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FEATURES

The CS-20M and CS-40M not only enables operation with 5-mode functions,
but adopts methods departing from those of conventional synthesizers in
connections with hardware.
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OPERATIONAL FEATURES: b-Mode Functions

1. PANEL Mode
Similar to conventional synthesizers, the controls provided on the panel enable sound-creating manupula-
tion.
2. VOICE WRITE Mode
By one touch operation, it is possible to have the synthesizer memorize a plural number of voices created
at the panel. This is achieved by having the parameters (voltage data) of the panel controls memorized
into the IC memory.
3. VOICE Mode
By depressing the push button, the voices can be recalled for play.
4. STORE Mode
In this mode, parameters that have been memorized into the IC memory can be recorded on a cassette tape.
5. LOAD Mode
When necessary, voice parameters memorized on the cassette tape can be recalled into the IC memory.

Voltage controlled 1 order to realize these functions, the CS-20M and CS-40M are equipped
T with hardware (circuitry) that has several features hitherto unfound in
! conventional synthesizers. However, the process in which voices are created
| is exactly the same with conventional analog synthesizers.

; The basic composition of an analog synthesizer is as shown in the following
\ diagram. Every type of control is effected using the voltage values as para-
meters.
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In other words, the actions of the respective blocks are determined by the
size of the voltage applied to the cirtain block. This holds true for both the
CS-20M and CS-40M.
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TECHNICAL FEATURES : Digital parameters
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To memorize

Analog voltages cannot be memorized over a long period of time*. According-
ty, the various control voltages are converted once into digital signals. {A/D
conversion) These digital signals can be readily memorized by a semiconduct-
or memory. When such blocks as the VCO, VCF and VCA are to be con-
trolied, the digital voltage is converted into an analog voltage and applied to
the particular block. {D/A conversion) This constitutes a large difference
\ between a conventional synthesizer and programmable synthesizer in terms
~  of hardware.

Conventional synthesizer Pregrammable memory synthesizer

Block Block
controlied controlied
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Control
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Newly employed The major portions of the actual circuit composition that differ from con-

{ ventional synthesizers are shown in outline below. Composition of other
N sections practically remain unchanged.

1. Key Assigner Section {SK Circuit Board} si
. ; wnultaneously generates

To generate two tones, that is the highest and lowest o the trigger and key voltage of “fa”.
tones, simultaneously, a special LSI (YM-615) has been ! " the trigger and key voltage of ""re"",
newly developed and employed. This LSI not enly in-
herits the philosophy that underlies such polyphonic TN

synthesizers as the CS-50 and CS-60 and ete, but has The SKA can also perform
also developed it further, \ PORTAMENTO processing.

2. Programming Section

This block performs A/D conversion and D/A conversion by effecting centralized control for the voltages (0 ~ 4V)
that have been obtained by means of the respective controls provided on the panel. Since an enormous number of
circuits will be needed to carry out parallel processing of a large number of parameters simultaneously, this is
performed instead by scanning a large number of parameters by time-sharing processing that is synchronized with

the clock. . .
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i Such oprations as A/D and /4 conversion

Change over is performad at such high RSO
T and memory are performed within this time,

speeds as 10.000 times per seconds, e P




3. Cassette Interface Section (PGM C. board) e oo 1o 1o
This block serves to record on a cassette tape data of EWNEH data ——
digital signals, tha is, “8 bits (referred to as one word) Start bit Start bit

x Number of controls x Number of voices”, that have Tone burst
been memorized into the memory IC, or to recall the

data into the memory IC. The data is recorded by the

Tone Burst Method, after adding such bits as the &> o
START bit and STOP bit to the 8-bit data.

4. Mode Control Section (PGM C. board)

After the S-mode functions are detected by means of the push button on the panel, this block functions to effect
such control as WRITING the data into the IC memory, READING the data from the IC memory, storing, or
loading them onto the cassette tape.

5. Analog Switch and Control Circuit

Instead of using mechanical switches and controls to perform the functions the of switch to change the flow of
signals of the VCO = VCF —VCA line, or those of the controls in mixing operations, this circuit employs electrical
elements to do the same job. The setting condition of the switches and controls are expressed in DC voltages and
after being digitized as parameters are memorized. For this reason, it calls for switch circuits and controls that are
activated by the differnce in DC voltages. The circuit that has such functions is the analog switch & control circuits
which are provided at key points of circuits.

Consists of EX-OR gates, Comparator etc.
Described in details later.
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Signal flow The circuits that have been described constitute the major circuits employed

in a programmable synthesizer. Circuit operation shall be described in each
corresponding section. But by keeping the points that have been described
in mind, it should be possible to understand the rough idea when you look
. at a circuit diagram.

N A block diagram that shows the general flow of signals is given the next page.




BLOCK DIAGRAM
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PRELIMINARY KNOWLEDGE

Analog voltage

“1" and 0"’

The difference between the analog system and digital system can be under-
stood, for example, by considering the difference between the hand-indicat-
ing-type watch and digital watch, That is, it can be said to be the difference
between a quantity that varies continuously and a quantity that varies by
intervals of a certain pitch.

*Digital"”

Continuously
changes.

1 minute step

When you refer to an electrical circuit as being “digital”, the matter is not
so simple as in the case of a watch. In the case of analog voltages, values
that assume inportance are those of a wide range, such as 3.14V, or 12,34V
when measured by a tester, On the other hand, digital voltages consist of
only two kinds, higher voltages and lower voltages.

Digital voltage Low level voitage
Various voltages High level voltage

R
N@N”

For this reason, for digital voltages, higher voltages are simply denoted by
“H”, or “1”, and lower voltages by “L"", or “0".

Analog voltage

" +Logic & —Logic |
, HIGH  H or [ 0
. Digital voltage —— -
T Low L or 0 |
: . DCXXV .
' Analog voltage i | Various voltages exist.
: AC XXV

1. EXPRESSES VALUES BY THE DIGITAL SYSTEM

Bit

As we have seen, digital voltages consist of only two kinds, "H” and “L",
{or ““1” and “0"). Thus, a value such as “how many volts" is expressed by
several sets of “H” and "L’ {or 1" and “0") combinations. This system
is known as the binary method,.
For example, with two sets {2-digit binary number), it is possible to obrain
4 combinations as shown below.

o - H Upper bit
UPPER BIT L L H Ho ‘ [~ Lowerbit
o : e or 00 01 10 11
LOWER BIT L H L H N —

2-bit binary number

Such combinations are called ““2-digit binary numbers”, or 2 bits)). As
“bit” is the more commonly used expression of the binary digits, try to
remember it here. While with 2 bits it is only possible to express four values,
an increasingly large number of values can be expressed as the number of bits
is increased. Since the Programmable Synthesizer uses "'8 bits”* to express
values, it can express as many as 256 types of values.

A/D CONVERTER AND D/A CONVERTER

A/D

D/A

-

The A/D converter plays the role of converting analog amounts into digital
amounts. The roughness of the digital amount is determined depending on
how many digits {bits} the binary number consists, The more the number
of digits are increased, the higher the accuracy will become. But the circuit
will be required to have a higher accuracy in this case, so that it will get more
complex as a result.

As it is possible to divide a value into 256 types of conbinations when 8 bits
are used, if we should express “4V’* with 8 bits, the result will be approxi-
mately 0.0156 V, as the resolution shall be 4/256. Values lower than this..
shall be disregarded.

* A/D conversion, in some cases, is also referred to as quantification.

[} o

(-~ | pitches
i

i

Analog voitage {V)
N

012345~ oo e 252152253 255 256 integers

fram O to 256.
O~O~0 D
co—-0 O -
covo~ e
coocoo -
ooooe T T T T T T T e e e
COO000 e
CO00O0 ———
L ooo 0O -

Digital 8 bits

Converesely to the A/D converter, the D/A converter has the function of
converting a digital amount into an analog amount. In terms of circuit opera-
tion, this job is usually performed by changing the reference voltage that
has been applied to a ladder resistor into an electronic resistance by means
of a switch. In this way, the D/A converter converts 8-bit digital values
such as 00101000 into an analog value such as 0.625 V.
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* Analog Synthesizers and Digital Synthesizers

The star performer in analog synthesizer
741 etc

An ordinary synthesizer, in which the respective blocks
that are chiefly conposed of OP amplifiers (operational
amplifiers) are controlled by voltages, is called an analog
synthesizer . By contrast, a synthesizer which employs
a microcomputer, for example, for control and in which
practically all data processing is carried out digitally, is
called a digital synthesizer. Although it is not as yet
in popular use, it may be replaced by analog syn-
thesizers sometime in the near future. According to
the above classification, the CS-20M and CS40M can
be said to be analog synthesizers as each block is
controlled finally by voltages.

Dual OP amp.

Pyt

Inverting input

Non-inverting
input

output




PROGRAMMER BLOCK: PGM, DM BOARDS
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FUNCTIONS OF PROGRAMMER

It functions to control the tones of the synthesizer by controlling 50 different kinds of programmable para-
meters, using the control voltage parameter that is generated by the control panel.

After being subjected to A/D conversion, the control voltage parameters are memorized into RAM (random
access memory). The memorized data is then D/A-converted to control the blocks in order to bring the syn-
thesizer to a setting that corresponds to the data.

As the programmer incorporates a cassette interface, it enables transfer of the voice data memorized into RAM
onto a cassette tape, as well as transfer of the data recorded on the cassette tape to RAM.

5 mode function “‘““‘ﬁj\ The above operations are selected by working the operating buttons pro-

vided on the programmer to set the function modes of the CS-40M.

1. PANELMode .......... The tone set on the control panel is produced.
2. VOICEWRITEMode ..... 20 voices set by the panel using the 50 parameters are memorized.
3. VOICEMode . .......... After selecting and reading out voice data from the 20 that have been memorized
by RAM, the respective programmable voice data of the synthesizer are set.
4. STOREMode .......... Voice data memorized into RAM are transferred to the cassette tape using
3KHz tone burst signals. When this operation is completed, the synthesizer is
restored to the PANEL mode.
5. LOADMode ........... Voice data recorded on the cassette tape are transferred to RAM. On completion
of this, the synthesizer is set to the PANEL mode.
MODE OPERATION FLOW OF CONTROL VOLTAGE
1. Depress the PANEL button. Control voltage generated —> Multiplexer
2. Or, set it automatically by switching j
on the POWER SW. Sample Hold < A/D, D/A conversions
PANEL 3. Simultaneously with completeion of [
STORE and LOAD, the PANEL Demultiplexer > Control of blocks
mode is recovered. o :
CS-20M: 32 parameters; CS-40M: 50 parameters
Push the PROGRAM select button Control voltage parameters that have been A/D
VOICE- (M1, M2 and 1 - 10) and depress f:onvémed in the PANEL mode are memorized
WRITE | WRITE button. into RAM.
CS-20M: 8 voices, 32 parameters
CS-40M: 20 voices, 50 parameters
Depress the PROGRAM SELECT RAM —> D/A conversion —> Sample Hold
VOICE button. }
Control of blocks < Demultiplexer
With the cassette recorder set to the 3K Hz tone burst wave
STORE RECORD mode, Fiepress STORE and RAM Cassette tape
WRITE buttons simultaneously.
With the cassette recorder set to the PB
LOAD mode, depress LOAD and WRITE but- Cassette tape —> waveform shaping > RAM
tons simultaneously.

10




2. CIRCUIT COMPOSITION OF PROGRAMMER

a. Mode Selection
P —
| Function |

M T
| ICs used |

b. Mode indicating Circuit
| Function |

AT
| 1Cs used |

Function Mode Control Section: The function mode is specified with the programmer’s operating

button. Simultaneously, the specified function mode is displayed.

Generates function codes selected according to mode selection,

TC4B32BP . ... ............... 8-bit encoder
TC40178BP . . ... ... . ... D-type Flip-Flop
YMG17 ... Parallel = Serial conversion

Indicates the specified function mode.

YMB17 ..o Serial ~* Parallel conversion
TC4028BP ... ............... Decoder
MBABIGP .. ... .. .......... .. LED driver (Buffer)

I 1C used

Program Controller: Controls all data of the programmer

YMB16 . ... ... LSI for central processor control

r= -
' Functions
b. Multiplexer

Functions |

H
1C used |

. A/D & D/A converter

[2]

| Functions |

o

. Demultiplexer

| Functions |

| SRS |
e T
I 1C used |

i Functions |

ICused |

f. Cassette Interface

| Functions |

Function Mode Executing Section: According to the selected function mode, performs signal transmiss-

on.

a. Control Voitage Parameter Generator

According to the panel setting, generates voltage parameters to control the
respective blocks.

Performs multiplexing of the control voltage parameters of the panel.
Parallel-In, Serial-Out.

YMB17 . Multiplexer

Performs A/D and D/A conversion for the control voltage parameters fol-
lowing multiplexing.

Performs demultiplexing of the control voltage parameters following A/D and
D/A conversions.
Serial-In, Paraliel-Out,

YMBI7 ..o Demultiplexer

e. RAM {(Random Access Memory)

Memorizes digital voice data of the 20 voices and 50 parameters.

MbBO81S-45 .. ... .......... .. RAM (1024 words x 4 bits)

STORE and LOAD modes

11



3. MULTIPLEXER

3-1 Control Voltage Parameter Generator

50 parameters ™  The generator for the 50 different block control parameters on the PA and
E PB circuit boards {on the control panel) generate control voltages (OV to
1 4.00V) selected by the controls that have programming functions. The table
\J\ lists the output voltages of the controls of the CS-40M have programming
i functions.

|
|
|

CONTROL VOLTAGE PARAMETERS

Board | BLOCK FUNCTION POSITION | VOLTAGE | REMARKS
64 0
32 0.67
16° 1.33
FEET o Yoo
4 2,67 e
7 333 f%%%
~ 0 %
WAVE N 1.33
L 2.67
" 0
f; 0.57
VCO 1,2 MODULATION - }.}‘1‘
i -
FUNCTION SH 378
E+ 2.86
E— 3.43
MODULATION DEPTH | 0-10 0-4 VR-A
PW(PULSE WIDTH) 50-90% | 0-4 VR-B
~ 0
PA PWM FUNCTION E+ 1.33
E— 267
PWM DEPTH 0-10 0-4 VR-B
SPEED S-F 0-4 VR-B
LFO SPEED DEPTH 0-10 0-4 VR-B
~ 4
EG-VCO o a
TIME EXPAND NOR 4
x5 0
EG-VCO ATTACK TIME S-L 4-0 VR-C
DECAY TIME S-L 4-0 VR-C
ON 4
ON - OFF OFe °
RMO SPEED S-F 0-4 VR-B
SPEED DEPTH 0-10 0-4 VR-B
oS 4
EG - VCO = p
VCo 1 0-10 0-4 VR-A
MIXER VCO 2 0-10 0-4 VR-A
NOISE 0-10 0-4 VR-A
CUT OFF FREQ L-H 0-4 VR-B
RESONANCE L-H 4-0 VR-B
LP 0
- FILTER MODE BP 1.33
HP 2,67
VCF " 0
MODULATION > 98
FUNCTION v .
n 2.4
S/H 3.2
MODULATION DEPTH | 0-10 0-4 VR-B
EG DEPTH 0-10 0-4 VR-B

12



3-2 Multipexer

Board | BLOCK FUNCTION POSITION | VOLTAGE | REMARKS
VCF KCV OFe M
POLE = S
TIME EXPAND fém S
EG-VCF ATTACK TIME S-L 4-0 VR-C
DECAY TIME s-L 4-0 VR-C
SUSTAIN LEVEL 0-10 0-34 |VRB
RELEASE TIME s-L 4-0 VR-C
"1 0-10 0-4 VR-A
no2 0-10 0-4 VR-A
FB VCA " 0
MODULATION N 1
FUNCTION v 2
1. 3
MODULATION DEPTH | 0-10 0-4 VR-A
TIME EXPAND )':‘599 °
ATTACK TIME s-L 4.0 VR-C
EG-VCA DECAY TIME S-L 4.0 VR-C
SUSTAIN LEVEL 0-10 0-34 | VRB
RELEASE TIME s-L 4-0 VR-C
OUTPUT POA e o

The B0 different control voltages that can be obtained from the control
voltage parameter generator, are applied to the input terminals @ through
@ of the multiplexer. By subjecting these voltages to paralle! and serial
conversions, output voltages that vary at a fixed timing are fed out from
the COM terminal.

The figure shown below gives the basic ptinciple diagram of the multiplexer.

44y Parallel-in —» Serial-out
7 CONTROL
t
|
y X Vi INPUT f}(
1o
F— s g), CUTPUT
>
& vz 2 Y e d
s v VA
A 2 2 Vi Vi
; O V3
YR Ve Vn
z Va 4 % [y
i
| P ‘ D
! ; i N
! : i
H i
5
V-t fimi }
P (time)
. Z\m n q}

Contrcl voltage parameters

Multiplexer
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Parallel-In, Serial-Out } The term “parallel to serial conversions’” as used here refers to the opereation

| of turning ON and OFF n pieces of switches (having a common output)
\E\ in sequence at a fixed timing. Thus n pieces of data are fed out cne after
another.

