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This thesis present. an application of computer in musical
field,Lhe skillfu) field,that have Lo accompany with precise and
delical.e  inst.ruments. Intend L6 be utilized by novice musician in the
new progerssion of learning or even the professional musician can use
Lhis  application Lo  alliviate Lheir works.This applicaton was
destened Lo allow user "selecl and place" notes in autometic staffs
and clispatch its Lo digital instruments.ln the program part,we run it
under Microsoft. Windows ,the eminent user interface method ,and we
use the necessary musical rules to g¢omfort, Lhe user in placing notes.
In Lhe interface part, our card use the MIDI st.andard in
communication with the instruments.Another detail of this project,

already proposed in the following chapter.
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?HS—DOS Executiue:

File View Special

o (=] PI===] c:paTTERN \WINDOWS
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TERMINAL. EXE
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A

- [4
7 2.9 il
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Application T
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v/inMain
D ShowWindow
Create
Mussage nV'*\} Application window__ | application
loop \\._’/\ queue window
wnaProc Windows

7 2.10 yaan laszunTunasm e

e ] Ry
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i BlTeviial7an s libeunemd i 18an

WRNN1TAAMLILN TS T awen 75 mnm‘:ﬁ‘lb’ﬁwmvanm'[umnm#t?{mi’m
ﬁ’unwé"nm?"‘mmaag'luﬁamma v Braaroutienfianas Tumunanise Lmminan 18

1 Townmimenmniaefusm  (Step Time) wnado i Tumnnisiga9t 2a17e
winaTiademm FednmnastenduTiasaiand TaelH5-Twsa: andi s futs
uau |y Tl oS odands T 15 Wl e daseumiier ludno i

LI dndnasiamiete. Tumnaimewthanalnd  (Real Time) Tas
Tumnarehnsindndgeinanialowusiasae  vntidwiasisundy  (Play
back) arnmienawsa: TRy binsiuin 71 sunout Iuthin Tumnnml¥¥nas
aonury Tt nasifaes thinnmine s hannmianlngd. TosiTusunsTesa aadt sy
TiaumdioyIrdinang - ulwiansundulesTumnnuedidnivaiend (cassette

. - 4 4 -
Player) ‘lufimmrnaeda lmf twan1mm1m1%’u§1’agauw§a‘lm"luammé’wa

uanan TunTufieda s 8 nhuuth e dluTlareemiigalenay
Sanlumnmidndndidadn dawamand  (Song Manager) Fennaiwinfi g
sewinvtauaidau Infumeda tndanTumnsninfesas  usnanmiadieihiniluntsaade
(Installation) m"smm’:‘uasqﬂmt@ﬁshwt Hiu TuunTy

e Tamviamitentinas b Tardevs uladiih e Tunrasmumreintmdur e

-26=



Trreendss #e AT MR (Multitasking) Iegunusndudtvqean
T Tusunsugan tiad a1 tudaae bitusomu 1 harse Tt lunm: SmmsenanuinTys
unmn Fedwrsmh luunmvathste it wing JanTuaunmuidavannate
vou W Tiaddaefiavswnsoriiem  GmTim Eiemanatowemsivon
M Bed TumnTuiiu Tt Sovin ety o 3o seuad wiaiito Jan Tumuntu Tads
LRadaanu Y aufAR L TN LA aa'ft;'ﬂi‘ﬁqsmmm L Beu T low¥anfius fusanmetaas
AT 15 Taan11dwa1nﬁauaTswiweTU1un1uws1ﬂvsuu5§5 (DDE-Dynamic  Data
Exchange) umﬂﬂnn11ntaan1§1uTa1ﬂawa1uTh7u1tﬁuﬁvuaaannu515n11wtnanalaa
A e & ularredduTadi aeee ﬁmmasmmumﬂﬂnwmn-mma
SPRICERY n11nn11aanaThan1qnndvusﬁanwauaanﬁTa aqawtﬂunanexnauTU1un1u
Tudnifl 4 T ude Tiunna landtaad I Driver) uariinsiniulads
ﬂauaawlamamaﬁ EELTRTEC TG ENTIE A oator At AN Sy o [VONREE 0 ¥
mw’[mun-m MIDIDRV.COM i¥miiulas1909 use TuSunTn  MIDICONC.LIC uge
MIDICONP.LIB tﬁu1au111nﬂ151unnvaananunﬁ»wﬂe Fusrhdasawaww  Tasd
TurTa Imfdn MrDIOON.H
dnuumrmReme i Tiase liwinn17me9 Sinmd  (Bvent) thowmnaie ng

utwinvivasaant it g Jeaeithiusaenauae JeanaeTiqunty TasTy 1 5w

- ¥ { s
p133el et ety wiat il nstdens 18

9% Events Per Room

. S 49tk Event ' 1 Note
' ¥ /
1 Up
=
/ ﬁi |
95 even! | emply 73nd Event | 1 Note

- - (
31!?‘1 3.12 SmeEn1T™RINT 98 79 Tl L e
] 3 . [ - - - T]_' ‘l ]
RDIMMIIEBBNAITIT A L BoauatuunIuRanee TusunTn ludaedu

3.2.2 TumunmTBmdaiead (Note Editor)

4
-‘mﬂwa'oﬂ

..27_



i Tumnaai nzmﬁumwa‘lm"li’muwnuanmmwﬂnm'ﬁ'amm m""‘lu"'
Aiuniin uasmi'}mfrwmmwmm'wmmmm sf'xmm'lﬂum-sﬂaaumwm‘la
;ﬁma‘m viia nauTi'naq'lmmwaummmmmzﬁ«ﬁac'[ﬁ i et et smun i
M TR TN T uazian e niiT e $ nr W mnnatseas i und
UTEno1mag L dup

AT WITH

ATWAWATD A euRT = HusTim 10 1B (S t%nmﬁwmﬂaa 5 1HuAn
v B # w30 B San Tiadnass luanamansdia 10 tM‘lanmv w¥an
mmmaa'[aadw'nn'hﬂfﬂaamTwmmthm ua'rmn'rwna\:ﬂ'm'[ﬁnm 11 asn
il (desany 128 Tie ATmanaTsuned®) himdeitinnn Wl et Tum
mmwnmmqmw'lm"lﬁtaan 6 ULy uRrHWAT AN Adn s TEn a1 1 Tae
#m"zncm’:’?‘ﬁaa‘lmmnnmnﬂm’nmﬂaudw ¥8y wniniaad dmiinaTiBm e
numuﬁ'amﬁm‘lm"li{man‘laﬂmo 3 # 0 0 (Sharp) uan (Flat) uge
tut39¥a  (Natural) Taamun‘[ﬁa'lutﬁamnuﬁ'smﬂmmamgawwmmwﬁum
Ti'm'lmEamwmnmmsnmuamwﬂﬂuamlammaa'm usn A
duntondssarsm Ehome Tt tante Hdamimisldiatonmng 1t
uuamm-nm'la'[ﬂ‘mnmnwuﬂmméamwmﬂmm’[&am‘[m

A2E@ T e Tunsa - &1 Tsunmmnesnun Bflerwnane lulweun?
Sammmeum s AT oy n7ée Tiath udtasnenuiumisnaTin 2 distaou
zmtRa«mnwm'lﬁmmm'ra‘[a\uﬁass'lwr el 3.12 mamm-w'-m'lmmo'[ﬁmn
LilklarweenTweund (du 3 S nwa’wmmunu'[ﬁa a8 um AW
mm-m'lum-sm'[ﬁmuammmwaﬁmﬂ'uumﬂmmmm‘la #wTniiiu(Save)
wa3n (Tantuastianel  (Load) 13 gwrroud lnvmetsn Tnl63e 2500 &9
Tas bitniedmnding  Feermaniiaeud o 8faemng 1va o Tas 1A
dmnTaiaet Jan TumunTn 3avﬁ:§wqaann1’15nnﬂu'[aﬁm’zﬂa'f

pﬁ 3.13 nrTim e faitag

[v) [y (£ o - el -
Ha3ie AIWHMTNIBIEN L AR A A Ll Rafiowmquiiaus 3T tudui

i lunaifwarmeare W lumunauisdawins@mningn

~28~



i) e e e A A R g e i

!Notn Fdirv « C(untitled)

File Edit Play Setting. Demo L ST © 25 B30 Al 1t o SR W P TELL T Lk R

H1H

o= , e PO
: = f
@ i Chanse Room Ranse (‘%" LJ—I |:‘.:ZEE P

@ o anun Hode, Ootave 4 Signaturd
@ : Instrumes

Time Signature Selecter

Version BT.01

3 2 Z b

4 7 4 8

®ara QO3/4a O272 C2s4a Qers 03/‘8

Change Room Range |(Up)
@ © [J 1nsert Mode Octave 4
ey

7 3.14 Tieda 1 aaffiver g m 106799

=29~

Note
MIDI Codg
Room

Signaturg

Instrumer
Piano




| Open File unnl
i (!

Elles in As\
BS.MO1

] 4
Eniion. exe C ooy
PLAVER. EXE i
POP.EXE :

' Cancel )

L ] [E EEENEN ] [ootsve s lﬂoto
@ Change Room Rangse @ b ::2: itz

@ o [ Insert Mode Octave 4 Signaturd
@ Instrumey

R £ o i w0 i ) s e o

e —————— R ¥
f'" "“’”'"Nore Edit - (unuued)r

Instrument Selecter
Version BT.01

Accordian e
Brass
Elec Piano :

Flute Q

Guitar CANCEL
HarpsiCord

Honky Tonk Piano +

4= =) Octave 5 J Note
MIDI Codg

Change Room Range @ Room
@ O [J insert Mode Octave 4 Slgnatur]
! Instrume

(E hpiano

70 3.14 Tade1eadimImdmI 70679 (da)

-30-



3.2.3 Tumunnuaditniwadi sad (Cassette Player)

3ﬂﬂqsﬂoé tda1ﬂtﬁudvuavuqunﬂ1lduluaonncTﬂwunTuﬁcuuaﬁudvu
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9.5 THE ZILOG Z-80 SI10 AND Z-80 DART

For serial communications the Z-80 is supported by the Z-80 SI0 serial input/ouiput
controller and the Z-80 DART dual asynchronous receiver/transmitter. Both devices
provide two separate and independent serial communications channels. This means
that one channel can be programmed to communicate with a 19,200-baud VDT while
the other is intetfaced to 8 modem at 300 baud, for example. .

The SIO has both asynchronous and synchronous capabilities, including compati-
bility with the bisync, SDLC, and HDLC synchronous protocols. Automatic CRC
checking and generation is also provided in this mode. For asynchronous-mode-only
applications, the Z-80 DART should be selected. It has all of the SIO's asynchronous
capabilities and is pin-compatible with the Z-80 SIO/0 version of the SIO.

Similar to other Z-80 support devices, ali control functions of the SIO and
DART are programmable by the microprocessor. Several status registers are provided
that allow monitoring of all important UART flags and error conditions. Also sup-
ported is the (standard technique for all Zilog peripheral controllers) Z-80 mode 2
interrupt scheme, including the daisy-chain -priority structure.

Clock multipliers of X1, X16, X32, and X64 are programmable and data rates
up to one-fifth of the system clock frequency are possible. A Z-80A SIO with a
4-MHz clock can operate at 800K baud in the: synchronous mode and as high as
50K baud in the asynchronous mode (X16 clock).

