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1 NIPOrPAMMHbINA NAKET ATMEL STUDIO

Atmel Studio — uaTerpupoBannas cpena pazpadotku (IDE) ot kommanuu
Atmel nns pa3paboTku MpHIoKeHu o1 MUKpokoHTposuiepsl ARM Cortex-M
u AVR. Panee naspiBasica AVR STUDIO. B nmanHom mocoOuu npuBEACHBI
aKpaHbl TporpamMmMbl Bepcun Atmel Studio 6.2. Pacmpoctpansiercss cBoOOTHO

¢ opunmansHoOro carita kommanuu Atmel (http://www.microchip.com/).

[Tporpammusiii npoaykt AVR Studio paspabateiBaetcs ¢ 2004 r. Ilpo-
rpaMMa Mo3BOJIsieT paboTarh Kak Ha acceMOnepe, Tak U Ha C/C++, conepxut
B cele:

e uHTErpupoBaHHBIA KomnuiaTop C/C++;

® UHTETPUPOBAHHBIN CUMYJISATOD;

e oriaguuk (Debugger);

® MacTep MPOEKTOB;

e OOLIMPHYIO OHJIAItH-0a3y TOTOBBIX TPUMEPOB,;

e mojjepikka nHCTpyMeHnToB Atmel, coemectumbix ¢ 8-paspsianoir AVR
apxutektypoii, B Tom yrcie AVR ONE!, JTAGICE mklI, JTAGICE mkII, AVR
Dragon, AVRISP, AVR ISPmkII, AVR Butterfly, STK500 u STK600;

e noanepxka miarnHa AVR RTOS (onepannonHas cuctema peaibHOTO
BPEMEHMU );

e noanepxka AT9OPWMI1 u ATtiny40;

® IpOrpaMMHOE OOecleueHUEe BEPXHEro YpOBHS AJI MOJIEPKKU BHYT-
pucxemHoro nporpammupoBanus (In-System Programming, ISP).

BusyanbHble MHCTPYMEHTHI MO3BOJSIOT YCKOPUTH HAIMMCAaHUE MPOrpaM-
Mbl. biiaronapst cBsske nporpammHbix naketoB Atmel Studio u Proteus ot ¢up-
Mol Labcenter Electronics BO3MOXXHO pOrpaMMHUPOBAHHE MHUKPOKOHTPOJLIEPOB
0e3 HalMuus Kakon-1100 MaTepuaibHOM Oa3bl.

Otnamuuk AVR Studio umeeT nBa pexxuma pabOThI: PEXKUM MPOTPaAMM-

HOM CUMYJIOUN U PCKUM YIPABIICHUS PA3JIMYHBIMU TUIIAMH BHYTPHCXCMHBIX


http://www.microchip.com/
https://ru.wikipedia.org/wiki/Atmel
https://ru.wikipedia.org/wiki/AVR
http://cxem.net/software/proteus.php

amynsaTopoB (In-Circuit Emulators) nmpousBojactsa ¢pupmel Atmel. Baxxno otme-
TUTh, YTO UHTEPQEHC MOTH30BaATENSI HE U3MEHSIETCS] B 3aBUCIMOCTH OT BHIOpaH-
HOTO PEXXHUMA OTIIAIKH.

ITocne 3amycka AVR Studio 115 co3nanus HOBOro MpoekTa HEOOXO0AUMO
B MeHI0 Project Beiopats komanay New Project. B pesynbrare Ha 3kpaHe 10-
SBJISIETCS TUAJIOTOBOE OKHO (puc. 1), B KOTOPOM HEOOXOJAMMO BBECTH HAa3BaHUE

npoekra (Project name) m ero pacmonoxenue (Location). HoBerii mpoekT

yno0Hee co37aBaTh B OT/ICJILHOM IarkKe.

New Project

Recent Templates Sortby: | Default
Installed Templates
X Type: C/C++
GCC C ASF Board Project CjC++
Creates an AVR. 8-bit or AVR/ARM 32-hit C
Assembler project
Atmel Studio Solution GCC C Executable Project CjC++
GCC C Static Library Project CjC++
GCC C++ Executable Project CjC++
GCC C++ Static Library Project CjC++
Mame: | GeoApplicationd ‘
Location: | C:\AtmelStudioProgects_my', v ‘
Solution: |Creahe new solution v ‘
Solution name: | GecApplicationd ‘ [#]|create directory for solution

Puc. 1 — OkHo co3aaHus HOBOTO MPOEKTa

Jlanee BbIOMpaeTCs TUI MHKpPOKOHTposuiepa. [lociie HaxaTHs KHOIKH
Finish Ha skpaHe MOsBISIETCS OKHO OpraHW3anuy mpoekTa (puc. 2), moKa3bIBa-
IOIllee BCE CBS3aHHBIC C MPOCKTOM (hailyibl, 1 OKHO Ui PEIAKTUPOBAHUS IMPO-

IrPaMMBI.



Solution Explorer

e
i Solution 'MEGA_GPIO_EXAMPLET (1 project)
= MEGA_GPIO_EXAMPLEF
=d| Dependencies
=d| Cutput Files
= & Libraries
« libm
=~ |ZF src
= = ASF
= @ COMmmon
[a] boards
- & utils
[ad interrupt
[a3 make
ﬂ interrupt.h
ﬂ parts.h
= @ mega
[0 boards
B & utils
[0 assembler
[od preprocessor
|h], sssembler.h
|h), compiler.h
|k} progmem.h
|h}, status_codes.h
= |&F config
|l11 conf_board.h
|l11 conf_example.h
[Z] asfh

,51 mega_gpio_sxample.c

E Properties [ 10 View . ASF Explorer L:*f‘;' Solution Explorer -

Puc. 2 — OkHO opraHu3amuu mpoeKTa

B 3T0 OKHO 11 penakTUpoBaHMs (ailia MOXKHO C KJIaBUATypbl BBECTHU

TEKCT MPOrpaMMbl Ha SI3bIKE acceMOjepa WM OTKPBITh YXKE CYIIECTBYIOIIMI

daiin (myakr Add Fail 8 menro Project) (puc. 3).



e g exene.c_ |
o mega_gpio_example.c '| = I ¥ C\AtmelstudioProgects_myWEGA_GPIO_EXAMPLET\MEGA _GPIO_EXAMPLET\src\mega_apio_sxample, ¢ '[i.'G(
E
-lint main(wvoid) rl
{
/{ variable to put switch input into
uintd_t valj
= /* Use port D for output to control the STKGB8 LEDs.
* First set the data direction register to @xff in order to set all
* port pins to output function.
By
DDRD = @xff;
// set output levels high. will turn off STK6@@ LEDs.
PORTD = @xff;
// Set output levels low. Will turn on STKGB8 LEDs.
PORTD = @;
= /* For input we use port B in order to read input from the STKG@®
* switches.
* We don't need to set these pins to input after reset since they
* are default set as inputs after reset.
* But a typical requirement when reading switches are pull-ups. STKE@@
* don't require these, but we enable the internal pull-ups just to be
* on the safe side.
'Y
PORTE = @xff; R
100 % -

Puc. 3 — OkHoO pegakTupoBaHus IpOrpaMmbl Ha si3bike C

Bce ¢aiinbl mpoekTa qoMKHBI OBITH BKIIOYEHBI BO BXOJHOU (haiiin mpoekTa
¢ MOMOIIBI0 accembyiepHor nupekTussl .include. s cMeHbl BxoaHoOro (aitna
IpOeKTa Ha JAPYrol HaJ0 YCTAHOBUTH KypCOp MBIIIM Ha HYXKHBIM (paill B OKHE
OpraHMU3alNY IPOEKTA U IIECJIIKHYTh IPAaBOM KHOIKOM MBIIIH.

JUis oCylIeCTBIIEHUS TPAHCISALUU IPOrPaMMBbl U IPOBEPKH NPABUIBHOCTH

e¢ Harmcanus BeiOMpaercs myHKT Build (kaonka F7) B mento Project (puc. 4).

PR b s SELE T2 2 T hex

- - ) S

Puc. 4 — Ilanens koMOuiIsiTopa

Oxuo View Output comepxut cooOmeHHs KOMOWIATOpa. B 3TO OKHO
BBIBOAMTCS MH(POPMAIUS O KOJMYECTBE CJIOB KOJA U JaHHBIX, O HAIMYUU OLIH-
0ok u npyras uHopmanus (puc. 5). BeiBoautcs nHpopManus, CKOIBKO MPO-
[ICHTOB KCIIOJIb30BAHO B MAMSTH MPOrpamMm (OCHOBHOW KOJ MPOTPaMMbl) U Ta-

MATHU JAaHHBIX.



Output
Show output from: |Bui||:| v| {ﬂ | ‘ﬂ E}) | = | | =]
134 a8 e 134 86 MEGA_GPIO_EXAMPLEY.elf
Done executing task "RunCompilerTask™.
Task "RunfQutputFileVerifyTask"
Program Memory Usage : 134 bytes 8.8 % Full
Data Memory Usage : 8 bytes 8.8 % Full

Done executing task "RunOutputFileVerifyTask™.
Done building target “"CoreBuild™ in project "MEGA_GPIO_EXAMPLET.cproj™.
Target "PostBuildEvent™ skipped, due to false condition; ('%(PostBuildEvent)’
Target "Build™ in file "C:“Program Files‘Atmel‘Atmel Studio &.2\Vs‘\Avr.common.
Done bullding target "Build™ in project "MEGA_GPIO_EXAMPLEY .cproj™.
Done building project "MEGA_GPIO _EXAMPLEZ.cproj™.

Build succeeded.
========== Build: 1 succeeded or up-to-date, @ failed, @ skipped ==========

. Error List JEReMNd = Find Results 1

Puc. 5 — OkHO cooOmieHni KOMIUIATOPA

JITs JIOKaM3any OIMMOOK TPAHCISAIUU B CIIydae WX HAJIUYHS MOXKHO
B OKHE COOOIIEHNI YCTAHOBUTH KypCOp MBIIITU HA cOOOIeHrne 00 OmmnOKe 1 IBa
pa3a MIEeTKHYTh JIEBOW KHOMKON MbIIH. [Ipy 3 TOM B OKHE peaakTUPOBAHUS HC-
XOJTHOTO TEKCTa MPOTrpaMMbI Kypcop OYJeT YCTaHOBJICH Ha CTPOKY, BBI3BABIIYIO
cooO1ieHne 00 oMMOKe, U ATa CTPOKa OYIET BhIJICJICHA [IBETOM.

B pesynbTare TpaHCHAIUMU CO3/Aa€TCsA BBIXOAHOW (haill B yKa3aHHOM
dbopmare.

Jliis 3amycka oTjajauuka HeoOXO0uMO BBIIOJHUTH mpoueaypy Build and
Run, kortopas BBI3BIBaCTCS NPH HAXKATHHM HA COOTBETCTBYIOIIYIO KHOIIKY
(F7+Ctrl) na manenu ynpasaenus. IIpoueaypa Build and Run BeimosHseTcs
B ABa dTana. CrepBa MPOUCXOIUT TPAHCISAIUS BXOMHOTO (paiiyia MpoekTa, mpu
KOTOPOW HE3aBHCHMO OT YCTAaHOBOK ITPOEKTa, KpOMEe BBIXOAHOTO (haiiia 3a1aH-
HOrO (popmata, reHepupyeTcs U OOBEKTHBIN (haiis. 3aTeM 3TOT 0OBEKTHBIN (haitn
3arpyaeTcsi B OTJIaTYHK.

Okpan AVR Studio B pexumMe 0T/IaKu peCcTaBiIeH Ha puc. 6.



MEGA_GPIO_EXAMPLEY (Debugging) - AtmelStudio A EEX
File Edit View VAssistXx ASF Prgject Buld Debug Tools Window Help
ot - It e R == - P e | count=ro e S R
PR ®ME E G i@ > b AHSELEEEE T Hex | i D E S ) B < EH | e | e ATmecats § Simulator <

Disassembly MEGA_GPIO_EXAMPLE7 mega_gpio_example.c 3 10 View

'| = If& int main {void) [ 3 ,;l | Filter: I:I

Name Walue

* First we need to enable pin change interrupt for the wanted port. B AD_CONVERTER
* J N

J. Bké ANALOG_COMPARATOR
EXAMPLE_PCICR = (1 << EXAMPLE_PCIE); B B00T LOAD

i cru

[ EEPROM
- EXTERNAL_INTERRUPT

B mac o
// Enable interrupts li@ PORTA
sei();
MO PORTC
/* Busy loop, and a breakpoint can be used in the interrupt handler to U8 PORTD v
* see interrupts being triggered by SWe. =

// Then we need to set the pin change port mask to get the bit we want.
EXAMPLE_PCMSK = (1 << PCINT®);
#endif

Name: Address | value Bits

while (true); O PINE k36 00 00000000
0 DDRE x37 w00 00000000
U0 PORTE x oF DOODDEEE

[P @ asrex.. B Processor M@ Solution.. ES° Properti

l i Memory 1

wE EMllE = = =
Col 1 chi

Puc. 6 — Dxpan Atmel Studio B pexxume oTinagku

[Tpu BeImomHeHUH mpoueaypsl Build and run (wim npu 3arpyske 00b-
eKTHOTO (pailiia) aBTOMAaTUYECKH OTKPHIBAETCS OKHO MCXOJHOTO TEKCTa MCIOJI-
HsIEMOM MUKPOKOHTPOJUIEPOM MPOrPaMMBbl.

[Tocne BbIMIOJIHEHUS MPOLIEAYPHI TOSIBISIETCS JKENTasi CTpeKa, yKa3bIBa-
IOMIasi MMO3UIMIO MMPOTPAMMHOTO CYETYMKA MHKpPOKOHTposuiepa (puc. 7). Dtot
yKazaTellb BCErja HaXOAUTCsS Ha CTPOKE, KOTopast OyJIeT BBIMOJIHEHA B CIIEIYIO-
IIEM LIUKJIE.

[Tonb30BaTeah MOKET BBIMNOJIHATH IPOrpaMMy MOJHOCTHIO B MOIIArOBOM
pexume, Tpaccupys 0JI0KH (YHKIUNA WK BBITIOJIHSS IPOrpaMMy J10 TOTO MECTa,
r7ie CTOUT Kypcop. B monosHeHrne MOXHO ONpeaeNsiTh HEOTPaHUYEHHOE YUCIIO
TOYEK OCTAHOBA, Ka)KJasi U3 KOTOPHIX MOXKET OBbITh BKJIIOYEHA WM BBIKIIOUYEHA.
Touku ocTaHOBA COXPAHAIOTCSI MEXKIY CECCUSIMHU paOOTHI.

B Atmel Studio mis oTiaaku mporpaMmbl PEAyCMOTPEHBI JIBE KOMAaHIbI
nomarooro pexxuma: Step Over u Step Into. Pa3nuiia Mmexxay HUMH B TOM, YTO

koMaHga Step Over He paboraer B moamporpammax. C MOMOIIBIO KOMaH]
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MOIIIArOBOT0 PEXHMa MOXXHO MPOCIEIUTh U3MEHEHMsI 3HAaYE€HUW B perucrpax
YCTPOMCTB BBOJIa/BBIBO/IA, TAMATH U peructpoBoro ¢aina. K komangam maro-
BOT0 pekMMa oTHoOcATCS Takxke Auto Step m Multi Step. TTomumo miarosoro
pexuMa BO3MOXKHA OTJaJKa MPOrpaMMbl C MCIOJIb30BAaHUEM TOYEK OCTAaHOBA
(Breakpoints). Komannoii (GO 3amyckaercs HWCHOJHEHHE NporpaMmsl. IIpo-
rpamMMa OyAeT BBIMOJIHATHCA O OCTAaHOBKH IOJIb30BaTelIeM WJIM 70 OOHapyxe-

HHA TOYKH OCTaHOBA.

MEGA_GPIO_EXAMPLE? mega_gpio_example.c

o miin - | = I & int main(void) - [1?‘30]
= S

<

* First we need to enable pin change interrupt for the wanted port. -

E

EXAMPLE_PCICR = (1 << EXAMPLE_PCIE);

// Then we need to set the pin change port mask to get the bit we want.
EXAMPLE_PCMSK = (1 << PCINT®);
#endif

// Enable interrupts

=] sei();

= /* Busy loop, and a breakpoint can be used in the interrupt handler to
* see interrupts being triggered by SWe.

*

while (true);

hd
100% ~ € >

Stopped

Puc. 7 — OKHO HCXOIHOTO TEKCTA MPOTPAMMBI B PEKUME OTIAIKU

Jlnst ycraHOBKHM Toukm octaHoBa B Atmel Studio ciyXuT myHKT MeEHFO
Debug -> Toggle Breakpoint. Touka ocraHoBa CTaBUTCS B CTPOKE, OTMCUCH-
HOM KypcopoM. KpacHast oTMETKa B JIEBOM II0JIe OKHA UCXOJHOTO TEKCTa Ipo-

I'paMMBI IIOKa3bIBACT YCTAHOBJIICHHYIO TOUYKY OCTaHOBA.
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HMeeTcsi BO3MOXXHOCTh OTJIaXXKUBAaTh TpaHCJII/IpOBaHHHﬁ aCCCM6H€pHBIﬁ

KOJI porpaMMbl. [l 3TOT0 B OKHE TEKCTa HY)KHO BhIOpaTh BKIAAKy Disassem-

bly (puc. 8).

