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Sesavali 

      informaciis gadacemisa da damuSavebis mowyobilobebi 
warmoadgenen im “agurebs”, romlebidanac aigeba rTuli 
sainformacio-mmarTveli sistemebi, magaliTad, 
ISDN_samsaxurebis integraciis mqone kavSiris cifruli 
qselebi [1]. aseTi mowyobilobebis daproeqteba warmoadgens 
rTul teqnikur amocanas, radgan maT uyeneben seriozul 
teqnikur moTxovnebs: 
 _ monacemebis gacvlis oqmebis sirTules; 
 _ gadacemis maRal siswrafes; 
 _ damuSavebis algoriTmebis sirTules; 
 _ damuSavebis maRal sizustes; 
 _ analogiur-cifruli funqciebis Sesrulebis unars; 
 _ maRal saimedoobas da utyuarobas; 
 _ madestabilizirebeli faqtorebis zemoqmedebisadmi 
simdgrades; 
 _ konstruqciuli parametrebis (gabarituli zomebi, masa), 
simcires; 
 _ energomoxmarebis simcires. 
     informaciis gadacemisa da damuSavebis mowyobilobaTa 
teqnikur maxasiaTeblebze gadamwyvet gavlenas axdens 
gamoyenebuli elementuri baza. aseTi mowyobilobebis asagebad 
yvelaze misadagebuli elementuri bazaa erTkristaliani 
mikrokontrolebi (mk). msoflio bazarze aseTi xelsawyoebs 
amzadebs mikroprocesorebis yvela mowinave mwarmoeblebi: Intel, 
Motorola, Texas Instruments, Michrochip Technology, Zilog, Atmel da sxva. 
mowyobilobaTa ganxiluli klasisTvis gansakuTrebul 
interess warmoadgens mizeruli moxmarebuli simZlavris mqone 
mciregabaritiani mikrokontrolerebi. maT Soris SeiZleba 
gamovyoT firmis Michrochip Technology-is PIC 16CXX [2] da firma 
Zilog-is Z8 mikrokontrolerebi [3,4]. PIC kontrolerebi 
miekuTvnebian e.w. brZanebaTa Sekvecil sistemaTa (Reduced 
Insturction Set Command - RISC) procesorebs, Z8 - iseTi 
procesorebia, romelTac gaaCniaT brZanebaTa kompleqsuri 
sistema (Complex Insturction Set Command - CISC). maT upireatesobas 
warmoadgens brZanebaTa ufro maRali done, rac saSualebas 
iZleva programuli kodi gadaaqcios ufro efeqtur kodad 
dakavebuli mexsierebis moculobisa da Sesrulebis drois 
TvalsazrisiT. maTi gamoyeneba amartivebs agreTve 
daprogramebas asembleris enaze. Yyovelive zemoTaRniSnuli 
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saSualebas iZleva rekomendacia gavuwioT Z8 ojaxis 
mikrokontrolers rogorc inJinruli kontrolisa da 
monitoringis amocanebis gadasawyvetad aseve informaciis 
damuSavebisa da gadacemis mowyobilobaTa proeqtirebis 
praqtikaSi gamosayeneblad [5].  
     winamdebare naSromSi dawvrilebiTaa ganxiluli Z8 
ojaxis mikrokontrolerebis arqiteqturuli agebulebisa da 
programirebis sakiTxebi. 
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1. Z8 erTkristaliani mikrokontrolerebis ojaxi 
 
1.1    Z8 ojaxis aRwera 
      Z8 ojaxis mikrokontroleris uaxles modelebs Soris 
unda gamovyoT komplementaruli metal-Jangeul-
naxevargamtaruli (kmJn) teqnologiiT Sesrulebuli mcire 
energo momxmarebeli mikrokontroleris jgufi, romelTa 
ZiriTadi parametrebi moyvanilia cxril 1.1-Si.  
 
Z8 ojaxis, energiis mcire moxmarebis mikrokontrolerebi         
                                                        cxrili 1.1 

mikrosqemis 
aRniSvna 

mmm 
baiti 

Оomm 
baiti

Seyvana/ 
/gamoyvana

swrafqmed- 
 eba mghc. 
(maqs) 

korpusi 
gamomyvanTa
raodenoba

Z86x02 512 61 14 8 18 
Z86x03 512 61 14 8 18 
Z86x04 1K 125 14 12 18 
Z86x06 1K 125 14 12 18 
Z86x08 2K 125 14 12 18 
Z86x31 2K 125 24 16 28 
Z86x30 4K 237 24 16 28 
Z86x40* 4K 236 32 16 40/44 

 
SeniSvna: X - Sesrulebis litera C, E,an L.  

                     *-SesaZlebelia mudmivi maxsovrobis mowyobilobis    
           (mmm) da  operatiuli maxsovrobis mowyobilobis   
            (omm) mierTeba 60  kilobaitis moculobiT. 
 
     mikrokontroleris aRniSvna Sedgeba firmis _ Z 
prefiqsisagan, ojaxis nomrisagan _ 86, Sesrulebis literisa 
da modelis nomrisagan. mikrokontrolerebs, romelTa 
aRniSvnaSi Sedis literi „C“, gaaCniaT mudmivi maxsovrobis 
mowyobiloba (mmm) Cakerebuli programirebiT. literi „E“ 
aRniSvnaSi miuTiTebs mikrokontroleris variantze erTjeradi 
eleqtrulad programirebadi mmm-Ti. literi „L“ Seesabameba 
variantebs masuri mmm-Ti da kvebis Semcirebuli ZabviT. 
pirvelebi gamoiyeneba seriuli nimuSebis gamosaSvebad (5000 da 
meti cali), meoreni - sacdeli, erTeuli da mcireseriuli 
nimuSebisaTvis, mesameni - seriuli mowyobilobebisaTvis 
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avtonomiuri akumulatoruli kvebiT an wyvili mSrali 
galvanuri elementebis kvebiT.  
     firma - damamzadebeli amzadebs specialur iaf 
mowyobilobas IBM PC kompiuterze orientirebuli aparatul-
programuli kros-saSualebebis saxiT, mk-s bazaze nimuSTa 
dasamuSaveblad, romelSic Sedis agreTve programatoric 
erTjeradad programirebadi mk-Tvis (magaliTad, Sidasqemuri 
emulator-programatori Z86CCP01ZEM Tavisi programuli 
uzrunvelyofiT). yvela mk-s [4,6] gaaCnia wyvetebis 5-6 doniani 
kontroleri, erTi an ori taimeri mTvleli da ori analoguri 
komparatori. Ees ukanasknelni saSualebas gvaZlevs gadavWraT 
damatebiTi komponentebis gamouyeneblad Zabvis doneebis 
Sedarebis, gadamwodebis mokleSerTuli mdgomareobis 
deteqtirebis, analogur-cifruli gardaqmnebis sakiTxebi. 
garda amisa, 06 models gaaCnia CaSenebuli mimdevrobiTi 
interfeisic. 
     mk-s Seyvana/gamoyvanis xazebi uzrunvelyofen 
SeTavsebadobas kmJn-doneebTan. gamomaval gamaZliereblebs 
programuli uzrunvelyofis marTvis qveS SeuZliaT rogorc 
ortaqtianebad sqemebad, an rogorc Ria Senakadebian sqemebad 
konfigurireba. garda amisa, denis mkveTri zrdis 
gamosaricxad, romelsac moixmaren Semavali  kmJn gasaRebebi 
Semavali signalis wyaros ararsebobisas, yvela cifruli 
Sesasvleli aRWurvilia donis avtofiqsatorebiT (Auto Latch). 
Mmk-s bolo versiebSi avtofiqsatorebi SeiZleba gamoirTos, 
rac zrdis Sesasvlelebis SeTavsebadobas. (gansakuTrebiT 
analoguri xazebisaTvis). 
     mk-is dammuSaveblebma maTSi gaiTvaliswines mTeli rigi 
aparatuli funqciebi, romlebic uzrunvelyofen muSaobis 
saimedoobas madestabilizirebeli faqtorebisa da 
xelSeSlebis zegavlenis pirobebSi: avtomaturi nulze 
dayeneba kvebis (Power-On Reset) CarTvisas, sadarajo taimeri 
(Watch-Dog Timer), dacva kvebis Zabvis Semcirebisagan  (Low-Voltage 
Protection), operatiuli maxsovrobis mowyobilobis (omm) dacva 
(RAM  Protect). 
     avtomaturi nulze dayeneba kvebis CarTvisas xdeba 
Camoyris specialuri taimeriT, romlis muSaobac 
sinqronizirdeba  CaSenebuli RC-generatoridan. es taimeri 
uzrunvelyofs procesoris Sekavebas nulovan mdgomareobaSi, 
sanam mkvebavi Zabva ar miaRwevs nominalur dones, xolo 
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ZiriTadi sinqronizaciis  generatorze  ar damyardeba 
stabiluri reJimi.  
     sadarajo taimeri icavs procesors „dakidebisagan“. 
Mtaimers programulad marTavs specialuri brZanebebi. 
Pprogramis “dakidebisas” sadarajo taimeris xelaxla gaSvebis 
morigi brZaneba ar Sesruldeba, is bolomde gaagrZelebs 
Tvlas bolos gamoiZaxebs mk-s Camoyris funqcias. amiT mk-s 
gamoTvliTi procesi aRdgenili iqneba. 
     kvebis Zabvis Semcirebisagan dacvis funqcia saSualebas 
iZleva uzrunvelyofil iqnes gamoTvliTi procesis 
koreqtuli ganaxleba mkvebavi Zabvis „Cavardnebisagan“. 
omm-s dacvis arsi mdgomareobs SesaZleblobaSi programulad 
vmarToT mikiTxva omm-s garkveuli arisadmi, romelic Seicavs 
mmarTvel informacias. mikiTxvis akrZalva iZleva am 
informaciis dacvisa da misi sworad gamoyenebis garantias, 
magaliTad, programuli mricxvelis Seferxebis SemTxvevaSi, 
romlis Sedegad SeiZleba moxdes arakoreqtuli mimarTva omm-
is am arisadmi da mmarTveli informaciis damaxinjeba.  
     mikrokontrolerebi muSaoben mkvebavi Zabvis farTo 
diapazonSi: 3-5,5v (volti) _ Cakerebuli gamoyenebisaTvis; 4,5-
5,5v _ erTjeradi programirebadisTvis da 2-3,9v _ Zabvis 
Semcirebuli kvebiT SesrulebisaTvis. Mmaqsimalur 
xelmisawvdom sixSireze standartul reJimSi muSaobisas mk-s 
moxmarebuli simZlavre Seadgens 30-60 mvt-s. 
     moxmarebuli simZlavris ekonomiis mizniT 
gaTvaliswinebulia, agreTve, mikromoxmarebis ori sarezervo 
reJimi: HALT da STOP. pirvel reJimSi gamoirTveba procesoris 
sinqronizacia, xolo taimer/mricxvelebi da wyvetis sqemebi 
rCebian aqtiurebi. Mmeore reJimSi gamoirTveba 
sinqrogeneratoric. am SemTxvevaSi mxolod sadarajo taimers 
SeuZlia Tavisi muSaobis gagrZeleba. 
     sinqronizaciis CaSenebuli generatoris originaluri 
sqema saSualebas iZleva droismomcemi elementebis saxiT 
gamoviyenoT kvarculi da keramikuli rezonatorebi, LC da RC-
wredebi. SesaZlebelia sinqronizaciac gare wyarodanac. Mmk-s 
funqcionireba uzrunvelyofilia samuSao sixSireebis farTo 
diapazonSi 10 khc-dan maqsimaluramde (ix. cxrili 1.1.) Tanac, 
rac ufro dabalia sixSire, miT naklebia moxmarebuli denis 
sidide kvebis wyarodan. magaliTad, „C“ versiis SemTxvevaSi 32 
khc sixSireze muSaobisas mk-s umravlesoba uzrunvelyofs 
denis sididis moxmarebas araumetes 8 mka-isa. 
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     eleqtromagnituri SeTavsebadobisadmi maRali 
moTxovnebis pirobebSi gamoyenebisaTvis Z8 mk SeiZleba 
gadayvanil iqnas naklebxmaurian reJimSi (Low Noise). Aam reJimSi 
ramdenadme uaresdeba gamoyvanis portebis 
datvirTvisunarianoba da izrdeba gardamavali procesebis 
dro, Tumca mniSvnelovnad mcirdeba eleqtromagnituri 
gamosxivebis done. Aam dros kvarculi gare rezonatoris 
sixSire SezRudulia 4 mhc sixSiremde. 
     damamzadebeli mk-s standartuli Sesrulebisas 
uzrunvelyofs mis saimedo muSaobas garemo temperaturis 0-

dan 70
0
C  cvlilebisas da gafarToebuli temperaturuli 

diapazoniT (Extended Temperature) Sesrulebisas 40-dan 105 
0
C 

cvlilebisas. AaRsaniSnavia, rom yvela mk „C“ literiT da 02, 
04, 08, 30, 31, 40 modelebi „E“ literiT Cveulebrivad miewodeba 
gafarToebul diapazonSi samuSaod.  
     da bolos, konkurentebis mier mk-s programis kopirebis 
SesaZleblobis gamosaricxad gaTvaliswinebulia mmm-is dacvis 
biti (ROM Protect). Mmk-s ufro adreul versiebSi dacvis bitis 
dayeneba krZalavda mmm-dan (LDC, da LDCI) CatvirTvis 
brZanebebs, rac amavdroulad  aiZulebda programists uari 
eTqva im sakmaod efeqturi algoriTmebis gamoyenebaze, rac 
cxrilebis daTvalierebaze iyo dafuZnebuli. Mmk-s bolo 
versiebSi mmm-dmi xelmisawvdomoba blokirebulia dacvis bitis 
dayenebiT,  zemoT miTiTebuli brZanebebis akrZalvisa da raime 
algoriTmuli SezRudvebis gareSe. 
 

