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1 BBepeHue

[Tox 6a30Boit KoHpUTrypanmeit komnbiorepa ZX Evolution moapazymeBaetcst koHuUrypanus,
KOTOpasi IOCTABIIAETCS U MOAJEP)KUBAETCs IpousBoanuTeneM. [IponsBoaurens ocyiecTBiIseT
MOAJIEPKKY U pa3BUTHE 3TOW KOH(PUTYpAIIH U HCTIPaBIICHHE HAIEHHBIX B HEH ommoOok. [ pynmna
NedoPC He nonaep:xuBaeT KOHPUIypaluyu CTOPOHHUX pa3pabOTUYHUKOB, B ClIydae Mpoodiiem ¢
TaKUMHU KOH(PHUTYpaIHsIMy, 00paIaiiTech HEMOCPEICTBEHHO K X pa3pabOTYHKaM.

bazoBas koH}UTrypalus COCTOUT U3 CIEAYIOUINX KOMIIOHEHT:
*  Kondurypauus ans FPGA EP1K50QC208;
* Ilporpamma nis mukpokoHTposiepa ATMEGA128.

Konguryparus nocrasnsiercs: B Buae OuHapHoro Qaiina (zxevo_fw.bin), KOTOpbIii MOXXHO
3arpy3uth B MUKpokoHTpoiep ATMEGA 128 ¢ nomompsio BOOTLOADER'. OGHoBneHME
KoH(uUrypamuii, Takxe npoussoaurcs ¢ momompio BOOTLOADER.

Kondurypanus FPGA uHTErppOoBaHa B mporpaMmy MUKpoKOHTposuiepa. Konpurypupopanue
FPGA nipou3BoauTcs pu BKITIOUEHUH WM KeJIe3HOM cOpoce KOMIIBIOTEpa.

W3menenue Bepcun 06a30B0i KOH(GUTYpalMK MOIpa3yMeBaeT U3MEHEHHE JTI000M U3 Wi 00enx
KOMITOHEHT.

1 BOOTLOADER — 6a3oBbrlii 3arpy3urk. Hensmensemas gacts maMsati MukpokonTposiepa ATMEGA 128, koTopas

MpelHa3HavYeHa JJIs1 3arpy3Ku Uik OOHOBIeHUs maMatu mporpaMmMm ATMEGA128.

4
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2 anaBnmou.wle KOHTaKTbl KOMNbIOTEPA

VYpasisromue rpynibl KOHTAKTOB KOMITBIOTEpa, MpeIHa3HaYeHbI I yIIpaBieHus paboToi
KOMITBIOTEpA C TIOMOIIBIO TTOJCOSTMHEHHBIX K HUM 3JIEMEHTOB yIPaBJICHUS (HallpuMep KHOIOK Ha
KOpITyCE KOMITBIOTEPA).

2.1 Hard reset (nonHbIlU c6poc)

['pynna kontakToB «Hard reset» ocyliecTBiseT NOTHBIA COPOC KOMIBIOTEPA (C MEPE3ayCKOM
IIPOLIMBKY MUKPOKOHTpoJIIepa U nepenporpammupoBanneM FPGA) npu 3aMbIKaHUM KOHTaKTOB.
OyHKIIMOHUPOBAHUE HE 3aBHUCUT OT UCIOIb3yeMOM KOH(UTYpAIH KOMITbIOTEPA.

Pexomennayercs npu ucnosnb3oBanuu cranaaptHoro (AT wnu ATX) kopiryca moacoeiuHuTh K
kHomke «Reset» kopryca.

Buumanmue! Hard Reset ne obecneuusaem coxpaHHOCTB COAEPKIMOTO TIAMSTH KOMITBIOTEpa
(narpumep, RAM-I1CKOB WK CTPaHUYEK C UCXOIHBIMH TEKCTaMU B ajiacMe).

2.2 Soft reset (Msickul c6poc)
@YHKIMM rpynna KOHTakToB «Soft reset» 3aBUCAT OT KOH(UTYpaIiH.
B 6a30B0if koH(UTYpaLuu Ha ATy TPYMITy KOHTAKTOB BO3JIOXKEHBI JBEe (DYyHKIMHU:
*  MATKHM cOpOC KOMITbIOTEPA (COPOC MpoIleccopa U BHYTPEHHUX PEeTUCTPOB fpga);
* BKJIIOYeHHUE/BbIKIIOueHNEe ATX Groka MUTaHuUs.

Pexomenayercst mpu ucnoiap30BaHUM cTaHgapTHoro ATX kopmyca noJCOeTUHUTh K KHOTIKE
«Power» kopiryca. B a3ToM citydae BKIIOUEHHE KOMITBIOTEPA OCYILECTBIIAETCS OJHOKPATHBIM
Ha)katueM KHONKHU. OTKIIIOYEHHE KOMITbIOTEpa OCYILIECTBISETCS J0JITOBPEMEHHBIM HaXKaTHEM B
TEYCHUH 5 CEKYH/I.

KparkoBpeMeHHOE 3aMbIKaHHE KOHTAKTOB OyJIE€T OCYIIECTBIATh MIATKHM cOpOC KOMITbIOTEpA U
YCTaHOBKY HyJeBo# cTpaHuiiel ROM.

Msirkuii cOpoc obecrneunBaeT COXpaHHOCTh COAEPHKUMOTO NaMsITH KOMIIBbIOTEPA.

2.3 NMI (no0a4ya HemacKupyemoz20 rnpepbieaHusi Ha npoueccop Z80)
@OyHKIMK rpynisl KOHTakToB «NMI» 3aBuCAT OT KOHUTYpanuu.

B 6a30Boii koH(UTrypaluy Ha 3Ty IPyNIy KOHTAKTOB BO3JIOXKEHBI (PYHKIIMU TOAAYH
HEMAaCKHPYEMOTO0 MpephIBaHus Mpolieccop Ha mporeccop Z80 (aHAJIOTHYHO OMCAHHOMY B 3.5).

Buumanmue! /{71 revision A u B miat ata rpynmna koHTakToB Ha3biBaeTcs « Turboy, HO
UCIIOJIb3YETCs KaK KOHTAKThI 11 yrpasiieHus NMI.
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3 OononHutenbHble (pyHKUMM PS2 KnaBnaTtypbl

[Tpu ucnionbzoBanuu PS2 kimaBuarypsl ¢ komnbiorepom ZX Evolution MOXKHO UCTIONB30BaTh
JIOTIOJIHATENBHBIE BO3MOXKHOCTH IO YIIPABIECHUIO KOMIIBIOTEPOM:

*  MATKHI cOpOC KOMIIBIOTEPA;

*  MOJHBINA cOPOC KOMIIBIOTEPA;

* mepekioueHHe pexkuma BuaeoBbixona (TV/VGA);

* TepeKIIoYCHHE peKruMa aynuoBbixona (beeper/tapeout);

* monaya NMI na mpoueccop Z80.

3.1 Msiekut c6poc komnbromepa (soft reset)

Msirkuit cOpoc KOMIbIOTEPa OCYIIECTBIIETCS C TIOMOIIBIO KPaTKOBPEMEHHOTO (MEHEE SCeKyHT)
Haxxkatus kiaBumm «F12».

3.2 lMonHskIlt c6poc komnbromepa (hard reset)
Ilonubri 06p0C KOMITBIOTEpA C KIIABUATYyPbl MOKHO OCYIICCTBUTDH ABYMS cnocobaMu:

* JlnuTenbHbIM HaxkaTheM KiaBulu «F12y» (IUTEeTbHOCTHIO 5CeK), OTKIIOYEHNE TUTaHUS B
JTOM CJIy4ae He IIPOU3BOIUTCH,

* Haxaruem xomOunanuu «Ctrl-Alt-Dely, oTkmroueHre nuTaHust B 5TOM ciiydae He
MIPOU3BOJIUTCS.

3.3 lNepeknrovyeHue pexxuma sudeoebixoda (TV/VGA)

Tak xak ucnosnb3yercs 00beIMHEHHBIH BUCOBBIXO] (B CBSI3U C OIPaHUYEHHEM KOJMYECTBA HOT
mukpocxembl EP1K50QC208), To Heo0X0AUMO YCTaHOBUTDH PEXUM BHICOBBIXO/A!

e TV — ckangaOnep OTKIIIOYEH, BUJICOBBIXO/ PAa0OTAET ¢ TEIEBU3NOHHON Pa3BEPTKOM;
*  VGA - BrIItoueH ckanabnep, BuaeoBbixos padoraetr ¢ VGA pa3BepTKOi.

[Tepexmtouenue pexxuma BuneoBbixona (TV/VGA) ocymecTBisieTcst ¢ ToMOIbIo KiraBuim «Scroll
Lock». Unaukanus pexumMa ocyIecTBIsSeTCs ¢ moMolbio ceeroauonaa «Scroll Lock» kmaBuarypsl.
Caersimieecst COCTOSTHIE CBETOANOA COOTBETCTBYET VGA peXuMy KOMITBIOTEpA, OTCYTCTBHE
ceeyeHus — TV pexumy.

BpemeHHble apameTpsl curaana VGA (popMupyeMble CKaHIa0IepoM OTIHYAIOTCS OT
CTaHJAPTHBIX, YTO MOXET OBITh IPUYUHOM OTCYTCTBHS n300pakeHus Ha Bamem VGA monuTOpeE.
CrniennanbHO Ul TaKUX CIIy4aeB BBEJIEH PEXKUM C U3MEHEHHOM pa3BépTkoit («60I'»). Mcnonb3yiiTe
xoMOuHarwmro kiaBui «Shift+ScrollLock» mist mepexiroueHus: peKuMOB BHICOBBIXOAA
TV60/VGAG6O.

Peocum «60l'y» senaemcs necmanoapmuwvim 018 ZX Spectrum cogmecmumo2o npocpammHo2o
obecneuenus u Modxcem Oblmb NPUYUHOU €20 HeKOPPEeKMHOU pabomuyl (ycKopenue, 3ameoneHue,
3asucanue). NedoPC ne pexomeHnoyem nocmosaHHo noib308amvcs pexcumom «601y», mem 6onee
paspabamuléams CneyuanrbHo O He2o0 NPOSPAMMHOe obecneyeHue.
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Buumanmue! UToObI COCTOSIHHE PEXXHUMa COXPAHSTIOCH NP BBIKIIIOYCHUH KOMITBIOTEPA, HEOOXOIUMO
YCTAaHOBUTH OaTapeuky.

3.4 lNepeknrovyeHue pexxuma ayouoebixoda (beeper/tapeout)

Tak kak ncnonb3yercs 00beTMHEHHBIN ayAMOBBIXO/ (B CBSA3U C OTPAaHMUYEHHEM KOJIMYEeCTBA HOT
mukpocxembl EP1K50QC208), To Heo0X0a1MMO yCTaHOBUTH PEKUM ayAHOBBIXOJA:

* beeper — Ha ayIMOBBIXO]] ITOJIACTCSI CUTHAJ COOTBETCTBYIOLIHI BbIXOY beeper;
* tapeout — Ha ayqUOBBIXO MOAAETCS CUTHAJI COOTBETCTBYIOIIMM BBIXOAY tapeout.

[TepexnroueHne pexxnma ayauoBbixona (beeper/tapeout) oCcyIecTBISETCS C IOMOIIBIO KIABUIIIH
«Num Lock». Uaaukarus pexxuma oCyIiecTBIsSETCs ¢ TOMOIIbI0 cBeToanoaa « Num Lock»
KJ1aBuarypbl. CBeTsllleecs: COCTOSTHUE CBETO/INO/Ia COOTBETCTBYET tapeout pexxumy ayaruoBBIXOAA,
OTCYTCTBHE CBEUEHHSI — beeper pexumy.

Buumanmue! UToObI COCTOSIHHE PEXXUMa COXPAHSIOCH MPHU BBIKIIIOYCHHH KOMITBIOTEpPa, HEOOXOIUMO
YCTAHOBUTH OaTapeuKy.

3.5 lModaya NMI (Hemackupyemoz20 npepbieaHusi) Ha npoueccop Z80
[Tonaua NMI Ha nponieccop Z80 ocyiiecTBIseTCs AByMsl ClIocO0aMu:
* ¢ nomonisto kmaBumm «Print Screeny» PS/2 knaBuatypsr
* TlepeBomom O6uta 3 mopta #xxBF u3 1 B 0 (cm. cTp. 42)

* VYcraHoBkoi agpeca jgoBymky B moprax #10BD/#11BD (cm. ctp. 24) u pa3pemieHus
noymiku 6utoMm 4 nopra #xxBF (cMm. cTp. 42)

3.6 Pecynupoeka pa3peweHusi PS/2 mbiwu

PerynupoBka pa3pemienus PS/2 mMpliy BO3MOXKHA TOJBKO IS MBIILIEH, KOTOPbIE TOAAEPKUBAIOT ITY
¢dynkuio. Kak npaBuio 3To ONTHYECKUE MBIIIH.

JlnanaszoH noIep)KUBaeMbIX pa3perieHuit PS/2 mpim:

3nauenue Paszpewienue
0 1 oTrcuer Ha MM
1 2 OTCUeTa Ha MM
2 4 orcyeTa Ha MM
3 8 OTCUETOB HA MM

PerynupoBka MpoOUCXOAUT OHOBPEMEHHBIM Ha)KaTHeM JBYX KiaBuIll PS/2 MpImu (J€Boi 1 paBoii)
U yrpasisitoled kinaBumu Ha PS/2 knaBuarype:

* keypad "*' - cOpoc 3nauenus pazpemenus B 0 (110 yMOJI4aHUIO);
* keypad 't' - yBennueHue 3Ha4eHUs pa3pelieHus Ha 1;

* keypad '-' - ymMeHblIeHHE 3HAYECHUS pa3pelieHus Ha 1.



baszosas konueypayus ons ZX Evolution

Buumanue! UtoObl 3HaueHUE pa3pelIeHns] COXPaHIIOCh IIPU BBIKIIFOUEHUH KOMITBIOTEDA,
HEOOXOIMMO YCTaHOBUTh OaTapeiKy.
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4 ApxuTeKkTypa: ooLime nonoxeHus

ZX Evolution umeet Ha 6opty 4 merabaiita O3Y u 512 kunobaiit [13Y, koTopsie JOCTYITHBI Yepe3
CJIeYIONIE MOJICTH yrpaBiieHus nmaMsThio: ZX Spectrum 48k, ZX Spectrum 128k (mopt #7FFD),
pentagon 1024k (agpecanus gepes nmopt #7FFD), ATM2 (aapecanus merabaiita O3Y), a Takxke
JIOTIOJTHUTEBHBIA pexkuM aapecaruu Bcex 4 meradat O3Y. Bee 512 kunobaiit [13Y aapecyrorcs
1o Moziea ATM?2, mpy 3TOM JIONOJHUTENBHO CYIIECTBYET BO3MOXKHOCTH 3anucu B [13Y, koropoe
peanuzoBaHo Ha Mukpocxeme flash-nmamsitu.

B apxurekType KOHTpOIIEpOB UCKOBOMA beta-disk mosBIsieTcs MOHATHE TEHEBBIX TOPTOB,
JIOCTYITHBIX TOJIBKO MIPU OMPEAEIEHHBIX yCaoBUsIX. B komnbrorepe ATM?2 nosBisitoTcst
JIOTIOJTHUTETHHBINA HA0Op TEHEBBIX IOPTOB (MCIOIB3YEMbIX, B YACTHOCTH, JJIS YIIPABICHHS
MaMSThIO) U IOTIOTHUTEIbHBIE CIIOCOOBI BKIIFOUEHHSI TAKUX TOPTOB (B YaCTHOCTH, PEKUM
yaep:KaHUs TEHEBOTO pexuMa npu BeinmoaHeHuu u3 O3Y). Ognako, B ATM2 ocTtaércst omHO3HaYHAs
CBSI3b MEXAY TeHeBbIM pexkumoM U BiroueHueM [13Y TR-DOS. B apxutekrype ZX Evolution mpu
NOJIHOW nojaepkKe pexnumMoB ATM?2 nosiBiisieTcsi BO3MOXXHOCTD yAEpKaHUsI TEHEBOTO pexXuMa
noptoB He3 BkmoueHus [13Y TR-DOS.

Konnenuus noproB BBoaa-BeiBozia a1t ZX Evolution cymmecTBeHHO OTIHYAETCs OT OHOM B IPYTUX
CIEKTPYM-COBMECTUMBIX KOMIbIoTepOB. [Ipeke Bcero, Aemmdpalius Bcerna mpoucXoauT Kak
MUHHMYM 110 § MiaammmM ouram. KauecTBeHHO oTiingaeTcst JIoruka OJIOKMPOBaHHS MTOPTOB KapTaMH
ZX-Bus: eciu B Ipyrux CIEKTPYM-COBMECTUMBIX KOMIBIOTEPAX KapThl OJIOKUPYIOT TOPTHI
MaTepUHCKOMN TUTAThI (M IPYT IpyTa, IPH HAJTMYUHA HECKOJIBKUX CIIOTOB), To B ZX Evolution,
Ha00OPOT, BCE MOPTHI, IPUCYTCTBYIONINE HA MATEPUHCKOH Tutare, He 'noxomar' 1o kapt ZX-Bus.
Mexanuzm IORQGE wucnonb3yeTcs kapTaMu JIMIIh 7151 OJTOKHPOBAHUSL IPYT IpyTa (B IOPSIKE
pacnonoxeHus B cioTtax). OTcrona ciieayeT BaKHBIN BHIBOJ — JIIOObIE KapThl, AyOIUpPYIOIIIe
KaKy[0-T100 (pyHKIIMOHAIEHOCTh MaTePUHCKOM TIAThl (MMEIOIUE TTOPTHI, COBMAIAIOIINE C
cymectByromumu B ZX Evolution), Takue kak KOHTPOJUIEPHI KJIaBHATyphl, MbIKH, IDE, SD-kapt u
T. 1., paboTatk He Oyoym.