Comparing the SIO and the DART. Figure 9.22 shows the pin assignm~cnts
for the three versions of the SIO and the single version of the DART. As mentioned,
the DART pinning is identical to the SI0/0 option except that pins 11 and 29 are
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Figure 9.22 (a)-{c) Pin assignments for the three versions of the Z-80 SIO; (d)
single version of the Z-80 DART. The S10/0 and DART have identical pin assign-
ments. (Courtesy of Zilog, Inc.)

labeled SYNCA and SYNCB on the SIO and RTA and RIB on the DART. In the
asynchronous mode (the only mode of operation for the DART) these pins are general-
purpose inputs that have no special function. Indeed, they could be connected o 8

ring indicator signal from a modem (hence the DART signal names),
When operated in the synchronous mode (the S1O) SYNCA and SYNCB signals

indicate reception of valid sync characters. More details on the SYNC pins will be
provided later in this section.
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The differences between the three versions of the SIO are:

1." The S10/0 channel B receiver and transmitter have a common clock pin,
2. The SIO/1 lacks the DTRB signal.
3. The SI0/2 lacks the SYNCB signal.

Note that this means that channel B of the SIO/0 and the DART have a common
transmitter and receiver clock but that channel A can have separaté clocks. In the
discussion to follow the Z-80 S10/0 will be shown, but all comments regarding asyn-
chronous operation apply equally to the Z-80 DART.

Interfacing the Z-80 S10. Interfacing the Z-80 SIO to the Z-80 microprocessor
is straightforward, as illustrated in Fig. 9.23. All control signals are directly compatible
with the Z-80. Internally, the SIO decodes TORQ, M1, and RD to generate IOR,
TOW, and INTA (see Table 8.3). All communications between the Z-80 and the
S10 is done using the bidirectional data bus, and to the processor, the SIO appears
to be four paralle! 170 ports. .

The B/A input selects channel A or B and the C/D input determines if the
control or data registers will be examined. The CE input must be low for all 1/0
read or write operations with the processor (it need -not be Jow when transmitting
or receiving data). Table 9.5 lists specific port addresses based on the address decoding
in Fig. 9.23.

For variety, a more elaborate address decoder than is required is shown. This
circuit generates three additional chip-enable signals that could be used with additional
SIO chips or other peripheral controllers, such as the Z-80 P10 or CTC. If this is
done, the 1EI and [EO daisy-chain controls should be used to establish interrupt
priorities. In Fig. 9.23 the SIO is given highest priority by wiring its IEI input to
+5V. .

) Examining the serial interfaces, two channels are provided labeled Channel A

and Channel B. Note that each provides separate serial in and out lines and has
independent clock inputs. The SIO/0 option shown has the channel B receiver and
transmitter pins internally connected.

As mentioned in Sec. 9.4, the baud rate can be controlled by changing the
clock multiplier (X16, %32, X64) without changing the baud rate clock frequency.
The baud rate generator itself can be a crystal-controlled TTL oscillator, a Z-80
CTC programmed for a specific baud rate, or a special baud rate generator IC such
as the Motorola MC14411, Because these options were discussed in detail in Sec..
9.4, that material will not be repeated here.

Four modem control signals are provided for each channel: two inputs and
two outputs. These are used to establish a handshaking protocol between the serial
peripheral and the S10. More detail will be provided in Sec. 9.7. Note, however,
that the signals are identical to those provided on the Intel 8251 except that DSR
is replaced with DCD on the SIO.

If the auto enables function is selected, DCD and CTS become the receiver
and transmitter enables, respectively. If disabled, they function as general purpose
inputs. '

o
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Figure 9.23 Interfacing the Z-80 SIO to the three-bus system architecture of the Z-80 micropro-

cessor.

Each channel (of the.S10/0) also has two s

and W/RDY.

pecial-purpose control signals, SYNC

1. SYNC can be programmed to be an input or output signal when the SIO is
operated in the synchronous mode. As an output it indicates valid sync characters
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TABLE 9.5 PORT ADDRESSES FOR THE 2-80 INTERFACE IN FIG. 8.23

Figure 9.23
B/A <¢b TORQ KD port address Function
0 0 0 0 FOH * Data read
0 0 0 1 FOH Data write Channel
0 1 0 0 FiH Status read A
0 i 0 i FiH Control write
1 0 0 (] F2H Dats read
1 0 0 1 F2H Data write Channel
| | 0 0 F3H Status read B
1 1 0 1 F3H Control write

are being received and could be used by non-Z-80 processors to initiate an
interrupt request. As an input, SYNC allows an external signal to indicate
synchrdnization and cause the SIO to begin capturing the synchronous data.

In the asynchronous mode SYNC is a general-purpose input that can be
monitored via a status register. A typical application is to detect the ring signal
output by a modem.

5. W/RDY is an output that can be programmed as an open drain WAIT request
signal. It is used for block transfers to synchronize the data rate between the
SIO and a DMA controller or the processor. It can also be programmed as a
RDY signal compatible with the Z-80 DMA RDY input.

Progrsmming the Z-80 SI10: Asynchronous Mode. Figures 9.24 and
9.25 describe the read and write registers of the Z-80 S10. These are usually referred
to as RRO-RR2 (read registers O through 2) and WRO-WR7 (write registers O through
7). Registers WR2 and RR2 can be accessed only when B/A = 1. This does not
mean that the interrupt vector can be specified only for channel B. Rather, the interrupt
vector is common to channels A and B and therefore need not be specified for-both.

All other registers arc duplicated for channel A and channel B. Note that WR6
and WRT control the synchronous made of operation exclusively and are not available
in the Z-80 DART. In general, all bits dedicated to the synchronous mode are “do
nothing” bits for the DART.

You may be wondering how eight write registers and three read registers can
be accessed through one control port. The trick is to use WRO as a pointer register.
For example, by specifying D2-DO as 010, RR2 will be accessed with the next control
port read operation, and WR2 will be written to with the next control port write.

As with all programmable 1/0 devices, an initialization sequence must be fol-
lowed before the device can be used. Figure 9.26 shows the suggested sequence for
the SIO. As can be seen, WRO must repeatedly be programmed to point at the

desired register. .
The SIO can be controlled using any of the familiar 170 techniques:

1. Polling
2. Interrupts
3. DMA
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Figure 925 Z-80 SIO write register bit functions. Registers 6 and 7 are not available in the
Z-80 DART. (Courtesy of Zilog, Inc.)
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Figure 926 Suggested initialization sequence for the Z-80 SIO in the asynchronous
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The particular scheme used affects the last-steps of the initialization sequence.
As an illustration, consider the following example, which will program the SIO for
simple polling.

Example 9.13

Determine the codes and write the program required to initialize channel B of the.
Z-80 SIO interface in Fig. 9.23 for asynchronous polled transfers. Use 8 data bits per
character, odd parity, 1 stop bit, and a 64X clock multiplier. Disable the auto enables
function.

Solution. Figure 9.27(a) lists the required sequence of codes. Figure 9.27(b) is the
Z-80 control program which puts the OTIR instruction to good use.

Controlling the Z-80 SIO in the Asynchronous Mode

Polling. The simplest way to use the SIO (although not the most efficient)
is with polling. Example 9.13 gives an example of the initialization required. Once
initialized, receiving and transmitting programs must be written. Flowcharts for these
programs are provided in Fig. 9.28.

Register Binary Code Required Hex Explanation
1. WRO 00 011 000 18 Channel reset command sent to WRO,
WRO 00 010 100 14 Reset status/imerrupts and point at WR4,*
WR4 11 XX 01 01 cs 64X clock, 1 stop bit, odd parity
{trsns and rovr),
WRO 00 010 011 13 Point to WR3,
WR3 11000001 c 8 bits/char, DCD and CTS disable (suto
enables dissble}, rcvr enable.
6. WRO 00 010 10 15 Point to WR5,
7. WRS 0 11 01000 68 No DTR or RTS, 8 bits/char, no break,
trans enable,

*When sny of the externa! lines DCD, CTS or 2 Bresk condition occurs, the status bits of RRO are fatched,
These bits should be reset during initialization, 1t is just as easy to do this with each write to WRO and no
harm is done. This is done in this example,

(a)
12-B0 SI0 ASYNCHRONOUS INITIALIZATION ROUTINE
$
$ THIS PROGRAM INITIALIZES THE I-BO SI0 FOR 1 STOP

$1B1T, ODD PARITY, 8 DATA BITS AND 44X CLOCK MODE.
$ALL MODEM CONTROL SIGNALS ARE .DISABLED.

$

INSIO"® LD C,0F3H §CHANNEL B CONTROL PORT
LD B,7 - 37 BYTES TO PROGRAM
LD HL, CODES sPOINT HL AT CODE TRBLE
OTIR $OUTPUT THE CONTROL CODES
3
170 CAN BEGIN HERE
3

CODES DB 18H, 14H, OCSH § THESE ARE THE INITIALIZATION
DB 134, 0C1H, 15H ; CODES
DB 68H

(b)

Figure 927 (a) Contro! codes required for Ex. 9.13; (b) Z-80 initialization routine.
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Referring to the read register definitions in Fig. 9.24, bit 0 6f RRO is the receive
data ready flag. When this bit is high, one to three data bytes are available to be
read (the SIO has a three-character buffer). If bit 0 is not high, the DCD bit can
be tested (this line is usually used by a modem to indicate that it has a valid carrier
from the distant station) or the break condition tested. The break character is a
continuous logic O level and is used to interrupt the transmitter.

When bit 0 goes high, RR1 should be read and its contents saved. As indicated
in Fig. 9.24, this register stores the error conditions. Next the data character itself
should be read, and after testing RR1 for errors, stored in a buffer. If errors did
occur, retransmission can be requested. Note that RR1 latches the error bits, so
that unless they are reset, they will . ;" be there on the next read. An output write
to WRO with D5-D3 = 110 accomplishes this. Because the error bits are latched,
it may be desirable to read a block of characters and then test for an error. This
technique would be more appropriate when interrupts are used, as it would allow
the processor maximum time between character reads,

Example 9.14 |
Assuming that the initialization routine in Fig. 9.27(b) has becn executed, write a subrou-
tine that polls the Z-80 SIO in Fig. 9.23 and returns wit., the received character in
register A. If an error has occurred (parity, overrun, or framing error), return with
the Z flag reset and all error bits reset. Assume that the modem control lines and the
break character are not used.

Solution. The program is shown in Fig. 9.29 and follows the receiver flowchart in
Fig. 9.28(a).

12-80 SI0 ASYNCHRONOUS RECEIVER SUBROUTINE

}

1 THIS PROGRAM READS ONE CHARACTER FROM CHANNEL B OF
$ THE Z-80 610 INTERFACE SHOWN IN F18. 9-23. POLLING
116 USED AND THE CHARACTER READ 18 RETURNED IN
tREGISTER A, IF AN ERROR OCCURS THE BUBPROUTINE
JRETURNS WITH THE I FLAG RESET,

1)
LD C,0F3H $CHONNEL, B CONTROL PDRT ADDR
LD A, 000000008 }POINT WRO AT RRO
ouT (C),A *  §PROGRAN WRO
POLL IN a, (C) JREAD RRO ~ CH. B STATUS PORT
BIT 0,A )y TEST RECEIVER READY FLAG
JR z,POLL JWAIT FOR A CHARACTER
3
1BOT A CHARACTER - STORE IT AND TEST FOR ERRORS
1)
LD A, 000000018 jPOINT WRO AT RRi
ouTt (C),A 3} PROGRAM WRO
IN a, (C) {ERROR STATUS TO A
AND 70H {1 TEST BITE 4,5,6
IN A, (OF2H) 1CHARACTER TO A
RET z 1NO ERRORS IF ZERO

' .
$RESET ERROR FLAGS FOR NEXT READ
]

LD B, 001 10000B $RESET ERROR BITS
ouT (C),B 1 PROGRAM MRO
RET $RETURN WITH I FUAG REBET

Figure 9.29 Receiver polling program for Ex. 9.14.
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Note: See Prob. 9.24 for the corresponding polled transmitter program.

