tns@nmn 2531
N7 LERauEiaLasT luniveuss nan1

(COMPUTER MUSIC I)
an

- 4
UKD LU HETINY

o

s
WA tszAnn  atiunTilsuss
< .4
Pa1n U eRanilaste
dai oo
BIRITENUTNND

W.f. A7786 WR3

*

LB e,
)

o
gggau“ﬁ&uhs

UL3131

~



./
Woglwusiinsfingn 2531

o {
MM SmnTTunouininet
S ¢ -
ﬂmsvﬂvniﬁuﬂwam7 anwnuznnTuTaﬂwveqautna1Lawﬂmnnwﬁawﬂnﬁzno
509 an?wnauwvtmﬂ71unnoaun7 nau 1 (Computer Music 1)

w3ai
. ¥ ¢
1. 4@y OATIIY
e ¢ v
2. wWaATTEAN FUNTUFNTY
o 2 {
3. WAl Joamingdn

.I."".'.‘T..:-:—....‘.‘..ajqq?ﬂnﬂ?nvq
« wite psTde  luwd )




4 '
017 Waaudniead lunmeemd naul
L]
&~

(COMPUTER MUSIC I):

Tos

- (
UNAIY 1A BaTIN

( [ vd
U1 dardnn aatundilsuis

d
UNE1 Y ERB G bt

fad
2713 15ENUTNEN

§ﬁ1ﬂﬁﬁﬁm1ﬂaﬂié AaTite  luad

’ P dor
IngusdmiinRoanddng mdaadadtioma
I's
AN TINARUN L 518 T
- 4
A AN INTTUAVTAT
ﬁnﬁﬁutnﬂTuTaﬁwszaaumnﬁnt5wqmnw11awwn7sﬁq

th3dnen 2531



M7 s tead luneusd nay 1

-r ‘
PN IEUN DRTINHE

-

'
wFglsednn anunduseis
<f < 4oy’
wNEIT M Ivdnnilnade
(l
ud.a7330  weT  p1R1sanIaun

dnq9@nen 2521

1méiaga
rl - a ¢ oo N o o X q'vlu v
wWnetivudatinl 1301 3ot InNeasIun [HRINNITANEIRAZNARBNA TN
¥ . ) ] ' n
R3S Inansle (MIDI Interface) Tt ihieTaviian W donmasenineizuuaay
o s (4 : -1 Q. v -
ﬁatmainnqﬂnﬁmmum%ﬁaﬂunﬁnsﬁwqauﬁmigﬂuﬁﬁ (Potocol) W@wnsndenais
: \
arviiu e wegndienmma iy - deliawanuaynaussBelasii
. ‘ < iy ] 1 % é .
(Serial Asynchronous) #ngmawi$a 31250 In da Jud  wunnsilawadn
Y : [] o
(Port)  évim IvH Z-80 510 1 HuiananeTun v Tusslayauariiuva i ey
é
grassiinamune 2 LannsLdae
- -1 ’ "o o 'e
nwsqﬁQﬂumanaﬂqﬁaawLﬁuﬁaqﬁTﬂsunﬁuniugunﬂianqumwuumqmqﬂssaqﬂ
5 ° -'ﬂ}u © =Y 4 < P [y <
9513 1T 99 EiE 2 N1 THNA LN L AASHNT 28 L HINNTT L TAUNITHEUA AU T
X . . ; .. . .
(Music Computer Aided Instruction) Tant Sudien Waunsud mTusauL an
) v‘i“luldz F % ) ) . ‘ly o o T:u * ]
wial? il sl mauadunnau. Higananaedaii lauasd ot auiwasang

a &



Computer Music I

Jettana Akaravong
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Professor Assistant Kanchit Maitri Advisor

1988

Abstract

This. thesis arranges from the studying and invention of MIDI
Interface circuit which is the circuit to interface between
computer system and MIDI musical instruments. The MIDI protocol
is serial asynchrous communication speed 31,250 bps. via MIDI
port.. So we use 2—80 SIO to control tﬁe data communication and
use crystal oscillator 2 MHz. to generate clock signal.

In the use of MIDI Inierfacé ,we must- have a control pfogram.
In this project , we use a computer to teach music (Music
‘ Computer Aided Instruction). We start with a program to teach_
children and ones who do not have any knoﬁledge about music in

‘order to recognize music notes and can play the easy songs.
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Appendix

WRITE REGISTERS

The Z80-510 comains eipht reqisiers IWRO-WR7) in each charninel that are programmed separately by
the svsiem program 1o configure the functionsl personalny of the channels With the exception of WRS
Programming the wrfle repisiers requires two bytes The tirst byte contains three bits {Do-Dpitnat poin:
10 the seleqiec register, the second byte 1s The Bciusl control word 1hat 1s wimen 1o the reqisier ic
configure the 280 SIO

Note that the progremmer has complete freedom. aher poning 10 the selecied regisier of enher
reacoing 10 1est the read reQister or wrming 10 InLatize the wine repisier By esioring saTware 1o
mnmatize the 280-S10 1n a mooutar and struciured tashion. the programmer can use oowerutblock s C
Mnstructons ‘

WRO s a speciat case in that all the basic commands {CMD(-CMD3) can be sccessed with 8 single
byte Resel imernal or external) nmalizes the ponter bas (Dcr-D3) 10 point 10 WRO

The basic commands (CMD-CMDyland the CRC eontrols (CRCp CRCy)are contameo nthe firs: bvie
of anv write regisier access This mamtaing maumum tlexitulity anc svsterm control Eac™ cnanne’
contains the following conrol regrsters Tnese regisiers are adaressed as commanos (ot 6ata;

WRITE REGISTER 0

WRO 15 1ne command regisier, however, 1 1s also used for CFIC rese1 codes and 10 point 1o the othe”
1egiste’s

Dy Dg (o13 Dg Dz 23] Dy Ce
CRZ * CRC cmp cMD CnD P15 ETR PTF
Reser Rese' b3 s c 2 ° <
Coce Coo:

1 o

Pomier Bits (Dg-Dp} Brs Dp-Dy are pornier bris 1hat oeleriine which other wrile regrster the nex:
Dy1€ 1510 DE wiil1en nto Of which r€ad regrster 1he nexi byie s 1o be reac 1rom Tne hirst bvie wrnennie
each channe! aher a resel ieither by a Resel command of by "he enternat resel inpuli poes nic WRZ
Following & reac & write 10 anv regisier texcept WRO) the pomter wall pornt 10 WR
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Commuand Bns (D3-Dg) Trwee bns D3-Dg sie encooes 1o tisue the seven basic 2B0-SiC

commands
COWMMAND CMD, CMD, CMDg
[ 0 9 4 Noil Commang (no efiect:
1 ¢ ¢ 1 Send Abon {SDLC Mode)
2 4] 1 o] Resel ExiernalsStatus imerrupts
3 ¢ l ) Channel Rese* ’
< 1 -0 0 Enable tnterrupt on next Fix Characier
3 1 [o} i Aeset Transmmer interrupt Fenoing
€ 1 1 [»] Error Reser hatches?
? 1 i 1 Return trom interrupt (Channel 4

Command O {Null) Tne Nuli command has no efiect Its normai use 1S 1o cause the Z80-510 10 oc
nothing while the posniers are set for the foliowing byte

Command 1 {Send Abort). This command 15 used only with the SCLC mooe to penergie 2 seguence
of eght to thineen 1's

Command 2 {Reset External/ Status Imamupts). Atier an Exiernal/Swtus imterrume (2 change on 2
modem hne or 2 break condimon for example). 1he status bas of RRO are laiched This commanc
re-enables 1hem ang BIIOwS INErrupts 10 OCCU! 3pair LAatching 1Ne SIatus DN CDTUIES ShO™ Dulst:
until the CPU has nme 1o read the chanpe

Command 3 [Channel Reset]. This command performs the same funcuion as an External heset. but
only on 3 single channel, Channet A Reset aiso resets the imiermupt prormeanon logic. Al comro!
registers for the channel must be rewrmen sher 3 Channel Reset command

WRITE REGISTER BT FUNCTIONS

WRITE REGISTER O

{ Dy ] Dg ' Dg I Dg l D3 ] D2 ] D, ! Do ‘! G

i } ! ¢ 0 ¢ ‘REGISTER 0
! : i ¢ 0 1 REGISTER 1
) l ¢ ) ¢ REGISTER 2
| i | ) 1 J REGISTER 3
i ! ' o 4 REGISTER &
! ! (2 H REGISTER 5
. ’ ; : ¢ REGISTER €
! ; i : 3 1 REGISTER 7
! 0 ¢ 0 NULL CODE

o ¢ 1 SEND ABORT (SDLC:

o ; 0 RESET EX3 “STATUS INTERRUPTE

o} 1 3 CHANNEL RESET
| ) 0 0 ENABLE INT ON NEXT Rx CHARACTER
1 1 ¢ 3 RESET T INT PENDING \

1 3 ¢ ERROR RESE™

1 i 1 RITURN FROM INT ICH-A ONLY

NULL CODE

RESET oo CRC CHEGWER-
RESET 7x CRC GENERATO®
RESET Tx UNDERRUN/EOM LATCH

- OO
-0 - Q— -




-37- )
i
WRITE REGISTER 1
— - T -
[ o o (o [ o [ 5] o o)
j i ! L EXT INT ENABLE
$ = Tz INT ENABLE
STATUS AFFECTS
VECTOR (CK B ONLY®
|
\ 0 0 Rx INT DISABLE
! o 1 R INT FIRST CHARACTER
i o INT ON ALL fix CHARACTERS (PARITY AFFECTS
VECTOR] .
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT
AFFECT VECTOR,
l—-wmmmv ON R/
WA /READY FUNCTION

WAIT/READY ENABLE N
*OR ON SPECIAL CONDMON

WRITE RLGISTER 2 {CHANNEL B ONLY)

EX 0N I A e o

VO

Vi

v2

V3 | INTERRUPT
Va4 { VECTOR
Vs

VE

V7

WRITE REGISTER 3

Dy i D¢ Dg

L)
J_—
°
b By
\*
[N
i ]
2,
. e}
g
&

RAx ENABLE

SYNC CHARACTER LOAD INH
ADDRESS SEARCH MODE (Si
Rx CRC ENABLE

ENTER HUNT PHASE

AUTO ENASLES

Rx 5 8ITS/CHARAC "ER
Rx 7 BITS/CHARAC JER
o fix 6 BITS/CHARALTER
: Ax B BITS/CHARACTER

E e NS}
-0



WRITE REGISTER 4

% 2 STOP BITS CHARACTEF
2 STOP BITS/CHARACTEFR

| oy Dg Ds D, | D3 | D i D, [
1 f T H ,
| ! ' . { ] t———— PARITY ENABLE
| ! | l - PARITY EVEN ODD
1
] ) 1 ¢ o SYNZ MODES ENABLE
| | ' 0 : 1 STOP BIT/CHARACTER
. o
A

