HardWareMan
Dexus
Alone Coder
Shiru

TurboSound FM
PyKOBOOCTEO nNporpaMMmcTa

vl.11

MockeBa-Psazaub, 19 anpesns 2007



CopepxaHue

1. Onucanue 3
2. KonBepTupoBanue My3bIku ¢ Sega Genesis (Mega Drive) 4
2.1. ®opmar gamiia My3bIKH € IMYIATOPOB S€Za GENESIS (F.ZYIM) ..uviriiieieiiieiieieeie e eee sttt seae e eeeseetesnnesneesneeneeenes 4
2.2. ®opmar gamma gym2tfm (*.tfm) u TFM Music MaKer (F.tfd)......ccuerieiieiieieee et 5
2.3. Beixognoi#t popmaT KOHBEPTOPA RE TFD V0.2 (F.tfM) c.vviiiiieiiiiiieeie ettt et et 5
3. Coznanue TFM my3bIku 6
3.1. ®opmat koMmIUPOBAaHHOTO MOAYIIE TFM Compiler V1.1 (F.C) . iiiiiiiiiiiieiiiecieeeieeeeeeeee et 6
4. Onncanue Mmukpocxembl YM2203 8
4. 1. TIPTIHITHTT CITHTE3 @ ... . veeuvveenereeueeessreenseeeseeessesssseesseessssesnsssssssssnsessnsssensessnsssensessnssssnssssnsssenssssssssensessnsssessessnsssenssesssssenseessns 8
4.2. OIIEPATOPBI KAHATIOB .......ceueemteenreeureeerentrenteenteeseeseessesueesseesseesseessesesesssesseenseesseensesasesueenseesstenseessesssensaeseeseennesanesaeesseenseenns 8
4.3. AMIUTATY/THAST OTHOQIOIIAS OTIEPATOPA ....eeveentnrenrententententeeueestentetensessesseeseeseestensensensessesseeseeseessensensentestesseemeessensensensensenses 9
4.4, PETHCTPBI YIM2203 ...ttt ettt ettt et et et sttt et et e e et e b e bt e st et e asesaeesae e bt emt e eaneeaseeanenbeebeenneenneeanes 10
4.5. OIIHCAHUE PETHCTPOB. ... .eeuvinrienteentieutiestenisenteenteeseeseesseessesueesstesseesseessesesessseseeseenseensesasesaeesaeenseenstenseeasessnenseeseenseennesanes 12
4.6. TECTOBAS IIPOTPAMMA.......euvireenttenrienteeereeisenteenteeseeseessesasesueesstesseesseessesasestseseeseesseemseeasesueesaeenseenseenseeasensneseenseenseennesanes 16
5. Tonkoctu nporpammuposanust TFM 17
5.1, PAOOTA C PETHICTPAMEF......c.uveeeuteerurieeeteesereenseensseesseessseessseessseessseessseessseesssesssseensssessseessssensesessssensssensssssssssnsseenssssssseesseesnses 17
5.2. OCOOCHHOCTH FIMl CHIHTE3A ...ttt ettt ettt et ea e b e b e e bt et e e st e sbtesbee bt et e emteenneebeenbeent 17
5.3. Oco6eHHOCTD MHAMMATHBAIIIH TEIM L ..ottt ettt et ettt st st e bt et et et e sbeenbeens 17



1. Onmucanme

TurboSound FM (B manwsueiimem TFM) - 3BykoBO€ YCTPOWCTBO, MOAKIIOYAEMOE B TTAHEIBKY BMECTO
AY-3-8910 (YM2149). Nmeet 6 00b1uHbIX KananoB TurboSound (B nanpHeiimem - PSG kaHainbl, oHU ke
SSG") u 6 xananoB 6Gosee cioxHO cuHTe3upyemoro 3Byka (FM kanaisr). [llects PSG KaHAIOB He3aBH-
cUMBbI OT 1ecT FM kaHasoB, paBHO Kak ¥ HA000poT, TakuM oopazom TFM umeer ogHoBpemeHHo 12 ka-
HANOB’.

TFM noctpoeH Ha 1Byx MukpocxeMax (onu xe "uunsl") YM2203 (cepus OPN), coBmecTuMBbIX ¢ AY -
3-8910. Kaxnasa u3 3TUX MUKpOCXeM uMeeT nomumo 16 crangaptHbeix peructpoB AY-3-8910 (ymnpasie-
Hue PSG-kananamMu u 0OMEHOM 10 MapajijiebHBIM OPTaM) elié HECKOJIBKO JAECATKOB PErHCTPOB, YIIPaB-
Jsaromux FM cuHTE30M M TaliMepaMi.

st otnaaku iporpamum 1t TEFM moxHO ricionb3oBath amyssitop UnrealSpeccy v0.36.

' TIpum. Shiru: PSG (Programmable Sound Generator) - TepMUH, TPUMCHIEMBIA B OQUIMATBHON JOKYMECHTAIIMH (DUPMBI
General Instruments mis 0603HaueHUsT (HYHKIIMOHATHHOTO HasHaueHUs AY-3-8910 (M mpoYMx MHKPOCXEM W3 3TOU CEpHH).
SSG (Software-controlled Sound Generator) - TepMuH, npuMeHsieMbIii Yamaha B Tex ke 1ensax oTHocuTenbHo YM2149F. s
Texas Instruments SN76489 ucnons3yercs repmur DCSG (Digital Complex Sound Generator).
> Ecnn y xaxkpoit muxpocxemsl YM2203 paccMatpuBaTh 3-if FM kaHai ¢ 7-M anropuTMOM Kak 4eThIpe HEe3aBUCHMBIX KaHaua,
BBIJIAIOLINX CUHYCOHMIAJIbHBIE CUTHAJIBI C 3aJaHHBIMU ITapaMeTpaMH, TO MojydaeTcsi 18 kaHasoB.



2. KonBepTuMpoBaHMe My3BmKM C Sega Genesis (Mega Drive)

Ha npucraBke Sega Genesis umeercs cBsi3ka U3 JIBYX 3BYKOBBIX 4HIoB (SN76489 u YM2612), oGxna-
JAroILasi IPUOIU3UTENBHO TEMH K€ BO3MOXKHOCTIMHU, 4T0 U TFM. OCHOBHBIE IPUHIUITUAIBHBIE OTIMYHUS
ot TFM TtakoBsI:

e PSG kananoB (SN76489) ne 6, a 4 (cunTas 1IyM 3a OTACIBHBIN KaHAT - OH UMEET OTACIIBHYIO TPOM-
KOCTh M MOXET MCIIOJIb30BAaThCs KaK TPS3HBIN TOH), mpuuéM y PSG HeT orubaromei;

e B FM kananax ectb LFO (Low Frequency Oscillator) amst aMruiniyTHOro ¥ 4aCTOTHOT'O BUOPATo;

e B FM kananax ecTb NPUMHUTUBHOE ITAHOPAMHUPOBAHUE (JIEBBII/IPABBII/LIEHTP), HO JaJIEKO HE Ha BCEX
9K3EMILIApaX MIPUCTABKU €CTh CTEPEOBBIXO.

Bo3MO0XHO MOYTH MOJIHOIIEHHOE KOHBEpTUpOoBaHue My3biku ¢ Sega Genesis Ha TFM. OcHoBHas npo-
6nema B TOM, uTo Ha Sega Genesis 4acTO UCTONB3YIOTCS HU(PPOBBIE yIapHbIE MHCTPYMEHTHI (BMECTO OJ1-
Horo u3 FM kanasnos).

