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Ka(peapa dABTOMATHUKHU M YIIPABJICHHUA B TCXHUYICCKUX CUCTEMAX



Ilenv padomer: 3axpersienue U yriayOJgeHHE JEKIIMOHHOTO MaTepHala Io
CTPYKTYpe W NpUHLUNAM (DYHKIMOHUPOBAHUS MHUKpokoHTposuiepa ATmegalo6;
U3y4eHUE CTPYKTYpbl W  TNPOTPAaMMHOIO  OOECHeYeHHs Iporpammaropa,
pUOOpETEHNE MPAKTUYECKUX HABBIKOB B MIPOrPaMMHUPOBAHUU MUKPOKOHTpPOJLIEpa
ATmegal6

1 OIITMCAHME JTIABOPATOPHON YCTAHOBKH

Pabouee mecTo B 1abOpaTopuu COCTOUT M3 MEPCOHATBHOTO KOMIBIOTEPA U
CHEIHMAIM3UPOBAHHOTO J1a00PaTOPHOTO CTEHIA.

[IporpammHuo-oTHanOuYHbIM cTeH «AVR — Mukponmad» (maee «CTEHI»)
MPEIHA3HAYEH U1l MOJICIIUPOBAHUS M OTJIAAKH MUKPOIPOLIECCOPHBIX YCTPOMCTB
Ha 0a3e MUKPOKOHTPOJIIEPOB (upMbl Atmel M MOXKET OBITh WCIIOIH30BAHHBIM KaK
JUTSI IPOMBIIIJIEHHBIX Pa3pab0TOK, TaK U B yUEOHBIX LIETISX.

B KOHCTpyKIMM CT€HAA pEaln30BaH OTKPBITBIA MOJYJIbHBIM MPHUHIUI, B
YaCTHOCTH, CTEHJ| TPEJICTaBIAeT CO0OW  KOJJIEKIHMIO HaumboJjiee  4acTo
UCIIOJIb3YeMbIX ~ TUIIOB ~ MOAYJeH  mnepudepuiHbIX  YCTPOWCTB  CUCTEMBI,
KOMMYTHUPYEMBIX B MOJEIUPYIOIIYIO CTPYKTYpY C MOMOIIBI IpUIAraéMbIX
IJIOCKUX OJHOTUIHBIX 10-KUJIbHBIX KaOenbHBIX mepeMbluek. Kaxnaplii Momyib
uMeer OT | 10 4 OJHOTHNHBIX Pa3be€MOB, HAa KOTOPBHIE BBIBEICHBI BCE
(GYHKIIMOHATBHBIE CBSI3H MOTYJIS.

Takas KOHCTPYKIIUSI TO3BOJIIET KOH(MUTYpUPOBATH HWHPOPMAIIMOHHO-
U3MEPUTEIBHYIO WJIM YOPABJISIONIYIO CTPYKTYPY KakK M3 UMEIOUIUXCS B CTEHJIE
MOJyJIe, TaK W IMyTE€M BKIIOYEHUS B HEE BHEIIHUX MOAYJEH WM PeaabHbIX
00BEKTOB - NAaTYMKOB, MCTIOJHUTENBHBIX yYCTPONCTB, MHAUKATOPOB. bosee Toro,
JAHHBIM TPUHIMIT TO3BOJIIET MOJEIUPOBATh U 0OJiee CIOXKHBIC CTPYKTYPHI —
MUKPOIPOLIECCOPHBbIE CUCTEMBI PA3IU4YHON KOH(UTypaluud NMyTeM OObeIuHEHUS
HECKOJIBKUX CTEH/OB.

B coctaB (QyHKIMOHANBHBIX YCTPOWCTB CTEHJA BXOAST MPOLIECCOPHBIM
Monaysb, 10 mMomyneir mepudepuitHbIX YCTpOWCTB, HMHTep(deiicHble Kabenu s
noakmoueHuss k COM u LPT mopram KoMmmbloTepa, U S5 IUIOCKMX KaOEIbHBIX
NepEMBIYEK JIJI1 KOMMYTAIMU MOAYJIE B MOJEIIUPYIOLLYIO CTPYKTYPY.

B cocraB creHa BXOJAT ClaeaAyoe Mooy U nepudepuitHbIX yCTPOIMCTB:
MOAYJIb MUKpOKOHTposuiepa MC;

MOJyJIb CTATUYECKON CBETOIMOHON UHANKALINHY;

MOJyJIb JUHAMUYECKON CBETOANOJHON NHINKALUY;

Moy OykBeHHO-1IM(ppoBoro aucmies LCD;

MOAYJTh GYHKIIMOHATFHOW KIIaBUATYPHI;

MOYJIh aHAIOTO-IIU(PPOBOTO TIPeOOpa3zoBaATENS;

MOAYJb IU(PO-aHATIOrOBOTO IIpeoOpa3zoBaTes;

MOJyJIb JpaliBepa mocieaoBarebHoro nHTepderica RS 232;
MOJYyJIb MOcieI0BaTebHOro nepudepuiinoro natepderica SPI;
MOZYJIb IPaiBEPOB YIIPABJICHUS IarOBbIMH JABUTATEISIMU;
MOJYJIb OJIOKA BBIXOJIHBIX KJIFOUEH.
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JlaGopaTopHbIli  CTEHJ] THUTAeTCS  OT  BHENIHETO  MaJOMOIIHOTO
HECTAOWJIM3UPOBAHHOTO MCTOYHMKA MUTAHUS TMOCTOSHHOIO TOKAa HaIpsSKEHUEM
9...12B (I,;;y <400 mA).