8 8IT SYNC CHARACTEF

16 BIT SYNC CHARACTER
SDLC MODE 101111110 FLAG
EXTERNAL SYNC MODE

O
..y e (Yo

X1 CLOCK MODE
X16 CLOCK MODE .
X32 CLOCK MODE

X64 CLOCK MODE

EIRTI o I o J O
-0 -0

WRITE REGISTER §
[Dv[oelosjoagoaloz]om}ooj

i L TMCRCENABLE

T T
!
’ | ! = 1] RTS
I i . . SDLC/CRC-16
i i { Tx ENABLE
| I t e SEND BREAK
|
0 c Tx 5 BITS (OR LESS)/CHARACTER
0 3 Tx 7 BITS/CHARACTER
! 3 0 Tx 6 BITS/CHARACTER
' 3! 1 Tx 8 BITS/CHARACTER
e L
WRITE REGISTER €
oy 1 g } Dg } D ] 03 ‘I D2 |I Ds Do j;
i I ] L——syNCBITO
i f SYNC BT 1
I i I SYNCBIT2 |
; — SYNC BIT 3
i SYNCBZ [ °
: L .~ SYNC BT S
: L SYNC BFT 6
L SYNC BIT7

“ALSO SDLC ADDRESS FIELD



I
[I]
¥

WRITE REGISTER 7

De

|
l | SYNCamT g \’

SYnCame !
SYNC BIT 101
SYNCBM 11
svncemz/°
L SYNC BN 13

SYNC BIT 12

SYNC BIT 15)

“FOR SDLC T MUST BE PROGRAMMED TO “01111110” FOR FLAG RECOGNITION

Atier 8 Channe! Reset, four exira system clock cycles should be allowed for 280.515 reser 1
before any addihional commands of controts re wisten intothat channel This can normally be the
ume used by the CPU 1o feich the nexi oo code

‘Command 4 {Enable interrupt On Next Cheracter) ¥ the Interrupt On First Recewe Croracrer
s seiecied 1his command reaciates thai mode sher each complele Messape n recevar 10 prepare
the 2BO-SIO tor the nen message

Command 5 (Reset Transmitter interrupt Peading). The transmulter intertupi when e T
buffer becomes empty # the Transmit interrupt Erable mode is selected In those cases where m;
are nomore characiers 1o be sent (a1 the endol for 185UINg th i
further transmier interrupts until Bher the nex characier has been 1088ed 1Mo the tranwrn butter o
untl CRC has been completely sent -

Command 6 (Error Resst) This command resets the error 1Biches Parity snz Cverrir, errors are
latcned 1in RRY unuil they are reset with the command With this scheme, psrmty errony secyrr "
block iransfers can be examined at the endl of the biock ™

Command 7 {Retum From lrternupt]. The command must e 1ssued in Channel 4 pna g erprewe
by the Z80-S10 1n exacily the same way t would interpret 8 FETI command on ve awa tas h resess
the imerrupt-under -service aich of the hghest-prioety internal device unse! servee pre Tws atows
lower priofity devices 10 interrupt via the casy chain This command 8Hows use ¢f the axernal amesy
chain even in systems with no external dasy chasn or RET) commang

CRC Reset Codes 0 and 1 {Dg snd D). Together, these bits seiect one of the tege jo -
commands

CRC Aesel CRC Reset
Coce 1 Cooe O
[« 0 ol Code tno eftect)
(¢} ’ 1 feset Recerve CRC Checker
1 0 Reset Transmn CRC Generso
1 1 Reset Tx Underrun/End Of Meserp iy

N

The Reset Transemut CRC Genersior command normally intiahzes the CR gevwrarc, v o1 05 ¢ oe
SOLC mode 15 setecied this command intwizes the TRC 0erers1on 10 811 1 Tre by, ¢

1€ 310 inmialized 10 all 1's for the SDLC mode




WRITE REGISTER 1

WR1 contains the control bits 1o the vanous interrupt and Wain/Ready mooes

f
i o b o D5 o,

! Wan/Reaov ! Wan Or Reach, Wan/Ready Recetve

i Enabic Funcuon On Recewe/Transmn interrupt Mode 1
H 1

‘ s ! D, - B,

) Recarve i Status Transma Externat

l inerrupn Affecis imerrupt Interrupts

{ Mooe O Vecwor Enable Enable

External/Status interrupt Enabis (D). The External/Status imerrupt Enable allows imerrupts 1o
occur as a result of transmibns on the B%DEE or SYNC inputs, a3 8 resuli of 8 Breax/ Abon dereciion
and terminaton, or 3t the bepinrung of CRC or sync characier transriwssion when the Transmn
Underrun/EOM Ixtch becomnes set b

Transrnittec intermupt Enabile (D4 ). 1t ensblad. the nterrupts occur whenever the transmitier butfer
becomes empty

= .
Status Affects Vacmv'(Dz) Thus brt 1s 2c1ve in Channel B onty It this bet 1s not set, the fixed vecior
programmeo 1n WR2 1s returned from an mterrupt scknowiedge sequence Hf this bit s set. the vecior
returned 1rom an IMmertupt acknowiedge s varable accordmg 1o the foliowing miterrupt cononons

v 7} Vi .
10 [+] TR E Yrahsma Bufier Empty N
o 0 i Ch B Exernal/Status Cnange !
cheE 1o ) 0 Ch B Recerve Character Available |
jo 1 1 Ch B Special Recervi: Condion® !
i [} 0 Ch A Transmit Buffer Empty !
ohe I 0 1 Ch A Exernal/Staius Change
f s 1 ) Ch A Recewe Characier Avadable |
I H 1 Ch A Special Receve Condmion® E

*Special Recerve Condiions Parity Error, Rx Overrun E11or Framing Error Erd O Frame (SDLC)

Recerve Inerrupt Modes 0 and 1 (D3 and Dgl Together these two bis specity the vanous
characier-available conditions In Recerve Interrupt modes 1,2 and 3 a Special Recerve Conaition can
cause an imerTup! and Modify the Interrupt vecior

Dg 1 Dy

Feceve Recene

tmecrupt interrupt

Mooe 1 Mooe C
C . C O Recewe inerrupts Disabled
[4 ! . Y Recesve imerrupt On First Characier Only
K ) 2 intecrupt On ANl Recerve Characiers—parmty error 1s 8 Special Recewve cononion
" 1 3 Iimeriupt On Alt Recerve Charsoiers—parnv error 15 not 2 Special Recerve condnon
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Wait/Resdy Function Selection {Dg-Dy! Tre Wan and Readv funcuions are selectea b,
controting Dg, Dg and Dy Wan/Reaoy lunciion 1s enabiec by setting Wait7heady Enable (wP
D71101 The Reaoy Funchion is selected by seming Dg (Wail/Reaov function)to 1 HThis bitis 1, the
WAIT READY oulput switchzs irom High 10 Low when the Z80-510 is resov 1o transter aata The
Wait function 1s selected by setung Dg 10 0 It trus ba 1s O, the WAIT/READY output 15 1n the
open-drain staie and poes Low when achive

Both the Wan and Ready funcuons can be used i either the Transmin or Recerve mooes, but not borr
simuttaneously 1 Dg (Wart/Reaov or Receve /Transmn)is setic 1, the War/Raady function respones
10 the conaition of the recerve butier lempty or full) i De 1s set 10 D. 1ne Wart/Ready function responcs
10 the conorion of the transmit bufier (ernpiy or fulls

The logic states of the WAIT/READY output whien acive or naciive depend of the combination of
modes selecied Foliowing 15 8 summary of these combinations

And Dg = 3 KDy =0 AndDg = ¢
READY 1s High WARN & tosung
by = 1
And Dg = 0 And Dg = 1
READY s High when transmn bufier 1s full READY Is Figh when receve buher s emor,
WAIT Is Low when'transmn butier is tull anc ~ WAN IS LOW when recerve bufier 18 emoty anc
an S10 data pon is selecied an SI0) data pon s selecied.
READY Is Low when transmit buffer is empty. READY s Low when receive bufter is tutl
WAIT is floating when transmn butfer i empty WA Is Flozting when recenve bufter & fuil

The WAIT output High-to-Low transrion occurs when tne delay ime lDl'C(WRi ehierthe l/0 reques;
The Low-to-High transtion occurs with the delay ipHSWR) from the talling edpe of ¢ Tne READY
outpul High-1o-Low transmion occurs with the delay 1pL&WR) trom the nsing edoe of & Tne
READY outpun Low-10-High transmion occurs with the delay q,IdWR) aher IORQ talis

The Ready function can occur anviime the ZBO-SIO 15 not selected When the READY outout becomes
active (Low), the DMA conrotler issues 10RO and the corresponding B/A and C/D NOUTS W the
280-S10 10 1ransfes datz The READY outut becomes inactive as soon as FORQ and C5 become e acive.
Since the Ready funcuion tan cocur imernally in the ZBO-SIO whether 1 15 a0oresse0 o nox, the READ™
output becomes nacive when any CPU data or command transier takes piace This does not caus.
problems because the DMA controlier s not enableo when the CPU transier takes place

The Wait funciion—on the other hand—s acive onty A the CPU anemnpts 10 read Z80-510 stz et he:
not yel been recened, which occurs frecuently when biock trarsier instrucions are usec The Va:
funcion can also become saive (under program comtrol) it the CPU tries 10 wrme 0818 whwie te
transmit butter is stillfull The fact that the WAIT outout for erther channel can become sCtve wiwn re
opposne channel s adovessed {because the ZBO-SI0 s addressed! ooes not shiec apersuon o
sofiware Ioops of block MOve INSIrUCTIONS

WRITE REGISTER 2

WR2 1s the interrup! vecior register. n exists in Channet B only Vg-Vy and Vo 81e $mavs retwurrer.
exactly as wrmen, Vy-V3 sre rewsmneo as wrmen ff ine Gtatus Afiocts Vecior (WR1, D) comroton s O *
this bit 1s 1. they are madrec as expiained in the previous Seciion

Dy Dg Dg Dg Dz Dy Dy Dg

Vy Vg Ve Vg V3 V) Vi Vg
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.
WRITE REGISTER 3
.
WR3 contans recerver logic control bs and parameers
—
Dy D¢ Dg D, |
Recever Recener Auo Emer ]
Bas® ' Bns/ Enables Hum i
Char 1 1 Char O Phase
D= D2 Dy Do
] Receive Adoress Syic Char "Recever
; CRC Search toad Enable
Enable Mode tnhiba

Receiver Ensbie (Dg). A 1 programmed imo this ba sliows recene ooeulms 1 bepm Thrs.prt shouls
be se1 only afier ull othes receive pa: s ore st ond y

Sync Characier Load Inhibit (D). Sync characiess preceding the message {leacing sync charpcrers’

8te nol ioaded INIO the recene butfers # thes opron s B CRC caicuiations sre no:
stopped by svne characier siripping thus feature should be enabieo onty 8t the beginning ¢! the
message

Address Search Mode (D). ¥ SDLC i selecied, seting ths made causes messapes with addresses
not matching the programmed address in WRS or the global {111111111) address 10 be rejected. In
other words, No receive IMErrupts Can occur in the Aadress Sesrch mode unless there is an adoress
match

Receiver CRC Enable (D3}. H this bitis sei. CRC calcutation starts (of restans) at the beginning of the
izs1 characier transferred from the receve shifi regrsies to the butfer stack regardiess of the number of
characters i the siack See "SDLC Receve CRC Checking™ (SDI.C Recerve secion) anc “CRC Error
Chedng” {Synchronous Recerve section) for deiails regarding when This brt $nouid be set

