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Abstract

The application of computer in music began when musical instrument
changed from anslog instrument to digital instrument.A standard "MIDI" is
made for communication between differrent kind and manufacture instrument.
This paper describes s development of MID! and we use the necessary musical
rules to comfort the user in placing notes. In the interface part, ocur card

use the MIDI standard in communication with the instrument.
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MTIINTAILATIER I ABIVOY LA SOUND MODULE CM-32L

PROG# TONE Pt1# PROG # TONE Pt1# PROG # TONE Ptl# PROG # TONE Pt1g
1/00H| AcouPiano 1 4 33/20H| Fantasy 3 65/40H|.AcouBass 1 2 97/60H| Brs Sect 2 3
2/01H| AcouPiano2 | 2 34/21H| Harmo Pan 3 66/41H| AcouBass 2 1 98/61H| Vibel 3
3/02H AcouPiPno 3 1 35/22H| Chorale 3 67/42H| ElecBass 1 2 99/62H| Vibe 2 2
4/03H| ElecPiano 1 3 36/23H/| Glasses 2 68/43H| ElecBass 2 1 100/63H( Syn Mallet 1
5/04H{ ElecPiano 2 2 37/24H| Soundtrack 4 69/44H| SlapBass 1 3 101/64H{ Windbell 3
6/05H | ElecPiano 3 2 38/25H]| Atmosphere 4 70/45H | SlapBass 2 2 102/65H | Glock 2
7/06H| ElecPiano 4 1 39/26H| Warm Bell 4 71/46H| Fretless 1 4 103/66H| Tube Bell 4
8/07H| Honkytonk 3 40/27H| Funny Vox 1 72/47TH/| Fretless 2 2 104/67H| Xylophone 1
9/08H| Elec Org1 3 41/28H | Echo Bell 3 73/48H{ Flute 1 4 105/68H| Marimba 3

10/09H | Elec Org 2 3 42/29H | Ice Rain 3 74/49H| Flute 2 2 106/69H| Koto 2

11/0AH| Elec Org 3 © 2 43/2AH| Oboe 2001 2 7;5/4AH Piccolo 1 3 107/6AH{ Sho 4

12/0B11| Elec Org 4+ 2 44/2B11| Echo Pan 2 76/4BH Piccolo 2 2 108/6BH | Shakuhachi 4

13/0CH Pipe O1g 1 3 45/2CH| DoctorSolo 2 77/4CH Recor&'jei' 2 109/6CH | Whistle 1 2

14/0DH Pxpe Org2 3 46/2DH| Schooldaze 2 78/4{D'(H Pan Pipes 3 110/6DH| Whistle 2 1

15/0EH| Pipe Org3 2 47/2EH| Bellsinger 1 79/4EH| Sax 1 4 111/6EH| Bottleblow 4

16/0FH{ Accordion 2 48/2FH| SquareWave 2 80/4FH| Sax 2 3 112/6FH{ Breathpipe 3

17/10H| Harpsi 1 4 49/30H | Str Sect | 4 81/50H| Sax 3 2 113/70H{ Timpani 2
" 18/11H | Harpsi 2 50/31H | Str Sect 2 3 | | susiH| sax4 1 114/71H | MelodicTom | .1-
19/12H| Harpsi 3 1 51/32H/{ Str Sect 3 2 83/52H | Clarinet 1 3 115/72H| Deep Snare 2
20/13H| Clavi 1 3 52/33H| Pizzicato 3 84/53H| Clarinet 2 2 116/73H| ElecPerc1 | 2
21/14H]| Clavi 2 ‘ 2 53/34H]| Violin1 3 85/54H| Oboe 2 117/74H| ElecPerc 2 2
22/15H] Clavi 3 1 54/35H| Violin 2 2 86/55H| Engl Horn 2 118/75H]| Taiko 3
23/16H| Celesta 1 4 55/36H| Cello 1 3 87/56H{ Bassoon 2 119/76H| Taiko liim 1
24/17H| Celesta 2 2 56/37H| Cello 2 2 88/57H| Harmonica 2 120/77H Cyn;bal 2
25/18H| SynBrass 1 2 57/38H | Contrabass 2 89/58H| Trumpet 1 3 121/78H| Castanets 2
26/19H| SynBrass 2 3 58/39H| Harp1 3 90/59H | Trumpet 2 2 122/79H| Triangle 2.,

27/1AH| SynBrass 3 2 59/3AH| Harp2 2 91/5AH| Trombone 1 3 123/7AH| Orche Hit 4

28/1BH| SynBrass 4 2 60/3BH | Guitar 1 2 92/5BH] Trombone 2 2 124/7BH| Telephone 1

29/1CH| Syn Bass1 2 61/3CH| Guitar 2 2 93/5CH| Fr Horn 1 3 125/7CH{ Bird Tweet | Wi~

30/1DH| Syn Bass 2 2 62/3DH| Elec Gtr 1 4 94/SDH| Fr Horn 2 2 126/7DH| OneNoteJam 4

31/1EH| Syn Bass 3 2 63/3EH| Elec Gtr2 3 95/5EH| Tuba 2 127/7EH | WaterBells 3

32/1FH| Syn Bass 4 1 64/3FH| Sitar 4 96/5FH| Brs Sect 1 4 128/7FH| JungleTune 4

PROG # : MIDI Program Change Number (decimal indication / hexadecimal indication).
Ptl # : The number of partials used for a sound.
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Pitch Bender nnaﬂuutnsaanuniﬂiuLnnﬂﬂuasn aun11un11unnaaTuﬂnnnaanauuu
AOEY aauunsanwaa
1) ‘uauaT'ﬂ'uﬂ (Mode Messagde)
Lﬂunwiaauana1unwitﬂaﬂuTnun iemmulaayTransesi
2.3.2 nauan1nun11n1wunuﬁauua (System Message) Lﬁunwfaauaua1ﬂaeaﬂnfunnﬁunna
aﬂ1uﬁ1ﬂn11aaa17uaeun uauatnéwiﬁﬁa
) uauaTunw7ﬁaTﬂi1uﬁuaun1unut1awuaasuuu (System Synchronization) (Fanto
umm 11’\’)’41’17131]1JF\')1JF11JL'19’\’07\1 (Syatem Real Time Message) mmmuuaﬂaﬂ
aan1n i
—1lauammu’lﬂm (Time Clock Message) 1ﬂumf'ﬂo‘[ﬂﬂu'ﬁaﬂn‘mmm Tiveuy
fu (AfatatratBaanass (3aednmmm T ﬁeuauauaunnaaaan1ﬂ 24 afalu 1
AIoLNBT 13N
—iagauannwitéuﬁu (Start Message) Lﬁuiagaﬁuan1iqﬂn7&qn§u1utn?aﬁwﬂﬁénéu

N4



—nauananuaa (Continuous Message) tﬁuuauanuan1waﬂnimn1awunammwuuwﬂnwnﬂ
1ﬂwaaawnnﬁﬂnnwawu
—nagauannwsﬂu@a (Stop Message) Lﬁuiagaﬁuan1iqﬂnséqn%u1utﬂ?ﬂﬁWﬂﬁéqu
M
“ﬂﬂﬁﬂﬂﬂﬂﬂW?lTNﬂﬂ1ﬂu (System Reset Message) Lﬁuﬂﬂitiunun101u1nunewun
lﬂﬂﬁﬂﬂWTlﬂﬂlﬂTaﬂ1ﬂu
v doyaenninii (systen Common message) 1 unsmmuam s e uuaerinites

aﬂninnwaq Tureny uistanlamed
—nauauanml.muwmwaa (Song Position Pointer Message) Lﬁummwuﬂmwu
397 (Beat Counter) naaaﬂnsaTﬂuawnwunnaanws
—ﬂauataannuaa (Song Select Message) Lﬁuuauan1i1un11n1wunLuaanauLau
wwuwsntaan1ﬂne 128 NAY
—ﬂanamwaﬂwum (Tune Request Messgage) 1ﬁnuﬁu‘a\1'ﬂma'xuuuamaan thl
nwsﬂsuunavaasaiwoﬂkun

2.3.9 nauasuuuutﬁn (System Executive Message) tﬁunwinwwunLauwnwunuuuau1wnu
Lmamum (Manufacturer' D Number) wa'lmmamumnmﬂq zma mmm‘nu

taunu‘ln
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NT20NLIBLABNNTATY

. aa
3.1 nnmsaanuuunnmm

3.1.1 ”'\ﬂquun'\Tlﬁa”ﬂauuuuﬂ
a1n1uunnua11nnawvnq wan1un11nﬁaunaaﬂnsun1ﬁu1n1:1uun1unwinaa11Lﬂ1ﬂ1ﬂnu

1ua1uuaoauuana11xuutnu sano ol

nwsaenaeuauauuuun uutﬁunwvaeuuuwuﬁaTnsua (Serisl Asynchrononus) 1RGNN
Gt 1 Dm L Start th),unauan 1 W0 (1 Stop Bit) uazunuana 8 iin (8 Data
Bits) 1ngluiinATI9dauAINamANaIN  (Perity Bit) awﬂn1i1un11aaawstﬁuuuu 1A
g 1 LananaRy ety Tuaneuravy ey imadenmain %oﬁiwnmnnaenwua
nouwnnannna nkut111un11aaaunaoaoﬂ1ﬂn11un 31250 Hz uaznaoundwuwnuawn151utnul

L% avuuann1ﬁaunaetﬁuttanﬂu (DIN) 5 11

zﬂﬁ 3.1 zﬂuuuuaaﬁagaﬁﬁu1n1§1u

Luaeawnu1n1:1u1un11aan1wun1wun11aauuu Cunrrent Loop (wuqane nqinammqun
1ﬂTU'~)H|.1j'll 0 matﬁu 1 u’-nmﬂﬂmnnﬁn'\waanwuan‘lwa’lumﬂ) Tnanmwun’lwn‘wuan

Traluane S laifu 5 Saduoud uasawﬂa@q1utﬁaunanvsunuwuﬂ1v1utnu 50 1l
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OPTOISOLATOR Ay

PC-900
> c 6 T R4 (FOR PC-900)
~ S5V + AAAA
R, 1Y 4 Jf’ 270 l - T
AAA~ GNDO \Y > TO UAR

RECEIVER

MIDIIN

NOTES:

1. Optoisolator currently shown is;
Sharp PC-300. HP 6N138 or e A
NC optoisolator.can be used wﬂ[{-&‘--

TRANSMITTER appropriate changes. I
. 2.GatescA"are IC or transistor
MIDI OUT 3. Resistors are 5% i

a| a [1 ~ ¥ o [ d a
zllﬂ 3.2 'Ja'-rxautna‘:L‘Jmtauanmvm‘mammxygmnuuﬂﬂﬂu

”
3.1,2 1ATIAT19299F

Midi In Midi Out Midl In Midi Qut

Instirument L Instrument 2

zﬂﬁ 3.3 ANYENTINDL TONTDAINENTAOAI TULLNA
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uawsawawnwﬂn 3.3 aquwan1utnsanwﬂnwsﬁaa11n151uTnsaawuu AR LA
nwsaaamwwuun uautnsaanumsnsuammwuun TnawasnnsuammwuunLu11ﬂuaaaﬂn1u liﬂn11
NpTAGReY (MIDI in Port) uauuasnnnwnuwnaaammwaunaanuwuuL7ﬂn11 H81ﬂﬂ181ﬂ
(KIDI out Port) dnumnoiAtosne’luiAfoinainni1 1 fusehosdium uasnunns
(MDD thra  Port) mauasnuauaaammwunlﬂwuwnwauavnunauaan1ﬂn1auasnunnsannanue
Luaeawnﬂauaun awu11nn1nunuﬁauua1un111uaa1nne 16 UYAUNa aaawuwinTﬁnwﬂLautnau
1un11nnnanutnsaonunswawﬂq fu (Tﬂﬂntnsaanunwunauﬁuaunnne1n1uamm1uun1u11uﬁa
Wuanw
miniatad sfusetior TuaouiaTosnuniiunie 7o awuwsn?uéeﬁmmwnﬂééwunﬂauaén
e wariniomimudu M winlarenut nawuawuinﬂaeuasnunauﬂaan17n1u1nnnu1u1
4 ﬂ!ﬂﬂﬂWTﬂQdﬂ1ﬂ1LﬂﬂaulﬁuuﬂRQDWLuﬂﬂmm1ﬂNﬂlﬂﬂﬂ0ﬂ10Lﬂﬂ1 P PRI
nsweuuauuaauawnmaa 3 @7 A
a1 LﬁuﬂuunnwnwstﬂaauuauantﬁuuUUﬂu1u1u Bate Bus yoeiAzos PC antfuda
NAULUOUNTH 1i1nﬂ11utsuuauanuuuﬂaanauanwuuwns:wuﬂaaun (uauTunwanaununawuwsn
uﬂaaawnﬂauauuuaunsuuwLﬁunauauuuﬂu1u1nnﬁunu) 1uTﬂ1401uu1ﬁ 2-60 DART |
udaeanﬁauuaeﬂauaﬂannawa11 \§0999n  Z-80 DART aanuuuu1Luanwsaaa11uauauuu
-Asynchrononus Tnﬂmumm RxDA (Lﬁmn'rﬂ'ﬁ'swauamnmﬂmmum uz»w'm TxDA(Lﬁu
ﬂwnTﬁaeﬂauaawnLniaa pc TufaipTosnund tuan111unennnnaanwuuwns:wuunaesuﬁmmwa
WM 2 Mz INEINERERNENINNNTTRE 64 Lw01i1nﬂ11nn1un11aaa11Lﬁu 31250

Hz 91'1”&!'\7]75’111

Midi In
. Eg Midi Out
¥ D)
8) o
W 5 FC Dota Bus

E

: p uE
: 3 3.4 vaon lnerunTuveaNAnITA
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;

if 2 dweined ccountery  TuTaesndiBonfiued ezs3 (Hudnildly
Mya i mEs (Tempo) nawun1uTﬂsunsuaqunnaununwfnaammwuun1ﬂﬂoLnsaanunsﬁa
i 8253 uaunnﬂaunaﬂammw7u1ﬂn1n11un 2 MHz 1ﬂnUlﬂ17lna7 o viufmsarudlud
urn awnuuammwuuwﬁnwnaanawntn17Ln07 t aunnﬂa1ﬂ1utn11tnas 0 n1n11111n11un1uﬁu
o2 uasammwnuwﬂnwnaanawnanstnas 0 naunnaou1u1ﬂﬂaﬂ1 10RQ 3 uaaaaanuaatnsaa
PC ua1ﬁtﬁuamm1u1un17a710 mmi (Tempo) maq fuliluusasinag Faros

lﬂ11lﬂ87 0 HQHLHWTlﬂai 1 ﬂ1ﬂ170Tﬂ1uﬂ1ﬂ1ﬂﬂ1ﬂﬁ0ﬂnu?7

to 15322 2 MHz |[Clock| 2 MHz "
8253 DART
Derent cn Cen
Procorammine 31250 H=z
Hid!l in-out

a u a ' {
71 3.5 dnaunininanmag mweTn
e +

'\ a v d - o o 1 o
uau1uaaun 3 Lﬁuauuniiqunwstaanuasn (Decoder Port) n161un11nnnauaotﬂsao
PC nuﬁunwaq uunwsn Tnalt 74138 uasaﬂnsuﬂsunau (AND ,OR Gate) uwnﬁunataan 949

1“Tﬂ7ﬂGWH“QUHWHWTLRBHNOTﬂﬂWQﬂ nau

{ { v o ol
WoTn 301 lﬁuuaTnia”ﬂ (N4a8ulay o) %o Z-80 DART
|
{ ]
¥on 303 lﬁuﬂOTnQQUQNﬂaﬂuﬁﬂuua B 199 1-80 DART
{ { » { {
WaIn 304 lﬁuﬂa’nﬂaqaﬂaﬂlﬂﬁTLnaT 0 199 8253

{ i v { {
WoIn 305 LﬁuNOTHHOHQUOGlﬂWTlﬂai 1 499 8253
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3.1.3 MTINILAEMTLIY (Initialize) Y99 Z-80 DART
7-60 DART Lﬁuﬁﬂnaanuuuu1Lwan11aaa11uuuaun1uauﬁa1n1uaTnﬂtuwwu Tagsiuaonln

URNTY nou
ptioe '
o SERIAL DATA
i ‘—:> Le— CHANNEL
CHANNGLA CLOCKS
la—»- §YNC
NTERNAL CHANNEL A }—o WAIT/READY
[
SV GND ¢ CONTROL ALAD/WAITE :
(0% 1T NEQISTERS
-
N DISCRETE 4—:3"9!:" oA
< < o mos®  [contnous
(CH. A)
INTERNAL SUS
. e
DISCAETE |e— g?"t;:u on
. CONTROLS b crtnots
~z L Ciams® e
(CH. Iy
INTERRUPT CHANNELS
CONTROL READ WRITE
Loaic ALAISTER
! L ™ semIAL DATA
I N
| +— CHANNEL 1
. CHANNELS  [27 0 hve
-::j L I
| > WAIT/READY

INTERRUPT
CONTAOL
unes .

. g :
?ﬂn 3.6 uR9N lNorUNTNYEY Z-80 DART

awniﬂaunwudw 7-80 DART HUYAWUA UNITTUARE 2 UTALUA AD UTAUNA A WABUTA
wia B un1uTn1a41uuau1ﬁuﬁauua B \NEILTALIAL RS awuw¢nnnunun11n1awuuazawunw
anwuundasaaxnasn1aq Qan11ua1u17nn1unun11n1awuneuun1nnaﬂﬁaﬂuds ﬁa13&tna¢n1aq
LﬂﬂWu ﬂTuﬂQUﬂ?ﬂTQﬂlﬂ011u011lﬂﬂu (internal write register)yoiutauus A u T nq
WarTDILTALIA B 58w lnefutauus B §33atne %1itﬁu3utnaé¥uﬁtuntnaéﬁn 1 M
sonanty  Sed33ainotalflimIsnuAaaiERaq Bn 3 i (ﬂauauaasaatnaiawuwsnawu «
Guielmnmaesnan MItentes  Z-80  DART awu1nn11nna wvBuLARTINN

(Interrupt), Nad (Polling) war DMA
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nwsﬁaéwtéuﬁuuae 7-80 DART #unsam el o

auan faamaneen1F 2-80 DART unwssuaeuauanLﬂuuwnsswuuaeun o floua 8
S, Sy o uunauannﬁu 1 uauunwinwsﬂawunntﬂwuwnaﬂ 64 Luauw1ﬂ1ﬁ1unwisu
dvfoun (2 Mz / 64 = 31250 H2) ﬁqammwuuauuwanauw Rx,RxB, TXA uasTxB Tngiin
noulumaheriel

1. Luﬂuﬂaua1w 7aatnasnuﬂu 0 (WRO) (B SumIT ey

z.xuauuaua1w Fametidon 1 <WR1)luaLﬁunwsnwwunnwnauu1u11ﬁw11ﬂ11unuaa
aumwuuwﬂnwntuwuw Toelulazeani soetmunliam ss uaunwwunuuwnuuwnvaaunauantn1
n 1

3. Luﬂunaua1w 7aannasnuﬂu 3 <WR3)LuaLﬁunwinwwunawuvuunﬂaquauannwnw77u1w
8 fn waetmaduiiuiy  (Receiver Ensble) nunﬁn1ﬁtﬁuau1LuauuuanTuum
(Auto Esble)’

4 Lﬂﬂuuaua1n 7aatnastuﬂu 5 <wn5)LwaLﬁunwsnwnunawuuuunuaeuauann1n11a01w
Lﬁu 8 unuaummmuuuamae (Transmitter Ensble)

S.LvﬂuﬂagaTwsaaLnastﬂﬂu L ORD MR nTtedtLneT N 280
DART

ﬂunau1un11aauauaaun7u snTam laned fo

1uuunauusnan aunwnwsnsvaaauanwuuuaeuﬂnﬂasnaae 1111ansanau7uuauawsa1u
Tnﬂawuawnsaatnasanwuunun 0 (RRO) wavATI9ROUINR 3 MIA1 1 LdRIIN uﬂnﬂasuwa

aanTaavdedonals wtdmdy o smestmaToudnTiaso a1 Sseedado
|

QaaaniﬂTﬁ .
Start Return
\ ) AR
sl - ,
Read FRO _ Write Chonnel A Data Char

Get .Chcr‘ to =Mt

71 3.7ﬁunau1un11éqiaga

15



3.1.4 nwwnwawuuaunwsnsumuuaa 8253 |

8253 Lﬁu1aﬁnawu11nn1wu1nnﬁu Indine? (Timer)¥3o (m9iRo3 (Counter) filR
Traseiiiuamed 3 10 (nesﬂn 3.8) oiiniainedmn 16 30 Tnausaeiannsam
awu1ntﬁuaasunanu ¥ Clk tﬁuﬂwnsuammwstﬂwuw 1 Out tﬁuﬂwnaaammwutawnunaan1ﬂ
nwsnwawuﬂaanuuuunaunu antamamlsranglnm Tnﬂawnsnﬂ1Uﬂu1nTnﬂmaﬂuusuwunw07

ana‘xmuqnuae 8253 |

PROGRAMMABLE INTERVAL TIMER ,
x MCS-85™ Compatible 8253.5 a Count Binary or BCD

s 3 Indepéndent 16-Bit Counters
» Single + 5V Supply

e DC 10 2 MHz
“a Programmable Counter Modes # 24-Pin Dual In-Line Package

The Intet® 825) +s a programmabte countar/lumer chp Cesigned for use a3 3 -Lnul m-crocomoulor peripharal it uses
- AMOS 18CNNOIOQY with 3 Single -5V SuEOtY and 15 DACRAQed 17 3 24 o0 plastic o -

1115 ofganized as J independant 16-bi counters. 8aCh wiina counl rate ol uD 10’2 MH2 All modes of operation are sofl-

wale programmabie

o] 2 C::>1<::>=mw"::::::L

no
[ ——

fo—— can 1

nga0s comTIR

ATy e
] vOGK

A’

fe—— aarvt1

ouT Y

A, et
"_______T

COMTROL

N

e cn 2

\
woRD w‘:‘, e garey
LICH L)

l

INTEANAL BUS

p———>t out 2

Tl
—U

o

4 g
zﬂn 3.8 ugonlnosuniNyey 8253

Tranmamanumay 1oe 8253
LTI&IF\ 0 Event Counter

|
Z-Tmm 1 Progremmeble one-shot
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S.Tnuﬂ 2 Reaté Generator