B nanbHelimem 1715 KaXI0TO MOpTa YKa3bIBAIOTCS PEXKHUM €r0 BUANMOCTHU (TEHEBOM T0CTYIIEH
Bcerna: «shadow», «<noshad», «always»), ToCTyIHOCTb €ro /JIsl YTEHUS WIN 3aMUCH (TOJIBKO
YTEHHE, TOJIBKO 3alHCh, YTeHUE U 3annch: «KRO», « WO», «RWy). Takke ykazpIBaeTcs aipec mopra
6o B Buzae «#xxFEy» (nemmdpanus Tomsko mo miuaamuM 8 outam), oo B Bujae «#7FFD»y
(memmdpanus He TONbKO 1Mo MitaamuM § Outam). [lepBriif BapuaHT ykazaHus aapeca mopra
NpUMEHSETCS TaKXKe U B CIydae, €Clii Kakue-1u00 aapecHble TMHIHA AS..A15 HCroap3yoTes Kak
nH(GOpPMaAIIMOHHBIE BXObI (HapuMep, Habop MOPTOB [Tl MepeKIroueHus cTpaHull B 16k okHax
npoueccopa: #3FF7, #7FF7, #BFF7, #FFF7), npu 3ToM B onricaHUU NOPTa YKa3bIBAIOTCS
KOHKpPETHBIE 3HAYEHUS CTapIlero 0aira ajpeca, KOTOpbIe TOJIBKO U CIIEAYET UCIONIb30BaTh. B
ciydae ykaszaHus 16-OMTHOTO ajgpeca mopra, KOHKpETHBIC OUTHI CTapIIIero aapecHoro OaiiTa,
UCIIOJIb3yeMbIe MpU AU paALUU, HAMEPEHHO He YKA3bl8aomcs U MOTYT U3MEHSIThCS OT MPOIIUBKH
K TIPOIITUBKE.
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5 ApxuTekTypa: ynpaBneHue namsiTbo

VYnpasienne mamateio B ZX Evolution Bo MHOTOM cxoxe ¢ yrpaBieHHeM naMaTbio B ATM2.
[TpuHIMNMaTbHBIE U3MEHEHHSI KacaloTCsl BO3MOXKHOCTH aapecanuu Meradaiita O3V uepes nopt
#7FFD (monens pentagon 1024k) u anpecauuu 4 meradait O3Y.

B kaxxmoe 16k okHO mporieccopa MOKHO MPOU3BOIHFHO BKJIIOYATH JTH00YI0 M3 16k ctpanun O3Y wim
I13V. CymiectByeT 2 HE3aBUCUMBIX KapThl IaMSATH, KOTOPbIE IEPEKIIIOYAIOTCSI OUTOM 4 B IopTe
#7FFD. B pexxume copmectumoctu ¢ ZX Spectrum 128k unu pentagon 1024k 3t 18e KapThI
NaMATH NPOrPaMMUPYIOTCS MIEHTUYHO 32 UCKIIOUEHUEM HOMEpPA BKIIIOUEHHOH cTpaHulibl [13Y B
HYJIEBOM OKHE TIpolieccopa, 4ToObl JaHHBIA OUT padoTtai, kak B ZX Spectrum 128k. OtoOpaskeHue
CTPAHHUL NAMATHU B KaXJIOM OKHE IPOLECCOpa MPOrpaMMHUPYETCs HE3aBUCUMO Yepe3 ClielualbHbIe
TeHeBbIe MOpThl. KpoMe Toro, AMs KaXI0T0 TAKOTO OKHA CYLIECTBYET OIS MOJMEHBI MITAIIINX 3
win 6 6uT HOMepa BKIIOUEHHOH cTpanuisl O3Y MTaHHBIMH U3 COOTBETCTBYIOUIMX OUT rmopTa
#7FFD: Takum o0pa3oM 00ecreqrBaeTCsi COBMECTUMOCTD ¢ peskumamu ZX Spectrum 128k u
pentagon 1024k. IIpu otoOpakenun xe crpanuisl 113V cymecTByet onmus MOAMEHBI MIIAIIETO
outa HOMepa cTpanuipl Ha curHan DOSEN (curnan Bximrouenus TRDOS). BrirroueHue 1aHHOTO
curnana («nepexox B TR-DOSy») npoucxoaut npu ucnoaHenuu kona u3 [13Y B kakomM-m1u0o0 okHe
mporieccopa mo cMmernieHuio #3DxX B 3ToM okHe Tipu ycTaHoBiaeHHOM 0ute D4 B mopte #7FFD.
Brikirouenue nmpoucxoauT npu BoinosiHeHnu koaa uz O3V («swixog u3 TR-DOSy). Kpome toro,
IIPU [TOMOIIM COOTBETCTBYIOIIETO TEHEBOTO MOPTa MOXKHO 3aMpPeTUTh BhIKIIIOUeHHe curana DOS
TaKUM 00pa3oM OCTaBIIsisl TEHEBBIEC TIOPTHI JOCTYNHBIMU Tipu HcnionHeHnu u3 O3Y. Bnobasok,
CYIIECTBYET BO3MOKHOCTh BKIJIFOUCHHSI TEHEBBIX MOPTOB Oe30THOCUTENBHO curHaita DOS.

2

Ilopm | Onucanue

#xxBF | BxitoueHue TEHEBOTO pexxuma NOpTOB; paspelienue 3anucu B [13Y.
RW
always

1: ecnu 1, To 3anuce B I13Y pazpemena. 0 nocie copoca.

0: ecnm 1, TO BKITFOUEHBI TeHEBBIE TIOPTHI. ) TIoCe cOpoca.

but 0 3TOro nopra umMeeT NPUOPUTET HaJl APYTUMHU CIIOCOOAMU BKIIIOUEHHUSI TEHEBBIX
MIOPTOB: TEHEBOW PEKUM BKIIIOYAETCs 0€3yCTIOBHO MpH 3armucH 1 B aToT OuT. [Ipu 3amucu
0 BKITIIOUEHHME TEHEBOTO peXKUMa YIpaBisieTcs APYrUMH ClIoco0aMu, HalpuMep IOpPTOM
#xx77 win nepexonom B TR-DOS. Jlannslit out ne sxaouaem TR-DOS.

Jaunbiii mopt omcymcmaeyem B ATM2.

[Tpu urenun: 6uth 1:0 — mocneqHEe 3aTMCaHHOE 3HAYCHUE.

OcranbHble OUTHI — CM. CTp. 42.
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Ilopm | Onucanue

#xx77 | BriroyeHHe TEHEBOTO PEeXHMMa IOPTOB; pa3pelieHne padoThl AUCTIETUEPA TAMSITH.

WO AS8: eciu 0, TO BBEIKITIOYEHHUE A9: eciin 0, To “HacribHO” BKIToueHue TR-

shadow || qycneruepa mamsaTu. B kaxoe okHO DOS u TeneBbix noptoB. 0 nocne copoca.
IpOLECcCopa yCTaHABINBAETCS
nocyennss crpanuna [13Y. 0 nocne
cOpoca.
Buumanue! Octanpabie OUTHI (Kak OMTHI JaHHBIX, TaK U OUTHI cTapiiero Oaira agpeca)
3TOro write-only mopra ucnons3yrores A Apyrux neneit. Cm. ctp. 42.
Bxmmouenre TR-DOS u TeHeBbIX mOpTOB OMTOM A9 MMeeT MPUOPUTET HaJl BKIFOUYCHUEM
TR-DOS 1 TeHeBbIX IOPTOB UCIIOJHEHUEM cO cMmeleHus #3Dxx ctpanuusl [13Y npu
ycranoBieHHoM Oute D4 mopta #7FFD («miepexon B TR-DOS»). Korma A9=0, To
TeHeBbie MOpThl 1 TR-DOS BKIIIOYEHBI HE3aBUCUMO OT MECTa UCIOJIHEHUS MIpolieccopa
(B T.u. u u3 O3Y).

Ilopm | Onucanue

#xFF7 | YnpaieHue AUCIETYEPOM CTPAHHUIL.

WO 5..0: ungepcHvie GUTHI HOMEPA CTPAHUIIBI, BKIIFOYaEMOTO B OKHO IPOLIECCOpa.

shadow

Hoctymasl 16k ctpanuisl ¢ Homepamu 0..63 O3V (Bcero 1 merabaiT) U CTpaHHUIIBI
0..31 II3Y (Bcero 512 kunobaiit, OUT 5 UTHOPUPYETCS).

6: OuT «ramnromy: eciu 0, TO B JaHHOM OKHE mporieccopa Braodaercs 113V, ecnu 1
— O3V.

7: 6ut «dos7ffd»: eciu 1, T0:

st O3Y — B TaHHOM OKHE TIPOMCXOIUT MOAMEHA MiIaamux 3 win 6 6wt (B
3aBUcUMOCTH OT pexxuma ZX Spectrum 128k mim pentagon 1024k) Homepa cTpaHuULbI
HeungepcHulmu dutamu u3 nopra #7FFD.

Jiist I13Y — npourcxoauT noaMeHa MItaJiero OuTa HoMepa CTpaHHUIIbl CUTHAJIOM
BritoueHust TR-DOS (1 ecniu TR-DOS Bxitouen). Kpome toro, mpoucxoaut
BKIItoYeHHE TeHeBbIX TOPTOB U TR-DOS («Bxon B TR-DOSY), ecnu B 1TaHHOM OKHE
MIPOU30MIET BHITIOJIHEHHUE KO/Ia CO cMemeHus #3DxX.

buter A14, A15 onpenensitor OKHO IpoLeccopa, A KOTOPOro MPOUCXOAUT BKIIOYEHUE
TpeOyemoii crpanuibl. CieyeT UCToNb30BaTh CIEAYIOIINE aipeca 3TOro nopra:
#3FF7 — s okuna #0000..#3FFF,

#TFF7 — nns oxua #4000..#7FFF,

#BFF7 — nns okna #8000..#BFFF,

#FFF7 — nns oxna #C000.. #FFFF.

3anuch B JaHHBIA MMOPT MEHSIET CTPAHUITY B KAKOM JIHOO OKHE TEKYIICH (aKTUBHOM)
KapThl namATH. [Ipy 3TOM HEeakTUBHAs KapTa NaMsATH OcTaéTcs Hem3MeHHoU. Kakas
KapTa maMsATH aKTHBHA, 3a1a€T out 4 nopta #7FFD.
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Ilopm | Onucanue
#x7F7 | YnpasiieHue AUCIETYEPOM CTPAHHIL.
WO 7..0: unsepcrovle 6uThHl HOMEpa cTpaHuilbl O3Y, BKIIFOYa€MOT0 B OKHO MPOIeccopa.
shadow || fTocrynusr 16k crpanuis: ¢ Homepamu 0..255 (Bcero 4 Merabaiita).
butst A14, A15 onpenensitoT OKHO Mpoueccopa, sl KOTOPOTro MPOUCXOAUT BKIIOUECHHE
Tpebyemoii crpanuipl. CienyeT UCIob30BaTh CIEAYIOLINE apeca 3TOro MopTa:
#37F7 — nna oxnaa #0000..#3FFF,
#77F7 — nnst okna #4000..#7FFF,
#B7F7 — nia oxaa #8000..#BFFF,
#FTF7 — s okna #C000. . #FFFF.
3anuch B JaHHBIM MOPT MEHSET CTPAHUILY B KAKOM JTMOO OKHE TeKyIel (aKTUBHON)
KapThl IaMsTH. [Ipy 3TOM HEaKTUBHAS KapTa MaMsTH OCTaéTcsi Hen3MeHHou. Kakast
KapTa aMsATu aKTUBHA, 3a1aéT Out 4 nopra #7FFD.
Buumanue! Ilpu 3anucu B 3TOT NOPT OCTAETCS HEM3MEHHBIM PEKUM MOAMEHBI MIIAIIINX
out Homepa crpanuisl O3V (6bur «dos7ffd» mopra #xFF7). Onnako, 3anuck B #x7F7
6e3ycnoBHO BkitodaeT O3Y B okHe (ouuniaet out «ramnromy nopra #xFF7).
Jansbiil nopt omcymcemeyem B ATM2.
Ilopm | Onucanue
#xBF7 | YnpaieHue AUCIETYEPOM CTPAHHUIL.
wo 0: Pexxum read-only aist cooTB. okHa. 1 — pexum read-only Bxirrouén. 0 nocne copoca
shadow

komImbroTepa. JleiictByeT B T.4. 1 Ha ROM-cTpanuiipl, pearas JOMOJHUTEIbHBIN
YPOBEHb 3alIUTHI OT 3anucu B ROM.

Buumanue: npu Bxmouennu B okHo #0000..#3FFF ctpannisl RAM npu nomoru nopra
#EFF7 wnu npu Bxoae B NMI 3amura ot 3anucu He JEHCTBYET.

butst A14, A15 onpenensitoT OKHO MpoIeccopa, Ik KOTOPOro MPOUCXOAUT BKITIOUCHHE
Tpebyemoii crpanuipl. CienyeT UCIoNb30BaTh CIEAYIOUINE apeca 3TOro MopTa:
#3BF7 — nia oxuaa #0000. #3FFF,

#TBF7 — nns okna #4000..#7FFF,

#BBF7 — mia oxna #8000..#BFFF,

#FBF7 — nng okuna #C000. #FFFF.

3anuch B JaHHBIN OPT MEHSAET CTPAHUILLY B KAKOM JINOO OKHE TeKYIIeH (aKTHBHOM)
KapTel maMsTH. [Ipyu 3TOM HeakTUBHAsA KapTa NaMATH OcTaércs HensMeHHoM. Kakas
KapTa aMATH aKTUBHA, 3a1a€T out 4 nopra #7FFD.
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pentagon 1024k
WM J10 cOpoca.
0 mocne cOpoca.

Ilopm | Onucanue

#TFFD | B pexxume ZX Spectrum 128k:

WO 6..7: He uct. 5: mpu 3anucu 1 |4: BbIOOp KapThl | 3: BBIOOP 2..0: 3amemaror

always O10KUpyeTCs namsITH (CM. skpana. 0 mocne | muaammue 3
JanbHenIas OIHCaHue cOpoca. ourta HoMepa
3amuch B MOpT | 1opToB #xXKF7). CTpaHMIIbI, €CIIH
#7FFD, no 0 mocne copoca. TaKoe
nepexoza B 3aMellleHue
pEeXUM pasperieHo s

Kakoro-inodo
OKHa (cMm.
OIMCaHKE
noptoB #xxF7).
0 mocne cOpoca.

B pexume pentagon 1024k:

7..5, 2..0: 3amMeImaoT npu
HEOoOXOAMMOCTH MITaAIIHE 6
OUT HOMEpa CTPAHMUIIBL.

4: BBIOOp KapThl AMSITH.

3: BBIOOD dKpaHa.

[Tporpammoii HauanbHOI 3arpy3ku, xpansuieiics B [13Y ZX Evolution (reset service) mpou3BoaAnTCS
HACTPOMKa KapT MaMsATH TaKuM oOpazoM, uto OuT 4 opra #7FFD paGoraet kak BEIOOp CTPaHHIIBI
[13VY B oxue #0000..#3FFF (basic128/basic48), 6utsr 2..0 (pexum ZX Spectrum 128k) umm 7..5,2..0
(pexuM pentagon 1024k) — 3amMeniaroT COOTBETCTBYIOIINE OUTHI HOMEPA CTPAHUIIBI B OKHE
#C000..#FFFF (Oonee crapuirie OMThI HOMEpa CTPaHUIIBI TPU 3TOM — ), B OCTaIbHBIX JABYX OKHAX
BBICTABJICHBI CTPAHUIIBI, COOTBETCTBYIOIIME KOHPUTYyparuu namsatu ZX Spectrum 128k.

Ilopm | Onucanue

#EFFT | 5. IIPU BBICTaBICHUH B | — pexum ZX 3: IIpu BeICcTaBIIEHNH B 1 B OKHO
WO Spectrum 128k, nnaue — pexxum pentagon |#0000..#3FFF npunyaureasHo
noshad

1024k.

3navenue nocie copoca — 0.

BKJItOUaeTcs Hysesas crpanuna O3Y. Otor
OUT umeem npuopumem HaJ BCEMH
JIPYyTUMHU CIOCO0aMU MePEeKIouaTh
CTpaHUIIbI TAMATH B JAHHOM OKHE.
3nauenue mocie copoca — 0.

Cwm. cTp. 42.

Brumanue! OctanbHbie OUTHI 3TOTO Write-only mopra UCronb3yroTes AJIs APYTHX LHEJeH.
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PeanuzoBanbl cienyonme CKOpoCcTy IMpoleccopa:
e 3.5 MI'u (nowait)
* 7.0 MI'rt (nowait)
* 14.0 MI'u (with wait)

B pexume 14 MI'tt addexTrBHas ckopocTh mpoueccopa B 1.66 pa3 Gombie, yem B pexkume 7.0

MTI 11 (1o 3amepam niporpammel turbotest v1.0).

Jnst mepexITroueHnst CKOPOCTH MPOIECcCcopa UCTIOIb3YIOTCS OUTHI B IOPTaX:

[opr #xx77, |Ilopt #EFF7, | YactoTa npoueccopa, MI'i1
our 3 our 4

0 1 3.5

0 0 7.0

1 X 14.0

[Tocne copoca mporeccop padoraer Ha yactote 7.0 MIm.

7 ApxuTeKkTypa: BUaeopexumbl

ZX Evolution mogaep>KuBaeT CAEAYIOIINE BUICOPEKIUMBI:

*  Crangaptablil ZX-pexuMm 6912 Gaift

e ZX hardware multicolor, oTr4aromuics oT cTaHAapTHOTO ZX-peKUMa HATMIUEM

OTAETBHOro OaiiTa arpulyTa Ha Ka)XIblii OalT MUKcemen

e 256x192 16 usetoB no crangapty Alone Coder'a

* 320x200 16 useros no crannapry ATM

e 640x200 hardware multicolor mo ctangapty ATM

* Tekcrosblii pexxum 80x25 o crangapry ATM

Kpome toro, nognepxkuBaercsa nanutpa no crangapty ATM.

7.1 Bbi6bop sudeopexumos

Br160p Buzneopexuma ocymectsisercss komounauuei out B noprax #EFF7 (noshad, WO) u

#xx77 (shadow, WO) B cOOTBETCTBUH C TaOIHUIICH:

ITopt #EFF7, | Ilopt #EFF7, |Ilopt #xx77, | Buneopexum
out 0 our 5 outsr 2..0
0 0 011 CrangaptHblii ZX-pexum
0 1 011 ZX hardware multicolor
1 0 011 7X 256x192 16 iBeToB
0 0 010 ATM 640x200 hardware multicolor
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0 0 000 ATM 320x200 16 iBeToB

0 0 110 ATM TexcTtoBslii pexxum 80x25

0 0 111 ATM-nonoOHbIi TekcTOBBIN peskuM 80X25 B omHOM
CTpaHHIle

Bce npyrue koMOMHAIMK yKa3aHHBIX OUT SBJIAIOTCS HEBAJIUIHBIMU, IOBEIEHIE KOMITBIOTEpA MPH
YCTaHOBKE TaKMX KOMOMHALIUN HE OIMpPeNIelIeHO U MOXKET U3MEHUTHCS B MOCIEAYIOUINX BEPCHSIX
npomnBku FPGA.

