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INTRODUCTION

The CS series synthesizers are innovative synthesizer products
with a number of unique features. In order to handle these
products properly, the service engineer must fully understand not
only the characteristics of each model, but also the principles of
the synthesizer.

This manual contains detailed descriptions of the construction
and operation of the various circuits, and the functions of the IC’s
used in them, for Model CS-50. Since each of the circuits empioys
digital technologies, it is essential to understand the fundamentals
of digital technology before reading the manual. In order to
service a CS, thorough mastery of this manual in combination with

the Service Manual is recommended.
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The controls illustrated above work only when the “PANEL” (green) switch of the Tone Selector switches on
Panel 2 is ON. The Panel 1 controls allow setting of the factors which will produce the sounds one wants and create

closer-to-natural tone color.

@VCO (Voltage Controlled Oscillator)

Selects the sound source waveshape best suited for the tone color to be created.

100%
50% | 50%
T

100% 10‘750% 5091;)0
9090 —ous 4%
= =
O L |
(Fig. A) Duty ratio of square wave

PW (Pulse Width)

PWM (Pulse Width Modulation)

70% 30%
e

o

5094507

40% 40%
Duty ratio (70%) set
by the pw lever

{Fig. B)

Selects the square wave for the sound source.

When the duty ratio (as illustrated at the left), indicates 50%, the
waveshape is generally called the square wave. The signal includes the
odd-numbered harmonics and is best for synthesizing tone colors like
those of the clarinet.

For a waveshape with a larger duty ratio (as illustrated at the left), the
signal also includes the even-numbered harmonics, and is best for
synthesizing tone colors like those of the trumpet.

This lever changes the duty ratio from 50% to 90%, allowing variations in
the harmonic composition of the sound source.

This lever rhythmically modulate the pulse width up to +40% with the
duty ratio set by the PW lever at the basic reference by an ultra-low
frequency modulation signal.

This lever alters the PWM speed by changing the frequency of the
modulation signal.

This lever selects the saw-tooth wave sh"éipe for the sound source. This
wave shape contains the high-order harmonics of smaller amplitude than
those of the square wave and is best for synthesizing tone colors like those
of the violin, although its tone color is not bright.




NOISE ..... ... .. .. This lever selects the white noise which not only simulates the sound of
wind or waves but also synthesizes the breathing noise of wind instruments
such as the noisy flute, by mixing with the corresponding sound.

“_ (Sine Wave shape) ........... This sine wave shape is fed directly into the VCA without passing through
the VCF. Over a period of time the sound volume level will change.

@ VCF (Voltage-Controlled Filter)
In conventional electronic organs, the cut-off frequency (fc) of the filter which determines the tone color is fixed,
not variable. In the actual mechanical instruments, however, the tone color varies from moment to moment. More

natural sounds can be simulated by controlling the voltage envelope with a VCF in which the fc is shifted by the
change in voltage.

® HPF (High-Pass Filters) .......... This filter passes signals with frequency component above the filter’s cut-
off frequency — and gradually rejects signals with frequency component
below the cut-off point. The higher the lever is set, the higher the cut-off
point (fc) will be shifted, giving more brilliant tone color.

/| (fe)”

f
fcl fc2
(Fig. C)
® RESH (Resonance High) ......... Adding resonance to a high pass filter causes the filter to emphasize a band

of frequencies just at the cut-off point. Resonance is extremely important
in the synthesizer filters. Almost every mechanical instrument has its own
Resonance characteristic resonances, and in order to simulate close-to-natural sounds,
this lever is raised: the higher the lever is set, the sharper the band at fc

High-pass filter

Amoli
mplitude will be emphasized.
fc
(Fig. D}
® I PF (Low-Pass Filter) ... ........ This filter rejects signals with frequency component above the fc, in
contrast to the HPF. The higher the lever is set, the higher the fc will be
i i i the signal.
Amplitude - shifted, thereby passing the higher frequency component of the signal
\\\
-
fc, fc, fc,
(Fig. E)
® RESL (Resonance Low). ......... Emphasizes sharply the frequency component at the fc of the LPF, in the

same way as the RESH.

® Envelope for VCF {IL, AL, A, D, R)

Changes from moment to moment both fc’s of the high pass filter and the low pass filter with a voltage envelope, as
illustrated, indicating the change of tone color (fc) with respect to time, within the time span from the beginning to
the die-away of the sound.

Sustain level

! ’ {Fig. F)




® IL (Initial Level) ............... This sets the starting point of the cut-off frequency (fc) of the VCF at the .
moment a key is depressed. The fc rises from this level toward the
sustaining level.

o AL (Attack Level) ............. Sets the highest level of the fc for both the VCF-HPF and the VCF-LPF to
rise after a key is depressed. The greater the difference is between the IL
and the AL, tle more pronounced the change of tone color from soft to
brilliant.

® A (Attack Time) .. ............. Controls the time required to change the fc from the IL to the AL. For

instance, when A is long (fc rising slowly), the tome color changes
gradually from soft to brilliant, and the voltage envelope shows a gentle
slope from the IL to the AL.

oD (Decay Time) ............... Controls the time span from the maximum fc at the Attack Level (AL) to
the fc of constant condition (the key kept depressed: Sustain Level) of
both the fc’s of the VCF-HPF and VCF-LPF.

® R (Release Time) .............. Controls the time in which the fc returns from the sustain level to IL from
the moment that the key is released.

@ VCA (Voltage Controlled Amplifier)
Controls the amplitude of the signal. Each mechanical instrument has its own pattern of changes in sound intensity
(loudness) during the rise, sustain and decay phases, and this is a very important factor in its total characteristic
tone color. For instance, the sound of a piano rises rapidly when a key is depressed and dies away quickly when it
is released; but if the damper pedal is pressed, the sound will be sustained long after relcasing the key. Accordion
sound rises fairly slowly. .
In order to simulate the constantly changing volume of sound from the start to the die-away in the musical
instrument, there are two ways of controlling the VCA gain: manual control with two levers {VCF and ~), and
envelope control as same as the VCF.

Envelope for VCA (A, D, S, R)
Sets the time course of changes in loudness from the start to the die-away with the following four parameters:

VCF LEVEL lever
or "V lever

JULE S Sustain level

Sound
volume

® A (Attack Time) . ............... Determines the time span of loudness rising from zero to the peak level
when a key is depressed. .

® D (Decay Time) ................ Determines the time span of loudness falling from the peak level to the
sustain level (see 25).

® S (Sustain Level) ............... Sets the loudness level to be sustained while the key is held down.

® R (Release Time, Sustain Time) . ... Controls the time span of loudness falling from the sustain level to zero
when the key is released. ‘
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(1) PITCH

Coritrols the pitch.
The pitch can be changed by plus or minus a half octave from the center click point (A3=443 Hz) with the coarse
knob (outside) and +14, —11 Cent with the trifle control knob (inside).

(z) RING MODULATOR
Provides a kind of amplitude modulation (AM), producing a very complex characteristic such as nasal sound, which
contains high-frequency components free from the fundamental frequency, emphasizing beating sounds.

® MODULATION ............. Controls the mixing ratio of the ring-modulated signal to a non-modulated
signal which by-passes the ring modulator, thus varying the depth of the
ring modulation effect.

®SPEED ................... Sets the speed of the modulation signal.

®DEPTH ................... Controls the maximum beat speed controlled by Attack Time Lever and
Decay Time Lever.

® ATTACH TIME . ........... Controls the time span of the beat speed rising from the speed set by the
SPEED lever to the maximum speed set by the DEPTH lever, when a key
is depressed.

® DECAY TIME ............. Controls the time span of the speed falling from the maximum speed to
the constant speed set by the SPEED lever, as set by SPEED lever.
FAST \<—— DEPTH
i
‘t / This speed level is set by the speed lever.
Speed of ! And, when the key is kept depressed, the
podulation : ring modulation of the sound signal is
n | conducted at this speed.
signal :
<! Time
SLOW ATTACK DECAY TIME
TIME
KEY" ON

(3) RESONANCE
Takes the resonance for the frequency band at the cut-off frequency, as in case of RESH and RESL emphasizing,
the sound of that frequency and producing a unique sound.

BRILLIANCE

When this lever is shifted toward MAX, the cut-off frequencies of HPF and LPF rise to increase the amplitude of
the higher harmonics, resulting in the more brilliant sound. When shifted toward MIN, the higher harmouics are
rejected, giving softer sound.

- . [ 5




(5) TONE SELECTOR
Selects the sound which has been preset to the tone color of the particular instrument. If none of the levers is
depressed, the sound is automatically set to STRING I at the left end. If two or more tablet switches are depressed
simultaneously, the lever (tone) farthest to the right is automatically selected. While the preset tone is used, the
manual controls on Panel I are inoperative.

TRANSPOSITION
A switch lever to shift octave.

1 OCTUP ................. The keyboard scale shifts to C3 ~ C,
e NORMAL ................. The keyboard scale shifts to C, ~ Cq
] OCTDOWN .............. The keyboard scale shifts to C; ~ Cs
e20CTDOWN .............. The keyboard scale shifts to Cy ~ C4

When no lever of this switch is depressed, NORMAL is operative. If two or more levers are depressed, the lever
farthest to the right is automatically operative.

(7) TOUCH RESPONSE
The following parameters are controlled by the intensity (keyboard depth) of keyboard depression.

oILEVEL ................... The deeper the key is depressed, the louder the sound.
® BRILLIANCE .............. The deeper the key is depressed, the more brilliant the sound.
:://gg} ..................... The deeper the key is depressed, the greater the effect of the sub-oscillator.

VOLUME

Controls the overall sound volume.

G 6
SUSTAIN pORTA GLISS
1 II MENTO ANDO
Sub-Oscill —
FAST 10 10 10 LONG  LONG
EXT.
NOISE
n
N
o
SLOW 0 0 0  SHORT ggg]l};l"
FUNCTION SPEED  VCO VCF VCA SUSTAIN Guss‘,\%%’ém
T B 3 D ® D @

SUB-OSCILLATOR

(1) FUNCTION
Selects one of the following six wave shapes for modulation signal.
(Sine Wave) Smooth modulation.

™ .... (Sawtooth Wave) Modulation with quick rise.

—1 .... (Sawtooth Wave) Modulation with slow rise.

[ LI .... (Square Wave) Angular modulation.

NOISE . ... Variable modulation with pink noise.

EXT ...... Modulation signal derived not from the sub-oscillator but from an external audio signal (such as

a thythm box, record, tape, etc.), or an external oscillator other than the CS-50.

(2) SPEED
When raised, speed of the vibrato, wah-wah and tremolo increases.

'




(3) vco
’ Generally called vibrate, VCO produces pitch changes in accordance with voltage. The vibration effect grows deeper
when the lever is raised.

VCF
Generally called wah-wah, VCF changes the cut-off frequency according to voltage. By raising this lever, this effect
becomes deeper.

(6) VCA

Generally called electronic tremolo, the sound signal amplitude is changed according to the modulation signal. The
effect grows deeper when the lever is raised.

SUSTAIN | & Il SELECTOR SWITCH
When set to SUSTAIN I and several notes are released, each note decays independently. When set to SUSTAIN I1,
the decaying note is replaced by another note, when the key for the latter is depressed.

SUSTAIN LEVER
Controls the decay time from releasing a key to die-away.

PORTAMENTO & GLISSANDO SELECTOR SWITCH
The shift from the previously depressed note to the newly depressed note proceeds smoothly in PORTAMENTO,
and in steps in GLISSANDO. If SUSTAIN II is depressed at the same time and the key is released during the shift,
the interval continues to change while decaying.

(9) PORTAMENTO & GLISSANDO LEVER
’ Controls the speed at which the interval changes in the portamento or the glissando.

[IV] REAR PANEL

OUTPUT EXT
r ~N — i}
HIGH FOOT

— CONTROLLER IN  LEVEL

OB ©0Q

LOW

=

) ® €)

(1) ouTPUT
Since the synthesizer includes neither power amplifier nor loudspeaker, the sound becomes audible only when the
signal is fed from this terminal to an external amplifier and a speaker. The output level is 0dBm for HIGH, and
o —18dBm for LOW, when all the volume controls are turned fully clockwise and keys for four notes are depressed.

FOOT CONTROLLER:
Connects the expression pedal for free volume control.

(3) EXT. IN

Input terminal of external signal for one of modulation signal for sub-oscillator effect. The signal level can be
controlled by the level control.

. [V] OTHERS

A headphone can be connected for monitoring to the HEADPHONE terminal, located on the bottom of the CS-50.

7




CS-50 CIRCUIT BOARD CONTENTS

Circuit board

Main circuit

Other circuits

KAS Key data producing circuit Master clock (¢) oscillator
KEY-ON signal buffer circuit
Delay circuit
Key voltage detecting circuit Key-voltage ladder network circuit
Key-voltage integrator and gate circuit
Key-voltage buffer amplifier
Glissando (or Portamento) operation control circuit
SH Key-voltage sample hold circit Sustain mode switching circuit
M1 Voltage controlled oscillator (VCO) Transposition switching circuit
Wave shaper converter circuit Selection gate circuit of sound source wave shape
Voltage controlled filter circuit (VCF) Control voltage generator (VCF-EG)
Voltage controlled amplifier circuit (VCA) Control voltage generator (VCA-EG)
to —do. — —do. —
M4
PRA Buffer amplifier circuit for MIX use Ring modulator circuit
Expression circut
Output amplifier circuit
Headphone amplifier circuit
SUB Sub-oscillator, PWM oscillator
Level control circuit for modulation signal of
Sub-oscillator
Buffer amplifier for touth response
detected signal.
R7 Mixing circuit for control voltage.
T71,T72 Voltage distributing circuit for pre-set tone use| *DC supply (+10V).

*Incorporated in T71 sheet




BASIC BLOCK DIAGRAM OF CS

Keyboard
Voltage Voltage Voltage ouT
Key Data Key, C
p | Voltage ontrolled Controlled Controlled
gri;)(?uuitcmg E>‘ Dgtei%or Oscillator Filter Amplifier —>®
(VCO) /1 (VCF) (VCA)
u1
Function and Control Voltage Circuit
Tone Selector Panel Controller
<:___| Pulse « Sound Signal <<—— Control Voltage
Keyboard When a key is depressed (ON), the key data producing circuit is activated.
Key Data . . . . .
Producin The note and the octave for the depressed key are encoded into digital data of 4 bits and 3 bits, respectively, and
Circui & output up to four notes sequentially on a time-sharing basis.
ircuit
Key Voltage One of the key voltages previously set between 0.25 V DC and 4 V DC is detected and is output by opening the gate
Detector on the basis of the digital data from the key data producing circuit, corresponding to the depressed key.
Voltage Generates the sawtooth wave having an interval corresponding to the key voltage from the above-mentioned detec-
Controlled tor and provides a square and sine wave as the sound source on the basis of the sawtooth by feeding the latter into a
Oscillator wave shaper converter. The vibrato effect can be obtained by adding a manual control 'voltage or a modulation
(VCO) signal from sub-oscillator.
Voltage The tone color can be varied in terms of time span by applying a sawtooth or square wave to the VCF. If the VCF is
Controlled controlled by the modulation signal of the sub-obscillator or touch control signal, the wow-wow effect can be

Fiiter (VCF)

expected.

