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[IpakTueckoe 3ansitue Ne 1
3HAKOMCTBO €O cpeoii pa3padoTKU M OTJIAJ0YHBIM KOMILUIEKTOM ISl
MHKPOKOHTPOJLIepa

HEJIb U 3AJAYN
V3y4nTh HHTCTPUPOBAHHYIO CpeAy HporpammupoBanusa u oTiiagku AVR Studio.
[ToyunThs HaBBIKK OTJIAJKH IMporpaMM B cumyisitope AVR.

TEOPETMYECKUWE CBEJIEHU A

AVR Studio — mHTerpupoBaHHAs OTJIaJ0YHAs Cpela pa3pabOTKU TPHUIIOKESHUH
(IDE) nns mukpoxoHTposuiepoB cemerictBa AVR ¢upmbr Atmel.

AVR Studio comepur:

e TpaHcaATOp s3bIka accemOepa (AVR Assembler)

e ommaguuk (Debugger)

® [porpaMMHOE 00ecredeHre BEPXHETO YPOBHS JJIs MOAIEPKKU
nporpammupoBanus (AVR Programmer)

e mnporpammubii cumysstop (AVR Simulator)

Otnaguuk, Bxoasmuid B coctaB AVR Studio, mommepxuBaer BCE THIIBI
MUKpPOKOHTpoJuIepoB AVR u mMeer naBa pexuma padOThI: PEXUM IMPOTPAMMHOMN
CUMYJISIIIUU M PEXKUM YIIPABJICHUS PA3IUYHBIMU THITAMH BHYTPHCXEMHBIX IMYJISITOPOB
(manpumep, JTAG ICE).

AVR Studio nognepxuBaetr pa3pabOTKy MporpaMM, Kak Ha si3bIKe accembiiepa,
Tak 1 Ha s3eike Cu. B mocienneM ciaydae mjis KOMIUISIUN POTPAMMBI HCTIOIB3YETCS
cBoOoaHO pacrpocTpansembrii kommuisaTop AVR GCC (GNU C Compiler).

[MPAKTUYECKAS YACTD
Co3pgaHnue npoekxra.
3amyctute AVR Studio. IlosiBuBIIEECS OKHO NPEIOCTABISIET BO3MOXHOCTD
OTKPBITh CYIIECTBYIOIIMKA WA CO34aTh HOBBIM MpoeKT. Co3AaguM HOBBIM TPOEKT,
HaxaB kHonKy New Project. ITosiBUTCS OKHO co3anus npoekra (puc.l):



Welcome to AVR Studio 4

Create new project
Praject type:

& Atmel SV Aszembler
23 WA GCC

Praject name:
|Lab1_1

¥ Create initial filz
Iitial file;

|Lah1_1

¥ Create folder

.asm

]

Location:
|I:\LabWorks\

Ver 4.16.628

<« Back ‘ Mest »» ‘ Firnizh | LCancel ‘ Help ‘

Puc.1. Co3nanne HOBOTO MPOEKTA.

Jliis coznmanue mpoekta Ha AccemOiepe B ciircke Project type Beioupaem Atmel
AVR Assembler. B momne Project name 3amaém mms mpoekta L1 1. D10 ke umMms
aBTOMAaTHYECKH OyIeT MPHCBOEHO TiaBHOMY daitmy mpoekta (L1_1.asm). Ilpwu
HEOOXOUMOCTH €ro MOKHO m3MeHuTh B moite Initial file. [{ns onpenenenus manku, B
KOTOPOM HAXOJUTCS MPOEKT, MIETKHUTE MO KHOMKE, HAXOJSAIIEHCs cIpaBa OT IOJSI
Location. Beibupaem nanky C:\LabWorks.

Tenepr Haxxumaem KkHonKy Next. IlosBasiercss okHO BbIOOpa MIATHOPMBI
OTJaJKH W IejeBoro Mukpokontposuiepa (Puc.2). B cmmcke mimatdpopm Debug
platform Beioupaem AVR Simulator 2, a B cmucke IeleBBIX MHKPOKOHTPOJLIEPOB
BbIOMpaem ATmegal28.

Teneps HaxkumaeM KHOTIKY FiNish u Harn mpoexT co3aaH.

Welcome to AVR Studio 4

Select debug platform and device

Wer 4.16.628

<< Back |

Finish |

LCancel ‘

Debug platform: Device:
&y Dragon ._. nal 28 ”
AR OME! ATmegal 284P
AR Simulator ATmegal 284
&y Sirmulator 2 ATmegal 4P
ICE200 ATmegal B4PA
ICE40 ATmegalBR
ICERD ATmegal AP
JTAG ICE ATmegal 62
JTAGICE mkll ATmegal 6EP
ATmegal BBPA
ATmegal B9 w

Help

Puc.2. Onpenenenve Tuna MUKpOKOHTPOJLIEPA.




BBoJ TekcTa nporpaMmel.
[Tocne co3maHus mMpoeKkTa Ha IKPAHE TMOSBISETCS OCHOBHOE OKHO IMPOTPaMMBI
AVR Studio (Puc.3). B jeBoii 4acTH OKHA MOYKHO BHJIETh JAPEBOBUAHYIO CTPYKTYPY
npoekTa. BHU3y OKHO ciiy>keOHbIX cooOmieHuid. OCHOBHYIO 4YacTh OKHa 3aHUMAaeT
00J1acTh BBOJIA KOJIA.

AVR Studio - [Lab1_1.asm] CE®

File Project Build Edit View Tocls Debug Window Help _8x
DS Hda (R d I MALEREE EY War b =2z E @ i £ & =
Trace Disabled s L TiIEG
Project x include "ml28def.inc” :‘
= Labl_1
=423 Source Files RESET
Lsb1_1.asm - MHUMUAMISAUA Cnexs
® =¥ Included Files 1di rlh, low(RAMEND)
Labet out =pl. rle
: goaufzt 1di r16. high({RAMEND)
P out =ph. rlé
) =3 Obiject File
:Mruynamssyua cenoguogod
1di rlh, (1<<h) | (1<¢7)
out DDRD.xrle
cHmuuuamizanua BEB0JOR ., K HOMOFEM NOJHINYEHE KHONKU (M3 BHOJ)
1di 16, (1<<d) | [1<<5)
out PORTE, r16
1di rl6. 0
out DDRE. rle
loop
in 116 PINE ; menspe B rlf HAXOGUNCT MSKFUES "COCKORHUS' KHOROH
com r16 © KMOTKE "HEWUMASMCA' HEASM, NOSMOMY UHPSDMUDTEM DEZUCTD
1=l rlh ; nepsHocuM Sunw 4,5 B nosuyuu 67
1=l rle ; u oEHOBaASM "nokazanus" cemoguogof
andi rlé. (1<<B) | (1<<7)
out PORTD. rle
rinp 1ooy
N — ;H
B 1ab1_1.25m 4
Message X
Loaded plugin Atmel AVR Assembler -
Loaded partfile: D:|Program FilesiAtmeli R, Tools\PartDescriptionFiles| ATmega 128, xmi
AVR Simulakor 2: Please wait while configuring simulator. .,
AR Simulator 2: ATmeqal28 Configured OK
Loaded objectfile: I:\LabworksiLab1_13Lab1_1.0bj
Loaded objectfile: I:LabworksiLabl_14Lab1_1.obj 3
£ ¥
B Message | 5 Fing in Files | @ Brea
ATmegal2d # n2Coll NUM

Puc.3. OcnoBHoe okHO mporpammbl AVR Studio.

HaGepute npencrasinennyio Huke nporpammy (Jluctunr 1.1). s naapHe#mero
yn00CTBa PEIAKTUPOBAHMS IMPOTPAMMBI PEKOMEHIIYETCS HCIOJIB30BaTh KJIABHUIITY
TaOyJISAAN JIJIS OTJCICHUS METOK, KOMaH/I C ONepaHaMi 1 KOMMEHTapHER.

[Tporpamma (JIuctunr 1.1) nmo3ossieT 3axurath cBeToauoabl VD2 wnmm VD3 Ha
ormamounoit tuiate AS-megaM mnpu Haxatuum Ha kimaBumu SWI1 o wim SW2
COOTBETCTBEHHO.



Jlucturr 1.1

.include "m128def.inc"
.def temp=rl6

RESET:
;MHMumanmnsaums creka
i temp, low(RAMEND)
out spl, temp
Idi temp, high(RAMEND)
out sph, temp

;WHnumnanunsauma ceetoamonos
Idi  temp, (1<<6) | (1<<7)
out DDRD, temp

;HMumnanmsaumna BeIBOAOB, K KOTOPbLIM MNOAKMHOYEHbI KHOMKK (Ha BXOA)
Idi temp, (1<<4) | (1<<5)

out PORTE, temp

i temp, O

out DDRE, temp

loop:
in temp, PINE ;Tenepb B r16 HaxoguTca TekyLlee "CoOCTOsiHUE" KHOMOK
com temp ;KHOMKa "HaxxmmaeTtca" Hynem, no3ToMy UHBEPTUPYEM
sl temp ;AiepeHocum 6uTbl 4,5 B nosnuyum 6,7
sl temp 1 oOHOBNSAEM "nokasaHusa" cBeToanoaoB

andi temp, (1<<6) | (1<<7)
out PORTD, temp
rmp loop

AcceMOnupoBaHKe MPOTPaMM.
Jnst accemMOnMpoBaHUs ~ MPOTPAMMBI  MOXKHO — BOCIIOJIB30BaThCA ~ MEHIO
Project/Build, knonkoii F7 win kaonkoi Build nanenu uncrpymentos. B oxuo Build
(Puc.4) BeiBoguTcst nHGOpMAIIHS O PE3yJIbTaTaxX acCCEMOIMPOBAHUS:




AVEASM: AVE macro assembler 2.1.30 (build 592 Now 7 2008 12:38:17)
Copyright (C) 1995-2Z005 ATMEL Corporation

I:%LabWorks\Labl 1%Labl l.aswmil): Including file 'D:\Program Files‘\itmel“AVE Tools\ivrissewblerZhAppnotesinlzSdef.inc'
I:%LabWorksyLabl_ 1%Labl_ l.asm(32): No EEPROM data, deleting I:%LabWorksyLabl 1\Labl l.eep

ATmegal28 memory use summary [bytes]:

Segment Begin End Code Data TUzed Size Uzes
[.cseg] 0x000000 0x0000ae 36 a 36 131072 0.0%
[.dzseg] 0<000100 0x000100 a a 0 4096 0.0%
[.eseq] 0x000000 0x000000 a a 0 4096 0.0%

Azsenbly complete, 0 errors. 0 warhings

l =] Build ﬂ lessage —ﬂ:'-': in Files jf-e:—.\'::'-"_: and Tracepoints

Puc. 4. Pe3ynbTaThl acceMOIMPOBAHUS.

B 3TOM OKHE MOXHO YBUIETb HaWIEHBl JM OMMOKM B KOJIE, U €CIU
acceMOJIMpPOBaHUE MPOIJIO YCIEIIHO, TO MOXKHO YBHJIETh HH(POPMAIIUIO O KOJIUYECTBE
MCIIOJIb30BaHHOM MaMsATH MUKPOKOHTpoJuiepa. B naHHOM mpumepe Mbl MCHOJIB30BaIH
36 GaitT mamsatu komang u3 131072 noctynssix. [lamMsaTh JaHHBIX U SHEProHE3aBUCHUMAs
namath (EEPROM) He ncnonp3oBanucek. Taxke 37ech mpeacTaBicHa HHGOpMAIHS O
daitnax, HoaKIFOYEHHBIX TUPEeKTHBOH .include.

Pe3ynbrar accemMOaMpoBaHUs MOKET BBIBOAMTCS B pas3iauuHbIX (opmatax. [lo
YMOITYaHUIO Pe3yJbTaT COXpaHseTcs B (aiin *.hex B mamke nmpoekra.

Ecnu B mporpamMme oOHapy»KeHBI OIIMOKH, cojepkumoe okHa Build momoxker
JIOKaJIN30BaTh UX.

BBeném ommobky B nmporpammy. B crpoke .def temp = rl6 3amenum peructp rl6
Ha 'l5. B pe3ynbrare acceMOaupoBaHus MOJy4YuM cieayroiiee cooduienue (Puc.5):

AVRASM: AVE macro assembler Z.1.30 (build 592 Nov 7 2008 l2:38:17)
Copyright (C) 1995-20058 ATMEL Corporation

I:\LabWorks'Labl 1%Labl l.asm(l): Including file 'D:%Program Files%atmel“4VR Tools‘\ivrissemblerz‘\ippnotesimliidef.inc'
» I:\LabWorksyLabl 1%Labl l.asm(59): error: Inwvalid register
L ] I:\LabWorksyLabl_1%Labl_l.asm{ll): error: Inwvalid register
® I:LabWorks'Labl 1%Labl l.aswm{15): error: Invalid register
# I:\LabWorksiLabl 1%Labl 1l.asm(19): error: Invalid register
L ] I:\LabllorksyLabl_1%Labl_l.asm{Zl): error: Invalid register
L ] I:\LabWlorks'Labl 1%Labl l.asm{29): error: Invalid register
I:%LabWorksyLakl 1%Labhl_l.asm(32): No EEPROM data, deleting I:%LabWorka‘Labl 1%\Labl l.eep

Assembly failed, 6 errors, 0 warnings

Puc. 5. CoobOuienune 00 ommnoOkax.

Kaxmoii ommbKke COOTBETCTBYET COOOINEHHE, MPEACTABIEHHOE OTACIBHOM
crpokoii B okae Build. IIpu aTom yka3ssiBaeTcs ¢ait 1 HOMEp CTPOKH B HEM, B KOTOPOM
COJICP)KUTCS OIMOKA, a TAK)KE THIT OIITHOKH.

B nannom ciydae oOHapykeHa ommOka Invalid register (HeBepublit peructp).
[lepeiiném k 0THOM U3 CTPOK, e OOHAPYKEeHA OMMOKa:



i temp, O
YcranoBum Kypcop Ha mHCTpykiwio ldi u HaxkméMm F1 st BBI30Ba CpaBKH 1O
UHCTPYKIIHU:
Syntax: Operands: Program Counter:
{i) LDI B4,E 14 = d< 31, 0 £ E < 255 BC <- BC + 1

Kak BumHO u3 cnpaBku, WHCTpykims ldi paGoraeT TOIBKO C perucTpamu
r16...r31, a Mpl NPUCBOMIM CUMBOJIMYECKoe uMs temp peructpy rls. Mcnpasnsem sty
OIIHOKY.

OTnagka mporpaMMBbl ¢ TTIOMOIIBIO CHMYJISITOPA.

BHOBB acceMOMpyeM MporpaMmy, He COJICPIKaIIyt0 OMMOOK. JIJIsi BEIIOTHEHHMS
MOIIAarOBOM OTJIAJKK OTKphIBaeM MeHro Debug/Start Debugging mam xHomky Start
Debugging Ha maHeau HHCTPYMEHTOB. B OKHE IporpaMMBbI CjieBa OT IMEPBOM KOMaH/IbI
MOSIBUTCS  JKENTAass CTpeNKa, YKa3blBaloIlas Ha TEKYIIYI0 WHCTPYKIHIO. Omiuu
CHUMYJIATOPa MOXHO U3MEHHTD ¢ moMolpio MeHto Debug/AVR Simulator 2 Options.

BeimonHuM TiepBbIM mar oTiaaaku, Haxas kimaBuiry F11 (menro Debug/Trace
INto). JKénras crpenka ykaszatesis OTJaA4ydKa YCTAHOBJICHA MPOTUB MEPBOW KOMAaHJIbI
Idi temp, low(RAMEND).

Otkporite (View/Toolbars/Processor) okHO pocMOTpa COCTOSIHHS TIpoIieccopa
(Puc.6). B okHe ykazaHHa BbIOpaHHash YacTOTa MHUKPOKOHTPOJUIEpA, COCTOSHUE
cuérurka TakToB MEUKpokoHTpouiepa (Cycle Counter), ykasatens creka (Stack Pointer),
cuérunk koman (Program Counter), Bpems Boimonnenus (Stop Watch) u ..

Mame " alue =
Frogram Counter Q000000
Stack Pointer Q0000
* pointer O=0000
' pointer O=0000
£ pointer O=0000
Cycle Counter 0 —
Frequency 1.0000 kMHz
Stop W atch 0.00 uz
SREG O OEEEAEEC
B Reqisters
Ra0 000
RO 0«00
ROz 000
RO3 000
RO4 000
RO& 000 j

Puc.6. Oxuo Processor.
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Ha puc.7 moka3aHo OKHO COCTOSHHsI peructpoB BBona-BeiBoga 1/O View, B
KOTOPOM 3TH PETUCTPHI OPTaHU30BAHBI B TEMATUYECKYIO CTPYKTYpy. B naHHOM OKHE
MOYKHO TaK)X€ U3MEHSATh COCTOSIHUSI PETUCTPOM B MPOIECCE OTIIAAKH MPOTPAMMBI.

o il:l -
M arne | Address | Walue | Bits |

T)AD_CONVERTER
T ANALOG_COMPA
B B00T_LOAD

B cru

B EEPROM
CHEXTERNAL_INTE
B TG

B MIsC

=2 PORTA

=2 PORTE

=2 PORTC

= =2 PORTD
$ DDRD 0:11(0x31)  0:00 OOOOO0O0O0
=2 PIND 0:10(0x30)  OxFE HNNEREEC
=2 PORTD 012 (x32)  Cx00 JOO0O0O0O0O0
= 2 PORTE
$ DDRE 02 [(x22)  Cx00 OOOOO0O0O0
=2 PINE 0x1 (021 CxFF [ NN EEEE
=2 PORTE 0323 00 OO0O0O0O0O0O0

=2 PORTF

=2 PORTG

S Gy

{2 TIMER_COUNTEF
{2 TIMER_COUNTEF
{2 TIMER_COUNTEF
{2 TIMER_COUNTEF
e Tig|

2 JSARTO

2= USARTT

S wiaTCHDOG

Puc. 7. OkHO COCTOSIHHS pETUCTPOB BBOJA BHIBOAA.

Tenepsr mo3nakoMuMcs ¢ Toukamu octanoBa (BreakpointS). Onu npenHa3HaueHbI
JUTS TIPUOCTAHOBKU BBITIOJTHEHUS ITPOTPAMMBI B ONIPEICIEHHBIX MeCTax anroputMa. J{is
TOTO 4YTOOBI YCTAHOBUTH TOYKH OCTAHOBA HEOOXOJUMO YCTAaHOBHTH KypCOp Ha TO MECTO
B Iporpamme, rje Obl Bbl XOTEJIH MPUOCTAHOBUTH BBIMIOJHEHHE aJrOPUTMa M HaXKaTh
kHonky Toggle Breakpoint (F9). YcranoBuM TOYKM OcTaHOBAa Ha cTpokax In temp,
PINE u rjmp loop. VmpaBnare TOYKaMH OCTaHOBa yA00HO C ITOMOIIBIO OKHA
Breakpoint and Tracepoint (puc. 8). B 3ToM OKHE MOYHO COPTHPOBATH TOYKH
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OCTaHOB4a, OTKIKOYAaTb WM YIAAJIATb HX, 6bICTp0 MNEPpEXOoJUTb K COOTBCTCTBYHOIIHMM
MECTaM B KOAC U T.I.

3 oAl - ﬁ" =] .'::i ,.s Columns -
Crescripkion | Hit Counkt |
@ Break at line Labl 1.asm:25 Break. lways
O Break at line Labl_1.asm:31 Break Always

Puc. 8. OkHO ymnpaBiieHUsI TOUKaMHA OCTAHOBA.

B okxne Breakpoint and Tracepoint, oTkirounTe BTOPYIO TOYKY OCTaHOBa (TY,
KOTOpasi yKa3blBaeT Ha CTpoky rjmp loop). Tenepbh MOKHO MPOJOJIKUTH BBITOTHEHUE
nporpammbl, HaxkaB kHomky Run (F5). Ilo moctmwxkenuu komanael in temp, PINE
OTJIaJIka aBTOMAaTMUYECKU MpUOCTaHOBUTCSA. Heckonbko pa3 Haxmure F5, 4TOOBI
NpOTHATh OCHOBHOM IUKJ HECKOJbKo pa3. Temepb B okHe 1/O View Haiinute peructp
PINE u copocwte Out 4. Teneps Haitaute peructp PORTD u npoaomkuTe BBITOTHEHHE
nporpaMMebl, HakaB KHOTIKY F5. Takum oOpa3om, Mbl CBIMUTHPOBAINM Ha)KaTHE KHOTIKH,
noaxktouéHHOM K nmuHuu PES mopra E. Ilpu crnenyromieil ocTaHOBKM MpOrpamMMbl, Mbl
yBuauM, uro 6ut 7 peructpa PORTD ycranoBneHn, t.e. Ha BeiBoge PD7 mopra D
MOSIBUICS BBICOKMIM ypoBeHb HampspkeHHs. ClieoBaTenbHO, MHporpamma padboTraeT
MPABUJIBHO.

