HUMC 1887BE7T

1 Ilepeuenn otauuniit UMC ot Atmegal28
No Onucanue KomMmenTapuu
1 | Tun ucnoas3zoBanHoit namstu: EEPROM Creproe 3Haqoec1){ 1E HaMsTH =
5 Pa3mep Oydepa crpanuist odnactu RWW: 128
CJIOB
3 Pasmep Oydepa crpanuiis obmactu NRWW: 32
cJloBa
4 | lnurenpHOoCcTh KoMauasl ChipErase 1,bek
2. I[MamsaTe nporpamm

Hcnonp3yercs MHOrOKpaTHO mporpamMupyemas namsate tuna EEPROM, o6semom
64Kx16. KonnuectBo 1ukiios nepezanucu — 100 000.

CocrosiHue stueek mamsTH mociie komana ctupanus — 0.3anvrch MOKHO TIPOU3BOIUTH KAk
MOCTPaHUYHO, pa3mep crpanuibl 128 (s odmactu NRWW - 32) 16pa3psaaHbIX CII0B, Tak U
MOCIOBHO (3amuch ogHOro 16-pa3psaHoro cioBa). PexuM 3amucu 0JHOTO CIIOBa IMOJIE3€H, B
cllydae CcaMONpOTpaMMHPOBAaHHUS KOHTposuiepa. Eciu HEoOXO0IuMO W3MEHUTHh OJHO WIIH
HECKOJIbKO CJIOB Ha CTPaHUIIBl MaMSITH TPOrpaMM, TO HET HEOOXOIUMOCTU MPOU3BOIUTH
Mpe/IBApUTEIbHOE CUUTHIBAHUE U coXpaHeHHe B Oydepe He HU3MEHSEMBIX JTaHHBIX CO
cTpanulibl mamsT. [Togpo6HO onucanue TaHHOI BO3MOKHOCTH OIKCAHO B pasjene 2.2.

2.1 YnpapieHHe mpoueccoM caMONporpaMMHPOBAHHUSI.

M3MeHeHmne coiep>KUMOTO IMTaMATH TIPOTPaMM M STYEEK 3aIUTHI 3arpy3drKa
OCYIIECTBIISIETCSA ¢ moMoIbio komanael SPM (Store Program Memorylapamerpamu 3Toii
KOMAaHIbI SBIISTIOTCS aJpec 00JIACTH MaMsTH, 3arpyKaeMblil peABApUTEIHHO B MHICKCHBIN
peructp Z u HyjeBoi 6ut peructpa RAMPZ, nanubie, HaXoAsIIMECs B pErUCTPOBOIA Mmape
R1:RO.

YnpasieHne mporeccoM IporpaMMHUPOBAHHS U, B YaCTHOCTH, OTIpE/IelIEHUE OTepaIlny,
BBITIOJTHSIEMO# TpU BBI30Be KOMaH b SPM,0CyIIeCTBISIETCS C OMOIIBIO PErUCTpa
BBoja/BeiBoga SPMCR.

Jliist agpecaniyivl mamsITU TIporpaMM TP UCTIOIB30BaHUM KoMaH Ikl SPMucnoms3ytoTcs
WHJICKCHBIN peructp Z, noixydaemblii 00beITMHEHUEM JIBYX PETUCTPOB OOIIEro Ha3HAUEHUS -
R30 (wraammii 6aiit) u R31 rapmuii 6aiiT) u HyseBoii out peructpa RAMPZ.

Anpecaniysi maMsTH MIPOTrpaMM € UCIIOJIb30BaHNEM KoMaH il SPMmokazaHa Ha pUCyHKeE
2.1.