1.2. Z8 mikrokontrolerebis arqiteqtura 
1.2.1. mikrokontrolerebis struqturuli sqema 
     nax 1.1.-ze moyvanilia mk-s ganzogadebuli struqturuli 
sqema, xolo cxril 1.2-Si miTiTebulia struqturis 
elementebis variantuli nakrebi TiToeuli modelisTvis. 
     mk-s struqturis Tanaxmad, nax. 1.1-ze operaciuli 
mowyobiloba warmodgenilia ariTmetikul-logikuri kvanZiT 
(alk). Mmk-s marTvis mowyobiloba Seicavs PC (Program Counter) 
brZanebaTa mTvlels da sinqronizaciisa da marTvis kvanZs 
sadarajo taimerTa da avtoCamoyris sqemiT.           
     mk-s mexsierebis sistema warmodgenilia mudmivi 
maxsovrobis mowyobilobiT (mmm) programebis Sesanaxad da 
operatiuli mexsierebiT monacemebisa da stekisTvis, romelic 
Sesrulebulia saregistro failis saxiT. 
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nax 1.1 mikrokontrolerebis ganzogadebuli struqturuli 
sqema 

 
saregistro failis samisamarTo velis zomis Sesamcireblad 
igi dayofilia muSa jgufebad. Aaqtiuri jgufis nomeri 
mocemulia RP (Register Pointer) registrebis specialuri 
maCvenebliT. Mme-40 models gaaCnia 64 kbaitamde mexsierebis 
moculobis gafarToebis  SesaZlebloba programisa da 
monacemebis gare mexsierebis mierTebis gziT.  
     mk-s Seyvana/gamoyvanis mowyobiloba warmodgenilia 4 
programirebadi portiT. garda amisa, mk-s kristalze  
Sesrulebulia rigi periferiuli mowyobiloba: 1-
taimer/mricxvelis, wyvetebis marTvis mowyobiloba, 2- 
analoguri komparatori da Tanmimdevruli interfeisi SPI 
(Serial Peripheral Interface). 
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     mikrokontrolioris gamomyvanebis daniSnuleba gasagebia 
nax. 1 -dan marTvisa da sinqronizaciis kvanZis gamomyvanebis 
gamoklebiT, romelTa funqciebi ganmartebulia qvemoT: 
    
 
 

Z8 mikrokontrolerebis modelTa struqturis parametrebi 
nax. 1.1-isTvis 

                                                cxrili 1.2 

kvanZebi gamomyvanebi modeli 

T0 T1 SPI marTva
porti P0
76543210

porti P1 
porti P3
76543210

02 - * - - *** - *** 
03 - * - - - - ****** 
04 * * - - *** - *** 
06 * * * - - - ****** 
08 * * - - *** - *** 
31 * * - - ******** - ********
30 * * - - ******** - ********
40 * * - * ******** * ********

  
XTAL_gamomyvanebi, kvarcis an keramikuli rezonatoris LC-an 
RC- wredebis misaerTeblad. 
/AS_misamarTis strobis (Address Strobe) gamomyvani; 
DS_monacemTa strobis (Data Strobe) gamomyvani; 
R//W_signali “kiTxva//Cawera” (Read//Write); 
RESET_ Camoyris Sesasvleli. 
  
SeniSvna: Aaq da SemdgomSi dabali aqtiuri donis mqone     
              signalebisTvis gamoiyeneba ori eqvivalenturi    
              aRniSvna, mag. AS TavzemoT xaziT, an da  / AS. 
mk-s sxvadasxva modelSi garkveuli kvanZebisa da gamomyvanebis 
fizikuri arseboba aRniSnulia cxril 1.2-Si niSniT ” * ”. 
 
1.2.2. mikrokontrolerebis samisamarTo sivrce 
     mk-s samisamarTo sivrce Sedgeba saregistro failis 
samisamarTo sivrcisa da mexsierebis samisamarTo sivrcisagan. 
saregistro failis samisamarTo sivrceSi CarTulia 
periferiuli registrebi, mmarTveli registrebi, 
Seyvana/gamoyvanis portebi da saerTo daniSnulebis registrebi 



 15

(sdr). Ues kanasknelni warmoqmnian mk-s omm-s. mexsierebis 
samisamarTo sivrce warmoqmnilia programebis Sida da gare 
mexsierebis ujredebis saxiT programuli kodisa da 
konstantebis Sesanaxad, agreTve, monacemTa mexsierebis gare 
ujredebis saxiT monacemebis Sesanaxad da stekis 
gansaTavseblad. 
 
1.2.2.1. registruli failis samisamarTo sivrce 
     saregistro faili Sedgeba mk-s yvela modelSi arsebuli 
standartuli saregistro failisagan (ssf) da gafarToebuli 
saregistro failisagan (gsf), romelic nawilobriv gamoiyeneba 
mk-s zogierT modelSi damatebiTi funqciebis marTvisTvis. 
saregistro failis struqtura naCvenebia nax. 1.2-ze. 
     ssf Sedgeba 256 rvabitiani registrisagan TeqvsmetobiTi 
damisamarTebiT OOH-dan FFH-mde (aq da Semdeg H-aRricxvis 
TeqvsmetobiTi sistemis sufiqsi). ssf samisamarTi sivrce 
dayofilia registrebis 16 muSa jgufad TiToeulSi 16-16 
registriT. muSa jgufi 0 Seicavs registrebs misamarTebiT 
OOH-dan OFH-mde, jgufi 1-registrebs misamarTebiT 1OH-dan 
1FH-mde da a.S. maSasadame, marTebulia CavTvaloT, rom 
misamarTis pirveli TeqvsmetobiTi cifri Seesabameba 
registrebis muSa jgufis nomers, xolo meore-registris 
nomers. Nnax. 1.2-ze gamoyofilia ssf registrTa muSa jgufebi 
TiToeuli jgufis nulovani registris misamarTis miTiTebiT 
aRricxvis TeqvsmetobiT sistemaSi. 
     registrebis nulovani muSa jgufi gansakuTrebulia, is 
SeiZleba Canacvlebul iqnes gsf-dan registrebis 
jgufebiT.Ggsf Seicavs registrebis 16 gafarToebul jgufs 
TiToeulSi 16-16 registriT. Nnax. 1 Si miTiTebulia 
gafarToebuli saregistro jgufebis nomrebi. Uunda aRiniSnos, 
rom ssf muSa jgufi 0 emTxveva gsf gafarToebul jgufs 0. 
     FDH (253) misamarTiT ssf-Si ganTavsebuli specialuri 
registri RP (Register Pointer- registrebis maCvenebeli) Seicavs or 
oTxbitian maCveneblebs, romlebic gansazRvraven muSa (ufrosi 
tetrada) da gafarToebuli (umcrosi tetrada) saregistro 
jgufebis mimdinare nomrebs. RP registris gadatvirTiT 
SeiZleba operatiulad SevcvaloT registrebis arCeuli 
jgufebi. datvirTvis brZanebaSi miTiTebuli TeqvsmetobiTi 
ricxvis ufrosi cifri gansazRvravs muSa jgufis nomers, 
xolo umcrosi_registrebis gafarToebuli jgufis nomers. 
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     registrebisadmi miwvdoma SeiZleba ganxorcielebul iqnas 
rogorc sruli rvabitiani misamarTis saSualebiT, ise mokle 
oTxbitiani misamarTis saSualebiTac. Uukanasknel SemTxvevaSi 
misamarTi gansazRvravs registris nomers mimdinare muSa 
jgufSi. Tu mimdinare muSa jgufi _ 0-ia, maSin arCeul iqneba 
Sesabamisi registri mimdinare gafarToebuli jgufidan. 
rvabitiani misamarTis OXH (sadac X-nebismieri TeqvsmetobiTi 
cifria) gamoyenebis SemTxvevaSi airCeva mimdinare 
gafarToebuli saregistro jgufis X registri, xolo 
misamarTebi 1XH-FXH Seesabamebian ssf registrebs. Uukanasknel 
SemTxvevaSi gamonakliss warmoadgens E registrebis muSa 
jgufi (misamarTebi EOH-EFH), romelsac ar SeiZleba mivmarToT 
rvabitiani misamarTis saSualebiT, radgan baituri formati 
EXH rezervirebulia mk-s dammuSaveblebis mier Semoklebul 
misamarTiani brZanebebisaTvis. 
     mk-s sxvadasxva modelebs gaaCniaT fizikurad misawvdomi 
saregistro jgufebis sxvadasxva krebulni. ssf-Tvis es 
krebuli naCvenebia svetebiani diagramis nax. 1.2-ze. registrebis 
gafarToebuli jgufi 0 (is ki registrebis muSa jgufia 0) 
arsebobs mk-s yvela modelSi. registrebis gafarToebuli 
jgufi C aris mxolod 06 modelSi, xolo registrebis 
gafarToebuli jgufi F arsebobs modelebSi 03, 06, 30, 31, 40. 1-F 
gafarToebuli jgufebis gamouyenebeli registrebi 
darezervirebulia mk-s dammuSaveblis mier Semdgomi 
gamoyenebisaTvis.     
    ssf registrebis nawils gaaCnia specialuri daniSnuleba 
(mmarTveli da periferiuli registrebi), danarCeni nawili ki 
saerTo daniSnulebis registrebia _ POH (General Purpose Register - 
GPR). Uukanasknelni qmnian kidevac mk-s operatiul 
damamaxsovrebel mowyobilobas (odm). specialuri 
daniSnulebis registrebi Tavmoyrilia F muSa jgufSi da 
gafarToebul/muSa jgufSi 0. gafarToebuli jgufebis yvela 
gamoyenebul registrs gaaCnia specialuri daniSnuleba.   nax. 
1.2-ze marjvena mxares naCvenebia specialuri daniSnulebis 
yvela registri. TiToeuli registrisTvis miTiTebulia 
TeqvsmetTanrigiani misamarTi da identifikatori, romelic 
warmoadgens registris daniSnulebis abreviaturas. 
     cxril 1.3-Si ki moyvanilia am registrebis sruli 
CamonaTvali TavianTi identifikatoris miTiTebiT, inglisur 
da rusul enebze daniSnulebisa da mikiTxvis operaciaTa 
xasiaTis (R-wakiTxva, W-Cawera) miTiTebiT.  
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Nnax. 1.2 registruli failis struqtura 
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specialuri daniSnulebis registrebi 
                                                    cxrili 1.3 

daniSnuleba  identifika- 
 atori  inglisuri qarTuli 

miwv-
doma

SPL 
Stack Pointer Low

Byte 
stekis maCvenebeli 

umcrosi baiti 
R/W

SPH 
Stack Pointer High

Byte 
stekis maCvenebeli 

ufrosi baiti 
R/W

RP Register Pointer 
registrebis 
maCvenebeli 

R/W

FLAGS 
Program Control 

Flags 
programuli 

kontrolis almebi 
R/W

IMR 
Interrupt Mask 

Register 
wyvetis niRbis 

registri 
R/W

IRQ 
Interrupt Request 

Register 
wyvetis moTxovnis 

registri 
R/W

IRP 
Interrupt Priority 

Register 
wyvetis 

prioritetis registri 
W 

P01M 
Port 0-1 Mode 

Register 
0-1 portebis 

reJimis  registri 
W 

P3M Port 3 Mode Register
3 portis reJimis 

registri 
W 

P2M Port 2 Mode Register
2 portis reJimis 

registri 
W 

PRE0 TO Prescaler winaswargamyofi  T0 W 

TO Timer/Counter TO taimer/mricxveli  T0 R/W

PRE1 T1 Prescaler winaswargamyofi  T1 W 

T1 Timer/Counter T1 taimer/mricxveli  T1 R/W

TMR 
Timer Mode 

Register 
taimerebis 

reJimebis registri 
R/W

 
WDTMR 

Watch Dog Timer
Mode Register 

saguSago taimeris 
reJimis registri 

W 

SMR 
Stop-Mode 

Recovery Register
STOP-is reJimidan 
aRdgenis registri 

W* 

PCON 
Port Control 

Register 
portebis marTvis 

registri 
W 

SCON 
SPI Control 

Register 
mimdevrobiTi 
interfeisis 

R/W
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marTvis registri 

RxBUF 
SPI Receive 

Buffer 

mimdevrobiTi 
interfeisis  mimRebi 

buferi 
R/W

SCOMP 
SPI Compare 

Register 

mimdevrobiTi 
interfeisis Sedar- 

ebis registri 
R/W

P3 Port 3 P    porti 3 R/W
P2 Port 2 P    porti 2 R/W
P1 Port 1 P    porti 1 R/W
P0 Port 0 P    porti 0 R/W