10 in 1 out

The YM617 employed as the multiplexer is an LS! called as a SMD (Syn-
thesizer Mult/Demultiplexer}. Provided with 10 analog switches, it can mul-
tiplex 10 pcs. of data. The block diagram of the YM617 is shown below. In
the CS-40M, which empolys five YM617s, 50 parameters are fed out one
by one from the COM terminal at a 100us timing.

—— [
COUNT CONTROL START/STOP SWo i i
] LOGIC *‘——‘—‘"‘ i

Swi
,—mﬁd#—{’l] Dz

sw2 T |
— D3
T SWITCH CONTROL L
sw3 T ]
i
T (—#w{ D4
R O~7 SW4 T I
COUNTER '—“U——{bm‘
I bl |
SWE |
Te
S
W6 T I
.“-—__‘L_,« D7

SwW?7 T !
sw8 T !

R o~g
by ———{ ] Do
{

COU%ITER v - |
Vss ]
o T |
Voo {L !
____________________ A
SYo
PIN NAME DESCRIPTION PIN NAME DESCRIPTION
1 Ds 16 COM | Switch Common
2 Ds Switch Input/Output 15| Ds
3 D2 14 Ds
4 D 13 Dy Switch Input/Qutput
5 Do 12 | Ds
6 SYi Synchro-pulse Input 11 Dy
7 SYe | Synchro-pulse Output 10 Vob —10 volt power supply
g8 | Vss | +5volt power supply 5 ¢ Clock puise Input
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m  OPERATING PRINCIPLE OF YM617

Analog switch

5m seconds

When 1" (Vss) is set for the SYi terminal, counters 1 and 2 will start
counting. Counter | is a decimal counter that counts the pulses of Clock
®, while Counter 11 is a counter that further counts To (Trigger OUT) pulses
of Counter . The analog switches will turn ON and OFF one after another,
corresponding to the count of Counter . The duration of “ON" is syn-
chronized with Counter I's count of O through 7. After SYi = 1" is fed in,
SYo will become 1" after 100 bits following ¢. This data is transmitted to
the terminal 8Yi of the next YM617, In the same manner, it is possible to
switch the ten analog switches ON and OFF. The timing chart for this
operation is given below.

sy

SYi
(1c3)
SYi

i
J
(rca) [
I
SYi ! ﬂ
7
i

(1c5)

SYi
(1c8)

(+5 e
! Vi
| [

C{=10V]

+4v 1
471481498500 1 1213145 441451461471 48|49 50 |

N
w

oV

ek b 10048

As the programmer’s master clock ¢ counts at 100KHz, the 1-bit count
of Counter | is performed at 10us. Consequently, the analog switches which
correspond to Counter H turns ON and OFF at a timing of 100us. The
ON-duration will be the time it takes Counter | to count from 0 up to 7,
that is, 80us. Since SYO outputs pulse data after a 1ms delay following the
input from SYi, it means that from 1 up to 50 control voltage parameters
are multiplexed in a duration as short as 5ms in the case of the CS-40M.

; [ON
- & ; {OFF
T B0us T r ; lon
l i ; | i
: i {4 ]
SW ; d - - - ! FF
| § ; 4 i (ON
i ! l l !
Swe2 ; 7 | - . | HOFF
H N N H
i b 100 ] ! ! | X
! i i ! ! !
; ‘ | ? i ! ‘
. i § i i t
9 i H { ¢ i l H
SW ! ! ! ] ? ] !
! ! ! ] :
[ i I
sYo , - - : 4 f L
| | | ! | !
COUNTER ] 1012345678900123456789/0123456789(0123456789010123456789
i H f i { i
; i | ; { X
COUNTERT s} ! i i 2 : 3 ~8 | E] i
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4. FUNCTION MODE CONTROL SECTION

4.1 Mode Selecting Circuit

Y,
L
15>—2E N cshd Bs o s }022
g——z— o7 . ‘3IC213/4 @s @3’;5 05 coMBS—— to Fiterminal
?-—-Dé‘; @z o I " iz i 3 o
P {yoe g o2 DD P of YM616
@045917 QBDMO* (5 m?y-iDu R
03 w= - s ® 2307 [ Sameor)
1 g;o “w.\a‘m{‘z, ff aof® ;] + ¥ lise o) ,;;DLEDS ves b8 o
a8 :;: arx tof . (5 N C;K J > !
= a¥ D R
g (-3 Pry i £e 2 zg ‘ 5[{:21 'z 2% o4 M\mo [k
EN s La 3o K 7 b 10
é ol 5 Hor Cel3 X ml oy
s oS STK 3doe Py A 120as e o
E | o= e | Cale @
° Da e 4.7K i3 e g 4 <
12 0 5 s [ 0o = .
w D2 -\4\4’” k3 P aof® 3 « w§%‘,
o Gi a7k i o 12 e, %
o ‘\"\ ~4 G g DO ECE~ i
= =32
° M1 of &
* gMZ W 4,7k )
\19,‘ 47K
P
C}w ‘\Mi 27K v
S 4.7&(5
L | 47K .
D—w—g‘: o Synchronize Pulse
o
Encoding M By operating the program operating buttons on the control panel, the circuit
@ I supplies the timing data that are needed for selecting the mode into the Fi
| 1 terminal of the program controller {YM616). The following drawing shows
% | the layout of the function data that appears at the COM terminal of the
\u 1IC19 (YMB17). YMB16 will select the respective function modes in com-
pliance with these data.
8Y i
——————— i
Fi{Fo) Lisiw]r jvajvsfvelvi jvo NP
O
o ~1004%10 e
Function code | As shown in the drawing, the respective bits of the encoded 10-bit function
data have the following meanings.
L LOoAD ..., When 17, “Transfer data recorded (in STORE
mode) on cassette tape to RAM.”
S :STORE...... When “1°”, “Transfer data from RAM to cassette
tape.”
W WRITE . .. ... “Write A/D-converted data into RAM.”
P :PANEL...... “After A/D- and D/A-converting voltage parameters

produced with the panel control, add them to each
block.”

Va ~ Vo : VOICE . “After reading data written into RAM, according to
the selected voice, subject it to D/A conversion.”
Voices are selected by binary data”, Vo ~ Va.
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& NP @« .. ... Selects the number of voices and parameters.
1 1 20 voices and 50 parameters (CS-40M)
0 : 8voices and 32 parameters {CS-20M)
Voice selection (Vo ~ V4} is performed as shown
in the following chart.

VOICE Va Y3 Vs Vi Vo
1 ) 0 0 0 ]

2 0 0 0 1 0

3 0 0 0 1 1

4 0 0 1 0 0

5 0 0 1 0 1

6 g 0 1 1 0

7 0 0 1 1 1

8 0 1 0 0 0

9 0 1 0 0 1
10 0 1 0 1 0
11 1 0 0 0 1
12 1 0 0 1 0
13 1 0 0 i 1
14 1 0 1 0 0
15 1 0 1 0 1
16 1 0 1 1 0
17 1 0 1 1 1
18 1 1 0 0 0
19 1 1 0 0 1
20 3 1 0 1 0

4-7 Mode Indicating Circuit

Decording ! Function data fed in from the Fi terminal of the YM6186 is fed out from the
; | Fo terminal and applied to the mode indicator circuit. According to these
\\‘ data, the circuit will turn on the respective LEDs which light up correspond-
’ ing to the operation of the program operating button.
1C283/8
\ e
from Fo terminal 1 U I o e 1628 N
of YME16 R 2
ol L i ;.,Z{:zcgs
Y g SY1 o L%K ; ”5
s 3 i s
8 g g oz P ] Y E
e Y
5 e yss o3 f-2 L2 J
N w11 ER
! o
t b ! H :5§ }‘———«-~H j &
4 L—iKi« § “ T
-t »—L—D— pig+1] - o5 ﬁsL‘é( : %{>ﬂ:
! ’
4 i gea?\ !
il I I I P sf @ c oW 9 | et
Faati 3 . 5 osks ] s L
o7 PR 2l [ PR T PR ) ! S i ¢ (=8
Pl : S
o8 i W of O3y i 32 : 8l
Ll 8 oz | R 2 a
1c27 ofe || el EY
40 § [ 7 T i Lt
Pl : 115 ZLG
| 3 N E [T

B T4 R I g e
1C334 [C32%s
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5. PROGRAM CONTROLLER AND ITS PERIPHERAL

® Major Functions of Program Controller {YM616)

1) Function Mode Control . .. ... ... Determines the function mode of the programmer in accordance with
the 10-bit function code that have been fed into Fi from the mode
selecting circuit.

2) Function Mode Execution . ... ... According to the selected function code, performs exchange com-
municate of data with peripheral circuits and also controls them.

O PANEL Mode > A/D and D/A conversions, generates Sample and Hold data.
O VOICE WRITE Mode -  A/D conversion, writing into RAM, (address selection and data
output).

Reading from RAM, D/A conversion and Sanple and Hold.
Transfer from RAM to tape.
Transfer from tape to RAM.

C VOICE Mode
C STORE Mode
O LOAD Mode

R

® Qutline of Operations of YM616
The block diagram for the YM616 and a description of the terminals are given below.

., E CE’
Timing W
Signal |
Generator
. A0
!
A/D f:tr:;‘ertor s Control
Analog Switch Signal
A
/
Bo \\er

| Parameter| Voice Address |
| Decoder | Decoder | Encoder | ADDRESS
i 32 50 820 As
Serial-Parallel |——
Ci E;] Convertor _ b7
P
[ 3
‘ "/
co Paratlel-Seria! <,/L {
Convertor \\[“
‘ N
l DATA .
| | Do
Clock for [
Cassette {/F
| {C
} [JFo
| LOAD STORE WRITE  PANEL Va Va2 Vi o NP {
£ [_J‘}—— FUNCTION CONTROL l
| |
!
e o o e e e e e e e e e e e J
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Master clock ¢

Synchro puise - SY ___

Initial clock : IC

All operations of the programmer block are synchronized with the master
clock ¢ and the synchronizing pulse SY. As for ¢, the master clock frequency
of 100KHz is given to the entire circuit by means of the clock oscillator, There-
fore, the programmer’s operating bit is 10us.

Vss {+8v)
| i )
T 4 z

!

i

|

7K B20K
A
i i i
47K
—J LJ L—J ¢}
i ;
peans

O us

Voo (—iov)

Syncho-pulse SY is fed out from the SY terminal (Pin @ ) of the YM616
in synchronism with ¢. The programmer starts operating following the timing
at which these SY data are generated. The timing of SY is 5ms pitches.

The IC terminal (Pin (6)) of the YM616 will be activated simultaneously with
switch-on of power, setting the programmer to the PANEL mode.

+5v

A E%WER SW

PIN | NAME DESCRIPTION PIN | NAME DESCRIPTION
1 Vss +5 volt power supply 21 D % Memory Data Input/Output
2 Fo Function Data Output 22 D

3 CMP | Input for A/D Convert 23 De

4 Fi Function Data Input 24 | D7

5 SMP @ Sample and Hold control 25 Ci LOAD Data Input

6 iC Initial clear Input 26 w R/W Control

7 B (MSB) 27 . CE Chip Select Output

8 Bs 28 A

9  Bs 29 Al

10 By Bit Data Output 30 _A_z

11 Bs 31 Az

121 B, 32 éﬁ Address Data Output
13 B: 33 As

14 Bo (LSB) 34 A

15  —5V  —5volt power suplly .35 A

16 Co STORE Data Output 36 | As

17 Ds 37 | As

18 D 38 SY Synchronize Pulse Input
19 D 39 Voo —10 volt power suplly
20 D # 40 ‘ ¢ - Master Clock Input
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FUNCTIONI/O:Fi,Fo

7 By receiving the function data encoded by the mode selecting circuit into the

i
i Fi terminal (Pin (6)), the function modes of the YM616 are specified. At the
\Q same timing, function data are fed out from the Fo terminal (Pin (2)) to the

indicator circuit.

!
|
i

6. A/D, D/A CONVERSION CIRCUIT

The ladder resistor connected to YM616’s B> ~ Bg terminals (Pins @ ~ @) and terminals CMP (Pin @) and

SMP (Pin @), together with such periphery circuits as ICs 7, 8, 9 and 10, make up the A/D and D/A conversion

circuit. When in the PANEL mode, A/D and D/A conversions are performed, while in the VOICE mode D/A con-
version alone is performed. The basic circuit diagram is shown below.

Control voltage paramaeter:Vp —-——»:4, COMPARATOR S/H
I\ VA -

f' Ves(+5V) o sup
i
2r | <___J
T - a__fop\ Il N HOW TO CONVERTE
! £
R2 | b b7 This state can be compared to the following example.
or MsB)
U - T 8 bits (0 - 255) are used for expressing voltage from 0 to
b { L,: oq T b6 5 volt (Vss). Let us assume for example that 2.00 volts is
3 . !; ; fed in as Vp.
T = 2.00
ok b °< 1 b5 Since —220 _x 256 = 102, we shall consider it as 102
or | J: 5.00
;
(84 = 102< 128 ———— RESET ———————" 0" b7 (MSB)
RS | 1 b4 ;
T ERi ’ <} 102> 64 SET “17 be
LTI L 102> 64+32 “ 17 bs
rE | ”E"r o<} 1 b3 102<  64+32+16 S0 b
Rl g 102<.  64+32  +38 “ 07 bs
. :82 L, ng T " 102> 64+32 +4 NP
Tl 102=  64+32 +4+ 2 S by
AMRET! L [ 102 < 64-+32 + 4+ 2+ 0" bo{LSB)
R i b 404 T bi .
R L MSB Ls8
¥ ;BO '}' = As a result, 8 bits such as “0 1100 110" is obtained.
2R% ] 3 494 By 50
;ﬂ I ’; (Ls8)

A/D Procedures in the A/D and D/A conversion circuit, A/D and D/A conversion processing

is performed by comparing the voltage parameters that are sent in from
the multiplexer with the output voltages of the ladder network connected
to the B+ ~Be terminals of the program controller (YM616). A converting
system such as this known as a method of successive comparison. The opera-
tions proceed in the following sequence.

1. Synchronizing with the master clock ¢, the program controller (YMB16)
sets the B-terminals {from B~ downard) to “1" to generate the ladder
output voltage. (D/A conversion)

2.  After comparing the parameter control voltage with the ladder output
voltage by means of the A/D converter (Voltage comparator), the com-
pared results are fed into the CMP terminal.

V> Voa CMP terminal is “17 V, : Parameter control voltage

V, <Vbpa CMP terminal is “0” Vpa:@ Ladder’s output voltage

20



__ANALOG
7 voLTAGes |

|

[ DIGITAL VOLTAGES

3.

Sy

B7

B6&

BS

B4

B3

B2

BO

CMP

SMP

E3

When “1” is returned to the CMP terminal, it will cause the correspond-
ing Bn terminal to be held in the condition of “1" and “1" is set into
the next Bn—1 terminal as a result. When ““0” is returned to the CMP
terminal, the corresponding Bn terminal will be reset (“0”).

As for the output voltage of the R-2R type ladder network, Vss/2 (2.5V)
will generate when “1" is set in B7. When Bs is ““1”, the output voltage
will decrease at a 1/2-fold rate (2.5 V/2). As a result, the output voltage
{Vpa) that has become 17" is added.

The parameter control voltages will be compared sequentially in the
order from B7 down to Bo, the terminal at which, A/D and D/A conver-

sion will be completed. At this point, V, = V4.

After A/D and D/A conversions have been completed, the SMP terminal
will be set to “1”, causing the ladder output voltage to be “sample-
held”.

The above operations will be performed for all the 50.parameters, after
which, the process will be repeated again from Parameter 1.

Ladder output voltage: VDA

L 5 T
+4y 1 i e =
I ~——SAMPLING & HOLD .
[, i
i E—T - Jt
L / . =
Controll voltage ; .
parameter:Vp e . R
o4l 0 0 1t 1 0 0 0 1 0.0 1 1.0 1 L0 0 1 1
H i i
! | X ;
I | .
i 1 | o
-—_J Set ‘ ' L ‘ 0
N H 3
. Rest | | '
! !
r / . ] ;LJ o
| i ! .
LT o o+ I I o
i ' {
| ! |
I"—'"""——'-——-! H ! 1
! f ! ﬁ 0
I
i

100u S

{
i i ~ 1./
i l l [} § l l ’ o
[ } !
i H { i
! I l ¢ | m | 0
i § '
i i
i ] 7 !
i i { o
{ i i .
SN I U R A B A O | 1 .
! f i
ML M ‘
i i i
| | i °
i i i [
| i | °
| H i
0 ‘ j
? g |
; { |
i ! |

Parameter 1 Parameter 2
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7. MEMORY CIRCUIT, AND ITS PERIPHERAL

To enable writing into RAM (VOICE WRITE & LOAD Mode), and reading from RAM (VOICE & STORE Mode),
the program controller YM616 is provided with the following 4 types of terminals, which are either directly

connected to RAM, or connected by way of a gate ICs.