Interrupts. The fiowchart in Fig. 9.26 indicates that WR2 and WR1 must
also be initialized when using the SIO with interrupts. WR2 holds the base interrupt
vector for both channels A and B. The SIO can be programmed to output this vector
for all interrupt conditions or to output up to eight variations of the vector correspond.
ing to different status conditions. Bit D2 of WR1 for channel B controls the selection.

Assuming that this bit is set, Table 9.6 lists the conditions tested and the resulting
modifications to the interrupt vector. The external/status change refers to the modem
input contro! signals BCD and TTS, and the SYNC pin programmed as an input.

I\

TABLE 8.6. EFFECT ON THE INTERRUPT VECTOR DUE
TO ENABLING THE STATUS EFFECTS VECTOR, BIT D2

OF WR1
Vs V, v,
&
0 0 0 Transmit buffer empty
0 0 1 External/status change
Chanriel B . o 1 0 Receive character available
0 1 1 Special receive condition®
] 0 0 Transmit buffer empty
1 0 1 External/status change
wnanng R ! 1 0 Receive character available
1 1 ]

Special receive condition®

* Special receive conditions: parity error, Rx overrun error, framing
error, end of frame (SDLC).
Source: Courtesy of Zilog Corporation.

WRI controls the interrupt mode. Using this register you control the source
of the interrupts (receiver, transmitter, or special receive conditions) and whether
to interrupt on all received characters or just the first. You can also program parity -

errors to alter the interrupt vector if desired.

Example 9.18

Modify the initialization codes given for the program in Ex. 9.13 to alfow interrupt-
driven 170 instead of polled 1/0. Choose the codes such that all interrupts have their
own address. The jump table base address is 1080H. Assume that the modem control

signals are not used.

Solution, The seven codes specified in Ex.'9.13 need not be changed, but four additional
codes will have to be added. These are shown in Fig. 9.30(a). Figure 9.30(b) shows
the Z-80 program required. o

Example 9.16
Specify jump table addresses for the interrupt sources initialized in Ex. 9.13.

Solution. Refer to Table 9.6 and use a base address of 1080H:
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1080  Channe! B transmitter buffer empty

1082  Not enabled :

1084 Channe! B receive character available

1086 Channel B parity, overrun, or framing error

Note: The four addresses for channel A are not enabled.

Using the SIO with the initialization program given in Fig. 9.30(b), transmitter,
receiver, and error routines would have to be located at the addresses stored in the
jump table shown in Ex. 9.16.

/ Block transfer mode. At first the thought of transferring data to or from
the SIO in blocks does not seem logical. However, what is intended is to have the
SIO facilitate a block transfer without direct CPU intervention. Certainly, the transfer
of individual bytes will occur (relatively) slowly, but if implemented properly the
CPU will be free to perform other tasks while the block is being transferred.

Block transfers are more commonly done in the synchronous mode but can
be done asynchronously as well. Two methods are possible.

Register  Binary Code Required Hex Explanstion
8. WRO 00 (10 010 - 12 Point to WR2.
9. WR2 10000000 80 _ Interrupt vector.
10. WRO 00 010 001 1" Point to WR1,
1. WR1 XXX 10 110 16 {rterrupt on sll revd char, stetus

affects vector, trans interrupts
enabled, external interrupts {the
modem contro! signals) dissbled.

A (s)

$2-80 SI10 ASYNCHRONOUS INITIALIZATION ROUTINE
] (WITH INTERRUPTS)

s
3 THIS PROGRAM 1S SIMILAR TO FIG. 9-27(R) BUT INCLUDES
s INITIALIZATION FOR A 7-80 MODE 2 INTERRUPT VECTOR.

' .
L) 2 $MODE 2 INTERRUPTS
LD N, 10H tH1GH ORDER JUMP TABLE ADDRESS
LD *1,A $TO REGISTER I
L
§ THE REMAINDER IS THE SAME AS FIG. 9-27(B)
J
LD C,OF3H § CHANNEL B CONTROL PORT
LD B, OBH ;11 BYTES TO PRDGRAM
LD H.,CODES s POINT HL. AT CODE TABLE
OTIR $OUTPUT THE CODES
El JENABLE INTERRUPTS
3
$1/0 CAN BEGIN HERE
3
copEs DB 19H, 14H, OCSH s THESE ARE THE INITIALIZATION
[):] 13H4,CiH, 15H 3 CODES
DB 66H, 12H, BOH
DB 11H, 16H
(b}

Pigure 9.30 (a) Additional control codes required when initializing the Z-80 81O
for interrupts; (b) initialization program for Ex. 9.15.
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1. DMA controlled: A Z-80 DMA can be programmed for byle mode transfers
and the W/RDY output of the SIO programmed as a RDBY signal to synchronize
the transfer. In this way the transfer of data to the SIO will occur very rapidly
and allow the CPU considerable time for alternate processing between each
byte.

2. Z-80 block transfer instructions: The Z-80 has several block transfer instructions
which should be capable of keeping up-with even the fastest SIO baud rates,
The SIO W/RDY output can be programmed to request WAIT states aytomat;.
cally and thereby synchronize the SIO and Z-80 CPU. Of course, this technique
does not allow the processor to perform other tasks simultaneously, but does

eliminate the need for polling and provides the highest transfer rate possible

without going to the Z-80 DMA.

Control of the-W/RDY pin is via bits 5-7 of WR1, as summarized in Fig,
9.31. Regardless of the block transfer technique, the SIO would normally be pro-

grammed to interrupt on the first character received, after which the block would

be transferred until completion.

Using the Z-80 SI0 in the Synchronous Mode. As mentioned earlier
in this chapter, synchronous communications involves more than deleting the start
and stop bits of asynchronous serial. The receiving and transmitting stations must
strictly adhere to a profocol governing the form of the data transfer.

The Z-80 SIO supports four such protocols:  *

. Monosync

. Bisync

. External syne
. SDLC

HW N -

The first three are character-oriented, which means that the data field is made
up of fixed-length characters (8 bits, for example). Figure 9.7 illustrated-one frame

110ym0
And D= 1 And Dg=0
READY is High WAIT is floating
HDy=1
And Dg= 0 And Dgm 1
READY Is Migh when transmit  READY Is High when receive
duffer is full, bufler it empty.

——

WAIT 18 Low when trangmit  WAIT i3 Low when receive
buffer is tyll and an bulfer is emply and
SIO data port is an S10 dsta port is
selected. selected.

READY s Low when transmit  READY i3 Low when receive
butfer is empty, butfer is tyll,

WAIT 13 fioating when WAIT 13 fiosting when
fransmit butfer is receive buffer is full,
empty.

«!
446

Figure 931 The W/RDY output is
controlled by bits 5-7 of WR1. (Courtesy
of Zilog, Inc.)
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Chapter

INTRODUCTION

This chapter will show you how 10 use the 8253 pro-
grammable timer chip with the Z80 microprocessor. We
will begin by examining and describing this timer chip.
We will then interface-it with the Z80 microprocessor.
Finally, we will write software that allows for its ase in a
variety of applications.

7-1: Block Diagram of the 8253
Programmable Timer

Let’s begin by examining the block diagram in Figure
7.1 and exploring the internal registers and operating.
modes of this device. The diagram shows that the timer
has three independent, programmable counters—and that
they are all identical. In this chapter we will learn how to
apply and use each counter. .

Also shown in Figure 7.1 is the dara bus buffer. This
block contains the logic that buf7ers the data bus to and
from the microprocessor, to the 8253 internal registers. In
addition, there is the block labeled read/write logic, which
controls the reading and writing of the counter registers.
The final block—the control word register—contains the
programmed information that is sent 1o the device from
the system microprocessor, In effect this register defines
how the chip logically operates. Figure 7.2 shows a pin
configuration for the 8253 device.

-
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7-2: The Three Counter Lines: Clock. Gate, and Out

Each counter in the block diagram in Figure 7.1 has three logical lines
connected 1o it. Two of these lines, clock and gare, are inputs. The third,
labeled out. is an output. The function of these lines changes and depends

PROGRAMMABLE INT..RVAL TIMER
® MCS-85™ Compat!ble 8253-5 s-Count Binary or BCD

s 3 Independent 18-Blt Counters .
. e Single + 5V Supply
» DC to 2 MMz

e Programmasble Counter Modes ® 24-Pin Dual In-Lins Package

The inter® B253 i3 3 DrOgrammadte countertimer chip ges-gned 107 yse as 3.1 1Intol microcombuter gerphorsl [t uses
"MOS technology w-th g singre <S5V supnty and 1s D2CRAQLT 10 8 24 pin plastic DIP

1t 18 Organizod 23 J moependent 16 i1 counters each with 3 count *ale of uD 102 MMz Al modes 0f Operat:on sre 10!t
wire D*Ogrammable

] +

A Data ~I\] couerEn
0.0 ) 5] . N ), fom—m GATE©
e <\l"—ﬁ} WMIFCER d

20, proca e CLR 1
i - Agaps
"TER
wRITE e, n" pomen— BATE Y
a, oG
. prove—e—— OUIY 3

a, o

102 ,

1
N

any
conTent coumtEn

WORD < .2 cmmmee ¥ 71 )
neGisTea Np—m—
meTEmAL 8US AN

prr——— OUT )

Figure 7.1: A block diagrom of an 8253 programmable interval timer,
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on how the device 1s imtialized or programmed. Here 15 a peneral definiion
of the line«

Clock  This input is the clock input for the counter. The counter is 16
bits. The maximum clock frequency i< 1380 nanoseconds or 2.6 mega-
hertz. The minimum clock frequency is DC or static operation.

Gate This input can act as a gate for the clock input line, or it can act as
a start pulse, depending on the programmed mode of the counter.

Out  This single output line is the signal that is the final programmed
output of the device. Actual operation of the out line depends on how the
device has been programmed.

7-3: 8253 Internal Registers

A list of the internal registers of the 8253 device appears in Figure 7.3,
Let’s first exainine and discuss the mode word register. This register defines
the overall ~perztion of 1he device. Since each of the three counters is fully
independent, cach one can be programmed by outputting the correct data to
the mode word register. We will show how this can be accomplished as our
discussion proceeds. Let's first define the four internal registers shown in
Figure 7.3.

Control Word Register  This internal register is used to write informa-
tion to. prior to using the device. This register is addressed when A0 and
Al inputs are logical 1. The daia in this register controls the operating
mode and the selection of either binary or BCD (binary coded decimal)

.

0,0} 1 Sve,
0,4 2 npe
[Re B D
0, »pa
o,{s »[Da,
o,CJ¢ 8283 w(la,
o.(J° nwhDex?
o, Qe wDoura
cieolde wiJaavey
outo(] ‘o whDew s
Gari o] e [JGare
[17-Te R} 1 Pour

Figure 7.2;: Pinour of the 8253 programmable inierval timer.
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counting format. This register can only be written to. The programmer
cannot read information from this register.