Enter Hunt Phase (Dgq)  The ZBO-SIO automsucally enters the Hunt phase aher a reset: however, £
can be re-entered if character synchronzaton s o0& for any reason (Synchionous mode) or 1t the
contents ‘of an incoming message are ot needed (SDLC mode) The Hum phase ts re-emered by
wraing a 1into bit Dy This sets the Sync/Hunt bt (Dg) m RRO

Auto Ensbles (Lg). 1 1his mode s selecied. DCD 3nd CTS become the receer and rransmmer
enabies. respeci-vely H tris b s not set, DCD ang TT5 are SV INDULS 10 1hesr Corresponding STatus
bits in RRO

Receiver Bita/Character 1 and 0 {Dyand Dg). Teg . these bis e the numoer of sena’
recerve bits assembied to lorm a character. Both bris may be changad during the ime that » charpler
being assembled. but they must be changed before the number of bas currently programmed s

reached
d T
. D7 ' D¢ Bas/Characier
[ 9] 0 5
i 0 1 7
i 1 o} 6
[
i 1 | 1 & ;
— : i
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WRITE REGISTER 4
>
WHR4S coniams the control bits 1hat ahect botN Ine recever 2nO2NSMIMe’ ININe ansmu .e g,
INBhZBION FOUTINE TNESE DS SNOLIS De 561 betote ssuing WF' WRZ WRE WRE sng 4= -
Oe i [ C. = D-
Ciocr Cioo T By Sync Stor Sior
Rate Rawe Mooes Mooes Bns Bae
H 4 * ¢ g ¢
Panty {Dg). Hf this bi 15 sel 20 30010Nal Dii POSIION (N A00MION IF INCSE SOECHar - ooy
bits ‘eharacier controh s 20ded 10 17aNSMINEsd 0312 3NC 1S EXDECIE0 N feCeve Cale * o ..,
o~
mooe the parity bitreceived s transterrec 1o the CPu 25 pan o' the CNAracie’ umiess Eom tru acy- o
seieciec h
Pamty Even Ocd {D4). Hparivis speciited 1ris DI DE1EMMINES WHTREr 1115 $eN 270 Crutass oy ¢
or oo 11 - even'
Stop Bns O and 1 (D and D3l These Ois OelermMINE the NUMDE! O' SIOC DIS 800w ©
asynchionous character sent The recewver always CHecks tof pne 100D A SDECI2 MO0e I, vy, o
that 3 SYNChronous Moot 15 10 be seieqiec )
-
D3 > {55 i
Stop Bns 1 i Siop Biis O
[9) : Q Sync mooes .
0 i ) 1 5100 bt per characier
P i c 1°: 8100 DAs per charecier
. u i 2 stop bus per cnaracier
L i
Sync Modes D and 1 (Dg anc Dgl Tnese Ons seel’ 1n¢ varous ooy - ;e
svhchiorzation
1
Svnc ’ Sync
Mooe 3 i Mooe O
[ | G € pu programmes Svno
)
[o} i 1 16-Dit DrOQraMMED SV
‘ 1 i C SDLE mooe (1" 1° ° D hiag pane -
: H b Exerna' Svnc Moo
Ciock Rate 0 and 1 {Dg and Dy} Tnese Dits SDECIN 1N€ MutiiDier DENwee~ Ine Cxxx e enls
anddata raies Fot synchronous mooes the al ciock rate musi be SOeChes Am rae meo e 3. . ,,
for asvNChIpnpus Modes Nowever the same rate Must De MSEC 107 DOt 1N 1eCEm " 27 ¢ o o
The svstem clock 1n &1l mooes must be at teast S imes the catarate Itine 1T EKCS 1Rt e
synehronuation must be accomphisheo externath
Clocx Rave 3 Crocx Rate C
[ [ Data hate +1 Cioce Rate
> ] Dote ure 11T e e
i 4] DOata Rate 2377 Cuxe Rare
' 1 H Daia hate x62 T Rate
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WRITE REGISTER &

WR3 contains contro! bits 1nat atiect the operalion of 1ransminer. with the excepnon of Dz, whner

affects the ransmmer and recerver

De ' Dc Dy

D; [ bp

DT8R

Ta s Tx . Sena
‘Bns: ' Buss 1 Break
Cnar i Char 0

|

Tx

Enable | SDLC

! CRC-16 . RTS T
[ cre

i
! Enatrie

"Transmit CRC Ensble [Dp). This bu derermunes il CRC 1s caicutated on 3 parucutar nransmn
character. }f r1 15 set a1 the 11me the character is loaded from the transmit buter into the ransmmit skt
register. CRC s calculated on the characier, CRC i1s not sutomatically sent unless this bit 1s siet weien
the Transmint Underrun condinion exists

Request To Send (D). Thes s e control bit for the RTS pin Wheri the ATS brt s set, the RTS (pingaes
Low, when reset. RT5S goes High. In the Asynchronous mode, RTS poes High only after all the bws ef e
character are transminied and the transminer buffer 15 empry. In Synchronous mades, the A Ovestly

tollows the state of the bit

CRC-16/8DLC {D2). This b sclects the CRC polynomial used bv both the transmmer and! recesver
Whenset, the CRC-16 polynomual (X' = X'8 « X2+ 1)is used; wherireset. the SDLC polynommiahies -
X =X+~ )15 used M the SDLC mode 1s selecied, the CRC generaior ano checker are prese2tios i s
2n0 a special check sequence 1s used The SDLC CRC polynomial must be selecies when tthe SDLC
mode 1s seiected If the SDLC mode 1s not selecied, the CRC generainr and checker are present 1oati 0 ¢

tfor both polynomials).

Transmit Enabie {D3). Data is not transmitied until this bitis se1and the Transmit Data outputss elc
marking. Data or sync characters in the process of being transmitied are completeiy sent i tims b is
reser gher iransmission has staned i the transmimer 15 disabled Qurning the transmission off 8 ERC
charaqier, sync or flag characiers are sent instead of CRC

Send Break (Dg). When set, this bn immediately forces the Transmn Data outout 10 thee spEong
condttion, regardiess of any data being transmmed When reset, TxD returns 1q marking

Transmit Bits/Character 0 and 1 (Dg and Dg). Together, Dg and Dg control the number ol pas.mn
each byte transferred 10 the transmi butier

Dg D

5 .
Transmn Bus/ Transmit Bus/

Chatacter 1 Characier C

Bns/Characier

0

—_-_0

1
0
1

Five or less
7
6
8

Bns 10 be sem must be ngh". Justified, least-significant bas irs: The Five Or Less modee alaws
wensmussion of one 1o five bius per characier, however, the CPU snould format the oa1a charatw as

shawn in the following table

Dy | DBg ! Dg D 1 D: | Dy ' D O
Y PR 1] T 0 0 k) T Senas one catz br
1 1 1 c ¢ 4,0 D , ¢ Sencs two cata b
1 : 0 o | o D | D | D ! Sendstweecsusbe
vt oo 0 o | oD D o ‘b Senos four darabas
o ° 0 D ; D ) D, D Senas five aata b !
i !
] ! | i .

E



Data Termunal Keady (D) 1nis1s tne control b 1or the DiRpin Wrenset. DTR 15 acive iLow) wner
rese: DTF s inacine (righ
. -

WRITE REGISTER &

Trus tegisier s mcxjummeo 10 CONtaIN tne 1ransma svne characier m INé Monosync mooe., the firs:
exInt bits of 2 16-01 SYNC CRaracier 1 the Bisyrc mooe Of 3 1ransirat Syne Characies in the Exiernal
Svnc mode n the SDLC mode 1t 15 programmed 10 Contain 1he 5eCONCary acoress fiels used 1o
compare apamst ine adaress ekl of the SDLC frame

r
75 [o73 D¢ 1573 [ Gy [o2%
Svnc 7 Svrc € SyncE Svnc ¢ 3 Synel | Svne 2 | Sync i | Sync O i
WRITE REGISTER 7
This repisier s prOGrammed 10 CONLAA Tthe recerve syne Characier i the Monosyne maoe 2 second
bwie (1251 e19h1bis) of 3 16-Dit sync characier in the Bisvic mode ano 8 tlag characier 1011111101n
the SDLC mooe WR7 s not used in the Exernal Sync mooe
D> Y o Db, | Dby 1 Dby Dy 0o :
Sync 15 | Sync ¥4 Sync 12 | Sync 17 Sync 11 i Syrc 10 Syrx® | Evnc B i
4
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READ REGISTERS INTRODUCTION

The ZBO SIO contains three regisiers. RRO-RR2 Frpure 7 1) 1hat can be reaa to obtain he status
informauion tor each enannel texcept tor RR2-Channe! B onlyl The status informaton nchuoes erro
condriions, IMerruDt veaior 3 S18Naard CoOMMUNICANoNS- e ace Sionais

To read the comerns of & selected read regrster other than RRO. the systern program must irstsane the
pointer tvie to WRO in exactly the same way as a write regisier operaton Then, by executirgsn mpu:
insiruction, the coments of the adaressad read reqister can be read by the CPL

The status bits of RROand RR1 are carefully groupec 1o simplity 513tus montoring For examgie, wher
the imerrupt vector ind that » Special Recewve Condition imerrupt has occurterd, all the
Bppropriate error bits can be read trom a singie regisier (RR1)

READ REGISTER ©

This register contams the status of the recerve and sransmit bufiers, the DCD, CTS and SYMCopute

the Transmn Underrun/EOM tatch, and the Break/Abon latch
+

Dy Dg Dr. be | o T 0y 1 B
Break Transmn [ £ Synes i [Tei) Teanisma inerrupt | Hamese
Abort Underrun/ Hunt H Butfer Empty | Pending | Crieacrer

! EOM {Ch A onh' | Avvafabie

Recerve Charscter Available (Dp). This b 15 set when at least one character s avaidabie m tne
recerve butier; n & reset wnen the recewve FIFO s compieiely empty

internupt Pending (D4). Any iterrupting condion n1he 280-SH) causes this bt 1o be set: however. 1
15 readabie only in Channel A. This bit 1s mainly used in applicanons that 00 ROt have veciored IRmerrupts
available Dunng the interrupt service routine in these applhications this bit indicates if anvw weesrup:
condrions are presen: in all 280-SI0 Thrs eliminates the need for anatvzing al! the brts of RARB:M bot~
Channels Aand B Bn Dy 1s reset when all the smerrupring condntions are saustied This bit 1ss smwavs O
in Channel B

Trangmit Butter Emprty {D2). This bt 1s set whenever the transmit butier becomes emptiy, excen:
when a CRC characier 1s being sent in a synchronous or SDLCmcde The bit s reset when a ccnaracie:
is loaded o the ransmn buffer This bit 1s in the set condivon stier a reset

Data Carrier Detect D3). The DCD b snows the inveried state of the DD inout at the time of the
last change of any of the five External/Status bs IDCD. €T3, Sync/Hunt, Break /Abort or Transmit
Underrun/EOM} Anv transtion of the BTD nou causes the DCD br: 10 be taichec and causes ar
Exernal’Siatus imerrupt Toread tne curren: state of the DCD brt This bit musi be reac imrmemiateis
fohowing 2 Reser Exiernal/Staius Intersupi commanc