Disassembly ¢ JESe:Wexl= 0 =1

Address: | main -

~ \Viewing Oplions

PORTD = @; -~
egeaea3s OUT exl2,Rl Out to I/0 locatio o
PORTE = @xff;
eaeeea37 OUT eéxls,R24 Out to I/0 locatio
val = PINB;
Gaee8838 IN R24,8x16 In from I/0 locatic
PORTD |= (1 << PORTD®);
cepeae3s SBI exl2,e Set bit in I/0 register
PORTD &= ~(1 << PORTDL);
CBI @x12,1 Clear bit in I/0 register
A= (1 << PIND@) | (1 << PIND1);
IN R25,8x12 In from I/0 locatic —
LDI R24,8x83 Load immediate
EOR R24,R25 Exclusive OR
OUT @x12,R24 Out to IS0 locatio
sei();
GAee883F SEI Global Interrupt Enable
--- CiZAtmelStudioProgects_my\MEGA_GPIO_EXAMPLEV\MEGA_GPIO_EXAMPLE7\Debug/../src/mega
o eseeads  RIMP PC-8xeeea Relative jump

--- No source file —-----mmmm e e

Puc. 8 — OkHo nu3accemOiepa ¢ mporpaMMHBIM KOJOM

B mporiecce oTnaaku Takxe MOXKHO BbIOpaTh MyHKT MeHio Debug -> Run
To Cursor (Ctrl+F10). ITpu BeIOOpE 3TOr0 MyHKTA UCIOJHSACMBIN KOJ| BBITIOJ-
HSETCS IO JOCTHKEHUS KOMaHbl, 0003Ha4eHHOW Kypcopom. [Ipu stom ecnu
OTJIaYUK OOHAPYKUBAET TOYKY OCTAHOBA, YCTAHOBJICHHYIO PAHEE IMOJIOKCHUS
Kypcopa, TO OCTAaHOB Oy/IET BBIIIOJIHEH TOJIBKO B CIIy4ae €ro pa3peiieHus B OKHE
Debug Option, B mpoTHBHOM ciiy4ae BBIMOJIHEHHE HE MPUOCTAHABIMBACTCS.
Ecnmu komanna, 0003Ha4YeHHas: KypCOpOM, HE JIOCTHTAeTCs, OTJIQJIYUK MPOJOJI-

YKAeT WMCIOJHATH KOJi MPOrpaMMbl O TE€X TOp, MOKa HCIOJHEHWE He OyaeT
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npepBaHo nosib3oBatenieM. [lockoabky pexxum Run To Cursor 3aBHCHT OT Io-
3UIIUH KypPCOpa, OH JOCTYIICH TOJbKO MPH aKTHBHOM OKHE MCXOHOTO TEKCTA.

JIJ1s OCTaHOBKY UCIIOJIHEHUS TIPOTPaMMBI TI0JIb30BATEIEM CITYKUT KOMaH-
na Break (Ctrl+F5). B cocrosiHuu octaHoBa 3Ta KOMaHJa HeIoCTymHa. [Ipu
OTJIaJIKe C UCIOJIb30BAaHUEM TOYCK OCTAHOBA, WJIM €CJIM aJ[peC OCTaHOBA yKa3aH
KypCOpOM B OKHE MCXOJHOTO TEKCTa, MOJAM(UKaIKs WHPOPMAIIMHA BO BCEX OK-
HaX MPOMCXOIMT TOJBKO HPU JOCTHKCHHU OCTaHOBA (MJIM IPU MPEKPALICHUN
UCTIOJTHEHUS! TIPOTPAMMBI MIOJIb30BATEIIEM).

[Tynkr mento Debug -> Reset (Shift+F5) Beimonnser cOpoc MuKpo-
KOHTpoJutepa. Ecii mporpaMma mpu 5TOM BBITIOJHSAETCS, TO €€ MCIOJHEHHUE Oy/IeT
octaHoBieHo. [Tocie copoca nHpopMaliys BO BCeX OKHaX MOJIUMDUITUPYETCS.

Jlns HaOmrofeHns 3a pabOTON MPOTrpaMMbl MOXHO OTKPBITH HECKOJBKO
OKOH, OTOOpaKaIOIIMX COCTOSHHE Pa3IUYHBIX y3JI0B MUKPOKOHTposuiepa. OkHa
OTKPBIBAIOTCSl HAKATHEM COOTBETCTBYIOIIUX KHOTIOK Ha MaHEM MHCTPYMEHTOB
WK TIPY BBIOOPE COOTBETCTBYIOIIETO MyHKTa MEHIO View.

PeructpoBblii daiin MukpokonTposuiepa AVR orobOpaxkaercs B okae WOork
space (Bkmazaka I/O, puc. 9), a Takke MOKHO OTKPBITh OT/JCIbHOE OKHO Registers
(puc. 9) Ecnu B mporiecce BBIMOIHEHHUSI TPOrPAMMBbI B OUSPETHOM LIUKIIC 3HAUCHHE
KaKOro-JIM00 perrcTpa M3MEHUTCS, TO 3TOT PErUCTp OYAET BBIAECICH KPacHBIM IIBe-
ToM. [Ipr 3TOM €Cii B CIICIYIOIIEM ITHKIIC 3HAUYCHUE PETUCTPa OCTAHETCS MIPEKHKM,
TO [BETOBOE BhIZICNICHHE Oy/eT CHATO. Takoe jke IBETOBOC BBIICIICHUE PCATU30BAHO
B OKHaX YCTPOMCTB BBO/IA/BBIBO/IA, TAMSTH U IIEPEMECHHBIX.

Taxoke B okre 1/0O WorkSpace oroOpakaeTcst COCTOSIHHE BCTPOCHHBIX T1e-

pUGEpPUIHBIX YCTPOUCTB MUKpOKOHTpOJLiepa (puc. 10).
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IO View

=] =] Filter: | -

Mame Value
AD_COMVERTER
Bag ANALOG_COMPARATOR
BOOT_LOAD
fidicru
EEPR.OM
FAEXTERMAL INTERRUPT =

Mame Address | Value Bits
12 PINE %36 o0 JO00000aO

10 DDRE 0x37 0 QOOO0O0OO000O0
116 PORTE wiz oFF DEDDEEER

2

(B 10 view [CETE= . e "!_F Solution... B Propert..

Registers v 1 X
R@a = @xB@ RELl = @xBBd R82 = 8xB@ RE3 = axes -
R@4 = @xB@ RE5 = @xBd R8s = 8xB@ RE7 = axes
RB3 = 8xB@ RE9 = @xBd R128 = 8xB@ R1l = @xes
R12 = @8xiB@ R13 = @x@d Rl14 = 8xB@ R15 = @xés
Rl1e = @x@@ R17 = @xBd R13 = 8xB@ R19 = @xés
R2@& = 8x@@ R21 = @x@@ R22 = @xB@ R23 = axea
R24 = 8xB2 R25 = @x@1l R26 = @xB@ R27 = axéa
R28 = @x5F R29 = @x84 R3I68 = 8xba

[£

Puc. 9 — OkHo coctosinust peructpoBoro daiina u okuo 1/0 WorkSpace

10 View * 1 X
=] =1 | Filter: | |
Mame Value
[£) EEPROM
LA EXTERMAL_INTERRUPT
ITAG
10 PORTA
10 PORTC
110 PORTD
SPI
&) TIMER_COUNTER_0
&) TIMER_COUNTER_1
@) TIMER_COUNTER_2
TWI
USART
WATCHDOG

[

<

MName Address | Yalue Bits

10 PINE m3e k00 JO0O000O0O0O
10 DDRE 0x37 x00 OJO0OO0O00OO0
10 PORTE w3z oxFF DD EEEDR

(& 10 view RNEEES" B Processor ‘lii‘ Solution... B Properti...

Puc. 10 — Pa3sepnytsiit nopt PORTB u otobpaxenue
ero peructpoB PINB, DDRB, PORTB
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B sTtoM okHe oTpaxarTcs Bce (yHKIHMOHAIbHBIE OJOKU 6blOPAHHO2O0
MUKpPOKOHTpoJuiepa. Eciu BeIOpaTh Apyroi KOHTPOIUIEP, TO YacTh (GyHKIIMOHA-
Jla MOXKET OTCYTCTBOBATh. JIt000i OJI0K MOXKET OBITh PACKPHIT HAYXKATUEM HA €r0
3HadoK. [Ipu packpeiTuu OJ0Ka B OKHE OTPAXKAIOTCS aJpeca U COCTOSIHUS BCEX
€ro PEerucTPOB M OTACIBHBIX, JOCTYITHBIX I Moaudukanuu, outos (puc. 11).
Kaxnpiit goctynHeiid 111 Moau(pUKAaUU OUT MOKET ObITh YCTAHOBIICH WJIU
cOpoIlleH KaK MpOrpaMMoN MO XOJy €€ HCIIOJHEHHUS, TaK M IO0Jb30BaTelleM
BPYYHYIO (yKa3aB KypCOpPOM HYKHBIM OWUT M IIEIKHYB JICBOM KHOIKOW MBIIIIH,
M0JIh30BaTeNIb MOXKET U3MEHUTh 3HaUCHHE OWTa HAa 00OpaTHOE) — B PEKUME IPO-
TPAaMMHOM CHUMYJISIIIAUA JTO SIBIISIETCS CIIOCOOOM WMMHTAIIMM BXOJHOTO BO3JICH-
CTBUS HAa MHUKpOKOHTposuiep. Hampumep, UMUTUpYyeTCS Ha)KaThe KHOIKHU WM

npuineamue aanueie B 0ypep UART, ALIIT u np.

10 View * 0 x
= = Fiter: | - |
Mame Walue
BOOT_LOAD A

@ sleep Mode Select (MCUC...
E-f| Interrupt Sense Control 1...

L4 Interrupt Sense Control 0... v
Mame Address | Value Bits

= B osccal Ox51 ox00 OO0 000
= B mMcucsr ox54  ox01 [ OO000m

= B mMcucr 0%55 oo JOO00CO0CO0

5P 0x50  0Ox04° OOCOCEOO0 CeCE@E0E

E]sREG ; EREEEEm

[

EAT ox01 [

T 0x00 O

H 0x00 O

5 D3 O

v 000 0O

M Ox00 |

Z 0x00 O |
o 0x00 0 v

(B 10 view St P Processor "5_“ Solution... B Properti...

Puc. 11 — OKHO cOCTOSTHUS MPOIECCOPHOTO sIpa
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JIns MHAMKAIMU COCTOSIHUS MPOTPAMMHOIO CYETYMKA, yKa3aTels CTeKa,
coaepxkumoro perucrtpa craryca SREG u uHaekcHbeix peructpoB X, Y u Z
B TIPOIIECCE OTIIAKU MPOTrpaMMBbI MpeIHa3HavYeHa BKIaaka Processor B okue 1/0
WorkSpace.

B 3ToMm ke okHe oToOpakaeTcsi TeKyIlee BpeMs BBIIIOJIHEHHUS TPOTPAMMBbI
Y TAKTOBAasl 4YacTOTa siApa MUKPOKOHTPOJUIEPA.

[IpocMmoTp stueek mamsTH nporpamm, namsatu aanubix, EEPROM u peru-
CTPOB MOPTOB BBOJ1a/BBIBOJIA B XOJI€ UCIOJHEHHUS MIPOTrpaMMbl OCYILIECTBIISETCS
TaK)Ke C MOMOIIbIO JUaioroBoro okHa Memory. Beinajaroiiee MEHIO 11aoro-
BOT'O OKHa IO3BOJISIET BHIOPATh OJIMH U3 YETHIPEX MAacCCHBOB siueek rmamatu: Data,
IO, Eeprom, Program Memory. 151 0HOBPEMEHHOTO MPOCMOTpPAa HECKOIbKUX
obnactelt okHO Memory Moxet ObITh OTKPBITO HECKOJIBKO pa3. MHdopmarius
B JMAJIOTOBOM OKHE MOXET OBbITh NMPECTaBJICHA B BUJIE€ OATOB WM B BUJE CIIOB

B IIECTHAAIATCPUYHON CHUCTEME cUHUCIeHHus, a Takxke B Buae ASCII-cumBooB

(puc. 12).

Memary 1 * 1 X
Memory: |prog FLASH - o
I 28 @2 e 22 a8 B2 Ba e Br  ......... L

2E @@ e B8 B0 92 BB B0 BB L........
2E @@ e BE a0 82 B2 81 BB .........
@8 5t e84 @0 @0 @@ T8 fe ff . ....woA
2E @2 B8 B8 a2 B2 Be 28 a2 ....... .
B8 B0 88 B2 ff V2 60 BB B8 ....A....
68 e ff 00 00 V0 00 B0 B8 ..A...... —
22 a2 B2 28 20 92 Be BB 8B .........
B8 82 02 B8 00 92 B8 BB 8B .........

B8 a2 68 Bl a8 B2 Be 28 88 .......

Puc. 12 — OxHO IpOoCMOTpa COAEPKUMOTO TTAMSITH
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YtoObl BHECTU U3MEHEHHS B SUEHKE MaMATH, TOCTATOUYHO JIBAXK/IbI LIEJIK-
HYTb MBIIIKOM 110 JaHHOM STYEHKE.

J7ist BHECEHHSI U3MEHEHUN B IPOrpaMMy B IPOLIECCE OTIAIKU HEOOXOaH-
MO pEIAaKTUPOBATh €€ MCXOIHBIA TeKCT. [Ipn mombITKe 3amycka CUMyJSTOpa
Ha UCIIOJIHEHME ITPOrPaMMBI IOCIE PEAAKTUPOBAHUSA HA DKPAHE MOSBIAETCS OKHO,
cooO1aroriee 00 U3MEHEHUH MPOTPAMMBI U HEOOXOIUMOCTH €€ KOMIWIISILIUU.

JUist coxpaHeHusl IPOeKTa HEOOXOIUMO BOCIOJIB30BATHCS IYHKTOM MEHIO
Project -> Close. Ilpu 3akpbITHH TPOCKTa COXPAHSIOTCS BCE €r0 HACTPOMKH.
Bo Bpems cnenyronieii 3arpy3Kd HaCTPOMKK OyAyT aBTOMaTUYECKH BOCCTAHOB-

JICHBI.
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2 NABOPATOPHbIW MPAKTUKYM

Br16op BapmanTa 1abopaTOpHBIX pabOT OCYIIECTBISETCS MO OOIIUM Ipa-
BUJIaM C UCIIOJIb30BAaHUEM CIICTYIONIEH (hOPMYJIbI:
V = (N x K) div 100,
rae  V — HCKOMBIM HOMEp BapuaHTa,
N — o0111ee KOJu4eCcTBO BapUaHTOB,
div — nenouncnentoe aejaeHue,
npu V = 0 BEIOMpaeTcss MaKCUMaJIbHBIA BapHUaHT,

K — ko BapuaHTa.
2.1 JlabopaTopHas paboTta Ne 1 «[MopTbl BBOAa/BbIBOAA»

Heab padoThl

[{enwsro mabopaTopHOW PabOTHI SBISETCA U3yUYCHUE MPOCTEHIIMX KOMAaH]I
s3pika C, TOPTOB BBO/IA/BBIBO/IA M OTJIAJIKA TIPUKIIAHBIX MTPOTPAMM ISl MUKPO-
koHtposuiepa AVR cemeiictea MEGA ¢ TOMOIIBI0 TEPCOHATIBHOTO KOMITBIOTE-

pa u mporpammuoro nakera Atmel Studio 6.2 (re Hmxe).

Kparkas Teopus

[Topter BBOma/BeIBOMa AVR wWMEIOT 4YHCIO HE3aBUCUMBIX JIUHUHN
«BXOJ/BbIX0J» OT 3 10 53. Kaxkas JIMHUS TOpTa MOXKET OBbITh 3alpOrpaMMHpO-
BaHa Ha BXOJ WIM Ha BbIXOJl. MOIIHBIE BBIXOJHBIE JpailBepbl 00e€CEUUBAIOT
TOKOBYIO Harpy304HYI0 ClIOCOOHOCTh 20 MA Ha JIMHUIO MOPTa (BTEKAIOIIUN TOK)
IIPU MAKCUMAJIBHOM 3HaueHHH 40 MA, 4TO MO3BOJISIET, HAIIPUMEpP, HENOCpEN-
CTBEHHO MOJIKJIIOYaTh K MUKPOKOHTPOJUIEPY CBETOIUOAbI U OUIOJSPHBIE TpaH-
3UCTOPBI.

OOmiast TokoBasi Harpy3Ka Ha BCE JIMHUM OJIHOTO MOPTa HE JOJDKHA Tpe-
BeImaTh 80—200 MA (B 3aBUCUMOCTH OT KOpITyca M TIOPTa), a Ha BCE JTMHUHU BCEX

noptoB 400 MA (Bce 3Ha4YeHUs MPUBEACHBI IS HANpsOKEHUS NMuTaHus S5 B).
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Kaxxnp1ii mopT 00CIy>KUBAIOT TPU PETUCTPA: PETUCTP JAHHBIX, PETUCTP HaAIpaB-
JIEHUS U PETUCTP BBIBOJIOB.

