHIX
IIPUCTPOIB.

CTylneHTH OTPUMYIOTh MOXJIMBICTH Ha IMPAKTHUI[l CAMOCTIMHO HaJaIITyBaTH
poOOTYy NEMOHCTpAliMHUX TPHUKIAAIB 1 PO3pOOMTH BJACHI BIAMNOBIAHO [0
1HJIUB1yaJIbHOTO 3aBJIaHHSIM.

Marepian cKJ1aiaeThCs 3 TPhOX OCHOBHUX PO3IIIIB:

- 3arayibHUil onuc apxiTektypu ARM 1 32-po3psagHux MikpokoHTpoiepiB STM;

- 3arampHa 1HQoOpMmalsA, SKa HEOOXimHA Ui TOYaTKy pobotu 3

Hajaro/pkyBaHHs miaroro STM32F4Discovery;

- BICIM IIPAKTUKYMIB JIJIs1 BABYEHHS] OCHOBHUX MOKJIMBOCTEH, MPUCTPOIB 1
xapakrepuctuk miatu: [IIIM, ALIT, USART, SPI, DMA, taiimepu Ta iHIe.

HaBoauThcs iHGOpMalis 010 MOKIUBOCTI MIAKIIOYEHHS J0 MJIaTH AUCILIES.

JUis BUKOHAHHSA TPAKTUKyMy IE€pEBaKHO 3HAHHS OCHOB Teopii LupPOBOI
CXEMOTEXHIKH, PO3POOKH MPOTrpaMHOIo 3a0e3MedyeHHs] Ta aJrOpUTMI3allli, a TaKkoX

3HaHHA MOBH nporpamyBaHHs C ++.
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1. OIIMC APXITEKTYPHU ARM i 32-po3psigni MUKPOKOHTPOJIJIEPU
STM

1.1. 32-x po3psigna apxitektypa ARM

[Ipoiecopy ARM € KIIOYOBUM KOMITOHEHTOM JUIsl BEJIMKOi KUIBKOCTI
ycmimHAuX  32-0iTHUX ~ BOygoBaHux cucteM. IIpomecopy ARM  mmpoxo
BUKOPUCTOBYIOTHCS B MOOLTBHUX TeiedoHaX, MUIAHIIETaX Ta IHIIWX MMOPTATHBHUX
npuctposx. ARM 3acnHoBani Ha RISC-apxiTekTypi, L0 103BOJII€ 3MEHIIUTH
CIOKMBAHHSI €HEPrii MpOLEecOopOM 1, TAKUM YMHOM, POOUTH iX 1€abHUM BHOOPOM
17151 BOYZJOBAHUX CHUCTEM.

Xoua ARM 3acHoBani Ha RISC-apxiTekTypi, BOHU HE MOBHICTIO TOBTOPIOIOTh
INPUHIUANKA TMOOYJAOBH Takux cucteM. s Ttoro, mo6 3podutu ARM Oinbir
PUCTOCOBAHKUMU JI0 BUKOPUCTAHHA Y BOYIOBaHUX CHUCTEMaXx, JOBEJOCS MITH Ha Taki
BixuiieHHs Bia npuHIumiB RISC:

1. 3MiHHAa KUIBKICTh LMKJIIB BHUKOHAaHHSA i1 NPOCTUX IHCTpyKUId. IIpocti
1HeTpyKIii ARM MOXyTh BUKOHYBATHUCS J€KUIbKa IUKIIB. Hampuknan, BUKOHaHHS
iHeTpykiik Load 1 Save 3a1eXuTh Bl KUTBKOCTI PETICTPIB, AK1 IM NIEpeIaHi.

2. MOXIMBICTb MOENHYBATU KOMAH/IM 3CYBY 1 00€pTaHHS 3 KOMaHIaMU
00poOku 1HDOpMarIii.

3. YMOBHE BUKOHAHHS - IHCTPYKIIiSl BUKOHYETHCS JIMIIIEC B TOMY BUIIQJIKY, SKIIO
BUKOHYETHCSI KOHKpETHA yMOBa. Lle 3011bIrye MpOIyKTUBHICTD 1 I03BOJISIE TTO30YTUCS
BiJl OTIEPATOPIB PO3TATY>KECHHS.

4. Tlominmeni iHCTPYKLii - nporiecopu ARM ninrpumyroTs nosinmeni DSP-
THCTPYKIIT JUIst oniepariiii 3 inpoBUMHU CUTHATAMH.

[Iporpamict moxe posrisaaatu spo ARM sik HaOip pyHKIIOHATBHUX OJIOKIB -
ALU, MMU 1 iH., 3'emHaHuX IMUHOIO JaHUX. JlaHI HaAXOAATh B IPOIECOP dYepe3
MIUHY JAHUX, TIEKOJIep THCTPYKIIil 00po0Isie THCTPYKIIii epen ix BukoHanHsM. ARM
MOXYTh TpAIOBaTH TIIBKM 3 JAaHUMH, SIKI 3alldCaHl B PEricTpax, TOMY Mepen
BUKOHAHHSIM 1HCTPYKIIIM B PEricTpu 3amMCYIOThCS JAaHi s iX BUKoHaHHsA. ALU

3UMTYE JIaHl 3 PETiCTPiB, BUKOHYE HEOOX1/IHI Omepallii 1 3anucye pe3yabTaT Ha3a/l B




Kuromupcbka
noJlTexHika

MIHICTEPCTBO OCBITU I HAYKU YKPATHU
JTEP)KABHUU YHIBEPCUTET « d)KUTOMUPCBKA IMOJITEXHIKA»
Cucrema ynpapiinas skictio Biznosinae JICTY ISO 9001:2015

®-20.09-
05.02/152.00.1/B/0OK25-
2022

Exzemnnsp Ne 1

Apx 8816

ericTp, 3BIIKH MOT0 MOYXHA 3aIIMCATH B 30BHIIIHIO ITaM'SITh.
pericTp, 3811

[Ipouiecopu ARM wmictsate 10 18 perictpiB: 16 pericTpiB gaHux 1 2 perictpa

nporieciB. Yci perictpu MicTiTh 32 6ita 1 imeHyroThes Bix RO go R15. Perictpu R13,

R14, R15 BUKOpUCTOBYIOTHCS /ISl BAKOHAHHS MIEBHUX CTIeNM()IYHUX 3aB/IaHb:

a) R13 BHKOpHCTOBYETBCS B SIKOCTI MOKAXKYMKA CTEKA;

BHKOPHCTOBYETBCS SIK 3B'SI3yIOUYHH PETicTp;
b) R14 y ' ;

c) R15 rpae posnb niuniIbHHKA.

3anexHO BiJ] KOHTEKCTY LI PETICTPU MOKYTh BUKOPHUCTOBYBATHUCS SIK PETICTPU

3arajibHOTO IIPHU3HAYCHHAI. Takox € ABa IIPpOrpaMHHUX periCIpa, K1 Ha3WBaIOThCS

CPSR (Current Program Status Register) i SPSR (Saved Program Status Register),

K1 BHKOPHUCTOBYIOTBHCA IJIA 36€pe>I<eHH${ CTaHny IIpouccopa 1 IIporpamMu.

Up to 192-Kbyte SRAM

System

Power supply
1.2V regulator

POR/PDR/PVD

Xtal osciliators .
32 KHZ + 4 ~26 MHz ARM Cortex-mM4

Internal RC oscillators 168 MHz
32 kHz + 16 MHz

Floating point unit (FPU) Camera Interface
RTC/AWU 3x SPI, 2x I7S, 3x I2C
Ethemet MAC 10/100

2x walchdogs with IEEE 1588
(independent and window) 2x CAN 2.08
5&/;?;1;/140 I/0s 1x USB 2.0 OTG FS/HS'
s :a%icv 1x USB 2.0 OTG FS
: : 6x USART

PPrE—— LIN, smaricard, IrDA,

modem control

2x 16-bit motor control Cryi ' Analog
PWM | GDESAES256
syctvonizon ¢ tmer (M1, wos. |

3x 12-bit ADC
24 channels / 2.44 MSPS

10x 16-Dit timers
2x 32-bit timers

True random number
generator (RNG)

Puc. 1.1. Cxinanosi moay:ni nporecopiB ARM Cortex-M4

Temperature sensor
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OmgHuMU 3 OCTaHHIX TPOIECOPIB i BOYAOBaHMX CHUCTEM, € IPOIIECOPH,
3acHoBaHl Ha apxitektypi ARM Cortex-M4. Lli mpomecopu mnpusHayeHi s
BUKOpUCTaHHA B 1udpoBid o0podui curHamiB (Digital Signal Processing, DSP). V
3arajJbHOMY BUTJISIZII MIKPOKOHTpOJIepH, 3acHOBaH1 Ha 0a31t ARM Cortex-M4 maroTh
Taki BHYTpiHI Moaymi (puc. 1.1): MikpokoHTpoJiep, BCTAHOBICHUN HA PO3TISHYTIN
mwiati, STM32F407VG, B sikocTi ocHOBU BUKOpHUCTOBYE came pimeHHss ARM Cortex-

M4.
1.2. OcobsmBocTti 0ynosu STM32 npouecopis

MikpokouTtposiepu STM32 no0y10BaHO 3 BUKOPUCTAHHAM 32-pO3pAIHUN siipa
Cortex pi3HMX Bepciii (B MIKPOKOHTpOJIEpl, BCTAaHOBJICHOMY Ha  IUIATI
stm32f4Discovery BukopuctoByeThcsi spo Cortex-M4). OCHOBHI XapaKTEpUCTUKH

snpa MikpokoHTposepiB STM32 npencrapneni B Tabmuii 1.1.

Tabmumga 1.1.

OCHOBHI XapaKTEPUCTUKH sApa MIKpOKOHTpoJiepiB STM32

XapakTepucTuKa [Tosicnenns
[IupuHa ciiB AJid JaHUX, PO3PSAIB 32

ApXiTeKTypa I'apBapn
KoHnBeep BUKOHAHHS IHCTPYKIIIH 3-X CTYIICHEBHIA
HaGip incTpyKiii RISC
Po3psigHicTh maM'aTi mporpam 32

Bbydep nonepenHboi BUGIpKU, pO3psIiB 2x64

Cepenniit po3mip IHCTPYKITIH, OANTIB 3

Tun nepepuBanb BekropuzoBani
3aTpuMKa peakiii Ha IepepruBaHHs 12 nukiiB
Pexumu kepyBanHs eHepro3abesneueHHsM | COH, COH IO BUXOJy, TNTMOOKUI COH
[nTepdeiic nporpamMmyBaHHs Ta ST-LINK, JTAG
HaJIaro[KeHHSI

MikpokouTtposiepu STM32Fxxx tumy moOy1oBaHi Ha rapBapIChKOi
apXITEKTypl 1 MAIOTh 3-X CTYNIEHEBUI KOHBEEP, KU 3MEHIIIY€ YaC BUKOHAHHS

koMaHa. Bouu
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po3pobIIeH] AJ1si TOOY0BHU CUCTEM 3 MAaKCUMAJIbHOI €HEProe(PEeKTUBHICTIO 1 MAaOTh
KUTbKa PEXHUMIB YOPABIIHHSA EHEPrOCIOKMBAHHSIM. Tak0XX BHKOPUCTOBYIOTHCS
BHYTpIIIHI 1HTepdeiicn mnamM'aTi MUPUHOK OUIbIIEe, HDK CepedaHs JOBXKHHA
iHcTpyKuii. Lle MiHIMI3ye YUCIO 3BEpHEHBb N0 IIMHU Tam'siTi, TOMY CIOKHWBaHHS
CJICKTPOCHEPT1i, TTOB'I3aHE 3 OTMEPAISIMU T10 MIKWHI 1 YUTAHHAM HE3aJICKHIN mam'sTi €
MiHIMaJbHUM. Bukopucrana TexHoJOTis OOpOOKM TepepuBaHb 3 BHUKIIOYCHHSIM
BHYTpIIIHIX omepariii Hajx crtekoMm (tail chaining), ckopouye dac peakiiii Ha
nepepuBaHHs 1 3MEHITY€E KUIbKICTh HEOOXI1THUX OIepaliiii 31 CTeKOM.

Ha puc. 1.2 npencraBieHo crpolieHe ysBieHHs IudpoBoro nepudepiiHoro

TPUCTPOIO.

ITunaa agpec qaHUX

ﬁ Yuranaa

Bydep npuiiomy

| SPLCR2 T T 1
J :TXE RXNE| ERR [ 0<S/SSET"°" -"’

' Perictp 3¢yBY i\ fomommmit 6it| | |

MOSI ¢

Y
e

o

|

|| m
m
™m

|

|

|

|

|

L - -~ — e e e e e e e e e e e e e =
M= I ﬁ TepIIHE rSPI_CR "I
|
MOD | CRC |
Byd)ep nepez[aqi : ESY | OVR ¢ ERR 0 0 TXE |RXNE |
T —— =
3amc
SCK (= Teneparop
TaKTOBHX IMITYJIbCIB
|
|
| |FiRST SPE | BR2 | BR1 | BRO |METR|CPCL|CPHA :
' : — SPI_CR1 |
Brok xepyBaHHA I'| |8/01|8/01| CRE | CRE frmd RX |
| | [Mooe| OF | eN' | Next FOFEoNLY| SSM| SS :
4 rF T [}
NSS EID‘

Puc. 1.2. Ctpykrypa nepudepiiiHoro npucTporo

[Tepudepiitnuii By30J1 MOKe OyTH pO3AUICHUI Ha ABa OCHOBHI Oyoku. [lepmii
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OJIOK - 11 SAPO, KE MA€ apXITEKTypy Ha CKIHYEHHX aBTOMATax, JIYHJIbHUKU 1 Oyb-
KWW BUJ KOMOIHATOPHOI a00 MOCHiOBHOI JIOTiKKM. BOHM npu3HaUeHi 11 BUKOHAHHS
3aBJaHb, SKI MOTPEOYIOTh y4acTi MpOIEcopa, TAaKUX SIK MPOCTI 3aBlIaHHS Iepeaadi
JaHUX, YIPaBIIHHA aHAJIOTOBMMHM BXoJaMu ab0 BUKOHAHHS (DyHKIIIN, TPUB'SI3aHUX
70 CHHXpOCHUTHAIIB. Sapo mepudepiitHoro By3ia 3B'SA3YETHCS 13 30BHIIIHIM CBITOM
yepe3 nmopTu BBeneHHs/BuBOAY MK. 30BHIIIHI 3'€AHAHHS MOXYThb CKJIadaTHCS 3
JEKUIbKOX CUTHaIIIB a00 CKIIaaHUX KH. Jpyruii OJ0K - HaNMamTyBaHHS 1 YIPaBIIHHS
nepudepiero, SKi  3AIMCHIOIOTBCA TPOTPAMOI0  dYepe3 pericTpu, 3'€qHaHl 3

BHYTPIITHBOIO ITUHOIO, SIKa PO3ALIAETHCS 3 iHIIMMHE pecypcamu MK.

1.3. Koporkuii onuc STM32F4 Discovery

[Tnata STM32F4 Discovery (puc. 1.3) mpu3HadeHa i O3HAHOMIICHHS 3
MOXJIMBOCTAMH 32-Xx po3psanHoro MK Ha ocHoBi ARM-apXiTekTypu, a TakoX JIs
peamizamii BIIACHUX MPUCTPOIB 1 TMpOrpaM 3 BHUKOPUCTAHHSIM amapaTHOTO

3a0€e3MeYeHHs J1aTOXO.

3 biwiiiiniii e

.\
-

]
Eus
-

Puc. 1.3. 3oBuimnii Burnsag miatu STM32F4Discovery
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[Tnata STM32F4Discovery 3a6e3nedeHa HACTYITHUMU TTPUCTPOSIMH:;

o MikpokoHTposiepoM STM32F407VGT6 3 ssapom Cortex-M4F takToBOIO
yactoToro 168 MI', 1 MO;

o Flash-mam'sti, 192 k6 RAM B xopmryci LQFP100;

o HanmaromkyBaueM ST-Link / V2  ama  HamaromkeHHS — Ta
nporpamyBaHHsi MK; >xuBineHHsam miatu depe3 USB abo BiJg 30BHINIHBOTO
JKepena KUBJICHHA SB;

o nataukoM pyxy ST MEMS LIS302DL i Buxomamu 1udpOBOTO
aKceIepoMeTpa Mo TphOX OCsX;

o natuukoMm 3ByKy ST MEMS MP45DT02;

o 3BykoBuUM L{AIT CS431.22;

o BicbkMoMa cBiTiogiogamu: LDI1 (uepBonuit / 3enenuit) nns USB-
nigkiatoueHns, LD2 (uepBonuit) juist xuBineHHs 3.3 B, dyotupu mnpusHaueHi s
KopucTyBauda cimiomiona: LD3 (poxesuit), LD4 (3enenwuii), LD5 (uepBonuii), LD6
(cuniit) 1 gBa ciTnonaiona st USB LD7 (3enenuii) 1 LD8 (uepBoHuit);

= JBOMa KHOMKaMHM (i1 TPOrpaMyBaHHS KOpPUCTyBadeM 1  JUIs
nepe3amnycky).

3aBAsSKA HASBHOCTI MIHIMAJIBHOTO HaOopy nepudepiiiHuX MPUCTPOiB, IiaTa
MOXe OyTHM BHUKOpPHCTaHAa JJii CTBOPEHHs 0araTbOX IIPOEKTIB 0€3 J0JaTKOBHX
MPUCTPOIB, Ta B pa3l MOTpeOM iX MOKHA TPUETHATH 3a JTOMOMOTOI0 BHBEICHHX
KOHTaKTHHX TUIONIAJIOK-IITEKEPiB. 3pYyYHUM € Te, 0 KOXKEH 3 KOHTAKTIB €
MIMUCAaHUM, TOMY B OUIBIIOCTI BHIMAJAKIB MOTpeda y 3BEPHEHHI 10 MPUHIIMIIOBOI

CXEMH IUIATH HE € 000B'SI3KOBOIO.
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2. IIOYATOK POBOTHU 3 STM32F4Discovery

[Inara po3poOuuka mig'enqnyerscsi no I[IK 3a gomomororo kabGemo USB 3
pos'emamu USB Tumy A Ta mini-USB Tuny B. ¥V kommiekTi Takuil mHyp He
HA/IA€THCSA, TOMY HOTo MOTPIOHO MpHUI0aTH OKpeMo. 30BHIIIHIN BUTIISAI KOHEKTOPIB

KabeJrro moka3aHo Ha puc. 2.1.

Puc. 2.1. Konektopu kabento pist npuennands STM32F4Discovery go TIK

[Tpu migkmroueHHI OynbTe YBaXkHI: Ha IIaTi € aBa pos'emu USB, onuH 3 SKuX
MpU3HAYCHUH 11 MIAKIIOUECHHS, a APpYyTrul - 11 peanizaiii poootu 3 USB.

[lepenbauaeTncs, MO HA KOMM'IOTEpPl BCTAHOBJIEHA OMeEpailiiiHa cucTema
cimerictea Windows (XP, a6o HoBim). IcHye mMoxuBicTh miakioueHHs no 11K 3
Linux, ane me 3axkagae Habarato Oible 3yCUJIb MO BCTAHOBJIEHHIO MPOTPAMHOTO
3abe3nedyeHHs, 00 odimiiino 3aco6iB mporpamyBanns STM32 mig Linux Hemae, a
BIJIKDUTI TPOEKTH BHMAararOTh 3HAYHOI KUIBKOCTI [MOTaHO 33J0OKyMEHTOBaHUX

HaJallITyBaHb Ta “py4yHOi” pOOOTH.
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2.1. Cepenosuiie po3pooku Keil uVision

Jlns  moyaTky poOOTH CJiJi BCTAaHOBUTU cCepeloBHINEe po3poOku. Jlami
PO3TIITHYTO TPOIEC YCTAHOBKH 1 MOYATKY POOOTH IS OAHOTO 3 HAWITOMYJISPHIIINX
3ac001B po3poOku 115t ARM - Keil. Po3risinemo aerasni ycTaHOBKY Ta BUKOPUCTAHHS
cepenoBuia po3pooku Keil uVision.

3aBaHTAXUTH nporpamy MOJKHA 3 cailty BUPOOHUKA —
https://www.keil.com/download/product/, BuOpaBmIM mJIsI 3aBaHTAXKCHHS ITYHKT
MDK-ARM ocTtanHboi Bepcii, micias Yoro MOTparuIsIEMO Ha CTOPIHKY, Ha SKid

NOTP1OHO BBECTHU CBOI NEPCOHANBHI AaHi (puc 2.2).

ARM Software

Microcontroller Development Kit
Version 4.71a

Complete the following form to download the Keil software development tools.

Enter Your Contact Information Below

First Name: |
Last Name: |
E-mail: |
Company: |
Address: |
I

r

City: |
State/Province: ISe‘ect vour State or Province L]
Zip/Postal Code: [
Country: [Select vour Country  v|
Phone: |
[T Send me e-mail when there is a new update.

NOTICE:
If you select this check box, you will receive an e-mail message from
Keil whenever a new update is available. If you don't wish to receive an

e-mail natification, don't check this box

1 am using devices from: [~ Analog Devices [~ Holtek [T SiLabs

(Select all that apply) [~ Atmel [T Infineon | S
[T Cypress [~ Nuvoton | S
[~ Energy Micro [~ NxP [~ Toshiba
[~ Freescale [~ Other [~ Other
[~ Fujitsu [T Samsung

Which ARM architectures are you using? [~ Cortex-M0 [T Cortex-M4

(Select all that apply) [~ Cortex-M1 [~ Other

[ Cortex-M3

Puc. 2.2. Peectpauiitna ¢popma 11 3aBantaxkenns Keil uVision

[Ticns 3amoBHEHHST (OPMU HAMAETHCS MOXKIIMBICTh 3aBAaHTAXXUTH MPOTPAMHHIMA
npoaykT. IHcTanmsamiss morpedye AOCUTH 0Oarato BUIBHOTO JUCKOBOTO MPOCTOPY
(6mu3bko 2.5 I'0), Tomy ciif 3a3maierigb MiAroTyBaTH HeoOXiaH1 pecypcu. Ilicns

3aIyCKy YCTAHOBKH BIJKPHETHCS HACTYIHE BIKHO (puc. 2.3).
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Setup MDK-ARM V4.70a N x|

Welcome to Keil MDK-ARM DL KE I E

Release 2/2013 Tools by ARM

This SETUP program installs:
MDK-ARM V4.70a

This SETUP program may be used to update a previous product installation.
However, you should make a backup copy before proceeding.

It is recommended that you exit all Windows programs before continuing with SETUP.
Follow the instructions to complete the product installation.

— Kell MDK-AHM Setup
ccBack | Newss |[ Cancel

Puc. 2.3. Ilouarok incramoBanas Keil
Jlami HeoOXiAHO NPUUHATH YMOBHU JIIIEH31WHOT yroiw, a TakoX BUOpaTH
TUPEKTOPir0 s iHCTamsAmii (puc. 2.4), moTiM NOTpiOHO BKazaTH iHGOpPMAIiO PO
KOpHUCTyBaua.

Setup MDK-ARM V4.70a ] x|

Folder Selection DZ KE I u

Select the folder where SETUP will install files. Tools by ARM

SETUP will install MDK-ARM in the following folder.

To install to this folder, press 'Mest'. To install to a different folder, press 'Browse' and select another
folder.

~ Destination Folder
lD:'\Programming\Keil Browse ... I

— Update Installation: Create backup tool folder

I~ Backup old files to D:\Programming“Keil\B ackup.002

— Kel MDK-AEM Setup

<< Back Next >> Cancel

Puc. 2.4. BuGip aupekTopii 1uist iIHCTaTFOBaHHS

[Ticyst bOTO MOYHETHCSA 0€3MOCEPEAHBO MPOIIEC IHCTATFOBAHHS.
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Kpim camoro cepemoBuiia po3poOKH [JIsi HAMMCAHHS TPOrpaM HEOOXiTHi
takox 0i6miorekn Cortex Microcontroller Software Interface Standart (CMSIS) 1

Standart Peripheral Library (SPL). Kparie 3a Bce iX 3aBaHTaXHTH 3 CAaUTy BUPOOHHKA
st.com.

bibmiorexa SPL ciy:kuTh 11s1 ynpaBiaiHHS BCiIMa OCHOBHUMHU IPUCTPOSIMH, 11O
BXOJISTH 110 ckiaay MikpokoHntpoiepa: USART, SPI, DMA, ADC, DAC, ....
OcHOBHOIO TepeBarol0 O10TIOTEKH € Te, 10 BOHA POOUTH OUIBII 3PO3YMUTHM
YIOPABIIHHSA MIKPOKOHTPOJIEPOM JUIsl pO3pOOHHKA, B TOMY YHCII 1 MOYATKIBI, KU
IIe HE 3HA€ BCiX TOHKOIIIB HAAITYBAaHb HAIpsMy depe3 perictpu. Kpim Toro, pazom
13 camoro 010JII0TEKOI0 TOIMIMPIOIOTHCS 1 JEMOHCTpaIiiHI MPOEKTH JIsI poOOTH 3
OCHOBHHUMH TIPHCTPOSIMHM, Ha SKi MOYKHA CIUPATHCSA IPH HAIKMCAaHHI BJIACHUX
MIPOEKTIB.

[Ticnst BiIKpUTTS BIKHO CEpeIOBHUIIA BUTIIAIA€ HACTYITHUM YUHOM (puc. 2.5):

Eile Edit View Project Figsh Debug  Peripherals Tools 3SVCS  Window Help
INS A2 B ™ === 0G| B mg 7A@l e  [3] '\]

=l Project | @ 8ooks | {} Funcions | Oy Templates |
Build Output

L )

»
[ I I I [[czeinumllscai]avelfaw]

Puc. 2.5. 30BHimHIN BUTIIS CEPEIOBUIIA PO3POOKHU

Tenep ctBopumo mpoekT mis stm32F4Discovery. [l 11boro BHUKOHYEMO
komaHay MeHio Project \ New uVision Project. B pesynbraTi 3'SBUTBCS JiaioroBe
BIKHO JJI1 BUOOPY TEKHM pO3TallyBaHHS MPOEKTY. JIJIsi KOXKHOTO MPOEKTYy OakaHO

CTBOPIOBATH OKPEMY TEKY, OCKIIbKU MPOEKT MOKE PO3POCTATUCS 1 MICTUTH BEJIHKY
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KUIBKICTh (DaiisliB, TOMy TpUMaTH 2 MPOEKTU B OAHIN Teui Oyae He3pyuHo. Ilicis
BUOOpPY TEKH CIIiJi BHOpATH MIKPOKOHTPOJEP, IS SKOTO TUIAHYETHCS HAIMMCAHHS
nporpamu. Bubupaemo BupodbHmka (STMicroelectronics) 1 KOHKpETHY MOJEIb

koHTposepa STM32F407VG (puc. 2.6).

x|
CPU |
Vendor: STMicroelectronics
Device: STM32F407VG
Toolset: ARM
Data base Description:
(3 sTMa2F4050E 4| [Core -
1 STM32F4050G - ARM 32~bl Co;tex-M4 CPU with FPU
- 168 MHz maximum frequency. 210 DMIPS/1.25 DMIPS/MHz
€1 STM32F405VG - Memory protection uni
€1 STM32F4052G Memories
€3 STM32F407IE - LLg:o 1 9%% Ha? g,gmy
3 STM32F407IG -Upto s
i - Flexible static memory controller
€3 STM32F4O7VE | | (s ;ppos Compact Flash, SRAM, PSRAM, NOR, NAND memories)
a LCD parallel interface, 8080/6300 modes
{1 STM32F407ZE Clock, reset and supply management
1 STM32F4072G - 1.7 Vto 3.6 V application supply and 1/Os
-POR, PDR, PVD and BOR
€3 STM32F4150G - 410 25 MHz crystal oscillator
€3 STMI2F415RG | |- Intemal 16 MHz factory4rimmed RC v
< i B 4 | »

| ok || cance |

Puc. 2.6. Bubip MIKpOKOHTpoOEpy AJIs AKOTO MUCATUMETHCS Tporpama

Jlami BIIKPUETHCS N1aJIOTOBE BIKHO 3 MPOTIO3MINEI0 OJATH 10 MPOEKTY (haii
3anmycky startup stm32f4xx.s, ske moTpiOHo miaTBepauTu. CepemoBuie pPo3poOKH
CTBOPHUTDH MPOEKT, a TAKOK CTBOPUTH B HHOMY TpyIy ISl BUXiAHUX (aiiiB, B SKiH 1
Oyne po3ramoBaHuil 3rajaHui Buule daiin. ['pynu ¢ainiB cinyxarb i 3py4HOI
oprasizailii npeactaBiieHHs ¢aiiiB B npoekTi. B nanomy mpukiaal BUKOpUCTaHO 4
rpynu ¢aiinis: Startup, User, CMSIS 1 SPL.