Onucanue nadopa STKS00.

STKS500 — 3aBepieHHBIN CTApPTOBBIM HA0Op U cucTemMa npoekTupoBanus st AVR
MUKPOKOHTpoJutepoB Koproparuu Atmel. OH pa3paboTaH i MPOEKTHUPOBIIUKOB,
KeNawIux OBICTPO MPHUCTYNHTh K pa3paboTKe MPOrpaMMHOTO KOJa U BBHITIOJHUTH
TEeCTUpOBaHUE HOBOHW pazpaborku. [lomumo (ywkumii ormamounor twiatel, STK500
BBIMIOJHSACT (QYHKUUMM  HapajulebHOrO  mIporpammaropa (A  BCEX — THUIIOB
MUKpOKOHTpoJuiepoB AVR), u mocnenoBarensHOTO BHYTPUCXEMHOTO IMporpaMmmaropa
(xkpome Tinyll wu Tiny28, He moOAAEPKUBAIONIMX (YHKIMIO TTOCIEI0BATEIBHOTO
nporpamMmupoBanus). [lpy  mporpaMMHUpOBaHMHM ~ MHUKPOKOHTPOJUIEpAa  MOKHO
MPOU3BOAUTH KOH(MUTYpUPOBAaHUE MHUKPOKOHTpoJuiepa yctaHoBkod FUSE-OutOB
(FUnction SEt).

OYHKIIMM BHYTPUCXEMHOTO mporpamMmMmupoBanus u ympasieHus STK500
peanu30BaHbl Ha ABYX MUKpokoHTposiepax: ATtiny2313 u ATmega8535. Kpome Hux
Ha ate STKS500 cMOHTHPOBaHBI CAEAYIOIINE FTIEMEHTHI:
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o Ilanenu nns yctaHoBKM MUKpPOKOHTposuiepoB B kopmycax DIP8, DIP20, DIP28 u
DIP40;

o CraOunm3upoBaHHBIA HWCTOYHUK THUTAHUS C TPOTPAMMHO  YIPAaBISIEMbIM
BBIXO/IHBIM HAIpsHKCHUEM;

o IlpeoOpazoBarenu ypoBHEW CUTHANIOB (IJIs CiTydasi, KOT/Ia HANpPsDKEHUE TTUTAHUS
[ICJICBOTO  MUKPOKOHTpOJUIEpa  OTJIMYAaeTCs OT  HAmpsDKEHUs — [MHATaHUs
YIPABJISIIOIIUX MUKPOKOHTPOJIEPOB);

o IlporpamMmHO ympaBisieMblii HCTOUHUK OTIOPHOTO HAMPSKEHUS U1l BHYTPEHHETO
AIIIT MUKpOKOHTpOJILIEPA;

o Ilocamounoe wmecto mms mukpocxembl DataFlash AT45D021 (BHemrHss
nocienoBareiabHas Flash-mamsrs);

o JIByxxaHanbpHBIN (hopMUpOBaTEIh YpOBHEH curHanoB unrepdeiica RS232 (oaun
KaHay ucnonb3dyercss i cBsizu STKS00 ¢ ympaBisiiomUM  MEPCOHATBHBIM
KOMITIBIOTEPOM, JPYroll MOXKET OBITh HCIONB30BaH B pa3pabaThiBacMOM
MIPUIIOKEHUN );

« BoceMb KHOIOK ¥ BOCEMBb CBETOAMOAOB ISl OPTaHU3AIMH BBO/A U OTOOpaKeHHUS
BBIXOJTHOM MH(pOpPMALINH;

o Pazbemsbl pacuupenus s MOAKIIOYSHUS BHEITHUX YCTPOUCTB.

Buemmnwmit Bug mmatel STKS00 mpexacraBnen Ha puc.9. YkpynHeHHas OJ0K
cxema ammapaTHoro oOecmedeHusi ctaptoBoro Habopa STKS00 mnpuBenena Ha
puc.10.

Puc.9. Baemuuii sBun STKS500.
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Pa3bém [lononHuTensH|

RS-232 SPARE bl UART RS-232 SPARE

|
|
|
|
Pa3bém Ynpasnsiowmii I
<> Mwukpocxema namsTn
RS-232 CTRL UART > pDataHash - : > DataFlash
| Llenesble LEDS
| cBeToanoab
Cucrema | v v I Lienesbie
camonporpam | womm [ SWITCHES
MUpOBaHWA | l«——— PROG DATA |
[«——=PROGCIRL : SPROG1 < l«—» PORTA
L Virrepenc ISP10PIN
<—»| NnocneaoBaTensLHoro 4—[[: SPROG2 =]
nporpaMMm1poBaHus ISP6PIN
KHonka ol = | SPROG3 < l«—> PORTB
PROGRAM i ucTeMa |
N > TakTUpoBaHus XTAL1
Ynpaensiowuuit uenesoro MK Cexuvs ans
PeBuauns MK |
ycTaHoBku |<—— PORT C
annapaTHbIX
CcpeacTs > c 6 | uenesoro MK
nctema cbpoca } - .
) uenesoro MK | RESET
CratycHbIn L | PORT D
cseToavoa
|
t VTARGET
Cuctema nuTanus I 1
AUX oz ol = uenesoro MK
WHTepdeiic AREF l«—> PORT E/AUX
1 |
Mutanune cekunn I
yI‘IpaB{IeHMH |
|
Pa3bém BkniouaTtens | Cosnutennac Pa3bémsl
- Bnok nutanus cekumen <—
nuTasusa nuTauusa I pacwupexHusa
ynpasneHus
|
|
|
CEKUWMA YIPABINEHNA | LIENEBAA CEKUNA
|

|
Puc.10. biiok-cxema STK500.

JIisi  TakTUpOBaHUs OTJIAXKUBAEMbIX MHUKpPOKOHTposuiepoB Ha tuiatre STK500
MPEAYCMOTPEHBI JIBA MCTOYHHUKA TAKTOBBIX CUTHAIOB. OJIMH W3 HHUX MPEICTABISET
co0oli TeHepaTop, TOCTPOSHHBI Ha WHBEPTUPYIOMINX BEHTUJISAX C KBapIEBOMH
crabmmzarueit 9actotel. [loap30BaTens MeeT BO3MOKHOCTh 3371aBaTh YaCTOTY ATOTO
reHepaTopa, YCTaHABIIMBas KBApIIEBBIH PE30HATOP C HEOOXOAUMON dYacTOTOH B
crienuanbHyro manenb (momeuena CRYSTAL).

BTopoii HMCTOYHMK  TAaKTOBBIX CHTHAJIOB  TPEACTABISET COOOM  BBIXOJ
yctaHoBiieHHoro Ha 1uiare STKS500 ynpasinsromniero mukpokoHTposuiepa ATmega8535.
YacTtoTra 3TOTO TAaKTOBOTO CHUTHAjla MOXET OBbITh 3ajaHa MporpaMMHO. JloCTymHbI
3HaueHus 3.69, 1.84, 1.23 MI'n, a taxxke 32.7 xI'11 ¥ moHas oCTaHOBKA.

[Tepexmtouatens OSCSEL cnyxut aJist BeIOOpa 0AHOTO U3 UCTOUYHUKOB TAKTOBOTO
CUTHAJIA JIsl MUKPOKOHTPOJIIEPA.

Onucanue ocHOBHBIX 3j1eMeHTOB miaTel STKS500.
CxeMaTnyeckoe pacroyiOKEHHE OCHOBHBIX dneMeHTOB miatel  STK500
npeacTaBiieHo Ha puc.11.
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Pa3bémbl NoaknioyeHns K noptam Manenu ana Mepemblukn 3apaHus KHonka c6poca
BBoa-sbiBoaa MK yctaHoskn MK yCTaHOBOK uenesoro MK
Knonku
g - ' BblkntoyaTtens nutaHus
5 [e] :
Pagbém L ! ' O]9 Pa3bém nutanus
noaknyeHus —T—— % R ! [:/
KonoK g ' EE " &5 :AVR |l €— VHavkatop nutaHus
E iE EE @E — Pa3bémbl napannensHoro
Pasbém g Eﬂ' ;E::::] E::]:: ' Ee//g/ nporpamMmmMmpoBaHns
MHTepdenca ~ ORTO) | n[Tom
S I — B W Mopt RS-232 ans
Rl e £ pre A Al
L —L | st
. E E o : e @ [ CratycHbiit cBeToAnon
Paszbém | : e I '
MHB%%g)'ﬁggﬁ & Eg; E::::l E::‘l.: E g O ,.\ ¢ KoMmMyHmKaunoHHeIA nopT RS-232
EPORTBE E :i E }\
Pa3bém g §| ! :;} ] ! |:| MaHenb Ana noaknoYeHns kBapua
NOAKIIOYEHUS - Forra | ::B};; ]
CBETOAMOOB ] et ‘
u % e Q= - Kesona “Progran
A E___: - & —_ KHonka “Program
CeeTtoauoab! / \ ..
B 10-BbIB. Pa3bEM BHYTPUCXEMHOTO
& Pa3bémbl 6-BbIB. pa3beM nporpammaropa
Pa;,:’;%ggﬂfﬁggﬁ’;m BHYTPUCXEMHOTO BHYTPUCXEMHOro
nporpammupoBaHus MK nporpammartopa

Puc.11. Pacnonoxenune kommnouenToB Ha ruiate STK500.

Ceemoouoowvt 006we2o Ha3sHaveHus.

B nabop STK500 BxomsT 8 »edAThIX CBETOAMOJOB U 8 KHOIMOK 0e3 (ukcanuu.
CBeToanoAbl U KHOIIKM AJIEKTPUYECKH OTAEJIEHBI OT OCTAJIBHOW YacTH IUIATHI 34 CYET
MOJAKIIOYEHUS] K COOCTBEHHBIM pa3beMaMm. TakuMm 00pa3oM, OHHM MOTYT OBITh
MOJIKJIIOUEHBI K TMOpTaM BBOAa-BbIBoja AVR-mukpokoHTposwiepoB mpu momomu 10-
npoBoHOTO Tekda (puc.12).

HIneidpsl AOMKHBI OBITH MOJAKIIOYEHBI HEMOCPEICTBEHHO MEXAYy pazbeMaMu
MOPTOB M pa3zbeMaMHu CBETOJIMOJ0B WM KHOmoK. lllneiid He momkeH CKpydyuBaThCS.
KpacHbiit nmpoBomHuk muieiida ykaspiBaeT Ha BbiBoJ 1. HemocpeactBeHHO mepen
BKJIIOUEHUEM YyOeauTech, YTO LUICH(] MOAKIOYEH K MEPBOMY BBIBOJY KaKJIOTO
pazbeMa. Ha pucynke 4 nmoka3aHo Kak peajin30BaHO YNpaBJI€HUE CBETOAMO0I0M. JlaHHOE
pelieHre NO3BOJISIET MOJYYUTh OJMHAKOBYIO HHTEHCUBHOCTh CBEUEHHUS CBETOJIMO/A MPU
HaXO0JICHUU HaIPSHKEHUS TUTaHUs MUKPOKOHTpoJuiepa B tuana3zone 1,8B...6,0B.

VTG +5B
1: 72
10 kOm 150 Om
« LEDO| m @ [LED1
ol LED2 | ® ® |[LED3
LED4| @ ® |LEDS
LED6 | @ @ |LED7
GND| @ @ |VTG
LEDS
LEDn

Puc.12. Cxema BKJIIOUCHUS CBETOAMOIA U TIOJKIIFOUCHHS CBETOINOIOB K pa3beMy
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IToptet  AVR-MHKpPOKOHTPOJUIEPOB ~ MOTYT  YHOPAaBIATH  HEMOCPEIACTBEHHO
CBETOJIMOJIHOM HArpy3Ko#l, Kak BTEKalOIIUM TOKOM, TaK MU BbITeKaroumm. OJHaKo B
STKS500 ucnonbs3yroTcsi TpaH3UCTOP U JIBa PE3UCTOpa JJisl MOJACPKAHUS TOCTOSHHON
SAPKOCTA CBEUYEHHUS CBETOAMUOAOB IMpH JIIOOOM 3HAYEHUW HANPSKCHUS MUTaAHUSA
mukpokoHTposuiepa (VTG), a Takke I BBIKIIOYEHUH CBeToauoaoB, korma VTG
OTCYTCTBYET.

Knonxu obwezo naznavenus.
KHonky moAKIIoveHsl K pa3beMy MO0 cxeMe u300paxkeHHOW Ha pucyHke 13. [pu
Ha)XKaTUM Ha KHOMKY Ha BbiBoje SWnN OyaeT HU3KHI ypOBEHb HANpPSIKEHUS, a MPHU

otnyckanuu — Beicokuit (VTG). Pabounit quanazon nanpsbkenus VTG =1,8...6,0B.
VTG

1 2

HRCh swo| m @ |swi

150 Om sSwW2| @ @ [sw3

SWn SW4| @ @ [SW5
SW6| @ @ |SW7

GND| @ @ |VTG

&\ SWn
l SWITCHES

Puc.13. Cxema BKIIFOUEHHS KHOIIOK U IMOAKIIOYCHHUA K pa3bCMy.

Ha uHuMsx mnopTtoB BBoja-BbiBOJa AVR-MUKPOKOHTPOJIJIEPOB  HMMeEETCs
BO3MOKHOCTh aKTHMBHM3allMM BCTPOCHHBIX TMOJTATUBAIOIIUX PE3UCTOPOB K ILIIOCY
MUTaHUsA. OJTO CBOMCTBO MOYKHO HCIOJIb30BaTh B LEISIX HCKIIOYEHUS BHEUIHETO
noarsruBaromiero pesucrtopa. B STKS500 no0GaBieHbl BHENTHUE TMOATATHBAIOIINAC
pesuctopsl 10 kOm 1yt popmupoBanus jor. «1» Ha BeBogax SWnN mpu oTxaTom
coctossHun  KHOMOK. Pesucrop 150 Owm  BeimonHsSET (YHKIHIO — 3alUTHOTO
TOKOOTPAaHUYCHHUSI, HAIPUMED, B CIIy4yae ONIMOOYHON HACTPOUMKHU JIMHUK BBOJA-BHIBOJIA,
CBSI3aHHBIX C KHOIIKaMH, Ha BBIBOJ.

JIto60i1 mopt BBOAA-BbIBOAA AVR-MUKpoKOHTpoOsIepa MOKET ObITh MOJKIIIOUEH K
CBETOAMOAAM M KHOIIKaM, HCHoyb3ys 10-mpoBOAHOM IWIHYp, BXOIAIIMM B COCTaB
Habopa. Ha pasbembl B JOMOJHEHWE K JIMHUSM IOPTOB BBIBOASTCS HAINPSKEHUE
nuTanus 1enesoro MukpokouTpoiepa VTG (VCC) u o6mmuii mposog GND.

Paszvémpl, 05 nooknouenus k nopmam yeneso2o MUKpOKOHmMpOoIepd.

Ha mmare STK500 wmmerorcs Heckoilbko 10-KOHTaKTHBIX pPa3bEeMOB IS
MOIKJTFOYEHUS K COOTBETCTBYIOIIUM nopTam BBOJIa-BLIBOIA LIEJIEBOTO
MUKpPOKOHTpoJuIiepa. Buna pa3péMoB nokaszaH Ha pucyHke 14:
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12
Px0 me| Px1
Px2 |@ @ Px3
Px4 |@ @| Px5
Px6 @ @| Px7
GND @@ VTG

PORTx

Puc.14. Pa3néM nmoakitoueHus K MOPTY BBOJIa-BBIBO/IA.
Taxke Ha mnate ecth crenuanbHbeii pazbéM PORTE/AUX, xoTophlii uMeer psia
CIICMAJIBHBIX BBIBOJIOB B JOTIOJIHEHHE K BbIBOJIaM mopTa E.

PEO PE1
PE2 RST
REF GND
XTH1 XT2
GND VTG
PORTE/AUX

Puc.15. Pazsém PORTE/AUX.
CrrentnanbHbie BBIBOBI pazbéma PORTE/AUX:
e RST — nunus copoca (RESET) neneBoro MUKpOKOHTpOJLIEpa
e REF — nunus onopnoro ucrounuka Hanpsbxenus AL uenesoro MK
o XT1 — nunHus riaBHoro takTupyromero curaaina XTALL
o XT2 — mmaums XTALZ2, wucnomszyemas coBmectHo ¢ XTALL, misa
MTOIKTFOYCHUS BHEIITHETO KBAPIIEBOTO pe30HATOPA

Tlonvzosamenvcxuti RS-232 unmepdetic.

STK500 BximrogaeT B cebst aBa mopta RS-232. OauH M3 HUX HUCIOIB3YeTCS s
cesizu STK500 ¢ AVRStudio, a mpyroii MokeT OBITh HCIIONB30BaH I CBSI3U MEXKIY
nenesbiM MK 1 mocnenoBaTenbHBIM TOPTOM KOMIBIOTEPA. {151 3TOTO HYX)HO, 4TOOBI
BeiBOABI TXD m RxD UART (YAIIIl) mukpokoHTposiepa ObUIM MOJKIIOYEHBI K
IBYXKOHTaKTHOMY pa3bémy “RS232 SPARE” na mnare STK500 (puc. 16, 17).

Puc. 16. IToakmouenne RS232 x BeiBogam UART MukpokoHTpoIIepa.



TXD

VTG +5B

RXD

+5B

1

16

>0

MpeobpasosaTens
HanpsxXeHus

o]

470 0w —L1 21O
I RS232

MAX202CSE

Puc. 17. Cxema noaxirrouenus RS232 k seiBogam UART MK.

Hacmpoeunvie nepemviuxu.
Ha mnmare STKS500 pacnonoxken psg mnepembiuek (puc.18), mo3BOJSIONINX
MOJIKITIOYATh K 1esieBomy MK pa3nuuHbie yCTpOCTBa, a TAKKe YIPaBIsATh UX pabOTOMH.

AIMEL

AVR

HHHHHHH

Puc. 18. Pacnionosxenue ynpapisioNnX MePEMbIUCK U UX 3HAYEHUS T10

YMOJYAHHUIO.

Ha3nauenue kaxmoi nepeMblyKd KpaTKo onucaHo B Tabmuue 1.

Ta6numna 1.
VTARGET | IToakmrouaer k nieneBomy MK HCTOUHHMK TTUTaHHS
AREF [TonxmrouaeT k ueneBomy MK ucrtounuk onopHoro Hamnpsokenust AL
RESET | IToakmrouaer k nieneBomy MK cuctemy copoca
XTAL1 | IMToaxmrouaer k nieineBomy MK cucteMy TakTpoBaHUs
OSCSEL | YopasnsieT BBIOOPOM HCTOYHHKA TAKTOBOT'O CUTHAJIA
BSEL2 | 3ambikaeTcst mpu BBICOKOBOJIBTHOM mporpammupoBanun MK ATmega8,
ATmegal6, ATmegal6l, ATmegal63, ATmegal28 u ATmega323
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PJUMP | 3ambikaeTcs mpH BeICOKOBOJIBTHOM IporpammupoBannu MK AT90S2333,
AT90S4433 u ATmega8

[MPAKTUYECKAS YACTb

Hauaugo padorsl ¢ STK500.
B Hawane pabotei ¢ STK500 HeoOXoAMMO MOIKIIOYUTH K MEPCOHAIBHOMY
KOMITBIOTEPY W HUCTOYHHKY MOCTOSHHOTO HampspkeHus 10-15B, kak mnokazaHo Ha

pucynke 19.
10- 15V DC

K komnbtoTepy (RS-232)

Puc.1191. Tloakmouenue STK500 k T1K 1 uctouHuky nutanus.