VYrpaBneHue, HaCTPOKa, KOHTPOJIb U JPYyrHe BCEBO3MOXKHbBIE OIEpaluu
¢ BeIBOIaMH AVR-MUKPOKOHTPOJIJIEPOB OCYILIECTBIIAIOTCS BCEro JIMIIL Yepes3
TPH PETUCTPA:

— DDRx (HanpaBieHus);

— PORTX (HacTpoukn);

— PINXx (cocTostHus).

B pabote Bam motpeOyeTcsi ycTaHOBUTH Wil COPOCUTH OUT/OUTHI B pas-
HbIX peructpax. CrenaTb 3TO MOXHO C IOMOIIbIO JIOTUYECKUX ONEpaALMi
«WJIN» n «M», nucnonp3ys ux cBoiictea — modoe 3Hauenue «JIMN» 1 pasno 1,
moboe 3HaueHue «I» 0 paBro 0.

Hanpumep, ans yemanosxu 3-ro 6ura B peructpe PORTA MoxHO Hamucars:

PORTA |= (1 << 3);

JlanHas 3anuch O3HAYaeT ISl KOMIIWISATOPA ClIeyIOIIee:

1) xorcraaty — 0x01 (0b00000001) cnBuHyTh Ha 3 pa3psnaa BieBo. [lomy-
gaetcst 0x08 (0b00001000);

2) caenats oneparuto « JIN» mexny 3Hauenuem peructpa PORTA u pe-
3yJbTaTOM IMPEBIIYIIEH Olepanuy;

3) 3amucarh pe3yJbTaT MNPEIbIAyLIe omepanuud OOpaTHO B PETUCTP
PORTA.

Taxum oOpa3om, ecu HaM HEOOXOIUMO YCTaHOBUThH HECKOJIBKO OUT B pe-
TUCTPE, MOXKHO HAIMCATh CIEAYIOLIMM 00pa3oM:

PORTA |= (1 << 3)|(1 << 4)|...|(1 << 1);

s copoca Outa B peructpe HeoOXOAMMO BOCIOJIB30BAThCS ONepaluei
«» co 3HaUeHHEM, COAEpPKALUM HYJIA B MHTEPECYIOIIUX HAC MO3ULMIX. DTOTO
MO’KHO JIOOUTHCS € TIOMOIIBIO ONEpPAlMi HHBEPTUPOBAHUS — «~».

PORTA &= ~(1<<3);,

PORTA &=~((1 << 3)|(1 << 4)|...|A << 1));
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CBETOAMOIHBI CEMUCETMEHTHBIN UHIUKATOP MPEJCTaBIISIET COOOM IpyII-
Iy CBETOJIMOJIOB, PACIIOJIOKEHHBIX B OMIPEICTICHHOM MOPSIAKE U 00HETMHEHHBIX
KOHCTPYKTUBHO (puc. 13). 3akuras OJHOBPEMEHHO HECKOJIBKO CBETOHOJIOB,
MOXHO (popMHUpOBaTh HA MHAUKATOpPE HMUGPHI TUO0 HEKOTOphie OYKBHI. MHAM-
KaTOphl PA3IMYArOTCS TI0 TUITY COSAWHEHUS CBETOJHMOJOB — OOIIU aHOI, 00-
M KaToJ;, MO KOJMYECTBY OTOOpa)kaeMbIX pa3psIoB — OJHOpapas3psiIiHbIE,

JIBYXpa3psIHbIE U T. JI.; MO LIBETY — KPACHBIE, 3€JIEHBIE, KEIITHIE U T. 1.

BuiBofb! cermeHToB A
MHOWKaTopa 5 _| @
c —
D —
E —
] L8>
G —
DP—
DP
O
[ Q6WwMA BeiBOR

Puc. 13 — O603HaveHKE M BHEITHUIA BUI CEMHUCETMEHTHBIX HHIUKATOPOB

UToOsI 3a5k€ub HA WHIUKATOPE KaKyI0-TO IU(DPY, HY’)KHO HACTPOUTH TOP-
TBI, K KOTOPBIM MOJKIIOYCH WHANKATOP, HA BBIXOJ U YCTAHOBUTH B TIOPTY MUK-
POKOHTpOJIIEpa KO HYKHOU U PHI.

[TycThb CEMUCErMEHTHBIM WHIMKATOP TOAKIIOYCH HAMpsSIMYyI0 K MOPTY
(BeIBOA A uHaukaTopa = muammieMmy outy mopta (0), BeiBog DP = crapmemy

(7)). Torna maccuB k010B up OyIET MPEACTABISTH:
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unsigned char number[] =

0x3f, /10
0x06, //1
0x5b, //2
Ox4f, /13
0x66, //4
0x6d, //5
0x7d, /16
0x07, /17
ox7f, /18
ox6f //9

Hcnonesyst necsituynbie mudpsl or 0 10 9 B KadyecTBe MHAEKCA, MOXKHO
BBIBOJIUTH B IOPT HYKHBIE KOJIbI KOMaHIOH.
PORTB = number[1]; //BeiBox uncna 0x06 B mOpT, KOTOPOE COOTBET-

cTByeT nudpe 1.

IIporpamma patéoTsl
Banyctuth nporpammy Atmel Studio 6.2 (He HmKe), SIPIBIK KOTOPOH pac-
nosiockeH B MeHio Atmel -> Atmel Studio (puc. 14). B pabote mpencraBicHbI

sKpanbl porpammer Atmel Studio 6.2.

Atmel Studie 6.2

Bl Atmel Studio 6.2 Command Prampt
Bl Command Line

Puc. 14 — Menro 3anmycka nporpammsl Atmel Studio 6.2

Ilocne 3amycka OTKPOETCA OCHOBHOE CTapTOBOE OKHO KOMIIMIIATOPA
(puc. 15). SA3bIK mporpaMMbl aHTIIMHACKUH, Kak ¥ JPYTUX MPOTpamMM IJis IPo-
IrpaMMHMPOBaHNs MUKPOKOHTpOJIIEpPOB. Ha cTapTOBOM CTpaHMIlE MOXKHO BUACTH
paHee CO3JaHHBIE MPOEKTHI, 4acCTO 3aJaBacMble BOIPOCHI U IIPUMEPHI, B TOM
YUCJIE BUACONPUMEPBI. 3HAKOMCTBO ¢ HE3HAKOMBIM IIPOTPAMMHBIM IPOLYKTOM

Jy4IlIe BCEro HayaTh C MPUMEPOB.
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Start Page - AtmelStudio
File Edit View VAssistX ASF Project Debug Tools Window Help

id-A Sl @ R -e -8B HEA
CER®WD Y g i@ on b 52

Get Started = Tools Help = Latest News

Welcome  Links and Resources

‘ Mew Example Project. ..

=

@ Open Praject... T Welcome to Atmel Studio
- Get to know Atmel Studio.

. User Guide
Recent Projects . 2 Getting Started
Programming Dialog
i MEGA_GPIO_EXAMPLES — FAQ

i MEGA_GPIO_EXAMPLE1
i MEGA_GPIO_EXAMPLEZ

i MEGA_GPIO_EXAMPLE1 = = Atmel Software Framework

[#]Close page after project load
[#]show page on startup

Show output from: '| | _‘; | \J‘J —L| — | =

B Error List SR = Find Resuts 1

Puc. 15 — CrapToBO€ OKHO IpOrpaMMBbI

Breiopate New Example project. Otkpoercs okHO BBIOOpa MPHUMEPOB
npoektoB (puc. 16). Jlannas 6a3a 3arpyxaercs ¢ caiita ATMEL (tpebyer uH-
TEPHET-COCIMHEHHUS) U MOCTOSIHHO TOIOJIHIETCS HOBBIMH NpuMepamu. B Helt
IPEJICTaBJICHBI PA3IMYHbIC OTJIAXXEHHBIE MPUMEPHI OTACNIbHBIX OJOKOB U pabdo-
YuX OOJIBIIUX KOMIUJIEKCHBIX MPOEKTOB.

B BepxHeit yacTu okHa BeIOpaTh TOTOBBIN npumep st ATmegalo:

megaAVR, 8-bit, Applications , megaAVR GPIO example — STK600 -
ATMEGAI6.

B HMKHEN yacTu ykaszaTth UMs NpoeKTa U 1myTb. OHU HE JOJDKHBI COAEp-

KaTtb pycckux cumBosioB. Haxate OK nipu roroBHOCTH.
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New Example Project from ASF or Extensions

Device Family: . ||Category‘ _— [I ! |
megaAVR, 3-bit v Applications v
g PP - megaAVR GPIO ex-
: Al le - STK600 -
All Projects = - N ~ ample
e | @ [&] Atmel - Atmel Cd Drivers | 5 ATmegal6
Kit Components
Category o MEGA-1289 Services n - MEGA-1284P ¥plained
< — i s This application show how to
_ PUANE Appiications_____ JANSRE ;
Technology & mega mega sef use the differsnt GPIO fea-
o9 megaAVR GFIO example - STKG00 - ATmega1254P tures on megaAVE. [megad VR
4 megaAVR GPIO example - STKE00 - ATmega 16 GPIO example - STEG00 -
| megaAVR GPIO example - STKE0D - ATmega 168A ATmegal6]
4 megaAVR GPIO example - STKS00 - ATmega 169P & Online Help
| megaAVR GPIO example - STKE00 - ATmega2560 L
o megaAvR GPIO example - STKE00 - ATmega32
o megaAvR GPIO example - STKE00 - ATmega324A
o megaAvR GPIO example - STKE00 - ATmega32s
o megaAvVR GPIO example - STKE00 - ATmega325P
o megaAvR GPIO example - STKE00 - ATmega48A
o megaAvR GPIO example - STKE00 - ATmegag4
o megaAvR GPIO example - STKE00 - ATmegag40
o megaAvR GPIO example - STKE00 - ATmegas44A
o megaAvR GPIO example - STKE00 - ATmegadsa B
9 megaAVR interrupt UART example - STKE00 - ATmega 1284P —
e - e ieme bt STKGE00 T v
Project Mame: \ MEGA_GPIO_EXAMPLE4 |
Location: ‘ C:\AtmelStudioProgects_my | [ Browse...
Solution: ‘ |
Solution name: | MEGA_GPIO_EXAMPLE2 |
Device: ATmegals

Puc. 16 — OxHoO BbIOOpa KOHTpOJIIEPA

Otkpoetcs BeIOpaHHBINA TpuMep ncnoiab3oanus noptoB GPIO (puc. 17).

MEGA_GPIO_EXAMPLE4 - AtmelStudio
File Edit View VAssist{ ASF Project Build Debug Tools Window Help
oA AR ™ [ N N I R e = R =N 5 N T -|| [# [PeinTo_vect BT =EE
EEﬁ%E%(L{NQ;:NJJ\-&JID|M ET|Hex\';§\&ju_?] o | WM ATmegals | NoTool <

mega_gpio_example.c > EEairC] ~  Solution Explorer

© mega_gpio_example.c '| = I¢> C:\AtmelStudioProgects_my\MEGA_GPIO_EXAMPLE4\ME '[E.'GD
=/ i Solution 'MEGA_GPIO_EXAMPLES (1 project)
Slint main(void) =] MEGA_GPIO_EXAMPLE4
{ (=4 Dependencies
// Vvariable to put switch input into (= Output Files
uintd_t wal; [ Libraries
B & src
/* Use port D for output to control the STK6B@ LEDs. =3 AsF
= £ config
* First set the data direction register to @xff in order to set all E| asfh
* port pins to output function. ¢}, mega_gpio_sxample.c
*/

DDRD = Bxff;

// Set output levels high. Will turn off 5TKé@@ LEDs.
PORTD = Bxff;

PSSR ) solution Explorer

// Set output levels low. Will turn on 5TKG6@@ LEDs.

PORTD = 05 Properties

For input we use port B in order to read input from the STKEee
* switches.

* We don't need to set these pins to input after reset since they
are default set as inputs after reset.

But a typical requirement when reading switches are pull-ups. STKéee
don't require these, but we enable the internal pull-ups just to be
* on the safe side.
100 % - |€]

Ready

Puc. 17 — OcHoBHOE pabouee OKHO MPOTPaMMBbI
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B BbIOpaHHOM mnpuMepe MokazaHa 00pa0OTKa BHEIIHETO IpEpbIBAaHUS
INTO mpu naxkatum kHomku. PaboTa c mpepblBaHHUSMU paccMaTpUBAETCS

BO BTOPOM U TpeThel 1ab0paTOPHBIX paboTax.

3ananme 1. 3HAKOMCTBO ¢ KOMIMJISITOPOM U PEKHMOM OTJIAAKHU (00-
1ee IS BCeX BAPHAHTOB)

Haiitu u ytanute u3 npoeKTa Ciaeayromund KOa:

// Toggle both pin PDO and PD1, which toggles LEDO and LED1.
#if defined(__AVR_ATmegal6_ ) || defined(_AVR_ATmega32_ )\
|| defined(__AVR_ATmega64 ) || de-
fined(_AVR_ATmegal28 )
/* For older megaAVR devices read-modify-write PORT register.
* This isn't safe for interrupts.
*/
PORTD "= (1 << PINDO) | (1 << PIND1);
#else
I/l Use PIN register to toggle on newer megaAVR devices
PIND = (1 << PINDO) | (1 << PIND1);
#endif

// Only use Pin Change Interrupt handler for devices supporting this.
#ifdef EXAMPLE_PCICR
/* Enable pin change interrupt for PBO which is controlled by SW0

* First we need to enable pin change interrupt for the wanted port.
*/
EXAMPLE_PCICR = (1 << EXAMPLE_PCIE);

/l Then we need to set the pin change port mask to get the bit we want.
EXAMPLE_PCMSK = (1 << PCINTO);

#endif
/I Enable interrupts

sei();

/* Busy loop, and a breakpoint can be used in the interrupt handler to
* see interrupts being triggered by SWO.
*/
while (true);
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3aMEHUTH

PORTD &= ~(1 << PORTDY);

Ha
PORTD &= ~(1 << PORTDO0);
JloGaBuTh B OeckoneuHbIH 1k While(1)

while(1)

{ | | |
[* 1t's also possible to control a single or a set of pins on a port.
*
* Setting pin PDO high in order to turn off LEDO.
*/
PORTD |= (1 << PORTDO);
/l Setting pin PD1 low in order to turn on LED1.
PORTD &= ~(1 << PORTDO);

s

[TpoeKT roToB AJIsl OTVIAZKU M CUMYJISILIHH.
Haxatp Ha kaoniky Build Solution (F7), uro Ha manenn kommusiuu (puc. 18),

u Crapr (Start Debugging F5) (puc. 19).

e _ = ATmegals f Mo Toal <

» Solution Explorer
Build Solution (F7) . — plore

Puc. 18 — [1la"enp KOMIIWIISLIAN

Puc. 19 — Ilanens otnanku («aedaray)

[MosiButcst mpenynpexaenne kommmsitopa (puc. 20). B Hem yka3zaHo, 4To
HE HalJIeH moaKItoYeHHbIH o USB nporpamMmarop u He onpezesieHa miara Jyis
nporpaMMUpoBaHus. YkazaTh Simulator B kauecTBe mporpaMMaTopa, TaKuMm 00-
pa3oM, Ha KOMIbIOTepe OyIeT MPOUCXOAUTh MMHTAIUS IMOAKIIOYCHHON OTIia-

nouHoi miatel (puc. 21).
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MEGA_GPIO_EXAMPLES* { Eil=ecWs(s sl=re s =N ASF Wizard

Build
Build Events
Toolchain Selected debugger/programmer

4 Atmel Studio x|
Device ——
Tool | Please select a connected tool and interface and try again.
Advanced Programming settings

Erase entire chip |« -
[JPreserve EEPROM

Puc. 20 — OxHo BbIOOpa Mporpammaropa

MEGA_GPIO_EXAMPLE4™ IH&& !EH !!

Build
Build Events
Toolchain Selected debugger/programmer
Device Simulator E]
Simulator
Tool
Advanced Programming settings

| Erass entire chip w

[ ]Preserve EEPROM

select Stimuli File for Simulator

Stimuli Fil

Activate stimuli when in breakm

Puc. 21 — Beibop cumynsitopa

HeobxoaumMo OTKpBITH OKHO Nepu(peprur MUKPOKOHTposuiepa. s aToro

3aiiti B MeHI0 Debug -> Windows -> 1/O View u BeIOpaTh MECTO pa3MeIIeHHUS.

