DIGITAL PROGRAMMABLE
ALGORITHM SYNTHESIZER

DX7/9

SERVICE M

B CONTENTS(Hx%)

SPECIFICATIONS . . . . . ... .. .. . i e 1
PANEL LAYCUT. . . .. . . . . .. . e e 3
Placing Upright Keyboard DX7 (DX7T@®8 AL TH) . ... . ... 5
DX7? BLOCK DIAGRAM . . .. . .. ... . ... i ee 6
DX9 BLOCK DIAGRAM | . . . .. ... . e 8
DX7 CIRCUIT DESCRIPTION ([=RRIREA) . . . . ... ....... 10
EGS. . . . . e e e e 13
L0 16
LSIDATA TABLE. . .. ... it et e 21
DX7 DM CIRCUITBOARD&EWIRING . .. ............ 22
DX9 DM CIRCUIT BOARDBWIRING . ... ... ........ 25
DX7 PN CIRCUITBOARD&WIRING . ... ........0.. 28
DX8 PN CIRCUITBOARDE&WIRING . ... ........... k]
DTCBR, DTCAW & LED CIRCUIT BOARD & WIRING . ... .. 34
AC-DC CIRCUITHOARD&WIRING. . .. . ... .. cvu W 35
PARTS LIST

v @ YAMAHA
-

NIPPON GAKKI CO. LTD. HAMAMATSU, JAPAN
'83.4 2.4K-3211 (0 Printed in Japan



-

SPECIFICATIONS ({t#4%)

o DX7

Keyboard . ... ............ . ........ 61 keys: New Light Touch Keyboard

[ 5]

SoundSource . ... ... ... ... FM Tone Generator: 6 operator 32 algorithm

L v}

Numbar of sounds produced simultangously, . . 16

| e
) |

Sound Character Memory . . . .. ... ....... 32 Bank (32 Memory)

HEmAEY —~

External ROMMemory . . ... ... ... ... ... 32 Bank x 2 (64 Memoary)

HEBROMAE) —

External RAMMemory . ... ... ......_ .. 32 Bank {32 Memory}

HEMRAM £ £1) —

Controls ... ... ... . ................ VOLUME, DATA ENTRY, YES/NO, ON/OFF, STORE, MEMORY

axro—n PROTECT (INTERNAL, CARTRIDGE), OPERATOR SELECT,
PLAY-MEMORY SELECT {INTERNAL/CARTRIDGE 1~32],
EDIT/COMPARE (OPERATOR ON-OFF/EG COPY 1~86),
ALGORITHM, FEEDBACK, LFO (WAVE, SPEED, DELAY, PMD,
AMD, SYNC), MOD SENSITIVITY (PITCH, AMPLITUDE),
QOSCILLATOR {(MODE/SYNC, FREQUENCY COARSE, FREQUENCY
FINE, DETUNE), EG (RATE, LEVEL), KEYBOARD LEVEL
SCALING (BREAK POINT, CURVE, DEPTH), KEYBOARD RATE
SCALING, OPERATOR (OUTPUT LEVEL, KEY VELOCITY
SENSITIVITY), PITCH EG (RATE, LEVEL), KXEY TRANSPOSE,
VOICE (NAME), FUNCTION (MASTER TUNE ADJ, POLY/MONQO,
PITCH BEND {RANGE, STEP), PORTAMENT (MODE, GLISSANDQ,
TIME}, EDIT RECALL, VOICE INIT, BATTERY CHECK,
CARTRIDGE {SAVE, LOAD}, MODULATION WHEEL (RANGE,
PITCH. AMPLITUDE, EG BIAS), FOOT CONTROL {RANGE,
PITCH, AMPLITUDE, EG BIAS), BREATH CONTROL (RANGE,
PITCH, AMPLITUDE, EG BIAS), AFTER TOUCH (RANGE, PITCH,
AMPLITUDE, EG BIAS} ), LCD DISPLAY, CARTRIDGE INTERFACE,
PITCH WHEEL, MODULATION WHEEL

Connecting Terminal . . . .. . ... .. ......_. OQUTPUT, PHONES

o

Control Terminal . ..................- FOOT SWITCH (SUSTAIN, PORTAMENT}, FOOT CONTROL

AxbR—WF (VOLUME, MODULATION}, BREATH CONTROL, MID! {IN, OUT,
THRU)

Dimensions/Weight . . . ... ... ... ..... ... 101.8W x 10.2H x 32.9D cm {40"" x 4" x 13"}, 14.2kg {28.6 Ibs.)