Yupasneane STKS500 npousBoaurcs gepe3 COM-nopt (RS-232) mepconanbHOTo
KOMITbIOTEpa. YTpaBJjsgiolias mporpaMMa sBiisieTcss coctaBHoi dacteio AVR Studio u
3amyckaercss w3 MeHto 100ls—Program AVR—Connect.... Kpome STKS500 »sta
yHOpaBJsiolas nporpaMma IMojaJepKMBaeT TaKUe allllapaTHbIe CPEeICTBA OTJIAIKHU, Kak
BHyTpucXeMHbI  mporpammatop ATAVRISP u  BHyTpuCXeMHBIH  3MYISTOP
ATJTAGICE. ITogpoOHee BO3MOKHOCTH MPOTPaMMBbI OYIyT pacCCMOTPEHBI HIDKE. 371€Ch
MBI OTpPaHHYMM OIKCaHWE TONbKO (yHKIMsAMHU, yHUKampHbiMH anst STK500. Ha
pucynke 20 mpencTaBiIeHO OKHO MTPOrpaMMBl, yipasiisttomei Hactpoiikamu STKS00.
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STK500 in ISP mode with ATmegal 6

b ity ] Program] Fuses ] LockBits] Advanced  HW Settings IHW Infol Auto ]

‘Woltages

WTarget: : Jl : ,F W
ARt - | - oy
1 LF

Read Write |

| J

Read | Write: |

U

Getting WYTARGET.. 5.1V .. OK
Getting AREF.. 5.0W . OKP=0:01, M=0=00.. 0K

Puc.20. OknHo ynpasnenust Hactpoitkamu STKS500.

3aknaaka HW Setting ciyxur s ycranoBku napametpoB STK500:
o Hanpsokenus nuranus meneBoro Mukpokontposuiepa (VTarget);
o Omnopuoro Hanpspkenus: AT mukpokonTposuiepa (ARef);
« YacroTsl ynpasisiemoro nctounuka takroporo curaana (Clock Generator).

STKS500 mnonpnepXwBaeT pas3iuyHble PEXUMBI MPOTPAMMUPOBAHUS  IEIEBBIX
MUKPOKOHTPOJUIEPOB: PEXUM NOCJIEI0BATEIBHOTO BHYTPUCXEMHOT'O
MpOTPaMMUPOBAHUS, M JIBA pEXKUMa MPOTPAMMHUPOBAHHUS C  HMCIOJb30BaAaHHUEM
MOBBIIIEHHOTO  MPOTPAMMUPYIOIIETO  HANpsOKeHUs — —  MapaliebHBIA U
nocieAoBaTeIbHbIA. BBIOOp pexnma TporpaMMUpPOBaHUs OCYIIECTBISAECTCSA B OKHE
ynpasienus napamerpamu STKS00 B 3aknaake Main.

Jnst ucronp3oBanuss STKS500 B kadecTBE BHYTPUCXEMHOTO IpOrpamMMaTopa
MUKPOKOHTPOJUIEPOB, YCTAHOBJIEHHBIX B LIEJIEBOM YCTPOMCTBE, HEOOXOAMMO COEIUHUTH
neneBoe ycrpoiictBo ¢ pazbeMoM ISP1OPIN wmm ISP6PIN mmater STKS500, ucnons3ys
IJTOCKHMA JTECSITHKUIBHBIN WU IMSCTHKUIBHBIN IIICH( COOTBETCTBEHHO.

[Iporpammuas moamepx’ka HOBbIX MuKpokoHTposuiepoB AVR B STK500
POU3BOIUTCS OOHOBJICHHEM mpoinuBku (firmware) mamsity mporpamMm ynpaJsFOIINAX
mukpokoHTpoiuiepoB  (Revision  Upgrade). OOHoBieHHble Bepcum  firmware
BKitoyarorcs B coctaB AVR Studio. Ympasnsiomas nmporpaMma B MOMEHT 3aIycKa
nposepsieT cBsi3b COM-nopTa nepconanbsHoro kommeiotepa ¢ STKS500, u B cimydae ero
npucyTcTBuUs 3anparmmBaer Bepcuto firmware. Eciu 8 AVR Studio comepskutcs Gosee
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HOBas BEpCHs MPOIIMBKY, YIPABIAIONIAs IMporpamMma Ipeaiaraet ooHoButh firmware
MyTEM IMEePernporpaMMHUPOBAHHS YITPABITIONINX MHUKPOKOHTpOJUIepoB. [lepen BXxoaoM B
pexuMm  mepenporpammupoBanus  STKS500  HeoOxoaumo  u3BIeYb  IIEJICBBIC
MUKpOoKOHTposutepsl u3 DIP-maneneit, ecnmu oHM Tyna ycraHoBieHbl. J[nsi Bxoma B
PEXKHUM TIEpPEenpOorpaMMHUPOBaHUS HEOOX0aUMMO BKITIOUNTh mutanue STKS00 ¢ Haxatoi
KHOITKOM Program.

B xommiekte ¢ STKS500 moctaBistorcs mukpokoHTposuiepel AT90S8515 wm
ATmegal6, a taxke auck AVR Software and Technical Library, Bxmrodaromuii B
coctaB AVR Studio. Takxe B cocTaB HabOpa BXOAUT KOMIUIEKT KaOee.

BHyTpucxemMHoe nmocjieoBaTebHOe NPOrPaAMMHUPOBAHMNE.

Baytpucxemuoe mnporpammupoBanue (In-System Programming, ISP), Ttak xe
Ha3bIBAEMOE HHM3KOBOJBTHBIM TOCIIEOBATEIbHBIM MPOrPAMMHUPOBAHUEM, I1O3BOJISIET
3arporpammupoBath Flash- 1 EEPROM-niamMaTe MEKpOKOHTpOIIIEpa, a TakKe 3a/1aTh
3HaYeHUS ycTaHOBOYHBIX OuTOB (FUSE-OuThI) M OmroB 3ammurel (LOCK-Outhl), He
U3BIIEKAasl MHUKPOKOHTPOJUIEp M3 IEJIEBOT0  YCTpOMCTBA M  HE  HCHOJIB3YS
JIOTIOJTHUTEIIPHOTO BBICOKOBOJIFTHOTO HampspKeHus. [Ipu Takom mporpaMMUpOBaHUHU
MUKPOKOHTPOJIJIEP HAXOJAUTHCS B paboueM COCTOSTHUM, 3HAUCHUS HAMPSKCHUS TUTAHUS
Y TAaKTOBOM YaCTOTHI, JIEXKAT B MpeJenax, ycTaHoBIeHHbIX 11 MK nanHoro tuma.

JIisi  BHYTPUCXEMHOTO MPOrpaMMHUpPOBAaHMsS KOHTposuiepoB cemeiictBa AVR
UCTONB3yeTCsl mocienoBatenbubiii uHTEpdeiic SPl. Ins toro urobsr MK Bomén B
pPeXKUM TMPOTPAMMHUPOBAHUS HEOOXOMMMO TIOIKIIOUATh K 3emiie BbiBog RESET.
[TocnenoBarensHbIi MHTEpPEiic coctouT m3 TpEX BBIBOMOB: SCK, MOSI (Bxonm) m
MISO (Beixom). Taxke Ha BeiBom XTAL1 MK nomkeH moaaBaThCsl TaKTHUPYIOIIAN
curHay (ecaM HE MCIOJB3YyeTCs BHYTPCHHHH MCTOYHHUK TAaKTOBOTO CHUTHANA) H
MOJIKJTFOUEHO MuTaromee Hanpsbkenue (Puc.21).

+2.7 - 5.5V

VCC

MOSI ———{ MOSI
MISO «——— MISO

SCK —— > SCK

—» XTAL1

—»| RESET

I =

Puc.21. [Togxmouenne k MK nuHMiA mocienoBaTeasHOTO BHYTPUCXEMHOTO

nporpaMmmaropa.
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s Toro 4toObl 3alporpaMMHUPOBATh MAMSTh ILIEJIEBOTO MHKPOKOHTpPOJIIEpa C
nomonipio BcTpoeHHoro B STK500 BHyTpHucxeMHOro mporpamMmaropa, HeoOXOAUMO
MOJKIIOYUTh €r0 K COOTBETCTBYIOIMM BbIBogaM MK. J[1s 3TOTO HY)XHO COSAMHHTH
pazpém ISP6PIN mporpammaropa ¢ omnum u3 pazbémoB SPROG1, SPROG2 wmu
SPROGS3. Jlns MK ATmegal6 sto Oynaer pazsém SPROG3 kpacHoro 1BeTa (puc.22).

SCKT3300D3

]
 EXETITITT gl =

Puc.22. Ilogkmouenne pazbema |ISPOPIN a1 BHyTpHCXEeMHOTO
IPOrpaMMUPOBAHMS 1IEJIEBOTO MUKPOKOHTPOJLIEPA.
Tenepsr HyxHO moxars nmuTanue Ha STK500 (eciaw oHO OBLIO OTKIIIOYEHO) M B
AVRStudio otkpeiTe mporpammatop Tools—Program AVR—Auto Connect. ITocne
ATOTO Ha DKPaHE JIOJDKHO MOSBUTCS OKHO, TOKa3aHHOE Ha PUCYHKE 23.
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STK500 in ISP mode with ATmega16

e lProgram] Fuses ] LockBits] .&dvanced] Hi Settings] HW’InfD] Auto ]

Eraze Device
Sighature not read Fiead Signature

Device and Signature Eytes

Programming Mode and Target Settings

ISP mode j Settings..

ISF Frequency: 1152 kHz

Entering programming mode., OK!
Fieading fuses address O to 1., 080, 0x11 . OK!
Leaving programming mode.. OF!

Puc.23. Bknaaka Main yrunmuter AVR Programmer.

Ha Bxiagke Main MoXHO BBIOpaTh ILEJICBOW MUKPOKOHTpOJUIEP (IO YMOJIYAHHUIO
3arpykaercs TOT, YTO yKa3aH B IMPOEKTE) M PEKUM TNporpammupoBanus. [lis
BHYTPUCXEMHOTO TporpaMMmupoBanus Beioupaem ISP Mode B mone Programming
Mode and Target Settings. Taxxke na Bkiagke Main maxomuthes kHomnka Read
Signature, koTtopas TMO3BOJIIET CUMTaTh CHUTHATYPHBIA KOJ MHKPOKOHTpOJLIEpa.
CurHaTypHbIN KOJl — 3TO TPU OJHOOAMTOBBIX YMCIIA, B KOTOPHIX 3amudpoBaHa dupma
MIPOU3BOAUTEIb U MOJIETTb MUKPOKOHTpoJuiepa. Tak, mis ATmegal6, curHatypHbIid KOl
— 1E 94 03. O6paTute BHUMaHUE Ha TO, YTO €CJIM CUTHATYPHBIM KOJ HE COOTBETCTBYET
BBEIOpPAaHHOMY YCTPOWCTBY, TO MMpOTrpaMma MpeaynpeauT 00 3TOM.

VYnpaBrnenue HEMOCpPeACTBEHHO TporpammupoBanne MK ocymecTBisercs Ha
BKimaake Program (Puc.24).
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STK500/in ISP mode with ATmegal &

Device
¥ Erase device before flash programming

Flazh
~

Main  Program ] Fuses ] Lcu:kEit&] Advanced] Hw/ Settings] HWInfc-] At ]

[V ety device after programming

Program |

{* |rput HEX File |E:\Efromeev\STKEDD'\1.hex

Yerify

—

Read |

EEFROM
l“'“

{* |rput HEX File |

Program |

Werify

—

Read |

ELF Production File Format

Input ELF File [

Program |

Save

—

Fuzes and lockbits settings
muzt be specified befare
zaving to ELF

Entering programming mode.. OK!
Reading fuses address Oto 1. 0280, 0x11 . OK!
Leaving programming mode.. OF!

Puc.24. Bxnaaka Program yrumuter AVR Programmer.

Knonka Erase Device mo3Bossier crepeth namsate MK, 3To HeoOXoauMo Bceraa

AenaTh MPU TPOrpaMMHUPOBAHUHU. UTO OBl CTHpaHHE MPOU3BOIUIOCH aBTOMATHYCCKH
npyd TPOTrpaMMHUPOBAHUM HYXKHO ToOcTaBuTh ¢uiaxkok Erase device before flash
programming. B rpymmax Flash u EEPROM HaxomsaTcst opraHbl yHpaBiCHHS
nporpammupoBanneM Flash- 1 EEPROM-namstu cootBeTcTBerHo. B mone Input HEX

File momemraercs aapec HEX-daiina, koTopslit OyIeT 3arpy»keH B COOTBETCTBYIOIILYIO

namatb MK. Knonka Program mo3BossieT 3arpy3uTh HOBbIE JaHHbIe B naMaTh MK u3

atoro ¢aia. [Ipu Haxxatuu Ha kHotiky Verify cogepxxumoe mamsatu MK cpaBHUBaeTCsI

¢ comepkuMbiM HEX-(aiina. Knonka Read mo3BosiseT coxpaHUTh COACPKUMOE MaMATH

MK B HEX-daiin. Pe3ynbTaTsl Bcex omepainuii 0ToOpa)katoTcs B HUKHEM 4acTh OKHA.

IIpu ymauHOM porpaMMUpPOBaHUU TaM JOJLKHBI OSIBUTHCS CIEAYIOIINE CTPOKMU:

Reading FLASH input file.. OK
Entering programming mode.. OK!
Erasing device.. OK!
Programming FLASH ..
Reading FLASH .. OK!
FLASH contents is equal to file.. OK

(aitiy)

OK!

(Urenue Bxogsiero ¢aiina)

(Bxon B pexxuiM mporpaMMHUPOBAHNS)
(Ctupanue yctpoiicTsa)
(ITporpammupoBanue FLASH-namsitn)
(Urenue FLASH-mamsiTH)

(lannpie Bo FLASH »skBUBaneHTHBI
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Leaving programming mode.. OK!  (Bbixoa u3 pekuMa mporpaMMHAPOBAHHS )

YcranoBka Hactpoeunblx (FUSE) OutoB mpowmsBoauTcs Ha BKiIajgke FuseS okna
yrrmutel AVRProgrammer (Puc.25).

STK900 in ISP mode with ATmegal6

Mair ] Program  Fuses ]LockEits] .-’-\dvanc:ed] Hw/ Settings] HWInfo] Auto ]
Fusze Y alue
OCDEM
JTAGEM
SFIEM E
EESAWE
BOOTSZ Boot Flazh size=1024 words start address=$1C00 -
BOOTRST |:|
CrOPT |:|
BOCLEYEL Brovn-out detection at WEC=2.7 -
BODEM
SUT_CESEL Ext. Clock; Start-up time: 6 CK + 0 mg -
HIGH 011
L0 080
W Auto read
¥ Smart wamings
Iv “erify after pragrammitg Program Werily | Read |
Entering programming mode. . QK]
Reading fuses address Oto 1. 0x80, 0211 . OK!
Leaving programming mode.. OF!

Puc.25. Bxnaaka Fuses yrunutet AVR Programmer.

[TpaBuibHas HacTpoiika FUSE-OuMTOB wurpaer kpaifHe Ba)XHOE 3HAYCHHE JIs

pabotel MK, mo3TOoMy paccMOTPHUM KaxXAblid U3 HUX:

e OCDEN - BxitoueHHe BCTPOCHHOTO OJIOKA OTIAAKU, KOTOPBIA HEOOXOMUM JIsI
BHyTprcXxeMHOW oTiagku MK ¢ moMomipio crnenuanbHOTO Tmpubopa —
OTJIAUMKA;

e JTAGEN - Bkmouenue JTAG-untepdeiica, KOTOpPBIE MOXET OBITh
UCIIOJIB30BAaH Uil MOJKIIOUEHUS OTJIaJAuyuKa U [ BHYTPUCXEMHOIO
nporpamMmmupoBanus MK;

e SPIEN — pa3pemienue mnociaenoBaTeNbHON 3arpy3kd MPOTrpaMMbl M JIaHHBIX,
KOTOpO€ HEOOXOOUMO JJii BHYTPUCXEMHOIO mporpammupoBanusi mno SPI
(oOpaTtuTe BHMMaHHE, YTO ATOT OUT MOMEYEH KPAaCHBIM 3HAKOM BOMpOCa, T.K.
nporpamma  AVRProgrammer mnoakmouena k MK kak pa3  uyepe3
BHYTPHUCXEMHBIN MporpaMmMarop, u noaromy, eciu 6ut SPIEN 6yner cOpoien,
TO IOCJE BBIXOJA W3 PeXHMa IporpamMmupoBaHus, noakiarouutcs k MK c
OMOIUIbIO BHYTPUCXEMHOTO IporpammaTopa 0y/1eT HEBO3MOXKHO);
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e EESAVE - 3amper ctupanus EEPROM-mamstu komanmoit crtupaHus
KpHUCTAIIA,

e BOOTSZ - sro rpymna FUSE-OutoB (BOOTSZ0 u BOOTSZ1), xortopas
3a7a€T pa3Mep 3arpy304HOTO CEKTOPa;

e BOOTRST - BwiOOp Bektopa cOpoca. Eciam koHurypanuoHHblii OuT
BOOTRST ycranoBneH, TO mpu cOpoce€ MHKPOKOHTPOJUIEP BBIMOIHSIET
nepexo Ha afpec cOpoca B 3arpy304HoM cekrope, a He Ha aapec $0000, kak
OOBIYHO;

e CKOPT - mHactpoiika reneparopa. Ecim CKOPT 3amnporpamMmupoBaH, TO
aMIUIATy/la KoJieOaHWH BBIXOJHOTO CHUTHaja TeHepaTopa OyJeT orpaHuyYeHa
YPOBHSIMH THTaHWS. JIaHHBIA pEXUM PEKOMEHIYETCS WCIOJIb30BaTh IPHU
BBICOKOM YpPOBHE OKPYXKAIONIMX IIYMOB WJIM TPHU HCIOJIb30BAHUM BBIXOJA
XTAL2 B kauecTBe HMCTOYHMKA CHUHXPOHHU3AIMM BHEIIHEW cxembl. Ecnu
CKOPT cOpomieH, TO aMIUIUTy/la BBIXOAHBIX KOJeOaHUl TeHepaTtopa
cHmkaeTcs. Mcronb3oBaHWE MaHHOTO PEXHMMa TIO3BOJISIET CYIIECTBEHHO
CHU3HUTHh TOTPEOSIEMYI0 MOITHOCTh, HO TP STOM OTPAHWYEH YaCTOTHBIN
nuarna3oH U Heb3st X TAL2 ucnonas30BaTh AJ1s1 BHEIIHEW CUHXPOHU3AIUY;

e BODLEVEL — nopor cpabatsiBanusi cynepBuszopa nutanus (2,7 uin 4 B);

e BODEN - paspemenne cynepBusopa nutanus (Brown-out detection).
CynepBu30p THTAHHUA BBIKIIOYAET MHKPOKOHTPOJIIEP, €CJIH MHUTAIoIIee
HaNpsDKEHUE YIaio HUKE YCTAaHOBICHHOTO YPOBHS;

e SUT _CKSEL - rpymma nactpoeunsix Oout (CKSELO, CKSEL1, CKSEL2 u
CKSEL3), koTopsie 3a1a10T ICTOYHUK TAKTOBOTO CUTHAJIA M €T0 MapaMeTPhI.
3anuch HOBbIX 3HaueHuit FUSE-OMTOB B MHKPOKOHTpOJUIEDP OCYIECTBISETCS

MoCJIe HaXKaTusi KHOTIKK Program.

Ha Brmagke LockBits oxna yrumuter AVRProgrammer (Puc.26) mpousBoauTcs
YCTaHOBKA OHWTOB 3allUThI TaMSATH, BO3MOXHBIC BapHAaHTBIl WX KOH(PHUIYpaLUU
MIPUBECHBI B TaOIMIAX 2-4.



STK500 in ISP mode with ATmegal 6

kd ain ] F'rogram] Fuses LockBits ].&dvanced] Hiwd Settingsl Hiwd Info] At ]

Fuse Walue

LB Mo memorny lock features enabled

BLEO Mo lock on SPR and LPM in Application Section
BLE1 Mo lock on 5PM and LPM in Boot Section

LOCKRIT OxFF

v Auto read

v Smart warnings

Lockbits notread 15 g or lackbits, use Erase Device on Main tab

| Fead |

Frogram Werify
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v ‘erify after programming

E ntering programming mode.. DK
Reading lockbits .. DxFF . OK!
Leaving programming mode.. OF!

Puc.26. Briaaka LockBits yruautet AVR Programmer.