4.T!Nﬂ 3 Square Wave Generator

5. 19uR 4 Software Triggered Strobe

6. Twun 5 Hardware Triggered Strobe

Twunnxaan151uTn7aewuu na 1ﬂlﬂ11lﬂ01ﬂ0 2 ﬂ?ﬂWGW“ﬂTﬂNﬂ 2 ﬁeuanﬁuutﬁun11
ﬂWTﬂ?WNﬂﬂlﬂ1N1ﬂ10ﬂ1 Clk ﬂ?ﬂﬂ1ﬂ1ﬂ7uﬂiﬂ11 uunaamwwuuwﬁnwtu1u1 1 annauaﬂnwnna
1{1u7ﬁﬂlﬂ01 Luauuacne 0 nau1wxa1nwnanwuaan a1nuux1uuunaﬂwaeaeu11uutuane 0
ﬂQ81ﬂlOﬁﬂﬂﬂaﬂﬂuﬂﬂﬂlﬁuaﬂ10ul70ﬂﬂ ﬂﬁﬁﬁinlﬂﬂulﬁﬂﬂuﬂauﬂiﬂ11ﬂ neu

1. ﬂﬂﬂﬁTQﬂlﬂOTﬂ?UﬂN HGLﬂWTlﬂOT 0 1wn1a1u1uTﬂun 2 uuuuu:wu 2 u311ﬂ1ﬂ1ﬂﬂﬂ1
now ummumﬂ‘lunm

Z.1ﬂﬂ11ﬂﬂﬂ11ulﬂ11lﬂ81 0 ﬂ1ﬂﬂ1ﬂ1ﬂﬂﬂ€

3. mmﬂama‘:mmu mtmnnm 1 1nmnﬂﬂwn 2 uuuuu‘nu 2 Llﬂ')1ﬂﬁ11]ﬂﬂ’\
nau u31ﬂ13ﬂ1ﬂ1ﬂﬂﬂ0

4, °lanﬂunm1ummnas 1 mumzﬂu'nm

adunw1n1a1u1uTwunauq uu ﬁ1ﬂ17ﬂ01“lﬂﬂlﬂﬂ1ﬂ?1ﬂ aMnaNLIN

Clock Pericd # Programmed Count

Ouiput ‘r

AV,
\W
1

i

A1
i Clock Perscid

zﬂﬁ 3.9 ANHEMTNNTANNALOL 1MW 2
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- Appendix

WRITE REGISTERS

The Z8O-S10 contains erght registars (WRO-WR7)in each channei that are programmed separataly by
the systam program to configure the functional personalnv of the channeis With the exception of WRO,
programming tha we e regisiers requires two tytes. The first byte contains three bits {Dg-03)that poent
10 the setected rogister; the second byte is the actual control word that is wrinen into the register 1o

configure tha 780-SI0.

Note that the programmer has complets frecdom, after ponting to the salecm& register, of enher
reading 10 tast the read reqister or wrawng 10 tiahize the wrne reqister By desigring softwarae to
inmalize the Z80-S10 in a modular and structured fashion, the programmer can use powverful block /0
instructions .

VWAO 15 3 special case n that 3li the basic cornmands {CMOQ-CMD7) can be accessed with 3 single
byta Resot internal of extarnal) intiahzes the pontar dits (D031 1o pownt to v RO

Tha basic commands (CMDg-CMD3} andthe CRC controts (CRCo, CACy)are contaned in the first tye
of ary wrie register access. This maintains maxmum flexitlity and system control Each channel
contains the following control registers. Thess registers are addressed as commands (not dats).
WRITE REGISTER O

WRO is the command register: however it 1§ also used for CRC reset codes and to peint to the other
registers.

0Oy Dg Og O4 04 0, [o]] Do
CRC CRC CMD CMD CMD PTR PTR PIR
Reset Reset 2 1 o] 2 1 o]
Code Code

1 0

Pointer Blts (Dg-Dg). Bits Dg-03 sre pointor bits that determine which cthet weite register tha next
byt® 1516 be written into or which read register the next Dbyte 3 to be read from. The lest brte writennto
aach channel ahtar 3 resat (either by & Reset command or by the externat reset nput) goes into WRO
Foliowang a read or write 10 any register {exceot WRO), the pointer will pont to WRO




Commard Dits (D3-Dg). Three bits, D3-Dg. are encoded to issue the seven basx ZBO-SIO
commands

COMMAND CMD» CMDy CMDg
0 0 [+ 0 Rull Command [no aetiect)
1 0 o 1 Send Abort {SOLC Mode)
2 0 1 o Resat External/Status Interrupts
3 0 1 1 Channe! Reset
4 1 [o] [o] Enable Interrupt on naxt Ax Character
5 1 [s] 1 Reset Transmmer Interrupt Pending
6 1 1 0 Error Reset {latches)
? 1 1 ' Return from Interrupt {Channel A)

Commasnd O {Null). The Nuil command has no effect. Its normal use 1$ 1o cause the Z80-S10 to do
nothing while the pomters are set for 1he loflowang byte

Command 1 {Send Abort). This command is used only wath the SOLC mode 10 generats a sequence
of exght to thirteen 1°s

Command 2 {Reset Extamal/ Status Interrupts). Atter an External/ Status interruot (a change on 8
modem hine of a break condition, tor example) the sidtus brts of RRO are latched This command
ra-enables them and sflows Interrupts to oocur agan Latching tha status bits captures shon puises
until the CPU has ime to read the change.

Command 3 (Channel Reset). This command performs the same function as an External Reset, bit
only on 8 single channel. Channe! A Resot also resets the interrupt priorization logic. All control
registers for the channel must be rewrdien atter 2 Channel Reset command.

WRITE REGISTER BIT FUNCTIONS

WRITE REGISTER O

[o [ o [ ]

o]

M

o
&

o]
[

o
~

- -0O0

o 0 o ‘REGISTER O
0 0 1 REGISTER 1
0 1 0 REGISTER 2
0 ' 1 REGISTER 3
1 0 0 REGISTER 4
1 5} 1 REGISTER §
\ 1 o REGISTER 6
1 1 1 REGISTER 7

0 0 0 NULL CODE

0 0 1 SEND ABORT (SDLC)

0 1 0 RESET EXT/STATUS INTERRUFTS

Q 1 H CHANNEL RESET

1 o] 0 ENABLE INT ON NEXT Rx CHARACTER

1 [4+] 1 RESET Tx INT PENDING

1 1 0 ERAOR RESET

' 1 1 RETURN FROM INT (CH-A ONLY)

NULL CODE

RESET Ra CRC CHECKER

RESET Tx CRC GENERATOR

RESET Tx UNDERRUN/EOM LATCH
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WRITE REGISTER 1

(o Lo 1o Toe [ L oa [ o [ ]

o EXTINT ENABLE

Ta INT ENABLE
STATUS AFFECTS
VECTOR (CH. B ONLY)
(¢} 0 Rx INT DISABLE
¢] 1 Rx INT FIRST CHARACTER
1 o] INT ON ALL Rz CHARACTERS (PARITY AFFECTS
VECTOR) .
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT
AFFECT VECTOR)

WAIT/READY ON R/T
WAIT/READY FUNCTION
WAIT/READY ENABLE

*OR ON SPECIAL CONDIMON

WRITE REGISTER 2 (CHANNEL B ONLY)
o lalalalalalalsl
. I L W

V3 | INTERRUPT
V4§ VECTOR

WRITE REGISTER 3

o Lo Lo o s =

Ax ENABLE
L SYNC CHARACTER LOAD INH
AODRESS SEARCH MODE (St
T Rx CRC ENABLE

ENTER HUNT PHASE

AUTO ENABLES

Rx 5 BITS/CHARACTER
Ax 7 BITS/CHARACTER
Ax 8 BITS/CHARACTER
Rx B BITS/CHARACTER

_-——00
-0 -0
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WRITE REGISTER 4

(o7 T oe Jos oo |

0 1

1 0

1 1

X1 CLOCK MODE
%16 CLOCK MOCE
X32 CLOCK MODE
X64 CLOCK MODE

- =00
-0 -0

I l——— PARITY ENABLE
PARITY EVEN OOD
SYNC MODES ENABLE
1 STOP BIT/CHARACTER

1 1/2 STOP BITS CHARACTER
2 STO> BITS/CHARACTER

--0O0
- - O

8 BIT SYNC CHARACTER

16 BIT SYNC CHARACTER
SDLC MODE (01111110 FLAG)
EXTERNALtSVNC MODE

WRITE REGISTER 5

(o [ o [ o[ [ oo [ ™ ]

T

I L———-h CRC ENABLE
RTS

$DLC/CRC-16
Tx ENABLE
SEND BREAK

- O - Qm———

- =~00Q

OTR

Tx 5 BITS (OR LESSYCHARACTER
Tx 7 BTS/CHARACTER
T2 6 BITS/CHARACTER
Tx 8 BITS/CHARACTER

WRITE REGISTER 6

oo s oo o o]

I L _svwcero
. SYNC BIT §
SYNC 8T 2

SYNC O(T )
SYNC BIT 4

SYNC RITS

SYNC BIT8

*ALSO SDLC ADDRESS FIELD

SYNC 8IT 7
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WRITE REGISTER 7

o Te [w Lo o e o o]
| T —swcers
SYNC BIT 9
SYNC BIT 10
. SYNC BT 11
SYNC BT 12
SYNC BIT 13

SYNC BIT 14
SYNC BIT1§

*FOR SDLC, IT MUST BE PROGRAMMED TO "01111110” FOR FLAG RECOGNITION

Atter 8 Channel Reset, lour extr3 system clock ¢ycles should bo stiowed for 280-S10 roset time
batore any addional commands of controls are writien into that channel Thiscan normally be the
ume used by the CPU to fatch the next op code Y

Command 4 (Enable interrupt On Next Charactar). i thelintesrupt On Fust Recerve Character mode
18 s=lected, this command reactivates that meda alter 3¢h complote Ma13age 18 tocenved 10 prepere
the Z80-SI0 lor tha next message

Command B [Resst Trensmitter intermupt Pending). Tha transmitter imerrupts when the transmst
butlar becomes empty if (he Transmt interrupt Enabie mode is selected in those cases where there
. are no rnore character's tobe sent (3t the and of ressage, for examplel msuing this command prevents
furiher transmirter interrupts untd after the next character has boen loaded into the transmd butfer or

untit CAC has been compiletely sant.

Command 8 {Esror Reset). This command resats the error lsiches. Pacrty and Overrun ecrors 8re
tatchad 1n ARY until they are resat with this command. With this scheme, Darity STOrS CCCUSTing in
block transiers can be exarmined 8t the ond of the block.

Command 7 {Retum From interrupt]. This command muRt be 1ssued in Channel Aandis interprated
by the 280-S10 in exactly the same way i woukd interpret 8 RETI command on the dets bus. It resets
the interrupt-under service latch of the highest-prority internal devics under service and thus sliows
lower priorty Gavices to interrupt via the daisy chain. This command alows use of the interng! daisy
chain even 10 systema with no extarnal darsy chan or RETI command.

CAC Awest Codes 0 and ¥ (Dg and D). Tovahor.mosnbmnbamadmomrnvolwnqrm

commands’
CRC Reset CAC Reset
Coda 1 Coce O
0 [¢] Null Code (no effect)
| Resat Rocare CRC Chacker
1 0 Reset Transma CRC Genersmor
1 1 Aeset Tx Underrun/End Of Message Lach
The Reset Transma CAC Generator o d normally initislizes the CRC generstar 1o i 0's. M the
SOLC mode is selected, this wd wwtiofi mtﬂcmmuunmmmcm

'nnl;oiululindlool!'s'orthnsotcm
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WRITE REGISTER 1

WR1 contains the controt bits for the varous intarrupt and Wart/ Ready modes.

[o7] . Ds Ds Oa
Wait/Ready Wart Or Ready Wai/ Ready Receive
Enabla Funcuon On Racere/Transmn Interrupt Mode 1
0y D2 Oy
Recnive Status Transma External
Interrupt Aflects interrupt Interrupts -
Mode O Vector Enable Enable

Extarnal/Status Interrupt Enable (Oq). The External/Status Interrupt Enabla allows interrupts 10
occur as 8 resutt of ransitions on the 5%5 TS or SYNC inputs, as aresult of 3 Break/ Abort detection
and termination, of at the ‘beginning of CRC or sync character ransmission when the Transma
Underrun/EOM 1aich becomes set.