The time-dependent level changes such as rise and decay, which are characteristic parameters of mechanical instru-

Xc(;:tiielie d ment sound, can be closely sin}ulated by feeding an envelopg created by rpanually setting A (attack), D (decay), S
Amplifier (sustain time) and R (release time) .controls in the VCA section 9f Panel I into the VCA, to shape the output sigpal
(VCA) of the VCF. Applying the alternative voltage through a sub-oscillator or touch control produces the tremolo-like
level effect.

Function

and Control Produces, controls and switches the envelope, the manually set DC voltage, or the alternative voltage from the sub-
goltage oscillator or touch control, for controlling VCO, VCF and VCA.

ircuit




KEYBOARD

10

To octave terminals [_Jl to I_J4 on KAS Circuit board ’
) 2
U1 02 U3 U4
] _ I S
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To note terminals CL to C on KAS Circuit board
The key-switches on the keyboard are divided into 4 blocks corresponding to each octave. All the Make (M) con- ’
tacts of the key switches in each block are connected together (<2 bar), to form four terminals, U, , Us, U, and U,

which are linked to the input terminals of the octave data encoder on the KAS (key assigner) circuit board, to
produce the octave data by detecting to what octave the depressed note belongs. On the other hand, the transfer
sides of the key switches for the same note in 4 blocks (e.g. C,#, C3#, C4# and Cs#) are connected together,
except those of C,. The lead wires for these 12 notes from C# through C plus that for the lowest note C, which is
designated as Cy, are linked to Cy to C terminals on the KAS circuit board to encode what note is being depressed.
Thus, if a key switch is depressed, the particular circuits are closed to encode the octave data (3 bits) and the note
data (4 bits) for that note in the key data producing circuit.




KEY DATA PRODUCING (ENCODING) CIRCUIT

’ KEY DATA PRODUCING (ENCODING) CIRCUIT

When a key is depressed, the corresponding octave terminal (one of U, to U, ) and note terminal (one of Cy, C# to
C) are connected, and 3-bits octave data and 4-bits note data are provided (7 bits in all). In Model CS-50, up to
four notes can be sounded simultaneously, and the data for four notes are encoded and output sequentially on a
time-sharing basis. The ON/OFF data signals of each key are also detected and produced.

Master clock oscillator
94KHz + SKHz
¢
2] To key
—= Timing \ voltage
SC8 % clock J detecting
. o . circuit
| P o—B|n BS 31 }—> W
; ! ] ]
> i : i : octave : : :
| { terminals a1 [
r l o an Bl %K N Torey
= 5ol o3 — ey data > voltage
- u1o {20] N B> detecting
= J\ Key data producing circuit 1 ! | circuit
o LSI: YM26600 S l
g2 -~ co——{5| ¢ N[>
M —> B : 181 B
]
: i t | \note
| | i | 1 (terminals
L | Kos
: ‘ ' : KEY-ON signal
’ —>Ccpo— 7 |cL | £
KO1
To S/H circuit

and each of
EG circuit

Fig. 2 Basic Construction of Key Data Producing Circuit

The key data producing circuit consists of an IC (YM 26600) and a master clock oscillator which operates the LSI
(YM 26600) as shown in Fig. 1.
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® PIN TERMINAL DESCRIPTION OF LS| (YM26600)

(] Pl [l Pl fe [ o] [ [ [ B [l

2
=S
)
>
)
S
)
1N
]
]
N
]
=]
—

ar=]

MODE KO8 KO7 KO6 KO5 KO4 KO3 KO2 KO1 B3 B2 BI N3 N2 N1 05 Ui U3 12
YM26600
Vss ¢ SC SC8 IC Vo Co c* D D= E F F# G G¢* A Az B C 71
1l |2 M M s| |6 [7] (8] Jof To] Tu] iz |1_3J ul hs| o] [l e e @J
PIN | Name Significance of terminal PIN | Name Significance of terminal
1 | Vss DC supply input, +8.5V 21 |02 %
2] ¢ Master clock pulse input (94 +5kHz) 22 | U3 Octave terminal
3(SC Synchro clock pulse (1/9¢) 23 | U4
4 | SC8 Clock pulse output at 1/8SC 24 | U5
5] 1IC Initial clear 25 | N1
6 | VDD | DC supply input, -6.5V 26 | N2 Note code data output (4 bits)
cL || 27 | N3
C# 28 N4
91D 29 | Bl
10 | D¥ 30 | B2 rOctave code data outpat (3 bits)
11 | E 31 | B3 )
12 | F 32 | KO1
13 | F¥ Note terminal 33 | KO2
14 | G 34 | KO3
15 | G¥ 35 | KO4 |:KEY-ON data output
Note: available as a pronouncing mode
161 A 36 | KOS switching input terminal
17 | A¥# 37 | KO6
18 | B 38 | KO7
19 1 C 39 | KO8
— Proncuncing mode switching input terminal
20 | Ul l 40 |MODE (at -6.5V for 8 sounds, +8.5V for 7 sounds)
12




[REFERENCE]

e TIMING CLOCK (¢, SC, SC8)

The master clock pulse ¢ is used for synchronizing the LSI operaton and counter, and SC8 with speed slowed down
(period extended 10 times) — which provides the interface between the digital circuit at the timing of master clock
pulse and the analog circuit.

NOTE: The SC timing pulse generated in this IC is not used for Model CS-50.

¢ DATA PROCESSING BASED ON TI%ie-SHARING

Dividing the time base into a number of specific urits (channel; in this case, one cycle of the master clock pulse, 11
us), one data item is processed in a unit time, another data item in the next unit time, and sc on. This method is
called data processing based on time-sharing. For instance, the key coder in the LSI (YM266000) processes the key
data in up to 8 channels (88us) by time-sharing. When processing of the 8th channel is finished, the same
processing starts again from the 1st channel. This is repeated sequentially until a new ke is depressed.

While the notes produced by time-sharing are shifted from one to another, in actuality, 4! "+~ notes are processed
in just 88 us and the human ear perceives them as if produced simultaneously. Thus, up to # notes can be produced
““at once.”
¢|||||IJI|!I|II|I<—/—I(f=94t5kHZ>

! } 1 } } } It } " | I } } 4 } _lr } time

Key code ?
data ~Ni

Divided to 8 Repeat the 8 data

e CONTROL OF PRODUCED NOTES

Notes In this LSI, the number of sounds (note) to be produced simultane-
ously can be varied from 1 to 8, as desired. This manual describes
the circuit producing 4 notes used for Model CS-50. To make the
LSI produce 4 notes, set terminals MODE, KO6 to KO8 to +8.5V,
and KOS5 to 6.5V. This controls the LSI so that the new key data is
not put into the memory for the timing of channels 5 through 8,
thus limiting the key code data t. 4 notes. To set the number of
notes to another value, control the MODE and KO1 to KO8 termi-
nals as shown in the table at left.

o0
-
N
o
>
w
[N}
—

Terminal

MODE,
KO8
KG7
KO6

KO4
KO3
KO2
KO1
"9"=+8.5V "1"=-6.5V

NOTE: The KO1 to KO8 terminals designated as “0” or “1” are
used as input terminals for mode s, hing control voltage,
and those designated as “X” are ;'or output terminals for
KEY-ON signal.

S

n
X X X X X X X X =
X X X X X X X = o©
X X X X >< X = o ©
X X X X X = o o ©
X X X X = o ©o o o
X X X = o © © o o
X X = o o o o o o
X == © ©o © © © o ©

e OPERATIONAL PRINCIPLE OF KEY DATA PRODUCING CIRCUIT.

The IC (YM26600) is furctionally divided into the KEY CODER section to produce key code data representing
the depressed key and the KFY ASSIGNER section which stores the key codes for up to 4 notes in the memory
(shift registor)and outputs theni sequentially. The operation of the IC (YM26600) will be described below.

13




Master clock pulse

p :
v
21

1C[YM26600)

B,
U, : 3_1_1‘—>
o——{23] [ o
A BE—AN ~[0—
S | 3bie Shit ——

Key O R_‘ K 20 KEY CODER B v KEY Key code data otuput
board | SO, Wf——N] ASSIGNER
L-— - GB 3] B 4bit
. A N *‘/
'Cy 1 , !
U
- KO4
MODE ! K06[KO5 [KO3KO2Z]KO1
{40l ---B7 BeIB33[B4] [33] 32 .
| ~ Sequential
8 TR1 ( output from ; >
—6.5V e TR2 { corresponding
+8.5V ng TR 4o key data
KEY-ON
Signal

TR4 \ 1O /
%E%LO outiput
Output every >
TRY ( time key ) (trigger)
data output 1[_;‘-
KEY-ON OFF

Fig. 2 Basic Circuit of IC (YM26600)

P

e KEY CODER ’
When a given key on the keyboard is depressed, the octave terminal (U] to U,) and the note terminal (CL, C#to )] °

corresponding to the key are closed, to output the octave data and the note data, respectively.

The Key code consists of 7 bits: 3 bits BI, B2, B3 for the octave code data and 4 bits N1, N2, N3, N4 for the

note code data. The digital data table for the keys are shown below.

OCTAVE CODE DATA NOTE DATA CODE

Input | _ . . _ Input
oud Ul ;JZ 53 34 ES Output \|C¥| D |[D*|E | F [F#l G (G¥| A |aA%#|B | C
put* () (C7~Cy) (C3~C4) (€Ci~Cy) (CT~Cy) N4 1/1]/1{1(1]1]olofolololo
B3 1 1 1 0 0 N3 1[1]1|ofolol1]1[1l0l0]0
B2 1 0 0 1 1 N2 1/1lo[t|t]o]1]1l0]1/1]0
Bl 0 1 0 1 0 N1 tjoj1j1joiaf1lolalt]o]1
Table-1 Code Table
(e.g. 1) When C4 key is depressed. {e.g. 2) When E5 key is depressed. (e.g. 3) When C2 key is depressed.
3 Bi| 1 3 Ba| 0 4 (B3 | 1
8 8 | & 8
s o B2, o < o B. 1 o [ B2 1
3|z 3: | & 3|
_ K 5 8
) § 8 Bl 0 3 8 B 0 -8 O° Bl 0
ST Ni| o 87 . N | 1 89 . (M | o
5|2 _ g3 - 58 | ‘
: 8 N3 0 -: 154 Ns 0 ﬁ 8 N3 0 :
@] 2 — [=9] 2 —_— Q Lo —_— :
N: 1 b~
£ N2 | o £ N £ N2 0 éi’
N1 N1 N |1
— ¢ —>t —>t
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. e Operation outline of Key-Coder
05 0—x ® Code output
+8.5V | —_— T
- 3
@ | Octave 3 bit > 4
| Encoder B,
[ P e ‘
————— — —  The 7-bitkey
- Il_ . OFF | 10 < | ll data for the ‘l
= . keys depressed
§ / | (S:é?ltlfte [<-¢A | (up to 4pnotes) :
5" M ON | ]_ t ' are-processed |
| | c o— | sequentially !
| on time-sharing !
N E _ Bo—1 « and output.
\ | Note m_____‘“
| Encoder 4 bit > N
- l N‘
CLo— ® Code output

Fig. 3 Principle of Key Coder Operation

In Fig. 3, the octave terminals (U5 — UT) and the note terminals (C — CL) are connected respectively to the touch

; contact (T) and the Make contact (M) of each key switch on the keyboard. When a key is depressed, the

F corresponding octave terminal and note terminal are shorted, making the KEY CODER start the encoding
operation.

The encoding operation is executed in the following four timings by a state counter.

; STATE O] All the octave terminals (U1 to U5) are set to the ground potential as preparation for operation.

L STATE 1] All the note terminals (CL, C# to C) are set to “1”” (—6.5V).

’ When no key is depressed, STATE O and STATE 1 alternate.
When a key is depressed, signal “1” at the note terminals is fed into the octave terminal through the
circuit closed by depressing the key switch.

When signal “1” is input to the octave terminal for the depressed key, it actuates the encoder to
create, hold and output the octave data. In parallel with this operation, the octave terminal is reset
from “1” to “0”, which is fed into the note terminal through the depressed key switch.

As the note terminal turns to “0”, this actuates the encoder to create, hold and output the note data.
Through the operation up to STATE 3, the 7-bit key data (including 3 octave bits and 4 note bits)
corresponding to the depressed key are created by the encoder to complete the encoding operation.
When the encoding is over, STATE 0 is restored to repeat the cycle from STATE 0 to STATE 3 as
long as the key is kept depressed.

When two or more keys are depressed simultaneously, the corresponding key data are encoded with preference
given the higher note (Cg to C,). Assume that the keys G3 & Cq4 are depressed in this order,-First, when G is
depressed, the note is encoded on the timing of channel 1. But when C, is depressed subsequently, the higher note
C, is given preference over G3 and processed on the timing of channel 1, while G5 is encoded on the timing of
channel 2.

The encoding process for one note comprises 4 steps from STATE O to STATE 3. However, when two or more
notes in the same octave are encoded, and when the same note in different octaves is processed, some of the steps
may be onitted, as shown below.

(eg. 1) STATE sequence when depressing two keys (C4 and D¥) in the same octave.
0>1-2-3->3-0~>1>2->3->3->0
PAG 4 b 4
C4 output .......... A D¥ output ........ *
é" (e.g. 2) STATE sequence when depressing two keys (C¢ and C,4) of different octaves.

0->1-2-3-2>3->0~>1-2>3->2->3
¥ * e *

(C4 output) .......... % (C4 output) .......... *
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¢ OUTPUT TIMING CHART FOR KEY CODER ‘ ¢’
170us
doce” UMM UL - UL reson
(gA)

State OJ140 1 011 2 (31310 1 213 ’ 31011 2 3 21313 0 1 0 [-

KEY—-OFF (released)

KEY Da#

Octave == :
< B2 ! 1
code 00 0 0 RS 0 9
- Bt P00 0 0 0 0 0
N4 ‘ 1
o L1 o L] o o L]
N3 ! l 1 , &} ‘
Note 10 w 0 0 1
code 1 :
N2 !
100 0 0 0 0 0
N1 11 1 1 11
u t1ch 2ch lch 2ch 1ch 2¢h 3¢h _
Channel B3
indication 0 Cs {Ds* 0 Ca®|Ds® 0 Ce[ 0 | C, |Ds® 0 iR
—— N1
No key data Repeatedly Continuously When the key of |
output when different octave i
the key in the is depressed, timing
same octave for 1 channel is
is depressed. blanked before the
output of the next
key data, giving >
Since the same number of key code data as depressed are output in this timing, preference to the
the recurrent period may be varied. key code for higher

note. ’

® KEY-ASSIGNER

In the key-assigner, the key data encoded by the key coder are taken in the order in which they are output, and are

assigned to four VCO’s on the basis of its decision as to which VCO the particular note is to be assigned to.
}
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¢’ [OPERATIONAL PRINCIPLE OF KEY ASSIGNER]

Memory loop

A

é B3
oo Lt
i ! |
: ! key code
Fr‘om N + ch.1 ch.2 ch.3 > ch.4 [~ »- : data (7 bits)
ESY o . : \
JODER 1 Gate 1 O R | |
B i
N1 Shift register t <
1
i
0,
I, Operation I,
control <
circuit
KO1
]
- KEY-ON-OFF ! key on
> Counter : data
1
KO8
Fig. 4 Principle of Key Assigner Operation MODE on off

As shown in Fig. 4, the key assigner comprises a shift register consisting of four-staged memory circuits, two gates
to take in the key code data, a gate control circuit to control the gates depending upon whether the key for the
particular key code data is newly depressed, has been kept depressed or has just been released, and a key ON/OFF
counter which outputs the key ON/OFF data (key-on voltage) after detecting whether the data taken into the shift
register is actually keyed on or off.