Addressing : Ao ~ Ao —_—
1

]
N
||

|

AN

|
@
]

Function code

Data 1/O : Do ~ D~

Terminals Ao ~ Ag (Pins @ ~ @) select addresses to enable data com-
munication with RAM.

In the case of the CS-40M, which has a total of 50 parameters and 20 voices
with one parameter corresponding to one address, a toral of 1,000 addresses
consisting of 0 ~ 999 is required. The following chart shows the starting
address of each voice.

STARTING ADDRESS

ddress NP=1, 20 Voices, 50 parameters Address
Voices Ag As A7 As As| Aa|A3| Az A1l Ao in Decimal
1 L L L L L L. L L L L 0- 49
2 L L L L H | H L L H L 50 - 99
3 L L L H | H L L H L L 100 - 149
4 L L H L L H L H H L 150 - 199
5 L L H H L L H L L L 200 - 249
6 L L H (H |H |H |H L H L 250 - 299
7 L H L L H L H | H L L. 300 - 349
8 L H L H L H [H |H H L 350 - 399
9 L H H i L H L L L L 400 - 449
10 L H |H | H L L L L H L 450 - 499
11 L H |H |H H | H L H L L 500 - 549
12 H L L L H L L H H L 550 - 599
13 H L. L H L H |H L L L 600 - 649
14 H L H L L L H L H L 650 - 699
15 H L H L H H H H L L 700 - 749
16 H L H H |H L H H |H L 750 - 799
17 H H L L. H L. L L L L 800 - 849
18 H H L H L H L L H L 850 - 899
19 H H H L L L [ H L L 900 - 949
20 H H H L H i H L H H L 950 - 999

The address is determined by the state of Va ~ Vo and L and S of the func-
tion code. For example, when the function mode is VOICE/WRITE, the
corresponding address is selected at the same time the voice address to be
memorized is selected. This will cause data to be written into that address
one after another. By contrast, when the VOICE mode is selected, the ad-
dress that corresponds to that VOICE No. will be selected, and data will be
read into that certain address.

Terminals Do ~ D~ (Pins (@ ~ (24)) are terminals used both for input
and output when data are communicated between RAM and terminals Do
=, according to the function code.

When, in the VOICE/WRITE mode, A/D-converted voice data will be fed out
to RAM. However, in the VOICE mode, the data of a selected address inside
the RAM will be fed in, and by being D/A-converted, will control the certain
blocks.
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W (Write) \.\, The W terminal {Pin o6 ) is an output terminal used for specifying whether
* WRITE {“17), or READ {*'0”) is to be performed for RAM.

CE (Chip Enable)

The CE terminal (Pin <@) outputs data needed for determining the state
of RAM. When in the 1" state, the RAM will be activated.
Shown below is a timing chart for these terminals.

2. VOICE WRITE MODE (B7 - BO and CMP timing are same as PANEL mode.)
Parameter Nos.

Parameter NOs P2 03 4 085 6 7 8 9 01 121304 15 16 (7 18 192021 2223 24 ~mw o 50
o f
AO Z’Iifill!llif!lll“”l!”L_-”L
Ao Ao e e I r

2 Z L L L L

Az 7 | l [ I
7 | T
A5 I
A6 A L
IS | I
A8 A L
A9 E T
AMA9~a0) [ Parameter 1 Y Parageter 2 Y Parameter 3
D ouT : i v Data write
(o7~p0) 7 /4 Z :

t 1 i
W ! 1 1!

; T T

! i i

3. VOICE MODE (A9 - .:a\o are same as above.) | Data read

i
: H
N i
: |
DIN ' 4. M

(D7~D0O) f .

| I i |
B(B7~BO) | L 5 Lﬁ o

! !

; ! ’
W | : °

i
|
| ' !
b 100uS i
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® RAM (RANDOM ACCESS MEMORY)

RAM, which stands for Random Access Memory is an IC used for memory and can READ or WRITE freely into
any desired adress of the large number of addresses. Here, we shall describe the RAM employed in the CS40M,
that is, the M58981845, which has a memory capacity of 1024 words x 4 bits.

1. Memory capacity required for the CS-40M

1.

W b

The number of voices that can be memorized:
The number of parameters that can be used for composing one voice:

The parameter control voltage is memorized into the RAM, after being A/D-converted into an 8-bit digital

data.
The memory capacity required for memorizing CS40M’s 20 voices will be “8 x 50 x 20 = 8,000 bit = 8

20 voices
50 parameters

Kbit = 2 x 4Kbit, meaning that two RAMs, each having a memory capacity of 4Kbits are needed.

Similarly, in the case of the CS-20M, to memorize the 8 voices and 32 parameters, a memory capacity
of 8 x 32 x & = 2,048 bit = 2Kbits = 2 x 1 Kbits are needed, or two RAMS, each having 1Kbit, are needed.

2. Address Selction and Take-in of Data

The following figure gives the block diagram of the M589818-45.

~
i
AOC \
4 «
/ x 2
/ gu. 20 &4 )
{ g:% o /
\ 0 g /1 1024words x 4bit
As —l
/ RAM
l {16Column x 64 Row)
As 1 2e 2 &
) Suw 35
) Se 20 |
/ i o] 6
! - - /
1~ 33 oG /
A9 oo On /
| -
el /‘ e y
) / Dw
{ { by AMP,
A \ D
/04 [ \— 33
L
; i :
R/W ; i
. o
| | R/W
i ] CONTROL
i | — e

Address selection is performed by using the binary data fed in from the 10 address selecting terminals (A0 ~ A9)of
the YM616. That is, since it is a binary number of 10 bits, the 10 address inputs may be divided into six row inputs
and 4 column inputs, that is, into a matrix consisting of 2% = 64 rows and 2* = 16 columns. This matrix will
determine which of the addresses from 0 through 1.023 is to be selected.

With regard to data, it is possible to memorize a 4-bit data for one address, since there are 4 data inputfoutput
terminals (I/O 1 ~ 4). As it incorporates two M58981-45s, the CS-40M can memorize data of 20 voices x 50 opera-

PIN  NAME DESCRIPTION
| As
2 As
3 Ay
4 As Address Data Input
5 Ao
6 Al
7 Az
g8  CS Chip Select Input
9 GND 0 Volt
10 R/W R/W Command Input
I 1/04
iz 1/0s
03 1/0s Data input/Output
14 1/01
5 As
i6 As Address Data input
17 A
18 Vee +5 Volt Power supply
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%

meters. Address data A0 though A9 that are sent in from the program controller will select the same addresses for
the two RAMs. The 8-bit data from Do to D7 will be divided into two groups, one consisting of the higher-order
data, D7 through D4, and the other of the lower-order data, D3 through Do, and will be fed into the two RAMs, In
other words, by using two “1,024 words x 4 bits” RAMs, a RAM of ©“1,024 words x 8 bits (8-bit data can be memo-
rized into 1.024 addresses)” can be formed.

3. Operation of M68981-45

In the M58981-45, the data terminals are used both for input and output.

In the R/W terminal state, R (READ) and W (WRITE) controls are effected. During WRITE, the address is selected
by address data A0 through A9. When the R/W terminal is brought to the “L” level, it will cause data of the I/O
terminal of that certain time to be written in. On the other hand, during READ, the desired address will be selected
by address data Ao through A9 and by bringing the R/W teminal to the “H” level, the data of the selected address
will be be called out to the I/O terminal.

CS (Chip Select) is an input terminal that determines whether to bring the RAM to an active state or to an inactive
state. When this terminal is brought to the “H” level. it will put the RAM in the inactive (stop) state where it will be
impedance state, The R/W terminals are controlied from the W terminal of the programmer controller, and CS (Chip
Select), which will be set to the “H” level when the voltage becomes in stable during switch-on and switch-off of
power, serve to prevent erroneous operations from taking place by disabling operation.

Hints This state of the RAM may be likened to two massive, 16-storied buildings

such as shown in the drawing. Each floor will have a number of “4 rooms x
64", with 8 rooms forming a compartment. Each compartment is given an
address such as G, 1,2 ..... starting from the left end. If we decide to have
1" indicate the state in which each room will be lighted, and have “0”
indicate that in which all the lights will be out, it will be possible to express
the state of address “0”, for example, as “10100101”. In this way, every
address can be selected by specifying how many doors down from the left
end and on what floor it is to be found. The BAM is a memory element
that can turn on or turn out (WRITE) the lights of the 8 rooms of whatever
address, and can examine {READ) the condition of lighting. Naturally, if
the power supply to the building is interrupted a blackout cannot be avoided.
But RAM is prepared for this situation too, as it has a battery to keep power
supply uninterrupted.

ASame address,

A __ > One paired by
_,M g4 two buildings.
A S I -
: ﬂm\“ﬁ . - Addr, 63
TN N <
gt Y A -
Upper address O | 2 &3 T Adddy. 1023
8 5 2 -
S 8 5 S T ; Lower address
S & & =
3 & 8 ;
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8. CASSETTE INTERFACE

8-1 STORE Mode

3KHz tone burst A clock oc {f = 3.125KHz} whose frequency is 1/12 of that of the master
clock ¢ is constantly fed out from the Co terminal (Pin (16)) of YMG16.
When the STORE bit of the function code is set to 1", the data memorized
into RAM will be fed out from the Co terminal in the form of TONE BURST.
Fig. 1 shows the output timing of STORE data.

{Conception of bit in the STORE mode)

Basic clock ¢c= 320us
1 Bit = ¢ x 32 clock
1 word = 12 bit {Interval needed to STORE data for a parameter)

When all voice data have been stored, the function mode is restored to
PANEL, and with this, STORE operations are completed.
The following chart is the STORE data timing chart.

e l l l l l l ‘ ’ l | l _____
Starting “STORE"

STORE

) ., Start bit “0*
Start bit 0" Stop bits 17"

+5v / /'
Co o l ‘ ‘ ! l ‘ ‘ ‘ l l l l—mmi ‘ l I J—ILDO Di|oelos|naloslpslor| " od o |o2|os
-5y

{

v
Always output as "PiLOT". +

e I WORD (12Bit) e

j
ADDRESS indefinite Addr. 0, Voice 1, Parameter 1 I Addr. 1, Parameter 2

i

\

A —

- 0 x3 o}
Do='t' 0i='0! paz't' D3:='Q’ Daz'0! ps='i’

Time for STORE & LOAD N {Time required for STORE)

i

1 bit = ¢c x 32 clocks = 320us x 32 = 10.24ms

1 word = 12 bit x 10.24ms = 122.88ms

For 20 voices and 50 parameters . ...... Slightly more than 2 minutes
For 8voices and 32 parameters . ...... 32 seconds
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8-2 LOAD Mode

Into pulse 1 Data recorded on a tape in the STORE mode, after being fed in from the
% i C1 terminal (C2-1) of the PGM c. board, pass through the waveform shaping
\Q circuit, and then are fed into the C1 terminal (Pin 25)) of the YM616.
The following chart shows the timing of LOAD data input.
Adjust optimum  Starting “LOAD" (depress LOAD and WRITE button simultaneously)
input level. '
LOAD E
;{Loa_d 'eve'. . \ Start bit Stop bit
\Indicator lighting level/ ~, A
+5BV §
Ci{TP5) o - DO |Di [D2 [D3|D4 |D5{Ds |D7 Dot {D2|D3 (D4 |Ds
-0V .
RESET-START START
- LRI IS IELK LK 2%
SOl R D D DD O E I KN DR B GE
:P- Parameter 1 ———» ;—-—-—-« Parameter 2
Do e HEREEEN HEREN
pulse
w [
Start bit When the function mode is changed over to the LOAD mode, the START

bit will cause the address to be reset to address ‘0" (The location to memo-
rize data of parameter 1 of Voice 1, in other words, the FEET of VCO 1.).
In this way, loading begins, starting from Parameter 1 of Voice 1. When
LOAD for Parameter 1 is completed, the address counter will stop for the
duration of the STOP bit. LOAD will be restarted with the next START bit.
In this way, LOAD operations are performed for each voice. When LOAD
for all the voices are completed, the function mode is restored to PANEL
to complete LOAD operations. The time required for LOAD is the same as
that required for STORE.

= WAVEFORM SHAPING CIRCUIT

+5v +\5V +5v  +5v +8  +8y

to Ci terminal
of YM616

ci . -
+ 00056

from Cassette §i x4 +5v

TONE BURST L.oad level

indicator

- iév ~i0Y
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Waveform shaping

TP5

The signals recorded on a tape are, as mentioned earlier, tone burst signals of
3.125KHz. That is, burst signals will appear when the data is 1. When it
is ‘0", which is a NO SIGNAL state, recording will take place. At the wave-
form shaping circuit, this signal will be converted into digital data.

LED light up. LED fight up.
* t
Cutput from ~ B
cassette tape
T sV
TPB l
COTl =10V

When the output of the taperecorder is adjusted while the piiot signal is
being reproduced and when the optimum input level that permits LOAD
is reached, TP5 will become 1" (+5V}, causing the LED to illuminate. In
other words, it will be “1” when the clock is being generated, and will be
“0" during NO SIGNAL, the state which permits data to be loaded.

8-3 Input/Output Characteristics 0f STORE And LOAD

9. DEMULTIPLEXER

Serial-in paraliel-out

28

The characteristics of the “TO TAPE' and “FROM TAPE” terminals on the
rear panel are shown below.

TO TAPE QOutput impedance 560 o
Output level 100 £ 10mV,
FROM TAPE Input impedance 560 o

Optimum input level 0.5V,
(Should permit LOAD at
100mV ~ 1V, ,.)

The demultiplexer may be considered as being a unit for which the input-
output relationship of the multiplexer is reversed. While the muiltiplexer
performs PARALLEL-IN and SERIAL-OUT operations, which consist of
feeding out a plural number of voltages that 'generate simultaneously, after
arranging them in sequence at a certain timing, the demultipexer performs
SERIAL-IN and PARALLEL-OUT operations which consist of converting
the input signals (arranged sequentially at a certain timing) into a plural
number of output voltages.

The following chart is a timing chart of the parameter control voltages that
are obtained at the COM (output) terminal of the multiplexer and the COM
{input) terminal of the demultiplexer.

« M :

SY
Parameter 50 | . av
gParame‘cer Parameter 2
Multiplexer 1
COM terminal l l [————-] .
B 3 F—T ov
b BOpG= ! !
| j
4y
. Para Parameter Parameter 2
Demulticlexer meter [ 1
COM terminal 50 E i J__S___I
i i
- ov

H {
L4_|Gc“5_—.l




As will be seen from the timing chart just given, the control voltage para-
meter obtained at the COM terminal of the demultiplexer has a delay of
80us compared with that obtained at the COM terminal of the multiplexer.
This arrangement has been taken because 8 bits are needed for performing
successive comparison at the A/D, D/A converter, so that the S/H gate opens
at the 9th bit,

B S/H, Output Amplifier

Hold 11 In the demultiplexer, a voltage parameter having a width of 80usec is fed at

a timing of once every Bmsec to each cutput terminal. Therefore, it will be
necessary to hold this pulse and convert it into direct current in order to ap-
ply this control voltage to the respective blocks. To achieve this, high-im-
pedance buffers, or amplifiers are connected to the output terminal of the
demultiplexer to have the capacitor perform HOLD (smoothening) opera-
N tions. These amplifier comprise 3 types, two of which, function as DC ampli-
N fiers.

Demultiplexer Qutput Waveform

el
4y T
]

i

i

BOusec —]
Q4 l I {4 DEMULTIPLEXER OUT

| 7
|

Smsec

Rz

ai - %2 to each block
FROM DEMULTIPLEXER p?

: RIHR2
posd [ =T P ALRALSN
e0=ei-S
Integrated Waveform
€o
I
|
H 5
i
| ‘_’
i
AMP | AMP 2 AMP 3

M i i
§i x S+ X iz
T @ 5T @ G T
()
-rirr ﬁz‘ ‘ir r ks
2.5 times amp, 3.2 times amp, Buffer amp,
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KEYBOARD

BLOCK

Circuit

Octave & note

The CS20M is composed of 37 keys and the CS-40M of 44. We shall explain
the kevboard, taking the CS-40M as the example.