Jljig moyaTKy neperMMeHyeMO CTBOPEHY 3a 3aMOBUYBAaHHSAM I'PYIy 1 Ha3BeMoO 11
Startup Ta mogamo 1ie 3 rpynu 3 JOMOMOT0I KOHTEKCTHOT'O MEHIO TIPOEKTY B MaHEI

Project, Bukonapmu komany Add Group.
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Tenep nomamo HeoOxinHi Ham Qaitnu B mpoekT. [lepen nomaBanHsAM daiiniB
OakaHO CKOMIIOBaTH iX B JUPEKTOPit0 mpoekTy. 3 6ibmioreku CMSIS Ham
3HA00JATHCS HACTYITHI (paitnu:

- stm32f4xx.h;

- system_stm32f4xx.h;

- system_stm32f4xx.c;

- stm32f4xx_conf.h;

- core_cmé4.h.

Bci nepepaxoBani Buiie (ailin 3HaXOIATHCSA B AUPEKTOPIi, € pO3MaKOBaHUN
apxiB 3 610morekoro. Jlo rpynu SPL Bam notpibHo noxatu ¢aitnu 3 6i16morekun SPL
st pobotu 3 mpuctposimu. HeoOximHo nomaBatu mapy *.c (*.cpp) 1 aiimis
3arosioBkiB *.h (*.hpp). Hanpuxnaza, qjis podotu 3 mopTramu BBEJICHHS / BUBOIY CJIiJ
nonatu  Gaiimu  stm32f4xx gpio.c Ta stm32f4xx gpio.h. OO6OB's3K0BO  CIif
NIJKITIOYNTU (pailyii 711 yOpaBIIHHS TPUCTPOEM CKHUJIAHHA 1 TaKTyBaHHA, a came,
stm32f4xx_rcc.c Ta stm32f4xx rcc.h. Bonu wmicTATh QyHKOIT s BMHKaHHS
TaKTyBaHHS NepuQepitHUX MPUCTPOIB.

[Ticyist IbOTO 3aNMMIIAETHCS JOAATH 1€ OJUH (aiiyi, B SKOMY MICTUThCSA (PYHKIIIsS
main. Cro4yatky cTBOpUMO 1 30epekeMo HOro 3a J0momMororw komanna MeHro File, a
noTiM aojamo ioro B rpyny Users. B pe3ynbrari oTpMaeMo MPOEKT 3 HACTYITHOIO
CTpYKTYypoIO (puc. 2.7):

3anummiiocs 3poOHUTH IIe ACsAKl HaJaITyBaHH, K1 MOTPIOHI SIS KOMITLISIIT
KOy Ta BHUKOHAaHHA Hajaro/pkeHHs. HamamTyBaHHS BUPOOJISIOTBCS y  BIKHI
HaJalTyBaHb, SIKE BIIKPUBAEThCA yepe3 KomaHay Project / Options for target ... a6o
KHOIIKOIO Ha TIaHeJl IHCTPYMEHTIB, a00, BUKOPUCTOBYIOUM KOMOIHAIIO KJIaBIIICIO
Alt-F7. Yy BIKHI, Ha BKJIQLI C/C++ 3a71aMo BU3HAYCHHSI
USE STDPERIPH DRIVER, STM32F4XX B TekcroBomy mnoii Define. Tyt x

MOXHA 33JIaTH NUIAXY J0 TeKH 3 3arojioBKamu (aitiamu.
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Project

o X|

1 =3 Desc_Project
&3 Startup
2] startup_stm32f4xx.s
{=} Vo, | User
[£] main.c
E-E3 SPL
7] stm32f4xx_gpio.h
1 stm32faxx_rcc.h
31 stm32f4xx_gpio.c
+] stm32fdxx_rce.c
=43 CMSIS
%] system_stm32f4xx.c
core_cm4.h
7] stm32f9c.h
] stm32f4xx_conf.h
7] system_stm32fdxx.h

1=] Proj... @Eﬁo 5| {3 Fun. “],Iem. |

2.7. CTpyKTypa TUIIOBOTO MPOEKTY s MIKpOKOHTposiepy STM32

HaHaHITYBaHHH HaJIaropKCHHA 3a 3aMOBYYBAHHSAM OO3BOJIAIOTHL ITPOBOAUTH

HAJAro/PKCHHS B PEXUMI CHUMYJISII, MpOTe, SKIIO MPUCTPIN MIIKIIOYEHO 0

KOMI'tOTepa, TO Kpalle NPOBOJUTH HAIATOXKEHHS Ha camMoMy npuctpoi. s uporo

HeoOx1aHo Ha Biaami Debug nis mynkty Use Bkazatu ST-Link Debugger. ITicns

OBOT0 CIi HAaTUCHYTH KHomKy Settings. Ha Bxiaaui Debug 3nauenns Port

BcraHoBuTH Ak SW. IloTim mepeiitu no Bkiagku Trace Download Tta momatu B

cnucok Programming Algorithm npuctpiii STM32Ff4xx sixk mokazaHo Ha puc. 2.8.
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Cortex-t Target Dverserp i

— Download Function RAM for Algorithm

LOAD (" Erase Full Chip ¥ Program

$§ € EeseSectos ¥ Verly Start: |(x20000000  Size: |0x0800

(" DonotErase [~ Reset and Run

r~ Programming Algorithm

Description I Device Type l Device Size | Address Range l

STM32F4xx Hash On-chip Hash M )8000000H - 080FFFFFH

Start: [<08000000  Size: |(00100000
Add Remove |
| OK I Ommvena [ pUMEHUTE

Puc. 2.8. HanamryBanHs 17151 HAJIaropKeHHS MporpaMu Ha (13UIHOMY TTPUCTPOT

Ha Bxmammi Utilities BuOpatu Bapiant Use Target Driver for Flash

Programming 1 Takoxx BctanoBuTH 3HadeHHs ST-Link Debugger. [lepeBiputh, 1110 B

BIKHI ITICJISI HATUCKAHHS KHONKM Settings 3HaueHHsI 301ral0ThCs 3 3aJaHUMH IS

HaIaroaxXCHH:I.

[Ticyist mpoBeeHHS JaHUX NI MOXHA MPUCTYIIATH 0 HAIMMCAHHS MpOorpamMu Ta

MIPOBEJICHHS HaJaro/DKeHHS Ha JIEMOHCTpamivHid mari. OgHak meped MM CITija

niakrounT miaty jno [K.

st pobot 3 TUIATOO HEOOX1AHO, MO0 MpOWIIIa yCTaHOBKA JpalBEpiB.

3a3Buyail, mpu yCTaHOBII 3aco0iB po3poOku, Hanpukiaa, Keil, BinOyBaeTbcsl TakoK

YCTaHOBKA CYMYTHHOT'O MPOTPaMHOIo 3a0e3MeUYeHHs (SKILO LbOro HE CTaJoCs, TO
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CIiI 3HAWTH B JUPEKTOPii yCTAaHOBKM HEOOXITHI MHporpaMud 1 BCTAHOBUTH iX
CaMOCTIMHO), TOMY PEKOMEHIYEThCS IMPOBOIUTH Takl Jii BKE TICIAS YCTAaHOBKHU
3ac00iB po3poOKu. SIKIIO K BapiaHT 3 YCTAHOBKOIO CEPE/IOBHINA PO3POOKH HE
HiAXOANWTh, TO CIIJ 3aBaHTaXUTH 1 BcTaHOBHTU mporpamy STM32 ST-Link Utility,
SIKa TAKOX PO3TIBIIAETHCS B METOJIMYHUX BKa3iBKaXx.

[Ipu miakiIOueHH! MPHUCTPOIO BiApa3y K MOUYMHAETHCS YCTAaHOBKA JpaiiBepiB
JUTsL HOBOTO TMPHUCTPOIO. B 005acTi CHCTEMHOTO TPEIO 3'SBISETHCS TMOBITOMIICHHS
HACTYIMHOT'O MPO HASIBHICTh HOBOTO MPUCTPOIO JJIs SKOTO HE 3HANIEHO JApaiBepiB.
Tomy mepe miIKIIoYeHHSIM IPUCTPOro MoTpiOHO BetaHoBuTH USB npaiisep St-Link,

KWW MOKHA 3HANTH Ha odimiitHOMY caiTi st.com:
https://www.st.com/content/st_com/en/products/development-tools/software-
development-tools/stm32-software-development-tools/stm32-utilities/stsw-
link009.html.

2.2. MicroXplorer

BupoOnuk wmikpokontposepiB STMicroelectronics mpomnoHye nporpamy 3
MOJKJIMBICTIO TpaivyHOT HACTPOWKH MIKpOKOHTpOJepiB cepii STM32 - MicroXplorer.
Bona no3Bonsie oTpuMatu BUXIIHUM KOJ iHIMiami3anii nepudepiiHux MPUCTPOIB 1
BIJIMTOBITHUX BUCHOBKIB 1 BiJoOpaxkae pe3yiabTaT HACTPOUKHU (3alHSITI BUXO/IU, PEKUM
pobotu Ta iHmi). I[Ipore, 3 1 JOMOMOrol MOKHAa HajamITyBaTh poOOTy 3
NepepUBaHHAMU I KOHKPETHOI'O MPUCTPOI0, MPOBECTH 1HILIAII3ALI0 MPUCTPOIB,
10 BXOJSITh JIO CKJIaly KOHTPOJEpa, TOMY JaHUN IHCTPYMEHT OUIbIIIE MIIXOIUTh JJIsI
HAOYHOCTI TpU Po3poOIli, a HE SK TOBHOIIIHHA albTepHATHUBA HAIMUCAHHS KOIY
1HIiasm3arfii.

[Iporpama npenacrasisie cod60r0 TIIarid 10 cepeaoBuia po3podku Eclipse.
Tomy monepenubo HeoOxigHO BcTanoBuTH Eclipse, a moTim mojgaT 10 Hel TUIariH.

Eclipse moxHa ckauaTu 3 caifty http://eclipse.org. [Ipu oMy 3aBaHTaKy€eThCs

apxiB, AKUH HEOOX1AHO PO3MAKyBaTH 1 CTBOPUTH MOTPIOHI APIUKH JJIs1 3armycKy. Jlis
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BUKOPUCTAHHS TUJIATIHY MiAXOATh HAWHOBIII Bepcili mporpamMHoro mnpoaykry. Cam
IUIariH ~ MOKHA  JIOCTYIMHWM Ui  3aBaHTAKCHHS Ha  CaWTi  BUPOOHUKA
http://www.st.com/web/en/catalog/tools/PF257931  (ockimpku  aapeca  MOXKe
3MIHHTHCS, TO, MOXJIMBO, CIIiJ] CKOPHCTATHUCS TOIIYKOM IO caiTy). B pesymprari
TaKOX 3aBaHTAXKYETHCS apXiB JIJIS pO3MaKyBaHHSI.

VYcTaHoBKa PO3LIMPEHHS] BUPOOIISIETHCS 3 cepeloBuIia po3poOku. [ns mporo
BuOupaemo komannay MeHio Help \ Install New Software. YV BikHi, HaTHCKaeMO
kHONKY Add 1 B AiaioroBoMy BiKHi, HATUCHYBIIM KHOMKY Archive, Bkazyemo muisix
0 posmupeHHs. HazuBaemo oTpumaHe po3TallyBaHHS 1 MEPEXOJUMO JO MPOIECY
yctaHoBKU. Bigznauaemo nyHkT MicroXplorer, sikuii 3'1BUBCS B cicKy Hk4e. [ami
MOTOJPKYEMOCS] 3 YMOBaMU JIIIEH31MHOI YTOAM 1 M1 4YaC YCTAaHOBKHU MI1ATBEPKYEMO
3aIIUTH, SIK1 3'SBIISIOTHCS BIJl M1aJIOTOBUX BiKOH. [licis 3aBepliiieHHsS MpoIecy cepen
3aMpOIOHYE MIEPE3aBAHTAKUTH CEPEAY PO3POOKH JJI TOTO, 00 3aCTOCYBATH 3MIHHU 1
3aBaHTAXUTH POLMIUPEHHS.

[Ticns mepe3aBaHTaXKEHHS B TOJIOBHOMY MEHIO MOKHA TIOOQYUTH HOBHM ITyHKT -

MicroXplorer (puc. 2.9):

& C/C++ - Eclipse
File Edit Refactor Source

Search Navigate Project Run Window Help

I3 o BB M- By d|E-a8 @

Puc. 2.9. Jlonanuii myHKT MEHIO
3a J0MOMOTOI0 JOJAHOTO IJIAriiHy MOKHA Ha BHOIp BIIKPUTH PO3IMIMPEHHS
okpemoro npezacTtaBieHHst Eclipse abo BcranoButu (yHkuioHansHicTh MicroXplorer
JIOCTYITHOIO B yChOMY po3TarntyBaHHi (perspective) Eclipse.

Posrnsuemo po6oOTy B pekuMl OKpeMoro mnojaHHs. BukoHaemo komaHay
MicroXplorer \ Open MicroXplorer As New View. B pe3ynbTati BiZKpHETHCS IIIC
OJIHE BIKHO, SIKE€ MOXHA pO3TOPHYTH Ha BCIO MIMPUHY poOOYoi 00sacTi JBivl
KJIAITHYBIIM IO 3ar0JIOBKY. B pe3ynpTaTi BIKHO IJIariHy BUTJIAIA€ HACTYITHUM YHHOM

(puc. 2.10)
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Be Edt Refoctor Souce Miolplorer Seych Navigate Proect Bun Wndow Help

JC3~ | /BB |8-|Byd|l@-&8-g-6°|%-%-|H5-0-Q- |5~ e ]

(2 Prolems [ Toks 2 ool | propertes [ Sewch [ *3 incuetromser 15 Deg (49 Marolrer 3., BT

& File Toos Windows o

ol B |s|u]ols|s] =5 =
&
-
0

MCUs Selecton |
Family SubFamiy Moy Package Requred Perpherals

Puc. 2.10. MicroXplorer B cepenoBumi Eclipse
JUis 1modaTtky NpOEKTyBaHHS HEOOXiJHO BU3HAYUTH, SKUN came MpUCTPId
BUKOPUCTOBYETHCS, BUKOHaBIM kKomaHay Tools \ MCUs Selector. Ilicms mporo
BIIKPUETHCS J1aioroBe BIKHO (puc. 2.11), B IKOMY 31 CIIUCKY BKa3yeEMO KOHKPETHUMN

MIKpOKOHTpoJIep 1 HaTuckaeMo kHonKy OK.

x|
~Mcu Filter g
‘ Family :IAI vI sub-Family :IAII LI Package :{AI VI!
~Peripheral Selection | [ MCUs List: 189 Items
Peripherals | Nb | max | Mcu Sub-Family | Package
@ |ADC | 0 STM32F4052GTx STM32F405 LOFP144 |4
@|[can 0 ISTM32F 40 71(E-G)Hx STM32F407 UFBGA. ..
@ comP 0 ISTM32F4071(E-G)Tx STM32F407 LQFP176
& |CORTEX_EVENT r STM32F407V(E-G)Tx 32F40 ;
@pAac 0 | STM32F407Z(E-G)TX | LQFP144
@pocMr 1 STM32F4150GYx  STM32F415 WLCSPIO
@ [Ethernet MII ' STM32F415RGTx(RevA) STM32F415 LQFPE4
& [Ethernet RMII | ISTM32F415RGTx ISTM32F415 LQFP64
@|FsmC cF T STM32F415VGTx(RevA) |STM32F415 LQFP100
& FSMC NaND 16 ' ISTM32F415VGTx STM32F415 LQFP100
@ [FSMC NOR_MUX T STM32F4152GTx(RevA) STM32F415 LQFP144
@ |FSMC NOR_RAM . STM34152GTx  |STM3F415 LQFP144
& |HOMI CEC I~ ISTM32F4171{E-G)Hx STM32F417 UFBGA...
@|r2c Lo STM32F4171(E-G)Tx STM32F417 LOFP176
LIS o | STMIZFAIVEG)Tx  [STM32417  LQFP100
@|RTIM r |STM32F417Z(EG)Tx  STM32F417 LQFP144
@|.co T ISTM32F 4271(GT)Hx STM32F427 UFBGA...
@ |oPamP o STM32F4271(G1)Tx STM32F427  ILQFP176
@ |SDADC 0 3FRNGDTX 'STM32F427 LQFP100
@|sD10 r STM32F 4272(G1)Tx STM32F427 LQFP134
@51 0 STM32F4371(G-)HX  [STM32F437 UFBGA...
@ Timer 0 ISTM32F4371(G1)Tx STM32F437 LQFP176
@ Touch Sensing ' ISTM32F437V(G-)Tx 5TM32F437 LQFP 100
@ |UART 0 ISTM32F437Z(G-T)Tx STM32F437 LQFP144
& |USART 0 STM32L 100C6Ux STM32L100 UFQFP...
@|uss r ISTM32L 100R (8-B)Tx STM32L 100 LQFPS4
@|USB OTG_FS r ISTM32L151C(6-8-B)Tx  |STM32L151x6/... LQFP48
@|USB OTG_HS r STM32L151C(6-8-B)Ux  STM32L151x6/... UFQFP... | »|
ok | cancel |

Puc. 2.11. BikHo oOupaHHsI pol1iecopy
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[Ticns poro B po0Oodiit 001acTi 3'SIBUTHCS TTAHEh 3 MPUCTPOSIMH, 10 BXOMSTH
710 CKJIaJy KOHTPOJIEpa, a TaKOX HOTO YMOBHE 300pakKeHHS, HA SIKOMY TTO3HAYEH1 BCi
OCHOBHI BHCHOBKH (puc. 2.12). cama poOoda o001acTh TPEACTAaBICHA TpPbOMa
Bkiagkamu: Pinout, Configuration, Power Consumption Calculator. ¥ mipy Toro sik
BiIOYBa€ThCS HANAIITYBAaHHA 1 BKJIIOYEHHS BIIMOBIAHUX NPUCTPOIB, BHUXOIU 3
MIKpOCXEMH, sIKI OyIyTh 3aisiHI, BUAUIAIOTHCS 3€JICHUM KOJIBOPOM. Y TOH ke dYac,
JIesIKi 3 TIPUCTPOIB B MaHENl MO3HAYAIOTHCS KOBTUMH a00 UYepBOHMMH iKOHKaMmu. Lle
BiIOyBa€ThCS 4yepe3 Te, M0 MPHUCTPOi BUKOPUCTOBYIOTH BHXOAMU Y CBOiMl poOOTI aiis
KUTBKOX MPHUCTPOIB OJHOYACHO, TOMY MOXKE BiIOyBaTHCS YaCTKOBHM (BUKOPHCTAHHS
MIPUCTPOIO BCE M€ MOXKJIMBO) ab00 MOBHUN KOH(IIKT (BHKOPUCTATH TIPHUCTPIA HE
BJIACTHCA HA MO3HAYEHUX YEPBOHUM KOJIBOPOM (PYHKINISX), PO IO 1 MOBIIOMISIOTH
BIIMOBIAHI 1KOHKKA. TakuM 4YHHOM, MOKHA BHUSBUTH 1 YHHKHYTH IOIIOHUX

KOH(TIKTIB YK€ Ha CTaIil MPOEKTYBaHHS, 1110 3HAYHO CIPOIIYE MOAJIBITY PO3POOKY.

File Tools | Windows Help
| 3] ol slelalo[c]] [ 9] =[] +]F woummmn | =
Pinout | Configuration | Power Consumption Calculator |

Settings Py

-‘|

N

Family : STM3ZF4
MCU: STM3FDNV(E-G)Tx
Package : LQFP100
Expand Al 4 | Colepne Al =
Disable Modes @

Tree Interface | Accordion Interface |

[Perioherals =
(il 49 ADCL

# 49 ADC2

& P ADC3

-4 cant

@4 CANZ

0] ODM

49 DCHMI

& 4P ETH_MIT

[+ P ETH_RMIL

4 4P FSMC_NAND16
4§ FSMC_NOR_MUX =l

STM32F407V(E-G)Tx

Puc. 2.12. HanamryBanHst IpUCTPOIB MPOIECOpa BIAMOBIIHO MTO3HAYCHUM BUXOJaM
Posrnsnemo mpuxnan HanamtyBanHs nepmoro ALIT (ADCI) B BidyaabHOMY
penaktopi. [Ipurnyctumo, 1o HeoOX1AHO MPUKUMATH CUTHANI 3 HYJILOBOTrO BXojay. Lo
HACTPOMKY 3a7aeMo, po3ropHyBiy By3oj ADCI 1 BctanoBuBIM 1osie BuOopy INO
(puc. 2.13). BucroBok PAO Tenep nmoBuHeH OyTH BUIIJICHUN 3€JICHUM, a OUI HbOTO

3'sButhes mianuc ADC1 _INO. Kpim Toro, nmepemicTUBIINCH B MaHeNl MPUIAAiB 10
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immx ALIT (ADC2 1 ADC3), moxkHa 1m00auuTH, M0 BOHHU TO3HAYECHI >KOBTUMU

ikoHkamu. Ile moB'si3aHO 3 THM, 1m0 HyIBOBUM BXia Bcix ALl omHakoBuii, TomMy

OJIHOYACHO KUIbKOMa MPUCTPOSIMU BIH BHUKOPHUCTOBYBaTuca He Moxke. [Ipote, iHmI

AILII Bce mie MOXyThb BUKOPHCTOBYBATHCS, ajl€ BUMIPIOBAHHS IMPOBOIAUTH HE 3

HYJILOBOT'O BXOY.

Tree Interface | Accordion Interface |
Peripherals -
=49 ADC1

v g

[T Nt

[T N2
[T IN3

Puc. 2.13. 3agannsa HynpoBoro kanainy nepioro AIIIT

[Ticns uporo nmepeiinemo Ha Bkiaaky Configuration (puc. 2.14). Jlana Bkiiajaka

NpU3HAYCHA /IS HAJIAIITYBaHb MOPTIB BBEACHHS / BUBOJY BIAMOBIIHO A0 OOpaHOl

nepudepiero KOHTpoJepa.

2rou: Configuration | poner Consumption Cal-ulator

iPeripherals -

il @ ADC1 Connectivity
1 4\ ADC2

i
i

34\ ADC3

5 49 can

5 49 canz
<49 DAC

5 4P pemr
=+ 4) ETH_MI

4 &P ETH_RMIL
4 4P FSMC_NAND16

Hi

+ 4 FSMC_NOR_MUX
449 201 TIMLL TIMi2

449 122

4 4 1252

4 4 1253

4 4P OTG_FS

+ &) OTG_HS_FS

o — —

+-4) SDIO
4 &) sP11
=

¥ &9 SP12

Puc. 2.14. Bknagka koHdirypariiii KOHTpoJepa

[Ticns matuckanna Ha kHOmMKy GPIO, Bimkpuerscs BikHO Pin Configuration

(puc. 2.15). Came B HBOMY 1 MPOBOJUTHCS HAJAIITYBAaHHS pPOOOTH BUXOIIB

MIKPOCXEMHU.
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® Pin Configuration et
ADC1 I
Search Signals

| Search (Crti+ [~ Show only Modified Pins

Output type Pull-up/Pull-down | Maximum output...

PAO-WKUP  {ADC1_INO Analog mode ' No pull-up and ... Infa

PAD-WKUP Configuration ;

GPIO mode Analog mode v
Pull-up/Pull-down No pull-up and no pull-down v
[~ Group By IP Apply Ok Cancel

Puc. 2.15. BikHo HanamrtyBaHHS BUXO1B MIKPOKOHTpOJIEpa

Y HamoMy BHUIIAQJKy 3Te€HEpyBaja yCTaHOBKAa HE BMUMAara€ 3MiH, OJHAaK, MpHU
BUKOPHUCTAHHI IHIIUX [IPUCTPOIB, MapaMEeTPH 3a 3aMOBUYBAaHHSM CJ1J1 3MIHIOBATU IS
iX KOpekTHO1 poOotu. [Ipm 1npOMy Ha KOKE€H OOpaHUW MPUCTPIi 3'ABISAETHCS CBOS
BKJIAJIKa Yy BIKHI, 1110 JO3BOJIS€ BiIpa3y K MPOBECTU MMOBHE HaJAIITyBaHHS.

3aBepmialbHUM eTanoM poOOTH 3 JOMOBHEHHSIM € TeHepallis MPOTrPaMHOTO
Koay iHimiamizaiii. Bona npoBoauthcs komanaor MeHio Tools\Generate Code.... B
pe3ynbTaTl CTBOPIOIOTHCA TEKH 3 (ailjlaMu MpOrpaMHOro Koy 1 (ailiiB 3arojloBKiB.
Sk roBOpuioCsS  paHimie, KoOJ, IO TEHEPYEThCA IMPOTPaMoOr0  IOTPIOHO
JIOTIpaIlbOBYBaTH, TaK SK 0araro BaXJIWBUX HaNAIITyBaHb HE TEHEPYIOTHCS
aBTOoMaTH4HO. Halikpaiie CKOIioBaTH KOJ, SKHM BUKOHYE IHIIIAII3AIi0 MOPTIB B

CBOIO IIpOrpamy, a pelTy napaMeTpiB HAJIAIITOBYBAaTH CAMOCTIMHO.

2.3. HasamuTyBaHHA TAKTYBAHHS NPOLECOPY

3a 3aMOBYYBaHHAM po0OOYa 4aCTOTa MIKPOKOHTpoJiepa cTaHOBUTH 16 MI'11. 1{ro
4acTOTy 3a0e3leuye BHYTPIIIHIM BUCOKOYACTOTHUN I€HEpaTOp TAaKTOBUX IMIYJIbCIB
(High Speed Internal Oscillator - HSI). Onnak MakcumaiibHa po0Ooda 4YacToTa

ctaHoBuTh 168 MI'1, o 3Ha4HO Olnbllle 3HAYEHHS 3a 3aMOBUYYBaHHsM. [y TorO,
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o0 HamamTyBaTh poOOTY MPHUCTPOIO HA MOTPIOHINA YACTOTI BUPOOHUK MPOMOHYE
CKOPHCTATHCSl CIICIiaIbHO pOo3po0iieHuM mporpaMHuM 3a0e3medeHHsM - Clock
Configuration Tool. Bono sBisie coboro xls-daitn 3 makpocamu, TOMy JUisl MOTO
BUKOPUCTAHHS CIIJT 3aJaTH JO3BI BUKOHAaHHS MakpociB B Excel. Iatepdeiic
nporpamu (puc. 2.16) opraHizoBaHUIl Ha OJHOMY apKylli 3 BUKOPHCTAHHSM TOJIIB
BBEJICHHS 1 BHOOpY 3HAau€Hb 1 HAOYHO BIAOOpa)ka€ CXeMy TaKTyBaHHS, SKa

BUKOPUCTOBYETHCS B IPUCTPOI.

oI 3212 Manseinen
WCT dssicaten Toem

['7[ STMB2F 40xx/41 xx/427x/437x System Clock
Configuration V1.1.0

use FS, SDIO and RNG
43 Mz e

= mex
- NA
Cock Source| >:]
USBCLK Error (%)
E PLL O Enter HCLK Cortex Timer{Systick)
fesquency o Mits HCLK/S
PLL_N PLL_P SYSCLK AHBx Prescaler J APB1 Prescaler PCLKL
P =] 6 M -H 16
frequency in MHz HCLK Ervor [%)
{8MHz to 26MHz)
osc_N -~ PLL Source Main PLL
Clock
System Clock
| 25 Mux
Modify the "HSE VALUE™ in stm32fduch
08¢
Configuration Mode:
Vs Voltage (V)
Main regulator output voltage: 125CLK(MHz) Framewide  pmcko  F.Sampling{KHz) Error.kl
_ 192 000}-»=5r o} -af o = J—a{ 15022 ]
Flash wait state: PLLI2S
Prefetch Buffer:
25 Source
Instruction cache: Clock

Data cache:

Run Generate View Reset

@77 4 5l

Puc. 2.16. Burnsan enexkTpoHHOI TaOJIULI JJIsl TeHEpYBaHHS HaJlalllTyBaHHS

TaKTYBaHHS MIKPOKOHTPOJIEPY Ta HOTO CKJIaJIOBUX

Y HWKHIM 4YacTUHI CXEMH 3HAXOJUThCA KHOIKH, 3a JIONOMOTOK SIKHX
3aMyCKaloThCd MAaKpOCH, $IKI BHKOHYIOTh OCHOBHY po0OoTy. Ilpu HaTuckaHHI Ha
kHOmKy Generate B Tewl 3 (ailioM reHepyerbcsi HOBUM (aitn koHbirypauii 3 imM'ssm
system_stm32f4xx.c. Moro MoxHa BKIIOUHTH [0 MPOEKTY B CEPEIOBHILI PO3POOKH,

3aMIHUBIIY CTapuid (aii.