Jlnst koHBepTUpOoBaHUs My3bIKU ¢ Sega Genesis umeercs yruiaura gym2tfm v0.1 (by Dexus & Shiru).
Ha Bxogne eii TpebyeTcst Hecxkatblil (aidi .gym, BeITpykaeMblil amynsTopamu Megasis u Gens (B Internet
MOKHO HaWTH roToBble .gym-(daiinsl). HekoTopsie .gym-¢aiiibl 3Ta yTruiuTa He o0pabaThIBaeT, B TOM
qHclie cxKaTble (MX OTIIMYUTENIbHAas 0COOEHHOCTD - pa3Mep BCEro B HECKOJIBKO KUJI00alT). Y TUIINTA aBTO-
MaTHYECKH yOUpaeT nay3y Jt000# JJIHHbBI B HaYaje JamIia.

Pe3ynbTaT KOHBEPCUHN MOXKHO:

e Urpars muteiiepom tfdplay.H (camblii mpocToii ruteiiep, 1o KOTOPOMY Bbl MOXET€ HMOHSATh MPUHIIMITBI
nporpammupoBanus TFM);

e CxonBeptupoBarh B 6osee miuoTHbii ¢popmar yrunutod RE TFD v0.2 by Alone Coder (e€ mueiiep
HazbiBaetcs retfd02+.H u nmo3Bossier urpath My3bIKy JJIMHOM BO MHOTO cTpanul] O3VY).

B mueiiepax umeercst koHctanta pseudo60hz. Ilpm KOHBEPTHPOBAHUMU MY3BIKHM C IMPHUCTAaBKU OHA
JOJKHA OBITh paBHA 1, yTOOBI UTpaTh MY3bIKY Ha ZX € TOM k€ CKOPOCTBIO, C KOTOPOM OHA UTpaia B UTpe
(mo NTSC cranpapry).

[Ineiiepr! ABASAIOTCSA MPOIYKTOM KOJIJIEKTUBHOTO TBOPYECTBA - M3HAYANBbHO UX nucanu Dexus u Shiru,
nocne vero nopadarsiBanu Lord Vader u (B ocHoBHOM) Alone Coder. Bel MokeTe cBOOOJHO U3MEHSITH
KOJI, €CJIM 3aXOTUTE BCTABUTh CKOHBEPTHUPOBAHHYIO MY3bIKY B CBOIO IIPOTPAMMY.

Hcnonp3ys 4yXylo My3bIKy B CBOEH NMporpaMme, yKasblBaiiTe, OTKyAa 3Ta My3blKa B3sTa, U (€ciiu
3HaeTe) e€ aBTopa.

2.1. dopmaT maMmna MyBHKM C SMYyJIATOPOB Sega Genesis (*.gym)

Ecnu umeercs 3aronoBok "GYMX", To cienyer npomycTuTh 256 HaualbHBIX OAlT ¢ TEKCTOM.
e #00 - xnarp cnenyrommii kazap (1/60 cexyHbl);
e #01 R n - 3amucars n B peructp R 0-it monmoBunkn YM2612 (kanainsr 1,2,3);
e #02 R n - 3ammcats n B peructp R 1-it monoBunku YM2612 (kanaisr 4,5,6);
Y YM2612 peructp key on/off - o6mmii ans o6enx noiaoBuHoK. [loaToMy, eciiv mpounTaHo coObITHE
key on nnu key off ¢ ycranoBneHHbIM 3-UM OUTOM, €ro HaJl0 NepeHanpaBiIsATh Ha BTopoit unn TFM.
[Hoptel >=#b4 u <#30 (kpome #28) TpancnuposaTs Ha TFM He HyXHO.
Yactorel YM2612 npu xonBepcun Ha TFM TpeGyercssi koppektupoBath, T.K. YM2612 Ha Sega
Genesis TakTupyetcs yactoroit 7.67 MHz (peanbho 3ByunTt kak 3.84 MHz).

e #03 val - 3anucats 3Hauenue val B PSG. OGpabartbiBaercs ciieAyommmM o0pa3om:
if(val&128)
{

L
chan=(val>>5)&3;
div=(PSG.chanDiv[chan]&0xfff0)|(val&15);
PSG.latchedChan=chan;
PSG.latchedType=val&16;

else

chan=PSG.latchedChan;
div=(PSG.chanDiv[chan]&15)|((val&63)<<4);

1
s

if(PSG.latchedType)
{
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PSG.chanVol[chan]=(PSG.chanVol[chan]&16)|(val&15);
else

PSG.chanDiv[chan]=div;
if(chan==3)

if(((div>>2)&1)) PSG.noiseTBits=9; else PSG.noiseTBits=1;
PSG.noiseLFSR=0x8000;

.2. dopmaTr pamna gym2tfm (*.tfm) m TFM Music Maker (*.tfd)

®daiin NpeaACTaBJIACT €000 TOTOK TMapHbIX 6aﬁT, OMPCACIIAOIINX HOMEP PCTrUCTPa U 3HAYCHUC IJId HC-

ro, a TaKkke Habop cIykeOHBIX MapKepoB ATuHON 1 umu 2 Gaifra.

3aronosok *.tfd uz TFM Music Maker, Haunnas ¢ v1.0:

Cwmemenne | Pasmep Hasnauenue
+0 4 Curnatypa "TFMD"

+4 N HasBanue Tpeka, 10 64 6aiit (Bkirouast ko 0)
+4+N M Wwms aBTopa, 10 64 6aiiT (BKitoyast koj 0)
+4+M X KommenTapuii, 1o 384 GaiiT (Bkitouas ko 0)

Bce tekcroBbie nois xpansatcs B ASCII-koauposke, u 3akanunBatorcs kogom 0. Eciiu mone He 3amon-

HEHO, coxpaHnsercs Toibko kof 0. KommeHTapuii MokeT OBITh MHOTOCTPOUYHBIM, TIEPEHOCHI CTPOK BHI-
nomHsrores mo #0D #0A.

Mapxkepsr:
#FF - Hayasno kazpa (B Hayase NpOUTrpbIBaHUS U KaJipa aKTUBEH MEPBbII UuIl);
#FE n - )xnate n+3 kanpa - Tonpko B gammnax TFM Music Maker;
#FD - BbIOOp BTOPOI'O 4MIIa;
#FC - BpIOOp mepBOro uumna (He NpuMeHseTcs);
#FB - koHel Tpeka, 1100 epexo] Ha UK (CTABUTCS B KOHIIE MOCJIEIHETO KaJapa MY3bIKH ),
#FA - mapkep uukia (uaér cpasy nepen #FF wiu #FE; no mapkepy #FB nomken npoucxonuts nepe-
X0J1 Ha 3TO MECTO) - ToJIbKO B Aamnax TFM Music Maker.
JlaHHbIE:
#00..F9 n - HOMep peructpa u 3Ha4€HUE AJIs ITOIO PETUCTPA.

