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1. GOAL

This manual is provided to extend your understanding

of the OMEGA DX 10 and EX 10 R MIDI Expander and
is provided for the technically interested. Since the DX 10
and EX 10 R are technically similar, and in many cases
identical, the text will refer only to EX 10 R but applies
to both instruments except where noted.

This manual is not written for the experienced techni-
cian as it is for the interested hobbyist. In it we describe
the general operation (total picture) of the instrument
and the operation of each circuit board.

1. TECHNICAL CONCEPT

A. Conventional Organ Systems

To help you better understand the new DX 10/EX 10
sound synthesizing concepts, let’s take a look at the
other current synthesizers.

1. Analog Organ

This is the oldest, most widely used type of key-
board. It contains the basic modules VCO, VCA,
VCF and envelope curve generators of the type
ADSR, LFO and the like. The parameters of all
basic modules can be controlled by “analog”
voltages. The necessary control voltages are pro-
duced by the keyboard, control potentiometers,
wheels, the foot pedal and envelope curve gen-
erators,

Using this procedure, it is impossible to get a
targeted upper harmonic spectrum. Fixed formants
are not taken into account at all.

2. Analog Organ with Digital Control

The sound generating principle is the same as for
analog synthesizers. Only the keyboard data are
acquired digitally and transmitted to the sound
generating modules — also digitally (DCO = digital
controlled oscillator; DCA, DCF, etc). The advan-
tage to this system is that all parameters can be
removed from the memory, and the keyboard is
for the most part MIDI-capable.

3. Digital Systems with Digitally Recorded Sound

Digitally recorded sounds are used in musical
instruments from synthesizers to rhythm units.
While it is a very reliable method where the pitch
of the sound is not changing (as in percussion
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instruments), this method has its drawbacks when
used in keyboard instruments.

A trumpet may be digitally recorded at the pitch
of middle-A, and playing it at middle-A on the
keyboard will produce a very true sound. How-
ever, as you move away from the pitch at which
the trumpet was recorded (A), the sound will
begin to lose its trueness.

The Advanced DX System with Full Digital
Sound Generation

In this technology by WERSI, all tone colors
are calculated by a multi-processor system and
transformed into electroacoustic vibrations by
digital-analog converters. The processor system
consists of:

— a master processor which is responsible for the
entire organization and the keyboard and
switching;

— a co-processor that calculates and outputs the
amplitude curves of all sound production units;
and

— up to 20 slave microcomputers which output a
wave shape corresponding to the frequency
envelope curve. The wave shape is calculated
by Fourier synthesis, up to 32 harmonics
(upper harmonics) and can be outputted on-
line or as a fixed formant.

For each selected sound, 1 or more sound produc-
tion units (hereafter called slaves) are supplied
with data from the master processor and then start
automatically and synchronously with the co-
processor, which must provide the volume in each
case, with the output of the sound. The advantage
of this system is that various sound generating sys-
tems are used independently of any special hard-
ware, and several sounds can be outputted simul-
taneously by the starting of several slaves. Since
only the data that is processed determines the
sound, sound changes can be continuously fed into
the memories without using additional hardware.
This is done either via the programming of the unit
itself or by external media, such as cartridges.

For users who prefer analog control, the digitally
controllable filter was also added (24 dB/oct.).
Furthermore, 3 bucket brigades provide effects
such as a rotating speaker, chorus or flanging.

As shown by a comparison of the various synthe-
sizer concepts, the advanced DX concept affords
the most complex and flexible type of sound
generation.



Overall Block Diagram of the DX 10 System

The block diagram in Fig. 1 shows the overall struc-
ture of the DX 10 (EX 10 R), divided according to
PC boards and functional groups.

The left portion includes the control panels. We dis-
tinguish between digital and analog input data. The
analog inputs include all slide controls, the wheels,
as well as the touch sensors and volume pedal. These
analog sianals are multiplexed and sent to an A/D
converter which provides the analog data in digital
form for the main processor.

As chigital inputs we have 64 switches which are polled
serally 1in groups of 16.

The keyboard is another input. Since the dynamic
interrogation of 49 keys would overload the master
processor, a single-chip microc'omputer
{Z 8601) does this job, transmitting to the master
only key changes, including the key speed, via the

special

clata bus.

The digital output includes the latches and the D/A
converter on the analog PC bhoard at the top of the
diagram. The signals of these units control the analog
units VCF, Wersivoice (WV) and the channel selection
stages.

As in a conventional microprocessor system, we find
the working RAM (working memory) and the pro-
gram ROM, containing the command program, as
well as a serial interface (ACIA) for MIDI in/out.

The sound parameters are in special ROMs and RAMs
(voice ROM for 20 DMS sounds, voice RAMs for
10 CVs + 8 presets). Because of the size of the ad-
dress area, the modules mmust be banked using a switch
together with the addressing of the cartridge.

As mentioned above, the scope of tests for a micro-
processor (uP) is too complex, so the function of
amplitude envelope control is handled by the co-
processor, which receives its program and data via a
dual port RAM, which can be simultaneously read
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Fig. 1: Overal!l block-diagram of the DX 10 (EX 10 R)
(for the EX 10, KD 10 and KD 4 will not be
used and ME 2 will be used in place of CBM 30
and CBM 31),

and written by both the master and the CO-Processor.
It calculates the amplitude data and outputs them
via D/A converters, a 20-channei demultiplexer with
sample and hold, to the slave DACs in analog form.
Additionally, it provides for a synchronous flow of
the frequency and amplitude envelope of each siave
with the aid of individual clock pulses.
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The up to 20 slave processors are single-chip com-
puters like the keyboard controller. They get their
data concerning wave shape, frequency envelope, syn-
thesis process and pitch via the slave RAM, which can
address different blocks via bank latch 32. A reply of
the slaves to the master is given via the slave-interrupt
control. These processors then start their wave shape
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output timer via the DAC. Filter processing is then
accomplished, optionally via the bright filter, until
the finished audio signal is assigned via the routing
switch to the audio buses left, right, VCF and WV.
After subsequent processing by VCF and WV, the
audio signal travels through the preamp to the noise
suppression circuit, and finally to the output jacks.



1. CIRCUIT DIAGRAMS and TECHNICAL
DESCRIPTION

This section presents the precise circuit diagrams, ar-
ranged according to PC boards, with brief explanations.
The component layout is reprinted here — as viewed
from both sides of the board, for the control panels.

A. Technical Description of PC Board PS 20

The switching power supply PS 20 operates on the
flow transducer principle. This transducer principle
makes it possible to generate several controlied out-
put voltages with only a transformer and a choke
coil. The efficiency is high and the ripple of the out-
put voltages low,

Fig. 2 shows the circuit diagram of such a transducer:
Fig. 3 shows the respective (idealized) voltage and
current curves.

During the make phase t|_ (S closed), the diode D1
also conducts current; energy is transferred to the
load circuit Ry { hence the name flow transformer).
Simultaneously, choke coil L receives energy with the
linearly increasing current ||_. Diode D2 is not con-
ducting.

if switch S is open, D1 is polarized in the blocking
direction and therefore de-energized. Because of the
energy stored in choke coil L, the current proceeds
through L and hence through the load circuit in the
same direction, the now-conducting diode D2 acting

as a freewheeling diode. Since Ug is approximately
constant, the choke current again decreases linearly.
C filters the starting voltage Ug. The magnetic energy
forcibly absorbed from the transformer during the
make phase — represented by the hatched magnitiza-
tion current component of the switching current lg —
is undesired for the operation of the circuit. It must
be absorbed by suitable means, transmitted back to
DC source U or otherwise utilized. Thus, the voltage
at the transformer or the switch (Ug) is at the same
time restricted,

Let us consider the actual circuit of the power supply
PS 20. The major components of the circuit are easily
identified:

The transformer HFT 1 with the primary winding n1
and the secondary windings n2-n5,

The windings (n1, n2, n3) of choke coil MDR 1 are
wound on the same core. This principle permits rela-
tively good regulation of the ¥ 14 V outputs, although
only the 5V output is kept absolutely constant. The
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Fig. 2: Circuit diagram of a flow transducer.

rectifier diodes D4, 5, 6,7 are superfast special diodes
(to minimize switching losses).