 
              SeniSvna:   *SMP registris biti 7 – mxolod kiTxvisTvis 
                  R – mxolod wakiTxva, W – mxolos Cawera 

 
     mikrokontroleris sxvadasxva modelebisaTvis 
specialuri daniSnulebis registris krebuli moyvanilia 
cxril 1.4 –Si. 
 

specialuri daniSnulebis registrebis krebuli 
                                           cxrili 1.4 

mk-s modeli 
registris saxelwodeba 

02 03 04 06 08 31 30 40
SPL + + + + + + + +
SPH * * * * * * * +
RP + + + + + + + +

FLAGS + + + + + + + +
IMR + + + + + + + +
IRQ + + + + + + + +
IPR + + + + + + + +

P01M + + + + + + + +
P3M + + + + + + + +
P2M + + + + + + + +
PRE0 - - + + + + + +

T0 - - + + + + + +
PRE1 + + + + + + + +

T1 + + + + + + + +
TMR + + + + + + + +
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WDTMR - + - + - + + +
SMR - + - + - + + +

PCON - + - + - + + +
SCON - - - + - - - - 
RxBUF - - - + - - - - 
SCOMP - - - + - - - - 

P3 + + + + + + + +
P2 + + + + + + + +
P1 - - - - - - - +
P0 + - + - + + + +

 
SeniSvna: 1. registris arseboba aRniSnulia niSniT ,,+”. 
                     2.SPH registri yvela modelSi, garda 40-sa, ixmareba  
                      rogorc saerTo  daniSnulebis  GPR registri    
           (aRniSnulia niSniT *). 
  
     mk-s programirebisas unda gaviTvaliswinoT 
registrebisadmi midgomis xerxi. mxolod CawersaTvis 
gankuTvnili registrebis wakiTxva mogvcems Sedegs FFH. 
Aamitom am registrebis gamoyeneba brZanebebSi, sadac xdeba 
maTi wakiTxva (magaliTad, OR, da AND logikur brZanebebSi), 
mogvcems mcdar Sedegs. rodesac 0 da 1 portebis xazebi 
gansazRvrulia, rogorc samisamarTo gamosasvlelebi, isini 
iZenen mxolod CawerisaTvis registrebis statuss. da bolos, 
registri WDTMR Caweril unda iqnes mk-s nulze dayenebis 
Semdeg sinqronizaciis pirveli 64 taqtis ganmavlobaSi.                   
     sdr-ebi, brZanebaTa sistemis TvalsazrisiT, SeiZleba 
ganxilul iqnen ara marto rogorc calkeuli rvabitiani 
registrebi, aramed registrTa Teqvsmetbitiani wyvilebic. Aam 
dros dacul unda iqnes luwobrivi gasworeba, e.i. saregistro 
wyvilis misamarTi unda iyos luwi. am dros saregistro 
wyvilis ufrosi baiti Tavsdeba luw misamarTze, xolo 
umcrosi kentze. muSa saregistro jgufSi registrTa wyvili 
iqneba 8, da maT Seesabameba mxolod oTxi nomeri: 0, 2,....,14. 
mikiTxva registrebis calkeul bitebisadmi xorcieldeba 
niRbebis mqone logikuri brZanebebiT. 
     mm-s dacvis funqcia mdgomareobs imaSi, rom samisamarTo 
sivrcis ufrosi nawili 80H-dan EFH-mde (mmarTveli jgufebis 
registrebis gamoklebiT) SeiZleba dacul iqnes wakiTxvisa da 
Cawerisagan. Omm-s dacis biti programirdeba mmm-s 
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Tanadroulad (masiurad an eleqtrulad). Tu es biti 
daprogramirebulia, maSin dacvis funqcias programulad 
marTavs IMR registris DC biti. logikuri 1 CarTavs dacvis 
funqcias, logikuri 0-ki gamorTavs. Ees funqcia gaaCniaT 
mxolod mk-s 30 da 40 modelebs. 
 

1.2.2.2. maxsovrobis samisamarTo sivrce 
     Mmaxsovrobis (mexsierebis) samisamarTo sivrce Sedgeba 
programaTa mesierebis samisamarTo sivrcisa da monacemTa 
mesierebis samisamarTo sivrcisagan. programaTa mexsiereba 
Sedgeba Sida mmm-gan da gare mexierebisagan. monacemTa 
mexsiereba, agreTve, garea. Mmk-s mexsierebis samisamarTo 
sivrcis struqtura naCvenebia nax. 1.3-ze. M 
     mk-s sxvadasxva modelebisTvis samisamarTo sivrcis 
fragmentebis misawvdomoba naCvenebia svetebiani diagramis 
naxatze. Sida mmm-ebi gaaCniaT mk-s yvela ganxiluli models. 
modelebs C da  L literebiT gaaCniaT Cakerebuli mmm, xolo 
modelebs E literiT_erTjeradad programirebadi (One Time 
Programmable_OTP) mmm. Sida mmm sidide mk-s sxvadasxva 
modelebisTvis Seadgens 512 baitidan 4 kbaitamde. Ppirveli 12 
baiti darezervirebulia wyvetebis veqtorebisTvis (ix. Nnax. 1.3). 
es ujredebi Seicaven wyvetebis 6 SesaZlo moTxovnas: IPQO-IRQ5 
(Interrupt Request). Mme-12-e (OCH) ujredidan dawyebuli 
ganTavsebulia programa. 
     me - 40 models gaaCnia programebis gare mexsierebis 
mierTebis SesaZlebloba moculobiT 60 kbait-mde. aseTi 
mierTeba SesaZlebelia pirveli portis misamarTebi/monacemebis 
(A7-A0) multipleqsuri xazebis da 0-ovani portis samisamarTo 
xazebisa (A15-A8) gamoyenebiT. Pprogramebis gare maxsovrobis 
maqsimaluri misamarTia - 65535 (FFFFH). Ggare mexsierebis es 
interfeisi xorcieldeba mmarTveli xazebiT /AS, /DS da R//W. 
programebis mexiserebisadmi mikiTxva (maT Soris  garesadmic) 
xorcieldeba brZanebaTa wamkiTxavi programuli mricxvelis 
saSualebiT. agreTve, LDC da LDCI konstantebis CatvirTvis 
brZanebebiT. 
     me - 40 models, agreTve, gaaCnia SesaZlebloba miuerTdes 
monacemebis gare mexsierebis 60-kbaitamde misamarTebiT 
4096(1000H)-dan 65535 (FFFFH)-mde me-3 portis P34 
gamosasvlelze /DM (Data Memory) signalis gacemaze 
programirebis gziT.  
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nax. 1.3 mexsierebis struqtura 
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igi saSualebas iZleva aparatulad iqnes dayofili 
monacemebis gare mexsiereisa da programebis gare mexsierebis 
samisamarTo sivrceebi. mimarTva monacemebis gare 
mexsierebisadmi xorcieldeba LDE da LDEI CatvirTvis 
specialuri brZanebebiT, romelTa Sesrulebis dros signals 
/DM eqneba aqtiuri dabali done. 
    mk-Si gaTvaliswinebulia mmm dacvis specialuri biti (ROM 
Protect), romelic programirdeba programaTa Sida mexsierebis 
Tanadroulad. mmm  dacvis arsi mdgomareobs mmm-s Semcveli 
“dampingis” Tavidan acilebaSi. Ees funqcia mk-s ufro adreul 
versiebSi realizebulia LDC, LDCI, LDE da LDEI brZanebaTa 
akrZalvis gziT. aseTi midgomisas daculi programa ver 
SeZlebda am brZanebebis gamoyenebas, es ki saSualebas ar 
aZlevda programists moexdina efeqturi algoriTmebis 
realizeba cxrilebis dasaTvaliereblad. Mmk-s bolo 
versiebSi mmm dacvis funqciebis gamoyeneba programirebas 
aranair SezRudvas ar uwesebs. 
 

1.2.2.3. steki 
     mk Z8 steki SeiZleba ganTavsebul iqnes Sida omm-Si an 
monacemTa gare mexsierebaSi. stekis ganTavseba programirdeba 
D2 bitis Caweris gziT, 0 da 1 portebis reJimis P01M 
registrSi. Canaweri 0 am bitSi iZleva gare steks, 1-Sidas. 
aseTi arCeva SesaZlebelia mxolod gare mexsierebis 
interfeisis mqone 40 modelisaTvis, xolo danarCeni 
modelebisaTvis D2 bitSi Caweril unda iqnes 1-i. 
     stekis mwvervalis (zedapiris) mdebareoba mocemulia 
stekis Teqvsmetbitiani maCvenebliT, romelic ganTavsebulia 
standartuli saregistro failis SPH da SPL  registrebSi. 40 
modelis garda, yvela modelisaTvis sakmarisia stekis 
rvabitiani maCvenebeli (radgan Sida omm moculoba ar 
aRemateba 256 baits) da is Tavsedba SPL  registrSi. FEH  
misamarTis mqone SPH  registri gamoiyeneba amavdros, rogorc 
saerTo daniSnulebis registri GPR. stekis maCvenebeli 
dekrementirdeba CarTvis operaciis win da inkriminirdeba 
amotvirTvis operaciis Semdeg. Mmisi Sedgeniloba _ es 
yovelTvis stekis mwvervalis misamarTia.  
     steki es mk Z8-es wyvetebidan da qveprogramebidan 
dabrunebis stekia, agreTve, monacemTa stekia. Mmk muSaobisas 
SesaZlebelia stekis gadavseba zeviT da qveviT. P 
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     pasuxismgebloba gadavsebis dauSveblobaze ekisreba 
programis dammuSavebels, sxvagvarad Sedegi 
gauTvaliswinebeli iqneba. 

 
 

  1.2.3. sinqronizacia 
     mk-s sinqronizaciis ganzogadebuli struqturuli sqema 
naCvenebia nax.1.4-ze.  sqema Sedgeba generatorisagan, romelic 
gaTvlilia sinqronizaciis gare wyaros an gare droismomcemi 
wredis mierTebaze, 2-ze sixSiris gamyofisa da 16-ze sixSiris 
gamyofisgan (ukanaskneli 02,03,04,08 modelebSi ar aris). XTAL1 
da XTAL2 (eXternal crysTAL) Semaval kontaqtebs uerTdeba 
droismomcemi wredi, romelic aiZulebs generators 
aformiros sinqroimpulsebi XTAL sixSiriT.  
 