Jnst  Toro, mo0 3acTOCyBaTH HaJAIITyBaHHA CIIJI BIJACTEKUTH, YU

BUKJIMKAEThC (yHKIiss Systemlnit (), ockimbku 0e€3 i BUKIHKY, MpoIiecop Oyne
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CHI BUKIIMKATH CAMOCTIMHO, HANPHKJIaA, B OCHOBHOI (yHKIii main. Ilicis mporo
Balll MPUCTPiK Oy/ae MpamroBaTh Ha TiA YacTOTI, SKa 3aJaHa, TOMY, MOXJIHBO, CJIi]I
3MIHUTH 3HAYE€HHS MMapaMeTpiB pOOOTH MPUCTPOIB JJIs MIATPUMKHA KOPEKTHOI pOOOTH

Ha 00paHiil YacTOTi B OAANIBIIIOMY.

2.4. Cepenosuie po3pooxu ColDE

B saxocTi anbrepHaTMBM JJIs TMOYATKIBIIB OINMIIEMO TaKOX CEPEIOBHUIIE
po3pooku ColDE, sika HaGaraTo mpocTillie y BUKOPUCTaHHI B MOPIBHSIHHI 3 1HIIUMU
MIPOrpaMHUMU MNPOAYKTaMHU, TOMY B ii CTOPOHY CIiJ 3BEPHYTH yBary aOCOJIOTHHUM
HOBaYKaM.

Jlnst po3poOku mporpamMHoro 3adesnedeHHs mij 32-po3psani npouecopu ARM
(B ToMy uwMcii 1 JUIsi PO3TJIAHYTOI IUIaTH) PEKOMEHAYIOThCS Takl MporpamHi
MPOTYKTH:

- Atollic TrueSTUDIO;

- IAR Embedded Workbench;

- Keil pVision 3 inctpymenramu MDK-

ARM; - Altium TASKING VX-Toolset.

OCHOBHOIO BIJIMIHHOIO PHCOIO BCIX TIEPEPAXOBAHUX CEPEIOBUIII € TE, 1110 BOHU
€ KOMEpIIHHUMH. be3KOMTOBHE X BHKOPUCTAHHS MOJKIIUBE JIMIIE 3 OOMEKEHHSIMH
3a po3MmipoM OiHapHOro KOAYy IMporpamMu abo 3a TepMmiHaMH OE3KOIITOBHOIO
BUKOPUCTAHHS.

HaiiGinbpim Bimomi 6e3komToBHI anbrepHaTuBU - CooCox IDE i1 BukopucTaHHS
Eclipse pazoMm 3 muiarinom mjis po3poOku s 32-po3psaHux mporecopiB. Jpyruii
BapiaHT BUMAara€ BEJMKY KUIbKICTh JIOJaTKOBUX HaJAIlITyBaHb $SKI € JIOCUTH
CKJIQJTHUMU JJI TUX, XTO TUIbKU mounHae po3pooky mig MK abo 3 cepenopuiiem
Eclipse.

CepenoBuiie po3podku CooCox ColIDE 1.7 - 0e3KOIITOBHHUM 1HCTPYMEHT,
SAKUW OpIEHTOBAHUU Ha PO3pOOKYy misi 32-po3psiaHux mporecopiB ARM pizHux
BUpoOHUKiB: Atmel, Energy Micro, Freescale, Holtek, NXP, Nuvoton, TI. Bona
nobynoBaHa Ha ocHOBI Eclipse, ojyHak He Ma€e TaKUX ke MIMPOKUX MOMXKJITHBOCTEH ISt

BCTaHOBJICHb po3mmupeHb. Hespaxkaroun Ha 116, CooCox BHMarae MiHIMaJIbHUX
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HaJAIITYBaHb JJIs MOYATKy IPOTPaMyBaHHS 1 HAJIAarOJ[KEHHS, TOMY MPEICTaBISETHCS
i7IeaTbHAM BapiaHTOM I IoYaTKy podotu 3 uiaroro STM32F4 Discovery.

Jlnst mouaTky po3pooku, kpiMm camoi ColDE, Oyne noTpibHO ycTaHOBKa 3ac001B
g nodynosu mpoekty GNU Toolchain for ARM Embedded Processors.

Po3po6ka 3 Bukopuctanusm ColDE moB'si3aHa 3 KOHIEIIIEID CXOBHWINA: BCi
JOCTYIHI KOMIIOHEHTH 1 O10JI1I0TEKHM BCTAHOBIIOIOTHCSA 3a JOMOMOTOK MamcTpa,
BUXOJISIYHU 3 TOTO, JJIS IKOTO caMe TPOIecopa CTBOPEHUI MPOEKT.

Ha >xanp, chorogHi npoekT Bxke oPiIiiHO HE MIATPUMYETHCS, TOMY MOTPIOHO
NMEePeXOAUTH Ha AaJIbTCPHATHBHI CEPENOBHINA PO3POOKKM Ta  HAJIArOIKCHHS
POrpaMHOro 3a0e3MeYeHHs 1JIsI MIKPOKOHTPOJIEPIB.

Po6ora 3 mpoektom B cepenosuii ColDE posrisHyTra OuUThll J€TalbHO B
NPUKJIaJAaxX PO3POOKH MPOrpaMHOro 3a0e3medeHHs A1 MIKpOKOHTposepiB. Bubip

O6YMOBJI€HO BI/I60p0M 3a HaMEHILIMM HCpiOIIOM BXOIXKCHHA 1O CUCTCMHU pO3p06KH.

2.5. IIporpamue 3a0e3me4eHH JIs1 3aNUCY NPOrPAMHU HA MiKPOKOHTPOJIep

Hes3Baxkatoun Ha Te, 110 CEpeNOBHINA PO3POOKH IHTErPyOTh B €001
(GYHKIIOHAJIBHICTh TIO MPOIIUBII MIKPOKOHTPOJIEPIB, KOPUCHO OyJie AI3HATUCA, IO
ICHYIOTh 1 OKpeMl Mporpamu, siKi MpU3HA4YEeHl CIHEIladbHO NI POOOTH 3 MaM'STTIO
(mporpaMyBaHHsI, OYMIIEHHS, TNepeBipka) MpuctpoiB. Kpim Toro, mpu poOoTi 3
peXUMaMH 3HIDKEHOTO EHEPrOoCHOKMBAHHS caMme€ Il T[pOorpamMu  JI03BOJISIOTH
BUKOHATH MPOTpaMyBaHHS HE3aJe)XHO BiJ MOTOYHOTO PEKUMY pPOOOTH, 3 HYHM
MO>XYTh BUHMKHYTH NMPOOJIEMHU ITPU BUKOHAHHI JJAHUX I 3 CepeOBUIIA PO3POOKH.

PosrasiHeMo 1Ba mporpaMHUX MPOAYKTY, SIKI peani3yloTh (PYHKIIOHATBHICTh
JUIsi BUKOHAHHS MPOIIUBKK 0€3 BUKOPUCTAaHHS cepenoBuina po3podku: STM32 ST-
LINK Utility Ta ST Visual Programmer.

ITporpama STM32 ST-LINK Utility npusnauena st poo6otu 3 32-po3psIHUMU
koHTposiepamu uepes inTepdeiic ST-LINK (B Tomy uucii 1 3 HOTo ApyTror BEpCi€ro).
[i inTepdeiic (puc. 2.17) opranizoBanuii MAKCUMAIBLHO TIPOCTO i 3p03yMino. OCHOBHA
poboua o0siacTh OpraHizoBaHa y BHUIJISII JBOX BKJIAJO0K, B SIKMX B1JI0OpaKa€eThCs
1aM'aTh MMPUCTPOIO, a TAKOXK MPEACTABICHUN IBIMKOBUH (haiin miis 3anucy. Haloinb

BOXJIMBI KOMAaHIU 30Cepe/pkeHi B MeHIo Target. SIKIIO B MOMEHT BIIKPHUTTS
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nporpamu npuctpii He Oyno mig'eqnano mo I[1K, To BUKOHATH MiIKIIFOUEHHS CIIA
xomanioro Target \ Connect. [Ticis 11p0ro B maHesi MOBIAOMJICHb IIOBUHHO 3'SSBUTHCS
MOBIJIOMJICHHS TIPO YCIHIIIHE MIIKII0YEHH] 1 1H(pOpMaIlis PO MPUETHAHUNA TPUCTPI.
BukonaTtu mporpamyBaHHs PUCTPOIO MOkHA KoMmaHoto Target\Program.... [Tpu

bOMY CJIJ 3a3[aerip BIAKpUTH (ain 3 nporpamoro. CTupaHHs mam'sTi mporpam

IIPHUCTPOIO MPOBOIUTHCS KomaHor0 Target\Erase Chip

altld
B Cdt yew Jaget STUNG o

el @lal2l2d B

Memary desley

Address: | 0x08000000 | Sizet 0x 1000 Data Wit [ 2256+
Device Monor y § 0208000000 &Mm&l —

[Target memary, Address rarge: [0

4 [s ) asail
03000139 08000 IF 080009 | $ e
08000 1F 1 08000 IF 1 00000000

02000000 00000070 080001

00000000 08000 IF 08000 ¥

030001F1 | 0B00OIFT  (GOFL

030001F1  0B0COIFI 08000

Dece STMINA0x STMIN 415
Device ID (2T

Revisin 0 RevB

Flesh stx Movies 3

peve Doesn |

Puc. 2.17. IIporpama kepyBaHHs naM'aTTio MikpokoHTpoJiepiB ST-LINK

[Iporpama ST Visual Programmer (STVP) e yHiBepcasibHUM 3aco00M st
3amucy Mporpam J0 MIKPOKOHTpoJsiepiB BupoOHHUITBA STMicroelectronics. Bona
MOKe mpaupoBatd 3 npuctposimu ciMmerictB STM32, STMS, a takox STM7,
HIATPUMY€E OUTBIIY KUIBKICTh 1HTEp(ENCIB, 10 TaKOX € MepeBaroro. B iHImoOMy x
STVP 1 STM32 ST-LINK Utility gy»e cxoxi MK co00r0 sk o iHTepdeicy (puc.
2.18), Tak 1 no GyHKIIOHATBHOCTI.

Buxopucrannast STVP 6araro B 4oMy aHajaoriyHO BUKOPUCTAHHIO, KPIM TOTO,
o0 HEOOXITHO CaMOCTIMHO 3aJaTh HajdamTyBaHHA migkimoueHHs. [li mil
BUKOHYIOThCSI B J1aJIOTOBOMY BIKHI (puc. 2.19), sike BIJIKpUBAETHCS KOMAaHAOIO.
Configure \ Configure ST Visual Programmer. ¥ HbOMY BKa3yeTbCs amapaTHe

3a0e3ne4YeHHs], TKe BUKOPUCTOBYETHCS IS MiIKJIFOUEHHS Ta 0OUPAETHCS KOHKPETHHIMA

IPUCTPIM.
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¥ noj i =101
|| e edt proect confoue ead trogam very Ease Hank<hek vew Heb \
W@ @ @ | e[ jimnmmnlmmmannm
00008530 =
W= File SHOLAGEL
Hot programmed j DUODGLﬁD
Me=mory checksum: 0x0 —
OPTION BYTE status: i e
Ho File 00008690
Not programmed 00006640
Option byte 0: 00 go0086B0
Option byte 1: 00 DUODE‘BCD
Option byte 2: 00 ?UODE"DD
Option byte 3: 00 J00086ED
Option byte 4: 00 000086F0
Option byte 5: 00 duaugzag
Memory chechksum: 0=0 00008710
00o0gz2o ~|
| | 3 PROGRAM NEMORY /_DATA VEMORY JA DPTION BYTE /.
jil Hardware configuration s=et to «ST-LINK on USE with STHSSO003E3 plugged in and SWIM protocol:.
Blank check before programmning (when available) is OFF
Verify after programning iz ON.
Clear memory before loading a file 1= ON
Erase device memory before programming (when availsble) is CFF
Display a POpuUp window when an error occurs is
Log activity is OFF
> Loading file D:“Labs“STHS_UART-Debug>stm_usrt.s19 in FROGRAHM HEMORY area
¢ File successfully loaded File Checksum [=3B323
|@ <ox0oes30>  [sT-LINK |sTMasa03K3 [swm |7

Puc. 2.18. Ilporpama kepyBaHHS NaM'sTTIO MiKpokoHTpoJiepiB STVP

Configuration

Hardware : Port : Device :
RLINK STMSAF62ZA ;l oK l
ST7255-EPB STME8AHS16
ST72589-EPB STMEAHS17 C l
ST726X-EPB STMEAHS1E ance
3T7277-EPS STMSAHS19
ST727%x4-EPB STMEAHSIAA
ST7-DVP3 Programming mode: STMSAHGE6126
ST7-EMU3 TR STMESAHE146
ST7MDPO1-EPB poksan STMSAHE148
ST7MDT10-EEB STMESAHE166
ST7MDT1-DVP 3TMSAHE168
ST7MDT1-DVP2 STMEAHGE169
ST7MDT1-EPB STMEAHE17
ST7MDT1-EPB2 STMEAHGE1E
ST7MDT1-KIT STMEAHE1S9
ST7TMDTZ20J-EPB STMEAHE1A
ST7TMDTZO0M-EPB STMELOS1x3
ST7MDTZS-EPB STMELOS2CE
ST7MDTZ-DVE STMSLOSZRE
ST7MDT2-DVP2 STMEL101F1
ST7MDTZ-EPB STMSL101x2
ST7MDTZ-EPB2 STMSL101x3
ST7TMDTZ-KIT STMEL1S1x2
ST7MDT4-EPB STMEL151x3 ||
ST7MDT4-KIT STMEL1SxC4
ST7MDTS-EPB STMEL1S5xCE
ST7TMDTE6-EPB2 STMEL1SxCE
ST7MDT7-EPB2 STMEL15xG4
ST7TMDTH1-EPB STMELLISxGE
ST7MDTS1-EPB STMELI1SxX4
ST7MDTUZ-EPB STMEL1S5xKE
ST7MDTU3Z-EEB STMSL1SxME
ST7MDTUS-EPB STMEL1SxRE
ST7UDOS/UD13 STMESL1SxRS
STICE STMSL162Ms
STICK STMEL16ZRE

L K STMESOOS3FS3
ST-TSLINK EEE T~ |

Puc. 2.19. HanamrryBanass STVP aiis 3'etHaHHS 3 MIKPOKOHTPOJIEPOM
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Pob6ora nanmaromkyBanus miaroro STM32F4 Discovery 3 BHUKOpUCTaHHSIM
ONHMCAaHUX IHCTPYMEHTIB B1IOYBA€ThCS 3a CXOXKHM CIICHApieM, TOMY IepeBara B ix
BUKOPHUCTAHHI 3aJI€KUTh BIJ KOPUCTYyBauya. ABTOMaTUYHE MIAKIIOYEHHS NP 3aIlyCKy
MOJIETTIUTH POOOTY HOBAYKIB, a JIsl TUX, XTO MPALIO€ 3 PI3SHUMH MPUCTPOSIMHU MOKHA

pekomenayBatu STVP.
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3. HPUKJIAJIU CTBOPEHHS TPOT'PAMHOI'O 3ABE3INEYEHHSA

3.1. CTBOpeHHs1 NPOEKTY B cepeloBHILI po3po0ku. BukopucTanHs nopris
BBe/ICHHSI / BUBOY

Koutponep  STM32F407VG  wmictuth 1'aTh  16-po3psigHUX  MOPTIB
BBOJY/BHBOJTy 3arajibHOTO MpU3HAYeHHS, Akl mo3HavyeHi sk GPIOx, ne x moxe maru
sHaueHHs A, B, C, D, E. Koxen nopt GPIO mae yotupu 32-po3psiiHUX pETiCTpH
koHpirypamii (GPIOx MODER, GPIOx TYPER, GPIOx SPEEDR, GPIOx ORD),
nBa 32- pospsanux perictpu aanux (GPIOx ODR, GPIOx IDR) 1 aBa 32-6iToBHX
perictpa Bubopy aonatkosux ¢ynkimiit (GPIOx AFRH 1 GPIOx_ AFRL).

CeiTiiozionu, MpU3HAYEHI JIJIs TPOrpaMyBaHHs, Ha TUIaTl MAKIIOYEH] 10 OPTY

D (puc. 3.1).

LD4
Green by

/
LED4 [(PB2 PD12  R40 1 H 2
= 510
LD3
Orange 44
LED3 (7513 PD13  R36 1 ” 2
630
LDS P
Red ol
LEDS (7513 pD14 R4l 1 2
630
LD6
Blue ¥
LEDS  —ppye PD1S R42 1 2
. 680 e TS

Puc. 3.1. ®parMeHT NPUHIMIIOBOT CICKTPUIHOI CXEMH TUTATI HAJIArOHKCHHS

1 CXeMH BHUJHO, IO JUIsl CBITIHHS CBITJIOJIOAIB TOTPIOHO 4Yepe3 BUXOIU
MikpokoHTposiepa PD12-PD15 momaBatu Hampyry =+, mo BiANOBIZa€ JOTIYHOMY
crany “1”. Ilpu mogaHHi Ha BUXIJ JIOT1YHOTO cTaHy “0” CBITIHHSI CHOCTEpIraTUCs HE
oyne.

Pemta yotvpu CBITJIOAI0/1a BUKOHYIOTH CIY>KOOBI (PYHKIUT I1HIMKAIl Ta B
porpaMyBaHHI NEBHUX J11i HE BUKOPUCTOBYIOTHCS.

[ToyaTkiBLSIM PEKOMEHYETHCS BCTAHOBUTH cepeaoBuile po3podku CooCox

CoIDE 1.7. CTBOpeHHsI NpOEKTy BHUKOHYETHCS 3a JOIOMOIOK MaicTpa, SKUAN
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BIIKPUBAETHCS MPU BUKOHAaHHI koMmaHau MeHI0 Project / New Project. [lami cmin
MOKPOKOBO BKa3aTH IM's POEKTY 1 HOTO po3TairyBaHHs, BupoOHuka i MK, mis sxoro
npu3HadeHa mporpama. Jlani po0oTa 3 MPOEKTOM 3/11HCHIOETHCS 3a JOMOMOTOI0 BiKHA
Repository, ska  mo3Bosisie  gojgaTd  HEOOXigHl  O10I10TEKM  YIpaBIIiHHS
nepudepiitnumu yactuaamu MK, a takox BikHO Project. BikHo Repository Takox €

MaicTep, SIKUM MICTUTh KUJIbKa BKJIQJOK, OCHOBHHMM 3 sIKMX € BKJajka Peripherals

(puc. 3.2).
(&%) welcome t:é, Repository ':\;) L] main.c ‘J Configuration 3 =al
Step 3 Select Components o
= COMMON =
C Library Implement the minimal functionality required to allow newlib to Ink Availeble CooCox
[ Retarget printf Implementation of printf(), sprintf() to reduce memory footprint Available CooCox -
[] semihosting I 1 of Semihosting GetChar /SendChar Avsilsble CooCox
M4 CMSIS Core CMSIS core for Cortex M4 Available CooCox
[[] s™M3274standard Framework v1.0  This Framework does the minmal configurations of the Controller. Available moritzmeier.mail@gmail.com (Author not
= BOOT
CMSIS BOOT CMSIS BOOT for STM32F4x series Available CooCox
=/ PERIPHERAL
RCC Reset and dock control for STM32F4xx Available CooCox v
4 | _'EI
Manufacturers | Chips Peripherals | Drivers | Others \

Puc. 3.2. JlonaBaHHS MOIYJIIB 10 TIPOCKTY

[Tpoext nporpamu anst atu STM32F4 Discovery Mae CX0XKy CTPYKTYPY IS
BCIX 3ac001B po3poOKu. 3a3BUyail BiH BKJIIOYA€E B ceOe Ba BHYTPIIIHIX KaTaJIOTH:
oauH s daiiniB 3 010mioTeku CMSIS, a 1Hmumi aist paitni podoTtu 3 nepudepiero.
Jlist mpukIiay MpeACcTaBiIeH] TUIIOBI CTPYKTYPH MPOEKTIB B CEPENOBUILAX PO3POOKH

ColIDE i Keil (puc. 3.3).




MIHICTEPCTBO OCBITU I HAYKH VKPATHU ®-20.09-
Kuromupenka JEPKABHHI YHIBEPCUTET «KATOMHUPCHKA MOJITEXHIKA» 05.02/152.00.1/B/OK25-
MoJTiTexXHiKa Cucrema ynpasiinns sikictio Biznosigae JICTY ISO 9001:2015 2022
Exsemnasip Ne | Apk 88133

Po3rnsiHeMo nmnpukiag mnporpaMu, Sika JEMOHCTpye poOOTy 3 MOpTamu
BBEJICHHS/BUBOY. BOHA JI03BOJISIE NIEPEMUKATH CTaHy CBITJIOAIOJA NMPU HATUCKAHHI
KHOIIKH, sIKa 3HaXOAUThCA Ha miaTi. KHonka 3aMukae yepe3 10AaTKOBHUM OMip BUXI1J

A0 Ha mKepesno KHUBJICHHSA, THM CAMHM IOJAa€ BUCOKUMN JIOTTYHUM PiBEHb B MOMEHT

YTPUMaHHSI KHOIIKH.

[=1-1=5 BLinking
Bl amsis
L€ core_cm4_simd.h =1-#4 SysTick
l€] core_cm4.h (3] User
l€] core_cmFunc.h = | ST'M32F4-Discovery
[€ £ g stm32f4_discovery.c
R ep— Eoot 2-£3 STM32F4xx_Stherlph_Dr|ver
SR cmsis-Iib & b3 s§n32f4xx_rcc.c
H-g in_dudc E 2 e '
[+ | 3] stm32f4xx_exti.c
H o - [ [¥] stm32f4xx_syscfg.c
m 5 example [+ | %] stm32f4xx_gpio.c
By myncals E]-£5 MDK-ARM
1€ main.c ﬁ startup_stm32f4xx.s

Puc. 3.3. JlepeBo nmpoekTiB B ColDE Ta Keil

PosrisineMo ieTanbHO HACTYITHUN TTPOEKT.
Ha mouarky aitiry main.c oroiomnryeMo BUKOPUCTAHHS HACTYITHUX O10110TeK:
#include "stm32f4xx.h"

biGmoTreka MiCTUTB OTOJIOIMICHHS PETICTPIB KOHKPETHOTO MIPOIIECOPY.
#include "stm32f4xx rcc.h"

bibmioTeka MICTUTh CTPYKTYpH Ta (QYHKIII KepyBaHHS TaKTYBaHHSIM
nepudepiitHuX NPUCTPOIB MIKPOKOHTPOJIEPY.
#include "stm32f4xx gpio.h"

Hacrtymnna 6106110TeKa MiCTUTh KEpyBaHHS BUXOJaMU MIKPOCXEMH.

const int LEDl = GPIO Pin 12;

const int LED2 GPIO Pin 13;

JUist  3py4HOCTI TMO3HAYMMO BHXOMIB MIKPOCXEMH, SKI 3'€THAaHO JIO
CBITJIOZIO/1B, KOHCTaHTaMu. [le gae mepeBaru mpu 3MiHI MpoIecopy abo MPUCTPOIO,
TO1 MOTPIOHO 3MIHUTH B IIPOTpaMi 3HAUYCHHS KOHCTAHT, 1 MporpamMa 3HOBY IpHUaTHA

JUUISl BAKOPUCTAHHS HA HOBOMY IIPUCTPOI.
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Jlani o komy moTpiOHO peanmidyBaTh (YyHKINNI, sKi Oy/le BHUKOPUCTOBYBATH
nporpama. PeamizyemMo oprasizamiro may3 JjIs YIOBUIBHEHHS POOOTH OKpPEMHX
TUSTHOK TIPOTPaMHOTO KOy, JUIsl IIbOTO BHUKOPUCTAEMO TycTUW UK. Lled 1wk
3MYIIIy€ TMPOIECOp MpAIIOBaTH ‘B XOJOCTY , TPH IbOMY (DakTUYHA Tay3a MOXKE
3HAYHO PI3HUTHCS Bijl HamamryBaHb mporecopa. Cioso Vvolatile Bukopucrano s
MO3HAYCHHSI KOMIIUIATOPY, IO CIPOINYBAaTH BHPA3H 3 II€I0 3MIHHOIO HE MOXKHA, ii
3HAYCHHSI MOX€E 3MIHUTHCS Herepen0adyBaHoO, HAMPHUKIA/, Y IEpepuBaHHi. 3aBIsSKU
IbOMY IIPH YBIMKHEHOMY ONTHUMI3aTOp1 KOy, KOMITUIATOP HE 3aMIHUTH 1 IIUKI Ha
MIPOCTE MPUCBOEHHS HYJIS 3MIHHIN.

void Delay(volatile unsigned int nCount)

{

while (nCount--);

Hacrynna ¢yHkiis nmpusHaueHa JJisi HAJIAIITYBaHHS BHUXOJY 3 MIKPOCXEMH
PAO sax npuiimau  iHpopmamii. s 1OrO  BHUKOpHUCTAHAa  CTPYKTYypa
GPIO_InitTypeDef, sxa MicTUTh OMKMC 3pPO3YMIJOI0 MOBOKO BCIX BIIACTHBOCTEH
BUXOJIIB MIKpOCXeMH (aje KEpyBaHHS aJIbTEPHATUBHUMH (PYHKIIIMU BHUHECEHO
okpemo). Jlami 3a momomororw RCC komaHIM MONA€THhCSA TAaKTyBAJbHUN CUTHAN JI0
nepudepiitnoro npuctporo GPIOA, micist 4oro oro MoxHa BUKOPUCTOBYBATH.
Po3rissHeMo MOCITiIOBHO BIIACTHBOCTI BUXOY MIKPOCXEMHU.

gpioConf.GPIO_Pin = GPIO_Pin_0 — BKka3yeTbCs 1110 TYT BUKOPHUCTOBYETHCS
JIMIIE OAUH BUX1J MIKPOCXEMH, a caMe 32 HOMEPOM HYIIb.

gpioConf.GPIO_Speed = GPIO_Speed 100MHz — mBUAKICTh CHIpaIlOBAHHS
3MIHHU JIOTIYHOTO PiBHS, YUM IIBUJIIE MPAIIOE€ BUX1Jl, TUM OLIbIIIE BIH CIIOKUBATHUME
eHeprii.

gpioConf.GPIO_PuPd = GPIO_PuPd DOWN — kepye 3HauYCHHSIM SIKE
YUTAETHCS HA BXOJ1 10 YMOBYAHHIO, KOJIM BUX1Jl HE MPUETHAHO JI0 JHKEpeia CUTHAITY.
Konu kHOTKa HE HATUCHYTA, TOTPIOHA TapAHTIA HAJIXOKEHHS JIOTIYHOTO HYJISI, TOMY
BUXI1J “TPUIYIIEHO” Ha “3eMJTI0”.

gpioConf.GPIO_OType = GPIO_OType PP — Bu3Hayae MeTo1 KEpyBaHHS
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HANpPyTOI0 Ha BUXO/I.

gpioConf.GPIO_Mode = GPIO_Mode IN — 3agae HampaBJICeHHS pPyXy
1HpopmMmarii, 3 KHOIIKK JI0 MIKpOCXEMHU HaAXOJIWUTh 1H(PopMaIlliss — jamka € BXOJIOM
1H(pOopMaIlii.