’ ‘ [DETAILED OPERATION]

® Gate Control Circuit
This circuit receives the key code data from the key coder and that from the shift register, and compares them
as described below to control Gate 1 and Gate 2.

e Power Switch Turned ON, Key Not Depressed

When the power switch is turned ON, the key code data for depressing the C4-key is automatically generated
in the IC and memorized in the shift register, to be shifted at the timing of the master clock pulse (94 kHz)
and fed to the output terminals N1 through B3, as well as to Gate 2 and . But no key code data is supplied
to I, from the key coder, unless a key is actually depressed. The gate control cireuit compares I, with I, to
decide whether any key is depressed or not, and outputs the gate control date to turaiiGate 2 on from O, .

This closes the input-output of the shift register through Gate 2, and the shift register continues to shift the
same data and to output it at N1 to B3.

Operation of Shift Register with Gate 2 on.

When Gate 2

is opened,

the shift register
supplies data

by itself. :

—{— ouT

G Output
Out- “#P

put o
(cy (C, (Cs (Ca ‘_1
(Cat
Input ut
Same data as output p
is stored.

@ : Condition at time tn.
® : Condition at time tn + 11 us, memory data in Chl —
CH4 are remains unchanged.
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However, in this case, no key code data is input to the gate control circuit since no key is depressed. For this
reasomn, the signal to give the key-on data is not supplied to the key on-off counter, incapacitating the subsequent
sample hold circuit and VCA and producing no sound.

With channels 1 to 4 assigned for each timing of shift as illustrated, when a key is depressed the key code data for
that note is stored in channel 1, and at the same time identical data are memorized in the other empty channels.
If two keys, say C; and G, are depressed simultaneously, the key code data for C; is stored in channel 1, and that
for G3 in channels 2 to 4. That is, the key code data for the last-depressed key is memorized in the empty
channels.

Depressing a New Key

When a new key is depressed, the key data for that note is output from the key coder to I,, and compared with
the data from shift register on I,. If the consecutive outputs of shift register from 4 channels (11 us per channel)
include a code data which is not equal to the code data corresponding to the depressed key and to which the
corresponding key is not depressed, Gate 1 is turned ON only during the channel (11 us) containing the said data
to take in and memorize the new data in this channel, while the data previous stored in that channel is erased.
When the storage (11 us) is finished, Gate 1 is turned OFF and Gate 2 is turned ON to continue shifting. If the key
is kept depressed under this state, the key-on data is output through the key on-off counter, allowing to open the
gate.

Keeping a Key Depressed

If a key is kept depressed, the key coder continuously outputs the corresponding key code data, while the shift
register in the key assigner also continuously outputs the data through Gate 2 once the storage work is finished.
Thus, if two data coincide and the key is kept depressed, the Gate 2 is turned on to continue shifting and
giving the key output on data.

Operation of Shift Register with Gate 1

I Memory 1 Memory 2 Memory 3 Memory 4 |
" o0— .
2 OFF : .
+ — Output
1 ON b . :
o——o—&— Memory data shifted timing of clock pulse ¢ (11 ¢s)

data input from
key coder

News key code T
Operating control circuit determines the timing when the Gate 1 is ON. When it is ON, the Gate 1 accepts the data
from Key Coder and put it in memory. Therefore, the new data is put in the channel selected at the time when the
Gate 1 is ON. When the data is put in other channels, the Gate 2 is keyed ON.

KEY-ON Signal

For detecting the key-on signal, the key ON/OFF counter is set in synchronization with timing of the key data
control circuit turning Gate 1 ON (that is, when a new key code data is stored), and “1” signal is output from
terminals KO1, KO2, KO3, ..., sequentially, until the key-OFF is detected.




@. ’ e TIMING CHART OF KEY ASSIGNER OUTPUT
DepresskeysC,,G,, E;, A, and A, Release keys A, C, and A, #
in this order. —— = in this order. ~— Depress a new key C_"
4) 1lus Time —
s 53)° 11 1 11
E B3|, 0 o[ 1 _1]0 0]1
gﬁ‘; 1o oL 110 RYECME R 1[0
3
SlEly oo oLt o1Lfo o oL
([N oo L]0 001, Unchanged 1oL, 1 1[0
b 3 ? o101 011 1 1ol 11
‘ L
= — 0 +
s 1 o1 1]o o1 i1 1.1 11
=10
YETH 1.1 1 1 11 1.1 1 1 11
N P Por Pl
Polob Do Poror P
. | E : '. . No change occurs on : : ) . ' : :
! Key data B3 T T T key-OFF T r T T T T
output channel ﬁ Ce| Gz Es) A 0 ICZ Gi > ]C:IGZ ESIC:I , ? . cs Gzl
1 2 3 4 5 6 7 8 1 2(ch) 1 2 3 4 5 6 7 8 1 2(ch
-
| . S
*— Since the circuit is set for fournote The data for new key is stored in the channel
memorising, A note is not stores for the key which is just turned off.
KEY-ON signal output for Cf
i KEY-ON signal for C, cleared  (t0 be output at the TR terminal
3\) ‘ 0 - corresponding to the channel for
Eﬁ T TR1 1 1~ KEY-ON signal output for C, I ] o~ keyed-off sound.)
key- |77 0 T lu KEY-ON signal output for G,

signal T:le (; _jKKEY-ON signal output for E_3 L

TR4l 0 |4/ KEY-ON signal output fSI_Ai _____ J

1

™ KEY-ON signal for A, cleared

Output if any KEY-ON signal is available.
Vs

Ring modu- 0
lator trigger{@ 1 ll-/ON e
data
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KEY VOLTAGE DETECTING CIRCUIT

® BASIC CONSTRUCTION OF KEY VOLTAGE DETECTING CIRCUIT

The key voltage detecting circuit detects the analog DC voltage corresponding to the key on the keyboard (that is,
key voltage) on the basis of key data which are supplied sequentially on the basis of time-sharing.

Note volt-
PITCH control [Gctave volt- age setting
age setting ladder net-
ladder net- wortk (time- o s
work (ana- sharing ana- KAS circuit - SH circuit-
TU | log voltage) log voltage) board | boéard
T S - | SUSTAIN ,
fL, I - 11, Select switch
17 ﬁ? 12} [301-----[19] E o ¥sus.. |
=\ _0OCT4~ OCTO 00 C c= _ S e K4 K4 K4 M4 circuit board, VCO
Time-sharing key b3 | 11jes3 D-A converter cha ‘1‘5 f = é ° —>01rcu1t ! b
data from key | ) ) ! C ’YJ\/I 26700 ! : gﬂs hold | {Sample hold e
data producing Nji / _ | = : ! i S o circuit ! ! circuit board
P / ——>[5|N1 o CH1 38 sl €% 5 circuit boar
circuit. _ OR PC 38 = & ; W M1 circuit board, VCO
3 4'\ ----- circuit
A
i
Glissando and |
Portamento | _.__ _
operation con-
trol circuit
fhig- 1
As shown in fig.-1, the circuit consists of:
(1) D — A converter (digital to analog)
(2) Glissando & portamento operating circuit
(3) Sample hold circuit
(4) Sustain mode selector circuit
¢ PIN TERMINAL DESCRIPTION OF LS| {(YM26700)
- 140] . (39 38 |37 36( 135 34 |33 32 31) |30f |29 28] |27 26 25 |24] {23! |22 21
1 8 B
¢ Von CHl CH2 CH3 CH4 CH5 CH6 CH7 CHS C B As A G= G F= F E D=

) YM26700
Vss SC8 POR _PC NI Nz {3 M@ BI B2 B3 000CT0OCTIOCT?2 0CT3 OCTE OCTS c= D
U L2l [3] [af 5] 6] 120 T81 Do 0ol Tl o[ (] Tl [ [e] i [ o] [29]




PIN | Name Significance of terminal PIN | Name Significance of terminal
1] Vss DC supply input, +8.5V 21 | D# *
2| SC8 22 |E
3| POR | Glissando control (Functionable at +8.5V) | 23 | F
(Portamento)
4| PC Clock pulse input for Glissando operation | 34 | F#
(Portamento)
51 NI 251G Note voltage input
__ ‘| Note code data input ‘
6| N3 i 26 | G#
] T —
71N3 27 1A
8| N4 28 | A#
9| Bl 29 |B
|| Octave code data input
10 | B2 301C
11| B3 Octave voltage output (8ch-time sharing) 31 CHS8
12 | 00 Note) Time span of 1 ch is 1/9¢.) 32 | CH7
13 | OCTO 33 | CH6
14} OCT1 34 | CH5 Key voltage output.
15 1 OCT2|; Octave voltage input 35 |CH4 (CHS to CHS: not used)
16 | OCT4 || Oct5: not used 36 | CH3
17 | OCT4 37 | CH2
18 | OCTS 38 |CH1
19| c* 39 | VDD | DC supply input -6.5V
20| D * 40| ¢ Master clock pulse ipwut

e TIMING CLOCK (¢, SC, SC8)

In this IC (YM26700), ¢ is divided into 9 to produce SC clock.
The key code data fed from the key data producing circuit (LSI: YM26600) at the channel time ¢ is converted to
SC channel time to detect the key voltage.
The period of SC is further divided by 8 to obtain SC8 timing clock. This represents the first channel time of
output data at the timing of SC clock for synchronization with the first channel.

| p2
SC
1
1 1
i b
SC8
1

11usec.

R R R R R g IR AR NAETE

. L

" ﬂ b eq0.5kH2
R C G 9 0—
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OPERATIONAL PRINCIPLE | OF KEY VOLTAGE
DETECTING CIRCUIT

(Pitch control volume) @ (Octave analog voitage 3 (Note analog voltage
+6V +3V setting ludder circuily setting ladder circuit)
T T T !
r % | op “
L\Aﬁo % SN Y _D w?,ﬂ_ , J
e R BUFFER L ——.
r s E e S
0CTO 00 23 EEE e i
—— e _-<_.._.__.r.n.,
S i i
@ 8 ] g g | S .
SE & 88 N N
: —=4 | & (H4
o __l \ Qutput T3 CH3
| ! - control M5 CH2
L_{ H {2*Octave D-A converter @ (Note D-A converter) L CH1
Note :(> : ! Sample
data T_‘ 7(_] U hold
] circuit
PC POR
(Example of output) C, and C; keys depressed ———————— C, key released —— —— C, key depressed
95us
Timing -
B e I e N R
1 2 3 4 8 1 2 3 4 1 2 3 4 -
Nearly held
CH1 terminal Cs 7\(4\’ No change
Ovllulllllil [TTw
TN —— c4 — ——— —===- —= t
CH2 terminal l i Hrz; o T T T
ov Cs [ cs L2V -
T~ —t
CH3 terminal l [ Tg; _______ l I 17
ov Cs T — C4 TIV —— =t
CH4 terminal l f | 2\7 _______ l l
oV Cs T N— [ [ v S
C4

NOTE: The output voltage is integrated by the subsequent circuit and the stray capacitance, providing a nearly
) held voltage.
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D-A CONVERTER

Lacider Networ!: to Set Octave Voltage {Analog)

The tundamental voltage (3 to 6V), which can be varied by the pitch control, is applied to the ladder network
comprising a number of resistors connected so as to form a ladder and divided exponentially to provide the
resultant voltages to the inputs ot D-A converter gate. The five voltage values correspond to octaves as shown in the
table below. When the pitch control is set at the mid-point, 4V is applied to the TU terminal and 440 Hz can be
obtained at note As.

Terminal 0CT 4 OCT 3 OCT 2 OCT 1 OCT 0
(Ce~Cs®) (Cs~C.®) (Ca~C3s*) (Cs~C,*) (C2)
Oct. voltage | 4V 1 2V 1V 0.5V 0.25V

D-A Converter Circuit for Octave

The octave data consisting of 3 bits, B1to B3, is directly input to the D-A converter without being affected by the
GLISSANDO operation circuit when POR terminal is at “0”. The octave data turns ON the gate to which the
octave voltage (analog) corresponding to the data is applied, thus converting the octave data (digital) to octave
voltage (analog). Since the octave data are processed on the hasis of time-sharing, when plural keys up to four are
depressed, the corresponding gates are opened through timue-sharing to output the octave voltage. The order is the
same as that of depressing keys.

Analog-Voltage Set Ladder Network for Note

The octave voltage output from the D-A converter is applied to the note ladder network as fundamental voltage. In
the note ladder network, the octave voltage is divided to establish the musica! :nterval for 12 notes (C#, D, D¥, .,
A% B, C,) in an octave and the octave output is provided to the analog gal: us in case of octave voltage to be
selected by 4-bit note data NI to N4 and output. While the note data are also processed on the time-sharing basis
sequentially, its timing is slowed by a factor of 9 in comparison to the master clock ¢ so that the subsequent
sample holding with an integrator is available.

Output Control Circuit
The analog key voltage corresponding to each key output through the time-sharing is allocated to channels 1 to4.

® When only a key is depressed, the same key data is output in all four channels consecutively.

e When two keys are depressed, the key voltage for the first-pressed key is output in Chl, and that for the
second key is given in Ch2 to Ch4 consecutively.

e  Thus, the empty channels are always filled with the key voltage for the last-pressed key.

o If 4 keys are depressed, four key voltages are output in Chl to Ch4 in the order of depressing.