Sync/Hunt (Dg). Since this br ts controhed drflerently inthe Asvcnronous, Synchronous amgSDLL
modes, fts Operalon 1s somewnhat more complex than that of the other bits anc thereiore weguwres
more explanaton

InAsynchronous modes. the operation of this bi s simgar 1o the DCD siatus br. exceem tha:
Sync/Hunt shows the siate of the SYNC input. Any High-10-Low transition on the SYNC pIn Ssetsthis
bt 2na causes an Exiernal/Status interrum: (1 enabled; The Reset Exerna! ‘Status Irvverrup:
command 1s i1ssued 1o clear the interrup: A Low-10-high transmion ciears this b anc sews the
Exernal/Siatus interrupt Wnen the External/Siatus HIeTIUD! 1S S€3 OV the Cnange in state of any
Other INDUT oF CONGILION, This brt Shows The Invenec siate of SYNC pinatihe me of tne change Tfn_s
bit must be read immediatety foliowing 3 Reset Exierna!/Status INerfupt Commang to read the
current state of the SYNC mpu:

Inthe External Svnc mode. the Svnc./Hunt bit operates in a fashon simitar 10 the ASVNCHIonoLs: mooe
excep! the Enter Hunt Mode control bit enables the exernat sync delecuiion logic When the Exerna’




Svnc Moce and Enter unt Mode brts are set for example when ine receiver 1 enabled foliowing 2
reset], the SYNC input must be held bph by ihe external logic untd exiernal characier svnchronization
5 acrieved A High a1 the SYNC input holas the Syre/Hunt status i in the 1ese1 congnion

Wnen exiernas synchronization is achieved. SYNC musi be orven Low on Ine secono nsing eage of
AxC onwhichthe lastbit of the sync characier was receved Inotner words, aher the SVNC paniern s
Oetected the exiernal logic must wail for two full Receve cloch cvcles 1o activate the SYNC mpun

Once SYNC 1s forced Low, nis a gobe praciice to keep 1t Low unil the CPU informs the enernal svnc
lopic that synchronization has been lost or 3 new message 1s about 1o stan Refer 1o Figure 8 6 for
nming cetads The High-10-Low transtion’of the SYIC input sets the Svne/Hunt bt whith—in
lurn—sets e Exiernal/Status intertupt The CPU must clea: the INTErIuUpt Dv ISSUING tne Resel
External “Status interrupt command

Whenthe SYNC input poes High again. enother Exierna!/Status imerrupt is generated that must also
be cleared The Emer Hunt Mode comro!bn s set whenever characier synchronizaion is lost o the end
of messagpe 1s cetected Inthis case, the 280-SI0 2ga1n looks for 8 High-10-Low transition ontne SYNC
nout end the operation repeats as explamed previously, This mphes the CPU should also inform the

exsrnal logic that characier synchronzation has been lest and that the 280-510 1s wanmng ior/SYNC o
become acive.

READ REGISTER BIT FUNCTIONS

READ REGISTER O

- ¢ b | o

Rx CHARACTEF

AVAILABLE
INT PENDING (CH A
ONLY}

Tx BUFFER EMPTY
DCD

SYNC/HUNT
c1s ’

Tx UNDERRUN/EOM

BREAKABORT

“USED WITKH
“EXTERNAL/STATUS
INTERRUPT ™ MODE

READ REGISTER 11

T 3
l Dy | De I Dg ] Dz } D3 J 0] j Dy ] Do
I
i ! , ’ L A sem
IFIELD BITS | FIELD BTS IN
| , ‘ IN PREVIOUS SECOND
l ! BYTE PREVIOUS BYTE l
1 (4] 2] 0 3
i ' e 1 0 0 < .
i 3 1 c Q 5
0 o] i [s] . 6
‘ 1 0 1 3} 7
! <} - 1 0 8
| 1 : 1 1 8
i o 0 ¢} 2 3
' l— . PARITY ERROR *RESIDUE DATA FOR EIGHT Ax BITS/
| Rx OVERR.N ERROR CHARACTER PROGRAMMED

CRC/FRAMING ERROR

END OF FRAME (SDLC)

tUSED WITK SPECIAL RECEIVE
CONDMON MODE
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READ REGISTER 2
"oy ! oo o: | De D; o | U
i 1 ! . ! J v
T i ! T
1 RS AR
[ ! | | ; V21
l H 1 : vat | iNTERRUF
. f ! { L ve { vecTor
! ! . 3
‘ | L 73
- w7
~§TATUS AFFECTS VECTOR 1S PROGRAMMEL

L tVARIABLE I

in the Monosyne and Bisvnc Recewve modes the Sync/Hunt s1atus bil is dialty set 1o 1 by the Enter
Hunt Mode bit The Svnc 7Hunt br 15 resel whnen the Z80-S10 esiabiishes characier SYNChiomzanor:
Tne Hiph-10-LOW transnion of the Sync/Hum bt causes an Exerral/Siaius inerrupt that must be
cleared by the CPU ssuing the Resel Enernal/Siaws tnterrupt command. Thus enabies the Z8O-SI0 1c
Setect the next transmion of other External/Staius bas

Whnen the CPL oelecis the end of message of 1na1 characier ana synchronization is 1051 1t bets the
Enter Hunt Mode conirol b which—in turh—sets the” SyncsHum bit to 1 The Low-10-Hign
wansmion of the Sync huni bi seis 1he Enernal/Status mterrupl. which musi aiso be cleared by ine
Reset External “S1a1us Interiupt command Note that the SYNC prn acts as an output in this Moot
anC QOes LOW every Isme 2 SVnC pattern s oetecied 1n the 0ala stream

inthe SDLC mpoe the Svnc huntbitis inialivse1 by the Enter un: Mooe Dit 01 wnen 1he receive s
OrsaDIed In any case 1 is reset 10 O when ine ooerung Hap of 1ne st trame 1 oerecied by ine ZBO-SIC
The External Status mierupt is 31S0 peneralea and should be handied as isCuSSEd Previousty

Unlike the Monosync and Bisync modes. once the Sync Hunt bit 1S resel in the SDLC mooe. 11 0oes POt
need 10 be set when the end of message 15 Celecied Tre 2B0-SIO automancslly mamiains
synchronization The onty way the Sync Hunt bit Can be set 3gain 1s by the Emer Hunt Mooe ba or by
cisadiing the recewvel

Ciearto Send (Dg) Trs onis simiariothe DCD b excedt tRBINSNOws 1he inveriea state of the CTS
o I

Transmit Underrun/End of Message [Dg)  Trws bt 15 1n 2 set congivon foliowing & reset imernal of
enernall The only COMMAno that Can reset this br 1s the Reser Transmit unoertun/EOM Lach
commanc IWRQ Dg anc Dyi- When the Transmit Unoetrun £0n0mon occurs. tnis b 15 el ns
becomung set causes the Exernal Siatus mienupt which must be reser by i1ssuing the Rese:
Externat Status Inerrupt command bas (WRDH This status ba plays an IMpPON 3Nt roie 1IN CoMUNCUON
with pther conirol bits i controtng 3 ransmn ooeraton Reter ic “Bisyne Transmnt Underrun’ anc
"'SDLC Transmii URoeriL™  tor aoamonai oetats

Bresk/Abort (D' 10 tne Asvyncrronous Recewe mooe 1S DL se1 when a Breax sequence tnuf
ChATBCIE! DHUS ltaming e17or | 1S OE1eIe0 1n the Cata sirea™ Tne Enernals Stalus inerrupt d enabled ©
set when Breas 1s celecied The interrupl seaice routing MUs) issue The Resel Exiernals Siatus
intertupt command AMWRT CMD5)10 the breas Detecton 09 sO the Breax sequence 1erminaton can
e recognizec

The Bres: Abom el i resel when the terminauon of the Bres sequence 15 OBIECIE0 N The INCOMING
012 sirearr The termination of the Breax seouence aiso causes 1he Externsl “Stalus intertupt 1G be
set The Fiesel Exernal Siatus interrupt commang mMust be 1ssued 10 enatie the Dreak oe1ec1ON KOPC
10 100 for the nen Breas seauence A single exranecus Nult Characte: 1S present in the receswver ahes
1he 161MINALION Of & Dreas 1t SHOUIS e 1680 BNG TiSCAToec

g GFY O P ecTmee. SRKR LS LITE (P . SEIENCE (SEVENTOr (TN
150 The Enernal S1atus Imeriup! 18 hahdred the same way 85 1IN the Case of a Breaw The Break Abon
Dil ' NOI useD 1N Ihe Swvncaronous Rece e mooe
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READ REGISTER 1

Thrs iegisier contains the Special Recerve condnon satus taas and ReSOut turm, |,
or the |4
SDLC Recerve Mode relasnine

D; | Dg De D4 D Db I T
Endd | [ Recer Farny Resdue Fesioue 1k;+
!
i

Frame Framung Overrun Error Cooe 2 i Cooe} ¢ Cm-, Sent
ISDLC) o | Eno i . i !
Al Sont (Dpy). In Asynchronous modes, this bl ss set whaen ali the characiess +,
the transmuner Transnions of this bit do not cause nterrupts The s .m..,::o::?e'v clearec
moaes YRChronous
Residue Cades 0,1,and 2(D4-D3). Inthose cases of the SDLC receve mota o, 1y Vield 15 not
an imegral muhiple of the charatier length, thess three bns indicate the leryy,, ./ the Lheid These
codes are mearunglul only for the transter in wiuch the End Of Frame bit o ser 649.C) For 2 recenve
character length of exght bas per characier, the codes signity the tollowang
I-Field Bns ms—}
Resdue Resdue Resudue In Previous W Secone
Cooe 7 Code 1 Cooe 0 Buie #evious Byie :
1 | 0 0 ; [¢] =AY
0 i 1 0 ! o J,
1 ) ! o] o] 5
(e} [+ 1 0 I3 ;
1 0 1 0 N
0 1 1 0 e
1 1 1 1 8
o 0 o 4 8 i
1.Freid bas are nght-jusides in all cases {
i

H a recerve characier length dtferent trom esght s 1s used for the 1-held 3 1wue -
one may be consirucied for each difierent characier length For no restdue v e re 13sTcharacier
boundary concioes with the boundary of the Hhels and CRC treld) the Resrws o o

i . y
{ { Resxue Resioue Resove i
i Brts pe r Character ] Cooe 2 Cooe * Coox O ;
i 8 Brs ser Characier i [} 3 N
| 7Bas oer Craracter i 0 0 y .
. € Bnts per Character (o} 1 ¢ B
' ! 0 0 ) )

5 Bns per Characier i
2 4

Parity Error {Dg). When parfty s enabled, this bi s sei for those charsies w0 ot
maich the programmed sense {even/ ogd) The b s laiched. so once 2newry o, . 1 remains set
until the Error Reset command (WRO} s given

Recerve Overrun Emor (D). This bt InGicaies that more tRan thret Chatbeer . L | recewec
without a read from the CPU Only the characies that has beenwrmenove o, ~th s €10
but when this character 15 read. the ef1of condibion 1§ Ialched untilresetbytre &, rato COMMaAnd F
Status Atects Veclor s enabled, the CharaCier 1hat has been overtun inertuy .. ecial Aecenvt