Tabmuma 2

Pexxum LB

Onucanue 3alIUThI

No memory lock features
enabled

Hert 3ammTel naMatu

Further
disabled

programming

JanbHeliiee bmu-naMiITH . U
OCIII3Y
nocIeI0BaTeIbHOM

Kondurypammonnsie

pOrpaMMHpPOBaHNE
OTKJIIOYEHO  MpH

(SPIJJTAG)

OUTBI

napayyieIbHOM 51
IPOrPaMMHUPOBAHHH.
3alMINEHBl TIPU  JIIOOOM

croco0e mporpaMMHUPOBAHUS

Further programming and
verification disabled

JlanbHeiiee mporpaMMHpOBaHHEe U TIpoBepka (idIi-
namsitd 1 DCCII3Y oTkmodeHa kak Mpu MapajuiesIbHOM,
TaK U MPH MOCIEI0BATEIHOM MPOTPAMMUPOBAHUU YEPE3
SPI/JTAG. KoudurypanroHHbie OWUTBHI 3allUIICHBI IPH

JTH000M Ccroco6€e MporpaMMUPOBAHUS

Tabnuma 3
Pe:xxum BLBO OnuncaHue 3alUThI
No lock on SPM and|Her orpanudenuii peWictBus uwHCTpykKumid SPM  wim
LPM in  Application | (E)LPM npu aapecanuu ceKTOpa NPUKIAIHON TPOrpaMMbl

Section
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SPM prohibited in
Application Section

SPM He 3anmchiBaeT JaHHBIE B CEKTOpP MPHUKIAIHOM
IpOrpaMMBbl

LPM and SPM prohibited
in Application Section

SPM He 3anmuceiBaeT JaHHBIE B CEKTOp IPHUKIIAIHON
nporpamMmbl, a BeimosHeHHe wuHCTpykuuun (E)LPM B
3arpy304HOM CEKTOpPE HE MO3BOJISIET CUMTATh JIAHHBIE U3
CEeKTOpa IPHUKIAIHOM TporpaMMmbl. EciIM  BEKTOPHI
IpEepbIBAaHUNA Pa3MEIIEHbI B 3arPy304YHOM CEKTOpE, TO MpHU
BBINIOJIHEHUH KOMaHJ| B CEKTOpPE MPUKIIAJHONW MPOrpaMMbI

IMPCPBIBAHUA OTKIIIOYAIOTCA

LPM  prohibited in
Application Section

(E)LPM B

MMO3BOJBICT CUHHUTATh HAdAaHHBIC M3 CCKTOpa HpI/IKJ'IaI[HOf/'I

Brinmonnenue 3arpy304HOM  CEKTOpE He

IIporpaMMmal. Ecau BCKTOPLI HpepBIBaHI/Iﬁ pa3sMCIICHEL B
3arpy304HOM CCKTOPC, TO IIpH BBIIIOJIHCHHHM KOMaHI B

CEKTOpPE  MPHUKIATHOW  HPOrpaMMbl  TPEPHIBAHHS
OTKJTIOYAFOTCS
Tabnuna 4
Pexxum BLB1 Onucanue 3amuThl
No lock on SPM and|Her orpanudeHuii peWcTBus WHCTpykKumid SPM  wim

LPM in Boot Section

(E)LPM mipu anpecanmu 3arpy304HOro ceKTopa

SPM prohibited in Boot
Section

SPM He 3anuchIiBaeT JaHHBIEC B 3aTPy30YHBINA CEKTOP

LPM and SPM prohibited
in Boot Section

SPM He 3amuchiBaeT MaHHbIE B 3arpy304HBIA CEKTOp, a
BhinoIHeHne nHCTpyKiuu (E)LPM B cekrope nmpukiaaHoi

IIporpaMmbl HE IIO3BOJIAICT CUUTaTh JAaHHBIC nus3

3arpy304HOrO CeKkTopa. Eciam BeKTOpsl IpepbhIBaHUMN
pa3sMEIIEHbl B CEKTOPE IMPHUKIATHOM MPOrpaMMbl, TO IPHU
BBITIOJIHEHUY KOMaH]I B 3arPy304YHOM CEKTOPE MPEPHIBAHUS

OTKJIIOYarOTCs

LPM prohibited in Boot
Section

Brimonuaenue (E)LPM B cexTope mpukiagHON MporpamMmbl
HE MO3BOJISIET CUUTATh JIaHHBIE U3 3arPy304HOrO CEKTOpA.
Ecmu  BekTOphI

MPEPHIBAHUN PA3MEIIEHBl B CEKTOPE

MPUKJIAJHON NPOrpaMMbl, TO MPU BBINOJIHEHUH KOMaH] B

3arpy304HOM CEKTOpE MPEPhIBAHUS OTKIHOYAIOTCS
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BrbicokoBoJILTHOE apajiieibHOEe IPOrPaMMHIPOBaHHUeE.

B Tex cnydasx, Korma BHYTPUCXEMHOE MPOTPAMMHUPOBAHUE HEBO3MOXKHO
(mammpumep, ecnu He ycraHoBieH FUSE-6ut SPIEN B neneBom MK wnm mo cxeme He
IPEyCMOTPEHO TIOJIKJTFOUEHHE BHYTPUCXEMHOTO nporpaMmmaropa), TUTST
nporpammupoBanuss MK nmpuMeHSIOT BBICOKOBOJIBTHOE TIporpammupoBanue. [Ipu stom
HeoOxoaumo u3Biedb MK 3 1meneBoil cXemMbl M yCTaHOBUTH €0 B Tporpammarop,
nanpumep STKS00.

CymiecTByeT ABa BUJa BHICOKOBOJIBTHOT'O MPOTPAMMHPOBAHHE: TIOCEI0BATEIHHOE
u mapamwienbHo. [locienoBatensHOe TPOrpaMMUPOBAHUE MPUMEHSETCS TOJBKO Ha
MUKpPOKOHTpOJUIEpaX, HWMEIOIUX TOJBKO &  BBIBOJOB, T.K. MapaieIbHOE
nporpammupoBanue 3Tux MK mpocTo HEBO3MOXKHO.

BriBogst MK, kotopbie 3a/ieiicTBOBaHbl MPH MapalieIbHOM MPOrPaMMHUPOBAHUU
MOKa3aHbl HA PUCYHKE 27.

+BV
RDY/BSY «—— PD1
vee
OE —» PD2 +BV
WR ——>{ PD3 AVCC

BS1 ——> D4 PB7 - PBO |« » DATA
XA0O —— PD5
XA1 ——» PD6

PAGEL —» PD7

+12V —— 5] RESET
BS2 ——»| PAD
T ——» xTa1
GND

Puc.27. [logkmouenue k MK BpIBO/IOB napayijieIbHOTO MPOTpaMMaTopa.

Jist Toro 4roObl 3amporpammupoBaTh LeneBoi MK MeromoM mnapaniienbHOro
BBICOKOBOJIBTHOTO TPOTPAaMMHUPOBAHUSI C TMOMOIIbI0 cTapToBoro Habopa STKS500,
HeoOxoauMo ycTaHOBUTH 3TOT MK B cooTBercTByromuii pa3sém Ha miare STK500 u
noakmounTh MopT B k pazsémy PROG DATA, a nopt D — x pazsémy PROG CTRL
(Puc.28).
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Puc.28. Ilogkrouenne mpu napaieIbHOM BRICOKOBOJIBTHOM MPOTPAMMHPOBAHHH.

[Tomumo 3TOrO Hamo ycTaHoBUTH mepembruku Ha miaate STK500 tak, kak 31O
noka3zaHo Ha pucynke 29. Ilpu mporpammupoBanun MHKpoKOHTposuiepa ATmegal6
nepembruka BSEL2 nomkna ObiTh ycTanosnena, a PJUMP — ner.

: AREF AImEL

: Cu | AVR

! RESET
Nepembiiin /by geee> B

3aMKHYTbI XTAL1
o0
0o o]

OSCSEL

[Mepemblyukn

yCTaHaBnNuBawTCA o O
B 3aBMCUMOCTM OT I BSEL2 @
MWUKpOKOHTpOMepa!

0 0

! PJUMP

AR e

—

Puc.29. Hactpoiiku nepembruek nmpy BEICOKOBOJIBTHOM MapaylIeIbHOM
IPOrPaMMHUPOBAHHH.

[Tocne Toro Kak mnepeMbIluKd YCTaHOBJIEHBI MOKHO NojaTh nutanue Ha STKS00 u
otkpeiTh B AVR Studio yruury AVRProgrammer. B mone Programming Mode and
Target Settings meooxoaumo BeiOpate PP/HVSP mode (Parallel Programming/High-
Voltage Serial Programming mode). [lanbHeiiiire ACHCTBUS aHAJOTHYHBI JEHCTBUSIM
IIPY BHYTPUCXEMHOM IPOIPaMMHUPOBAHUH PACCMOTPEHHBIM PAHEE.
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3AJTAHUE
N3yuutsh ycrpoiictBo craproBoro Hadbopa STK500.
Hayuuthcsi mpow3BOAMTH HavanbHyr0 HacTpoky STKS500 wu 1eneBoro
MUKPOKOHTPOJLIEpA.
HayuuThcs 3arpyxath IporpaMMy B MEKPOKOHTPOJIIEP Pa3IMUHBIME CITIOCOOaMH.

[TOPAJIOK BBITTOJIHEHW A
1. Havano pabotsl u 3arpy3ka nporpamMmmsl B MK.

1) 3anmycture AVR Studio u otkpoiite mpoekt L2_1.

2) Moxxmounte STK500 k mepcoHaIbHOMY KOMITBIOTEDY.

3) lopkmounte  1nield Ui MOCIEIOBATEIBHOTO  BHYTPUCXEMHOTO
IPOrpaMMHUPOBAHMS K COOTBETCTBYIOMUM pazbémam Ha miate STKS00.

4) Toaxmrounte k mopty B (PORTB) nenesoro MK cetoanonst (LEDS).

5) Brirounte nutanue STK500.

6) CKOMIIIUPYHTE OTKPBITBINA POCKT.

7) Ortkpoiite mporpammy AVRProgrammer u HacTpoiite Ha MociieI0BaTeIbHOS
BHYTPUCXEMHOE MPOrpaMMHUPOBAHUE.

8) 3arpysute B II€TCBOM MHUKPOKOHTPOJUIED paHee CKOMITMIMPOBAHHYIO
IporpaMmy.

9) Ecnm BCE caenmaHo MpaBHIBLHO, BBl JOJDKHBI YBUJCTh «OCTAIONIMIN» CIIpaBa
HAJIEBO CBETOJIMO/I.

2. HacTpoiika HCTOYHMKA TAKTOBOTO CUTHAJIA.

1) B nporpamme AVRProgrammer otkpoiite Bkiaaaky Fuses.

2) B mone SUT_CKSEL BbiOepHTe B KaueCTBE UCTOYHHKA TAKTOBOTO CHUTHANA
BHyTpenHnit RC-renepatop, u Hactpoiite ero Ha dyacroty 8 Ml (Int. RC
Osc. 8 MHz). Haxwmure kHomky Program, d4roObl 3arpy3uTh HOBOE
sHauenune FUSE-6utos B MK.

3) Teneps HacTpoiite BHyTpeHHuin RC-renepatop Ha wacrory 1 MI'n (Int. RC
Osc. 1 MHz).

4) OOpatuTe BHHMAaHHE HAa TO, YTO CBETOJHMOJBI CTAIU MEPEKIIOYATHCS
MeJIeHHee, T.K. TAKTOBasi 4aCTOTa MUKPOKOHTPOJUIEPA YMEHBIUINIIACK.

5) Jlanee ycTaHOBHTE B KayeCTBE MCTOYHHMKA TAKTOBOTO CUTHAJIA BHELIHUN
TaKTOBBIM FeHepaTop, ycTaHoBIeHHBIN Ha Tuiate STKS500. st aToro B mose
SUT_CKSEL Bribepute ctpoky: Ext. Clock.

6) M3meHssi HACTPOMKKM TAaKTOBOrO reHeparopa, BcrpoeHHoro B STK500, na
Bkiaake HW Settings mporpammer AVRProgrammer, natmoaiite 3a tem,
KaK MEHSIETCS CKOPOCTh MUTaHUS CBETOIUOIOB.
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3. Hactpotlika cynepBA30pa NUTaHUS.

1) Bkirounte cynepsu3zop nutanus (Brown-out detector).

2) YcraHoBuTe TOpOr cpabaThIBaHUS CYIEpBHU30pa MUTaHUsS paBHBIM 4 B
(Brown-out detection at VCC=4.0 V).

3) Temepr Ha Bkimaake HW Settings ycranoBuTe HampspKEHHE MTUTAHHS
ueneBoro MK (VTarget) pasasim 3,5 B.

4) Tlocie TOrO, Kak HOBBIE 3HAUeHHUs BCTymsAT B cwiry, MK mnepecraner
3arpyKaTbhc, T.K. HAIPSHKEHUE TUTAHKUS HUKE YCTAHOBJIEHHOTO YPOBHS.

5) YcraHnoBute mopor cpabaTbiBaHHs CylepBU30pa NMUTaHWs paBHbBIM 2,7 B
(Brown-out detection at VCC=2.7 V). Kak Buaute, MUKPOKOHTPOJLIEP
CHOBa 3apaboTa.

6) BepHuTe HanpspKEHHUE MUTAHUS K UCXOIHOMY 3HaueHuo 5 B.

4. BbICOKOBOJIbTHOE MPOTPAMMHUPOBAHUE.

1) Copocste FUSE-6utr SPIEN, 49TOOBI 3ampeTuTh IOCIEI0BATCIIHLHOC
BHYTPUCXEMHOE MPOrpaMMHpPOBaHUE. 3aKpOWTE€ OKHO IMporpamMmaTopa.
[TonpITaiiTech CHOBA BOMTH B PEKUM MPOrPAMMHUPOBAHUS U YOEAUTECH, YTO
ATO HEBO3MOXKHO.

2) Beikmounte nmutanue miatel STK500.

3) Otcoenuuute 1wiedd  UIS  MOCIEAOBATEIILHOTO  BHYTPHUCXEMHOTO
nporpammupoBanusi, coeaussitonui pazbémbl ISP6PIN u SPROG3 Ha
miate STK500.

4) Coenunute pazbem PORTB ¢ passémom PROG DATA, a pazbem PORTD —
¢ pazsémom PROG CTRL.

5) YcraHoBuTe HEOOXOIUMBIC TICPEMBIYKH.

6) Brxmrounte nuranne Ha STKS500.

7) Otkpoiite  nporpammy  AVRProgrammer u  BbIOepuTe  pekuM
HapajyieIbHOTO BEICOKOBOJBTHOTO nporpammupoBanus (HV/SPHV mode).

8) CuwuraiiTe CUTHATYpHBIA KOJ IEJIEBOTO YCTPOMCTBA, YTOOBI YOSAUTHCS, UTO
cBs3b ¢ MK ycraHoBieHa.

9) Teneps cHoBa ycranoBute FUSE-Oout SPIEN.

10) 3akporite mporpammy AVRProgrammer u BBIKIIOYUTE MUTaHUE ILIATS
STKS500.

11) Bepuute STKS500 B HCXOOHOE COCTOSHHE, KOTOpOES OBLIO IPH
MOCJIeIOBATEILHOM MPOrPaMMHUPOBAHUU.

12) Tlomaiite nuranue Ha STKS500, oTkpoWTe OKHO Mporpammaropa u
BBIOEpUTE pexKUM MOCJIEIOBATEIHLHOTO BHYTPUCXEMHOTO
nporpammupoBanus (ISP mode).
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13) Y6enurech, 9TO CBSI3b C MHUKPOKOHTPOJUIEPOM BHOBH YCTAHOBIIEHA U

BHYTPUCXEMHOE ITPOrPaMMHUPOBAHHUE Pa3PELIEHO.

O®OPMIJIEHUE OTYETA

OTY€T NOJKEH coaepKaTh:

KpPaTKHE TEOPETUUECKUE CBEACHUS
ONMCAHNE NMPOACIAHHBIX JEUCTBUN U UX PE3YJIbTATHI

BBIBO/I T10 TIPO/JIeJIaHHOM padoTe

KOHTPOJIBHBIE BOITPOCHI
Haznauenue n ocnoBHBIe Bo3mMokHOCTH STK500.
Paznmuunbie cmocoOb TPOrpaMMHUPOBAHUS ITAMITH MUKPOKOHTPOJIIEpA U UX
OCOOCHHOCTH.
FUSE-OuTEI 1 MX Ha3HAYCHUE.
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[Ipaktrnueckoe 3ansTue No2.
Otaaaka nporpaMMHOro ooecrne4eHus ¢ MOMOUIbI0 BHYTPHCXEMHOI0
OTJIAYUKA

LEJIb 3AHATUA
Nzyuenne BayTpucxemaoro otiamuuka JTAG ICE. Ilonydyenrne HaBBIKOB OTJIAIKH
IPOrPaMMBI ¢ TTIOMOIIIHIO BHYTPUCXEMHOTO OTJIaTUNKa.

TEOPETUYECKUWE CBEJIEHUA

Otnanka mporpaMMHOr0 OOECIHEYEeHHs] Ha OCHOBE pa3pabOTaHHBIX alapaTHBIX
CPEIICTB MPECTABISET COOON MPAKTUUECKH BAXHYIO 3a7ady, KOTOpas HE MOXKET OBITh
peleHa OTAEIBHO C  MCIIOJB30BAHUEM  TOJIBKO MPOrPaMMHOIO  CHMYJISATOpA
AVRSimulator. Jns  pemeHus TakuX ~ 3aJdad  HEOOXOTUMBI  CICIHATLHBINA
MHCTPYMEHTAJIbHBIE CPEACTBA, epeHocs e GyHKIIMU TECTUPOBAHUS CUMYJISITOPOB Ha
peanbHy0 anmnapatrypy — (GoHoBbie BHyTpucxeMHble oTiamauuku. s MK cemelicTBa
AVR Takum uHCTpyMEHTANBHBIM cpeAcTBOM siBisieTcst othnaquuk JTAG ICE.

WNurtepdetic JTAG Obul pazpaboTaH TpyNmnod BeAyHIUX CHEIUATUCTOB TIO
npobjieMaM TECTUPOBaHUS 3JCKTPOHHBIX KomroHeHToB (Joint Test Action Group). B
JanbHEHIIeM OH ObLI 3apEerucTPUpPOBaH B KadecTBE MpombliuieHHOoro cranaapta I[EEE
Std 1149.1-1990 (IEEE Standart Test Access Port and Boundary-Scan Architecture).

Berpoennsiit B psin mukpokonTposuiepoB AVR untepdeiic JTAG moxeTr ObITh
WCIONB30BaH Kak JJisi  BHYTPUCXEMHOW (OHOBOM  OTIaAKHA, TaK U JJIA
nporpammupoBanus Flash u EEPROM namsiti koHTposuiepa.

Hoctym k wmoaymo JTAG ocymectBiasiercss 4epe3 4eThIpe  BBIBOAA
MHUKPOKOHTPOJIJIEPOB, COCTABIIOIINX TAK HA3bIBAEMBIA «IOPT TECTOBOTO JOCTYIa»
(Test Access Port, TAP): TMS, TCK, TDI u TDO.

JTAG ICE(puc.1) mpencraBnsier coO0W HMHCTPYMEHT JUIsl OTJIQJKH YCTPOWCTB,
BBITIOJIHEHHBIX HA OCHOBE MUKPOKOHTpOJUIepoB cemeiictBa AVR dupmbr Atmel.

O P asE e [TETAMIA CEETORMOA " IHTaHe" e O
/ CEETOSMOL "I TAHEE EMIZI
0TI E ARRIOT0 [
WCTPOHCTER" —
paseen B3-232 /
/ CcEeTOAMOA " 0bneH ©
OTITAFEE 46 ME I
FOTROHCTE oM |:
P APE AN BT [I0SEIEOTISHIA K / 1
— OTITAAHE AELIOMY YOT OHCTEY
\\\ e eMBINEA

O O

Puc.1. Pacmonoxxenue r1emenToB Ha tate AVR JTAG.
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PaccmatpuBaembiii B pabore JTAG ICE moamnmepxuBaer criemyromue
MUKpPOKOHTPOJUIEpHl ~ cemeiicTBa, umeromme uHtepdeiic JTAG: ATmegal6,
ATmegal62, ATmegal69, ATmega32, ATmega323, ATmega64, ATmegal28.

Yro6sr nporpamma AVR Studio morna aBromatnuecku ob6Hapyxuth JTAG ICE,
Heooxoaumo noacoeanauts JTAG ICE k komnbiotepy (mopr COM), otnakuBaeMomy

yctpoicTBy U nojath nutanue Ha JTAG ICE u oTnaxxkuBaemoe yCTpOMCTBO J0 3amycka
AVR Studio.

[MPAKTUYECKAS YACTDH

IMoakiawuYeHue K KOMIbLIOTEPY.