7.2 MNanumpa

[TamuTpa 3a7aét oToOpaxeHue 16 JOCTYMHBIX ISl KAXKI0TO BUICOPEKUMA U OOpIropa IIBETOB B 64
anmapaTHBIX 1BeTa (Kaxaas u3 komrnoHeHT R,G u B umeer 2-0utHbIe rpafaluu SpKOCTH, OT
y€pHOT0 10 MaKCUMaIbHO HachIlieHHOTO). [Ipu copoce kommnbiorepa 10 B [13Y ycranaBnuBaer
HAJUTPY B PEKUM COBMECTUMOCTH ¢ ZX-Spectum, T. €. 11BeTa, 0ToOpakaeMble B CTaHAApTHOM ZX-
pEeXKrMe, COOTBETCTBYIOT IiIBeTaM ZX-Spectrum.

[TporpaMMHO€ H3MEHEHHE TAUTPbI OCYLIECTBISETCS CIECAYIONMM 00pa3oM. Tekymmuit
0TOOpakaeMblIil LIBET OMpEeIIeT SIEMEHT MaJTUTPbl, KOTOPbIH OyneT uaMeHeH. /s paszpenienus
M3MEHEHUS TAIUTPBI HEOOXOAMMO IPOU3BECTH 3anuch B opT #xx77 (WO, shadow) c ouuniiieHHbIM
outom aapeca Al4 (Bnumanue — octanbHble OUTHI (KaK OUTHI TAHHBIX, TaK U OUTHI CTApPIIETO
OaiiTa agpeca) 3TOro MOpTa MUCIOIB3YIOTCS AJIS IPYTUX Lieiel — cM. cTp. 42). HoBoe 3HaueHue
AJIEMEHTA NMAUTPHBI ycTaHaBiauBaeTcs 3anuceio B opT #FF (WO, shadow), koTopsrii ipu
ounieHHOM 0ute A 14 nopra #xx77 HAYMHACT 0OHOBPEMEHHO BHITIOTHATH (DYHKLIUU ITOPTa
KOHTpOJUIEpa IUCKOBOAA U MOPTA YCTAHOBKU MAJIUTPHI.

WuTepnperanus 3anucbiBaemoro B nopT #FF 3nauenus:

but 3anuceiBaemoro | 3HaueHue

OaiiTa

7 ~g

6 ~r

5 ~b

4 ~G

3 YcranaBnuBaTh B 1 A1 KOPPEKTHOM pabOTHI KOHTPOILIEpa AUCKOBOIOB
2 YcranaBnuBath B 1 17151 KOpPEKTHOM pabOTHI KOHTPOJUIEpA JUCKOBOIOB
1 ~R

0 ~B

Jliis 1By XOUTOBBIX KOMIIOHEHTOB 11BeTa, 0003HaueHHbIX Kak {Rr}, {Gg} u {Bb}, 3anuceiBaemslii
Oaiit Oyzmet ~{grbGOORB}, rie '~' 0603HauaeT MOOUTOBYIO HHBEPCHIO.

[Tpumeuanue: yio6HO U3MEHSATH MAJUTPY B MOMEHT OTOOpaXKeHHUs1 OOp/topa: B 3TOM Cllyyae
TEKYIIUH 0TOOpayKaeMbIi IIBET SIBJISIETCS IBETOM Ooparopa. st Toro, 4To0sI Mporiecc n3MEHEHHS
HaJIMTPbI HEe ObUT BUJIEH Ha SKpaHe, €ro ClieAyeT IPOBOAUTE B MPoLeaAype 00pabOTKH KapOBOTo
npepbiBaHus (BapuaHT — Mociie kKomaHabpl HALT).
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7.21 PacwumpeHHbIM LBeTOBOM AMana3oH
PacimmpenHslii 1BeTOBOM AMAana3oH BKIOYaeTCs 3anuckio 1 B OuT 5 mopra #xxBF.
JlaHHbIi pexxuM nojaep:kuBaeTcs B KOHpUrypanusax He ctapee 6 Hosi0ps 2021 rona penusa.

B sToMm citydae kaxapiii KoMnoHeHT 11BeToB R, G u B umeeT 4-0uTHYI0 Tpaaliuio SspKOCTH:
{R3R:R 1R}, {G3G2G1Go}, {B3B.BiBo}.

[TporpaMMHOE H3MEHEHHE TTATUTPhI AaHAJIOTUYHO pexuMy 2 OuTa Ha 1BeT (cM. pa3aen 7.2), 3a
HCKJIIOYEHUEM MHTEpIpeTannun 3anucbiBaeMoro B nopt #xxFF 3nauenus.

I/IHTepHpCTaHI/IH 3alIUCBIBACMOTI'0O B ITOPT #xxFF SHA4YCHU:, IPHU BKIIFOUYCHHOM PACHIMPCHHOM
OBECTOBOM OHaIIa30HEC!:

bur 3anuceiBaeMoro | 3HaueHHE

OaliTa JaHHBIX

7 ~G»

6 ~R,

5 ~B»

4 ~G;

3 YcranaBnuBarth B | 11 KOPpEKTHON pabOTHI KOHTPOJLIEPA JHUCKOBOIOB
2 YcranaBnuBaTh B 1 711 KOPPEKTHOM pabOTHI KOHTPOILIEpa AUCKOBOIOB
1 ~R;

0 ~B;

bur anpeca nopra | 3HaueHue

#xxFF

15 ~Go

14 ~Ro

13 ~By

12 ~Gy

11 YcranaBiauBath B 1 1151 0OpaTHON COBMECTUMOCTH

10 YcranaBnuBath B 1 151 00paTHOM COBMECTUMOCTH

9 ~R;

8 ~B,

rae '~' 0003HadyaeT NOOUTOBYIO HHBEPCHIO, a MOACTPOYHBIE HOMEpa COOTBETCTBYIOT HOMEpaM OuTa
rpajaiuu sipKOCTH.

7.3 Bopdrop

bopatop — BuanMas o61acTh SKpaHa, HaXosMIascs 3a NpeaeaMu MHUKCeNIel, OrpeesieMbIX
KakuM-J1100 BuaeopekuMoM. LIBer 6opatopa 3agaércst buramu 2..0 3anmMchbIBaeMbIX 3HAYE€HUHN B
noptel #FE (RW, always) unu #F6 (RW, always): npu 3anucu B nopt #FE B0O3M0OXHO yCTaHOBUTH
ugeta 0..7, npu 3anucu B #F6 — 8..15. Cm. ctp. 42.
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7.4 Adpecauyusi suOeopPeXUMO8

JIist Kak10T0 BUIEOpEKHMMA CYILIECTBYET IO 1Ba HAOOpa CTPaHUIL, U3 KOTOPHIX OCYIIECTBISIETCS
BbIOOpPKaA BHUIe0laHHBIX. BriGop Habopa cTrpanun onpexaenser out 3 nopra #7FFD (WO, always).
CrpaHuIbl, COOTBETCTBYIOIUE €AMHUYHOMY COCTOSIHUIO 3TOTO OUTA, MPUBEAEHBI B OITMCAHUAX
PEXKHUMOB B CKOOKaX.

7.4.1 CtraHaapTHbIN ZX-pexum

Bri6opka u3 crpanutisl 5(7). [Tukcenu ka0 CTPOKH COCTOAT U3 OUT HEMPEPHIBHOW OANTOBOMA
CTPOKH (TIOPSZIOK BBIAAYM OUT U3 OTACIBHOTO OaiiTa — OT cTapiiero OuTa K MIIaiemMy).
HavanpHble cMeleHns 6aiTOBBIX CTPOK BBIYHCISAIOTCS U3 HoMepa Y cTpoku (Y=0..191, Y=0 nns
BEpPXHEH CTPOKH) caeayromum oopazom: pixoffset = { Y[7:6], Y[2:0], Y[5:3] } << 5, rme Y[m:n] —
BBIOOpPKA COOTBETCTBYIOIIEH OUTOBOM MOCIEI0BATEILHOCTH U3 BEJIMUMHEI Y, {} - KOHKaTeHaIHs
OUTOBBIX MOCIENOBATEILHOCTEH B YUCIIO, << - CBUT BJIEBO Ha YKa3aHHOE YHUCIIO OUT C
3aMOJTHEHUEM MJIAIIINX OUT HYJISIMH.

buToBas kapra pexxuma JCIUTCS Ha KBaJpaThl 8X8 MUKCEINIEH, KaX bl TAKOM KBaJApaT UMEET CBOM
0aiiToBBIIM aTpulyT, pacnoiamKeHHbIH o cMenieHuto attroffset = #1800 + Y*32 + X, rne X, Y —
KOOpAWHATHI kKBajpaTa 8x8 mukceneit (0,0 — BepxHuUil 1eBbIi KBagpart, 1,0 — ero coces cnpasa u
T.J1.).

L{BeT muKces, COOTBETCTBYIOIIETO SAMHIYHOMY OHTY, OIIpeesnsieTcst 0aiiToM arpulyTa attr Kak
{attr[6]. attr[2:0]}. LlBeT mukcemns, COOTBETCTBYIOIIETO HYJIIEBOMY OUTY — Kak {attr[6], attr[5:3]}.
YcTaHOBIEHHBIN OUT attr[ 7] mpUBOIUT K anmapaTHOW nepruoaudeckon (¢ mepuoaom ~1 ')
WHBEPCHH BCEX CUNTAHHBIX U3 MAMATU OWT MUKCEJIEH B Mpeenax KBaapara 8x8 mukceneit
COOTBETCTBYIOIIIETO aTpuOyTa.

7.4.2 ZX hardware multicolor

JlaHHBII PeKUM COBMAIACT CO CTAHIAPTHBIM ZX-PEKHUMOM B YaCTH BBIOOPKH 0ANTOB MUKCENIEH.
ATpuOyT, B OTNIMUKE OT CTAaHAAPTHOTO ZX-peKruMa, HHIAUBUAYATbHBIN Y KOKI0TO OalTa MUKCEIICH.
Cwmemenue arpulyra attroffset = pixoffset + #2000, rae pixoffset — cMeleHre COOTBETCTBYIOMIETO
Oaiita mukceneil. IaTepnperanus 6aiita aTpulyTa Takas e, Kak B CTaHIaPTHOM ZX-pEeKHUMeE.

7.4.3 ZX 256x192 16 yuBeToB

B nanHOM pexxume 1715 KaX10ro 0JI0Ka MUKCeNel IMUPUHON 8 U BBICOTOM | MUKcenb NpUBEAEM B
COOTBETCTBUE 0alT muKceneil cranaapTHoro ZX-pexuma, KOTopblil nmeer cmerenue zxoffset. J{ns
oToOpakeHus OJoKa MUKcenel cunuTsiBatoTes 4 OaiTa:

*  byte0 — crpanuna 4(6), cmemenune zxoffset + #0000
* Dbytel — crpanuna 5(7), cmemenue zxoffset + #0000
* byte2 — crpanuna 4(6), cmemenune zxoffset + #2000
* Dbyte3 — crpanuna 5(7), cmemenue zxoffset + #2000

Kaxxp1ii mukcens 6710Ka MUKcesel (cieBa HarpaBo) uMeeT 1BeTa: {byte0[6], byte0[2:0]},
{byte0[7], byte0[5:3]}, {bytel[6], bytel[2:0]}, {bytel[7], bytel[5:3]}, {byte2[6], byte2[2:0]},
{byte2[7], byte2[5:3]}, {byte3[6], byte3[2:0]}, {byte3[7], byte3[5:3]}.
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744 ATM 640x200 hardware multicolor

Paznenum maccus nukceneit 640x200 Ha 6710KH, Kbl BBICOTON | MUKCENb U IUPUHON 16
(6noku 16x1). BBeném koopaunatsl Takux 0nokoB X,Y ( BepxHuit seBbiit 610k — 0,0; ero cocen
cinpasa — 1,0; cocen canzy — 0,1 u T. 1., X=0..39, Y==0..199). Beném cmemenue offset = X +
Y*40. st otoOpakeHus 6J0Ka MUKCEIEH CUNTHIBAIOTCS 4 OaiiTa Mo CIeAyIOMNUM aapecaM:

*  Dbyte0 — ctpanuna 1(3), cmemenue offset + #0000
* bytel — crpanuna 5(7), cmemenue offset + #0000
* Dbyte2 — crpanuna 1(3), cmemenue offset + #2000
* byte3 — crpanuna 5(7), cmemenue offset + #2000

B npenenax kaxaoro O10ka ecTsb ABa Oaiita nmukcesnei u asa 6aiita arpubyToB. /s neBbix 8
nUKcenen 0oka 6aiT mukceneit — bytel, 6aift arpubyToB — byte(; s mpaBbIx 8 TUKCeENeH,
COOTBETCTBEHHO, byte3 u byte 2.

WNuTtepnperarus Oaiita arpulyToB: {attr[6], attr[2:0]} — 11BeT, COOTBETCTBYIOIMINN SAUHUIHOMY
outy u3 Oaiita mukcenel, {attr[7], attr[5:3]} — 1BeT, COOTBETCTBYIOMINI HYJIEBOMY OUTY.

7.4.5 ATM 320x200 16 uBeToB

Maccus mukceneit 320x200 pa3aensem Ha 0;10ku 8x1 1 BBOJUM UX KOOpAUHATHI X,Y aHAJIOTHIHO
pexxumy 640x200 hardware multicolor. TpeGyemsbie aiist oToOpaxenus Onoka 4 0aiiTa CUUTHIBAIOTCS
0 TeM ke azpecam, uto u B pexkume 640x200 hardware multicolor. CoctaBienne nukceneu u3
9TUX 4 OalT MPOU3BOIUTCS TaK ke, KaK U B pexxume 256x192 16 nperos.

7.4.6 ATM TekcToBbIN pexum 80x25

BBoaum pa3zbuenune maccuBa cumeo106 Ha 0710KHu 2X 1, BBOIUM KOOpAMHATHI TaKuX 0JI0KOB X,Y
(X=0..39, Y=0..24). B mpenenax 610ka KOJbI JICBOTO U MPABOTO CUMBOJIOB ISym U rsym, a TaKxe
COOTBETCTBYIOIIIUE UM OalThI aTpuOyTOB lattr u rattr C4MTHIBAOTCS IO aJIpecaM:

* lsym — crpanuna 5(7), cmemenue #01C0O + Y*64 + X
e lattr — crpanuna 1(3), cmemenne #21C0 + Y*64 + X
* rsym — crpanuna 5(7), cmemenue #21C0 + Y*64 + X
e rattr — ctpanuna 1(3), cmemenue #01C1 + Y*64 + X

Ha xaxxap1ii cumBoa OaiiT aTpuOyTOB MPUMEHsETCs aHajdoruyHo pexumy 640x200 hardware
multicolor.

Crannapraas npommka [13Y «EVO Reset Service» MoxeT IpOU3BOIUTD 3arpy3Ky MpUQTa B
fontROM npu kaxxziom copoce. [Ipenycmorpenst 2 komupoBku: CP866 n1 ATM-koaupoBka
(npuBenena Ha Puc. 1).
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Puc. 1: ATM-xoouposka wipugpma
7.4.7 ATM-nono6HbIN TeKCTOBLIN pexum 80x25 B ogHOM cTpaHuLe

@YHKIIMOHUPYET aHAJIOTUYHO pexuMy 7.4.6, nMes CIEAYIONYIO apecaluio:
* Isym — crpanuna 8(10), cmemenue #01CO + Y*64 + X
* lattr — crpanwnma 8(10), cmemenue #31C0 + Y*64 + X
* rsym — crpanuna 8(10), cmemenne #11C0O + Y*64 + X
* rattr — ctpanuna 8(10), cmemenue #21C1 + Y*64 + X

[Tpumep pacuéToB aapecoB CUMBOJIA U aTprOyTa, MPH yCIOBHH 4TO BUAeocTpanuna 8(10) B
anpecax 0x4000-0x7FFF:

xy2txt ;input h=x l=y xy2attr ;input h=x l=y
;output hl=address ;output hl=address
LD A, #1cC LD A, #C7
SRL H SRL H
RRA JR NC, .L1
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RRA LD A, #87
ADD A,L INC H
ID L,H .L1 ADD A,L
LD H,A LD L,H
XOR A LD H,A
SRL H XOR A
RRA SRL H
SRL H RRA
RRA SRL H
ADD A,L RRA
ID L,A ADD A,L
SET 6,H ID L,A
RET SET 6,H
RET
7.4.8 3arpy3ka wpudTa Ans TeKCTOBOro pexuma

Paspemenne 3arpy3ku mpudra Brimrouaetcs outom 2 nmopra #BF (cm. ctp. 42). O3V mpudra nmeer
00BEM 2 Knito0anTa, KayKIblii CHMBOJI XpaHUTCS 110 aapecam n*8..n*8+7, rome n — Homep cuMBoOIa
(0..255). O6pa3 cumBona 8x8 muUKcenel XpaHUTCs TOCTPOYHO CBEPXY BHH3, OUTHI B OaiiTax
MIPEICTABIISIOT MTMKCEIN CUMBOJIA CJI€Ba HAIPABO.

[Tocne BKIIOYEHUS pa3pelieHust 3arpy3Ku MWpHQTa 1:06ds 3aUCh MPOLECCOPOM B aJPECHOE
MPOCTPAHCTBO namsamu 1o aapecy A (A=0..65535) npuBoaut k 3anucu makoice u B O3Y mpudra
o aapecy A & 2047.

Buumanue! B npouecce 3arpy3ku O3V mpudTa peKOMEHyeTCsl BBIKITIOYATh TPEPHIBAHUS WITH
IPOM3BOJMTD 3arpy3Ky B ONpeaeIEHHBIC MOMEHTBI OTHOCHTENIBHO CUTHAJA int, TaK KaK BXO[ B
npoueaypy o0paboTKH MpepbIBaHUS MPU BKIIOUEHHOM pa3pellieHnu 3arpy3ku mpudra npuBenér K
3arpy3ke B O3Y mpudra cirydaifHbIX 3HaYEHUH 110 CIyYailiHBIM aJpecam.