Condiion vecior

CRC/Framing Error {Dg) # 2 Framing Error octurs fasyncihvonous mooe Yo g st (300 NOY
latched! for the receive character i which the Framing ertor occurred Dewse, 4 ¢ e o
20as an aodional one-halt of a be rme 10 1he characier hme sothe Frarming, o, =3 nterpre180 Bt
» new stan bit In Synchronous and SDLC mooes 1his bt incicates the 1es . - #maanng the CRC
checker 10 the appropriate check value Thus bet 15 reset v 1SSUINQ 30 Eror b, = mmang The bil i




Ot 2ICNEd, S0 1 1S 3Iwave updaled when the nexd cnaracier 1s recerved When used for CRC efror ang
Status in SW\Ch'OﬂOuS mooe's i 1s usualiv set since mMost brt combinaions rtesuh in & non-zero CRC
except tor 2 correctly compieteo message

Endof Frame (D). This bit s usea ontv with ihe SDLC mode and indicates that & vai ending flag has
beenreceneo and inat tne CRC Error and Resioue cooes are also valid This b can be reset by 1sSUINg
the Error Reset command h s aiso updaied by the firs1 charecier of the {oowang frame

READ REGISTER 2 {Ch, B Only)

Thisregister contains the mterrupt veqior wrmen into WR2 d ine Status Affects Vecior comro! brt is not
se1 Hine cootrot b s se1. n contains the modihiea vecior shown in the Status Afiects Vecior paragraph
of the Wrne Regrster 1 section. When this regrster 15 read, the vacior returned s madifred by the hiphest
priormy interruphing condmion 81 the sime of the read H no interrupts are pending, the vecior s modified
with V3=0 V2=l and Vi21 This regisier may be reag only through Channe! B

07050:0403020100

Vo Vg VeV Vi Vi Vi Vg

Variable if Siatus .
Atects Vecior 1s
enabled
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FEATURES
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FD8253-2
1PD8253-5

PROGRAMMABLE INTIZRVAL TIMERN

The NEC uPDR253 cantaing three indeon ndnnt, programmable, miplti meydat 16 hit
coumtct/timers, 1t is designed as a geoeral puipose device, Tutly comp aitie viith (he
4000 fanily. The pPOBZG3 interface o ctly 1o tha busees ol the procs - ye ae

artay of YO ports,

The pPDAZE3 can generiate accurate tone delays under the control of sy=10m soft v
Tha three independent 16-hit eounteis can be clocked o1 1ate, fram DG 1o 4 MI;
The system sofuwvare controls the biadinrand starting of the cannters 1o provids»

accurate multiple time drelays, The coneter output faaz the proceasns at the cample

tinn of the time aut cyalas,

System overbead is gre=tly improve:' by relinving the =oltwa e fiom the maintenance

of timing loops Some nther commens - ee
systems are:

e Diogeammabl» Baud Pate Gener.atog
e Event Counte:

e Bmary Rate Multiphin

¢ Resl Time Clorb

s [iaital One-Shat ~

s Complex Mater Cantinller

> Thtee Indapendant 16 Bit Counters
« Clack Reate: DC to 4 MHz

= Ceunt Binmy or 8CD

« Single 46 Vol Suoply £10%

s 24 Dual-In-Line Plastic Package

0;]1 2 vee
g 2 2 [wR
os[d3 22 [J ARG
[P ] 213 Cs
0a]s 20 [J A1
L2(]s D 18T
o, 7 8253  w{Jowk 2

8

9

0o O 17 [Jout 2
cik o] 16 ) Gatr 2
outo[jio 1sJcuw

GATE O []1) 14 [J GATC
GND 12 13fJout
Rev/G
6-205

for the PDAZS Vi miciapi -5nn hansd

FIN NACAES

Dy Do Data Bous (2Bt}

CLK N Counter Clock Inputs
GATEN Counter -(:;:Tc inputs -
QUT N Countrr Guipute T
RD Read Counter

wH Write C_ﬂ?j}r:d or Data
G5 Chip Sutect

Ag. Ay Countrr Setect

Vee +5 Voliy

GND Ground




1PD8253

Data Bus Duffor

The 3-state, § bit, hidirectiona! Data Bus Buffer |I:\1"l tacrs the uPDB263 to the

BOBOAT /BOBRA miciopracessor system. It will tranumit os receive data in aecnrdance

with the INput or QUYput instructions axecuted hy the rrocessor, Thaa are thine
basie functions of the Data Bus Ruffer.
1. Pramram the modes of the 'DR253,
2. Loa“d the conmt registers.

3. Nen.d the count values.

Read/Write Logic

The Read/AViite Loqir controls the averall operation of the pgPD853 and is governer

by inputs received fiom the processor

Control Word Register

system bus,

Two bits trom the achdress bus of the processor, Ag and Ay, select the Control Word

Register when hoth are at a8 logic "1

used to continl:

1. The oprrational MODE af the ccunters.
2. The selection of BCD or Binary counting.
. The loading of the count registrrs,

A (Road)

Ed

{active-high logic). \WWhen sclected, the Contra!
Word Register stores data from the Data Bus Buffer i a register. This data is then

This active-low signal instructs the u'DR253 1o tranzmil tha selected counter value

10 tha proceswnr
WR (Write) ~

This astive-low signal instructs the yPOB?53 to receive MODE information ar
counter input data from the processor. .

Al Ag

The Aq and Ag inputs are normally connected to the address bus of the processor,

They contro! the one-of-three counter selection and address the connol word register

to select one of the six optrational MODES.

C3 {Chip Seloct)

The uPDB253 is enabled when an active low signal is applied to this Input, Reading
ar writing from this device is inhibited when the chip is disabled, The counter opera-

tion, hovr ver, is nat a

Counters #0, #1, #2

fiected,

The three sentiral, 16 bit down counters are functionally, mdepcndent allowing for
separate MODE contiguration and counting operation. They function 5 Binary or

BCD counters with their gate, input and output line configuration determmed hy the

operational MODE data stored in the Control Word Register. The system software
overhead time can be reduced by allowing the control word to govern the loading of

the count data,

The programines with READ operations, has access to rach counter’s contents, The
- 11PDB253 contains thi commands and lagic to read cach counter’s contents while

The following is 2 table showing how the counters gre manipulated by the input signals

still counting withott disturbing its operation,

to the Rearl/Write Logic,

c3 RD | WR A4 Ag FUNCTION

0 1 0 0 )} Load Counter No. 0
:—EA :_!_,_ 0 1Y T Load Counter No. |
L N 1 0} "load Counter No. 2
R 0 1 1 Wiite Mode Word

0o | 0o | 0 "0 | Read Counter No. 0
o | o 1 0 1 Read Counter No. 1

0 0 1 1 0 | Read Counter No. 2
| 0 |0 | i 1 L No-Operstion, 3-State

1 X X X X Disable, 3-State

o ¥ “__1_» X X No-Operation, 3-State

6 - 206
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AUTRELS roRIROy AR Nl B, CRAT P, (N Y F R ——— - A
W M nys
ABSOLUTE MAXIMUM  Operating Temperature - . . . . ... aa4 0 Cto+70°C
RATINGS® Storage Temperature . . ... . ... S [ AW L L E C ... mBETC w0 1150°C
Voltageon Any Pin. . .. ..., ..... Ciieecves oL 051047 Volts\]

Note @wuh cespect 10 ground.
Ta-25°C

CCOMMENT: Stress shove those lstad under *Absolute Maximum Rating="" may rautn permanang
fiamage to the device This is a stress roting anly and functional opcration of the drdicr ot thege nr
any nther conditions rbave thner indicated in the eparatinnol srctions of this sperific ation §s not
implird, Exposure ta absolute maxinwum rating conditiong {or extencied peiiods may allect dryice

teliahility |
OC CHARACTERISTICS 1.+ 0cro 4707C; Ve = 45V 1+ 10%
LIMITS TEST
FTARAMETER SYMBOL [emiN | TYP MA X UNIT CONDITIONS
tnput Low Voltage viL ns 08 v
Input High Valtage VD M;B — Vo106 [V
Ou'put Low Voliegr VoL = 0 4s ’ \;_ o =2.2maA
Output Thgh Voltage Von | 74 V | tor - A00aA
' tnput Load Current e ’ - 110 ;A 0« VN < Ve
Outout Tost Leakage Currrnt loFL T 110 sA [0.45 ~ VoyT <Vee
[ S S Conen e | )T [aa] T TS
Note 0 V14 2.2 min for R253.2,
CAPACITANCE 1 »oc Ver = GND = ov
LIMTS
PARAMETER SYMBOL {MIN JTvrEmax | uNiT TEST CONDITIONS
Inpat Capacitance CiN 10 pF fe 1R
Irout/Qutput Capacrance Cio 20 nt Unineosured pring 1 oirnpd
—— — Lo Vss —— -
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3 N
uPDB25 - ,
T, <0 C0+70°C: Vo = *5V 1 10X GND = OV AC CHARAC ™0 1S ) .
-~ hd t
LTS LIMITS TesT ,
PANAMETER SYMBOL »TDR253-2 »P08253-5 UHIv
Mt ] max [MINT max CONDITIONS
- READ
Address Stable Batore READ AR * n ] ns '
Addruss Hold Time for READ RA 0 0 ns
RTAD Pulss Width nAR 200 250 . s
Data Detay lrom READ [T 140 770 | na |CL - 1500F
TTAD tn Data Floaling T Ter m'}:}m 25] 100 | ms |CL - 190 pF ]
Rerovary Time Batweon READ Iny 200 1000 ns
WRITE
Address Stabte Betnre WRITE AW o 0 ns .
Address Hold Time tor WRITE Y | 0 ns
TRITE Pulse Widih ww | 200 250 R
Data St Up Tvme for WANE iow 1500 150 ns
.(;;_a Hold Time for WRITE T wp ;E; 0 ns
Tecovary Time Between WIBTED ‘av 200 1000 \ ns
_ CLOCK AND GATE TIMING
Cleck Porind ICLK 0 250 oC -i ns
H_-qh Pulse Wiith o PWH |(.)(.' & 160 ns
.l_.'c_»i"ulw Widih | tewl mrz y 90 ns F—=
Gato Pulre Width High | b gw 150 150 ns Al
Gnte St Up Time to Cloch t ‘as 100 100 na
Gt Hoid Time Aftor Cloer | o 10 s0] | ns
Low Gate Wdth z] - gL S R T |l
Oulpul Delay from Clock ! 00 T a0 ] 0] e TL- 1507 |
Quiput Dalay from Gote 100G 300 330 ns [CL = t50 pf" .
Hatee (D AC Timing tnasurad at Voyy » 2 0V, Vey =039
TIMING WAVET QY
e 70 Nx S vm'rn_\—— mv#\_/"“ -
 ane XO 8 08/ - s
INPUTIOUTPUT WAVEFGRM FOR AC TEST NPAD AND WAITE THoNC
rva- rwy
Ay Mg l;'?‘— K’_-—‘——- X N ____/
——- Lm~—~—-1 N 35—
- ]\‘mn cAalr a
an
“'””i— L g oureuT 0
OATA M5 % TIGH PEDANCL: ///2 VAUID :«:i'i L.-.-rvr.ﬁn':'c €
AEAD TIVMING CLOCK AND AR YF Timnnn
A Ay 0 __X v
- ..
— Ay ——efiwas e |-
hAunll’;“-_ % )
. oW —— -
um -
LTS
YANRTE YIMING . AN
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PROGIRAMMING
" THE uPD8253

ulPrD8253

The proqiammer can select any of the six operatin ] MODES for the CONBLEIL 1ging

system software. Individual caunter programming s accnmplished by laading the

CONTROLWORD REGISTER with the apptap nate cantrol word data Ap, Aq - 11}

CONTROL WORD FORMAT

D71 Vgl og} Da|o3]valor) g

SCr{sco ALt Rio| w2 wj MO | e

SC = Select Countes

SCO

Seleet Couter O

0
1 Select Conniar 1
0

oct ey 9

sct
0
0
1
-

1] Invalet

N1 - Rea-t/Loardt

RL1{RLD LD I
0 0 Counter Latching Qgmranomn g
-T— 0 R"a"_/.Lf_‘;ﬁ Most Siunificant Byte Only .-—i A\ N
6_ 1 nead/L:md Least Signd rml.ETvle Ov-\'-v_-—‘ [V |
4 T ‘--; fl'-.;;;;l—l\1«l Least Sir;mlumvl Byte Firct Then ;EN
L .‘-um*igcw;n_ﬁ_ytc = it | S LR
nen »
1 1 Binary Counter, 16 T’T!s_
kR 8D Co_l;r;(:';-;L;-:;\_(—_l_ris]
M Mneis
M2 [ M1} MmO
0 0 0 { Mode O
——0—. 0 1 | Mode |
;( .'l— ¢} Mmfr—;‘
VT Rede s -
1 o] Q | Mode 4
1 0 Mode %
—
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7