Counter #0, #1, #2 Each counter is identical, and cach consists of a
16-bit, pre-settable, down counter. Each is fully independent and can be
made to count in BCD or binary. Contents of the counters can be easily
read by the microprocessor. When the counter is read, the data within the
counter is not disturbed. This allows the system 1o monitor the counter’s
value at any time, without disrupting the overail function of the device.

7-4¢ Connecting the 8253 10 the Z80

Before we learn to program the 8253, let's learn how 1o connect it with the
280 microprocessor.

The 8253 may be thought-of as four separate’l/3D ports. The main sélec-
tion of the 1/0 ports is accomplished with the C35 input. When this input is
logical 0, the 8253 is selected for communication with the Z80.

Address lines AQ and A} determine which 170 ports are communicated
with during the input or output cycle. This 170 architecture can be referred
to as device port1/0. The device can be thought of as the 8253 and the prores
associated with the device are the internal registers.

Rb wR A0 A1
10 0 0 LOADCOUNTERD
COUNTER O i
0 0 0 READCOUNTERO
: 1 0 0 1 LOADCOUNTER
COUNTER 1
0 1 0 1 READCOUNTER 1
1 0 ' 0 LOADCOUNTER?2
COUNTER 2
0 1 ! 0 READCOUNTER?
MODEWORDOR [+ o 11 WRITE MODE WORD|
CONTROLWORD 0 11 NO-OPERATION
Figure 7.3: A list of the internat 8253 registers thar will program the internal
counters of the device.
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Decoding of the 8253 TS input is accomplished with the upper 6 bits of the
Jower byte address lines, namelv A7-A2. As an example, let’s map the device
into the 1/0 architecture of a tvpical sysiem. We will assume that the 8253 is
mapped into the 170 space 30 10 33. This means that 170 ports 30H, 31H,
32H. and 33H are all associated with the 8253 (see Figure 7.4).

The RD and WR inputs to the 8253 are connected directly to the TOR and
TOW system control lines. This setup is identical to the one for the 8255
device that we saw in Chapter 6. Figure 7.5 shows this connection.

Data lines on the 8253 can be connected directly to the Z80 data bus lines.
(We are assuming that no data buffers are required for this application.)
Figure 7.6 shows a complete connection of the 8253 device to the Z80, using

7415242
( A7 15|0
AS 14|C 3
AS le 4P
A4 12la 3P
2 b
FROM 1b
280 8253
cPU
740532
741832
5 ~ 21
A3 1 6 Cs
3 4
\ * ?

Figure 7.4: A schematic Ciagram showing how the CS input can be decoded from address

lines A7-A2.

[EREE—
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a non-buffered data scheme, while Figure 7.7 shows a complete connection,
using a buffered data bus scheme. The data bus buffer used is the 741.5245.
In Figure 7.7, whenever the 8253 is selected and the RD input is a logical 0,
the 7415245 is set to place the data from the 8253 onto the Z80 system data
bus. At all other times, the 74L.S245 places the data from the Z80 system
dara bus onto the 8255 data input pins.

Using the circuit connections shown in Flgures 7.6and 7.7, it is possible to
reliably communicate between the Z80 and the 8253 device. The task now
becomes one of programming the device so that it wili perform in 2 way that
vour system application demands.

4

8253
[
Ty
|
\ SeverTesy 1= [« ool N |
P oW 22
.WR | WR
FROM _L/ l I
280 |
CPU : -
|
|
| ioR 2
[=19) R
N udi
conTROL BUS |
SIGNALS COMMON
TO ALL IO DEVICES

Figure 7.5: A logic diagram indicating how the JOR and TOW system coritrol signals ore generated.
Notice that this is identical 10 the way that signals were generated in Chapter 6.
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74,542

r + /

A7 15

A€ 14

AS 13 ¢

Ac 12

8253

A3 1

FROM
280 ( IOW
CPU

|
|
B
|
U

Figure 7.6: A complete connection between the 8253 and rhe 280 system busses. No data buffering is
used in this figure.
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s 741542
A7 15
A6 14
A5 13 ,
4
A4 12

741532 74832

280
CPU

FROM~<'

»
T~ | 74LS2e5
D7 ] 2l Y18 1
D6 3 - 17 2
DS 4 16 3
D4 5 15 4
D3 6 14 5
D2 7 13 8
D1 8 12 7
DO 9 11 8

~ iw

Figure 7.7: Connection of the Z80 ond 8253 using data buffers.
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4

7-S: Programming the Device (Control Word Format)

All of the operating modes for the counters are selected by writing bytes 1o
the control register. Figure 7.8 shows the control word format. The address
for the control word is AO=1 and Al = 1. In this systemn application the
control word @ddress is 33H.

In Figure 7.8, bits D7 and D6 are labeled SC1 and SCO. These bits sclect
the counter to be programmed. Before any counter can be programmed, it is
necessary todefine, using the control bits D7 and D6, which counter is being
set up. It should be noted that once a counter is set up, it will remain that way
until it is changed by another control word. The bits D7 and D6 are defined
as follows:

D7 D6 COUNTER SELECT
0 0 0

0 1 |
1 0 2

! l illegal value

Bits D5 and D4 of the control word in Figure 7.8 are defined as the read/

load mode for the register that is seleted by bits D7 and D§. Bits DS and D4
define how the particular counter is to have data read from or written to it
by the microprocessor. These bits are defined as:

D5 D4 R/L DEFINITION

0 0  Counter value is latched. This means that tlg_g selected
counter has its contents transferred into a temporary
latch, which can then be read by the CPU,

0 1 Read/load least-significant byte only.

! 0 Read/load most-significant byte only.

1 ] Read/load least-significant byte first, then most-
significant byte.

CONTROL BYTE D7-D0

o7 D6 DS D4 D3 02 D1 Do
SC1 SCo ALY RLO M2 M1 MO BCP

Figure 7.8: Bit definition of the counter control regisier.
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What do these bits tell the device to do? The first value, 00H, is the counter
latch mode. 1t is useful for taking counter readings during the counter opera-
tion. When this mode is specified, the counter value is latched into an internal
register at the time of the 1/0 write operation to the control register. When a
read of the counter occurs, it is this latched value that is read.

11 the latch mode is not used, then it is possible that the data read back
may be in the process of changing while the read is occurring. (See Figure
7.9.) This could result in erroneous data being input by the CPU. Toread the
counter value while the counter is still in the process of counting, one must
first issue a latch control word, and then issue ahother control word that
indiga!cs the order of the bytes to be read.

An alternative method of obtaining a stable count from the timer chip is to
externally inhibit counting while the register is being read. This technique is
shown in Figure 7.10. Each technique has certain disadvantages. The laiching
method may give the microprocessor a reading that is “old” by several cycles,
depending on the speed of the count and which byte of the counter is being
read. The external inhibiting function requires additional hardware. In addi-
tion, it may change the overall system operation. It is up to you to determine
the best way to operate the device irra specific application.

COUNTER QUTPUTS -——; CHANGE DUE TO INPUT CLK

BB INPUT TO THE 8253

DO-D7 SENT TO 280 ARE CHANGING DURING THE IO READ

X

Figure 7.9: A timing diagram showing how the counter ouiputs may be chang-
ing while the microprocessor is elecirically reading the 8253 device. This can be
avoided by latching the counter output count prior to reading the counter
value.
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Thé next three bits of the control word in Figure 7.8 are D3, D2. and Di.
These bits determine the basic mode of operation for the counter. We will
now describe the mode and then follow with examples showing how to use
the counter in each of the five modes. Here are the mode descriptions:

D3I D2 D1
0 0 0
0 0 |
X 1 0
X N
{ 0 0
1 0 ]

MODE VALUE

mode 0: interrupt on terminal count
mode 1: programmable one-shot
mode 2: rate generator

mode 3: square wave generator
mode 4: software triggered strobe
mode S: hardware triggered strabe

The final bit of the control register DO determines how the register will
count—that is, if it will count in BCD or Binary. If D0 is a logical 1, the
count will be in BCD; if it is a logical 0, the count will be in binary. The
maximum values Tor the count in each count mode are 2'¢ in binary, and 10!

in BCD.
8253
LOGIC TO INFIBIT
Z80 COUNT DURING
cPU AN INPUT READ
I OPERATION
4
CONTROLLED BY 280
Figure 7.10: A block diagram showing how the counter output can be mode
stable during a CPU read operation by externally disabling the clock (count)
- input line,
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WE ASSUME 280 USING mMODE 1 INTERRUPTS

THE COUNT MAS REACHED 125 AY THIS TImE we
RELOAD THE COUNTER 0

.
.
.
.
’
.
v
.
’
.

L
0038  3e2s LD A,25H
0034 1330 OUT (30H),A  ;LOAD LSB
003¢  3e01 Lb A,Q01H
003¢ D330 OUT (30M),4  ;LOAD MSB
; NEW COUNT DOWN HAS STARTED
i
00%0 e £1
0041  ¢9 RET

.

PART OF TWE INTERRUPTY ROUTINE WOULD BE TO
PERFORM SOME ACTION DUE TO THE INTERRUPT HAVING
OCCURRED, IN THIS EXAMPLE WE SIMPLY RESET TME
COUNTER AND START OVER.

%o %e vy Ny we

END

Figure 7.13: A 280 interrupi service routine using mode | interrupts, The 8253
is operating in mode 0.

7-7: Mode 1: Programmable One-Shot

Inmode 1, the 8253 can be made to give an output pulse that is an integer
number of clock pulses. The one-shot is triggered on the rising edge of the
gateinput, If the trigger occurs during the pulse output, the device will again
be retriggered. This is.shown in Figure 7:14.

Let’s assume that the input clock frequency is one megahertz. We will
program the 8253 for an output pulse of exactly 75 microseconds. The Z80
program to perform this setup is shown in Figure 7.15. In this figure we have
assumed that counter 1 is being used as the programmable one-shot.

7-8: Mode 2: Rate Generator

In mode 2, the 8253 becomes a “divide by n” counter. The output pin of the
counter goes low for one input clock period. The time between the output
low-going pulses is deépendent on the present count in the counter register. See
Figure 7.16. If the count is loaded between output pulses, the present period
will not be affected. A new period will occur during the next count sequence.

As an example, suppose that we wish 1o provide an output frequency on

——
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TRIGGER INPUT

OuUTPUT
! [ TIMEOUT ]

TRIGGER

OUTPUT

!
|
I
i
!

)T

NEW TiMEQUT STARTS

Figure 7.14: A timing diagram showing how the 8253 is used as a programmo-
ble one-shot. When the trigger input goes to ¢ logical 1, the output will go to a
logical 0 for the programmed time of the counter. [f the trigger is again opplied
before the counier times out, the timeout count will be retriggered.

.
.
.

.

0000 272 LD A, 011100108

0002 333 oUT (33H),A ;OUTPUT CONTROL WORD TO 8253
PCTR 1, RL = 3, M=1, BINARY COUNT

0004  3Ese Lb A, 75 SDECIMAL 75

0006 331 oUT (31K),3 ;OUTPUT TO CTR1 LSB

0008  3£00 Lo 4, 00

0004 5331 oUT (31M), 4 ;OUTPUT TO CTRY MSP

.

THE DEVICE IS NOV SET UP WAITING FOR A TRIGGER
INPUT T0 THE COUNTER

.
.

END

Figure 7.15: A Z80 program for using the 8253 as a programmable one-shot.
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-unter 2thatis equalto 638 hertz. This would be a periodof 1/638 = 1.%67
rliiseconds or 1,567 microseconds. If an input clock of | megahertz were
applied 1o the clock input of counter 2. then the counter would need to be
programmed to 1,267, This could be done in BCD or decimal. Figure 7.17
shows an example of a Z80 program thar would program the 8253 for an
operation such as this.