<+ - Xl

Power Consumption . . ................ 40W (UL, CSA, GENERAL)

EHREMRST ... 30W (JAPAN)

ACCHSSONOS . . . . . .. .. e Music Stand, ROM Cartridge x 2 (68 sound character x 2)

wrEEma (685 x2)

*Specifications and design are subject to change without notice for improvement.
MBI UG, ARAOTHTEESEBTSEELSBUFTTDOC. TTHREE W,



PANEL LAYOUT
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DX7 BLOCK DIAGRAM

,——— KEYBOARD — — ,—E?\I“}TR‘:,—\ CONTROL . DISPLAY ——— 4
op
INT |CART
61 KEYS STORE| A SEL
INITIAL TOUCH
AFTER TOUCH OFF | ON E/C INT {CART/| FUNC LED " LCD
KEYBOARD/SWITCH SCAN
DATA ENTRY —» {} ,—J ;-—J
PITCH BEND —
MODULATION | / SUB [=cC Sub CPUs
FOOT CONT ——=f  A/D \,
BREATH CONT — CPU =58
AFTER TOUGH ———m
BATTERY —i= <>
MIDI < b
ID —/
"\
MAIN —
A EGS j
VOICE CPU ——
CARTRIDGE RAM [ ROM
]
)
:: o
ADDRESS/DATA/CONTROL BUS
RAM BACK-UP
BATTERY




’ PARAMETER SELECT =

17 18 19 20 21 22 23 24 25 | 26 27 28 | 29 30 31 32

1. Keyboard scanning of ON/OFF and touch data Main CPU’sjob . Receive data from sub CPU

2. Panel switch scanning 2. EGS and OPS control

3. Analog voltage scanning 3. Load and store Voice ROM cartridge
4. Data transmission to main CPU 4. LED and LCD control

s job

VOLUME

—O OUTPUT

N o I B e
—/

) PHONES

FOOT
VOLUME

37.7M -—— GND

4M 8 CLOCK +15 POWER ﬂ: AC
¢ | GENERATOR G SUPPLY

500K ~4—

-156
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Placing Upright Keyboard DX7 (DX7 8 ® 31 TH)




DX7 CIRCUIT DESCRIPTION

1. Keyboard and Panel Switch Scanning

The 4 bits BO ~ B3 from the sub-CPU (6805S) are input to the decoder (40H138).

The decoder output is sent to the keyboard transfer contacts and the panel switches.
The on or off state of the keyboard break contacts, make contacts and panel switches are g
the sub-CPU AO ~ A7 lines via a line driver (40H240) when the sub-CPU B4 and B5 lines ¢
low.

2. Key ON/OFF and Touch Data

The time it takes for the transfer contact to connect with the make contact after separating

the break contact is recorded by the sub-CPU timer. This value is the Touch data.

The key ON signal is generated when the transfer contact connects with the make contact,
the key OFF signal is generated when the transfer contact connects with the break contact.

3. ADC
Data entry
Pitch bend wheel
Modulation wheel
Foot controller
Breath controller
After-touch controller
Battery voltage

The 7 analog control voltages given above are fed to the ADC (M58990P-I). The analog inp
selected by the sub-CPU BO~ B2 bits is converted to a digital value when the sub-CPU B7

ent to
\re

rom

and

it
ine

goes low. The ADC outputs a high level to the sub-CPU C3 line when the conversion is conpplete.

The ADC sends the 8-bit digital value to the sub-CPU when the sub-CPU B6 line goes low.
4. Data Transmission from Sub-CPU to Main CPU

4-1. When a key event occurs the sub-CPU CO line goes high, changing the state of the
ready flag (R S F/F) causing the main CPU IRQ and P21 lines to go low.

4-2.  The main CPU accepts one byte of data on lines AO~ A7 from the sub-CPU when
the P21 line goes low.

4-3.  Once this byte is accepted, pin 9 of IC24 goes low, changing the state of F/F and
forcing the sub-CPU CI line low.

4-4.  When the sub-CPU Cl line goes low, step 4-1 (above) is repeated and then in step
4-2 a second byte of data is accepted by the main CPU.

4-5.  During the IRQ routine the main CPU P20 line holds C2 on the sub-CPU line low
until the second byte has been transferred.




4-6. Data is not accepted from the panel switches and keys while the sub-CPU C2 line is
low.