4 OPERATIONAL MODES D

. {(Cont)

nPDA253

Mede 3: Sqnae Wave Generator

MODF 3 resernblas MODE 2 exeept the QUTPUT wll be high for batt of the cotmt ol
vy {1 the nther half {Tar even values of data), For ot values of count data the Q1)
fle

clack nyctes: Loaw Prerod -+ . clecd pgripds, where THis the decimal value of comet

PUT vill be hig' one clock CICII- lenner than when o ic low (High Peried -~
data) 1 the covnt register i< releaded with a new values daring counting 1 pew yatue

witll be spflected immadiately alter the cartpt tranziteen of tha current ot

The OUTPUT will he hebd inthe bigh <tate while GATF 15 asterted Counting wi'l st

fream the tull cangnt data alte 10 GATE has been ool

SN NAVANNRRNRERRAFRUSUARRRE
—— ] el ]

= il

e T T e |

Maods 4. Snftware Triggeied Strobr

Thi QUTIUIT qaes high when MODE 4 1< <ot and conntong heging after the « coml
byte of dats has heen loaded. When the terminal coune ooveached, the O T80T il
pulse Inys o cne gleck pecied  Chanas: ayenount dath are sellectod in the OLTTPLIT
300 as the newy data has heen loacled o to the eount reaisters During the Joarthiong of
new data the QUITPUT s heted bugh aned counting i inhabted.

The OUTPUT is held high for the dhination of GATE  The counters are resnt and
counting beqins from the full data value: alter GATFE is iemoved.

« UUTULTUULRUT UL
~ R T T T T 7 2

gt ot .,...L.'r_..._..._. o,

ra

Meeds 5: Haidware Triggered Strobe

Loading MODE & sets QUTPUT high. Counting beqine when count data is Inaded and
GATE goes high, After terminal count is reached, the ONTPUT will pulse faw Int ane
clock period. Subsequent trigger pulses wili restart the counting sejuence with the
OUTPUT pulsing Idw on tarminal connt totlowing the [awt rising et.gn of the trigaer
input {Reference bottom halt of timing chagram},

~ SLOLTUNUTUU L e umuUnL
--—L—'—J r_.~ T - -
. e

iy +SSURPRPUPISPUPIL I YD P B i ! - —
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pPDB253 .
Fach of the thies counters can be individuatly programmed with different aperating OFFRATIONAL R
MODES by grpiontiately tormatted Contiol Vords. The following ica vinmwy of the

MODE nperahons

NMordr 01 tnterrupt on T erminal Count

The initial MODE ot aperacinn forces the DHEPUT low. When thie spectfisd eornie e
tnaded with the count value it witl begin eannging. The OUT PUT will gemain oy it
he tremiinal count seren hugh T will remain in the high state until the wailing edge of
the second W putse Taads in COUNT data H data is loadrd durmg the coamling
proness, the Tirst Wit stops the count. Commting starts with the new count data tringes el
by the falling clock edar alter the weondd W 18 GATE pnifse iv assertedd while caunt
inng, the count is tegminated (on the dyration of GATE. The (alling edge ot C1K {nlinw

ing the removal of GATE tectarts counting from the terminated point,

N
SN AEANRUABARR RN EEE QW W E

-1 e T PR

*, L=l
- = 4 ’ ¥- '—"- i o
- 1_- y 1 o ’ e -

Muodte 1: Programimable One.Shot

The QUTPUT is set low by the falling edos 0f CLOCK following the uailing erige of
GATE The QUTPU isset high again at the teeminal count. The output pualse is not
attectad if new count rata is loaded while the QUTPUT ic low. Tha pew dala will be
leactad gn the rising crlge of the next tringer pulse, The assertion of a tiga~r pulse
wihnle QUTPUT is low, 1esets and retriggers tha Ona-Shot, Tho OUITPUT wall ietain
lovs frr the full count vatue after the rising edan of TRIGGER.

AU UARRCARRERWAWR R AN RN
. —‘_‘,'.'_ r w1y

e Y Bl R

Morle 2: fiate Gennrntor
The AATE GENERATOR is a variable modutus counter, The QUTFUT gons low for

cae (ull Gt OCK period as shown in folloving timing rdiagram, The count data sets the
e betwoen OUTPUT pulsac, If the enunt renister is reloaded D iween ouipnt pulses
the present periprl will nnt be affected. The subsenuent period will refiect the new
value The OUTPUT wilt reriain high for the duration of the asseiters GATE input,
tinrmial nperation resumes nn the {alling £ OCK edge following the rising nddgr of
GATE
R AN YRV AN AN EN AU N NAEAN
s LS [

s oo b ..1 I ‘__U'—A_A_Ul

—— P ’ l.._i— rﬂyu.

tirte @ Allinterng) cnantor events oecur 81 che Inlling ndgr 0! the atsnciated rlor in ol inods; of

nperation, §-210
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TYPES TILVW,

Man? OV MBEA 1220

TiLng, TILns, TiLw
OPTOCOUPLERS

HIVIRED 1 F RtUAnY a0

e Gallium Arsenide Diode Infrared Source Optically Coupled
to a Silicon N-P-N Phototransistor

!
i
! COMPATIBLE WITH STANDARD TTLINTEGRATED CIRCUITS
i
i

» High Direct-Current Transfer Ratio

e High-Voltage Electrical Isolation . . .

e High-Speed Switching: t; =5 ps, tf =

rv-thunical data

Piastic Dual-In-Line Package

15kVor2

= 5 pus Typical

5kV Rating

Tte package consists of a gaium arsemde infoared emitting dicde and an v p n sibicon phototransistor mountedaon 4
i it

hirad tlame encapx ulated vathin an electicatly ronconductive plastic compnund

The case wilt withatard «oldining

oo pecatute with no defnnmation and devier performance chasactanstics remain stable when operated in high huonday

et trons Uit weght s appro g

1ol (.52 grams.

[

-l
woel
L AR,

NONES

b,

ow
X
. 8 mch e Yy
! TRIEYV e s cmn
ad e byema g
. g mnr
R B ST F 3-8
i I LN
] . mim
. i'
PREHPEEN - m———
[ '
i Pt | s Lol Rl s 41
"~ Twe peny .
- v vV iAees Eo.
l [ N -
. ienn  iTaas e
l TWETR  eevacts
e w010
I At 0

_."TT‘ 7 tonstiilon sad unit inssallend

GO0 b. Pin 1 identifiad Ly index dot.

r. Tarnidnel conneciions
- b PR
———T- sreatrs 3. Anode l infrered emitting
! 2 Cathode dlode {.
'\, 3. No tnternat connaction _/'
01 far 4 Euni '
J e inigier
3 N 8. Collector Fhototransistor
8. Base

[|-bm

" FALLS WITHIN JEDEC MO-OD1AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

o 1 easvare within 013 mm (0,009 inch) sactine of
4 true poaftlon (1.7 ) with masinum ristertal

absolute maximum ratings at 25" C free-ait temperature (unless otherwise noted)

input to Qutput Voltage: TILINY
Collcctor Base Voltage

Coltector Emitter Voltage (See Nole
£mtter Collector Voltage

Emitter Hase Voltage .

input Dode Reverse Voltaye

tnpust-Tlode Conntinuous Forward Cum-m at (nr belovx) 25° C Frcﬂ Au Tempualure (Sen Note 2)

Continuous Povser Dissipation at (ot

11114, TILNG, TlL|17

1)

below} 25°C Free A Temperature:

Intrared Emitting Dinde {See Note 3) . . . . Coe

Phototiansistor {See Note 4)

Total, Infrared-Emitting Diode plus thmvanslswl ( ce Note 5} . .

Storage ’Iempt‘vah.ue Range

lesd Trmr-evatuuc 1,6 mm (1716 Inch) (rom Case for IO Second' ..

Derote binen-ty 10 |00

1
2
3
4
s

This vatue anpiies whm the bae emitier dinds 13 ouen cirzuited.

C tree ki tamperetuse ot the tate of ¥ 33 mAfc
hnasrty 10 |oo \’ Trem air teimiparature ot the rate 0f 2 mW/> c.
Tineatly to |00 { trea aiv tamparature st the tate of 2 mW/ ‘¢’
v taraperature at the rete of 3 A3 mW/'C

o F . . THkYV
N . . *25kV
nov
30V
A"
7V
v
100 1A

150 mv/

150 mv!