.3. Bmxopuou ¢opmaT koHBepTOopa RE TFD v0.2 (*.tfm)

Y6pausb! nuuiHue #A6, #AS, #A4 (B KOTOPHIX 3HAUEHHUE PABHO CTAPOMY 3HAYEHHIO COOTBETCTBYIOIIIE-
IO PETUCTPA);

#OE/F, #10/1, #12/3 - nexpeMeHT/UHKpeMeHT cTapuiero 6aita yactorsl PSG xanana A/B/C;
#14 - nayajo 1UKIAa;

#2A/B, #2C/D, #2E/F - key off/offon xanana A/B/C;

#A4 xx yy - #A4=xx, #A0=yy;

#AS xx yy - #A5=xx, #Al=yy;

#A6 xx yy - #A6=xx, #A2=yy;

#Cx, #Cx+8, #Dx - mimammuii 6aiiT yactoTsl kaHama A/B/C += x-4;

#Dx+8, #Ex, #Ex+8 - mnamgmuii 6ait yactotel PSG kxanana A/B/C += x-4;

#Fx, #Fx+4, #Fx+8 - rpomkocts PSG kanana A/B/C += x-2;

#FC - xoHel 1uKIa (CTAaBUTCS B KOHIIE MOCIJIEAHEr0 Kaipa My3bIKH);

#FD - BbIOOp BTOpPOTO YHMIIa;

#FE n - )xnats n+3 kampa;

#FF - Hayano kazapa (B Hauaye MpOUTPHIBAaHUS U Ka/ipa aKTUBEH TEPBbII UuIl);

OcranbHble ko1bl R n - 3anucsh B peructp R 3HaueHus n.



3. CospmaHume TFM MySBHKU

Jlnst HanucaHusi COOCTBEHHBIX KOMIO3MLUE ucnonb3yite pepakrop TFM Music Maker by Shiru. B
pelakTope Ha JaHHBIH MOMEHT MOAJepkaHbl TOJAbKO FM KaHanbl U HET pa3feiabHOIo 3aJaHusl 4acToT
Bcex omepaTtopoB 3-x kaHamoB YM2203, yto He memaer TFM Music Maker'y ObITh MOLITHBIM HHCTPY-
MEHTOM JUIsl CO3aHUS MY3bIKH.

PenakTop BeIrpy:kaeT My3bIKy JH00 BO BHYTpeHHEM Qopmare .tfe (KoTopblii He mpeqHasHaueH IJis
npourpeiBanus Ha ZX), 1100 B BUE 1aMIia pErUCTPOB ¢ paciupenueM .tfd.

OTOT JaMIl pErUCTPOB MOXKHO:

e Urpars mneiiepom tfdplay.H (koncranTta pseudo60hz nomxHa 661Th paBHa 0);
e CxonBeptupoBarb B 6osee miuoTHbli ¢popmar yrunutoid RE TFD v0.2 by Alone Coder (eé€ mueiiep

HazbiBaetcs retfd02+.H u nmo3BossieT urpath My3bIKy JJIMHOM BO MHOTO cTpaHul] O3VY).

e CxkomnwmpoBath yrunutod TFM Compiler v1.2 by Alone Coder (e€ mueiiep Ha3bIBaeTCs
tfmcom12.H, oH siBAsieTcss caMbIM OBICTPBIM U3 MEPEUHCICHHBIX ).

[Tneitep tfmcom12.H cuntaer MUHUMaNbHOE, MAKCUMAJIBHOE U CPE/IHEE BPEMs BBIMIOJIHEHUS. JTO 1-€,
2-¢ 1 3-e BBIBOJAMMBIC uncia cooTBeTCTBeHHO. [loacuér TakToB HAacTpoeH Ha Pentagon B pexxume slow.
Tunuunoe nukosoe BpeMs - 13000 takToB, THmMuHOE cpenHee Bpems - 1500 TakToB.

UTo0bl YMEHBIIUTH MMKOBOE BPEMs, HE MHUIUAIU3UPYITE BCE MHCTPYMEHTHI Cpasy, JIydlle caelaTh
Iepe]l HayaJoM COHI'a OTIENBbHBIN MAaTTEPH, I€ NPOUCXOAAT BCE MHULMAIM3ALUMU [0 odepenu. Takum
o0pa3oMm, ecii B BallleM MOJYJIE He MPOUCXOAUT MOCTOSHHOTO MEPEKII0UEHNSI HHCTPYMEHTOB, Bbl MOXKe-
T€ MOJIY4YUTh NUKOBOE BpeMs MeHblle 7000 TakToOB, 4TO HE MPEBBIIAET MMKOBOTO BPEMEHU ITPOUTPHIBA-
Hus mectu PSG-kananos mieitepamu ot Pro Tracker 3.x.

3.1. ®opmaT xoMmmMIMpPOBaAHHOITO Momyssi TFM Compiler v1.1 (*.tfc)

6 cumBonoB "TFMcom" u 3 cumBoisia HoMepa Bepcuu (Hanpumep, "1.0")
cKopocTh npourpsiBanud B ' (50 unu 60)
cMmerenue kanana A (16-paspsaHoe, Muiaammm 0aiiToM Briepen)

cMmenieHue kanana F

pesepB 12 GaiiT moa cmemenus A PSG kaHanoB (3amoaHeHO HYISMH)

ASCIIZ na3Banue Tpeka (Makc. 64 6aiita, HO mporpamMma MoJab30BaTelIsl MOXKET HE BHIBOAUTH OO0JIbIIE

32 cUMBOJIOB)

ASCIIZ umst aBTOpa (aHAJIOTHYHO)

e ASCIIZ xommenTapuii (Makc. 384 Gaiita), MmoxkeT conepxkath koasl CR+LF (mporpamMma monb3oBare-
7. MOKET JIOMaTh CTPOKHU JJIMHOKN Oosiee 32 CUMBOJIOB U HE BBIBOJAUTH Oouibliie 12 CTPOK, BKIFOUYAs
n00aBIICHHBIE TIPH Pa3JIOMe)

e KaHaln A

[

e xanan F

JlaHHbBIE KaHATa KOJUPYIOTCS TIOKaAPOBO, AJIS 4eTO B Hayalle Kaapa KIaaETcs yIpaBsSiomuil OanT:
e %11111111,-disp8 = use old frame data
e %111ttttt = skip 32..2 frames
e %110ddddd = slide d+16
e £11010000, frames,-displ6 = repeat block (skips are used as 1 frame)
e %10111111,-displ6 = use old frame data
e 310ONNNNNf = keyoff, [freq,]10..30 regs, keyon
e 301111111
e %01111110 begin
e 30INNNNNf = keyoff, [freq,]0..31 regs
e SOONNNNNEf = [freq,]10..30 regs

end



I'ne:

f - mpu3nak Hanmums freq. Eciu =1, To U3 moToka unTaercs 3HadyeHUE peructpa #A4+, 3aTeM 3Have-
Hue peructpa #A0+;

-disp8 - oTpunaTenbHOE 8-pa3psAHOE CMEIIECHHUE;

-disp16 - oTpunatenpHOe 16-pa3psaHOE CMEIICHUE, XPAHUTCS CTapIIUM OaiToOM BIEpEn;

NNNNN - 4uci0 perucTpoB, KOTOpble TpeOyeTcs 3a0IHUTh (HE CUMTask TeX, KOTOPbIE 3all0JIHEHbI B
npeapiaymeM myHkre). @opmar peructpa: Homep peructpa (1 6aiiT), 3HaueHue peructpa (1 6air).



4. Ommcaume MMKpocxemsl YM2203

YM2203 conepxur:

e SSG, nonHocTei0 aHamoruyHbli YM2149 (3 kanana + mryMoBOM reHepaTtop + reHeparop orudaro-
11eil), C aHaJIOTOBBIM BBIXOIOM;

e 3 kanasa FM cuHTe3a, cUrHal KOTOPBIX CyMMHpyeTcs W Bbliaércs Ha BHemHui LAIT B 13-
paspsAHOM IOCIIEA0BATENbHOM KOJIE;

e 2 Ttailmepa miia ucnodib3oBanus nporpammoii. B TFM npepbiBanue 1o 3TUM TaiiMepaM He Te€HEpUpy-
eTcsl.