OOBIYHO OHO pacrmojiaraeTcst B paBoi yacTu dKpana (puc. 22).
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MEGA_GPIO_EXAMPLE4 (Debugging) - AtmelStudio

File Edit View VAssistX ASF Project Build | Debug | Tools Window Help

R i R = [ N RERE N Windows P | [ Bresknoints Alt4F9 |
= §§ e A0, She Ex = : pll @ P StartDebugging and Break Alt+F5 E Data Breakpoints
Stop Debugging Ctrl +5hift+F5 ﬁ Processor Yiew
MEGA_GPIO_EXAMPLES mega_gpio_example.c
Start Without Debugging Ctrl+Alt+F5 1o view
- : - r
w_main.while |" IE> while( Disable debugWIRE and Close @, Live Watch
* But a typical requirement
* don't require these, but { P Continue F5 = output
* on the safe side. %5 Execute Stimulifle 3 Parallel Tasks Ctrl+5hift+D, K
*/ - ; :
PORTE = BxFf; =€§ Set Stimulifie S Parallel Stacks Ctrl+5hift+D, 5
Wl Restart Watch "
= /* Read STK6@@ switches on p e A !
. Il Breakal Ctrl+F5 & Autos Cirl+AIE+Y, A
* Press any of the STKeee s & QuickWateh. .. Shift+F9 7l Locals Alt+4
* A press will be seen as b| ¥ StepInto =k =1 Immediate Cirl+Alt+1
* pull-ups. = §
7 (= stepover F10 ¢ Call Stack Alt+7
val = PINB; 2z stepOut Shift+F11 15 Thresds T
#=  Run To Cursor Cirl+F 10
while(1) = . %] Modules Cirl +Alt+U
bR == S 3 Processes Cirl+Shift-+Alt +9
= /* It's also possible to Percepio Trace » Memory R
* Setting pin PD@ high Toggle Breakpaint Fo i@l Disassembly Alt+8
*/ Mew Breakpaint » | [&] Registers Alt+5
PORTD |[= (1 << PORTD®);
o 1= ( )i 49 Delete All Breakpoints Ctrl+5hift+F9
// Setting pin PD1 low i| () Disable All Breakpoints
o . GORAIEESRe: (O SHETRIEL D/ Clear All DataTips

Puc. 22 — OxHo BbIOOpa nepudepuiHbIX YCTPONCTB

BricTaBUTh TOUKM OCTAaHOBKH («OPEHKIIOMHTHI») U OTKPBITh PETUCTPHI CO-
crostaus nopta D (oxuo 1/0 View), kak ykazaHo Ha (puc. 23). [y Toro 4ro0bl
YCTaHOBUTH TOYKH OCTAHOBA, HY>)KHO B JIEBOM YacTW 3KpaHa B cepoil oOiactu
HakaTh MbIIIKOW. KpacHblii kpyr o003Ha4aeT MECTO OCTaHOBKU NPOTPAMMBI,

CTpEJIOYKA YKa3bIBAET CIACAYIONIYI0O KOMAH/y MUKPOKOHTpPOJUIEpA.
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MEGA_GPIO_EXAMPLE4 (Debugging) - AtmelStudio
File Edit WView VAssist{ ASF Project Build Debug Tools Window Help
RS J'ljlgﬂl & '—'\é__.‘i’l|'q - "__j'>||ﬂ'5§| [> Bl |Debug
PR W g S iE > n b |&aSEESEE T e |G-

mega_gpio_example.c
o main.while '| 3 IE> wk v[@’(‘,o =l|=| Fiter: |
S

== Mame
= Read STK68@ switches on portla B AD_COMVERTER

ke ANALOG_COMPARATOR,

: Press anylo‘F the STKG@8 S\:.'it B BOOT_LoAD
. Aﬁ;fjss\ull be seen as bit  EicPu
,‘I,p ps- ) ezrPrOM
[ EXTERNAL_INTERRUPT
B mac
while(1) M9 PORTA
10 PORTE
/* It's also possible to co 1@ PORTC
*
* Setting pin PDB high in B sr1
*/ @) TIMER _COUNTER_0 .
[ PORTD |= (1 << PORTD®);| @ TIMER _COUNTER _1
@) TIMER_COUNTER_2
=

val = PINE;

// Setting pin PD1 low in o

] Mame Address  Value Bits
1 wermp k30 00 OOO000000
woooro ox31 ofF A EEEERE
WoroRTD 0x32  x00 OOOD0O0O0OO0O

0% ~ %

Find Results 1 X B asF.. P Proce.. "8 Soluti.. ES° Prop..

Puc. 23 — Ilporpamma ¢ yCTaHOBJIEHHBIM OPEHKIIOMHTOM

Haxarp F5 s mepexonma ot onHol Touku K apyroi. [lonabmronats u
JaTh KOMMEHTApH#, KaK BBIMOJIHICTCS mporpamma padora ¢ outamu (puc. 24).
KpacupiM niBeToM 0003HaU€HO M3MEHEHHOE 3HAUEHUE Ha TIOPTY (HOXKKE MHUKPO-

KOHTPOJLIEPA).

9 @ TIvER_COUNTER 1.

@) TIMER_COUNTER _2
Lo

// Setting pin PD1 low in o e
=1 PORTD &= ~(1 << PORTDB);] Mame Address | Value Bits
¥ i WerND  0x30 i OO00OO0O00CCE
woorn k3t oxFF DEEDEEED
1 WPORTD ox3iz  oxor CDOO00OCOCOW

Puc. 24 — BreictaBienue oura

[lepeiitn Ha cTpaHuIly au3acceMOepa, HakaB Ha BkiIaiaky Disassemble

B BEpXHEM JieBoM yriy (puc. 25).
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MEGA_GPIO_EXAMPLE3 (Debugging) - AtmelStudio
File Edit WView WVAssistX ASF Project Build Debug Tools ‘Window
S dd | @9 -85
IPER%RY T g LB i@ ou b |edSE

Disassembly > Fulecie s =1 N conf_ex

Address: | main

Mame
POP R@ Pop register from s B AD_CONVERTER
POP RI Pop register BRE ANALOG_COMPARATOR
RETI Interrupt return [+ H CPU
axff; [5 EEPROM
SER R24 Set Register [ [ EXTERNAL_INTERRUPT
OUT BxBA,R24 Out to I/0 location U@ PORTB
axff; M PORTC
UT éx8B,R24 Out /0 location
83 B s
UT éx8B,R1 0 /0 location @) TIMER_COUNTER_0
= oxff; _ . @ TIMER _COUNTER _1
QUT 8x@s5,R24 0 /0 location @ TIMER_COUNTER 2

PINE; BTwI
IN R24,8x83 In from I/0 locaticn

t\AtmelStudioProgects_my\MEGA_GPIO_EXAMPLE3\ME
|= (1 << PORTD®); Name Address  Vvalues Bits
SBI Bx0B,0 Set bit in I/0 register 10 PIND 0x29  0x01 O00o000Oe
PORTD &= ~(1 << PORTD®); 10 DDRD Ox24  OxFF opEEEEEE
@xa8,8 Clear bit in I/0 regist 1@ PORTD 0x28  Ox01 OoOoOoooOm
Relative jump

*  \iewing Oplions

9 & @
(=2~ I
G G G
G G 4

Glo terrupt Dis Y
Global Interrupt Disable EABIETl B AsFEx.. P Processor ‘a.__Snluﬁnn...

RIMP PC-exea88 Relative jump
NOP Undeftined Registers
Undefined

=T

Undefined
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined

[al

00 0 R
[ I B B I I I w T v I v T v i o
0O 9 QO Q0 QO Q Q@ Q @
P e 0 0 Qe @
S O 0 0 0 0 P D
[ e R B cw I o I I I I o T o

EEEEEREEERE R
=] m = D 1o

Watch 2
B i B B e+ R Mo Eve. Mca. MWim.. B ou.

Stopped

Puc. 25 — Kox accembrepa

JlaTb KOMMEHTapUid, KaKhUe€ KOMaH/Ibl MOSIBUIIMCHh BMECTO KOMAH/I:
PORTD |= (1 << PORTDO);
PORTD &= ~(1 << PORTDO);
Haiitn ux B cnucke komanj accemOiepa. J[aTh KOMMEHTapuii, 4TO BHI-

noytHr0T KoMaHasl NOP B KOHIIE Ballieii mporpaMMbl
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3ananue 2. 3HAKOMCTBO ¢ perucTpamMu nopra (oouiee 1Jsi BceX Bapu-

AHTOB)

MoaudunupoBats nporpammy B nukiie While(l) tak, ytoObl mpu mora-

roBOM pPCKHUMCE BBINIOJIHCHUA HWHBCPTHUPOBAIMCHL 3HAYCHHA BCCX CBCTOAMOI0B

B iopty PORTD (puc. 26). [IpuBectn koj accemOiepa.

Mame Address | Value Bits Name Address | Value Bits

WOPIND  0x30 el 1111111 WOPIND  0x30 w00 JOO000000
wppRr 31 ofF DEDDDEEE wooprp 0x31 oFF DEHODDEREE
wopoR™ 0x32 oxF HESOEEEE wWpoRTD 0x32 0 OOOOO0OO0O

E‘ Proce... "ﬁSoluﬁ,,, & Prop... E‘ Proce... "'i;_Soluﬁ... EEF'mp...

Puc. 26 — MI3MeHeHune cocTosTHUS Ha MOPTax B 3a1aHUU 2

3aganue 3. Co3nanue nepemMeHHbIX, H3yueHne ycaoBuii if(), uukion

OOBSBUTH MEPEMEHHYIO | B IIpoLIeAype main,

int main(void)

{

// Variable to put switch input into
uint8_tval;

uint8_ti;

Il

MoupunrpoBath ko B 0eckoHewHoM 1ukie While(1)

while(1)
{
PORTD |= (1 <<1);
i++:

¥

YcTaHOBUTH OPEHKITOMHT HA JoOaBiIecHHON KoMmaH e (puc. 27).
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while(1) B spr
r &) TIMER_COUNTER_D
/* It's also possible to co &) TIMER._COUNTER_1

&) TIMER_COUNTER_2
* Setting pin PD@ high in =2

w
*f Mame Address  Value Bit=
) PORTD |= (1 << 1); 3 wePND  0x30  ox00 OOO000000
// setting pin PD1 low in o epprD 0x31 oF BEOEEEEE
i++; WO PORTD  Ox32 oo JO000000O
1

o RGN B s B proce. *W Soluti.. B Prop..

Puc. 27 — OcHoBHOM OECKOHEUHBIN IIUKJI TPOTPaMMBbI

Haxxumast knonky F10 (momraroBo) mpoHaOJro1aTh HOBOE MOBEICHUE Ha
nopte (puc. 28)

Mame Address  Value Bits

woprmMD ox30 oxF JOODOWBEEN
wooor 0x31 oxFF BB EEENR
WoPORTD ox32  oxF JOOWBEBEER

AR 2 asF. P Proce.. "W Soluti.. EE Prop..

Puc. 28 — Peructpsl nopta D

Jlo6aBuTh yciosue if(), moHadm0AaTh 3a MoBeAeHUEM Ha nopte D.

[TocmoTpeTth KO accembiiepa. Halitu B Tabnuiie komana accembiepa, Ka-

KOH KoJI TTosIBUIICS B MecTe ycioBwid If().

while(1)
{
PORTD |= (1 << i);

I++;

if (i>8)

{
iI=0;
PORTD =0;
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BoInoiHUTH 3a1aHKMe COTVIACHO BAPUAHTY:

1. Peanu3oBarh Oerymuii OTOHEK, KOTOPBIM JOXOAUT A0 8-TO paspsaa
1 HaunHaeT ¢ 1-ro (...0100 0000 -> 1000 0000 -> 0000 0001...).

2. Peanu3oBarh Oerymmii OroHek, KOTOpBIM JOXOAUT 10 8-TO paspsaa
¥ HAYMHAET CYUTaTh B oOpaTHyro ctopony (...0100 0000 -> 1000 0000 -> 0100
0000 -> 0010 0000...).

3. PeasmzoBath 3¢dekT EmM0UKu, KOTOPBIM MTOXOAUT JO 8-TO0 paspsia
Y HauWHAET CUUTATh B 00paTHyIO cTopony (...0111 1111 ->1111 1111 -> 01111
1111 ->0011 1111...).

4. Peamu3oBaTh 3G(dEKT EN0YKH, KOTOPBIM JOXOIUT 10 8-TO paszpsiaa
W HauWHaeT cuuTarth ¢ Havama (...0111 1111 -> 1111 1111 -> 0000 0000 ->
0000 0001...).

5. PeammzoBath a¢ddext skBanaiizepa (...0000 0000 —> 0001 1000 —>
0011 1100 —> 0111 1110 —> 1111 1111 —> 0111 1110 —> 0011 1100 —> 0001
1000 —> 0000 0000).

6. Pearm3oBath mHBepCHBIN 3 dekT skBaaiizepa (cM. 1. 5, 3ameruB 0 Ha 1).

7. berymuii oronek Ha auHUAX nopta C M0JDKEH CMEHHUTH HalpaBlieHUE,
€CJIM Ha MATH JTUHUAX TIOpTa B yCTaHOBJIEHBI JIOTHYECKUE SAMHUIIBI.

8. Enouka 2 (nuHelika CBETOAMOIOB, MOAKIIOUEHHAS K JIMHUSAM IOPTA,
MIOCJICIOBATEIHHO 3aMOIHSAETCS OTHSMHU M MOCTOSIHHO TOPHUT, a 3Be3[a — CTap-
UH OUT — MOpraer).

9. «berymuii oroH€k» B OJIHY CTOPOHY O€XKHUT IO BbIBOJAM nopTa B, B npy-
T'yI0 — 0 BbIBOJIaM nopta D.
10. Ecnm moctynuBiiee Ha BbIBOLI MopTa D — unciio 4€THOE, TO AOJIKHBI

«MHUI'aTb» BBIBOJLI IIOPTA B, CCJIM HCT — TO IIOpTa C.
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3ananue 4. U3yueHne KHONKHU

MonupunrpoBats Ko mporpaMmbl B 0€CKOHEYHOM LIUKIIE.

while (1)

{
iIf(PIND & (1<<PIND3))// ecnu aar B peructpe RegX ycraHosieH

{
k

else
PORTD &= ~(1 << PORTDO);

PORTD |= (1 << PORTDO);

Y CTaHOBUTH OPSHKIIOMHT U 3alTH B peskuM oTiafku (puc. 29). Haxumast

kHonKy F10 (momaroBo), mpoHa0J1r01aTh HOBOE TTOBE/ICHHUE Ha TIOPTE.

while (1) &) TIMER_COUNTER._0
i{ &) TIMER_COUNTER_1
=1 if(PIND & (1<<PIND3))| &) TIMER_COUNTER_2

= // ecow ¢nar s perucrpe RegX ycTanosaen e
{

USARTO

PORTD |= (1 << PORTD@); m By wameuna -
}1 MName Address  Value Bits
eLse
U2 PIND Dx29  0x00
PORTD &= ~(1 << PORTD®); * * 00000000
10 DDRD Ox2A  OxFF e

(5] PORTD 0x28 000 C O O B B BN

v

5] 10 view RS- B Processor ""ﬁ Solution... B Properti...

Puc. 29 — OcHOBHOM ITUKJT POTPaMMBbI

Hasxatp Ha 3-ii muH nopta D, umMutrpoBaB Haxkate kHONKH (puc. 30).

Mame Address  Value Bits

12 PIND 0x25  Ox00 OO000ooOood
Ox2A  OxFF EEOEEEEN
[ N N | l.l an

(] 10 view RN P Processor "i_F Solution.. B Properti...

Puc. 30 — UMurtanus HaxaTust KHOIIKA
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Haxxumas kuHonky F10 (momraroBo) mpoHa0Iro1aTh HOBOE IMOBEJICHHUE HA

nopre (puc. 31).

[ if (PIND & (1<<PIND3)) @ TIMER_COUNTER_2
& // geom dnar g perucrpe RegX ycTanosned B mwi
{ USARTO =
=1 W PORTD |= (1 << PORTD®); = B i, hd
b Mame Address = Value Bits

else

40 PIND 0x29  Dx09
PORTD &= ~(1 << PORTD@); X x02 JOoo0edom

10 DDRD Ox2A  OxFF L rrrrr

0x28 0x09 AEEER B8

Puc. 31 — OTnagka mporpaMMel

b1 BeicTaBiieH OMT Ha 0-i1 HOXKKE.

CuHoBa Haxkatb Ha PIN 3, umutupoBas otnyckanue kHornku (puc. 32).

Mame Address  Value Bits

@ PIND w2 xd OO000O800.
13 DDRD Ox24  OxFF DEEEEEEDE

' PORTD 0x28 0x01 EEEEEER

Puc. 32 — ImuTanus oTnycKkaHusi KHOTIKH

Haxxumas kaonky F10 (momaroso), mpoHaOiogaTh HOBOE TIOBEICHHE HA

nopre (puc. 33). CBeromuos Ha HOxKe 0 Torac.

{ @) TIMER_COUNTER_1
=1 B if(PIND & (1<<PIND3)}| @) TIMER_COUNTER_2
5 // scaw gaar s perucipe RepX ycTanosnen B wr
{ USARTD =
PORTD |= (1 << PORTD@); o By sameune b
} MName Address  Value Bits

else

PORTD &= ~(1 << PORTD®); B PIND o2 o0 00000000

10 DDRD 0x2A  OxFF oEDEEEEE

Puc. 33 — Umuranus cBETOIMOI0B

MoaudurupoBaTh nHUIIMATU3aMKUIO opTta D, moMeHsB HampaBieHUE Ha
BbIBozic PIND3. Otpasuth B oTdete, kakumu C ¥ acCeMOJICPHBIMH KOMaHIaMH

MMPOUCXOAUT CYUTBIBAHUC JJAHHBIX C IIOPTA.
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3ananne 5. U3yuyeHue MacCuBOB, CEMHCErMEHTHBIX HHAMKATOPOB

MoaudunupoBats nporpamMmy, 1006aBuB mocie komany #include:

#include "compiler.h™
#include <avr/interrupt.h>
#include "conf_example.h"

Maccus u3 JABYX IICPCMCHHBIX:

| const char dig[2] = {0b00000111, 0b00111111};

N3mennts 6eckoneunsiii ik While(1):

while (1)

{
PORTD = dig[0];
asm(*'nop");

OTKOMIMIMPOBATH U IEPEUTH B PEKUM OTIAJIKH, MTOHAOIIOAaB, YTO MPO-

ucxonut Ha opte D (puc. 34).