. 250 mW
55 C o 1507C
260°C

Copyrght

TexAs INSTRUMENTS

INCORPORAIFD

POCT NFEICE ROX 226017 @ DALLAS, TEXAS /820%

1983 by Taxps Insiruments Incurpotated

OPTCCOUPLERS @
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TYPES TILM, TILHa, TILYG, TIL17
OPTOCOUPLERS '

electrical characteristics ut 25°C free-air temperature

TN - )
VILYIG LITREN
PARAMETER TEST CONDITIONS TILI14 )

MIN TYP MaX M Tvp M Top A

B o E(Tllvr.lm B:-e_- T lc-:TOpﬁ, g -0,
v 70 i 1)
(BRICBO Brrakedown Volings g0 h
Coliactor-E gritirr o1 mA, ig~ 0, ’ T
VioRicEo TR cron 8 30 » )

Brent down Veltage

v Lomttar.lase le-a M ' ;
i
niodpo i rabdown Voltags
—————————— .
lapat Diode Static l

1 Vpe3dv ' 10 10
R Revare Curennt R “

- I 7S W e 16 mA, 5/
Phototranssinrf 1n « p
On Stale o >4 _V‘.’.. To R S
LI Y - - d
. Cotleetor | 1 AHon , CEO . ik \ 'y
Gron) Curyont sp-’—-d Wi ‘:‘ -—ZQV—-I“_T(_-I\ g
hotad i} r 2 mA,
" cn ¥ 2 1 7 20 B
Opeiatinn g~ 0
o —— m N 4 : *
0118191 hototranme o Vee * 10V, tr =0, i 50 ' w ) B
Opmntion -0 :
ICloin Coltecrge L7 1.0 —————— s e S - I
Photosste Vep 1oV, )
Cirrent — n n 01 Pall ' i1 A |
Ouetation g 0 5
TR Y Ve v, TigToma Tk ’ ’
Trangistor St ] ot Y o . 100 300 mn e
hp g™ Forwaned Correng VF v : TDoLR A e - .y
Transier Ratio e ] 9 VA 100 100
lg~0 i
nput Diode Static tp = 16 mA 1.2 14 ty 1A :
- A B N
Forward Volag: Ig v 60mA v !
Ig* 2mA, I~ 16 mA,
o i . & s 075 na1 :
v H WL Bt T | =
v Coitector Peniter Ig: 22 ma, I 1uma, | 4 AN
. ! [T
8 CEbal g aton Vattays Iy 0 i !
o oA T e N ' N .
. s 0 i
Qr— Lv"'__?i SRV T TIC117 D T T el 7
C Il "IIN"‘"‘O“"“" 0 2: kvt LTI ; mn llf il !|Illl
' ‘ RYa thers, ]
) ! " fnternal Resitang o 3 1 oo :
r- i . P N - N R Note G y
m i gt 160 i Vivmr 0. € 1Mz, v )
a L T Coppntnpnee Sre Norte 6 '

HOTE 6 fhege HIREANHETS are ety butween Dt I 1oty Somiy shortad togatter pn all the CROTIITANIAIGE miny e s o e

switching characteristics at 25 C free-air temperature

(S W,

__——-‘h-%‘.‘_ S e —_.‘-'. Y'L,‘, - T -
. LATRETS T :
PARAMETER TEST CONDITIONS TiILI114 tenct
Tl H MIN TVP MAX 1P MAX AN Ter nay |
it Hewe Tonefihotntransiton [ VLC 10V g0« 2 maA, 5 10 " © .
————— e By =004, ‘..
Tl T e Operanion Ser Tovt Corcunt A ot Foprra 1 " ':
A TimsPhntadiordn Vee “ 10V, igig, « 20 uA, 1 [ ' i
—_— ] RL - 1k, - —_—— {.
1] .
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TYPES TILIN, TILN4, THIE, TILIT
OPTOCOUPLERS
PARAMETENR ML—ASUHEMENI' INFORMATION v

A Vel

)

’\ VY o de-0 autin
.L L’/’ TR TR TY
TS
N o s
-
RN RTTTRTIE PN

VAT AR (i RAVI0N

T AVETL S 0 1 et e

a3 03 Hlus Npe ath the totya g bva res

(R TEENTNY]

e tdete )

TEST CHRCUNT 0y

MOLTAGE AAVE T Oy, PHOTODIODTE OPERATION

t
R I L A TR 1 I ¥ SN L P T PTG R LA

anee o1, MR H B S LN T

12 e N,

-

FIGURE 1-SWITCHING TIMES

T

TIL11Y, TiL 14

COLLt CTOR CURRENT
vs

iLPYT DIODE CORWARD CURRENT

YPICAL CHARACTERISTICS

TR TILTI?

COLLECTOR CURRENT
133
INPUT DIODE FORWARD CURRENT

ERS %

L

S T by

o

.

) Y [ S S

1 =T urwind Corent-mA

FIGUHE 2

o 0.
= 100 ey T — oy === -
. T T T 2
‘_::. 40.'8“0 — 1= A1 U
;.41 - TA"250C O
11 ‘[? 10 fed 4 __—*_-.}'Li:: ’n"'
o 2 Boe o s o ~
NS H - 4 =< A ~ =
-*4* lt & q~1|un7 o
et 4 44 &
Sl 3 Y
RESte 5 A
2 £
. & Il o '
L 3 /1]
5 }1 § 0.1} =
Fifi 0.04 ' ' 1
1 001
0 100 0.1 04 1 4 10 a0 100

~tg--Forward Current~mA

FIQURE 3

TEXAS INSTRUMENTS

POLT
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TYPES TILIN, TiLti4, THLNG, TILH? -
OFTGCOUPLERS

TYPICAL CHARACTERISTICS

TILIY, TIL 134 YiLvie |
COLLECTOR CURRENT COLLECTOR CURRENT
vs v vs
COLLECTOR-EMITTER VOI TAGE COLLECTOR-EMITTER VOLTAGE
ig= 0 IBKE—“"
Ta*25°C TA ¢
- See Note 7 See Nute »
< i
T €
i > - R 4y A
g € vl
3 2. | S S Lo
s N ey 5 ! s
g i o o o N £ T
8 _blps + == (c’} - .i' S
!
o 1 9’-‘75/;'4’; adck, Ly b ‘
= 4. '0n R $ e pea A S
~d RN A Y Sl B R
3 If - 10 mA | Y,
a { '
A AL b PANEE N | o Y\ T
4] 2 4 6 8 10 12 114 15 18 20 0 2 4 6 8 10 12 14 1L 18
Ve - Collector-Emitter Valtagr: V Veg--Coltector-Lantter Voltagr V
FIGURE ¢ . FIGURE & B
i
TiL112
0O COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT
G ve vs
- COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE
C L 16 T
o in VCE=04Vi1010V i
9 “ 14f1lg-0 LNy -
= S I+ 10 mA i !
r‘g N 8 12}p-SeeNote®_4 1 | | _i
¥ : |
H > 10 — - '
v 8 // ] i
L] g 0.8 [Ny’ q T DU S _x 1
& :
g 4
€ 06 [—f——f—-— S fettels nod
£ |
2 ]
5 04 Bl nttaen Enanet EECIES SRS S ;-—!
delp 10 mMA ‘3 ' !
] ] ]"'-~-1 2 02}—-j. .. Ll IR Sy S ' ’
[%]
IR J |
ced Ao AL - 8 0 I S —
68 10 12 116 170 ~75 ~50 .25 Q 25 50 7% 1) 12 "
Vi Cotbeetan Favtna Vol v TA- Free-An Temperature e :
FIGUKE & TIGURE 7 i
Y B e e A TR IRTHEE'Y I PYVRRTPRPR POre Loy rind dunas shawn by dotied rey I3
Tt BT waete O uted usesy Duls e hingues, Ly = 1 ins, duiy dyvcie & 2% %
- - {
. |
. ¥
74U - TEXAS INSTRUMENTS 1
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TYPES TiL11, TILN4, TILNG, TILNT

OPTOCCUPLERS

TYPICAL CHARACTERISTICS

OFF STATE COLLLCTOR CURRENT

v

FREE-AIR TLMPERATURE

TCID JVR

qm} Ver Ve
] In u

1 m::); h 0

00} T
[N

;“'"i

H
a0t
'

0.1 LL
0 10 20 30 40 S0 GO 70 8O0 90 100
Ta--Free Air Temperature—-°C

FIGURE B

-

INPUT DIODE FORWARD

Normalized Static Forwvard Current Transfer Ratin—hgg

NORMALIZED TRANSISTOR STATH: | (iIlWARD
CURREMT TRANSFER RAVIL

vs
ONSTAT: COLLECTOR CURRL I

1.6 ] o arop e
ver sV rﬂl ! lj
va 'O bl il H'
TA 25°C|, i !]
i
12 y ~<.1 t - ;/ }‘ -"’!~-<‘ :
/ o
1.0 }— Tz RN B 11 S
AT P
= a4 1 - - ' Py,
08 /1’ ‘ : ! Ex
0.6 b—{~-{44 ] R T 3 i
| i
| L
04 f—1 b - F !;
i
0.2 - — = 11 Novmatized 1o
atlc = 1 mA
0

0.1 0204 1 2 4 10 20 4¢C

IC(on}-On-State Collector Current A
FIGURE @

COLLECTOR CURRENT

’ vs
CONDUCTION CHARACTERISTICS MODULATION FREQUENCY
W0 p—y—y 10 e s g TS :
Sen Note 7 | Vee - 10V fi=3: DHAEM-ETC] I{; ;
180 |- 3 Y NS A af'n=0 J
) Ta 257C - l « FTa =25°C o
PR - N 2 & 2
€
YY) —g - ] / e 8=
PR 1) ) PSSy GE g ] 0.4
. H
N E 0.2
4]
| ) . ‘? 01 feai =+
1’)! Ta-70C o :.'4_
i // 0.04 33413 H
2wi - — !
| / /1 Ta = —85°C 0.02 JI!
0 bt 1 A / 0.01 - . J-u
O 0204 0608 10 1.2 1.4 1.6 1.8 20 1 4 10 40 100 400 1000
Vg —~Forward Voltage—-V ) Imod—Modulation Frequency—kHz
FIGURE 10 FIGURE 11
7Y ew parametecs were massured uiing pulse techniques, ty, = 1 ms, duty cycler< 2%
TEXAS INSTRUMENTS
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wds CT-640 MIDI Implementation Chart

Verwon ;|

AY
Transmitted Recogpized Remarks
Function...
Basic  Default: 1 1-4 (*1)
Channel Changed X X
i
Default Mode 3 Mode 3
“iode Messages X X
A'tered GREAATIRBERNACURRBENONRRBIIRENRS x
bote 36-96 0-127 0-11,12-23,24-35=36-47,
. prd 97-108, 109-120, 121-127
ijber: True vo'ce R N R Y S R R YY) 36_96 = 85_,96 (.2)
Velocity Note ON x 9n v = 64 x 9nv=1-127—-64 "2)
\ Note OFF x9nv=0 Xx9nv=0,8nv=xx xx...No function
T
After Key’'s X X
Touch Ch's x X
Ritch Bender x X
' 64 | o o S.ustain pedal
- (*2) -
Control
Change
Prog O 0-29 O 0-29 (°3)
Change: True‘ SRBRNNEINIIENGERIRBIGAREREDRRRE
System Exclusive x X
System : Song Pos x x
; : Song Sel X X
Common : Tune x X
S+stem : Clock o] X Continue not sent™
Réal Time : Command O] x
Alx : Local ON/OFF | x x
: All Notes OFF X x
Mes- : Active Sense x x i
Si{ges : Reset x x ]
MID! messages transmitted/received only when set to the MIDI mode.
Notes *1) Multi messages received on CH 1-4

*2) Not received on CH-4

*3) Transmission/reception of 0-19 on CH-4

Mode 1: OMNI ON, POLY
Mode 3: OMNI OFF, POLY

Lu.._l -

Mode 2: OMNI ON, MONO
Mode 4: OMNI OFF, MONO

O: Yes
x : No



THE MIDI
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SPECIFICATION /97

TABLE ]

SUMMARY OF STATUS BYTES

STATUS #f OF DATA

ND1—-D0o BYTES DESCRIPTION
Channel Voice Messages
1000nnnn 2 Note Off event /
1001 nann 2 Note On event (velocity=:0 Note Gff) -
1010nnnn 2 Polyphonic key pressure/altertouch .
101 lnnnn 2 Control change
1100nnnn ! Program change
1101nnna I Channel Pressure (Aftertouch)
1110nnnn 2 "itch wheel change