DD1 is a Schottky double diode with low forward
voltage.

C1, 2, 3 are switch-proof electrolytic capacitors with
excellent high-frequency (HF) properties. The role
of the switch is played by a power FET, Q3. There
are several reasons why a field effect transistor is
used: very good switching speed, low driver power
ruggedness.

’

The network D 10, R 35, C 17, 18 and R 36, C 16 at
the drain of the transistor represents what we called a
“suitable means’’ in the description of the circuit.

The network is dimensioned so that the energy during
the break phase is reliably absorbed and the voltage
at the drain limited to about 80 V. After the energy
has been drained, the drain voltage drops to U; (Fig.
2, Ug).

Since this energy is stored in the core of the trans-
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Fig. 3: Voltage and current curves of the transducer.

former, it is available at each winding, and thus at
n3, where, with the aid of D9, we take part of this
energy as negative voltage which is available “‘for
free’” as an auxiliary voltage (used for the display)
at C14 or at the Zener diode chain D6, 5 and 4.

The voltage at n5 is brought out as DC voltage (about
8 VSS)‘

So much for the transformer, switch and choke coil.

Since we are dealing with a switching power supply
and must work with terms such as switching transis-
tor, make phase, make-to-break ratio and control, we
must necessarily take the most important part of the
circuit under scrutiny: the control unit.

There are various possibilities for keeping the output
voltage of a switching power supply constant. We
chose the ““constant frequency, variable make-to-break
ratio’ method.

In the PS 20 we are working with the UC 3842, 3
very modern integrated circuit. In the overall circuit



diagram, the internal structure of the ICs is indicated
schematically. We can best understand the function if
we ‘‘run through’' a working cycle.

The oscillator runs at a frequency of about 100 kHz.
The positive wave shape sets the flip-flop and hence
the drive output; Q3 switches on {make phase). The
current Is now flows in the primary winding of HFT 1,
Q3 and R 37 (Fig. 2). The voltage developed across
R 37 (which is proportional to the current Ig) is ap-
plied to the positive input of the comparator. (The
filter R 40, 44, C 19, 22 keeps out interfering high-
frequency oscillations). Once this linearly increasing
voltage has reached the level at the negative input, the
comparator switches, resetting the flip-flop; the drive
output goes to 0, Q3 opens, and we are now in the
break phase.

The cycle starts over again with the next positive edge
of the oscillator. Let us again consider that the cur-
rent lg (and hence the voltage at the positive input)
rises as a linear function of time and changes of the
voltage at the negative input.

If we make this voltage more positive, it will take
longer for the linearly increasing voltage to be reached
at the other input; the make phase is longer. Accord-
ingly, the make phase becomes shorter if we reduce
the voltage. The length of the make phase and hence
the make-to-break ratio therefore depends on the
voltage at the negative input.

This voltage is provided by the (inverting) AGC
(Automatic Gain Control) amplifier, which is also
integrated. Its positive input is connected to the
internal +2.5 V reference voltage; its negative input is
connected via the voltage divider R 26/R 42 to the
5V output of the power supply. If the voltage at the
output decreases (because of an increased load), the
amplifier output, that is, the comparator threshold,
becomes more positive and the make phase becomes
longer. Thus the output voltage rises again to 5 V and
the control process is concluded. The entire system
also naturally functions in the other direction.

Another feature of the control 1C must be mentioned.
It exhibits Schmidt trigger behavior relative to its
supply voltage (pin 7). The thresholds are about
16/10 V. This means that over 16 V, it functions and
below 10 V it “switches itself off.””

in Practical Terms This Means That:

After the AC voltage is switched on, we have about

10

+40V at the charging electrolytic capacitor C 27.
At electrolytic capacitor C 26, the voltage rises rela-
tively slowly (R 41 = 10k); the IC draws a current of
about 1 mA. When the 16 V threshold is reached, the
IC and hence the entire power supply, starts, The
output voltages build up, and a +14 V output then
starts to supply the IC via D8 (the IC's consumption
is now 6-8 mA). If this takeover does not occur for
some reason, the elevated consumption at R 41 causes
an increased voltage drop, so the voltage at C 26
drops rapidiy below 10 V; the IC switches off again,
the consumption drops to 1 mA, and the process
repeats itself cyclically.

Current Limitation

The output currents are registered via R 32, R 33,
R 34. The respective comparators (IC 2) are corre-
spondingly biased. When the threshold is reached
(about 5 A at the 5 V output; about 500 mA at the
t14 V outputs), the comparators switch (NPN open
collector outputis) and bring about a lower make-to-
break ratio; the corresponding output becomes the
constant voltage source,

If the load increases (to a short circuit), the output
voltages decrease. At 10V at the 14 V output, the
control IC switches off and the power source goes
into the above-described cyclic “start test” mode.

The fourth comparator (IC 2) forms, with the thy-
ristor TH 1, a “‘crowbar” circuit and protects the +5V
output from overvoltage {from the outside). The re-
sponse threshold is about 5.5 V.

IC 1 produces the power-up and the power-down
reset (system reset). Q1 and Q2 provide for the de-
layed switching on audio relay (located in AF 20).

Technical Data PS 20

Design Single-ended flow transducer
Input 28V/2 A
Output 1) 5V/5A
2) +14 V/500 mA (no-load voltage
about 12.6 V)
3) -14 V/500 mA (no load voltage
about 12.6 V)
auxiliary voltages
1) -5 V/10mA, -10 V/10 mA
2) -35V/2mA, -10V/5 mA,
Operating  about 100 kHz
frequency

AM 3174-01-705
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B. Technical Description of PC Boards KD 10 and
KD 4.
PC board KD 10 contains, together with PC board 16 contacts is polled. The rate at which this polling
KD 4, the keyboard interrogation of the manual. A occurs can be adjusted via the coding switch, which
single chip microprocessor {IC 4), of a type similar to is polled oniy after resetting, however. If this time is
that in the slave, is responsible for all interrogation very short, the key must be depressed very quickly
and outputting. for the loudest value to be reached, The data is trans-
mitted to a 2 byte parallel port {IC 2, 3). The first
The dynamic measurement is based on the principle port contains the pitch and whether the sound is to
of time measurement, For this purpose, each key is be switched on or off; the second contains the dy-
connected to a switch, The time from the opening namic value. When the dynamic value is recorded, a
of the normally closed contact to the closing of the flip-flop is set which prepares the keyboard interrupt,
working contact is measured. 8 switches are combined which is then released by the ‘‘enable-keyboard-
in 1 matrix address. For 5 octaves (61 keys), 8 matrix interrupt” signal (ENKBQ). When the master CPU
addresses are needed. These matrix addresses are reads the second port, the flip-flop is reset. A new
grounded one after the other, and the state at the data transfer can begin.
12 AM 3174-01-705



12 3 & 5 6 7

RO,
BB
SHi
HH

At

’

fo ”t
1.4
-—
ar
1
u)s
zlj
N

—_—
~

~ [ L

o
:"3. % ‘:*:‘:i/
gf>_\ : i CUR R RN
o pa— i
= [ i
| PR
= SN - B

L
~ ~
‘j\ of o of &
\ OV LYN « /'~
s‘-.\j*\q-u
]\\!"CQQIJ
. RS
IR 3 e
x
8. I 3
= [ ] = -
“ .
= e
I EY S ~
e R ° “
=N m e\ ®