*Refer to Example of Gutput on the preceding page.
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OPERATIONAL PRINCIPLE II OF KEY VOLTAGE
DETECTING CIRCUIT

PORTAMENTO OPERATION

Passing gate and integrator like CH1 KO
CH4 o KO4

CH3 __ ——>KO03
_L{_) CH2 - > K02

S = [ Y R u
operation | o To sample
pera —N converter CHT
circuit v l ‘L‘[L 3.3M T KO1 hold circuit

PC} IpPD BUFE

GLISSANDO oper- , @ Gate and Integrator circuit
ation circuit starts
function when POR
terminai is at “1”
hut will not function
at “0” (-6.5). -

Clock oscil-
lator VCO Comparator / g,
for PORTA- m

Octave data
Note data

MENTO & + -
GLISS-
ANDO PS
—6.5v
% L a
5 Z
+8.5v
Long] TR
SHORT GLI.
PORTAMENTO
GLISSANDO

Glissando Operation Circuit

Wheg&e PORTAMENTO/GLISSANDO selector switch on the panel is set to GLISSANDO, “1” data is provided at
the POR terminal, allowing execution of the glissando cperation. First, the key code data for the initially depressed
key is applied to the glissando operation circuit. When the next key code data is input, the circuit compares it with
the previous data to determine whether the glissando effect is to shift to the higher or lower side. At the same time,
if the key code data corresponding to the musical interval between these two notes are sequentially counted and
extracted from the first-depressed key and fed into the gate of D-A converter, the key voltage (musical interval)
shifts sequentially stepwise. The counting rate can be changed by varying the voltage applied to the PC terminal,
allowing to control the glissando rate: the higher the voltage is, the faster becomes the glissando rate.

Integrating Gate Circuit

This circuit is for obtaining the portamento effect. The step voltage obtained by the glissando operation is
integrated to provide the continous shift the time constant of integration is determined by the time constant C x R
(470 k2 1 uF).

In otder to adjust the integrating rate to the rate of conirolling the key code data in the glissando operation circuit,
another integrating circuit having a different time constant is provided, and a gate is provided to each circuit. The
comparators b and ¢ control the gates so as to select the proper time constant.

’The integrating circuit allows to sample-hold the key voltage output through time-sharing (which is in practice

integrated by the stray capacitance in the D-A converter).
However, since the voltage is discharged through 3.3 M after key-off with the pitch lowered in the course of
sustain time, a separate sample hold circuit is provided following the integrating circuit.




Output voltage of comparators D2*
@B vs. Time constant
;\ Output  Comparator
IPS voltage \ " ® & | © G C <o > Time
L Gate <1D + @ +33MONGae (D) + 3.3MON 33MON  ©
o 1 S, hﬂ.ai_\ ntegration time Integration time constant ... medium Integration time constant.. large

7.14~ 381 11 1 . . ounter speed ... slow
85 - 7 o 1T T 1| constant: very small Countelr speed  eeieiiienes medium C 1tmter speed
H ¥ [
! t L_r_J ]
Controled by Controls

i
POR & GLI G ISSANDO Controls

lever

aperution circuit integrating  NQOTE: “1” = +8.5V  When the glissando tablet is ON, the gate 1 is constantly opened and
gate “0” = -6.5V the step voltage is output directly, resulting in the glissando effect.

OPERATIONAL PRINCIPLE III OF KEY VOLTAGE
DETECTING CIRCUIT

4v -

2.

SAMPLE HOLD

D Output key

Sample hold IC voltage
voltage (time sharing) Gate IC |

I4V ~250mV
¥ n N
250 !
mvi | L__J L N

5
|
|
l || !

! —— —o To VCO on M1

K11 : [ | | K1 circuit board

KEY-ON signal . I OP AMP |
ON B S ’
| |
I |
—

[nput key

+3.5V OFF Cc=0.22
(b)
6.5V [_l TR L7
[ ]
(a)
[
g,
—6.5vV o oo
o sUs
SUS TAIN A

CELV

1 11

Operation of Sample Hold Circuit

The key voltage integrated in the preceding gate circuit is held only insufficiently to keep the pitch during the
sustain time since the impedance of gate circuit is not high enough. For this reason, a sample hold circuit consisting
of FET gate, hold capacitor and buffer amplifier with very high input impedance is provided before the VCO so as
to obtain the stable key voltage (DC).

Operation of Gate Control

® At key-ON, the output of NAND circuit turns to “1”, to open the FET gate.
Hence, the key voltage is integrated and held with the time constant determined by the characteristic resistance of
FET and the hold capacitance.
At key-OFF, the FET gate turns off to provide very high impedance, and the discharge through the output side is
prevented by the high impedance buffer amplifier using an operational amplifier, securing the highly stable key
voltage, which is fed into the VCO III to oscillate the sound source.

® Sustain | & Il and Gate Control Circuit

In the Model CS-50, it is possible to select two modes of sustain.

1) Sustain I
This is the conventional sustain. When the depressed keys are released in this mode, all the notes die away
keeping their respective notes (as shown in Fig. 1).
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Sustain I Q . 9
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|
|
I 7
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release : on release | i die away
| |
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< NN « gl
rellease I on releasei die away i
! | |
| ! !
reléase | on release die away
1
[ |
I IT
& Ll & LT e
release on release die away

Fig. 1 Fig. 2

2) Sustain IT

If, while the note for the previously released key is decaying in the sustain time, another key is depressed, the note
of decaying sound is replaced by that of newly depressed note. That is, as shown in Fig. 2, the keys separate by a
few notes are pressed ON-OFF in arpeggio, the decaying note is altered every time a key is depressed. When three
notes are decaying, all are replaced by the note for the last-depressed key. ~ \ ;;_\«,.

The mechanism of sustain I & II may be understood from the relationship between the key-assigner output and the
sample hold circuit.

The shift register in the key assigner stores and shifts the key code data for up to four notes. If all four keys are
not depressed, the free output channel stores the same key code data as the last-depressed key.

In the sample hold circuit, in case of Sustain I, as (a) is at “1”, (b) turns to “0” at the time of key-ON and the
output of NAND circuit turns to “1”. That is, the gate is opened only during key-ON, allowing to take the key
voltage into the sample hold circuit. Accordingly, when the key is released to close the gate, the note for the
depressed key decays without being affected by the change in the key voltage from the key assigner.

On the other hand, in case of Sustain 1I, (a) turns to “0” and the output of NAND circuit remains always “1”,
opening the gate irrespectively of the key ON data. This allows the key voltage for the last-depressed key to be
taken up by the sample hold circuit, making all four oscillators of VCO III oscillate in the last-depressed note. If no
other key is depressed after releasing the previously depressed key, this effect is not realized.

‘(N
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VOLTAGE-CONTROLLED OSCILLATOR

e BASIC CONFIGURATION OF VOLTAGE CONTROLLED OSCILLATOR
The voltage controlled oscillator (VCO) is an oscillator of which output frequency (interval frequency) is
controlled by the voltage. .

In this circuit, the sound of musical interval corresponding to the key board is produced by applying the key
voltage detected by the key as the control voltage.

I ~
N g 7} w) To VCA
KEY voltage input vColl WSC A
o—>12 [7—wp——ap[3 H = To VCF
av (IGO0153) B 1G00158 —J 1L nde
A I J ) L -
KEY-ON - J]—'-
1 s i [ 3
T Gate
Octave Vibrato Pulse width To source wave NOISE source
. selector modulation selector
for transposition signal /

Control voltage

Fig. 4 Basic Construction of Sound Source Circuit v

The oscillator circuit, in which the interval frequency corresponding to the keyboard and the sound
source wave shape are formed, consists of voltage-controlled oscillator (VCO I1) and wave shaper
converter (WSC), all of which are voltage controlled. White noise is also used as the source signal. (See
the section on Noise Generator.)

e PIN TERMINAL DESCRIPTION OF VCOIlll (1G-00153)
[l [] [] [s] [e] [ [0] [o]

veom
1G00153

OEERnEERCEGRD

1. Resistance terminal for transposition determination
2. Key voltage input
3. Off-set adjustment
4. Off-set adjustment
5. DC supply of —15V
6. Phase compensation
7.  Output
8. GND
9. Digital GND
10 Terminal for oscillation time constant (C.R)
11. Thyeshold voltage input for one-shot multi-vibrator (Vth = 10V)
12.  Constant current supply terminal
13. Resistor connection terminal for constant current providing
14, Capacitor connection terminal for integrator time constant.
15. VIBRATO modulation signal input (centering around GND, 50 cent/1.5V)
16. DC supply of +15V
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(OPERATIONAL PRINCIPLE OF VCOI!l (IG001 53} ) ¢

a3

|
Constant cur- '
rent source

i
(800.A) i
Iref \L i
Iref-1
v I i Time constant of output
T A pulse at point A (r) A
VR ’
Y i One-shot @ ;
multi- —0 +Vee
@ vibrator
o c. ]
0 “lop
toput ¢ - o =10V n
voltage Ky
Wave
shaper F—o—»
converter
3VpTp L
S

Do
Rrr
Transposition selecting resistor

NOTE: Numbers in circle represent pin numbers of IC

When the voltage at {2) PIN is lower than that at @D PIN (V,er = 10V), the comparator triggers the one-shot
multi-vibrator to output switching-off pulse for a time determined by VR; and C;. The FET is biased so that it
works as a buffer amplifier for @ PIN.

If the switch SW is turned OFF while C, is charged, C, beging to discharge, lowering the voltage at (2 PIN
gradually. When it becomes lower than the voltage at @ PIN, the comparator actuates the one-shot
multi-vibrator to deliver pulse which turns the switch ON.

As the switch turns ON, C, is charged by the constant current (I;.¢) and the voltage at @ PIN begins to rise.
When the output of one-shot multi-vibrator decays, the switch turns OFF and C, begins to discharge again.
These steps are repeated.

The wave shape at @ PIN is superimposed to A pulse
v at the wave shaping circuit to obtain the output at@
wpp

- ' PIN.
Wave shape M This indicates that the frequency is controlled by i
at @ PIN /

o C,-voltage and the pulse duration of mono-stable
SW-ON ’ multivibrator.

h .
:ia[‘;e snape The maximum voltage at C, is

t -)L:Ej —>» Time C, Vopp = (Irefﬁ I) r=1-1t

Hence, I (1 +t) =1 p7
1 1 1 r Ve

f:-—: =

T Lep-7  lpef 7 (RFT ) é ‘

This means that the output frequency is controlled by the voltage applied to @PIN and the resistance a@PIN.
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(OUTLINE OV VCO III CIRCUIT OPERATION)

The output frequency of VCO III varies exponentially with respect to the input voltage at @ PIN, and linearly

with respect to that at {3 PIN.

e In this circuit, the characteristics of VCO III are utilized to obtain the musical interval frequencies (C, to Cg)
related by integral factors by aprlying exponentially changing voltage (250 mV to 4V) to @ PIN.
e The low freguency signal is applied to @ PIN to modulate the output frequency for realizing the vibrato

effect.

Adjust VR2 so that
C, isgiven when K =
250mV

Adjust VR3 so that
C, is given when K =
6V

From transposition lever

va v t 1

Transposition v Vibrato modulation
T signal input (Low

frequency signals at
1Hz to 50Hz)

To VCF

+15

Key voltage input

=0

[KEY-ON
250mV

VR: =~ 3 14
VCOII
13 ;;;'
%37 M*  1cs A ;
5 (1G00153) 12

L

<K
<

7 10 W

o S .
Check point  Output signal
T, (Interval frequency)

HH

3VPP

=

(C2~Ca)

e INPUT/OUTPUT CHARACTERISTICS
(TRANSPOSITION AT “NORMAL”)

When the key voltage applied to @PIN varies exponen-

tially, for each octave the sawtooth wave output having

musical interval frequency of octave relation appears at

(D PIN.

The higher the voltage to (2) PIN, the higher becomes

the interval frequency, and vice versa.

Input Voltage Output Frequency
(KEY voltage) Frequency Interval
250mVv 130.8 Hz C,

500mV 261.6 Hz C,
v 523.2 Hz c,
2V 1046 Hz C,
4v 2093 Hz C,
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(TRANSPOSITION CIRCU

IT)

In the VCO III circuit shown on page 27, if the bias resistor RpT connected to @ terminal of IC, that is, the
emitter of Trl, is changed, the discharge time of C, is varied. In this way, the frequency of the output signal is

controlled by changing the ON-OFF time of th

e FET. If a few resistors of which resistance values hold the octave

relationship are connected and selected by a switch, the octave transposition can be relized.

Transposition lever

+15 > T
Vi v I I
o] CP e} o]
=
FET2 a3 o),
> - =
n = Q3
g <
2 2
& @ —AW
= 47K 47K VRI I
w 83 x W s To be adjusted s
o k- % SE so that CP,
- 0 S » -
T T terminal gives OV
< AW Sz

> To (D) PIN terminal of VCO III

upP DOWN

—_———

1oct NOR qyocT  200T

MAL

4’

+15 |

r—O

I

1
:

1L J
S

") (16" 1321

|
:

Vil v
R, R.
( (8

gﬁggg)al nt L5 16 veoIn
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(Transposition selector circuit)

The transposition selector circuit can be represented by an
equivalent circuit shovn at the left with @ PIN of VCO III
virtually grounded thro gh resistors (R; to R, ) which determine
octaves. This circuit prevents the click noise occuired due to
turning of transposition lever and stabilizes the virtual grounding.

When the octave switch 2 OCT. DOWN is turned ON, +15V
applied to the terminal IV (Normal) is cut off, to set the termiaal
1 (2 OCT. DOWN) to +15V and drive the FET gate and the TR4
base positively turning them ON. The negative voltage at the TR4
emitter is led to — input terminal of IC7 through the TR4
collector and FET. Since the NFB loop of IC7 is nearly shorted
with gain reduced, the output of IC7 is at low positive voltage to
turn TR5 ON. At the TRS emitter, +15V and —15V cancel each
other to results in nearly ground potential, which is fed to the
TR4 collector. The IC7 works as a differential amplifier with +
input terminal at ground potential, controlling the changes in the
collector voltage of TR4 with TRS to obtain a ground potential
that is virtually always stable.




# (WAVE SHAPER CONVERTER CIRCUIT (WSC))

This circuit provides source wave shapes of different harmonic composition determing the tone color on the
basis of sawtooth wave (™) created by the VCO.

The VSC produces 3 kinds of wave shapes: Sine (~), sawtooth(\ ) and square ([|]). Besides, the square wave
can be converted to asymmetric one by changing the duty ratio.

The noise created by the noise generator is also used as the sound source.

Gy
>

>

v

=

ANNNN
>
>
v
(_)

W1 L. UT3v } To VCA section
2 — directly
FromvVeom [~O————N—>A—G+1
i TN, =1~ AT
4 ;}5 43V o tone color
"@*WGH mI 3V, J circuit via gate
PW 0 - e
DC voltage---» OP Pulse width .
3Vp-p IPAe modulation (Unlike input wave shapes, output forms’
(modulation) FPWM 1C(1G00158) amplitude cycle remains unchanged.)
signal

In the comparator having the pulse-width modulation function, the duty ratio of rectangular wave can be con-
trolled by the voltage fed into PW and PWM terminals.

DC voltage is applied to the PW terminal to set the duty ratio.

1:1 91

e —H
gy Ju
e e

50% pulse width ~ 90% pulse width
PW terminal: 0OV PW terminal: 10V

The PW terminal voltage is controlled for O ~ 10V with the PW lever.

To the PWM terminal, the low frequency modulation signal (sine wave) is applied in combination with the DC
voltage applied to the PW terminal to change the control voltage of the comparator.

The output pulse wave shape changes the duty ratio around that determined by the PW terminal voltage by the
amount corresponding to the amplitude of, and at the rate corresponding to the frequency of the low
frequency signal applied to the PWM terminal.