JTAG ICE mnoaxmouaercss k crangaptHomy COM mopty kommbiotepy. s
MOAKIIOYEHUS UCTIONB3YETCS 9-TH KOHTAaKTHBIA "MIpsAMOi" Kabenb, KOTOPbIA BXOAUT B
KOMIUJIEKT ITOCTaBKH.

IIpu 3anycke AVR Studio aBroMathuecku HIIET MOAACPKUBAEMbIE UM
ycTpoiicTBa, oOpamasicek o mnopsaky ko Bcem COM mopram komnbroTepa. I[louck
MPEKPATUTCS, KaK TOJILKO OyJeT HailieHO mojJiepKuBaemMoe yctpoicTtBo. Hampumep,
ectm k COM1 nonxmouer nporpammarop AVR ISP, a k COM2 otnamunk — JTAG
ICE, To AVR Studio o6napyxut Toaeko AVR ISP. [Tostomy mpu 3anmycke AVR Studio
yOenuTech, 4TO OCTAJIbHBIE MOACPKUBAEMbIE UM YCTPOMCTBA OTKJIIOYEHBI WIJIM TOCIIE
3ammycka AVR Studio BpyuHyto 3amaiite nopt, kK kotropomy nojkitoueH JTAG ICE.

Eciu COM mnopt, k xkotopomy nojakitoueH JTAG ICE, ucnons3yercs Ipyrumu
nporpammamu (Hampumep, TepmuHaioMm), To AVR Studio He cmoxker oOHapy>KUTh
JTAG ICE. 3aBepmute 311 niporpammsl nepes 3amyckom AVR Studio.

HoakarovyeHne K 0TJIAKNBAEMOMY YCTPOMCTBY.

JIns MOAKIIIOYEHUS K OTJIAJKMBAEMOMY YCTPOMCTBY HcTonb3yrorcs 6 nuaui: TCK,
TDO, TDI, TMS, VTref u GND (Puc.2), noakitoueHue 3TUX JUHUN HEOOXOAUMO JIJIst
npaBmiibHOM padoTel JTAG ICE ¢ oTnaxknBaeMbIM yCTPOHCTBOM.

JIOTIOJTHUTENBHO K OTJIAXUBAEMOMY YCTPOUCTBY MOKET OBITh MOJAKIIOYEHA JTUHUS
nSRST (ucnonw3dyercs myisg  ynopaBieHUss W HaONMIOJEHUMA 3a JIMHUEH cOpoca
MUKpPOKOHTpoJuiepa). Vcrnoap30BaHNEe 3TOrO CUTHalIa HE SIBJISETCS HEOOXOAUMBIM ISt
OTJIAJIKU, OJTHAKO, €CIIM MTporpaMMa MUKPOKOHTpoJuiepa yctaHoBuT out JTD B peructpe
MCUCSR, 1o unrepdeiic JTAG Oyner OTKIIIOUEH U JIJIsl €T0 BKJIIOYEHHS MOTpedyeTcs,
yT00BI JTAG ICE Mor ynpaBisiTh TWHUEH cOpOCa MUKPOKOHTPOJUIEPA.
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AVRITAG
TCE | 1 TCE
TDO | 3 TDO
TMS | 5 TS
TDI | ® TDI AVR
WTref 4 Voo
GND | 210 GHD
nSEST | 6 f=====-=-- RST
7
g

Puc.2. [Togximouenne AVR JTAG k oTnakuBaeMomy yCTpPOMCTBY.

Hns  nonkmouenuss orinaauuka JTAG ICE  k  meneBoMy  KOHTpoOJUiepy,
yctanoBierHoMy Ha STK500, ymo0HO WHCTHONB30BaTh CHEIUANBHBIA IEPEXOTHUK,
yctaHaBiauBaeMbiii B THe3n0 pacmmpennss EXPANDO mmater STK500. Ho MoxHO 1
HEMOCPEACTBEHHO MOACOeANHUTD NTuHUM nopta JTAG oTnagunka K COOTBETCTBYIOLIUM
BBIBOJIaM MUKPOKOHTPOJLIEPA.

IoakaroyeHne NUTAHUS.

JTAG ICE monywyaeTr muTaHWe OT BHEIIHETO HCTOYHWKA TMUTAaHUS (BXOIWUT B
KOMILJIEKT TIOCTaBKHM) TIOCTOSIHHOTO WJIM TEpPEeMEHHOTro Toka. JIjisi MoAKIIOYeHUs
ucrounuka k JTAG ICE wucnone3yercs THe3mo moj mrekep 2,5 Mm. IloaspHOCTh
MCTOYHHKA TTOCTOSIHHOTO TOKA HE UMEET 3HAYCHUSI.

Hust toro uroost AVR Studio o6napyxuno JTAG ICE neobxoammo, 4TOOBI
nutanue JTAG ICE u oTnaxkxuBaeMoro ycTpoicTBa ObLJI0 BKIFOUEHO JI0 Hadaia OTIaIKH
(xHomkoi#t Start Debugging AVR Studio).

PexomenmyeTcs ciaeayromuid MopsiA0K BKITFOUSHUS

1. BKJIIOUMTE MUTAHUE OTJIAXKMBAEMOTO YCTPONCTBA;
2. sxmrouute muranue JTAG ICE;
3. 3amyctute AVR Studio.

Hnst  paboter  ornamumka JTAG ICE  HeoOXomuMo, dYTOOBI B IICJICBOM
MUKpOKOHTpoJuiepe Obutn yctaHoBieHbl FUSE-6ut JTAGEN, paspemarommii padoty
nopra JTAG, m FUSE-6utr OCDEN, pa3pemaromuii (OHOBYIO BHYTPUCXEMHYIO
OTJIaKy, a Bce LOCK-OUTBI HOKHBI OBITH COPOIIICHBI.

JTAG ICE, noMuMO OTIaAKH, MOXET ObITh MCHOJb30BaH AJII BHYTPUCXEMHOIO
MPOTPaMMUPOBAHUS MUKPOKOHTpoJiepa 1o unTepdeiicy JTAG. D10 odeHs mone3Has
byHKIUSA, T.K. 1O YMOJYaHUIO HA BCEX MHUKpPOCXEMaxX, MOCTYHNAIOUIMX OT
npousBoautens, FUSE-6ut JTAGEN ycranosnen, a FUSE-6ut OCDEN cOporeH, T.€.
JTAG wunTepdelic BkiIOYeH, HO (oHOBas OTIagKka 3ampeimieHa. J[Jisi TOro 4YToOBI
ucnonb3oBaTh JTAG ICE B kauecTBe BHyTPUCXEMHOTO MIPOrpaMMaTopa, HEOOXOIUMO B
AVRStudio BeiOpath Mento Tools—Program AVR—Connect... B mnosiBuBmiemMcs
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okuae Select AVR Programmer (Puc.3) Beioupaem JTAG ICE u nmopt, k KoTopomy OH
HOJKJTFOYEH.

Select AVR Programmer El
Platform: Part;
5 Tko0n . | Lonnect... |
AVEISP Cor
AVEISP mkll COmM2 C | |
JTAG ICE COM3 Elple
JTAGICE mkll CoOk4 _
AR Dragon Baud rate;
STEEO0 K 115200 -

Baud rate changes are
Tip: To auto-connect to the programmer used last time, press the 'Programmer’  active immediately.
button an the toolbar.

Mate that a tool cannot be used for programming az long as it iz connected in
a debugaing zezsion. [nthat cage, zelect "Stop Debugging' first,

Dizconnected Mode. . |

Puc.3. OxHo BeIOOpa mporpammaropa.

ITocne dwero HaxkmMaem Ha kHomky Connect... u, ecau BCE MOAKIIOYCHO
MpaBUJIbHO, MOSIBUTCA OKHO nporpammaropa AVR (Puc.4), 3Hakomoe BaM 1o pabote ¢
STKS500. Ilpunnumer pabotst ¢ JTAG ICE B pexumMe BHYTPHUCXEMHOTO
nporpamMmmupoBanus udepe3 uHTepdeiic JTAG , aHamornyHbsl NpUHIMIAM PalbOTHI C
STK500 B pexume BHYTPHCXEMHOTO MpOrpaMMUpoBaHus depe3 uHTepdeiic SPI,
paccMOTpeHHBIM paHee. [loaToMy 00paTuM BHUMaHWE JIMIIb HAa TO, yToObl FUSE-OuT
OCDEN 6511 yctanosinen (Puc.5).

JTAG ICE in JTAG mode with ATmega16 =3

tain ]F‘mglam] Fuzes ] LockBitsl .ﬂ.dvanced] Hiad Settings] H\A-"Infc-] ALt ]

Eraze Device
Signature not read Read Signature

Device and Signature Butesz

Pragramming Mode and Target Settings

JTAG mode ﬂ Settings..

Daizy Chain: Dizabled

Changes ta daisy chain settings
are only walid from the next time
the pragramming dialog iz opened

Geting YTARGET.. 4.7 . OK
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Puc.4. Okno AVR nporpammaropa.

JTAG ICE in JTAG mode with ATmegal 6

hd ain ] Program Fuses ] LockBits ] Advanced ] Hw' Settings I Hw! Info ] Auto ]
Fuse Yalue
( OCDEN )
JTAGEN |i|
SPIEN
EESAWE
BOOTSZ Boot Flash size=1024 words start address=$1C00 -
BOOTRST D
CEOPT |:|
BODLEWEL Browsn-out detection at WCC=27 -
BODEM
SUT_CKSEL Eut. Clock; Start-up time: & CK. + 0 ms -
HIGH 011
L0 080
v Auto read
¥ Srnart warnings
v “erify after programming Frogram Werify | Read |
Setting device parameters for jtag programming .. QK.
Entering programming mode., Ok,
Reading fuze bitz [low to high).. 0=80, 0=171 .. OK!
Leaving programming maode.. O,

Puc.5. [IporpammupoBanne FUSE-6uT.

Otmanka yueOHo# porpammsl ¢ momotbio JTAG ICE.

B kauectBe mpumepa pabotel ¢ ¢GonoBeiM otnamunkom JTAG ICE Oyaem
ucnoip3oBath y4deOHyro mnporpammy L3 1.ASM (Jluctunr 1). Drta mnporpamma
HalMcaHa JJIsi MUKpoKoHTposuiepa ATmegal6é, ycTaHOBIEHHOTO B CTapTOBBIA HabOp
STK500 Ttakum o0pa3oM, 4YTO CBETOAMOILI MMOJKIIOYEHBI K mopty B
MUKpPOKOHTpOJUIepa, a KHOMKU K nopty D. JlaHHas mporpamma HCHOJIb3yeT JTUHUIO
BHemHero npepbiBanus INTO mukpokontposepa ATmegal6, k KOTOpor MOJKIII0UYEeHA
kHonka SW2. Tlpu HakaTuM Ha 3Ty KHOIKY MPOUCXOIUT MpepbiBaHUE, 00pabOTUMK

KoToporo (SW2INT) usmensieT cocrosuue cBeroauofa LED2 u yBemnumBaer cuérymk
Haxxatuit (ClickCounter) Ha eTUHUILY.

Jluctunr 1.

.include "mi6def.inc"
.include "STK500cfg.inc"

.def templ =rl6
.def temp2 =r17

.DSEG
ClickCounter: .BYTE 1
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.CSEG

rimp RESET
.org INTOaddr

rimp  SW2INT
.org INT_VECTORS_SIZE

RESET:
;MHUyuanusayusi cmeka
Idi templ, low(RAMEND)
out SPL, templ
Idi templ, high(RAMEND)

out SPH, templ

:O4uwaem cHEMYuUK Haxxamuu
clr templ
sts ClickCounter, templ

:MHuyuanusayusi ceemoouodos
Idi templ, OxFF

out DDR_LED, templ

out PORT_LED, templ

;NHuyuanusayus 86180008, K KOMOPbLIM MOOKITHYEHbI KHOMKU (Ha 8x00)
Idi templ, O

out DDR_SW, temp1l

out PORT_SW, templ

;NHuyuanusayusi sHewHez20 rpepbieaHs INTO

Idi templ, (1<<ISC01)|(0<<ISCO00)
out MCUCR, temp1l
Idi templ, (1<<INTO)
out GICR, templ
sei
loop:
nop
rimp  loop
SW2INT:
:N3meHsiem cocmosiHue ceemoduoda LED2
in templ, PORT_LED

mov  temp2, templ

sbrs  temp2, bLED2

sbr templ, (1<<bLED?2)
sbrc  temp2, bLED2

cbr templ, (1<<bLED?2)
out PORT_LED, templ
:MIHKpemMeHmupyem c4émUuk Haxamuu
Ids temp1l, ClickCounter
inc templ

sts ClickCounter, temp1l
reti
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Hrak, 3amycture AVRStudio u otkpoiite mpoekt L3 1. Temepp HeoOXomammo
Be1i0epute JTAG ICE B kKauecTBe 0T/IaqouHON IIaTHOPMBI, €CJIA 3TO HE OBLIO CACIAaHO
panee (MHPOPMAIIHIO O TEKYIIEH TuIaThopMe U IIEIEBOM YCTPOMCTBE MOKHO YBHJIETh B
CTpOKE COCTOsHHUS TiaBHOro okHa AVRStudio). [[ns 3Toro BOCHOIB3YyHTECh MEHIO
Debug—Select Platform and Device..., nocie yero B otkpsiBiiemMcsi okHe (Puc.6) B
cunucke Debug platform eioepure JTAG ICE, a B cmucke Device — 1eneBoit
KOHTpOJIIEp, B HaleM cirydae 3to ATmegalo.

Select device and debug platform

Select debug platform and device

Debug platfarm: Device:
% &R Dragan ATSOCAN125 ~
AR OME! ATmegal 28
AWE Simulator ATmegal B
AR Simulator 2 ATmegal B2
= [CE200 ATmegalBl
[CE40 ATmegads
[CERD ATmegaddd
: ATmegabd
JTAGICE mkll
< -
Part:  |Auto | [ Open platform options nest time debug mode is entered
Wer 416 628
Finizh Cancel Help

Puc.6. Oxno BeIOOpa mIaTHOpMBbI OTIIAKH.

Teneps MOKHO CKOMITUIUPOBATH MPOTPAMMY M 3alyCTUTh OTIAJKY, TAKXKe KaK U
npu pabore ¢ cUMynsaTopoM. [Ipu 3TOM HOBBIN KOJ aBTOMATHYECKU 3arpy3UThCA B
MUKPOKOHTPOJLIED.

3amycTuTe Mporpammy, HCIoib3ys KHOnKy Run manenn mHCTpymeHTOB Debug
mn6o knaBumry F5. Haxmure na kHomky SW2 wa muare STKS500 Heckonbpko pas,
ceertoauon LED2 nomxeH M3MEHATH CBOE COCTOSHME (3aropaTrhbCsl WM TacHYTH) MpU
KOKJI0OM HaxaTuu Ha kHomky SW2. Temeps caemaiite Tak, 4to0bl cBeTonuon LED2
HaxXOJIUJICS BO BKJIIOYEHHOM COCTOSSHHHM W TIPHOCTAHOBUTE BBITTOJIHCHHE TPOTPAMMBI,
HakaB Ha kHomky Break manenum wunctpymenToB Debug. B 1enom ympasienue
ornankon mporpammbel Ha JTAG ICE, anamormuHo ymnpaBleHHUIO OTIAIKOW Ha
cumynsarope AVRSimulator.

Wtak, BBIMOTHEHWE MTPOrPaMMbl MPUOCTAHOBJICHO, M MBI MOXEM IOCMOTPETh
TEKYIIlee COCTOSIHUE PETUCTPOB MUKPOKOHTposuiepa B okHe 1/0O View. Otkpoiite B HEM
peructpsl nopta B (Puc.7), kK KoTopoMy MOAKIIOUEHBI CBETOIHOIbI:
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|2 G A I R
¥ DDORE k17 (0x37) OxFF I HENEEEN
=2 FINE 015[0x36]  OFF I HBNEEEN
= roRTE  0x18(0x38) O« HBEECORN

Puc.7. Coctosinue peructpoB nopra B.

Kak Bunute 6ut 2 peructpa PORTB cOporieH, 4To COOTBETCTBYET BKIIOUEHHOMY
coctosiHUo cBeroanona LED2, moakmouennoro k smauu PB2 mopra B. M3mensiite
COCTOSIHHSI 3TOro U Apyrux O6utoB peructpa PORTB, mpu 3TOM COOTBETCTBYIOLIUE
ceetoauo bl Ha mate STKS00 OynyT 3aroparbcest win racHyTh. Kak BUanuTe, B OTIHYHE
OT CHUMYJIATOpa, Ipu paboTe ¢ (POHOBBHIM OTIIATYMKOM, MPOTPAMMHUCT MMEET JOCTYII
HEIOCPEICTBEHHO K PErucTpaM (a TakyKe BCEU MaMSTH) IEJIEBOTO MUKPOKOHTPOJUIEPA.
Jlist Toro, 94To OBI TTOCMOTPETh KOJIMYECTBO HAXKATUWM HA KHONKY, B okHe Memory
BBIOCpUTEe OoOmacTh mamsatd Data m BBemute anpec mepemenHoi ClickCounter (ero
MOXHO Yy3HaTbh, HaBeAs Kypcop Mbllid Ha uMs ClickCounter B TEKCTe HporpaMMbl).
Teneppr MOXHO TOCMOTPETh KOJMYECTBO HakaTuii Ha KHOMKY. Ho nmmst paGoTel c
KOPOTKUMHU TI€PEMEHHBIMU, OKHOM MEemOory monp30BaTbcs HEYIOOHO, TMOITOMY
Bocmosb3yemcst okHom Watch. Kinukaute npaBoii KHOIIKOM MbIIK Ha uMs ClickCounter
B TEKCTEC MpOrpaMMbl M B OTKpBIBIIeMcCs MeHI0 BbiOepuTe nyHkt Add Watch:
“ClickCounter”. Teneps B okue Watch nmosiBunack cooTBeTCTBYOIIAas 3anuch (Puc.8):

Hame " ale Type Location
ClickCounter 1z 'O SEAM Locat: 0x0060 [3R4M]

M 4 » M “Watch1 A\atch 2 {Watch 3 /AWvatch 4/
Puc.8. Oxno Watch.

[IponomxuTe BBHIMOTHEHHE MPOTPAMMBI M HAXMUTE HA KHOMKY SW2 HECKOIBbKO
pa3. Ilociae 3TOro mnpUOCTaHOBHTE BBHINIOJHEHHWE MporpaMmbel W B okHe Watch
MIOCMOTpPUTE, KaKk U3MeHIIOCh 3HaueHue nepemennoit ClickCounter

Temeppr mepesamycTuTe TporpaMMy HakaB Ha KHomky Reset manemn
unctpymentoB Debug. IlocraBbTe TOYKy oOCTaHOBa Ha Hadaio 00paboTyHKa
npepbiBanust INTO, s yero ycraHoBUTE Kypcop Ha CTPOUYKY in templ, PORT_LED
HaxMuTe KHomKy Toggle Breakpoint wim xmaBumry F9. 3amycTuTe BBINOJTHEHHUE
nporpamMmel ¥ HaxkmuTe Ha KHONKYy SW2 Ha tutatre STK500. BeimonHenrue mporpamMmbl
MPEpPBETCSI HA CTPOYKE, MOMEUEHHOW TOYKOM OCTaHOBAa. AHAJIOIMYHO MEPEMEHOU
ClickCounter mo6aBsTe B okHO Watch peruwctpel ¢ umeHamu templ u temp2 wu
MPOJOHKUTE BBHITTOJIHEHUE MPOTPaMMBI B TMOIIATOBOM PEXHME, HaKMMas KHOTIKY Step
Over nmanenu Debug wmnum xnapumy F10. OOpatute BHHMaHHE Ha TO, KaK MEHSIOTCS
3HadyeHus peructpoB templ u temp2, nepemennoit ClickCounter, a takke u3mMeHseTcs
coctosinue ceetoauoga LED2, B mpouecce BeimonHeHus: nporpammsl. [lociie Bo3Bpara
U3 MpOLEAYphl 00paObOTKU MPEPHIBAHUSI 3aBEPIIUTE OTIAIKY MPOTPAMMBI.

3AJIAHUE
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N3yunts BO3MOXkHOCTH BHyTpucxemHoro otinagunka JTAG ICE na mpumepe
oTnaaku yueOHoil mporpammbl L3_1.asm. M3menuts yueOHYIO MporpaMMmy TaKuM
oOpa3zoM, 4TOOBI MpU HakaTuW Ha KHOMKY SWZ2 BKIIOYANIHCh CBETOJUOIHBIMU TO
YETHBIMU, TO C HEUETHBIMU HOMEPAMMU.