CHANNEL MODE MESSAGES

101 Ionnn 2

Sclects Channel Mode

SYSTEM MESSAGES

11110000 sl System Exclusive
11110sss 0to2 Systern Common
IRRAREIN 0 System Real Time
NOTES:
nnnn: N—1I, where N = Channel #,
i.e. 0000 is Channcl 1.
0001 is Channel 2.
1111 is Channel 10,
sovss Oiiiiiii, data, ..., EOX
it Identification
SSS5. lto?
e Oto? .
Ve
TABLE 1l

CHANNEL VOICE MESSAGES

STATUYS DATA BYTES DESCRIPTION
3 - M
1000nnnn 10kkkkkkk Note Off (sce notes | 4)
- \Ovvvyvvy vvvyvvy: note ofl velocity
1001nnnn Okkkkkkk Note On (sce Notces 1-4)
~ Ovvvvvvh vwvvvyy#Q: velocity
vyvvvvv=0: note off
1010nnnn Okkkkkkk Polyphonic Key Pressute (After-Touch)
Ovvvvyvy vvvvyvy: pressure valuc
101 Innnn Occecece Control Change
Ovvvvvvy cccecee: controt # (0-121) (sce notes 5-8)
vvvvyvy: control value
cecccee=122 thru 127: Rescrved. See Table 111
1100nnnn Oppppppp Program Change
pPPPPPPP: program number (0-127)
1{0innnn Ovvvvvvy Channel Pressure (After-Touch)
vvvyvyv: pressure value
11 10nnnan Ovyvvvvy Pitch Wheel Change LSB (sec note 10)
Ovvvvvvy .. Pitch Wheel Change MSB

Notes for Table 1l on the following page.
1
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e e s mm et 0 e+ were e womn & i e R APPENDIX A mm—ms me e e ..

NOTES:

0.

10.

. nnnn: Voice Channel # (1 16, caded as defined in Table 1 duotes)

. kkkkkkk: note # (0 127)

kkkhkkk=00: Middle € ol keybound
0 12 24 16 48 60 72 T R4 9o

108 120 127

¢ ¢ ¢ N < ¢ ¢
piana range

. vevvvwy: key  velocity

A logarithmic scale would he advisable.

Y] | 064

ofl ppp- pp P mp mf )

vevivve=6d: in case of no velocity sensors
vevveve=(l: Note OI, with velocity= 64

(lor controllers)

0 127

min max
(for switches)

{] 127

ofl ’ on

Numbers | through 1260 imnclisive, pre ignored.

byite untila ditferent Statos byte s needed.

Any Note On omessage sent should be batinced by sending a0 Note O miessage lor thn
note in that channel at some fater time

. cceccce: control number . .
ceeeeee Desenption
0 Continwous Controller 0 MSB
] Continnous Controller | MSB(MODULATION WHEF])

2 Connnuous Controller 2 MSR {

1 Conbinitous Controlier 3 MSB

KRR Continnous Contioller 4 31 MSB

i2 Continuous Controller 0 LSB

AR} Continuous Controller 11SB (MODUL ATION WHIEFET)

K] Cogtinuous Contraller 2 1.58

35 Continnous Controller 3 1SR

36 63 Continunons Contioller 4 31 1.SB

64 9§ Savitches (Ong O

Yo 120 Uneledim! >

122 127 Reserved for Caiainet Red oesaawe (see Table TH),

Fhe controllers are not specilically defined, A manufactures canassipn the logical contiollers to physical ones
as neeessiny, The controtler allocation table must be provided in the user's operation manual,

. Continuous controllers are divided into Most Significant and east Signilicant Bytes. 10 only seven birs ol
resolution are needed for any particular controllers, only the MSHis sent. Itis not necessary tosend the 1 S 1
more resolution is needed, then both are sent, fitst the MSB, then the TSB 10 only the LSB has chanped i
vitlue, the 1LSB may be sent without re-sending the MSE,

- vvvvvwys control value (MSB)

- Any messapes (e Note On), which are sent snceessively under the sinne stiatus, can be sent withont a Statos

Sensitivity of the pitch bender is sefected in the reeciver. Center position vadue (o piteh change) is 200041,

which would be transmitied Fall-00H-401H,
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nonn: Basic Channcl # ($-16, coded as defined in Table I)
Moessages 123 thiu 127 function as All Notes Off mes-
sages. ‘Lhey will turn off all voices controlled by the
sgigncd Basic Channel. Except for message 123, All
Mes O, they should not be sent periodically, but only
a tpecific pumipase In na case shoukd they be used in
*of Noete Ol commands to turn olf notes which have
» peviously turned on. T herclore any All Notes Off
< mankd (123-127) may be ignored by receiver with no
thilify ol notes staying on. since any Note On com-
and must have a corresponding specific Note Off com-

a.-

e THE MIDI SPECIFICATION/ 99 D
TABLE il
CHANNEL MODE MESSAGES
® CATUS DATA BYTES DESCRIPITON
101 Innnn Occeecce Mude Messages
Ovvvvevvy
cccecee=122: 1.ocal Control
? vvwyvwy=0, Local Control Off

vvvvvyv=127, l.acal Control On
ccceceee=123: All Notes Off
VVvvvyv==()
ceceeeez=124: Omni Mode O (All Notes Off)
VVVVYVYY=()
ceccece=125: Omni Mode On (All Notes OIf)
vvvvvyv=(
cecceec=126: Mono Mode On (Poly Mode Of) -

! * {All Notes Off)
vvvvewv=M,  where Mois the number of channels
vvvvvvy==(), - the numther of channcels cquals the

. number of voices in the receiver.,
ccecece=127: Poly Mode On (Mono Made O1f)
vyvvvyey=() (AN Notes Off)

QS

for example. aid the sound-genecating circuiny, 11 40

(Local Ol message) is reccived, the path is disconneeted:
the keyboard data goes only to MIDI and the sound-
generating circuitry is controlled anly by incoming M11))
data. If a 7FH (Local On miessage) is teccived, notmal
operation is restored.

The thitd byt of *Mone® speeifies the number of channels
in which Monophonic Veice messages aie to be sent. This
number, M. is a number between | and 16, The chan-
nci(s) being used, then, will be the current Basic Channel
(=N) thru N+M—1 up to a maximum of 16. If M=0, this

mand. is a special casc dirccting the recciver to assign all its
Control Change #122, Local Conirol. is optionally used to vaoices, onc per channel, from the Basic Channel N
intersupt] the internal control path between the keyboard, through 16.
TABLE 1V
SYSTEM COMMON MESSAGES
STATUS DATA BYTES DESCRIPTION
o001 Undefined
tETonto Sang Position Painter
(UNRNNRN FETRELE: (Teast significant)
hhhhhhh: (Most signiticant)
[ 1ittoon Osssssss Song Sclect
$SS8S8s: Song 7
1110700 Undefined
L2 11110101 Undcfined
1oro none - Tune Request
Lo nonc EOX: “End of System Fxelusine™ ay
o : - B
1 IES:

Sang Pusition Pointer: Is an internal register which holds
he number of MIDI beats (1 beat = 6 MIDI clocks)
ince the start of the song. Normally it is sct to 0 when
he START switch is pressed. which starts sequence play-
oack. It then increments with every sixth MIDI clock
cecipt, until.STOP is pressed. If CONTINUE is pressed,
{ continucs to increment. It can he arbitrarily preset (10 a
esolution of | beat) by the SONG POSITION

‘OINTER message.

. Song Scleet: Species which seng o sequence i to be

playedupon seceipt o s Stant (Reals uanep messape,
Tune Request: P'sed with analog synthesizers 1o tequest
them to tunc their oscillators,

S EOX: Used as i thag to indicate the end of 3 System

Exclusive transmission (see Jable V).



TABLE V
SYSTEM REAL 1I'IME MISSAGES

DATA BYTES

_b"(—.

. ;
100/ APPENDIX A ) -

TABLE VI
SYSTEM EXCLUSIVE MESSAGIES

S[EATUS DESCRIPTION  STATUS DATA BYTES  DESCRIPTION
H 11000 Timing Clack ~  1)110000 Oiiniiii Bulk dump cic
(R ERRTIT] N Undelined . tiliii: identification
1o Stan!'’/} (0*s+4209)
o Continue Any number of bytes may be
AR Stop / sent here, tor any purposc, as
‘01! Undelined long as they all have a sc10
0 Active Sensing . in the most isgnificant bir,
i System Reset (Urrerene)
NOTES: ot FOX: “End of System
- Exclusive™
1. |The System Real Time messages are for synchronizing all 2
of the system in real time. . :
2. Mhe System Real Time messages can be seat at any time, NOTES:
(\ny mc.ssa!;cs wl.||lch"cm‘|sn.\'l' .o.f two or more bytes may be 1. diiiiii: identification 1) (0-127)
) ;?'",'0 '(":”; i({'c_;“;mu messages. 2. All bytes between the System Exclusive Status byte and
- iming Clock (I - EOX of the next Status byte must have zeroes
Jhe system is synchronized with this clock, which is sent MSB - 7R e ren
4 :: a "?;c of i“ L:I(’(:,ks/( l;uncr)n(olli-\._l_'_) 3. The 1D number can be abtained from the MIDI commir-
- Mart (from beginning of sang) (1 . tee, See Table VII.
This byte is immediately sent when the PLAY switch on 4 I;L“OL‘;“C s'h';)uld other Status or Data bytes (except
5 l(t)c T"S‘c:l(f;itl!i )scqucnccr or rhythm unit) is pressed. Real-Time) be interfeaved with System Exclusive, regind-
. Continue (¥ e ; L s Rebuni:
This is sent when the CONTINUE switch is hit, A LN ol o 1 ,::,?f‘;‘i‘cc';,,'L,fz.’.,‘,'_‘.',ff,,‘f;.
. ;:c;quc(n;.:z‘n'l," continue at the time of the next clock. ferminate g System Exclusive message, and should be sent
st immediately ot its conelusion,
This hyte is immedintely sent when the §10P switch is AR (e emeitin
hit. 1t will stop the seqrience. L
7. Active Sensing (IFEH) ) TABLE vii
Use of this message is aptional, for cither receivers or MANUFACTURIERS® 11 NUMBERS
* transmitters. This is a “dummy” Status byte that is sent ] M
every 300 ms (max), whenever there is no other activity < 3 2 ).
on Mii3i The ceceiver will operate normally if it never s’?q"”_‘"f'l Circuits, Inc. ”i::
receives FEHL. Otherwise, if FEN is ever received, o wii :)'F-n'r-l?l"l 3;”
expect to reccive FEH or a transmission of any type every Clve/ z?.tcnu o
300 ms (max). I a period of 300 ms passes with no activ- T’T“g M";'f:_. l.ﬂll
ity. the receiver will turn olf the voices and return to lds%porl Designs : . I
normal aperation; l.(:)XIC'()I‘:I Il(‘;ll
8. System Reset (FIFH) '(; cr_;c-nm. 201
‘This message initializes all of the system to the condition ‘(;"_ vl 3
of just having turned on power. The System Reset mes- S. [L . -
. s used sparingdv. nreeferahlo 73— Kawii 40H
sage should be used sparingly, preferably under manual I Y
command only. In panticular, it should not be sent auto- Roland PRI
matically on power up, ’ ,\s:l)r'lﬁlha 4“”
~
& -
[/
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