RAMPZ

BIT 15 ZPCMSB ZPAGEMSB 10
I | 0 Z - REGISTER
PROGRAM PCMSB PAGEMSB
COUNTER PCPAGE PCWORD
Agpec cTpaHuLibl Aapec cnosa
Bo Flash Ha cTpaHnLpbl
flauArs mporpaiM Crpanuua PCWORD[PAGEMSB:0]:
PAGE R INSTRUCTION WORD 00
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\ 01
\
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\
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\

PAGEEND

Pucynok 2.1. Anpecanust naMsiTi IporpamMm MpH KCIOJIb30BaHUU KoMaH 15l SPM



2.2 V3MeHeHHe NaMSTH MPOrPaMM.

N3meHeHne maMsTi mporpamMM OCYIIECTBIISIETCS B CIIEYIOIIEH MOCIeI0BATeIbHOCTH:
1. 3anonHeHue Oydepa cTpaHUIBl HOBBIM COACPKUMBIM:

WNHekcHBIN peructp Z HWCHOJB3YeTCs IS aJipecalluy maMsaTu nporpamm. buter 1-7
OTBEUAlOT 3a aJipecallyio cjioBa B 0ydepe, a Outsl 6-15u Hyneroit out peructpa RAMPZ 3a
aJipecalyio CTpaHUIlbl B aMsATU IporpaMM. JlaHHbIE KOJa onepaliu J0JKHBI HAXOJAUTHCS B
peructpax R1:RO.

N3meHeHune cTpaHullbl MaMsITH IPOTPaMM BO3MOKHO Kak IIETUKOM BCIO CTPaHUILY, TaK U
Jr000€ CJIOBO Ha CTpaHUIIe, HEOOXOMMO JIMIIIb 3aTPY3UTh aJIpec ¢lioBa B Oydep CTpaHUIbI.

3arpyxaem ajipec cJioBa Ha CTPaHUIIC U a/IpeC CTPAHUIIBI B TTAMSTH MPOrpaMM B
uHJeKcHBIN peructpsl Z u RAMPZ. Beinonnsem komanay SPMc ycTaHOBIEHHBIM OUTOM
SPMEN.3arpyxaem ciemnyronuii ajapec ciioBa B peructpsl Z u RAMPZ. Brinosasiem
komany SPMc ycranoBinennsim 6utom SPMEN.TloBTopsiem panHbIe onepaiuu 10
3arroJiHeHUs Oydepa Wi HeoOXO0AUMOro KOJUYeCTBa ClIOB (eciu TpeOyeTcss H3MEHUTh TOJIBKO
4acTh CTPaHUIIBI).

2. ITepenoc coaepxxumoro Oydepa B MamsaTh IPOrpaMM:

[Tocne 3arpy3ku mociieIHero cjioBa B Oydep cTpaHUIlbl BBITIONHsAeM KoMaHy SPMc
ycTaHOBJIeHHBIMU ofHOBpeMeHHO outamu SPMENwu onaum u3 6utoB PGWRTwin PGERSR
3aBHCHUMOCTHU OT TOTO, YTO HEOOXOIMMO cJiesiaTh, TM00 3anucarth, JIMOO CTepeTh JaHHbIe Ha
CTpaHulle, IPU ITOM aJIPEC CTPAHUIIBI B MIAMSITH IIPOTPAMM JIOJKEH OBITh 3aHECEH B PETUCTPHI
Z v RAMPZ (cexiust PCPAGE).

Cremyer 3aMeTUTh, YTO MIPU 3aIMCH JIAHHBIX B MAMATh IPOrpaMM HEOOXOIMMOCTh B
CTUPAHUU CTPAHUIIBI OTCYTCTBYET, IOITOMY IPOIIEAYPY CTUPAHUS CTPAHUIIBI IIEPE]] 3aMKUChIO
JAHHBIX, MOXXHO MPOIYCTUTh.

[Ipu cTupanuu cTpaHuIlbl TaMTH Iporpamm coepxkumoe peructpoB R1u RO
UTHOPHUPYETCS.

[Ipu 3anucu cTpaHUIIBl WIK CJIOBA B MaMATh Iporpamm B peructpax R1u RO
COJIEPKUTCA KO/ OTIepaIuu.