Transmitter Intermupt Ensbie (D). If emabled, the interrupts octur whenever the transmer butter
becomes empty

Status Atfacts Voctor (D). This bitis active in Channel 8 only. I this bt i3 not set. the fiaed vector
programmed in WR2 i returned from an interrupt acknowiadge sequence i this it is st the vector
ratuzned ffom an intetrupt acknowladge 8 vanable according 10 the foliowing interrupt conanions:

V. v Viy
: 01.* [¢] TRB Transmiu Buller EmMpty
] [s} ) Ch B External/Status Change
che o 1 o] Ch B Recerve Charactes Avatlable
) s} 1 i Ch B Special Recene Conditon®
1 [4] [) Th A Transmn Buller Empty
ChA t o 1 Ch A External/Status Change
1 1 o] Ch A Recarve Character Avatlable
1 1 1 Ch A Special Recarve Condiion®

*Speciel Receve Condiions. Panty Error, Rx Overrun Error, Framung Ersor, End Of Frame (SOLCYL

Receive Interrupt Modes O snd 1 (D3 snd Dg). Together, these two brs 3pecily the vanous
charactar-avaitable conditions. In Racerve Interrupt modes 1, 2 and 3, 8 Soecial Receive Condton can
- cause an wnterrupt and modily 1the interrupt vecior

04

Rocorve
Inarrupt
Mode 1

03
Recerve
Interrupt
Mode O

--0o0

O Recene Interrupts Drasbled
1 Recewe Intarrupt On First Characier Only
2. Intesrut On ANl Recarve Charecters—pariy eror is # Special Recsrve condton

-0 -0

3. Intesrupt On AR Recaive Characiors—party eeror s ROt 2 Spacial Recsrve condmon
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Wait/Ready Function Selection (Dg-07) The Wait and Ready functions sre selected by
controlling Dg. Dg and D7 Wait/Ready function 15 enabled by setting Wait/Ready Enable{WR1
D110} 'The Ready Function is setected by seting Cg (War/Reedy lunctionjto 1. If this bitis 1. the
WAIT/READY output switches from High to Low whan the Z80-510 13 ready to transfer data The
Wait tunction is salecied by seting Dg 10 O If this bit 18 0, the WAI T/READY output is in the
open-drain state and goes Low when active

Both the Wart and Ready functions can be used in erther the Transmit or Receive modes, but not both
simultaneodsty. It Og (Wai/Ready or Recerve/Transmit) s set to 1, the Wan/ Ready function responds
10 the condition of the receive bulist (empty or fulll. I Dg is set to O, the Wait/ Ready function 1espond®
1o tha condition of the transmit bufiee {empty or full)

The logic states of the WAIT/READY output when active of inactive depend on the combination o
mades selected Following 13 3 summary of thess combinatons,

AngDg e 1 Hop=0 AndDg = 0
READY s High WAT is floanry
Moy =T,
And Dg = 0 AndDs !
READY s High when transmit butfer 1 full READY Is High when receive butfer is empty.
WAIT  is Low when transmrt butfer ¢ full and  WAIT Is Low when recerve butter is empty end
an SIO data port 15 selected, an S10 data port is selected.
READY s Low when transmut butler is emoty. READY s Low when recerve butfer is-fult
WAIT Is fioating when transaut butfer s ampty  WAIT Is Floating whan recaive buffer is full.

The WAIT gutput High-10-Low transrtion occurs when the delay time xDI'C(WR) shier the /0 request.
The Low-1o-High transition occurs with the delay tpH$(\WR} from tha falling edge of €. The

output High-10-Low transdion occurs with the delay InLE(WR) from 1he rising edge of . The
READY output . ~-10-High transtion occurs wath tha dalay toICIWR) efter iDRQ feils.

The Ready lunction can occur any tme the Z80-S10 i3 not selected. When the READY output becomes
acive (Lowa the DMA controller issues IORQ and the corresgionding B/A snd C/0 inputs to the
280-510 to tansier data, The READY output becomes inactive 83 soon as iORD and C3 becorne scirve
Since the Ready function can occur internally in tha Z80-SIO whather i 1s addr essad or not, the R

output becomes inactive when ary CPU data or command transier tskes place. This does not coued

problams becauss the DMA controlier 13 not enablod whan the CPU transfer takes place.

The Walt function—on tho other harnd—is active only if the CPU anempts to read ZB0-SIO data that hes
ot yot been received, which octurs frequently when block transier instructions are used. The Wak
function can also become active {urder program control) i the CPU tries to write dsta while the
wansmit buffer is stit ¢ 1", The (¢t that the WAJT output for esther channel can become actve when ihe
opposite char.~el ie addressed (becausa tho Z8O-5I0 is addressed) does not alfect operation of
scftware 10008 Or (20Ck MOV INSIrUCHONS

WRITE RECISTFR 2 .

WR2 is the interrupt vector register; A euists in Channet B only. V4-Vy and Vg are siweys returned
exactly a3 written: Vy -V ara returned as wrrtien f the Siatus Alfects Vector (WR1, Do) control bit s O "
thus brt 13 1, they are modified as explmned in the previous section.

Dy Og O5 O4 03 O Dy Dy —_——

V7 Ve V5 Vg V3 V1 Vi Vo
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WRITE REGISTER 3

WR3J contains recenver logic control bits and parameters

Oy Og Og 04
Receiver Recerver Auto Enter
Bits/ Bns/ Enables Hunt
Char 1 Char 0 Phass
03 o] 04
Recarver Address Sync Char “Hecerver
CRC Search Load Enable
Enabie Mode tnhibet

Racstver Enable (Dg). A t programmed iMmo this bit allows recerve operations to begin This bit should
be sat only alter all other recewva paramaters ars set and receiver is complataly innislired,

Sync Cheractar Load Inhibit (D y}. Sync characters preceding the messaga {leading svnc characters)
are not toaded inta the recewe buters f fhes cotion 15 seiected Becausa CAC cakulations are not
stopped by 'syn¢ character stnpping, this feature should be enatied onty at the teginning of the
message

Address Search Mode (Dal. H SOLC s selectod, seting this mode causes messages with eddresses
not marching the programmed address 1n WRE or the global {11111111) address to be rejecied. In
other words, No feceive Interrupls can oecur in the Address Sasrch moda unless thers 13 an address
match

Rocoiver CRC Enable {D4). 1 this bitis s41, CRC calcularon starts (or restarts) at the beginning of the
1ast character wanslerred from tha reconve shift register tothe buffer stack regardiess of the number of
charactors in the stack. Ses “SOLC Rocoive CAC Chacking™ {SOLC Roceive section) and “CRC Error
Chacking” [Synctwonous Recerve sechon) for details reparding when this bit shoukd be set.

Entar Hunt Phasa (D4). Tha Z80-SIO automatxally enters the Hunt phase shier a reset however, ]
can be re-antered il character synchronization is lost for any reason {Synchronous mode} or if the
contents ‘of an mcoming message are not needed (SDLC mode). The Hunt phate is re-entered by
witing 8 1 into bt D4 This sets tha Syne/Hunt brt (Dg) in ARO.

Auto Enabies (Dg). I this moda 13 salected, 3CO and CT5 become the receiver and tranamitter
enables, respectivaly.  this bit ts not set, DD and CTS are simply nputs o their corresponding status
its n RRO

Recetvor Bits/ Charecter 1 MO(WMDG).Tmhﬂ.Mbﬁsdﬂumm‘de
recerve baa assembled to lorm 8 charactar Both bas may be changed during the time that a character is
baing assambled, but they must be changed befare the number of brs currently programmed 8
renched.

0y Og Bus/Charascter
0 0 S

0 1 7

1 0 ]

1 1 8




WRITE REGISTER 4

WRA4 contams the control bis that attect both the recewver and transrmiier inthe transmit and receive
nitrahzation routire these bs should be set before 1ssuing WR1, WRJ, WRS WR6, and WR7

1
Og O | 0a Dy 0 Dy Og
Clock Clock Sync Syne Stop Step Panty Paaty
Rate Rate Modes Modes Bus Bs EvensOdd
1 o] 1 o] 1 o]

Parity {Dgl. i tms brt s set. an addmonal it position {in addition to those specified in. the
its.‘character control) 1s added to transmined data and 13 expected in recewve data in the Recerve
mode. the parsty bit receved 1§ transferred to tha CPU as part of the characier, unless B bits/character 13
setectad

Pacity Even Odd (D). # panty s specified. this bit detarrmnes whether i 15 sent and checked 35 even
or 0dd {1 zeveni

Stop Bits 0 and 1 (D3 and D3} Trese bits determine the number of stop Dits added 10 each
2syrcronous Sharacter sert Toe recerver always checks tor one stop bt A specral mode (001 signities
that 3 synchronous mode s 1o be selected

[oF} 0y
Stop Bits 1 Stop 3us O
0 0 Svnc modes
0 1 1 3100 brt per character
1 0 1" ; stop tets per characies
1 1 2 stop bits per character

.
Sync Modes 0 and 1 (D4 and Ds! These bis select the vanous options lor character

synchrormzation
Sync Sync
Mode 1 Mode Q
[s] [4] 8.tit programmed sync
0 1 15.04 programmed Syrc
1 [} SDLC mode (01111110 flag panterm
! 1 External Sync mode

Clock Rete 0 and 1{Dg snd D1, These bits specify the multipher between the ciock (2T and Ax0)
anddatarates For synchronous modes the a1 clock rate must be specihed Any rate mav be specihed
for asynchranous modes, Nowever, Ihe same rale Must be used for both the recerver and ransminer

The system clock in ali modes musi be atleast S hmesthp datarate fthe 21 clock rate ss setectad bit
synchromeation must be accomphshed axerna'ty

Clock Rate 1 Clock Rste O
0 [+} Bata Rate x1 Clock Rate
0 | Osta Aate 716 Clock Rate
! 9 Data Rate 132 Clock Rate
! 1 Data Rate x84 Clock Rate
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WRITE REGISTER 6§

\WRS contamns control bits that alfect the operation of transminter, with the exception of D2, wiich
affects tha transmutter and recerver

Dg Og Da Dy Dy Dy Do

DTR

Tx Tx Send Tx CRC-16/ ars Tx
Brts/ Bits/ Break Enable SOLC CRC
Char 1 Char 0 Enable

Transmit CRC Enable {Dg). This bit deteremines it CAC is calcutated on 2 partcular transmn
character Hf it s set at the ima the charactor is loaded from the transmit butfer into the transmn shit
register, CRC is calculated on the characier. CAC is not sutomatically sant uniess this bit is set when
the Transmit Underrun condition exists.

Raquost To Send (D). Thisis thacontrol it for tha AITS pin. When tha ATS bitis set. the TS pin goes
Low, when reset, ATS goes High In the Asynchronous mods, ATS goes High onty after ak the bits of the
character are tranamitted and the transminter buHer 15 empty. In Synchronous modes, the pin directly
follows the state of the bit

CRC-16/5DLC (D3). This it sulects the CRC polvnomiat used by both the Iransmitier and recever
When set, the CRC- 16 polynomial {X'* + X'* + X! * 1)15 used, when resel, the SDLC polynomal (X'* +
X1 ¢ X3+ {)1s used. H the SDLC mode 18 selected, the CRC ganarator and chacker are presstto all 1's
and a speciai chack soquence 13 used. The SOLC CAC polynomial must be salected when the SDLC
mode 18 salected. If the SDLC made is nat selocted, tha CRC generator and checker sre prasent to al O's
{for both polymomialsl

Transmit Ensble (D3). Data is not transmirted unti this bit i set and the Transmit Dats output is hed
marking. Data or sync characters in the procuss of being transmitted are completely sent if this bit s
reset alter transmission has started. i the transmirter i3 disabled during the transmission of & CRC
character, sync or lag charactees ars sart instead of CRC.