1. ~ P

i
i
-4 in
S ===
‘1 ..r—f—)(—'*f—c's; sy

x K/—‘#T—C\’:,yl
\ | a8
@\ \2 \¥

T \/ ' < Lt

—4

ors o8

244
os/8

\ NI
-
N

(LI

27

29
7

2

L

?
B L L : et o |
[ — & D0~ ~ < 1 N X
S Ly < U Qo N t—-—!,: \_,(_(.r :
i = - I A RVAIEN gAY
< ~ *
N e :
cd T | I\UTVL IRy
=23 K] |
* s : 5 N
~NoS S -
= M - Lo camw
S @ £33 ° B T
N - (-5
i s 32 b
H— I < ) (~
"E N L. 22 N s [ & L~ (ovm
B g3 2 g R
-l & = -.{ El T
R o 1 1 H
P 4

w13
i
P!
‘ Iz
»32
Ei]
w
@

AM 3174-01-705

s

Fig. 6: Circuit diagram of PC board KD 10



14

AM 3174-01-705



3/1e03

Mo o ¢ | ol ]
m.//.._ WD MmNy v e o 3 — W/A” o © - —
N AN A A A AN T Yy
s L [ i * L
M —, ot i —t lﬁl —,— —— —_—— —— ||I||_
Tl - _ _
S
¢ : |
)

b i bl C
~ AN NN FARN PARN 4 AN VARN VARN B4 LR _

D-D-D-Dldy ehler, ot N

o A AN W pra Tt

Fa nWanWa s Wan FaaWa 0 2 N2 _\6_

< A\ DAL VARV VAL VAANVAANVJ ENEAAN LA

DD DDA Dt et _\5

3 Y'YV VYY1~

Db dlhet _\4
~ Mdf\ AV ZAAN VAR VAN V4 f\_&/~fx A= _

BD-b-h--dldueh ot e
- ~ Y YY VY VY¥Y'H Y~ _
~ o NP4 102 P WP N 2 N _\2

~t -~ M.f\ VAN VARN 4 f\_f g7 T\
< BD-D-D-D- Dbkt _\f_
N MY ZAAN AN ARV VAR 2 AN AP AN mW |

-~ —

SN 3 o o o N v ] 4567_l||
N T L T EE RS o Il I B
> 5

N I S B RS R IS S I T S~ S

W0/2J4557 HM | -~ N ™M 3 BH v o~
et | X < o~ = > >
S ) CI_.I ©|

~N ~|
- Sy 3 = . o8
—] ¥ N i B _ ¢ R

) - ©

> > | N
8 =~ N MmN B ow N < @ o © © 1o
©| ¢ ¥ V| O N ~ o ™ ~ ©
o~
2
™ ~
3!
1 ; \ﬁ\H

~ ~ « H m

NN M by v m N g &N ® © 3 X

U o oy o o M © © © 8 ©° © - 3 M

v
S o N R 8 0~ o
S R N PSS I X XX ©
o .H rv.,._ W,.. a o Q
x Ix Ix

Fig. 6a: Circuit diagram of PC board MX 10

15

AM 3174-01-705



O O 08 O CF Cf O 08 08 O OF O 0§ 0f 0 of =% o=f
e s e
R R 3
m - 78
ki = : WERSI
ol He i = . KD10 “

= 3iiitaasae
.. g g

D EEEHHE -

Fig. 7: Component layout of KD 10

O: Or e O O O
1T HAARHEHE H
gnn00n:

g E]Eiq
il
C
{_ __________
|
I
|
I
|
[
Of 0OfF O g%% 3
[
|8 g Q g E
| Ipim
Fig. 7a: Component layout of MX 10
= I9 @

16 AM 3174-01-705



O O Of O 08 Of O¢ OF Of 07 0OF Of F 0F oF Of 0f OfF O
K e AA CeE Al A e
t
) :’2
=] NR. 51425 .
.': ~_3
O O s O: U8 O8 OfF O Of Of Oz 7~
O 000Ooaoaoan 00 |
TEA0ER0E = s F |
CEEEEE — |
btm |
& # |
N — 3p8¥sYz: 3 |
m l
gedefzd 3 l
|
e
OF 0Of O 08 0OfF Of g OfF OfF oF ofF O

—n ]

GLELGL I G

WERSI MX10 NR. 1495

A6

AM 3174-01-705 17




18

AM 3174-01-705



C. Technical Description of Control Electronics (in the

EX 10, PC board ME 2 performs these functions)

1. The Identification and Output of the LED
Switches (CBM 29, 30, 31, 36)

The outputting of all LEDs occurs in 6 groups of
16 elements each. Each group serially receives the
information for each element, but all groups are
operated in parallel, so after 16 clock cycles, all
96 switch LEDs have received their logic state.
The groups are each made up of two 8-bit serial-
in/parallel-out shift registers (CBM 29:1C 2, 3,
4/CBM 30:1C7, 12; CBM 31:IC 1, 3, 4, 5, 6/CBM
36:1C 1, 2). PA@...PA5 are the data signals of
the 6 groups; Panclk is the serial shift clock, and
with Panres, all units can be set to 0.

The switch recognition is via comparators (CBM
29:1C 1/CBM 30:1C 8/CBM 31:IC 2/CBM 36:
IC 3). By way of example, let us take a look at
Group 1 (CBM 31); all other groups are identical
in their function. If no switch is depressed, the
voltage at pins 5 and 6 of IC 2 is determined only
by the voltage dividers R 43 and R 50, since the
switch outputs are open. A value of about 1.5 V
appears. Due to the resistor chain R 47, 48, 49,
the threshold of the upper comparator is set to
2.1 V and that of the lower comparator to 1.3 V;
in other words, in this state all comparator out-
puts are pulled to +5V by the pull-up resistors
(R 44, 41). If a switch is closed, the input of the
comparators (pins 5, 6) assumes a logic level (<.7 V
or >2.4 V), and one of the comparators therefore
switches through and triggers (possibly via D 1)
a keydown signal (KD). As a result the master
processor recognizes that some key has been
depressed.

The master then deletes all shift registers with
Panres and shifts only one logical 1 through all
16 stages. After each step, the sense line (sense
0. ..5) is observed. If the logical 1 {2.4 V) reaches
the depressed switch, the upper comparator
switches the sense line to ground and the pro-
cessor can then identify the switch number on the
basis of the shift cycles. This procedure occurs
in parallel for all groups, so after a maximum of
16 clock pulses, the switch and the group are
located. With this procedure, however, only 1single
key depression can be recognized. The identifica-
tion signals KD, sense Q.. .5 are read by the CPU

AM 3174-01-705
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via the input port “panin” (CBM 30:1C 5). The
serial shift data (PA@...5) are written into the
“panout”’ latch (CBM 30:IC 9).

2. The Display (CBM 30)

The “panout” latch IC 9 also includes the data
(DDat) and clock line {Dclk) for the display con-
troller 1C 11, which independently controls the
16-digit alphanumerical fluorescent display. The
heating voltage for the display is provided by the
power supply as a clocked signal. This voltage is
also the cathode potential for the display signals.

3. Analog Data Acquisition (CBM 30)

Analog data (potentiometer data, touch, wheel,
volume pedal) cannot be directly gathered by a
microprocessor. They must first be transformed
to digital data. This is done by an A/D converter
(1C 6). However, the converter has only 1 analog
input {pin 6). In order to gather the 24 analog
values, the analog voltages are multiplexed by IC’s
2, 3 and 4 before being applied to the input of the
A/D converter.

