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MIDI interface particularly useful is the possibi_iity of computer
control. Interfacing a home computer toa MIDI msment isnot
very difficult in most cases, and it can greatly increase the

versatility of the instrument. In particular, there is the possibility

of using (say) a polyphonic synthesiser plus a percussion
synthesiier with a composer style program. Many home

computers have built-in sound generators which can generate

ite impressive music when used with a good composer program,
gthey:g:;ot compare with the results that can be obtamec_lw:th
synthesisers, electric pianos, and ot_her MIDI equipped
instruments that are now available. With a home computer,
suitable software, and one or two MIDI equipped instruments,
you have what is virtually a personal 01:cl'_lest1:a. Coupled with the
falling cost of electronic instruments, it ls_t]ns factor t_hat makes
MIDI such a significant development. It is now possible to put
together in ones own home and at reasonable cost a set up t!mat
would have not so long ago filled a professional studio to the brim,
and which would have cost about as much as the average family
. house.
Serial Data :
Before considering some practical MIDI projects it wou]_d
perhaps be as well to explain some basics of h@DI operation. It is
quite possible to fit together some MIDI equipment and to us:.hn
successfully without having any real_understandmg of how the
system functions. However, armed with a reasonable knowledge
of the subject it is much easier to sort out any pr'ohicms which
might crop up, and it opens up the possibility of using the system
in a way that precisely matches your nesds, rather than _Perhaps
having to settle for a ready made set up that does not quite meet
your exact requirements. This is particularly so w1th a computer
controlled set up where it introduces the possxb:_hty of writing
- software to provide exactly the functions you require.

An important difference between the MIDI system and _th_e
gate/CV (control voltage) system which.1t has rep%aced, is thatitis
fully digital. All the MIDI system does is to pass integer values in
the range 0 to 255 from one instrument to aqother. Itisup to'each
instrument or other MIDI device to transmit the correct series of
values, and to correctly interpret and act upon any values that are
reoh%vle);l.is a form of serial interface, and it has strong sinTilaritigs
to the RS232C and RS423 serial interfaces used in computing. The
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values are sent in binary form, and for those who are not familiar
with this numbering system it should perhaps be explained that it
only uses the numbers 0 and 1. This is convenient for an electronic
system in that the number 1 can be represented by a “high”
voltage which in practice is usually about 5 volts, and a 0 can be

represented by a “low” voltage (usually little more than 0 volts).

Circuits having ten output voltage levels to represent numbers
from 0 to 9 would be feasable, but would be difficult to use and
rather complex in practice.

. The table given below should help to explain the way in which
the binary system operates. It simply shows the decimal number
that each digit of an 8 bit binary number represents when it is set to
1. A digit does, of course, always represent 0 when it is set to 0.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Ee S SR e e
128 w64 -T2 o6 i o s e el

As a simple example, the binary number 10001001 is equivalent
to 137 in the ordinary decimal numbering system
(128+8+1=137). The maximum number that can be handled by 8
bits (binary digits) is obviously 11111111 in binary, which is
equivalent to 255 in decimal. It is this that restricts the 8 bit MIDI
system to the 0 to 255 range of values referred to earlier.

Digital circuits normally move data around internally in parallel
form. In other words, each device has eight inputs and (or) eight
outputs so that data can be transferred 8 bits at a time. This system
is sometimes used when sending data from one pigce of
equipment to another, but it has its drawbacks. One of these is the
the need for multiway cables to connect the various items
together, and these cables tend to be quite expensive. A more
major problem is that of stray coupling causing signals on one lead
in the cable to be coupled into other leads. To avoid this it is often
necessary to restrict the cable length to no more than a couple of

metres. The alternative to parallel connection is some kind of
serial interface, such as the one used in the MIDI system. In a
serial system the data is transmitted on just one line (plus an earth
line), but this obviously precludes simultaneous transmission of
all the bits. Instead they must be transmitted one at a time, and
with most serial systems (including the MIDI one) the least
significant bit is sent first, running through in sequence to the most
significant bit. This has the advantage of only needing two wires to
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connect one item of equipment to another, rather than about nine

to a couple of dozen wires (depending on the exact form of the
 parallel interface concerned). With serial data systems it is not
normally necessary to have screening leads, or to keep connecting
leads particularly short. With serial data systems quite long leads
can usually be accommodated without any problems, and
although the MIDI type is quite fast it can still operate at up to at
least 15 metres using just two connecting wires.

In the fundamental form outlined above a serial system can not
operate properly, since the receiving equipment will have no way
of knowing when to test the transmission line to determine the
state of each bit. One way around the problem is to use a
synchronous system where a third line is used to carry a clock
signal or some other form of synchronisation signal to indicate the
start of each data stream. Most serial systems are asynchronous
though, and the MIDI system falls into this catagory. With this
system there are no additional connection lines, but instead
additional bits are transmitted along with the data bits. Of most
importance is the “start” bit, and this indicates to the receiving
equipment that it must sample the data line at regular intervals
thereafter until the state of each bit has been detected. With most
practical systems one or two extra bits are added onto the end of
each byte, and these are called “stop” bits. These are just used as

of a simple form of error checking and to ensure that the
blocks of 8 bits (bytes) are spaced out and do not merge into one
another. Extra bits called “parity” bits are sometimes added, and
these are again used as part of a simple error checking process.
However, these do not apply to MIDI interfaces. Figure 1
illustrates the way in which serial data is transmitted, and this
might help to clarify the system for you.