Ha OCTAaHHE, ITPOBOAUTHCA 3aCTOCYBAHHA BKA3dHUX HAJIAIITYBAHb:

void ButtonConfig () {
GPIO InitTypeDef gpioConf;
RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOA,
ENABLE) ; gpioConf.GPIO Pin = GPIO Pin 0;
gpioConf.GPIO Speed = GPIO Speed 100MHz;
gpioConf.GPIO PuPd = GPIO PuPd DOWN;
gpioConf.GPIO OType = GPIO OType PP;
gpioConf.GPIO Mode = GPIO Mode IN; GPIO Init (GPIOA,

&gpioConf) ;

Hacrynna ¢yHKIis BIANOBIa€ Ha HAJAIMNTYBaHHS BHUXOAIB MIKPOCXEMHU Ha
KEpOBaHUI BUBIJ HANIPYTH -KEepyBaHHS CBITIOAI0aMU. T1710 QYHKIIIT € aHATOTTYHUM,
ajyie TyT BKa3y€ThbCS OJHOYACHO JIBA BUXOMM, SIKI MIOETHYIOTHCS OIEPaIli€ro JOTTIHOTO
OlTOBOro aodaBaHHA. Tako)X BIAMIHHMM € BHMKHEHA MIATSKKA BHUXOIIB, 00
HEBU3HAYCHOCTI YUTAHHS CTaHY TYT HEMAE.
void LedConfig () {

GPIO InitTypeDef gpioConf;

RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOD,

ENABLE) ; gpioConf.GPIO Pin = LED1 | LEDZ;

gpioConf.GPIO Mode = GPIO Mode OUT;

gpioConf.GPIO Speed = GPIO Speed 100MHz;

gpioConf.GPIO OType = GPIO OType PP;

gpioConf.GPIO PuPd = GPIO PuPd NOPULL;

GPIO Init (GPIOD, é&gpioConf);
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Hacrtymnni 611b1micTh QyHKINN € KOPOTKMMH Ta MalOTh MPU3HAYEHHS B 3aMiH1
3araJlbHOTO KOJly Ha 3MICTOBHI Ha3BU. KoMminsiTop BU3HAYa€e CKIaAHICTh (QYHKINH, 1
KOJIM II€ € BHUTJIHMM, 3aMIiCTh BUKJIHMKY (DYHKIIM OyJie BCTaBIATH caM Koi. Tomy
YIOBUTbHEHHSI pOOOTH MPOrpaMu 3a Yepe3MipHOTO po30uTTA Ha (PyHKUii Hemae. B
IIOMY KOJIi TIPOXOJNUTH 3BepHEHHS 10 PAQ 3 BU3HAaYeHHSM Hampyru. SKio Ha BXin
MOJAEThCA Hanpyra, QyHKIiis Bepratume 1, iHakme — 0.

int GetButtonState () {
return GPIO ReadInputDataBit (GPIOA, GPIO Pin 0);

HactynHa ¢yHKIIsS HE MOXeE 3aBEPILUTH UK JOKU CTaH KHOIIKU NoBepTae 1,
TOOTO, BUMTH 3 LBOTO HUKITy IPOrpaMa 3MOKE JIUIIE MPU BIAMTYCKAHHI KHOIIKU:
void WaiteButtonRelease () {

while (GetButtonState () !'=0);

Jam ¢yHKUIS BU3HAYa€ MOBHUM IMKJ HATUCKAHHS KHOIKH, HATUCHEHHS Ta
BiANTyCKaHHs. Jlumie micas mux ABOX MOAIM (PYHKIS TepenacTb BUKOHAHHS Ha
OCHOBHY ITporpamy:
volid WateClickButton () {

while (GetButtonState ()==0);

Delay (10000) ;

WaiteButtonRelease () ;

BukopucTranHs KOMaH]] BCTAHOBJICHHS HAPYTH Ha BUXO/1 € IPOCTUM, aJie JJIs
CBITJIOZIOAIB, MAaTpHUIlb Ta JBUTYHIB Taka KOMaHJa BHUIJISAAE OJTHAKOBO. ToMy
0(OpMUMO KOMaHAY YBIMKHEHHS CBITJIOHI0Y:
void LedOn (int LED) {

GPIO SetBits (GPIOD, LED);

}

Ta BMMKHEHHS CBiTJjomiony:

void LedOff (int LED) {
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GPIO ResetBits (GPIOD, LED);
}

JlomaTkoBUM OOHYCOM JI0 TAaKOTO CTHJIIO 3aIMCy KOMaH/I KEPYBaHHSI CBITIOI0AaMH €
Te, MO B JIEIKUX CXEMax CBITJIOMIOAM CBITATHCS MPHU IMOJAHHI HA BUXIJ HHU3BKOTO
piBHA. B TakomMy BHIaJKy B MPOrpaMHOMY KOJI MOTPIOHO MEpenucaTy JIMIIE Bl
¢yHKII1, a B MPOTUBHOMY BHIIaJKy — KOJ MOTPIOHO 3MIHIOBaTH B YCIX BHMaJKax
KEepPYBaHHSI CBITJIOIIOTaMHU TI0 TEKCTY MPOTPaMH.

PosrissHemMo roioBHy (GyHKIIIIO IPOTPAMH:
int main (void)

{
SystemInit () ;

SystemCoreClockUpdate () ;
ButtonConfig() ;
LedConfig() ;
while (1) {
if (GetButtonState ()==0) {
LedOff (LED1) ;
telse(

LedOn (LED1) ;

3aBAsSKUA OMHMCAHUM BHIIE (DYHKI[ISIM, POTpaMa YUTAEThCS JETKO. Po3risHeMo
nuine nBi nepuii ¢yHkiii. Systemlnit() - BiamoBijiae 3a HajalITYBaHHS TaKTyBaHHS
nporecopy. be3 BukiMKy i€l ¢GyHKIT mporecop MpalBaTUME Ha YacTOTi IO
3amoBuanHi0 — 16MI'm. SystemCoreClockUpdate() - BignmoBimae mwmimie 3a
pO3paxyHOK JIMCHOI YacToTu mpouecopa. s koHcTaHTa MOke OyTH BUKOpHCTaHa
JUTSL PO3PAXyHKY 4acToT 1HTEpdeiciB Ta TaitmMepiB, 00 NporpaMa paxyBaia 4yac npu
PI3HMX HaAJAIITYBaHHSX MPaBUIILHO.

B ocHOBHOMY LMK MPOTpaMu BiIOYBAETHCS 3UNTYBAHHS CTaHy KHOTIKH, 1
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SIKIIIO KHOITKA HATHCHEHA, BMHKAETHCS CBITIOMIO/.
Hacrtymnuuii rogoBHUN UK IEPEMUKAE CBITIOMI0IM 110 HATUCKAHHI KHOIIKH:
while (1) {
LedOn (LED1) ;
LedOff (LED2) ;
WateClickButton () ;
LedOff (LED1) ;
LedOn (LED2) ;
WateClickButton () ;

}
Ha ocHOBI oTpuMaHUX JaHUX BHUKOHAWTE CAMOCTIHHE 3aBIaHHs, KOJIU IpHU
HAaTUCHKAHHI KOPHMCTYBAllbKOI KHOIIKHM, MporpamMa Oyne MepeMUKaTH CBITIOIION.

3aziiiTe BC1 YOTUPHU CBITJIONION.

3.2. [lepepuBaHHs Ta BUKOPUCTAHHA TaiiMepiB

[lepepuBanHsT — MeXaHi3M, SKHA JO3BOJISIE amapaTHOMY 3a0€3MEYEeHHIO
MOBIJJOMJIATA TIPO HACTAHHS TOJINA y CBOi poOOTI. Y MOMEHT, KOJH Bi0OYyBa€ThCA
NIEpEpUBaHHs, MPOLECOP IEPEMUKAETHCS 3 BUKOHAHHS OCHOBHOI IpOorpamMu Ha
BUKOHAHHS BIJIMOBITHOTO 0OpOOHMKA MepepHuBaHb. K TIIbKM BUKOHAHHSA 00OpOOHUKA
3aBEpILIECHO, TPUBAE BUKOHAHHS OCHOBHOI MpOrpaMu 3 MiCLd, B SIKOMy BOHa Oyiia
nepepBaHa.

JIJisi BUKOpPUCTaHHS TIepepuBaHb HEOOXIHO CIOYATKy HANAIITYBaTH PETICT,
sakuii HasuBaeThcsl Nested Vector Interrupt Controller (NVIC ), BOymoBanmii B
KOHTpOJIEp KOHTpoJiep mnepepuBaHb. Lleil perictp € CTaHIApTHOIO YacCTHHOIO
apxiTektypu ARM 1 3ycTpidaeTbcsi Ha BCIX MpoIecopax, HE3aJeKHO BiJl BAPOOHUKA.
NVIC po3pobieHuil TakuM YMHOM, 10 3aTpUMKa nepepuBaHHg MiHiManbHa. NVIC
niATpUMy€e BOYIOBaHE MEepepUBaHHs 3 16-Ma pIBHIMU IPIOPUTETY.

Mikpokontposiep STM32F407VG wmictute 14 TaiimepiB. Y 3araibHoMy
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BUTJISI/II CXE€Ma YIIPaBJIIHHS paxXyBaHHS IMITYJILCIB MOKe OyTH IMpe/cTaBIeHa
HACTYITHUM YMHOM (puc. 3.4):

BupoOHuK po3aiise BCi TaMepH HA TPH THUIIH:

1) 3 pO3UIMPEHUMH MOKITHBOCTSIMH;

2) 3araJbHOTO MPU3HAYCHHS,

3) 6a30BI.

Koxen taiiMmep Moxe mMaTu 10 4 JiHII 3aXOIUICHHS / TIOPIBHSHHS (CaMe BOHU

BUKOPHUCTOBYIOTHCS B pexkuMi renepartii [11IM).

TIM4_CLK
™ Perictp
SK PSK |= KePyBaHHA
PSC ARR
[Mepen-ainbHUK Mexa paxyBaHHS
! CNT
SK CNT p—> :

JTiYynnbHUK

Puc. 3.4. CxeMa kepyBaHHS TaKTyBaHHSIM TallMepy

HacrynHna nporpama aeMoHCTpye poOOTY 3 EPEPUBAHHAMM 1 3 TaiMepaMu. Y
HIl peani30BaHO NMEPEMHUKAHHS CBITJIONI0/1A, AKUH TIIKIIOUEHUN IO TOPTY BBEJCHHS/
BUBEJICHHS, Yepe3 KOXKHY CeKyHay. [ 1poro momepemHio mporpamy AOMOBHUMO
byHKIISIME:
void LedToggle (int LEDS) {

GPIO ToggleBits (GPIOD, LEDS);

OyHKIIis] BAKOHYE MIEPEMUKAHHS CTaHy BUXO/y Ha IPOTHIICKHE 3HAUCHHS,

SAKIIIO Ha BI/IXiI[ rnoaaBajiacsa HaIpyra TO BOHa BUMKHCTBCS, SAKIIO K HAIIPYIru HE 6y.]'IO
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— Hampyra OyJie nmojaHa.

void TIM2 IRQHandler (void) {
if (TIM GetITStatus(TIM2, TIM IT Update)
l= RESET) {
TIM ClearITPendingBit (TIMZ2,
TIM IT Update); LedToggle (LED2);

HaBenena ¢ynkuis mae QikcoBaHy Ha3By 0OpoOHMKa mepepuBaHHA. Bci
JIOCTYMHI 0OpOOHMKH MepepuBaHb MOXHA MEPErNsaHyTH y Qaitni startup cekmii. s
TOro o0 BU3HAYUTU BIIACHUM OOPOOHUK TIEpPEpUBAHHS, JOCTATHBO CTBOPUTH
GyHKIIIO 3 BIJMOBIIHOIO Ha3Bow. Takoxx Jjuisi O0araTh0X MPHUCTPOIB MEPEPUBAHHS
MOK€ BUKJIMKATUCS MO PI3HUM MOJISIM, TOMY B OOpOOHUKY mepen0adyeHO YMOBHHIA
OmepaTrop B SIKOMY MEpeBIpSETbCS (PAKT MEPENOBHEHHS JIYMIBHUKY, JIMILIE MICIs
I[bOI'O0 CTAHOBUTKLCS O3HAKA, 110 MepepuBaHHS 0OpPOOJIEHO, a MOTIM 3MIHIOETHCS CTaH
JIPYroro CBITIOII0AY.

Hactynna QyHKIis ckiaagaeTbcs 3 JIBOX JIOTIYHUX YaCTUH, HaJAIITyBaHHS

JI03BOJTY Ha TIEPEPUBAHHS Ta HAJIAIITYBaHHS TailMepy:

void INTTIM Config(void)

{
NVIC InitTypeDef nvic struct;
nvic struct.NVIC IRQChannel = TIM2 IRQn;
nvic struct.NVIC IRQChannelPreemptionPriority
= 0; nvic_ struct.NVIC IRQChannelSubPriority =
1; nvic struct.NVIC IRQChannelCmd = ENABLE;
NVIC Init(&nvic struct);

TIM TimeBaseInitTypeDef tim struct;

RCC APBlPeriphClockCmd (RCC APBlPeriph TIMZ, ENABLE);
tim struct.TIM Period = 10000 - 1;

tim struct.TIM Prescaler = SystemCoreClock/10000 - 1;
tim struct.TIM ClockDivision = TIM CKD DIVI1;

tim struct.TIM CounterMode = TIM CounterMode Up;

TIM TimeBaseInit (TIM2, &tim struct);

TIM ITConfig(TIM2, TIM IT Update, ENABLE);

TIM Cmd(TIM2, ENABLE);

HanamryBanHst 103BOJy TMepepuBaHHS BiJOYBA€TbCS BHUKJIMKOM (DYHKIIIT
NVIC Init, qns sixoi miarorosieni HajamtyBaHHs B cTpykTypi NVIC InitTypeDef.
JInsi MO0 BUKOPHUCTAHHIO B JICTUHTY (YHKIII, BKa3yeTbCsl BEKTOP IEpEepUBaHHS,

PIOPUTET, MIAMPIOPUTET Ta KOMAH/IA 3a/IITHHS TIEPEPUBAHHSI.
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Hactynuuii Onok BiamoBimae 3a poboty Taiimepy. llicnga yBIMKHEHHs
TaKTYBaHHS TaliMepy 3allOBHIOETHCA CTPYKTypa B fAKIA 3a3HA4Y€HO, II0 MEpioj
muunbHuka € 10000-1=9999, ne o3Hayae MOCTYNHICTh 3HAYEHHS JIYWJIBHUKA B
Mexkax 0.9999 — necate THCAY HUKIIB (00 HYIBOBHUU CTaH TEX IMOTPIOHO
BpaxoByBaTH). HacTymHMM mapamMeTpoM HaIAMITOBYETHCS TEPEITIUUIbLHUK, SKHHA
(dakTUYHO BHCTyHae B poJli JUIbHUKA 4YacTOTH. [lo JocATHEHI momepeaHbOro
JIYMIBPHAKA BKA3aHOTO 3HAYCHHS, MOTO TaliMep CKHIA€ Ha HYJb Ta HA JIIYUIHHUK
Bianpasisie immyiabc. Tyt SystemCoreClock/10000-1 rapantye, mo 10000
IMITyJIbCIB, SIK1 CKJIAQJAIOTh IMEploj, BKIAJAATUMYThCA B OJHY cekyHnay. Lle o3nauae
IIOCEKYHJIHUI BUKIWK OOpOOHMKA TMepepuBaHb (AKIIO YacTOTa IMPOILECOPY
HaJIAIITOBAHO MPABUJILHO).

Jlami  3aCcTOCOBYIOThCSI HaJallITyBaHHS, BMHUKA€TbCS TE€HEPYBAHHS MOJii
MEPEIIOBHEHHS JIIUMJIbHUKA Ta MOJAEThCA KOMaHAa Ha YBIMKHEHHs TaiiMepy. Came 3
I[OT'O MOMEHTY MMOYMHAETHCS paxXyBaHHs Yacy Ta BUKJIMK OOpOOHUKA MEpEePUBAHHS.

Tino mporpamu Tenep MaTUMe BUTJISIA:
int main (void)

{
SystemInit () ;
SystemCoreClockUpdate () ;

LedsInit (LED1 | LED2 | LED3 | LED4);

LedOff (LED1 | LED2 | LED3 | LED4);

INTTIM Config();

while (1) {
LedOn
Delay
LedOn
Delay

LED1); LedOff (LED3);
500000) ;
LED3); LedOff (LED1);
500000) ;

o~ o~ o~ o~

Ils mporpama Majao BIIPI3HAETHCS BijJ MOMEPEIHBOI, MOAAHO JIUIIE BHKIHK
HAJIAIITYBaHHSA OOpOOHMKA TMEpEepUBaHHS, MICHS SIKOTO BiIOYBAa€ThCS YBIMKHEHHS
CBITJIOZIIOAY KOXKHI1 JB1 CEKYH/IH.

JIist  caMOCTIMHOTO OIaHyBaHHs, MOAU(DIKYWTe MporpaMmy 3 TMOMEePeaHbOI
IJ1aBU, KOJIM TEPEMHMKAHHS CBITJIOAIOAIB BiIOYBA€ThCS HE JIMIIE 32 HATHUCKAHHSIM

KHOIIKH, aJie i Mo moii Taiimepy.
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3.3. I'eHepyBaHHSI CUTHAJY IHIHPOTHO-IMITYJIbCHOI MOXYJISIII

MupotHo-immynbcHa moxyssmis (IOIM) - cmoci6 ympaBmiHHS cepenHiM
3HAYCHHSIM HANpyrd Ha HABAaHTAXXEHHI HUIIXOM 3MIHM IIUPUHUA IMITyJbCIB. B
OCHOBHOMY, MIKPOKOHTPOJIEPH J03BOJISIIOTh TreHepyBatu mudposuid IIIM pizHoi
YaCTOTH.

MiKpOKOHTpOJIEp MPU3HAYEHUN Ul KEpyBaHHS 30BHIIIHIMHM MPUCTPOSIMHU 32
JITOpUTMaMH, SIKI BUPAXOBYIOTh CUTHAJIM KEpPYBaHHsS 33 OTPUMAHMMU 3 JIATUHUKIB
naHumu. Jleski MOpUCTpOi BUMAramTh [JIs KepyBaHHA (OpMyBaHHS CHUTHAJIIB
MUPOTHOI iMIyJbcHOT Moaymsii (IIIM). 3micT 1poro curHaimy IOKa3aHO Ha

HaCTYITHOMY MAaJIIOHKY:

‘U

-|-1 T'IJ J[

Puc. 3.5. Ilpuxknan M curnany

IIM curnan (popmMy€eTbcsi OTUHUYHUM IMITYJIbCOM HAaIIPYyTH 3 MEBHOO May3010.
[Tpu ubomy uvac T=const, mepioa CUTHAJIy € BEIMYMHOKO MOCTIHHOIO, a 3a LEed 4Yac
posnonin Ty, To Moxke 3miHIOBaTHCs. Ta 3aBxau € cipaBeymBoro cyma T=T1+T,.

Takuii curHam Moke BUKOPHCTOBYBATHCS MJisi PEryJIIOBaHHS CBITUMOCTI

CBITJIO/10Ty a00 MOTY>KHOCT1 JIBUTYHA MOCTIMHOTO cTpyMmy. Binmomo, mo cBitioaion

Ma€ MOPOrOBY HAIPYTY KUBJICHHS, MICJIS SKOI BIH MOYMHAE Mai>Ke 0JIpa3y CBITUTHUCS
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Ha MOBHY MOTYXHICTh, 1 3 METOIO 3aMOOITaHHs MEPEropaHHs, CTPYM XUBJICHHS Ta
SCKPaBICTh CBITIHHS OOMEXYIOTh JIOJaTKOBUM OMOPOM. J[Jis perysiatoBaHHS CBITHOCTI
CBITJIOZIOAY MOTPIOHO BUKOPUCTATH 3MIHHHH OIIp, aje Omip MIKPOKOHTPOJIEPOM
peryioBaTH € HETPUBIATBHOIO 33/a4ei0, TOMY CBITJIO/NIO BHKOPHUCTOBYIOTH B
PEXKMMI MaKCUMAIJIbHOT IOTY>KHOCTI, aJie )KUBJISAThH HOTro mynbcytouuM ctpymom HIIM
curHairy. @aktuuHo 3a 4yac T CBITJIOAION HA MOBHY MOTYXKHICTh CBITUTH 4ac Tj,
100610 100T1/T % H"acy cBiTioaion € mxepesnoM cBiTia. s manmoro nepiony T, koiau
3a OfHY CEeKyHmy BimOyBaeThcsi Ounbime 1000 cnamaxiB, JIIOJCBKE OKO CHpPHIMAE
TaKuM PeXUM SIK TUIABHY 3MIHY SICKpaBOCTI cBiTI0Ai01y. [lle o/Hi€ro 3 mepeBar Takoi
cxemu >kuBjieHHS € Ouibil Bucoke KKJ[ BukopucTaHHS eNEKTPUYHOI EHeprii,
3MEHIIMBIIHN i BUTpAYaHHS Ha JIOJIATKOBUX OMOpax.

[lepen migkIOYEHHSM MPUCTPOIO Bigomi Taki nmapamerpu LM, sk gactora i
koe(imieHT 3amoBHeHHA. [ns iX po3paxyHKy B KoHTpojepax STM32 nHeoOxigHO
BU3HAYUTH 3HAYCHHS MPEJIUIbHUKA 1 aBTOMATHMYHO 3aBAHTAKYBAaTH 3HAYCHHS B
perictpi ARR (Auto-Reload Register). Po3paxyHok 3Ha4ueHHs, SIK€ CJIiJI 3aKUcaTH B
NepeIIiTbHUK BUKOHYETHCSI HACTYITHUM YHHOM:

- TIMxCLK
TTMxCNT
ne PSC — 3HadeHHs mepeaiIbHAKA,;
TIMXCLR — BuxinHa yactota poO0OTH Taitmepy;
TIMXCNT — yacToTa miYnIbHUKA.

Jlns oTpuMaHHS HEOOX1HOT BUXITHOT YACTOTH CJIiJ 3allUCcaTH 3HaYCHb B

perictp ARR, sike mmoBuae 3 HACTYIMTHOTO CIiBBITHOIIICHHS:

TIMyCNT
ARR VAL = ! 1,

TIMx suxiona wacmoma

ne ARR_VAL — 3nauenns asns 3anucy B perictp ARR;
TIMx euxiona uacmoma — BUX1JHA 4acTOTa poOOTH

taiiMepy; TIMXCNT — gacroTa niuuibHUKA.
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OcTaHHIM eTanmoM € 3aBJaHHS MOTPIOHOrO Koe(illieHTa 3almOBHEHHA, IO
3a0e3MneynTh MOTPIOHE 3amoBHEHHs IMmIynbecy. Ll mporenypa mpoBoauTbCA 3a
JIOTIOMOT010 pericTpa 3axoruieHHs/mopiBHsHHA (Capture / compare register, CCRx),
BUXOJISIYY 3 HACTYITHOTO CITiBBITHOIIIECHHS:

7 CCRx VAL,

ARR VAL

ne Z — xoediuient 3anoBHeHHs, CCRXxVAL — 3nauenns perictpy CCRx.
OcCoOMBICTIO TaHUX MIKPOKOHTPOJIEPIB € T€, 10 B MEPEIAUIBHUK 1 1HIII PETICTPH
MOXKHA 3anucatd Oy/b-sIKe 3HA4YeHHS, SKE MOXKHAa OINHUCAaTH 3 JOMOMOIOI0
BIJIBEICHOTO KUIBKOCTI po3psiaiB. Bugaua curnany IIIM Ha BUXiZ HE € OCHOBHUM
pPEeXKUMOM  pOOOTH  BHCHOBKIB TIOPTY, a BIAHOCUTBCA JI0  JOJATKOBUX
(asibTepHAaTUBHUM) pekuMaM. ToMy nonepeIHb0 NOTPIOHO 334aTH MOTPIOHUHN pPEeKUM
B HaJJAIITYBAHHSAX MOPTY. ISl MiAKIIOYEHHS albTepHATUBHUX (DYHKIIM 10 MOPTIB
BBEJICHHS / BUBOTY HEOOXIJIHO:

1. IliaxiarouuTH BUXiA J0 albTepHATUBHOT (DYHKIIIT BIATOBIAHOTO
nepudepiitHoro mpuctporo 3a gonomororo ¢pynkiii GPIO PinAFConfig.

2. KonirypyBaTu BuXijJ B peKUM BUKOHAHHS aJIbTE€PHATUBHOI (DYHKIIIT -
GPIO_Mode_AF.

3. BukonaTu iHIII HaJAIITYBaHHS.

4. Buknukatu GPIO Init ams 3acTocyBaHHS 3a3HaY€HUX HAJIAIITYBaHb.

PosrnsHemo nporpamMHy peaizaliro:

#include "stm32f4dxx.h"
#include "stm32f4xx rcc.h"
#include "stm32f4xx gpio.h"
#include "stm32f4xx tim.h"
#include "misc.h"

Hacrynna ¢yHKITIS BIAMOBIAAa€ 32 HAAITYBaHHS YETBEPTOrO TakMepy Ha
resepyBanHs 11IIM 1o 4oTupbOM KaHajaM:

void PWM Init () {
TIM TimeBaseInitTypeDef time init;
RCC_APBlPeriphClockad (RCC_APBlPeriph_TIM4 , ENABLE) ;
uintl6 t PrescalerValue = (uintl6 t) ((SystemCoreClock
/ 2) / 21000000);
time init.TIM Period = 665;
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time init.TIM Prescaler = PrescalerValue;

time init.TIM ClockDivision = TIM CKD DIVI1;
time init.TIM CounterMode =

TIM CounterMode Up; TIM TimeBaseInit (TIM4,
&time init);

TIM OCInitTypeDef oc init;

oc init.TIM OCMode = TIM OCMode PWMI;

oc_init.TIM OutputState = TIM OutputState Enable;
oc_init.TIM Pulse = O;

oc init.TIM OCPolarity = TIM OCPolarity High;

TIM OClInit(TIM4, &oc init);

TIM OClPreloadConfig(TIM4, TIM OCPreload Enable);
TIM OC2Init (TIM4, &oc init);

TIM OCZ2PreloadConfig(TIM4, TIM OCPreload Enable);
TIM OC3Init(TIM4, &oc init);

TIM OC3PreloadConfig(TIM4, TIM OCPreload Enable);
TIM OC4Init(TIM4, &oc init);

TIM OC4PreloadConfig(TIM4, TIM OCPreload Enable);
TIM ARRPreloadConfig (TIM4, ENABLE);

TIM Cmd(TIM4, ENABLE);

B mepmry wuwepry komanaor RCC _APBI1PeriphClockCmd mnogaerscs
TaKTyBaHHS Ha  4eTBepTHl  Taiimep. Jlami  po3paxoByeTbcs  3HAYCHHS
nepepmumibHuka PrescalerValue tak, mo6 yactora IIIM immynbsciB He 3anexana
B1JI TAKTOBOI YacCTOTH mIpouecopa. Jlaml BCTaHOBIIOEMO MEPIOJAUYHICTD IMITYJIBCIB B
665 TaKkTOBUX IMITYJIbCH 3MEpeUTUMIbHUKA. [HI HAJaMTyBaHHS € aHAJIOTTYHUMHU
110 10 HAJIAIITYBaHHS TailMepy 2, AKUH PO3TSHYTO B MONEPEAHbOMY IPHUKIA/IL.