    
 
 

SeniSvna: * niSnavs, rom 03 modelSi 16-ze gamyofi aris, 
xolo D0 biti    darezervirebulia da unda iyos 0-Si. 
02,04,08   modelebSi 16-ze gamyofi ar aris.N 
 

nax. 1.4  sinqronizaciis struqturuli sqema 
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      masinqronizirebeli sqemis gamosasvlelidan ixsneba TCLK 
(Timer CLocK) taimeris sinqronizaciisa da SCLK (System CLocK) 
Sida sistemuri sinqronizaciis impulsebi. 2-ze gamyofis 
daniSnuleba _ signalis formirebaa, xolo 16-ze gamyofi 
gankuTvnilia sinqronizaciis muSa sixSirisa da bunebrivia 
moxmarebuli denis Sesamcireblad, gansakuTrebiT HALT da 
STOP sarezervo reJimebSi muSaobisas.  
     sixSiris marTva mk-s sxvadasxva modelebSi xorcieldeba 
ori xerxiT. 02,04,08 modelebSi marTva daiyvaneba mxolod 
sqemis gadayvaniT naklebxmaurian reJimSi (Noise), 
naklebxmauriani reJimis bitis programirebis gziT (masiurad 
an eleqtrulad) (ix. Nnax. 1.4 zeda nawili) amave dros mimcemi 
generatori gadaiyvaneba naklebxmaurian reJimSi da 
gamoirTveba 2-ze gamyofi. am reJimSi generatoris muSaobis 
maqsimaluri sixSire Semoifargleba 4 mhc-Ti da ramdenadme 
mcirdeba datvirTvisunarianoba.  
     03, 06, 30, 31 da 40 modelebSi sinqronizaciis sqemis marTva 
xorcieldeba PCON da SMR registrebSi mmarTveli informaciis 
Caweris gziT mk-s gamoyenebiTi programis Sesrulebis 
procesSi (ix. Nnax. 1.4-is qveda nawili). PCON registris D7 biti 
marTavs mimcemi generatoris reJims, xolo SMR registris D1 
da D0  bitebi _ 2-isa da 16-ze gamyofebs Sesabamisad. marTvis 
logika naCvenebia sqemaze. 
     drois mimcemi generatoris sqema naCvenebia nax. 1.5-ze. 
generatori agebulia mudmivi denis mainvertirebeli A 
gamaZliereblis Bbazaze, kristalis SigniT Sesrulebuli R 
rezistuli ukukavSiris gamoyenebiT.   
     generatoris sqema gaTvlilia gare droismomcemi wredis 
mierTebaze, romelic warmoadgens gamaZliereblis moqnil 
ukukavSirs. generatoris mdgradi TviTagznebisTvis saWiroa 
generaciis sixSireze fazebis balansisa da amplitudebis 
balansis pirobaTa dacva. amplitudaTa balansis piroba 
mdgomareobs ukukavSiris wredis gadacemis koeficientisa da 
gamaZliereblis gaZlierebis koeficientis namravlis 1-is 
tolobaSi. fazebis balansis piroba moiTxovs, rom sqemaSi 
fazebis jamuri Zvra 0 (3600) –s tolo iyos. radgan 
gamaZlierebeli iZleva fazebis1800-iT Zvras, amitom 
ukukavSiris wredma unda uzrunvelyos fazebis Zvra, agreTve 
1800-iT.A am pirobebs akmayofileben nax. 1.6-ze naCvenebi 
droismomcemi wedebis sqmebi.  
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naz. 1.5 generatoris sqema 
 
 
G   generatori SeiZleba muSaobdes kvarculi an keramikuli 
rezonatoriT, LC-wrediT, RC-wrediT an gare generatoriT. 
RC-wredidan generatoris muSaoba moiTxovs Sida sqemis 
garkveul konfiguracias, rac miiRweva RC specialuri bitis 
programirebiT (masiurad an eleqtrulad). aseTi SesaZlebloba 
gaaCniaT modelebs 03, 06, 30, 31, 40. rac Seexeba 02, 04, 08 
modelebs, RC-wredidan gaSvebis SesaZlebloba gaaCniaT 
mxolod am modelebis yvelaze bolo versiebs. Ggeneratoris 
mdgradi agzneba SesaZlebelia 10 khc sixSiridan 
maqsimaluramde (ix, cxr. 1.1)  
 

 
 

nax. 1.6 generatoris drois momcemi wredebi 
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1.2.4 Camoyra da sadarajo taimeri 
     Camoyris (Reset) funqcia aucilebelia mk-s 
umniSvnelovanesi elementebis inicializaciisTvis: marTvis 
sqemisa da sinqronizaciisaTvis, programuli mricxvelisTvis 
(is yendeba 000CH mdgomareobaSi), mmarTveli registrebisa da 
portebisTvis (maTi mdgomareobis gansazRvrisaTvis Camoyris 
Semdeg, ixileT qvemoT mk-s sxvadasxva modelebisTvis). 
Camoyris funqcia aqtivirdeba Semdeg SemTxvevebSi: 
 _Sesasvlelze/RESET dabali donis miwodebisas (mxolod 40 
modelisaTvis); 
 _VCC kvebis CarTvisas; 
 _WDT sadarajo taimeris gadavsebisas; 
 _STOP reJimidan aRdgenisas. 
ukanasknel SemTxvevaSi (e.w. “Tbili” starti) da sadarajo 
taimeris gadavsebis SemTxvevaSi STOP reJimSi portebi da 
mmarTveli registrebi ar reinicializirdebian. 
     Camoyris funqcia gamoiyeneba agreTve, mk-s mexsierebis 
dasacavad kvebis Zabvis vardnis SemTxvevaSi. Ees miiRweva 
Camoyris funqciis CarTviT VCC mkvebavi Zabvis vardnisas VLV 
(Low Voltage)-2-6 v dacvis zRvarze dabla. Tu Zabvis done ar 
daiwevs VCMOS (1.2 v) RVJG-logikis muSaobisunarianobis 
doneze dabla, maSin SesaZlebelia mk mexsierebaSi arsebulis 
Senaxva da normaluri muSaobis gagrZeleba avtoCamoyrisa da 
VCC aRdgenis SemTxvevaSi. Ees saSualebas iZleva dacul iqnes 
mk mkvebavi Zabvis xanmokle “Cavardnebisagan”. sanam Camoyra 
gaaqtiurebulia /AS gamosasvlelze xdeba Sida sinqronizaciis 
impulsebis miwodeba, /DS gamosasvlels gaaCnia dabali 
potenciali, R//W-s ki maRali potenciali. 
     sadarajo taiemrisa da Camoyris ganzogadebuli 
struqturuli sqema naCvenebia nax. 1.7 -ze. sqema Seicavs Sida 
Camoyris signalis generators, romelic sinqronizirebadia 
XTAL ZiriTadi generatoris impulsebiT. Ees generatori 
uzrunvelyofs nulze dayenebis  (Camoyris) signalis 
minimaluri xangrZlivobis gamomuSavebas XTAL sixSiris 18 Tpc 
periodis ganmavlobaSi. generatoris gaSveba xdeba 4 Tpc 
xangrZlivobis drois filtris gavliT. sxva sityvebiT rom 
vTqvaT, Tu gamSvebi signalis xangrZlivoba iqneba 4 Tpc 
naklebi, maSin Camoyra ar moxdeba.  
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 nax. 1.7 Camoyra/sadarajo taimeris sqema 
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    Tu gamSvebi signali 18 Tpc metia, maSin Camoyra 
SenarCundeba am signalis moqmedebis droSi manZilze plus 18 
Tpc. Camoyrisa da gaSvebis signalebis gaerTianeba 
xorcieldeba sqemiT “samontaJo an”, amitom mk/RESET (mxolod 
40 modelisTvis) gare gamomyvans SeiZleba movuerToT sqemebi 
Ria SesarTaviani gamomavali kaskadebiT. Mmk CamoyrisTvis SB 
“Camoyris” Rilakis saSualebiT unda gamoviyenoT gare RC-
wredi, romelic naCvenebia imave naxatze. RC-wredis gamoyenebis 
SesaZleblobisTvis gaSvebis sqemis Sesasvlels damatebuli 
aqvs Smitis trigeri.  
        POR (Power-On Reset) avtoCamoyris taimeri da sadarajo 
taimeri WDT (Watch-Dog Timer) Sesrulebulia gadamTvleli 
wredis saxiT, romelic zogadad sinqronizirebulia XTAL 
ZiriTadi generatorisagan an GRC damatebiTi RC-
generatorisagan. POR taimers yvela modelebisTvis gaaCnia 
mudmivi dro, xolo WDT taimers-programirebadi. (02, 03, 04, da 
08 modelebis gamoklebiT). 
     POR avtoCamoyris taimeris gaSveba xorcieldeba Semdeg 
SemTxvevebSi: 
 _ Tu VCC done iwevs VLV doneze maRla; 
 _ Tu gaaqtiurdeba STOP reJimidan aRdgenis signali; 
 _ Tu adgili aqvs WDT sadarajo taimeris gadaTvlis 
dasrulebas.  
     pirvel SemTxvevaSi gaSvebis signali gamomuSavdeba A 
specialuri komparatoris mier. Mmeore SemTxvevaSi wyaros 
signalis parazituli Sxefebi iTrguneba 12 nanowamiani 
filtriT.  
     yvela am SemTxvevaSi xdeba POR avtoCamoyris taimeris 
gaSveba, romlis dayovnebis dro uzrunvelyofs gardamavali 
procesebis dasrulebas VCC kvebis wredSi da gasvlas XTAL  
sinqronizaciis ZiriTadi generatoris normalur reJimze, 
romlis Semdeg koreqtulad sruldeba mk-s Sida Camoyra.    
      STOP reJimidan aRdgenisas ZiriTadi generatoris  LC an RC-
droismomcemi wredebis gamoyenebis SemTxvevaSi (ix. p. 1.2.3.) ar 
aris aucilebloba SevinarCunoT avtoCamoyris dayovneba, 
radgan generatoris am konfiguraciebs aqvT dayenebis mcire 
dro. STOP reJimidan aRdgenis dayovnebis Sesamcireblad am 
SemTxvevaSi signali wyarodan SeiZleba miwodebul iqnes 
Camoyris signalis generatoris gaSvebis Sesasvlelze.  
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amave dros aucilebelia, rom signals aRdgenis wyarodan 
hqondes aranakleb 4 Tpc xangrZlivoba.  
     mk-Si, romlebsac gaaCniaT F registrebis gafarToebuli 
jgufi (modelebi 03, 06, 31, 40) Camoyris sadarajo taimeris 
sqemis marTva xorcieldeba STOP-SMR (STOP-Mode Recovery  
Register) reJimidan aRdgenis reJimisa da WDTMR (Watch-Dog Timer 
Mode Register) sadarajo taimeris reJimis registrebis 
saSualebiT. marTvis logika gasagebia naxatidan. Uunda 
aRiniSnos, rom radgan ZiriTadi sinqronizaciis generatori 
gamoirTveba STOP reJimSi, manam sanam gadavalT am reJimSi 
aucilebelia, rom biti D4 WDTMR dayenebul iqnes 0 
mdgomareobaSi. aucilebelia gvaxsovdes, rom registri WDTMR 
xelmisawvdomia CawerisTvis mxolod nebismieri wyaros mier 
gamowveuli Camoyris Semdeg procesoris pirveli 64 taqtis 
(128 Tpc) ganmavlobaSi. WDTMR registris Tanrigebis 
daniSnuleba sruladaa naCvenebi nax. 1.8-ze. damcveli taimeris 
amuSaveba da ganaxleba xorcieldeba WDT specialuri 
brZanebiT RUN programis Sesrulebis muSa reJimSi.  
am brZanebis erTjeradi Sesrulebis Semdeg damcveli taimeris 
moSaoba mudmivad nebarTulia. Aamitom mk programa unda 
iTvaliswinebdes WDT brZanebis periodul ganmeorebas 
(periodiT, romelic sadarajo taimerze dayenebul droze 
naklebia) es unda uzrunvelyos TviTon programistma. 
aseT SemTxvevaSi Tu procesori normalurad muSaobs xdeba 
sadarajo taimeris periodulad xelaxla amoqmedeba da igi ar 
miaRwevs Tvlis dasrulebis mdgomareobas. Pprocesoris 
“Camokidebisas” damcveli taimeri miaRwevs Tvlis dasrulebis 
mdgomareobas, rac iwvevs mk avtoCamoyris amoqmedebas da 
programis Tavidan Sesrulebas. WDT muSaoba HALT da STOP 
reJimebSi wydeba WDTMR registris D2 da D3 Sesabamisi bitebis 
programirebis gziT. am SemTxvevaSi, Sesabamis reJimSi 
gadasvlisas, WDT agrZelebs Tavis muSaobas. 03 modelSi 
damcvel taimers aqvs fiqsirebuli Seyovneba 15 mwm (GRC-dan 
sinqronizaciisas) an 512 Tpc (XTAL-dan sinqronizaciisas), xolo 
WDTMR registris D1 da D0 bitebis mdgomareoba ki unda unda 
iyos 01. 02, 04, 08 modelebSi WDTMR da SMR registrebi ar 
arseboben, amitom sqemas gaaCnia fiqsirebuli konfiguracia 
(Seesabameba nax.1.7-ze naCvenebi gadamrTvelebis mdgomareobas). 
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Nnax. 1.8 registri WDTMR 
 