[ [ — . i ~
g E 2 z E Iz
o . e o o o s ) e o ] o e o e o oy
7 j T 7 T
22 §{C32’-3} géaé«m gassszws; igg&é-a; §§52-7> ;mae—s; §
Az B2Cs [CF  F3 63 Ce G4 Fe 64 Cs 0F  Fs*lGs  Ce
‘F St B S A S e %’~~~~2 = i 5
o Pl | I [ | LI
o o o & & of & & & &1 6 é = (RE) @2
L e UNE NS
(o1 BEel B el (93 [s! ? ? ? Qe el Y i L
H i i YE 84
L-—-% % 3 i“”““: R | #" ¥ - —¥ %‘—““L $“"“ i GR: - BS
: ¢ ¢ : i (8E1 . BE
| P B
- o B emges
1 § Ni
é ] (GG} N2
; sgy N3
n@num—uummmmmmmmmmmﬁmmm-mummmmmmmm-j (PR NG
M (BR;  NB
&E (RE)GNG

Diode matrix

As will be seen from Figure, in the keyboard circuit, the key switches are
divided into semi-octave blocks (B1 ~ Bs) and “Semitone x 6 note blocks
{M1 ~ Ns) in order 1o detect the key that has been depressed.
When a key is depressed, it causes one of the semi-octave blocks to be con-
nected with one of the note blocks by way of a diode. As a result, it is pos-
sible to know which key on the keyboard has been depressed.

i
|

%ZJ
i3

bl
i

4

5

pee—B 35—y

One octave consists of “A seminote x 127,
Here, one octave is divided into semi-octaves,
that is, "A seminote x 67

In the CS-40M, sami-cctave and note
biocks are allocated as shown in the drawing.

i
s i

NS NG ;NB',

qu
|

For example, when the key 28 is depressed,
B2 and N6 will become conductive,

¥
b p g —

\Q Such a circuit is known as a2 “Diode Matrix Circuit”.

The circuit may be also written in the
graphic expression as given below.

Bt B2 B3 B4 B35 86 87 RS
n
NZ
N3
N&

S

M5

- Such a circuit is known as

| a Diode Matrix Circuit,
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KEY ASSIGNER BLOCK: SK BOARD

Circuitry

The key assigner circuit is composed of the LSI (YM615) located on the
SK c. board and the its periphery circuits. The YM615 is capable of control-
ling inputs of 49 keys. Of this controlling capacity, the CS-20M uses only a
portion for 37 keys, and the CS-40M a portion for 44 keys. This being the
case, it should be understood that there will be some difference between
the actual circuit and what is explained here.

A

ra—

5
v Initial Clear
o Initial Clear
‘fz‘; ' /
T lgdat o>
v*x % 3
- & ~
aTEl - o D
1 oV YM-615
e ¥ +5 +5
Key Assigner %}.
71T e . L
- = v
10— ic“ Voo 40 r:—so'f F Qutput
- T Ae10
B .
- arop A e ‘:z; ‘128‘2 }Tngger
L0 o SN [IPSRYO SN ) Kev Vol
a70 e 4 €83~ crz CH? ey Voltage
4707 i wea Do pm
4 azor i s amf @100 @ 29.94K
~ a7op 1 xge & de $@100 B 20.94K
&.;' arop At 0], 0. “ o ®i100 ®29.94K
@ 4 7 b 30 3@t00 B2s.
from Keyboard < sror it Jaws oo PUIRME I Reference voltage
s7or 4 KNG D 6-cB - for D/A,
(CE-13 470P 4 Nt —ocs V'
ics-2) (" arop iy .;Nz D sen i@k B8.2a3K
(€5-3) J azop i Kn3 oce Gk Bezazk
(CE~4) a7o P ik Kne bes FB K @843k
(L5 -5) t a7op i K ocs B B B243K
L cs-61 avop - Kne oc 3 @i B B243K
c; Bk B8.z43K
20 Sso OC‘E 21 3Bk B 8.243K
45 ng ‘ B Be4arak
-1 2 |
J 87 j 2 i} | ’ -
o &Nc c3 , T | |
s (C3-23 y
[UNiSON s ] oo |
(s5)  oF T NT
~ ] |
-0 -ie IC9 5.01
e ., Buffer amp.
. :—3 A’; ot At—l}—}
VLT t 1%
b N
T L
from PORTAMENTO Clock VCO (IC3}.
PC clock
POR ON/OFF SWITCH ¢

1C9 bocomes “CN’* when the portamento control set slower.” —W
AN

“L" enable.

Generates Refernce voitage to apply D/A ladder network.
Key Volt Generator
(PITCH BEND

+18

+ 15

0008

&

@198
@av6.8 ¥
B1.008%

B13x

B4i2.6

®252.6 : et
ool i & 800K

B334.8 [¢] f"“'vgg

®ax ] © 5 * After detecting the highest note and lowest note o
[ the 49-key synthesizer, the circuit generates in
+15 addition to the VCO voitage {Key volitage) that is

needed to produce the sounds of the two notes
simultaneously, the CH1, CH2 and KEY ON signals
{Trigger), KO1 and K02,

* As functions, it has Portamento effect (PC) and Poly-
phonic/Monophonic {MP} function.
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Major Functions of Synthesizer Key Assigner (YM615)

D

After detecting the highest note and lowest note of the 49-key synthesizer, the circuit generates, in addition to
the VCO voltages (Key Voltage) there are needed to produce the sounds of the two notes simultaneously, the .
CH1, CH2 and KEY ON signals (trigger signals), KO1 and KO2.

2) As functions, it has Portamento treatment (PC) functions and Duophonic/Monophonic, 2 channel selecting

(UNISON) functions.

1-1 Pin Connections And Basic Circuit Compaosition

<<
3G

|

BlElEEEEEEFER AR

B
e

l

KBn-

il

[ - T B I B S A VR

KNnH

Key Voltage

Trigger

Mo — g

lt.ﬂ,_lL...r

sfeuluiis L v/a

(YM-615)

.-

it

sieuiune ] v/a

KOn

9]
=T
=

ALON -

FAVLDO

PINNAME DESCRIPTION PIN NAME DESCRIPTION
1 | Vss | +15 volt power supply | 21 | OC1 |
2 (I C Initial Clear Input 22 0C:
3 PC | Glissand Clock Input | 23 0OCs
4 KBl 24 OC4 OCtaVe
5 KB 25 | 0Cs D/A Terminals
6 | KBz 26 0OCs
7 KB Semi Octave 271 0Cr
8 KBs [ Codeinput 28 0Cs
9 KBs 29 G-C*®
10 | KB> 30 G*D
12 | KNo 32 | A*-E D/A Terminals
13 KN 33| B-F
14 | KN: 34 | C-F*
15 | KN3 Note Code Input 35| CH: } KV (Key voltage)
16 KN 36 CH: J Output
17 KNS 37 KOZ } KON (Trigger)
18 KN 38  KO; J Output
19 00 ] 39! Voo —10 volt power supply
20 1 OCo | 40 | ¢  Master Clock Input

As for channel assignment, the KV signals are assigned in the order of key-
off. However, when the next depressed Key is of the same pitch (key on
again) of the key whose key-off has just taken place, the KV will be assigned
to the same channel.

When a new key has been depressed and if the mode differs from that of the
other channel, the KV is fed out. At key-off, the last data that has been
fed out will be held. And UNISON switch is on or single key is depressed,
KV will assigned to both CH1 and CH2,

When two notes are depressed at UNISON switch is off, both KO1 and KO2
will become ““L" , whereas when only one note has been depressed, “‘L"" will
be fed out to either CH1 or CH2. When the key data has changed, as when a
key of a pitch higher than that of the two previously depressed keys, the
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output will once become “H’’ and then after several mili-seconds will change

L "
L to LT

When the key is released, the output will change to “H".

Timing of “Key off”

H

! ; several mili-seconds ‘

1-2 Block Diagram of Key Assigner Block

Y
M
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& o

UNISON (i/

PORTAMENTO

COMPARATOR

KO1
! KEY ON CRANGE REY OFF
Ko2 )
' KEY ON : KEY OFF
s ® @ @ ® ®
— é ] \
// / | |
O = 0 o o O {3 & =
t ! oy P i
ON ON Change~- 0N OFF Now OFF OFF
45 -0V KOI K2
A~ C,R for INITIAL
! CLGCK CLEAR | T
1 \\® KON A
; ! BUFFER
; Vss Voo & ic LEDI AN LEps
KOs ) ‘[
KO: N ﬁ
YMB15 1 L
CHy
o Y PORTAMENTO % S/H
5C 0C: ~0Ce CF3~GCE 00 i v v
T KVI Kv2
OCT. ~ | |
b/A ] % Buffer amp.
— 2bits |
i
.
OsC
) i
Lo L #

S /“% ? —

PORTAMENTO/GLISSAND

PITCH BEND
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OPERATING PRINCIPLE

N The Inside block diagram of the YM615 is shown below.

S——

Ko ::> NOTE

v ENCODER ‘}
5 | :

v ¥

KB1 — i L\
OCT4 7bits x 2 ADDER C\ 7bits x 2
Koe :> ENCODER AL> LATCH L ) RecisTER / /] REGISTER

=
FUNCTION
- SW MEMORY
7*;3"1%9{
@
Koo LOAD KON ‘ NOTE/OCT crl
CONTROL DCOMPARATORCD Aiadl
K02 o] LOGIC f——0 CH2

T

PORTAMENTO TIMING
CONTROL CLOCK

SKA Functions

Inside the SKA, all processings are performed in synchronism with the period
of the timing clock generator. The substance of processing can be largely
divided into the following 4 groups:

1. Encoding of key data

2. D/A conversion

3. Grissando (Portamento) Processing

4. Function Control

1. ENCODING OF KEY DATA

Encoder Semioctave data inputs, KB1 ~ KB8 and note data inputs, KN1 ~ KN6
that are fed out from the keyboard circuit are encoded, by encoders into
4-bit and 3-bit binary numbers, respectively. After being encoded, the total
7bit data (4bits plus 3bits) are sent to the latch® where they are descriminated
by the LOAD and KEY ON control logic as to whether they are pitch data of
the highest note and lowest note, or not. If they are descriminated as
necessary data, they are sent to the register®* of Ch1 or Ch2. At the same
time, the Key On Trigger signal is fed out to KO1, or KO2.
These operations are all performed in an orderly manner at high speed,
synchronizing with the timing clock.

* Latch: A place where digital data is held temporarily.

** Register: Similar to the 1C memory, it is a place where data is memorized.
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Coding List Key data that have been encoded into a 7-bit binary number is processed in-
side the SKA in the following manner. When KNO and KBS, or KNO and KB7
become conductive when the FET switch is operated, the lower 3bits will
become “000", so that the key data will become a code that represents the
function, that is POR {(Portamento processing}, or MP {Mono-phonic 2 cha-
nnel). This data will be processed in a different way from which the code
denoting the pitch is. When the lower 3 bits of the note code data are not
000", such correspondence as shown in the Note Code Data Chart will be
established between the data and pitch.

Semi-octave data Semi-note data
BLOCK Ba Bz B2 B1 NOTE N3 Nz Ni Decimal
KBS 1 0 0 O KN6 C-FF | 1 1 1 7
KB7 o 1 1t 1 KNB B-F 1t 1 0 6
KB6 o 1 1 0O KN4 A#-E 1 0 1 5
KB5 0o 1 0 1 KN3 A-DF | 0 1 1 3
KB4 0 1 0 © KN2 G*F-D 0 1 0 2
KB3 0 0 1 1 KN1 G-¢¥ 0 0 1 1
KB2 6 0 1 0 KNO PorMP| 0 0O O 0
KB1 g 0 0 1
KNO T in the case of CL {Lowermost Key: C2, KNO and KB1 conducts), the lower
\lE 3 bits will be made “111" {as with the C-F# channel)} to descriminate it from
POR and MP. The CS-20M and CS-40M, however, do not include the CL.
Key Data J 2 Key data and functions obtained from matix KNO — KN& and KB1 — KB6
N are as listed in the following table.
Gs | G5 A3 | A3 | B3 | Ca | KB4
il e | DF | Ea | Fe  FA | kes5
k=3 ko3
Ga Ga | Aa Aa Ba Cs KB6
MP | cE s | 0f | EsF Fs | PR | kBT
POR| Gs | Gf | As | As | Bs | Ce | KBB
marked notes are not used in the - - -
CS-40M. Further, B855%% marked notes KNO | KNI | KNZ | KNS | KN4 KNS | KNG | g <
are not used in the CS-20M,
Function Data The 7-bit coding just described can be summarized as follows:

in the note data, the semitone between A and AF (D# and E) are denoted by
011 (3)” and 101 (5)”, respectively: 100 (4} is not used. In other words,
when considered in relation to POR and MP function codes, it means that the
7-bit data whose lower 2 bits are “00° are not pitch data. A 3-bit binary
number can express 8 numbers of from O through 7. The 6 notes of
semi-octave are expressed by excluding two of them, that is 000" and 00",
and using just six. It can be processed as a continuous 7-bit number by
adding, or subtracting “2” right before, or after, the point where the lower
two bits become 007, and using this together with the upper 4 bits. This
point is an important point in Glissand {Portamento)} processing,
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2. D/A CONVERTER

This is a digital-to-analog converter circuit that genetates the key voltage that corresponds to the encoded key signal.
Together with changes in the pitch, the frequency will change in the manner of an exponential coefficient. In this
way, the converter is composed so that voltages that are proportional to the frequency variations can be obtained. It
consists of a D/A converting section for semioctave data and that for note data.

Ladder network The voltage sent in from the PITCH BEND control is divided in the manner

of an exponential coefficient by means of the ladder network, after which,
it is applied to the INPUT terminal of each gate.

This wili cause the gate corresponding to the key code signal to open and
select the required voltage. This semioctave voltage is applied to the ladder
resistor for note data by way of a buffer amplifier, and voltage selection is
performed in the same manner to obtain the required key voltage.

If, for example, 4.00V is applied from the PITCH BEND section, voltages
such as shown below are obtained.

Terminals 0Cc8  0OC7 . 0OC6 0C2 | OC1

Voltages 4.000]2.828  2.000 0.500/ 0.354
v \\\‘/ v

As will be seen, an octave relationship {x 0.5) is established between every-
other two voltages. Here, let us consider the case when 1,000V has been
selected and applied to the ladder resistor for note data.

#*

Terminals } C-F# | BF A*.E AD#* | G¥.D | GC¥

£
1
%

0.9439 | 0.8910 | 0.8410 & 0.7938 | 0.7493
R

Voltages

Letustake C-F™ 1o B-F# where only one step of the steps of the ladder resistor
has been passed. For example, the voltage has become 0,9438 times the former
voltage.” Since one octave can be divided into twelve semitones, if we assume
“ the voltage will become 0.9439'%= 0.500 after 17 steps have been passed,
we can see that the 0.5 (times) octave relationship is indeed established,

R-2R D/Amothod “XJ7 Although it differs from the actual circuit, let us suppose a D/A converter

N in which an R-2R relationship is established as shown below.

Ein / 7 ‘
: i
s || T . )
R e
o =
f 4 — i oL
! O
| T R GATE
;2R M CONTROLLER
: ) ;
; :
P ‘
: : ) aden
, 2R | m
=)
— 2R
{ i
| N f{ " .
. J’:,E/é Buffer Amp
=R oken
R 1 1 £ out to next stage
o ;
o)
Ee Only one of them will turn on, V
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n=1/2 (n-1)

® As the voltage at Point (n—1) is divided by R and R, the voltage at
Point (i) will be one half of that of Point (=1 .

® Further, the synthetic resistance (2R and (R + R)) of the 3 lines ground-
ed from Point (n—1) shall be R. Consequently, the voltage at Point
(n=1) will be one half of that of Point (0—2).

® Similarly, as the synthetic resistance of the 5 lines grounded from Point
(n=2) shall be “R"’, the voltage at Point (0—2) will also become one half
of the voltage at Point (n—3) .

2R ZR
Y Resistance of these groupe are...
@2 zg ,
2R s ya 2R
A / AR
n-2) 2R e —
i = 4 — po—
Pt P
(CET A — —
! U g i R R
! Ai, ] Therefore point (n-2 shall be R.
Py
. v

In this way, we can see that the resistance grounded from @ , (=D,
=2 -« (1) are all “R” and is one half of the voltage of the previous
step. In other words, for a ladder resistor having a R-2R relationship, no
matter howy many steps may be added, the relationship will be always estab-
lished. This means that a D/A converter having an octave relationship where
the voltage will be 1/2 has been established.

The D/A converter employed in this synthesizer, is set to a resistance that
will enable 2 1A/2 and 1/2'? relationship to be established, instead of a 1/2
relationship. But the operating principle is exactly the same.

Meanwhile, as the resistors to be used for the ladder resistor are components
that assume great importance in determining the accuracy, Class B (0. 1 %)
metallic film resistors should be used.