Jns mnuranus BHEWHHMX HArpy3oK (L, > 300 mA) Heobxomumo
UCI0JIb30BaTh BHEITHUN UCTOUYHUK MUTAHUSI COOTBETCTBYIOIIEH MOUTHOCTH.

[Toaxmtouenue nepu@epuitHoro MoAyJsi K OAHOMY M3 YEThIpEX IOPTOB
MOAYJSl ~ MUKPOKOHTpOJUIEpAa  OCYLIECTBISIETCS  MpPU  MOMOLIM  IUIOCKHX
JECATUKOHTAKTHBIX NIEpEMbIYEK (8 JIMHUI MTOPTA U 2 NPOBOAA UTAHMS).

Bce neucnonb3yemble mnepudepuiiHbIe MOIYJIH CTEHAA OOECTOUYCHBI, a
UCIIOJb3yEeMbI€ MUTAIOTCS OT MOAYJE MHUKPOKOHTPOJUIEpA Yepe3 MepPEeMbIYKU
(koHTAKT 9 — «+5B», koHTaKT 10 — «-5B»).

Hcnonp30oBanne s MOAYJEH THE3J Pa3beMOB «C KIOYOM» HMCKIIOYAET
«HEMPaBUJIIbHYI0» KOMMYTAIUIO TIEPEMBIUECK.

CxeMmoTexHHKa MOJyJIEH MpENyCMaTPUBAET Henu 3aIUTHI
MHUKPOKOHTPOJIJIEPA OT «IEPEIMOTOCOBKH» U MPEBLIIIICHUS YPOBHEH CUTHAJIOB.

Kaxnapiii nmepudepuiiHbli MOAYJIb MOXKET OBITh MOAKIIOYEH K JIH0OOMY
NOpTY MHUKPOKOHTpOJUIEpA 32 HCKIIOUEHHEM TeX MOJYyJIe, KOTOphIe
(GYHKIHMOHAJIBHO CBSI3aHbl C OMNPENEJICHHBIMU BBIBOJAMH MHUKPOKOHTpOJLIEpa
(RS232 - PORTD, ADC — PORTA, SPI - PORTB). [lng Takux MojayJsei, Ha UX
NPUHIMIUATIBHBIX CXeMaX, B O0003HAYEHHWU pa3beMa YKa3bIBAE€TCS KOHKPETHBIN
MOPT MUKPOKOHTPOJLIEPA.

Moyns MUKpPOKOHTpOJIIEpA SIBISIETCS
OCHOBOI1 JaboparopHoro creHaa. OH COCTOUT
u3: 40-KOHTaKTHOW pa3beMHOW MaHENH, B
KOTOPYIO MOKET OBITh YCTaHOBJIEH JIt0OOi
AVR mukpokontposiep u3 psaga: ATmegal6,
ATmega8535, ATmegal63, ATmega323
ATmega32 6e3 Kakux-1MO0 KOMMYTallUid H
YCTaHOBOK,  BCTPOEHHOTO  CcTabuiM3aTopa

HaNpsHKeHUS HUTaHUs, HIIEMEHTOB
nporpammaropa. Jlng  moxakmodyeHHs K
YeThIpeM nopTam BBO/1a-BBIBOJIA
MUKPOKOHTPOJIIEPA nepudepunHbpIX
YCTPOUCTB MOZYJIb COZICPKAT 4

YHU(PHUIIMPOBAHHBIX pazbeMa. Kpome Ttoro, B
COCTaB MOJYJIS BXOJAT LIEMH CHHXPOHU3AINH
u cOpoca. [IpuHununuaneHas cxema MOAYJs
npuBeaeHa Ha Puc.2.