    HALT reJimSi sadarajo taimeris muSaobis nebis darTva 
xorcieldeba WDH specialuri brZanebis SesrulebiT 
(sruldeba HALT reJimSi gadasvlamde). STOP reJimSi am mk-ebSi 
sadarajo taimeris muSaoba akrZalulia. 
    mk-s yvela modelSi sadarajo taimeris muSaobis akrZalva 
xdeba Sida Camoyris Sesrulebisas. Ggamonakliss warmoadgens 
zogierTi modeli (an calkeuli modifikaciebi), romlebsac 
gaaCniaT WDT (Permanent WDT) mudmivi nebarTvis programirebadi 
(masiurad an erTjeradad) biti. Tu es biti daprogramebulia, 
maSin WDT mudmivad nebadarTulia da Camoyris Semdeg misi 
muSaobis akrZalva ar xdeba. 
      amrigad, Camoyris funqcia da sadarajo taimeri 
uzrunvelyofen programis koreqtul Tavdapirvel gaSvebas da 
xelaxal gaSvebas programis Seferxebis SemTxvevaSi. 
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1.2.5. Seyvana/gamoyvanis portebi 
     mk Z8 gaaCnia Seyvana/gamoyvanis 32-mde xazi, romlebic 
dajgufebulia oTx rvabitian portSi P0, P1, P2, P3 (mk-s 
TiToeuli modelisaTvis portebis Sesabamisi gamomyvanebis 
fizikuri arseboba miTiTebulia cxr. 1.2-Si). portebi 
ganlagebulia saregistro failis samisamarTo sivrceSi 
moisamarTebze Sesabamisad 00H, 01H, 02H, 03H.  
     portebi P0, P1, da  P2 agebulia 1.9. naxazze naCvenebi 
tipiuri struqturis mixedviT. TiToeul ports gaaCnia 
Semavali da gamomavali registrebi, Semavali da gamomavali 
buferebi. gamomavali buferebi _ ortaqtianebia, Tumca, 
SeiZleba daprogramirebul iqnan rogorc Ria Senakadis mqone 
(Open Drain) sqemebad. Ggarda amisa, gamomavali buferebi 
SeiZleba gadayvanil iqnes naklebxmaurian reJimSi. portebis 
xazebis muSaoba SeiZleba daprogramirebul iqnes Seyvanaze an 
gamoyvanaze: P0 – tetradebis mixedviT, P1 – baitebis mixedviT 
(e.i. mTlianad), xolo P2 – bitebis mixedviT (ix. cxr. nax. 1.9-ze).  
portebs SeuZliaT muSaoba sinqronuli programuli gacvlis       
reJimSi, kvitirebiT gacvlis reJimSi, strobirebadi 
Seyvana/gamoyvanis reJimSi. 
     sinqronuli programuli gacvlisas Seyvana an gamoyvana 
realizdeba portis registris Caweris an wakiTxvis brZanebaTa 
Sesrulebis momentSi. amave dros gare mowyobiloba mudmivad 
unda iyos mzad gacvlisTvis. gacvlis reJimi kvitirebiT anu 
“xelis CamorTmeviT” (Handshake) mdgomareobs imaSi, rom mk da 
gare mowyobiloba erTmaneTs Soris cvlian monacemTa gacvlis 
mzaobis - RDY (Ready) Dda monacemTa namdvilobis - /DAV (Data is     
Available) signalebs  (kvitaciebs). Seyvana da gamoyvana 
kvitirebiT dawvrilebiT ganimarteba 1.10 da 1.11 naxazebze 
moyvanili droebiTi diagramebiT.    kvitirebis signalebis 
miRebisa da gadacemisTvis gamoiyeneba P3 portis 
Seyvana/gamoyvanis Sesabamisi xazebi (ix. cxr. nax. 1.9-ze). 
kvitirebis mqone gacvlis mimarTulebis arCeva xorcieldeba im 
mimarTulebis Sesabamisad, romelic daprogramebulia P0 
portis ufrosi tetradisTvis da P2 portis ufrosi bitisTvis. 
     strobirebuli Seyvana/gamoyvanis reJimi realizdeba 
rogorc kvitirebiT gacvlis kerZo SemTxveva sqemiT nax. 1.12. 
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nax. 1.9 P0, PP1 da P2 portebis struqturuli sqema 
 

garda ZiriTadi funqciebisa portebi P0 da P1 SeiZleba 
gamoyenebul iqnes gare mexsierebis interfeisisaTvis (P0 - A8... 
A15 misamarTebis ufrosi Tanrigebi, P1-AD0... AD7 
monacemebi/misamarTebis multipleqsuri salte).  
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nax. 1.10  Seyvana kvitirebiT 
 

mdgomareoba 1 signals RDY gaaCnia maRali done, rac 
miuTiTebs mk miiRos monacemebi.  

 
mdgomareoba 2 gare mowyobiloba ganaTavsebs monacemebs 

portis gamomyvanebze da gaaqtiurebs 
signal /DAV-s. amas mivyavarT monacemTa 
fiqsaciamde mk portis Sesasvlel 
registrSi da wyvetis moTxovnis 
generirebamde. 

 
mdgomareoba 3 mk-s RDY gamosasvleli gadahyavs dabal 

mdgomareobaSi da amiT niSans aZlevs gare 
mowyobilobas, rom rom monacemebi ukve 
dafiqsirebulia. 

 
mdgomareoba 4 gare mowyobiloba xaz /DAV-s abrunebs 

maRal mdgomareobaSi, magram RDY signalis 
dabali donis miRebis Semdeg. 

 
mdgomareoba 5 mk-m reagireba unda moaxdinos wyvetis 

moTxovnaze da waikiTxos portis SigTavsi 
kvitirebis Tanmimdevrobis dasrulebis 
mizniT. RDY xazze myadreba maRali done 
maSin da mxolod maSin, rodesac porti 
ukve wakiTxulia da /DAV-s gaaCnia maRali 
done. es interfeiss abrunebs mis sawyis 
mdgomareobaSi. 
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nax. 1.11  gamoyvana kvitirebiT 
 
 

mdgomareoba 1 RDY Sesasvlels gaaCnia maRali done, rac 
miuTiTebs gare mowyobilobis mzaobaze 
monacemTa miRebisaTvis. 

mdgomareoba 2 mk wers monacemebs portis registrSi am 
monacemTa gadacemis inicializaciis mizniT. 
portSi axali monacemebis Cawera da /DAV 
gamosasvlelis gadayvana dabali donis 
mdgomareobaSi xdeba mxolod maSin, rodesac 
RDY –s gaaCnia maRali done. 
 

mdgomareoba 3 gare mowyobiloba monacemTa fiqsaciis Semdeg 
RDY signalis dones gadaaqcevs dabal doned.  
RDY dabali done iwvevs wyvetis moTxovnis 
generirebas, mk-s ukve SeuZlia axali 
monacemebis Cawera  RDY- s dabali donis 
pasuxad, Tumca es monacemebi ar daiyvaneba me-
5 mdgomareobamde. 

mdgomareoba 4 mk-s DAV/ gamosasvlelis done gaxdeba maRali 
RDY gamosasvlelis dabali donis 
mdgomareobaSi gadasvlis pasuxad. 
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mdgomareoba 5 DAV/ gamosasvleli rCeba maRali donis 
mdgomareobaSi, gare mowyobilobas SeuZlia 
daamyaros  RDY- s maRali done, rac 
interfeiss abrunebs mis sawyis mdgomareobaSi.

 

N 
a) gamoyvana; b) Seyvana 

nax. 1.12  strobirebadi Seyvana/gamoyvana 
                      
xolo P2 porti _ SPI Tanmimdevruli interfeisisaTvis 
modelSi 06 (P20 - DI Sesasvleli, P27 - D0 gamosasvleli).  
      P0, P1, P2 portebis sqemoteqnika naCvenebia nax. 1.13. 
orkontaqtiani buferuli gamosasvleli gamaZlierebeli 
Sesrulebulia VT1 da VT2 komplementur mJn tranzistorebze. 
VT1 tranzistoris gamorTva iwvevs buferuli gamaZlierebls 
gadasvlas Ria Senakadis mqone konfiguraciaSi. 
Semavali buferi Seicavs avtofiqsatorsa da Smitis trigers, 
romelic uzrunvelyofs Semavali signalis formirebas. 
     avtofiqsatori gankuTvnilia gamouyenebeli Sesasvlelis 
potencialis fiqsaciisaTvis kmJn-is misawvdomi potencialebis 
doneze romelic axlos dgas GND saerTo saltis an VCC 
kvebis saltis potencialebTan. amiT gamoiricxeba 
tranzistorebis wyvilis gadasvla aqtiur reJimSi da 
moxmarebuli denis mkveTri zrda. avtofiqsatori warmoadgens 
bistabilur ujreds (trigers), romelic Sesrulebulia or 
urTierT dakavSirebul invertoris wredze da  romelic 
imarTeba gamosasvleliT. avtofiqsatoris maSuntirebeli 
winaRoba – aranakleb 500 komia. rig SemTvevebSi, rodesac 
Sesasvlelebi gamoyenebulia avtofiqsatoris  maSuntirebeli 
moqmedeba arasasurvelia, amitom mk zogierT modifikaciaSi 
gaTvaliswinebulia  avtofiqsatorebis gamorTvis specialuri 
biti (Z86C30/31/40). 
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nax. 1.13  Semavali da gamomavali buferebis sqemoteqnika 

      
     porti P3 gansakuTrebulia, misi pirveli oTxi xazi P30... 
P33 gankuTvnilia signalebis SeyvanisTvis, meore oTxi xazi ki 
P34... P37 _ gamoyvanisaTvis. portis struqturuli sqema da misi 
gamomyvanebis daniSnulebis cxrili sxvadasxva reJimebisTvis 
moyvanilia naxaz 1.14-ze. arCeuli reJimis miuxedavad P3 portis 
SesasvlelebTan dakavSirebulni arian cxrilSi miTiTebuli 
wyvetis Sesabamisi moTxovnebi.  
     mk-s sxvadasxva modelebisaTvis P3 portis gamomyvanebis 
fizikuri arseboba miTiTebulia cxril 1.2-Si.  
      P3 porti Seicavs oTxbitian Semaval da gamomaval 
registrebs, Semaval da gamomaval buferebs. dabrunebis 
oTxbitiani buferis arseboba saSualebas iZleva P3 portis 
wakiTxvisas vakontroloT monacemebi gamomaval xazebze. P3 
umcros tetradSi informaciis Cawera ar iZleva araviTar 
efeqts. P3 portis sqemoteqnika ilustrirebulia nax. 1.15-ze.  
     mk-s damatebiT Taviseburebas warmoadgens AN1 da AN2  ori 
CaSenebuli analoguri komparatoris arseboba, romlebic 
saSualebas gvaZleven gadavWraT analogur-cifruli 
gardaqmnis, signalebis dakvantvis, analoguri signalebis  
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nax. 1.14 port 3-is struqturuli sqema 
 

Sedarebis sakiTxebi. P3 portis Sesasvlelebi da 
gamosasvlelebi gamoiyeneba analoguri sqemis 
momsaxurebisaTvis. 
    analogur reJimSi Sesasvlelebis gadarTva xorcieldeba 
me-3 portis P3M reJimis registris D1 bitiT, xolo 
gamosasvlelebis _ portebis marTvis registris PCON-is D0 
bitiT. P31 da P32 Sesasvlelebi gamoiyeneba Sesabamisad 
komparatorebis arainvertirebuli SesasvlelebisaTvis, xolo 
P33 Sesasvleli warmoadgens REF sayrdeni Zabvis Sesasvlels, 
romelic saerToa AN1 da AN2-Tvis. me-3 portis 
gamosasvlelebis gamoyeneba moyvanilia cxril 1.5 – Si. 
     portebis muSaobis marTva realizdeba informaciis 
mmarTvel registrebSi Caweris gziT: P0 da P1 portebisaTvis 
P01M reJimebis registrSi, P2 portisTvis P2M reJimebis 
registrSi. P3 portisTvis ki P3M reJimis registrSi. yvela es 
registri imyofeba standartuli registruli failis F muSa 
jgufSi.     
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nax. 1.15 port  P3-s sqemoteqnika 
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                                                         cxrili 1.5 