There are a number of different word formats in common use in
serial systems, but for MIDI purposes 1 start bit, 8 data bits, 1 stop
bit, and no parity is the only one that is used. Serial data systems
use a variety of baud rates, and there are several standard ones
from 50 to 19200 baud. The baud rate is simply the number of bits
transmitted per second if there is a continuous data stream. The
MIDI system originally operated at 19200 baud, but it was
criticised for being too slow (despite the fact that this is the fastest
rate in common use apart from the final MIDI system). In fact a
baud rate of 19200 is not quite as fast as it might at first appear,
bearing in mind that ten bits must be transmitted to transfer one
byte of information. This gives an absolute maximum of 1920
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Fig 1. The type of serial data stream used
: in the MID/ system

bytes per second, or just over 0.5ms per . Even taking i
account that three bytes normally npeidbg;ebe transnﬁttedm:g
produce each action from the instrument, and that several
ch'a::mels may be controlled, it would still take just a few
milliseconds to send blocks of data. Whether or not this would
produce audible problems is debatable, but in the final system the
baﬁ ramals increased to 31250 baud. '

e MIDI system is essentially the same as the RS232
RS4?3 serial ports fitted to many home computers, but in pogt:ﬁ
detail there are problems which make it highly unlikely that a
§enal output from a computer could be used to drive a MIDI
input. The first problem is that MIDI interfaces use standard 5
volt TTL levels, and normally have opto-isolator inputs to avoid
prob}ems with earth loops. RS232C ports use signal levels of
non_:mally plus and minus 12 volts (plus and minus 5 volts in the
case of the RS8423) with no form of isolation at the inputs. This
incompatibility could be overcome with suitable signal processing
stages, but there is a more difficult problem with the baud rate
312?0 baud. is not a standard rate, and it is not one that can be
achleve.d with any home computer I have encountered. It might
be possible to modify the serial interface to operate at the correct
baud rate, but this would almost certainly render it unusable for
other purposes, and would probably not be a very good idea.

As we shall see later, the integrated circuits that are intended
primarily for use in RS232C and similar interfaces can be made to
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BM 64 ; -
is possible to use the interface with the Commodore 64

2 = is di It since the three
sing the MIDI input s gipen computer without altering the circuit in any way. There is a slight

Tesing nd ore
Tﬁszn gg?da& will often be received overa period ofIt‘]h?ei :rfl;lrch
gr;)l I::sl:rc)ut one thousanth of a second in durfmon. s oy J
.? ty for BASIC to cope with, and either machine cod: or abe -
g st A UL
i is simple BASIC routin® ;
usu:ig ttlll::m b;’ck again. The MIDI IN and MIDI OUT Soi:,ets o
_:;a ifm:rface must, of course, be linked before this test program
€ 2
will work.

s REM VIC MIDI TEST PROG

AR witA -
20 POKE 3
30 IF (PEEK(39937) AND 128)=0 THEN 30

the Commodore 64 are made by way of a 2 by 22 way 0.1 inch male
edge connector (and not a 0.156 inch type). As for the VIC-20, a
suitable connector can be made up from a piece of double-sided
copper clad board using normal printed circuit construction
techniques. In fact the interface could be constructed on a double-
‘sided printed circuit board designed to plug into the cartridge
port. In practice the design and construction of a suitable board
could be quite difficult, and this system is not always very reliable
with medium to large size boards. Any tension on the connecting
leads or vibration tending to disrupt the connections between the
board and the computer, and this can result in problems with the

40 PRINT PEEK(39936) computer crashing. It is probably ea's_ier and better to house the
50 POKE 39937,0 unit in a small metal or plastic box, with the printed circuit board
60 GOTO 10

connected to the cartridge port via a length of ribbon cable and the
appropriate type of connector. The connections to the cartridge
port of the Commodore 64 are slightly different to those for the
VIC-20, and the correct method of connection is given in Figure
11. The main difference is that line I/O2 is used in place of I/O3.
This places the interface at addresses from 57088 to 57343.
Assuming the base addresses are used, the interface is controlled
using addresses 57088 and 57089, as detailed below:-

and then it is transmitted

i alues must be:

1 output at line 20. Note t.l_lat the v =8

fn:m trteinﬂcpraigcpo t0255. Line 30 provides a hold-off lénnl t ;

an ctgeReoeived output goes high to indicate that a byte of allita 5

b:cn received. The operating speed of B_ASIC c;f csaluc;h p::i!;i::;taﬁl:)is 1
in this case, but in pra _

may well be superfluousint usipmc S Y e o

Data Received flag will alway s ef -

ﬁdiolfgtil;etaken in order to avoid multiple readings. The method

The first value is entered at line 10,

1sed Read 57 .
08 eis program is to logic AND the value from the interface Wi?te 57%8;;% Ef;i ;fictc\:;ffe:a’"es
e 128, The purpose of this is to cffectively climinate DU DHE Read 57089 Read Data Received flag
with 128. Lhenlf "‘D? This gives a returned value of 0 if D7 is low, Bele e R Ducies
m‘jlég E:"it ':hi);h s;nd the states of the other seven bits have no .
or it i ;

The VIC-20 test program described previously can be used with

‘the Commodore 64 simply by changing address 39936 to 57088,
and address 39937 to 57089.