MName Address Value Bits

1@ PIND 0x29  0x07 OO000CCOeee
e 10 DDRD 0x24  OxFF EEEDEEEm
) i 13 PORTD 0x2B  0x07 minmeel | | |

Puc. 34 — Dddexr énouku

OTKpBITH OKHO JM3acceMOiepa, HAWTH CTPOUYKY, OTBEYAIOIIYIO 32 BBHIBOJT

B IIOPT 3Ha4YeHMI U3 MaccuBa (puc. 35).
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MEGA_GPIO_EXAMPLE3 (Debugging) - AtmelStudio
File Edit View VAssistX ASF Project Build Debug Tools Window
_ﬂ"’ﬂJ'LﬁHﬂ|&'—'\éfj|"'m'ﬂ'—E& ! [ Bl |Debug
I PCamP AL Eimals
BIEEEET LIl mega_gpio_example.c conf_example.h
Address: |main 3 I; | Filter: |
+  Viewing Options Mame
AD_COMVERTER
ﬁANALOG_COMPARATOR

Py
EEPROM

o
+
+1}

POP register
POP register
ouT C Out to I/
POP register f EXTERMAL _INTERRUPT
POP register M2 PORTE

RETI Interrupt return M2 PORTC

axftf;

SER R24 Set Register B sp1

OUT @x@A,R24 Out to I/0 location @) TIMER_COUNTER 0
exff; @ TIMER_COUNTER _t
UT @x@B,R24 0 /0 location @) TIMER_COUNTER 2

e R o ) B wi
UT @xeB,Rl /0 location

axff;
OUT @x@s,R24 out /0 location Value Bits

PINB; w0 OO000000
IN R24,0x83 In from I/0 locaticn 0xFF (T TITTIIIT1!
= dig[a]; 0x00 OoOoooooo
LDI R3@,8x Load immediate

LDI R3 ¢ Load immediate

i

-

+
+1}

=]

t+
=1}
3

Ealid

o8 =8 o
+ t
o [
G-

[ I I I
=

RN

]

R

RN

)

[T TR ]
o

o m

Load indirect with disp 3 ASFEx... [ Processor "a.__SnIuﬁnn... Properti...
OUT 8x@B,R24 Out to I/0 location Registers -1
--- C:\AtmelStudioProgects_my\MEGA_GPIO_EXAMPLE3\ME
asm("nop");

[

peraticn
Relative jump

al Interrupt Disable
Relative jump
Compare with immediate [

Ready

Puc. 35 — TpaHcasaus koaa IporpaMmbl

3ananue:

— JloOaBuTh B CBOM BapuWaHT W3MEHEHHUE HamparieHus 3¢hdexra mpu
Hakatuu Ha KHONIKY PIN.7(PORTB) 1 BO3BpalllcHUH HAMpaBJICHUS MPH OTITYC-
KaHWH.

— JlononHutensHO copMUpOBaATH Ha MOJOBUHE NopTa B Gerymryro eau-
auiy (...0001 —> 0010 —> 0100 —> 1000 —> 0001...), SMyJIHPYIOIIYIO THHAMH-

YECKHUH OINPOC KIIABUATYPHI.
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— JononuutensHo Ha nopty C, K KOTOPOMY MOAKIIOYEH CEMHCErMEHT-
HBI MHIUKATOp, C(POPMHUPOBATH MHAMKAIMIO AeCATHYHOTO cdyeta oT 0 g0 9,
T. €. BBIBOJIUTH COOTBETCTBYIOIINE KOABI TP UHIUKATOPA.

— IlpuBecTu B oT4eTE KOJ acceMOsiepa UTOTOBOM ITPOTrPaMMBl.

KoHTpoibHbIe NpaKTHYeCKHE 3aanus’

1. TlpeoOpa3zoBaTh JOMOJHUTENBHBIM KOJ 4YHCIAa OJHOM TMEpeMEHHOU
(OaiiT) B mpsIMOi Ipyroi NEPEeMEHHOI.

2. IlpeoOpazoBaTh ABOMYHBIM KOJ B ojHOM mepeMeHHou (ot 0 1o 99)
B JIBOUYHO-JAECATUYHBIN APYTON IIEPEMEHHOM.

3. IlpocymmupoBaTh nBa uyucia B ABOMYHOM Koje. Cymmy, OOJBIITYIO
255, 3aMeHUTHL OAalTOM €JIMHMII.

4. BrpluecTh J1Ba yuCa B IBOMYHOM Kojie. Pa3HOCTh, MEHBIIYIO HYIIS, 3a-
MEHHUTH OalTOM HYyJICH.

5. YMHOXUTH JBa 8-pa3psAIHBIX YUCJIa B JBOMYHOM Koje. Crapiunii 6aiT
3aMEHUTH OANTOM €IUHMAII.

6. IlogenuTs nBa 8-pa3ps/HBIX YHMCIIA B JBOMYHOM Koje Oe3 ocTaTka.
Crapiuii 0aiiT 3aMEHUTh OANTOM €IMHUII.

7. IlpoBepuTh unciao A Ha yeTHOCTb. Eciii 4eTHOe, TO BBICTaBUTH 4-i OUT
1 B nepemennoii b, nnade copocuts B 0.

8. CnoxuTh 1Ba NECATUIHBIX Yrciia (0aiT) B TBOUYHO-IECATUIHOM KOJIE.

9. PeanuzoBaTh CyMMUPYIOIIHUN TBOMYHO-IECATUYHBIM CUCTUHK.

10. Peanu3oBaTh BEIUUTAIOMIMNA JBONYHO-AECATUYHBIA CUETUHK.

! 3ajanus cnyskaT s KOHTPOJIS YCBOEHHMsl MaTepuana CTyneHToM. He SBSIOTCS 06S3aTelbHbIMU
JUTS BRITTONTHEHUA. MoTyT OBITH IPEUIOKEHBI IpenogaBaTeleM B KadeCTBE JOMOJHUTEIBHOTO 3a/aHus IpH 3a-

muUTE 1ab0paTOpHOI PaboTHI.
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KonTposabHbIe TeOpeTHYECKHE BONPOCHI

v' Kakue peructpsl 00CTyKABAIOT MapauIeIbHbIi MOPT D MUKPOKOHTPOJI-
nepa ATmegal6? Kak HacTpouTh JMHUIO TOpPTa Ha BBOJA WA BBIBOI?
Kak nmogkiirounTh K JUHUHA NIOPTA, HACTPOCHHOUW HA BBOJ, MOATATUBAIOLIUN pe-
3uctop?

v HazoBuTe HAarpy304HyIo CrIOCOOHOCTE JnHuii nopta AVR.

v’ TlpuBenute cxemy ajiropurMa pa3pabOTAHHOW MO BallleMy BapHUAHTY
IPOTrPaMMBl.

v’ 3anuimTe pe3yabTaT BHIIOIHEHHS apu(METHIECKHX onepanuii: 245/37
u 245%37.

v' KakuMy KOMaHJaMH MOKHO OPTraHHW30BaTh 3aJEPXKKy B OJIHY CEKYHILY

B nporpamme it AVR Ha si3bike Cu?

Copep:xanue oryera

Otyer JOMKEH coAepKaTh JUCTHHIM OTJIAXKMUBAEMBIX IPOrpaMM Ha
a3pike C U KoJ acceMmOsepa, KOMMEHTAPUU 10 XOAY BBIIOJHEHUS IIYHKTOB pa-
00ThI, TPUMEPHI FIKPAHHBIX (OPM (CKPUHIIOTHI), CO3/IaBAEMbIE TIO XOJIy BBINOJ-
HEHHUsI paboThl (BKIIIOYAsi MPOMEXKYTOUHbIE ACHCTBUS U (DUHANbHbBIC 33JaHUA),
O0TOOpaKarolIMe OKHA PErMCTPOB U MaMsITH, & TaKKE€ OTBEThl HA KOHTPOJIbHBIE

BOIIPOCHI.
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2.2 JlabopaTopHasa paboTta Ne 2
«3y4yeHue npepbiBaHun, ALIMN, UART»
eab padoThl
enbto mabopaTopHOW PabOTHI SABISAETCS MMUTALUS UGPOBOTO BOJBT-
MeTpa Ha 0a3ze MukpokoHTpojuiepa ATmegal6 c ormpaBkoit uH(bOpManuu
Ha TMIEPCOHAIbHBIN KOMITbIOTEp 10 MHTepdeiicy RS-232/USB. Mmuranus moaa-

YK aHAJIOTOBOI'0 CUTHAJIA ITPOUCXOAUT € IIOMOIIBIO PCTUCTPA AAHHBIX HA JIMHHUAX

nopta A (ADCO0-ADCY7).

Kparkas reopus

Amnanoro-mudposoii mpeodpazosatenb (A/D CONVERTER) cayxut ms
MOJIYYCHUS] YMCIIOBOTO 3HAYCHMS HAMPSDKEHUS, TIOJJAHHOTO Ha €ro BXOJ. JTOT
pe3yabTat coxpansercs B peructpe panubix AT (puc. 36). Kakoii u3 BbIBOIOB
(«MMHOBY») MHUKPOKOHTpoJIIepa OyaeT sBisaThes Bxoaom Allll, ompenensercs
YUCJIOM, 3aHECEHHBIM B COOTBETCTBYIOIIUI peructp. Bemuuumna omopHOTO

HanpspkeHus (5 B) MoxeT U3MEHAThCS 17151 TOBBIIIEHUS] TOYHOCTH.

5V 1023
10 owur
2.5V 512
ov 0
AHanoroBbI# 3HayeHue
YpPOBEHb Ha HOXe ADC

Puc. 36 — ALlII-npeoOpa3oBanme
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VYupasnenue ALIT mpoucxoauT 4e€TbIpbMS PETUCTPAMU:

— ADMUX (ADC Multiplexer Select Register) — peructp BbiOopa Myiib-
turuiekcopa ADC;

— ADCSRA (ADC Control and Status Register) — peructp yrnpaBicHus 1
coctossuusg ADC;

— ADC (ADCL u ADCH ) — peructpsl nanasix ADC;

— SFIOR - peructp cnenuanbHbIX (QyHKINNA BBOAA-BBHIBO/IA.

VYHuBepcaabHbII ACHHXPOHHBIA WM YHUBEPCAJIbHBIM CHHXPOHHO/aCHH-
xpouHbIii mpuemonepeaarunk (Universal Synchronous/Asynchronous Receiver
and Transmitter —- UART wuimu USART) — ynoOHBIN B TIPOCTOM TIOCIIEI0BATEI b=
HBI MHTEpdeEiic AJid opranu3alnuu UHPOPMALMOHHOIO KaHajla 0OMeHa MHUKpPO-
KOHTpPOJUIEPA ¢ BHEIIHUM MHUPOM.

OH coBMecTHMM ¢ TpPOTOKOJIOM cTaHaapta RS-232, uto obecrneunBaeT
BO3MOYKHOCTh OPTaHHM3alMU CBSI3U C NEPCOHAIBHBIM KOMIBIOTEpOM. /[ CTHI-
koBkM MK u KommbroTepa 00s3aTe€IbHO MOHAAOOUTCS CXEeMa CONpPSKEHUs
ypOBHEW curHanoB. JlJis 3TOro CyHIECTBYIOT CHELHAIbHBIE MHUKPOCXEMBI,
Harpumep MAX232 (ADM232).

B mukpokonTposiepe ans pabotsl ¢ moayinem USART ucnons3yrorcs
6 perucTpos:

— ynpasistomunil peructp UCSRA,

— ynpasisromuil peructp UCSRB,

— ynpasistomuil peructp UCSRC,

— peructpsl ckopoctu niepegaun UBRRL u UBRRH,

— peructp nansbix UDR.

Cuctema npepsiBanuii (INTERRUPTS) — ogHa W3 BaKHEHIIMX dacTei
MUKpPOKOHTPOJLIEpA.

Bcee mukpokoHTposuiepsl AVR MMEIOT MHOIOYpOBHEBYIO CHCTEMY IPEPHI-

BaHuU. [IpeppIBaHnE IPEKPAIAET HOPMAIBHBINA XOJI IPOTPAMMBI JUJIs1 BBITIOJTHEHUS
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NPUOPUTETHOM 3a/1a4M, ONPECIAeMOl BHYTPCHHUM WJIM BHEIITHHUM COOBITHEM.
JIst KaKI0TO Takoro COOBITHS pa3padaThIBAETCs OTAENbHAs mporeaypa (oo
(GYHKIIHS), KOTOPYIO Ha3bIBAIOT MOIIPOTPaMMOi 00pabOTKH 3arpoca Ha Mpephi-
BaHUE (U1 KPATKOCTH — MOJIPOTPaMMON TpepbIBaHMs), U pa3MeIlaeTcs B ma-
MATH TiporpamMm. [Ipu BO3HHUKHOBEHHM COOBITHS, BBI3BIBAIOIIETO TpPEPHIBAHHUE,
MHKPOKOHTPOJUIEP COXPAHSET B CTEKE COJIEPKUMOE CUCTYMKA KOMAH I, IPEphIBacT
BBIITOJTHCHHE IIEHTPAIGHBIM TIPOIIECCOPOM TEKYIICH MPOTrpaMMBbI U IEPEXOIHUT K
BBITIOJTHEHHIO TIOAIIPOrpaMMbl 00paboTKK TpepbiBaHus. [lociie BBITIOIHEHHUS MOI-
NPOrpaMMbI MPEPHIBAHUS OCYIIECTBIISICTCS BOCCTAHOBJICHUE MPEIBAPUTEIILHO CO-
XpaHEHHOTO B CTEKE 3HAYCHHS CYETYMKA KOMAaHJ M IIPOIIECCOP BO3BpAIACTCS K
BBITIOJTHEHHIO MTPEPBAHHOM MporpaMmbl. Takum 00pa3oM, HET HEOOXOMMOCTH He-

TPEPBIBHOTO KOHTPOJIs cocTostHus (prmaroB komanmamu if(), while().

IIporpamma padoTbi
Banyctuts Atmel Studio 6.2 (ue mmxe). Boiopars Co3aaTh HOBBIN IMy-

cToii mpoekT (puc. 37).

GecApplication1 - AtmelStudio

File | Edit View VAssistX ASF Project Buid Debug Tools Window Help

New » | (51 Project... clashiftan | -|| [ 1SR
Cpen * | ' Fie.. Cirl+ Bl ==
Add » | &) Example Project... Cirl4Shift+£
_T_'f Close Solution
Import ]
[al Save selected Items Ctrl+5
Save Output As...
@ save Al Cirl+5hift+5
Export Template. ..
| Page Setup...
=4 Print... Cirl+P
Recent Files k
Recent Projects and Solutions k
Exit Alt+F4

Puc. 37 — Coznanue HOBOTO IpOEKTa
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B orkpeiBmemest okHo BeiOpath GCC C Executable Project (Mcmonmmsiemprit
npoekT Ha s3bike C). B HIDKHEH yacTh ykasaTh UM IipoekTa u myTh (puc. 38). Onu

HE JIOJDKHBI COZIEpKaTh pycckux cuMBotioB. Haxars OK npu roroBHOCTH.

New Project

Recent Templates Sortby: | Default | 2 |

Installed Templates

. Type: C/C++
clc++ GCC C ASF Board Project C/C++
Creates an AVR 8-bit or AVR/ARM 32-bit C

Assembler project
Atmel Studio Selution GCC C Executable Project CiC++

GCC C Static Library Project CfC++

GCC C++ Executable Project Cft++

GCC C++ Static Library Project C/lC++

Mame:
Location:

Solution:

Solution name:

| GecApplication2

| CiiatmelStudicProgects_my', w | l Browse... ]
|Create new solution - |
| GecApplication? [“]create directory for solution

Cancel

Puc. 38 — Beibop Tuma npoekta

BeiOpate B BhIIagaromeM MeHO «megaAVR, 8bity,

ATmegal6 (puc. 39).

KOHTpOJUIEP

Name App./Boot Memory (Kbytes) | Data Memory (bytes) | EEPROM (bytes) Device Info:

ATAS833 20 1024 1152 o) Device Name: ATmegals
ATAG285 8 512 320

ATAG286 ] 512 320 Speed: 0
ATABG12C ] 1024 512 Ve 2.7/5.5
ATABE13C 16 1024 512 Farmly: megatVR
ATABG14Q 32 2048 1024

ATmegalzs 128 4096 4096 ‘E'] Datashests
ATmega1280 128 &192 4086 i

ATmegai281 128 5192 4096 Supported Tools
ATmega1284 128 16384 4086 % AtmeLICE
ATmegal2s4P 128 16384 4086

ATmegal2B4RFRZ 128 16384 4096 % AVR Dragon
ATmegal2sA 128 4096 4096 ® AVRISP mil
ATmegal28RFA1 128 16384 4096

ATmegal28RFRZ 128 16384 4096 v AVE ONE!
ATmegal6 16 1024 512 2. JTAGICE3
ATmegal62 16 1004 512 -

ATmegal6ds 16 1024 512 B JTAGICE mkil
ATmegal64p 16 1004 512 & Simulator
ATmegalédPa 16 1004 512

ATmegaléSa 16 1024 512 ¥ STKS00
ATmegal65P 16 1024 512 /| = sTKEOD

£ b

Puc. 39 — Bei6op MUKpOKOHTpOJLIEpa
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B OoTKpBIBIIMICS MTYyCTOM MPOEKT CKOMUPOBATh MPUBEIACHHBIA TEKCT IMPO-

rpaMMBI.