CLOCK PERIOD x PRDGRAMMED COUNT
» /ﬁ_& —
OUTPUT

1]

L

1 CLOCK PERIOD

Figure 7.16: A timing diagram showing how the output of the 8253 would
appeor when used in mode 2 as a raie gencrator. The output will go to a logical
0 for ane inpui clock period. The nme berween pulses 1s deterntined by the
count programmed in the device.

0000  3ess Lb £,101101018

0062 333 oUT (YIM),a ;OUTPUT CONTROL WORD
000¢ 67 LD &,67m

000¢ 0332 OUT (22m),8 ;CTR 2, LSB IN BCO
000t 3£15 Lo 4,15w

000* 0332 oUT (22w),a ;018 2, ®sB IN BCD

.

: THE DEVICE IS NOW INITIALIZED AND THE QUTPUT FREQUENCY
; WILL BE 638 MEPTZ, WITH AN INPUT FREGUENCY OF 1 M2,

END

Figure 7.17: Z80 program for using the 8253 device as a rate generator. The output frequency will be
683 hertz. The input clock frequency is | megahertz,
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7-9: Mode 3: Square Wave Generator

Mode 3 is similar 1o mode 2 except that the output will be high for half the
period and low for half. If the count is odd, the output will be high for
(n+1)/2 and low for (n - 1)/2 counts. Figure 7.18 shows a Z80 program to
setup counter 0 for a square wave frequency of 10k hertz, assuming that the
input clock frequcncy is equal to | megaher1z.

7-10: Mode 4: Software Triggered Strobe

s In this mode the programmer can set up the counter to give an output
timeout that will start when the count register is loaded. On the terminal
count. when the counter equals zero, the output will go low for one clock
period and then it will go high again. This is shown in Figure 7.19. When the
mode is set, the output will go high.

7-11: An Example

As an example, let’s program the device 10 provide a 100 millisecond,
software-triggered delay at counter output 2. We will assume that the input
frequency equals one megahertz, which requires an input clock count of
10%. In addition, we wish to performthe count in BCD. The maximum BCD
count in any register is equal to 10%. Therefore, we will use two counters.
The first will divide the frequency down to 1 kilohertz. The second will

.
.

.
’

0000 3e3¢ LD A,001101108

0002 0333 OUT (33H), A JSETUP CTRD CONTROL WORD
000¢ JE64é Lo 4, 100

0006 0330 ouUT (30H),A sCTRO LSB IN BINARY

0002 JE00 Ld A, OOH

0004 0330 OUT (30MH),8 ;CTRO RSB IN BINARY

’

P THE DEVICE 1S NOW SETUP AND RUMNING WITH AN OUTPUT
; FREQUENCY O0F 10KHZ WITH AN INPUT FREQUENCY OFf MK,

END

Figure 7.18: A Z80 program for using the 8253 device as a square wove generator. The outpu! fre-
quency is 10 kilohertz. The input frequency clock is ]| megahertz.
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QuUTPUT

W\ TIME ouT \1 CLOCK PERIOD
STARTS

Figure 7.79: A timing diagram showing how the ouiput of the 8253 would
appear when used as a programmable sofrware Iriggered strobe. When the
280 performsan 1/0 write operation, the timer siarts. A1 the end of the count
the output will go low for one clock period. ’

provide the software-triggered strobe. This is shown in Figure 7.20. Figure
7.2] presents a Z80 program that uses the 8253 in the manner described in
this example.

7-12: Mode 5: Hardware Triggered Strobe

With the counter in this mode, the rising edge of the trigger input will start
the counter counting. The output will go low for one clock at the terminal
count. The device is retriggerable, thas meaning that if the trigger input is
taken low and then high during a count sequence, the sequence will start
over (see Figure 7.22). Figure 7.23 shows a Z80 program to initialize the
8253 counter 1 1o be uséd as a hardware triggered strobe.

7-13: Uses of the Gate Input Pin

Each mode of operation for the counter chip has a different use for the
gate input pin. The table shown in Figure 7.24 summarizes the operation of
this particular input pin on the device.
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1MHZ
8253
CLK D
%PDE?
it = 1KHZ 50 WAVE
== _ . ] /
AR <CLK1
DELAY oUT 1 100 mS
100 CLKS - DELAYED
_____ - STROBE

Figure 7.20: A block diagram showing how the 8253 could bé used 10 generate’
o 100 millisecond delayed software sirobe.

0000
0002
000¢
0006
0008
0002

.
.
.
.
’
.

000¢
000€
0010
0012
0014
0016

’
.

.
.

3£35S
b333
300
0330
JE10
0330

3E79
0333
3800
D331
3e01
D331

LD 4,00110101%8

oUT (33M),A 3SETUP COUNTER 0 CONTROL VORD

LD A,00H
ouUT (30M),A X sLOAD CTRO LSB
LD A, 10K

00T (30H),A sLOAD CTRO RSB

COUNTER 0 IS SETUP WITH AN OUTPUT FREQUENCY OF TKN?
SQUARE VAVE WITH AN INPUT FREQUENCY OF 1MHZ, THIS
QUTPUT IS CONNECTED TO CTRY CLOCKX INPUT,

LD A,011110018

oUT (33H),A ;CTRYT CONTROL WORD
LD A,Q0M

oUT (31,4 ;CTRY LSB

Lb A, C1H . '

oUT (31H), A ;ernt mse

THE LAST QUT TO CTRYT NEED NCT BE DONE UNTIL TNE
TIME OUT 1S VANTED

END

Figure 7.21: A Z80 program 1o setup the 8253 10 operate a 100 millisecond softwore strobe. This

program makes use of the block diagrom given in Figure 7.20.
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TRIGGER
INPUT

ouUTPUT

| l» 1 CLOCK PERIOD

| C e -

|
| \ TIMEOUT STARTS

TRIGGER
‘INPUT

OuUTPUT

\ RETRIGGERED
HERE. TIMEOUT
“I STARTS OVER

TIMEOUT
INMALLY STARTS

Figure 7.22: A timing diagram showing how the 8253 operates as a hardware triggered strobe. When
the external trigger input goes 10 a logical 1, the timer will start to time out. lf the external trigger
occurs again, prior {0 the time completing a full timeout, the timer will retrigger.

* %s ve v

oooc 3E7A LD A,011110108

0002 0333 oUT (3XH),4 ;CTRT CONTROL WORD

(o310 29 3ESS LD 4,85

0006 D331 0UT (31H), 8 ;OUTPUT 8S BINARY TO CTRY LS
0008 Xe00 Lo &, OON

000s 0331 oUT (31H) A ;OUTPUT OC TO CTR1 MSB

THE CTR ]S NOV SET UP WAITING FOR AN EXTERNAL
TRIGGER INPUT ON TRG1,

.
.
.

END.

Figure 7.23: A Z80 program 1o setup and use the 8253 in the hardware-triggered strobe mode as
shown in the timing diagram in Figure 7.22.

e
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Signat Lee
Stetue Or Colng
Medop Low Rng Hegh
T 02 sattet - - Enavles
Conntong Counimg
. - EORLENTEY -
tounnng
21 RAesets ourpu!
alter neet CIOCK
14 h Dasoies
i) rZ -7 \ touIng 11 Reloech Engdies
T e e | SN |
o counting
b] 11 Drastres
counrting n.pren Enebles
&t Sets output counting Countng
IMMECistery
ode il
4 Osanes - €nsbles
counting Counting
s - mtates —
counting
Figure 7.24: Table showing the different uses of the 8253 gate input pin.

CHAPTER SUMMARY'

In this chapter we have examined the important points of using the 8253
programmable timer with the Z80 CPU. We have presented a block diagram
of the device and a discussion of each operating mode. The 8253 can be used
to serve a majority of timing functions in many system applications that use
the Z80 as a system controller. The examples in this chapter have shown that
using this device is not a complex task.
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MIDI - Musical Instrument Digital Interface

Richard Evers, Editor
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The idea started slow, but rapidly picked up speed.

s

Throughout the ages, man has always strived for new and
exiting ways in which to amuse himsell. Man is the master
amuser. One way in which amusement was found, and still is
today, is with music. In the beginning, there Is a hint that the
first musical instruments were rocks, producing a somewhat
pleasing sound when smashed together in whatever unison
they could muster. Soon, wood was found to possess the
enthralling capacity to produce various sounds when struck.
As time passed, man developed the art of cutting and forming
pieces of wood to produce other truly unique sounds. From this
simple beginning, we now have every instrument from the
bongo drum to the grand piano. Over thousands of years of
patien! evolution, man has developed the most beautiful art of
all - music.

This unique beginning is a primer to enable you to gain easy
entrance into todays world of digital music synthesis, a world
far removed from what music has been in past. Although the
music svnthesizer is capable of cloning the sounds of all man
made instruments, it also has the ability 10 allow or disallow the
limitations imposed on the instrument by mans capabilities.
With a statement sure to be written ofl as sheer personal
judgement. | will state that the finest of todays music synthesiz-
ers are capable of mimicking the sounds of man made instru-
ments to such an extent that the synthetic counterpart will be
preferred. But. as with all new concepts, many people will
strive 0 retain the older, more familiar yet less refined methods
of past.

Today. in what is known as the age of the microprocessor, the
true " State Of The Art” (what does that mean?) phase of our
existence, analog systems still persist in great numbers. Al-
though the digital movement has taken all forms of music
reproduction by storm, ie. the compact disk, digital recorded
record albums and. of course, music sythesis, analog is still
with us. Time will be the sole test of our loyalty to a friend long
past its prime. Achieving results that were once thought impos-
sible using analog jogic now appear common place due the

advent of todays digital high technology. But, justly enough,
within a few years travel, our current high tech will also be
considered obsolete. The sad fate of time. Obsolescence.

To get op track, a few years ago, when digital synthesis was
beginning to reach its apex, a very obvious road block material-
ized. There were no standards 1o meet, no industry standard
that would allow various components to be easily connected
together for use. The manufacturers were producing terrific
products, but the buyer was restricted to one name brand for
add ons. A restricting situation.

To solve this problem, a l;v-—l?ey people in the music sythesis
industry started thinking, talking. and attracting attention
along this line. The idea started slow, but rapidly picked up
speed. MIDI, The Musical Instrument Digital Interface, was the
solution presented to combat this problem.

The MIDI system is a serles of guidelines that manufacturers
should meet in order to ensure the compatibility of their
products with others. As with all set guidelines, MIDI is not
perfect and does actually impose limitations at times. Without
coming down too hard at first, let me explain the guidelines.

The system is based on the almost current 8 bit technology,
mainly because the designers were trying to produce a system
that would easily fit into the budget of most starving artists.
They chose a universal cable connection of the 5 pin DIN plug,
using only 3 of the 5 pins. Pin #2 is ground, with pin *’'s 4 and 5
being used for a current loop.

” The interface operates at 31.25 kilobaud (21%), asynchron-
ous, 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. *

The above paragraph was litted directly from the MID! 1.0
Specifications, Document No. MIDI-1.0, Dated August 5, 1983,

' .
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With each MID! equipped unit, you will
notice either two or three connectors for
MIDI use. There is the MIDI In, MIDI Qut,
and possibly, MIDI Through (American
spelling Thru). MIDI In is the connector
for data coming into the unit from other
MID! equipped units on line. This can
include drum and rhvthm machines, ex-
tra keyboards, electric guitar and drum
interfaces, controliers and sequencers, or
extra synthesizers.