Sond Break (Dg4). When set, this bit inmediately forces the Transmit Deta output 1o the spacing
condition, regardiess of any dats being transinitted. When reset, TxD retumns to marking.

Tranemit Bits/Charactsr 0 and 1 {Dg and Dg). Together. Dg and Ds control the number of bits in
each byte transferred to the transmit buffer.

D¢ O
Transmn Bits/ Transmit Bits/

Character 1 Character 0 Bits/Character

0o 0 Five or less

o}
1
1

1 7
o 8
1 8

Bits t0 ba sent must be right justified, least-sigmficant bits first. The Five Or Lass mods allows
transmission of one to five bits per character; however, the CPU should formst the dats character as
shawn in the following table

>

4

s

°----9

0o ==-0o

Sends one data bt

Sends two data bas
Sends tives data bits
Sends four daws bets
Sends five data bits

ooo-——-u‘:
OOOOJ‘E
oooooﬁ
Dooo09o
coooqg

DC OO -0




-

Data Termunal Ready (D). Thiss the control bit for the DTApin When set. DR 13 actrve {Low), when
reset. DTR is inactive iHigh)

WRITE REGISTER 6

This reQister 18 programmed 1o contan the transmt sy character in the Monosync mode, the first
egnt bas of 2 16-bit syne character in the Bisyne mode of 3 ransmit sync character in the External
Sync mode In the SOLC mode. it 13 programmed 1o contan the secondary address hald used to
compare aganst he address held of the SOLC frame.

09 Og Og 04 | 0y 02 0y
Syrc 7 Sync 6 Syrc S Sync 4 1 Sync 3 Syrc 2 Sync 1 Sync O
\VRITE REGISTER 7
This register 1s programmed Lo contain {he recewve sync character in the Monasyne mode, 3 second
byte {last erghtbats) of a 16-bit sync characier in the Birsyne mode and a tag character (011111 101in
1he SOLC mode WR7Y 1 not used in the Evternal Sync mode
09 Dg Og Q4 o1 [+3] 04
Symc 15 Sync 14 Sync 13 Swnc 12 Swvnc 11 Sync 10 Sync 9 Sync 8




READ REGISTERS INTRODUCTION 1

The 280-510 contains three reqm-rk ARO-RR2 (Fiquu7 1), that can ba read to ottan the statlus
irdormation for each channel (except for AR2-Chaninel B only). The status information includes error
conditions, intarrupt vector and standard communications-nterfacs Sgnala

To read the contents of & selocted ruJ ragister other than RRO, tha system program must firstwrite the
pointer byte 1o WROin exactly the same way as b wiite rogister operation. Then, by executing aninput
instruction, the contents of the mwrm'wunurmwm CPU.

Thae status bits of RROsnd RR1 are u'reluliygvouped 10 simplify status montoring. For example, when
(e interrupt vector indicates that 2 Special Aacerve Condition intarrupt has occurred. 8ft the
dpproonate orror bits can be read from 8 single reqistar {RR11

READ REGISTER O

This register contains the status o ihe receive and transmi buffers, ihe DCO. CTS and SYNC inputs,
the Transmnt Undorrun/ EOM latch; and the Bresk/Abort latch.

Og Og D4 03 o, . 0| Do

Break Transma [otf:] Tync/ BOCo Transma Tnterrupt ‘ Recere

Abort Ungerrun/ i Hunt Buller Empty | Pending | Character
EOM {{Ch A oniv) | Avanavie

Receive Charsctsr Available (Og). This bit is set when st least one character is available in the
_recere butfer; i is reset when the recone FIFO is completety empty.

imteenupt Pending (D). Anyinterrupting conditioninthe 280-S10 causes thig be to be sst: however, L]
s roadatie only in Channel A, Thiste 1s marmly used n applications that do not have vectored imerrupts
availabla. Dunng the intemupt sarvice routna in these spplications, this bit indicates of arry interrupt
conditions are present 1n all Z80-510. This ehminates the need lor analynng alt the bas of RRO in bath
Channels Aand B.Bit Dy isreset when all the interrupting conditions are satisfied. This bitis stways O
in Channel B.

Transmit Butter Empty (D). This bt is sat whenever the transmit bulfer becomes emoty. except
when 8 CRC character is being sant na synchronous or SOLC made. Tha bitis resat when 8 character
i3 loaded into the ransmi butter. This bat is in the st condiion aher a reset

Data Carrier Datect {D3). The OCD tit shows thenverted state of the 5CD input at the hme ol the
Iastchange of any of the hive External/ Status bits (0CD. £TS Sync/Hunt, Break/Abort of Transmit
Underrun/EOM). Any transition of the DCD nput causes the DCDO bit 10 ba tatched and causes an
Extecnal/Status intarrupt. Toreadthe currant stata of the DCObit, this bit must ba read immedately
follcwing a Reset External/Status Intérrupt command. )

Sync/Hunt [Dg). Since this bit1s controdled diferently n the Asynchronous, Synchronous and SOLC
modes, s oparation is somewhat mare comphan than that of the other bits and, theralore, requires
more axplenstion

In Asynchronous modes, the oparation of this bit 1 simitar to the OCO status bit excepl that
Sync/Hunt shows the state of ine EYNC input AnyHigh-to-Low Iransition on 1ha SYNC pen sats thes
bit and causes an External/Status \nterrupt {if enabled). The Resét External/ Status interrupt
command is issued 10 clear the inmtarrupt. A Low-to-High trengition claars thus bet and sets the
Extarnal/Status interrupt. When the External/ Status interrupt 1s set by the change in state of any
other input of condition, this b shows the inverted stato of SYNC pin st the tme ol the changa. This
pit must ba read immadiately following a Reset External/Siatus Interrupt command to read the
current state of the SYNC input

In the External Sync mode, the Sync/Hunt b operstes in 8 fashion similas to the Agsynchronous made,
axcept the Enter Hunt Mode-control bit enables the axiernal sync detection logic. When the Extornat



Syne Mode and Enter Hunt Moda bits aro set (for example, whan the recerver is ensbled following 8
rasat). the SYNC input must be hetd High by the axternal logic until external character synchronization
15 achraved. A High at the SYNC input holds tha Sync/Hunt status ba in tha reset condition

‘When external synchronization 1s achigved, SYNC must be driven Losw on 1he second nsing edge of
AIXC on which the last bit of the sync character was raceived. in other words, ghter the sync patiern s
detected, the externat logic must wait for two full Receive clock cvcleslo acuvate the SYNC input.
Once SYNC i forced Low, it1s a good practice to keep it Low untd the CPU inlorms the external sync
logic that synchromization has been lost or a new message 18 about to start Refer to Figure 8 6 for
Uming details, The High-to-Low transition of the SYNC input sets the Syne/Hum bit, which—in
turn—saets the External/Status interrupt. The CPU must clear the interrupt by 1ssuing the Reset
External/Status Interrupt command

When the STNC input goas High again, ancther External/ Status interrupt is generated that must also
be cleared. The Enter Hunt Moda control bit is set whenever character synchronization i3 lost or the end
of message is detected. In this cass, the Z80-5S10 again looks for 8 High-to-Low transitionon the SYNC
input ard the oparation repests as axplained previcusly. This implies the CPY should alsa inform the
axternal logic that character synchronization has been lost and that the Z280-510 is waiting for SYNCto
becoms active.

READ REGISTER BIT FUNCTIONS
READ REGISTER O *

[(or Toe [ (oo [T [ o1 ® ] o oumcrn

L avanase
INT PENDING (CH A

ONL

Tx BUFFER EMPTY

oCco

SYNC/HUNT

cTs .
Tx UNDERRUN/EOM
BREAK/ABORT

*USED WITH
“EXTERNAL/STATUS
INTERRUPT™ MODE

READ REGISTER 11

(o Lo o [ oo™
L At sent
|FIELD BITS 1 FIELD BTS IN
INPREVIOUS  SECOND
BYTE  PREVIOUS BYTE
1 o 0 0 3
0 1 0 0 4 :
1 1 ) 0 5
0 0 1 0 6
1 0 [ 0 7
0 1 1 0 8
1 1 1 1 8
0 0 0 2 8
L PARITY ERROR *RESIDUE DATA FOR EIGHT Rx BITS/
M Rx OVERARUN ERROR CHARACTER PROGRAMMED
CRC/FRAMING ERROR {USED WITH SPECIAL RECEIVE
END OF FRAME {SDLC) CONDITION MODE
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READ REGISTER 2

r[)’IQSlDSlD‘__LD"DzID"%JVO

v3at | INTERRUPT
va { VECTOR

“ARWBLE IF STATUS AFFECTS VECTOR™ 1S PROGRAMMED 1

in the Monosync and Bisync Recerve modes. the Sync/Hunt status bit 13 inbially set 1o 1 by the Enter
Hunt Mode bit The Sync/Hunt bit 13 reset when ihe Z80-S10 establishes character synchronization
Tha High-to-Low transihon of the Sync/Hunl brt causes an External/Status interrupt that must be
ctearea by the CPU issuing the Aeset External/ Status Interrupt command. This enadies the 280-SI0 to
cerect the next ransitson of other Externai/ Status bits

\When the CPU detects the end of message of that character and Synchronization + lost. it seis ine
€nter Hunt Mede contral Bt which—in furn—sets the Sync/Hunt bit to 1 The Low-to-High
sransion ol the Syre Huntbit sefsthe Extarnal S1dtus mterrupl which must alse e clearegbvine
Qoger Extarnal Sratysicrerryot command Note 1hat (ne SYNC pin acts as an outdut 10 1™s ~ode
ang goes Low “very bme 3 Syne pahern it getectec in the data stream

In the SDLC mode. the Sync - Hunt bitis inttially setby the Enter Hunt moda bit or when the receives 13
disabled [n any case. is reset to O whenthe opemng Nag of the first frame 13 detected by the 280-510
The External. Status interrupt s 3150 qenerated and should be handled as discussed previousty

Uniike tha Monotyne and Bisync mooes, once the Sync Huni bit s reset in ihe SOLC mode, it does not
need 1o Se set when the end of message 13 detecied The 280.S10 automancalty mantang
synchrenization The only way the Syne- Hunt it can be set 3gain is by the Enter Hunt Mode bt or by
disabling the recewer

Clesrto Send {Dg). Thisoitis sumilar tothe DCD bit, except that 1 shows the invented state of the cT
;N

Trensmit Underrun/ End of Messasge iOgl This tet 13 11 @ set conditon lolicvwang » resat {internal or
externall The only command that can reset this tit 13 the Resat Transmit Underrun/ EOM Latch
ccmmand (WR0. Dg and D7) When the Transmut Underrun condion occurs, this et 15 SAL WS
pecoming sel causes the External Status nterrupt, whuch must be reset by ssuing the Reset
Cuternat Status Interrupt command Bits (ARO) This status bt olays an 1mponant role 1 conunction
with otner control bits i controlitng 4 transmit cperanon Reter 1o Bisyne Transmat Unoesrun * and
“SOLC Transmit Underrun * for additional details

Break/Abort (D71 In tne Asynchronous Receive mode. Ihws it 13 set when 2 Breat sequence inull
character plus framing ecrorhis detectedinthe data stream The Externals Status :nterrupt. f enabled. 13
sel when Break 15 detected The interruot senace rouhne must 11sue the Reset Exernals Status
Interrupt command {(WRQ CMDj1t0 ihe break detection log< 30 the Break saguence tesrmination can
on tecognired