#include <avr/io.h>
#include <avr/interrupt.h>

/* Makpoortpeenenue, st paboTel ¢ butamu */

#define BIT(n) (1<<(n))

#define ENABLE(x,n) ((x) |= BIT(n))

#define CHECKBIT(x,n) ((x) & BIT(n))

char ADCdata;  // rnoGanbHas mepeMeHHast JIIsl XpaHEHHs] U3MEPCHHBIX JIaH-
HBIX

void port_init(void)
{
PORTA = 0x00;

DDRA = 0x00; // mopt A nemaem BXOIHBIM
PORTB = 0x00; // ocrambHble IOPTHI HE TPOTaeM

DDRB = 0x00;
PORTC = 0x00;
DDRC = 0x00;
PORTD = 0x00;
DDRD = 0x00;
}

/I ADC initialize // Conversion time: 104uS

void adc_init(void)

{ // vanmmanmzanus AL moxyiis

ADCSRA = 0x00; // disable adc

ADMUX = 0x00|(1<<ADLAR); /* 6ymeM ucnoiib30Bath nepBbiii kanamn AL,
B KadecTBe pedepeHca nmoTeHIan noganueiil Ha BeiBoJ AREF, 8-6ut paspsin-
HocTh ALIIT u paBHeHHE HaNEBO :) */

ACSR = 0x80; // BeIKITIOUaeM aHAJIOTOBBIN KOMIIapaTop

ADCSRA = 0xCD; /* Bkmrouaem ALIIT u 3amyckaem olMHOYHOE TTpeoOpa3oBa-
HUE, BKJIIOYaeM MpephIBaHUE 10 OKOHYAHHIO MpeoOpa3oBaHus, yCTaHABIMBACM
4acTOTy npeoOpazoBaHus */

}

ISR(ADC_vect)
{
ADCdata = ADCH; // orcsutaeM naHHbIE

ENABLE(ADCSRA, ADSC); // 3aniyckaem HOBOE IpeoOpa3oBaHKe

}
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void init_devices(void)
{
cli(); / Ha Bpems HHULIMAIU3aIUHU TieprudepHrr 3amperiacM Bce MpephIBaHUs
port_init();

adc_init();

MCUCR = 0x00; // obHysieM Ha BCSIKH clTydail BCE OCTaIbHBIC PEPHIBAHUS
GICR = 0x00;

TIMSK = 0x00; // timer interrupt sources

sei(); // pa3perraem 0OpaTHO BCE MPEPhIBAHUS

}

int main(void)
L
init_devices();

while(1) // co3maem OeCKOHEUHBIH UK

{

}
}

3ananme 1. U3yuenue ALIIL

Ycranouth OpeiiknonHt Ha ctpoke ADCData = ADCH. Otkomnuiupo-
BaTh MpoekT, HaxaB F7 (Built) u mpu orcyrcTBUU OMIMOOK 3aliTH B PEKUM OT-
manku F5.

JInst  OTCIIe)KMBAaHUS CO3JAHHBIX TIEPEMEHHBIX CYIIECTBYIOT OKHA
Watchl,2. O0biyHO OHM pacmojaraloTcs B JIEBOW HIDKHEH paboueil oOmactu
KoMnwisitopa. [Ipu OTCYTCTBUH, X MOXKHO JOOaBUTH Yepe3 BEpXHEE BhHINAa-
roriee meHro Window.

B oxno Watch Beectu co3gannyio nepemennyo ADCdata, oTkpbITh pe-
rucTpsl, oTBevaromue 3a padory ADC — AD_CONVERTER (puc. 40). Takum
obpaszomMm, B okHe Watch MoxHO HaONIIOaTh U U3MEHSATh 3HAYCHUS BaIlIHUX IIe-

peMeHHBIX, a B okHe 1/O View — peructpoB MEKpOIpoIieccopa.
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GecApplication2 (Debugging) - AtmelStudio
File Edit View VAssistXx ASF Project Buld Debug Tools Window Help

gl - S a | ERR9 - - S5 e b b [pebug R
P g i A 0 b IEESEE T Hex @<l &

Disassembly GeoApplication2.c 10 View
={ /S wHMLMannsauna AL MOgYNA == | Filter: |
ADCSRA = 8x@8; // disable adc —
-] ADMUX = 8x@@| (1<<ADLAR); /* Bygem wcnonbsosaThb f

B Ka4yecTee pedepeHca NOTEeHUWan MoSaHHHil Ha BHBOL = [ AD_CONVERTER
8-6uT paspagHocTe AU v pasHeHwe Ha neso :) */ erence Selection Bits (ADM...
ACSR = @x80; // Bmxmwdaem ananoroewii komnapaTop Big ADC Prescaler Select Bits (ADC...
-] ADCSRA = Bx(D; /* sxnodaem AUM W Sanycxkaem oguHi ﬁANALOG_COMF‘ARATOR
BKMMYEEM MPEPHEAHWE NO OKOHYaHWH npeobpasoBaHna, B BooT_LoaD
yCTaHaenneaem 4acToTy npeobpasosaHma */ = i crU
} EEFROM
| EXTERNAL _INTERRUPT
—IISR{ADC_wect) ITAG
U3 PORTA
WS PORTE
UQ PORTC

[ ADCdata = ADCH; // oTcunaem gaHHbe]
ENABLE(ADCSRA, ADSC); // sanyckaem nosoce npeobp:
w

> U8 PORTD
— =9

Address

Ox0000 =esemsss smssssss

Value Type

£ ADCdata [0 | chardata}@0x0060 B8 ADCSRA 025 0000
[=) Bag ADMUX 0x27 m[n] |nninaw]

REFS oo
ADLAR.

ﬂ 10 View 9 ASF Ex... E1 Processor 'ﬁ Solution...

Registers

B Autos R Locals % Watch 1 gj Watch 2 EFl = e e

Stopped

Puc. 40 — CuutsiBanue 3naueHuit AL

N3menuts 3Hauenne ADC (OuThl) B TIpaBOM OKHE Ha JII000C M HaXKaTh
F10. ITocMoTpeTh 3HaUE€HKHE IEPEMEHHOM B JIEBOM HI)KHEM OKHE.

[lepeiitu B okHO qu3accemb6iiepa. HaliTu koMaHbl YTEHHSI TaHHBIX U3 pe-
ructpa ADCH, kak KOMOWJIATOp CYMTal JaHHbIE TOJbKO W3 1-TO peructpa
(ADCH) 6e3 urenust ADCL (puc. 41). Haiitu B mu3accemOiiepe U yka3ath B OT-
yere kak paboraer makpoc ENABLE(ADCSRA, ADSC).

BEREEE ) Pl GorApplication2.c 10 View
Address: |_\rector_14 v| IE l; | Filter: | '| | £
 Viewing Options Mame Value
. . . ; ~
@AERBES1 IN R@,Ex3F In from 1/0 location = B AD_CONVERTER w
@BEBEES2  PUSH RO Push register on stack 0 [EJreference selection gits (aDM...
@00EEA53 CLR R1 Clear Register ke ADC Prescaler Select Bits {ADC...
Pae08854 PUSH R24 Push register on stack BAg ANALOG_COMPARATOR
--- C\AtmelstudicProgects_my\GccApplication2\GccAp BOOT _LOAD
ADCdata = ADCH; // CEEEGEEE HEEEEE B ceU
O P0B0RE55 IN R24,0x05 In from I/0 location — B EEPROM
Be888856 STS Bx8868,R24 Store direct to dat = [LIEXTERNAL_INTERRUPT L
ENABLE(ADCSRA, ADSC); // 2323933333 3353E HEEIEDEEE B 1maG
BBOPEESE SBI 6x86,6 Set bit in I/0 register 8 FORTA
I
. - o
@@eeaa59 POP R24 Pop register from stack mPORTB
880BOBSA POP RB Pop register from stack v FORTC
U0 PORTD
<] 3 = hd

Puc. 41 — Oxno qu3accemOiepa konupoBaHus TaHHBIX U3 ALIIT
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BoinoiHUTB 3a1aHKMe COTJIACHO BAPUAHTY !

1. Hactpoutrs AIIIl Ha aBTOMaTHYeCKHWI NUKJIMYECKHM 3amyck (06e3 Ko-
manael ENABLE(ADCSRA, ADSC);).

2. Hactpouts koadduiment ycunenus 10x.

3. Usmenuts Bxoa ALII na ADC3.

4. V3Menutb kaHan onopHoro HanpsbkeHus Ha AVCC ¢ BHEUIHUM KOH-
nencatopom Ha BeiBoAe AREF.

5. M3MeHuTh KaHal OMOPHOrO HAIpsKEHUS Ha BHYTPEHHUU HCTOUYHHUK
ONOPHOTO HampsikeHus 2.56 B ¢ BHemHUM KoHAeHcaTopoM Ha BbiBojie AREF.

6. YMEHBIIUTH CKOPOCTH pabOTHI B 64 pasa.

/. YMEHBIIUTb CKOPOCTh paboThl B 32 pa3a.

8. YMeHpmHTH CKOPOCTH paboThI B 16 pas.

9. VYcranoButs quddepeHInanbHbIi BXOI.

10. 3MeHUTh MOPSAOK CUMTAHHBIX JAHHBIX HA MPOTHUBOIOJIOXKHBIN (pe-

3yJIbTaT MPeoOpa3oBaHMsl MOKET UMETh JEBOCTOPOHHHUI WM MPABOCTOPOHHUIN

dbopmar).

3ananme 2. Uzyuenue UART

Jlo6aBuM mepenauy onudpoBaHHbIx AaHHBIX Mo UART (mpenmnonoxus,
YTO MOAKIIOYEH KOMIBIOTEp Yepe3 RS-232 mpeoOpazoBarens).

JlobGaBuTh QyHKIHIO (T. K. B CKOOKe crpaBa usart_init ykazaHna nepeMeH-
Has) uauimanmzanun UART B moboe Mecto mexay char ADCdata u mporeay-

poii main().

Il USART initialize

/l desired baud rate: 9600 actual: baud rate: 9615 (0,2%)
/l char size: 8 bit parity: Disabled

void usart_init(unsigned baudrate)

{
UCSRB = 0x00; // disable while setting baud rate
UCSRA = 0x00;

UCSRC = BIT(URSEL) | 0x06;
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UBRRL = baudrate;
UCSRB = 0x08;

}

MoauduuupoBaTs KO/ B IpEepbIBAaHUU.

ISR(ADC_vect)
{
while( ICHECKBIT(UCSRA,UDRE) ); // aorcoem, noxa oceobooumes 6yghep
UDR = ADCH; /| omcwvinaem oarnnvie

ENABLE(ADCSRA, ADSC); /I sanyckaem nosoe npeobpazosariue

}

J106aBUTH BHI30B MHUIIMAIH3AINH.
[Tepemennass baudrate B dynakmum usart init 3aHOCHTCS B PErHCTP
UBRRL, Takum oOpa3oM, umcio 25 B JaHHOM IIpUMEpE COOTBETCTBYET

HacTporikam ckopoctu. ITocmorpers onrcanue peructpa UBRRL.

| usart_init(25);

YcranoButh «OpeiiknonHT» Ha ctpoke UDR = ADCH. Otxomnunupo-
BaTh IPOCKT, IPHU OTCYTCTBUM OIIMOOK mepedTd B pexum otiaanaku (F5)
(puc. 42). Umutupys BBogoMm B peructp ADC onudpoBaHHBIC JaHHBIC, IO-

CMOTpPETH PE3YIbTAT B PEKUME OTIIAKHU.

—|ISR{ADC_wect)

1
while( !CHECKBIT(UCSRA,UDRE) ); // ®oem noka oce
o || UDR = ADCH; // oTcwnaem LaHHee]
ENABLE (ADCSRA, ADSC); // sanyckaem Hosoe npeobp:
b
v
100 % - € >

[Mame Yalue Type
i ADCdata 12 char{prog@0:0000

Puc. 42 — BoiBoa JaHHBIX B MapajuieIbHbIN TOPT
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Kakue koMaHabl accembiiepa UCHONB3YIOTCS JIsl IEPeIaund MEXIy peru-

ctpamu (puc. 43)?

BIEEEES s Vel GocApplication2.c

Address; |_ueu:13:ur_14 -
+ | Viewing Options
88888858 CLR R1 Clear Register L
@epaeasC  PUSH R24 Push register on stack 1
while{ !CHECKBIT({UCSRA,UDRE) }; // EEEE EHEEE EHEEGEE
aaaa86850 SBIS @x8B,5 Skip if bit in I/0 regi
aaa6885E RIMP PC-8x0B81 Relative jump
UDR = ADCH; // 22333333 E33333 3
-JEESSSBEF IN R24,8x85 In from I/0 location
aegeaaace OUT exel,R24 Qut to I/0 location
ENABLE (ADCSRA, ADSC); // DEEIEEEE: EEEEs EDEEEEEad
ageeaecl SBI Bxe6,6 Set bit in I/0 register
}
aeeeRas2 POP R24 Pop register from stack
@geeepas3 POP Re Pop register from stack v
< >
|

Puc. 43 — Otnpaska n3mepennsix ganHbix AL B mopt UART

Ha¥iTi v mosicHUTb, KaK BBIMOJIHAETCA KoMaHaa (puc. 44).

UCSRC = BIT(URSEL) | 0x06

L= el GocApplication?, o

Address; | usart_init -

+ | Viewing Options
UCSRE = @xee; //disable while setting baud rate =

GaapRE47 OUT 8x8a,R1 Out to I/0 location
UCSRA = GxBd;

2aaaae43 OUT 8xeB,R1 Out to I/0 location
UCSRC = BIT{URSEL) | BxB6;

2849 Load immediate
BB Out to I/0 location =

Puc. 44 — V3zy4yenue ncnoib30BaHUSI MaCKH
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3axanue

— H3MeHHuTh B CBOEM NIPOEKTE CKOPOCTh nepenayu gaHHbix no UART
B 2 pa3za ObIcTpee.

— JlonoJHUTENBHO C/eNaTh YCpEeIHEHHE pe3yiibTaTa OLUGPOBKU (Cpel-
Hee apudMeTHyecKoe) Mo yeThlpeM u3MepeHusM. llepenaBaTh ycpeqHEHHBIE
JAHHBIE MOCJIE YETHIPEX U3MEPEHU.

— JlononHuTensHO N00aBUTh MHIUKAIMIO CBETOJUOJOM MO OKOHYAHUU
orudpoBku. CBETOAMO JOJKEH ropeTh, moka ALIIT octanoBieHO.

— JonomuurensHo cuenath crtapt Allll-mpeoOpazoBanus u mepenady

JAaHHBIX ITOCJIC HaXXaTHs1 KHOIIKH.

KoHTposibHbIE TeopeTHYecKHe BONPOCHI

v Kakoit MeToz aHanoro-uu)poBoro mpeodopazoBaHus CUTHANA IPHUMEHS-
eTcst B MUKpokoHTposuiepax AVR? Hazosute apyrue tuns AL

v VKaXuTe IUana3oH TaKTOBOW YacTOThI, PEKOMEHIYEMBIH s PabOTHI
AIIIT ATmegalé6.

v HazoBuTe BO3MOXKHBIE pEKUMBI pa0doThl ALIIL.

v Kakumu acceMOJIEpHBIMH BCTaBKaMHM MOKHO paspeliars W 3arpernarh
rio0anbHO npepbiBanust B mporpamme 1t AVR Ha si3bike Cu?

v" TIpOKOMMEHTUPOBATH pe3yJsbTaT BBITIOJIHECHUS KOMaH/1bl

ADCSRA|=0x40;

Conep:xanue oTyera

OTueT 10JKEeH COEPKATh JIMCTUHTY OTIAKMBAEMBIX MporpaMm Ha sizbike C
U KOJl acceMmOiepa, KOMMEHTApUH 0 XOJy BBIIIOJHEHUS ITyHKTOB PaOOThI, MPH-
MepbI 3KpaHHBIX (OpPM (CKPUHIIOTHI), CO3/IaBa€MbIE MO X0y BBITIOJHEHUS pado-
Thl (BKJIFOYAsl IPOMEXKYTOUHBIE ACUCTBUS U (PUHATBHBIE 33JjaHHs), OTOOpaKkaro-

IMTKUC OKHA PCTUCTPOB U IIaMATH, a TAKIKC OTBCTHI Ha KOHTPOJIBHBIC BOIIPOCHI.
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2.3 llabopaTtopHasa pabota Ne 3 «TanMmepbl/cHeTUUKN,
WM (PWM) moaynaumusa»

Heab padoThl

enbto mabopatopHOil pabOTHI SBISETCS HCCIEAOBaHUE PAa0OThI TaiiMe-
POB/CUYETUUKOB M CHCTEMBI TIPEPHIBAHUM.