4.1. [IpuHUMDO CHHTEeSBa

Kaxnomy FM kananmy 3agaércst ocHOBHas 4acToTa (TOH) U JaHHbBIE JJIs MPeoOpa3oBaHUs 3TOHM 4acTo-
Thl B CIIOKHBIA CUTHaJ. JJis 3TOro B KaHayie mMeeTcsl 4 TeHepaTopa CHHYCOMJAIBHOTO CUTHaNA (Ha3bI-
BaeMble "omepaTopamMu'), KOTOpbIE COEAUHSAIOTCA B OJHY U3 BOCbMH cXeM ("aJropurmMoB"), rie oJHU
reHepaTopbl MOAYIHUPYIOT Apyrue. Huke naHbl cXeMbl COeIMHEHUs OTIepaTOPOB.

NeO Nel No3 No4
THiE @ 0 THiE

v Vv v v Vv

\Ti |*l 2 3 2 3 4

L
v
> 2
v
; < ITI LT' ITI
3 4 4 4
.y v v v
v N5 [ w
- Neb6 Ne7
L K 4 F
1 12|34
v v v v [ | [ |
2113 |4 2013 |4 v

——

CooTBeTcTBHE ANTOPUTMOB U MOIY4a€MbIX 3BYKOB:

. 'mrapa ¢ “mucropun”, Tapenku, 6ac;

. Apta, meanap;

. bac, anexrporurapa, 1yXxoBble HHCTPYMEHTHI, (DOPTENUAHO, ICPEBSIHHBIC TYXOBBIC,
. CTpyHHBIE HHCTPYMEHTBI, aKyCTHUECKasi TUTapa, KOJIOKOJIa;

. @reiiTa, KOJIOKOJIBYHKH, XOpyc, Oac-004ka, pabounii 6apabaH, TOM;

. JlyXOBbI€ HHCTPYMEHTBI, OpTaH;

. Keunodon, Tom, opran, Budpadon, pabouunii 6apadan, 6ac-004ka;

. bosb1ioii opras.

NN kW~ O

4.2. OnepaTops KaHaJOB

Kaxnplil onepatop uMeeT CBOIO aMIUIUTYAHYIO OrMOAIONIYI0, a TAK)KE CBOIO YacTOTY, 3aBUCAIIYIO OT
OCHOBHOI1 yacToThl KaHasa. YacTtoTa onepaTopa ¢ TOYHOCTBIO /10 TaK Ha3blBaeMoOM '"paccTpolku" KpaTHa
OCHOBHOM yacToTe, 1100 paBHa 1/2 OCHOBHOW 4aCTOTHI .

da3a onepaTopa MOAYIMPYETCsl CUTHAJIIOM Ha ero Bxoje. CUrHai Ha BBIXOJIE KOHKPETHOI'O Olleparopa

OIUCHIBACTCS (POPMYIIONA:
F = A sin (oCt + I sin ®Mt),

* Kanan 3 MOXeT HCMO0JIb30BaTh MONTHOCTHIO HE3aBUCHMBIE YaCTOTHI JUIsl KayKAOTO OIeparopa, Jake eclIi OHU HE KpaTHBI OC-
HOBHOI! (He SIBNIAIOTCS TapMoHHKamu). [IpuMeHNMO Ui CHHTE3a yJapHBIX MHCTPYMEHTOB U Pa3IMYHBIX aKKOPIOB (OJHAKO
Ma)XOpPHOE U MHUHOPHOE TPE3BYUHUs MOXKHO BOCIIPOM3BECTH U Ha IPYTUX KaHAJaXx).
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rae:

A - ammnTyna (YpoBeHb CUTHANIA OnepaTopa);

I - ko3 punmenT MmoynsaMK (aMILTUTY/Ia CUTHAJIA HA BXOJIE OTIepaTopa);

oC - yrioBas yacTtoTa (Hecylllas) camoro orneparopa;

oM - yrioBas yacToTa (MOLyJIUpPYIOLIas) Ha BXOJE OllepaTopa.
B omeparope 1 kaxporo kanaiga umeercss oopaTHast cBsizb. CUTHaJI Ha BBIXOJE MEPBOTO OIepaTopa
OTHCHIBACTCS (POPMYIION:

F = A sin (oCt + BF),
rae B - koapduuueHT o0paTHOI CBsI3M.
OnHu onepaTopbl CBOMM BBIXOJIOM MOAYJIMPYIOT IPYroil oreparop, Apyrue (Ha3blBalOTCs “ca0TaMu’”
— Ha CXeMax aJIrOPUTMOB OHU 3aKpallleHbl CEPbIM) UAYT HA KOHEUHBII BBIXOJ, I'7ie CyMMHUpYIOTCS. CloThI
MOTYT OBITh HMCIOJBb30BaHbl KaK HE3aBHCHMBIE KaHAJbl, HO, KaK MPaBUJIO, UX BCE BKIIOYAIOT OJHOBpE-
MEHHO, U TO3TOMY pa3/ieJIbHOE 3By4aHHE HE BCTPEUACTCSL.

4.3. AvMmmTygnHas ormubammass omepaTopa

—
—

B TR

Key on Key off

Cursaan HauMHAeT pa3BUBATHCS IOCIEe HaXkaTHs Ha KiaBuily (coOwsitue “key on”). Ilpu "key on" ypo-
8eHb CUSHANA He OOHYIAEMCsl, pa3eumue npoooaNCaAencs Om MmeKyue2o YposHs.

Curnan umeet “araky” (Attack), cunbHoe ocHOBHOe 3atyxanue (Decay), mOTOM MeIIeHHOE BTOpUY-
Hoe 3aTyxaHue (Sustain, oHo ke Decay 2). Ilocne ornmyckanus kiasumu (coositue “key off”), curnan
pe3ko 3atyxaet (Release) - kak y posuisi: mocie OTIyCKaHHsI KJIaBULIM JieMII(ep OIycKaeTcsi Ha CTPYHBI U
3ariayuiaer ux.

AmmuintyaHas orubaromas CUrHana ynpasisercs ammuntynoi TL, ypoBHem Hawana ynepxanus SL
(on xe TIL), yrmamu AR, DR (on e DI1R), SR (on xe D2R) u RR, a Takxe HECKOJIbKUMU JTONOJTHU-
TEJbHBIMU PErUCTPAaMU. 3HAYEHUs HA AMarpaMMe:

TL (Total Level) Obwasa amnnuTyga, HaMBbICLUMA YPOBEHb CUrHana.

AR (Attack Rate) CkopocTb aTaku, 3afaeT CKOpPOCTb HavarbHOro0 pocTa YpOBHSA curHana. Ecnu
aTaka JOCTaTOYHO MeffeHHas, To cobbiTne oTnyckaHus knasuwmn (key off) MoxeT nponsonTtu
npexae, YeM ypoBeHb curHana gOCTUrHeT 3HaveHus TL.

DR (Decay rate) CkopocCTb 3aTyxaHus nocrne pocTa.

SL (Sustain level) YpoBeHb (oTHoCcTenbHO TL), ¢ KOTOpPOro HauynMHaeTCcHa 3aTyxaHue BO BpeMs
yAepXXaHWUs KnasuLLu.