Low frequency ,°| n
modulation signal 44 The maximum amplitude of the low frequency modulation signal is
To be set by voltage | i +1.5Vp-p. In this case, the duty ratio varies by +40% around the duty ratio
of PWM terminal i set by the PW lever. A duty ratio greater than 990% can not be realized
s because of saturation. ‘
Fixed

The amplitude and the frequency of low frequency modulation signal at the PWM terminal are controlled by
the PWM lever and the SPEED lever, respectively. The recurrent frequency of output square waves is held
constant. Since only the fall of pulse changes, the resultant sounds are like the concert of two signal sources.

Outputs of the wave shaper converter

A Sawtooth wave shape

’ 50%

It has integral-numbered harmonics (1, 2, 3, ....) and is useful in producing string sounds like those of
violins.

pulse Square waveshape

It has odd-numbered harmonics (3, 5, 7 ...} and is useful in producing the clarinet-like sounds.
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5% Wide rectangular waveshape (pulse wave)

It has even-numbered harmonics in contrast to the square waveshape and is useful in producing brass-like
sounds like those of trumpets.

(V) Sine waveshape
It has only basic wave and is useful in producing flute-like sounds.

(NOISE SOURCE CIRCUIT)

This circuit produces the white noise used as source signal, and the pink noise used for modulation signal.

22K N
" BN N
t1s 0.1 To function switch as
VR10 A Sub-oscillator siznal
B- 100K Low pass filter
150K ¥

—— To tone color circuit

e 0.047 as NOISE source

100K 3
. » , :
} 2
NOISE source —){(—’ Pick-up amplifier ._>f(_. Limiter amplifier - > LoV 100K
10 C
Ol

NOISE.-

® Noise Generator
When the POWER switch is turned ON, the zener diode ZD is counter-biased to produce irregular current,
which constitutes the white noise with amplitude and frequency varied randomly. The noise is detected and

amplified by a pickup amplifier OP; and further amplified by a limiter amplifier OP, up to the saturation level
(30Vp-p) to give the white noise of constant amplitude.

® Level Control Circuit
The level control circuit is a voltage-controlled amplifier (VCA) with the gain controlled by the voltage. The

voltage O to 10V serving as control voltage is applied to PIN 3 as input by the NOISE lever via the C terminal,
and controls the level of white noise coming from PIN 8 as output.

The gain is adjusted by VR10 (B-100k) so that the output level of white noise is 3Vp-p when the voltage at C
terminal is 10V,

The level-controlled white noise passes through the buffer amplifier and is output from the NO terminal to be
fed into the NI terminal of oscillator circuit for the sound source signal.

® Low Pass Filter

The low pass filter cut off the high frequency components of white noise produced by the noise generator to
make the pink noise, which is output from the N terminal to be used as one of the modulation signal for the
sub-oscillator.

32

S




VOLTAGE CONTROLLED FILTER

® BASIC CONSTRUCTION OF VOLTAGE CONTROLLED FILTER

The wave shape determined by the harmonic composition is one of the most important factors for defining the tone
color. ¥f the harmonic composition is controlled, desired tone color can be synthesized. This is realized by shifting
the cut-off frequency of the tone filter through the control of voltage. If the time-dependent envelope voltage is
applied as the control voltage, the tone color from the rise to the decay of sound can be controlled at will. The
filter of which cut-off frequency is controlled by the voltage change is called the voltage controlled filter (VCF).

Voltage controlled Voltage controlled

From sound 1ih filt it | Filt rouit To VCA
source circuit g-pass tilter circui ow-pass filter circu
iy s VCF-HPF VCF-LPF 10—
N (1G00156) (IG00156) Tone color wave

shape signal

IL ¢ Sound source
NOISE Wave shape

g W

Key voltage TP1 (check point)

[B1
Envelope generator
VCF-EG (1G00152)

PR

Control voltage

As shown in the above, there are two types of VCE: high pass (HPF) and low pass (LPF), both of them can provide
not only the time-dependent envelope voltage but also the stable DC voltage, as manually selected by a lever on the

panel.
e OPERATIONAL PRINCIPLE OF LSI (1G00156)
HP output BP output LP output
% 1 5 1 3
e AA—
C 1 C 2
——W—9 |1 ——
(smy) i (gmy)
2 é '\ 2 %
Input ® 0P, f‘g g OP. - % 8 0P, ]
* o—w—s o |25 4| |88 5
’ @
T 77
Icont
» Variable |-
®
Cut-off control Q control
@ ® @ ® 9@ NOTE: Numbers in circle represent
IC PIN numbers.
KV Vie vQ

EXP input  Linear input
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This circuit is a state variable filter, giving high-pass and low-pass outputs at 15 PIN and 10 PIN, respectively, at
the same time. The conductance values of gm; and gm, are controlled by the voltage K+ and V., and the cut-off
frequency of filter (f.) is determined by time constants, gm; *Cy and gm,-C,.That is, the filter characteristics can
be controlled by the input voltage.

fo=125K, - 2Vfc where K, : key voltage
Vfc: cut-off frequency control voltage

The frequency characteristics of this filter with 2-staged integrating circuit is 12 dB/OCT filter in both high-pass
and low-pass filters.

\/
Signal input [_T_ E Feedback input {(Rveaf_rei;%(i:]
gm circuit) _
gm=K I control
KV input E’ HP output (K: constant)
—_ I(J
fc adjust. [ 3] 14 c, 0P R | —
V¢, input E VCF 13—] BP output i /]\
€o
+15v[5]| (G006} Il _ysv i T
IconT
Q control [E E C,
VQ input | 7 10| LP output . o . S
P !: 19 P The variable gm circuit is a kind of gate circuit with
GND [ 3] 9] Q feedback the conductance controlled by the control current
(Icont)-

OUTLINE OF VCF CIRCUIT OPERATION

Operation of Filter Circuit ,

As stated in the above, the tone color is determined by the harmonic composition of the signal wave shape. The
analysis of tone color wave shape reveals that it consists of fundamentals which determine the musical interval of
signal and harmonic components which have integral multiples of fundamental frequency. Accordingly, the tone
color can be varied by changing the harmonic composition by use of the filter circuit.

The filter circuit is classified into two types: high pass (HPF) and low pass (LPF) filter, the former passes
components having a frequency above a certain value, and the latter just the opposite. The boundary frequency is
called the cut-off frequency, and the harmonic composition of a tone can be altered by changing the cut-off
frequency. The cut-off frequency of the VCF circuit is controlled by the voltage: the higher the voltage, the higher
becomes the cut-off frequency.

I ¢ d H-P-F L-P-F
fiput soun (Harmonics higher - (Harmonics lower |— Output tone color wave shape
source wave shape than fc admitted) than fc admitted)

fc controlled voltage fc controlled voltage

(Frequency characteristics of VCF-HPF) (Frequency characteristics of VCF-LPF)

- Lovg voltage «— 5 High voltage Low voltage<—> High voltage
oy 0
2
A -10 N
(dB1-20 A\
Harmonics R Harmonics
fe<fc'<fe"
> >
1 Varied by controlled voltage 1 Varied by controlled voltage




In case of the high pass filter, the lower order harmonics below the cut-off frequency which is determined by the
voltage are more markedly attenuated, while in case of the low pass filter, the higher order harmonics above the
cut-off frequency are attenuated. In this way, the tone color can be varied by controlling the cut-off frequency
with time-dependent voltage. Besides, the stable tone control is also available by changing-the DC voltage manually
with a lever on the panel.

The control voltage is varied by use of HPF and LPF levers.

ol | [ L

e f 2f 3% Harmonics 2f 3f Harmonics
. f spectrum
{ (HPF lever normal at 0) (LPF normal at 10)
V0 )/ l |1 0 /q» |1
HPF 11 |
£o2f 3t Harmonics 2 Harmonics

HARMONIC COMPOSITION AND

TONE COLOR WAVE SHAPE | | L] Wave shape

from VCO

Cut-off effects

When the tone includes more high-order harmonic ™~ TZD
components of fundamental, the wave shape becomes ﬂ_J ' év
sharper, and the tone hard. On the other hand, if the ; g-“g’
tone contains less high-order harmonics, the wave shape \ m 1g 3
become rounder and tonme soft. The contents of 15 §
high-order harmonics are determined by the cut-off \ I\ ! §'§°g
R
frequency of the filter. The changes of tone color as R
controlled by LPF are illustrated at the right. ) N\ 'fén; “é
ja=ii3)
KEYBOARD FOLLOWER 3 Fundamental is

Sound eliminates.
The keyboard follower provides key voltage depending
upon the depressed key in combination with the
control voltage for the cut-off frequency of VCF, as Keyboard follower
the follower voltage. This eliminates the following
disadvantages, and keeps identical tone color from the
lows to the highs of the keyboard. Ay \‘ I L1 Lot

For instance, if the cut-off frequency of the filter is
fixed so as to cut frequency component above 1 kHz,
the harmonics of A; (110 Hz) contain up to the fourth 5,

harmonic (880 Hz), while those of A; (440 Hz) con- (Fundamemal) ‘\‘

tain only the second harmonic (880 Hz). Accordingly, y

these two tones have different colors. Tones higher - — a

than As (1760 Hz) cannot be produced. -— 2 %
When the keyboard is used over a wide range, A2: f T

therefore, the tone color varies depending upon the — (Fundamental)

key position, and the highs may be markedly atte-

. o Cut-off frequency is automatically shifted
nuated or cannot be prod}lcec.i af[ all. Fc.>r this reason, to keep harmonic composition unchanged
the key board follower circuit is provided so as to
correct the cut-off frequency in accordance with the
key position.
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In the VCF circuit, the key voltage fed into VCO III is branched to provide the control voltage for correction to the
key position. The control voltage is fed into the VCF so as to provide the tone of same harmonic compsotion

whichever key may be depressed.

That is, the resultant tone color is not affected by the key position.

Sound source wave shape
of fundamental frequency f.

Key voltage veo i 1t {
(250mv~ 4 V) wsc HPF
T
;V__/
Controlled voltage

Shifted by KEY voltage (KV) or by musical interval

KV =low €« ——————> KV = high

21

Controlled voltage

LPF (———> Tone color wave shape

Shifted by KEY voltage (KV) or by musical interval

KV = low
0r————= _i 0 1
AT o
-10 : KVv=1V : Kv=2 | Filter characteristics  —10- i
Level | ‘%for Kv =4y Level |
(dB) n | | (dB) !
-20+ | | | —20+4+ !
| | i |
| [ | I
| ! [ |
Yfe fe 2fc Harmonic (high frequency) Ysie fc 2fc Harmonic
Cut-off frequency for Cut-off frequency for Cut-off frequency Cut-off frequency for Cut-off frequency for (high frequency)
C, sounds C, sounds for C4 sounds C, sounds

(Filter characteristics changed by key voltage control at VCF-HPF)

C, sounds

Cut-off frequency
for C; sounds

(Filter characteristics changed by key voltage control at VCF-LPF )

When the control key voltage is changed exponentially, the cut-off frequency is shifted in the octave relation. This

characteristics of VCF assures uniform harmonic composition over various key positions. -

® VCF CIRCUIT AND VCF CONTROL CIRCUIT

In the mechanical instruments, the tone color changes continuously from the beginning of sound to its die away, 1s

mentioned. Such a time-dependent change in tone color may be obtained by feeding into the VCF a voltage
envelope which continuously changes with time simulating the tone color change.

Input signal (sound
source wave shape)

O

ST
— fc control

[ R A
| |

VCF (HPF & LPF) circuit

L

Q control |

| 2 L4r]
KEY voltage fc controlled voltage

|

¢

DC voltage

Envelope voltage AC voltage

~_7P__I

Q controlled voltage
|
DC voltage

(time coefficient) (modulation signals)
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¢ fc CONTROL VOLTAGE

a. Tone Color Change by Envelope Voltage

The actual voltage envelope is as shown below. It covers the time from the rise to the die-away of the signal.

VCF controlled VCF cut-off

KEY-ON KEY-OFF
y , voltage frequency
ViR — — e e o — i
ATTACK ! KV+V ¢
LEVEL | | v
§ o 0V A l 73 S _——— =
e | INCTIAL { } SUSTAIN | kv fo iz
i) LEVEL | LEVEL | o
[EIES v & | ! ¥ ! . L
- T T f T 2 _ .
K Time VY fe

e——p——>
ATTACK DECAY
TIME  TIME
(AT) (DT

Initial level: This level determines how low the
cut-off frequency of the filter should be compared
with normal cut-off frequency, to start the sounds
the moment the key is pressed. The lower this
voltage, the better start of sounds is ensured with a
minimum of harmonics.

Attack Level: During the process from the moment
the key is depressed until actual sounds are produced,
sounds sometimes include harmonics that are higher
than the normal harmonics structure. Therefore, in
contrast to the cut-off frequency, points leading to
the production of sounds including those at peak
cut-off frequency — harmonics of the highest order —
are defined as the Attack Level. And the higher this
voltage, the higher the frequency will rise.

Decay Time: Is defined as the time taken by the
cut-off frequency falling from the peak level to the
proper level for the depressed key.

Sustain Level: Maintains the cut-off frequency at a
steady level corresponding to the depressed key as
long as the key is held depressed.

Release Time: Is defined as the time for the cut-off
frequency declining from the sustain level to the
initial level.
The changes in the cut-off frequency and the wave
shapes in the course of time corresponding to the
voltage envelope are illustrated right.
The envelope voltage is produced, by the envelope genera-
tor to be described later. (Refer to p. 45 EG)

b. Tone Color Change by Low Frequency Modulation Signal
When the low frequency signal from the sub-oscillator
is applied as the control voltage for the cut-off
frequency, the latter changes at the period of low
frequency, varying the tone color continuously and
periodically. This allows simulation of the vibrato-like
effect as in case of a wind instrument.

RELEASE
(RT)

EG volt
voltage Changes in cut-off frequency

Key depressed

e The tone color changes the moment
when the key is depressed, is held
constant while it is kept depressed
and changes again when it is released.