‘When the interface is used with the Commodore 64 or BBC

i TOCESSOTS
on the returned value. Most microp!

g::tl:gl;: tAevNDer instructions, and a machine oc:dc eqt‘im a}::; ?,

: ifficult to devise. An alternative
line 30 should not be _dlfﬁcu _, whether or not the
testing the Data reoewedhﬂagl 21; t;)t :‘;ﬁc:l ways be greater than| model B computer it is possible to derive the SOOkHz'clock signal
retumed value_; S lgreater o 1 ;as if it is not. from the computer’s clock signal. The 02 clock signal of the
127 if the flag is high, but 127 Or; 2 < is printed on the screen at line§ Commodore 64 is at a frequency of 980kHz, which when divided
The value read from the mtebathe sl;me value ed! by two gives a 490kHz signal. This is close enough to the ideal
40, and this a_ahould, of mu;sef)a:a Received flag, and then line 60§ frequency of 500kHz to give good results. The clock of the BBC
at line 10. Line 50 clears t !:. 10 so that the next number can be computer runs at 2MHz, but it is effectively slowed down for
loops the program back to line RESTORE to break out of the} IMHz for input/output devices (hence the expansion port of the
entered. Use RUN/STOP - BBC machine has been called the “1MHz Bus”). When divided by

program.

30 31

change mechanically in that connections to the cartridge port of
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 ons which the MIDI interface does not use. In this case th

interface interfering with other peripherals. There is @
exception, and that is where another user add-on is connected !
 the computer at the same time as the MIDI interface. The oth
~ user add-on might be designed to only use addresses from &F8E
- to &F8EF, which is the half of the input/output map for user ad¢

 should be no problems. If the other device uses any addresses
 the range &F8F0 to &F8FF, then it should not be used at the sam
time as the MIDI interface. -

computers, and for our purposes they can be considered 2
identical apart from the fact that the Enterprise 128 has an extr
64k of memory. As far as interfacing user add-ons is concernes
there is certainly no difference between the two machines: Th
Enterprise 128 is an attractive machine for MIDI use as it has goo
graphics and over 100k of RAM available to the user. This woul
enable excellent composer style programs to be produced b
anyone with the requisite programming skills.
The system of input/output mapping adopted for the Enterpris
computers is the standard Z80 type, with address lines A0 to A

+5V
16 6
10 3
e 2 e Pin 23
RO
Fs
== Tov) ) Py
Do 7415138 =
12
e ) P
Ao 2
13
= o..._,_5 ) Pin 16
la
ov
g 22.The address decoding used for

the Enterprise computers

being decoded (together with IORQ) to give 256 input/outpu
addresses from 0 to 255. On the face of it this makes it impossib!
to interface the MIDI interface unit to these computers withot
including some extra address decoding. In practice this is ne
necessary due to the way the internal input/output devices ar
fitted into the input/output map. All the internal circuits hav
addresses of 128 or more. This means that address line A7 |
always high when an internal input/output device is bein
accessed, and user add-ons can simply be designed to operafl
when A7 and IORQ go low. This places user add-ons at addr
from 0 to 127. Obviously this. method of interfacing is effectivel
the same as that adopted in the Sinclair Spectrum, except h
address line A7 is used in place of AS. Also, where more than on
input/output address is required lines A0 to A6 are all available
rather than just A6 and A7. .
The interface can be connected to the Enterprise computCiggses
using the modified method of connection shown in Figure 22. Th
differs from the method used for the Sinclair Spectrum only in thi
A7 is connected in place of A5, and A0 is connected in place
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5. Once again assuming that the base addresses are to be used

interface is controlled in the following manner:-

Read0
Write 0
Read 1
Write 1

Read Data Received flag
Reset Data Received flag
Read received values
Transmit values

: There is a slight problem when using the Enterprise expansion

in that no +5 volt supply output is provided. However, an

mre guIatec! +? vt?ly supply is available, and this can be used to

swer the circuit via the simple regulator circuit of Figure 23. This

# just a small (100 milliamp) 5 volt (positive) monolithic voltage

‘1?101' plus a couple of decoupling capacitors to aid good

. hty. The decoupling capacitors should be mounted physically
to the regulator as they might otherwise be ineffective

e system clock frequency of the Enterprise compute;..rs is

49

iy T T T P Spe—

[ R pR———









e - e, - e LD T e T

- 4MHz. Of course, the S00MHz clock signal for the UART ca s
be derived from this, but using the divider circuit of Figure:
rather than the one of Figure 12. Connection details for
expansion port of MSX machines are provided in Figure 25. Th