The Braak Abort bit is reset when the termination of the Break sequence 13 detected in the incoming
data stream The iermination of the Break sequence alto causes the External’ Status nterrupt 1o be
sot The Raset External Status inteerupt cormmand must be 1ssued to enable the Break derecion Q<
10 tooh lot the next Break sequence A single extraneous null charactes § present  the recenver aher
ine ter—unation of 3 break. it should be read and discarded

In the SDLC Receive mode Thig Status bit S set by the detection ol an Abort sequence {seven or more

1 41 The Extarnal. Statusinterrupt i3 handied the same wary agin Ingcase of a Bresk The BrashsAbort
tt i3 not used n the Synchvonous Recarve mode
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READ REGISTER 1

This register containg the Specal Recsrve condvion status ts and Residue codes for the 1-held 1n the
SDOLC Recena Made

o7 Og O4 Oy 2] 01 59
End ol CRC/ Recerver Parny Resudue Resdue Resdue Al
Frame Framing Overrun Error Cose 2 Code 1 Code O Sem
{SOLC) Error Error
AN Sent{Dq). InAsynchronous modes, thrs bi 13 set when all the characters have cumpletely cleared
the transmutter Transiions of thig bit do not cause interruots The it s atways setin Synchronous
modes.
Residue Codes 0,1,8nd 2{D1-D3). In those cases of the SOLC recarve mode wheve the i-lisld 13 not
an imegral muttiple of the characier length, these three brs indicate the length of the 1-heid Thess
codes are mesningful only for the transter in which the End Of Frame bet s set (SOLC) For 8 recerve
character langth of exght tris per character, (he codes signdy the igllowang
1-Field Bas 1.Freid Buts
Reswdue Resdue Resdue in Previous 1n Second
Code 2 Cooe 1 ' Code O Bvie Prewous Bvie
1 4] b} [} 3
[o] 1 0 0 4
1 1 0 [o] s
o] o] 1 0 6
t o] 1 [¢] 7
0 1 1 0 8
1 1 1 1 L]
o] o] o} 2 8
1.Ervaid bits are noht-justied in all cases
of a recerye character length dfferant from aght bits 13 used for the l-field, a table similar to the previous
one may be constructed lor each different character length For no resxdua (that i, the fast character
bourdary coincides with the boundary of the 1-field and CRC held. the Resxdue codes we
Resiue Resdue Resciue
Bits per Charscier Code 2 Code Cede O
B Bns par Character h} i T
7 Bas per Character 0 [} [
6 Bits par Character [o] 1 Q
§ Brts par Character 0 [} 1

Parity Error [Dg). Whan parrry s enabled. this it 18 set for those char

match the programmed sense (even/ add) The ba s Latched, SO onCe an error ocCurs. # remains set

until the Error Reset command (WRO) s gven

Recnive Overrun Error {Dg). This bt indwcates that more t
without a read from (he CPU! Only the character tha!
but whan this character 18 read. the error condition 8

Status Alfects Vector 1s enabiad. the character thathas
Condition vector.

CRC/ Framing Error [Dg). Hf 8 Framing Error occurs (¥
tatched) for the recsrva character in whic
adds an scditonal one-haif of 3 bt uma 1ot
OLC modes.

» new start bit, In Syncnronous snd §

chacker to the appropniate check value,

m
)

h the Frarnang eer!
e charscier e 50 the Frams
1hrs bet indicates the 1
This bet is reset by issuing an Error

t has be
tatched until reset by the £
belen overrun interrupts with Spec:al Recene

Resnt

acters whoss parity does not

han three characters have been recerved
en writien over 13 flagged with this error
sror Reset command 1t

gynchrenous modesk, thrs bt o set land Not
or occurred. Detechion of 8 Framung Emey
g Ertor s not interpreted a3
ssult of comparing the CRC




ot laiched, 80 it i slwavs updatod whan the next cheracter is received. When used for CRC error and
$1atUs in Synchronous modes, it 1s usually set since Most bit combinstions result in 8 non-tero CRC,
encepd for 8 correctly completed message,

End of Frama (D). This bitis used only with the SOLC mode and indicates that s valid ending flag has
boen receivad and that the CRC Error and Resxdus codes are also valid. This bit can be reset by issuing
the Error Reser command, It is also updated by the (irst character of the loflowing freme.

READ REGISTER 2 (Ch. B Ondy)

This register contains the interrupt vector writen into WR2 if the Status Affects Vector control bit is not
sot. H the cootrol bit is set, it contains the modidied vector shown in the Status AHlects Vector paragraph
of tha Wrrta Regrster 1 sacton, When this regrster is read, the vector returned is modified by the highest
prioeity intefrupting condition at the 1me cf the read. If na interrupts 8ra pending, the vector is modified
with V920, V=1, and Vy = 1. Thig register may ba read only through Channel 8.

D7 0g 05 Ds Dy D Dy Dy

Vy Vg Vg Vg V3 Va2 V) Vg
s — gt
Varable if Status
AHects Vector is
enabled
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The MIDI 1.0 Specification’

Introduction

MIDI is the acronym for Musical Instrument Digital Interface.

MIDI enables synthesizers, sequencers, home computers, thythm machines, etc.
to be interconnected through a stnndn.rcxl interface.

Each MIDI-equipped instrument usually contains a receiver and a transmitter.
Some instruments may contain only a receiver or transmitter. The receiver
receives messages in MIDI format and executes MIDI commands. It consists ofan
opto-isolator, Universal Asynchronous Rgceiver/T ransmitter (UART), and other
hardware needed to pecform the intendéd functions. The transmitter originates
messages in MIDI format, and transmits them by way of a UART and line driver.

The MIDI standard hardware and data format are defined in this specification.

Conventions _ -

Status and Data bytes given in Tables I through VI are given in binary.
Numbers followed by an “H" are in hexadecimal.

All other numbers are in decimal.

MIDI Manufacturers Association, 5316 West 57th Street, Los Angeles, CA 90056
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Hardware

The interface operates at 31.25 (£ 1%) Kbaud, asynchronous, with a start bit,
8 data bits (DO to D7), and a stop bit. This makes a total of 10 bits for a period of
320 microseconds per serial byte.

Circuit: 5 mA current loop type. Logical 0 is current ON. One output shall drive
one and only one input. The receiver shall be opto-isolated and require less than
5 mA to turn on. Sharp PC-900 and HP 6N138 opto-isolators have been found
acceptable. Other high-speed opto-isolators may be satisfactory. Rise and fall
times should be less than 2 microsecor*ds.

Connectors: DIN 5 pin (180 degree) female panel mount receptacle. An example
is the SWITCHCRAFT 57 GBS5F. The connectors shall be labelled “MIDI IN" and
“MID1 OUT."” Note that pins 1and 3 are fot used, and should be left unconnected
in the receiver and transmitter. X

OPTOISOLATOR N3

PC-500
2 6 l R, (FOR PC-900)
L
L SV
tiog, 0.% 13/ 2700 l

NG TNoTa oV -3 TO UART
s| 12l 1 200
NG 2 ne
RECEIVER
MIDLIN
+5V
R,%ZZO Q MIOI HARDWARE
FROM >. b' Re | e——
ART .
u 220 Q l 5 NOTES:
N 1. Optoisolator currently shown is
Sharp PC-800. HP 6N138 or other
NC NC optoisolator.can be used with

TRANSMITTEH appropriate changes.

2. Gales "A" are IC or transistor.
MIDI QUT 3. Resistors are 5%

Fig. A-1. Standard bhardware configuration for MIDI in, out, and thru ports.
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Cables shall have a maximum length of fifty feet (15 meters), and shall be
terminated on each end by a corresponding 5-pin DIN male plug, such as the
SWITCHCRAFT 05GM5M. The cable shall be shielded twisted pair, with the
shield connected to pin 2 at both ends.

A “MIDI THRU" output may be provided if needed, which provides a direct copy
of data coming in MIDI IN. For very long chain lengths (more than three
instruments), higher-speed opto-isolators must be used to avoid additive rise/fall
time errors which affect pulse width duty cycle.

Data Format

Al MIDI communication is achieved through multi-byte “messages” consisting of
one Status byte followed by one or two Data bytes, except Real-Time and
Exclusive messages (see below).

Message Types

Messages are divided into two main categories: Channel and System.

Channel

Channel messages contain a four-bit numberin the Status byte which address the
message specifically to one of sixteen channels. These messages arc thereby
intended for any units in a system whose channel number matches the channel
number encoded into the Status byte.

There are two types of Channel messages: Voice and Mode.

Voice-To control the instrument's voices, Voice messages are sent over the Voice
Channels. .

Mode-To define the instrument’s response to Voice messages, Mode messages
are sent over the instrument’s Basic Channel.

System

System messages are not encoded with channel numbers.
There are three types of System messages: Common, Real-Time, and Exclusive.

Common—Common messages are intended for all units in a system.
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Real-Time—Real-Time messages are intended for all units in a system.

They contain Status bytes only—no Data bytes. Real-Time messages may be sent
atany time—even between bytes of amessage which has a different status. Insuch
cases the Real-Time message is either ignored or acted upon, after which the
receiving process resumes under the previous status.

Exclusive—Exclusive messages can contain any number of Data bytes., and are
terminated by an End of Exclusive (EOX) or any other Status byte. These
messages include a Manufacturer’s [dentification (ID) code. If the receiver does
.not recognize the [D code, it should ignore the ensuing data.

So that other users can fully access MIDI instruments, manufacturers should
publish the format of data following their ID code. Only the manufacturer can
update the format following their ID. .

Data Types .

Status Bytes

Status bytes are eight-bit binary numbers in which the Most Significant Bit (MSB)
is set (binary 1). Status bytes serve to identify the message type; that is, the
purpose of the Data bytes which follow the Status byte.

Except for Real-Time messages, new Status bytes will always command the
receiver to adopt their status, even if the new Status is received before the last
message was completed.

Running Status—For Voice and Mode messages only, when 2a Status byte is
received and processed, the receiver will remnain in that status until 2 different
Status byte is received. Therefore, if the same Status byte would be repeated., it
may (optionally) be omitted so that only the correct number of Data bytes need
be sent. Under Running Status, then, a complete message need only consist of
specified Data bytes sent in the specified order.

The Running Status feature is especially useful for communicating long strings
of Note On/Off messages, where “Note On with Velocity of 0" is used for Note
Off. (A separate Note Off Status byte is also available.)

Running Status will be stopped when any other Status byte intervenes, except
that Real-Time messages will only interrupt the Running Status temporarily.

Unimplemented Status—Any status bytes received for functions which the
receiver has not implemented should be ignored, and subsequent data bytes
ignored.
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Undefined Status—Undefined Status bytes rmust not be used. Care should be
taken to prevent illegal messages from being sent during power-up or power-
down. If undefined Status bytes are received, they should be ignored, as should
subsequent Data bytes.

Data Byteé

Following the Status byte, there are (except for Real-Time messages) one or two
Data bytes which carry the content of the message. Data bytes are eight-bitbinary
numbers in which the MSB is reset (binary 0). The number and range of Data
bytes which must follow each Status byte are specified in the tables which follow.
For each Status byte the correct number of Data bytes must always be sent. Inside
the receiver, action on the message should wait until all Data bytes required
under the current status are received. Receivers should ignore Data bytes which
have not been properly preceded by a valid Status byte (with the exception of
“Running Status,” above). '

Channel Modes

Synthesizers contain sound generation elements called voices. Voice assignment
is the algorithmic process of routing Note On/Off data from the keyboard to the
voices so that the musical notes are correctly played with accurate timing.