4. The Keyboard Electronics (CBM 30)

The master decoding provides 3 select lines (KB
0...2) for keyboard identification. Two select
lines are required by the dynamic keyboard elec-
tronics on the KD 10 (key number, dynamic
value). The lower keyboard is polled via KEYB 2.

D. Technical Description of PC Boards MX 10/11

The fower keyboard does not sense dynamics, but
only whether keys have been turned on and off.

The main CPU selects a line 0...7 at I1C 2 via
peripheral address PA@...PA 2 and also polls
Row @...7 via IC.1. By being able to poll both
lines and rows, the CPU can detect which key is
depressed.

The 13 pedals can also be recognized at the same-
time.
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E. Technical Description of PC Board CB 320

a) If 2 separate mono cables are plugged into
(EX 10 R) and CBM 32 (OMEGA)

PL 8 and PL 9, then the R and L channels

are separate, with one channel in its respec-
On the connection PC board CB 320/CBM 32 there tive jack.

are several independent circuits for adapting external
components to the keyboard. The components re-

b) if only 1 stereo cable is plugged into the jack
f in th ipti 1 . .
erred to in the description below applies to CB 320 Stereo/L: the 2 channels are available sepa-
ty vi line.
1) Headphone Ampilifier: rately via a stereo line
e} If only 1 mono cable is pl di the jack
Audio (AF) signals via PL 10, L4, L5, IC1 ! Mono}IR" ti:)en 2C2hanr'1seE ua%iecommtginez J:rfd
(TL 082) with the transistors Q 1/Q 2 and availableuas a mono sianal
Q 3/Q 4 switched as a push-pull stage, via the gnat.

protective resistors R2 and R6 (100 Ohm,
2 W) to the stereo jack PL 1.

Switch (S 1) is also provided for switching the
output level at the audio jacks (high-low). Volt-
age dividers R 35 to R 38 achieve this.

2) Audio Outputs, Stereo/L Jack PL 8 and Mono
Jack PL 9 (Mono/R).

PL 1 PL2 PL3 S1 PL4 PLS PL6 PL7 PLS8 PLY . PL 10
Vol. contr Stereo Mono high/low Headphone T8 Footsw. 2 Footsw.1 MIDI IN MIDi Thru  MIDI Out

ST T

Dl 0|

R il s

back

r—u . /\ : vol.

_17
%

J00000 EE} I

[y Lou——

Sy €—]
MDD —
+ 15V 4——

XY )____‘_,_~75V>——

RXD D——wmma
SN D mm———|
e ]

TXo

out e
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-15Y D mm——e
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WFZ

Footsw. 1)—ummaes
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Fig. 14a: Block diagram of PC board CBM 32
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3) Volume Pedal and Foot Switches:

The foot switches at the volume pedal and the
separate foot switches (PL 2 and PL 3) are
wired in parallel and switched to ground via
L7 and L8 to PL 11, pin 2 (S2) and PL 11,
pin 5 (S1).

The volume pedal (5-pin DIN jack, PL 4) oper-
ates in the region GND/-15 V. IC 2 (TL 081)

and Q6 convert the control voltage to the
range O V/+5 V (0 V = low volume), via L 5 to
PL 11, pin 4 (out).

Q5, R10 and R 11 determine whether a vol-
ume pedal has been plugged in. If no volume
pedal connection is.made, the control voltage
goes to about +5 V (ioud).

Fig. 16a: Partial circuit diagram of CBM 32 — Swell pedal, foot switch
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4) M.1.D.I. interface

MID! IN (PL 5) via protective circuit R 19, D 2
and IC 3 {optocoupler PC 910) or IC 4 (74 HCU
04) or PL 6 (MIDI THRU) and L 13 and PL 11
7 (RDX).

0

MiDIOUT from PL 11, 9 (TDX), L 11, IC 4
and R 26, R 24 and PL 7 (MiDi QUT).

In addition, pin 7 TXD is connected to PL 6
(MIDI THRU), or RXD can be received via
pin 6 (voltages correspond to RS 232).

o 5Y 5y
7 &
L 1000 2 PLIZ
RE PC L 14 [/ A—
M/ 02 210 _— RXD
J
N R52
Tk
15 s p— g
3 5V *5v
crol, 1*¢s
00n 68 4 g4 s
I —— 6ND
RS1 ‘ R
5 220 L13 g ___
PLIG © —3 p P pr — X0
KIDI . o9 “5y 25
our o N, rS5y 03 10k
22000
P RLF
c | g |
ALg b3k
‘ Rk . p48 ~15V
MIoi O ., A4
22001
THRU )
5 | |
[} {1 R L6
2202 “7h
7 Ru7
O -
330.a *25Y

RLS
0k

3/ 0r2

Fig. 17a: Partial circuit diagram of CBM 32 — MIDI
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Fig. 17b: Partial circuit diagram of CB 320 — MIDI
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F. Technical Description of PC Board CBM é5 (only
in OMEGA)

On PC board CBM 35 the signals of the 2 touch sen-
sors (CB 29) are processed.

The touch sensors emit a voltage as a function of the
pressure (dn the manual). IC 1 (TLC 271) is wired as
an impedance transformer and has a computed input
impedance of about 15 GOhm!

On the shielded leads from the sensor, the shield is
therefore not connected with ground but rather with

the output of the amplifier (amplification = 1, that is,
input voltage = output voltage), in order to eliminate
loss in the cable,

R 1 (150 MOhm) and Q1 cause the input to be pulled
to 0 V with a large time constant.

Output voltage at “OUT" ranges from O V (no pres-
sure on the manual) to about +4 V.

VCF-
Conti
P2
TLC 271
2xCB 29 2l el
X d 5> 2
F i :
1 4GND
== Il [ R2 5
10092 ]NC
Piezo-Sensoren R1 10
— 11 Out
150 M 12
R3 ]NC
Q1 10k n
BC 237
dc
= 680p

220p Toon
[ oo

l 3/780

Fig. 19: Partial circuit diagram of PC board CBM 25
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G. Technical Description of PC Board MM 1
1) Main Processor

This segment shows the basic elements of the main
_processor system: the CPU with its data bus driver
(IC 16) and address bus buffer (IC 19, oniy for
addresses” @...7; AB...A 15 are not buffered),
the 32 kbyte program ROM {IC 3), the working
RAM (IC4) and the 3 memories for the voice
data: (IC 5, the voice ROM, in which the 20 DMS
voices are permanently stored (16 kbyte), and IC 1
and 1C 2, each containing 10 CVs and 8 presets
(2 x 8 kbyte-RAM). Together with the cartridge
we have 3 memory blocks of 16 kbyte each, which
controlied by the voice bank latch (IC 11) and the

region of the CPU in banks,

The timer unit 68 B 40 (IC 6) is responsible for
the timing. It contains 3 separate timer elements;
with timer 1 generating 1 ms interrupts at the IRQ-
pin for the master CPU, timer 2 providing the
baud rate clock for the serial interface (IC 7) (at
MIDI: 500 kHz), and timer 3 providing the co-
processor with a 5 ms cycle in a different keying
ratio which is inverted by Q1. In order to read and
write synchronously, the R/W signal is connected
to the 2 MHz clock E {IC's 9 and 13 at left of
page} generating signals RD and WR. Since the
system clocks are also needed in negative logic,
E and Q are generated in 2 inverters (IC 40). Also
shown are the connectors for the operating panels
(plug 1), the analog card (plug 4) and the power
supply (piug 3). Plug 5 is used only in organ model

gates of IC9 and IC 13, occupy a fixed address DX 10.
&
S
Plugl ® c2
+ c3
Pi
1
¢ I I @
Rt C4 A3 52
»M=TE) CAM 25
NG 51488

Fig. 20: Component layout of CBM 25
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2) Decoding Section

In this section the address range of the main CPU
is divided into the selects of the individual units.
For details see the memory map charts on page 62.