FL & PSS

(Changes in cut-off frequency)

i

(Changes in

(Low tone color)

frequency signal)
- ov 4

|

ML
JLIPL

w
~
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e RESONANCE (Q) o 4 ¢ 0
4 \
The resonance is obtained by drastically emphasizing ‘/ ol ‘;‘,The peak is controlled
the band of frequencies around the cut-off frequency. U ,/,’f\ ; by the resonance lever.
This is extremely important in synthesizing sounds, ~ X
. . . . !
since almost all the musical instruments have their own T 1
resonances which critically determine the characteristic ~ I
tonal color. The resonance can be controlled by the b s
voltage at the Q-terminal of VCF IC. = Harmonics
Emphasized
!
® CONSTRUCTION OF TONE COLOR CIRCUIT ‘.
Cp2 CP7
I R alz
i gl=g| s = *F[sglf
L N 33K 4A7K0.0‘ 154.71\/;‘0.0 15
11 1T [T
1615 1413 12 11 10 9 16 15 14 13 1211 10 9
L
VCF-HPF VCF-LPF
KEY VOltage 1 2 3 45 6 7 8 1 2 3 4 5 67 8
i ]
S =an AR
3 5 ‘53 hisp T =1 ) EET ﬁi I 15 “ni g
Jb J +4; " %4
From sound ’ Ei}ﬂo « 1 S
. VR 4 VRS ;
ch)rlglcli selection gate wp —— 330KI s g sa0k A (% l
el j I {
L3 3 ;’t
’I;b l l o L :
f Q f2 Q= crz
f T T T L-} To VCA level contiol
fe(HPFY EG QUHPF) fe( LPF) Q{LPF)

L Control voltage I
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®VOLTAGE CONTROLLED AMPLIFIER CIRCUIT

® BASIC CONSTRUCTION OF VOLTAGE CONTROLLED AMPLIFIER CIRCUIT

An amplifier of which gain can be controlled by the applied voltage is called voltage controlled amplifier (VCA).
The VCA consists of variable conductance (gm) circuit of which conductance is controlled by the voltage-to-current

Check
point
From WSC Sine wave signal CP‘}P
level control
| . —={] VCALl —
3 (1IC3 1IG00151) 8
(.
i TLP 2
B-100K
0
~ Level lever
VCF t signal
VCEF circuit antmclme ena
o—mp[] VCAl —
CP3 3] (1c4 1GO0151) |8

g LP1
10V
l 0

VCF LEVEL lever

conversion of externally applied contro! votlage. This allows modification of the amplitude of sound signal passing
through the VCA with the control voltage.

Check
Amplitude modulation point
circuit and overall CHS Envelope level +15
level control T control
VCA2 1 VCA3
(IC5 1G0015D) 8 (IC6 1G00151) |8 r—g
-
J1 1 L2 -5 To I1 terminal
of PRA circuit
board
B- lOOK B-100K
VR P2
11 (R7 sheet) Check point
L Es7
o) =alled
LEVEL & B & /M
5 ¢
S 3
2| EG voltage
aq
2 | level control 38 A VCA-EG
VCa (IC13  1G00159)
(IC2 1G00151) %"“_E
I \E Lf 9 Ll Lls Tu
AA SDA SSL SRA
B-100K +15 (S G
VR16 OV yO0VI10VrOV
lmv 10Vl0 v]1ov
A D S R Lever

Fig. 6-1 Basic Construction of VCA Circuit

The VCA consists of three circuits: VCA 1 which is statically controlled by the manual lever on the panel, VCA 2

which is controlled by the sub-oscillator modulation (AM) signal and the control voltage of preset tone, and VCA 3
which is controlled by envelope voltage.
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e OPERATIONAL PRINCIPLE OF LSI {1G00151) §? ’
> %: : =
= - = =
T, B= § ‘%g § § E
é% Egp 5 §§ 2 ;S =~ 2
(][] (a1 [e] [s1 [s] [ [¢]

EXP Li Gm
con- |— ‘inear ¢ converter
verter converter

it

(1G00151)

As described in the section of VCF, this IC is used as

the so-called variable gm circuit. The conductance gm
of operational amplifier can be varied by I o4 _
To
©) Gm L'— G’ >( ‘
Gm=K:Icont. K: constant T
T T €o
€
Icont

The greater the control current or the control voltage, the greater the gm, and hence the signal level. The output
level changes exponentially to the voltage given to PIN 1 and also changes proportionally with the voltage given to
PIN 2.

® OUTLINE OF VCA CIRCUIT OPERATION |

Input signal — = —| 3 VCA circuit 1G00151) E— = — Output signal

|
i

(Volume controlled voltage)

Controlled VR /|\ 7\ 7 §
o
& 2 5
o o o =
= = o <
=) LE =
5 73 53
& = 5 o 5
A =%

40




N

i
|
i
H

The IC (IG00151), is adjusted by the semi-variable resistor connected to PIN 1 so that the output voltage is 0 when
the voltage at PIN 2 is OV, and the maximum output is obtained when the latter is 10V. Three kinds of control
voltage are available.

DC voltage
Manually setting the control level on the panel allows to adjust the control voltage so as to set the amplitude

ratio statically with respect to time, like a volume control.

Low frequency AC voltage
The VCA is used as an AM modulator, applying the modulation signal to obtain tremolo, repeat and other |

volume-related effects.

Envelope voltage
When synthesizing a tone color or preparing a preset tone, the time-dependent parameters of tone to be

simulated, such as rising rate, peak level, decay time, sustain level, sustain time, etc. may be substituted with a
voltage envelope. This can be manually controlled by use of a lever on the panel. (Refer to Fig. 6-1).

e Signal volume varied by modulation signal

Sawtooth wave  Voltage high

Sine wave Voltage high

3
ov 5 DC bias Voltage low

[:"> Time ‘;J> Time
i high
/Volume high /Volume ig

Volume
Volume low low’

I

(Tremolo effect)

Voltage low

(Repeat effect)

o For envelope voltage, refer to section on VCA-EG.
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ENVELOPE GENERATOR

BASIC CONSTRUCTION OF ENVELOPE GENERATOR
A time-dependent DC voltage generator. In this circuit, the sound parameters such as rising rate following key-ON,
peak level, decaying rate, sustain level for steady key-ON, time from release to die-away are substituted by voltage
level, time course of voltage change or slope, which are combined to form a voltage envelope.
There are two envelope generators, for VCF and for VCA.
VCA
HEF LPF Circuit
% 2 5 e
o«
5% Q> Time e
= Vo ’
3%} -0V KEY-ON signall I
Time ON OFF
KEY-ON L—— "~
signal
+15 +15
5 — IC [—
§f 1N 8l 1] "1‘
" |[VR18#] Sk IES VR17 7] Sk
B’50K| < | &) B-50K < = < —
" o @ ; L b
xJ2 = b En < SLI1 &
2 E% 00K 5 [ 8%% Z (100K 2 ]
- I 7 HE w7
— k-
L B-50K_ 82K B B 50K 87K |
o VRI9 _, 100K VR20 , 100K
sf] iz |
— = L | T 3 § i
s TI * EER 15 12 BE ?
F15Mr——15 S g l T +15= > 15 i = T
B-100K TP, TR dddd B-100K TP. 5
VR15 Test point A D RALIC VR16 ) ADRS
p Controlled voltage Test Control lever
point
ON IOFF o
— 65V
KEY-ON signal
The output of VCF-EG circuit is used as the control voltage for VCF cut-off frequency, and that of VCA-EG
circuit as the volume control voltage for VCA circuit.
i
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e OPERATIONAL PRINCIPLE OF LSI {{G00159)

In principle, the envelope generator consists of variable resistor circuit. (variable current curcuit with equivalent
VCA), variable integrating circuit consisting of capacitors and sequence circuit. The segments of envelope defined
by attack time, decay time and release time which are set by the variable integrating circuit are linked up by
switching with the sequence circuit to make a complete envelope.

-—-—_———— = == = == = = = = = = = B A |
I i
0K
+15 (é)—f\/\/\ﬁ— G1-1 G2-1 G3-1 :
GND (6T |
VsL @ : O\{E > @ >
{ 1 LC
' @ II | oo Level control |
I | | I :
I | | I
| | | | |
Var @ % + 1
| 1G1-2 | |
Vor @ G ot —— VCA
v (! | 1G22, VCA resistance 1 TC {
! |
RT TIL : : : G32 control :
= {11 T
| . | C
! ~—==  Sequence @_4—__
1 cqntrpl X
KEY-ON signal | circuit — |
+8.5V M TR »-E/T ] BUFFER :
- 3 6) » QOutput voltage
6.5V }_( | P
i

6)
L

{

KEY-ON

Principle of Operation

The diagram in the above indicates the principle of operation.

1) When no key is depressed, Gate 3 is ON, and Vi
(initial level voltage) is applied to the VCA through
Gate 3 and LC. Besides, Vg (release time voltage)
is also fed into TC (time control) terminal through
Gate 3-2. Under this condition, gm of VCA is
maximum with very low impedance and the capaci-
tor is discharged through VCA down to Vpr. For
this reason, the output of buffer amplifier is equal
to Vyp, and fed into the sequence control circuit, to
compare the input data (DC potential) to Tr
terminal and keep Gate 3 ON.

2) When a key is depressed, the key-ON data is fed into

KEY-ON signal Release (OFF)

Depress (ON)

+8.5v—-|/

—6.5V

| |
[ 1
SW10ON SW20N

Output voltage

:’S]VDT input
El VAT input

__E_I Vic output

Tr terminal to open Gate 1-1. This allows about
10V signal, which is provided by dividing +15V with
30 k& and 60 k2 resistors, to be applied to VCA
through Gate 1-1. On the other hand, the DC volt-

1G00159

age set on the panel by A lever for attack time is
applied to Vot terminal through Gate 1-2 and TC
terminal. These time control voltages control the
variable resistor circuit made up by VCA so as to
vary the slope to the peak level (attack level), 10V.
When the capacitor voltage attains the attack level

VIL inputE

[}
B

[4]

GND

Gate 1 E
Gate 2 E

+15V DC supply E
—15V DC supply E

Buffer amplifier

input
Buffer amplifier

output
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. Attack ~(10V)
in the set time, V54 = Vg (10V), which is detected  level

by the sequence control circuit, turn Gate 1 off and
Gate 2 on.

VAT

3) When Gate 2 is turned on, Vg1, (sustain level voltage)
set by S lever on the panel is applied to the VCA
through Vgp, Gate 2-1 and LC. At the same time,
the voltage set by D (decay time) lever changes the
equivalent resistance of VCA, and the decay time
from the attack level (10V) to the sustain level is
determined by the time constant for this resistance
and the capacitor. When the buffer output Vg
becomes equal to the sustain level voltage at Vg ’,
this state is held until the key is released.

4) When the key is released, the key-OFF data is fed
into Tr terminal and the sequence control circuit to
turn Gate 2 off and Gate 3 on. Then Vg is
discharged down to Vjp, in a time determined by

VRrT-

e OUTLINE OF VCA-EG OPERATION

To VCA circuit 2.
Output envelope voltage

a

Depress (KEY—ON) Release (KEY-OFF)
N & Attack level fixed '

SUSTAIN LEVEL

| ustah LoveL |
T -

| I Aslong as the key is|
ATTACK TIME ; DECAY TIME kept depressed RELEASE TIME

i
KEY-ON KEY-OFF Sk s K
Sk en I =
: 7
—6.5V > 2 ) / 2
9 10 1

15

Output voltage (V) %

=
<

N
¢ -

/
3

controlled by this voltage.

EI‘
AA DA SL RA
LONG oV ov 10V oV
l } Panel lever
SHORT 10V 10V ov 10V
A D S R

{ TIME and LEVEL are
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Release (KEY-OFF)
|
FV o | —— |
x | |
ATTACK /| |
LEVEL ! i
! |
| |
oV ! ! !
INITIAL | : SUSTAIN l
LEVEL : I LEVEL }
|
, . | \
| DECAY | | RELEASE, ~
Trigger signal | ATTACKTIME | TIME | )',\ TIME |

KEY-ON KEY-OFF -~
o ko | \

The tone of a musical instrument is not at a constant level from the start to the die-away. At the moment a key is
depressed, the sound becomes gradually louder until a certain peak is attaned. The time up to this is called attack
time. Then, the loudness gradually decays to a steady level (sustain level). The time up to this is called decay time.
It is possible that the attack level is equal to the sustain level. While the key is kept depressed, the sustain level is
maintained, but as the key is released, the tone level declines gradually to ultimately die away.

The time for this is called release time.

The envelope voltage controls the VCA circuit so as to change the time course of tone level as described in the
above. In this circuit, the peak level (attack level) is fixed as illustrated in the above, and the other parameters A,
D, S and R can be controlled as desired.

(Example) S(sustain lev_el) (Example) D(decay time)
lever set at high lever set at LONG
10V
v S lever set at Low
=0 (Attack sounds
A=0 produced)
ov ov
) t ?
depress release depress

OUTLINE OF VCF-EG OPERATION

As in case of VCA envelope generator, when the envelope as illustrated below is fed into the VCF circuit, the
cut-off frequency of filter is controlled from the beginning to the die-away of sound to provide variation tone color
and quality.

To VCF circuit
Output envelope voltage

Depress (KEY-ON)

6] [u 9 10 11 TIME and LEVEL are
controlled by this
voltage.

(1A%

|

ov

} Panel lever

oV ov 10V 10V 10V
IL AL A D R

The principle of IC operation is nearly identical to that of VCA envelope generator except for the fact that the
sustain level is set at OV so that the tone color does not change while the key is kept depressed.
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EXPRESSION CIRCUIT

® EXPRESSION CIRCUIT

The expression pedal control circuit consists, as shown below, of expression pedal circuit, voltage-current (V-I)
converter including an operational amplifier and photo-coupler including light-emitting diode (LED) to change light
output in accordance with the current value and cadmium sulfide (CdS) photo conductor.

Input signal

Checkpoint - I\?I_— ——O = Output signal
Cdsl  Egot controller MO
A N\ TPI 100K
lllllllTT AN P.C
J/ 2.2K == - Cds2
—15 >_ _'@'t
4 ] |
r AN :' LT ”L !
PRA circuit board > -
from -15 terminal Shutter I
NN A 68K GSKJ
EXP pedal X ’% 100K 2 o4
— P >
X s J;
N
L i o™
Constant current inverting buffer
amplifier

[Outline of operation]
V-1 Converter and Photo Coupler
The photo coupler contains a LED, and its gain is controlled by the current flowing through the LED. The voltage
proportional to the degree of treading in the expression pedal must be converted to the current. The output
current (Io) of V-I converter which is based on the inverting operational amplifier is given by the following
equation:

“Re Vs
Ry Ry

where V;: input voltage from the expression circuit,

R¢ = Ry= 100 kQ and Ry= 8200

Io

Hence, Io = Vs

1
820
Thus, the output current of V-I converter is proportional to the voltage controlled by the expression pedal. The

output current controls the light output of the LED, which changes the conductance of the CdS conductor in the
photo coupler to control the tone volume.