SR (Sustain rate) CkopocTb 3aTyxaHus BO BpeMs yaepxaHus knasuwu. byget npogonkartbcsa 0o
cobbiTus “key off”.

RR (Release rate) CkopocTb huHanbHOro 3atyxaHus nocne cobbitus “key off”.

Z[OHOJ'IHI/ITGJ'IBHBIG PErucTphl, BIUAONIUC HA OFI/I68.I-OH_[yIOI

RS MacwrtabupoaHue ckopocth (Rate Scaling). KoadpcpmueHT, ykasbiBatoLmnmn, HAaCKONbKO Kopoye
CTaHOBATCH BCE 3reMeHTbl ormbatolleint Ha bornee BbICOKMX YacToTax. Hanpumep, Ha posine
BbICOKME HOTbI 3aTyxatoT ObICTpee, YeM HU3KHME.

SSG-EG  Peructp, ykasbiBaloLni nocnenoBaTenibHOCTL CTagui ornbatollent (3aumknmeBaHue, nepeso-
poT 1 T. A4.). OenictByeT no aHanorun ¢ ormbarowen SSG.



4.4. PerumcTps YM2203

OCHOBHBIE CUCTEMHBIE PETUCTPBL:

e VipaBieHUE NPEIIEINUTENEM YaCTOThl MUKPOCXEMBI;

e VYmpasieHHE TaMEpaMy;

e PaszpenpHoe BrimtoueHue-BoikIt0UeHNE ("key on" u "key off") oneparopoB FM kananos. Mmeercs He-
3aBHCHMOE YIIPaBJICHHE BKJIIFOUEHUEM-BBIKIIFOUEHUEM KaX10ro u3 12 onepaTopos;

e Pexum ucnonszoBanus kanana 3. O6pr4HO KaHan FM uMeeT 01Hy OCHOBHYIO YacTOTY U MHOXHUTEIH
Ul ONIEPAaTOPOB, HO B PACHIMPEHHOM PEKUME MOKHO BBIOPATh 4 HE3aBUCHUMBIX YAacCTOTHI - OJIHA JUIS
Ka)KJIOTO OIIepaTopa.

Peructpsl ynpapineHus: KaHalaMu:

e 3HayeHHe YacTOThl KaHaia (B OOBIYHOM pEXHMME) MJIM OCHOBHOM 4acTOTHI AJis onieparopa 4 (B paciiu-
PEHHOM peXHUMe 3-ro KaHaja);

o KondhdumueHnt o6paTHOl cBsI3U 181 oriepaTopa 1;

e Howmep anropurma cBsi3u 0NepaTopoB.

OcTtanbpHbIC PErucTphl YIpaBJIsIFOT OTACIIbHBIMU OIICpATOPaAMHU. Cs3u OICpaTopoOB OIPCACIIAOTCSA BbI-

OpaHHBIM AJITOPUTMOM, HO OTHOArOIIas BCETa 3a/1a€TCsl HE3aBUCUMO TSl K&KIIOTO orepaTopa. B cioydae
¢ 3-M FM kaHanoMm OCHOBHasl 4aCTOTA TAK)KE€ MOJKET 33/1aBaThCsl HE3aBUCUMO JIJISl KAJKJIOTO OIepaTopa.
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BHUMAHME: nepen 3anucbio HOBBIX JAaHHBIX HAJI0 MPOYMTATh OAWT M3 moboro peructpa YM2203.
but 7 yka3piBaeT Ha 3aHATOCTh unma. Hamo sxnathk, moka oH He cradeT paBHbIM (. (Cm. paznmen 5.1.)

D7

DO

Bus| X

X X[ X

X |OvA]JOvB

Bus - 1=4ymn 3anaT, 0=4nn cBoboaEH;
OvA / OvB - 1=Tanimep 3aKOH4YMI CHET U NEPENONTHUICA.

BHUMAHME: B cnydae 3amucu CIBOCHHBIX PErvCTpoB, Hampumep, 10-OuTHOTO perucrpa Taiimepa
win 14-OUTHOTO perucTpa 4acToThl, CIEAYET 3alUChIBATh CTAPIIYIO MTOJOBUHY I1EPBOM.

24H Mnagwwuii 6anTt TariMepa A
25H | CT. 6UuThl Tarimepa A
26H Tavimep B
27H Pexxnm kaHana 3 | C6poc B | Cépoc A Bknwouyntb B Bkawountb A | 3arpy3ka B | 3arpy3ka A
28H CocTosiHue onepaTtopoB (key on/off) KaHan
2D-2FH YnpaBneHue npepggenvreneM 4actoTbl Ymna
YnpaBneHve KaHanamm
30H+ DT1 (Detune) MUL (Multiple)
40H+ TL (Total level)
50H+ RS (Rate scaling) | AR (Attack rate)
60H+ DR (Decay rate)
70H+ SR (Sustain rate)
80H+ SL (Sustain level) RR (Release rate)
90H+ SSG-EG
AOH+ Mnagwmnin 6anT 4acToThbl
A4H+ | Bnok (okTaBa) | Crapuwwe 6uTbl HacToTbl
A8H+ Mnaawmnii 6anT YacToTbl onepatopa KaHana 3
ACH+ Bnok (okTaBa) onepaTopa kaHana 3 | Crapwwue 6UTbl YacToTbl onepaTopa kaHana 3
BOH+ Self-Feedback (O6paTHas cBsa3b) Connection (AnropuTtm)
“+” BO3ne HoMepa perncTpa osHavaeT AmanasoH. [na permctpos ¢ 30H+ go |[30H |Kanan 1, Onepatop 1
90H+ guanasoH umeeT 16 aHauyeHuin. M3 HUX ncnonbayetcsa Bcero 12 (3 kavana |[31H |Kanan 2, Onepatop 1
no 4 oneparopa). ®opmMupoBaHue Homepa perncTpa ans ananasoqa 30H+ sug- [32H Kanan 3, Onepatop 1
HO M3 Tabnuubl: 33H
34H |KaHan 1, OnepaTop 2
35H [KaHnan 2, Onepatop 2
0 | 0 | L | 1 | Onepatop | Kanan l 36H |KaHnan 3, OnepaTop 2
. 37H
3HaueHust nonen “Onepatop” n “Kanan”: 38H |Kanan 1, Onepatop 3
N 39H |KaHan 2, OnepaTop 3
0 0 0 1 0 0 1 3AH [KaHnan 3, OnepaTop 3
1 0 1 2 0 1 2 3BH
2 1 0 3 1 0 3 3CH |KaHan 1, Onepatop 4
3 1 1 4 1 1 | Heponyctumo 3DH [Kanan 2, OnepaTtop 4
3EH |Kanan 3, Onepatop 4
CnpaBa B Buae Tabnvubl JaH HarnsgHbIn NpuMep hOPMUPOBAHMS KOHEYHOTO [3FH

agpeca pernctpa. Cepble nonsa He ncnone3ytca. PopmmpoBaHne agpeca gns
AnanasoHoB ot 40H+ go 90H+ npomcxoguT aHanornyHo.