                 
       P3-s 
 
Ggamomy- 
  vani 

analog- 
iuri 

 
reJimi 

kvitireba SPI taimerebi
gare 

maxsovroba 
wyvetebi

        
P30 

     IRQ3 

        
P31 

AN1 /DAV2/RDY2  TIN  IRQ2 

        
P32 

AN2 /DAV0/RDY0    IRQ0 

        
P33 

REF /DAV1/RDY1    IRQ1 

        
P34 

AN1-OUT RDY1/DAV1 SK  /DM  

        
P35 

AN2-OUT* RDY0/DAV0 /SS    

        
P36 

 RDY2/DAV2  TOUT   

        
P37 

AN2-OUT      

    
 
 
SeniSvna: * mxolod 03 da 06 modelebisTvis. 
 
     garda amisa 03, 06, 30, 31 da 40 modelebSi,  portebis 
gamomavali buferebis muSaobis reJimebis marTvisaTvis (“Ria 
Senakadis” reJimi da naklebxmauriani reJimi) gamoyenebulia 
portebis marTvis registri PCON, romelic ganTavsebulia F 
registrebis gafarToebul jgufSi.     
    yvela es registri gankuTvnilia mxolod CawerisTvis. am 
registrebis wakiTxvis Sedegi iqneba FFH toli. mk-s sxvadasxva 
modelebisaTvis mk Camoyris Semdeg am registrebis Tanrigebis 
daniSnuleba da maTi mdgomareoba naCvenebia nax. 1.16_1.19. 
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Nnax. 1.16  port  P2-s reJimebis registri 
 
 

    mk-s gamoyenebiTi programis damuSavebisas saWiro iqneba  
masSi gaviTvaliswinoT Seyvana/gamoyvanis portebis 
inicializaciis procedura gare mowyobilobasTan monacemebis 
gacvlis operaciaTa Sesrulebamde. 
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Nnax. 1.17  PO da  P1 portebis reJimebis registri 
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N        

nax. 1.18  port  P3-s reJimebis registri 
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nax 1.19 portebi PCON marTvis registri 
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1.2.6. taimeri/mTvlelebi 
     mk Z8-s sxvadasxva modelebs SeiZleba hqondes erTi an ori 
taimer/mricxveli  (ix. cxrili 1.2).   
T0 da T1 taimer/mricxveli arian 8- bitianebi da TiToeuli 
maTgani aRWurvilia 6-bitiani wingamyofebiT PRE0 da PRE1 (nax. 
1.20). 
     taimer/mricxvelebis muSaoba warmoebs procesoris 
muSaobisgan damoukideblad, rac mas anTavisuflebs 
kritikuli droebiTi operaciebis Sesrulebisagan, iseTebis, 
rogorebicaa: movlenaTa Tvla, droiTi intervalebis gazomva, 
mocemuli xangrZlivobis impulsTa generireba da a.S.  
     taimer/mricxvelebidan TiToeuls SeuZlia muSaoba 
erTgasavlian an ciklur reJimSi. pirvel SemTvevaSi, 
taimer/mricxvelis mier angariSis bolomde miRwevisas, 
angariSi wydeba, meore SemTxvevaSi ki sawyisi mniSvneloba 
kvlav CaitvirTeba da Tvla iwyeba Tavidan . TCLK (TCLK = 
XTAL/2  generatoris muSaobis ZiriTad reJimSi) Sida 
sinqronizaciidan marTvisas, misi sixSire damatebiT iyofa 4-
ze. es gamyofi 6-bitian gamyofTan da 8-bitian 
taimer/mricxvelTan erTad qmnis sinqronul 16-bitian wreds. 
taimer/mricxvel T1 marTva, agreTve SeiZleba TIN gare 
Sesasvlelidan risTvisac gamoiyeneba gamomyvani P31. 
taimer/mricxvelebis gamosasvlelebi da Siga sinqronizaciis 
gamosasvleli programis saSualebiT SeiZleba SeerTebul 
iyos TOUT gamosasvlelze risTvisac gamoiyeneba gamomyvani 
P36. taimer/mricxvelebis muSaobis marTva xorcieldeba 
taimerebis reJimebis registris TMR -is saSualebiT. T0 da T1 
taimer/mricxvelis, PRE0 da PRE1 wingamyofebis registrebi, 
agreTve TMR registri ganTavsebulia ssf samisamarTo sivrcis 
F muSa jgufSi. (ix. nax. 1.2.) amitom taimer/mricxvelebis 
muSaobaze marTvisa da kontrolisTvis aranairi specialuri 
brZaneba ar aris saWiro. PRE0 (F5H) da PRE1 (F3H) 
wingamyofebisagan TiToeuli Sedgeba sawyisi mniSvnelobis 8-
bitiani registrisagan da 6-bitiani maklebali mricxvelisagan. 
(ix. nax. 1.20.) 
     wingamyofebis registrebi gankuTvnilia mxolod 
CawerisTvis, sawyisi mniSvnelobis garda Seicaven mmarTvel 
bitebs. am registrebis TanrigTa daniSnuleba, maTi 
mdgomareoba Camoyris Semdeg da muSaobis procesSi naCvenebia 
nax. 1.21.-sa da nax. 1.22-ze. 
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       nax. 1.20 taimer/mricxvelis struqturuli sqema 
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NA 

nax. 1.21 PREO-is winaswargamyofis registri 
 
 

 
 

nax. 1.22  PRE1- s winaswargamyofis registri 
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am registrebis wakiTxvis mcdeloba iZleva FF Sedegs. 
wingamyofebis sawyisi mniSvneloba SeiZleba iyos diapazonSi 1-
dan 64-mde (01H,..., 3FH, 00H). 
     TO (F4H) da T1 (F2H) taimer/mricxvelebidan TiToeuli (ix. nax. 
1.20) Sedgeba 8 bitiani maklebeli mricxvelisagan, sawyisi 
mniSvnelobis registrisagan (mxolod CawerisTvis) da 
mimdinare mniSvnelobis registrisagan (mxolod wasakiTxad).  
sawyisi da mimdinare mniSvnelobebi SeiZleba iyos 1-dan 256-mde 
(01H,...,FFH, 00H). diapazonSi Camoyris Semdeg T0 da T1 
registrebis mdgomareoba ganusaZRvrelia. TMR registri 
Seicavs bitebis jgufs, romlebic marTaven sawyisi 
mniSvnelobebis CatvirTvis, taimerebis gaSveba/SeCerebas, TIN 
Sesasvlelis reJimsa da TOUT gamosasvlelis reJims. TMR 
registris Tanrigebis daniSnuleba, maTi mdgomareoba Camoyris 
Semdeg da dasaSvebi mdgomareobebi muSaobis procesSi mk-s 
sxvadasxva modelebisTvis naCvenebia nax. 1.23-ze. 
     datvirTvis bitis (T0-Tvis D0 da T1-Tvis D2) dayeneba 
iwvevs sawyisi mniSvnelobis gadagzavnas Sesabamisi 
wingamyofisa da taimeris sawyisi mniSvnelobis registrebidan 
maklebel mricxvelebSi. CatvirTvis Semdeg xdeba am mmarTveli 
bitebis Camoyra. axali mniSvneloba SeiZleba CatvirTul iqnes 
maklebel mricxvelebSi nebismier dros. Tu mricxvelebi 
gaSvebuli iqna gadatvirTvis gareSe, maSin Tvla daiwyeba 
axali mniSvnelobidan. 
taimer/mricxvelebi inarCuneben TavianT mdgomareobas, sanam 
gadaTvlis nebarTvis biti (ix. nax. 1.23) 0-is tolia. 
taimer/mricxvelebis amoqmedebisTvis gadaTvlis nebarTvis 
Sesabamisi biti (T0-Tvis D1 da T1-Tvis D3) dayenebul unda 
iqnes 1-is mdgomareobaSi. pirvl dekrements adgili eqneba Sida 
sinqronizaciis 4 periodis Semdeg programis mier gadaTvlis 
marTvis bitis dayenebis Semdeg an gare sinqronizaciis 
Semdgom periodSi (TIN Sesasvlelidan). nebarTvisa da 
datvirTvis bitebi SeiZleba dayenebul iqnes erTdroulad. 
magaliTad, qvemoT miTiTebuli brZanebis gamoyenebiT 

OR TMR, # 03H 
SeiZleba davtvirToT da gavuSvaT taimer/mricxveli TO. 
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nax. 1.23 taimerebis reJimebis registri TMR 
 

1.2.7. wyvetebi 
     mk Z8 uzrunvelyofen sxvadasxva wyarodan prioritetuli 
wyvetebis 6-donian sqemas. wyvetebis gare wyaroTa nakrebi 
dakavSirebulia P3 portebis SesasvlelebTan da axdens IRQ0,..., 
IRQ3 wyvetebis moTxovnaTa inicirebas (ix. cxr. 1.6, nax. 1.24-
isTvis). Sida wyaroebs miekuTvnebian taimer/mricxvelebi T0, T1 
da Tanmimdevruli interfeisi SPI. maT Seesabameba IRQ4, IRQ5 
wyvetaTa moTxovnebi.  
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nax 1.24 wyvetebis organizacis struqturuli sqema 
 

wyvetebis aparaturuli wyaroebi 
                                                 cxrili 1.6 

Mmk-s modeli wyvetebis 
moTxovna 02 03 06 04, 08 30, 31, 40

IRQ0 P32 f P32 s P32 s P32 f P32 s 
IRQ1 P33 f P33 f P33 f P33 f P33 f 
IRQ2 P31 f P31 s P31 s P31 f P31 s 
IRQ3 P32 f  SPI P32 r P30 f 
IRQ4   T0 T0 T0 
IRQ5 T1 T1 T1 T1 T1 

 
SeniSvna: * f -  wyvetis signalis wina, xolo  s - ukana fronti.    
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     wyvetaTa organizaciis ganzogadebuli struqturuli 
sqema da wyaroTa Sesabamisobis cxrili naCvenebia nax. 1.24-ze. 
unda aRiniSnos, rom nebismieri moTxovna wyvetaze SeiZleba 
dayenebul iqnas rogorc aparatulad aseve programulad. 
     wyvetebis marTvis sqema moicavs sam mmarTvel registrs: 
IRQ wyvetebis moTxovnaTa registrs, IMR wyvetaTa niRbis 
registrsa da IPR wyvetaTa prioritetebis registrs. yvela 
registri ganTavsebulia ssf-s muSa jguf F-Si. TiToeuli gare 
signali ayenebs 1-ianis mdgomareobaSi moTxovnis Sesabamis 
bits IRQ registrSi (nax. 1.25), nax. 1.24-is cxrilSi miTiTebuli 
signalis frontis warmoSobisas. 
 

       
 

nax. 1.25. IRQ  wyvetebis moTxovnaTa registri 
 

     03, 06, 30, 31, da 40 modelebSi signalis fronti, romelic 
ayenebs IRQ0 da IRQ2 moTxovnebs, programirdeba informaciis 
Caweris gziT IRQ registris or ufros bitSi. 
taimer/mricxvelebidan  wyvetaTa moTxovnebi dgindeba maT mier 
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Tvlis bolos miRwevisas, xolo moTxovna SPI-dan _ simbolos 
miRebis dasrulebisTanave.      