J11s1 BBIOJTHEHUST PaObOThl HE00X0IMMO UCIoNb30BaTh « Timer/CounterQ/1/2»
MukpokoHnTposuiepa. [IpeacraBurb, uto Bbixoasl «OC1A» w/umu «OC1By» cBs-
3aHBI CO CBETOAMOIOM/CBETOANOAaMU. [IpUHATH I MPOCTOTHI, YTO CBETUMOCTh
CBETOJIMO/A JTMHEHHO 3aBUCUT OT KOd(PHUIIMEHTA 3aMOJHEHUS MPSIMOYTOIbHBIX

HMITYJIbCOB, IIOAABACMbIX Ha HCTO.

Kparkas Teopust

MukpokonTposuiepel AVR umeror B ceoeM coctaBe oT 1 g0 4 Ttaiime-
pos/cuetunkoB (TIMER/COUNTERS) ¢ pa3psinHoctsio 8 win 16 6ut, KoTopbie
MOTYyT paboTaTh U Kak TaiMepbl OT BHYTPEHHETO HCTOYHHUKA TAKTOBOM YacTOTHI,
U KaK CUETYUKH BHEIIHUX COOBITUH.

WX MOXHO MCMOJB30BaTh JJIsI TOYHOTO (DOPMHUPOBAHMSI BPEMEHHBIX HH-
TEpBAJIOB, TIOJICUETa UMITYJILCOB Ha BBIBOJAX MUKPOKOHTpOJIIepa, (OpMUPOBa-
HUSI TOCIE0BaTeIbHOCTH uMIynbcoB. B pexume MM (PWM) Taii-
MEpP/CUETYUK MOXKET MPEACTaBIATh COOOW IMIMPOTHO-UMITYJIBCHBIA MOIYJSTOP,
OH MCMOJB3YETCS ISl TEHEPUPOBAHUS CUTHAJIA C TPOrPAMMUPYEMBIMHU YaCTOTOM
U CKBOKHOCTBIO.

Taiimepbl/cueTurKu CIIOCOOHBI BBIPAOATHIBAThH 3alPOCHI MPEPHIBAHUH, Tie-
peKIItoYas mpoleccop Ha uxX 00CIIy)KMBaHWE O COOBITUSIM U OCBOOOXK[asi €ro
OT HEOOXOIMMOCTH TEPUOIMYECKOTr0 OIMpOoca COCTOSHUS TaiiMepoB. Ilockonbky
OCHOBHOE TNPUMEHEHHE MHUKPOKOHTPOJUIEPhl HAXOAAT B CHUCTEMax peabHOrO

BpPEMCHHU, TaﬁMCpBI/ CUCTUHKMU ABJIAOTCA OAHUM M3 Han0oJIee Ba)KHBIX 2JICMEHTOB.
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Talimep-cuetunk TO wucnonb3yeT JABa BBIBOJA MHUKPOKOHTPOJUIEPA
ATmegal6. BoiBon TO (PBO) — 3TOo BXOJI BHEHIHEr0 TAaKTOBOTO CHUTHAja.
OH MOXET MPUMEHSATHCS, HampuMmep, s nojacdeta umiyiabcoB. BeiBog OCO
(PB3) — 3T0 BBIXOJ CXEMBI CpaBHEHHUsI TaliMepa-cueTuuka. Ha 3TOM BBIBOJIE
C MIOMOIIBIO TaiiMepa OH MoxeT (opmupoBaTh Meanap wiu LIMM-curnan.
Takke OH MOXKET MPOCTO MEHSATH CBOE COCTOSIHUE MpPU CpabATbIBAHUM CXEMBI

cpaBaeHus (puc. 45).

: : p—
[Cixcko) PBO]T 4 40 |1 PAD (ADCO)
(T1) PB1 I 2 39 1 PA1 (ADC1)
(NT2/AINO) PB2 [T 3 38 1 PA2 (ADCZ)
[OCO/AINT) PB3] T 4 37 [ PA3 (ADC3)
EE)PBA I 5 36 11 PA4 (ADCH4)
(MOSI) PBS T 6 35 [0 PAS (ADCS)
(MISO) PBE [T 7 34 11 PAG (ADCE)
(SCK) PET T & 33 [0 PAT (ADCT)
RESET [T 9 32 OO AREF
Ve T 10 3113 GND
GND T 11 30 b Avce
XTALZ T 12 29 0 PCT (TOSC2)
XTAL1 T 13 28 [1 PCE (TOSC1)
(RXD) PDO CT 14 27 [0 PC5 (TDI)
(TXD) PD1 [T 15 26 1 PC4 (TDO)
(INTO) PD2 CT 16 26 0 PC3 (TMS)
(INT1) PD3 [T 17 24 T PC2 (TCK)
(OC1B) PD4 [T 18 23 [0 PC1 (SDA)
(OC1A) PD5 [T 18 22 11 PCO (SCL)
(ICP1) PDE CF 20 21 0 PD7 (OC2)

Puc. 45 — BeiBosibl Mukpocxemsl ATmegalo

VYnpasnenue paboToil Talimepa/cueTdyrka | OCyIIECTBISIETCS ¢ MOMOIIBIO
perucTpoB, onucanHbiXx B Tadbmune 1. Hacrpoiika taiimepoB 0/2 mponCcXOAuT B

CBOUX pPETUCTpAxX.

Tabnuna 1 — Onucanue perucTpoB ynpaBieHUs Taiimepa/cuerynkal

Peructp Kparkoe onucanune

Timer/Counterl — peructp, coxep)kamuii TeKyllee 3HAYCHHE Taid-

TCNT1
Mepa/ cuetunka 1

TCCRIA TIIUTIGr/C0unter1 Control Register A — peructp 3amaHusi PEKUMOB
TaiiMepa/cuerdnka |

TCCRIB TIIUTIGr/C0unter1 Control Register B — peructp 3agaHusi peKUMOB
TaliMepa/cuerdnka |




51

Oxkonuyanwue Tad. 1

Peructp KpaTkoe onmncanne
Timer/Counter Outputl Compare Register A — BBIXOIHOW PErHCTP
OCR1A
KoMImaparopa A
Timer/Counter Outputl Compare Register B — BeixogHO# peructp
OCR1B
KoMmapaTtopa B
ICR1 Timer/Counterl Input Capture Registerl — BxomHOW perucrp 3a-
nienku 1-ro taiimepa
TIMSK  |Timer Interrupt Mask Register — peructp Macku npepbIBaHH
TIFR Timer Interrupt Flag Register — peructp ¢aros npepbiBaHuit

IIporpamma padoTbI

3amyctuts Atmel Studio. Beiopats File — New — Project... — HOBBIf my-

croii mpoekT (puc. 46).

GecApplication - AtmelStudio

File | Edit View VAssistX ASF Project Build Debug Tools Window Help

Mew
Open
Add

Llose

fl

Impart

' &

Save all

Export Template...

Print...

W B

Recent Files 2

Recent Projects and Solutions 2

Exit

Close Solution

Save Selected Items Ctrl+5
Save Output As...

Page Setup...

» |51 Project... culsshiftan | || [# 1SR
» ) File... Ctrl-+ RGN

* | B] Example Project... Ctrl+5hift+E

Ctrl+5hift+5

Cirl+P

Alt+F4

Puc. 46 — OxHO co3/1aHMs TTPOEKTA

B otkpriBiiemcs okHo BeiOpath GCC C Executable Project (Mcmomnsie-

MbIii poekT Ha s3bike C). B HIDKHEH YacTH yKa3aTh UMs MPOEKTa U myTh (puc. 47).

OHu He JOIHKHBI CoJIepKaTh pycckux cumBoJioB. Haxxate OK mipu roToBHOCTH.
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New Project

Recent Templates Sortby: | pefault -
Installed Templates
X Type: C/C++
cic++ GCC C ASF Board Project CjC++
Creates an AVR 8-bit or AVR/ARM 32-bit C
Assembler project
Atmel Studio Solution GCC C Executable Project CjC++
GCC C Static Library Project CjC++
GCC C++ Executable Project CjC++
GCC C++ Static Library Project CjC++
J
#i0e J, L‘\
m o o
" f 1'5. .l”
8
r (! Yoig)
ors
e “Hap;
1104
Mame: ‘ GeoApplication2 |
Location: ‘ CatmelStudioProgects_my, ~ |
Solution: ‘ Create new solution v |
Solution name: ‘ GeoApplication2 | [“|create directory for solution

Puc. 47 — Beibop Turma npoekTa

B cneayromem okHe B BBINIQJArOIIEM MEHIO BBIOpaTh «MegaAVR, 8bit»,
koHTposuiep ATmegal6.
B oTKkphIBIIMICS MTYyCTOM MPOEKT CKONMMPOBATh MPUBEICHHBIA TEKCT IPO-

rPaMMBI.

#include <avr/io.h>
#include <avr/interrupt.h>

void init_timerl(void) // Nautmanu3anus taiiMmepa/caerdunka? 1
{
DDRB = (1 << PBO0); // nacrpauBaem PB0 Ha BbIX0J
TCCR1B = (0<<CS12)|(0<<CS11)|(1<<CS10); // nacTpanBaem JIeUTENb
TIMSK |= (1<<TOIEZ1); // pa3perraem npepbIBaHKHE IO NEPEIOTHEHUIO
TanMepa
TCNT1 = 64456; // BeICTaBIIsIEM HavanbHOe 3HayeHne TCNT1
by

ISR(TIMER2_OVF_vect)

{
if (PORTB & 3) == 1)
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{
PORTB &= (OxFF << 2);  // Orkmouenue BeiBoioB PB0, PB1
PORTB |=2; // Bxnrouenne PB1
by
else
{
PORTB &= (0xFF << 2); // Orkmouenue BoiBoioB PBO, PB1
PORTB |=1; // Bxrouenne PBO
b
¥
ISR( TIMER1_OVF_vect)
{

TCNT1 = 64456: // BeicTaBisieM HayanbHOe 3HaueHue TCNT 1
if(PINB & (1<<PB0)){
PORTB &=~(1<<PB0);
}
else {
PORTB |= (1 <<PB0);
}
}

int main()

{
init_timerl();
sei(); // BBICTaBIIsIEM OUT OOIIETo pa3perieHus IpepbIBAaHUNA
while(1)
{
asm("nop");
}; /| BEeUHBII LUK

return O;

¥

3ananme 1. U3yyeHue npepbIBAHUA 10 NEPENOJTHEHNIO
YcranoButh «OperknounT» Ha ctpoke ISR (puc. 48). OTxkommnuiaupo-
BaTh npoekT, HaxaB F7 (Built), u nmpu orcyTcTBUH OMIMOOK 3alTH B PEKUM

otianku Fb.
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GecApplication3 (Debugging) - AtmelStudio
File Edit Wiew VassistX ASF Project Build Debug Tools Window Help
G- A CSHd@| 4 aR|o-c-S-B|HK| >
P EAME I g i iAo up|eE(=

Disassembly GocApplication3.c <

» GeeApplication3.c

[ BB

Ml |Debug | [# | TIMERO_OVF _vect

B da@WE.

12

'| e IED C:\AtmelStudioProgects_my'( = [@'Go
=

- ISR( TIMERL_OWF_wect )
{
TCNT1 = 64456; //BHCTEBAAEM Ha4aNbHOE SHaYeHuwe TCNTL
if( PINB & ( 1 << PB2 ) ) {
PORTE &= ~( 1 << PE@ );
}
else |
PORTE |= ( 1 << PE® );
h
}

=lint main()
1

100 % «~ £

B auos B Locals [ watch 1 PRINIETE

Ready

Value

Waveform Generation Mo... | .. 0x00 »
@) Clock Selects (TCCRO)

= &) TIMER_COUNTER_1

@ Prescaler source of Timer ...
@) TIMER_COUNTER_2

Bits

00000000 00000000

Value
Ox0000
0x0000
0x0000
Ox0007
Ox01
000
000
000

Address

Ox4e
Ox4s

Mame
@IcR1
@ ocriB
@ ocri1a
@) TCNT1
= D TCCR1B
ICNC1
ICES1
WGM1

00000000 00000000
00000000 00000000
00000000 DO000Dees

00 0o00e
O

@ TCCR1A
@ TIFR
@ TIMmsi

0x00
0x18
Ox04

Ooo000oooaOo
oemeo
oooe

[ 10 view [N o e ‘a Solution . B Properti...

* 0 X
B

Memory 2

Fn B BEw - W~ &

Puc. 48 — Hactpoiika Taiimepa/cueTunka 1

[MocmoTpeTh cocTosiHue peructpoB (puc. 49). B kakoM pexxume padboTaet

TaﬁMep, A0 KaKOIro 3HAYCHHUA IMPOUCXOOUT

PBO?

S TSR{ TIMERL_OVF_vect )
@
TCNT1 = 644565 //BHcTaBndem HadqaieHoe 3HaueHue TCNTL
if( PINB & ( 1 << PBE ) ) {
PORTE &= ~( 1 << PB@ );

}
else {
PORTE |= { 1 << PE® );
) 3

cyet? UTO MpOUCXOJUT C BBHIBOJIOM

i PORTC
i PORTD
SPI v
MName Address  Value Bits
119 PINE 0x36  Ox00 0000o0oao
0 DDRE %37 0x01 0000000 m
1i0 PORTE 0x38  Ox00 O0ooo0ooo

Puc. 49 — Cocrostaue nopta B

Y CcTaHOBUTH «OPEHKITOMHT» Ha MyCTOM KoMaHae asm («nop»). Haxumas

F10 (momaroBo), MocMOTpeTh, Kak MpoucXoauT cueT B peructpe TCNT1

(puc. 50). Korja mporcX0oauT BHICTABICHUE

¢naros Taiimepa 1?
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il @ ocria Ox44  0x0000 OOOOOOOO COOOOOOO
asm(“ﬂ,‘ae“)j |

I while(1) @ ocriB 0x48  0x0000 O0OO00O0O0 OOooO00O _I

Puc. 50 — Pabora raiimepa/cuerdnka

3ananme 2. U3yyeHue AByX padoTaOuux TaiMepoB
JloGaBuTh mporneAypsl nHUIMAM3auu Taitmepa 0, 1, 2 mepen nporemy-

poii main().

void init_timerO(void) // Ununumanu3anus taiiMmepa/cuerdnkal

{

OCRO0 = 255; Il Conepxumoe perucTpa CpaBHCHHS

Il 3amaem pexxum paboTHI TaliMepa
TCCRO = (0 <<WGMO01) | (0 << COMO00) | (0 << CS02) | (1 << CS00);

¥

void init_timer1(void) // Naunmanusamus taiimepa/cuerdnkal
{
DDRB = (1 << PBO0); // mHactpauBaem PB0 Ha BbIXOA
TCCRI1B = (0<<CS12)|(0<<CS11)|(1<<CS10); // nactpanBaem JieaUTelb
TIMSK |= (1<<TOIE); // pa3peraem rnpepbIiBaHUE 110 TEPEIIOJIHEHUIO Tai-
Mepa
TCNT1 = 64456; // BeICTaBIIsIEM HavanbHOe 3HaueHne TCNT1

¥

void init_timer2(void) // Maunmanu3anus taitmepa/cueTdanka?
{
OCR2 = 255;
TCCR2 = (0 << WGM21) | (0 << CS22) | (0 << CS21) | (1 << CS20);
Il TIMSK |= (1 << OCIE2); // YcranaBnuBaeM Jijisi HEro IpepbiBaHUE COBIA-
JICHUS

by
ISR(TIMER2_OVF_vect)
{if (PORTB & 3) ==1)
{PORTB &= (OXFF << 2); // Otxmouenue BeiBo0oB PBO, PB1
PORTB |=2; // Bknrouenue PB1

¥
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else
{
PORTB &= (OxFF << 2); // Orkitouenue BriBojioB PB0, PB1
PORTB |= 1, // Bxirouenue PBO
by
s

B ocHOBHyI0 mporpamMmy J00aBHUTH BBI30B IPOILEAYP HHHUIHATH3AIIAN
taiimepos 0,2.

init_timer2();
init_timer0();

YcTaHOBUTh OpPEHKIIOMHT Ha IyCTOM Komanjae asm («nop»). Haxumas
kHornky F10 (momaroBo), mocMOTpeTh, YTO MPOUCXOAUT ¢ Taiimepamu 0, 1, 2

B peructpax TCNTO, 1, 2. Kakoe BbI3bIBaeTCS IpephiBaHue?