Puc. 1 — BHemHui BUg MOys
MUKPOKOHTpOJIIEpa



74HC244
F> |DO

DAL
*STU

R1 DD2  [OE"

< &
I+ N ®
R

/= |/

/ /

»T»T

elelw

Slels

w N O

O O o

&R 2
2 Eﬂ:;: (= mobm
j 1

2 78
VvD. 1 D1
> N 02
w 3 03
X_PWR2 _— 10 —
<— Llenb, DD2  [oE
1 128 o8
2 0B S . Ra -
X1 . X3
& *
< Lene +58B Q vlalH +58B Lere —
9 e Slala =1 s 9
[ nlg2 ATMEGA16(32) 08
10 08 |——= 1 40 - o8 10
1 PBO (T0) 1 > P8O PAO =5 40 (ADCO) PAO 1
2 PB1 (T1) 2 3 pBl MC PAl 38 39 (ADC1) PAL 2
3 PB2 (AINO) 3 2| P82 PA2 [ 38 (ADC2) PA2 3
4 P83 (AIN1) 4 5| P83 PA3 =& 37 (ADC3) PA3 4
5 PB4 (ss) 5 3 PB4 PA4 35 36 (ADC4) PA4 5
6 PB5 (MOSI) 6 7| P8> PAS =7 35 (ADC5) PAS 3
7 PB6 o— (MISO) 7 3 PB6 PAG6 33 34 (ADC6) PA6 7
8 PB7 (SCK) 8 PB7 PA7 33 (ADC7) PA7 8
1 PDO (RXD) 14 1: PDO PCO ;g 22 (scL) PCO 1
2 PD1 (TxD) 15 6 PD1 PCl 24 23 (SDA) PCl 2
3 PD2 (INTO) 16 7| PP2 PC2 =5 24 (TCK) PC2 3
4 PD3 (INT1) 17 8 PD3 ppl PC3 26 25 (T™s) PC3 4
5 PD4 (0C1B) 18 To| PP4 PC4 (= 26 (TDO) PC4 5
6 PD5 (0C1A) 19 20 PD5 PC5 28 27 (TDI) PC5 6
7 PD6 (1cp) 20 21 PP6 PC6 g 28 | (Toscl) PC6 7
8 PD7 75 (0c2) 21 PD7 PC7 29 TOSC2) 75 PC7 8
9 E et zQl 13 32 ~o5 —*58 9
10 08 |— ﬂ} XTALL AREF [ 32 UREF  |—— R5 -1 o8 10
X2 — AVCC [ 30 +5Ba AN X4
12 AGND 31 0B —
] ZQ } XTAL2
+58B
RESET' 9 vece ﬂ 10 +58B
[ T3 e ——
P Py P RES 9 RES GND 11 0B > 57 8 o
0B 0B

Puc.2 Cxema snekTpuueckasi IpUHIMIHAIbHAS MOJYJISI MUKPOKOHTPOJLIEpA.

OcHoBo#l Moayns sBisgercss MukpokoHtpoiuiep DD1 ¢ mensimu cOpoca
R1,C3 u cunxponuzauuu ZQ1, C4, C5. Ksapuessiii pezonatop ZQ1 onpenenser
pabouyro yacTtoTy MukpokoHTposuiepa — 4(8)MI'. Knonka «RESET» no3Bossier
BBIIIOJIHUTh ~ MEpPE3allyCK  MpOrpaMMbl ~ MUKPOKOHTpOJUlepa B cllydae
HEOOXOMMOCTH. AHAJIOroBas 4YaCTh MUKPOKOHTPOJUIEpa 3aluTaHa OT MCTOYHHUKA
nutanust +5B uepe3 QuupTpyromryto RC nems RS5,C8. Konmencatop C7
npenHasHayeH i QuibTpanuu  HanpsbkeHuss U, = 2,56B Ha BbIXOHE
BCTPOCHHOTO B MHKPOKOHTPOJUIEP MCTOYHMKA ONOPHOro HamnpsbkeHus. Ha
KOHTaKThI THe3/] X1...X4 BbIBeICHbI JUHUU YETHIPEX MOPTOB MUKPOKOHTPOJIIEPA.
[Tpuuem, muaameMy paspsay nNopTa MUKPOKOHTPOJUIEPA COOTBETCTBYET MIIAAILNN
HOMEp KOHTaKTa pazbeMa. K crapmuM KOHTakTam pa3beMOB MOPTOB IOJBEIECHO
HampspkeHue nuTaHuss +5B. 3a OCHOBY BCTPOGHHOIO B CXEMYy MOJIYJs
MUKPOKOHTpOJIJIEpa MporpammMaropa B3sita pexkomeHaoBaHHas dupmori ATMEL
cxema BHyTpucxemHoro mnporpammaropa (ISP) STK200/300 mocTtpoeHHOro Ha
MUKpocxeMme mmHHOro (opmupoBarenss DD2 u pesucropax R2...R4, R6...R8.
Pesuctopst R4, R6...R8 moOATArMBaIOT  «BUCAIIME»  BXOAbl  IIIMHHOIO
dopmupoBarenss DD2 k ypoBHIO HampspKeHUs UTaHus, a pe3uctopsl R2, R3
IPEIOXPaHIIOT BBIXOJbI MHUKpOKOHTposiepa DDI1 u mmHHOTO (hopmupoBaTesns
DD2 npu ogHoBpeMeHHOM pabote mporpammaropa u SPI unrepdeiica. Iuoxg VD2
NPEMSATCTBYET 3aKOPayMBAaHUIO BBIXOAOB MIMHHOTO (opmupoBatens DD2 na
«3eMJ1t0» Tpu HaxkaTuu KHONKU «RESET». [lutaeTcss Momyab MUKPOKOHTpOJIIEpa