When MIDI is implemented, the relationship between the sixteen available MIDI
channels and the synthesizer’s voice assignment must be defined. Several Mode
messages are available for this purpose (see Table 1iI). They are Omni (On/Off),
Poly, and Mono. Poly and Mono are mutually exclusive, i.e., Poly Select disables
Mono, and vice versa. Omni, when on, enables the receiver to receive Voice
messages in all Voice Channels without distrimination. When Omni is off, the
receiver will accept Voice messages from only the selected Voice Channel(s).
Mono, when on, restricts the assignment of Yoices to just one voice per Voice
Channel (Monophonic.) When Mono is off (=Poly On), any number of voices
may be allocated by the Recciver’s normal voice assignment algorithm (Poly-
phonic).

For a receiver assigned to Basic Channel “N," the four possible modes arising
from the two Mode messages are:
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Mode Omni

1 On Poly Voice messages are received from all Voice
Channels and assigned to voices polyphonically.
2 On Mono Voice messages are received from all Voice

Channels, and control only one voice.
monophonically.

3 Off Poly Voice messages are received in Voice Channel
N only, and are assigned to voices polyphonically.
4 off Mono Voitce messages are received in Voice Channels N

thru N+M-1, and assigned monophonically to
voices 1 thru M, respectively. The number of voices
Mis speciﬁeld by the third byte of the Mono Mode

Message.
!

Four modes are applied to transmitters (also assigned to Basic Channel N).
Transmittecs with no channel selection capability will normally transmit on Basic
Channel 1 N=0).

Mode Omni

1 On Poly All voice messages are transmitted in Channel N.
2 On Mono Voice messages for one voice are sent in
Channel N.
3 off Poly Voice-messages for all voices are sent in
Channel N.
4 oft Mono Voice messages for voices 1 thru M are transmitted

in Voice Channels N thru N+M -1, respectively.
(Single voice per channel.)

A MIDI receiver or transmitter can operate under one and only one mode at a
time. Usually the receiver and transmitter will be in the same mode. If a mode
cannot be honored by the receiver, it may ignore the message (and any
subsequent data bytes), or it may switch to an alternate mode (usually Mode 1,
Omni On/Poly).

Mode messages will be recognized by a receiver only when sent in the Basic
Channel to which the receiver has been assigned. regardless of the current mode.
Voice messages may be received in the Basic Channel and in other channels
(which are all called Voice Channels), which are related specifically to the Basic
Channel by the rules above, depending on which mode has been selected.

A MIDI receiver may be assigned to one or more Basic Channels by default or by
user control. For example, an eight-voice svnthesizer might be assigned to Basic
Channel 1 on power-up. The user could then switch the instrument to be
configured as two four-voice synthesizers, cach assigned to its own Basic
Channel. Separatc Mode messages would then be sent to each four-voice
synthesizer, just as if they were physically separate instruments.

ok .
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Power-Up Default Conditions |

On power-up all instruments should defadlt to Mode #1. Except for Note On/Off
Status, all Voice messages should be disabled. Spurious or undefined transmis-
sions must be suppressed.

Table 1. Summary of Status Bytes

Status # of Data
D7— DO Bytes Description

Channel Voice Messages

1000nnnn 2 Note Off event
1001nnnn 2 Note On event (velocity=0: Note Off)
1010nnnn 2 Polyphonic key pressure/after touch
1011nnnn 2 Control change
1100nnnn 1 Program change
1101nnnn 1 Channel pressure/after touch
1110nnnn 2 Pitch bend change
Channel Mode Messages
1011nnan 2 Selects Channel Mode
System Messages
11110000 b System Exclusive
11110sss 0to2 ~  System Common
11111ete 0 System Real Time
Notes:
nnnn: N-1, where N = Channel #, -

i.e., 0000 is Channel 1.
0001 is Channel 2.

1111 is Channel 16.
HEKEK, Qiiiiiii, data, ..., EOX

fiiiiii: Identlﬂcatlon
$55: l1to7
tee: Oto7
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Table II. Channel Voice Messages

Status Data Bytes Description
1000nnnn Okkkkkick Note Off (sce notes 1-4)
Ovvvvvvy vvwvvvy: note off velocity
1001nnnn Okkkkkkk Note On (see notes 1-4)
Ovvvvvvv vvvvvvy - 0: velocity
vwwvvvy = 0: note off
1010nnnn Okkkklckk Polyphonic Key Pressure (After-Touch)
Ovvvvyvy vvvvvyv: pressure value
1011nnnn Occeecce Control Change
Ovvvvvvy ccecece: control # (0-121)

(see notes 5-8)
wvwwvvvy: control value
- - cececee = 122 thru 127: Reserved.

(See Table I1I)
1100nnnn OpppppPPP Program Change
pPPPPPp: program number (0-127)
1101nnnn Ovvvvvvy Channel Pressure (After-Touch)
vvvvyvv: pressure value
1110nnnn Ovvvvvvy Pitch Bend Change LSB (see note 10)
Ovvvvvvv pitch Bend Change MSB  ~

Notes:
1. nann: Voice Channel # (1-16, coded as defined in Table I notes)

2. kkkkkkk: note # (0 - 127)
kkkkkkk = 60: Middle C of keyboard
0 12 24 36 48 60 72 84 96 108 120 127

ac ¢ ¢ ¢ ¢ ¢ ¢ ¢
| ——————- piano range — X

3. vwvvvvv: key velocity
A logarithmic scale would be advisablée.
0 1 64 127

off ppp PP P mp mf f ff i .
vwvvvvv = G4: in case of no velocity sensors i
vwwyvwwv = 0: Note Off, with velocity = 64

4. Any Note On message sent should be balanced by sending a Note Off 1
message for that note in that channel at some later time.

"t‘t\k

»
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5. ccccecce: control number

cceeecc Description

0 Continuous Controller 0°MSB

1 Continuous Controller 1 MSB (MODUIATION BENDER)
2 Continuous Controller 2 MSB )

3 Continuous Conuoller 3 MSB

4-31 Continuous Controllers 4-31 MSB

32 Continuous Conrtroller 0 LSB

33 Continuous Conuroller 1 1L.SB (MODULATION BENDER)
34 Continuous Controller 2 L.SB

35 Continuous Controller 3 LSB

36-63 Continuous Controllers 4-31 LSB

64-95 Switches (On/Off)

96-121 Undefined

122.12° Reserved for Channel Mode messages (see Table I).

6. All controllers are specifically defined by agreement of the MIDI Manu
facturers Association (MMA) and the Japan MIDI Standards Committee
(JMSC). Manufacturers can request through the MMA or JMSC that logical
controllers be assigned to physical ones as necessary. The controller
allocation table must be provided in the user’s operation manual.

7. Continuous controllers are divided into Most Significant and Least Signifi
cant Bytes. If only seven bits of resolution are needed for any particular
controllers. only the MSB is sent. It is not necessary to send the LSB. If more
resolution is needed, then both are sent, first the MSB, then the LSB. Ifonly
the LSB has changed in value, the LSB may be sent without re-sending the -
MSB.

8. vvvvvvv: control value (MSB)
(for controllers)

0 - - 127
. min max

(for switches)

0 - - - - - - - - - - 127
off on

Numbers 1 through 126. inclusive, are ignored.

Y. Any messages (€.g8., Note On), which are sentsuccessively under the same
status, can be sent without a Status byte until a different Status byte is
needed.

10. Sensitivity of the pitch bender is selected in the receiver. Center position
value (no pitch change) is 2000H. which would be transmitted
EnH-001-40H.
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Table 1II. Channel Mode Messages

Status Data Bytes Description
1011nnnn Occeccce Mode Messages
Ovvvvvvy
cccccee = 122: Local Control -
vwwwwvy = 0, Local Control Off
vwwwvvv = 127, Local Control On
ccecccee = 123: All Notes Off
vwvvyvy = 0
cccccee = 124: Omni Mode Off
(All Notes Off)

vvvvvvy = 0

cccecce = 125: Omni Mode On
(All Notes Off)

vvwvvvy = 0

ccceceee = 126: Mono Mode On
(Poly Mode Off)
(All Notes Off)

wyvvyy = M, where M is the number
of channels.

wwyvvwy = 0, the number of channels
equals the number of voices
in the receiver.

cetecce = 127: Poly Mode On
(Mono Mode Off)

vwyvvvy = O (All Notes Off)

Notes:
1. nnnn: Basic Channel # (1-16, coded as defined in Table I)

2. Messages 123 thru 127 function as All Notes Off messages. They will turn off
all voices controlled by the assigned Basic Channel. Except for message 123,
All Notes Off, they should not be sent periodically, but only for a specific
purpose. In no case should they be used in lieu of Note Off commands to
turn off notes which have been previously turned on. Therefore any All
Notes Off command (123-127) may be ignored by receiver with no possibil-
ity of notes staying on, since any Note On command must have a corre-
sponding specific Nore Off command.

3. Control Change #122, Local Control. is optionally used to interrupt the
internal control path between the keyboard, for example, and the sound-
generating circuitry. If 0 (Local Off message) is received, the path is
disconnected: the kevboard data goes only to MIDI and the sound-
generating circuitry is controlled only by incoming MIDI data. If a 7FH
(Local On message) is received, normal operation is restored.

4. The third byte of “Mono" specifies the number of channels in which
Monophonic Voice messages are to be sent. This number, “M", is a numbef
berween 1 and 16. The channel(s) being used, then, will be the current

. e
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Basic Channel (=N) thru N+

!

M-1 ub to a maximum of 16. If M=0, this is

a special case directing the receiver to assign all its voices, one per channel,
from the Basic Channel N through 16.

Table IV. System Common Messages

Status Data Bytes Description

11110001 Undefined

11110010 Song Position Pointer
ounuit L1 (Least significant)
Ohhhhhhh hhhhhhh: (Most significant)

11110011 05555558 Song Select

sssssss: Song #

11110100 Undefined

11110101 Undefined

11110110 none Tune Request

11110111 none EOX: “End of System Exclusive” flag

1. Song Position Pointer: Is an i

nternal cegister which holds the number of

MIDI beats (1 beat = 6 MIDI clocks) since the start of the song. Normally
it is set to 0 when the START switch is pressed, which starts sequence
playback. It then increments with every sixth MIDI clock receipt, until STOP
is pressed. If CONTINUE is pressed, it continues to increment. It can be
arbitracily preset (to a resolution of 1 beat) by the SONG POSITION
POINTER message.

2. Song Select: Specifies which song or sequence is t0 be played upon receipt

of a Start (Real-Time) message.

3. Tune Request: Used with analog synthesizers to request them to tune their

oscillators.

4. EOX: Used as a flag to indicate the end of a System Exclusive transmission

(see Table VI).
Table V. System Real Time Messages

Status Data Bytes Description
11111000 Timing Clock
11111001 Undefined
11111010 Start
11111011 Continue
11111100 Stop
11111101 Undefined
11111110 Active Sensing
11111111 System Reset
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Notes:

1. The System Real Time messages are for synchronizing all of the systemin real
time.

2. The System Real Time messages can be sent at any time. Any messages which
consist of two or more bytes may be split to insert Real Time messages.

3. Timing clock (F8H)
The system is synchronized with this clock, which is sent at a rate of 24
clocks/quarter note.

4. Start (from the beginning of song) (FAH)
This byte is immediately sent when the PLAY switch on the master (e.g.,
sequencer or rhythm unit) is pressed.