Hami B ¢yskuii PWM Init npoBoauthcs HamamtyBanHa Buxoai M,
OKpEeMO JJisi KOKHOTO 3 KaHamiB. {11 1[bOTO0 MPOBOJUTHCS 3allOBHEHHS CTPYKTYpHU
TIM_OClInitTypeDef. IM_OCMode npuiimae 3nauennss TIM_OCMode PWMI, 60
caMe Ied peXHM BIANOBITAE 3a TEHEPYBAaHHS HEMEPEPBHUX IMITYJIbCIB 3a/1aHOi
mpund. TIM_ OutputState npuitmae 3HaueHHs TIM_ OutputState Enable as
YBIMKHEHHSI TIOJJaHHSI CUTHATY Ha BUXia MikpokoHTposiepa. TIM Pulse = 0 Busnavae
noyaTKoBY mupuny curnaiy, a TIM_OCPolarity = TIM_OCPolarity High Bu3nauvae,
IO peryJlOBaHHA BiOYBAa€ThCSA IMMPUHOK CaM€ TIOYAaTKOBOTO OJMHUYHOTO
IMITYJIbCY, @ 10 KIHIS Tepioay Oyle BUBOJIUTHUCS HYIbOBHUH piBeHb. Ilicns mporo
3aCTOCOBYIOTHCS HANAIITYBAaHHS HA KOXKEH 3 KaHaIB. 3aBepirye (yHKIIIF0 BMUKAHHS
YETBEPTOTO TaliMepy, MIiCIIS YOTO MOYNHAETHCS TeHEPYBaHHS CUTHATY.

HanamtyBanHs BUXOJIB JO CBITJIOAIOMIB BIAPI3HIETHCS BiJl MPOCTOTIO
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Bukopucrtanusa GPIO:

volid LedsPWMInit () {

GPIO InitTypeDef gpio init;

RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOD, ENABLE);

gpio init.GPIO Pin = GPIO Pin 12 | GPIO Pin 13 |
GPIO Pin 14 | GPIO Pin 15;

gpio init.GPIO Mode = GPIO Mode AF;

gpio init.GPIO Speed =

GPIO Speed 100MHz;

gpio init.GPIO OType = GPIO OType PP;

gpio init.GPIO PuPd = GPIO PuPd UP;

GPIO Init (GPIOD, &gpio init);

GPIO PinAFConfig (GPIOD, GPIO PinSourcel?2,
GPIO AF TIM4); GPIO PinAFConfig (GPIOD,
GPIO PinSourcel3, GPIO AF TIMA4);
GPIO PinAFConfig (GPIOD, GPIO_ PinSourcel4,
GPIO AF TIMA4); GPIO PinAFConfig (GPIOD,

GPIO PinSourcelb5, GPIO AF TIM4);

Tyt pexxum pobotu obpano sik GPIO Mode AF, mo o3Hayae BUKOpUCTAHHS
BUXOJly B OJHOMY 3 aJIbTEpHATUBHUX peXuMiB. [licisi 3acToCyBaHHS HalallITyBaHb
BUXOJIB JI0 CBITJIOJIOAIB, BKAa3ye€TbCs JJIsI KOXHOTO 3 BHUXOJIB, 5Ky came
aIbTEpHATUBHY (DYHKIIIFO BOHU OYyTh BUKOPHCTOBYBATH.

Hacrynna 3MinHa noka3zyro ¢azy po3noauTy siCKpaBOCTI M1k CBITJIOI10aMu:

volatile int faze = 0;
Hacrynna ¢yHkiis € oOpoOHUKOM TepepuBaHHS BiJ Jpyroro TaiMepy, BOHa

BUKOpHUCTaHAa JIJIsl 3MIHU (pa3u CBITIHHS CBITJIOAIOIB Ta 3aMKUCY IHUPUHU IMITYJILCIB Y
perictpu CCRx TaiiMepy, 3aBASIKU I[IbOMY IIMPUHA IMITYJILCIB IO YOTUPHOM KaHaJIaMm
€ PI3HOIO:

void TIMZ IRQHandler (void) {
if (TIM GetITStatus(TIM2, TIM IT Update) !=
RESET) { TIM ClearITPendingBit (TIM2,

TIM IT Update); faze = (faze+l)3665;
TIM4->CCR1 = (faze+665*0/4)%665;
TIM4->CCR2 = (faze+665*1/4)%665;
TIM4->CCR3 = (faze+665*2/4)%665;
TIM4->CCR4 = (faze+665*3/4)%665;

HanamryBanns nepepuBanss INTTIM Config € ananoriyaum g0

MONEepPeAHHOTO MPUKIIAY Ta BIIPI3HAETHCS JIUILIE YACTOTOIO CIIPAIlFOBAHHS:

void INTTIM Config(void)
{
NVIC InitTypeDef nvic struct;
nvic struct.NVIC IRQChannel = TIM2 IRQn;
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nvic struct.NVIC IRQChannelPreemptionPriority = 0;

nvic struct.NVIC IRQChannelSubPriority
= 1; nvic struct.NVIC IRQChannelCmd =
ENABLE; NVIC Init (&nvic struct);

TIM TimeBaseInitTypeDef tim struct;

RCC APBlPeriphClockCmd (RCC APBlPeriph TIMZ2Z, ENABLE);
tim struct.TIM Period = 400 - 1;

tim struct.TIM Prescaler = SystemCoreClock/100000 - 1;
tim struct.TIM ClockDivision = TIM CKD DIVI1;

tim struct.TIM CounterMode = TIM CounterMode Up;

TIM TimeBaseInit (TIM2, &tim struct);

TIM ARRPreloadConfig(TIM2, ENABLE);

TIM ITConfig(TIM2, TIM IT Update, ENABLE);

TIM Cmd(TIMZ, ENABLE);

B pesynbTaTi rosioBHa QyHKIlSA MICTUTH Juiie HanamTyBaHHs M curnamy
Ta MEepEepUBaHHA A 3MiH sICKpaBocTi. Bcl monii reHepyroTbesl amapaTHO Ta 3a
JIOTIOMOTOI0 TIEpEepPUBAaHHS, B Pe3yJbTaTi MK MOXKHA 3alHATH 1HIIMMUA KOPUCHUMH

3aJadaMM.

int main(void)

{
SystemInit () ;
SystemCoreClockUpdate () ;
LedsPWMInit () ;
PWM Init();
INTTIM Config();
while (1) {

3.4. BUKopuCTaHHA AaHAJIOT0BO-UM(POBOIro NepeTrBoprOBaya

Mikpoxontposiep STM32F407VG Brimouyae B cedbe tpu ALl Po3psaHicTh
Bcix ALl cranoButh 12 6it. KokeH mepeTBOproBay 3MaTHHUI MPUHAMATH CUTHAT 3
IIICTHAALSTH 30BHIIIHIX KaHamiB. KpiM TOro, A0 ckjiaay KOHTpoJiepa BXOJUTH
JaT4uK Temneparypu. /[liama3oH BXITHOT HAmpyrd BiA JaTYUKy TeMIepaTypu
ctaHoBuTh 1.8...3.6B. Jlatuuk Temmeparypu MNIIKIOYEHUH 1O BXIJHOIO KaHAY
ADC IN16, sikuii BAKOPUCTOBYETHCS JIJIsl TOTO, 11100 MEPETBOPUTH BUXIAHY HAIIPYTY

ceHcopa B mudpoBe 3HAYCHHsS. BHYTpIHINA MaT4MK TeMmIepaTrypu NpU3HAYCHUN
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JUIIe JUIsS BIACTE)XKEHHS 3MIHM TeMIIepaTypH, a He I il BUMIPIOBAHHS, OCKUIbKHU
3CYB TIOKa3HHKIB JAaTYMKa MOJKE 3MIHIOBATHCS B XOJI 3MiH TMapaMeTpiB MPOIECY.
Tomy, K110 HEOOX1AHO TOYHE BUMIPIOBAHHS a0COMIOTHUX 3HAYEHb TEMIEPATypPH, TO
JUTSL 1IHOTO Kpallle BUKOPHUCTOBYBATH 30BHINIHINA JATYHK, SKUH MPU3HAYCHUNA came
JUTsI TOYHOTO BUMIPIOBaHHS TEMIIEPaTyp.

Jlnis Toro, o6 MpaBUIbHO BU3HAYUTH MOAAHY HAMpyTy, HEOOX1THO MPOBECTU
JOJJaTKOBI BUMIpIOBaHHA. JJis 1bOTO 3a JOMOMOTOI0 BOJBTMETPAa BHU3HAUYAEMO
Hanpyry, ska BignmoBigae Obl11111111111=4095, miakno4YuBIIM BOJABTMETEP 10
BIJNIOBIIHUX BHUXO/IIB M0Jaul )KMBJIEHHS Ha nporecop. Hanpuknaza, Ko BOJIBTMETP
MoKaszaB, 10 B Hampyra JopiBHIoe 2.96B, 3amucyemo naHuii KoeilieHT
0e3nocepeHbO B KOJI IPOrpaMu.

Po3paxyHok HanpyTu 311MCHIOETHCS 32 HACTYTHOIO (hOPMYJIOH0:

. U, -ADC
" ADC.

MEx

ne Uy — BUMIpsSHE 3HAUCHHS HAIPYTH KUBJICHHS,
ADC — moka3HUK aHaJ0TOBO-IIM(POBOTO MTEPETBOPIOBAYA;
ADCpax —  MakcUMajJbHO  MOXIMBHA  TIOKa3HWK  aHAJIOTOBO-IIM(POBOTO

NEepeTBOpIOBaya, B HAIIOMYy BHUIAAKy st mporecopiB STM32F... mae 3HaueHHs

4095.

HactynHuii nporpaMHMii KOJ JIE€MOHCTPYE BUKOPUCTAaHHA LHU(PPOBOTO
BOJILTMETPY B PpEXKHUMI BHUMIPIOBAHHS [0 3alUTy. 3BICHO, ICHYIOTh PEXKUMH
aBTOMaTUYHOIO 3alUCy BHUMIPSHUX 3HAa4eHb 3 KUIbKOX KaHaiaiB mo DMA go
OTepaTUBHOI TaM'aATi B (OHOBOMY pEKHMi, OJIHaK OJHOPA30BE BUMIPIOBAHHS
JI03BOJISIE BUKOPUCTATH BUMIPIOBAHHS B TOW Yac KOJIM BOHO came MOTPIOHO 3 OLIbII

MPOCTUMH HAJIAIITYBAHHIMU Ta BUKOPUCTAHHSIM MEHIIOT KITbKOCTI 0610J110TeK:

#include <stm32f4xx rcc.h>
#include <stm32f4xx gpio.h>
#include <stm32f4xx adc.h>

void Led init () {
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GPIO InitTypeDef gpio;

RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOD,
ENABLE) ; gpio.GPIO OType = GPIO OType PP;
gpio.GPIO PuPd = GPIO PuPd NOPULL;

gpio.GPIO Mode = GPIO Mode OUT;
gpio.GPIO Pin = GPIO Pin 12;

gpio.GPIO Speed = GPIO Speed 100MHz;

GPIO Init (GPIOD, &gpio);

void Led on () {
GPIO SetBits(GPIOD, GPIO Pin 12);

void Led off () {
GPIO ResetBits (GPIOD, GPIO Pin 12);

[lepmi Tpu HaBeneHi QyHKIIi 3HAOMI MO MONEPENHIM MPUKIAIAM 1 HIYOTO
HOBOT'O HE MICTSTh B CBOEMY KoJi1. HOBOIO € HacTynHa QyHKIIis:

void Adc gpio init () {
GPIO InitTypeDef gpio;
RCC_AHBlPeriphClockad(RCC_AHBlPeriph_GPIOA, ENABLE) ;
GPIO StructInit (&gpio);
gpio.GPIO Pin = GPIO Pin 0;
gpio.GPIO Mode =
GPIO Mode AIN;//GPIO Mode AN
GPIO Init (GPIOA, &gpio);

Tyr mnpoBonWThCS HaJAaITYBaHHA BHUBOAY MIKPOCXEMHU Ha poOOTy sK
aHajoroBuil BxiA. Big BiIOMUX 10 IbOrO HajlalITYyBaHb TYT BUKOPUCTAHO (DYHKIIIIO
3alIOBHEHHS  CTPYKTYpH  HaJallITyBaHHS Ha 3HAYE€HHd 1O  3aMOBYAHHIO
GPIO_Structlnit, gam HOBHM € JuIIe PEXUM POOOTH JIAMKK MIKPOCXEMH SK
ananorosuit Bxix GPIO Mode AIN.

Hacrynna ¢yHkiis BianoBijzae 0e3mocepeHbO 32 HANAIITYBaHHS LIUGPOBOTO

BOJIETMETPY:

void Adc init () {
ADC InitTypeDef adc;
ADC CommonInitTypeDef adc_init;
RCC APBZ2PeriphClockCmd (RCC_APB2Periph ADCI,
ENABLE) ; ADC_DeInit();

ADC StructInit (&adc);
adc_init.ADC Mode =

ADC Mode Independent;
adc_init.ADC Prescaler =
ADC Prescaler Div$;

adc.ADC ScanConvMode = ENABLE;
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adc.ADC ContinuousConvMode = ENABLE;

adc.ADC ExternalTrigConv =

ADC ExternalTrigConvEdge None; adc.ADC DataAlign =
ADC DataAlign Right; adc.ADC Resolution =

ADC Resolution 12b;

ADC CommonInit (&adc init);
ADC Init (ADCI1, &adc);
ADC_Cmd (ADC1, ENABLE);

HaBenena  (QyHKIis  BUKOPUCTOBYE 1Bl  CTPYKTypHM  HaJallTyBaHb
ADC InitTypeDef Ta ADC CommonlnitTypeDef. [ami posrisiHeMO BHKOpUCTaHI
HaJTaIITyBaHHS:

ADC_Mode = ADC_Mode_Independent — pexxum He3alle)KHUX BHUMIiPIOBaHb.
[lepenik MOXIMBUX PEKHUMIB MOXHA MEperyisiHyTH y (aim «stm32f4xx_adc.h» B
poszaun defgroup ADC Common mode.

ADC_Prescaler = ADC_Prescaler_Div8 — Bu3Ha4yae TakTOBY 4acTOTy HajaHy
BciM ALIII, minpHMK 9acTOTH MOXKE MaTH 3Ha4YeHHS 2, 4, 6 Ta 8.

ADC_DMAAccessMode — BiamoBijgae 3a BHKOPHUCTAHHS OJHOTO 3 KaHAJIiB
DMA, B Hamomy Bunaaky DMA He BUKOPUCTOBYETHCS, TOMY 3aJUIIAETHCS HYJIHOBE
3HAYEHHS.

ADC_TwoSamplingDelay — 1eit mapamerp BiAmoBigae 3a may3y Mixk
MOCJIIIOBHUMH BUMIpaMH B aBTOMaTUYHOMY PEKHMI, TYT BAKOPUCTOBYIOTHCSI OKpPEMI

BUMIPIOBAaHHS, TOMY 3HAYECHHS o0paHo o 3aMOBYAHHIO
ADC_TwoSamplingDelay 5Cycles=0.

ADC_Resolution = ADC_Resolution_12b — BignoBijgae 3a HaJlalITyBaHHS
pexumy po3aunbHoi 3aatHocTi ALIL el napamerp Moxe npuitMaT 3Ha4eHHS 6, 8,
10 ta 12 Giris.

ADC_ScanConvMode = ENABLE a6o DISABLE — Bka3ye, un KoHBepTaIlis
BUKOHYETHCA B OaraToKaHaJIbHOMY YU OJJHOKAHAJIbHOMY PEKHMI.

ADC_ContinuousConvMode = ENABLE a6o DISABLE - Bka3zye um
BUKOHYETBHCS BUMIPIOBAHHS B PEKUMI O€3MepepBHOTO a00 OTMHOYHOTO PEKUMY.

ADC_ExternalTrigConvEdge =  ADC_ExternalTrigConvEdge None —
BHU3HAYAE 110 30BHIIIHI CUHXPOIMITYJIbCH BUMIPIOBAHHS HE BUKOPUCTOBYIOTHCS.

ADC_ExternalTrigConv — BiamoBimae 3a BHOIp JpKepejda 30BHIIIHIX
CUHXPOIMITYJIbCIB, JHKEPEIOM MOXKYTh IMpalfoBaTH TakMepu ab0 30BHILIHIN CHUTHAI,
SIKUW TOJIA€THCS 10 MIKPOKOHTPOJIEPY.

ADC_DataAlign = ADC_DataAlign_Right — 3agae monokeHHs OTpUMaHHX
3HAYEHb MMPABOPYY, TOOTO BUMIpPSIHE 3HAYCHHS HAICKUTH MTPOMIXKKY 0..4095.

ADC_NbrOfConversion — Bka3ye kinbkicth BuMmiptoBanb AIIl siki Oyme
3po0JIeHo A peryisipHoi rpynu kaHamB. Lleit mapamerp Mae konuBatucs Bim 1 g0
16.

OcTanHl KOMaHIM 3a[islfOTh 0OpaHi HajamTyBaHHsS Ta BMuKaioTh ADCI.

HacrynHa ¢yHKI1IsI BAKOHY€E O€31ocepeiHE BUMIPIOBAHHS HAPYTH Ha
oOpanoMy kaHajii. [0 1bOro BIAMOBIAHMI BHUXiJ MIKPOCXEMU TOBUHEH OyTH
HAJIAIITOBAHUH SIK aHAJIOTOBUI BXI1/;:
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ulo ReadADCI1 (u8 channel) {

ADC RegularChannelConfig (ADCI,
channel, 1, ADC SampleTime 3Cycles);
ADC SoftwareStartConv (ADCI1) ;
while (ADC GetFlagStatus(ADC1l, ADC FLAG EOC) ==
RESET); return ADC GetConversionValue (ADC1) ;

OyHKISA MICTUTh BHOIp KaHally JUIsi BHUMIPIOBaHHSA Ji€ BKa3aHO, IO
BuMipioBanHs 3aiiicHioe ADC1, Bka3yeTbcs KaHal a MOTIM iX KUIBKICTh, B pasi
IPYNOBOTO BHUMIPIOBAHHS KUIBKICTh Oyje Oulbliol0 3a oauHuipo. OcTaHHIM

napaMeTpoM BKa3aHO Yac BUMIPIOBAHHA B IIMKJIAX (JI€AK1 3HAYCHHS 3 IPOMIXKKY Bij 3
10 480).
HacTtynHoio KOMaHJ010 TPOBOAMTHCS 3amycK BHUMipIOBaHHA. [lami B mumkimi

OUIKY€TbCSl TpAIop 3aBEPIICHHS BUMIPIOBAHHS, IICIS YOTO BUMIPSHE 3HAYCHHS
MOBEPTAETHCS 3 QYHKIIII.

HactynHa gyHKIiis BXe BijioMa 32 MUHYJIUMHU PUKIaJaMU:
void Delay(volatile int Val) {
while (Val--);

Tino mporpamMu MICTUTh (DYHKIIT HajJalITyBaHb, HICHS SKUX B TOJIOBHOMY
LUKJI [IPOBOAMTHCS BUMIPIOBAHHS Hanpyru. BuMipsiHe 3HaU€HHS BUKOPUCTAHE IS
3amanHg mmapyBarocti IIIM curnamy, sikuil mojgaHo Ha BOYJIOBaHMW Ha ILJIaTy
3€JIEHUH CBITJIOMIOA — SCKPaBICTh CBITJIOMIOAY HPOIOpLIHA MMOAAHIA Ha BXIiA
Hanpys3i:
int main(void) {

Adc _gpio _init();

Adc _init();

Led init();

unsigned int bin code=0;

float voltage=0.0f;

while (1) {

bin code = ReadADC1 (ADC Channel 0);

voltage = bin code * 2.96 / 0b111111111111;
/* voltage debug control only */

Led on();

Delay (bin code);

Led off();

Delay(0bl111111111111 - bin code);

Tyt MoHaA MOJIEpHI3yBaTH MPOTPAMHUIN KOJI i1 BUKOPUCTAHHS arapaTHOTO

renepyBaHHs [HIIM curnany.
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3.5. BukopuCTaHHS YHiBePCAJIbLHOI0 ACHHXPOHHO-CHHXPOHHOI0 MpUiiMaya-
nepeapauya USART

USART — yHiBepcalbHUN aCMHXPOHHO-CHHXPOHHOTO MpHiMad-TiepeaaTdHK,
NpUCTpid I mepenaul iHGopmallli depe3 MOCTIJOBHUNA MOPT, KoJM OITH 4YHcia
nepeIaloThCs M0 Yep3l Mo OAH1M JiHiI. MIKpOKOHTpOJIEp BUKOPUCTOBYE J1Ba BUXOH,
OJIMH Ha mpuiiMaHHs 1HGopMalli, apyruii — nepefady. KokeH mpuctpiii Ha JNiHii
nepeaadi yTpUMy€e BUCOKHH PiBEHbB. 3a €0 03HAKOIO MPUCTPI MOKE BU3HAYATH, UH
aKTUBHUM MPUCTPIN HA 1HIIIN CTOPOHI Ta BIICTEKUTH MOMEHT MOTO IMiIKJIFOUECHHS.

WY

D 12 3 4 586 7T S

t

>

Puc. 3.6. ITlepenaua BocbMH pO3psiAHOTO OalWTy 3 OJHUM CTOM-0OiTOM 0€3

KOHTPOJIIO MapHOCTI

Hiarpama niepemadi 6aiTy mokazana Ha puc. 3.6. 3 giarpaMu BUIIHO, JIJISi TOTO
o6 mpuiiMay 3po3yMiB, IO Movaacs rnepenaya 0aiTy, nepenaBad MOBUHEH BUAATH
HU3BKUU pIBEHb Ha Yac nepefadi ogHoro Oity. Jlami mnepenaerscs OalT BiJ
MOJIOJIIIIOTO JIO CTapIIoro OiTy, aje MOpsIoK Moke OyTH i 3BOpPOTHIM. B ocTaHHIO
Yyepry nepeaaerbest 01T BUCOKOTO PiBHS AJIsl TapaHTii, 0 CTApTOBUMA OIT HACTYMHOIO
OaiiTy He Oy/Je MPOMyIIeHHUI pUiiMaueM.

Ha miarpami moka3zaHo MiHIMaibHa KOH(DIrypaifisi MakeTy CUTHAIIB IS

nepenaul Oaity. s Outblnl HaAIMHOrO 3B’SI3KY MOKHAa BHKOPHCTOBYBATH MEpen

CTOM-01TOM III€ OJIMH TOJaTKOBUN OIT MapHOCTI. 32 TOMOBJICHICTIO II€i OIT MapHOCTI
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rapaHTye mapHy ab0 HeMapHy KUIbKICTh OJUHUYHUX OITIB B MakeTi. TuM caMum

CHUCTeMa MOKE€ MEpEeBIPSITH BUMAAKH BUIAIKOBOTO MOMUIKOBOTO HPUUHSATTA OITy,

IIpU I[bOMY IApHICTh OITIB B JOMOBHEHOMY OalTI MOPYIIMTHCA 1 MpUHMad MaTHMeE

O3HaKy NPUUHATTA 1HPOpMAIl 3 HOMUIKOIO. TakoX MAesKi MOBUIBHI MPUCTPOI

BUMArarTh OUTBIN JOBTOTO CTOM-0iTy AOBXHHOW 1,5 ab0 2 Bif MOBKWHU IMITYJIbCY

Ha oJMH O1T. ANrOpUTMH Tepe/adl Ta npuiioMy 0alTy nmokazaHo Ha puc. 3.7 Ta 3.8.

3a JIOTIKOIO 1€ MPOTOKOJ IOBHICTIO BiAmoBigae Komil oTepHomy COM

NOpTy, TOMY 3a UMM MPOTOKOJIOM uYepe3 MiKkpocxeMy (Hampukiagy max232)

NepeTBOPIOBaYa PiBHIB, MIKPOCXEMY MOXKHA I/’ €JHATH 10 KOMIT I0TEPY.

HanawTyBatu
nanky
Ha nepegady

BusecTtn “0”
Ha nanky

L |

p=0b01101001
a=p>>1
a=0b00110100
a=a&0b00000001

a=p>>i
a=a&1

1

May3a B
0,1mrc

BanT ana nepegavi b

1000Mnc/9600604 =
1/9.6 mnc.= 0,1MnC.

Buginutu

3MiHHY a

3pi-nBITB

Ha nanky

BuBecTtu a

Mays3a B
0,1mnc

I

Busectn “1”
Ha narky

Maysa B
0,1mnc

( Buxig )

Puc. 3.7. Anroputm nepenaui Oaiity B nociaigoBuuiit USART nopt
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( Bxig ) SEEREREED : MpuiitMaHHa BaiiTy
1
HanawTysatu
nanky ﬂngi,u, layea B
i 0,15mnc
p=0
Yekaemo i
Tk - i=0..7
Ha Bxoai “0
L
Otpumatna | (_ Buxig - 5
nanku a
MpuitHATO p
Aopatv fo p . OTpumas a=(0, 1)
MOMOALINM | --------- L p=p| (a << i);
OiToMm a
[Mays3a B
0,1mnc
L

Puc. 3.8. Anroputrm npuiiomy 6aiity 3 nociigoBHoro USART nmopty

B  MikpokoHTposiepl peaji3oBaHa amapaTHa peaii3alis IOCIII0BHOTO
CUHXPOHHO-aCUHXPOHHOro iHTepdeiicy. PosrasHemo mporpamy, ska peani3ye
npuitmanHs Ta nepenavyy 6antiB mo USART inTepdeiicy.