The region to the upper left illustrates the inter-
rupt control. For quicker recognition of all incom-
ing interrupt signals, they are connected with a
port unit, so the CPU can immediately determine
the source of an interrupt by reading this port.
These sources can be:

— Slave — IRQ
— Timer — IRQ

44

— Keyboard — Fast — IRQ (FIRQ)
— ACIA — FIRQ

Also connected to this port is the cartridge coding
(CRTD @, CRTD 1) for recognizing whether ROM,
RAM or no cartridge is inserted and the 2 foot
switches (SW @, SW 1) are connected. (DRDY is
not taken into account.)

A battery, which is constantly recharged while the
unit is on, ensures that all memories will maintain
their content after the unit is switched off. in
the fully charged state, the battery wiil power all
RAMs for several months.
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3) Co-Processor

The co-processor, model 68 B 09 E (IC 42) is sup-
plied with the 2 MHz clock (E, Q) that is shifted
one-half clock cycle relative to the master CPU 68-
B 09. Since the processors of this family have the
characterlstlc of accessing the system only during
half the clock period, both processors can read or
write the communications RAM {IC 26) “simul-
taneously.” The address bus and data buses are
alternately switched to the RAM in the CPU cycle
(E). For the address bus and the control signals
CS, WR and RD IC 20 through 1C 23 perform the
switching; for the data bus this is done by IC 36
and I1C 38.

The co-processor calculates the amplitude for a
maximum of 20 slaves and outputs it synchro-

46

nously with the frequency envelope of the corre-
sponding voice. The envelope output is the domain
of the D/A converter DAC 1232 (IC 27), which
on the output side of R 14, outputs the analog
envelope with a resolution of 12 bits and multi-
plexed for 20 channels with a voitage ranging from
0to -10 V. (P 1 is used for adjustment of exactly
0.000 V with the voice switched off). Then the
signal is separated into individual signals via de-
multiplexers 1C 44 and IC 45 {also extension card
IC 3) and fed to the sample and hold stages IC 46,
47, 48 (MME: IC 1, 2}, which then feed individual
voice cards. 1C 37 and IC 39 are responsible for
addressing a signal and hold channel. The envelope
clock signals of 5 ms (ECLK @...19) are produced
separately for each slave (IC 41; MME 1: IC 5) to
ensure synchronization of the frequency envelope
and the amplitude envelope,

AM 3174-01-705
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4) Slave Section

This section illustrates the connection between the
master processor system and the slave cards. The
master writes all necessary data concerning fre-
quency envelope, wave shape, routing sound
frequency and pitch into the slave RAM {IC 31)
via bufféers 1C 32 and IC 30. However, since only
256 byte blocks are available (the slave processors
can no longer addressi), the 8 kbyte RAM is di-
vided into 32 segments. IC 17 is responsible for
this banking. Since each sound component needs
1 segment, 8 groups of up to 4 components
each can be provided (also 8 MIDI channels
simultaneously!),

Once the master CPU has accessed the slave RAM,
the slave RAM control flip-flop (I1C 34) switches
the master bus system to this RAM (through 1C 33)
and thereby simultaneously signals to the slave
processors that they may not perform any bus
accessing to the RAM (RARC = low). When the
master has concluded the parameter transmission
to the slave RAM, it releases the fatter for access-
ing by resetting the flip-flop with CRAR, and

48

the control buffer IC 33 goes to high resistance
(3-state). The respective slave, with the address
line RAUD (IC 49, 50, MME, IC 4), is then oper-
ated and gathers the data in the RAM. Since it
transmits the addresses and data over the same bus
lines (B@...B7), the address byte is interim-
stored in the address latch 1C 29. Even during this
process, it reports its response to the slave RAM
by low-switching the RARC line.

After the data transfer is concluded, the slave
ready unit (1C 34) generates an interrupt at the
main CPU (SLIRQ) and writes the value FF (hex)
into the address latch. The content of this address,
together with the 2 exponent lines EXSLA @ and
EXSLA 1, yields the actual pitch value, which has
validity if no other bus accessing occurs (RARC =
high}.

The 12 MHz clocks of opposite phase needed for

the slave timing are generated by the inverter of
the 1C 35 and buffered in IC 33.

AM 3174-01-7085
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H. Technical Description of PC Board SL-M2

PC board SL-M2 contains 2 identical sound generat-
ing modules which are capable of outputting a wave
shape with a fixed or on-line formant nature including
a very complex frequency envelope. The heart of this
sound generation is a single chip microcomputer. This
component is controlled via the data communication
which it maintains with the slave RAM via its port 1
(IC9, 10: pin 21...28). This port is switched as a
multiplexed address data bus during the data transfer
and is otherwise an input port. The bus control lines
AS and DS can be high-impedance switched through
the microprocessor itself with the aid of the 3-state
driver IC7. The meaning of the signals RAUD, ECLK,
EXSLA and RARC is explained in the slave and co-
processor portions of the master description. The
wave shape output is through port 0 (pin 13...20)
in the double-stage-buffered 8 bit D/A converter
DAC 0832 (IC 6, 8). However, the value travels syn-
chronously with the internal timer of the micro-
processor to the output. These timer slopes are pre-
pared in advance with the exclusive-OR gate 4070
(IC 5) to puises of constant length,

As a reference, the DAC receives the amplitude envel-
ope voltage (ENV) generated by the co-processor.
The 200 Hz timing frequency is filtered out with the
RC combination 1 kOhm, 2.2 uF. The diodes provide
for a rapid rise and fall of the envelope. The sound
signal then travels to the second operational amplifier,
which then optionally carries out an 80 Hz low pass
{bright) via IC 3. Finally, the audio path through the
4 possible audio multi-bus circuits is determined via
the output routing switch {iC 1, 2). As we see, there
are only 8 possibilities for the routing combination:

— left

right

effects
Wersivoice (WV)
left + right

right + effects
left + WV

WV + effects

This switch corresponds to the direct routing voice in
its operation,
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Fig. 28: Component layout of PC board SL-M 2
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I. Technical Description of PC Board AF 20 or AF 21

In PC board AF 20 (later models, AF 21), the analog
processing of all audio signals arriving from the ex-
terior is done by the DX 10 itself. The so-called rout-
ing, that is,“the coordination according to channels and
the further transmission, is determined by the software.

Let us first examine the block diagram (Fig. 30}. The
slaves (PC boards SL-M2) indicated at the extreme
left have internal software-control routing switches
by which up to 4 different audio signals are provided
at the slave outputs:

1. Direct signal, left
2. Directsignal, right
3. WV signal

4. VCF signal

These 4 signals are then received by the input am-

plifier stages of PC board AF 20/21 and processed as
follows:

The 2 direct signals — hence their names — are trans-
mitted directly to the volume control stages VOL
{software-controlied as a function of the volume pedal)
then via the noise suppression stage DYNAFEXR
and the relay to outputs AF/L (left) and AF/R {right).

The WV signal (“WV" stands for WERSIVOQICE)
passes through the block of the same name, which
causes various modulations (string, vibrato or choir
effects) and travels to the 2 direct channels, where it
is further processed together with the direct signal.

Depending on the setting of the analog switch S 2,
the last of the 4 slave signals — VCF — travels directly
or via a distortion stage to the VCF stage (tunable
filter), then — depending on S3 and S4 — either to
the Wersivoice or to the direct channel {routing over
both pathways is also possible). The stage NOISE is
an additional white-noise generator.