A total of 16 channels, numbered 1
through 16, are allowed under MID! but
more than 16 instruments can be on line
at any one time, By assigning duplicate
channe! numbers 10 units, or having
some units respond to all messages {see
Omni Mode). vast numbers of units can be
serviced. One main limitation 1o this pro-
vision is the extended line length re-
quired, which produces added line loss
and a greater time delay with transmitted
and received data. By reading more than a
few articles on this subject, one fact be-
comes apparent. When using more than a
couple of MIDI units on line, noticeable
delays appear in what is deemed simulta-
neous sound reproduction. But, 1 have
recently read an outstanding interview
with a person well qualified in the field.
He stated that the time delay between
units was not completely the fault of the
MIDI implementation. In his opinion. the
rate at which. the units process the infor-
mation provided leads to the noticeable

do i1, and how it should be done. The Data bytes are really the workers of the system.,
Not only do they carry information such as the note value to be played, but they also
labour under the rule of the Status bytes to ensure that all commands are under-
stood. For the purpose of this article, the eight bit byte is arranged from bits 7 10 0,
with bit 7 acting as the high bit.

The charts below have been prepared to show all the possible byte values encoun-
tered while working with the MIDI system. Complete explanations will follow.

Table Of Notes Corresponding To Data Values
Expressed In Hex

Notes

Octave C C* D D* E F F* G G°* A A" B

- 800 $01 $02 $03 304 $05 $06 $07 $08 309 S$OA $0B
0 $0C $0D SOE SOF $10 811 $12 $13 $14 415 816 $17
1 $18 $19 S$1A SIB SIC $1D SIE SIF $20 $21 $22 $23
2 $24 825 $26 $27 $28 829 $2A $2B $2C $2D S$2FE $2F
3 $30 $31 $32 $33 $34 $35 $36 $37 $38 $39 $3A $3B
4 $3C $3D $3E S$3F $40 $41 $42. $43 $44 845 $46 $47
5348849 $4A—-$4B $4C .$4D $4E_$4F._$50. $51 _$52..853
6 854 855 $56 857 858 859 $5A S$5B $5C $5D S5E S$S5F
7 860 $61 $62 $63 864 $65 $G6 $67 $63 $69 S$6A $6B
8 $6C $6D S6E S6F $70 $71 $72 $73 $74 $75 816 S&77
9 &78 $79 $7A $7B $7C $7D STE SF

Status Bytes With Messages
Bit Pattern Decimal Value Hex Value Data Bytes Status Byte Message

1000 xxxx 12810143  $801o $8F 2 Note Off

1001 xxxx 14410159 39010 $OF 2 Note On

1010xxxx 16010175 $AQto SAF 2 Polyphonic Key Pressure
After Touch

time lag. Without greater experience in 1011 xxxx 17610191  $BOto $BF 2 Control Change
the subject, it is hard to take a side. 10V xxxx 17610191  $BOto SBF 2 Select Channel Mode
1100 xxxx | 19210207  $COto SCF ) Program Change
MIDI Out is the data being transmitted 1101 xxxx 20810223 $DOto $DF 1 Channel Pressure
from the MIDI equipped unit. MIDI After Touch
Through is a copy of the information cur- 1110 xxxx 22410239 $EOlo SEF 2 Pitch Wheel Change
rently being passed into the unit through 1111 0000 240 $FO variable System Exclusive
MIDI In. This feature, if provided, gives 1111 0001 241 $F1 - Unimplemented
the user the ability to slave units together. 1111 0010 242 $F2 2 Song Position Pointer
According to MIDI specs, the cable length 1111 0011 243 $F3 ! Song Select
between units cannot exceed 50 feet, us- 11110100 244 $F4 - Unimplemented
ing shielded, twisted cable with Pin *2 11110101 245 $F5 - Unimplemented
connected lo the shielding at both ends. 11110110 246 $F6 0 . Tune Request
11110111 247 SF7 0 End Of Exclusive
The transmitted data is quite easy to iden- 1111 1000 248 $F8 0 Timing Clock
tify. All transmitted information is 8 bits in 1111 1001 249 SF9 - Unimplemented
length, with the Status bytes having the 11111010 250 SFA 0 Start
high bit set and data bytes having the high 1111101 251 SFB 0 Continue
bit clear. As we will soon discuss, the 11111100 252 $FC o Stop
Status byte has been provided to control 1111 1101 253 $FD - Unimplemented
) the system. Within the Status class will be 1111110 254 SFE 0 Active Sensing
found all commands necessary to deter- 1minn 255 $FF 0 System Reset
mine what the system will do, when it will .
29 Vohrne & lesue 05 |
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Alter that unrelenting harrage of MiD! information, | feel that it
is only fitting to supply vou with a bit more of a detailed
description. To begin, the frequency data bytes, hex values $00
1o $7F, are obviously the note values as expressed through
almost 10 complete octaves. This is one drawback of the
svstem. 7 bits of resolution is not sufficient to allow graduations
in smaller increments than semitones. One recent speculation
made regarding this point stated that future revisions of the
system specifications should allow note increments in gradua-
tions of cents, 1/100s of a semitone. A possible but difficult to
implement idea.

Status Messages, in contrast to the note values, require more
than a little explanation belore becoming coherent to any
degree. Therefore, there are two different Status messages that
can be encountered. The Channel Message and the Svstem
Message.

4

The Channel Message

A Channel message is one that states a message and a specific
unit number 1o which the message is addressed. The lower 4
bits, bits 0-3, are used for this idenufication. In-the charts
shown above. plus the descriptions to follow, this has been
signified by the xxxx in place of the lower nibble in each
appropriate bit pattern. This 4 bit channel designation also
explains the limitation of this svstem to 16 channels (decimal
range 0-15),

There are two types of channel messages: Voice and Mode.
Voice messages control each separate units voices, which are
sent over the voice channels. The Mode message defines the
instruments response to the Voice messages, sent over the
instruments basic channel The Mode message can control
such things as Local Control On and Off, All Notes Off, Omni
Mode On or Off, Mono Mode On/Polyv Mode Off, or Poly Mode
On/Mono Mode Off. See message Select Channel Mode for
rhore information.

The System Message

Systern messages are ones that do not pertain 1o any one
specific channel. Being the elite of the system entitles them to
speak and except! all to listen, immediately. Within the realm of
the System message falls the Common, Real-Time, and Exclu-
sive messages.

Common messages are directed to' all units, regardless of
channel number. The Common messages are comprised of
Song Position Pointer, Song Select, Tune Reques!, and End Of
Exclusive. Each Common message consists of a single byte, of
which an in depth explanation will follow promptly.

Real-Time messages are also intended to be heard by all units
in the svstem, at any time, even during the transmission of
other data by a Status byte. A Real-Time message is one in
which can be tested for and ignored by the units, or acted upon

if the information is desired. Real-Time messages are com-
prised of the Timing Clock, Start. Continue, Stop. Active Sens.
ing. plus System Reset. Explanations will follow.

There is only one Exclusive Message, ol which carries one
Status byvte, plus any length of data bytes following. !t is
terminated by either the Common message End Of Exclusive
(EOX). or any other Status byte. An Exclusive Message is one
that has been incorporated to identify the manufacturer of each
piece ol equipment, plus allow the manufacturer to transmit
whatever message they please. A form of personalized service,
finally.- .

Status Byte Explanations

Message:Note Off
Pattern: 1000 xxxx

The Note Off Message, used in conjunction with the Note On
message, determine when each note will start and stop for the
channel affected. Following this byte are always two data bytes.
The first byte determines which note within a specific octave is
10 be alfected. as can be demonstrated in the note chart above,
The second byte is the Note OIf Velocity. This value is used in
svnthesizers capable of ADSR (attack. decay, sustain, release).
to set the rate of release from the sustained level. In synthesiz-
ers not so enabled, the release is immediate.

Message:Note On

Pattern: 1001 xxxx

As specified above, the Note On command is used to determine
which note is stuck on a specified channel. The Note On
Velocity, the second data byte, has a unique use this time. It
determines the loudness setting of the nofe value struck. In
units capable of ADSR, this level of loudness will be attained
within a user predetermined time limit. If the unit is incapable
of ADSR, the level will be reached immediately. The maximum
loudness setting. considering we are working with the lower 7
of 8 bits, is a decimal value of 127. A value of 0 would be the
same as turning the Note Off. According to specs, a value of | is
equivalent to "triple pianissimo”, very quite. A value of 127
(maximum). is “triple forte®, very loud. The middie of the
scale is 64. which is somewhere between * mezzo-piano” and
* mezzo-forte” - middle scale. if the unit is incapable of
various velocity settings, a value of 64 is used and transmitted.

Message:Polyphonic Key Pressure After Touch
Pattern: 1010 xxxx

Polyphonic Key Pressure After Touch is really just what is
implied. The new value of key pressure attained after touching
it. If the value has been set before to reflect the key pressurc
exerted. and the user strikes the key once again, this new
pressure must be reflected. This status byte has two data byte:
following. The first byte is the note stuck, with the second valut
byte representing the pressure. The values of pressure rangt
from 0. no pressure at all, to 127, bashed through the keyboard

The Trarsacior
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Message:Control Change
Pattern: 1011 xxxx

Control Change is a status byte that is transmitted whenever a
controller mechanism is adjusted. Controller mechanisms in
this context refer to foot pedals, knobs (pots), modulation
wheels, sliders, and switches. Two data bytes are used after the
status message to reflect this change. The first byte indicates
which controller was affected, while the second byte deter-
mines the new value attained. There are four ranges allowed
for various controller mechanism used, as shown below.

Value Range Controller Type

$00 to $3F  Continuous (ie. Foot Pedals. Knobs,
Modulation Wheels, Sliders)

$40 to $5F  Switches

$60 to $7A  Presently Undefined

$7Bto $7F  Channel Mode Messages

(see Selec{ Channel Mode following)

4
The first range, Continuous, often requires a more subtle range
of graduations in comparison to say a switch, Either a switch is
ofl or on, 0 or greater than 0. Continuous devices such as a
slider can graduate across the scale in as large or small
increments as desired, therefore a very subtle range ds re-
quired. For this reason, the Control Change message allows for
three databytes if necessary. As stated before, the first data byte
determines the controller affected, with the second data byte
determining the value to set. This acts as the High Byte, or
increment of 256 Lower Bytes. By now you know that the third
byte is the Low Byte, thereby allowing a range of 14 bits, or
16,384 graduations. The Low Byte is not mandatory. therefore
it can be left off if not required.

Message:Select Channel Mode
Pattern: 1011 xxxx

Select Channe! Mode is a unique message that allows allera-
tions to the way a MIDI unit will respond to..and transmit MID!
channe! messages. Two data bytes are used to allow this
transformation, with the first data byte having a limited range
of $7A to $7F. This limitation is imposed due to the fact that two
different messages share the same bit pattern (see Control
Change above). The second data byte is used in conjunction
with the first to achieve the result desired, as shown below.

The term Poly refers to Polyphonic sound reproduction, which
is the abllity for the unit to allow more than one note 1o be
played simultaneously, Mono relers to Monophonic sound
reproduction, which is reproduction of sound that only allows
one note to be played during any one time perlod.