       IMR wyvetebis niRbebis registri (nax.1.26) saSualebas 
iZleva SevniRboT rogorc TiToeuli wyveta IRQ5-IRQ0 cal-
calke (bitebi D5 - D0), ise yvela wyvetac globalurad (biti 
D7). ukanaskneli biti yendeba da misi Camoyra xdeba EI da DI 
wyvetebis akrZalvisa da nebarTvis gansakuTrebuli 
brZanebebiT. misi avtomaturi Camoyra xdeba wyvetaTa 
momsaxureobis qveprogramis gamoxmobisas da avtomaturad 
yendeba IRET SewyvetaTa momsaxureobis qveprogramidan 
dabrunebis brZanebis Sesrulebisas, unda aRiniSnos, rom IMR 
an IPR  Semcvelobis cvlilebis win IMR  registris D7 biti 
Camoyrili unda iqnes. 
 

 
nax. 1.26 wyvetebis niRbis registri IMR 

 
     IPR wyvetaTa prioritetis registri (nax. 1.27) saSualebas 
iZleva davadginoT prioritetebis nebismieri Tanafardoba 
rogorc A, B, C wyvetaTa jgufebs Soris, ise jgufis SigniT 
wyvetaTa calkeul moTxovnebs Sorisac. TiToeul jgufSi 
CarTulia or-ori moTxovna.  
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nax. 1.27 IMR wyvetebis prioritetebis registri 
 
     mk Z8 inarCunebs rogorc veqtoruli wyvetebis process, 
ise polingis processac. veqtoruli procesis SemTxvevaSi 
wyvetebis TiToeul dones SeiZleba hqondes sakuTari veqtori. 
e.i. wyvetis am donis momsaxureobis qveprogramis misamarTi. 
wyvetaTa veqtorebi ganTavsebulia mmm-s sawyis zonaSi (ix. nax. 
1.3). 
     veqtoruli wyvetis procesis inicializacia xdeba, Tu 
wyvetebi globaluradaa nebadarTuli da arsebobs Sewyvetis 
Tundac erTi araSeniRbuli moTxovna. Tu aseTi moTxovnebi 
ramdenimea, maSin airCeva wyvetis veqtori umaRlesi 
prioritetiT. Semdeg realizdeba moqmedebaTa Semdegi 
Tanmimdevroba. 
 _ stekSi CaitvirTeba PC umcrosi baiti; 
 _ stekSi CaitvirTeba PC ufrosi baiti; 
 _ stekSi CaitvirTeba FLAGS almebis registri;  



 54

 _ xdeba veqtoris ufrosi baitis wakiTxva; 
 _ xdeba veqtoris umcrosi baitis wakiTxva; 
 _ veqtori CaitvirTeba PC-Si. 
     am Tanmimdevrobas ukavia Tpc sinqronizaciis 24 taqti. 
wyvetaze reaqciis uaresi dro SeiZleba gamoviangariSoT, Tu 
mivumatebT am dros 2Tpc wyvetebis gare moTxovnis 
sinqronizaciisaTvis da Sewyvetil programaSi yvelaze grZeli  
brZanebis Sesrulebis dros. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 55

2. Z8 mikrokontroleris brZanebaTa sistema 
     mk-s maTematikuri SesaZleblobebi xasiaTdeba brZanebaTa 
sistemiT. mk-Si gamoyenebulia brZanebaTa agebis ormisamarTiani 
principi, rac saSualebas iZleva SevamciroT operandebis 
saWiro gadagzavnebis raodenoba. pirveli operandi brZanebis 
Sesrulebis Semdeg xdeba Sedegi da ewodeba operand-mimRebi 
(Destination Operand), xolo meore _ inarCunebs Tavis 
mniSvnelobas da ewodeba operand-wyaro (Source Operand). 
brZanebaTa sistemis aRweraSi pirveli aRniSnulia 
abreviaturiT dst, xolo meore- src. 
 mk-s nebismieri brZanebis kodi Seicavs operaciis kods (opk), 
romelic gansazRvravs  brZanebis operacias, da oramde 
samisamarTo vels. samisamarTo velSi kodebis ganmartebis 
xerxebs ewodebaT operandebis damisamarTebis xerxebi. manam, 
sanam ganvixilavT brZanebaTa nakrebs, saWiroa ufro 
dawvrilebiT ganvixiloT operandebis damisamarTebis xerxebi. 
 
2.1 operandebis damisamarTebis xerxebi 
     mk Z8-Si gamoyenebulia operandebis damisamarTebis eqvsi 
ZiriTadi xerxi: 
 _ saregistro (Register); 
 _ iribi saregistro (Indirect Register); 
 _ saindeqso (Indexed); 
 _ pirdapiri (Direct); 
 _ fardobiTi (Relative); 
 _ uSualo (Immediate). 
garda amisa, saregistro da irib saregistro misamarTebs 
gaaCniaT rigi modifikaciebi: maT SeuZliaT gamoiyenon muSa 
registris Semoklebuli 4-bitiani misamarTi, registris sruli 
8-bitiani misamarTi, registrebis muSa wyvilebis Semoklebuli 
4-bitiani misamarTi, saregistro wyvilis srul 8-bitiani 
misamarTi. registrebis wyvilTa damisamarTebisas gamoiyeneba 
luwobrivi gasworeba, e.i. nebadarTuli misamarTebi _ luwi 
ricxvebia. Teqvsmetbitian operandebs saregistro failSi 
ukaviaT registrebis wyvili, Tanac luw misamarTze Tavsdeba 
ufrosi biti. 
     mk Z8 brZanebaTa sistemaSi operandebis damisamarTebis 
yvela xerxi moyvanilia cxril 2.1-Si. cxrilSi miTiTebulia 
SemdgomSi brZanebaTa cxrilSi gamoyenebuli brZanebebis 
damisamarTebis xerxebis pirobiTi aRniSvnebi, damisamarTebis 
xerxis dasaxeleba, operandis aRniSvna asembleris enaze, 
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misamarTis mniSvnelobaTa diapazoni da naxzis nomeri, 
romelzec mocemulia damisamarTebis xerxis grafikuli 
iterpretacia. 
     unda aRiniSnos, rom R, RR, IR, IRR tipis damisamarTebani 
gulisxmoben rogorc registris sruli 8-bitiani misamarTis, 
ise Semoklebuli 4-bitiani misamarTis gamoyenebasac. 
ukanasknel SemTxvevaSi misamarTi Tavsdeba samisamarTo baitis 
umcros tetradaSi, xolo ufros tetradaSi miTiTebulia kodi 
1110B(EH): 
   

E Dst/src 

 
amitom ssf E muSa jgufis registrebisadmi mimarTva 
SesaZlebelia mxolod muSa saregistro misamarTis 
saSualebiT.    

operandebis dasamisamarTebis xerxebi 
                                                    cxrili 2.1 

xerxi saxelwodeba 
 

 operandi 
 

diapazoni
nax.

r muSa registruli  (РР) Rn n=0,...,15 1.35

R registruli an   РР Reg 
Rn 

00H —FFH 
n=0,...,15 

1.36
1.35

RR 
registruli wyvili an PP 

wyvili 
(luwobrivi gasworeba) 

Reg  
RRp 

00H —FEH 
p=0,...,14 

1.38
1.37

Ir iribi  РР @Rn n=0,...,15 1.39

IR 
iribi registruli an iribi

РР 
@Reg  
@Rn 

00H —FFH 
n=0,...,15 

1.40
1.39

Irr 
iribi  РР wyvilis 

gamoyenebiT   
@RRp p=0,...,14 1.41

IRR 
iribi registruli wyvilis

an  РР 
wyvilis gamoyenebiT 

@Reg  
@RRp 

00H —FEH 
p=0,...,14 

1.42
1.41

X indeqsuri Reg(Rn) 00H —FFH 1.43
DA pirdapiri Addrs 0H —FFFFH 1.44
RA fardobiTi Addr -128- +127 1.45
IM uSualo #Data 00H —FFH 1.46

 
2.2. procesoris almebi 
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     alamTa registri FLAGS (FCH) Seicavs informacias 
procesoris mimdinare mdgomareobis Sesaxeb. almebi da maTi 
ganlageba registrSi moyvanilia nax. 2.1-ze. Camoyris Semdeg 
alamTa registris mdgomareoba ganusazRvrelia. 
alamTa registri FLAGS Seicavs procesoris mdgomareobis 6 
alams, romlebSic informacia yendeba procesoris muSaobis 
Sedegad. oTxi alami (C, V, Z, S) gamoiyeneba pirobiTi gadasvlis 
brZanebebis mier. 
 
 

 
 

   nax. 2.1 almebis (FLAGS) registri 
 
ori alami (H da D) gamoiyeneba aTobiTi koreqciis brZanebis 
mier. darCenili ori biti SeiZleba gamoyenebul iqnes, rogorc 
momxmareblis almebi (F1 da F2). qvemoT dawvrilebiTaa 
ganxiluli Z8 mk-s ZiriTadi almebidan TiToeulis 
daniSnuleba. 
 
 
a. gadatanis alami C (Carry Flag) 
     gadatanis alami yendeba 1-Si, Tu ariTmetikuli operaciis 
Sedegad generirdeba “gadatana ....dan” an “sesxeba ....Si” 
rezultatis ufrosi me-7 bitidan. winaaRmdeg SemTxvevaSi 
alami C yendeba 0-Si. 
     cikluri an ariTmetikuli Zvris brZanebaTa Sesrulebis 
procesSi gadatanis alami C Seicavs ukanasknel bits, romelic 
wamoweulia brZanebaSi miTiTebuli registridan. 
brZanebebs SeuZliaT gadatanis almis dayeneba, Camoyra an 
invertireba (damateba). 
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b. nulis alami Z (Zero Flag) 
     Tu ariTmetikuli an logikuri operaciis Sedegad miiReba 
nulovani Sedegi, maSin alami Z yendeba 1-Si, winaaRmdeg 
SemTxvevaSi alami Z iwmindeba da yendeba 0-Si. 
Tu registrSi bitis Semowmebis brZanebis Sedegi tolia 00H, 
maSin nulis alami yendeba 1-Si, winaaRmdeg SemTxvevaSi 
iwmindeba 0-Si. 
Tu cikluri an ariTmetikuli Zvris brZanebis Sesrulebis 
Sedegi udris 00H, Z alami yendeba 1-Si, sxvagvarad _ Camoiyreba 
0-Si. 
 
g.  niSnis alami S (Sigh Flag) 
     niSnis alami inaxavs mimdinare ariTmetikuli an logikuri 
operaciis rezultatis, anda cikluri ariTmetikuli an 
logikuri Zvris operaciis ufrosi bitis mniSvnelobas. niSnian 
ricxvebze ariTmetikuli operaciebis warmoebisaTvis mk-Si 
gamoiyeneba damatebiT kodSi informaciis warmodgena. dadebiTi 
ricxvi am dros identificirdeba ufrosi mniSvnelobis mqone 
TanrigSi da Sesabamisad, niSnis almis mniSvneloba agreTve 0-
is tolia. uaryofiTi ricxvi identificirdeba 1-ianiT ufros 
mniSvnelobis mqone TanrigSi da Sesabamisad, S alami agreTve 
iqneba 1-is toli. 
 
d. gadavsebis alami V (Overflow Flag) 
     niSniani ariTmetikuli operaciebisTvis, agreTve cikluri 
da ariTmetikuli Zvrebis operaciebisaTvis gadavsebis alami V 
yendeba 1-Si, Tu rezultati metia maqsimalurad SesaZlo 
dadebiTi ricxvis (+127) an naklebia minimalurad SesaZlo 
uaryofiTi ricxvis (-128), romelic warmodgenilia 8-bitiani 
damatebiTi kodiT. alami V yendeba 0-Si Tu ar aris gadavseba. 
Tanrigobrivi logikuri operaciebis Sedegad alami V 
yovelTvis Camoiyreba 0-Si. 

 
e. aTobiTi koreqciis alami D(Decimal Adjust Flag) 
     aTobiTi koreqciis alami gamoiyeneba BCD (Binary Coded 
Decimal) orobiT-aTobiTi ariTmetikisaTvis. radgan aTobiTi 
koreqciis algoriTmi gansxvavebulia Sekrebis da 
gamoklebisaTvis, es alami inaxavs informacias bolo 
Sesrulebuli brZanebis Sesaxeb, aTobiTi koreqciis Semdgomi 
DA brZanebisaTvis. gamoklebis operaciis Sesrulebis Semdeg D 
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alami yendeba 1-Si, xolo Sekrebis operaciis Semdeg _ 
iwmindeba 0-Si. 
 
 
v. naxevargadatanis alami H (Half Carry Flag) 
     naxevargadatanis alami H yendeba 1-Si, rodesac ricxvebis 
Sekrebisas generirdeba gadatana me-3 bitidan an gamoklebisas 
generirdeba sesxeba me-3 bitSi. alami H gamoiyeneba DA aTobiTi 
koreqciis brZanebis mier. 
     yvela almis mniSvneloba icvleba IRET brZanebiT almis 
registris mdgomareobis stekidan aRdgenisas.  WDH da WDT 
brZanebebi ayeneben almebs Z, S da V ganusazRvrel 
mdgomareobaSi. brZaneba SWAP ganusazRvrel mdgomareobaSi 
ayenebs C da V almebs. 
 
2.3 brZanebaTa nakrebi 
     Z8 mikrokontroliorebis brZanebebi SeiZleba dayofil 
iqnes rva  jgufad: 
 _ CatvirTvis brZanebebi; 
 _ ariTmetikuli brZanebebi; 
 _ logikuri brZanebebi; 
 _ programis marTvis brZanebebi; 
 _ bitebis manipulaciis brZanebebi; 
 _ blokebis gadagzavnis brZanebebi; 
 _ Zvrebis brZanebebi; 
 _ procesoris marTvis brZanebebi. 
 