W BCE TMOAKIIOYAaEMBbIE K HEMY MOJYJW OT BCTPOSGHHOTO CTadmiImM3aTopa
HaIpPsDKEHUS, BBITTOTHEHHOTO Ha MukpocxeMe DA1 u koHneHncaropax ¢unbtpa Cl,
C2. lnox VDI npenoxpaHsgeT cxemy OT CIy4alHOUW MEepPEnoIFOCOBKU HANPSXKEHUS
MUTaHWS HA KOHTaKkTax pazbemMoB nutanusd X_PWRI1 unu X_PWR?2.

2 APXUTEKTYPA U ITPOCTEUIIIMNE TTPUHIIUTIBI
OYHKIIMOHNPOBAHIMA MUKPOKOHTPOJIJIEPA ATmegal6

ATmegal6 - 8-pa3psaHble MHKPOKOHTPOJUIEPHI HM3TOTABIMBAIOTCA IO
manonorpedmsiromert  KMOII-texHonmoruu,  KoTtopas B~ COYETaHUU  C
ycoBepieHCTBOBaHHONW RISC-apXuTeKTypoil MO3BOJIIET JOCTHYb HAWITYYIIErO
COOTHOILEHUSI CTOMMOCTB/OBICTpOeiiCTBIE/3HEpronoTpedienne. OHU  UMEIOT
FLASH-namste mporpamm o0bemom 16 Koaiit, O3Y ob6semom 1 Kbéaiit u
EEPROM-namsate gagaeix 00beMoM 512 0aiit. MakcuMalIbHOE YUCIO KOHTAKTOB
BBOJIa/BbIBO/IAa paBHO 32. PabGoune Hanpsoxenus 4,5 - 5,5 B, paboyas yacrota O -
16 MIu, paumanaszon pabouux temmeparyp O0...+70 °C (komMepyeckoe
HCIIOJIHCHHE).

Ta6nuna 1 — Onucanue BpIBOJI0OB MoJiean ATmegal6

O6o03HaueHue Hg;qpe P B,Li,lg(g{f Bb?}?(i[a Onucanue
XTALI1 13 8 I Bxon TaktoBoro reseparopa
XTAL2 12 7 O  |BbIxoJ TaKTOBOrO reHepaTopa
Bxon copoca. [Ipu yaepxkanuu Ha BXoae
RESET 9 4 I |HHU3KOI'O ypoBHs B Teuennu S50 HC
BBITIOJTHSIETCSI COPOC YCTPOWCTBA

[Topt A. 8-pa3psaHblil IByHaNpaBIE€HHBIN MOPT BBOAA/BBIBO/IA C BHYTPEHHUM
NOATITUBAIOIIMME PE3UCTOPAMU

PAO (ADCO)| 40 37 /0 |AO (Bxox AIUII)

PA1 (ADC1)| 39 36 | 1/0 |Al (Bxon ALl

PA2 (ADC2)| 38 35 | 1/0 |A2 (Bxon ALl

PA3 (ADC3)| 37 34 | 10 |A3 (Bxon ALl

PA4 (ADC4)| 36 33 | /0 |A4 (Bxon ALl

PAS (ADCS5) | 35 32 I/0 |AS (Bxox AIUII)

PAO (ADC6) | 34 31 /0 |A6 (Bxox AIIII)

PA7 (ADC7)| 33 30 /0 |A7 (Bxox AIII)

[Topt A. 8-pa3psaHblil IByHaINpaBIEHHBIN MOPT BBOAA/BBIBO/IA C BHYTPEHHUM
NOATSATUBAIOIIUMHU PE3UCTOPAMU

B0 (Bxoxa BHEIIHETO TAaKTOBOT'O CHTHAJIa
1 40 I/O |raiimepa/cuerunka TO/BX0oa/BbIxon
BHemHero TakroBoro curaana USART)

PBO
(TO/XCK)

B1 (Bxoa BHEIIHEro TakTOBOT'O CUTHAJIA

PBL (T1) 2 4l o tanimepa/cuerunka T1)

PB2 3 42 10 B2 (ITomoxuTeabHbIN BXO
(AINO/INT?2) KOMIapaTopa/BX0]l BHEIIIHETO




IpEPHIBAHUA)

B3 (OTtpuuarenbHbiii BXOJ

( AH\II) E3OCO) 4 43 I/O |xommaparopa/BbIX0O[ TaliMepa/cueTynKa

TO (pexxumel Compare, PWM))
PB4 (SS) 5 44 10 ]SSEISBLI6Op Slave-ycTpoiicTBa Ha MIUHE