After ali SLAVE signals are passed through the vol-
ume control stage VOL, part of the signal is branched
off from 2 channels L and R and transmitted to the
reverb input amplifier, which supplies the actual
reverb unit, The reverb signal returning from there

56

is again added to the original signals via the stage
VOL. REV.

At the same place, the signals coming from the rhythm
unit are further processed either directly or via the
reverb branch. Microphone or taped signals would
also be added here.

Shown to the far right in the block diagram is the
interface between the main processor (MM 1) and the
analog PC board (AF 20/21). After cyclic interro-
gation of the volume pedal, wheels, touch and all shift
registers (Fig. 8 — CBM 30), their momentary values
are converted to digital information for the processor
and again converted to corresponding analog control
signals in the DAC and the multiplexer.

Circuit Diagram AF 20 (Figs. 31a): at the upper left
and right we see the 4 input amplifiers IC 1 (the
IC numbers are circled) for the slave signals which
‘‘come in’ via PL 3, connections 1 through 4. The
so-called direct signals (1 and 2) travel to the IC 1
amplifiers shown at the top right; WV and VCF
signals (3 and 4) travel to those shown at the top left,
All signals ultimately pass through the intermediate
amplifier 1C 2 te the current-controlied volume con-
trol stages IC 3. The control currents needed at the
control inputs 1 and 16 of the IC 3 are supplied by
transistors Q 1 and Q 2, respectively, which in turn
receive their information on IC 25 from the multi-
plexer 1C 27, pin X 7, and lastly, via IC 25 (D/A con-
verter} from the main processor.

The Wersivoice block is made up of ICs 28 through
33; the necessary control voltages for modulation are
supplied by the main processor.

In the VCF region, IC 5 (1/2), brings about the afore-
mentioned distortion; IC 14 provides the noise, and
the actual VCF filter is made up of the ICs 7 through
10; the “"heart” is the IC 9 operating on the principle
of the capacitor switching.

The analog switches {S 1 through S 4} in the block

diagram consist of ICs 11 and 12; 3 such switches are
housed in each iC.
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Technical Description AF 21 (Fig. 31b)

The audio signals enter the AF 21 from the MM 1 via
PL 2 (found in upper left corner of schematic) and are
amplified by the four stages of 1C 24 (IC numbers are
circled).

The Wersivoicg (WV) input signal is compressed by IC 22
and travels through IC 6 (low-pass filter) to the input of
the “bucket brigade’’ circuit, consisting of IC’s 12, 13
and 15 with associated circuitry. The delay and phasing
of the audio signal in each “bucket brigade” IC is deter-
mined by the clock received from IC’s 3, 4 and 5, which
are Voltage Controlled Oscillators (VCO). The VCO’s
receive a varying DC voltage (WVI, WV2, WV 3) from
IC 16. The three delayed audio signals (output of IC’s 12,
13 and 15) are summed at IC 14, travel through IC 6
(low-pass filter) and is decompressed by the 2nd half of
IC 22, returning the signal to its original levels.

The VCF (Voltage Controlled Filter) input signal goes
through IC 24 to IC 25, where it can be switched directly
to VCF IC 18 or through the distortion stage of I1C 17 and
18. The actual filtering is done by IC 18 with it receiving
external control information via pins 5 and 17. The VCF
output can be switched to either a 12 dB/octave or
24 dB/octave low-pass filter at IC 25 and IC 17. At IC 19,
the signal can be switched to the left or right channel or
onto the WV,

All output signals from the WV, VCF and those coming
in directly from MM 1 on left and right channel are
summed at IC 20 and fed into VCA (Voltage Controlled

AM 3174-01-705
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Amplifier) 1C 27, The voltage at pins 5 and 10 determine
the output level (TP 25=0, no output; TP 25 = +2V,
full volume). This voltage is determined by the swell
pedal.

The IC 27 output is summed with signals from the reverb,
rhythm and microphone input at IC 26, which gives the
signals final amplification (preamp) before being sent to
the output via PL 6.

The reverb signals are summed at IC 6, pin 2, and fed
to the DH 10 board via PL 11. The processed reverb
signals (right and left) return via PL 11 through IC 28
to the VCA IC 29, which works as IC 27 (previously
explained) for controlling the reverb volume.

All control information is controlled by the master
processor on MM 1 and comes onto AF 21 via PL 1.
IC’s 7 and 8 latch and hold the information for analog
switch 1C’s 19, 21 and 25. Other control voltages are
developed by IC1 (Digital/Analog Converter) and
demultiplexer by I1C 10. Each signal then received filter-
ing at IC’s 16 and 23,

Test Points

For the purpose of following signals and to assist in
troubleshooting, important Test Points are marked as
TP. Please note that some signals (like those for analog
switches) are only present while a key is pressed or for
as long as the tone is being generated.

Following is a list of test points.



TP

01.

02.
03.
04.

05.
06.

07.

08.

09.

10.
1.
12.
13.
14,

15.
16.

17.
18.
19.
20.

21.
22.

23.
24,

25.
26.

27.
28.

29.
30.

NAME

Env. Dist

-

Env. Delay 1
Env. Delay 2
Env. Delay 3

Env. VCF, Frequency
Env. VCF, Quality

Env. Noise

Env. Volume

DAC: Out

WV, Compressor Out
Delay, In

Delay, Out

Delay, Out 1

Delay, Out 2

VCF, Out
WV, Out

Left, In
Right, In
VCF, In
WV, in

Sum. Left, Prefade
Sum. Right, Prefade

Sum. Left, Postfade
Sum. Right, Postfade

VCA, Control
Reverb, Control

Rhythm, Left
Rhythm, Right

Out, Left
QOut, Right

TESTPOINT TP ... ON AF 21

EXPLANATION

Distortion volume control voltage — This voltage is con-
trolled by the volume control for the keyboard in use.

Modulation voltages for the three bucket brigade circuits

Control voltage for the VCF-frequency
Control voltage for the VCF-bandwidth (quality)

Noise, Envelope

Master Volume ~ Controlled by Master Volume Control

and/or Volume Pedal

Muitiplexed DAC Output

Compressed signal for WV

Delay input for WV

Delay output for WV

Delay output from 1st filter stage
Delay output from 2nd filter stage

VCF QOutput
WV Qutput

Summed bus for each routing channel from slaves

Summed output for Left/Right/WV/VCF/Ext.

Like TP 21/22, but controlled by Master Volume

Control voltage for VCA — Same response as TP 8

Rhythm Input

Audio Output

58

VOLTAGE READING

0..+10V

Accord. to the selected
mode

(0.5..7Hz)
0..+10Vv

Approx. 1 V/Octave
0 V = Value of
After approx. + 6 V
Oscillation

0..+10V

0..+10V

0..+10V

Approx. 1 Veg + 7.5V
Approx. 1 Vg +7.5 V
Approx. 2 V"
Approx. 2 V"
Approx. 2 V¢~

Approx. 2 V"
Approx. 2 V"

Approx. 1.5 V"
Approx. 1.5 V"
Approx. 1 V"
Approx. 2 V"

Approx. 1 V"
Approx. 1 V"

Approx. 40 mV "
Approx. 40 mV "

0..2V
0..2V

Approx. 4 V"
Approx. 4 Vg*
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NAME EXPLANATION VOLTAGE READING

31. Reverb, Left, Pref. Reverb return input left

32. Reverb, Right, Pref. Reverb return input right

33. Reverb, Left, Postf. Reverb return input with volume control

34. Reverb, Right, Postf. Reverb return input with volume control

35. Distortion, Out Distortion Output Approx. 1V Level
36. Noise, Out, Postfade Noise Output 0..+410V

*Test with 8’ drawbar out, full chords, all volume control at full volumes. Different registration may give different
voltage levels. What is most important, however, is comparing the voltage in relation to each other.
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This is repeated with the 12-bit code of the ADC
until reverb times up to 4 sec are reached, with CPU
and RAM operating at a width of 16 bytes. The
finished signal (again 12 bits) is again broken down
into 2 bytes and transmitted in 2 steps to the digital-
analog converter (DAC 1230, IC 12), which generates
an analog current corresponding to the digital value.