B ananasoHax ot AOH+ go BOH+ 3aHATO Tonbko 3 HOMepa perncTpoB U3 kaxabix 4. Ana AOH+ ato Homepa:

AQOH Kanan 1, |
1 [ o ] 1+ ] o | o | o ] KaHan | A1H | Kawan 2, |
A2H KaHnan 3, |
WckntoyeHne coctaBnaoT ananasoHbl ASH+ n ACH+: A3H
A8H |KaHan 3, onepaTop 2, | AdH Karan 1, h
AS5H Kanan 2, h
A9H [KaHan 3, onepaTop 1, |
A6H KaHnan 3, h
AAH |KaHnan 3, onepaTop 3, | A7H
ABH
ACH [Kanan 3, onepatop 2, h
ADH [KaHan 3, onepatop 1, h
AEH [Kanan 3, onepatop 3, h
AFH
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4.5. Onmcaume permcTpoB

Peructpbl 24H n 25H — Tanmep A

perucrp | D7 | b6 | ps | pa | b3 | b2 | b1t | Do
24H Mnaawnin 6anT
25H Crapwwue 6uThl

Pernctpbl 24H n 25H ob6begnHeHbl B 10-6utHbIN Tarimep A. MNMopsigok 3anucK AomkeH ObiTb TakMM: CHavana 3anu-
catb uncrno B peructp 24H, 3atem B pernctp 25H (unm ckopee HaobopoT?). Nepmon cpabaTtbiBaHMsA cuMTaeTcs no

dopmyne:
18 * (1024 — Tanmep A) MUKpPOCEKYHA

Tanimep A—Bce 1 -> 18 us =0.018 ms
Tarimep A—Bce 0 -> 18400 pus = 18.4 ms

Peructp 26H — Tanmep B

b7 | e | ps | p4a | b3 | b2 | b1 | Do
Tanmep B

8-6uTHbIN Tarimep B. ®opmyna:
288 * (256 — Tawnmep B) mukpocekyHz

Tavmvep B =Bce 1 ->0.288 ms
Tavvep B=Bce 0 ->73.44 ms

Peructp 27H
D7 D6 D5 D4 D3 D2 D1 DO
CSM MODE! KZE;KJ:IaM3 C6poc B C6poc A BkntoueHne A BkntoueHune B 3arpy3ka A | 3arpyska B

Peructp 27H ynpaenset Tanmepamu A n B 1 pexxumom 3-ro FM kaHana.

Pexvum kaHana 3 | D6
HopmanbHbIn 0 | Kanan 3 Takom xe, Kak 1 ocTanbHble
Ocobbin 1 | Kanan 3 nmeet 4 pasHbiX 4acToThl

B HopmanbHOM pexnme onepaTopbl KaHana UCNoNb3ylT YacTOTbl, KpaTHbIE YacToTe onepaTtopa 1.

B ocobom pexume kaxbln onepatop MmeeT COBCTBEHHYIO YacToTy. YacTtoTa onepaTopa 4 kaHana 3 nexur B pe-
rmctpax A2H n A6H. YactoTkl onepatopoB 2, 1 1 3 kaHana 3 - B pernctpax A8H n ACH, A9H n ADH, AAH n AEH
COOTBETCTBEHHO.

3arpyska 1 3anyckaet Tanmep, 0 ocTaHaBAMBaET ero.

Bk/toyeHve |1 paspelsaer ycTaHaBnueaTh dnar npu nepenonHeHunu. 0 TaiMep cyutaeT 6e3 ycTaHoBKM dnara.

C6poc 3anucb 1 oymwaet dar, 3anuck 0 HMYero He genaet.

* Eciu 31ech 1, TO 1O MepernoHeHUI0 TaiMepa A ocyliecTBIsieTcs: key on Bcex onepaTopoB KaHaua 3.
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Peructp 28H — BknroyeHune/BbIKITIOYEHNE HOTLI

p7 | b6 | b5 | D4 D3 p2 | b1 DO
OnepaTtop
2 | 2 | 3 | 1 Homep kaHana

Pervctp ucnoneayetcsa ans reHepauumn cobbituin "key on" 1 "key off". "Key on" - aHanor HaxaTusi Ha KnaeuLly
cuHTe3atopa. "Key off" - aHanor oTnyckaHus knasuwn. lNocnegoBaTenbHOCTb U3BMEYEHUSI HOTbI: 1 — YCTaHOBUTb
napameTpsbl, 2 — “key on”, 3 - nogoxaatb, 4 — “key off’. Korga npoucxoant “key off”, onepatop npekpallaet men-
NEHHOEe 3aTyxaHue U HadMHaeT ObICTpoe, CKOpOCTb koToporo 3agaHa B "RR" (Release Rate — ckopocTtb oTnycka-
HUS).

Mpun oamHouHOM 3anuncy B peructp 28H cocTtosHMe Bcex OrnepaTopoB KaHana ycTaHaBnMBaeTCsi OAHOBPEMEHHO.
OO6bI4HO KX ycTaHaBnuBaeT nmbo Bce B 1 (BkN) nmbo Bce B 0 (Bbikn). Bnarogaps oco6eHHOCTU KaHana 3 MOXHO
MCMNonb3oBaTh AN KaX4oro onepaTopa oTAerbHble HOTbI, BKIOYasi U BbIKMOYasi X MO OTAENbHOCTH.

Mukpocxema peazupyem HeriocpedcmeeHHO Ha usmeHeHuUe bumos key on/off, noamomy Henb3s cOenamp Modpso
0sa key on dris1 0OHO20 U MO20 e onepamopa - Mexay HuMu AormkeH bbimb key off.

Howmep kaHana kogupyeTcs cregyowwmm obpasom:
D2 | D1 | D0 | Kanan
0J]0]O 1
0[0f1 2
0|l1]0 3

Peructpsbl 2D-2FH - YnpaBneHue npepaenurenem 4actoTbl YMna

Cm. pazgen 5.3.

Owana3soH peructpoB 30H+ — PaccTponka u MHOXUTESNb

| x| DT1 | MUL |

DT1 (Detune - pacctporika) 1 MUL (Multiple - MHOXUTENb) 3a4al0T YacToTy onepaTtopa B 3aBUCUMOCTU OT OCHOB-
HOW YacTOTbl B KaHane.

3HaveHne MUL nexut B npegenax 0..15 n aBnseTca MHOXUTENEM OCHOBHOW 4YacToThl. McknioyeHne coctaensieTt
3HauyeHwue 0 — oHo cooTBeTCcTBYET 1/2 OCHOBHOW YacToThl. Takum obpasom, MUL=0..15 gaér *1/2, *1, *2, ...*15.

DT1 paét HebBonbLuyo Bapuaumio (paccTpornky) ocHoBHon YactoTel *MUL. Crapwwuin 6ut DT1 (6ut D6 B 30H+) sB-
nsieTcst 3HaKoM, a ocTarnbHble ABa - 3HaYEHUEM.

D6 | D5 [ D4 MHOXUTENb
0l0]O 6e3 U3MeHeHumn
0|01 x(1+E)
ol1]o0 x(1+2E)
0O|l1]1 x(1+4+3E)
1[/01]0 6e3 U3MeHeHUn
1]o0[1 x(1-E)
1[11]0 x(1-2E)
1]1]1 x(1-3E)
'ne E - manoe uucno.

Onana3oH peructpoB 40H+ — OcHoBHasa amnnuTyaa

[ x| T |

TL (Total Level — obwas rpoMKoCTb) 3a4aéT MakCMMarbHy0 amnnuTygy ormbarollen onepaTtopa, npuyém 0 — Ham-
fonblias amnnuTyaa, 127 — HanmeHbllas. lameHeHne npomcxoguT ¢ warom npumepHo B 0.75 dB.