7.4.9 CuuTtbiBaHMe WpugTa TEKCTOBOrO pexmma

CuuteiBaHue TPOU3BOaUTCA MyTEM uTeHus ropta #0EBD (cM. cTp. 22), B KOTOpOM Npr
BKIIFOYEHHOM TKECTOBOM PEXKHUME YUTACTCS TEKYIIUH 0TOOpakaeMblil Ha SKpaHe OalT KapTUHKU
cumBona. M3 3Toro cienyert, 4To Al KOPPEKTHOTO CYUTHIBAHUS MIPUPTAa HEOOXOAUMO MPUMEHSTh
CIIEUAIIBHYIO MPOIIEYPY C TOUYHBIMU 33I€P’KKAMH OTHOCUTEIHHO Hayasla CUTHAJIa MpephIBaHUS
IIPU CIIEUATBHO C(HOPMUPOBAHHOM COJIEP>KMMOM TEKCTOBOTO kpaHa. [IpumMep Takoil mpoueaypsl
naH B Qaiine fontread.src

7.5 ULAPLUS

Momuduxanuss ULAPLUS pacumupsier naauTpy crangapTHoro ZX-pexuma u pesxxuma ZX
hardware multicolor.

[Tpu BKJIIOUEHUM TaHHOTO pekrMa ucnoib3yercs gononnurtenbHas ULAPLUS-nanutpa, He
CBsi3aHHasl ¢ OCHOBHOM. MHTenpeTanus 6aiita arpulyToB attr:

*  Outhl 7:6 — BeIOOp oHOM U3 4 moananutp nanutpst ULAPLUS
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*  Outsl 5:3 — BeIOOp HOMepa 11BeTa PAPER
* Ourtsl 2:0 — BeIOOp HOMep 1BeTa INK

[Manutpa ULAPLUS nmeet 64 mo3unuu 1 3a1a€T MBET CIASIAYIOIINM 00pazoMm:
* 1Ber PAPER — u3 anemeHnTa manutpel ¢ HomepoM attr[7:6]*16 + attr[5:3] + 8
e 1get INK — u3 aneMeHTa nanutpel ¢ HoMepoM attr[7:6]*16 + attr[2:0]
Kaxxpast mo3uiius nanutpel — OalT, KOTOPBIN 3a7a€T LIBET CIEAYIOIUM 00pa3oM:
* 3enéHpit — OUTHI [7:5]
* KpacHslit — 6uthI [4:2]
e  Cunuii — 6uThI [1:0]

s ycranoBkun ULAPLUS-nanutpe! u 1uia BitodeHusI-BbiktoueHus pesxxuma ULAPLUS
ucnoinb3yrorcs noptel #FF3B 1 #BF3B.

Bxmrouenne ULAPLUS:

ULAP_ ON LD BC, #BF3B
LD A, #40
ouT (C),A
1D B,#FF
LD A,#01
ouT (C),A
RET

Brixmrouenne ULAPLUS:

ULAP ON LD BC, #BF3B
LD A,#40
ouT (C),A
LD B, #FF
LD A,#00
ouT (C),A
RET

VYcranoBka anementa nanutpsl ULAPLUS:
ULAP_SET LD BC, #BF3B
LD A,<palette element number> ;0..63

ouT (C),A

LD B, #FF

LD A,<palette entry G3R3B2> ;0..255
ouT (C),A

RET
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8 ApxuTtektypa: nopTbl YTeHUs KoHcpurypaumm n NMI

JlaHHBII pa3en OnuCchIBaeT CPECTBA, MO3BOJISIONINE IPOTPAMMHO CYHTATh KOH(UTYPAITHIO
MaMATH U NATUTPY KOMIbIOTEpa. JlaHHbIE Cpe/icTBa MPEAHA3HAYEHbl B OCHOBHOM JIJIsI
UCTIONB30BaHUS B mporierype oopadborku NMI.

8.1 lNopm #BF (uymeHue)

[Topt #BF mo3BosseT uuTarh CBOE comepkuMoe (CM. CTp. 42).

8.2 NMopm #BE (3anucb)

3anuck B opT #BE npoucxonut npu Beixozae u3 oopadorunka NMI. ITonpoOuee cm. cTp. 25.

8.3 lNopm #xxBD (umeHue u 3anucsb)

HOpT #xxBD OpEeaAHa3HAUYCH IJId YTCHUA KOH(l)I/Il" ypalun NaMATH U NaJIMTPbI KOMIIBIOTEPA, a TAKIKC
JUIA HaCTpOI\/’IKI/I TIOBCACHUS OTACIBbHBIX ACIICKTOB KOH(l)I/IpraIH/II/I.
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Ilopm Onucanue

#00BD..#07BD | insepcubiii HOMEDP BKIIOYEHHOU cTpaHulbl. Pactipenenenue:

RO #00BD..#03BD — nomepa ctpanui] g okoH #0000..#3FFF, #4000..#7FFF,

always #8000..#BFFF u #C000..#FFFF cooTBETCTBEHHO /J1s1 HYJIEBOM KapThl MaMATH,
#04BD..#07BD — HOMepa cTpaHHUI] 1J11 €IUHUYHON KapThl MAMSITH.

#08BD butel «ramnrom» (cm. ctp. 11). [Topsinok 6utoB: 6uT 0 — COOTBETCTBYET HOMEPY

RO CTpaHUIIbI, cuuTaHHOMY U3 niopta #00BD, 6ut 1 — Homepy u3 nopra #01BD u T.1.

always

#09BD buter «dos7ffd» (cm. ctp. 11). Ilopsnok Taxoii xe, kak ans nopra #08BD.

RO

always

#0ABD [Tocnenuee 3anucannoe 3HaueHue B nopt #7FFD.

RO

always

#0BBD [Nocnennee 3anucanHoe 3HaueHue B nopt #EFF7.

RO

always

#0CBD [Tocnennee 3amucanHoe 3HaUeHUE B MOPT #xx77. Pacnpenenenue Our:

RO 6uTthl 3:0 — cooTBeTCTBYIOT OMTaM AaHHBIX 3:0 mopra #xx77,

always OouT 7 — cOOTBETCTBYET OUTY aapeca Al4 mpu 3anucu B #xx77,
our 6 — Outy aapeca A9,
our 5 — 6uty agpeca A8,
6ut 4 — uaaunupyet cocrosiuue curnana DOS: ecnu BxmoueHo [13Y TR-DOS
CTaHJapTHBIM MeTOAOM (uepe3 Bxof B #3Dxx), To 1, unaue 0. 1ot O6UT
npeAHa3HadeH sl onpeneieHus dakra, 4o B NMI mpouzomén Bxox u3
BKItoueHHoro yepes #3Dxx [I3Y TR-DOS. Otot Out octaéres B 1, moka
UCTIONHSETCS KOoXI U3 BKitoueHHOU 1o NMI crpanuns! #FF B o6mactu
#0000..#3FFF npu ycnoBuu, 4To B 3Ty 001acTh He BKIodanoch O3V uepes nopt
#3FF7 v #37F7.

#0DBD YreHue Tekyuiero oroopaxaemoro 1geta. [IpeaHasnaden 1 YTeHUs TaTUTPBI.

RO dopMaT CUUTHIBAEMOTO 3HAYCHHSI COBMAIAET C (HOPMATOM 3aITUCHIBAEMOTO

always 3Ha4eHus B nopt #FF npu ycranoBke nanutpsl (cM. cTp. 15), 3a uCKiIroueHueM
6uToB 2 u 3, KOTOphIe He onpedenensi. [Iponenypa cCUMTHIBAHUS MATUTPbI
aHaAJIOTMYHAa MpoLeype 3aucH (CM. cTp. 15), HO MPOU3BOAUTCS YTEHUE OPTA
#0DBD Bmecto 3anucu nopta #FF.

#0EBD Urenue Tekymero oroopaxxkaemMoro 0aiira B TekctoBoM pexxkume. [IpenHasHauen

RO JUTSL CYMTHIBAHUS IpudTa.

always [Tpumep cunteiBanus npuBenéH B daiine fontread.src

#0FBD butel 3:0 — uTeHHe MOCIeaHET0 YCTAaHOBIEHHOTO MBeTa Oopatopa. 3Haduenus 0..7

RO always — 1IBET, yCTaHOBJIEHHBIN 3anucko B opT #FE, 8..15 — B mopt #F6.

#10BD UteHue 1 3anMCh MIIAIIIEH YacTH aipeca amnmapaTHOM JOBYIIKH

RW

always
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#11BD UteHure U 3anKCh CTapIle YacTH aJpeca anmnapaTHor JOBYIIKH

RW

always

#12BD butel 3amute! ot 3anucu (cM. ctp. 12). [lopsgok Takoit e, Kak JijIs opTa

RW #08BD.

always

#13BD burtsl 0..3 cooTBeTcTBYIOT ArickoBogaM A..D. Eciu cooTBeTCTBYIOIIHIT OUT CTOUT

RW B €IMHHULIE, TO Tpu oOpaieHuu Kk nopram TR-DOS Bo Bpems pabotsr [13Y TR-

always DOS npoucxonut nogmena 13V na crpanuny O3Y #FE (T.H. pexum “trdos
emulation”, cMm. cTp. 26). [lonMeHa MPOUCXOIUT HAUKWHAS CO CIIEIYIOIEH
KOMaH/bl TIOCIIe TOM, UTO 00paTuiachk B MOPTHL. Bo3Bpar mpouCXOAUT Tak ke, Kak
u3 o0paborurnka NMI: 3anmceio B opt #xxBE (6e3 RETN). [Tocne nanHoi
3anucu crpanuna [I13Y TR-DOS Bo3Bpamniaercst Ha mecTo.

ANTOPUTM BOCCTAHOBJIEHHSI COCTOSIHUS AUCTIETYEepa CTPAHUILL:
1. 3anuceBas B nopt #XFF7, BoccranoButh 6uThl «dos7ffd».
2. Ecnu cTpaHnna B JTaHHOM OKHE JaHHOW KapTel mamsaTé — ROM nim RAM ¢ Homepom
MeHee 64, To BoccTaHOBUTH €€ 3anucelo B #XFF7 onHOBpeMeHHO ¢ MyHKTOM 1.
3. Jns Bcex ctpanunl RAM ¢ Homepom He MeHee 64 BOCCTaHOBUTH HOMEDP OONOIHUMENbHOL
3anuckio B nopt #x7F7.

8.4 AnnapammHas nosywka (nopmsi #10BD, #11BD)
Paspemaercs cpabarpiBanue goByiiku 6utom 4 mopta #xxBF (cMm. cTp. 42).

ArnmaparHasi JIOBYIIIKa padoTaeT CIEAYIOMUM 00pa3oM: €CIIH MPOIeccop BBIMOMHAST Uk M1 ¢
YKa3aHHOTO ajpeca (YUTAaeT OMKOJ KOMaH/bl), eMy He3aMeAuTeNIbHO npuxonuT curiai NMI u co
cienyromeid komanabl npoucxoaut BxoJ B NMI (cm. Huke). [Ipu 3TOM, B OTJIMYKE OT JPYyTrUX
MeTonoB Bxoaa B NMI, curnan NMI nmogaércs cpasdy ke npu cpabaTblBaHUH JIOBYIITKH, & HE
OIHOBpEMEHHO ¢ curHajioM INT, kak B MHBIX cllydasix.

Ilpumeuanue: ocne Bxona B NMI mipu cpabaThIiBaHUH JIOBYIIIKH OHA OCTAETCS pa3peéHHOM.

8.5 Bxod e NMI

[Tocne nogaun NMI (cm. ctp. 7) mporieccop MPOU3BOAUT CIACAYIOIMINE TEHCTBUS:
1. CoxpaHser aapec cienyrolleil KoMaHabl Ha CTEKE.

2. 3amomuHaeT cocTostHUE paspeménHocT npepeiBanuii INT B dmare IFF2, mpu sTom
3anpenias ganpHeumme npepbsiBanus INT ouncrtkoit ¢utara [FF1.

3. HauuHaet BbINOJIHATH NporpamMmy ¢ aapeca #0066.

B momenT nogaun NMI nociie 4TeHus: mporeccopoM o4epeaHoro onkoa B nukie M1 nmpoucxoaut
noncranoBka B okHO #0000..#3FFF nocnenneit (¢ nHomepoMm #FF) ctpanuier O3Y, rae noinkeH
pacrosiararbcsi 00pabOTYMK HEMAaCKUPYyeMOTO npephiBaHusA. OTHOBPEMEHHO C ATOW MOICTAHOBKON

npoiieccopy Bbimaércs annaparusii oqHokpatHeiii NOP ¢ anpeca #0066. Crieayronyo KOMaHIy
npoueccop npountaet ¢ aapeca #0067 crpanunbs O3V #FF.

Tak kak KOMIIBIOTEp MPU HEOOXOAUMOCTHU MPOU3BOIUT MOAKIIOUEHHE MocieHel cTpanulpl O3Y
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nocie Bbiiaun NMI u moacranosky onkoga NOP (1. e. #00) mo agpecy #0066, To B ciiydae

npuxoaa NMI B MOMEHT BBITMIOTHEHHST MHOTOOITKO10BO# koman bl (Harpumep RLC [IX+0]),
pacrionoxenHoi no aapecam #0063.. #0066, BO3MOkeH HEKOPPEKTHBIN BXoA B 00padoTunk NMI.
Kpome Toro, HEKOPPEKTHBIN BXO/ BO3MOXEH TAKXKe U B CIIydae, €CIIU 3allUCh Ha CTEK [IPOTrPaMMbl
Hapy1aeT e€ QyHKIMOHUPOBaHHE.

Hauvano curnana NMI coBnagaet ¢ Hadanom curdana INT, Takum o0pa3om B citydae pa3peméHHbIX
npepeiBanuid INT, Oynet Boinosninen Bxox B NMI emecmo Bxona B INT. Ilpu Beixozae u3
o0OpaboTtunka NMI cnenyeT uMeTh 3TO B BUAY U MPU HEOOXOAUMOCTHU POIOJIKATh BBHITIOTHEHHE
nporpammsl ¢ oopadorunka INT. B cnyuyae nogaun NMI gyepe3 nopt #BF curnan NMI takxke
npUAET COBMECTHO co ciienyrontum curaasiom INT. Oounaxo, npu cpabaThIBaHUM aImmapaTHOM
noBymky curaai NMI npuxoaut HemocpeaCcTBEHHO B MOMEHT CpadaThIBaHusl.

Pexomenyemsiii anroputm Bxona B NMI i ciyyasi, koraa TpeOyeTcst IpOI0JIKUTh BHIITOTHEHUE
MPOTPaMMBbI:

1. Cpazy nocne Bxoga B NMI (komanga o cmemenuto #0067 B mocnenneit crpanuie O3Y)
COXpaHUTh COJEPKUMOE PErUCTpa CTEKA B MPETHAZHAYCHHYIO JJI 3TOTO STYEUKY MOCIIEAHEH
crpanuiibl O3Y.

2. llepectaBUTb CTEK B MECTO, BbIIEIEHHOE B nocieqHel crpanuie O3Y.
CoxpaHHTh BCE PETUCTPHI IPOIieccopa Ha CTEK.

4. Y3HaTh COCTOSTHHE Pa3peIIEHHOCTH NpepbIBaHui myTéM cunThiBanus (aara IFF2 xomanmoit
ID A,Rwm 1D A,I

5. Tlpu HEOOXOMMMOCTH CYUTAThH TEKYIIYIO KOH(PHUTYpAIHIO KOMITbIOTepa 13 MopToB #XxBD.

8.6 Bbixo0 u3z NMI

Pexomenyemblii alropuT™ BbIxozia u3 o0padorurka NMI:

1. Ecmu o6paborunk NMI BoinomnHsn koman el DI unu EI, TO clieAyeT BOCCTaHOBUTH (iar
IFF2 npoueccopa (Temu xe komanaamu). [Ipu 3ToM Hamo caenuTh, 9TOOBI 0 MOMEHTA
BbIX0Za U3 NMI He npouzonuio npepbiBanus INT.

2. BoccTaHOBUTH pETUCTPHI MPOIIECCOPA.
[lepecTaBuTh yKka3zarenb cTeKa Ha CTEK MPOTrPaMMBbl.

4. BwimonHuTh KOMaH1y OUT (#BE) ,A. JlanHas koMaH/1a He BIHMSIET Ha CoAepKUMOoe (paros
Y PETUCTPOB MPOLECCOpa. 3aliChIBAEMOE 3HAYCHNE NTHOPUPYeETCs. JlaHHBIN 1Iar yKa3bIBaeT
KOMITBIOTEPY, UTO MOCJIE BBIIOJIHEHMSI caenytonieil komanpl RETN ciielyeT OTKIIOUYUTh
mannuHr nocnenseit crpanuisl O3V B obnacts #0000..#3FFF ¢ nenbio nponomkeHus
HOPMAaJIbHOT'O BBINIOJIHEHUSI IPOIPAMMBI.

5. Cpazy xe nocne koManjpl OUT (#BE) , A BblnonHUTH koMaHay RETN. B nporecce
BBITTOJTHEHUS 3TOW KoMaH il B 0kHe Tiporieccopa #0000..#3FFF BkimtouuTcst BMECTO
nociennent crpanuubl O3Y 3a1aHHast IUCTIETYEPOM CTPAHUIIA U TTPOLIECCOP MPOAOIKUT
BBIIIOJIHATH IIPEPBAHHYIO IPOTPaAMMY.

Ilpumeyanue: BBIKIIOUEHUE MOACTAHOBKHU MocieqHel crpanusl O3Y npoucxoaut Ha 201 MO
nopsiaky curiai M1 mponeccopa nocie 3anucu B nopT #BE He3aBUCHMO OT TOro, Kakue KOMaH bl
BBITIOJIHSIOTCS] B 3TOT MOMEHT.
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B MomeHT BhInonHeHHsI KoMaH bl RETN MpOUCXOAUT KOMTMPOBAHUS COCTOSHUS Pa3pelIEHHOCTH
npepeiBanuii INT u3 ¢nara IFF2 B daar IFF1.

Komanner DI u EI ycranaBiusatoT ¢uaru IFF1 u IFF2 B oqunakoBoe cocTosiHuEe, TAaKUM 00pa3oM B
cilydae BBIIIOJIHEHUs 3TUX KoMaH/ B o0paboTunke NMI, nocnenyromas komana RETN He H3MEHUT
COCTOSIHME Pa3pelIEHHOCTH IIPEPHIBAHUN.