Jnst Bukopuctanss anapatrHoro USART inTepdelicy OyayTh noTpiOHi
HACTYIHI 010J110TEKH:

#include <stm32f4dxx.h>
#include <stm32f4xx rcc.h>
#include <stm32f4xx gpio.h>
#include <stm32f4xx usart.h>
#include <misc.h>

binpmiicte 3 HUX BiJIOMI, HOBOIO TyT Oyne 010yioTeka OOCIyroBYBaHHS
nociigoBHoro mopty USART. Jlami #ige ¢yHKIis JUis HajgalITyBaHHS BHUXOJIIB
MIKpPOCXEMHU Ha aJbTepHATHUBHI (QYHKIlI. 3 JOKyMEHTallli MOXXHAa BU3HAYMTH, IO
USART]1 BukopucroBye 9 ta 10 ninu nopty A:
void Usart gpio init () {

GPIO InitTypeDef gpio;
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOA, ENABLE);

RCC_APB2PeriphClockCmd (RCC_APBZ2Periph USARTI,
ENABLE) ;
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gpio.GPIO Pin = GPIO Pin 9 | GPIO Pin 10;

gpio.GPIO Mode = GPIO Mode AF;

gpio.GPIO Speed = GPIO Speed 50MHz;

gpio.GPIO OType = GPIO OType PP;

gpio.GPIO PuPd = GPIO PuPd UP;

GPIO Init (GPIOA, &gpio);

GPIO PinAFConfig(GPIOA, GPIO PinSource9, GPIO AF USARTI);
GPIO PinAFConfig(GPIOA, GPIO PinSourcel(O, GPIO AF USARTI1) ;

HactynuuMm kpokom € HanamryBanHs camoro intepdeiicy USART1 na
npuiiMaHHsA-TIepeaavy OanTiB:

void Usart init () {
USART InitTypeDef usart;
usart.USART BaudRate = 9600;
usart.USART WordLength =
USART WordLength 8b; usart.USART StopBits =
USART StopBits 1; usart.USART Parity =
USART Parity No;
usart.USART HardwareFlowControl =
USART HardwareFlowControl None;
usart.USART Mode = USART Mode Rx | USART Mode Tx;
USART Init (USART1, &usart);
USART Cmd (USART1, ENABLE) ;

Tyt Bukopucrano ctpyktypy USART InitTypeDef. Po3rnsinemo Bukopucrasi
napametpu. USART BaudRate — BkasyeTbcsi MIBHAKICTH Tiepenadi B 0o0jax
(KITBKICTH OITIB 3a CEKYHIy), TYT oOpaHOo cTtaHmapTHe 3HadueHHs 9600 OomiB, 110
BI/IMOBIZIa€ HaNAIITYyBaHHIO MO 3amoB4YaHHIO Bluetooth momyns HC-06, saxuii
aBTOpamMu OyB BUKOPUCTAaHUW i TPOOHOTO 3B’SI3Ky 3 Kowmm 'roTepoM. Jlami
USART WordLength BinmoBinae 3a A0BXUHY OaiiTy, gkuil nepenaerbcsa. Ilpu
nepegayi MK ~ KOHTpoJiepaMH 1€ Toje  MoXKe  HaOyBaTM  3HA4yeHb
USART WordLength 8b Ta USART WordLength 9b. Opnak mnpu oOMiHi
JIEB’ATUPO3PsIIHI OalTH MPH 3B A3KY 3 KOMIT FOTEPOM HE BUKOPUCTOBYIOTHCS.

USART _StopBits — wmoxxe wnaOyBatu 3HaueHHs USART StopBits 0 5,
USART StopBits 1, USART StopBits 1 5 ta USART StopBits 2, mo BiamnoBizae
npoMixkky MibK Oaiitamu B 0.5, 1, 1.5 Ta 2 omuHmydux Oitu. I{1 mpomixku
BUKOPUCTOBYIOTH JIJISl TAPAHTIl 4aCOBOTO MPOMIXKKY MK JBOMa 0iTaMH, TaKOX JOBT1

npoMikku 1.5 ta 2 Oitu MOXyTh OyTH 3aaisiHi mpu OOMiHI 1H(DOpMaIllieo 3
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NOBUIBHUMHU MPHUCTPOSIMH — 3a 1€l 4Yac BOHM IOBHMHHI BCTUTHYTH 00poOHUTH

NPUHHATHI MOWHO OalT Ta MIArOTYBATUCS IO IPUHMaHHS HACTYITHOTO.

USART _Parity — BUKOpPHUCTOBYETHCS JIJIs1 KOHTPOJIIO IPAaBUILHOCTI MIPUIMaHHS
Oaiity. 3Hauenass USART Parity Even o3Hauae BHKOpUCTAaHHS NOAATKOBOTO OITY,
KWW TapaHTy€ MapHY KUIbKICTh OJMHUYHMX OITIB, SIKIIO Oyjae MOMUJIKA MPUHHATTI
Oaiity, mapuicte 6itiB mopymuthes; USART Parity Odd — kinmbKiCTh OJUHUYIHUX
o0iTiB € HemapHoto; USART Parity No — OiT mapHOCTI HE BUKOPUCTOBYEThCS. bit
MapHOCTI HE BHUKOPHUCTOBYIOTh, KOJM IOMWJIKA B Tiepenayl jaomyctuma ado
KOHTPOJIIOETbCS  MPaBWJIBHICTh Mepelayl  IHIIMMH [POrpaMHUMHU  3ac00amu,
HAMpUKJIaJ] MakeT OalTiB JIOMOBHIOIOTh KOHTPOJBHOI CYMOIO Ta TEPEBIPSIOTH
MPUIHATY KOHTPOJIBHY CyMY Ta PO3Pax0OBaHy CaMOCTIHHO.

USART_HardwareFlowControl — anapaTHuii KOHTpPOJIb JI03BOJIy Ha
npuiiMaHHs Ta nepedadi  OalTiB. Moke HaOyBaTM HACTyIHUX 3HAYEHb:
USART HardwareFlowControl None, kepyBaHHs J03BOJIOM Ha MpUHAMaHHSA Ta
nepeayy He BUKOPUCTOBYETHCS 1 Iepeaada/mpuiioM Moxe BiA0yBaTUCS B JOBUIbHUMA
momeHT 4acy; USART HardwareFlowControl RTS, BUKOpHUCTOBYETHCS OKpEMHIA
BUXI1]] MIKDOCXEMH, Ha IKOMY HAJA€THCSl CUTHAII TPUCTPOIO-TIEPEAATIUKY, 10 JTaHH1
MOHa/3a00pOHEHO HaJICUJIaTH; USART HardwareFlowControl CTS,
BUKOPUCTOBYETHCSI OKPEMHI BX1Jl MIKPOCXEMHU, Ha SIKOMY NIPUHMAETHCS CUTHAI

MPUCTPOIO-TIpUiiMaya, 10 JaHH1 MOYHa/3a00pOHEHO HaJICUJIATH;
USART_HardwareFlowControl RTS CTS -~  BukopucTaHo  JBOHAIIpaBJICHE
amapaTHe KEpyBaHHsI I03BOJIOM Ha Mepeavy Ta IpUiioM JaHuX.

Kon USART Mode = USART Mode Rx | USART Mode Tx Bigmosizae 3a
HanamryBanHs USART B pexum mnpuiiManHa Ta mnepenaui iHdopmarii. Takox
MOXKJIMB1 BaplaHTH, KOJW MIKPOKOHTpPOJIEp JMIe NpuiiMae abo JuIle Mepeaae
1H(DOopMarrito.

HacrtynHa ¢yHKITIS BIAMOBIIA€E 32 HANAITYBaHHS TIEPEPUBAHHS TTOIN BiJl

USART npuctporo:
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void Usart irg init () {
NVIC InitTypeDef irqgconf;
USART ITConfig (USART1, USART IT RXNE,
ENABLE); irgconf.NVIC IRQChannel =
USART1 IROn;
irgconf.NVIC IRQChannelPreemptionPriority =
0; irgconf.NVIC IRQChannelSubPriority = 0;
irqconf.NVIC_IRQChannelCmd = ENARLE;
NVIC Init(&irgconf);

Ileti koa Majo 4YUM BIOPI3HAETHCS BiJ IONMEPEAHHOTO HAJAINTYBAHHS
NepepUBaHHsA BiJ TaliMepy, a HACTYIIHMH KOJI BaM BIJOMHH 110 KEpyBaHHIO
CBITJIOXIOIaMU

void Led init () {
RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOD, ENABLE);
GPIO InitTypeDef gpio;
gpio.GPIO Mode = GPIO Mode OUT;
gpio.GPIO OType = GPIO OType PP;
gpio.GPIO Pin = GPIO Pin 12;
gpio.GPIO PuPd = GPIO PuPd NOPULL;
gpio.GPIO Speed = GPIO Speed 2MHz;
GPIO Init (GPIOD, &gpio);

void Led on() {
GPIO SetBits (GPIOD, GPIO Pin 12);

void Led off () {
GPIO ResetBits (GPIOD, GPIO Pin 12);

Hacrynna dysk1is € 06poorukom nepepuBanss nofii Bix USART mpuctporo,
Ipy YOMYy IS BCIX MO TpU3HAYeHUW Juiie oauH oOpoOHuk. Tomy, sIKIIO B
HaJalITyBaHHI TIEpeprUBaHb BKA3aHO KIJIbKA MOJIM B SIKOCTI JKEpesa MepepruBaHHs,
GYHKIlS BUKIMKATUMETHCS JIJIsT KOXKHOT 3 moaiil. [[ns BU3HAUYeHHs MOAll, sika came
cTaja MNPUYMHOK TMepepuBaHHs NOTPIOHO mepeBipsATH perictp crany USART
npuctporo 3a pgomnomororo Qynkuii USART GetlTStatus. B Hamomy Bumaaxy
BUKOPHUCTAHO MO/110 HasiBHOCTI HOBoro npuiHsaroro 6aiity USART _IT_RXNE:
volatile unsigned char lastByte = 0;
void USART1 IRQHandler (void) {
if ( USART GetITStatus (USART1, USART IT RXNE) ) {
USART ClearITPendingBit (USARTI1,
USART IT RXNE); lastByte =

USART ReceiveData (USARTI) ;
USART SendData (USART1, lastByte); //echo
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[To BM3HaYeHHIO MOAIi MOTPIOHO OOOB’SI3KOBO OYWCTUTH BINMOBIIHUN OIT-
O3HAKy MOJii, 1HAKIIE CHCTEMa BBaXaTHMME, L0 MOJis He 0OpoOJeHa 1 BHUKIHMKY
NepepuBaHHs MICIs HAIXOHKEHHsSI HACTyMHOro OaiTy He Oyne, a HacTymHi OailTu
B3arayi OyJayTh IPOIrHOPOBaHI.

HactymnHa ¢yHKIIiSi BUKOPUCTOBY€ETHCS AJI TeHEPYBaHHS May3:

void Delay(volatile int Val) {
while (Val--);

lonoBHa K (QYHKIIS BUKIMKAE NPOLEAYpU HAIANITyBaHb, MPU ILOMY
CBITNIONIOJ 3a mporpamMHO reHepoBanuMm [IIIM curHamom, 3MiHIOE SICKPaBICTb

CBITIHHA:

int main(void) {
SystemInit () ;
SystemCoreClockUpdate () ;
Led init();
Usart gpio init();
Usart irg init();
Usart init();
while (1) {
Led on (LEDO) ;
Delay (0x0100*lastByte) ;
Led off (LEDO) ;
Delay (0x0100* (255-1astByte)) ;

B sxocTi nns 3aBmaHHS IS BJIOCKOHAJICHHS BJIACHOTO PO3YMIHHS POOOTH
BOY/IOBAaHUX NPUCTPOIB MpHU OOMiHI 1HPOpMali€ro, CpoOyiTe peanizyBaTh 3MiHY
SICKPABOCT1 CBITIHHS YOTHPHOX CBITJIOJIOMNIB, J€ KOXEH 3 CBITIOMIONIB OTPUMYE

BJIACH1 TapaMeTPH CBITIHHS.

3.6. Pooora 3 SPI

Serial Peripheral Interface (SPI) - momynspuuit iHTepdeiic I MOCIiA0BHOTO
oOmiHy manmmu MK Mikpocxemamu. Illmna SPI opranizoBana 3a TPHHIIUIIOM
"maiicrep-niiernuii". B sgkocTi  MailcTpa  IIMHM  3a3BUYall  BUCTYIA€
MIKPOKOHTpOJIEp, alie iM Takok Moke OyTu mporpamoBana Jyorika, DSP-koHTposep
abo cremianmizoBaHa IHTEeTpaJibHa cxeMa. Jlo OJHOrOo Kepylouoro MPHUCTPOIO

napajeibHO BKIIFOYAOTh JIAHIIOT MiIeTIuX IpucTpoiB (puc. 3.10).
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['onoBHuM cknagoBum Onokom iHTepdeiicy SPI € 3Buuaiinuii perictp 3cyBy,
CUTHAJIM CHMHXPOHI3AIlli 1 BBEJICHHSI/BUBOAY OITOBOTO MOTOKY 3 SKOTO 1 YTBOPIOIOTH
inTepdeiicHi curnanu. Takum ymHOM, TipoToKoa SPI mpaBumnpHile M0 Ha3BaTH HE
MPOTOKOJIOM Tepeaadi JaHUX, a MPOTOKOJIOM OOMIHY JaHMMU MK JBOMa 3CYBHUMU
pericTpaMu, KOXEH 3 SIKMX OJHOYACHO BHKOHYE 1 (YHKIIIO MpuiiMaya, 1 PyHKIIIO
nepenaBada. HeogminHOIO yMoOBOw mepenadi manux mno mmHI SPI € renepartis
cUTHaTy cuHXpoHi3amii muHu. [leil curuan mae mpaBo reHepyBaTH JIUIIE MacTep
IIMHY 1 BiJl IbOT'O CUTHATY MOBHICTIO 3aJICKUTh pOoOOTa BCIX MiAJIETIIUX MPUCTPOIB HA
IITHHI.

[Mpuknan HaOUTBII mpocToro miakmoueHHs mTo muHI SPI mokazanwmii Ha
MaroHKy 3.9 Ta 3.10, 1e oMHOWMEHHI BUCHOBKH 3'€THYIOTHCS Mik co0010. [TpucyTHi
nBa kaHanu nepenadi ganux (MOSI 1 MISO) onun kaHanm naisi mojadi TaKTOBUX
iMoynsciB  (SCLK), a Tako JHIS BKJIOYEHHS TiUIersioro mpuctpor (SS).
[linnernuii cTae akTHBHUM MPU MOJa41 HU3BKOTO PIBHSA M0 JiHiT SS.

[Tnara STM32F4Discovery Mae B CBOEMY CKJIa/il MIKPOCXEMHHUN aKCEIEPOMETP
(puc. 3.11), sxuit mMoke mpaioBaTd B pexumax oOMminy manumu [2C ta SPI.
BukopucroByBatMeMoO OCTaHHIM, 00 pO3BOJAKA IJIaTM BUKOHAHAa caMme Mij 1ei

pEXKUM.

PC2
[pc3 STM32F407VETx

VoD LQFP100
VSSA
VDDA
[voDa
PAO-..
PAL

[Pa2

DS T1dS
ISOW TIdS

OSIW TIdS

Puc. 3.9. I1Tozuauenns BuxoaiB SPI1 8 STM32CubeMX
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SPI
Master

SCLK » SCLK
MOSI » MOSI SPI
MISO MISO Slave
SS1 » 55
S52
8§53 —
—» SCLK
» MOSI SPI
MISO Slave
» SS
» SCLK
» MOSI SPI
MISO Slave
» SS

Puc. 3.10. Cxema BKJIIOUEHHSI «OJUH BEIyUUH — KUJIbKA HE3aJICKHUX MiAJICTIUX»

[https:/luk.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:SPI_three_sl

aves_daisy_chained.svq]
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Puc. 3.11. Cxema min’eqHaHHS akcelepoMeTpy 3 oPiriiHOT JOKyMeHTaIlii

Ha puc. 3.11 moka3zaHO KOHTAaKTH MIKPOCXEMH aKCEIEpOMETpY. 3 MPUUYMHU

BUkopucTanHsa SPI, BUX0oau MiKpOCXeMHU MalOTh HACTYITHY BIAMOBIHICTS:
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SDA=MOSI, SCL=SCK, SDO=MISO. Bubip inrepdeiicy BuUOMpaeThCs Ha BXOIl
Mmikpocxemu CS. SIkmo Ha HO31 Joriuamid 1, TO akcenepomeTp BuKopucTtoBye 12C, B
iHmomy Bumaaky — SPI. Takox 3 mokyMeHTallli MaeMO HACTYIHI XapaKTepUCTUKU
MIKPOCXEMH:
1) Hampyra xuBnenss 2.16-3.6 B.
2) BumiproBaHHSI IPUCKOPEHHS 110 TPHOX OCSIX.
3) JlBa niamazony BumiproBanus 2G / 8G.
4) JIBa HACTPOIOIOTHCS BUXOY JIJISl IIEPEPUBAHb.
5) CamomiarHOCTHKaA.
6) BusBieHHS KITiKiB (TIOCTYKYBaHb).
7) BOynoBanwuit pisTp.
Posrnsaemo nopsaiok podotu iHTepdeicy.
B3aemoniss 3 akcenepoMeTpoM 3aAiMCHIOETHCS udepe3 ioro perictpu. 1106
npouuTaTd ab0 IIOCH 3alMcaTd B HUX JaHl, MOTPIOHO BiampaButu ix uepe3 SPI
nocuiky mneBHoro ¢opmary. B nokymeHTamii HaBeIeHO JaTarpamMu OOMIHY

1H(popmaniero (puc. 3.12).

g8 \ /[

VAV AVAVAVAVAVAVAVAVAVAVAVAVAVAY
MOSI A XX XA X L L XX X XX A A X

RW MS AD5 AD4 AD3 AD2 AD1 ADO DI7 DI6 DI5 DI4 DI3 DI2 DI1 DIO

MISO OO X X

DO7 DO6 DO5 DO4 DO3 DO2 DO1 DOO

Puc. 3.12. Jlatarpama nporiecy ooOMiHOM 0aiiTOM MaicTpa 3 MiAJIETIINM IPUCTPOEM

DO7..D00 — GaiiT naHuX BiANPABICHUIN aKCEIEPOMETPOM B MIKPOKOHTPOJIED;
D17..D10 — GaiiT qanux nepeaaHuii MiKpo KOHTPOJIEPOM B aKCEIEPOMETP;

ADS5 .. ADO — anpeca sika 3alTUCY€ThCS/3UUTY€ETHCS J0/3 pEricTpa;

RW — gxmo 6iT = 0 1o 6aiit manux DI7..DI0 Oyae 3ammcanuii B perictp 3a
anpecoro ADS..ADO, B inmomy Bunagky (RW=1) 6aiit ganux DO7..DO0 Oyne

IpOYUTaHUH 3 pericTpy 3a aapecoro ADS..ADO.
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MS - BUKOPHUCTOBYETHCA SIKIIO MH XOYEMO TMPOYUTATH/3aMHUCATH KiJIbKa
pericTpiB nocmuib. ko 61T ckunytuid (=0), To michs nepenadi aapecu Mu OyJaeMo
3YUTYBATH/3aMMCYBAaTH OJUH 1 TOW K€ PETiCTp HE3aJEKHO BiJ TOTO, CKUIBKH pa3iB
Oyne 3pobneHa cipoba yuTaHHs/3anmucy. Ko x 1ei 01T BcTaHOBieHH (=1), TO
ajpeca OyJe aBTOMaTUYHO 30UIbLIYBATUCS HA OJIMHUILIIO MICJSI KOKHOTO 3armucy abo
YUTAHHA, 1€ 3PYYHO BHUKOPHUCTOBYBATU ISl 3alMCy/3UMTYBaHHS Kijbka OalTiB
MOCTH1Tb.

J1ist Toro o0 mpoYuTaTH BMICT OJIHOTO pericTpa (HampukKiaa 3 aipecoro

OXOF) moTpiOHO BUKOHATH HACTYITHY MTOCIIAOBHICTH JIiH:

1) Buxia CS nputucHyTH 10 3emii (=0).

2) Ilepenatn mepmmii Oait (0x8F) skuii MiCTUTBH aapecy pericTpa SIKHi
MOTPIOHO 3YMUTATH; IPHU LUBOMY CKUHYTHH OIT MS (Tak Sk MU 4YHTaEMO
TIJIBKU OJIMH pericTp) 1 BcraHoBieHu# 01T RW (amke Mu yntaemo naHi),
110 ¥ CIIPUYMHUIIO JOTIOBHEHHS ajipecu 10 3HaueHHs 0x8F.

3) Ilepenaru noBiabHMI OaiiT. Amke inTepderic SPI Tak BiamTOBaHUi, 110
MIJJIETJIMA OPUCTPIA HE MOKE NepelaBaTH CHHXPOHI3YHOYl IMITYJIbCH.
Tomy akceynepoMeTp MOYHE MEpeaBaTH 3HAUEHHS 3 PETICTPY JIMIIEC B
MOMEHT TIepe/adl MIKPOKOHTPOJIEPOM Jpyroro OalTy (SKuUW MO CyTi
OyJie MPOCTO MPOITHOPOBAHO).

4) TlpounTaTh 3Ha4eHHs 3 pericTpa nanux SPI (Te, 1o npuinmo Bixg
aKceJepoMeTpa).

5) BcTaHOBUTH BUCOKHIT JIOT1YHUI piBeHb Ha BUBO I CS.

k1o moTpiOHO MIBUAKO YMTATH OJIUH 1 TOM CaMHI PETicTp, TO MOYKHA
MOCTIITHO MOBTOPIOBATH KPOKH 3 1 4.

3anuc 0JIHOTO PEricTpa HE CKIaAHIIIE 32 YUTAHHS, CIPOOyEMO 3anmucaTi 6anT
0x47 B perictp 3a anpecoto 0x20. st 1boro noTpioHo:

1) Buxia CS npuTHCHYTH 10 3eMJIi.

2) Tlepenaru nepiuuii 6aiT (0x20) SKuii MICTHTB aApecy pericTpa s
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3)
4)

3amucy, CKUHYTUX 01T MS=0 (Tak 3anmucy€eThCs JUIe OJUH PETICTP) 1
ckunytuii 61T RW=0 (mumemo nani).
ITepenatu HoBe 3HaueHHs perictpa (0x47)

BcranoButu BUCOKUH JIOTT4HUM piBeHb Ha BUBOA1I CS

Sxmo € moTpeda MBUAKO MUCATH OyIb-sSKi 3HAYSHHS B OJIMH 1 TOH JK€ PETICTp,

TO MO>KHA MOCTIITHO MOBTOPIOBATH 3-11 KPOK.

YuTtaHHS KUTBKOX PETICTPIB BUKOHYIOTH 32 HACTYITHUM aJTOPUTMOM:

1)
2)

3)
4)

5)

6)

Buxin CS nputrcHyTH 10 3eMIIi.

[lepenatu nepmmii Oaiit (0XCF) sikuii MICTUTBH ajpecy MOYaTKOBOTO
pericTpy il YMTaHHSA, Ta y SKOMY BCTaHOBJICHHH OiT MS (uuTaHHs
KUIBKOX PETICTPiB), Ta BcTaHOBJICHUM 01T RW (03HaKka yuTaHHS JaHUX).
[lepenaTtu noBUTEHUN OAUT (SIKUM 1O CYTI Oy/1e TPOCTO MPOITHOPOBAHO).
[IpounTaTu 3HaueHHs 3 perictpa ganux SPI (Biamoiab Bix
aKceJepoMeTpa).

[ToBTOoproBat Kpoku 3 1 4 MOKH HE MPOYUTAEMO MOTPIOHY KUIBKICTH
pericTpiB. Azpeca uyuTaHHs OyJae 30UIbBIIYBaTUCA Ha OJUHUIIO

CaMOCTIHHO.

BcranoButu BuCOKUi JIoriuHMM piBeHb Ha BUBO1 CS.

I HapenITi, 3aNIUC KUIBKOX PEriCTPiB BUKOHYIOTh 32 HACTYITHUM aJITOPUTMOM:

1)
2)

3)
4)
5)
6)
7)

Buxin CS nputucHyTH 10 3€MIIi.

[lepenatu mepmmii G6aiit (0x4F) sikuii MicTUTH aapecy MOYaTKOBOTO
perictpy s YWTaHHS, Ta Yy SKOMY BCTaHOBJeHMH Oir MS
(uMTaHHsA/3aMUC KUIBKOX pericTpiB), Ta ckuHytud O0iT RW (03Haka
3aMucy JaHuX).

[Tepenatu 3nadenns ao pericrpy 0xOF.

[Tepenatu 3naueHHs ao perictpy 0x10.

[Tepenatu 3naueHHs mo perictpy 0x11.

BcranoButr BuCOKUi JIoTiuHMM piBeHb HAa BUBO1 CS.

3anuiaeThes 3’ ACyBaTH, SIKI caMe PEriCTPH YUTATH Ta 3alMCyBaTH IPU poOOTI
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3 npuctposimu. Lo iHpopMmali0o MOKHAa OTpUMATH JUIsl KOHKPETHOIO IPUCTPOIO 3
fioro moxymenramii. Jlyig akcenepoMeTpy pO3TIsTHEMO JOKYMEHTOBAHI PETICTpU Ta
napameTpH.

Who_Am_| (OxOF) — perictp MiCTUTh ineHTU(DIKATOP aKCEIEPOMETPY
LIS302DL. 3nauenHsi MOXKHA JIMIIE TPOYUTATH, TPOUYUTAHE 3HAUCHHS MOBUHHE OyTH
piBauM Ox3b. 3a 1uM 3HAaYCHHSIM MOXHA TEPEBIPITH HASABHICTh 3B SI3KY 3
aKCEeIEePOMETPOM.

CTRL_REG1 (0x20) — mepmmii perictp craHy akcemepomerpy. Moro 6itu
B11OOpa’KeH1 HUXKUE, /1€ B AY’KKaxX HaBeJICHE 3HAUEHHS 110 3aMOBUYAHHIO:

DR (0), PD (0), FS (0), STP (0), STM (0), Zen (1), Yen (1), Xen (1).

DR — 0it HanamroBye 4acToTy BUOIPKH. SKIO BIH BCTAHOBJIEHUM, TO YacTOTa
400T't1, sikmo ckuayTo To 100011, BriyiBae Ha TOUHICTh BUMIPIOBAaHb.

PD — OiT kepyBaHHS >KUBJIEHHSAM. BIT CKUHYTHIl — JKMBIICHHS BUMKHEHE 1
HaBnaky. [Toku He BCTaHOBIIEHO 1ieH 01T BUMIPIOBaHHS HE MPOBOSATHCS.

FS — 6iT BubOOpYy niama3zoHy BUMIpIOBaHb. biT CKUHYTHH — Jiana3oH £2g, SKII0
K BCTAHOBJICHU, TO Jllanla30H BUMIPIOBaHb CKJIaJa€ +8g.

STP 1 STM — 0iTu KepyBaHHS PEKHUMOM CAMOJI1arHOCTUKH.

Zen, Yen, Xen — OiTH 103BOJIy T€HEPYBAaHHSI CUTHAJIy TOTOBHOCTI JAaHHUX JJIS
oci Z, Y ta X. kim0 ckuHyTH 01T, TPUCKOPEHHS 1O 11ii 0ci Oy/1e BUMIPIOBATHCS, aJie
npanop rotoBHocTi nanux (B perictpi STATUS REG) BcranoBneHo He Oyje.

CTRL_REG2 (0x21) — npyruii pericTp HajamTyBaHHS:

SIM (0), BOOT (0), -, FDS (0), HP_FF_W-U2 (0), HP_FF_W-U1 (0), HP_coeff2
(0), HP_coeff1 (0).

SIM — 06itr BuGopy pexumy SPI. SIkimo BCTaHOBIEHO, TO AaKCEIEPOMETP
NEPEeKIIOYUThCA B TpboxmpoBinHuid pexum SPI (mpuiioMm 1 mnepenaya Oyne
B1JI0yBaTUCS MO OJHOMY JAPOTY). 3a 3aMOBUYBaHHSAM BiH ckuHyTui 1 SPI mpairtoe B
3BHYAaHOMY 4-X IPOTOBOMY PEKUMI.

BOOT - npu 3anucy oauHuil B 1ed OIT, BIIOYBa€ThCS CKHJAAHHS BCIX
HaJaITyBaHb aKCeJIEPOMETpPA 3a 3aMOBUYBAHHSIM. PericTpu cTaTyCcy He CKUIalOThCA.

FDS — BxITt0unTH/BUMKHYTH B1abTp. K110 OIT BCTAHOBIEHO, TO TSHKIHHS
3emuti
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HE pPOOWTH BIUIMB Ha BUMIPIOBaHHs 1 HaBmaku. [IpocTimie kaxydu, SKIIO (GiabTp
BKJIFOYCHWM, TO TIOKH O aKCEJIepOMETPY HE HaIaBaTUMyTh NPUCKOPECHHS, B
perictpax gaHux X, Y, Z OynyTh HyJi (a0o Maike Hydi). SKI0 X BAMKHYTH (QUIBTD,
To maHi B perictpax X, Y, Z OyayTh 3aiexaTH BiJ Opi€HTaIlli akcelepoMeTrpa B
MIPOCTOPI.