[na ynpaBneHns rpoMKOCTbIO HOTbI criegyeT U3MeHATb TL TOMbKo y CnoToB (BbIXOAHbLIX onepaTtopoBs). MismeHeHne
TL gpyrux onepaTopoB NPUBOAMUT K M3MEHEHUI0 Tembpa.
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Ounana3soH pernctpoB 50H+ — MacwTab CKOPOCTU N CKOPOCTb aTaku

= = |

B pernctpax 50H+ cogepxuntcs RS (Rate Scaling — macwtab ckopoctin) n AR (Attack Rate — ckopocTb ataku). AR
- CKOPOCTb HayanbHOW aTaku, KoTopasd NpoaormKaeTcs OO0 MakcumarnbHoro ypoBHs TL (cM. Bbiwe). [Ipu AR=31
amaka camasi bbicmpas, npu AR=1 - camasi medneHHas, npu AR=0 dsuxeHusi He npoucxodum (aHaro2u4yHo ¢
Opyeumu ckopocmsamu). lNpu yeenudeHuu AR (u dp. ckopocmell) Ha 2 eQuHUUbI CKOpOCMb ygernudugaemcs dsoe.

RS - KoachdULEHT yCKOpPEHMS aMNNNTYAHON ornbatoLlel B 3aBMCMMOCTU OT YacTOThl 3ByKa (4em BGonblue 4acToTa,
TEM cunbHee yckopsieTcs), U BnusaeT Ha Bce ckopocTu (AR, DR, SR u RR) oguHakoBo.

MaTeb cTapwmnx 6ut YacToThl (3 6GuTa okTaBbl M 2 6uTa HOThI) HasbiBatoTcst KC (Key code — ko knaBuLn) U UCNorb-
3ytoTcA npu pacyeTte obwero RS no dopmynam:

RS=0 -> Utorosas ckopocTb = 2 * CkopocTb + (KC/8)

RS=1 -> Utorosas ckopocTtb = 2 * CkopocTb + (KC/4)

RS=2 -> Wtorosas ckopocTb = 2 * CkopocTb + (KC/2)

RS=3 -> Utorosas ckopocTb = 2 * CkopocTb + (KC/1)

key scale rate=kcode>>(3-KSR)
KC/N Bcerga okpyrnsietcs B MeHbLLY CTOPOHY.

Tak Kak Bce ckopocTu nameHsoTca B npegenax 0..31, To AvanasoH BnvsaHMA RS Ha CKOpOCTM MEHSIeTCa OT Manoro
(0-3) pmo 6onbworo (0-31).

Owana3oH peructpoB 60H+ — CKopocTb nepBOro 3atyxaHus

] = |

DR - ckopocTb nNepBoro 3aTyxaHusi (CM. pucyHok ornbatoLlen). Kak n Bce gpyrne ckopocTtu, 3aBucut ot RS.

Ounana3soH pernctpoB 70H+ — CKopoCTb 3aTyxaHuA yaepXaHuA

R = |

SR - CKOpPOCTb BTOPOro (MeANIEHHOro) 3aTyxaHus, NPOAOKaLLErocs, Noka HaxxaTa knaeuwa.

Owana3oH peructpoB 80H+ — AMnnuTyaa yaepxaHusi U CKOPOCTb OTNyCKaHUA

SsL | RR |

SL - BTOpuyHas amnnuTtyga, nocre KOTOpOn nepeoe 3aTyxaHwe nepexoguTt Bo BTopoe. Yem Gorblue 4Yucrio — Tem
MeHbLle amnnutyaa (0 — makcumanbeHas).

RR - ckopocTb oTnyckaHus (TouHee, BbICTPOro 3aTyxaHus nocrne oTnyckaHus knasuww). Bce ckopoctu - 5-6utHble

yncna, Ho 34ecb AOCTYMHO Bcero 4 6uta. [na cooTBeTCTBMSA 34eCh MCMOMNb3yTCH 4 cTaplimx 6uta CKopocTu OT-
nyckaHus, a mnagwmmn 6ut scerga paseH 1. HbIMK cnoBamu, yMHOXbTE Ha 2 1 npubasbTe 1.

Onana3soH peructpoB 90H+ — BapnaHT HanpaBneHusa/uukna ornéatolen

I S— |

Pervctp ynpaensieT (opMoi, HanpaBneHneM v 3auuknnsanvem ornbatowen. Ecnn 6ut D3 paBeH 0, To cuntaeTcs,
YTO PErucTp He akTMBEH. 3HAYEHUS TPaKTYITCA criefyowmm obpa3om (ece spemeHa yMeHbwaromces 6 4 pasa, a
riepesopom ocyu,ecmesissemcs ro ocu 2pPOMKOCMU, @ He 110 OCU 8PEeMEHU):.

ANAN N AN ML T AN A
Type8 Type9 TypeA TypeB TypeC TypeD TypeE TypeF
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Owvana3oH perncrtpos AOH+, A4H+, A8BH+, ACH+ - YacToTa 1 okTtaBa

Mnagwmnii 6aiT YacToThbl

bnok (okTaBa) Crapwme 6uTbl 4acToThl

Mnagwwnii 6aiT YyacToThl onepaTopa KaHana 3

Bnok (okTaBa) onepatopal Crapwwune 6UTbl 4acToTbI
KaHana 3 onepaTtopa KaHana 3

YacToTa kaHana 1 - B pernctpax AOH n A4H.
YacToTa kaHana 2 - B pernctpax A1H n A5H.
YacTtoTa kaHana 3 B HopMmansHOM pexume (CM. Bbille) - B pernctpax A2H n A6H.

Ecnu kaHan 3 B cneunansHOM pexume:

YacTtoTa 4 onepatopa kaHana 3 - B peructpax A2H n A6H
YacToTta 2 onepatopa kaHana 3 - B peructpax A8H n ACH
YacTtoTa 1 onepatopa kaHana 3 - B peructpax A9H n ADH
YacTtoTa 3 onepatopa kaHana 3 - B peructpax AAH n AEH

YacToTa — ato 14-6utHoe 4ncno. Hago yctaHaBnmBaTte cHavana ctapliuni, 3aTem mnaglwmn 6ant (Hanpumep, cHa-
yana peructp A4H, notom permuctp AOH). Ctapwue 3 6uTa HasbiBalOTCA “6G10KOM” 1 3aaatoT okTaBy. Crnegyouime
11 6MT 3a4a0T NO3NLINIO B OKTaBe, M BO3MOXXHa NocriegoBaTenbHOCTb U3 12 3HaYeHUI:

3Ha4YeHne 4YacToThl
m YacToTa (ykasaHa ansi 4-ro 6rnoka npu
[ecatnyHoe e?:fi":‘:m' yacTtoTe MUKpocxembl 4MIL)
617 269
653 28D 277.2 Ty [o anes/Pe 6emonb
692 2B4 2937y [Pe |
733 2DD 3111y Pe gnes/Mu 6emonb
777 309
823 337
872 368 ®da gmes/Conb 6emornb
924 39C 392.0 'y
979 3D3 415.3 'y Conb gues/Jla 6emonb
1037 40D 440.0 'y
1099 44B 466.2 'y I1a anes/Cu 6emonb
1164 48C 49391y Cu

OTK Yncna (Mx MOXHO nepecynTaTb No4 APYron CTPOW) NCMOMb3YIOTCA B KaX40W OKTaBe.
Mo Bcen BugmMmocTu, oopmyrna 4acToTbl TakoBa:

Block
Fo N Clk %2
Scalex2*!
roe:

. F — nonyyaemas yactoTa;
. N — 3HayeHuWe yacToThl.
° Block — Homep 6noka (okTaBbl), oT 0 8o 7;
. Clk — yacTtoTa MUKpPOCXEMbI;
o Scale — koachduLEHT geneHns YactoTbl MUKpocxembl. 1o ymonyaHuto (nocne cbpoca) paseH 6*12 (72),

TakKe BO3MOXHbl 3HadeHus 2*12 (24) n 3*12 (36) — nocne nepeknoyeHus npeggenuTens (perncrpbl
2DH/2EH/2FH).
Ecnu nnaBHO MeHATb YacToTy BO BPeMS 3BY4aHUsS1 HOTbl, MOXHO NOMy4nTb adpdpekTsl BUOGpaTo M MOpTaMEeHTO.