8.7 Pexum «trdos emulation»

JlaHHBIN peXKUM NpEeIHA3HAYEH IS OCYIIECTBICHUS IPOTPAMMHOM 3MYIISILIUA KOHTPOJUIEPA
nuckoBoga KP1818BI'93 (WD1793, MB8877A) 6e3 neooxoaqumoctu natauth [13Y TR-DOS.
PaboTa mpoucxonuT cienyromum oopazoM: Bo Bpemst BbinonHeHus koga u3 [13Y TR-DOS npu
MOTBITKE OOpaIeHUsI K TOpTaM KOHTpoJUIepa AUCKOBoAA (cM. cTp. 37) mpoucxonut nmoamena [13Y
TR-DOS B oxne #0000..#3FFF na ctpanuity O3V #FE Takum o6pa3oM, 4To ciemyrorias mocie
KOMaH/Ibl BBOJa-BbIBO/IAa KOMAH/1a BEIYMTHIBAETCA U3 3TOM cTpaHulbl O3Y. Jlist BO3Bpara u3 3TOro
pexuMa BbINOJHsAETCA komaHaa OUT (#BE) ,A , ociie KOTOPOM pexuM OTKIIIOUAETCs U
MIPOUCXOAUT BO3Bpar crpanulibl 113V, n3 koTopoit mpon30men BXo B ONUCHIBAEMBIN PEXKUM.

8.7.1 Bxoa B «trdos emulation»
VYcnosus Bxona:
e Bxmouén pexxum DOS (ctp. 10)
* Brmonnenune B okHe #0000..#3FFF u3 [13Y TR-DOS

e IIpenpiaymeii 3amuchio B mopt TR-DOS #xxFF (cTp. 37) ycTaHOBIEH TUCKOBOI, UMEIOIIIHIA
COOTBETCTBYIOLUI €TMHUYHBIN OUT Macku B iopty #13BD (ctp. 22).

B momeHT O6paH_I€HI/I$I, COOTBCTCTBYIOLICTO YCIIOBUAM BXO/(d, TAKKE ITPOUCXOOUT CIICAYIOIICC:

* Hemnocpencreenno nocie nukia I/O u qo nepsoro mukiaa M1 3anperiaercs mo0ast 3anuch B
namsaTh. 70 npegotrBpamiaet nopuy crpanuibl O3Y #FE komangamu INI, INIR U UM
MOI0OHBIMH.

* 3anucu WM YTEHHUs, HAIIPABJICHHbIE HEIIOCPEICTBEHHO B MOPTHI M/CX KOHTPOJIEpa
nuckoBonia (#xx1F, #xx3F, #xx5F, #xx7F) — OnokupyroTcs (He A0XOIAT 10 M/cX). 3anucu
B nopT #XXFF — npoxoadar ycnemHo B 11000M ciryydae.

8.7.2 Bbixoa us «trdos emulation»

Brixonx ocymecTBisieTcs komanioit OUT (#BE) , A, ocje KOTOPO# BBITIOJHEHUE Cpa3y ke (Co
cienyrolel KOMaH ibl) mpoaospkaercs u3 panee sriatouerHHoro [13Y TR-DOS.

8.7.3 KombuHauusa pexmnmoB «NMi» n «trdos emulation»

B cny4yae komOuHamu pexumMoB, Hanpumep npu Bxozae B NMI u3 «trdos emulation», B okHe
#0000..#3FFF okassiBaercs BkitoueHHoOM ctpanuna O3V #FF, npu atom npouexnypa Bxoga B NMI
(cTp. 24) BBITIOIHSAETCSI KOPPEKTHO.

Brixon npu nomonu OUT  (#BE) , A ocyliecTBIseTCs cHavana u3 pexuma «NMD» (ctp. 25),
3areM u3 «trdos emulationy (cM. BBIIIIE).
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9 ApxuTeKktypa: nopTbl BBoOAa-BbiBOAA

9.1 NMopm #FE

[TopT cunThIBaHUS COCTOSIHMS KJIaBUAaTypbl 1 MArHUTO(OHHOIO BXO/1a, MOPT YCTAaHOBKU OUTa
ounepa, Outa MarHuTO()OHHOTO BBIXO/A, IIBETA OOPIIOpA.

Ilopm | Onucanue
#xxFE |UYrenue:
RW 7:1 6: tape_in 5:0 4..0: keyboard
always
3anucse:
7..5: He uCI. 4: beeper 3: tape_out 2..0: uBet Goparopa

YreHne KIaBUaTypbl IPOUCXOIUT CTAaHAAPTHBIM 15 ZX-Spectrum crnoco6oM — ycTaHOBKOM B ()
anpecHbIXx OMT A15..A8, COOTBETCTBYIOIMX TPEOYyEMBIM psi/iaM, JAaHHBIC BCEX BHIOPAHHBIX PSIOB
ckianeiBatorcs mo AND, pesysnsrar Bo3Bpamaercs B ourtax 4..0. UreHue nporcxoaut 6e3 wait'os.
MarnuTtodoHHbBIN BX0a — oTAeNbHBINA Bxoa ZX Evolution.

9.2 lNopm COVOX (#xxFB, WO always)

[Topt mpeaHa3HaveH A1 BBIBOJA 8-OMTHOTO 3ByKa. 3BYK BBIBOIUTCS HA OUNIEPHBIN BBIXOJ IIPU
MOMOIIY IITUPOTHO-UMITYIECHOM MOAYJISILIUM ¢ 4acTOTOM okojo 218 k1. 3anuceiBaembie

3HadeHus — O6e33HaKoBbIe OTCUETHI OT 0 10 255. [ocne 3amucu B mopt #xxFB OunepHsiii BEIXon
HaunHaeT padorats B pexxume COVOX'a BrioTs 110 nocnenyronieit 3anucu B mopt #FE, mocne vero
OWIIepHBIN BBIXOJ] HAYMHACT PA0OTATh B OOBIYHOM PEKUME.

9.3 Nopmbi AY/YM

Ilopm | Onucanue

#FFFD |3anuce — BeIOOp HOMepa peructpa AY/YM

RW Yrenue — yTeHue copepkumoro peructpa AY/YM
always

#BFFD |3anuce — 3anmch B peructp AY/YM

WO

always

9.4 NMopm Kempston Joystick

Kempston Joystick — nsiTukHOMOUHBIM Manunystop. [lo3BosnseT ynpasnsars mporpaMMamMu, B

KOTOPBIX pean30BaHa MOAJepKKa 3TOro MaHumysaTopa. ObpaiieHre K opTy MaHUIYJIATOpa
IIPOUCXOJUT B O€3BATOBOM PEKUME.
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Ilopm | Onucanue

#xx1F | Urenue 3HaUCHUA U3 MOPTA MO3BOJISIET MOTYYUTh COCTOSIHUE UTPOBOTO MAHHUITYJIATOPA.
RO ®dopmar OaiiTa MoTy4YEeHHOTO 3HAYCHHMSI:

noshad

7:0

6: 0 5:0 4: Fire 3: Up 2: Down |1: Left

0: Right

Fire — 1: naxxara knomnka «Oroup» Ha MaHunynstope, 0: He Haxara;
Up — 1: naxara kHonka «BBepx» Ha manunynarope, 0: He Haxara;
Down — 1: naxkara kHonka «BHu3» Ha manunynstope, 0: He HaXxara;
Left — 1: naxara knonka «BieBo» Ha Manumynsarope, 0: He Haxkara;
Right — 1: Haxxara kHOTKa «BrpaBo» Ha MaHunynsatope, 0: He HaXkara.

9.5 NMNopmbi Kempston Mouse

Kempston Mouse — unTepdelic MaHuIyIIATOpa TUIA «MBIIbY. [103BONSET ynpaBisiTh

porpaMMaMu, B KOTOPBIX peai30BaHa MOAJEpAkKKa 3TOro MaHumyastopa. ObpaleHue K nopTy
MaHHUIYJIATOPa IPOUCXOJUT B O€3BANTOBOM PEKUME.

HO,Z[I[ep)KI/IBaIOTCH TPCXKHOIIOYHBIC MBIIIH, a4 TaK K€ MbIIIb C KOJICCOM.

Ilopm | Onucanue
#FADF | Urtenue nopra mo3BOJISET ONPEACIUTH COCTOSTHUE KHOMIOK U MOJTYYHUTh CUETUHUK
RO IOBOPOTA KoJIeCa.
always | ®opmar GaiiTa MOJIY4YCHHOTO 3HAUYCHHUS:
7..4: Wheel counter 3:1 2:MMB |1:RMB |0: LMB
*  Wheel counter — cueT4unk moBopoTa Koieca;
*  MMB - 0: Haxara cpeaHsa KHOIIKA MBIIIH, 1: HE HaXKara;
* RMB - 0: Haxara npaBasi KHOIIKa MbIIIH, |: HE HaXKara;
e LMB - 0: ma)xara jieBast KHOITKa MBIITH, 1: He Ha)KaTa;
#FBDF | UYrenue nopra 1o3BoJisi€T ONPEAEIUTh 3HAUYEHUE CUETUMKA KOOPAUHATHI X MOJIOKEHUS
RO MBIIIIH.
always
#FFDF | Urtenue nopra mo3BojsieT ONPEACIIUTh 3HAYEHUE CUETUYMKA KOOPAUHATHI Y MOJOKEHUS
RO MBIIIIH.
always

B ciydae ecnu Mblib He 0OHapyskeHa, U3 TOPTOB cuuThiBaeTcs 3HadeHue OxFF.

9.6 NMopmubi ynpasneHust yacamu u NVRAM

Hoctyn u ynpasnenue yacamu 1 NVRAM niporpaMMHO COBMECTUM € IIMPOKON pacpOCTPaHEHHOU
B 3kc-CCCP cxemoit Gluk Clock (ocHoBanHo# Ha Mukpocxeme K512BU1 unun DALLAS 12877,

12877A).
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Ilopm | Onucanue

#EFF7 | 7oii 6uT 5TOrO IOpTa YMpaBisieT JOCTYIIOM K sSYeiiKaM 4acOB B HETEHEBOM PEXKHME:

WO * yCTaHOBKa OWTa 7 — paspemniaeT J0CTyI;

noshad * cHsATHE OWTa 7 — 3ampeniaer JOCTYTI.
3Hauenue mocie copoca — 0.
Brumanue! OcranbHble OUTHI 3TOr0 Write-only mopra UCIoNb3yroTcs 1)1 APYTHX LEeTeH.
Cwm. ctp. 42.

#DFF7 |3anuce B nopt ycranasnuBaet aapec sueiiku (0x00..0xEF).

WO

noshad |/lpumeuanue: B reneBoM pexume nopt #DEF7 noctyneH HE3aBUCUMO OT COCTOSIHUS
oura 7 nopra #EFF7.

#DEF7

WO

shadow

#BFF7 |Urenue/3anuch s4eKu.

RW

noshad | /Ilpumeuanue: B TeneBoM pexxkume nopt #BEF7 nocTtyneH HE3aBUCHMO OT COCTOSTHUSA
6ura 7 nopra #EFF7.

#BEF7

RW

shadow

Taxk kak gacel kommnbioTepa ZX Evolution ocHoBanbl Ha Mukpocxeme PCF8583, To coBMeCTUMOCTh
oOecrieunBaeTcs MyTeM IMYIISLNH.

OCOOEHHOCTH dMYJISIINN:

* Tlonnepxuaetcs 3anuch/ureHue Becex ssueek NVRAM (0x0E...0x3F), no6asnena
BO3MOXXHOCTb JIOCTYyTIa K JOTIOTHUTEIIBHBIM T0JIb30BaTelbekuM siueiikaMm (0x40..0xEF);

* TlomnepxuBaeTcst YTEHUE BCEX siU€eK , Hecylmx pononnutensasie GyHkimn (0x00..0x0D);

* Tloanep>kuBaercs 3aMuch SYEEK, YIPABISIONUX BPEMEHEM:

0x00 — peructp cexkyH;
0x02 — peructp MUHYT;
0x04 — peructp yacos;

0x06 — peructp IHS HENEIH;

0x07 — peructp AHS MeCAILIa;

A

0x08 — peructp mecHiia;

7. 0x09 — peructp rona.

* (CrarycHbI€ STYEHKH BO3BPAIIAIOT CIAEAYIONINE 3HAUCHUS

1. 0x0A — Bo3Bpaaet 3nauenue 0x00;

2. 0x0B — BozBpamaet 3HadeHue 0x02 (70CTyIeH Ha 3aMiCh — YCTaHOBKA OUTa
data mode);
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3. 0x0C — Bo3Bparaer 3Hauenue 0x00 (mognepxkuBaercs cocrosinue update flag),
CMOTpH HIDKE TOTIONHUTENbHBIE QyHKIH peructpa 0x0C;

4. 0x0D - Bo3Bpamaet 3HaueHue 0x80, CMOTpU HIKE JIOTIOJIHUTEIbHBIE (PYHKIH

peructpa 0x0D.

* CrarycHas sueiika 0Xx0A uMeeT 1ONONHUTEIbHBIN (YyHKIMOHAIL.
B a1y siueiiky 3anuceiBaercs agpec crpanuiibl EEPROM (sHeprone3aBucumoii naMsTy)
ATMEGA128.

* Crarycnas siueiika 0x0C umeeT JOTOTHUTENBHBIA (PYHKIIMOHAI.

Howmep Outa

Hazsanue

OyHKIMSA

0

Write: RESET PS2 BUF
Read: NUMLOCK_STATE

3anuce: Yrpasiser coOpocom Oydepa koo PS/2
KJIaBHATypbl. B ciydae eciu OUT ycTaHOBJICH B 1,
npoucxoauT copoc Oydepa kogoB PS/2 knaBuatypsl
(cm. m9.6.2).

Yrenune: Urenne cocrosunst Num Lock Led na PS/2
kinaBuarype. B ciaydae ecnu Out ycraHoBieH B 0 —
Num Lock Led He akTuBeH, ecnu ycTaHOBJIEH B | -
Num Lock Led akTuBeH.

CAPS LOCK STATE

Ympasinsier cocrostarem Caps Lock Led na PS/2
KJIaBHatype (3HaueHue coxpansercs). B ciydae eciu
out ycranosieH B 0 — Caps Lock Led He akTuBeH,
ecnu ycraHosieH B 1 - Caps Lock Led akTuBeH.

Read: SD_ WP STATE

Yrenune: Urenue cocrosuus Write Protect SD
kapThel. Ecu Out ycranosneH B 0 — 3amuck Ha SD
KapTy HEBO3MOXKeH. Eciu OuT ycraHoBieH B 1 —
3anuck Ha SD KkapTy paspelieHa .

Read: SD_PRESENT

Yrenue: Craryc HaxoxaeHuss SD KapThl B pa3beMe.
Ecnu Out ycranosnen B 0 — SD kapra He
yctaHnoBieHa. Eciou 6ut ycranosied B 1 — SD
KapTa HaXOJIUTCS B pa3beMe.

Read: UPDATE FLAG

Yrenne: YcTaHoBIleH B 1, eClI H3MEHHUIIOCH
coctosinue peructpos BpemMenu RTC. 0 —
COCTOSIHHE HE U3MEHUIIOCh.

Write:
ENABLE EEPROM_READ

3anuce: Yrpasnsger goctynom kK EEPROM
(oHepronezaBucumoii namsatu) ATMEGA128. B
ciydae eciu OuT yctaHoBjieH B ) — JIOCTyma HeT,
€CJIM YCTAHOBJICH B | — JIOCTYN pa3pelieH.

* Crarycnas stueiika 0x0D nmeeT JOTTOTHUTENBHBIN QyHKIIMOHAIL.

Howmep Oura

HazBaunue

OyHKIUA

0

Read: LEFT CTRL_STATE

Yrenue: Urenue cocroguus kiasumu Left Ctrl
knaBuarypsl PS/2. Ecnu Out ycranosieH B 0 —
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KJIaBHIIIa HEe HaXkaTa. Eciiu OMT ycraHoBieH B 1 —
KJIaBMIIIa HA)KaTa.

1 Read:

RIGHT CTRL STATE

Yrenne: Urenue cocrossaus kinaBumu Right Ctrl
knaBuarypsl PS/2. Ecnu Out ycranosieH B 0 —
KJIaBUINA HEe HaxkaTa. Eciu OuT ycraHoBieH B 1 —
KJIaBHINA HaXKaTa.

2 Read:

LEFT ALT STATE

Yrenne: Urenue cocrosuus xiasumu Left Alt
knaBuarypsl PS/2. Ecnu Out ycranosneH B 0 —
KJIaBUIIA HEe HaXkaTa. Eciu OuT ycraHoBiieH B 1 —
KJIaBUIIIA HAXKATA.

3 Read:

RIGHT ALT STATE

Yrenne: Yrenue cocrosguus kinasumu Right Alt
[Alt Gr] knaBuarypsl PS/2. Ecniu Out ycTaHOBIICH B
0 — knaBuia He Haxkata. Eciu Out yctaHoBieH B 1
— KJIaBHIIIA HAXAaTa.

4 Read:

LEFT SHIFT STATE

Yrenne: Urenue cocrossaus kinaBuimu Left Shift
kiapuarypsl PS/2. Ecu 6ut ycranosnex B 0 —
KJIaBUIIIa He HaxkaTa. Ecnu OUT ycTaHoBieH B 1 —
KJIaBUINIA Ha)KaTa.

5 Read:

RIGHT SHIFT STATE

UYrenue: Yrenue cocrossaus knaBuimu Right Shift
kiapuarypsl PS/2. Ecau 6ut ycranosnen B 0 —
KJIaBUIIIa He Haxkara. Eciu OUT ycTaHoBiIeH B 1 —
KJIaBUIIIa HaXKaTa.

6 Read: F12 STATE Yrenue: Yrenue cocrosiHus kinapumu F12
knaBuarypsl PS/2. Ecnu Out ycranosineH B 0 —
KJIaBUIIa He Haxkara. Eciu OUT ycTaHoBiEH B 1 —
KJIaBUILIA HaXKaTa.

7 Yrenue: Beeraa Bo3BpaliaeTcs 3HaueHue |

* Omneparus 4TeHUs1 3HAUCHUS SYCHKH SBJIsSIETCS BaWTOBOM M 3aHUMAET HEOOJIbIIIOE KOJI-BO
TaKTOB (YTEHHE MPOUCXOIUT U3 BHYTpeHHUX peructpoB ATMEGA128, nyonupyrommx
sHaueHusi B PCF8583);

*  Omneparuu 3anUCH 3HAYCHUS STUCHKH SBIISICTCS BAUTOBOM M 3aHUMAET JI0CTATOYHO OOJIBIIIOE
KOJI-BO TaKTOB (IIMKJI 3aITMCH B sTUEHKY BKIJIFOUaeT dTan 3anucy 3HadeHus: B PCF8583).