+5V

*16 -

required connector is a 50 way IDC header socket. Actually t!
same connections are available at the cartridge port, and s e
requires a 2 by 25 way 0.1 inch pitch male edge connectg - 10 :
However, for user add-ons it is probably better and easier to & S 2 g
~ the expansion port. Of course, the expansion and cartridge por s 11 :
are a standard feature of all MSX computers, and the interfa E RD ¢ 3 741'-?5'1}38 ——o0Pin 18 5
should therefore operate perfectly well with any computer wh i § 12 : =
conforms to this standard (the Toshiba HX10, etc.). o A5 6 ——0 Pind4
-
MTX Computers m 5 13—0 Pin 16
The MTX500 and MTX512 computers are further examples ¢ o
780 based machines, and they again use standard Z80 interfaci
techniques. However, they are different to the Enterprise al 4 8
MSX machines in that the internal hardware is placed at Io
addresses, rather than in the upper half of the input/output ma *
The manufacturers recommend that user add-ons be placed e

addresses from 16 to 30 inclusive, which is the block of address
just above the one occupied by the internal hardware. Address
is reserved for cassette remote control, and although
computers do not have the necessary hardware to implement

feature, there does seem to be some built-in sofware which us
this address during SAVE and LOAD operations. Therefore th
address must be avoided when designing user add-ons. T
addresses from 32 to 255 are all reserved for use with extern

Fig 26. The connections to IC2 for operation
with the MTX computers I

e, tied to the negative supply rail. This method of decoding
ces the interface at these addresses:-

hardware such as disc drives, but these are obviously free for use Read 64 Read Data Recei

the MIDI interface is the only external device added to ‘Write 64 Reset Data Reoci:i:;%gaagg
expansion port. This permits a very simple system of addre Read 65 ' Readreceived values
decoding to be adopted, with address line A6 or A7 going hig Write 65 Transmit values

(together with IORQ going low) being used to activate
interface. Here we are using address line A6, and this places i
interface at addresses from 64 to 127 (with echoes at addre
from 191 to 255). . : _ _

Figure 26 shows the modified method of connection for IC
and this differs from the system used for the Spectrum in that A6
used in place of A5, And A0 is used in place of A6. Also, A6
connected to the positive enable input instead of a negative enab
input, as it is this line going high rather than low which mu
activate the interface. The unused negative enable input is

he e:gpansion port of the MTX computers requires a 2 by 30

0] inch pitch edge connector, and there is provision for a
arising key. In practice it is probably best to use a 2 by 28 way
_ﬁtted with a polarising key, as used for the Sinclair Spectrum.
0 usly this does not permit connections to be made to all the
ainals of the expansion port, but those which are not reached
mot required in this application anyway. The polarising key
ds the risk of fitting the connector up-side-down, and a
er advantage of the Spectrum type is that it is likely to be
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~ are likely to prefer the use of BASIC rather than machine cox

would still be possible. However, as most users of ZX81 add

initially at any rate, ZX81 add-ons are usually memory mappx
They can then be controlled using the POKE instruction and &
PEEK function.
With its ROM and RAM chips of very limited capacity, &
ZX81 has plenty of spare memory locations. There is a slig
complication though in that the internal circuit uses less than f
address decoding, so that echoes of the ROM occur throughe
the address range. This does not mean that the echoes render
affected addresses unusable, as the ZX81 has a couple of unuse
inputs on its expansion bus. These are ROMCS (ROM d )
select) and RAMCS (RAM chip select). These can be taken tot
high state to disable the ROM and RAM chips respectively,
that the echoes are suppressed and the internal hardware does
interfere with the operation of add-on circuits. These inputs mt
not just be held continuously in the high state as this wo
prevent the computer from operating. Neither should they
pulled low by an external circuit when it is not being activate
They must be taken high when the add-on is operated, and le
floating at other times. In practice it is usually only ROMCS th
needs to be controlled. ;
Figure 29 shows a suitable address decoder for use with t
ZX81. This has similarities to the previous address decod
 circuits, with a 74L.S138 (IC2) decoding the A0, WR, and R
lines, and providing four outputs to drive control inputs of ¢
UART. Some further decoding is required though, and this
provided by a second 7415138 3 to 8 line decoder. This decod
address lines A13 to A15, plus the MREQ line. It drives one
IC2’s negative enable inputs from output “O”. The other negatit
enable input and the positive enable input of IC2 are not need:
in this circuit and are just tied to the negative and positive suppli
respectively. : : {
Trl operates as an inverter which is driven from output “O|
IC3. A positive pulse is therefore generated at Tr1’s collector ea
time the decoder is activated, and this is coupled to the ROMC
input of the ZX81 via D1. The latter enables Trl to pull f
ROMCS input high, but it prevents it from taking it to the lo
state. This ensures that the computer is able to function norma
when the interface is not being accessed. Figure 30 shows
connections to the ZX81 expansion port.

To Expansion Port

+6V

' |1s le

AOQ o—!— LL?.......—O Pin 23
— 2 11 :
W O Ic2 e Pin 18
==k 3 74L5138 12 To IC1
RD Oy O PNy 4
4 13 x
ps— i) Pin 16
+5V
5 8 R2
1k0
Y
ov
R1
15 Ak7 TR1
BC557
MF[EQo-.—...l
2
AT O
ic3 Sl
Al5 3 7415138
6
A13 O
D1 R3
—+ 1N4148
215 18 680R
oV —= >
ROMCS 0=

g 29. The address decoder for the ZX81
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This system of address decoding places the interface at
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‘have a decoded output which activates whenever an address

appropriate range is accessed. We therefore have to provide
additional decoding in the interface, and most of this is provic
by IC3, a second 3 to 8 line decoder. IC2 is connected in much
same way as in the original circuit, the only.difference being t
its second negative enable input (which was previously unus:
now decodes address line A19. Note that the QL, with its las
address range, has some twenty address lines and not the meo
usual sixteen. IC3 decodes address lines A14 to A18, as well as
‘Address Strobe (AS) line.