J. Technical Description of PC Board DH 10

The input signal (plug 1, pin 5) travels through C 31
(4.7 nF) to the input of the IC 14 (NE 571, pin 6).

A dynamic compression and level restriction to max
5 Vg (D 7, D 8) is obtained with IC 14a and IC 16a
(TL 084). The following low pass filter (IC 16b, c, d)
is used for filtering (4 kHz: about -60 dB). This current is converted with IC 15¢c (TL 084) to
a voltage which, however, still contains amplitude
jumps and undesired frequency components because

of the prior digitilization.

The signal adjusted in this way in frequency response
and dynamics for digitilization is kept at a constant
amplitude with IC 13 (LF 398, sample and hold) for
the necessary conversion time of the analog-digital
converter (ADC 1210, IC 11).

In the subsequent low pass filter (IC 15a, b, d), the
signal is smooth: the interference components are
filtered out.

IC 11 then converts the analog signal to a 12-bit code,
which — divided into 2 bytes — switches through with
IC5 and IC 6 (74 LS 244) one after the other to CPU
(IC1, 68B 09). The CPU is controlled by the pro-
grams stored in IC 2 (2-kbyte EPROM) (short and long
reverb, fast and slow echo). The CPU shifts the digital
information (data) into a memory (IC 7, 2 k x 8 RAM)
—read out with a time offset — adds it to other data,
restores it, etc.

The above-described level rise and dynamic restriction
of the input signal is eliminated with C 40 (33 nF)
and IC 14b.

The output signal travels over Ju 1 to the output (6)
or through the stereo-converter IC 17,

The switching of the various modes (short and long

/ Output amplifier + filter

Control logic Dynamic compressor + expander
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/
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Fig. 33: Component layout of PC board DH 10
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reverb, rapid and slow echo) is done via NMI of the
CPU by voltage pulses to pin 12,

10
HALL Y

]
HALL 2 o

€3 TS e

The running of the program (voltage at pin 10, 11)

is activated with reset (CPU).
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K. Technical Description of PC Board CX 7 and
CBM 29 (DX 10 only), Fig. 35

On PC Board CX 7, the microprocessor (1C 15) con-
tinuously monitors the master data bus via IC 26,
from which it receives the instrument triggers. IC 15
then directs the readout of the memories (1C 20-22)
which storé& the digitally recorded instrument sounds.
The digital sounds are latched through IC 18 to IC 10
(Digital/Analog Converter): The output of IC 10 and

74

IC 1 contains ail the analog sounds but in multiplexed
form. IC 9 demultiplexes the signals according to
volume. The signals are summed together at IC 8 and
demultiplexed by instrument at IC 5. After filtering
by IC’s 6 and 7 and summing by IC 4, final amplifica-
tion and volume control occurs at IC 2 before being
sent to AF 21 via PL 1.

CBM 29 operates in the same manner as CBM 31,

AM 3174-01-705
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L. PC Boards PA 102 and PA 104 (in OMEGA only)
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M. Note Concerning PC Board ME 2

PC board ME 2 — control panel of the Expander
EX 10 — performs the same functions as PC board
CBM 30, 31 and 36 of the OMEGA. The technical
description for CBM 30 and 31 also applies to PC

board ME 3.
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IV. APPENDIX

Name

ACIRQ
ADAC
ADCRD
ADCWR
AGND
AMOND
AROUT
AS
BO...B7
CRAR
CRES
CRTDO
CRTD 1
CR/W
CSCRTD
DCLK
DDAT
DCS
DGND
DRDY
DRV
DS

E

- ECLK
ENKBQ
EXSLAQ
EXSLA 1
EXT
FIRQ
GND

10

IRQ
KBIRQ
KD
KDAT
KEYBO
KEYB1
KEYB2
MUXOUT
PAO...5
PANCLK
PANIN
PANOUT
PANRES
POTSEL
PROM
Q
QVECT

List of all Abbreviations Used

Technical Description

ACIA IRQ

'ANALOG DAC Select

ADC Read Select

ADC Write Select

Analog Ground
Modulations Byte to AF 20
Routing Byte to AF 20
Address Strobe (Slave)
Slave Address/Data Bus
Clear Ram Access (Master)
Co-processor RESET
Cartridge Coding 0
Cartridge Coding 1
Co-processor R/W
Cartridge Select

Display Clock

Dispiay Data

Drum Select {(only DX 10}
Digital Ground

Drum Ready (only DX 10)
Drum Volume (only DX 10}
Data Strobe (Slave)

System Clock 2 MHz
Envelope Clock {1...20)
Enable Keyboard Interrupt
Exponent for Slave Pitch
Exponent for Slave Pitch
Ext. Select (not used)

Fast Interrupt 68 B 09
Ground

Input/Output Select Region
Interrupt 68 B 09
Keyboard Interrupt
Key-Down (Panel Switch)
Keyboard Data

Keyboard Select @ (Sound No.)
Keyboard Select 1 {Dynamics}
Keyboard Select 2 (free}
Multiplex Output Envelope
Peripheral Address (6 bits)
Panel Clock

Panel in Port Select

Panel Out Latch Select
Panel Reset

Potentiometer Select Latch
Program ROM Select
System Clock 68 B 09
Interrupt Vector
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Bus

Control
Select
Select
Select

Select
Select
Slave
Slave
Select
Control
Control
Control
Control
Select
Panout
Panout
Select

Select
Control
Slave
Control
Slave
Control
Siave
Slave
Select
Control

Select
Control
Control
Panin
Address
Select
Select
Select

Panout
Select
Select
Select
Select
Select
Select
Control
Select

PC Board

MM 1:1C7,14

MM 1:1C 12, PL 4, AF 20, IC 25
MM 1:iC8,PL1,CB30;IC8
MM 1:1C 15, PL 1;CB 30: IC 8

MM 1:1C 49, PL 4; AF 20;1C 22
MM 1: IC 49, PL 4; AF 20:1C 23
Slaves SL-M2; MM 1;1C 29

MM 1:1C 29. . .31, Slaves SL-M?2
MM 1:1C 15, 34

MM 1:1C 17,42

MM 1: PL 1,1C 10; CB 30; CB 35
MM 1: PL 1, 1C 10; CB 30; CB 35
MM 1:1C 42, 23, 27, 38, 40

MM 1:1C9,PL 1;CB 30;CB 35

CB30:1C10,6

CB30:1C 10,6

MM 1:1C 15,PL 5

MM 1: PL5,IC 10

MM 1:PL1,5

Slaves SL-M2; MM 1:iC 31, 33

MM 1:1C 18,

MM 1:1C41; MME 1; IC 5, Slaves

MM 1:1C 11, PL 1;CB 30; KD 10, IC 1
MM 1: IC 17; Slaves SL-M2

MM 1: 1C 17: Slaves SL-M?2

MM 1:1C 15, PL 1

MM 1:1IC 14, 18

MM 1:1C14,6,7,12

MM 1:1C 14, 18

KD 10: IC 1; CB 30; MM 1;IC 10, 14
CB31:1C1,7,CB30;PL3,4,IC7
MM 1:1C12,8,PL1;CB30:IC9
MM 1:1C8,PL1;CB30;KD 10;IC3
MM 1:1C8,PL 1;CB 30; KD 10;1C 2
MM 1:1C8,PL1;CB30;PL5