HP FF WU2 1 HP FF WUl - BkiI04aroTh/BUMUKAIOTh GIIBTP BEPXHIX
4acTOT JJs JBOX MoAyndiB reHepytouux nepepuBanns (FF_WUL 1 FF_WU2).
YacroTa 3pizy ¢inbTpa HaJdamTOBYeEThCcs 3a gomomororo 0itiB HP  coeff2 1 HP
coeffl:

Tab6mn. 3.1 — Bubip yactotu 3pi3y ajist GLIsTpy

HP_ coeff2 | HP_ coeffl | Yacrora 3pi3y (bir DR =0) | Yacrora 3pi3y (bit DR =
1)
0 0 2T &8I
0 1 1 I'p 4T
1 0 05T 2T
1 1 0.25Tnu 1 T'n

CTRL_REGS3 (0x21) — PericTp HanamryBaHHs IEpEPUBAHb:
IHL (0), PP_OD (0), I12CFG2 (0), 12CFG1 (0), I2CFGO (0), I1CFG2 (0),
I1CFG1 (0), I1CFGO (0).

IHL — sixtiio 01T CKUHYTHIA, TO TPU BUHUKHEHH1 niepepuBadHs, Ha Horax INT1 1
INT2 3’aBuTBHCS JIOTiYHA OAUMHULIA. SIKIIO OIT BCTAHOBJIEHO, TO TIOKU MEPEPUBAHHS HE
cranocs Ha BuCHOBKax INT1 1 INT2 mpucyTHs JOriuHa OJWHUIIA, & B MOMEHT
BUHUKHEHHS TIEPEPUBAHHS, HA BUX1] TOAAETHCS JJOTTUHUMN HYJIb.

PP_ OD — tun BuxoxaiB INT1 Ta INT2. 0 — miaTspkka 10 Hyns, 1| — BIAKpUTUN

KOJICKTOP.
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3a ponomoroto 6itiB 12 CFG [2..0] 1 I1 CFG [2..0] moxxHa BUOpaTu HKEpeno
BUKIUKIB epepuBanust INT1 1 INT2:

Tabn. 3.2 — Bubip mxepena nepepuBaHHS

11(2) CFG2 | 11(2) CFG1 | 11 (2)_CFGO JI>xepelno nepeprBaHHs

0 0 0 [lepepuBaHHsI BUMKHEH1, BUXOIU

MITIATHEH] 10 3eMJII1

FF WU 1

FF_ WU 2

FF_ WU [ Ta FF_ WU 2

JlaHi roTOBI.

| = O O O
| o] k| k| O
| O] k| o -

[lepepuBaHHs B «KITIKa»

FF_ WU 11 FF WU 2 ne aBa He3aJie)KHUX OJIOKY IPU3HAYEHUX JJIs1 TeHEepallii
HepepuBaHb B pa3l SKIIO MPUCKOPEHHS MO OJHIA ab0 AEKIIbKOX OCsX, BUillE 3a
3aJIaHU TIOPIT.

HP_FILTER_RESET (0x23) —Skiio Oyne BkIOYeHHH (iIbTP BEPXHIX 4aCTOT,
micasi 4YWTaHHA BMICTy Iboro perictpa B perictpu Out X, Out Y 1 Out Z
3anuIIyThCsl Hyml. TyT BaKJIMBHI caM (pakT YMTaHHS PETICTpa, a HE TI JIaHl, SKI
MIPOYHUTATUCS 3 HHOTO.

STATUS_REG (0x27) — perictp craTycy, KOXKEH OIT SKOTO € 03HAKOKO IIEBHOT
noxii: ZXYOR (0), ZOR (0), YOR (0), XOR (0), ZYXDA (0), ZDA (0), YDA (0),

ZDA (0).

ZXYOR - [ani B perictpax Out_X, Out Y i Out Z Oynu nepenucaHi HOBUMH
3HAYEHHSIMHU, a iX MonepeiHid BMICT HE BCTUIJIM IPOYUTATH.

ZOR - Jlani B perictpi Out 7Z mnepenucaHo HOBUMH, O TOro SIK Oyiu
MPOYUTAH] TOTIEPEIHI.

YOR - Jlani B perictpi Out Y mnepenucaHo HOBUMH, JO TOTo SIK OyiH
MPOYUTAH] TOTIEPEIHI.

XOR - Mlani B perictpi Out X mepenucaHo HOBUMH, JO TOTO SIK Oyiu
MPOYUTAH] TTOTICPETHI.

ZY XDA - JloctynHi HOBI aaHi B perictpax Out X, Out_Y 1 Out Z.

ZDA - JloctymnHi HOBI naHi B perictpi Out Z.
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YDA - loctynHi HOBI AaHi B perictpi Out_Y.

XDA - loctynni HOBI AaHi B perictpi Out X.

OUT _X (0x29) — BOCEMUPO3PSITHUI PETICTP JaHUX, B IKAW 3aIIHCYETHCS
PUCKOPEHHS 110 oci X.

OUT_Y (0x2b) — BocbMHpO3PSIIHUI PETICTP JaHKX, B SIKUI 3aIIUCYETHCS
PUCKOPEHHS 10 oci Y.

OUT _Z (0x2d) — BocbMUPO3pSIHUI PETiCTp AaHHX, B IKUH 3aIIUCYETHCS

MPUCKOPEHHS MO OcCi Z
VY akcenepomeTpa € ABa HE3aJICKHUX MOJYJIS, sIKI BMIIOTh CAMOCTIMHO YUTaTU
naHi 3 perictpiB Out X , Out Y , Out Z 1 Ha iX OCHOBI T€HEpYyBaTH MEpPEepPHUBaHHSI.
JIisi HanmamTyBaHHS KOXKHOTO MOJYJSl BUKOPHCTOBYIOThCS 4 pericTpa ki OyayTb
onucaHi Hk4e. JIJisg 3py4HOCTI HallaroKeHHsI MOXkHa npuyenuTH 10 Hir INT1/INT2
0 CBITJIOAIONY 4epe3 pe3ucTop. Toal SKIIO NepepuBaHHS TpPANHUThCS e Oyhae
B1JIpa3y BUJHO.
FF_WU_CFG_1 (0x30), FF_WU_CFG_2 (0x34) — pericTp HaJaIlITOBYE YMOBH
BUHUKHEHHS TIEPEpPUBAHHS.
AOI (0), LIR (0), ZHIE (0), ZLIE (0), YHIE (0), YLIE (0), XHIE (0), XLIE
(0) AOI — GiT BU3HAUa€ B KOJIM 3T€HEPYBATH NIEPEPUBAHHS. SIKIO BiH CKUHYTHIA, TO
nepepuBaHHsl BUHUKHE, KOJIM BIIOYIyThCs Bel moii oOpanux Oitamu XHIE/
YHIE/ ZHIE/ XLIE/ YLIE/ ZLIE.
LIR — sxmro 6iT BapTO, TO KO1u Mu Oynemo unurtatu perictp FF. WU SRC 1
(2), fioro BMICT aBTOMaTUYHO CKUIATUMETbHCS.

XHIE / YHIE / ZHIE - skmio OiT BHCTaBJICHHH, TO aKCEJIIEPOMETP MOYHHAE
CTEXUTHU 32 CTAHOM BIAMOBIJHOTO PETICTpa JIAHUX, 1 KOJIM 3HAYEHHsI IPUCKOPEHHS 3a
BIJIMOBITHOIO OC1 TIEPEBUINUTHL TPAaHUUHE — OYyJ1€ BUCTABJICHUI IIpariop B pericTpi
FF_WU_SRC _1 (2).

XLIE / YLIE / ZLIE - sxmo OiT BHCTaBICHHI, TO aKCEIECPOMETDP IOYHHAE
CTEXXHUTH 32 CTAHOM BIJMOBITHOTO PETicTpa JaHUX, 1 KOJIU 3HAYCHHS TPUCKOPEHHS 3

BIJIMOBIJTHOIO OC1 CTaHE MEHIIIE MOPOroBOro — 0y/1e BUCTABICHU MPANop B PEricTpi
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FF_ WU _SRC 1 (2).

FF_WU_SRC_1 (0x31), FF_ WU _SRC_2 (0x35) — perictp npanopis. SKiro
oitr LIR (B perictpi FF. WU CFG_X) BCTaHOBJIEHO, TO MpHU 3YUTYBAHHI ILIHOTO
pericTpa, BiH CKMJIa€ThCs. SIKIO 10 IBOTO BiIOYIOCS TIEPEPUBaHHS, TO BiApa3y Micis

yutauHs, o0uasi Horu INT1 / INT2 nepemMuKaroThCsl B TOYaTKOBH CTaH.

-, 1A (0), ZH (0), ZL (0), YH (0), YL (0), XH (0), XL (0).

|A - six1110 61T BCTAaHOBJICHUH, TO MEpEpUBaHHS CTAJIOCH.

ZH / YH / XH - skiio 0iT BCTAHOBJACHHH TO MPUCKOPEHHS 3a BIAMOBIIHOIO OCI
NEPEBUIIIIIO TIOPIT.

ZL / YL/ XL - skmo OiT BCTaHOBJICHUH TO MPUCKOPEHHS 3a BiAMOBITHOIO OCI
CTaJI0O MEHILE Iopora.

[IpupoaHo, nepii miicTe 01T Oy1yTh BCTAHOBIIIOBATHUCS JIUIIE B TOMY BUIAIKY,
axo BcranosieHo Oith XHIE / YHIE / ZHIE / XLIE / YLIE / ZLIE B perictpi
FF_WU_CFG_1 (2).

HanamryBaHHs A1 reHepyBaHHS «KJIKIB / IOCTYKYyBaHb» MOKHA MPOYUTATH B
JOKYMEHTAIIli 10 aKcelepomMeTpa.

Ha mnati po3poOHuKa akcenepoMeTp MiAKII0UEHO 3a HACTYITHOIO CXEMOIO (pHC.

3.13):

STM32F407VXXX

Puc. 3.13. IliaxatoueHHs akCceIepOMETPY 10 MIKPOKOHTpoJepa o muHi SPI

B HamoMy Bunanky nepepuBaHHS BUKOPUCTOBYBATHUCS HE OYyThb, 3a]1a4a
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MoJIATa€ B ONUTYBaHHI TIOKa3aHb NPHCKOPECHHS Ta 3acBiUyBaHHS HAWBHUIIOTO
cBiTiIoaiony. Jis mporo moTpiOHO B ITUKIII YMTATH PETICTP CTaHy aKCEIePOMETPY
STATUS REG (0x27) 1, mpu HasBHOCTI BCTaHOBieHOro mpamnopy ZYXDA
npountatd nokazanass OUT X (0x29) ta OUT Y (0x2b) — 3HaueHHS IPUCKOPECHHS
Mo JIBOM HampsiMKaM. MakcuMallbHe 110 MOJIYJI0 3HAYCHHS BKa3ye Tapy
MPOTWICKHUX CBITJIOJIONIB, @ 3HAK — SKHM came CBITIOAION 3 MapH IMOTPIOHO
BKJIFOUMTH.
[Tounemo 3 inimanizauii SPI inTepdeiicy:

vold SpilInit () {
GPIO InitTypeDef GPIO InitStructure;
SPI InitTypeDef SPI InitStructure;

// TakryBaHHg SPI1 Ta noptTy A

RCC APBZ2PeriphClockCmd (RCC APBZ2Periph SPI1,
ENABLE) ;

RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOA
| RCC AHBlPeriph GPIOE, ENABLE) ;

// HamnmamTyBaHHS BUXOO1B mnjg podormu B SPI1

GPIO PinAFConfig (GPIOA, GPIO PinSource’,
GPIO AF SPI1);

GPIO PinAFConfig (GPIOA, GPIO PinSourceb,
GPIO AF SPI1);

GPIO PinAFConfig (GPIOA, GPIO PinSourceb,
GPIO AF SPI1);

GPIO InitStructure.GPIO Mode = GPIO Mode AF;

GPIO InitStructure.GPIO Speed =
GPIO Speed 50MHz;

GPIO InitStructure.GPIO OType = GPIO OType PP;

GPIO InitStructure.GPIO PuPd =
GPIO PuPd NOPULL;

GPTIO InitStructure. GPIO Pin = GPIO Pin 7 |
GPIO Pin 6 | GPIO Pin 5;

GPIO_Init(GPIOA &GPIO_InitStructure);

GPIO InitStructure.GPIO Mode = GPIO Mode OUT;
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GPIO InitStructure.GPIO Speed =
GPIO Speed 50MHz;
GPIO InitStructure.GPIO OType = GPIO OType PP;
GPIO InitStructure.GPIO Pin = GPIO Pin 3;
GPIO Init(GPIOE, &GPIO InitStructure);
GPIO SetBits (GPIOE,GPIO Pin 3); //Buxin CS

//3amnoBHIEMO CTPYKTYPY 3 HaJlallTyBaHHAM SPI
SPI InitStructure.SPI Direction =
SPI Direction 2Lines FullDuplex; //IIBoHamnpaBJleHUN
OOM1H

SPI InitStructure.SPI DataSize =
SPI DataSize 8b; //BOCbMUPO3PAOHUNI PEXMM

SPI InitStructure.SPI CPOL = SPI CPOL Low;

SPI InitStructure.SPI CPHA = SPI CPHA 1Edge;
//BiT MOBMHEH NPUMMATKCS B MOMEHT IepeXoly CUTHAJY
TaKTYBaHHA Bl HM3bKOI'O OO BMCOKOTO PiBHA (puc.
3.12)

SPI InitStructure.SPI NSS = SPI NSS Soft; //
KepyranHa NSS curHanoM B1OOyBaeTbCHA HNPOTPAMHO

SPI InitStructure.SPI BaudRatePrescaler =
SPI BaudRatePrescaler 32; //llpenmineuumk SCK

SPI InitStructure.SPI FirstBit =
SPI FirstBit MSB; // B Gamnri Moxe mnepemaBaTHCH
nepuyM cTapumy abo MOJIoOmMM O1T, NOPAaBUIbBHUM HANPAM
BM3HAUAETHCA 3 HOOKYMEHTAllll NPUCTPOI, TYT
BCTAHOBJIEHA IIepelada 31 CcTapuworo 61Ty

SPI InitStructure.SPI Mode = SPI Mode Master;
// Pexum - MamcTep

SPI Init(SPI1, &SPI InitStructure);
//BacTocoByeMO HajamTyeaHHA SPI1

SPI Cmd(SPI1, ENABLE); // BMMKaeMO MOZIYyJIb

// CurrHan NSS KOHTPOJIETHLCS MNPOTPaMHO,
MoTpiBHO BCTAHOBUTMU MOTO B OIOMHMIID, SKIO X MOTO
CKMHYTM B HYJb, TO SPI mnepeMne B MyJIbTUMaMCTEPHY
TONOJIOT1I0 (CUI'HAJI CKACyBaHHS IIOBHOBAXEHb MaymcTpa) .

SPI NSSInternalSoftwareConfig(SPI1,

SPI NSSInternalSoft Set);

}
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O6MiH 1H(poOpMalLier0 OyeMO BUKOPHUCTOBYBATH JIMIIE IO OJHOMY OauTy.
[lepenauya/mpuitom Oydepy unutay MOke peaiizyBaTH camocTiiiHo. [lepmoueproso
CTBOPUMO (PYHKIIIFO 3aITUCY W OJTHOYACHOTO MpUMaHHs OalTy:

int WriteSPIData (uint8 t data)

while (SPI I2S GetFlagStatus (SPI1,
SPI I2S FLAG BSY) == SET); //Yexaemo
3B1lJIbHEHHSI MIPUCTPOI

SPI I2S SendData (SPI1, data);
//IHinineMo nepemauy 0OamTy

while (SPI I2S GetFlagStatus (SPI1,
SPI I2S FLAG BSY) == SET); //UYexaeMO 3aBeplIeHHHA
nepenmayl

return SPI I2S ReceiveData (SPI1);
//TloBepTaemMo BX1imHuit OamT

}

Tenep po3risiHEMO 3anuc 0AUTY 10 PETICTPY 3a PO3TIISTHYTUM JI0 IILOTO

AJIrOPpUTMOM:

volid SetReg (uint8 t address, ulnt8 t value)
{ GPIO ResetBits (GPIOE,GPIO Pin 3); //SS
BCTaHOBMMO B O
WriteSPIData (address); //Iumemo ampecy
pericrpa
WriteSPIData (value); //Bimmparigemo
3HAUEHHA OO PericTpy
GPIO SetBits (GPIOE, GPIO Pin 3);
//SS BCTAHOBJKEMO B 1 — OOM1H 3aBepIEHO

}

Tenep unTaHHS 3HAYEHHS PETICTPY:

int GetReg(uint8 t address) {
int data=0; //3miHHa njaa 30epexeHHd
Binnosinil address|=(1<<7); //BcTaHOBJIIOEMO
npamnop RW=1 -
PEXMM UMTAHHS OIHOOAMTHOTO UMTAHHS
GPIO ResetBits (GPIOE,GPIO Pin 3); //SS
BCTaHOBMMO B (0 — moyaTok OOMIHY
WriteSPIData (address); //Iumemo ampecy
pericrpa
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data = WriteSPIData (0x00); //BizmmnpaBjagemo
IOB1lJIbHE BHAUEHHd IO pPericTpy, aBTOMaTUUHO
OTPMMaeEMO B1lANOB1Ob MI1KPOKOHTpPOJIEPA

GPIO SetBits (GPIOE,GPIO Pin 3); //SS
BCTAQHOBJIKEMO B 1 — OOMIH BaBEPIIEHO

return data; //IloBepTaeMo OTPMMAHWI Pe3yJILTAT

}

Tenep HaBememo peatizallito roJIOBHO1 (YYHKIIIT MpoTpamMu:

int main (void)
{
SystemInit ();// HanmamTyBaHHA TalMlHIy
SystemCoreClockUpdate () ;// OHOBJIeHHS (QaxKTUUHOIL
YJacToTK Ipolecopa
LedConfig();//Iniuiowemo cBiTionmionm
SpiInit();//IuiuimemMo O0BMiH 3 aKCeJepOMETPOM

unsigned char idf = GetReg (0xO0F); //Umraemo
1eHTUb1KaUl1MHUMY OalT IPUCTPOI
if (1df!'=0x3B) {
//He Ham npucTpin, nokaxemo le
CB1lTJIOO1OoOaMu
LedOn (LED1 | LED2 | LED3 | LED4);
while(1l); //IpauoBaTy HeMa 3 UUM
}
SetReg (0x20, 0b11000000);//DR=1 (400Hz), PD=1
(XMBJIEHHS YB1MKHEHe), 1HI1L1lOBaHHS aKCeJIepOMEeTPY
while (1) { //PoBoumi LIMKJI:
int x = GetReg(0x29); //UurTaemo
IPUCKOPEeHHA IO X
int y = GetReg(0x2B); // - mo Y
if ( Abs (x)>Abs(y) ){ //Obupaemo cBiTiomiosn
1f (x>0) {

LedOff (LEDZ | LED3 | LED4);
LedOn (LED1) ;

lelse{
LedOff (LED2 | LED1 | LED4);
LedOn (LED3) ;

}else{

if (y>0)
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LedOff (LED1 | LED3 |

LED4); LedOn (LED2);
lelse{

LedOff (LED2 | LED1 |

LED3); LedOn (LED4);

[ns camoCTiMHOrO TPEHyBaHHA peanisynte CcamocCTiMHO poboTy 3
nepecunaHHaM Ta NpUMMMaHHAM rpynu 6anTis.

3.7. Bukopucranusa DMA

Henonikom Takoro oOMIHY € 3alHSATICTb KOHTPOJIEPY IIiJI Yac OOMiHYy
iH(popmaniero. ToMy noTpiOHO BMITH NepeAaBaTy J1aHl B aBTOMAaTUYHOMY (DOHOBOMY
peXuMi, B 1€l Yac MOKHA KEPYBAaTH 1HIIUMU MPUCTPOAMHU. 32 (OHOBE MEPEMIILICHHS
nanux Bianosigae npuctpiit DMA (Direct Memory Access).

Kontponep mae B cBoeEMy po3nopsKEHH1 Biapa3y nBa KoHTpojepa DMA, siki
3a0€31euyroTh B IIJIOMY 16 MOTOKIB (MO 8§ MOTOKIB Ha KOXEH KOHTPOJIEP), KOKEH 3
SKUX MPU3HAYEHUHN JJI KepyBaHHS 3alUTAMH JIO0 T1aM’SITi BiJl OJHOTO ab0 JEKIIbKOX
npucTpoiB. KoxkeH moTik Moxe 3abe3nedyBatv A0 8 KaHamiB (3amutiB). KoxkeH
KoHTposiep DMA wmae mnpucTpiid BUpIIICHHS KOH(MIIKTIB I OOpOOKM 3amuTiB
BIJIMOBIAHO JI0 X MPIOPUTETY.

Kontponep DMA 1o3Bosisie MpOBOAWTH 3aMUC JAHUX B TPhOX HATIPSIMKAX:

- Bix iepudepii B maM’siTh;

- 3 mam’sTi 10 nepudepii;

- 3 IaM’SITi B TIaM SITh.

[lepenaua BeneTbest a00 B pesknMi Oe3MocepeIHbOI nepeadil, ado B pexKuMi
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yepru. [liaTpuMyeThest pi3HUNA po3MiIp AaHUX IS Tepeaadi, IpuiIoMy po3MIp JaHUX
JUIs TIpuiiMava 1 JpKepena Moxke OyTu HeonHakoBUM. B Takomy Bumaaky DMA
BHU3HAYa€ JaHy CUTYyallil0 1 BUKOHY€E HEOOX1IH1 Jii JIs onTUMIi3alli nepeaadi, oHaKk
1 MOXKJIMBICTH MIATPUMYETHCS JUIIE B pexkuMi yepru. Kpim Toro, myxe KOpHCHOIO
MO’Ke BUABHUTHUCA (DYHKIIA UUKIIYHOI Mepenadi, Mpyu BUKOPUCTAHHI SIKOI mepegaua
JAHUX TIOYMHAETHCA 3 TOYATKOBOIO aJpecu 3HOBY MICIs TMepeaadl OCTaHHBOI
OJIMHUII JaHUX JHKepea, HallpUKiIal TaKk MOYKHA aBTOMATUYHO OHOBIIIOBAaTH MacHB 3
nanuMu ADC mo Jekisibkox KaHajlax OJJHOYaCHO.

[IporpamicT MOke 3aJaBaTh MPIOPUTETH IJISl 3alUTy KOKHOTO KOHKPETHOTO
MOTOKY, 1HAKIIIE MPIOPUTET BU3HAYAETHCS HA OCHOBI 3HAYEHB 32 3aMOBUYBAHHSIMU.

Jlns imocTparii po6otn 3 DMA moctaBuMo 3adady HHUKJIIYHOI Iepeaayl Ha
LAIT (DAC) nanux 3 MacuBy, SIKMI MpeACTaBisie KpUBY 3 16-Ma BiliKamMu:

uint8 t levels[] = {0x00, Ox11l, 0x22, 0x33,
O0x44, 0Ox55, Oxoo, 0x77, 0x88, 0x99, OxAA, 0xBB,
O0xCC, O0OxDD, OxEE, OxFF};

B Ttakomy BukoHaHHi Ha Buxia A4 mnonaBarumethcsi 1000 pa3 3a cekyHay
MOCTYIIOBO 3pOCTaroya Hampyra — NuiIKonoaiOHuii curnan. s mporo Oyae 3pydHuM

BUHECTH HAJAIITYBAHHS B OKpeM1 (yHKIIII:

volid Init (void);
void InitGpio(void);
vold InitTimer (void) ;
vold InitDac (void)
vold InitDma (void)

e

e

Akl peanizyemo micns ¢QyHkuii main(). B camiil rosoBHIA (GyHKIIT BUKIMKAEMO
1HII1aT13a1110 BCIX HAJIAIITYBaHb, 1 3AJIMIIMUMO POOOYUN UK IyCTUM, B KU MOXKHA
noaaTH 1HII KopucHi aii. [Ipu npbomy nepenava nanux ao L{AIl 6yne BinOyBatucs y
(GbOHOBOMY peXuMi 1 BHKOHAHHS MporpaMu He OyJe MepepuBaTUCi Ha MKOJEH
TAKTOBUH 1IMITYJIbC.

int main (void)

{
Init () ;
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while (1) ;
}

vold Init (void) {
InitGpio()
InitTimer () ;
InitDac () ;
InitDma () ;

Po3TJyisHEMO TNOCJH1iIoBHO QYHKI1I iHiuianiszamii.

void InitGpio (void) {

GPIO InitTypeDef gpilo init;
RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOA,

ENABLE) ;
gpio init.GPIO Mode
gpio init.GPIO Pin
gpio 1nit.GPIO OType
gpio init.GPIO PuPd
gpio 1nit.GPIO Speed
GPIO Init (GPIOA,

GPIO Mode ANj;

GPIO Pin 4;

GPIO OType PP;
GPIO PuPd NOPULL;
GPIO Speed 100MHz;

&gpio init);

[rimiamizanis Buxoay LIAIT cxoxa Ha mornepe/Hi, ajie TyT BUXiJ HAJIAIITOBAHO

Ha aHAJOrOBUI curHan Oe3 MiATAryBaHHs. [HIIMX OCOOJIMBOCTEN MO MomepeaHIM

IIPUKJIAJaM TYT HEMAE.

DMA BuMarae HasBHOCTI CUTHaJIy JUIsl Tepeladi HACTYIMHOrO 4Yucia J0

perictpy HAIL. Jlns uporo B mporpami BUKOPUCTAHO IIOCTHI Oa3oBuil Taitmep. Bix

MONepPEeAHIX MPUKIATIB  IIs

nepenoBHeHHs BinOyBaeThest 16000 pa3 3a

HIMami3ams  BIAPI3HAETECS HE JIMIIE THM IO

CEeKyHIy, ajie¢ ¥ JOJaTKOBO BUKOPHCTAHO

dynkuiro TIM SelectOutputTrigger st 3akpiruieHHS IOCTOrO0 TaMepy B SIKOCTI

JUKepelia CUTHaIIIB moyaTky ooMiny DMA kananowm:

vold InitTimer (void) {
TIM TimeBaseInitTypeDe

f tim init;

RCC_APB1PeriphClockCmd (RCC_APB1Periph TIM6,

ENABLE) ;

tim init.TIM CounterMode

tim init.TIM Period =
1;

tim init.TIM Prescaler

TIM CounterMode Up;
SystemCoreClock/1000/160

10

1; //16000Hz
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TIM TimeBaseInit (TIMo6,

&tim init);

TIM SelectOutputTrigger (TIM6,
TIM TRGOSource Update);

TIM Cmd (TIM6,

ENABLE) ;

Hacrynna ¢ynkmis inimiroBanas [IAITI me He posiOpana, ToMy Ha Hiid
MOTPIOHO 3yMUHUTHCS OUIBIII JE€TABHO:

vold InitDac (void) {
DAC InitTypeDef dac init;
RCC APBlPeriphClockCmd (RCC APBlPeriph DAC,
ENABLE) ;
DAC StructlInit (&dac init);
dac init.DAC Trigger = DAC Trigger T6 TRGO;
dac init.DAC OutputBuffer =
DAC OutputBuffer Enable;
DAC Init (DAC Channel 1, &dac init);
}

[Ticnsa BxkmoueHHs TaktyBaHHS LAIL, ¢ynkuiss DAC_Structlnit 3amoBHro€e
CTPYKTYpY 3HAYEHHSIMH JJIsl IPOTPAMHOTO MOJIaHHS JaHUX. TOMY JUIsi BUKOPHCTAHHS
DMA notpiOHO 3MmiHuTH Jume mnapy mnapamerpiB, DAC Trigger — mnpuiimae
3HaueHHd DAC Trigger T6 TRGO i BU3HAY€HHS BHUKOPUCTAHHS IIOCTOTO
TaliMepy B SKOCTI curHaimy oTpumanHs HoBux pganux; DAC OutputBuffer —
BMHUKA€eThCs  OydepuszoBanuii  oOMIH  iHpOpMAIl€l0  3alMCOM  3HAYCHHS
DAC OutputBuffer Enable. ITicns riporo npuiiMaroThCsl HaTAIITyBaHHS.