The latter is not a standard microprocessor control line, and
simply goes low when a valid address is present on the addre
bus. By decoding this line we ensure that spurious output puls
from IC3 are avoided. It is not normally needed as me
microprocessors only have facilities for synchronous da
transfers, but the 68008 can also handle asynchronous da
transfers. Asynchronous transfers are used where the 68008 (wil
its relatively high clock frequency) normally operates too fast f
the peripheral device. By using handshake lines the micn
processor can be slowed down to a suitable operating speed.
6402 seems to be able to operate reliably with the 68008 runnin
full speed, but if necessary the microprocessor can be slowe
down during accesses of the interface simply by connecting pin 1
of IC3 to the VPA input of the expansion port via a IN4148 diod
(the cathode connects to pin 14).

This address decoder places the interface at addresses fi a‘
49152 to 65535, but if the base addresses are used the interface
controlled in the following manner:-

QL.

Fitting the connector to the expansmn port is made rather
ficult by the fact that the port is recessed deep into the
omputer. About the only way around this is to fit the connector
o the end of an extension board, so that the connector can be
shed right into the computer. Connections can either be made
=ct to the board, or preferably, the board should be fitted with
sother DIN 41612 connector, but a plug rather than a socket. If
e connections from the interface are then terminated at a DIN
1612 socket, this can be connected to the plug which is brought
at to the exterior of the computer by the extension board. The
srawback of this method is that it requires three connectors,
hich makes it relatively expensive.

The extension board can be made from a piece of double-sided
-opper laminate board about 3.4 inches wide and 4 inches long. 32
sopper strips on a 0.1 inch pitch running down the length of the
ard are required. The strips are required on both sides of the
soard, and the two sets of strips must obviously match up
-easonably accurately. If you do not wish to etch your own
_extension board, a simple alternative which seems to work well in
‘practice is to use two pieces of 0.1 inch pitch stripboard. These
should each have 32 copper strips and should be about 4 inches

using any good quality general purpose adhesive, and then the
‘connector or connectors are soldered in place Figure 32 gives
details of the connections to the QL's expansion port.

Both the ZX81 and the QL have clock outputs on their

: =xpansion buses, but in the present application it is probably
Read 49152 Read received values

easier to use one of the clock generator circuits described earlier

Write 49152 Transmit values rather than to try to derive the 500kHz clock signal from one of
Read 49153 Read Data Received flag these outputs. The QL does not have a +5 volt output on the
Write 49153 Reset Data Received flag =xpansion port, and although a +5 volt output is included at the

o3 cartridge port, it would probably be easier to derive a +5 volt

Making Connections supply from the +9 volt output of the expansion port rather than

To make connections to the QL’s expansion port a 64 way DI
41612 socket is required, and these are now available from a fes
of the larger component retailers. There are actually two typese
- DIN 41612 64 way connector available, the “a+b rows”, and “a+
rows” types. The full connector is a 96 way type having three roy
of 32 pins each. With the 64 way type one row of pins is omittec
giving either closely spaced rows (a+b) or widely spaced row

tap off the supply from the cartridge port. The regulator of Figure
23 is suitable for this purpose.

The software test routines for the QL are shown below. These
are much the same as those given previously and they do not merit
further comment here.

5 REM QL MIDI TEST PROG

66 67

t¢). It is the narrow spaced a+b type that is required 'ior =

ong. They are glued back-to-back (copper sides facing outwards) -

o
















This is a twelve way type which therefore gives a choice of twely
channels. This should be more than adequate in practic
although it would be possible to have all sixteen channels
available if a sixteen way switch was to be used. A sixteen wa
switch could probably prove to be impossible to obtain tho
Note that the switch should be a break-before- make type, and not
a make-before-break type (which would short circuit two outputs
of IC3 together each time the switch was operated).
need the circuit to respond to header codes 1000 and
1001, then the easiest way of achieving this is to simply disconnect
pin 23 of IC4 from pin 8 of IC2, and connect it to the positive
supply rail instead. Bit 4 is then no longer decoded, and code:
1000 and 1001 will both activate the unit. If this method is used it
possible to use the (cheaper) 7415138 3 to 8 line decoder in place
of the 74L.5154 4 to 16 line type. Figure 35 shows connection
details for a 74L.8138 used in this way.
An alternative way of doing things is to use outputsSandQ Of
IC4 to control a CMOS flip/flop formed from a couple of gates
from a 4001BE quad 2 input NOR gate, as shown in Figure 36.
One of the spare gates acts as an output buffer stage, but the other