Jliig onipeiesieHns MOMEHTa OKOHYAHUS BBITIOJIHEHUS ONIEpAIiiA MOXKHO JIO0
onpamuBaTh coctosinue ¢piara SPMENpeructpa SPMCR noxunascs ero copoca, 6o
BOCIIOJIb30BAThCS MpepbiBaHuEM «I '0TOBHOCTh SPM».3T0 npepbiBaHNe reHEPUPYETCsl BCE
Bpems, noka ¢guar SPMENcOpomen. B nocneanem citydae Tabiauia BEKTOPOB IpepbIBaHUN
JIOJ’KHA HAXOJIUTHCS B CEKIMH 3arpy3yuKa, a 9TO IpepbhIBaHUE JOJKHO OBITh pa3perieHo
yctanoBkoit ¢iiara SPMIEpeructpa SPMCR.



Mpumep Koda Ha accembnepe

3anucb CTPaHULUDbI NAMATU NporpamMmm gaHHbIMU U3 o3y

rhkkkhkkkhkkhkkkhkhkhkhkhkhkhhkhkhhkhkhhkhkhhkhkkhhkhkhhkhkhhkhkhhkhkhhkkhkhk

| di XH, hi gh( RAMSTART) ; s ampecarmm O3Y McHojdb3yeM ykKazaresb X
| di XL, | ow( RAMSTART)
clr ZH . yrasaresns flash
clr ZL
clr count | CUeTUMK BalMCaHHEIX CJIOB
| di tenpl, PROG_SI ZE ; pasMep MNporpaMMel B CJIOBAX
save_rww.
clr | oopl o ; CUETUMK CJIOB Ha CTpaHuIe

nepenaeMm naHHele u3 03Y B Oydpep cTpaHUIE

| oad_buffer:
Id ro, X+
Id rl, X+

| di spncrval , (1<<SPMEN)
rcall Do_spm
inc count

i nc | oopl o
adiw ZH: ZL, 2
cpi | oopl o, $20

brne | oad_buffer
shiw ZH: ZL, 2

BaIllMCeEBaeM CTPaHMILY

| di spncrval , (1<<PGWART) | ( 1<<SPMEN)
rcall Do_spm

adiw ZH ZL, 2

cp count, tenpl

brlo save rww

rhkkkhkkhkkhkhkkhkkhkhkkhkhkhkhhkhkhhkhkhkhkkhhkhkkhhkhkkhhkhkkhhkkhkhk
1

3anucb cnoBa NaMATU Nporpamm AgaHHbimu us O3y

rhkkkhkkhkkhkkkhkhkhkkhkhkkhkhkkhhkhkhhkhkhhkhkhhkhkhhhkhhkhkkhhkhkkhkkhkhk

| di XH, hi gh( RAMSTART) ; i anpecanmm O3Y MCHOJB3yeM yKaszsarTesab X
| di XL, | ow( RAMSTART)
clr ZH ; yrasaresns flash
clr ZL
clr count | CUeTUMK BaMlMCaHHEX CJIOB
| di tenpl, PROG SI ZE ; pasMep OpOoTrpPaMMEl B CJIOBAX
save_word:
Id r0, X+
Id rl, X+

| di spncrval , ( 1<<SPMEN)

rcall Do_spm

| di spncrval , (1<<PGART) | ( 1<<SPMEN)
rcall Do_spm

i nc count

adiw ZH: ZL, 2

cp count, tenpl

brne save word

khkhkkhkhkhkhkhhkhkhhkhkhhkhhhkdhhhdhhkhkkhkrkk krkkx**x



3. IIaMATH JAHHBIX

Wcnonp3yercs MHOrOKpaTHO mporpamMupyemas namsate tuna EEPROM, o6semom
4Kx8. KommuectBo 1ukioB mnepesanucu — 100 000.3amuch MOXKHO TPOU3BOAUTH Kak
MOCTPAaHUYHO, pa3Mep cTpaHullbl 32 0aiiTa, Tak U MOOANTHO.