PB5 (MOSI) | 6 45 /0 B5 (Beixon (Master) niu Bxon (Slave)
naHHbIX Moayist SPI)

PB6 (MISO) 7 46 10 B6 (Bxoxn (Master) unu Beixon (Slave)
JaHHBIX Moayis SPI)

PB7 (SCK) 8 47 /O B7 (Beixon (Master) nim Bxox (Slave)

TAKTOBOTO cUrHaia moayJisi SPI)

[Topt A. 8-pa3psaHbIil IByHAIIpaBJIEHHBII OPT BBOAA/BBIBO/IA C BHYTPEHHUM
NOATIATMBAOIIMMHI PE3UCTOPAMU

PCO (SCL) 22 19 I/O |CO (TakroBbiii curnan moayJist TWI)
PC1 (SDA) 23 20 I/O |C1 (JIunus ganasix Moayist TWI)
PC2 (TCK) 24 21 I/0 |C2 (TakroBsiii curaan JTAG)
PC3 (TMS) 25 22 I/0 |C3 (Bsibop pexxuma JTAG)
PC4 (TDO) 26 23 I/0 |C4 (Beixon manueix JTAG)
PC5 (TDI) 27 24 I/0 |C5 (Bxon nannbix JTAG)
PCo6 78 75 10 C6 (Boixoa mJ1st MOAKITIOYCHUS
(TOSC1) pe3oHaropa K TaiMepy/cueTyuKy 12)
PC7 9 6 10 C7 (Bxon aJist NOJKJIIOYEHUS pE30HATOpa
(TOSC2) K TaiiMepy/cueTunky T2)

[Topt A. 8-pa3psaHblil IByHaINpaBIE€HHBIN MOPT BBOAA/BBIBO/IA C BHYTPEHHUM
NOATITUBAIOIIMME PE3UCTOPAMU

PDO (RXD) 14 9 I/0 |DO (Bxox USART)
PD1 (TXD) 15 10 I/0 |D1 (Beixog USART)
PD2 (INTO) 16 11 [/O |D2 (Bxoa BHEHIHEr0 MpepbIBAHMS)
PD3 (INT1) 17 12 I/O |D3 (Bxoa BHENIHEro0 NpepbhIBaHMS)
D4 (Beixon B Taiimepa/cueTunka
PD4 (OCIB)| 18 13 o T1(pexumbl Compare, PWM))
D5 (Beixon A Talimepa/cueTunka
PD5 (OCIA)| 19 14 o T1(pexxumbl Compare, PWM))
PD6 (ICP) 20 15 10 D6 (Bxop 3axBara taitmepa/cuetunka T1
(pexxum Capture))
D7 (Beixoa TaiiMmepa/cyeTunka
PD7(0C2) 21 16 o T2(pexumbl Compare, PWM))
AREF 32 29 P Bxon onopuoro nanpspxenus aist AL
AGND 31 28 P |OOmmii BEIBOJ (aHAJIOTOBBIH )
AVcc 30 27 P  |BemBopg nucrounuka nutanus ALLI
GND 11 6, 18, P OO1mMii BBIBO

39
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Puc. 3 - PacionnoxeHue BbIBOJIOB:
3 IPOTPAMMUMPOBAHUE MUKPOKOHTPOJIJIEPA ATmegal6

[IporpammupoBanne FLASH mnmamatu  MHKpPOKOHTpoOJIIepa  CTEHJa
npousBoautcs 4epe3 LPT mopT mnepcoHanbHOro KOMIIBIOTEPA IMPU MOMOIIU
CIEIUaJIBLHOTO Kabesi, cxeMa KOTOporo npuseeHa Ha Pucynke 12.

X2
— ) 1
o 7
1o 3
710 4
510 5
Lo 6
19 X1
20 ! 106
21 Ofex >§{> 7
22 9 B
10 4
23 9
11 5
24
5 12
1o 13
~—

Puc. 4 Cxema kabens mporpamMmaTopa.

Crenp paboTaeT B KOMIUIEKCE C MEPCOHATBHBIM KOMITBIOTEPOM, Ha KOTOPOM
JOJDKHA OBITh yCTaHOBIIEHa omeparuonHas cucreMa WINDOWS, nauwnas ¢
WIN9S, ¢ MuHUMalIbHBIMH TpPEOOBAaHUAMU K TMPOU3BOAUTEIBHOCTH H
OBICTPOACHUCTBHUIO.

[IporpamMmMHuOi#l cpenoil st pabOTBI CO CTEHAOM MOXKET OBITh accemOiep
AvrAsm_32, wuHTerpupoBaHHbIH B cpeny pa3padborku AVR Studio 4 wu
nporpammaTop AVR ISP 3.35, GecruiatHo pacnipoctpansiembie ¢pupmoit ATMEL.