If you

To IC2

+5V

==

IC4

74L.5138

a4 To IC3
e {Chiannel
select)

ov

i_ng 35. Using a 74LS138 in the I1C4 position in the circuit

gate is left unused. The flip/flop is a simple set/reset type which,
due to the inclusion of steering diodes D1 and D2, responds only
to negative input pulses. When a note-on code is received, output
9 of IC4 pulses low and sets the output of the flip/flop high. When
a note-off code is received output 9 of IC4 pulses low and resets
the output of the flip/flop low again. This method of doing things
is theoretically correct, but is not a method that I would
recommend despite this. The unit will obviously fail to work
properly with a synthesiser which uses 1001 as both the note-on
and note-off header code. By simply not decoding bit 4 at all, as
suggested earlier, the circuit should work with equipment that
uses the 1001 and 1000 codes and equipment that only uses the
1001 code number. In fact results seem to be perfectly acceptable
if only the most significant bit is decoded. This would result in a
malfunction if header codes other than the note-on and note-off
values were received, but in practice there would be no need for
other header codes to be sent to whatever channel was assigned to
the interface.

For some applications a gate pulse generator is all that is

required, and an example this would be where a monophonic

R1
10k
e
m—————
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Fig 36. An alternative method of generating the gate pulses
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synthesiser is being used as a percussion generator. With many
percussive sounds the CV from the keyboard or CV input is
irrelevant, and all that is needed is a pulse to trigger the sound.
Another example would be where a percussion synthesiser of
some kind is being controlled by the unit. These mostly only.
require trigger pulses, with the pitch (where appropriate) being
preset via panel controls. A range of percussion synthesisers for
use with the converter will not be described here, but some
inexpensive and useful designs can be found in “More Advanced
Electronic Music Projects” (Book No. BP174), from the same
publisher and author as this publication. )

One problem that might be encountered is that of the gate pulse'
being of an usuitable duration. It is unlikely that the pulse would
ever be too short, but it could sometimes be excessively long. This
could occur where a percussion synthesiser requires a very short
trigger pulse, but the gate pulse is originating from a keyboard
which is providing a pulse length of perhaps one hundred
milliseconds or more. This problem is easily overcome by using
the circuit of Figure 37. A CMOS 4047BE monostable/astable
device is connected here in the positive triggered monstable

RV1
+5V
| R1
10k
4 14 3
8 : 10
e — 4047BE
IC5 pin 13 QOutput Pulse
5 6 7 9 12
\
ov
Fig 37. A simple trigger pulse generator é%uit
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mode. It therefore provides an output pulse at the
commencement of each gate pulse, and the pulse duration is
determined by the values of timing components C1, R1,and RV1.
RV1 enables the pulse duration to be adjusted from about 1ms at
minimum value up to about 100ms at maximum value, which
should cover most (probably all) requirements. The monostable is
a non-retriggerable type, and the circuit can therefore act as a
pulse shortener or a pulse lengthener. Provided the input pulse is
long enough to trigger the circuit (which in this application it must
always be), the output pulse duration is totally independent of the
input pulse width.

Another problem is that of devices which require a gate signal
other than a positive pulse at standard 5 volt logic levels. Most
instruments still in fact operate perfectly well with this type of
signal, but there are a few that will not. Some of these can be quite
difficult to interface to standard logic levels, but one type that is
not is the so called “short to ground” gate input. These simply
require a short circuit across the input dunng the gate pulse. The
necessary gate pulse to short circuit conversion can be provided
using a VMOS transistor connected as shown in Figure 38.
Although a VNIOKM is suggested for the VMOS device,
practically any type will suffice (VN46AF VNG66AF, VN67AF,
etc.).

:')Gmomput

VN10KM etc

Digital
output

From computer port

o o 2

Fig 38. Converting 5 volt logic levels to a
short to ground action |
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- linearity as it is for IC7 to do so, but IC6 is a high quality type

output to the required 83.33 millivolts increments.
Good accuracy is essential in this application where an error
small as a millivolt or two could give inadequate results.
voltage gain of the amplifier has therefore been made adjustat
(by means of RV2) so that it can be trimmed to precisely th
required level. RV1 is an offset null control, and with
theoretically perfect operational amplifier this control &
unnecessary. However, with practical devices the input an
output voltages do not take up precisely the correct levels,
small offsets are generated. Although these offsets are likely to
just a matter of a few millivolts or so, they could give inadequat
accuracy at low output voltages. RV1 can be used to effectively
trim out the offsets and give good accuracy over the full output
voltage range. Of course, it is as essential for IC6 to provide good

which offers extremely good accuracy.

As explained previously, IC6 has a built-in data latch which can
be used to store the appropriate bytes of data from the UART, sc
that the converter provides a continuous output and not just
pulses at the appropriate amplitudes while the note values
present on the UART’s outputs. In order to utilize the data latcha
suitable latching pulse must be generated and fed to the “enable”
input at pin 4 of IC6. When this input is low, the data on the inputs
is fed into the latches and through to the inputs of the converter.
When the enable input is taken high, the data on the inputs at that
instant is latched into the data latch, and used to supply the input
signal for the converter until the enable input goes low again.