J1o0aBUTH B MPOEKT BTOPOE MpepbiBaHue 1o Taitmepy 0.

void init_timerO(void) // Mannmanu3anus Taiimepa/cuetanka 0

{
OCRO = 255; Il ConepxuMoe perucTpa cpaBHEHUS

Il 3amaem pesxxuM pabOTHI TaliMepa

TCCRO = (1 << WGMO01) | (0 << COMO00) | (0 << CS02) | (1 << CS00);

TIMSK |= (1 << TOIEQ); // YcranaBnuBaeMm i HETO MPEPhIBAHUE 110
NIEPETIOTHCHUIO

¥
ISR(TIMERO_OVF _vect)
{
asm(*'nop");
s

3aiiT B peKUM OTJIAJKH, TOCMOTPETh, KaK CpadaThIBAIOT JIBa MPEpPHIBaA-
Hus. B kakux pexumax paboraroT taiimepsi? [Ipu kakux ycmoBusx? [{o kakoro

3HaueHus npoucxoaut cuer? Kakue ¢uaru BoICTaBISIOTCS?
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3ananme 3. U3yuenue pe:xxuma cpapHenus — UM
MoauduiupoBats mporeAypy WHHNHAIA3AIUU Tamepa 0 u, mobaBuB

JIOTIOJIHUTEIHHOE TIPephIBaHKE IO CpaBHEHUIO, ycTaHoBUTH OCRO = 127.

void init_timerO(void) // Muunmanu3anus taiimepa/cuerdnka 0
{
OCRO0 =127://255; Il ConepkuMoe perucTpa cpaBHEHUS
/] 3amaem pesxxuM pabOTHI TaliMepa
TCCRO = (1 << WGMO01) | (0 << COMO00) | (0 << CS02) | (1 << CS00);
[ITIMSK |= (1 << TOIEQ); /I YcranaBiuBaem Juisi HETO MpephIBaHKUE 110 TIepe-
TIOJTHEHHUO
TIMSK |= (1 << OCIEOQ); // YcranaBiuBaeM /jist HEro pepbIBaHUE 1O CPaB-
HCHUIO

¥

ISR(TIMERO_OVF_vect)
{

asm(*'nop");

}
ISR(TIMERO_COMP_vect)

asm("nop™);

{
¥

3aiitu B peskum otinanku (F5). Pa3BepHyTh perucTpbl cocTostHus Taiimepa 0.
B nommaroBom pexume nocMoTpeTh, uto nporcxoaut ¢ ¢urarom OCFO (puc. 51).

AVR studio 6.2 umeet porpaMMHBIC OIIMOKK TIpH paboTe ¢ TaliMepaMu
U TPEPBIBAHUSIMH, KOTOPBIC, BO3MOXHO, OBLJIM HCIPABICHBl B HOBOW BEpPCHUHU.
[Ipu nomaroBom pexume ¢iar cpaHenust Boictapisiercss [IPABUJIBHO, oxna-
KO IepexoJ Ha BEKTOp MpepbiBaHUsA HE npoucxoaut. [Ipu Haxatuu Ha F5 (3a-
IyCK) BO3MOXKHO 3aBHCaHHE MporpaMMbl. BbIxoa u3 pexuma OTJIaJKu U BXOJ B
HEro CHOBa MOMOTYT u30exaTh 3aBucanuii. Ha odunmansaoMm caiite pa3zpaboT-

YUKa SMYJISITOpa YKa3aHo, YTO JIaHHAsl OIIMOKA U3BECTHA.
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10 View * I X

=] = | Fiter: | -

Disassembly iom16.h GecApplication3.c 3 -

% GeoApplication3.c - | E I o Ch\AtmelStudioProg = [E?Go
=z Mame Value

SIISR(TIMER® OVF_vect) :’
I A TTAG 2
¢ TS ieorT
b 110 PORTE
10 PORTC
10 PORTD
S ISR(TIMER® _COMP_vect) SPI

= @) TIMER_COUNTER_0
Waveform Generation Mo...
O] clock selects (Tccro)

o

—IISR(TIMER2_OVF_vect) MName Address | Value Bits
i e = ~
if ((PORTB & 3) == 1) B wemoo oo -0 N
[ CoMd ox01 om
PORTB &= (8xFF << 2); /1 OTkmmusHue st B waMa D0l L
PORTE |= 2; // Brmouenne PEL
\ 8 = @TIFR Ox58  Ox00 ]
100 % -4 OCFo 0x00 O
@ Tovo 0x00

@) TIMSK 0x59 ox02 B0
B ocro mse oF DBDDEEERED
ﬂ 10 View RS E-i‘ Processor 'i Solution... ﬂr Properti...

Puc. 51 — Hactpoiika taiimepa (0 B peskuMe CpaBHEHUS

MoauduiupoBarsh BEKTOp npepbiBaHus Taiimepa 0.

ISR(TIMERO_COMP_vect)

{
OCRO = OCRO + 1;

asm(*'nop");

3aiitn B pexuM oTiaaku. B kakoM pexxume pabortaet taiimep? Ilpu kakux
ycnoBusix? Jlo kakoro 3HaueHus iporcxoaut cuet? Kakue dmaru BeiCTaBIsIIOTCS?
[Tocmotpets, koraa BoictaBisiercs guar OCF(. JlanHast 3amuch MO3BOJISIET U3Me-
HSTh YPOBEHb CpaBHEHUs i1 popmupoBanus MoayiupoanHoro [IIMM-curnana.
Hampumep, B 1aHHO# 3amucu MPOUCXOTUT MOCTOSTHHOE MPUOABICHNUE €TUHUIIB,
YTO MPUBOJUT K (POPMUPOBAHUIO «ITHII000pa3HON» pa3BepTku. Eciu Tpedyercs
chopMupoOBaTh MOYIMPOBAHHBINA CHHYCOUAAIBHON pa3BepTKoil IIIMM-curnain,

Hy»kHO OCRO m3MeHATh 10 CHHYCOUAILHOMY 3aKoHYy Sin (2 x 3.14 x F).
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3ananue 4. U3yyeHue c4eTUYMKa MMITYJIbCOB

N3menuTs HacTpoiiku Taiimepa 1 B mpoekTe.

void init_timerO(void) // Uunnmanu3zaius Taiimepa/cyerunka 0

{
OCRO = 127,//1255; Il ConepxumMoe perucTpa cpaBHEHUS

DDRB =1;
I/ 3amaeM pexxuM pabOTHI TaiiMepa

TCCRO = (1 << WGMO01) | (1 << COMO00) | (1 << CS02) |(1<<CS01) | (1
<< CS00);

TIMSK |= (1 << TOIEOQ); /] YcranaBnuBaeMm JUisi HETO MpepbIBAaHKUE 110 TIepe-
TIOJTHEHUIO

Il TIMSK |= (1 << OCIEQ); // YcranaBnuBaeM /jisi HETo pepbIBaHUE T10
CpaBHEHHIO

}

ISR(TIMERO_OVF_vect)
{

asm(*'nop");

}

YCcTaHOBHTH OpEHKITOMHT Ha ITyCTOM Komasje asm («nop»). Haxumas
kHonky F10 (momaroBo), moCMOTpeTh, YTO MPOUCXOAUT C Taitmepam 0

(TCNTO). Kakoe BbI3bIBaeTcst mpepriBanue? I[locMoTpeTs HacTpoiiku Taiimepa 0

(puc. 52).

Disassembly iom16.h GeeApplication3.c
o main.while '| 3 IED while(1)
1 Name
Bl JIAG
=lint main() U2 PORTA
{ 18 PORTE
init_timere(); & PORTC
J/ init_timerl(); 0 PORTD
J/ init_timer2(); SpI
sei(); /7 smcTasnaeM but obuet (9] TIMER_COUNTER 0
while f' l:l Waveform Generation Mo...
{ @ Clock Selects (TECRO)
= (@) TIMER_COUNTER_1
(@) Prescaler source of Timer...
return @;
} MName Address  Value Bits
SFIOR Ox50  Ox00 O
@ TenTo 52 oxo0 [ JUO0O0D0000 ]
= @ Tocro ws3  oxFr JO0DDEEE0
@ TIFR Ox58  Ox00 oo

= @ TIMSK Ox59  Ox01 om
B ocro wsC oF DOEODEeDe

asm("nop”);
b /1 seunei yaxn

E 10 View ﬁ ASFEx... EW Processor 'a Solution ... ﬂ" Properti...

Puc. 52 — Peructpsl Talimepa 0
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B pexume otnaaku nepeitu Ha peructp nopta B. IlpoumurtupoBaTs no-
CTYIUIEHHE HUMITYJIbca Ha HOXKY MHKPOKOHTpoiuiepa. i1 3TOro yCTaHOBHTH

PINB.O B equanunoe coctositue (puc. 53). Haxxars na F10 (momaroso).

0 PORTA

0 PORTC

o PORTD

— w
Mame Address  Value Bits

140 PINE x3s  ox00 OOO00O000O00O

110 CORE OO000000m

Puc. 53 — UMurtanusa Ha)XaTui KHOIIKA

[lepeiitn Ha peructp coctossaus Taimepa 0 (puc. 54). Kak u3meHumIocnr

3gaueHue TCNTO?

while(1) () Prescaler source of Timer... | .. 0x00 [
{ @) TIMER_COUNTER_2

@ | asm("nop”); | B Twr
b /1 Bedpel Wikl B usarT

WATCHDOG

return 8;
1 MName Address = Value Bits

SFIOR. 0x50  Ox00 O
@ TonTo 52  xdl DOOO00O0OC0O.
E @ Tccro k53 oxiF JO0OBBERDE

Puc. 54 — PaGora Taiimepa B pexxume cueta

CopocuTtb 6ut nopta B. [TocMoTpeTs, kak u3menurtcs 3nadenre TCNTO.

BoinoiHUTH 3a1aHKMeE COTJIACHO BAPUAHTY:

1. Ha BriBoge OCO (PB3) umutnpoBaTh H3MEHEHHUE SIPKOCTH CBETOIMOIA
(... — TUTaBHOE HapacTaHWe — IUIABHBIM CHaj — ...), KHOBOTOMHSS THPJISHIAY,
s ogHoro 1Bera. Jliist atoro chopmupoBath Ha Hoxke IIIMM-curnan FAST

PWM, MOIynMpOBaHHOTO TPEYTOJIBHON Pa3BEPTKOM.
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2. Ha BeiBoge OCO (PB3) umutupoBaTh M3BMEHEHUE SIPKOCTH CBETOAMO]1A
(... — mIaBHOE HapacTaHWE — IUIABHBIA CIAJ — ...), KHOBOTOJHSS THPJISTHIAY,
s ogHoro 1Beta. {ns atoro copmupoBath Ha HOxke [IIMM-curnan PWM
Phase correct, MOy TUPOBaHHOTO CUHYCOHUIAJILHOM Pa3BEePTKOM.

3. Ha BeiBoge OCO (PB3) umuTipoBaTh M3MEHEHUE SIPKOCTH CBETOAMOIA
(... —TJIaBHOE HapacTaHWE — MUTHYTh 3 pa3a — IJIABHOE HApaCTaHHE — ...), «HO-
BOTOJHSIS TUPJISTHAA», JUIsl OHOTO 1iBeTa. (s aTOro chopmMupoBaTh Ha HOKKE
[I1M-curnan FAST PWM, MoaynIupoBaHHOTO HapacTarllel MUI000pa3HoM
Pa3BEPTKOM.

4. Ha BeiBoge OCO (PB3) uMutupoBath U3MEHEHUE SIPKOCTU CBETOAUOAA
(... — JJaBHOE ralIeHNe — MUTHYTH 3 pa3a — INIaBHOE TallleHUe — ...), KHOBOTOJIHSIS
TUPJSHAA», I ofgHOoro 1Bera. J[ims srtoro copmupoBars Ha HOxKe [TTNM-
curHan FAST PWM, MotyiupoBaHHOTO criafjaroiieid muaoo0pa3Hoil pa3BepTKOM.

5. PeanuzoBath mojacueT uMcia UMITYJIbCOB  (0OOpPOTOB  JIBUTraTte-
J151/KOMITHIOTEPHOTO BEHTIJISITOPA), TMOCTYMAOIIMX HA HOXKKY IMpoIieccopa C mo-
morbto Timer/Counter0 u Timer/Counterl 3a 1 cekyuay. OauH TaiiMep BeaeT
CYET UMITYJIbCOB, APYTOM OTCUUTHIBAET | CEKyHAY.

6. Peanmu3zoBarh m3MepeHUE IMTEILHOCTH HMMIYJbca (PEXKUM 3axBaTa
TaliMepa), MOJJAaHHOTO Ha HOXKY KoHTposuiepa ¢ mnomoibto Timer/Counter(
u Timer/Counterl. Ogun TaliMep BeaeT (pHUKcalWio MHTEpBaja, IPYrold BeIeT
U3MEPEHUE JITUTEIBHOCTH.

7. Ha BeiBoie OCO (PB3) umutupoBaTh U3MEHEHHUE SIPKOCTH CBETOAHMO]IA
OT 4YKCJIa HAKATUH Ha KHOMKY (yMpaBlICHUE PEeKUMaMH CBETOIUOIHOTO (hOHA-
puka). OgHO HaXKaTue — MUHUMAaJbHAs SIPKOCTh, BTOPOE HAXKATUE ISl CpeaHEN
SIPKOCTH, TPEThE HaXKaTUE — MAaKCHUMaJlbHasl SIPKOCTh, MOCIIE YETBEPTOr0 HaxKa-
T npoucxoguT nostop. s storo BeiBecTH IIMM-curnan na BeiBox OCO
Y U3MEHATHh CKBAXXHOCTH OT 4ucia Haxarui. MakcumanbsHoe 3Hayenue [HIMM
COOTBETCTBYET MAaKCUMAJIbHOW sipKOCTH (1), MUHMMaIbHOE — MUHUMAJIBHOU SIp-

koctH (0), cperHee COOTBETCTBYET MOJOBHHHOMN CKBaKHOCTH/ApKOCTH (Y = 0.5).
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8. Ha BriBoge OCO (PB3) umutupoBaTh U3MEHEHHUE SIPKOCTH CBETOIUOMAA
OT BEJIMYMHBI U3MEPEHHBIX ¢ oMouplo ALlll-nanHbIx (yrpaBiaeHue SPKOCTHIO
ceroanoaHoro (ouapuka). ns sroro 3anmyctuth ALl B moboM pexume.
MakcumanbHoe 3HaueHue AILIIl cooTBeTcTByeT MakcumanbHOUM sipkoctu (1),
MUHHAMAJIBHOE — MUHUMAJILHOH sipkocTH (0), cpeHee COOTBETCTBYET MOJIOBHUH-
HOU ckBakHOCTH/sipKOcTH (Y = 0.5).

9. ChopmupoBarp nzmepenue aanHeix ALl B cTporo 3amanHbie TaliMme-
pOM TMPOMEXYTKM BpEMEHU g CTaHAapTHOM yactoThl 3amucu CD-
nuckoB/aynuo Qaitnos 44.1 kI'u (MmukpodonHas 3anuck rojgoca CD-nucka). Jlns
3TOrO0 3ayCTUTh Tamep ¢ yacToToi 44.1 kI'1, B KOTOPOM MPOU3BOJIUTH CUUTHI-
BaHue naHHbix ¢ ALII u 3amyck ALl ¢ MakcUMalibHOM CKOPOCTBIO TaK, 4YTOObI
K CIIeAYIoleMy BXOy B mpepbiBaHue no taiimepy ALl 3akonumino mpeodpaso-
BaHUE.

10. ChopmupoBats usmepenue nanubix ALIL B cTporo 3amannbie TaiiMe-
POM TIPOMEXKYTKH BpPEMEHU JUIsl CTaHJIApPTHOM dYacTtoThl 3amucu DVD-aymaumo-
mckos/aynuodaitnoB 96 kI (MukpodonHas 3anuchk rojoca DVD-mucka). Jlms
ATOro 3amyCTUTh Taiimep ¢ yactoToi 44.1 kI, B KOTOPOM MPOU3BOAMTH CUUTHIBA-
Hue nanHbix ¢ AL u 3amyck AL ¢ MakcuMabHOM CKOPOCTBIO TakK, YTOOBI K Clie-

JYIOIEMY BXOTy B mpepbiBanue 1o Taitmepy ALl 3akoHumno nmpeodpazoBaHue.

KonTposbHbie TeopeTudeckue BONPOCHI

v Uem ommuarorcs nipepbiBanus INTO mo ¢ponty u mo yposHio? Kakue
PEruCTphl OOCITYKMBAIOT BHEIITHUE anlapaTHbIE MpephIBaHUs?

v Yto npousoiifer, eciau K kKHonke INTO He MOIKIIOYUTL PE3UCTOP HOJ-
TSKKU?

v Vkaxkure (QU3HNUECKHe agpeca BEKTOPOB MPEPHIBAHUS MHKPOKOHTPOJI-
nepa ATmegal6.

v Ilepeuncaure Buabl IIIMUM 16-paspsanoro Taiimepa/cuetunka T/C1

MUKpOKOHTpoJuiepa ATmegal6.



63

Conep:xanue oTyera

Otyer JOKEeH CoNlepKaTh JIMCTUHIH OTIaKUBAEMbIX IPOrpaMM Ha si3bike C
U KOJl acceMOiiepa, KOMMEHTapUU 0 X0y BBIIOJIHEHHS ITyHKTOB pa0OThI, IpUMe-
pBl 3KpaHHBIX (OpM (CKPHUHIIOTHI), CO3/1aBAEMbIE IO XOJy BBIIOJHEHUS pabOThI
(BKJTFOYAsE TIPOMEKYTOUHBIE JIEHCTBUS U (PMHAIBHBIC 3a/aHUs), OTOOpaXKarolue

OKHa PpEruCTpOB U IMaMATH, a4 TAK)XKEC OTBCTbI Ha KOHTPOJIbHBIC BOITPOCHI.
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