Owvana3oH perncrtpos BOH+ - ObpaTHasa cBsi3b 1 anropuTm

! Self-Feedback (O6paTHas Connection (Anropum)
CBSI3b)

O6paTtHas cBA3b — 9TO cTeneHb Bo3BpaTa cobCTBEHHOrO curHana 1-ro onepartopa B Hero obpaTHo.
Anroputm — cnocob B3anmogencTeusa onepatopos. [Anarpammel anroputMoB CMOTPUTE BbILLE.

15



4.6. TecrToBass mporpamma

16

TecroBas nmporpamma naunmanu3amu Hotel "Grand Piano" (posuib):

Pernctp 3HayeHue [MpumeyaHune
27H 0 OObIYHbIV peXXnM kaHana 3
28H 0
28H 1 BbIknounTb BCe kaHanbl
28H 2
30H 71H
34H ODH
38H 33H DT1 n MUL
3CH 01H
40H 23H
44H 2DH
48H 26H i
4CH 00H
50H 5FH
54H 99H
58H 5FH | RSYAR
5CH 94H
60H 5
64H 5
68H 5 DR
6CH 7
70H 2
74H 2
78H 2 SR
7CH 2
80H 11H
84H 11H
88H 11H SL/RR
8CH A6H
90H 0
gg: 8 O6HynuTe SSG-EG
9CH 0
BOH 32H O6paTHas cBs13b 1 anroputm
28H 00H Key off
A4H 22H YCTaHOBUTL CT. GalT 4acToThl
AOH 69H YcTaHOBUTb M. 6aiT 4acToThl
28H FOH Key on

<XKpatb>
28H |  00H [Keyoff

HpI/IMe‘laHI/IeZ BCCrJa 3allMChIBA€M CHadalia CTapI_HI/Iﬁ 6aﬁT, 3aTeM MIaJIIni.




5. ToukocTu nporpammmpoBaumss TFM

5.1. Pabora c permcrpamm

B TFM (naxxe B PSG peructpsl) Hesb3sl 3alIUCHIBATh JaHHBIE CIUIIKOM ObICTpO. J{0 ¥ mocne yka3aHus
HOMEpa PErucTpa CleayeT 0KUAaTh TOTOBHOCTh Y M2203. dar TOTOBHOCTH YUTAETCS U3 7-TO OWTA JIt0-
6oro peructpa YM2203 (t.e. u3 mopra #{ffd), ecnu BKIIOYEH peXUM YTEHUS TOTOBHOCTH. DTOT PEKUM
BKJIIOYEH, €CJIM MocienHui BoiOpaHHblil niceBnopeructp TFM umen nomep %1111100c, rae ¢ - HoMep
mukpocxemsl. IlceBnoperucrpamu TFM sBisttores Bce peructpsl Buga %11111frc, rae f Bxmouaer FM
cuHTe3 (0 = BKIJIIOUEHO), I' BKIIFOYAET PEKUM OIpoca TOTOBHOCTH (0 = BKIIIOUEHO), C - HOMEP MUKpOCXe-
Mbl. BeiGop niceBnopeructpa oopadareiBaercs [IIVIMC, no YM2203 oH He JOXOJUT - TEKYILIUH PEerucTp He
MEHSeTCsl.

Ecnmu FM cunTes BeikimoueH (f=1), To 8 TFM MoxkHO mucath ¢ 11000 CKOPOCTHIO.

Pa6ora ¢ TFM npoucxouT cleayomnmM o0pa3oMm:
e Bribupaem peructp %11111001, pabotaem ¢ 01HON MUKPOCXEMOM;
e Bribupaem peructp %11111000, pabotaem ¢ 1pyroil MUKpOCXEMOI;
e [locne oxonuanus pabotsl ¢ FM (koHen mMy3bikn) cienyet BeiOpath peructp %11111111.

Pabota ¢ KOHKpPETHBIM YUIIOM NPH YCIOBUH, YTO BeIOpaH ncesaopeructp %1111100c:
1. Yutaem 6ut coctosnus (7-i B nopry #{ffd) u xném roroBHoCTh (=0);

2. CTaBUM HOMEp PETUCTPA;

3. Yuraem Out coctosinus (7-it B mopry #{ffd) u xxném rorosrocts (=0);

4. IIumem B perucTp, HOMep KOTOPOTO YCTAHOBIIEH B IIYHKTE 2.

5.2. OcobenuocrTu FM cuHTesa

N3menenus napamerpoB uHctpymenta (kpome TL, MUL u, Bunumo, Detune) orpabarbiBatoTcs TOJb-
Ko nocie oyepennoro key on. ITostomy nocnenoBarensHocTh "keyoff, keyon, usmenenune" ne paboraer
(TouHee, M3MEHEHUE MPOU30MIET Ha cienyrollel HOTe). DTO MO3BOJISIET 3aMOJIHATh apaMeTpbl HHCTPY-
MeHTa 3a ¢peiM (kaap) 1o Havana HOThI, kak B TFM Compiler.

Bo epems key on u 6 nauane nogozo nepuooa o2ubaioweii cenepamop cuHycouobl UHUYUATUSUPYEMCA,
umo daém 6onee npedckazyemoe 38yuanue, yem na PSG.

Henp3s nucate TOIBKO CTapIIMi WIM TOJBKO MJIAJIIMN PErUCTP YaCTOTHI - HAJO KaXKJbIM pa3 3amoJi-
HATH 00a (cTapuuii, 3aremM Miaamuii). lHaue yacToTa moxy4aeTcst He TaKOH, KaKyro 0XKUalu.

5.3. OcobenHocTer MHMIMaIM3aAUMM TFM

[Ipu mHuManu3anuu (mociie 3aHyJIeHUs PETUCTPOB) ClEayeT 3anucaTh B peructp #2F nmroboe uucio,
3areM J1r000e uucio B peructp #2D. MHade My3blka UrpaeT 3aBbIIIEHHO. DTO PETHCTPHI MpecKaiepa -
ynpasisitoT npeagenurenem yactorel. B MAME ux paboTa onucsiBaercs cieayromumM o0pazom:

prescaler circuit (best guess to verified chip behaviour)

»lin20
M-CLK — 172 in10 out—» INT-CLOCK
out 1/3 in21
»linll
reg.2d : sel2 = in2l1 (select sel2)
reg.2e : sell = inll (select sell)
reg.2f : sell = inl0 , sel2 = in20 (clear selector)
reset : sell = inll , sel2 = in2l1 (clear both)
* k%

Bammu 3amevanust 1 COBETHI IpHUChUTalTe IO aapecy: dmitry.alonecoder@gmail.com
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