[NHOPAOOK BBIITIOJIHEHW A
[Togxmrounte JTAG ICE x IIK u K 11e71€BOMY YCTPOKHCTBY.
3amyctute AVRStudio u otkpoiite yueOnsIit npoekt L3 1.
[lomaiiTe muTaHue Ha OTJIATYUK U LIEIEBOE YCTPOUCTBO.
Otkpoiite okHo yTriutel AVRProgrammer u yoenurecs, 4To CBA3b
yCTaHOBJICHA.

=l =

OD®OPMJIEHUE OTUETA
OTYET HOJIKEH COAepKaTh:
L] KpaTKI/Ie TeOpeTquCKHe CBCIICHUA
¢ OIIHCAaHHC IIPOACTIAaHHBIX IIGﬁCTBI/If/i N UX PC3YJIbTAaThI
® BLIBO/ I10 HpOIIeHaHHOﬁ pa60Te
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[Ipaktrueckoe 3anstre Ne3-4
PaboTa ¢ mopramu BBOJAAa-BbIBO/1a U NPEePbIBAHUSAMHU

LEJIb 1 3AJTIAUUA
W3y4unTh yCcTpOMCTBO TIOPTOB BBOJA-BBIBOJAa MHUKPOKOHTPOJIICPOB CEMEWCTBA
AVR u HayuuThcs paboTaTh ¢ HUMHU.

TEOPETUYECKUE CBEJAEHUA
IHopThI BBOA-BBLIBOA.

MukpokonTposuiepsl cepud AVR Bceraga uMeroT B CBOEM COCTaBE OT OJHOIO JI0
CeMH TOPTOB BBO/A/BbIBOAA. KaXkIbIil pa3psi Takoro mopTa MoJICOeIMHEH K OJJHOMY U3
BBIBOJIOB (KOHTakTOB) MHKpocxembl. [lopTel BBOIa/BBIBOAA CHyKaT g oOOMeHa
uHpopManMe ¢ BHEMIHUMHU YycTpodcTBamMu. [lopTel MOryT OBITH TOJHBIMH U
HEMOJHBIMU. [10MHBIN TOPT COAEPKUT 8 paspsaaoB. B HEMOIHBIX OPTAX 3aJ€HCTBOBAHO
MEHEE BOChbMU pa3psanoB. Kaxapiid mopT umeet cBoe uMa. OHU UMEHYIOTCA JATUHCKUM
oykBamu ot A 1o G.

Bce moptel BBOma-BeiBoga (IIBB) AVR-mukpoxoHTpossiepoB paboTaroT IO
MPUHITUITY YTEHUE-MOAU(PUKAIUA-3aTUCh TIPU UCIIOIB30BAHUU UX B KA4ECTBE MOPTOB
YHUBEPCAIBHOTO BBOJIA-BBIBOJIa. DTO O3HAYAET, YTO M3MEHEHUE HANPABJIEHUS BBOJA-
BBIBOJIa OJTHOM JMHMM TopTa KoMaHaamu SBI u CBIl Oyner npoucxoauT 0e€3 JOKHBIX
W3MEHCHHM  HamnpaBJ€HWs  BBOAA-BbIBOAA  JPYIMX JWHUAW  mnoprta. JlaHHOE
pacnpocTpaHsieTcsl TAKK€ M Ha MU3MEHEHHUE JIOTMYECKOTO YpOBHS (€Ciu JIMHHUS HOopTa
HAaCTPOEHA Ha BBIBOJ) WJIM HA BKIIIOYEHHE/OTKIIIOUEHHE MOATATHBAIOIINX PE3UCTOPOB
(ecnn nUHMS HacTpoeHa Ha BBOA). Kaxaplii BBIXOAHOWU Oydep MMEEeT CHMMETPUYHYIO
XapaKTEpUCTHUKY YIPABICHUS C BBICOKMM BTEKAIOUIUM U BBITEKAIOUIUM BBIXOJHBIMU
TOKamMH. BbIXOqHOW JpaiiBep 00JagaeT HArpy304HOM CIIOCOOHOCTBIO, KOTOpas
MO3BOJISIET HENOCPEACTBEHHO YIIPABJIATH CBETOAMOAHBIMM HHAMKaTOpamu. Ko Bcem
JUHUSM TIOPTOB  MOXET OBITh TOJAKIIOYEH HWHIWBUIYAIbHBIA  BBIOOPOUYHBIN
MOATATUBAOLIMN K IUIFOCY IIUTAHKUS PE3UCTOP, COITPOTUBIIEHUE KOTOPOTO HE 3aBUCUT OT
HanpsokeHust nutanus. Ha Bcex muHuax [IBB  yCcTaHOBIIEHBI 3alllMTHBIE JHOJIbI,
kotopsie nojkimoueHsl kK VCC u O6memy (GND), kak mokazano Ha pucyHke 1.

+ NUTAHKA

L

I
I
I
|
|
| R
|
|
I
I
I
I
|

+ MATAHKA

Naoruka

Pyn 1

[ ]

=

Puc.1. DxBuBanentHasa cxema [I1BB.
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Jyist yripaBiieHusT KaXXIbIM ITOPTOM BBOJ1a/BBIBOJIA UCIIOB3YIOT TP CIEITUATBHBIX
peructpoB BBoaa/BeiBosia (PBB). D10 peructpei: PORTX, DDRX u PINX. [Tox «x»
3/1eCh TMOJApa3yMeBaeTCsi KOHKpeTHas OykBa — ums moprta. Hampumep, ans mopra A
uMeHa peructpoB yrpasieHus Oyayt Takumu: PORTA, DDRA u PINA. Paccmorpum
Tereph Ha3HAUYCHUE KAKIOTO U3 3TUX PETUCTPOB:

PORTX — peructp ganHbIX (MCIOJIb3yeTCs U1l BbIBOAA HHGOPMAIIUN);

DDRX — peructp HampasiieHUs niepeaadu nHGopMaIiu;

PINX — peructp BBOAa nHGOpMAIIUH.

OTtaenbHbIE pa3psabl IPUBEIECHHBIX BbIIIE PETUCTPOB TAK)KE UMEIOT CBOM UMEHA.

Pa3psiabl peructpa PORTX 00bp4HO uMMeHyIOTCS Kak PXi, rme «i» - HOMep
cooTBeTCcTBYyIOMIEro paspsna. K npumepy paspsanst nopra PORTA OyayT uMeHOBaThCS
cinenyrommum oopazom: PAO, PA1, PA2 — PA7.

Pa3psiabl peructpa DDRX nmenyrorcs kak DDXI, s mopra A: DDAO, DDA1
— DDAT.

Pa3psiabl perucrpa PINX umenyrores kak PINXi, s mopta A: PINAO, PINA1
— PINAT7.

Jlns npyrux noptoB OykBa A 3ameHsiercs cootBercTBenHo Ha B, C, D, E, F, G.

OyHKIIMOHAJIbHASL CXEMa OJHOTO paspsja MopTa BBOJIAa/BhIBOJIA MPUBEJCHA Ha
pHUCYHKE 2.
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Reset é———
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ggg—lr—;i < MoporoBebiii
3nemMeHT
—= /Jl
] Ay
YreHune %
PINX.i

Puc.2. ®ynkiumonansHas cxemMa OJIHOTO pa3psifa mopTa BBOAa/BbIBOA.
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Jns Toro, 4YTOOBI BBIIATh HYXHYIO HH(OpPMAlMIO Ha BHEUIHWA BBIBOJ
Mukpocxembl MK, HYXHO B COOTBETCTBYIOIIMH pa3psa perucrpa DDRX 3amucate
JIOTHYECKYIO €IMHUILY, a 3aTeM 3amucaTh 0aiT manubeix B peructp PORTX. IIpu stom
COJIEP’)KUMOE COOTBETCTBYIOIIETO OMTa 3TOro OaifiTa TYT K€ MOSIBUTCS Ha BHEIIHEM
BBIBOJIE MHUKPOCXEMbl M OyJIeT MNpHUCYTCTBOBaTb TaM IIOCTOSIHHO, IOKa HE OyAer
3aMEHEHO JIPYT'uM, JU0O0 MOKa JaHHAas JIMHUS IOpPTa HE MEPEKIIOUUTCS Ha BBOI.

Jig toro uyrtoObl mpounTaTh HHGOpMaLKI0 C BHemHero BbiBojga MK,
HEOOXOJMMO CHauaja MEpPEeBECTH HYKHBIM pa3psa] MOpTa B PeXHUM BBoJa. 10 ecThb
3amnucaTh B COOTBETCTBYIOIIMN pa3psa peructpa DDRX Hoab. Tonbko mocie 3Toro Ha
naHHbId BbIBOA MK MOXXHO mopaBaTh IU(PPOBOIl CHUTHAJd OT BHEIIHErO YCTPOMCTBA.
HNanee MK npocto uutaer Oaiit u3 peructpa PINX. ConepxumMoe COOTBETCTBYIOILIETO
Outa mpoyuTaHHOTO OaliTa OyAEeT COOTBETCTBOBAaTh CUTHAJIy Ha BHEIIHEM BBIBOJIEC
nopra.

[Toptet BBOga/BhIBOIa MK ceprun AVR umeroT elie oHy noje3nyo GyHkiumo. B
pexuMe BBOJA MH(OPMAIIMU OHU MOTYT MPU HEOOXOJUMOCTH MOAKIIOYATh K KaXIOMY
BBIBOJly IIOPTa BHYTPEHHUI HArpy304YHBIN pE3UCTOpP. BHYTpEeHHMI pe3UCTOp NMO3BOJISET
3HAYUTEIBHO PACHIMPUTh BO3ZMOXHOCTH MOpTa. Takoil pe3ucTop cO34aeT BHITEKAIOIUI
TOK JJIl BHEIIHUX YCTPOMCTB, MOJKIIIOUEHHBIX MEXKIY BBIBOJIOM IOpTa M OOLIUM
IIPOBOJIOM.

biarozmapst ’ToMy pe3ucTOpy YNPOIIAECTCS MOAKIIOUEHNE BHEIIHUX KOHTAaKTOB U
KHONOK. OOBIYHO KOHTAaKThl TPeOyIOT BHEIIHEro pe3ucTopa. Temepb BHEIIHETO
pe3ucTopa MOKHO OOOHTHCH. BKIIIOUEHHEM U OTKIIOYEHHEM BHYTPEHHHMX PE3UCTOPOB
ynpasisier peructp PORTX, ecnu mopT HaxoauTcs B peXHME BBOJA. YKa3aHHbBIE
pEeXUMBI CBeIeHbI B Ta0iuiy 1 (KOHpUryprpoBaHue MopTa BBOJ1a/BbIBOJA).

Ta6nuna 1
DDxn | Pxn Pexxum | Pezuctop [Iprumeuanue
O O Bxon OTKIIIOUEH BBIBOI OTKIIFOUEH OT CXEMBI
0 1 Bxon IMonkmrouen BriBo ABIIETCS HCTOYHHUKOM TOKA
1 0 Brixon OTKIIIOUEH Ha Beixoge «0»
1 1 Brixon OTKIIIOUEH Ha Beixoge «1»

3amaHne 3HAYCHWS BBIXOJHOTO CHTHAJla Ha OTAEIBHBIX BBIBOJIAX TIOpTa
BBITIOJTHSIETCSI C HCTIOIh30BAaHUEM KOMAaH]I ¢ MHEMOKOIaMHU:

CBI PortX, | ; 3a0aHue HU3K020 YPOBHs

SBI  PortX, | ; 3a0aHue 8blCOK020 YPOBHSL

[Tpr COBMECTHOM MCITOJIb30BAHHM BCEX Pa3psAIOB IMOpTa IS IMpHEMa U BbIIAYH
0alTOB MCIOJIB3YIOTCS KOMAaH/IbI C MHEMOKOJAMH

IN Rd, PinX 1 8600 bauma

OUT PortX, Rd ; 661600 bauma.

OOparieHue K napauiesabHOMY MOPTY AJIsl IPUEMa U Bbl1aun 0alTOB MOXKET OBITh
BBITIOJTHEHO C HCTOJB30BAaHUEM KOMAaHI C OOpalleHHeM IO ajpecaM B aJpecHOM
npoctpanctBe SRAM:
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LD Rd,Y ;8600 batma
ST Y,Rd ;861800 bauma.

BHemnue npeposiBaHus.

Brayrpy MK wim B CBS3aHHOM C HHM BHEIIHEHW CpElE€ MOTYT BO3HUKATh
pa3HoOOpa3Hble COOBITHA, KOTOpbIE TPEOYIOT HEMEJIEHHOM  peakiuu Ha CBOE
MOSIBJIEHUE, T.€. BPEMEHHOW IPUOCTAHOBKM IIpolecca  O0OpabOTKM OCHOBHOM
porpamMmel («IPEpPbIBaHUS») U BBINOJIHEHUS JAPYrod Mporpammsel (IPOLEAYpHI),
npeIHa3HauYeHHONW JUIst OOCTYKMBAHUS BO3HUKIIETO COOBITHSA. COOTBETCTBEHHO TaKue
COOBITHSI HA3bIBAIOTCS IMPEPHIBAIOIIMMHU COOBITUAMH. Peakiusi KoHTpoiiepa  Ha
BHEIITHEE COOBITHE JIOJKHA 3aBEPIIATHCS BO3BPATOM K OCHOBHOM MPOrpaMMme.

Ocobennocteio cuctembl mpepbiBanuiit MK sBnsiercs Tto, uro B MK, Bce
IIPEPBIBAHKs alllapaTHble, KOTOPBIE B CBOKO O4YEpPEIb JENATCS Ha BHYTPEHHHUE U
BHEILIHUE.

BHyTpeHHee npepsiBaHue 3TO coObITHE, KOTOpoe Bo3HMKaeT B MK u mpepsiBaer
BBITIOJITHEHWE OCHOBHOM Nporpammbl. BHyTpennux npepsiBanuii B MK cemerictBa AVR
JOBOJIbHO MHOTO U B COBOKYIHOCTH OHHU CIIyXaT JJisi OpraHU3allMd B3auMOJACHCTBUS
YCTPOMCTB C SIPOM CHUCTEMBbl. BHYTpeHHHE TNpepbIBaHHS MOTYT BO3HUKATH OT
TaliMepOB, aHAJIOTOBOI'0 KOMIIapaTopa, MOCIe10BaTEILHOrO OpTa U T. II.

BuemHue npepblBaHNs MHULMUPYIOTCS CUTHAjJaMH, KOTOpble (OPMHUPYIOTCA Ha
cooTBeTcTBYOIMUX BbiBoAax MK, ycrpoilcTBaMu, SBISIOIIMMUCS BHEIIHUMHU I10
otHomennto kK MK. DOtu BeBoabl o0o03Havatrorca INTX (rme X — Homep
COOTBETCTBYIOIIEH JIMHUM BHEHIHEro IMpepbiBaHus). DOyHKIUM BBOJA CHUTHAJIOB
IIpEpPBIBaHMS SIBISIFOTCS aJIbTEPHATUBHBIMU (PyHKIMSIMH 11OpTOB MK.

Boiaensitor Tpu Buia COOBITHI, BBI3BIBAIOIINX BHEUIHEE MPEPHIBAHUE: ITO MOXKET
ObITh HU3KHHM YPOBEHb HAINPSDKEHMSI, a TAKXKE IMOJIOKHUTEIbHBIA WM OTPHUIATEIbHBIN
(GpOHT Ha COOTBETCTBYIOLIEM BbIBOJE. Takum 0Opa3oM, cucTeMa MpepbIBaHUI MOXKET
paboTaTh B OAHOM U3 YETHIPEX BO3MOKHBIX PEKUMOB:

- PEXKUM IPEphIBAHUS MO YPOBHIO (CTATUYECKUIN, ACUHXPOHHBIN pEeXUM);

- PeXUM IpephIBaHUs MO PPOHTY (HAPACTAHUIO);

- PeXKUM IpephIBaHUs MO Cpe3y CUTHaia (Craay);

- pEXKUM IpepbIBaHUs MO GPOHTY U CPE3y CUTHAIA.

[locnenHue Tpu pexkUMa OTHOCSTCS K JMHAMUYECKHMM pEXUMaM U B CBOIO
ouepeib MOTYT ObITh ACUHXPOHHBIMH U CHHXPOHHBIMHU.

JIist ynpaBiieHus IPEPbIBAHUSIMU MCIOJIB3YIOTCS ClIEHUalIbHbIE PETUCTPhI BBOA-
BbIBOZIa. B mukpokonTpouiepe ATmegal6é »To THaBHBIA pErucTp ympaBieHUs
npepbiBanusiMu - GICR  (tabnmuma 1) W 49acTHYHO — PErwCTp  yNpaBleHUS
mukpokoHTposiepoM MCUCR (tabmuma 2).

Tabmuna 1.

7 6 5 4 3 2 1 0
LINTL]INTO|INT2] - | - | - [JIVSEL| IVSE | GICR
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Ecmu paspsag INT1 ycranoBnen B nor. 1, To BHemHee mpepbiBanue 1 Oyxaer
paspemieHo 10 TeX TMOop, IMOoKa OyJeT YCTaHOBIEH paspsi OOILIero pa3pemieHus
MPEepPHIBAaHUM B PETUCTPE COCTOSHUA.

Ecimu paspsn INTO ycranoBmen B jor. 1, To OyaeT paspelieHO BHEIIHEe
npepbiBanue 0 10 Tex mMmop, Moka B PErHCTPE COCTOSHMS OyJET YCTaHOBIIEH paspsi
o0111ero pa3penieHus NpepbIBaHuM.

Ecou paspsn INT2 ycranoBiaen B jor. 1, To OyaeT pa3pelieHO BHEITHEe
npepbiBaHue 2 70 TeX MOp, MOKA B PETUCTPE COCTOSHUS OYyIET YCTaHOBIJIEH paspsi
o0111ero pa3penieHus NpepbIBaHuM.

Ta0mumna 2.

7 6 5 4 3 2 1 0
| SM2 | SE | SM1[SMO0[I1SC11] 1SC10 | ISCO1 | ISC00 | MCUCR

Br16op pexuma BbrI30Ba BHelHero npepbiBanus INTX onpezaensercs ycTaHOBKOM
cootBeTcTByomux O0utT ISCX1:0 peructpa ymnpasnenus mukpokontpoiuiepom MCUCR
(Tabmwma 3).

Tabnuma 3.

ISCx1 | ISCx0 Onucanue
0 0 |Hwuskwuii ypoBens Ha Bxojae INTX reHepupyeT 3anpoc Ha mpephIBaHue

JIt000€e n3MeHeHre JOrn4eckoro ypoBHsa Ha Bxoje INTX renepupyer
3aIpOC Ha NPEpPhIBAHUE

0 1
1 0 |Cman BxomHoro curHaia INTX BeI3bIBaeT 3ampoc Ha IpephIBaHUE
1 1

®pont BxoaHoro curHana INTX BbI3bIBaET 3anpoc Ha MpephIBaHUE

[MPAKTUYECKAS YACTDH
Jist  gemMoHcTpani  paboThl € TMOPTaMU  BBOJA-BBIBOJA  BOCIIOJIB3YyEMCS
nporpammoit L4 _1.asm (JIuctunr 1).

JIuctunr 1

.include "m16def.inc"

.def temp =r16
.def delayl =rl17
.def delay2 =r18

.CSEG
RESET:
;NMHuyuanusayusi ceemoouodos
Idi temp, OxFF
out DDRB, temp
out PORTB,temp

;NHuyuanusayus ebi80008, K KOMOPbIM MOOKITHOHYEHbI KHOMKU (Ha 8x00)
Idi temp, O
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out DDRD, temp
out PORTD, temp

Idi temp, Ob11111110 ;3HayeHue coomeemcmayem 8krro4yeHuro ce. LEDO

sec ;YcmaHnaenueaem Carry-¢bnae
LOOP:
out PORTB,temp ;3azpyxaem codepxumoe peasucmpa temp e nopm B
sbis PIND, 2 ;Haxxama kHonka SWO0
ror temp ,Cosuzaem peasucmp temp ernpaso
brcs M1
Idi temp, Ob01111111 ;3HayeHue coomeemcmegyem eKrito4eHuro cg. LED7
sec ,YcmaHaenueaem Carry-¢brae
M1:
sbis PIND, 3 ;Haxxama kHonka SW1
rol  temp ;Cosuzaem peasucmp temp ereso
brcs DELAY
Idi temp, Ob11111110 ;3HayeHue coomeemcmeayem eKo4eHuto ce. LEDO
sec ,YcmaHaenueaem Carry-¢brae
DELAY:
;3adepxxka
inc  delayl
brne DELAY
inc  delay2
brne DELAY
rimp LOOP

[Iporpamma L4 _1.aSm  BBINOJHSET CIEAYIOIIME NEUCTBUS: MPU HAXATHUU Ha
kaonky SWO (SW1) Bkimo4yaeT CBETOAMOJ, HAXOJIIMKCS crpaBa (clieBa) OT TOrO,
KOTOpPBIA CBETUTCS B JaHHBIM MOMEHT, a €r0 caMoro BbIKJItO4YaeT. llpu moctrxeHun
KpanHero CBETOANO0AA, CIEAYIOLIAM BKIOUAECTCSA APYTOl KpaliHUM.