Kpome Toro,

CymieCTBYCT HC MCHCC MMCCTU JACMOHCTPAIWMOHHBIX Bepcnﬁ

KOMITHJIITOPOB SI3bIKOB BhICOKOTO ypoBHs (C++, Basic, Pascal) ¢ orpaHn4eHHBIM

pa3sMepoM  KOMIWJIMPYEMOTO KOJa,

HEAOCTATOYHBIM JId IMPOMBIIIIICHHBIX

NPUMEHEHUH, HO IPUTOHBIX ISl YYEOHBIX 3314 JJA0OPATOPHOTO MPAKTUKYMA.

B 00111eit c10)XHOCTH MUKPOKOHTPOJIIIEPHI ceMeicTBa Mega moaaepKUBatoT
CIEAYIOUIUE PEKUMBI IPOTPAMMHUPOBAHUS:
pPEXUM TMOCIEI0BATEIBLHOTO MpOorpaMMUpoOBaHusl (10 UHTEpPecy

SPI);

HapsXKCHUU;

CaMOIIpOrpaMMHpPOBaAHUA.

PEKAM

MmapajyiCJIbHOTO

IIPOTPAMMHUPOBAHUsA  IIPU  BBICOKOM

pexuM nporpammupoBanus yepe3 uatepdeiic JTAG.
Kpome Toro, MUKpokoHTposuiepbl cemencTBa Mega MMEIOT BO3MOYKHOCTH

Ilon

9TUM  TCPMHHOM IIOHHUMACTCIA

HN3MCHCHUA

COAEPKUMOTO ITAMSITH IPOTPaMM, YIIPABIIEMOE CAMUM MUKPOKOHTPOJIIIEPOM.

B mpomecce mnporpaMMHUpOBaHHMST MOTYT  BBINIOJHSATHCS  CIEAYIOLIUE
onepaluu:

. CTUpaHUE KPUCTAIIA;

. yrenue/3anuch FLASH-namMsitu nporpamw;

. yreHue/3anuch EEPROM-ntamatn 1aHHBIX;

. YTEHHUE/3aMUCh KOHUTYPAITMOHHBIX STYEEK;

. YTEHUE/3aMNUCh TYEEK 3alUTHI;

. YTeHHE STY€eK UACHTUPUKATOPA;

. YTEeHHE KaTMOPOBOYHOTO OaiTa.

Conepxumoe FLASH-namsitu nnporpamm, a taxxe cogep:xxumoe EEPROM-
naMsATH JaHHBIX MOKET OBITh 3aIIMIIEHO OT 3alMCH W/WIM YTEHHs MOCPEACTBOM
nporpammupoBanus sueek (Lock Bits) LB1 u LB2. Bo3aMoxkHBbI€ peKUMbI 3a1UTHI,
COOTBETCTBYIOIIKE PA3IUYHBIM COCTOSIHUSM ITHX STU€EK, MpuBeAeHbI B Ta0m.2.

Taonuna 2. PexxuMsbl 3a1IHUTHI

Ne pexnma SE?HKH Bamgg’; Onucanue
1 | | 3anmTa KoJia JAaHHBIX OTKJII0YEHA
’ 0 1 [Tocnenyromas 3anuce FLASH u EEPROM
3anpenieHa
3 0 0 3anpeniensl 3anuch U urenue FLASH u
EEPROM

B pexumax 2 u 3 3anpeiiaercs Takke U3MeHEeHne KOH(PUTypallMOHHbIX
sueek. [ToaToMy BKIIIOUEHHE 3aIIUTHI CIEAYET BBIMOJIHATD B CAMYIO MOCJIEIHIOIO
ouepeib, MOCcie NPOrpaMMHUPOBAHUS OCTATBHBIX 00JACTEN MaMsITH
MUKPOKOHTpOJLIEpa.

MuKpOKOHTpOJUIEPHI ceMencTBa Mega UMEIOT YEThIPE JOTIOJHUTEIbHbBIE
stueiiku 3anmTel BLB02, BLBO1, BLB12 u BLB11. Bo3moxHble pexuMBbl




3alIUTHBI, COOTBCTCTBYIOHNIHUC PA3JIMYHBIM COCTOAHUAM 3THX AYCCK, IIPUBCACHLI B

Ta01.3 1 4 COOTBETCTBEHHO.

Ta6numa 3. PexuMbl 3alTUTHI CEKITMU TPUKJIATHON TTOTPAMMBI

Ne pexnma

Slueliku 3alIUThI

BLB02

BLBO1

Onucanue

Her Hukakux orpaHnyeHuni 1o JOCTyIy K
KOJy, PaCIOJIO’KCHHOMY B CEKLIUU
IIPUKJIATHON IPOIPAMMBI

Komanna SPM He MOXET OCYIIECTBIIATh
3amuch 10 ajpecaM, HaxOASIIIUMCS B
npejenax CeKIUU MPUKIaTHON MporpaMMbl