4. |SP u mapauieabHoe nporpamvupoBanue 1887BE7T u3 cpeast AVRstudio

B mukpocxeme 188 BE7T ornmuaercs pazmep Oydepa odmactu 3arpy3unka (NRWW) ot
ATmegal28.]lns mporpaMMUpPOBaHUS IOJTHOTO OObeMa MaMATH IPOrpamMM TMOCPEICTBOM
nporpammatopoB  STK500, STK600, AVRISP, JTAGICE MKkKlluz cpenst AVRstudio
HeoOXoauMo a00aBuTh (aiin onmucanuss MK 1887BE7T.xmls nmanky PartDescriptionfiles
nporpammel AVRstudio.

IIpumep: c:\Program Files\Atmel\AVR Tools\Partdescriptides\

[Tpu nmporpamMmmMupoBaHUM BeIOMpaTh JaHHBIN THIT MK.

CrepToe 3HaueHWE TMMaMATH OTJIMYAETCS OT aHajlora, IMOATOMY aBTOMaTHUYecKas
Bepudukams nocie nporpamvupoBanus (Verify device after programming) B pexume
User current Simulator/Emulator FLASH Memory 06ynet BelgaBaTh OIIHOKY, TaKxke OyaeT
omuOKa MPOrpaMMHUPOBAaHUS TIPU YCTAHOBKHM (yrara aBTOMAaTHYECKOTO CTHpPAHUS Tepej
nporpammupoBanreMm (Erase device before flash programming}a pasHuis! JIMTEIBHOCTH
crupanus komannoii ChiperaseHeoO0xoaumo 3T ¢uiarm youparhk Mmpu IporpaMMHPOBaAHUH
pucyHok 3.1.

STK500 in ISP mode with 1887BETT N o ]

bain  Program | Fuszes I LockEitsi Advan‘cedl Hiws Setlingsl Hiws Infol Alita. I
 Device

@lase device before flagh programming @/erify device after programming

~ Flazh

lze Current Simulatar/E mulator FLASH Memary
" Iriput HE¥, File ID:'\!!!WGrk\AVH StudictSloghost 5 vihdebugidebugihe |

Program | Werify . Read |

~ EEPROM
™ Use Current Simulator/E mulator EEFROM tMarmon

& |riput HEX, File ID:'\!!!WDrk\AVFl Studio®Slognost 5§ v2\eesprom. hes |

Program | ety . Read |

- ELF Production File Format

Input ELF Fils: | =

Save Fron: i FLASH [ EEPROM [ FUSES T LOCKBITS F\eq and lackbits setings

izt be specified before
Program | Save saving to ELF

Setting mode and device parameters.. K —I
Entering programming mode. . OF]

Reading signature from device .. 0x1E, 0497, 0x02 .. OK!

lLeaving progranmniing mode.. CE] ll

Pucynok 3.10xno nporpammer AVRprog AVRstudio 4.19



ITporpammuposanue B pexkume Input HEX File (Beioupaercs rorossiii HEX daiiin)
MOJJIEPKUBAECT ABTOMATUYECKYIO BEPUPUKAIIMIO TIOCIIE TPOrpaMMUPOBAHMS PUCYHOK 3.2

STK500 in ISP mode with 1887BE7T N o [l 1
Main  Frogram |Fuses I ankEitsi Advan‘cedl Hewd Settingsl Hewd Infnl Ao I
i~ Device
[ Eraze device before flash programming @/erify device after programming
r~ Flash

7 |se Current Simulator/Emulator FLASH Memony
@nput HE= File ]D:'\!!!Work\.ﬁ.\n‘H StudiotSlognost_5_v2\debughdebug.he |

Pragram | Werify Read I
~ EEPROM
™ Jse Current Simulator/Emulator EEPROM tMemory
£ Input HEX File ID:'\!!!WDrk\A\n‘H StudiotSlognost_5_vi2heeprom.hex |
Pragram | Werify Read I