Kak BuaHO u3 nuctunra | B OCHOBHOM IIUKJI TPOTPAMMBI BBEJICHA 3aJ€pPKKa. ITO
CIeNaHo ISl TOro, 4TOObl COOBITHE Ha)KaTHUsl BOSHUKAJIO HE MOCTOSHHO MPU Ha)KaTou
KHOINKE, a 4epe3 3HauuTenbHble 1o mepkam MK wuHTepBansl Bpemenu. Ecim oty
3a/Iep’KKy yOpaTh, TO MPU HAKATUW HA KHOIKY MbI YBUJUM, KaK 3aropsiTcs cpa3y BcCe
CBETOAMOMBI, T.K. HAIl TJIa3 MPOCTO HE YCHEBAET OTCIEAUTh, KaK MPOUCXOAAT
MIEPEKITIOYECHUS.

Bosnee mmpokre BO3MOXKHOCTH JJisl pabOTHI ¢ KHONKAMHU W JIPYTUMHU BHEIITHUMU
MCTOYHMKAMU COOBITUN TPEJOCTABISIIOT BHEIIHUE TpephiBaHus. B muctunre 2
IpeICTaBlICHa MporpaMma u3 mpoekta L4 2, BeIMONHSIOMAS TE K€ JICUCTBUSA, YTO H
MpeabIayIIas, HO C UCIIOJIb30BAHUEM BHEIIHUX MPEPBIBAHUN.

Jlvuctuur 2.

.include "m16def.inc"
.def temp =r16

.CSEG
rimp RESET
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.org INTOaddr ;Adpec obpabomdyuka npepbisaHus 0 8 mabnuue rnpepbisaHUU
rimp INTORouting ;[lepexod Ha obpabomuyuk ripepbigaHusi 0

.org INTladdr ;Adpec obpabomuuka ripepbisaHusi 1 e mabnuue rnpepbieaHul
rimp INT1Routing ;[lepexod Ha obpabomuyuk npepbigaHusi 1

.org INT_VECTORS_SIZE

RESET:
;WHuyuanusayusi cmeka
Idi temp, low(RAMEND)
out SPL, temp
Idi temp, high(RAMEND)
out SPH, temp

NMHuyuanusayusi ceemoouodos
Idi temp, OxFF

out DDRB, temp

Idi  temp, OXFE

out PORTB, temp

;NHuyuanusayus ebi80008, K KOMOPbIM MOOKITHOHYEHbI KHOMKU (Ha 8x00)
Idi temp, O

out DDRD, temp

out PORTD, temp

;NHuyuanusayusi eHewHux rpepbigaHut INTO u INT1

Idi  temp, (1<<ISCO01)|(1<<ISC00)|(1<<ISC11)|(1<<ISC10)
out MCUCR, temp

Idi  temp, (1<<INTO)|(1<<INT1)

out GICR, temp

sec ;YcmaHaenueaem Carry-chnae

sei  ;Paspewaem ripepbieaHusi
LOOP:

nop

rimp LOOP

INTORouting:
;CoxpaHsem KoHmeKkcm
push temp
in temp, SREG
push temp

in temp, PORTB ;3azpyxaem 8 pecucmp temp codepxxumoe rmopma B
ror temp ;COsuzaem peasucmp temp erpaso

brcs INTORouting_m

Idi temp, Ob01111111

sec ;YcmaHaenueaem Carry-¢bnae
INTORouting_m:
out PORTB, temp ;3azgpyxaem codepxumoe peasucmpa temp 6 nopm B

;BocmaHaenusaem KOoHmMekcm
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pop temp
out SREG, temp
pop temp
reti
INT1Routing:
,CoxpaHsieM KOHmeKkcm
push temp
in temp, SREG
push temp
in temp, PORTB ;3azpyxaem 8 peacucmp temp codepxxumoe riopma B
rol  temp ,COsuzaem peasucmp temp es1e80

brcs INT1Routing_m
Idi  temp, 0b11111110

sec ;YcmaHnaenueaem Carry-¢bnae
INT1Routing_m:
out PORTB, temp ;Baegpyxaem codepxumoe peasucmpa temp 8 nopm B

,BocmaHaenueaem koHmekcm

pop temp
out SREG, temp
pop temp

reti

Kak Buano wu3 mmctunra 2 mpepeiBanus INTO u INT1 mHactpoeHnsl Ha
BO3HMKHOBEHHE 110 (PPOHTY COOTBETCTBYIOILIErO0 BXOJHOTrO curHaia. OOparure
BHHMAaHHE Ha TO, YTO B KaX/JOM MPEPHIBAHUM COXPAHSAETCS U BOCCTAHABIMBAETCS T.H.
KOHTEKCT, B JaHHOM ciiydae — 3To peructp craryca (SREG) um permcrp oOmero
HasHauyeHus temp (rl6). T.e. 3TO Te perucTpbl, KOTOPHIC KCIOIB3YIOTCS B MPEPHIBAHUH,
a Tak KaK MpepbIBAaHUE MOXKET BO3HUKHYThH B JIIOOOM yYacTKE MPOrpaMMbl, KOTOPBII
TaK)K€ MOXKET HCIOJB30BaTh ITH PETHCTPhl (3TO M HA3bIBAETCS KOHTEKCT TEKYIEeH
3aJ1auM), HEOOXOJMMO COXPAaHHUTh UX 3HAYEHHUS U BOCCTAHOBUTH IEPEJ] BBIXOJIOM U3
npepeiBaHus. KoHeuHo, B JaHHOM mporpaMme HEOOXOJUMOCTH B COXPAaHEHUHU
KOHTEKCTa HET, T.K. B OTCYTCTBUM NPEPHIBAHUN BBITIOIHICTCS OCCKOHEUHBIN MyCTON
LUK, HO JJI1 CaMOJMCUMIUIMHBI JIydllle HUKOTJa He IMpeHeOperarb COXpaHEHHEM
KOHTEKCTA.

SAZIAHUE
N3yunts Ha mnpakTHKe padOTy NOPTOB BBOAA-BBIBOJA MHUKPOKOHTPOJUIEPA.
Hayuurtbcs ncnonp30BaTh BHEIIHHUE MpepbiBaHus. CpaBHUTH pabOTy ¢ KHONMKaMu Oe3
HCIIOJIb30BaHUA U C UCTIOJIb30BAHUEM MPEPHIBAHUM.

I[TOPAOK BBITIOJIHEHU A
1. [Toaxmounte cBeToauoasn! (pazsém LEDS na mmare STK500) k mopty B
IEJIEBOTO MUKPOKOHTPOJUIEPA C TIOMOIIBIO JECATUKUIHHOTO TUIOCKOTO
Kabers.
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[Toaxmrounre kHOIIKM SWO 1 SW1 k BeiBogam PD2 u PD3
MUKPOKOHTPOJIIEPA COOTBETCTBEHHO C MIOMOIIBIO IBYXKUJIBHOTO IPOBO/IA.
3amycrute AVR Studio u otkpoiite npoekt L4 1.

Bxmounte nutanue Ha STKS500 u 3arpysute B 1ieneBoit MK nporpammy
npoekta L4 1. M3yunTte UCXOIHBIN KO IPOTrpaMMBl.

Haxxumas kaonmku SWO0 u SW1, nonabmroaiite 3a nepekiItoueHIEM
CBETO/IMO/IOB.

N3menuTe nporpaMmy Takum 00pa3zoM, 4TOOBI B TOM ClIydae, KOrga CBETUTCS
OJIMH U3 KPalHUX CBETOJMOJIOB MTPU HAXKATUHU COOTBETCTBYIOIIEH KHOIIKU HE
3aropajics CBETOIUOI C APYroro Kpas, a MpoI0JKall CBETUTHCS TEKYIIUN
CBETOMO/.

Teneps 3akpoiiTe TeKymuid MPOEKT U OTKpoiiTe mpoekT L4 2. U3yunre
IpOrpaMMy, MPEICTABICHHYIO B 3TOM MTPOEKTE.

OTkoMrunmupyiTe u 3arpy3ute B meneBoir MK nmporpammy u3 mpoekra L4 2.
Yo6enurtech B €€ pabOTOCIIOCOOHOCTH.

N3menute HacTpoiiky BHemHuX mpepbiBanuii INTO u INT1 takum oGpazom,
9TOOBI COOBITHE 10 TIpepbIBaHUIO () BOZHUKAIIO MPH OTITycKaHuM KHOomKH SWO,
a coObITHE MO IPEPBIBAHUIO 1 BO3HUKAJIO KAaK MPU HAXKaTUH, TaK U MIPH
ormmyckaHuu kHonku SW1.
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IIpakTnueckoe 3ansatue NeS
Pa0oTra c taiimepamu/cuerunkamu u popmuposanune HIMM

HEJIb U 3AJAYN
[TomyunTs HaBBIKM pabOTHI C TalMepaMH-CUCTYMKAMH OOIIEro Ha3HAYCHWSI
MUKpOKOHTpoJuiepoB cemeiictBa AVR. Hayuutcs dopmupoats IIMM-curnan c
MIOMOIIIBIO TaliMepa-cueTynKa. M3yduTsh paboTy CTOpOKEBOTO Taiimepa.

TEOPETUYECKUE CBEJEHUA

JroOoii mukpokoHTposuiep cepud AVR COmEp>KUT HECKOJIbKO BCTPOEHHBIX
TaiiMepoB. [IpuyueM o cBoeMy Ha3HAUYECHUIO UX MOKHO Pa3JIeNIuTh HA JABE Kareropuu. K
MEPBOIl KaTEropuu OTHOCATCS TalMepbl OOIIEro Ha3HayeHus. BTopyro KaTeroputo
COCTABJISIET CTOpOKeBOM  TaiimMep. CTOpoeBOM TaiiMep MNpeJHAa3HAYeH Ul
ABTOMATHYECKOTO IE€pe3alyCka MHUKPOKOHTpPOJUIEpA B CIy4ae <«3aBHCAHUSA» €ro
IIPOrpaMMBlI.

Taiimepbl oO1Ier0o Ha3HAYEHHs] UCHOJB3YIOTCSA sl (POPMUPOBAHUS PA3TUYHBIX
WHTEPBAJIOB BPEMEHU U NPSIMOYTOJBHBIX HMITYJIbCOB 33JJaHHOM 4acToTel. KpoMe Toro,
OHM MOTYT paboTaThb B pEXHUME CUETUYMKA U MOJCUYUTHIBATH TAKTOBBIE HMITYJIbCHI
3aJJaHHOW YacCTOThI, U3MEpPssA, TaKUM OOpa30M, JUIMTEIbHOCTh BHEIIHHUX CUTHAJIOB, a
TaK)K€ IPU HEOOXOJMMOCTH MOACUUTHIBATh KOJUYECTBO JIFOOBIX BHEIIHUX HMMITYJIbCOB.
1o »TOl mpuuMHE NaHHBIE TaliMephbl HA3bIBAIOT «TaliMephl/cueTuuKm». B Mukpocxemax
AVR 1OpuMeHSIOTCS Kak BOCBMHUPA3psAAHbIE, TaK W MIECTHAAUATHPA3PSIIHBIC
TaliMepbl/cueTYuKH. VX KOIM4YeCTBO ISl pa3HbIX MUKPOKOHTPOJUIEPOB PA3IUYHO.

Kaxnplii  BOCBMHpa3psAIHbIA  TalilMep  MpeACTaBiIsieT  co0ol  OaMH
BOCBMUPA3PAIHBIA PETUCTP, KOTOPBIA Ui MHUKPOKOHTPOJIIEPA SIBIISIETCS PETUCTPOM
BBOJIA-BBIBO/A. OJTOT PETUCTP XPAHUT TEKYIIEE 3HAYCHHE TaWMepa M Ha3bIBACTCS
CUYETHBIM pPETUCTPOM. [lTecTHaguaTupaspsIHbIE TalMepPbI MMEIOT
IECTHAAUATUPA3PAIHBIN CUETHBIA peructp. Kakapli CUETHBIM PETUCTP MMEET CBOE
HMsL.

CueTHbId perucTp BOCbMHpazpsaHoro Tanmepa umenyercss TCNTX, rae «x» —
s»T0 HOMep Taiimepa. Jlnsa Taiimepa T/CO peructp HaszwiBaetcsst TCNTO. [ns taiimepa
T/C2 — TCNT2. lllectHannatupa3psaHble PErUCTPbl UMEHYIOTCS MOXO0XKUM 00pa3oM.
OTnuune B TOM, YTO KaXIbId IIECTHAALATUPA3ZPSAIHBIA CYETHBIA PETUCTp s
MUKpPOKOHTpOJUIEpa MpeJcTaBisgeT co0oil JBa peructpa BBoJa-BeiBoga. OnuH
MpeAHa3HAYeH MJii XpaHEHMs CTapluuX OWTOB 4YHUCIA, a BTOPOW — JUIsl XpaHEHUs
miaamux 6utoB. K mMeHu perucrpa crapmux paspsaoB aodasisercs Oyksa H, a mus
perucTpa MIaAmux pa3psaoB nodasisercs Oyksa L. Takum 00pa3oM, CUETHBINA PETUCTP
taiimepa T/C1 — at0 nBa perucrtpa BBoja-BeiBojia: TCNT1H u TCNTIL.

MUKpPOKOHTPOJUIEP MOKET 3alKcaTh B JIOO0H CUETHBINA PErucTp Jt000e Ynucio B
0001 MOMEHT BPEMEHH, a TaKX e B JII000H MOMEHT MPOYUTATh COJIEPKUMOE JIF000T0
cyeTHOro perucrpa. Korma TtaiiMep BKIIOYAeTCd B PEXKHUM CUETa, TO HAa €r0 BXOJI
HAa4YMHAIOT MOCTYIIaTh CYETHBIE UMITYJIbCHI. [lociae mpuxona Kaxxa0oro Takoro MMITyJibCa
COJIEPKMMOE CYETHOIO PETUCTPA YBEIUUUBAETCSA HA €AUHUILY. CUETHBIMU UMITYJIbCAMHU
MOTYT CIYXXUTh KakK CHEIHaJbHbIC TAaKTOBBIC HUMITYJIbCHI, BhIpaOaThIBAEMbIe BHYTPHU
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CaMOro MMKpPOKOHTpOJUIEpA, TaK M BHEIIHWE HMIIYJbCHl, IOCTYNAlOIIAE HAa
CIIELMAJIBHBIE BXOJIBl MMKpPOCXeMBbI. lIpu mepenonHeHun CYETHOro pPErucTpa €ero
COJIEP’)KUMOE OOHYIISIETCS, M CUET HAaUMHAETCS CHavaja.

JIrobo#t TaiiMep >KECTKO 3aBsi3aH C CHUCTEMOW MpepbiBaHU. BbI3BaTh mpepbiBaHHE
MOXXET IENbld psAll COOBITHH, CBA3aHHBIX C TaiiMepoMm. Hampumep, cyiecTByeT
npepbIiBaHrE MO TEPETOTHEHUIO TaiiMepa, Mo cpabaThIBAHUIO CIEIHMATBHON CXEMbI
coBmnasieHus. OTAENbHBIE NPEPHIBAHUS MOXKET BBI3BIBATH CTOPOKEBOU TaMED.
VYrpasienue paboToi TaiimMepa OCYIIECTBISECTCS ¢ TOMOIIBIO CIEIUATBHBIX PETUCTPOB
BBOJIa-BbIBOIa. Habop 3THUX pEerucTpoB HECKOIBKO OTIMYAETCSA B 3aBUCUMOCTU OT THUIA
TaiiMmepa W  MHKpoKoHTposuiepa. [Jlns  16-paspsaHoro  taiimepa/cuérumka 1
mukpokoHntpoiuiepa ATmegal6 sto peructpst TCCR1A, TCCR1B, TIMSK.

Peructp ynpasiienus taiimepom TCCR1A

bur 7 6 5 4 3 2 1 0
| COMIAL | COM1AD | COMIB1 | COMIBO | FOCIA | FOCIB | WGMI1 | WGMI0 | TCCRIA
Read/Write  R/W RIW RIW RIW W W RIW RIW
Hagansaoe 0 0 0 0 0 0 0 0

3HAa4YCHHUC
e burer 7:6 —- COM1AL1:0 : Pexxum BbIXO4a IO COBHAIEHUIO KaHana A.
e butel 5:4 - COM1B1:0 : PexxnM BbIX0a 110 COBIIAAECHUIO KaHaia B.
Tabnuua 1. @yukiuu 6utoB COMNX1:0 pu padote Taiimepa/cueturka B Hopmanvrom
pearcume u Pesxcume ouucmku no cosnaoeruro (CTC).

COMnA1,COMNnB1 | COMnA0,COMNBO Onucanue

0 0 Brixomx OCNX oTKIIIOYEH OT MopTa.

0 1 [Tepexmtouenue Brixoma OCNX mpu
COBIIQJICHUU.
Ounctka Bixoga OCNX mpu

1 0 COBMAJICHNH (YCTAaHOBKA HA JTMHUH
HU3KOTO JJOTHYECKOTO CUTHAJIA).
YcranoBka Beixoga OCnX mpu

1 1 COBMaJIeHNH (YCTAaHOBKA HA JTMHHUH
BBICOKOTO JIOTHYECKOTO CUTHAIA).

Tabmuma 2. ®yakuuu 6mroB COMNX1:0 mpu pabGote Taiimepa/cuerunka B Peoicume
ovicmpooeticmsayrowasn LIIUM.

COMNnA1,COMNnB1

COMNA0,COMNB0

Omrcanue

0

0

Breixog OCNnX oTKIIFOYEH OT TopTa.

1)1st pexxuma 15 (WGM13:0=15)
nepexrouenue OCnA mpu
coBmaaeHuu, Bexo a1 OCnB/C
OTKJTFOYCH OT ITOPTa;

2)/171s1 Bcex OCTaNbHBIX PEKUMOB
paboTsl Berxog OCNX OTKITIOYEH OT
nopTa.

Ounctrka OCNX mpu COBMaICHAH,
YCTAHOBKA MPH JJOCTH>KEHUH 0a30BBIM
CYETYNKOM MAKCHMAaJIBHOTO 3HAUCHMSI.

Ycranoka OCNX mpu cOBNaIeHUN,
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OYHUCTKA IpHU JOCTUKCHUN 0a30BBIM
CYCTYHUKOM MAaKCHUMAJIbHOT'O 3HAYCHU .

Ta6bmumna 3. ®dyukiun 6utoB COMNX1:0 mpu pabGote Taiimepa/cueTdynka B Peowcume
LIIUM c koppexyueii ¢hazvl u B Peorcume IIIHIM ¢ koppexyueil ¢hazvl u uacmomeol.
COMnA1,COMnB1 | COMnAO0,COMNBO Omnucanue

0 0 Brixonx OCNX OTKIIIOYEH OT MopTa.
1)dsst pexxumos 9 u 14 (WGM13:0=9
win 14) nepexmoyenne OCNA npu
coBnaaenuu, Berxoasl OCnB/C
0 1 OTKJIIOUYEH OT MOPTa;
2)/1ns1 Bcex ocTambHBIX PEKUMOB
pa6otsl Bexo OCNX OTKIIFOYEH OT
nopTa.
Ounctka OCNX 1pu CoBNaICHUH,
KOT/JIa CYCTUMK YBEITMUMBACTCS.

1 0 Ycranoka OCNX mpu COBNACHUH,
KOT'JIa CYCTYMK YMEHBIIACTCSI.
Ycranoka OCNX mpu COBNaCHUH,
1 1 KOT'/Ia CYCTYNK yBEIIMIMBACTCSI.