3. GLISSAND (PORTAMENTO Processing)

GLISSAND processing is performed inside the YM615, while PORTAMENTO is by the integrating gate. The basic
circuit is shown below.

r-————— e e =1 B
| cComparator, adder etc. [ %ﬁié
| l L
oct :r_—> GLISSAND : /A L= CH2 }
| CONTROL
R
FUNCTION CONVERTO |
note l L]
| CH! i - 470K
M BUFFER
| | L]
AT - WY LA A AC IS g S, ~ T . I\ to
Wl ® 3.3M L/ S/H
fs) f =m0.033p
| |
s | 18
GLISSAND ! | 5 7
SPEED /\\
CLOCK A A /C\ COMPARATOR
Voo AR A AR NCT effected.
I % } I Glissand SW ON or the highest speed.
c.v. v i Portamento
F'_‘“J \/_—’L A
+iev COM-_STATE| State 1 State 2 State 3 State 4
! PARATOR 4.6V 3.3V~ 0.6V~ 5.7~ ~9V
w’% VR4 GLISSAND io PORTAMENTO a 0 | i |
g T b i i 0 ]
i | ¢ ; ; ! 0
A
-9V +5Y Fast. Stow.
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Glissand

D/A Output voltage

CLOCK
FC

Integration

Semi-note

—
L]

kSpeedy

When KBSY and KNO become conductive, it causes the GLISSAND circuit
to be activated. Glissando is the effect achieved by varying the tone’s semi-
tone steps when moving from one pitch to the next. This pitch movement
is performed by performing digital operation and processing which consists
of adding or subtracting “1”, or 2" to the 7-bit data that has been encoded
inside the YM615 (Refer to Page 34).

The GLISSAND circuit compares the new tone with the previous one and
if the two are of different pitches, it detemines whether to produce an UP
or DOWN Glissando effect, depending on the relative level of the two pitches.
When the voltage that is equivalent to the data is fed in from the D/A con-
verter, the circuit counts (adds or subtracts) the 7 bit data one after another
until the old data agrees with the data of the new pitch. The circuit stops
counting at this point. This means that Glissando operation has been com-
pleted.

As the speed of the count, or in other words, the GLISSAND speed is set in
accordance with the speed (frequency) of the clock {(PC), it is determined by
the relative level of the DC voltage that is applied to the VCO for the Clock.

RES!STORIO 1 00610 1! Memorized previous data.
i

After comparing it with the previocus

i
e
COMPARATOR data, the circuit counts until the new

. agrees with the previous one,

Add o011 1 0 1 When the 2-bit is to descend from
I I A 3
00110 11 When the 2-bit is ascends from
11T+ 2,
0011010
Subtract 0011001
Oct. 4-bit Note 3-bit

: The cliock frequency is determined by voltage control
1 effected by the VCO (IC3).

This circuit is used for producing the PORTAMENTO effect. The PORTA-
MENTO effect is the smooth gliding effect that is produced when moving
from one pitch to another. Generally, this circuit is realized by making
use of the time constant of C and R. Set the time it will take the note to
change over completely to the next note to a value that suits your taste.
This is acieved by making “R’’ variable. As a result, the time constant will
change.
For this synthesizer, it may be thought that the movement is smoothened
by applying the Glissand effect first to remove the corners using the time
constant, For this reason, time constants are selected in stepped succession
in accordance with the GLISSAND speed.
This selection is performed by first detecting the GLISSAND voltage (voltage
selected with the PORTAMENTO SPEED control} with the compartor and
then switching the FET gates On or Off,

BUFFER

iN ouT
R

L
i

No Effected Giissand Portamento
(a) (b} (c)

State 1 State 2 State 3,4
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4. INTEGRATE GATES & SAMPLEHWOLD -

ITRIGGER BUFFER &l

Kol B Y =i LFO REPEAT
Koz TP T | CONTROLLER
<1<l [T E-3 s i o b T
i e : Ve
Key Voit [ i
e Burtar L‘i“‘”) Key Voir /4
gy H YR
7 cHi [ : to PA ¢, board
i i
} ij oo — e Koy Volt CH1
% ; il —iov
Key Voit from YME15 4 s : ¥
] ; sam I
i b ¥ I
| ST s o L SUSTAIN
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Clock OSC Porrement [ Ennx = Key Volit 2
RTan o
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; [ASa S . o ¥y
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iz g‘g Key Voit §7H
. 1. Switching of integerating gate.
i The DC voltage obrained with the PORTAMENTO/G LLISSAND
PORTAMENTO! | H i
ééﬁf’s’s“&%ﬁ“’ el oE peex H . ,1—63———; pa SPPED lever is first detected by the comparator. Then, the integ-
VR4t e ! W? ! rating time constant is changed over in accordance with the
I x4 3+ i | t speed level using the FET switch of 1C6. There are 4 states based
i L ; | ! of the speed difference,
o ez +e ” ! ! 2. S/H Circuit
O Tet H emls ' H The key voltage for 2 channels are output by time-sharing to
° ¢ | wox | S¥EE JicE ol %_ | CH1 and CH2 of the YM615, Using the triggers generated
3 T e E | coinciding with KEY-ON and KEY-OFF (KO1 and KO2), the
e o | ! Sample and Hold circuit performs sampling and holding of the
e s : ; i value. The state changes depending on how the SUSTAIN
3 epdz ; | rpa switch is set.
Control wox | BFEE HICA mT —F{}LE*@—)* i 3. The S/H circuit is provided because the key voltage is still
on, H =T [S— ; required for the VCO and VCF even during the releasing periode
R SKA POR Switch  (RELEASE TIME) after KEY OFF.
GLISSANDO | ; . srpqer
[N S will ON at “*H",

+8

Comparison ™ The following describes the status in which ON/OFF switching of the FET
gate is performed with the DC voltage (voltage obtained with the SPEED
lever: +4.6V ~ —8V) that controls the VCO for the clock.

e in the VCO, the higher the voltage, POR ON/OFF: When KN8 and KNO become conductive,
+4.6V VCO~ the higher the frequency will get. the YM615 will perform Glissand (or Portamento) effect.
Will be 1", when / - )
s —higher than 3.3V, —_ K88 KNO (IC1)
SPEED / N Tawt

P i [
1 b2 a [\\ § Y Key Volt
23y |, v | L swez
L T | 470k
- Q\ Analog Buffer
‘ Pl . Hows netos
-9v ™ y
CETN ) R 3.3M !
¥ v l/ ’“
! +
| Y /
; "I - Will be 1", when higher than 0.6V, —— .
| T
7 _ This is a buffer IC for digital-use. |
| SV o -
! . ) [
{ v Y / i// /| Makes the analog voltage of input 0" or ‘1",
Comparator reference [ Will be 17, when
voltage. Note that the ks R higher than’S 7v
output differs depending 77 g U
on whether it is (+} or (). The following table summarizes these states.
) e State State 1 State 2 State 3 State 4 E
F;ET Switch 5 Comparator ——__ 4.6V ~v 3.3V ~ 0.6V~ ~5.7V~-9V |
1
H H
L_%f. a SW1 0 OFF i ON I ON I ON
A o SNo—p b SW2 | ON | oON o OFF o OFF k
i o ¢ sw3 L ON Y Y o ofF |
e . p R ¢ ¥
P e OFF No Glissand{Portamentoe} effect. Glissand  Fast portamento Siow portamento




State

] Depending on the difference in the integrating gate, the integrating time
constant and variation will differ as shown below.

STATE | STATE 2 STATE 3 STATE 4
D2 ¥ 0¥
0z
co#
c2 cz I
470K
¢
3.3M 33M
o 2 [ e s o *
’ 1 L
0.033)457# C.O033pF T G033 yF o2 0033pF 22
& 1 "
m ,-}7: , :
FET ,
Switch gg Maximum Fastest or Glissand SWOn Medium Siow
%‘;’F\EAED E Minimum Minimum Medium Long
CGNSG- |~ Noting sl Glissand mode — s~ 3 Portamento mode
TANT

Sample & hold

| Up to this point, processing that gives priority to the highest tone and proces-
f sing giving priority to the lowest tone have both been carried out by time-

i sharing processing inside the YM615. At this stage, the two outputs are
\1\; smoothened. This circuit, which is provided for CH1 and CH2, functions
to hold the respective voltages by storing them inside 0.22uF capacitors.

Buffer
GATE r\
INPUT o L] : OUTPUT
| [// Key voltage

T L

| To.22uF
22K !
KEY ON OFF »—D&—»«w—l 7,L~

|

Will ON, when FET gate voltage is “H",

SUSTAIN L g

Hi-impedance

The gate opens when the gate control voltage is 1", and the input key
voltage is stored into the capacitor. However, when the gate control voltage
becomes “0”, the gate closes, causing the impedance to get high, so that
the charge of the capacitor will be prevented from flowing out from the gate.
Meanwhile, since the input of the buffer amplifier is also of the high im-
pedance type, it makes it hard for the charge to flow. Consequently, charge
leakage from this system will be extremely little. In this way, it is possible to
hold a constant voltage for a sufficiently long duration with regard to the
performing speed.
When the gate opens midway of a performance, one would think that the
charge would leak out. But, actually, no serious voltage drop occurs as the
previous stage infegrating circuit not only has a time constant of 3.3M x
N 0.033u but also has a buffer amplifier that incorporates a high-impedance
~ o type input circuit.
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® SUSTAIN — Selection between /11

{a} During SUS |
Since the gate opens only during Key-On, the sustain effect will be obtained
for the pitches of the respective notes.

{b) During SUS 1!

As the gate will be always open regardless of whether there is a Key-On
signal or not, the key voltage that has been charged into the capacitor of
the S/H circuit will change to the key voltage of the next key that has been
depressed. As a result, the attenuating sound of the former note will be
changed into a new sound. {(When the keys are depressed one at a time.)
Sustain effect will obtained only when al! keys are released.

KO """ — . JE—
g [ | [
KON E"ON GFF A ON GON
Koz [ TChange SUSTAIN |
© o Switch sUS ITto Gon
suUs I nere.
SUS T
SUS 1
A _CH!
o . . I G CHI
4 CRZ % ——= 5US Il mode will
KV " oD \ obtaind only when
] 3 | o cH2 | both keys are
CH2 c . During HOLD mode, | \ released,
le—— SAMPLE ———» sustain effect will be Instant of release of D key
! appear.

\
KV of CH h to G.
When sUS Il mode, of CH2 changes

Key voit of CH2 change
to that of CH1.
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KEY VOLTAGE DISTRIBUTOR: PA BOARI

i ‘ In addition to assigning the key voltage cutputs CHI and CH2 of two systems to VCOs of 4 systems, the PA unit
controls the pitch.

Switching

The PA unit actually functions to perform switching at high speed. And since
the key voltage is held by the 0.047:F even when the switch is “OFF" the
functions are exactly the same as those gained when the KV of CH1 is con-
nected to VCO1-I and VCO2Z-L, and the KV of CH2 1o VCO1-T and VCO2-1L.

When gate is "OFF”,

SampiesHold
s KV is held at C. ]

{CHD

K2 SN | 25 el veo -1
(cH2)

VCO 2-1

=GO 2-1

Di0] D9
B

- . -5 The 1C10 is a decimal system counter,
At the “H” level, the gate will be switched on.

Counter e

. & B 3 82
Clock OSC o o =
g CE Go g
Barx & e £ i1

+18

L5 T = w g8
o | 1co  ics el :w‘w,@s -
ot (O EDTP‘“‘ PR 1) ;
s Pt *@-—4, “H
5 j

D2 Ot

L et [T MONE AN o
i PR i-w SE [y
G BA wy»
‘ @B | !
Si-t S/H
[ I R S S VR *—“;V’JWTMS.A‘ YCOI—~1
S é L § 0.047
s BA, { 3 o %
g1, ! ; ,

g ’ dar '«M»—T“@A, VEOI—-2

w
A
~
B
el
fo]
Lo
e
~

H

I

g R vRE P i BA YCo2Z~1
%

i

[ ! L ooare=
L S é’ 2>t | =
cH 2 SAS—- - : ,Wag G022
’ Ygn L. 0087 =

Actually, it is the same as being conncted as
shown in ths following clagram.

7

Has the function of holding

val the KV during switch off,
CH vCol-1
(o
cHz . /§ veoi-T
A
Vo
ng}[ veoz-1

{ { Voo2-f
;gie
14

However, since the VR can be used in common, it has the advantage
of being free of errors that are caused becauss of the irregularity in the VRs.
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VOLTAGE CONTROLLED OSCILLATOR: VCO BOARD

In terms of basic operation, the VCO is exactly the same as that of a conventional synthesizer. First, the FET switch
and analog switch that serves to changeover the FEET switch electrically shall be explained.

1. FEET SELECTOR CIRCUIT

RFT

™ As shown in the figure, this section functions to change over the FEET
\\' resistor which is connected to Pin 1 of 1C1.

Resistor for FEET switching.

NSV W - S—
® FT

|
|
Pin 1 of 1C1 S A A e 79!

; B A
{

FET switch

The following drawing shows how this is performed electrically.

This FET switch operates so that it will be “ON" when the control input
terminal is +5V, and will be “OFF"” when the terminal is —10V. Here the 8’
control terminal alone will be +5V: the others will be —10V.

FET 46 1
Pin 1 of IC1 b e

A

FET 45
& B0k (g
e
FET44
& s0x ﬁ
FET43m
@ zox .@_
FET42— Ol
® 1ok @
FETa
Bsx
H
s |
Ferar
3|
F—FE T48)
Q-‘ FETAY
L
ON FETS0]
57
FRETS
ol o | ow| ou| on&l)
Fert * FETS2!
om
m o+ ”
G 3
8% 5
% E

ey tET-8)
4

0

from ANALOG switch,

Ron resistance

T To make it easier to understand, the following drawing shows elements that

are in the ‘ON" condition. In this circuit, one end (FET-side) of the 20ka

is of a potential equivalent to that of the earth.

When the resistances are required to be of a high accuracy, the FEET’s ON-

\ resistance cannot be overlooked. Accordingly, by utilizing the properties of
the OP amplifiers, the ON-resistance is cancelled.

In case of 81

RON RON
e A Ay

i

2oxn |

L—:1> E—

2060 | RON
WA

2> D,

)

20K
[:‘1'> PIN@ 4’\N\z—‘j
|

o e ™
§ b4 When the resistances are required to be of a high accuracy, the 3 ET's
ﬁ’” ON-resistance cannot be overiocked, Accordingly, by utilizing the
i +5Y properties of the OP amplifier, the ON-resistance is cancelled.
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5

That is, the resistance component of the input terminal of the feedback
loop, when the OP amplifier forms one, will be overlooked, and Point A
will be of a potential equivalent to that of the earth. When this phenom-
enon is viewed from the side of 20ka, it means nothing other than that
the potential has dropped to that of the earth. In other words, changeover
with this FET switch will be equivalent to changing over with a mechanical
switch.

Now, we shall explain the LOGIC section which controls the FET switch. The IF 1/4 c. board performs this control
function. This circuit is identical to the circuit used for such c. boards as the MOD c¢. board.

2. ANALOG SWITCH LOGIC SECTION

Comparator

This circuit is composed of a DC comparator, EX-OR gate and transistors.
The control voltage is applied from the demultiplexer. When we exclude
D/A and A/D conversion, the circuit may be expressed in an equivalent
manner as illustrated below.

Comparison voltages

56K / Pull up resistor
[2.58v} vi

on

+

F Comparotors
T o==0 ] SI0E

©)

EX-OR gates

8Kz COMPARATOR - &
H ¥

1.8K L &
[ g— {164V V3 l
o 2V |
, 1LBKZ &
i AER L
1

1.8K

(o s H—=

-+ +5v
160K Y

w

When a voltage higher than the *—" (inveritng input) is applied
to “+" (non-inverting input), the output will be ',

L -0V

Together with the changeover of FEET {or data of memory), a DC voltage
as shown in the drawing will be impressed on “*+"" (non-inverting input) of
the comparator.

When an input voltage as that shown below is applied to the DC comparator,
a positive, or negative, potential will appear in acordance with the potential
difference.

COMPARATOR COMPARATOR

A + “H” A + “L“
\v » A c
B - B —

if A > B, then C will be “H*’ {positive). if A<(B, then C will be “L’" {negative).
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Comparator output ——717  That is, when a potential higher than the comparing potention {shown in
the drawing) is applied to “—" (inverting input} of the comparator, the out-
N put will be of the H-level. The following drawing summarizes this status.

Comparator] V1 V2 V3 V4 vE
. sutput
Voin (V3 (2.98) (2.30){1.64)10.98)110.33)
3.33v H H H H H
2867V L H H H H
2.00V L L H H H
1.33V L L L H H
0.67V L L L L H
0.00Vv L L L L L

EX-OR When several comparators have become "H”, and when the required data

Il

; s alone are to be made “H”, the EX-OR lexclusive OR: Exclusive logical sum)

‘\Ew gate functions to achieve this. As for the truth table of EX-OR, itis “H"
when the two input conditions are incoherent, and is ““L” for other cases.