Omni is a term that is used to describe the ability for a unit to
respond to all system messages, or only ones addressed to it's
basit channel. When Omnt is Off, the unit will only listen for
messages addressed 1o itselfl. When Omni is On, it will listen
and act upon every message coming over the bus,

Local Control is the ability for a unit to act through, or bypass
it's own circuitry .for the generation of sound. With Local
Control On, the synthesizer will act like it normally does. With
Local Cc ntrol Off, the keyboard will still produce MIDI data as it
is played, but the synthesizer will not produce any sound to
compliment the data. This feature was incorporated 1o allow
keyboards to control instruments other than the synthesizer
attached.

Message: Program Change
Pattern: 1100 xxxx

Program Change is used with synthesizers that have banks of
memory set aside for various user chosen sounds. Often times
these sounds are assigned by changing the bank or patch
number currently in use. Program Change allows a reflection of
a change in this bank number for the channel affected, with
one data byte assigned for the bank number chosen. The bank
number can have a value of 0 to 127.

Message:Channel Pressure After Touch
Pattern: 1107 xxxx 1

The Channel Pressure After Touch is an interesting feature that
determines the average pressure values for the unit at any
instant. With this average pressure determined, a desired
variation of the overall timbre value or volume of the instry-
ment can be calculated by determining the deviation from the
average Tequired. The single data byte allowed can have a
value of 0, no pressure, to 127, as much pressure as possible all
around.

Message: Pitch Wheel Change
Pattern: 1110 xxxx

This message is one that allows a reflection of any change in
the setting of the pitch wheel. As with Continuous Controller
Mechanisms such as sliders, a fairly 1arge scale is required to
reflect variations in the pitch wheel setting. For this purpose,
14 bits of resolution have been provided. One odd point to note
about the MIDI system specs at this point. With the Contro!
Change message, a resolution of 14 bits was available if re-
quired. The data bytes were read High to Low. For a Pitch
Wheel Change, 14 bits are also provided, but they are read Low
to High. This poorly thought out variation could lead to confu-
sion in writing code if taken for granted. So much lor conven-
tions.

Bytel Bvte2 Result

$7A 300  Local Control Off

$7A $7F  Local Control On

$7B $00  All Notes Off

$7C $00  Omni Mode Off. All Notes Off

$7D 800 Omni Mode On, All Notes Off

$7E $0x  Mono Mode On, Poly Mode Ofl,
All Notes Off (x = number channels)

$7F SO0  Poly Mode On, Mono Mode Off,
All Notes Off

The Trermocior
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Vessage System Exclusive
Pattern 1111 0000

A System Exclusive message is one that  find to be refreshing.
It allows identification of the manufacturer. and also allows the
same to get his two bits in. A System Eaclusive message is
comprised of the first data byte signifving the identification
number assigned to the manufacturer. as per the IMA {Interna-
tional MIDI Association In California), and as many bvies
following as the manufacturer requires 10 tell his story. This
message is terminated either by an End Of Exclusive Message
(EOX - 1111 0111) or any other Status byte that happens by
Below can be found a partial list of manufacturers 1D codes. as
supplhied by the 1MA

Manufacturer D
Requennal Circunts Inc. $01
Big Briar 02
Octavew/Plateau $03
Moog Music S04
Passport Designs 05
Lexicon $06
Bon Tempi £20
SILEL $21
Kawai 40
Roland £41
Korg $42
Yamaha 43

\essage Song Position Pointer
Pattern 11110010

The Song Position Pointer is a 14 bit value that allows a record
10 be kept of the number of beats since the start of a song
session. This has been incorporated for use with synthesizers
equipped with a sequencer (digital recorder). or for a thythm
machine. With this feature enabled, a flag can be set lo allow
music 1o be played from a specilic location within the song. The
two data bytes are read Low to High.

Message Song Select
Pattern. 1111 0011

A< with the Song Pesition Pointer, Song Select is also meant to
be used with synthesizers equipped with a sequencer, or for a
thythm machine Song Select uses one data byte 1o select
which song or note sequence is to be plaved after a Start
message hac been received.

Mes<age Tune Request
Pattern- 11110110

Tune Request is a throw back into the age of Analog synthesiz.
ers. This single Status byte. no data bytes, is used to request a
tuning of the Analog synthesizers oscillators,

Message:End Of System Exclusive (EOX)
Pattern: 11110111

The EOX message is a single Status byte. no data bytes, that
flags when a System Exclusive Message has been compleled.

Message: Timing Clock
Pattern: 1111 1000

The Timing Clock Message is one that can be used 1o synchro-
nize all sequencers and/or rhythm machines on line. The
clock transmits its message at a rate of 6 messages per beal, As
stated earller, this type of message will appear at a regular
intervals, regardless of the current state of other Status mes.
sages.

\essage:Start
Pattern: 11111010

As Dbefore, this Status message is intended for use with a
synthesizer equipped with a sequencer or rhvthm machine.
This message will inform the sequencer/rhythm machine to
begin playing a pre-arranged song or note sequence from the
beginning. There is only one Status Byte. no data bytes. for this
message. See the Song Select Message for a little more informa-
tion regarding Start.

Message:Continue
Pattern: 11111011

As before, the Continue message has been incorporated lor use
with synthesizers equipped with a sequencer or rhythm ma-
chine. This message is used 1o restart the current song se-
quence aiter receiving the next Timing Clock message. The
sequence is then picked up from the next position in the Song
Position Pointer. This message is Mlagged by the user pressing
the Continue button on the sythesizer. As before, this message
carries one Status byte and no data bytes.

Message:Stop
Pattern: 1111 1100

Again, the Stop message is for synthesizers equipped with a
sequencer or rhythm machine. When received. this message
tells the sequencer to stop playing its cyrrent sequence. This
message carries one Status byte and no data bytes.

Message:Active Sensing
Pattern: 11111110

This message .is one that is transmitted by any MIDI instrument
on line, powered up, but not actively involved in anything.
This message is transmitled once every 300 milliseconds if

The Irswoactor
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there is no activity on the MIDI bus. One Status byte and no
data bytes,

Message'System Reset
Pattern 11111111

The System Reset message performs exactly as you might
- expect, It tells alt MIDI instruments on line to perform a power
Up sequence to return them to a freshly powered up state,

Retrospect

The MIDI system, as has been expressed throughout this
article, is a series of well thought of specifications Through
each manufacturers implementation, musicians can use instru-
ments of different origin and expect predictable results. This is
the basic flaw in the industry today. MIDI on paper appears
quite explicit in its goals. But soon after implementation. the
manufacturers discovered many minute points not completely
taken into consideration.by MIDI Version 1.0. Today. it is this
problem that conlronts every musician who considers the step
into the world of mustc synthes:s.

In pantial explanation. manufacturers immediately found prob-
lems implementing MIDI 1.0 following its release. Although
each manufacturer tried their best to work the MIDI svstemn
within the boundaries of their machines. hindsight informed us
of the inevitable. The manufacturers did not work together to
make sure the systems were compatible. Each operated within
their own collective vacuum, producing equipment meeting
untested specifications, without considering the fact that MIDI
1.0 might be vague enough to allow multiple interpretations,

When the first MID! machines were released on the market,
problems became apparent immediately. Although many of
the machines were compatible, some subtle 1o extreme cases of
incompatibihity did exist. And. as with any manufacturer faced
with high R&D costs. plus further misinterpretations, many of
the probiems went unresolved. Take for example the Yamaha
DX7 music synthesizer. It's a great machine. yet its MIDI
implementation is not completely compatible with say a Ro-
fand or a Korg In this relatively new field of digital music
synthesis. it is not hard to find people who have personally
become victims in this rush to compatibility.

Although 1 may appear to hold conflicting opinions regarding
the MIDL. this is not so. MID! in general does have its fine
points But I think that it is time for the manufacturers to get
together and try to work their problems out. The specifications
do not have to be altered just vel. just clarified down to the
finest detail. Following this. each manufacturer can regroup o
produce low cost true MID! updates for the machines currently
out: The longer this move is neglected, the greater the chance
of more permarent problems. So much for a bit of sage advice.

In Summation

In closing. | would like to reflect on possible extensions to the
MIDI 1.0 specifications. Due to the fact that 16 and 32 bit chips
have dropped in price. implementations using these chips
could be considered. With these chips, high speed communica-
tions, multi tasking. and unbelievable control over vast
amounts of RAM and ROM could be taken advantage of.
Further to this, we have had a chance to work with the MIDI 1.0
for quite a while now. This time of reflection has enabled
musicians from all over to discover most of the weak points
inherent in the system. With these points in mind, plus the

-technology available to us today, a true implementation could

be performed, with one problem. The market has already been
ficoded with MIDI 1.0 equipped units. A revision at this stage
would make everything else obsolete, as far as current thought
allows. Due to this single fact, the MID! specifications will not
be allowed revision on a radical scale for some time to come.
Although it may be hard 10 accept this twist of fate, the human
side of this story requires consideration. Musical technology is
slated to stagnate for the next few years, after which time wili
come an age of radical change. What our dreams are composed
of today is the: reality of tomorrow.

Finally, | would like to thank a few people who have helped me
understand MIDI more than | ever thought possible. They
include Vera Barycky, who supplied-me with vast amounts of
hard to get information that otherwise would be inaccessible.
My father. Ted Evers, for his continuous stream of information
and knowledge, and my brother, John Evers, for all his related
experience working within the field, from which | was able 1o
extract some particularly critical information.

_References
The MiD!I Handbook by Paul Vytas
MIDI Specification 1.0 by the IMA in California
The Roland Juno-60 Manual by Roland
The Roland J.!~3P Implementation by Roland
The Yamaha RX15 Digital
Rhythm Programmer Manual by Yamaha
Keyboard Magazine June 84 & July 85
Mix Magazine August 1984
Computing Now December 1984

A stack of IMA newsletters by the IMA in California
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Model CT-640 MIDI Implementation Chart

Function... Transmitted Recognized Remarks
Basic Defult 1 1 -4 (*1)
Channel Changed X X
Defult Mode 3 Mode 3
Mode Messages b ¢ b4
Altered Ahkkkhhhhhkhhhd
Note 36-96 0-127 0~11,12-23,24-35=36~47
Number: True voice|[#*#ttksddttrss(36-96 97-108,109~120,121-127
=85-96(*2)
Velocity Note ON X 9n v=64 X 9n v=1-127"64 | (*2)
Note OFF X 9n v=0 X 9n v=0,8n v=xx|xx.. No Function
After Key's b4 b 4
Touch Ch's X X
Pitch Bender x X
64 |o o Sustain pedal
Control (*2)
Change
Prog o 0-29 o 0-29 (%3)
Changg Truel L ZEZZ 2L SRR N]
System Exclusive x X
Systenm :Song Pos [x X
:Song Sel |x X
Common :Tune b x
System :Clock o X
Real Time :Command|o x
Aux :Local ON/OFF|x X
:All Note OFF|x b4
Mes~ :Active Sense|x p 4
sages :Reset X X
Notes MIDI messages transmitted/received only when set to
MIDI mode.
*1) Multi messages received on CH 1~4
*2) Not received on CH-4
*3) Transission/reception of 0-19 on CH-4
Mode 1: OMNI ON, POLY Mode 2: OMNI ON, MONO
Mode 3: Mode 4: OMNI OFF, MONO

o ! Yes

OMNI OFF, POLY
b 4

: No




Casiotone CT-640 Electronic Musical Instrument 's MIDI Operation Manual

"MIDI" stande for "Musical Instrument Digital Interface".
Practically speaking, it lets you connect this keyboard to other MIDI-equij
musical instruments and devices, such as synthesizers, drum machines,
sequencers, and even personal computers.