Octanuboro (pyHKII€I0 HaMaTOBYeThCSI DMA:

vold InitDma (void) {
B meprry uepry npoBoAUThCS YBIMKHEHHS TaKTyBaHHS MpUcTporo DMA.

RCC_AHBlPeriphClockCmd (RCC AHBlPeriph DMAL,
ENABLE) ;
Jlasi oroJjomyeTscsi CTpyKTypa HanamTyBanb DMA, miciist 4oro 1e CTpyKkTypa

MNEPEBOAUTHCA B CTAH HAJANITYyBaHb IO 3aMOBYAHHIO. I_Ie Jda€ 3MOr'y IpOITyCKaTH
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moJisi, SIKI HE BHUKOPHCTOBYIOTHCS B HABEJACHOMY HaJAIITyBaHHI, 00 BOHH HeE
CTOCYIOTBHCSI BUKOPUCTAHOTO PEXUMY POOOTH.
DMA InitTypeDef dma init;
DMA DelInit (DMAl1l Stream));

HacTymHuii mapaMeTp BH3HAYA€ KAHAN, SKHil BHKOPHCTOBYBATHMETHCS IPHU
nepenadi macury B LIAIL

dma init.DMA Channel = DMA Channel 1;
Jlani moTpiOHO BKazaTH ajpecy mam’sTi Kyau OyayTh HAJAXOIWTH JaHi, a

TAKOXK, HACTYITHOIO CTPOYKOIO, ITOYATKOBY aApPECy HA MACUB-[KCPCJIO JJaHHUX.

dma init.DMA PeripheralBaseAddr =
(uint32 t) &DAC->DHRE8RI1;
dma init.DMA MemoryOBaseAddr = (uint32 t)levels;
“Takox yMOBdﬂj MpaBUIbHOI pOOOTH € 3aJaHHs HanpiﬁKy nepenavl. Tyt

BKa3y€eThC, 110 JaH1 epeaaBaTUMYyThCS BiJI ITaM’STi 10 MPUCTPOIO 3 BUKOPUCTAHHAM
Oydepu3zariii B 16 3HaueHb (JOBXHHA MACHUBY).

dma init.DMA DIR =
DMA DIR MemoryToPeripheral;
dma init.DMA BufferSize = 16;
_Hepez[aqa JJAHIX CYNPOBOIKYEThCS  30UIBIICHHSM aJpecu NpuiimMaya Ta

JoKepena JaHuX, OJHaK MPUCTPiil npuiiMae AaH1 3a OJHIEI0 aapecoro. ToMy HACTYIHI
PAKM BKa3ylOTh Ha Te, 110 MpuiiMad He Oyje 301IblIyBaTH ajpecy, a JKepeso —

30UIbLITyBaTUME.

dma init.DMA Peripherallnc =
DMA PeripheralInc Disable;
dma init.DMA MemoryInc = DMA MemoryInc Enable;
" Takox) MOXKe EYTI/I CUTYyaIIis HepiBHOCTi_ PO3PSIAHOCTI BXiJHMX Ta BHXiJHHX

naHuX. ToMy HajallTyBaHHS MICTATh BKa3iBKYy, IO MEPENalOThCS Ta MPUNMAIOTHCS

OalTH.

dma init.DMA PeripheralDataSize =
DMA PeripheralDataSize Byte;
dma init.DMA MemoryDataSize =
DMA PeripheralDataSize Byte;
Pexxum nepenadi naHux € LMK YHAM, IIPY 3aBEpITICH] nepez[aqi_6y(1)epy JAHUX,

ABTOMATHUYHO IICpCavda MOYHCTHCA 3 ITOYATKY.
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dma init.DMA Mode = DMA Mode Circular;
PoGoTa B npukiiaii BeACTHCA 3 OJIHUM JKEPESIOM Ta IIpUitMaueM JaHUX, TOMY

MPIOPUTET MOKHA 00paTH JOBIILHUM.
dma init.DMA Priority = DMA Priority High;

Hactymnna napa psikiB oprasizye poO0OTy y BUTIISII NpsMOT niepeadi qaHux. B
pasi oprasizailii HIOTOKY, P HasBHUX BX1JTHUX JAHUX CTBOPIOETHCA yepra. B
HAIIOMY BUIIAJIKy MPHU BIICYTHOCTI MOXKIIMBOCTI MpUiioMy mnepeaada Oyae THMYacOBO

3YIIMHCHA.

dma init.DMA FIFOMode =
DMA FIFOMode Disable;
dma init.DMA FIFOThreshold =
DMA FIFOThreshold HalfFull;
Jlai BU3HAYAETHCS HaKeTYBaHEH BXi/IHHX Ta BUXiJHHUX JaHHX. [Tpukan

BUKOPHUCTOBY€E OAaTOBY nepenavy 0e3 MakeTyBaHHs, TOMY HAacTYIIHA Mapa

HaJallTyBaHb BKa3y€ HA BUKOPUCTAHHS OJTHOTO OaiTy.

dma init.DMA MemoryBurst =
DMA MemoryBurst Single;
dma init.DMA PeripheralBurst =
DMA PeripheralBurst Single;
OCTaHHIO Hepry 3aI[iIOIOTBCSI H;’I&HJTyBaHHH Ta HOI[EIIOTBCH_ KOMaHJIH1 Ha

YBIMKHEHHS TPUCTPOIB Ta iX MOYATOK POOOTH.

DMA Init (DMAl Stream5,
&dma init); DMA Cmd(DMAl Stream)b,
ENABLE) ; DAC Cmd (DAC Channel 1,

ENABLE) ;
DAC DMACmd (DAC Channel 1,
ENABLE) ; }

ITo npomy mporpama mae B poHOBOMY pexxkumi popmyBaTu Ha Buxoai GPIOA.4

curHai, rpaik sKoro TabJIMYHO 3a/laHuii MacuBoM levels.

3.8. PoGoTa 3 cMMBOJIbHMM PIAKOKPHCTAJTIYHUM €KPAHOM

Jiist 300paxkeHHs iH(pOpMAIIii s JF0ICHKOTO 0Ka MIKPOKOHTPOJIEPH HE MAIOTh
CITPOMOYHOCT1 OOCITYTrOBYBaTH TOBHOIIIHHUI MOHITOp 3a pALy MNPUYWH, 30KpemMa

ONEpPaTUBHOI MaM’ATI HE BUCTAYUTH ISl (OPMYBaHHS MOBHOLIHHOTO Kajpy. Tomy
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JUTST. MIKPOKOHTPOJICPHUX TPHUCTPOIB BUKOPHUCTOBYIOTH AWCIUIE] Ta 1HAMKATOPH 3
BracHoro mnam’saTTio. Ille Oulbln MOKHA 3a0IIAJUTH PECYPCH  3aCTOCYBABIIH
CHUMBOJIbHI €KpaHH, KoiH 300paxeHHs: cuMBoiy 3anaerbest ASCII kogom. B Takomy
peXKUMI MIKPOKOHTPOJIEP MOXKe €(heKTUBHO BUKOPUCTOBYBATH BJIACHI PECYPCH.

JIisi TeKCTOBUX IMOBIIOMIIEHb IIUPOKO BUKOPUCTOBYIOTH €KpaHU [0 THILY
XXX1602X (miteporo X Mo3HAYEHO KOAYBaHHS PI3HOMAHITHUX (ipM BUPOOHUKIB,
puc. 3.14). Taxi ekpanu MOXyTh OyTH PI3HOTO PO3MIpY, KOJIBOPIB 300paKeHHsI, aje

BC1 BOHH IIAMIOPSAAKOBAaHI €IMHUM IIPOTOKOJIOM 0OMIHY 1H(popMariii.

wss! . ED Negative

)
=
o
'k-
<
n
-
1

N == VDD (+5 Volt)
w == VE (Contrast V)
& “S1Register Select
= sl LED Positive

4 15

3.14. CuMBOIBHUN JBOPSIKOBUI AUCIUICH 3 TO3HAYCHHSIM BUXO/IIB.
https://components101.com/sites/default/files/component_pin/16x2-LCD-Pinout.png

Jlucruieil BUKOPUCTOBYE TpU JIHIT KEpyBaHHS Ta BICIM JIIHIA MNapaneabHOi
nepeaadi 1aHux — Bchboro 11 BuxomiB mikpocxeMu. B neskux BUMaaKax, SKIIO TYT
MO’KHA 3MEHIIUTH IIBUIKOAII0 Nepeaadl JaHUuX BJBIYl, AUCIUIET BUKOPUCTOBYIOTh B
peXuMi miepeaadl JaHUX IO MiB-0aiTy, B IIbOMY BUMNAJKy BUKOPUCTOBYIOTH YOTUPHU
CTapLIMX PO3PSAM JiHIT JaHuX. TakoX, SKI0 HEMAE MOTPEOU YUTATH JaHl 3 €KpaHy,
MoxHa Buxig Read/Write nmpuennatu 1o «3emii» 1 11e 3BUIBHUTH II€ OJAWH BUXIT 3

MIKpOCXeMH; B TakoMy (opMaTi MIKpOKOHTpoJiep Oy/ie BUKOPUCTOBYBATH 6 BUXO/IB.
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AmapatHoi MATPUMKHA BHKOPUCTAHHS PIAKOKPUCTATIIYHOTO CHUMBOJIBHOTO
exkpany STM MiKpOKOHTpPOJIEpU HE MarOTh, TOMY BCl il MOTPIOHO BUKOHYBAaTH 3a

nonomororo cucremu GPIO.

Instruction Code

Execution time
(fosc=2T0K hz)

Instruction Description

RS [R'W |DB7|DB6|DBS|DB4|DB3|DB2|DB1|DB0

Write “00H™ to DDRAM and set
ClearDisplay [ g o o OO |O]O[O] O 1 |[DDRAM address to *00H" from 1.53ms
AC

Set DDRAM address to “00H™
from AC and return cursor to its

|Retum Home OO0 )00 00 (0] 0] 1 | — |ongmnalpositionif shifted. The 1.53ms
contents of DDRAM are not
changed.
Assign cursor moving direction
[Entry ModeSet| O | O O 01010 ] I | I'D | SH |and enable the shift of entire 39 us
display.
|Display Set display (D), cursor (C ). and
ON/OFF ofololo|lo] o0 1 | D | C | B |blinking of cursor (B) on/off Ous
(Cantrol control bit.

Set cursor moving and display

Cursor or ; o | _ | _ |shift control bit, and the direction.| |
[Poplny SR oY oLl LSC|RE without changing of DDRAM us
data.

Set mterface data length
{DL:8-bit/4-bit), numbers of

[funcicasee | 0 | 0 [0 [0 |1 |[DL[N|[F | — |— [displaylinc (N:2-line/I-linc)and, | 39 ;s
display font type (F:5 X I1 dots/5
* 8 dots)
saCGRAM | g | o | 0 | 1 |acs|acalacs|ac2|act|ace|et CORAM addressinaddress | 5 |
Address counter. :
SEDDRAM. | g | o | 1 [acs|acs|aca|acs|ac2|act|aco|>et DDRAM address naddress | 39,
Address counter. '

Whether during internal operation

|Read Busy Flag or not can be known by reading

5|AC4|AC3|AC2 i s
nd Addriss 0 I | BF [AC6|ACS|ACAACI|AC2|ACT|ACO BE. The contents of address Ous
counter can also be read.
Write Data to Write data into internal RAM
7 5 3| D2 43 u's
ey | O |D7|(D6|D5|D4 (D3 |D2|DI|D0 (DDRAM/CGRAM). 43 s
Read Data from Read data from internal RAM
7 5 1| D2 43 i's
RAM | | |D7[(D6|D5|D4 (D3 |D2|DI (D0 (DDRAM/CGRAM). 43 s

% "—""! don’t carc

Puc. 3.15. Cnucok JOCTynmHUX KOMaH]l CUMBOJIBHOTO JIUCILIEIO
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Posrnsnemo poOoTy 3 ekpaHOM, a MICHs — MPHUKJIad MporpamMu AJis mepenadl
TEKCTY BiJ MIKpOKOHTpoJiepa. st 1IbOTO 3HAAO0OUTHCS CIUCOK JOCTYITHUX KOMAaH]I
auciiero (puc. 3.15). Takok HEOOX1THO BUTpUMATH IOCITOBHICTH 1HIIiami3amii
JUCIUICIO, Ky B JOKYMEHTAIll MPEACTABICHO OJOK-CXEMOI0, SIKy HaBEJIEHO Ha PHC.
3.16. BignoBijgHO 0JI0K-CXeMi, MiCJIsI KOKHOI KOMaH/IX HEOOX1JHO BUTpUMATH May3y,
Ky 3a3HauyeHo B Tabnuil 3 puc. 3.15. Akt npuitmManHs iHdOpMalii KOHTPOJIEPOM
eKpaHy BinOyBaeTbcs B MOMEHT mojavi Ha BXim Enable omgwnumi. Ilpu mpomy
MiHIMaJbHUN Yac 3anucy iHdopmMmairii (mB-6aiTy) ckinamae 500 He., To6TO 1 MKCc. Ha
OJIMH OauT.

Jist  poOOTHM  MIKPOKOHTpOJIepa €KpaHOM BHU3HAYMMO (YHKIIOHAJIbHE
MPU3HAYEHHS BUXO/IIB 32 JOMOMOTOI0 orojomieHHs define:

#define pinD7 GPIO Pin 9
#define pinD6 GPIO Pin 11
#define pinD5 GPIO Pin 13
#define pinD4 GPIO Pin 15
#fdefine PORT DATA GPIOE

#define pinE GPIO Pin 11
#define pinRS GPIO Pin 13
#define PORT CONTROL
GPIOB

Tyt BUKOpUCTAHO Pi3HI TOPTHU IS JIIHIM JAHUX Ta KEPYBAHHS JIJIs1 OIBIII

3pYYHOTO CXEMATUYHOTIO MiAKIIOUCHHS (MEHIIIE TATHYTUCS JPOTAMM).
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( Power on )

Wait for more than 15 ms after Voc© risesto 4.5V

RS R/W DB7 DB6 DB5S DB4
0 0 0 0 | |

J

BF can not be checked before this instruction.

Wait for more than 4.1 ms

1)
RS R/W DB7 DB6 DBS DB4
0 0 0 0 1 |

1

Function set ( Interface 1s & bits long. )

BF can not be checked before this instruction.

Wait for more than 100 pus

]
RS R/W DB7 DB6 DB5 DB4
0 0 0 0 | ]

1

Function set { Interface is 8 bits long. )

BF can not be checked before this instruction.

Function set ( Interface is & bits long. )

BF can be checked after the following instructions.
When BF 1s not checked . the waiting time between
instructions is longer than execution instruction time.

RS R/W DB7 DB6 DB5 DB4
0 0 0 0 1 0
0 0 0 0 1 0
0 0 N F ¥ *
0 o o o0 0 0
0 0 1 0 0 0
o o o 0 0 0
0 0 0 0 0 1
0 0O o 0 0 0
0 0 0 0 D S

1]

Initialization ends

Function set ( Set interface to be 4 bits long. )
Interface is 8 bits in length.

——e= Function set ( Interface is 4 bits long. Specify

the number of display lines and character font. )
The number of display lines and character font
can not be changed after this point.

Display off

———= Display clear

Entry mode set

Puc. 3.16. brnok-cxema nporiecy iHimiani3alii CAMBOJBHOTO €KpaHy B

YOTUPHOXPO3PSAHOMY PEXUMI IEepeiadi TaHuX

Binbin 3py4HO BUKOPHUCTATH TaKOK MAaKpOCH M JJisl KEpYBaHHS MEPEMHUKaHHIM
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BUXOIB MK «0» Ta «1», 11e He JuIe 3p0OUTh BMICT IPOrpaMu OLIbII 3p03YMUTIIIIAM
Ta JAKOHIYHMM, ajie ¥ JO3BOJUTH Mepenucatd (PyHKIIi HAa BUKOPUCTAHHS I1HIIHUX
BUXOJIIB JIMIIIE B OJJHOMY MICIIl IPOTPaAMH:

#define
#define
#define
#define

SET RS GPIO SetBits (PORT CONTROL, pinRS)
RESET RS GPIO ResetBits (PORT CONTROL, pinRS)
SET E GPIO SetBits (PORT CONTROL, pinE)
RESET E GPIO ResetBits (PORT CONTROL, pinE)

#define
#define
#define
#define
#define
#define
#define
#define

SET D7
RESET D7
SET D6
RESET D6
SET D5
RESET D5
SET D4
RESET D4

GPIO SetBits (PORT DATA, pinD7)
GPIO ResetBits (PORT DATA, pinD7)
GPIO SetBits (PORT DATA, pinD6)
GPIO ResetBits (PORT DATA, pinDo6)
GPIO SetBits (PORT DATA, pinD5)
GPIO ResetBits (PORT DATA, pinD5)
GPIO SetBits (PORT DATA, pinD4)
GPIO ResetBits (PORT DATA, pinD4)

JIns 3a1aHHs 11ay3 BUKOPUCTAEMO ITPOCTUM ITyCTUM LIAKIT:

volid Pause (volatile int t) {
while (t>0) {
€==7

Tenep noTpiOHO HANAMITYBATH BUXOAU MIKPOCXEMHU:

void lcd gpio init () {
RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOB, ENABLE);
RCC AHBlPeriphClockCmd (RCC AHBlPeriph GPIOE, ENABLE);
//Ticnsa nomaul TakTyBaHHA NOTP1i0OHO HAJAWNTYBATHK JIAMIKU
MikpocxeMu Ha BUB1n iHbopmallil
GPIO InitTypeDef gi;
gi.GPIO Mode = GPIO Mode OUT;

gi.GPIO OType = GPIO OType PP;

gi.GPIO Pin = pinD7 | pinD6 | pinD5 | pinD4;
gi.GPIO PubPd = GPIO PuPd NOPULL;

gi.GPIO Speed = GPIO Speed 100MHz;

GPIO Init (PORT DATA, &gi);

gi.GPIO Pin = pinE | pinRS;

GPIO Init (PORT CONTROL, &gi);

BaiiT 1o expaHny nepenaeThcsi maporo MiB-O0aMTIB, 110 MPOLIEAYPY OMUCYE

HACTYITHUU KOX:
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void SetOutputs (char c) {

SET E; //BCTaHOBJIOETLCHA CUTHAaJI Ha [NOYaTOK Iepenadi

Pause (200); //llayzsa monsg Toro, mo® eKpaH BCTUT
[IEPEMKHYTUCS B NOTP10OHUMM pexmmMm, I[I1CJd YOoTo
BMCTABJISEMO OiTM BIlANOB1OHO CTAapWOIO HNi1B-0aUTy:

1f( ¢ & 0bl10000000 ) SET D7; else RESET D7;

if( ¢ & 0b01000000 ) SET D6; else RESET D6;

if( ¢ & 0b00100000 ) SET D5; else RESET D5;

if( ¢ & 0b00010000 ) SET D4; else RESET D4;

Pause (200); //Iayzsa 3a crneumplikallen eKpaHy

RESET E; //Cxmummaemo mniHio cmHxponisanii

Pause (100); //I B uUeM yac ekKpaH BaxollJle BX1mH1 maHi

SET E; //BHOBY IEepexXOonOrMO B PEeXMM 3MIiHM OTaHMx 1
BMCTABJSEMO O1iTM MOJIOOMOTO MNiB-0amMTy

if( ¢ & 0b00001000 ) SET D7; else RESET D7;

if( ¢ & 0b00000100 ) SET D6; else RESET D6;

if( ¢ & 0b00000010 ) SET D5; else RESET D5;

if( ¢ & 0b00000001 ) SET D4; else RESET D4;

Pause (200); //layza nua bikcyBaHHd pPiBHIB

RESET E; //lpu CkuIaHHLI CHMHXPO1MIyJbCYy eKpaH
3axXOIJI0E HACTYIMNH1 niB-0amTty

Pause (200); //TyT expaH «IepeBapioe» NPUMHATHI OamT

}

Omnepariis nepeaadi 0aiTy AaHUX Ta OalTy KOMaHIU HE BIAPI3HSIOTHCH, IO
poOUTH ekpaHy 3 NpUIHATUM OailiToM Bka3ye Hampyra no JiHii RS. Tomy dynkumii
nepeaadi KOMaH/Iu Ta TaHUX BIAPI3HSIIOTHCS JIMIIIE 3MIHOKO CTaHy BKa3aHOI JITHIi:

vold WriteLcdCommand (char c) {
RESET RS;
SetOutputs(c) ;

}
volid WriteLcdData (char c¢) {

SET RS;
SetOutputs (c) ;

[Tpu HasIBHOCTI TaKMX MIHIMAJIBHUX PECYPCIB MOKHA pealli3yBaTH OJOK-CXeMy
1HILIIOBaHHA eKpaHy. Bci [1i MpoOKOMEHTOBAHO B TUI (DYHKIIII:

volid LcdInit () {
lcd gpio init(); //HanawTyBaHHSA BUXOILB
M1KPOKOHTpPOJIEPa
Pause (30000); //llaysa mnJjga BaBaHTaXeHHHI
Pause (30000); //xoHTposepy eKpaHy
RESET RS; //Iani pexuMm 3anmcy KOMaHI
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SET E; //lo 6mok-cxeMi 3 pmc. 3.16 sanmcyemMo MHibB-
OanTu

RESET D7;

RESET D6;

SET D5;

RESET D4;

RESET E;

Pause (200) ;

SET E;

RESET D7;

RESET D6;

SET D5;

RESET D4;

RESET E;

Pause (200) ;

SET E;

SET D7;

SET D6;

RESET D5;

RESET D4;

RESET E;

Pause (200) ;

Pause (8000) ;

WriteLcdCommand (0b00001111); //BMuxkaemMo IOuUCILIEN
(omB. Tabmn. 3 puc. 3.15)

Pause (8000) ;

WriteLcdCommand (0b00000001); //YmcTrmMO OMUCIIIEN

Pause (32000) ;

WriteLcdCommand (0b00000110); //Ilpw =anmci GamTy
KYPCOp pyXaTMMEeThbCHS Ha CHMMBOJI IpaBoOpyd

Pause (8000) ;

WriteLcdCommand (0x0E); //BuuraeMo OMUCILJIeN Ta
POOMMO BUIOMMUM KypPCOP

Pause (8000) ;

WriteLcdCommand (0x01); //IloBTOpHEe OUMIEHHSI IMUCIIIIE

Pause (16400) ;

BcranoBmoBaTH  Kypcop Ha €KpaHI MOXKHAa 30 JIOMIOMOTOI KOMaHIU
OblxxxxxxX, J€ I1KCaMH TII03HAYCHO MBIMKOBE YHCIIO-aJIpeca «BlJeomam Ty —
nepiuit psajgoM mae aapecu Big 0x00 no 0xOF, a npyruit psgok mae agpecu Big 0x40
no Ox4F. BignosimHo 1m0 1i€i i"HGopmalii MoxkHa T0OyayBaTh (PYHKIIIIO
BCTAHOBJIEHHSI KYpCOpY B HOTPIOHY MO3UIIIIO:

void ToXY (int vy, int x){//y=0,1; x=0,1,..,15
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WriteLcdCommand (0x80 | (y<<6) | x);

Ha mpomy erami € Bci 3aco0um Il BUKOPHCTaHHS €KpaHy JJISI BHBOIY
1H(pOopMaIIii:

int main (void)
{

int p=0;

SystemInit ()

SystemCoreClockUpdate() ;

LedInit () ; //BacTocyBaHHA HajlallTyBaHbL IJIg
poBOTU eKpaHy

Pause (32000) ;
WriteLcdCommand (0x80); //KoMaHpma [odaTkKy 3almcy
IJAaHVX Ha agpecy IIoduaTKy IIeploI'c pdInKa

WriteLcdData ('H'"); //IaHl nepenaiTbCd SK CHMBOJIM

WriteLcdData('e')

WriteLcdData('1l");

WriteLcdData('1l");
('o')

|

.
’

WriteLcdData('o"');

WriteLcdData('!");

WriteLcdCommand (0xCO0); //KoMaHpa [IodyaTKy 3almcy
IJAaHVX Ha agpecy IIoduaTKy IpyI'oI'O pdlKa

WriteLcdData ('W'") ;

WriteLcdData ('o");
WriteLcdData('x");
WriteLcdData('1l");
WriteLcdData ('d");
WriteLcdData('!");

// CTBOPEHHS BJIACHOT'O CUMBOJIY
CHUMBOJIbHI €KpaHU TaKOX MIATPUMYIOTh BUKOPHUCTAHHS BJIACHUX CHMBOJIIB 3

kogoMm Big 0 mo 7 Bxirouno. [ns miei metu 3 aapecy 0x40 3Haxonmsthesi OITOBI
300pakeHHs KOPUCTYBAIlbKUX CUMBOJIB. Hampukian noTpiOHO gomatu 10 Tabiuii
CUMBOJIB 3HAaK CMaljuKy, TOJl HEOOXIJTHO MaTH HACTYNHHMA MacuB 3 OITOBUM
300paKEHHSM:

char my char[]={
0b0O0O0O1110,
000010001,
0b0O0011011,
000010001,
0b00011111,
0b00010001,
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0b00001110,
000000000

}s

CUMBOJIBHHMI TeHepaTop A MOOYyAOBH 300pa)K€HHS BUKOPHUCTOBYE JIHIIE
I’ SITh MOJIOAIIMX O1TiB, JOPMYBaBIIHA TaKUM YMHOM HIpUPT 5X8 Touok. [1lo0 3anecTn
300pak€HHsI CHMBOJTY JI0 €KpaHy, MOTPIOHO OalTH G1TOBOTr0 300pa)KEHHS BiJIMPABUTH
nouunHaroui 3 aapecu 0x40 + 8*code, ne code — HOmMep BiacHOTrO cuMBOITY Bij 0 10 7:

char code = 0;

WriteLcdCommand (0x40 + 8*code);

for (p=0;p<8;p++) {
WriteLcdData (my char[p]);

}

Jlani BuUBeIEMO 1€l CUMBOJI B IEPUIOMY PSIIKY HA IIOCTOMY 3HAKOMICTI:

WriteLcdCommand (0x80 + 6);
WriteLcdData (code) ;

while (1)
{
}

Jam B mporpami ije mnycTuid IUKI, 00 3MIHM TEKCTy Ha €KpaHl He
nepeadayeHo.

Ane mporpama € He TTIOBHOIO, 00 B Hill BiJICYyTHI MOKJIMBOCTI BUBOJIUTU CTPOKH,
BiIOOpakaTH 4YuCIa B JIECATKOBOMY (OopMaTi, HEMOXXJIMBO BHUKOHYBATH BUBIJ
iH(popmartii y hoHOBOMY pexuMi (3a TOMOMOTOI0 NepepuBaHHs Bia Taiimepy). Takox
BUKOPHUCTABIIM TaOmuiro 3 puc. 3.15 MoxkHa peanizyBatd (DyHKI[IIO BCTAHOBJICHHS
Kypcopy B MO3UI110, JOJIaBaHHs BJIACHOTO CUMBOJTY, OUMILICHHS €KpaHy Ta 1HIII.

[ImrocoM Takoro migxoQy € Te, IO MIBHJAKICTh BUBOJY TEKCTY Ha €KpaH
00MeKeHa MOXKJIMBOCTSMH CaMOT'0 €KpaHy, aje HUXKHS MIBUAKICTb Ta PIBHOMIPHICTb
nojaayl iHGopMallii He periaMeHTOBaHO. 3aBISKHU IIbOMY TEKCT JI0 €KpaHy MO>KHa
nepeaaBaTH BKpail HE PIBHOMIPHO Ta 1HOAI 3 JOCUTh BEJIMKUMU TNay3aMu, TOMY L€l
MPOIIEC JOCUThH JIETKO IMOEJHATH 3 BUKOHAHHSAM OUIBII BaXXJIMBUX 3a TaWMIHTOM

IpOLIECaMHU.
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