MM 1: R14,1C 27, 44, 45,PL 25: MME 1
CB30:1C10,PL 3,4,5;CB 31

MM 1:1C 15, PL 1, CB 30; CB 31
MM 1:1C8,PL1,CB30;IC7

MM 1:1C8,PL 1;CB 30;IC 10

MM 1:1C 15, PL 1; CB 30; CB 31
MM 1:1C15,PL 1; CB 30;IC 2

MM 1:1C 35, 3

MM 1:1C 18

MM 1:1C 12, 10
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Name

R
RAUD
RARC
RD
REV
RxD
R/W
SLIRQ
SEN
SENSE
SIN
SLRAM
SLRAMB
SLRWR
SOuUT
SWELL
SWo
Swi1
TIRQ
TxD
VCS
VRAMB
VRAME
VROME
WR
0...7
0...15
00, 08, 10
18, 20
12 M1
12M2
12 ME 1
12 ME 2
0000
2000
4000
6000
4/6000

Technical Description

Reset

"RAM Access Update (Slave Start)

RAM Access Ready & Clear
Memory Read (Coupled with E)
Reverb

ACIA Receiver data (MIDI In)
Read/Write 68 B 09

Slave Interrupt

= SENSE

Switch Identification Group
Serial IN (Group 3)

Slave RAM Select

Stave RAM Bank Latch Select
Slave RAM Write

Serial OUT (Group 3)

Swell Pedal (Volume Pedal)
Switch @ (Volume Pedal)

Switch 1 (+VCF Calibration)
Timer Interrupt

ACIA Transmit Data (MIDI Out)
Volume Control Select (free)
Voice RAM Bank Latch Select
Voice RAM Enable (Bank Select)
Voice ROM Enable (Bank Select)
Memory Write (Coupled with E)
Data Lines 0. . .7

Address Lines 0...15

RAUD Group Selects
Vor-decoder, Addresses, 8 bytes Each
12 MHz Clock for Slave 1. . .12
12 MHz Clock Inverted 1...12
12 MHz Clock for Slave 13...20
12 MHz Clock Inverted 13...20
Co-processor Address Region
Work RAM Select 2000. . . 3fff
Voice RAM (Bank) 4000. . .5fff
V Bank RAM (Bank) 5000. . . 7fff
V ROM Cartr. (Bank) 4000. . . 7fff
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Bus

Control
Slave

Slave

Control
Control
Control
Control
Control

Panin

Select
Select
Slave

Control
Control
Control
Control
Control
Select
Select
Select
Select
Control
Data
Address
Address
Address
Slave
Slave
Slave
Slave
Select
Select
Select
Select
Select

PC Board

PS 20; MM 1; CB 30; AF 20

MM 1:1C 49, 50; MME: IC 4 Slaves
MM 1:I1C 33, 34; Slaves SL-M?2
MM 1:iC9,

MM i:PL 1,4

MM 1:1C7,PL2

MM 1:1C 18,6, 9, 18, 43

MM 1:1C 34, 10, 14
CB30:PL3,4,IC7
CB31:1C1,7;CB30;PL3,4,iC7
CB31:1C7;CB30;PL3,IC3
MM 1:1C9, 30,33, R 20

MM 1:1C8, 17

MM 1:1C 33, 31

CB 31:1C6, CB30; PL 3, Switch
CB32; MM 1: PL 2, 1; CB 30: IC 1
CB32;MM 1;PL 2,IC 10
CB32;AF20: Q7;: MM 1;PL2,IC 10
MM 1:1C6, 10, 14

MM 1:1C7,PL?2

MM 1:1C49,PL5

MM 1:1C 49, 11

MM 1:1C 11,13

MM 1:1C 11,9

MM 1:1C 13,

MM 1: IC 186,

MM 1:1C 18, 19,

MM 1:1C 12, 49,50, PL 25: MME 1: IC 4
MM 1:1C 12,15, 13

MM 1: 1C 33; Slaves SL-M?2

MM 1:IC 33; Slaves SL-M?2

MM 1: 1C 33; Slaves SL-M?2

MM 1: 1C 33; Slaves SL-M?2

MM 1:1C 40, 24, 23, 43

MM 1:1C 25, 4

MM 1:IC 25, 43, 13

MM 1:1C 25, 43, 13

MM 1:1C 43,9



MEMORY MAP (Master Processor)

Address Regions Name Length (Bytes)
0000. . . 00ff Slave RAM 256
0100...01ff Input/Output 256

0200. . . 1fff Co-processor RAM 8 kB-512
2000. . . 3fff Work Ram 8 kB

4000. . . 7fff Voice Bank Region 16 kB

8000. . . ffff Program ROM 32 kB

MEMORY MAP (Co-Processor)

Address Regions Name Length (Bytes)
0000. . . 3fff (Not allowed) —

4000. . .5fff MUX Latch 1

6000. . . 7fff ECLK Strobes 20

8000. . . 9fff Envelopes DAC 2

a00G. . . dfff {Not aliowed) —

e000. . . ffff Slave RAM 8 kB
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STARTING THE DIGITAL ELECTRONICS
(PC Board MM 1, CBM 30/31, AF or 21)

Since the location of errors in the digital region requires
in-depth knowledge about computer hardware, some
check-ups were written into the software to simplify
trouble shooting.

Each time the unit is switched on, after resetting the
hardware, the main CPU tests some functional groups.
This is done before or during the blink mode of the
DX 10/EX 10.

First the working RAM IC 4 is tested for writability and
readability; then the same test is done with the dual-port
co-processor RAM iC 26,

After this test is passed, the first information js written
into the display, and all switch groups are switched on
alternately between the top and bottom row. The VCF
on the analog PC board is then calibrated. To do this,
the clock cycle of the VCF oscillator is switched to the
foot pedal input and the CPU measures the frequency.
When the latter is finished, the other rows are switched
on and the measuring process started again.

If a defect occurs during these pre-tests, it must be deter-
mined on the basis of the LED pattern or the display.

1.-1f all LEDs are out and only the switch “Transposer
ON" of the matrix is on, there is a defect in the work-
ing RAM.
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2. If only the switches "Transposer on’’ and “‘down’’
light up, the defect is in the region of the co-processor
RAM (IC 28, 36, 20...23). .

3. The switch rows remain on, alternately top and bot-
tom, without alternating blinking if no clock signal
is coming from PC board AF 20, (PC board AF 20
must be connected!). The display included: ""VCF —
ADJUST". (This paragraph does not apply if your
unit is equipped with an AF 21 PC board.)

If all tests are passed and the row of switches blink, any
switch may be depressed.

Test phase 1 is then interrupted and the main processor
initializes its working memory with the latest state of a
preset. A ‘‘check sum’’ is also tested, which is recalcu-
lated during each programming of CV or a preset,

If the test is negative, the data in the Voice RAM or
voice bank RAM are inviaid and the CPU attempts to
write in these RAMs the standard presets on CVs, This
is indicated in the display by: "“CV-RAM-verify". If the
RAMs are not present or if the write-protect switch is
on, no initialization can occur, and the CPU recognizes
no preset and @ CVs. This means that in this initializa-
tion phase, the write-protect switch must be off,

After these procedures the instrument s ready to play.
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We reserve the right to change our products and
specifications without notice,
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LANCASTER, PA

WERSIHEIREEFRENIES HINE
1720 Hempstead Rd., Box 5318
Lancaster, PA 17601

Call: 1-800-233-3865
In PA: (717) 299-4327
Technical Service: (717) 295-947 1

LOS ANGELES, CA

WERSI ORGAN & PIANO
14104 E. Firestone Boulevard
Santa Fe Springs, CA 90670

Call: 1-800-221-9590
Outside CA: (213) 802-2891
Technical Service: (213) 921-8970