9.6.1 UteHune Bepcumn 6asoBon koHdurypaumu/bytnoaaepa.

[Tpuknagnoe 1O MMeeT BO3MOXKHOCTh CYMTHIBATH BEPCUIO/Ha3BaHUE 0a30BOi KOH(UTYpauy 1
oytmoanepa ZX Evolution. O6parmieHue k 3ToMy GyHKITHOHATY TPOUCXOAUT Yepe3 MOPTHI
ynpapneHus yacamu 1 NVRAM (cum. 119.6) Tak, kak Oynro 3To pacmupenne QyHKIIMOHAIa
amyaupyemont m/cx 12877.

Buumanue! Jloctyn Bo3moxkeH eciu Out ynpasistromuii roctynom kK EEPROM ycranosinen B 0
(1. e. ecniu otkmroueH goctyno k EEPROM).
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3anuchio 3Ha4eHus B J1t00yI0 U3 siueek ¢ agpecamu 0xFO..0xFF moxxHO BbIOpaTh, uTo OyneT
CUUTHIBAThCA. JOMyCTUMBI CleAyIOLINe 3HAYSHUS:

* 0 — Bepcus 6a30Boit KOH(DUTYpaLUy;
* 1 — Bepcus OyToazaepa.

JlnrHa naHHbIX Bepcuu cocTaisieT 16 6ailt (coorBeTcTBeHHO siueiiku 0xF0..0xFF) u umeer
cienyromui hopmar:

*  0xF0..0xFB — 12 6aiit, Ha3Banue Bepcun B koguposke ASCII (ecnu Ha3zBaHue kopoue 12
OaiiT, TO AOIOJHAETCS HYISIMH);

*  O0xFC..0xFD — 2 6aiir (little endian), nata u 6uT penusa (ecau OUT HE YCTAHOBIIEH, TO
CUMTAETCS, UTO BEPCUS TECTOBAs beta);

* OxFE..OxFF — 2 6Gaiir (little endian), CRC 3nauenue npommsku. CRC cuuraercs nis daiina
npounBky AVR (zxevo fw.bin) u He umeer npakruyeckoro cmpicina ais Z80.

dopmar ynakoBKH JaThl U OMTa peusa:

e 7 6ur 0xFD — 0: TectoBas Bepcus; 1: opuiraibHblil penus;

e 6..1 6utsl 0xFD — rox Beimycka penu3a, 3Hauenus 0..63 coorserctBytor 2000..2063 rogam;

* (0 6ur 0xFD u 7..5 6utsl OxFC — Mecs11 BeIycka penusa (nomyctumMbie 3HadeHus: 1..12);

*  4..0 6utsl 0xFC — nensp BhllTycka penusa (Jomyctumble 3HadeHus: 1..31).
Ilpumep:

50 65 6E 74 31 6D 00 00 00 00 00 00 7B 14 3C Bl

5065 6E 74 31 6D 00 00 00 00 00 00 — ctpoxa «Pentlmy;
7B 14 —aucno #147B unmm %0001 _0100 0111 1011: beta, 10 rox, 03 mecs, 27 nens (27.03.2010);
3C Bl —uaucno #B13C, CRC.

9.6.2 HDocTtyn k PS/2 knaBuatype.

[Mpuxmagaoe ITO nMeeT BO3MOXKHOCTh CUUTHIBATH Kofbl PS/2 knaBuarypsl Hanpsimyro. OOpaiieHue
K 9TOMY (DyHKIIMOHAJTy MPOUCXOIUT Yepe3 MopThl yipaBieHus yacaMu 1 NVRAM (cm. 119.6) Tax,
Kak Oy/ITO 3TO pacmupeHue QyHKIFOoHaIa SMyIupyeMoi m/cx 12877.

Buumanmue! Jloctyn Bo3mokeH eciu out ynpasistonuii goctyrnom kK EEPROM ycranosien B 0
(T. e. ecnn otkitodeH goctyn kK EEPROM).

3anucklo 3HaueHus 2 B 1r00yio u3 sueek ¢ aapecamu 0xFO..0xFF BxitogaeT pexxum qocTyma K
oydepy komoB PS/2 knaBuatypsi.

[Tytem urenns ¢ anpecamu 0xF0..0xFF MokHO moy4uuTs 3Ha4eHus u3 Oydepa kogos PS/2
KJIABHATYPBI, IPH 3TOM CYMTAaHHOE 3HaueHHe ynajsercs u3 0ydepa. Eciau 6ydep xomos PS/2
KJIaBHATypBI ITyCT, TO Bo3BpaniaeTcs 3HadeHue 0. Eciu Oydep komoB PS/2 knaBuaTypsl nepemnoiiHeH,
To Bo3Bpamaercs 3HaueHne OxFF. B cmyuae nepenonnenus Oydepa pekoMeHIyeTCst ero cOpoCUThH
(mytem 3anucu 3HadeHus 1 B siueliky ¢ agpecom 0x0C).

Buumanue! B Oydep xonoB PS/2 knaBuarypsl 3anuchIBalOTCs KO/bI KJIABUII HE UIMHHEE BYX OaiT
(Tpex 6aiit, eciu ¢ TpedUKCOM OTITYCKAHMSI KIIaBHII).
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9.6.3 Hoctyn K EEPROM (3HeproHe3zaBucMmomn namsitu)
ATMEGA128.

[Mpuxmamunoe ITO nmeeT BO3MOXKHOCTH cUUTHIBaTh/3amucbiBath EEPROM (sHEpronezaBucumyo
namath) ATMEGA128 nanpsmytro. OOparieHue K 3ToMy GyHKITHOHATY TPOUCXOAUT Yepe3 MOPTHI
ynpasienus yacamu ¥ NVRAM (cum. 119.6) Tak, kak OyaTo 3TO pacummperue GyHKIHOHaIa
amyupyemoint m/cx 12877.

Buumanue! Jloctyn Bo3moxxeH ecnu Out ynpasistomuii focrynom k EEPROM ycranosinen B 1
(1. e. ecnu BKutoueH goctyn Kk EEPROM).

VYnpasmister goctynom kK EEPROM 7oii 6ut crarycnoii siueiiku 0x0C (cM. 119.6).

EEPROM pnocrynen yepe3 siueiiku ¢ aapecamu 0xFO..0xFF (1. e. 63 mepekitodeHus aapeca MOKHO
npouyuTars/cunTarh 16 sueek i onny crpanuiy EEPROM pasmepom 16 Gaiir).

Anpec ctpanuiei EEPROM 3anmceiBaercst B crarycHyro siueiiky Ox0A (cm. m9.6).

[MTonusrii agpec siueiiku EEPROM paccunthiBaeTcs 1o clieAyromei popmye:

(comepxmumoe crarTycHoM suerky O0xOA:ampec crpanHuusl) *16 + (0..F:HOMEp sSYerKM)
T. €. HanpuMep, 11 nocryna K siueiike EEPROM ¢ agpecom 1025 nyxHoO:
* 3anucarb 64 B ctaTycHY1O stueiiky 0x0A;

*  3amucarh/cuMTaTh 3HaueHHe suciiku OxF1.

9.6.4 HdocTtyn K donaram cocTofaHMUsA KOHUrypauum KoMnbroTepa.

OO0patenne K JaHHOMY (PYHKITHOHATY TPOUCXOAUT Yepe3 MOPTHI yrnpapieHus yacamu 1 NVRAM
(cM. m9.6) Tak, Kak OyATO ITO paciIMpeHue QpyHKIHMOHAIA SMyaupyeMon m/cx 12877.

Buaumanmue! Jloctyn Bo3moxeH ecnu Out ynpasisitomuii joctynioM kK EEPROM ycranosnen B 0
(T. e. ecnu oTkitoueH noctyn k EEPROM).

3anuckto 3HaYeHus 3 B mo0yro u3 siueek ¢ aapecamu 0xFO..0xFF Bkitouaer pexxuM goctyna K
¢maram AVR.

Urenwue sraeiiku 0XFO — «modes_register» co cneayrommmu Outamu:

Howmep Outa HasBanue 6ura OyHKIUS

0 MODE VGA 1 - VGA-pexum (31kHz), 0 —
TB-pexum (15 kHz)

1 MODE TAPEOUT 0 — 3ByuunT OUIEp UIU KOBOKC,
1 — 3ByuwmT tape out

4 MODE 60HZ 0 — xamposas 50 Hz, 1 —
kaspoBas 60 Hz

He onucanHble BBIIIE OUTHI U TUYSHKH — 3apC3C€PBUPOBAHEI.
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9.7 flocmyn k SD-kapme.

[Tpoucxonut aHanoru4yHo npoctyny B Z-koutpoiiepe or KOE. B 00bruHOM pesxnme:

Ilopm | Onucanue

#xx77 | 3anuce: ynpasieHnue curHaioM CS Ha SD-kapty:

RW bute! 7..2: ycranasnusaiite |bur 1: curnan CS, 1 nocne |bur 0: ycranasnuBaiite B 1

noshad | g 0 151 coBmecTmMOCTH cOpoca, ycranaBimmBath B 0 | 1711 COBMECTHMOCTH C Z-

1Tt BBIOOpa SD-KapThl KOHTPOJUIEPOM

Urenwue: Bcerma 0 (kapTa Bcerzia BCTaBlieHa U B pexkume R/W — B COOTBETCTBUY C
UHTEpIIpETale B Z-KOHTpouiepe). PeasibHOE HaJM4uKMe KapThl CIELyeT IPOBEPSThH
MOMBITKON €€ MHUIMATIU3aIuU C TaliMayTOM.

#xx57 | 3anmce: orchuika Oaiita B SD-kapTy nmo SPI, oqHOBpeMeHHO MPUHSATHIN 0aiiT MOXHO B

RW JaJIbHEUIIIEM CUMTATh U3 3TOTO e MopTa.

noshad
Urenue: cunTarh paHee NpUHATHIA 0aiT, orocnars #FF B kapTy. BHOBE IpUHSATHIN OaliT
JOCTYIIEH NIPU IOBTOPHOM YTEHHUHU.

[Tpumeuanue: B nukie oomena o SPI, ununuupyemom sanucoto unu umenuem nopta #xx57,
MIPOUCXOAUT 0OHOBpeMeHHO OTChIIKA 0aiTta B SD-kapTy u mpuém Oaiita ot He€. OTChuUTaeMbIil OalT
TOT JK€, YTO 3allMCaH B 3TOT MOPT (e€CIM LUK 0OMeHa MHUIIMMPOBAH 3anKchio), uiau #FF, ecnu nukin
o0MeHa MHUIIMUPOBAH YTEHUEM IOPTa.

[TpunsATHI OalT 3aIOMUHAETCS BO BHYTpeHHEM Oydepe u JOCTyNeH Ui NOCIeIyIOIEro YTeHus 13
3TOro ke nopTta. /laHHoe YTeHre BHOBb MHUIIMUPYET LUK OOMEHA U T. JI.

JomyckaeTcs untaTh/mucarh mopt #xx57 komangamu INIR u OTIR. [Ipumep uteHus cekropa:

LD
LD

C,#57
B,0

INIR
INIR

SD-kapra Taxke goctynHa B shadow-pexume. B aTom pexxume mopt #xX77 UCIIOIB3YETCS IS
JpyTuX Lelel, MOTOMy OCTa€Tcs TOJIBKO MOPT #XXS57 U afipecanys MeHseTCs CIEAYOMHUM 00pa3oM.

Ilopm | Onucanue

#xx57 | 3anmce: ecau A15=0, To oTchuika 6aiita B SD-kapty mo SPI, omHOBpeMEeHHO MPUHSITHIN
RW 0aliT MOXKHO B JaJIbHEHIIIEM CUUTATh U3 ATOTO XKE MOPTa — AHAJOTHYHO 3aITUCH B #XX57
shadow |B noshad-pexxume. Eciu A15=1 — ynpasnenne curnasom CS, aHAJTOTHYHO 3aMMCH B

#xx77 B noshad-pexume.

Yrenue: cuuTaTh paHee NpUHATHIA O6aiit, otocaars #FF B kapTy. BHOBb npuHATHII OaliT
JIOCTYTIEH NPHU MOBTOPHOM YTE€HUH. YTEHHE NOTHOCTBIO aHAJIOIMYHO noshad-pexumy.

Takum 00pa3oM MOTHOIEHHBIH JocTyn K SD-KkapTe coxpansiercs u B shadow-pexxume. 3anuch
koMaH10i OTIR 512 Gaiit BeImsAuT Tak (OTIR paboTaeT ¢ mpeaeKpeMEeHTOM B):

LD

C,#57
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LD B, #80

OTIR

LD B, #80

OTIR

LD B,#80

OTIR

LD B, #80

OTIR
Buumanmue! Crarycsl coctostaust SD KapThl JOCTYITHBI 4epe3 (pyHKIIMOHAI JOCTYIa K yacaM (CM.
119.6).

9.8 flocmyn k IDE-ycmpoucmeam.

IDE-unTepdeiic cnenan no crangapTy hemo-ide ¢ HeKOTOPBIMH pacupeHusIMA. B otiimame ot
opuruHana (u Z-koutposiepa), IDE-noptsl noctynssl u B shadow-pexume. OiHaKo, B OTIIMYHE OT
OopUrvHana, mojjaepKuBaroTcs Juib moptel #10, #11, #30, #50, #70, #90, #B0, #D0, #F0 u #C8,
IPY 3TOM OCYILIECTBIISIETCs MoNHas Aemudpanus (mo 8 mutaamum Outam aapeca). PacimmpeHHsli
PEXUM IIepeiady TaHHBIX 10 CPABHEHUIO C OPUTHHAJIOM 3aKJIFOYAETCs B BO3MOXKHOCTH YATATh U
nucarb cekropa noaHocTbo uepes nopT #10 komangamu INIR u OTIR, npuuém B nocieanem
ClIy4ae HEeT HaJIoOHOCTHU MEePEeCTaBIATh CTAPIIMM U MiIalIni OalThl. PaciipeHHbIN pekxuM He
TpeOyeT Kakoro-JImbo CrenualbHOrO BKIOUEHHS, T. €. paboTaeT OJJHOBPEMEHHO CO CTapbIM (nemo-
ide).
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Ilopm | Onucanue

#xx10 [TopT Amst 3aNTUCH WITK YTEHUS JTaHHBIX, YATACTCS/TIUIICTCS KaK MIIAJIIas 9acTh 16-

RW OWTHOTO CJI0Ba (PEKUM COBMECTUMOCTH ¢ nemo-ide), Tak B cTapiias TOXe

always | (pacmMpeHHBINH PEXUM).

#xx11 | Urenue u 3amuch crapiieid yactu 16-6uTHOTO coBa (PEKUM COBMECTUMOCTH C N€Mo-

RW ide). Yrenne mpoucxonut nocie ureHus #10, 3anuce croga — 10 3ammcu B #10.

always |OOpaiueHue kK 3TOMy HOPTY HE IPUBOJUT K (puzndeckomy obparenuto B IDE-
YCTpPOMCTBA.

#xx30 | [lopT ommOOK/CBOMCTB. DTOT U AaNbHEHIIINE MOPTHI CM. B IOKYMEHTALIUU HA IPOTOKOJI

RW ATA. butst IIIA Z80 7..5 maniarcst Ha Outhl aapeca muHbl ATA 2..0, moptsr #10, #30,

always | ..., #F0 mansatcs Ha CSO wuHel ATA, nopt #C8 — na CS1.

#xx50 | Cu€TuukK CEKTOpOB

RW

always

#xx70 |Howmep cexropa (CHS) nnm Outsl 7..0 LBA-anpeca

RW

always

#xx90 | burter Homepa numuHapa 7..0 (CHS) unu 6uter 15..8 LBA-angpeca

RW

always

#xxB0 | butel Homepa nunuaapa 15..8 (CHS) nim 6utsr 23..16 LBA-agpeca

RW

always

#xxD0 |Howmep romosku (CHS) wnu 6uter 27..24 LBA-aapeca,

RW BBIOOp ycTporicTBa (master/slave), Beroop pexxuma (LBA/CHS)

always

#xxF0 | Peructp coctosHus/perucTp KOMaH

RW

always

#xxC8 | Peructp coctostHUs/yTpaBIeHUS

RW

always

YUreHue JaHHBIX B PCKUMC nemo-ide BBIT: JIAOAT TaK:

IN A, (#10) ;uMTaeM MIajumMi 6aMT, ONHOBPEMEHHO CTapmi
;BaménkmueaeTrcss B #11

LD (HL),A

INC HL

IN A, (#11) ;YMTaeM paHee BaWENKHYTHN CTapumi 6amnT

LD (HL),A

INC HL

3anuch JaHHBIX B pekuMe nemo-ide:
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LD D, (HL)

INC HL

LD A, (HL)

INC HL

OUT (#11) ,A ;OMeM B BaménKy cTapumi 6anT
ID A,D

OUT (#10) ,A ;OyeM MIajumy 6aMT OOQHOBPEMEHHO CO CTaplmMm
;I3 BaleJIKN

YrteHue U 3a1uch B PACIIMPCHHOM PCIKUMC!

LD C,#10

LD B,0

INIR ;Yuraem cexTop 3 #10 (2 pasa nmo 256 6Gaur)
INIR

LD C,#10

1D B,O

OTIR ;mmueM cexTop B #10 (2 pasa mo 256 6amur)
OTIR

Buumanue! B paciimpeHHOM pexkrMe CHHXPOHM3ALUS BBIJAYH M IIIEro MIIN cTapiiero 6anTos (a
TaKXe 3allMCH CHayaJla MIIQJLIEro, a IOTOM CTapliero OaiTa) B Hayasjie YTeHHUs WIN 3aIlCH CEKTOpa

OCYIIECTBIISIETCS B MOMEHT aocTyna B mopTsl #30, #50 u T.4. (;o6sie IDE-nopTs! kpome #10 u
#11).