A B C

EXCLUSIVE OR
—] 3& . L L L
L H H
MIL notation H L H
: :)Dic H|H L

8’ was selected

; Let us, therefore, consider a case in which 2V (8") is applied to the analog
switch as the control input. The outputs of the comparator will be “H",
{ up to the third one from the first one, so that the following levels will be

| applied to EX-OR.
w That is, the output of 1C3 alone will change to the H-level, causing the 8’
FEET switch to turn on, and 20k to be grounded.

-+ BY
B6K
LEK
18K
18K
£ { 8K
20V
Vin &
2 9I00
Yin=2,0V (8")

i
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3. VCO CIRCUIT

This circuit is exactly the same as conventional VCO circuits except for the fact that changeover of FEET is

electrically perfomed using the FET gates and analog switch, For the VCO, an exclusive-use IC, IG00153 is employed.

In order to discuss the operation of this circuit, a model in which the capacitor is likened to a water tank and the

current to water flow is shown below.

Condition: Water of an amount of
Lier is poured into the water tank

Turns off when V
reaches Vref.
Turns on after the
elapse of fixed
duration,

FEET Switch, refer to previous page. from a water faucet. that is equip~ . N Vref Adjusted with | beee—eon Vref
, ped with a valve which can stop or o [ |, kevvortage. o y Kev Voltage
AN permit entry of water into the tank.  Eves . v ,,J
Meanwhile, from the water tank, b
Control Voltage i lk-—«af\?ﬁ————s'oz' ter in th tofli d cz
\ ! is poure a
from MOD c. board HLO{H - water in the amount o s p _ epeat
(81 1cems ) i 40K 16 out from a water faucet that can be T i
Lveor-1 TSV ) controlled with the key voltage. Vi~ Makes | smaller. ¥;  — Makes | smaller.
I | |
ww ¢ 14 3 i
Key Voltage T IS = vee %iu ,b———j’gr-———-—(s) (Iref>I) \frefuw}a Vref N?Y\W -
from PA ¢. board *W—Gré'é{.— T > K:F vig 0022 / ;
{ H o T 3 4 .
g; SRS VRIO SET Y lref M@m ) Ffmo "‘“‘—"%”"““OOK 5 : t 1
f Sk 45 o] YEE T, TI - . © Time Time
e con ar Bsk@&ek{}zg;«% s 5K 2 (A) (B)
L I A v iref and C2 i i i
nE s[‘“ 2 PG Now, take a look at Drawing {A). As water is poured in, the water level V
- E ;’ gl g” will get increasingly higher. In other words, the condition will be that shown
w | 24 4 » . .
i ol C 1600153 in the graph of Drawing (A}. When the water level reaches Vret, the water
sl faucet on the lrer side is closed.
>¥= This causes water to keep pouring out in the amount if {. That is, as shown
VCO Output ; ; : ; ;
.1 Samtooth Wave 1o WSC Block. in Dra\{vmg !?, the curve of the graph will dr(:)p, After it keep.s dropping
g; for a fixed time, the water faucet on the lrer side will open again, and the
) process described above will be repeated. Here, we can change the speed at
which the water level V changes, by adjusting the water amount | that is poured
® Function out from the water tank. In other words, the oscillating frequency will
. . change.
. Generates sawtooth waves of frequencies proportional to the KV voltage (0 ~4V) fed into Pin (2. ) . )
! . s q. . P p g.( \ O The figure shows the composition of the hardware, The figure shows a
2. By using the control voltage that is fed into Pin @, performs modulation such as VIBRATO. : . , ,
; . . model in which, the water tank has been changed into capacitor C, the water
3. Can change over FEET, using the resistor connected to Pin (1). o . )
4 Feeds out sawtooth waves from P'n@ faucet of the lret side into a switch, and the water faucet of | into a (RF7 +
. waves T i . . . . . .
s variable resistor}. The comparator and the fixed-time generator circuit forms
a section that controls the output voltage V. | is changed by varying the
® Qutline of Operation variable resistor, which, in turn, will cause the osicllating frequency to change.
] The internal circuit of 1G00153 is composed as shown in the following ﬂ_ ! When | is larger.
1 - - . » . - !
\E diagram. Major actions are performed by charging or discharging the capacitor When point A reaches 10V ] | | 1oy  Comparator %‘
H pulise is generated by the
C2 to change the voltage of Pin (13). pulse generator, cause the - PULSE 1| .
Constant switch to turn off. _GF(E)%E RA- J When | is smaller.
Current Gen. | — ;
i (800»A3+§E ]
|7 AASERE T
iref - | O changed by ING %\I\
e SW Tref 1L the key voltage.
4 7 FET _I L.~ Adjusts time constant of MM e s Equivalent |
0,022% c2 LY COMPARATOR switching puise width, L Y P i
. i = !
” i o @ Mono- ® ;fm'; ? ¢ )
R Stable o gt s 4 e ISRV ¥ /}; 7‘
R Multi- | ”
@ vibrator cl .T 1200P
S ) i) ’;”
Key Voltage vet 1Oy . .. 3 . .
e op )R yref= 10V i Operating Principle of IG00153 —  Although the process may seem somewhat complex, it can be summarized
— @ MFT ? as follows: while the switch is “ON”, C2 will be kept being charged with the
i @ 4/ s;ﬁvﬁp\i’ﬁe (\i—\?ﬂf@»‘m"g ( charge of lref —I, and when the voltage reaches 10V, the switch will be
! — @ i § turned off for a fixed duration. During this time, the charge of —! will be
) [/\/\ ' discharged, causing the voltage of the capacitor to drop. After discharge
£ RFT ~J continues for a fixed duration, the switch will turn on again, causing charging
v FEET Selacting Hesistor

to start again. By repeating this, a certain waveform is generated.
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WAVE SHAPE CONVERTER: MOD BOARD

The major function of the waveform converting circuit
is to change the input sawtooth waveforms into
triangular waves, square waves and the sine waves.
The circuit employs the IG00158. Waveform selection
is performed by the FET and analog switch. PW
and PWM are provided as mechanisms to control the
square waves. The section that was taken care of by
controls in the past has been replaced with electronic
controls, a comparator, analog switch, etc.

The function of the IGO0158 is identical to that of
conventional synthesizers.

The WSC and peripheral circuits are shown in the right
hand side.

The VCA composed by IG00151 functions as an ele-
ctronic potentiometer, while the OP amp of the next
stage functions to apply DC voltage, here, a control
voltage up to the maximum of 10 volt will be applied
to the variable resistor that indicates DEPTH and PW
equalized manner, at the DEMULTIPLEXER section
of the PROGRAMMER block.

4vVoLT 15K 1GVOLY

Y DC AMP

S/H - 210K
Im

Operating Principle Of 1G00158

T = -0

JﬂFig. W-1

The inner circuit of 1G00158 is composed as shown
below.

PULSE WIDTH Control 9
signal input terminal P INN
N g e oo ovon e s — o— s s —
\ [ [5 -
¥ n«[;)—D» Clamper }
. Hnlint
I [‘— Comparator | Clamper ‘#“7
|
| : }
nvertor
NN A
g 5

| Saw-Triangle
1 Convertor ]

4
Sawtooth to [:]
N\N\’ 4 Triangle wave 3
|
FAVAN
2 Triangle Wave Ng\/\
Doubler
|
AW ’ AVAN
5 Sine o
Converter

INPUT — VR to VCA
‘e ouTPUT TomVCO — ~ Sine wave
? Sawtooth wave [\ - S —
o s we o i Gates
Ty 6y IC13 3/4
Lfvee  onppE | l\ e e "
LFO WAVE INPUT ”[ N sio sTIb— 4 . L
Ea+ VCA DC MIXER O PR e L LY IR, 10 to VCF
- < 4 S 51 i £ L i € t
LFO WAVE SELECTOR Fo- R to VCA ST i ELEYE. I8 (WSC output)
v ’\\/ - K N » Here ewho o i ; L T. j
*z \{ 8 YRIO | ——dPo  Pwob-w ; I s et
5 ! ; §100K ] %
« f ; 415 oy . i— " U
@ N = icazy H x# ;. +15 : | A g |
@ & — o Vo il s e .
13> T ; "s,q:jl’, I.oio3t L ED — | 4
4+ 4V 9/ - g ; 7 -1 ook Jampte 500K ic‘l‘\js\ L i
/ - " Llczz I w | ook T fcae s /\ Oy ——— 40 \fCF
$ - o PRt I <<>z 3 - e il - PULSE WAVE Control voltage
> 36 ¥ i . boox - i . -
3.3KE g- < icis , : L’T g LT | &t I ci Lo, s . =[L—o
$——0m=0—(§ ) z ' : A - =Ly
> w =1 ¥ ; ! | e » 9&0 % T s Ts x R-——O
33KE E P E 0047 y a3t
p—OEGt » ™o e e +4v = D
3.3K2 IR s s 88 | e = L, Ie5 WAVE SELECTOR
—on, ; L3 | e sk ;
| | ® ©® L o e
el -10 : 56V N T i
“FUNCTION I 1oV 1ov s i o |
[ ] ’
Encircled numbers show the

programmed voitage parameter, EG +—0

[ WE— ﬂL?

m
o)
%
W<
¢
g
- <

Y .

ANALOG SWITCH
to VCF

ANALOG SWITCH

Refer to page 44 for details on the operating

principle of the analog switch.

WAVEFORM SHAPING CIRCUITS

Outlines Of Sine Conversion Polygonal lines

The sine conversion circuit, which functions to feed
out a sine waves when triangular waves are fed in, isa
reversed amplified to which feedback elements con-
sisting of diodes and resistors are connected.

Now, take a look at the figure shown below. This is a circuit formed by adding
a diode D and resistor Ra to an ordinary inversion amplifier circuit.

As may be seen from Figs. {A) and {B). this circuit has such a characteristic
that the output will rapidly rise up to a certain point (Vo ~ V) but will
bend from there, forming output characteristics such as R2/R1. This is due
to the diode’s switching characteristics. The circuit up to Vo = Vi will be

“ as shown in Fig. (A), while from the point Vo > V+h, the circuit will become

SV
oo
z “+v Will be the same as if
1 RN were not provided, 1
A ER | T
: : (A) ° ] * e v % Rz
i R ‘ >§ P A Ir‘* X'—-—LF’V\V———-“—-—
¢ A) |
Yt Rt . Ri = R
o Vin Vin Ay >
e E Vo H\
Vin - + —
O S '
/\/\/ l P /\/\\/
/ in case of
4 z ; ?v Vo< Vth
i i
i oo 8 M
INPUT » ! ; : QUTPUT 1 —vey
Triangle wave ! g~ i Sine wave Sra i
] ! |
s o) A—H»L— ® o be
i Sre i Since no feedback is applied,
Y ; ! l the amplification degree wili
~v Voltage of point A ls %,
. P , Rz, i Vi
Fig. W-3 Fig. W-4 Vih=~ g2V ° s o

(8)

an ordinary inversion amplifier circuit as shown in Fig. (B).

Conversly, when Vo>Vth, it becomes
a R2/R1 rated feedback amplifier.

R2

Yo

"

in case of

Vo> Vth

The gradient will be
R2/R1.
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Fig.W-5 (1) forms into a single circuit these two circuits having different char-
acteristics. The output characteristics gained as a result of this combination
has bends at two points as can be seen in Fig. W-5 (3). The basic operation,
naturally, is the same as that shown in Fug. W-4. Fig W-5 {4) shows the result
of combining a large number of such circuits, by matching the plus and minus
polarities. It may seem sonewhat complex, but it is just a combination of
such circuits as shown in Fig W-4,

Combines a large number of diodes,
-Yo OUTPUT waveform
i [E—

Vin o] vin

(2) (3)

Sawtooth Wave/Square Wave Conversion

Fig. W-6 shows the circuit structure. To convert sawtooth waves into square
waves, the comparetor is employed. Fig. W-7 shows the principal diagram.
As will be seen from this diagram, when the voltage fed into A becomes
larger than that fed into. B, the output will be “H"’, whereas, when it becomes
smaller, the gutput will be “L’". When the voltage fed into B is varied, H to
L ratio (called the duty cycle) of the output waveform will vary as illustra-
ed, changing the waveform as a result. The output, if unmodified, will
be too large for the comparator. It is, therefore, adjusted to an adequate
level by letting it pass through the clamper circuit. In this way, sawtooth
waves are converted into square waves.

Fig. W-6 COMPARATOR

14 T > ———cramrerl—o [
Br* \H_l

DC voltage

This output waveform can be changed
by varying the DC voltage of point B.

Fig. W_7 //—‘\
DC voltage / /
of point B. ,
i | 7 /i
i {
; Input voltage : I k
! i ; | to point A i P !
Lo | o ;
i i
oo (S COMPARATOR ' Lo ;
[
Symmetrical SOUARE WAVE Non-symmetric SQUARE WAVE
DUTY CYCLE 50% DUTY CYCLE 80~90%
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VOLTAGE CONTROLLED FILTER: FA BOARD

As shown in the following figure, the VCF section is composed of such components as the input mixing section,
VCF section, EG section and envelope generator section.

M 1 1
¥ b &
HPF
VOO 1 = VV|CF
VCO2 MIXING c Otaﬁe BPF WAVE
] 1Goo151 =3 ontrolled v Selector
NOISE Fitter LP
1G00156
1
KEY VOLTAGE __J LEO
LEVEL EG-VCF
Envelope
Control
1G00151 Generator
C:>: Control Voltages 1G00159

1. MIXING BLOCK

iy i

to VCA

First, let us take a look at the electronic controls based on the use of the IG00151 which is employed as a mixer.
The operations of the envelope generator will be discussed in the section dealing with the VCA block.

3 Pin
ve e .
o1 Reference vitage* veol 8 Pin
10v r=- MIXED OUTPUT oy
SGOK -$5 | 0047 =
‘—<}‘—*“**‘ - VR
y il
vCco2 oV VCO2 —>—
—_— < vy
@ Are equivalent t0 each other, MVR
oV NOISE——
Y < Av‘t‘v
=0 VR
I * Note that the reference voltage is amplified by the d

BUFFER MIXED

output section (8/H circuit) of the demultiplexer.

l\ OuUTPUT
L

The 1G00151 functions as a special OP amplifier that controls the mutual
conductance Gm by using the voltage (in fact, the current that is proportional
to the voltage) that is applied to its control input terminal (Pin@). The
higher the voltage gets, the higher the Gm will be {resistance will decrease).
Conversely, the lower the voltage gets, the smaller the Gm will become
(resistance will decrease). For this reason, the 1G00151 functions as a voltage
controlled function which uses Pin 3 as its INPUT terminal and Pin 8 as its
OUTPUT. (it may also be referred to as a VCA (voltage controlied amplifier)

N used for changing the amplification degree.} Therefore, this circuit is exactly

equivalent to the circuit shown on the right side of the above drawing.
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2. VCF BLOCK (PERIPHERY OF 1G00156)

The VCF block is composed of the IG00156 (an IC exclusively used for this block) and its peripheral circuits.
The input is fed into Pin (1), the cut-off frequency control voltage into Pin (4) and the key voltage into Pin )

Key Volt Input av 12.8v
from SKA ' r—’*
{1 | o | KCV
s PR Lt 24 ON
8% st ¢
2118 : s Protect mis-operation iOFF
Signal Input U ";6"' o ice
from VC Mixer I R St
7 W BCEL' B v Y B to VCA
- C.0TIIm BOP poe H
from EG-VCF o T Vi L J
o ) Cutoff Frequency 7,,)5%5, vee Soml . Fy L ; Lo '— :
+ 15V >y |control Voltage " miler i vew T o]
T ‘ ST YT
BRILLANCE | x {N‘»‘:’,lg e ES S 4 111 SN B N
> A g wfo: Eaill &% b4 “TN &
’,I” il i - 3 e x x| X
{ 5 ey ey ¢
- 15V > 1oV 1 1oV t Resonance control
1 | Voltage Types of the filters.

®

Modulation

Envelope Voltage ——>—W—

from EG-VCF

Fig. F-1

RESONANCE HP : High Pass Filter

CUT OFF FREQ Will be mixed. /

BP : Band Pass Filter

b 5
3.3KZ gp HP/BP/LP S &@th LP: Low Pass Filter
LP_ FILTER select switch &F
o \

W Operating Principles of 1G00156

This circuit is composed of state-variable filters in the manner shown in Fig.
F-2. Two stages of integrating circuits are connected in series, and at a point
midway between these two circuits, feedback is applied by way of an OP
amplifier. By this arrangement, the circuit composition becomes equivalent
to that by which the transfer functions of a filter is indicated. As a result,
the respective filters, i.e., the high-pass, band-pass and low-pass filters are

obtained.
(As the principle underlying the transfer function and filter is extremgly
~ complicated and difficult, please read specialized books for reference if you

should wish to know more.)