2.3.1 brZanebaTa sistemis aRwera 
     cxril 2.1-Si moyvanilia mikrokontroliorebis brZanebaTa 
sistemis mokle aRwera, Tanac TiToeuli brZanebisaTvis 
mocemulia mnemonikuri aRniSvna romelic miRebulia 
asembleris enaSi, miTiTebulia operandebis Semadgenloba da 
brZanebis arsi inglisur (mnemonikis, rogorc abreviaturis 
warmomavlobis gasagebad) da rusul enebze. abreviatura “CC” 
programis marTvis brZanebaTa  operandebis svetSi niSnavs 
pirobis kods (Condition), xolo abreviatura “ r ” _ nebismier 
registrs muSa jgufidan (register). 
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Z8 mikrokontroleris branebaTa sistemis mokle aRwera 
                                                    cxrili 2.1 

     brZanebis dasaxeleba 
mnemonika operandi 

inglisuri ena qarTuli ena 

CatvirTvis brZanebebi 

CLR 
LD  
LDC  
LDE  
POP  
PUSH 

dst 
dst,src  
dst,src  
dst,src  
dst  
src  

Clear 
Load  
Load Constant  
Load External Data  
Pop  
Push 

gasufTavdes 
CatvirTva  
CatvirTva konstant.
Catv. gare monacem. 
stekidan amoReba  
stekSi CatvirTva 

arTmetikuli brZanebebi 

ADC 
ADD  
CP  
DA  
DEC  
DECW  
INC  
INCW  
SBC  
SUB  

dst,src 
dst,src  
dst,src  
dst  
dst  
dst  
dst  
dst  
dst,src  
dst,src  

Add with Carry  
Add  
Compare  
Decimal Adjust  
Decrement  
Decrement Word  
Increment  
Increment Word  
Subtract with Carry  
Subtract  

 Sekreba gadataniT  

 Sekreba  

 Sedareba  

 aTobiTi koreqcia 

 dekrementi 

 dekrementi sityvis  

 inkrimenti 

 inkrimenti sityvis 

 gamokleba sesxebiT 

 gamokleba  

Llogikuri brZanebebi 

AND  
COM  
OR  
XOR  

dst,src  
dst  
dst,src  
dst,src  

Logical AND 
Complement  
Logical OR  
Logical EXCLUSIVE 
OR  

logikuri da  

damateba  

logikuri an  

logikuri gamomricxavi

an  

Pprogramis marTvis brZanebebi 

CALL 
DJNZ  
 
IRET  
JP  
JR  
RET  

dst  
r,dst  
 
 
cc,dst  
cc,dst  
 

Call Procedure  
Decrement and Jump 
Non Zero  
Interrupt Return  
Jump  
Jump Relative  
Return  

qveprogramis gamoZaxeba 

dekrement. da gadasvla 

Tu nuli araa  

wyvetidan dabruneba 

gadasvla  

gadasvla fardobiTi  

dabruneba  

bitebze manipulaciis brZanebebi 

TCM  
 

dst,src  
 

Test Complement  
Under Mask 

Semowmdes damateba 

maskiT 
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TM 
AND 
OR 
XOR  

dst,src 
dst,src 
dst,src 
dst,src  

Test Under Mask 
Bit Clear 
Bit Set 
Bit Complement  

Semowmdes maskiT 

gaiwmindos bitebi 

dayendes bitebi 

daematos bitebze  

blokebis gadagzavnis brZanebebi 

LDCI  
 
LDEI 
 

dst,src  
 
dst,src  
 

Load Constant  
Autoincrement  
Load External Data  
Autoincrement  

CaiTvirTos konstanta 

avtoinkrementiT 

CaiTvirTos gare monac.

avtoinkrementiT  
wanacvlebis brZanebebi 

RL  
RLC  
 
RR  
RRC  
 
SRA  
SWAP  

dst  
dst  
 
dst  
dst  
 
dst  
dst  

Rotate Left  
Rotate Left  
Through Carry  
Rotate Right  
Rotate Right  
Through Carry  
Shift Right Arithmetic
Swap Nibbles  

 

wanacvleba marcxniv 

wanacvleba marjvniv 

gadatanis gamoyenebiT 

wanacvleba marjvniv 

wanacvleba marjvniv 

gadatanis gamoyenebiT 

arTmetikulad marjvniv

naxevarbaiteb. svopingi 

  

Pprocesoris marTvis brZanebebi 

CCF  
DI  
EI  
HALT  
NOP  
RCF  
SCF  
SRP  
 
STOP  
WDH  
 
WDT  
 

 
 
 
 
 
 
 
src  
 
 
 
 
 
 

Complement Carry 
Flag Disable Interrupts
Enable Interrupts  
Halt  
No Operation  
Reset Carry Flag  
Set Carry Flag  
Set Register  
Pointer  
Stop  
WDT Enable During 
HALT  
WDT Enable or 
Refresh  
 

daematos gadatanas 

alami wyvetis akrZal. 

nebisdarTva wyvetebs 

gadasvla HALT reJim.
araa operacia  
gaiwm. Gadat. alami 
dayend. gadat. alami
registris maCveneb. 
dayeneba 
gadasvla STOP -Si 
nebisdarTva sadarajo 

taimerisa HALT-Si  
sadarajo taimeris 
nebisdarTva an 
gadawera 
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2.3.2. programis gantotebis pirobebi 
     JR da JP gadasvlaTa brZanebebi uzrunvelyofen sxvadasxva 
pirobebiT programis gantotebas. sxvadasxva pirobebadsaxiT 
gamoiyeneba C, Z, S  da V almebis mdgomareobebi, agreTve, maTi 
logikuri funqciebi. asambleris enisaTvis dasaSvebi pirobaTa 
nakrebi mnemonikuri aRniSvnis (CC) miTiTebiT, maTi 
mniSvnelobebi, romlebic Seesabamebian almebis mdgomareobasa 
da pirobebis TeqvsmetobiTkods moyvanilia cxril 2.2-Si. 
pirobaTa nakrebi gulisxmobs gantotebas calkeuli almebis 
mdgomareobebis mixedviT, agreTve niSnis mqone mTel ricxvebs 
Soris da uniSno mTel ricxvebs Soris yvela SesaZlo 
Tanafardobebze. 

 
pirobaTa mnemonika (CC) da operaciis kodi (C) 

cxrili 2.2 

  cc mniSvneloba almebis mdgomareoba c 
mudmivad mcdaria  —  0 F 

mudmivad WeSmaritia —  8 

C aris gadatana C=1  7 

NC ar aris gadatana C=0  F 

Z aris nuli Z=1  6 
NZ ar aris nuli Z=0  E 
PL dadebiTia S=0  D 
MI uaryofiTia S=1  5 
OV gadavseba V=1  4 

NOV ar aris gadavseba V=0  C 
EQ tolia Z=1  6 
NE ar aris toli Z=0  E 
GE metia an tolia  (S xor V)=0  9 
LT naklebia (S xor V)=1  1 
GT metia (Z or (S xor V))=0 A 
LE naklebia an tolia (Z or (S xor V))=1 2 

UGE uniSnod metia an tolia C=0  F 
ULT uniSnod naklebia C=1  7 
UGT uniSnod metia  (C=0 and Z=0)=1  B 
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ULE 
uniSnod naklebia an 
tolia 

(C or Z)=1  3 

 
3. Z8 mikrokontrolerebis konstruqcia 

     Z8 farTo gamoyenebis mikrokontroliorebis gamoSveba xdeba 
sxvadasxva konstruqciul SesrulebaSi. gamoyenebaTa 
umravlesobisaTvis yvelaze iafi da mosaxerxebelia DIP (Dual In 
Line Package) tipis korpusi. am tipis korpusebisTvsi mk 
gamomyvanebis ganlagebis sqema naCvenebia nax. 3.1-ze.  
     mk modelTa umravlesobas, agreTve, gaaCnia Sesrulebis 
varianti SOIC (Smal Outline Package) tipis korpusi, romelic 
gankuTvnilia zedapirze montaJisTvis. 40 modelis gamoSveba 
xdeba agreTve, QFP (Quad Flat Pack) da PLCC (Plastic Chip Carrier) tipis 
kvadratul 44 gamomaval korpusebSi. mravaljeradi 
gadaprogramirebis SesaZleblobiT 30, 31 da 40 mk modelebis 
warmoeba xdeba CerDIP Window Lid tipis korpusebSi, romlebsac 
gaaCniaT kvarculi fanjara optikuri waSlisTvis. 
mikrosqemis sruli aRniSvna, im Sifris garda, romelic 
miTiTebulia, cxril 1.1-Si, damatebiT Seicavs or cifrs, 
romlebic Seesabamebian maqsimalur sixSires megahercebSi, sam 
asosa da partiis (araaucilebelia) asoebriv-cifrul kods. 
pirveli aso aRniSnavs korpusis tips (P-plastmasis DIP, S-SOIC 
da a.S.), meore _ temperaturul diapazsons (S - standartuli: 0-
700C, E-gafarToebuli: 40-1050C), mesame _ axasiaTebs garemos 
zemoqmedebisagan damcav garss (C-standartuli plastmasuri, 
E-standartuli hermetuli). 
     magaliTad, mk Z86E02 sruli aRniSvna SeiZleba iyos 
Semdegi: Z86E0208PSC. ufro sruli informaciisaTvis saWiroa 
gamoyenebul iqnas safirmo wyaroebi [3,4]. 
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nax. 3.1 Z8 mikrokontrolerebis gamomyvanebis ganlageba  
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4. daskvna 
     mocemul naSromSi ganxiluli masalebis safuZvelze 
SeiZleba davaskvnaT, rom erTkristaliani 
mikrokontroliorebi warmoadgenen perspeqtiul elementur 
bazas monacemTa damuSavebisa da gadacemis mowyobilobaTa 
agebisTvis. maT gaaCniaT yvela saWiro atributi aseTi 
mowyobilobebis daproeqtebisas warmoqmnili yvela amocanis 
gadasaWrelad. upirveles yovlisa, eseni mikrokontroliorTa 
aparatuli saSualebebia, monacemebisa da programebis 
CaSenebuli mexsierebidan dawyebuli da kristalze 
ganTavsebuli periferiuli mowyobilobebiT, da xelSeSlebis 
pirobebSi saimedo muSaobis uzrunvelyofis saSualebebiT 
damTavrebuli. konstruqciuli Sesrulebis mravalferovneba 
da variantis arCevis SesaZlebloba kvebis naklebi ZabviTa da 
eqspluataciis mkacri pirobebis moTxovnebis gaTvaliswinebiT, 
saSualebas aZleven dammuSavebels yovelTvis SearCion 
mikrokontrolioris Sesabamisi modeli Tavisi konkretuli 
amocanis gadawyvetisaTvis. brZanebaTa kompleqsuri sistema, 
dabali eleqtromagnituri gamosxivebisa da rezervirebis 
reJimebi, aparatuli konfiguraciis daprogramebis 
SesaZlebloba saSualebas gvaZleven programaTa CaSenebuli 
mexsierebis Zalze SezRuduli moculobebisac ki gadavWraT 
gamoyenebis urTulesi amocanebi. firma Zilog Tavis nawarms 
aRWurvavs dawvrilebiTi dokimentaciiTa da damuSavebis 
saSualebebiT.  
     firmis produqciis nomenklatura informaciis 
damuSavebisa da gadacemis mowyobilobebSi  gamoyenebadi 
ganxiluli mikrokontrolerebiT ar izRudeba. firma Zilog 
awarmoebs Z8 mikrokontroliorebis did mravalferobvnebas, 
mikrokontroliorebs cifruli televiziisTvis, satelefono 
avtomopasuxeebisTvis, cifruli sasignalo procesorebisTvis, 
kontroliorebs periferiuli mowyobilobebisaTvis da 
personaluri kompiuterebis gare mexsierebisTvis., audio da 
multimedia xelsawyoebs, specialur mikroprocesorebs 
kavSirgabmulobis sistemebisTvis.  
     informaciis damuSavebisa da gadacemis mowyobilobaTa 
agebisas mikrokontroliorebis gamoyeneba saSualebas iZleva 
ara marto gavaumjobesoT maTi ZiriTadi teqnikuri 
maxasiaTeblebi, iseTebi, rogorebicaa saimedooba, 
swrafmoqmedeba, sizuste, masogabarituli maxasiaTeblebi, 
energomoxmareba, aramed miviRoT Tanmxlebi konstruqciac, 
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romlis funqciis srulyofa SeiZleba ganvaxorcieloT 
sawarmoo ciklis gardaqmnisa da konstruqtoruli 
dokumentaciis Secvlis gareSe.  
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