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Figure 2. Typical MIDI based studio Tetup
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anode sources, eight cathode
sinks).

The button scanning matrix
works on a similar principle.
There are twenty buttons to
scan, in four banks of five,
needing a total of nine wires

Computer running Synth between the front panel and
music sequencer Synthesizers modules the scanning circuit. Extra
L3l EEEEEH Ll =eae2aa circuitry is included to ensure
T I that multiple button presses
I gL e CEEEE are processed correctly.
| The second main section of
the MM2 is the MIDI routing
and buffering section. Here,
0000000000000000 eight MIDI inputs are opto-
0000000000000000 ® ® .
' 0000000000000000 ® ® isolated and buffered before
0000000000000 000 . . q
' SRR ¢ being fed to the eight inputs of

the routing matrix. Input
channel eight is also taken to
the microcontroller to allow
remote control from a
computer or keyboard (either
a synthesizer of a master
keyboard). The eight outputs

method has two attractive features. Firstly,
having one quarter of the LEDs on at a t’ime
reduces the current drawn by the display.
Secondly, the number of wires from the,
driver to the display board is also reduc?d

by a considerable margin. This project has
thirty-two front panel LEDs: a direct drive
method would need thirty-three wires,
whereas the multiplexed method used here
reduces this to twelve wires (four common-

of the routing matrix are
buffered before being brought back out to
the world through the back panel
connectors.
The software running on the micro-
controller drives the entire system. It

+Vee

+Veo

Figure 3. First half of MIDI Interface
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played, time events, status messages, etc. MIDI can
also carry other application-specific data in SysEx
messages, but the relatively slow transfer rate makes
this prohibitively slow for large amounts of data (e.g.
large samples from a sampler into a computer).

multiplexes the display, scans and
debounces the buttons, drives the MIDI
matrix, receives and interprets MIDI
command messages, manages the data in
the EEPROM, and provides the user with a
selection of menus and facilities for

operating the unit.

Supporting the system is the
power supply unit (PSU). This
project is mains-powered,
avoiding the use of wall-wart
power supply blocks that are
the bane of most studios. The
author is proud of the fact that
he has no external power
supply blocks in his studio set
up - although how long this
desirable situation is likely to
continue is another matter.

Figure 2 puts the MM2 into
context with the rest of a small
studio. On the leftisa
computer running some sort of
sequencing software (Cakewalk,
Cubase, etc). It provides one or
more MIDI channels to control
the rest of the studio, consisting
of keyboards (top), synthesizers
and samplers (right) and effects
units (hottom). Finally, the
mixer brings together the audio
signals from the various units, producing
the final output for listening or recording.

The mixer is shown connected to the
MM2 to provide for mixer-automation
control from the computer. This system is
now available on many analogue mixers

and all digital mixers, with the more
expensive versions proving moving-fader
automation.

Circuit Description

Figures 3 and 4 show the eight MIDI input
opto-isolators and output buffers. MIDI
uses a SmA current loop to carry data
between units (see separate box). Taking
MIDI channel one as an example, the MIDI
input current comes in through pin 1 of
CN1, through Rl and the LED in IC1 (a
high speed opto-isolator), and back out
through pin 2. Diode D1 protects the LED
in IC1 from reverse currents. R2 is the
collector load resistor for IC1’s open-
collector output, while R3 provides bias for
the Darlington output stage, reducing the
turn-off time of the output.

The MIDI output circuit consists of R4,
R5 and one-sixth of IC9. The hex inverting
buffer provides the current switching
capacity, while the resistors, together with
the matching receiver resistor and LED,
limit the current to the required 5maA.

The remaining seven MIDI channels
operate in the exactly the same way. The
unused inputs of ICY and IC10 are tied low.
Each has their own supply decoupling
capacitor, as does each opto-isolator.

The microcontroller heart of the system
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Figure 4. Second half of MIDI Interface
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is shown in Figure 5. R41, D9 and C10
provide a power-on reset pulse to the reset
input of the microcontroller, IC12. The
non-volatile EEPROM connects to the
microcontroller through four dedicated
pins. Both the Write Protect and Hold
functions are not used in this circuit, and
are wired high. The processor’s clock is
generated by X1, with C12 and C13
providing the correct loading for the
crystal, ensuring stable oscillation and
guaranteed start-up behaviour.

‘The keyboard connects directly to CN2.
Scanning is implemented with one half of
IC11 (to provide the four column select
lines) with the five row sense lines
returning to the microcontroller through
pins3to 7.

The 80C32 family of microcontrollers
multiplexes the lower half of the address
bus with the data bus. This extra
complication arises from the designer’s !
efforts to fit the device into a 40-pin
package. This scheme was also used on
the once-popular 8085 microprocessor, and
latterly on the 8086. During memory
accesses the lower half of the address bus
is latched by IC13. The ALE (Address Latch
Enable) signal holds the latch during the
data read or write half of the memory
access cycle,

‘The program code is stored in an
EPROM (Figure 6). The strange connection
pattern results from remapping the pinouts
to help simplify the PCB layout. During
software development, a program was

1

written to automatically convert the
programming files to suit the non-
standard connections. This bizarre
non-ideal system was used
extensively during the early days of
microprocessors, with double-sided
PCBs and hand-laid track routes.
Today, with multi-layer PCBs,
advanced CAD software and surface
mount devices, it is much easier to
design systems with ideal circuit
configurations.

The MIDI routing matrix itself,
together with the multiplexed LED
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Figure 5. The brain of the MIDI Matnxy- The microcontroller S
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Figure 6. EPROM connections. Note the
mismatch between device pin functions and
the connections to the microcontroller. See

driver, will be shown in Figure 7 next
month. All MIDI inputs and outputs

text for explanation.

connect to the large CPLD (complex
programmable logic device) IC16, a Lattice
Semiconductor ispLSI 1016E. Figure 8
(shown next month) the top-level structure
of the CPLD design.

Each MIDI output is connected to one of
the MIDI inputs through an 8-input
multiplexer. In side the CPLD are eight
such multiplexers, together with the latches
and address decoding logic for mapping
the registers into the microcontroller’s
external data memory.

The CPLD also contains the display
registers for driving the multiplexed display.
There are three 4-bit display registers - two
for the eight cathode drivers, and one for
the anode drive selector (the other half of
IC11). The cathode drive circuit IC17 and
resistors R42-R49) sinks the current from
one cathode on each of its eight lines. The

four anode drive transistors (Q1-Q4) supply
current to one of the four common-anode
lines. This circuit drives all thirty-two LEDs
in four banks of eight, split as: left digit and
mode button, right digit and mode button,
top select row, and bottom select row.

The PSU (Shown in Figure 9 next
month) is a basic transformer-rectifier-
voltage regulator unit. The regulator is
protected from reverse voltages by D14.
This is good practice, especially as these
low-cost 3-terminal regulators do not
include this degree of protection, and is
very susceptible to reverse voltages. If the
suggested size of case is used it is
recommended that the specified
transformer is used.
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