9.9 lNopmbiI kKOHMpoepa duckosooa

Ilopm | Onucanue

#xx1F | Peructp xomang/coctossaust BI'93
RW
shadow

#xx3F | Peructp Tpexa BI'93
RW
shadow

#xx5F | Peructp cexropa BI'93
RW
shadow

#xx7F | Peructp nannbix BI'93
RW
shadow

#xxFF | «CucremHbIi» peructp.
RW
shadow |Yrenue:

out 7 — cocrosaue curnaina INTRQ ot BI'93

out 6 — coctosinue curnaia DRQ ot BI'93

6utsl 5..0 — npeapiayiee 3aMCaHHOE B ATOT MOPT 3HAYECHUE.
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3anuce:

butst 1..0: BEIOOp 01HOTO M3 4 THCKOBOIOB

our 2: curnan RESET na BI'93, 0 mocnie cOpoca
out 3: cursag HRDY na BI'93

out 4: BEIOOP CTOPOHBI JUCKETHI

9.10 fMopm RS232 (koMMyHUKayUOHHbLIU uHmepgelc)

Pab6ota ¢ kommyHuKanMoHHbIH nHTepdeticom RS232C na ZX Evolution peanu3oBaHa 1o cTaHAapTy
npeiokeHHbIM KoHpaTbeBbIM 0€3 UCTIONb30BaHUS MTpepbIBaHui. B 3ToM cTannapre
ucnosb3oBancs cranaapTHeiil PC coBmectumslif [ISA-monem, 6a3upoBaBILUiicss HA MUKPOCXEME
16550 i coBmecTrMoii. COOTBETCTBEHHO BHYTPEHHUE PErHCTPHI HHTEp(derica COOTBETCTBYIOT
perucTpam BbIIIEYKa3aHHOM MUKPOCXEMBI. B CBsI3M ¢ TeM, 4To He Bech (pyHKIMoHan 16550
UCIOJIb3YETCs B HAIlEH peannu3alyy, 4acTb PETUCTPOB WK OUTOB PETUCTPOB HE UCTIOIb3YETCS.
IToaToMy pekoMeHyeTcs nepell IpOrpaMMUPOBAHUEM O3HAKOMUTCS C OTPAaHUYEHUSIMHU PEeAIN3alun
(B TOKyMEHTAIlMHU ONKCAHbI TOJBKO UCIIOJB3YyEMbIE PETUCTPhI U OUTHI).

Oco0eHHOCTH peanu3aliu:
*  OTCYTCTBYET MOAJEPKKA IPEPHIBAHNN;

*  TOAJECP)KUBAIOTCS TOJBKO CIEAYIOIINE JOMOTHUTEIbHBIE CUTHAIBI KOMMYHHUKAIIMOHHOTO
unrepdeiica: CTS, RTS;

* FIFO Bceraa ucnomnb3yercs.
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Ilopm | Onucanue

#FSEF <LCR&0x80==0> DAT — peructp AaHHbIX
RW <LCR&0x80==1> DLL — muaamuii peructp IeauTens
always

#FIEF | <LCR&0x80==0>IER — peructp paspelieHus npepbiBaHUi (HE UCIIOIb3YETCs)
RW <LCR&0x80==1> DLM - ctapuiuii peructp AeIUTENs
always

#FAEF | 3anuce:

RW FCR — peructp ynpasnenus FIFO

always |UreHue:

ISR — peructp craryca npepbiBaHuil (HE UCIIOIB3YETCS)

#FBEF |LCR — peructp ynpaBieHus: JUHUEH
RW
always

#FCEF 'MCR — peructp ynpasjieHHsI MOIEMOM
RW
always

#FDEF LSR — perucrtp craryca JIuHuu
RO
always

#FEEF |MSR — peructp craryca Mmojema
RO
always

#FFEF |SPR — nonb30BareiabCKkuii perucTp
RW
always

9.10.1 Pernctp aaHHbix (DAT)

PCFI/ICTp HCIIOJIB3YCTCA JIA Hepenaqn/ npucMa JaHHbIX.

9.10.2 Pernctpbl aenutens (DLL,DLM)

Peructp ucnonb3yercs A yCTaHOBKH CKOPOCTH II€pPEady NOpTa.
CymiecTByeT 1Ba pekuma pabOoThl ACIUTEIIS:
* craHAapTHbIA pexuMm (ctapiuii out DLM ycraHosieH B 0);
* HaTuBHBIN pexxuM (ctapuuii out DLM ycranosieH B 1);

JI71st cTaHAapTHOTO PEeKKMMa CKOPOCTh PACCUUTHIBACTCS, KaK Al MUKpocxeMbl 16550, mo ¢opmyre:
<ckopocTb B Bomax> = 115200/ ( (DLM)*256) + DLL)

Jns HatuBHOTO peskuMa 3HadeHuss DLL u DLM (6e3 yuera crapiiero 6urta) HalpsMyo
sanuckiBaloTcs B peructpsl UBRRL 1 UBRRH Mukpocxemst ATMEGA128. B atom ciiyuae
3Hadernss DLL u DLM paccuutsiBaercs 1o popmyre:

(uintlo) ( (DLM&Ox7F) *256+DLL) = ((F_CPU/16)/<CKOpOCTb B Homax>) -1
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rone F_ CPU = 11059200 (mna ZXEvo)

Ipumep: Paccuntaem 3Hauenus DLL u DLM s ckopoctu 31250 601 (ckopocts MIDI
uHTepdeiica) Npu UCIOIH30BAHUU HATUBHOTO PEKUMA.

1. Paccumraem 3navuenue nenutens ((11059200/16)/31250)-1 =21 [0x15];

2. VYcranaBnuBaeM 3HadeHuss DLL = 0x15, DLM = 0x80 (crapiuuii OUT BKJIIOYaeT HATUBHBIIHI
peXKUM).

Buumanmue! ZX Evolution nogiep:xuBaet AOMOTHUTENBHYIO CKOPOCTh niepenaun 256000, s
3TOro HykHO ycTaHoBuTh DLM u DLL B 3Hauenue 0.

9.10.3 Peructp ynpaBnenus FIFO (FCR)

Peructp ucnons3syercs ans ynpasienus FIFO.

7..3 OUTHI: HE UCTIOJB3YIOTCS;
* 2 6ut (XMIT FIFO reset): copoc FIFO ornpaBku, ecnu ycranosneHa 1;
* 1 our (RCVR FIFO reset): copoc FIFO npuema, eciiu yctanosiena 1;

* 0 6ur (enable FIFO): Bxmouaer FIFO, ecnu ycranosnena 1. Tak kak FIFO Bcerna
BKJIFOUEHO, TO ATOT OMT JIOJDKEH OBITh YCTAHOBJICH B CiIydae mojadu koman Ha copoc FIFO.
B ciyuae 0, komannasl copoca FIFO urHopupyrorcsi.

9.10.4 Pernctp ynpasneHus nuHuen (LCR)
PCFI/ICTp HCIIOJIB3YCTC I YCTAHOBKH (bopMaTa nepeaaiu JaHHbIX II0 KOMMYHHUKAIUOHHOMY
uHTEpdeEiicy.

e 7 our (DL enable): 3anmck 1 ycranaBauBaeT BuauMbIM 1o moptam #FSEF, #F9EF
COOTBETCTBYIOIIME YacTu peructpa aenutenss DLL, DLM;

* 6 OWUT: HE UCTIOJB3YETCS;

e 5..3 OuT: 3amaeT aNrOpUTM pacuera OuTa YETHOCTH JaHHBIX. [lonepKUBatOTCS TOIBKO
CJICAYIOIINE 3HAYCHHMS:
001 — odd parity;
011 — even parity;
BCE OCTAJIbHBIC 3HAYEHHS] — YETHOCTh HE UCTIOIB3yeTCsl.

e 2 Owur (stop bits): kon-Bo ctonout. Kon-Bo “cton-6mToB”: mpu 0 = 1, mpu 1 = 1,5 B pexxume
5 OMT JaHHBIX, HHAYE = 2.

* 1,0 6utsr (word length): mymHa croBa TaHHBIX. BO3MOXKHBI ClieTytonue 3HaYCHUS:

00 — 5 owur;
01 — 6 Owur;
10 — 7 Our;
11 — 8 Our.

9.10.5 PerucTtp ynpasnenuns mogemom (MCR)

PCFI/ICTp HCIIOJIB3YCTCA JJIs1 YCTAHOBKU pCKHUMaA HHTGp(bCﬁC& " yHIpaBJICHUA JOITOJIHUTCIIbHBIMUA
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CHUI'HaJIaMH.

7..2 OGUTBHL: HE UCTIONb3YIOTCS;
1 6ut (RTS): ynpasnenue curnanom RTS untepoeiica;

0 OuT: He UcIob3yeTcs.

9.10.6 Pernctp crtaryca nnHumn (LSR)

Peructp nns nonyuenus cocrosnus auauu u FIFO.

7 6ut: (FIFO half-full indicator): eciiu yctanosnena 1, To FIFO npuema nanubix 3amoiaHeH
Ha TOJIOBUHY (HecTaHIapTHBIN (ar, Tonsko Ha ZX Evolution);

6 OuT (transmit empty): ecnu ycranosnena 1, To nepenatunk u FIFO ornpaBku mycTsie;
5 6ut (THR empty):ecnu ycranosnena 1, ro FIFO ornpaBku JaHHBIX TyCTOE;

4 OUT: HE UCTIONB3YETCS;

3 6ur (framing error): eciiu yctaHoBjieHa 1, To nmpou3onia omuoka Kaapa;

2 ourt (parity error): eciu yctaHoBjeHa 1, To mpou3o1uia ommudKa YeTHOCTH;

1 6ut (overrun error): eciu ycranosiena 1, To FIFO npuema TaHHBIX IEpENOIHEHO;

0 6uT (data received): eciu ycranosiena 1, To FIFO npuema 1aHHBIX He MyCTOE;

9.10.7 Peructp ctatyca mogema (MSR)

PCFI/ICTp AJI TTOJIYUYCHUS COCTOAHUS JOIMOJTHUTCIIBHBIX CUTHAJIOB HHTGp(l)CfICEL

7 6ut (CD status): Bcerna 1;

6 out (RI status): Bcerna 0;

5 out (DSR status): Bcerna 1;

4 6ut (CTS status): oroOpaxaer cocrosuue nuauu CTS unrepdeiica;
1..3 Ooutsl: He ucnonb3yercs, Bcerna 0;

0 6ut (CTS change): yctanaBnmuBaercs B 1, eclii pOU30IIIIO U3MEHEHUE COCTOSTHUS
curnana CTS (cOpaceiBaercs B ) TOCIe YTCHHS pETUCTPA).

9.10.8 Nonb3oBatenbckuun pernctp (SPR)

PCFI/ICTp CIIYKUT I XpAaHCHUA IMMOJIb30BATCIIbCKHUX JaHHBIX. C6paCbIBa€TC$I B CJIy4acC BBIKJIFOYCHUA
NUTaHUA UK I1IOJIHOI'O c6p0ca KOMIIBIOTEpA.
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CBogHas Tabnuua noptoB

Anpec

MopTa,

pexum
AocTyna

Crapmue
ajpeca
nopTa

Onucanmne

#xxBF
RW always

BxurroueHne TEHEBOTO pekuMa MopToB; paspemenne 3amvcu B [13Y, reneparus NMI,
azpemreHue 3anucu B fontROM.

7..6: ycranaBnuBaiite B 0 A1 COBMECTHUMOCTH

5: ecnu 1, pa3pelieHa ycTaHOBKA M BBIBOJL [IBETOB MAIUTPhI U3 PACHIMPEHHOTO [[BETOBOTO
nuanaszona (4 Oura Ha KOMIIOHeHTy 1BeTa). 0 mocie copoca. Cm. Pazmen 7.2.1

4: eciu 1, pa3penieno cpabarbiBaHue annaparHoii JoBywku. 0 mocie copoca. Cm. crp. 24.

3: I'enepanms NMI st mporieccopa. NMI Bemaércest pu niepexone 6urta u3 1 B 0. 0 mocie
copoca.

2: ecim 1, To paspemaercs 3arpyska B font rom. 0 mocire copoca. Cm. crp. 20.

1: ecnu 1, To 3amuck B [13Y paspemiena. 0 mocne copoca.

0: ecm 1, To BKJIFOYCHBI TeHEBBIE MOPTHL. 0 TOCe copoca.

Burt 0 3TOro nopra nMeeT NPHOPHUTET Hal APYTUMH CIIOCOOAMH BKITIOUEHHSI TEHEBBIX
TIOPTOB: TEHEBOI PeXHUM BKIIIOdaeTcst Oe3yciioBHO npy 3amuc 1 B atot 6uT. [1pn 3amucu 0
BKJIFOYEHHE TEHEBOTO PEXHMMa YIPaBJsIeTCs PYTHMH CIIOCO0aMu, HarpuMep OpTOM
#xx77 unu nepexonom B TR-DOS. [lannstit 6ut e exarouaem TR-DOS.

Jaunsbnii mopt omcymcmeyem B ATM2.

[Tpu urennu: 6ute 4:0 — mociieAHee 3aMMCaHHOE 3HAYCHUE, OUTHI 7:5 — HE ONpeIeIICHBI.

#xx77
WO
shadow

4FD,
#BD,
4BF,
4FF,

#FC,
#BC,
4#BE,
4FE

BxitioueHne TEHEBOTO peXKMMa ITOPTOB; pa3penieHre paboThl AUCIIETIEPa ITaMITH,
paspelieHne 3anucy MajtnuTpsl, yIpaBiIeHne TypOOo-pe)KUMOM, YIpaBiIcHUE
BUJICOPERKIMAMU.

2..0: ynpasnenue Buneopexxumam, 011 nocie copoca. Cm. ctp. 14.

3: ynpasnenue Typoo-pexxumom. 0 mocie copoca. Cwm. ctp. 14.

A8: 0 — BrIKITIOUEHHUE nuctieTdepa mamstu. 0 mocie copoca. Cm. ctp. 10.

A9: 0 — ynepxanune pexxnma BrimrodeHnss TR-DOS u tereBsix noprtos. 0 mocie copoca.
Cwm. ctp. 10.

Al14: 0 — pa3pemenue 3anucu nanuTpsl. 1 mocie copoca. Cm. ctp. 15.

#xxF7
WO
shadow

#3F, #7F,
#BF, #FF,
#37, #77,

#B7, #F7,
#3B, #7B,
#BB, #FB

VYnpasnenue nucnieruepoMm crpanull. [loptel #3xF7, #7xF7, #BxF7 u #FxF7 otHOCsTCS,
cootBeTcTBeHHO, K okHaM #0000..#3FFF, #4000. #7FFF, #8000. #BFFF u #C000..#FFFF.
®Popmat noptoB #xFF7:

5..0: unsepcuvie GUTHI HOMEPA CTPAHUIIBI, BKIFOYaEMOT0 B OKHO Tporeccopa. J{ocTymHbl
16k ctpanuiipl ¢ Homepamu 0..63 O3V (Bcero 1 merabaiit) u ctpanuis! 0..31 I13Y (Bcero
512 xun06aiT, OUT 5 UTHOPHUPYETCS).

6: out «ramnromy: eciu 0, TO B JTaHHOM OKHe Iporieccopa Bkirodaercs [13Y, ecomm | —
O3V.

7: out «dos7ffd»: ecu 1, T0:

it O3Y — B TaHHOM OKHE MPOUCXOAMT MOAMEHA MIaIINX 3 Win 6 OUT (B 3aBUCUMOCTHU
ot pexxuma ZX Spectrum 128k wu pentagon 1024k) HoMepa CTpaHUIIBI HEUHBEPCHBIMU
6utamu u3 mopra #7FFD.

st TI3Y — mporcXxoauT moaMeHa MitaIiiiero OuTa HomMepa CTPaHUIBI CUTHAJIIOM
BiutoaeHus TR-DOS (1 ecomm TR-DOS Bkimtouen). Kpome Toro, mporcXoauT BKITFOYESHUE
TeHeBBIX TOpToB 1 TR-DOS («Bxon B TR-DOSy), ecit B JTaHHOM OKHE TIPOM30HAET
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Anpec Crapumue Onucanue
nopra, aapeca
pexRuM nopra
AOCTyIAa
BBITIOJTHEHHE KOJIa CO cMelleHus #3Dxx.
®opmar nopros #x7F7:
7..0: unsepcuvie 6utel HOMepa crpaHunbl O3Y, BKIIF0YaeMOro B OKHO IIPOIECCcopa.
Hocrymasr 16k crpanuns ¢ Homepamu 0..255 (Bcero 4 merabaiTa).
®opmat moptoB #xBF7:
0: Pesxxum read-only myist cooTB. okHa. 1 — pexxum read-only BkirouéH. 0 mociie copoca
KoMITbIOTepa. JleiicTByeT B T.4. 1 Ha ROM-cTpaHuibl, peasiaras 1omoIHUTEIbHBII
YPOBEHB 3aIUTHI OT 3amucu B ROM.
Cwm. ctp. 10.
#TFFD — [epexmtouenne crpanwn B okae #C000.. #FFFF mns pesxxumos pentagon 1024k u ZX-
WO always Spectrum 128k, mepekioueHne sKpaHoB, omokupoBka 128k mis pexuma ZX-Spectrum
128k, BEIOOp KapTHI TAMSTH.
B pexxume ZX Spectrum 128k:
6..7: He uct. | 5: mpu 3amucu 1 | 4: BEIOOp KapThI 3: BEIOOD 2..0: 3amMematoT
Grokupyercs namaty. 0 mocie | axpana. 0 mociue | miaammue 3
JaJIbHEeHIIas copoca. copoca. Ourta HOMEpa
3aIKCh B MOPT CTpaHUIIbI,
#7FFD, o €CJIM TaKoe
repexosa B 3aMelIeHne
pexxuM pentagon pa3perieHo s
1024k wnn mo KaKoOro-JImoo
cOpoca. 0 mocie OKHa (CM.
copoca. OIHCaHUE
noproB #xxF7).
0 mocne
cOpoca.
B pexxume pentagon 1024k:
7..5, 2..0: 3aMenaoT npu 4: BpI0OOp KapThl HaMATH. | 3: BEIOOp IKpaHa.
HEo0XoANMOCTH Mitaamme 6 OuT
HOMepa CTPaHHUIIbI.
Cwm. c1p. 10, 17.
#EFF7 — VYrpapieHue TypOO-peKUMOM, YIIPaBJICHUE BUACOPSIKMMAMH, YIIPaBIeHUE pexuMamMu ZX-
WO noshad Spectrum 128k / pentagon 1024k, Bxirodenue HyaeBoi crpanuiisl O3Y B OKHO
#0000..#3FFF, ynpaierne 1oCTynoM K TOpTaM SHEPTOHE3aBUCHMOM IMaMsTH U YacoB.
7: 1 pazpenraet AOCTYI K OPTaM YHEPrOHE3aBUCHMON MaMsITH M 4aCOB B HETEHEBOM
pexum. Cum. cTp. 28.
3: 1 Bxumtogaet B okHO #0000..#3FFF nyneyro crpanury O3Y. Umeer nproputer Has
HacTpolkamu aucneryepa namsata. Cm. ctp. 10.
2: 1 Bkirogaet pexuM ZX Spectrum 128k. 0 — pexxum pentagon 1024k. Cm. ctp. 10.
4: ynpasnenue Typbo-pexumom. Cm. ctp. 14.
5, 0: ynpasnenue Buaeopexumamu. Cu. ctp. 14.
3HadeHHe Bcex OUT mopra nocie copoca — 0.
#DFF7 — YcraHoBKa ajpeca s;MeHKY SJHEPTOHE3aBUCUMON TaMSITH U YacoB.
WO Ipumeuanue: B HereneBoM pexume opt #DFF7 noctynen B 3aBucumocTH ot 6ura 7
noshad noprta #EFF7. B reneBom pexume nopt #DEF7 noctynen Bcerna.