HPF Qutput BPF Output
o} o]
Integration Integration
i ! i Circuit Circuit
RN S
. LPF
INPUT R o T T Output
O AAR, + % 7*7,
OP amp.
App
Q(Resonance Control}
[ \
! \
# integration
| r Circuit | The filter characteristics
Fig. F-2 \ ] shati be 12dB/oct.
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UsingOPampasC —

Using 1G00151 as VR

To ensure accurate operation of the circuit, a circuit as shown in Fig. F-3
is composed by employing an integrating circuit. The cut-off frequency of
the filter is determined by R and C with which the integrating circuit is

formed. In other words, by changing R to a variable resistor as shown in Fig.

F-3, it is possible to change the cutoff frequencies of the filter freely. Fur-
ther, by changing R’, it is possible to control resonance {Q} also in a free
manner.

HPF BPF Cut off frequency can be varied,
-] T

[}
3]

/
/

/ /

o

—
!
k]
.

INPUT I

A i
. LPF
OP amp. 7;_ .
s’ mr
e OF amp. hr OP amp.

=2
Can be controlled the Resonance. C
s | S

B3
\ s

\

X
b
\:\m\w

R

\

i

1

|

|

Fig. F-3 /

The cut-off frequencies of this filter can be obtained from the following
formula.

- 1
27CR

fc

Now, by replacing this variable resistor by the Gm converting circuit
(1G00151), it is possible to control the cut-off frequency and resonance
with the voltage. In other words, this will form a VCF. Fig. F-4 shows the
VCF formed in this manner. Since the voltage will be converted in various
manners, the cut-off frequency is given finally by the following formula.

fc=125- Ky -2VF
where, Kv : Key voltage
Vfc : Cut off frequency control voltage

As regards the filter characteristics, the output both for the high-pass and
fow-pass filters will be 12dB/OCT as the integrating circuit is composed of
2 stages.

HPF BPF LPF
il °
® = @ ®
RS & = -
INPUT Gm op. Gm
9: Conv. / Conv.,
® o |
conv. |
| The variable resistor is replaced
. with the Gm convertor.
Cutoff Freq. Resonance
L control Control
i} T i i 1
@1 @; @ ;{, @9
|
Ky Vie Vo (NOTE} The numbers correspond 1o
Fig. F-4 Exponential input Liner inout the Pin Nos. of the IC (1G00156).
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VOLTAGE CONTROLLED AMPLIFIER: FA BOARD

The circuit compostion of the VCA section consits of the mixing section, VCA, and envelope generator,

iq W % At this point, the volume

BUFFER changes for the first time.
i
VCF et [ VCA }
VCOi~ ————af VC-MIXER L 1G00151 o OUTPUT
VCO2~ 1G00151 x2
Ba— e
Is mixing \
{ three signals. ) /\\
ouTPUT \ EG-VCA
1xing [N Envelope
g:;:‘itar!q%_evet I ngerator
[:>: Control Voltages 1600151 l 1600159
— 4 55
i 4
LFO etc. i