= ELF Production File Format

Input ELF File: | =]

Save From: ¥ FLASH @ EEPROM [~ FUSES I~ LOCKBITS Fijses and lackbits settings

muzt be zpecified before
Program | Jave i saving to ELF

Setting mode and device parameters.. COF] -J
Entering programming mode. . DK

Reading signature from device .. Ox1E, 0437 0x02 .. OKI

|Leaving progranmning mode.. QK] ll

Pucynok 3.2 Oxno nporpammsr AVRprog AVRstudio 4.19

5. IIporpammupoBaHHe H BHYTPHCXeMHAas 0T/aJKa yepe3 uHTeppeiic JTAG

[IporpammupoBanue MK uepe3 wuntepdeiic JTAG ¢ mnomoinpio MNporpaMMaTopoB
STK600mnoaaepxkuBaetcs nmorHocThO. [Ipu mporpammupoBanun Beioupat MK 188 BE 7T Bo
BKIaake Main mporpammaropa AVRprog AVRstudio.

[Tpu BemonmHenun xoMauabl Erase DevicaiporpammHoe obecrieueHre MOXKET BBIAATH
omuOKy, oOpazell moka3aH Ha pucyHke 5.1

JTAG Mode Error )i x|

'T & probler accured when executing the command. See the command outpuk For mare infa,
[

The troubleshooting section in the help system contains mote information on what man
have caused the problems. To open the help system, dick the Help button Below,

Cuick Tips: Check that the 1TAG header is oriented correctly in the target conneckor
and make sure that thie JTAG interface of the target u:h_aviu:e is enabled.

Crpaska |

Pucynok 5.1 Omubka komanasl Erase Device
OmmbKa cBsi3aHa ¢ pa3IMYHOM JUIUTEIIBHOCTRIO Mpoliecca ctupanus kpuctamia (Chip
Erase) nporpamMaTop orparimBaeT cocTosiHue KoHTpoiuiepa B TeueHnn 200mc, a

(daxkTyeckoe BpeMs ctupanus Kpuctamuia coctabisger 1500mc. Ha cam nporece 310 He
BITUSIET, CTUPAHUE TIPOU3OUIET MOTHOCTHIO.



Jliis mporpaMMupoBanust MUKpokoHTposuiepa yepes nopt JTAG ¢ nomometo JTAGICE
u JTAGICE MkII Heo6xoaumo ucmonb3oBath nepexoaauk KdJ1J1.441461.009BuemHuii Buj
npejcrapiieH Ha pucyHke 5.2.11pu ucnonp3oBanuu JTAGICE3nepexoHUK HE HYKEH.

Pucynok 5.21Tepexoanuk mis JTAGICEK®/1J1.441461.009

[Ipu wucnons3oBanuu BHyTpucxeMHoi otriagku B MK 188 BE7T cymectByer psin
orTmuuii ot ananora (ATmegal28).

[IpoexT cozmaem Ha ATmegal28B ciaydan ¢ aHaTOroM Mocie KOMIWISIIUNA TPOrPaMMbI
B cpeae AVR Studio, mpoucxoauT aBTOMaTHYeCKOE CTHPAHME KpUCTallla U 3alliCh B HETO
HOBOro kozaa. Tak kak, amurenbHocTh komaHabpl ChipErases MK 188BE7T orimuaercs oT
anaimora (ATmegal28),To aBToMaTHuecKas 3aluCh OOHOBJICHHOI'O KoOJa IPOrpaMMbI HE
npotiget. [ToaToMy HeoOXoaMMO, cHaualza 3amporpaMMUPOBATh MUKPOKOHTPOJUIEP, a TTOTOM
BOUTH B PEKUM OTIAKU.