Komanna SPM He MOXET OCYIIECTBIIATh
3aIlliCh 1O aJpecaM, HaXOASIIMMCS B
npeaenax CeKIUU NPUKIAIHON TPOrpaMMBl,
u komanga LPM (ELPM), BeI3biBaemas u3
CEKIIUU 3arpy34yrKa, HE MOXKET
OCYILIECTBISATh YTEHUE U3 CEKI[UU
IIPUKJIATHON IPOIPAMMBI

Komanga LPM (ELPM), Bei3biBacmas u3
CEKIIUM 3arpy34nKa, HE MOXKET
OCYIIECTBJISITh UTCHUE U3 CEKIIUU
MPUKJIAJHON TPOrpaMMbl

Tabnuia 4. Pe:xxuMbl 3aIIMTHI CEKITMH 3arpy3unKa

Ne pexxnma

Sdeliky 3aIuTh

BLBI12

BLBI11

Onucanue

HeT HuKakux orpaHMYeHui Mo AOCTYIY K
KOy, PacroJIO)KEHHOMY B CEKIIMU
3arpy3qmKa

Komanna SPM He MOXET OCYIIECTBIIATh
3amuch 10 ajpecaM, HaxXOISIIIUMCS B
npejenax CeKIMy 3arpy3unka

Komanna SPM He MOXeET OCyLIECTBIATh
3amIuCh 110 afpecaM, HaXOISIIMMCS B
npeaenax CeKUNH 3arpy34nKa, 1 KOMaHaa
LPM (ELPM), BeI3bIBaeMas U3 CEKLUU
IIPUKJIATHON ITPOTPAMMBbI, HE MOKET
OCYLIECTBIIATh YTCHUE U3 CEKIIUU
3arpy34mKa

Komanga LPM (ELPM), Bei3bIBacMas u3
CEKIMY MPUKIIAIHON ITPOTPAMMBbI, HE MOXKET
OCYIIIECTBIISTh YTEHUE U3 CEKITUU




| | | 3arpy3uuka

B wucxomHoM (He3anmporpaMMUpPOBAaHOM) COCTOSIHUM BO BCEX sUYEHKax
3alIUThI comepxutcea 1, mocne nporpammupoBanusi — 0. CtupaHue siueex (3anuch B
HUX JOr. 1) MOXeT OBITh MNPOU3BEACHO TOJBKO MPHU BHIMOJIHEHUH KOMAaHbI
«CTupanue KpucTamia», yHUUYTOXaromen Ttakxke conepxkumoe FLASH wu
EEPROM-namsTu.

Kondurypanmonnsie sueiikn (Fuse Bits) omnpeaensror pa3inyHbIe
napameTpbl KOH(GUTYpalluid MUKPOKOHTpOJUIepa. OTH SUYEHKH PaCIOJIOKEHBI B
OTHEIBbHOM aIPECHOM MIPOCTPAHCTBE, JOCTYITHOM TOJIBKO npu
MIPOrPaAaMMHUPOBAHHUH.

JIisi U3MEHEeHUs! COAEPKUMOI0 KOH(MUTYpaLIMOHHBIX SYEEK HCIOJIb3YIOTCS
crieruanbHbple KOMaHAbl IporpammupoBanus. Komanna «Ctupanus Kpucrauia» Ha
COCTOSIHME J3THX siueeK He BiuseT. [Ipu nmporpammupoBanun siueek 3amuTel LB1
KOH(pUrypaloHHble siueiiku OnokupyroTcs. HasHadenne KOHGUTYpalMOHHBIX
sYeeK MPUBEACHO B Ta0J 5, re B cTOJI0IaX, OTMEYEHHBIX «3BE3JJ0UKOI», YKa3aHbI
COCTOSIHMSI KOHUTYPAIMOHHBIX SYEEK MO0 YMOITYAHHUIO.

Tabnuia 5 — HaznaueHne KOHQUrypallmOHHBIX sTUEEEK

Haspanue 8 Hasznauenue
CKSEL:
CKSEL3 0 Omnpenenser pexxuM pabOThl TAKTOBOTO
CKSEL?2 ( | TEHEPaTOpa, a TAKIKE JTHTENLHOCTD 3a1EPHKKH
CKSELI o | cOpoca trour
CKSELO 1
BODLEVEL 1 | Onpenensier nmopor cpabateiBanus cxembl BOR
1 | Pa3pemraer/3anpemmaer GyHKIMOHUPOBAHUE
BODEN
cxeMbl BOR (0 - pa3zpeniena, 1 — 3anpernena)
0 | Pa3zpemraet/3anpeiiaer nporpuMMUAPOBAHKE 11O
SPIEN .
unrepdeticy SPI (0 - paspemena, 1 — 3anpeniena)
SUT:
Omnpenenser JNIMTEIBHOCTD 33JIEPKKU cOpoca
SUT1 1 tTOUT
SUTO 0
1 | OnpenensieT pyHKIMOHUPOBAHKE TAKTOBOTO
CKOPT re€HepaTopa, IEUCTBUE 3aBUCHUT OT YCTAHOBOK
sueek CKSEL
1 | Onpenensier BnusHue KoMaH bl «CTUpaHue
EESAVE kpucramuia» Ha EEPROM-namsrts (0 — He
CTHUpAET, | — cTHpaer)
BOOTSZ:
Omnpenenser pa3Mep CEKIUU 3arpy3dnKa
BOOTSZ1 0