Ounctka OCNX 1pu COBNaICHUH,
KOT'JIa CYCTYMK YMEHBIIACTCSI.

e bur 3 - FOCI1A : CtpobupoBanue coBnajeHus mo kanamy A.
e bur 2 - FOCI1B : CtpobupoBaHue coBmajicHus 1o kanany B.
e burtel 1:0 - WGM11:0 : Pexxum pabotsl Taitmepa/Cuerunkal.

Pexxum paboThl TaliMepa/cyeTunMKa ONpENEeNseTcsl YCTaHOBKOM OMTOB pexuma
rereparnuu curHana (Waveform Generation mode) WGMn3:0. Ouu pacroyioxkeHbl B
peructpax ynpasnenus taiimepa/cuetanka A u B (TCCRnA u TCCRNB). B peructpe
TCCRNB pacmnonoxensr 6utet WGM13:2.

Peructp ynpasiaenus taiimepom TCCRI1B
bur 7 6 5 4 3 2 1 0

[Icnet | oicest | - [ wWeMI3 | wGMI2 | Cs12 | Cslt | S0 | TCCRiB
Read/Write  R/W RIW R RIW RIW RIW RIW RIW
HauansHoe 0 0 0 0 0 0 0 0

3HA4YCHUC

e bur 7— ICNCI1: QunbTp nryma Moyiis 3axBara.

e bur 6 — ICESI: Jlatunk ppoHTa MOy 3aXBaTa.

ICESn (Input Capture Edge Select). Eciu ICESn=0, 1o gaTtumk ¢poHTa
cpabaThiBaeT mNpu crajgaromeM (¢GpoHTe umIiyiabca Ha Bxojae. A ecium ICESn=1, To
naT4uk (poHTa cpabaThIBAET MPU HAPACTAIOIIEM (PPOHTE UMITYJIbCA.

e burt 5 — 3apesepBupoBaHHbBIi OUT.

o burte 4:3 - WGM13:2 : Pexxum pabotsl Taitmepa/Cuerunkal.

e bursl 2:0 — CS2:0 :Bb160p ucTOUHMKA TAKTUPOBAHUS.



Tabmuna 4. ®yakuum 6uroB WGMnN3:0.
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M MovieHr MOMeEHT YCTaHOBK!
Peorm | WGMN3 | WGMn2 | WGMnl | WGMnO Pexaiv pabotsI ) OO dreranepenomens
BAMHHHA | peryyopn OORX TOVh
0 0 0 0 0 HopmanbHbrii OXFFFF | Hemena. OXFFFF
1 0 0 0 INM ¢ xoppekuueit OXOOEE Makcum. 0x0000
¢azel, 8 out BEJIMYIHA
2 0 0 1 0 UM c xoppekuueit OXO1FF Makcum. 0Xx0000
¢azepr, 9 6ut BEJIMYIHA
3 0 0 1 1 UM c xoppekuueit OXO3FF Makcum. 0Xx0000
¢azer, 10 Oout BEJIMYIHA
4 0 1 0 0 CTC OCRnA | Hemens. OXFFFF
bricTpoaeiicTByrOmas Makcum. Makcum.
> 0 1 0 1 1INM, 8 6ur 0xO0FF BEJIMYNHA BEJIMYNHA
bricTpoaeiicTByrOmasn Makcum. Makcum.
6 0 1 1 0 III1M, 9 6ut OxO1FF BEJIMYMHA | BEeJIUYMUHA
BricTpoaeiicTByromas Maxkcum. Maxkcum.
7 0 1 1 1 IIT1M, 10 6ur Ox03FF BEJIMYMHA | BEJIUYUHA
8 1 0 0 o |MWHMMecroppermmeit | cpn | 0x0000 | 0x0000
(ha3pl ¥ 4ACTOTHI
9 1 0 0 1 LM ¢ koppekiuitell | opna | 0x0000 | 0x0000
(ha3pl ¥ 4ACTOTHI
10 1 0 1 0 UM c xoppekuueit ICRn Makcum. 0Xx0000
(azsr BEJTMYIHA
11 1 0 1 1 UM c xoppekuueit OCRnA Makcum. 0Xx0000
(azsr BEJTMYIHA
12 1 1 0 0 CTC ICRn Hemem. OXFFFF
13 1 1 0 1 (3apesepBupoBaHo) — — —
14 1 1 1 0 BricTpoaeiicTBytommas ICRN Makcum. Makcum.
MM BEJIMYMHA BEJIMYMHA
15 1 1 1 1 BrictpoaeiicTBytomas OCRNA Maxkcum. Maxkcum.
M BEJIMYMHA BEJIMYMHA
Ta6nuna 5. ®yukiuu 6uros CS2:0.
CSn2 CSnl CSn0 Omnucanue
0 0 0 HcTounuk TakTupoBaHus He BeIOpaH. (CueTuunk
OCTaHOBJICH).
0 0 1 clkyo/1 (He npeaBapuTeibHOTO JCICHUS).
0 1 0 ClKy/0/8 (TakTOBBIi CUTHAI C TIPEJI. ICTUTENS).
0 1 1 clky0/64 (TakTOBBIN CUTHAN C TIPS, ACTUTEIS).
1 0 0 ClK}/0/256 (TakTOBBI CHTHAJ C TIPEJI. ICTUTEIS).
1 0 1 clky0/1024 (TakTOBBIN CUTHAI C IPEJI. ICTUTEINS).
1 1 0 Buemnee TakTupoBanue ¢ BpiBoja TN. TakT mo
CliagarouecmM OHTY CUI'HaJia.
Y PpOHTY
1 1 1 BHuemnee TaktupoBanue ¢ BeiBoja TN. TakT no
HapacTaueMy GpoHTY CUTHAJIA.

Peructp macku npepbiBanni Taiimepos TIMSK.

bur

Read/Write
HauansHoe
3HAYCHUC

7 6 5 4 3 2 1 0
| OCIE2 | TOE2 | TICIEL | OCIEIA | OCEEIB | TOEL | OCIEO | TOIE0 | TIMSK
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
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bur 5 — TICIE1: Pa3peuienue npepbiBaHus MO 3aXBarty.

buter 4 — OCIE1A: Paspelnienne npepbIBaHus 10 COBNAJCHUIO KaHaa A.
buter 3 — OCIE1B: Pa3pemenue npepbiBaHus 10 COBIAICHUIO KaHana B.
bur 2 — TOIE1: Pa3pemenue npepbiBaHus O MEPETIOTHEHHUIO.

CropoxeBoii Taiimep.
Cropoxesoit Taiimep (Watchdog Timer, WDT) — oaHO U3 caMbIX MOJE€3HBIX YCTPOUCTB
B COCTAB€ MHUKPOKOHTPOJUIEPOB, IOTOMY, YTO OH HMPHUMEHSETCS Ha MPAKTUKE MOYTH BO
BCEX pa3zpadaThiBaeMbIX MpUIIOKEHUsIX. [IprdeM ero mosie3HOCTh HE BCEr/la OUEBHJIHA:
B HOPMaJILHOM peKHMMe paboThl, KOT/Ia BCE HACTPOCHO UJEaIbHO, OH, B OOIEM-TO, U
BOBCE HE HYKEH.
Opnnako ocobeHHOCThIO GyHKIMOHUpoBaHUsT MK-cucrem ympaBieHust siBIseTCs TO,
YTO OHU MPAKTHUYECKH Bcerja paboTaloT B aBTOHOMHOM pexume (0e3 ydacTusi Wiu
KOHTPOJII CO CTOpPOHBI uenoBeka-onepartopa). Ilpuuem MK-cucremsl 3auacTyro
(hopMUPYIOT KOJABI YNPABJISIIONIUX BO3JACHCTBUIN ISl UCTIOJHUTEIBHBIX MEXaHU3MOB U
omuOKU, a TeM 00Jie€ HEKOHTPOJUPYEMBIE NEUCTBHUS MOTYT CTOUTH OYEHB JIOPOTO,
MOATOMY OHHM JOJDKHBI OBITh HMCKIIIOYEHBI HE3aBUCHUMO OT BapUaHTOB pPa3BUTHUS
COOBITHI.
Hanpumep, BHoJiHE pealbHBIMU NPEACTABISAIOTCA cheayromue cutyauuu: MK
HAaCTPOEH Ha 00pabOTKy HEKOTOPOH COBOKYIMHOCTH JaHHBIX, MPHU 3TOM BO3MOYKHO
BO3HUKHOBEHHE WX COYETaHUs, KOTOPOE HE MPETyCMOTPEHO MPOTPAMMHUCTOM, YTO
MOXET MPUBECTH K 3alUMKIMBAHHUIO MporpaMmbl. MM Ha MOpPAaKTUKE AOCTATOYHO
pacnpoCTpaHEHHBIM SBJIETCS ciaydaid cOOs IPOrpaMMHOrO KoJa MpU Tepernajax
HaIpPSHKEHUS, YTO TaKKE MOXKET MPUBECTH K HEMPEIBHUICHHbIM cuTyanusim. Haunbonee
Pa3yMHBIM BBIXOJIOM B JAaHHBIX M MM TMOJOOHBIX CUTYalMsIX SBISIETCS TEpe3amycK
MPOrpaMMHOro Koja (mepe3anyck KOHTPOJUIepa), KOTOPbIA JOJKEH ObITh BBIIOJHEH
0e3 yJyacTus yejJoBeKa.
[lepezanmyck  KOHTpoJulepa  —  BBINOJHEHHWE  MOJHOTO  cOpoca  CHUCTEMBI
(mepenHUIMATM3AIMH TTyTeM cOpoca U 3aIrycka ¢ HyJIsl).
Nnentudukaius aBapuiiHOr0 COCTOSIHUS (aBapUHHOTO XO/a BBIMOJHEHUS TPOTPAMMBbI )
MOXET OBbITh TMpOBEJEHA NyTEeM OILICHKA BPEMEHHU BBIMOJHEHUS COBOKYITHOCTH
CTaHJApPTHBIX ornepanuii (ocHoBHOrO 1ukia) MK-cucremsr.
B npunnune sty paboTy MOKET BBINOJHUTH OJWH U3 CTaHJAPTHBIX TalWMEpoB
cuetunkoB MK, onHako 37ech ecTh cBoM 0coOeHHOCTH. Bo-miepBhix cTangaptabie T/C
HEOOXOAMMBI JIJISl PEIICHHUS 33/1a4 yIPABIICHUS, 2 KPOME TOTO, 3TO YCTPONCTBO AOIHKHO
TaKTUPOBATHCS OTAEITBHBIM TEHEPaTOpPOM, JJIS TOTO, YTOObI WMETh BO3MOXHOCTH
VIPABJISITH BRIXOJOM W3 PA3JIMYHBIX PEXKUMOB SHEPTOCOSPEKEHUSI.

[Tepeuncnennnie Boime 3anaun u pemaer WDT, kotopsiii copocut MK 1o ncreuenumn
HEKOTOPOTO CPOKA, €CIIN €r0 BOBPEMS HE OCTAHOBUT.

JIist ipeAoTBpalieHusl Nepexoia MUKPOKOHTPOJUIEpa B PEXUM OECKOHEUHOIO IUKJIA,
KOrJla Ha HEro HEBO3MOXHO TMOBIUATH M3BHE (TaKM€ CHUTYallUM BO3HUKAIOT MPHU
omuOKax B Mporpammax IMojib30oBarens) kommnanus Atmel ocHacTuiia Bce MUKPOKOH-
Tposuiepbl 0a30Boil cepum cemeilictBa AVR Tak Ha3bIBa€MBIMU CTOPOKEBBIMU
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taiimepamu — WDT.

VYmpasieHnue paboToOl CTOPOKEBOTO TaiiMepa OCYIIECTBISIETCSI ¢ TIOMOIIBIO PETHCTPa
WDTCR u unctpykiuun WDR.

PerucTp ynpasienusi cropoxkeBbiM Taiimepom WDTCR.

Bur 7 6 5 4 3 2 1 0

[ - - - | WDTOE| WDE | wDbP2 | wDbPl | wDPO | WDTCR
Read/Write R R R R/W R/W R/W R/W R/W
HauanrHoe 0 0 0 0 0 0 0 0

3HA4YCHUC
o but 4 - WDTOE (Watchdog Turn Off Enable): Pa3pemnienue nsmenenus
PEKUMOB CTOPOKEBOIO TaiiMepa. ITOT OUT UCTIONB3YETCs IPU U3MEHEHUU
COCTOSsIHUSI OUTOB MpenBapurtenbHoro aenurens u oura WDE. [lepen tem, kak
copocuts 6uT WDE 1/unu u3MeHUTh COCTOSIHUE OUTOB MIPEIBAPUTEIHLHOTO
nenuTens, 1oJkeH ObITh yeTaHoBieH pa3psan WDCE. Ilociie 3anucu B Hero
eauHuipl out WDTOE Oyner aBToMatnyecku cOpOIIEH annapaTHbIM ITyTEM 10
HMCTEUCHHUH YEThIPEX MAIIUHHBIX [IUKJIOB.
o bur 3 — WDE (Watchdog Enable): Paspemenue pexxuma copoca. @mnar
WDE ny6mupyet dhaar WDRF B peructpe MCUSR. D10 o3nauaet, uto WDE
Bcerjia yctanosJieH, eciu ycranoBiaeH WDREF. Jlns Toro, uro6s! ounctuts WDE,
HY>kHO cHavasia. ounctuth WDRF. DTa 0co6eHHOCTh rapaHTHpPyeT
MHOTOKPATHBIN cOPOC MUKPOKOHTpPOJIIEpA 0 TE€X MOP, OKA CYIIECTBYET
yCIIOBHE, BBI3BIBAIOIIEE 3aBUCAHUE MPOTrpaMMbl U 0€30I1aCHBIN 3aITyCK
MIPOrpamMMBbl cpasy MOCJI€ OKOHYaHUS ATOTO YCIOBHS.
o butsl 2..0 — WDP2:0: Be16op pexxrma padoThl IpeIBAPUTETBHOTO
nenurenss oxpanHoro Taitmepa. butet WDP2:0 onpenensaroT koapduuueHt
JEJIeHHs] PEIBAPUTENBHOTO IETUTENSI CTOPOKEBOIo TaliMepa. Bce BO3MOKHBIE
KO3 PUIUEHTHI AETEHUS U COOTBETCTBYIOLIUE UM 3aIUTHBIE IEPHObI BpEMEHU
puBEACHBI B Ta0. 6.

Tabnmuua 6. Hacrpoiika BpeMeHM 10 HACTYIUICHHS CTOPOKEBOM 3aJepKKU TPHU
paboueM HanpspkeHun Vec=+5B.

WDP2 WDP1 WDPO

Bpewms 1o HacTymiieHus: CTOPOKEBOM
3aICPIKKHU

0 0 0Ko0JI0 16 MC

0K0JI0 32 MC

okoJ10 64 Mc
okoo 128 mc
0K0J10 256 MC
okoJjio 512 mc

okojio 1 ¢
okoiio 2,1 ¢

S = ==]=)
== =)
R ook o|-
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Komanna WDR cOpaceiBaer ctoposkeBoit Taiimep. Ecnmu 3ta mHCTpyKIusi He Oymaer
BBITIOJTHEHA B TEUEHUHM BPEMEHHU, ycTtaHoBieHHoro outamu WDP2:0, To croposxeBoit
TaiiMep aBTOMaTHYECKH MePe3anyCTUT MUKPOKOHTPOJLIEP.

[TPAKTUYECKAS YACTD
B mpenpinymeld pabote, B KOTOpPOM M3y4yalWCh BHEUIHHE IPEPHIBAHUS, MBI
NEPEKI0YaIM  CBETOAMOJBI II0 OYEpend, Hakumas Ha KHONKY. IM3MmeHum oty
IporpaMMmy TakuM 00pa3zoM, 4TOObI NMEPEKIOUYEHUE MTPOUCXOJWIO HE MPU HAXKaTUU Ha
KHOIIKY, a 10 coObITHIO OT Taiimepa. HoBas mporpamma Haxonutcst B mpoekre L5 1.
Hisa ynoOctBa pacu€ra BpeMEHHBIX HHTepBasioB, MK noykeH ObITh HacTpoeH Ha
TaKTUPOBaHME OT BHYyTpeHHero wuctoyHuka dactoro 1MIu. T/Cl nactpoen Ha
npepsiBanus no copnajgeHuto (CTC), Takum 06pa3oM, YTO MPEpPhIBAHUE NPOUCXOIUT C
gactoro 1I'u. Yacrora, ¢ KOTOpoi OyAeT MPOUCXOAUTh IPEPHIBAHUE, BBIUUCISAETCS 110
dbopmyie:

fcIk

focua = 2-N-(1+OCRI1A)’ e

f, — padouas TakroBas yactora MK

N — mpenaenuTens TauMepa

B cnenyromeii mporpamme (L5_2) Taiimep 1 Hactpoen Ha pexkxum Obictpoit [IIMM. K
BeiBojlaM OCIA m OCI1B moaxmodensl ceeroauonsl LED1 u LEDO. Ilpu kaxmgom
Haxxatuu Ha kHonky SWO csetonuon LED1 nocrenenno racuer, a LEDO — mocteneHHo
3aropaercs. [Ipu HaxaTuu Ha kKHONIKY SW1 npoucxoauT oOpaTHbIi Ipoliecc.

Jlist u3ydeHust pabOThl CTOPOKEBOTO TaiiMepa u3MeHuM mnporpammy LS 1 Takum
o0Opa3oM, uyToObI MpU HaXKaTUX HA KHOTIKY SWO0 mpoucxoauio npepeiBaHue, B KOTOPOM
BBITIOJIHSIETCSI OECKOHEUHBIN IHKI, T.€. MporpamMma 3aBucaet. [Ipuuém, T.K. 3aBuUcaHue
MPOMCXOAMUT NIpH 00pabOTKE MPEPHIBAHUS, TO HUKAKUE IPYrUe MpepbIBaHUs 0OJIbIIE HE
MPOUCXOJST, U 3TO Cpa3y BUAHO MO TOMY, YTO CBETOJIMO/ABI IEPECTAIOT MEPEKITIOYATHCS.
N3 »storo cocrossuuss MK MOXKHO BBIBECTH, TOJIBKO Tmepe3arpy3uB ero. Hosad
nmporpaMMa HaxoauTcs B mpoekte LS 3.

3AJIAHUE
N3yuuts paboTy TaliMepa/cueTyrKa B pa3IuvYHbIX PEKUMAX.

I[TOPAIOK BBITTIOJIHEHU A

1. Hoaxmounte cBeTonuoanl LEDS k mopty D nieneBoro

MUKPOKOHTpPOJLIEPA.

3arpy3ute npoekt LS_1 u u3yuure ero padbory.

3. Msmenute mporpammy L5 1 Tak, 4TOOBI MEPEKIIOUEHUE CBETOIMOIOB
IPOMCXOIUIIO B 2 pasa ObIcTpee.

4. Teneps noakmounte ceeToanoasl LEDO u LEDI1 x konTtaktam PB5 u PB6
nopta B cootBercTBeHHO. A KHOTIKM SW0 1 SW1 — k kontaktam PB3 u
PB4 nopra B.

N
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3arpy3ute npoekt L5_2 u u3yuunre ero.

OTkir0unTE CBETOAMOIBI M MOAKIIOUNTE K KOHTakTaM PB5 u PB6 nopra B
ocuusuiorpad. M3mensis 3nauenus B peructpax OCR1A u OCRI1B,
MOCMOTPUTE Ha OCHUILTOrpade Kak MEHSETCS] CKBaXXHOCTh CUTHAJIA.
Hactpoiite taiimep 1 Ha pexum «IIWM c koppekuueit ¢ha3p» u
IIOCMOTPUTE, KaK U3MEHATCS NOKa3aHus ocuusuiorpagda.

3arpysure npoekT L5_3 u usyuute ero. 3arpysure nporpammy B MK u
yOeauTech, YTO IPU HAXKaTUX Ha KHOIKY ITPOrpaMMa 3aBHCAET, U
CBETOAMO/IbI IIEPECTAOT MEPEKITIOYATHCS.

Jlo6GaBbTe B IporpaMMy MHCTPYKLIHUH, TPOU3BOASIINE HACTPOUKY
CTOPOKEBOr0 TaMeEpPa HA UHTEPBAI 1C M 3aIlyCKarOIIMe €ro. Y CTAaHOBUTE
MHCTPYKIUIO cOpoca cTopoxkeBoro Taitmepa WDR Ttakum 00pa3om, 4ToOBI
mporpaMMa HOpMaJbHO paboTana, a mpu HaxaThuu Ha KHonky SWO0 u
IOCIEAYIOIIEM 3aBUCAaHUM IIpoucxoauia nepesarpyska MK.