Jliist Toro, uro OB HE MPOMCXOJUIO aBTOMaTHueckoe oOHoBieHHe mnporuBku MK mnpu
KaXI0M KOMITUJISAIIMN HeoOX01uMo B HacTpoiikax AVR StudiocHSITh cooTBeTCTBYIOMMI (hiiar,
Kak rmokasaHo Ha pucyHke 5.2.B menro Debug / JTAG ICE Options Alt + O

[ Tacice =)

| Eonnection | Debug I Breakpoints I Status |
TR un Timers in Stopped Mode l Festore Default

[ 7| Preserve EEPROM contents when reprograming device

| Alwaps activate esternal reset when reprogramming device

[¥] Print breakpaint information i output window

Frogram Startup
Entry function: main

[¥]'wfamn & break if not found or ot in section coresponding to boot reset fuses

Advanced

(1 Alwaps reprogram device when loading object file
I~ Beprogram only if tirme stamp of object file has changed
@Qon't TEprogram

[ oK H Crmaera |

Pucynok 5.2Hactpoiika JTG ICE Options



6. IIporpammupoBanne 1887BE7T u3 cpenst Atmel Studio 6

Jlns  mporpammupoBanusi MK  mocpenctBom mporpammaropoB  STK500, STK600,
AVRISPmkIl, JTAGICEmkKII, JTAGICE3u3 cpenst Atmel Studio 6ueo6xoauMo 100aBUTH
¢aiin onucanus MK 1887BE7T.xm manky devicesiporpammer Atmel Studio:

IIpumep: c:\Program Files\Atmel\Atmel Studio 6.2\devices\

Taxke HeoOXoauMo ckomupoBaTh B manky tools xmldaiiner mis  pasmuaHbIX
OTJIa/IOYHBIX CPEJCTB:

IIpumep: c:\Program Files\Atmel\Atmel Studio 6.2\tools\ST®GxmI\
c:\Program Files\Atmel\Atmel 8imi 6.2\tools\STK600\xml|
c:\Program Files\Atmel\Atmel 8ioi 6.2\tools\JTAGICEmKII\xmI\
c:\Program Files\Atmel\Atmel 8ol 6.2\toolS\JTAGICE3\xml\
c:\Program Files\Atmel\Atmel 8ioi 6.2\tools\AVRISPmkII\xml\

IIpu co3panum npoekra B Atmel Studio Gaeodxoaumo Beioupath MK ATmegal28.
[Ipu mporpaMMHUpOBaHKUM PA3IMUHBIMU CpeAcTBaMKU HeoOxoaumo BeiOupaTth MK 188 BET7T!

[Ipu mporpamMmmupoBaHNE HEOOXOAMMO YYECTh TOT (AaKT, YTO JTUTEIHHOCTH CTUPAHHS
MK 188BE7T 6Goabie yem y anaigora (ATmegal28),cooTBETCTBEHHO MPOrpaMMUpPOBaHUE
MUKPOKOHTPOJIIEpA C aBTOMATUUYECKUM TpeIBApUTEIHLHBIM CTUPAHUEM HE OY/IET BBIMOIHSITCS.

Heob6xomumo y6path ¢uiar Erase device before programming. Ha pucynke 6.1 mokasan
JAHHBIX uiar.

' ~
JTAGICE mkIl (090000006FAT) @ - Device Programming (-2 [
Tool Device Interface Device signature Target Voltage
|JTAGICE mkIl ~ | 1887BETT v [JTAG | |Apply|  oxES702 |Read| = 34V [Read| |L¥

Interface settings Device

Teol information |F-"35E Chip v| | Erase now |

Device information Flash (128 K8)

Oscillator Calibration DilliWork\AVR Studio\Slognost_5_v2\debughread hex A | |
| ) g ; ; "
iMemenes ras.e c:fw:f l:tefore el Pragram | | Verify | | Read... |

i IZ] Verify Flash after programming

Lock bits EEPRCM (4 KEB)

Production file |—|

[T Verify EEPROM after programming [ Read.. |

Reading device ID...OK
Reading daisy chain cenfiguration...OK

[-] ok

Pucynok 6.10xno Device Programmingpenst Atmel Studio 6