® EXP Pedal and Foot-Controller JJack

1
\‘__,-02— PRA sheet EI terminal
N 3 ” ~15V terminal
‘é " E terminal
! 27K
(EXP Pedal Circuit) (Foot Controller Jack)

® When the expression pedal is not connected, terminals 2 and 3, and terminals $ and 1 are in contact,
respectively, and —15V is applied to the EI terminal through the 27 k resistor. That is, if the expression pedal
is not connected, the maximum volume is output.
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When the expression pedal is connected, terminals 1. 2, 4 are connected to terminals A, B, C, respectively to
supply —15V to the lamp, LED and the control voltage is output to the EI terminal through the CdS
conductor. :

0
—10
—20
—30
—40 Tolerance: +5dB
dBm
0 10 20 degree

47




%

OUTPUT AMPLIFIER AND HEADPHONE AMPLIFIER

ﬂ 0

HP.J

G 000 | PaA
{1 our
HIGH /LOW
—]

3 ti I

+15 12 * * : E
Zr T Ho? O o ;73; ;r A P ji
3 < PH

-

e 3 ‘

T 3

150K BIM, e . Tel
r—ﬁﬁé— —— 4 Tr2
¥ g2 i
‘ < £ o4 [ U
4 «
5[\ AR SR PUN 10,\ A ‘

M
A
A

33K 47K NP
9 Trs OP1 —
b 3 3325

id-ld

1
D 7 2207

100K
AAA

68K
220
33716
3316

77 TTT 7T mr
15 -15
L |1 [ | J
Delay circuit Output amplifier Headphone amplifier

® Delay Circuit
Transistors 5 and 6 turn conductive for about 5 seconds after the moment when the POWER switch is turned ON

to lead the noise and unstable sound signal in the transient state to the ground. The delay time is determined by
the 47 uF/16V capacitor and 100 k2 resistor.

®  Output Level Adjustment
The maximum output level should be adjusted by VR6 to 0+1 dBm p-p at the HO terminal and —18+3dBm p-p at

the LO terminal.

® Headphone Amplifier
When a headphone (82 load) is connected, this circuit provides the maximum PH output level —6+2dBm p-p.
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MODULATOR CIRCUIT

‘ 1. PWM OSCILLATOR CIRCUIT

This circuit produces the low frequency modulation signal for changing the pulse width, that is, the duty ratio of
square waves, one of sound source waves output by the source oscillator. Thus, the pulse width modulation (PWM)
is obtained by this low frequency modulation signal.

10V
e
VR7

B-500K

PWM Lever

FAST 710V 110K ~
["= o
o vC1
; SLOW S oV veoT
2
SPEED Lever %‘; 3
- 3| (1G00150) g Po A1 3Ve-p
e 1 —> To PWM terminal to sound
© source circuit
-15 S,
—15
| ] B-100K
PWM oscillator circuit VR 8
%5 . The PWM oscillator is a voltage controlled oscilaltor
Vv inal vol illati
C1 terminal voltage VCO Il oscillation (VCO II) like the sound source generator (VCO III). At
oV 0 2Hz PIN 6, the wave signal is output, with the frequency
being controlled by DC voltage applied to VCl1 terminal
5V 6 7Hz (PIN 1) and determined by the speed lever on the panel.
The relationship of control voltage to oscillation
I{AY 222 Hz frequency is controlled by VR7 as illustrated at the left.

The amplitude of the output signal is 3Vp-p.

The principle of operation is same as that of sound

Input controlled ~ E]Fre.que“cy C‘?ntf‘)l source generator (VCO III). The VCO II contains in the
voltage gzsitrc:\;earvr:ma IC and exponential converter which changes the linear
Time conjt:]:tz VCO T (IG00150)]  output speed control voltage into exponential voltage, and a
(C) terminal ] 61 Sine wave output wave shape converter which changes the sawtooth wave
+15VDC 7] 57 -15V DC into the sine wave. In the VCO II, the sine wave is used
supply supply as the modulation signal in place of sawtooth wave. The

oscillation frequency varies exponentially with respect
to the input voltage with a little adjustment as illustrated
at the left.

® Modulation Signal Level Control Circuit
The amplitude of modulation signal for PWM is set by the level control circuit based on the VCA, which is
controlled by DC voltage set by PWM lever on the panel.
Speaking more specifically,0 to 10 V DC is applied to D terminal to control the amplitude of modulation signal. The
: ’ gain of VCA is adjusted by VRS so that the amplitude ratio is 1:1 (that is, the input level is equal to the output
level) when 10V is applied. The modulation signal with the level controlled as described in the above is fed into the
pulse width modulator in the WSC IC through the PWF terminal of M circuit board.
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2. RING MODULATOR ) o

This circuit ring-modulates the input signal by use of low frequency modulation signal and takes out the sum and
difference of frequencies for two signals, to make beating.

- WA

o1
Input signal
It |
OUT PUT
m © | W/\ MODULATION lever %—-—0
BUFFER Output signal
AMP |
Ring modulator |
[ (uAT96HC) [ ] o RMO
BUFFER

7 AMP
T~ Q/I/IMAA/\
3
Ring modulation

oscillator
(1G00150

)
1
Cy VC.

‘_O_J V
+10V
SPEED lever DEPTH lever

Control voltage

generator
(IG00159)

+10V +10V
ATTACH DECAY
TIME lever TIME lever

The ring modulation is a sort of amplitude modulation, but it is distinguished from the latter on the basis of
following points. For instance, if the A, key (440 Hz) is depressed and the ring modulation is made with 10 Hz
modulation signal (signal at 7 PIN of ring modulator), the output signal includes the sum and difference of two
signals (450 Hz and 430 Hz) and does not contain 440 Hz input signal, in contrast from the amplitude modulation
of controlling the VCA with the sub-oscillator. That is, though only a key is depressed, two signals of different
frequencies from that depressed key are created.The frequency spectra and the wave shape of these signals are as

illustrated below.

0 Q

50




Amplitude

}ls' . 440Hz (
(f 43?}{ f—an
: ol z 450Hz (f+ D) 430Hz i 450Hz (f+ A
_ 2 ; 10Hz (A ) '
e f Al
: 5 '

1

Amplitude

Frequency —

Frequency —=

L | 1 period
Sound signal
omonn —> >VL/\]\NUWJ\/U\/><

Amplitude modulation Ring modulation
When the musical signal components
are removed from the wave shapes
shown at the left, those shown
at the right result.

These two frequency components (f + Af and f — Af) give the following effects:
1) When the modulation signal frequency is low (Af <10 Hz), the difference sound (2 Af) between the two is not

audible to the ear, and only the changes in amplitude (beating at 2 Af) can be felt, giving a sort of tremolo

Sl
)JEZ ’ effect.
— - TN~ - — ~
NG N Amplitude change
~ /. P alone audible.

2) When the modulation signal frequency is high (Af >10 Hz), the changes in amplitude become difficult to
perceive, but the difference sound is audible, giving a non-harmonious sound effect with the difference sound

and two frequency components (f + Af, f — Af).

\1\1\
\II‘|\

|

/\'

\/\/\ '\/\/

\ Amplitude change
not audible.
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[OUTLINE OF OPERATIONI
®  Ring Modulator

+15V

pmn—<

390
10K é 2.7K %
1.2K 2.7K]
iNeUUT 1718 330 -
From buffer amplifier ™ W 11] 10 »
i,
2 9 v
3 1e 8 I—-<
470 |
(£ A796HC)
Li : 100/16
100K < 100K

+ OUTPUT

VRS 470 470—@ E} VF-’ To buffer

B-50K amplifier

AV i
820 ZzZ+  zZm
]
1K 100716 3 100/16 | 100/16
10/16
T 77 7o
From ring modulation v
oscillator @) i

By the low frequency modulation signal from the ring modulation oscillator, ring modulation is conducted. The
sound signal from the M circuit board passes through the buffer amplifier and is input into the No. 1 pin of the IC
for ring modulation. The signal accepts the ring modulation by the low frequency modulation signal to be added to
the No. 7 pin, and is cutput in the No. 6 pin. Theoretically, when one of the two signals is not input, the output of
RMO terminal becomes zero. However, the modulation signal is characterized by leakage output according to IC
abberation. The VRS adjusts and controls the leakage signal to less than 3mVp-p.

Sound signal input (+) Output (<)

Gain control () Modulation signal
input (<)
Gain control ) 3 o Modulation signal
input (+)
Sound signal input (=) Q @ Output
Bias
] IC u AT96HC NOTE: Terminal layout of IC (uA796HC)

in can-type package.
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e RING MODULATION SIGNAL OSCILLATOR

SPEED From controlied

From speedl voltage generator To ring modulator

\

vC1 VG2 TP2 +15
®

lever

100K £

330K %

150K
1,

. B—500K

VR3
T 10/16 0.047=
+
+
10/16
g 47 7

—15V

This circuit is a VCO controlled by the voltage from the control voltage generator through SPEED and DEPTH
: control levers. Its output is used as the modulation signal (variable for 0.2 — 220 Hz). For the principle of
@)v ' operation, see the section on the PWM oscillator.

e CONTROL VOLTAGE GENERATOR

ATT.‘?CK
To DEPTH control —e—— TIME - pEcay
TIME
' From K09 terminal \é\
of KAS sheet v Ll - L .
L 47K _‘i
567K )
| B —
jrj _____ i 3 i 16 8
=
0.22 |
—1 >—-I L_ 31 N §:;
— 4 1C7 13 e
Ar— KLr——— 5 12 1
F—1 =116 ooisn U
L 7 10
| ——
VRl e LKA A
B-20K WA
470K 100K
3 +15 7
—15V —15V
B-100K
B yRe
L In this circuit, the rising and fast-decaying envelope voltages are controlled on the basis of key-ON signal from the
Q’} . KAS circuit board by use of ATTACK TIME and DECAY TIME controls, and the output is fed into the ring

modulation signal oscillator through the DEPTH control. For the principle of operation, refer to the section
of envelope generator.
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TR terminal —KEY"ON KEY-OFF |
0 @

|

|

EOt inal |

ermina o ~ _-!
e SUB-OSCILLATOR AND TOUCH RESPONSE
To VCF — To va To VCA-LA terminal

(M1 circuit board)

To LC terminal
(M2~M4 circuit board)

To VCO circuit (M1 circuit board) To VCF — Q,, Q, terminals
4To V terminal (M1 circuit board)
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e SUB-OSCILLATOR

The low frequency modulation signals (sine and sawtooth waves) of 0.8 to 50 Hz are produced by use of SPEED
lever.

0

[Sub-oscillator and wave shaper converter]

100K
—Mv
PITCH ov
control 2 V4 I 3Vpp
~ _—_j_ﬂ} 100K —o v /] 3Vpp
8 B—500K 3 1 SO
Ov,NI:in 14 47K SOJ‘) ovyg -{ 3Vp-p
g];:fDﬂO veon [ 7 .
- (1Go0150) |__0vasT3Vep Y 5i° V-5 3ve-p
a—
6
H5 0v-4- —I3Vp-p
5
10/16 +
—15V  Resistors for controlling
. square wave level
t 1 L |

SUB-oscillator Wave Shaper converter

NOTE: OP, and OP, are paired in
IC (NJM4558)

{a) Sub-oscillator
8))’2 . The low frequency modulation signals (sine and sawtooth waves) of 0.8 to SOHz are produced by use of SPEED lever.
The sub-oscillator is a sort of voltage-controlled oscillator (VCO II). The SPEED lever applies 0 to 10V to VC,
terminal. This voltage controls the frequency of VCO II oscillation. The higher the voltage is, the higher becomes
the frequency. (The level of the signal is fixed at 3Vp.p.)

VC, terminal voltage

VCO 11 oscillation frequency

ov 0.8+0.16Hz
5V 6.7t1.3 Hz
10V 5010 H:z

In this circuit, the VCO II frequency should be adjusted
at VR7 (B-500k) in relation to the voltage at the VC2
terminal, as shown at the left.

The VCO II produces the sawtooth wave in its IC, and shapes it into the sine wave, to be output at PIN 7 and PIN
6, respectiely.

(b) Wave Shaper Converter
This circuit converts the sine wave created by the VCO II into the square wave, and the sawtooth wave into an
inverted sawtooth wave by use of the operational amplifier.

{Sine wave — Square wave)
For converting the sine wave into a square wave, the OP amplifier is used as a zero cross detector or comparator.
The OP amplifier does not include a feedback loop and operates with gain Ao. If the required voltage is 5V and Ao
= 50,000
Vo/Ao = 5/50,000 = 100 (uV)

Accordingly, the balance point of OP amplifier input is set at OV, and an alternating voltage is applied. Then plus
and minus saturations at £100 uV are obtained around OV.
In this circuit, the plus input is compared with the minus input. If the gain of the OP amplifier is infinitely great,
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the output saturates in the positive side when the plus input is higher than the minus input, and in the negative side @E ‘
when the plus input is lower than the minus input. In practice, +15V is applied as the DC supply, and the ‘
saturation is attained at this level.

{Sawtooth wave —> Inversive sawtooth wave)
For inverting the sawtooth wave, the OP amplifier is used as an inverting amplifier with gain 1.

(Noise wave)
The white noise generated by the noise generator is turned into the pink noise by the low pass filter. The latter is
provided as one of the modulation signals. (Refer to the section of Noise Generator.)

(EXT signal)

Besides the signals created by the synthesizer, the low frequency signal, human voice, Auto Rhythm signal, other
audio signals or any other signals may be used as the modulation signal.

100K
VWAV—
6 —_—
10/25
5 opP
O— + 7 \
EX EXO
EXT. Jack 100K
1K é
VOLUME
77
it
I J Q»Zg i ?.
EXT preamplifier

NOTE: OP IC (NJM4558)

These modulation signals are to be fed into VCO III, VCF and VCA.

e TOUCH RESPONSE

The touch response effect is obtained by detecting the DC voltage proportional to the strength with which the key
is depressed (or the depth to which the key is depressed) and using it as the control voltage. Applying this voltage
VCO, VCF and VCA, the pitch, tone and loudness are controlled in accordance with the degree of key depression.
When this voltage is applied to the level control circuit (consisting of VCA) for modulation signal from the
sub-oscillator, the depth of modulation can be controlled in accordance with the strength of depressing the key.

Keybaord
+15 Key depressed
to the max. depth
& Cds /
+15 DA o o1 6V
[} . D1
eoo— N TRI1 L -[
@ Shutter VR3 Mt TRO ov
i
B*SOKi 100K 47K
I 3
Touch response preamplifier @r .

NOTE: OP is IC (NJM4558)
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@E ‘ [Outline of Operation]

‘ The conductance of CdS conductor is determined by the illumination it receives from the LED which in turn is
controlled by the slit position on the shutter plate interlocked with the key. If the key is depressed deeper, the
CdS receives more light to increase its condctance, raising the input voltage, and hence, the output voltage of
positive input amplifier (OP amplifier). In this way, the touch response effect is obtained. The output voltage
(control voltage) of this circuit is adjusted by VR3 so as to be 6.0V when the key is depressed to the maximum
depth. D, is inserted for the purpose of shifting the voltage so as to make the output voltage zero when the key is
not depressed by canceling the mechanical failure of the shutter plate and the off-set voltage of OP amplifier.

Reference:

B50k

Vi= Reas + 5ok X V)

B50K : voltage level gain

e |EVEL CONTROL AMPLIFIER

This circuit allows to control the degree of modulation by the sub-oscillator signal with the key touch.