INITIAL LEVEL Control

Circuitry \U Sine waves are fed in from the VCO blocks, and signal from VCF is applied
to VCA block when POA switch is set to OFF position.

~~~~~~~~ +12.8V

!FPB ¢. board
POA
+5v on
to F terminal of FA c. board OFF
Tri ; ;,
2 POA Switch

-1V

[
I
l
i
l
!
z
|

from VCF . -
J ; ( oy
from VCO1 S > ‘ to PB c. board )
Sine Wave 1oV Ll - (RMO Control etc.)
®
from VCO2
Sine Wave 0 = .
oo
®

from EG-VCA (A DS R) Modulation will be

h apply to EG-VCA.

1. MIXING BLOCK

Basically, the functions are the same as those of the mixer of the VCF.

In this case, sine-wave outputs, VCO1 and VCO02, are fed into the two
IG00151s and are mixed by 1C21. Further, instead of being passed through
the 1G00151, the output signals of the VCF are passed through the FET
switch, after which, they are mixed by the 1C21. This FET switch will be ON
when the gate is OV and will be OFF when it is —10V. This FET switch is
provided for the purpose of preventing the signals of the VCF from entering
into the VCA, when the switch of the POA (Pass Over VCA) is turned on.
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2. VCA BLOCK (PERIPHERY OF 1G00151)

ov <

J

Veont < 10v

|
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As this has been described in details in the section in which the VCF has been
discussed. The following shows the inner block diagram of the 1G00151.

Control
Voltage 1

_ Control
[” Voltage 2 NFB

[‘L} input  Input —15V  +15V  GND  Output
2

1 [e] [s1 [el [7]  [e]

T
r

[]

@
3

Exp. Liner
Conv. Conv.

S WYY
F-W

The 1C {1G00151) is so controlled by the semifixed variable resistor so that
the output will be "0’ when the voltage applied to Pin 2 is “OV”’, and will
be of the same level (that is, of the same volume) as that of the input voltage,
when the voltage applied to Pin 2 is 10V.

Input Signal ! ﬂ} VCA i OQutput Signal

—mp5--- IG00151 “- -8
|

2
( Volume Control )

I LL.FO etc,
{

“_%L\:_ 1

Adjusting VR.
EG-VCA

DC Voltage

Conversion of Gm (1/R) is performed inside for the 1C, by using the current
lcont which is proportional to the control voltage,

L
: R e
& +
{A) freent (B)
The Gm of this IC is variable by the use of lcont.
Therefore, Gm=K-lconT (K : Constant)

its characteristics as shown in Fig. A are: lo=K -lconT(ei —eo)
and in Fig. B are: I=—%—(ei—eo)

Here, Gm can be obtained in an equivalent manneras Gm = 1/R
. . . . c e 1 1
Fig. Awith Fig. B,weget . REx—% ———"
By comparing Fig i ig. B, we g Gm KieonT
It follows, therefore, that the larger the control voltage, the smaller the
resistance will get, and the level-down of the input signals will become less
as a result.




ENVELOPE GENERATOR: FA, PA BOARDS

This is a DC voltage time function generator. This circuit, which starts operating upon receiving a Key-On signal,
generates an envelope voltage corresponding to the time the note starts up to the time it fades away. Largely divided,
this envelope generator can be grouped into three types, those for VCO, those for VCF and those for VCA. (The
EG for VCO is only provided for the CS-40M.)

VCO-EG is used as the oscillating frequency control voltage of the VCO.

VCF-EG is used as the cut-off frequency control voltage of the VCF.

VCA-EG is used as the volume control voltage of the VCA.

1. EG-VCA CIRCUIT
EG-VCA, EG-VCF and EG-VCO are practically the same in terms of circuit composition.

First, the EG-VCA will be explained, and then we shall go into discussing the difference between the EG-VCA and
EG-VCF. The major section of the EG consists of the 1G00159 and its periphery.

to VCA
(EG outqu/L“L

Envelope Gensrotor VCA T

DRSS DU NS — RS
y WRZE soox =
1600159 e ¢ to Ring Modulator block.
g © a1 T
A e b .
& £ B AS S /
1 - Scl
| ABhicio-13 - -
NORM AL Omc-———(35) oo MBY
. H +
TIME ‘ST gglgx‘ SV - 4 | I
Lol P wEs-veAT
ov )
4Volt i 00 YR 28 sio0x § i
Trigger (KON) ;! !
from SKA c. board 0.27Vy -
KEY ON KEY OFF ATTACK THE % anA Modulation input.
{(from the Analog SW.)
DECAY TIME
SUSTAIN LEVEL ay VCA IN (Rear Panel)
RELEASE TiIME
i —c L ¥
N L“’“"V”“‘I

oV +iN?T?AL LEVEL

i

™ Operating Principles of the 1G00159

The hardware of the envelope generator (referred to as EG hereafter) is
basically composed as shown in Fig. A. The circuit that forms the basis of
the EG is an integrating circuit such as shown in Fig.B.

This integrating circuit makes use of the fact that such output characteristics
as those shown in the figure are gained when a DC current is applied as the
input. This, in other words, means that the time it takes for the output
voltage to reach the same level as the input voltage is determined by the
product of R and C. This further means that an EG can be obtained by
combining the integrating circuits with switches in a clever manner.

A.SW Buffer VO
E— v — L. v '\
[ " e
T
SUSTAIN D.8.SW | i l/
s O e y i
LEver %Y ? 7o
1
R. SW [
QY o
T=5R{
Fig. A
Time (sec.)
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(1) Attack time

(2) Decay time

\j\j Upon Key-On, the A.SW will close, causing +10V to be applied to the inte-
grating circuit. The output voltage will gradually rise from OV to 10V.

Charge Buffer 5. Kay-on here.
G
) Vi
FHOY P B g ; 2
ON Ra 6-
C
b
G\/;OV—————C/O————l
ov————c/o-——
@ AT TACK t1:5RA-C

@ Sustain level

@ Release time

7 When the output voltage reaches 10V, the A. SW will open, causing the D
I and S SWs to close. This, in turn, will cause the output voltage to drop to
a predetermined voltage (SUSTAIN level: 0~ 10V).

During Key-On, the voltage will be sustained at the predetermined level.

Discharge

B — L

|l

4——.-——’} 7

V§: OOV = O g
ON

[o ARG g W——

@@ DECAY, SUSTAIN 12:5:Ro-C

+ E Upon Key-Off, the R. SW alone will close, and the output voltage will stop
\\jg dropping toward OV.
By passing through this process, the EG voltage is formed.

Discharge

i
4____./B
OV =G

@) RELEASE t3:5-RR-C

Using Gm comvertor 7] Now, by replacing the variable resistor R with the Gm converting circuit

% and the switch with the analog switch, and by adding a sequence control
| circuit that functions to effect automatic control of the condition of the
I various switches, it is possible to control each parameter with voltages.
\u Furthermore, the EG can be activated any time when Key-On signals are

applied.

58

®




Control Voitages{A,D,S and B)

e L]

i i
SUSTAIN o ioy—tob | Gm Conv. ]
LEVEL X ! 5
| i o & Buffer
ov- [ ;
i ! 7
!...z-‘.)
|
SEQUENCE
CONTROL
KEY ON Signal L)
{Trigger)

Brock diagram The integrated circuit {IC) with which the compaosition shown in the Figure

ol
; f above has been realized is the IG00159. The composition of the {C is given
% g in concrete details in the Figure below. Although it is rather complex, the
\\‘ basic operations remain the same as those in the past. Compare this carefully

i to understand the operation fully.

[T T T ]
5 |35 6"@"}‘(”‘“’*‘ SWI Sw2  Sw3 :
GNDJ 4 \‘*c i
Vs [15 | ,\C @Lc
v [ | ! —_— LEVEL CONTROL T
Vat |9 ‘;\ { ‘ E VCA
i ; { Gm Conv,
vor 12 | \:\a E VCA Resistance gTC
VRT [t ; ! 5"?‘0 Control :
| 1.1 1 |
: | sequence
v F‘LI CONTROL , |
+ 6.9V » 7 ) ~ i 3
—Gsv—]-———-J L"—@ i J & E Output voltage

Time expand Tr3 and its periphery circuit turns on and grounds the 1uF capacitor when
the TIME x 5/NORMAL switch is changed over to “x5". As a result, the
1uF capacitor and the 0.022uF capacitor will be arranged in parallel and
the time constant will increase by 5-folds.

Initial level This is a circuit that functions to control the VCA output level when the
keys are not being depressed. The EG voltage and DC voltage are mixed
at the input section of the |G00151.

This circuit is provided only for the EG-VCA and not for the EG-VCF. This
section is not programmed.

Modulation For the EG-VCA, modulation is performed at the EG block. However, for
the VCF, modulation is performed at the VCF biock, since it is necessary to

apply modulation even when the EG-VCF level is zero.

YCA

VCA IN
(from rear panei)
WA {GOOI5I to VCF (EG output)
4y
\‘/ Bias voltage
, controlf
INITIAL LEVEL Zwsmt—e 2 + 15V
Control ;
J < MODULATION
ﬁiﬂ' N\ T input
from EXTERNAL
input .
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2. EG-VCF CIRCUIT

VCA
Enveiope Generator VOF 7 P ————.
e [ — s o5

[ R goox

[ Ay

V7

e U9 ,
b (S
p ou +10V
NORMAL&—O—@*‘”—“; T
TIME x 8 : EG DEPTH
? Y PTTR e g eaevern B
[ AR 3
A . !
+ 4y : i
Tha TRIGGER signal , A
from the SKA ¢, board N
\—
KEY ON KEY OFF
+10 EG Polarity Selector +12.8V
AT TACK TIME
DECAY TIME . y

This section differs from that of the EG-VCA. It adjusts envelope

SUSTAIN LEVEL | ‘
reversing and the depth of the envelope applied to the EG.

RELEASE TIME 7)!7

This section is largely the same
as that of the EG-VCA.

the EG-VCA in terms of basic operation. However, it differs in one point.
While the EG-VCA uses the 1G00151 as a mixer, the EG-VCF uses it to
reverse polarities and to control the EG depth.

The polarity reversing circuit operates as illustrated below.

Switching polarity "—‘“—‘—W The EG-VCF circuit also employs the 1G00159 and are the same as those of
|
|
| The FET switch turns on when a + voltage is applied to the gate.

Non-inverting amplifier Inverting amplifier

1G00151 1G00151

HOOK | | 100K
+ | Faaetiis 1 } {
}«'—L —LM{——
- _ - |
; ! 33k | i
b J More current flows | e -
OFF to the 33K side. ON

1GO0151 is of the positive polarity. 1GO0151 is of the negative polarity.

EG depth

] At the same time, the IG00151 will function as a VCA, varying the output
\\ with the control voltage applied to Pin 2.

EG-DEPRTH
Controls the level.

iG00I58 }_L M
_____ \/——...______._____—.‘
ouTPUT

EG-DEPTH
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3. EG-VCO CIRCUIT

The EG-VCO circuit also employs the 1G00159 and adopts a circuit system
similar to the EG-VCA, etc. However, with the SUSTAIN level terminal
grounded, it only uses 2 modes, A and D. As output, the EG voltage for
\j reversing and non-reversing are constantly fed out.

EG— EG+

4
?
Essentially, EG-VCA and EG-VCF are the same. |
Of the EG modes, only two modes, A and D, Envelope Generator - VCO Inverting Amp inverting Burfer
are used.
oox . R
15
. ‘1.
= %3
L Nip ‘5
b |23
NORMAL @3 I°l
TIME x5 i o
ay 0ok VR 7 BIGOK
T3: Trigger (KO1+K02) -
Kol+Ko2 | 1 ]
ON ON
‘ I Takes OR of KO1 and K02
KOt on by the dicde logic circuitry.
/) ATTACK TIME g=—(@d)—
K02 l I l ,
ON ON T
oV
DECAY TIME 2 {a5)

61



LFO AND PERIPHERAL: MOD, FA BOARD

This section, which is built centering around the 1GO0150 ( 2 LFO IC used exclusively for the LFO ) also includes

the peripheral circuits.

+£§V

Key on trigger

T
The TRIGGER signal 5V U 33K .
from the SKA ¢. board 5y t SKA C. Board
;;;;;;;;;;;;;; - 22K it 2O
Y i
- - ]
EG-VCO M g A i +15v
—'\//_' R N |4 2
+H2V
\ Lo O O REPE AT
A b (D : sy OFF
Smo———(23)- tamu
1oV oV
\Y] ~ ? -5V
£ L ’ < Sawtooth
SPEED 3 | Wave
DEPTH ’)L z(srvm L (Inverted)
S ¥ e Sawtooth
SEED ¥ A:,,,N Wave
i 1 hﬂfnﬁfg{ﬂﬂﬂ
- ) The MODULATION waveform
e \’,\;zvzq“am " To VCO, VCF and VCA via
& N
analog switch,
{to VCO) ¢
The TRIGGER signal .
from the SKA c. board— - Square
TA:HUKO1+KO2) Wave
5Y
Moise Generster A
OV Evon KEY OFF ot ¥ 7

N

| "‘75:"" Sampie

& Hold

FUNCTIONS OF LFO

Noise

Signal {to VCF)

This block functions to oscillate ultra-low fregquencies used for the modulation of VCO, VCF and VCA, using

the various LFO waveforms.

Makes square waves through »{\ U for REPEAT trigger
saturation amplification. e d NV . l to 8K A c. board
.ﬂ\/,_; Modulates the LFO frequency. E
£G-VCO ?\ i | ’
+ | o | Q
= BA L inv - [/
2.8VoLT | VCA ko i |
e Y i
; % [ I EE3tR
Loy A A i L S {\
G~ = == N/ \/ | Adds DC voltage. ;
EG- i ! | |
{ é«r—»‘—' For Feset Pulse > |
vad ™ | Ll eiBA Vv
b N wn LFO SPEED
EG DEPTH LWarious
waveforms
The Trigger from SKA eeed T TigGEY 1/2 INY ! i }
What is resetting 7 r- Reset -
it means that the start of the LFO KEY ON i
is initiaiized synchronizing with :
the KEY-ON trigger of the SKA, i NV S
Trigger I i ! !
I
i '
Noise - 1
\J\r\\\j\\\\r\\ LFO waveform | Generator S/H i{\// S/H

Resetting

Noise signal, to VCF




1. VCA {(Voltage Controlled Amplifier)

The VCA is operated by ICT (1G00151). its operating principles are exactly
the same as that explained for the VCA. It is a voltage controlied amplifier
that controls the VCO-EG's output voltage, which is used for varying the
oscillating frequency of the LFO. Accordingly, the input signals of this
VCA are the output voltages of the VCO-EG. VCA's control voltage is sent
in from the demultiplexer.

//\ 15ee s

Gm Conv.
from EG-VCO —m i IS
,,,,,,,,,,,,,,,,,,, P
- e to Pin 1 of
Controt voitage vix e the 1GOG150

from the Demultiplexer. (LEO)

LFO SPEED ; —

OC voltage |

Polarity

After being mixed with the oscillating frequency control voltage of the
LFO, the VCF ocutput is sent to the LFO. FET 1 operates as a polarity
changing switch for 1C 1.

2. LFO OSCILLATOR CIRCUIT

The LFO uses the 1G00150, whose operating principles are the same as those
of the 1G00153. However, this LFO incorporates a logarithmic conversion
| circuit inside the 1C so that frequencies twice or one and half as large may be
obtained with regard to a 1V variation of the input control voitage. Further,
«, it incorporates two wave shaping circuits, one for the sine wave and the
| other for the sawtooth wave. When the capacitance of the capacitor con-
N nected to Pin 3 is increased, the frequency will be lowered.

When the control voltage is incresed by 1V,
the oscillating frequency will become twice

Control Voltage —— s ) Resistor (R) |
input [ I—— I for time constant . FREQUENCY
GND i:“"“z BN ;(S}awtooth wave ; ‘
1 Voo | output CONTROL VOLTAGE — LFO 16000
Capacitor (C) - o Sine wave 5
for time constant - T
R i3
—18v [ +18v Reset pulse i z
| -
. T
OFF | Charge ki
i
| Wavetorms are formed
N - by repeating charging
O < = 3V and discharging of capacitor €.
g 10K
LFO reset

The transistor switch is connected to Pin 3. When this transistor turns on,
it causes C to rapidly charge its voltage. As a result, the LFO is reset to the
initial state,
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3. LFO WAVEFORM SHAPING

# Sine Wave, Sawtooth Wave and Inverted Sawtooth Wave

B Square waves

\§;

N

B 1/2 Square Wave

/_f/;_;wm_ ]

These waveforms are fed out, respectively, from the output terminals of the
1G00150 passing through a buffer, another buffer and inverter.

Square waves are obtained by feeding in sawtooth waves into the clipper
circuit of ICB, where the sawtcoth waves will be subjected to saturation
amplification and converted into square waves. {For VCF and VCA circuits)

o //]I o0k \ L1 .

— my
77"‘ OP amplifier
INPUT : oV
CUTPUT ov

This waveform is used for the VCO circuit to prevent VCQ's tremolo from
synchronizing with VCO's pitch variation.

Square waves are fed into the flip-flop of IC5 from the output terminal of
IC6's clipper by way of a diode. This will cause square waves to be divided
into one half and to be fed out through the inverter of 1C6.

FLIP FLOP

Qutput frequency becomes one half.

*  Since the flip-flop cannot be reset even when the input is changed
midway of operation, it is to be reset with the RESET terminal set
_tO 24 0 !l'.

4. KEYED TRIGGER TIMING CIRCUIT

This circuit, which is formed with Tr1 ~ Trs, feeds out a short-duration
pulse which is generated corresponding to the fall in pulse that takes place
when a Key-On trigger is applied, It is used for resetiing the ICh
{BAB34} and 1G0O0150.
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Reset puise Tr1 serves as a buffer that transmits the Key-On trigger to Trz. Tr2 and Trs

together form a mono-stable multivibrator, feeding out short-duration pulses
when a Key-On trigger has been applied. This pulse is transmitted to 105
by way of Tre and Tr7, as well as to IC3 by way of Tra, to reset the respec-
tive 1Cs.

—-KEY ON
Tr2. Tr3
Rm— gt‘;}fer Mono stable b a1 1C5,
multivibrator 1C3 (iGO0150)

KEY ON OFF

: f

INPUT | '

QUTPUT J

Synchronize 7 This arrangement is taken to synchronize the tone (VCF), volume {VCA)

\!: and LFO effects when a trigger is effected at the LFO speed, and at the

same time, to prevent the tone and volume from changing at Key-On.

LFO OUTPUT N\I\’\\J\J\

RESET pulse m
KEY-ON Signal Trigger I i

Iadj 1600150  Usually stable at OFF and ON.
8 3] +i5v / /

it e DTN

0K

Reset puise

/ L w ”z
+15v 0K =
— OV
“ 5 pin of
[TV — e Charge P } }

IC 5

g‘—_J‘ ; | -15v
b4
I c&"§
H\{SV +I8V +I5Y +158V )2 I
. A )\
x | | \{ Y =3y -I5Y ~i5y
] f Ez /700 e

- T/ Reset pulse of F/F that converts the pulse
!

r@) potential. (As the F/F cannot be reset at
"L Ts [ the input terminz.a!, the pulse is applied to
i Z the RESET terminal.)
g i "
\
Normally Tr2 is “On". and Tr3 “Off,
However, when Tr2 receives the fatling

pulse, Tr2 will turn off and Tr3 will
trn on momentarily,

o]
TRZ N

Base potential OFF

And Tr4 will turn on, as a result,
supply the potential {(3V) to the
Tr4 ON iGO0150 @ pin.

1]



5. REPEAT TRIGGER CIRCUIT

The trigger signals from the SKA that accompanies Key-On and Key-Off are used as the triggers to start the EG’s
VCA, VCF. This trigger can be controlled at the LFO with the REPEAT switch.

KEY-ON Trigger
!

i

YMB15 KON

Repeat
e | T8 o EG-VCF, EG-vCA When the REPEAT switch is set to
Control CREPEATY, the trigger that controls

such selection as the EG-VCA, is effected

{
]
i
i
i
i

[ i not onty by Key-On and Key-OFf signal

Synchronize
Circuitry

I | +i5V but also by the LFO’s square wave.
i : 5,
Pl Y
Lo |
; ! REPEAT Switch
. LFO H
trigger signal l
AN
15V

Diode OR Logic

Repeat off

~

Ri
+5v—-—t {—@”*Wr‘”“ () © v ~
10V av

& iz
©——w
+BY At i By
T3
. ®
Fig. 2 REPEAT OFF :— 15V
Repeat on

Repeat operations are controlled chiefly by diodes. With reference fo Fig. 1,
when the potential at Point t\@, or Point /B\‘ drops, it will cause current

to flow from Point C to Point \J/ or to Point @ so that the pontential
at Point (C) will drop. in this case, the voltage at Point @ will be higher

v

than that of Point (A) and Point (B), by a degree equivalent to the diode’s

forward voltage.

R
KOj—%————— 18y ! ¥
INPUT & Mig\ij,_wj oL
K02 RS LI“H“
— Be -~V “Ln
A‘ N &= 4 58
Lall et f@VUL’J‘__ 5t u
R § T g3V
A
Fig. 1 +5Y

With reference to Fig. 2, the potent’ al at Point @ will become —14.3V.
The voltage variation at Point G will not appear at Point ( C

¥ o3

REBEAT ON @ +i5Y

Now, with reference to Fig. 3, no current will flow as the potential of Point
(G) will be lower than that at Point (D). As a result, the voltage of Pamt
(G) appears at Point (E). The voltage of Point (G) will appear at Point ©,
thh its value reduced by a degree equwa!em to the forward voltage of
D12, Consequently, the variations of \f\/z and &\J will be mixed at Poin @
This circuit functions as positive enabled OR logic

The actual circuit is more complicated, but if you follow the logical sequence, bit by bit, it will not be too difficult

to understand.
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Trigger Buffer LEU Driver

.y 5 e

The trigger level changes at the IC2 buffer, oo 32

+5v e o '
it S LFS Trigaar KO 1 Cutput
NEIAN rieger +sy +15V
§ g! ‘1'}’1(
! o 77
: 51315?’;??;,’ *Lf“DEe'/VW L_M*‘O-"é REPEAT
! o OFF
KON | ! A
KON 2 —i8y
K02 Output
o e
!
ov Key Voltage e _SK‘_‘f;bBi'E ~_;
L I e T R e -
75 ]
K02 T [T T | LFO |
= o / N\
i /
Synchronized N
©K0!+K02 _1 l [ r \ Trigger OFFM
When the potential at Point@ or Point@drops, KOI+KO2 ON } R
the potential at Point@will also be dropped by KO1+KO2 “‘] ] Synchronize
D22, or D23. Hence, this may be called an OR.
At REPEAT the trigger will be as shown below. DESCRIPTION OF OPERATION
When —15V is applied to Foint@, Points@and@wm
retain its voltage of —14.3 V, even when a trigger from
Ko1 ! l LFO is fed into Point @1 .
Meanwhile, when +15V (REPEAT) is applied to D, the
L.LFO Trigger variation of Point@will appear at Points E and F, con-
tributing to turning Tr1 an Tr2 On and Off,
Tr1 turns on when Point @or Point @ is “On’, while
Trigger 1 l ” ! l [ l I I ' I ! Tr2 will turn on when Point@) of G turns “On*".
6. SAMPLE & HOLD CIRCUIT AND NOISE GENERATOR
Noise 1 An inverse voltage is applied to a zenner diode for use as a noise source. This

voltage is amplified by the OP amplifier and used as noise. In this point,
the circuit is absolutately the same as conventional circuits.

S/H

In terms of operating principles, this circuit is exactly the same as the Sam-
pling-and-Hoid circuit that has been described in the section where the
Key Voltage has been explained.

+5v
LFO’s SQUARE WAVE l ] l l
=10V

The gate of FETZ is turned On and Off with
LFO's square waves, C serves to hold sach
instantaneous voltage.

A Noise source is formed by applying
an inverse voitage to the ZD2.

Noise Generotor

S/H Qutput

1
,
“““’w

Noise signal
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in other words, the square waves from LFO are applied to the base of Trz
by way of a capacitor, which differentiates the square waves to generate
pulse. This puise, after passing through Trs and D2, is applied to FET2,
causing FET2 to turn on only for the duration a short pulse is applied.
Consequently, the noise voltage when FET2 is “ON” will be held by the
0.039:F capacitor. FET3 and IC3, which are high-input-impedance buf-
fers, function to hold that certain voltage until the next pulse comes in.

NOISE E

4
T

When the gate is 'On’’, the noise voltage

ov m will appear at C. When the gate turns “'OFff"’
the voltage of that moment will be held by C.

Control voltage
(Pulse from LFO)

S— R=Infinite

M High input impedance
l Buffer As there will be practically

no current flow, the voltage
of E does riot drop.

7. MODULATION SIGNAL SELECTOR CIRCUIT

This circuit is similar to the circuit used for changing over, the FEET switch of the VCO section, for exanple. The
circuit diagram is given below but no description will be given here.

from LFQ —®———""

\'a /\_S/HZFU VN~
4voit ; |
: 1 |
FUNCTION o | c24 l z i
&3 T i St
les o A s
< x Ao 1c20 iC23 ;
o 3 Tef E Fal
=3 EGt . ‘
H
b3 I
- S/H L2
:
X i
b i
5 |
8E |
= ol |
d |
& 3 | L—(a)—2 MODULATION
— NN pa H
——O ot i
3 25
- s M
p—C . \

n Used for the offset, in which the points
of activation are changed by applying
direct current when the LFOis  or

., [MCBU-] {MODE] ov
As for the operation of the analog Uy LBATION utarion Buffer ©2)
switch, please refer to the sections 3 Moduiatio -
dealing with changeover of VCO's (P5© [ :

P o

FEET switch, ; V“‘ ‘ Modulates VCO block.
, L for VCF block modulation
g}M iCa-z) _‘
TFEE ;

- S ——— -
o

O%
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RING MODULATOR: PB BOARD

The PB Unit is that section interposed between the VCA (or VCF) and output jacks. It is composed of such sections
as 1) the POA switch section that functions to changeover the VCF (POA) input and VCA input for the block
that applies RING MODULATION, and 2) the output amplifying section. The block diagram of this unit centering
around the switch section is shown below.

+12.8v from FOOT controiler
ONG (46

RMO ' EXP Control

from VCAi : Icz Ic3
sex vo
AMP o LUME 104
MIXING AMB ; AMP QUTPUT
1C4,Tra,Tr5
} 2 AMP Headphone
S
. IC | s
RMO & »—_’J PHONE VOLUME
i
RING MODULATOR
* rers Oscillator for the Ring Modulator, is the same circuitry as LFO.
+\l/5 } _1—61; Envelope switch 50K 1600151 1600150 —J
- | r‘—w——~
EG XFEL : o 5 vea LFO
UL | L
I o 1 1H L 2Y 10v 10V cx £R
A s \! ST TRy ‘ *
EG-VCAL E :\ +12.8v T a8 47)
H N \ s
moh W ‘ A Kf
+I5V e é—&——*@-—l | ez ,
o L ~ nva I
o EG-VCO(~)  SPEED  SPEED
® OQOutline of Circuits
POA switch "l Outputs from the VCA circuit are mixed at 1C2. Signals from the VCF

circuit are sent in directly to the analog switch. Therefore, when the POA
switch is turned on, the analog switch will also turn on. The outputs of
the analog switch are mixed at 1C2.

PMO switch The outputs of IC2 are divided into those that go to the analog switch and
those that go to the ring modulator (to be referred to as RMO hereafter).
When the RMO switch is “OFF”, the analog switch will be “ON’’ for the
section from 1C2 to IC3, and when the RMO switch is “ON”, the analog
switch will be “ON"" for the sections from RMO up to IC3.

Foot control Signals that have passed through the 1C3 buffer are further passed through
the photocoupler (PC). As shown in next figure, the photocoupler is an ele-
ment that controls the resistance corresponding to the size of the current
that is flown to the light emitting diode. This is a pedal control. When the
pedal is stepped on, the action causes the 1C2 (EXP-Control) to convert
the current, which is then flown to the light emitting diode in the PC. The
Cds of the PC are controlled by this light. In other words, when the pedal
is depressed deeply, more current will flow and more light will be emitted.
N This will cause the resistance of the Cds to drop, and the volume will in-
crease as a result. The output fed out from PC will be divided into two,
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B Ring Modulation

Multiplier

Discord

,
[
P

\\!;§

i

P—

one going to the output jack after passing through the VOLUME and out-
put amplifier, and the other to HEADPHONES after passing through the
phones volume and phones amplifier.

PC{Photo coupler}

% E"w LED
T

S
—— Cds elements

it i i .
il More‘ light The resistance of the Cds will change I1 Less %lght
L@.ﬁ according to the brightness of the LED. E@J

kS

X

/

e P
N arger

-/ gmaller resistance
resistance

The function of the RMO ({ring modulator) is to produce the sum and dif-
ference between the frequencies that have been fed in.

This is a multiplier, or in other words an applied circuit of a balanced modula-
tor. The product of two inputs X and Y appear at the QUTPUT. Here, we
shall assume that X and Y are such AC signals as shown below.

X =sinXx (Frequency : x)
Y =siny (Frequency : y)

Hence, the output W will be

We=XxY=sinx xsingy =——1§~cos(x+y)+-;— cos {x —y)

(The Product and Sum Formula)

When, for example, 660Hz (E} is fed into X and 440Hz (A) into Y, the note
of 220Hz (660—440) {A) and 1100Hz (660+440) (= C¥) will appear at the
output. Since these rates have no direct relation to the input pitch, it will
result in producing a discord.

e
(660H2) "
Pas e WEX XY
VA B [1100Hz)
(440Hz) 4 AN \220HMz /
R.M

Product Sum Subtract
¥ i

SINX ¥ SINy =~ COS(x+ y) + = COS(x 1y)
z 7

Although the output from the oscillator {LFO) for the RMO will be fed into
Pin @ of IC5B, the FET switch which is located inbetween is designed so
as to turn ON and OFF depending on the presence of an envelope from the
EG-VCA. This arrangement is taken to prevent the LFO output from being
fed out when the kev is not being depressed. Since this LFO adopts a circuit
conposition exactly the same as that adopted for the MOD biock, descrip-
tion shall be omitted here.
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