BOOTSZ0 0

BOOTRST Omnpenenser mMoyiokeHue BeKTopa copoca

1 | Pa3pemiaer/3anpeiaer BHyTPUCXEMHYIO OTJIAJIKY

OCDEN
(0 - pa3pemiena, 1 — 3anpenieHa)
0 | Pa3pemraer/3anpeniaer UCIOIb30BAHUE
JTAGEN untepdeiica JTAG (0 - pa3permiena, 1 —

3ampenieHa)

A A

4 SAJAHVE M NOPAQOK EIO BbINOJTHEHUA

Ocy1ecTBUTh MPOrpaMMHPOBaHNE MUKPOKOHTpoJiepa ATmegal6:

Boiitu B C-kpocc kommnuiisitop CodeVisionAVR.

Coznate HOBBII npoekT File -> New -> Project.

VYka3aTb npeBapuTENbHbIE HACTPOUKH JIIs1 MUKPOKOHTposuiepa ATmegalo6.
Coxpanutb npoekT File -> Generate, Save and Exit.

B coznaHHOM KOz€ NpeiBapUTENbHBIX HACTPOEK BIIUCATh CBOM KOJ:

while(1) // Eternal loop

PORTB = 0xFF; // YcranoBka Ha BbIxojie nopta B curnana BeICOKOr0 YpOBHs
delay_ms(250); // 3agepxkka 250 mc

PORTB = 0x00; // YcraHnoBka Ha BeIXO/Ie TOpTa B curnaia HU3K0ro ypoBHs
delay_ms(250); // 3agepxkka 250 mc

CoxpaHutb HaOpaHHYIO IporpaMmy, ucnosnb3ys onuuu file u save.
3anyctuth komnuiaTop Project -> Compile (F9).

[Tocne BeIMOIHEHUS IPOLIEYPHI KOMITUIISIIIUH, CPEAa BBIAAET COOOIICHHS 00
omunoOKax (eciau TakUe €CTh) C yKa3aHMEM CTPOKHM B IIpOrpaMme, IZie ITH
omnOKku oOHapyxkeHbl. HeobxonuMo ucnpaBUTh OUIMOKH B MPOTPaMME U
noBTOpUTH I1.5. ITOBTOPATH M.5 10 Te€X MOp MOKa KOMIMWIATOP HE BBIJACT
coobmenusd, yro "ommook 0", "3ameuannii 0".

ITocne BbIMOJIHEHUSI MPOLIETYPbl KOMIWIILMK 0€3 OmMOOK M 3aMeyaHUuil
aBTOMaTU4ecku popmupyetcs (06HoBIseTCs ) hex-daiin.

10./lanee HE0OXOUMO BBITIOJIHUTH MPOrpaMMUpoBaHue KoHTposuiepa Tools ->

Chip Programmer (Shift+F4). BreicraBuB B cooTBeTrcTBHM ¢ Tabn. 2-4
3HAQUEHMsI SYEEK 3allUThl M 3HAYEHHS KOH(QUTYpPAlMOHHBIX SYEEeK




ocymecTBuTh 3anuchk kojga Bo Flash m EEPROM-namsars (Program ->
FLASH u Program -> EEPROM).

11.Beimonaute 3anyck nporpammbl  MK. VYOenuTbcss B NPaBHIBHOCTH
¢ynkuonupoBanus MK cornmacHo HanmucaHHON porpamMme.

KOHTPOIJIbHbIE BOINMPOCHI

OOBbsicHUTE Ha3HAUYECHUE y3JI0B J1a00PaTOPHOTO CTEHA.

OObsicHUTE Ha3HAYEHUE BBIBOIOB MUKpOKOHTposuiepa ATmegal6.

N31m0X1Te METOAUKY KOMITUJIMPOBAHUS IPOIPAMM.

N31m0xuTe METOAUKY IPOrpaMMUpOBaHus MUKpoKkoHTposuiepa ATmegal6.

OOBsACHUTE CTPYKTYPY U MPHUHIIUIIBI IIOCTPOSHUS MPOTPamMM st

(GYHKIIMOHUPOBAHUS HU(POBBIX CXEM C HCIIOIH30BAHUEM

MuKpokoHTpoJuiepa ATmegal6.

6. OOBsCHUTE anmapaTypHyIO YacTh, KOTOPas UCIOJIb30BaIach Npu
BBITIOJIHEHUH HACTOSIIEH J1abopaTopHON pabOTHI.

7. VI3noxure 3aJlaHu€ U OPSJIOK BBITOJHEHUS pabOThI.

Nk W=