MIDI IN Receives MIDI signal from external device.
MIDI oOUT Sends MIDI signal to external device.
MIDI THRU- Passes unchanged signal received from

one device through MIDI IN to another device.

* Set Chord/MIDI selector to "MIDI"™ to use MIDI function of this
keyboard. .

{1) Transmits/Receives MIDI massages as a single keyboard (6-note poly).
<EXAMPLE CONNECTION 1>

lIN y ouT IN IOUT
CT-640 MIDI Xkeyboard
o T Sl L
(Cﬁ'l) (CH=1)

[2] Splits keyboard into 3 sections, a 6-note poly section, a 4-note poly
section and a 2-note poly section for use as a multiple sound source.
The tone of each channel can be freely changed by program change messag
(refer to "MIDI Data Transmit/Recieve" for details).

<EXAMPLE CONNECTION 2>

IN [OUT IIN IOUT
CT-640
MIDI Segquencer
CH=1 freely assigned (CH=1"4)
CH=2 to one of the (CLOCK=EXT)
CH=3 preset tones
CH=4 Auto-rhythm *+
- (CLOCK=INT)

*+ Only program change can be recieved.



Use as a MIDI precussion sound source
It is possible to use this keyboard as a MIDI percussion sound sourc

as all percussion instrument sounds are assigned independent MIDI note numbe

ag listed below:

Instruments Note Number Percussion sound
1 36/38 bass drum 1/2
2 40/41 snare drum 1/2
3 43 gated snare drum
4 45 limb short
5 47/48 closed hihat 1/2
6 50/52 open hihat 1/2
7 53/55/51/59 crush cymbal 1/2/3/mixed
8 54/56/58 - synth. cymbal 1/2/3
9 60/62 ride cymbal 1/2
10 61/63 gong 1/2
11 64/65/67/69/71 tom 1/2/3/4/mixed
12 66/68/70 synth. tom 1/2/3
13 s 72/74 cow bell 1/2
14 73/75 triangle open/mute
15 76/77/79/81 timbales;

: high mute/high/middle/low/mixed
16 78/80/82 computer game sound 1/2/3
17 83/84 agogo high/low
18 86/88/89/91/93 conga;

high mute/high/middle/low/mixed

19 95/96 clave high/low

-MIDI Data Transmit/Receive

this unit is capable of transmitting/receiving the following MIDI data.

<Receiving> »
MESSAGES CH 1 CH 2 CH 3 CH 4
1 Note on/off ] o o b4
2 Program change '0-29 0-19
(*1) (*2)
3 Sustain on/off o X
4 Clock b4
<Transmitting>
MESSAGES CH 1 CH 4
1 Note on/off o] b4
2 Program change 0-29 0-19
(*1) (*2)
3 Sustain_on/off o X
4 Clock

(*1) changing preset tones.
(*2) changing auto-rhythns.
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By David Leytze

IMPLICITY. IT"S MORE THAN JUST
aword,it’sa philosophy,&nadniev-
ing true simplicity s always harder
than it looks. In the incessant strug.
glefor survivalin the Top 40 jungle, there's
2 fendency to add layer afier layer of gim.
micks 1o 3 record in the hope that some-
how the combination will be magical, Add
enough gimmicks and what yougetisa
muddy mess. So you cut back,and then
you've got not a lean, mean, fighting song
butascattered bunch of unconnected
nes.

However, the distant star of simplicity is
worth reaching for. From time to time,
amidst the cluttered throb of sampled
mayhem and digital disorder, there
€MErges an artist or group who has the
right combination—the songwriting is
right in line, the sounds are oystal-clear,
the vocals are in tune.

One of the recent survivors to emerge
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JOHNNY

from the studio quagmire is England’s
Johnny Hates Jazz—three minstrel master.
minds who have the popular style down 10
a science. All of their songs are in the key
of simplicity. “We like simple things,” says
co-songwriter/keyboardiﬂ/produccr
Calvin Hayes. “We're always trying to
simplify parts, | think trying to use pads
melodically, rather than just rhythmically,
Is the way to go. With the advent of drum
machines and all of the technolt.'ogy,eve!y-

Butwho are these ? Did they come
outof nowhere and hit 1 absolute top of
the charts? Not exactly. Hayes had estab-
lished contacts in the record industry
through his work as an A&R man at RAK
Records, and Mike Nocito had engi-
neered for Duran Duran and the Thomp-

HATES JAZZ

son Twins. They may be new 1o America,
but they're not new 1o Britain or the music
industry. The band’s debut single, “Shat-
tered Dreams,” weni number one halfway
around the world without even having an
album to suppon #. “After we signed 2
single deal with Virgin Records,” explains
Nocito, “we recorded 'Shartered Dreams’
and one-and-a-half other songs, When the
single came out, it was 3 big hitin England.
Then the record company said, ‘Where's
the album?’ Of course, the album didn"t
exist. Virgin waited a long time to commit
to an album deal. Once they did commit,
we spent six or seven months doing the
album. We tried 1o work constantly but we
Were away promoting quite a bit. We'd EO
away to Germany or somewhere, and then
come straight back and go into the studio,
Even ‘Shattered Dreams’ happened really
fast. After we had recorded the tracks, we

Continued on page €




“SHATTERED DREAMS”
By David Leytze

V ERSE,CHORUS, VERSE, CHORUS— The verse and chorus of “Shattered note. Rhythmically, the melody of the
what could be simpler than the struc. Dreams” are based on a four-bar Dm-Am-  chorus uses 3 type of displacement, in
ture of a popular song? If that’s your atti-  BhCm chord progression. The verse mel-  whichthe emphasis shifts in relation to the
tude, think again. There areanincredible odyisdifferent fromthe chorus melody, downbeat, This effect Is what you'll hear
aumber of possible forms. Some tunes use  however, and there are changesininstry-  onthe words “givenme, givenme,"” “shat.
the melody of the chorus a5 the intro, mentation, Even when 2 single instrument  tered dreams, shattered dreams,” and
some use different chords for the verses  carries through fromversetochorus,the  “run IWay, run away.” The melodic repiti-
than for the choruses—while a few basic actualnotes thatare chosen maychange. tionofthe FloDis strengthened by the
elements predominate, they can be com-  {Look at the bass line, for example.) On the repetition of the hyrics.
8y binedin endless ways. One combination other hand, the progression is simple The instrumentation and arrangement
" that's common today is using a single enoughloanowam-o-beatDminorﬁgure of the choruses is closer to the intro than to
‘ chord progression for both the verse and {transcribed hereonthesecondsu!l)to the verses. The instrumental parts are iden-
chorus, and separating them with 3 bridge repeat throughout with no changeatall.  ticalbetween the intro and first chorus
of tension-building chords that resolve Throughout the song, the melody  (muted guitar, congas, etc.), and then
back into the base progression. Such is the sticks 10 a simple pentatonic scale cen. begin to build with each new chorus,
case with Johnny Hates Jazz’ “Shattered tered around Middle C. Asingle Einthe Horns and bongos (which are also present

Drearns.” bridge phraseisthe only non-pentatonic  in the key-changed £t breakdown section
Contirsed on page 60
tniro ’
. Y i " - . -__vh__
vy 1 T2 '%;. e e = —
« ~ G
‘ - ) T e T P ———-—\ s co o - (T I
ters Sau¥ bS] PR NSR] PENRPbRIP I T IR
i“ m"‘ “‘ z—v 5 . 4 k 4 .. X ) 8 ’ ~4 1 8 K b
puler | | S A L3 TN SV Y O w4 L Al Lo a4 14 1.4 T -V
¥ UTHPT eV oy g o
" el pu—
v boes AT == TS = ST e = F
) E v w' v v e L4 = =) > v >
2 shotee dwda S JWITT T T AT S 1 JIL. T
! cadesa —7 va r—f—* rmq--‘;- : P
= N 0L SR L T \FFrSR I, XA x_x x_d o]
M ‘}. ( " e '-. = X .'1 ok r ¥ -.- = r A3 = NN = s = N =
! 7! ! P i vl i Pl | V-
! 181 verse
1 . - caizo
X — ek
der1 — LS e e e
< <> v“r'x—di—-.‘g‘—& E e
:"::":C- putar 80 much for your mya:' oy you bet m.o\
., “Shat- — — . — pro| mises.
halfv:a)' vey2 s . 4 i]] m*l PN (%J DN | e -
ringan '::'n:f e — - — - — ey : e
igned 3 ! < TSV o ¥ .vv'.'-.r R R A ~
‘ei;him i (. ; Py / V P o
DrumS'! X - A
ihenthe ;b3 S o e —— S
ingland. , x o = = - : ™ S
Where's - M3
n didn't - st bt abaad ol atod starab b LT s | T T 1 NNk
conmil | +—s4 $4-44 2020 >
commit, | e 1 = = = I
omgl‘he N4 .'l' V'r e ﬁ r' 7.,- A
lybutwe ! SN I AN -
st TR RN TR IR R I Lo [T
stuudio. e b2 e '--._" —x e —  —
< really T e T - i i i =7
acks, we
on page &

e ';.._;_‘{' SRR IO .t‘.‘?s‘.*-t[;'\q‘—‘ PRl o SAL T Lo
ALt ., - I

O A K

P




——

“SHATTERED DREAMS”
Continued from page $%

inthe middie of the fune)are added in
subsequent choruses,and the bass line is
embellished further. The fast four bars of
the first chorus contain the exact music of
theintro, €xcept that the bass playsaC
under the A minor chord.

The art of simplicity in action: When
thefirstverse begins, afrer the eight-bar
intro, all rhythm guitar and moving key-
board parts drop out, along with all per-

cussion parts except the shaker and
cabasa, leaving awhole-note keyboard
pad, a bass line, and 3 drum patternto
supportthe vocal melody. The bass line
goestoamoresettied rthythm pattern,
omitting the pickup eighth-note used in
each bar of theintro. The second verse
varies slightly in that the keyboard pad is
played an octave higher. By listening
closely tothese verses, you should geta
betteridea of howsucha simple orchestra-
tion works,

The four-bar bridge phrase is 3 differ-

entstory. Here, the progression changes,
following a descending C-8-8b-G bass
line. Beginning onthe seventh degreeof
the tonic (D minor) scale, this progression’
serves as a tension builder so that the
beginning of the upcoming chorus wil] {
feellike aresolution, Only the firsttwo
chords of this phrase (Cand major) are
actually different, however; the last two
chords are the same as in the basic pro-
gression, thoughtheyare orchestrated a
bit differently. The melody leaves plenty of
ait for the underlying eighth-note chords;
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iges, ¢l Whit_’\ create rhylhm'ic tension. The orche-  of the chorus, woven Into 4 call-and-  from the intro) give some added push,
C bass | stration thickens a bit with the addition of response pattern with the instrumental We'dlike to thank Katie Ellion at Virg-
mgreeof «| | the eighth-note keyboard chordsandvery melody from the intro.) Inthe last bar  Records and Johnny Hates Jazz (Cla:

?
1
rgression i! | transient tambourine taps, The bridge's  before the chorus the snare drum skips the Datchler, Calvin Hayes, and Mike Nocitc

nha!lhe ;finafpushﬂansWilhanoclavedoubling second beat and kicks the fourth beat with 1ormalingllpossiblelorkeyboardt
oruswill Jf ! taggedon;opolthevoalline. {Note that  an extra hit. A sliding sound in the back-" publish portions of “*Shattere.
il";:)';': lhrsmelod»cphraseisrepearedanheend grouhdandatrianglepickup(repeatcd Dreams.” {
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