5. Continue (FBH)
This is sent when the CONTINUE switch is hit. A sequence will continue
at the time of the next clock.

6. Stop (FCH)
This byte is immediately sent when the STOP switch is hit. It will stop
the sequence.

7. Active Sensing (FEH)
Use of this message is optional, for either receivers or transmitters. This
is a “dummy” Status byte that is sent every 300 ms (max), whenever
there is no other activity on MIDI. The receiver will operate normally if it
never receives FEH. Otherwise, if FEH is ever received, the receiver will
expect to receive FEH or a transmission of any type every 300 ms (max).
If a period of 300 ms passes with no activity, the receiver will turn off the
voices and return to normal operaton.

8. System Reset (FFH) .
This message initializes all of the system to the condition of just having

turned on power. The system Reset message should be used sparingly,
preferably under manual command only. In particular, it should not be
sent automatically on power up.
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Table VI. System Exclusive Messages

1. iiiiiii: identification ID (0-127)

Status Data Bytes Description
11110000 Bulk dump etc.

OQiiiiiii iiiiiii: identification

(Otltt.llt:)
Any number of bytes may be sent here,
for any purpose, as long as they all
have a zero in the most significant bit.

(ol*tt‘tt)

11110111 EOX: “End of System Exclusive”

Notes:

2. All bytes between the System Exclusive Status byte and EOX or the next
Status byte must have zeroes in the MSB.

3. The ID number can be obtained from the MMA or JMSC.

4. In no case should other Status or Data bytes (except Real-Time) be
interleaved with System Exclusive, regardless of whether or not the ID code
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The MIDI
Implementation Chart

It is not always necessary for a MIDI device to transmit or receive every type
of MIDI message that is defined by the MIDI specification. Certain messages may
not relate to the function of a device. For example, it is only required of a synth
‘module that it respond to note-on/off messages since there is no built-in
keyboard controller for transmitting them. Other devices might limit various
MIDI messages due to such factors as design limitations or cost-effectiveness. For
instance, should a velocity-sensitive keyboard controller be used to control a
synthesizer that does not respond to velocity. messages, no amount of keyboard
banging will result in a change in volume. As a result, the velocity message is
simply ignored by the synthesizer. . :

To insure that two or more MIDI devices will be able to communicate MIDI
events effectively, the MMA and the JMSC have devised the MIDI Implementation
Chart (Fig. B-1), which relates all of the MIDI capabilities of a specific MIDI device
to the user at a glance using a standardized printed format.

From the user’s standpoint, when considering a new piece of equipment, it
is always wise to compare its implementation chart with other devices within the
existing MID! system. This will ensure that the device will recognize existing
messages and/or add to the capabilities of the current system.

Guidelines for Using the Chart

The MMA specifies that the MIDI implementation chart be printed the same size
using a standardized spreadsheet format consisting of 4 columns by 12 rows. The
first column lists the MIDI function in question. The second lists information
relating to whether (or how) the device transmits this function's data. The third
lists whether (or how) the device recognizes (receives) this data. and the final
column is used for additional remarks by the manufacturer.




« Note off: Indicates whether the device is capable of transmitting and
responding to variable release velocity messages. Many devices use a
message (note-on velocity = 0) to indicate a note-off condition. This is often
indicated in the chart by 9VH v=0 or $9n 00, which is the hexadecimal
equivalent for this message.

After Touch

After touch indicates how pressure data is transmitted or received. The subhead-
ings for this function are key’s and ch’s.

+ Key's: This indicates if the device will transmit or receive independent
polyphonic-pressure messages for each key.

« Ch's: Indicates whether the device is capable of transmitting or receiving
channel-pressure changes (a common after-touch mode, providing one
pressure value for an entire MIDI channel).

Pitch Bender

Pitch bender indicates if the device is capable of transmitting or receiving pitch-
bend information. If so, the remarks column will often give information as to the
pitch bend range and resolution. ‘

Control Change

Control change indicates whether the device is capable of transmitting of
receiving continuous-controller messages. The chart will often list which of these
messages are supported in addition to providing a detailed breakdown of their
parameters within the remarks column. -

Program Change ‘

This category indicates if the device is capable of transmitting or receiving
program-change messages. True # indicates the message numbers that are actu-
ally supported by the device's program-change buttons.

System Exclusive

This indicates if the device is capable of transmitting and receiving system ex-
clusive data. The remarks column will often give general information s to which
type of SysEx dara is supported. However, more detailed data will generally be
provided within the device's manual.




Despite cfforts at standacdization, slight inconsistencies within the chart’s
specifications allow for variations in the symbols, abbreviations, spelling, etc. that
can be used by different manufacturers. The following guidelines provide a basic
understanding of these differences.

* In general, the symbol O is used to indicate that a MIDI function is
implemented, while an X is used to show that the function is not imple-
mented. However, some charts mayuse an Xto equal ayesand an O to equal
a no. This will usually be indicatetl within a key at the lower right-hand
corner of the chart.

* OXor“*" is used to indicate a selectable function. Further information on
the range or type of selectability will be placed within the remarks column.

* MIDI modes are listed as follows:

Mode 1 (omni on, poly)
Mode 2 (omni on, mono)
Mode 3 (omni off, poly)
Mode 4 (omni off, mono)

" These will often be listed at the bottom of the chart. Occasionally abbre-
viations of these modes (i.e., omni on/off, omni on or poly) may be used by
a manufacturer.

Detailed Explanation of the Chart

The following is a detailed explanation of the various functions and their related
categories that are found within the chart.

Header

The beader provides the user with the model number, brief description, date,
and version number of the device.

Basic Channel

Basic channel indicates which MIDI channels are used by the device to transmit
and receive data. The subheadings for this function are default and changed.
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* Default: This indicates which MIDI channel is in use when the device is first
turned on.

« Changed: This indicates which of the MID! channels can be addressed after
the device is first turned on.

Mode

Mode indicates which of the MIDI modes may be used by the device. The
subheadings for this function are default, messages, and altered.

« Default: This indicates which of the four MIDI modes is active when the
device is first turned on.

* Messages: This describes which of the four MIDI modes can be transmitted
or recognized by the device.

« Altered: This refers to mode messages which cannot be recognized by the
device. It may be followed by a description of the mode that the device
automatically enters into upon receiving a request message for an unavail-
able mode.

Note Number

The transmitted note number indicates the range of MIDI note numbers that are
transmitted by a device. The maximum possible range spans from 0--127, while
21-108 corresponds to the 88 keys of an extended keyboard controller. Should
the note number be greater than the actual numberofkeysona keyboard device,
a key transposition feature is indicated.

The recognized note number indicates the range of MIDI note numbers that
can be recognized by a device. MIDI notes that are out of this range shall be, i
ignored by this device. A second note number range, known as ¢rue voice, in- )
dicates the number of notes the device can actually play. Recognized notes that
are out of the actual voice range are transposed up or down in octaves until they
fall within this range.

Velocity S

This category indicates whether the device is capable of transmitting or receiving
attack- and release-velocity messages. The subheadings for this function are note
on and note off.

« Note on: This indicates if the device is capable of transmitting and respond-
ing to variable-velocity (attack) messages. Not all dynamically controliable
devices respond to the full velocity range (1~127). Some devices, such as
drum machines, respond to a finite number of velocity steps.




. Tranamitted Recognired Remarks
F‘m *ve
Basic Default 1~18 1-18 memorized
Channel Changed 1-18 . 1-18
Defzult Mode 3, 4 Made 3
Mode Messages OMNI OFF, MONO POLY | x memorized
Alterd seaessese
Note 5 0-127 0-127
Number True Voice srensnans 12-108
Veloci Note ON Ov=}-127 Ov=1-127
ocity Note OFF X 9n ve0 - Ix
!
Aftlof Key's x x
Touch Ch's x . R I
Pitch Bender (o] O 0- 24 semitone
1|0 [e) Modulation
2-51 x x L
6| »= s Data Entry MSB
710 (e} Volume
8-15]| % x
16| x O General Purpose Control-l
17-37] x x
Control K EEE] x Data Entry LSB
39-631 x x
Chance 64 | x O Hold 1
. 65~80 | x x
a1l x @] Genaral Purpose Control-1
82~-99 | x x
100-101 | s = (0) =5 (0) RPC LSB. MSB
102~ 120 x x i
121 | O ] Reset All Controllers i
Proo 00-127 Oo-1271.
Change JTrue 2 saeshekn 0-127
System Exclusive o e}
System Song Pos x x
e st | :
Tune x x . >
Systemn Clock x
Real Time Commands > x .
Local ON/OFF | x x
Aux All Notes OFF x o]
Messsgs  Active Sense (o] (0]
Reset x x
N «Control Change messages from 0 to 95 whch sre recogmzed through Control channel -
otes are transmutied theogh a8 the channels which are used in Branches. Howdver. Genersl
Purpose Control -1 and General Purpose Control = 6 are converted into the same
functions 33 the FC-100 EV-S assign and the FC100 Swatch 233:0n m the System
Setup, and are tsmundted.
« «APC = Registered Paramater Control Number RPC 80 : Bender Range
The valse of is 10 be de by o data.
Mode 1: OMNt ON, POLY Mode 2: OMNI ON, MONO ’ QO Yes
Mode 3: OMNI OFF. POLY Mode 4: OMNI OFF, MONO ® : No

Fig. B-1. Example of a MIDI Implementation Chart.




System Common

This indicates whether the device is capable of transmitting or receiving the
different types of system common messages. such as SPP, MIDI time code, song
select, and tune-request messages.

System Real Time

This category indicates whether the device can transmit or receive system real-
time messages. The subheadings for this function are clock and commands.

« Clock: This refers to the device’s ability to receive or transmit MIDI clock
messages. A device that can transmit MIDI clock may be used to provide
master timing information within a MIDI system, while a device capable of
receiving clock data may only be slaved to other MIDI devices.

¢ Commands: This indicates whether the device is capable of transmitting or
responding to start, stop, and continue messages.

Aux Messages

This indicates if a device is capable of transmitting or receiving local control-on/
off, all notes-off, active-sensing, and system-reset messages.
i
i)
Notes x

This area is used by the manufacturer to comment on any function or implemen-
tation particular to the specific MIDI device.

o
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MIDI1 Implementation Chart
ot
LA SOUND MODULE

Modle CM — I2L.
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LA SOUND MODULE Date : Apr. 18. 1988

Model CM — 32L MIDI Implementation Chart Version : 1.00
. Transmitted Recognized Remarks
Function ¢+
Basic Default X 2-10
Channel Changed X X
Default X 3
Mode Messages X S
Alterd % %k %k sk k %k % k %k X
Note . X 0-127
Number True Voice * % % % ok & k K k 12-108
Velocit Note ON X Ov=1-127
cry Note OFF X X
After Key's X X
Touch Ch's X X
Pitch Bender X O
11 % O Modulation
2-5| X% X
6| X * Data Entry
7| x O Volume
8 9] X X
10 ] x O Pan
Control 11| x O Expression
Change 12-63 | x x
64 | x O Hold 1
65-99 | x X
100, 101 | x * (0) RPN LSB, MSB
102~ 120 | % X
121 | % O Resets Al Controllers
Prog x O0-127
Change True # %k %k kK k ok k% 0-127
System Exclusive O O
Song Pos X X
System
Song Sel X X
Common
Tune X X
sttem Clock X X
Real Time Commands X X
Local ON/OFF X x
Aux All Notes OFF X O (23-127)
Message Active Sense X O
Reset X X
Notes \ * RPN =Registered Parameter Number
RPN # O : Pitch Bend Sensitivity
The value of parameter is to be determined by entering data.
a1
Mode 1 : OMNI ON, POLY Mode 2 : OMNL "ON, MONO O : Yes

Mode 3: OMN! OFF, POLY Mode 4: OMNI OFF, MONOQ X : No
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