Touch response voltage s
(from VCF lever)
0. 5V-%— ‘

Level control amplifier I

(IG00151)
i
Q»zé'. VRS
B—100K

+15

b———O —
00

To Vibrato control
voltage mixing circuit

OP,
—psul + VRS
Low frequency signal 100K B—100K

from sub-oscillator
(Example) Sine wave 100K ?
ov %’I 3VpTp

Level control amplifier 11
(1G00151)

LEJIOOK

Touch response voltage
(from VCO lever)

b——0 —»
FD
To fc control
voltage mixing
circuit

NOTE: OP, and OP, are paired in IC (NJM4558)

L o —» Tolevers of SUB-OSC, VCO, VCF and VCA
S19(0]

@]; . Three OP amplifiers OP; OP, and OP; are used as buffer amplifiers. The level control amplifiers I and II are
o voltage controlled amplifiers (VCA), with their gains controlled by the voltage fed into PIN 2: the higher the
voltage, the greater will be the gain.
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[Outline of Operation] Q} ‘
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The low frequency signal selected by function switch of the sub-oscillator is fed into SUI terminal and led to PIN 3
of level control amplifiers I and 11 through the bufer amplifier OP; . Since the gain of level control amplifier is
controlled by the touch response voltage at PIN 2 terminal, the output voltage become higher or lower as the key is
depressed stronger or lighter, respectively.

The circuit is adjusted by either of VRS or VR6 so that the input level is equal to the output level, when 6V is
applied to PIN 2 of each level control amplifier. In the level control amplifier I, VR4 is adjusted so that 0.5V —
centered output wave shape is obtained when OV-centered input voltage is fed.

(If the center musical interval is raised a little, the vibrato effect to move the interval up and down periodically is
perceived more naturally.)
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CONTROL VOLTAGE MIXING CIRCUIT

q @ ' VCO VIBRATO CONTROL VOLTAGE MIXING CIRCUIT

This circuit is to mix various control voltages for V terminal of VCO. The vibrato effect is controlled by the mixed
voltage.

Circuit board M2 M3 M4 (Reference) When all the output terminals are
V terminal  Circuit board Circuit board loaded with 1 k€ and all the input

4\ i\ i terminals are applied with 10 V, the
vB1 [ygz [vB3 [vB4 voltage at output terminals (VB1 —
VB4) is 200 mV.

v I»

A portion of the circuit
is illustrated in the enclosure.

From VCO lever  Touch response

of SUB OSC. VCO lever NOTE: Input through level

control circuit.

2. VCF CUT-OFF FREQUENCY (fc) CONTROL VOLTAGE MIXING CIRCUIT
In this circuit various control voltages to be fed into f, terminal of VCF-HPF and f, terminal of VCF-LPF are

6}}‘;,{2. mixed. The cut-off frequency is controlled by the mixed voltage.

M1 Circuit M2 Circuit M3 Circuit M4 Circuit (Reference) When all the output terminals are
£ termi lt;oatrd inal f board board boarrd loaded with 1 k& and all the input
S A S A AN & terminals are applied with +10V, the
o L 1 t fuq, T2, fua, faa is
Output output voltage at fyy, f2, fu3, fHa i
L 051 T e $eDrns Qs Qs T 0.45V, and that at fy y, f1 2, f1.3, fLa iS

0.64V.

| ] o
[l e
InputlFH cLFL J)BR CLSUB (LTBR (chp-

R A T B

HPF LPF BRILL SsyB Touch Touch
lever lleverr -ANCE QsC response IeSpONse
lever VCF VCF VCF
lever Jever lever

NOTE: Input through level control circuit.

3. VCF RESONANCE (Q) CONTROL VOLTAGE MIXING CIRCUIT

y: ' In this circuit various control voltages to be applied to Q, terminal of VCF-HPF and Q, terminal of VCF-LPF are
6 mixed. The resonance (Q) is controlled by the mixed voltage.
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M1 Circuit M2 Circuit M3 Circuit M4 Circuit
board board board board
Q. Q: Q@ Q. & Q Q. Q

/Y S/ Y NN N N B
QHa TQL:TQHz TQuTQH: TQLSTQHQTQL‘

a ]
CSQH RES

! 1 1

RESu Lever RES: Lever RESONANCE Lever

4. VCA CONTROL VOLTAGE MIXING CIRCUIT

In this circuit, various control voltages to be applied to LC terminal

controlled by the mixed voltage.

M1 M2 M3 M4

circuit circuit  circuit  circuit

board board board board
LC LC LC LC

4 A | A

A A

i

S

1 r

su-osc PN1 Touch response

CA level lever
VCA lever | pupr lever <
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(Reference) When all the output terminals are

(Reference)

loaded with 1 kQ and all the input
terminals are applied with 10V, the
output voltage at terminals. Qp; ~
QH4 1390 mV.

of VCA are mixed. The signal level is

When all the output terminals are
loaded with 1k and all the input
terminals (L, ~ L;) are applied with
+10V, the output voltage at terminals
LC; ~LC,4 is 0.18V.




OTHER CIRCUITS

@ . 1. SUSTAIN CONTROL CIRCUIT

This circuit controls the priority relationship between the SUSTAIN lever on Panel 3 and RELEASE control lever
for VCF and VCA on Panel 1.

) +15 +15

: 1K 1K
M—N—-—M—W
O—W— —15 —w— —15

i 10K 10K
& 240 WA S SUS DF O 2F0
?}

To RA ter- +10
minal of
VCA-EG cir- LJ3
cuit on M To RF ter-
circuit board +10 21 110 minal of
VCF-EG
PN3 circuit on
Sustain M circuit
lever board
PNI PN1
@%‘if . VCA VCF NOTE: S is via T71 and T72 circuit boards.
Wi release release
lever lever

The input voltage at SUS terminal is compared with that at 2DF or 2A0 terminal, and the lower voltage is output
at 2FO or 2DA terminal. This controls VCF-EG or VCA-EG circuit to set the time from the key release to the
die-out and the course of cut-off frequency (fc) change of VCF during the release time.
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2. TUNING VOLTAGE CIRCUIT @ ‘

The D-A converter of the key assigner circuit includes a voltage network consisting of resistors for the purpose of

providing the analog voltage corresponding to the octave in which the note for the depressed key is included. To
d this network, +15V is applied as the reference voltage. If a voltage control circuit as illustrated is inserted to
between +15V and the network, the analog voltage for each octave can be displaced in parallel, allowing the tuning
control.

5
i

TU Octave
————m»O— voltage ladder
circuit
(KAS circuit board)
-O—0
+15
SUB circuit board
Yo IC»
Tuning voltage circuit PN, PITCH control <
i“" VR1B=B-500Q
A VR1A=B-10KQ
SUB circuit board
IC3%=IC(NJM4558)35

Buffer circuit

[Operation]

The reference voltage +15V is divided by the tuning voltage circuit and the variable resistor of pitch control, and
the resultant volt: te is stabilized by the buffer circuit and applied to the octave voltage ladder network (KAS
circuit-board). This is the reference key voltage.

In this circuit, the voltage at the output terminal (O) can be varied from 3 to 6V by use of PITCH control on Panel
1. VR11 (B-200) is adjusted so that 4V is given at O terminal when the PITCH control is positioned centrally.
The PITCH control is a dual variable resistor, consisting of coarse control (VR1A) and fine control (VR1B). (See
the illustrations below.)

Pitch control VR Coarse control knob Trifle control knob

) I

=

Coarse control Trifle control -11+3 cents +14+3 cents ‘y '
I
)

-500+100 cents +700+100 cents

(1200 cents = 1 OCT)
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3. PRESET TONE SETTING VOLTAGE DIVIDER CIRCUIT (RESISTOR MATRIX)

This circuit sets the control voltage for creating the tone color indicated on the tone selector. The circuit consists
of resistors to divide +10V supplied from the tone selector so as to provide the control voltage for determining the

tone color at the output terminals (a to v).
The diodes are to prevent the mutual interference of control voltage.

e}
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STRING 1

Controls for VCO, VCF, VCA circuits

Preset tone
setting voltage
divider (1)

Preset tone setting voltage divider (2)
(Resistor matrix)
(T72 circuit board)

(Resistor matrix)

(T71 circuit
board)

G[ PN1 Control lever J

I —+10v
?/o

PANEL

O
O

RSN

GUITAR1 GUITAR2 FUNKY1

i\ﬂ i
L T
B o
STRING2 ~ ELECTRIC CLAVI- HARPSI-
PIANO CHORD CHORD

FUNKY2  FUNKY 3

PN2 Tone selector

T71 circuit board and T72 circuit board constitute the resistor voltage dividers corresponding to respective tone
selectors. performing similar functions. Accordingly, all the output terminals (a ~ v) are connected in common to
supply the voltage for controlling VCO, VCF and VCA circuits. The tone selector switch has priority for the
right-hand-side. When all the tone selector switches are off, STRING 1 is automatically set.
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vVCoO Gate HPF | LPF VCF—-EG VCA|VCA| VCA—-EG |VCA g‘
° :
e h
S|g |=
—_ O =] S
oz |8 ) £5) i) —_
o = 2 e | ¥ a2 2
z K
513 3 g8 |12 12 | » - — 3
[ 5 12 e 5 13 B —
&8 <] = ol S S| - =] <] — <
=l E 2] 2 T 3l S || e ~ oo o =]
°l2 & | = lelS58E | 2T 5 e sl e ol® | B o =l el B
> 8 T R>|2B|5 g sl Tl alv]| | g |- 2 o | 2| E1E
o g g 9 (5|8 = = | o = 51 = > E 5 =g o E g D |- 1)
- & |z = 18352253 Slaglaelaglo] ~]| %] =13 = R =Y =
o B B 2 |0 W2 S ey | B e | @D g QO s i = 9 o
o o] SO0 k] g o — ~ A 71 B 4 B 2]
Blodlog o = o] 3 = s} =] S ] 3] Ll < g B I =T - 2
218218% 8 e3|egiEsl 212181812 8 813|233k 2 & S22l
e85 5215228 518 5|2 | EIE 2121203 £&|%18 ERRCH
OEEER & 0FogRa ol olg|S| |||l a|<|A]|x & |
Qutput
Tone selector a|bjc|d|e| f|g]|h]|i kil l|m|nlo|plq|r|s|t]ujv
Inpu
STRING 1 Alolololo|w!| o|soo|617|s7o| 10{385|680]|250]455)| 680 10 043 1.52]1.09]8.47}8.85 10
STRING 2 Blolo| o] o] oless| w|ses] 0] o |549)500 063|680 10| 0 14.35) 10 |8.4716.95)8.47
BRASS 1 Cl| o 0 0 0| 10] 0 o | 10 |571]5.71]1.89|3.57|1.39] 1.641 10 | 10 [0.43 5.2412.0416.17) 10 | 10
BRASS 2 Dlol ol o ol 1w0] o l217|385|384|7.87 2.70|8.7014.00]3.85)7.19) 10 | 0 |5.49)4.35)4.76)6.62 8333
FLUTE El o 0 0 o 1 10| o [1.18]3.57|5.2402.33|5.2410.63{3.57|1.68|7.35| 10 | 0 |3.13) 0 |5.24{7.18| 10

ELECTRIC PIANO F | o |06333]| 10| 0 o (1.28]6.4101.52]3.331 o l4.76|7.52]2.57] 10 | 10 [4.35] 10 |2.17|0.63)6.41 10

CLAVICHORD Al o o l719] 10| 10| o |s.24!5.95]|571455( o (4.55| 10 |2.2317.52| 10 | 0 | 10 |3.3371.28} 10 16.99

HARPSICHORD | B | o 0 [595] 10 0 0 |6.41] 10 [7.87(8.47( O 0 0 0 o | 10 0 |10 {217 0 [7.35] 10

GUITAR 1 Clo| ofass| 10| 0| o jass s4g]5.95|25|043|204) 10 |5.00| 10 10 0 |7.52]3.85) 1.64)6.41|8.33 g
!

GUITAR 2 Dlotlololojw]olzs| o |zre| o] o |7.52]10]219}7.19) 10 |5.24) 10 |0.99]0.43 8.06 | 6.41

FUNKY 1 E l2.3]001]s4] 10| 10| o |5.00]617|5.95] 0 | 10 16.80| 10 |6.68|4.76| 10 {3.33 | 10 | 10 |8.47}18.855.00

FUNKY 2 Flol| olse| o] o |s7] o (7.3 0 [9.09]950|641|549]930] 10 |524)10 | 0 1476 10 |6.80

FUNKY 3 Glololo|w/| o o |eo]2s50|476]3.13] 0 |9.47]6117]4.007.19| 10 | 0 [7.19) 10 |B.47}7.35 5.95

The DC supply voltage selected by the control lever on
== Panel 1 isinput toterminals 1 to 22 of T71 circuit board, j
and after being divided by resistors, output to terminals

; : a to v through diodes.
Resistor matrix. Voltage || L-—_--4 . .
(T71 circuit voltage divider regulator The input voltage +10V is produced by the voltage
" board) [ i I regulator in the T71 circuit board and led to the moving
Tome selector |~~~ "4 g T, . contact (T) of Pre-set tone Selector switches on the
one selector ' Control .
switch T BY "M 1| lever panel. When the PANEL lever is turned OFF or ON, the
(PN2) PANEL switch (PN1) tone selector or the control lever, respectively, becomes
! effective. That is, both the tone selector and the control

fever of Panel 1 control the same circuit, the former
selecting the preset voltage, while the latter the control-
lable voltage.
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TUNING METHOD

g. Before starting the tuning operation, warm up the instrument for 10 minutes or longer.

1.

2.

Set PITCH control at center. Adjust VR11 (B-20052) on the SUB circuit board so that the TU terminal on the KAS
circuit board gives +4V £0.1% with respect to the E terminal. Keep all of the panel levers OFF.

Set the tone selector to FLUTE and the transposition lever to OCT-UP (VIII terminal of M circuit at +15V). Adjust
VR1 (B-10k2) on the M circuit board so that the voltage at CP6 terminal is within +120 uV when the EK terminal
is shorted to the E terminal on the M circuit board.

Adjust four circuit boards one by one as indicated below, checking the output at T1 terminal (check point 9 PIN
of IC9). Adjust VR3 so that the output gives C7 (4186 Hz) *1 cent when C6 key is depressed, and C3 (261.6 Hz)
1 cent when C2 key is depressed. Repeat these steps a few times. (To check the correspondence of depressed key
to M circuit board, touch VR2 on one of M circuit board while the sound is produced. If the musical interval is
modulated by hum, the M circuit board under check is producing the sound.)

Similarly, setting the transposition lever to NORMAL (VI terminal 15V), adjust VR4 (B-1k2) so that C6 (2093
Hz) *1 cent is obtained when C6 key is depressed.

Setting the transposition lever to 1 OCT DOWN (II terminal 15V), adjust VRS (B-2k) so that CS (1046 Hz) %1
cent is obtained when C6 key is depressed. Then, setting the transposition lever to 2 OCT DOWN (1 terminal 15V),
adjust VR6 (B-5k€2) so that C4 (523.2 Hz) *1 cent is obtained when C6 key is depressed.

PITCH control VR

I R
E Side & +15 side
chy RO I R W
VRZ VR4 VR6 VR1l  VRI2 VR13 VR21
VR3
VRI
VR18 VR20 VR17
T N A A e
VR7 VR8 VR9 VRI0 VR19 VRIS

(M circuit board)
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