Cwm. ctp. 28.
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Anpec Crapmmue Onucanue
nopra, ajgpeca
pexRuM nopra
AOCTyIAa
#DEF7
WO
shadow
#BFF7 — UreHne/3anuch STYSHKN YHEPrOHE3aBUCHMON TTAMSITH M 4aCOB.
RW Ilpumeuanue: B HereHeBoM pexxume nopT #BFF7 nocrynen B 3aBucumoct ot 6ura 7
noshad nopta #EFF7. B teneBom pexume nopt #BEF7 noctymnen Bceraa.
Cwm. cTp. 28.
#BEF7
RW
shadow
#xxBD #00, #01, |ITopTsl uTeHUs KOHPUTYPALUH U MOAU(UKALINY MTOBEACHHS KoMIbioTepa. CM. cTp. 22.
RO/RW #02, #03,
always #04, #05,
#06, #07,
#08, #09,
#0A, #0B,
#0C, #0D,
#OE, #0F,
#10, #11,
#12, #13
#xxBE — [Topt BoccranoBnenust manmuura okHa #0000..#3FFF npu Beixone nz NMI. Cwm. Crp. 22.
WO always
#xx3B #BF, #FF | Yrpasnerne pexxumom ULAPLUS. Cwum. ctp. 20.
WO always
#xxFE — Urenue:
RW always ‘ 7:1 ‘ 6: tape_in ‘ 5:0 ‘ 4..0: keyboard
3amuce:
‘ 7..5: He ucr. ‘4: beeper ‘ 3: tape out ‘ 2..0: mBeT Gopmopa ‘
YcranasnuaeT 1seta 6oparopa 0..7.
Cwm. ctp. 27, 16.
#xxF6 — [MonmHOCTRIO MyOmUpyeT ¢pyHKImoHan mopra #xxFE, 3a uckimodeHneM Toro, 9to
RW always yCTaHaBIHBaeT [BeTa Obopmtopa §..15.
Cwm. c1p. 27, 16.
#xxFB — [opt BBIBOA 8-OMTHOTO 3BYKa (cOVOX). CM. cTp. 27.
WO always
#FFFD — 3amuck — BEIOOP HOMepa peructpa AY/YM
RW always UreHne — yTeHUE COMEPKUMOTO peructpa AY/YM
#BFFD — 3anmck — 3anuck B peructp AY/YM
WO always
#xx1F — YreHue cocTosiHUS UrpOBOro Manumysstopa (kempston-proiicTuka).
RO noshad 7.0 |60 |50 |4:Fie |3Up |2:Down |l:Left |0:Right
Cwm. ctp. 27.
#FADF — KHomku u xoseco kempston-MbIIIKH.
RO always 7..4: Wheel counter 31 [2MMB |I:RMB |0:LMB
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Anpec

NopTa,

peKuM
AOCTyna

Crapmmue
ajgpeca
nopTa

Onucanmne

CwMm. cTp. 28.

#FBDF
RO always

X-xoopannara kempston-mpermku. Cm. ctp. 28.

#FFDF
RO always

Y-koopanHara kempston-mbimku. Cm. ctp. 28.

#xx77
RW noshad

VYrpasnenue curnanom CS Ha SD-kapty. Cwm. cTp. 34.

#xx57
RW
noshad,
shadow

OO6Mmen naaHBIME ¢ SD-KapToi, yripasnerue curHanoMm CS Ha SD-kapty B shadow-pexunme.
Cwm. ctp. 34.

#xx10,
#xx11,
#xx30,
#xx50,
#xx70,
#xx90,
#xxB0,
#xxDO,
#xxFO0,
#xxC8
RW always

Pa6ora ¢ IDE-tmmnoit. Cwm. cTp. 35.

#xx1F,
#xx3F,
#xx5F,
#xx7F,
#xxFF
RW
shadow

IMopTs! KOHTpOMIEpa AuckoBoga. CM. cTp. 37.

#xxFF
WO
shadow

[Topt KOHTpOJUIEpa TUCKOBOJA U 0OHO8peMeHHO TIOPT 3aIlUCH TTaJIUTpPbl. BrimonHser
(yHKIMIO 3amMCcH NaMUTpBI IpH ycTanosiaeHHoM A 14=0 B nopre #xx77 (WO, shadow).
Cwm. c1p. 15, 37.

#xxEF
RW always

4F8, #F9,
#FA, #FB,
#FC,

#FD (RO),
4FE, #FF

Iopter RS232. Cwm. cTp. 38.
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11 UcTtopusa Bepcuin 6azoBomn KoHcpurypaumm

11.1 Bepcusi 08.10.2023
Hob6asneno onucanue 7 6uta peructpa LSR mopra RS232 cm. 9.10.6

11.2 Bepcusi 04.12.2022

Omnucan pexum «trdos emulationy.

11.3 Bepcus 25.12.2021

Aktyanu3upoBaHo onucanue noptos #xxBE u #xxBD.

11.4 Bepcus 22.11.2021

* JloGaBneHo omuMcaHue pacIIMPEHHOTO IIBETOBOTO auana3ona cM. 7.2.1.

11.5 Bepcusi 27.10.2014

e JloGaBneno onucanue GpyHkiuu readonly Ha ctpanuisl mamsatu (mopt #xBF7).

11.6 Bepcus 01.10.2014

* JloGaBneno urenue 6ura cocrosuuss Num Lock B RTC peructp C;

e JloGaBneHO YTEHHUE COCTOSTHHUS KOHTPOJIbHBIX KiaBuil kiaaBuatypel PS/2 (Ctrl,Alt,Shift) B
RTC peructp D;

* H3meHena nporeaypa o0pabOTKH KOHTPOJIBHBIX KOMOMHAIUH C KiIaBUuaTypsl PS/2.

11.7 Bepcus 29.09.2014

*  VrtouneHo noseaenre NMI (mpuBeieHO B COOTBETCTBUE C TEM, UTO PEATIbHO €CTh B JKEJIE3€)

*  Onucano pacmumpenue ULAPLUS

11.8 Bepcus 18.05.2014

* JloGaBneHo onucaHue YTeHHsI pa3anuHbIX (aroB AVR.

11.9 Bepcus 15.05.2014
* Jlo6aBnena BozmoxHOCTh padoTel ¢ EEPROM ATMEGA128;

» Jlo6aBneHa ornpaBka komaH bl cOpoca PS/2 knaBuatype, B ciayyae omuOku padbotst ¢ PS/2
KJIABUATYPOU;

* Hcmnpasnena omubka paboThl ¢ HEKOTOPBIMH PS/2 mMbrmmamu.
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11.10  Bepcus 13.04.2014

Hcnpasnena omubka npu paboTe ¢ Mojb30BaTeIbCKON PAaCKIIaIKON KIaBHATypPhI.

11.11 Bepcus 08.11.2013

Jo6asnen pexum «601 .

11.12  Bepcus 29.11.2012

JloGaBneHa anmaparHasi JJOBYIIKA.

11.13  Bepcus 13.02.2012

Jo6asnen noctym k PS2 knaBuarype;

Ucnpanena ommbka Ki1aBHaTypbl IPOSBIISIONIASICS PU HAXKATUU HECKOJIBKUX KITaBUIII;
CxkoppektupoBana padora IDE xonTpomepa;

Jlo6aBIieH TEKCTOBBII BUICOPEKUM B OJTHON CTPAHHUIIE;

N3meneno onucanue Bxona B NMI B cooTBeTCTBMU ¢ M3MEHEHUsIMU B TipoinBke FPGA;

JloGaBiena B onucaHue CBO/IHas TabIuIla IOPTOB.

11.14 Bepcusi 29.09.2011

Jlo6asnen ®AITY nns BI'93;
CxoppektupoBaHa 00padoTka auHUHM RTS KOMMYHHMKaIIMOHHOTO MOPTA;
Jo6asnen Be16op BCD/HEX B amymsiuuu pa6otsl GLUK 4acos;

N3menen anroputm 06padotku NMI.

11.15  Bepcus 11.06.2011

JloGaBnen obpaboTunk NMI;
JloGaBiena paboTa ¢ TEKCTOBBIM PEXUMOM U MOAJIEPKKa LIPUPTOB;
CkoppeKTHpoBaHa Mpoueaypa HHAHaIu3auuu PS/2 Mermm;

Hob6asneno ynpaenenne NMI ¢ BHENTHUX KOHTAKTOB (714 myat revision Au B -
3aMbIKaHHEM KOHTAKTOB “Turbo’).

11.16  Bepcus 11.05.2011

Jlo6aBriena moxep kka HATUBHOTO PEXUM IS ISTUTENs CKopocTr RS232;

YuuteiBaeTcs ynpasieHue yMHoxuTesneM yactotsl ICS501M (st mtar revision C).

11.17 Bepcusi 26.04.2011

Jlo6aBriena nmoaepkka KOMMYHUKAIIMOHHOTO nHTepderica (RS232);
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* Ilosblmena HagexxHOCTH 3arpy3ku FPGA;

* Tlosbimena HagexxHOCTh paboThl ¢ RTC (ucnpasnena ommnbdka, MposBIAIOLIAsCS Ha
HEKOTOPBIX IIATAX).

11.18  Bepcus 30.03.2011

° HOHpaBJ'IeHO OIMMCAHUEC ITOPTOB KEMIICTOH-MBIIIKH.

* JloGaBneHo onucaHHe KOBOKCA.

» TlompaBieHbl pekoMeHAyeMble 3HaYeHUs cTapiiero 0aifta aapeca ais nopra #xx77.
* JloGaBneHO onucaHue MOJIeP’KUBAEMbIX BUACOPEKIMOB.

* JloGaBneH AocTym K qonoaHuTebHBIM stueiikam NVRAM (0x40..0xEF).

11.19  Bepcus1 07.12.2010

* JloGaBneHa perynupoBka pasperienust PS/2 mpimim.

* Manmnep knaBuatypsl PS/2 B ZX peanmsoBan 6e3 ucnonb3oBanusi RAM MHUKpPOKOHTpoJLIEpa.

11.20 Bepcusi 29.11.2010

*  PeammsoBan BbIOOp («Num Lock») n maaukammst (Num Lock led) pexxuma aynmnoBsixoma
(beeper/tapeout).

* Tlognepkan manmep knaBuarypsl PS/2 B ZX 11 BceX TOTOTHATEIBHBIX KOIOB KJIaBUATYPbI
(EO xx).

® CKOppeKTI/IpOBaH MCHCIZKCP MaMATU U BUAUMOCTD IIOPTOB B PA3JIMYHBIX PCIKUMAX.

11.21 Bepcus 17.10.2010

* Tloanep:kka 3arpy3ku ¢ MarHUTO()OHHOTO BXO/a.

*  CkoppekTupoBaHO yrpasieHue pecetamu ¢ PS/2 knaBuarypst («F12» u
«CTRL-ALT-DELY).

* Peanusoan meHemxkep A Beeld namsatd (ROM u RAM).
*  OnrummsupoBaHa padora ¢ PS/2 ycrpoiictBamu.
* Tlognepxxan manmep PS/2 B ZX kitaBuatypy (moka 6e3 BO3MOXHOCTH PETAaKTUPOBAHU).

* PeanusoBanbl pacmupeHus nemo-ide.

11.22  Bepcus 30.03.2010

* Hcnpasnena ommbka 3arpy3ku FPGA.

11.23 Bepcusi 28.03.2010

* Hcnpasnena o6pabotka omubok PS/2 mplmuy. PenHunpanu3anus MM B cIydae OlInOoK
oOMeHa.
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[Toxneprkka nmosryueHust Bepcuu 6a30Boi KOH(pUTrypauuu u OyTiioaaepa.

Hcnpasnena oOpaboTka ommbok Taiim ayta oomena ¢ PS/2 ycrpoiictBamu.

11.24  Bepcus 24.03.2010

I/ICHpaBJICHO IIOBCACHUEC CBECTOAMOAAa ITUTaHUA (PWI' Led), TCIICPb BLIKIIHOYACTCA CCIINU
OCHOBHO€ INUTAaHUEC OTKIFOYCHO.

VYnpasienue curHanoM NMI Ha ZX ¢ nomonsio KHonkH «Print Screen» PS2 knaBuatypsl.

Msrkuit copoc kommnbroTepa (0e3 nepesarpy3ku fpga) npu 3aMbIKaHMM KOHTAKTOB «soft
reset» Ha IU1are.

11.25 Bepcusi 10.03.2010

Ho6asnena naaukanus pexxuma TV/VGA na nnaukarope «Scroll Lock» PS2 knaBuatypsr
(ropsiuii cBeronuoa — VGA, He ropsmuii TV).

Ncnpasnena ommbka oroopakenus NVRAM, ncnons3yemoii B GLUK, B NVRAM
PCF8583.

Ucnpasnena ommbka B smyssinun yacoB GLUK, peanuzoana smyssiiust Update flag B
peructpe C.

PeanuzoBano coxpanenue pexuma kommbiorepa B NVRAM.
JloGaBneHa nmojiep:kka MexaHu4eckoilt ZX KiIaBHaTypBhI.

Ho6asnena nmopnepxka Kempston mxoncTrka.

11.26 Bepcusi 04.02.2010
bazosas Bepcus (1.00 B SVN).

49



	1 Введение
	2 Управляющие контакты компьютера
	2.1 Hard reset (полный сброс)
	2.2 Soft reset (мягкий сброс)
	2.3 NMI (подача немаскируемого прерывания на процессор Z80)

	3 Дополнительные функции PS2 клавиатуры
	3.1 Мягкий сброс компьютера (soft reset)
	3.2 Полный сброс компьютера (hard reset)
	3.3 Переключение режима видеовыхода (TV/VGA)
	3.4 Переключение режима аудиовыхода (beeper/tapeout)
	3.5 Подача NMI (немаскируемого прерывания) на процессор Z80
	3.6 Регулировка разрешения PS/2 мыши

	4 Архитектура: общие положения
	5 Архитектура: управление памятью
	6 Архитектура: управление скоростью процессора
	7 Архитектура: видеорежимы
	7.1 Выбор видеорежимов
	7.2 Палитра
	7.2.1 Расширенный цветовой диапазон

	7.3 Бордюр
	7.4 Адресация видеорежимов
	7.4.1 Стандартный ZX-режим
	7.4.2 ZX hardware multicolor
	7.4.3 ZX 256x192 16 цветов
	7.4.4 ATM 640x200 hardware multicolor
	7.4.5 ATM 320x200 16 цветов
	7.4.6 ATM текстовый режим 80x25
	7.4.7 ATM-подобный текстовый режим 80x25 в одной странице
	7.4.8 Загрузка шрифта для текстового режима
	7.4.9 Считывание шрифта текстового режима

	7.5 ULAPLUS

	8 Архитектура: порты чтения конфигурации и NMI
	8.1 Порт #BF (чтение)
	8.2 Порт #BE (запись)
	8.3 Порт #xxBD (чтение и запись)
	8.4 Аппаратная ловушка (порты #10BD, #11BD)
	8.5 Вход в NMI
	8.6 Выход из NMI
	8.7 Режим «trdos emulation»
	8.7.1 Вход в «trdos emulation»
	8.7.2 Выход из «trdos emulation»
	8.7.3 Комбинация режимов «NMI» и «trdos emulation»


	9 Архитектура: порты ввода-вывода
	9.1 Порт #FE
	9.2 Порт COVOX (#xxFB, WO always)
	9.3 Порты AY/YM
	9.4 Порт Kempston Joystick
	9.5 Порты Kempston Mouse
	9.6 Порты управления часами и NVRAM
	9.6.1 Чтение версии базовой конфигурации/бутлоадера.
	9.6.2 Доступ к PS/2 клавиатуре.
	9.6.3 Доступ к EEPROM (энергонезависимой памяти) ATMEGA128.
	9.6.4 Доступ к флагам состояния конфигурации компьютера.

	9.7 Доступ к SD-карте.
	9.8 Доступ к IDE-устройствам.
	9.9 Порты контроллера дисковода
	9.10 Порт RS232 (коммуникационный интерфейс)
	9.10.1 Регистр данных (DAT)
	9.10.2 Регистры делителя (DLL,DLM)
	9.10.3 Регистр управления FIFO (FCR)
	9.10.4 Регистр управления линией (LCR)
	9.10.5 Регистр управления модемом (MCR)
	9.10.6 Регистр статуса линии (LSR)
	9.10.7 Регистр статуса модема (MSR)
	9.10.8 Пользовательский регистр (SPR)


	10 Сводная таблица портов
	11 История версий базовой конфигурации
	11.1 Версия 08.10.2023
	11.2 Версия 04.12.2022
	11.3 Версия 25.12.2021
	11.4 Версия 22.11.2021
	11.5 Версия 27.10.2014
	11.6 Версия 01.10.2014
	11.7 Версия 29.09.2014
	11.8 Версия 18.05.2014
	11.9 Версия 15.05.2014
	11.10 Версия 13.04.2014
	11.11 Версия 08.11.2013
	11.12 Версия 29.11.2012
	11.13 Версия 13.02.2012
	11.14 Версия 29.09.2011
	11.15 Версия 11.06.2011
	11.16 Версия 11.05.2011
	11.17 Версия 26.04.2011
	11.18 Версия 30.03.2011
	11.19 Версия 07.12.2010
	11.20 Версия 29.11.2010
	11.21 Версия 17.10.2010
	11.22 Версия 30.03.2010
	11.23 Версия 28.03.2010
	11.24 Версия 24.03.2010
	11.25 Версия 10.03.2010
	11.26 Версия 04.02.2010