The output at pin 10 of IC4 almost supplies a suitable pulse for
latching purposes. This output goes low when a note-on or note-
off header code is received, and it stays in that state until the next
byte is received, which is the note value. Unfortunately, this
output returns to the high state before the outputs of the UART
have had time to stabilise at their new logic levels, and the direct.
output of IC4 is unsuitable. However, all that is needed is a delay
circuit to hold off the low to high transition for around 50 to
100us, so that the outputs are allowed sufficient time to stabilise
before the data is latched. The delay is provided by R6 and CSé
with two gates of IC8 connected as a non-inverting buffer to
provide sufficient drive and a suitably shaped pulse to drive w
properly. - -

There is a slight flaw in this system in that during the period.
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when the header code is present, this value will be fed through to
he inputs of the converter. In practice this should not have any

detrimental effect on the operation of the circuit as the period

during which this occurs will be very short indeed. Depending on
the source of the signals, it will only be from around 330us to a few
milliseconds at most.

Adjustment

If possible ltlsbesttostanmththcumtdlswnnectedfromthe
analogue synthesiser and to use a multimeter set to a low DC
voltage range (about 10 volts full scale) to monitor the CV output
potential. The negative test lead goes to the 0 volt rail and the
positive test lead connects to IC7 pin 6. Start with RV1 and RV2
both adjusted to a roughly mid setting. In order to adjust RV1 and
RV2 correctly it is necessary to send suitable values to the
interface. These can be obtained from either a MIDI equipped
instrument or computer plus a MIDI interface. The computer
offers the better option as it enables any desired values to be sent
to the interface, whereas most MIDI equipped instruments
operate over something less than the full 127 note range. When
using a computer as the source bear in mind that it is no good just
sending a series of test values to the interface. In order to latch
data into the interface the note values must be preceded by the
note-on code plus the appropriate channel value. _

Start by using a fairly high note value, and one which is exactly
divisible by 12. We will assume that 72 is selected, which is exactly
six octaves up from the base note, and therefore represents an
output potential of 6 volts. RV2 is accordingly adjusted for an
output potential of exactly 6 volts. Next choose a low value, and
again it is easier if the value is exactly divisible by 12. Infact 12is a
good choice of value, and one which corresponds to an output
potential of 1 volt. RV1is then adjusted to trim the output voltage
to precisely 1 volt. This procedure is repeated a few times until the
unit tracks accurately between the two values, and no further
improvement in accuracy can be obtained.

The CV output of the converter can now be coupled to the CV
input of the synthesiser using a standard jack lead. The gate
output can be coupled to the synthesiser’s gate input, but if the
synthesiser has some facility which enables notes to be held on
continuously (such as a “drone” switch), then it is probably better
to use this. Note that many synthesisers will not respond to signals
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“on the CV and gate inputs unless they are set up to do so. The

control settings required to do this vary from one instrument to
another, and if in any doubt the instrument’s manual should give
details of the correct settings.

It is unlikely that the initial;adjustments will have set up he:
converter with sufficient accuracy to give good results over the full
note range. On the other hand, any pitch errors should be quite
small. The final adjustment consists of adjusting RV2 so that good
pitch accuracy is obtained at the high note end of the range, and
adjusting RV1 for good pitch accuracy at the low end of the range.
This is a matter of tuning the synthesiser by ear against a tuning-
fork, pitch- pipes, or an instrument which is accurately in-tune.
Alternatively, by switching between the CV input and the
keyboard the converter can simply be adjusted to give the same
notes as those provided by the keyboard.

If a multimeter is not used to initially bring the converter close
to correct alignment, the setting up procedure is in other respects
the same. However, it will probably take longer to get to the stage
where the unit is close to the correct settings if all the adjustments
are made using pitch comparisons, even if you have a good sense
of pitch. Where possible the initial adjustment with the aid of a
multimeter is therefore strongly recommended. Incidentally, the
converter will cover the full 127 note range of the MIDI system,
which represents an output voltage range of 83.33 millivolts to a
little over 10 volts. Some analogue synthesisers will operate over
this full range, but not all will work properly with CV inputs as
high as 10 volts. On the other hand, most analogue synthesisers
have a keyboard range of only about two or three octaves, but this
is not generally indicative of the maximum available range, and
most instruments provide a much wider pitch range via the CV
input. The manual for each instrument should give details of the
acceptable CV input voltage range, but if in any doubt a little
experimentation should soon reveal the usable range.

It has been assumed here that potentials of 1 volt, 2 volts, 3
volts, etc., correspond to the note “C”. It has also been assumed
that an output potential of 5 volts gives middle C from the
synthesiser. With all the synthesisers I have ever encountered an
input potential of 1 volt has always corresponded to “C”, but if it
does not with your particular synthesiser this will probably not
matter. Most instruments have the ability to offset the tuning by
up to an octave, and adjustment of the appropriate control will
enable the sythesiser to be brought into agreement with the MIDI
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instrument(s). This facility is a useful one even if your synthesiser
is correctly aligned with the MIDI instruments when this control is
at its normal setting. You may wish to have the analogue
synthesiser playing (say) a fifth higher than the MIDI instrument
with which it is paired, and adjustment of the “tuning” or
“frequency” control should permit this.

The problem of the analogue instrument playing the wrong
octave is one that might be more difficult to solve. Most analogue
synthesisers have an octave switch which can be used to shift the
compass up or down an octave, or in some cases maybe even up or
down two octaves. With some instruments, even with the octave
switch at its lowest setting, it might be found that a MIDI note
value of 60 gives an output pitch one or two octaves higher than
middle C. Even if this should occur, the system is still obviously
quite usable, if somewhat less than ideal, but it could obviously be
better if the output voltage of the converter could be shifted
downwards by one or two volts. This could shift the compass of
the synthesiser down by an octave or two, bringing it into
agreement with the MIDI instruments. A shift facility of this type
is quite useful anyway, as it enables the synthesiser to be
purposely tuned to the wrong octave if desired, and obviously
adds to the shift range provided by the synthesiser itself.

It is not difficult to provide shift control for the unit, and
basically all that is required is a variable voltage source. The lower
end of R7 (which previously connected to the 0 volt supply rail)
then connects to this voltage source. Raising the lower end of R7
above ground potential has the effect of reducing the output
potential of IC7. The output potential is reduced by a fixed
amount, and if the output voltage is reduced from (say) 3 volts to 2
volts, where the output would normally have been 4 volts it will be
3 volts, where it would have been 5 volts it will be 4 volts, and so

_on. This is, of course, precisely the action we require.

It is important that the voltage source should be highly stable or
it will lead to drift and necessitate frequent readjustment of the
alignment controls. The digital to analogue converter chip (IC6)
contains a highly stable 2.55 volt reference source, and this is the
obvious choice as the offset voltage source. All that is needed to
give a variable reference voltage is a potentiometer and an
operational amplifier to provide buffering, as shown in the circuit
diagram of Figure 40. With the slider of RV3 at the bottom of its
track the converter should function normally, and can be setup in
the manner described previously. Moving the wiper of RV3 up the
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D3, D4, and C6 provide the same function but for the posi
supplies. Monolithic voltage regulators are used to provide
smoothed and regulated outputs at the required potentials.

to the low output currents involved, none of the regulatorsi,

dissipate much power and none of them should require a heatsink.
The decoupling capacitors (C7, C8, C9, C10, C12, and C13)
should be mounted physically close to their respective regulator
- chips where they will be most effective at combatting instability.

T1 can be any mains transformer having a 15 — 0 — 15 volt.

secondary winding rated at about 200 milliamps or more.

Alternatively, a type having twin 15 volt secondaries rated at 200
milliamps or more can be used, with the two secondary windings

e being connected in series to effectively produce a 15 —0- 15 volt
- winding.

With a project that connects to the mains supply the normal
safety precautions should be observed. If a metal case is used this

should be earthed to the mains earth lead. If a non- metallic caseis
used, but there is any exposed metal such as fixing screws, then

these must be earthed. The case must be a type which has a screw
fixing lid or cover so that easy access to the dangerous mains

wiring is not possible. It is advisable to insulate any exposed
‘connections at mains potential so that there is no risk of an electric

shock being sustained even when the lid or cover of the case is
removed. Check all the mains and other wiring very thoroughly
before switching on and testing the unit. It is advisable to check

that the power supply circuit is functioning properly before it is
connected to the rest of the unit. Be very careful to connect the
outputs to the main circuit correctly. Muddling one of the supplies

with the +5 volt one could result in expensive damage to the main

circuit (the UART would almost certainly be destroyed for a

start).

Power Supply Components (Fig. 41)

Capacitors

C6,11 1000uF 25V electrolytic
C7,8,9,10,12,13 100nF ceramic
Semiconductors

DltoD4 1N4002

IC10 7805

IC11 78L15

-IC12 79L15

Miscellaneous

4 Eei s Standard mains primary, 15—0- 15 volt
- secondary rated at 200mA or more

51 Rotary mains switch

FS1 20mm 250mA quick-blow

‘Case, circuit board, 20mm fuseholder, etc.

Extra Channels

If a multichannel converter is required, one way of achieving this
would be to build a separate converter for each channel, Some
saving in the component count could probably be achieved by
having IC1, IC2, IC3, and their associated components common
to all channels. A different output of IC3 would be used to drive
each IC4, and the latter would need to be duplicated for each
channel, as would IC6, IC7, etc. One problem that this would lead
to is that of excessive loading on the UART’s outputs, but an 8 bit
TTL buffer should solve this problem. This is all only put forward
as a suggestion for suitably experienced readers who would like to
experiment with a multichannel system, and the prototype has
only been tried and tested in single channel form. However, in
theory there should be no difficulty in producing a multichannel
unit.

MIDI

With a complex MIDI set up there can be problems in finding
sufficient outputs for every input you wish to drive. Many items of
MIDI equipment have a “THRU” socket which enables the chain
method of connection to be adopted without difficulty, but not all
MIDI equipment is suitably equipped. The easiest solution to the
problem is to have a simple splitter circuit along the lines of the
circuit shown in Figure 42. A signal fed into one socket is available
from the other two, but as this is a purely passive circuit there is a
limit to the amount of expansion that can be provided. Most MIDI
outputs seem to be able to drive two MIDI inputs without any
difficulties arising, but driving more inputs than this would
probably not be possible.

Where more than two outputs are required the circuit of Figure
43 can be used. This has an opto-isolator at the input followed by
common emitter switches which drive the output sockets. Only
three output stages and sockets are shown in Figure 43, but it
should be possible to add many more than this if required as the
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