5. Main CPU Operation

The main CPU mode is set by externally initializing lines P20~P22. When “L, L, H” is applied to
the P20~P22 lines and latched into the CPU on the rising edge of RES, the Extended Multiplex
Mode is selected.

In this mode, P40 ~ P47 function as address lines. The lower address bits are multiplexed with the
data on lines P30 ~ P37, and are separated by the address strobe signal SCI.

P20 ~ P24 and P10 ~ P17 function as I/O lines.

Multiplexed/RAM

S0000

}Internal Registers KT, ZO@HEE— PO L Y —7 o 7T,
S001F :
} External Memory Space  The memory map for this mode is given in the diagram

50080 to the LEFT.

L Internal RAM
SDOFF q

* External Memory Space

SFFFF

6. RAM
M5M511BP-15 X 8-bit CMOS RAM.

7. ROM
2764 8K X 8-bit NMOS EROM

1000 ~ 17FF | IC19
1800 ~ 1FFF | IC20
2000 ~27FF | IC21 Working Area

Voice Memory

8. LED
The LED display is created via software. The LEDs are lit by data latched from the
main CPU.

E000 ~ EFFF Program

F000 ~ FFFF IC15 Test Program




9. LCD
Data from the main CPU is decoded and displayed at the LCD unit.

10. EGS (Envelope Generator)

8 bits of data are received from the main CPU, and envelope and frequency ddta are

sent to OPS.
11. OPS (Operator)

The OPS uses a sine table to generate waveform data to be sent to the DAC from the
received envelope and frequency data.
The OPS permits combining the 6 operators in 32 different combinations. The combin
tions are called “algorithms”. One of the 6 operators is able to feed the sine table outg
back to the input. The feedback level and algorithm data is received from the main
CPU.

12. DAC

A BA9221 DAC is used. The DAC converts the digital waveform data from the OPS to

a-
ut

an

actual analog waveform. The amplitude scale factor of the analog waveform is controlled

via SFO ~ SF3. This signal is then fed to the sample & hold and low-pass filter circuitg
from which it is sent to the output terminal. A reference voltage is applied to pin 14 of
DAC. 8 reference voltages are generated by the muPD405 1, and the total level is ex|
nally controlled.

13. MIDI (Musical Instrument Digital Interface)
Permits data transfer with other devices. Data is received by P3 of the main CPU via i
photo-coupler, and data is output from main CPU pin P24.

EGS

1 EGS Functions

Receives data from the CPU, generates envelope & frequency data, & transmits the g
ated data to OPS.

(see EGS block diagram)
Data received from the CPU is latched in the EGS & sent to the internal data buss.
2 EGS Rate/Level Buffer

Rate refers to the time required for the next level to be reached. For example, Rl is th

the
ter-

ener-

b fime




EGS

EGSOMHE EGS functions:
CPU & V) Data# 5%t Envelope Data * Frequency Data Receives data from the CPU, generates envelope
BED. OPSIZREN 24, and frequency data, and transmits the generated data
to OPS.
r=-"-"F"-"=-"=-""~""~"”"""* ™ ~* " " ,-T,-e,-,o---T-=T==—=—-= - "i
) I
I Key Event | —
— —em KON
00 ~ D71 Latch Buffer 16 ch }
' |
: ‘_ Qutput Level . I
| Buffer 8 EG x 16 ch OE :
5 |AD~ A7 ' Latch L i
‘g | EG Rate/Level Envelop o EC1
g ! Buffer 6EGx4x2 R Generator -
& I : EC12
0] o
| |
. I Frequency I 3
Ce ] Buffer 16 ch X | & ?3
| I i
[ e — |
b | 3 AS
| @ Rate Scaling }
| é"é Modulation Sensitivity |
E v momn Ms |
SYNG >—L o - Buffer 6 EG ()
£ | E T !
| ig |
o1, g2 > ——————— - Envelope Modulation |
! Buffer —
Vss>:_—- OE !
I F
1 Detune i
voD=>7 = Buffer 66 | =& X F14
1 [ =/
BE |
>—«—'—---—-—-—
OF i
! Pitch Modulatian '
1 Buffer ﬂ*? I
1 |
1 |
1 I
! Ratio of Pitch |
: Buffer 6 EG |
|
! )
' !
b e e e e e e e e o e e o o o — — — —— — 4
EGS Block Diagram
1. CPUX W2 7:DatalzEGSAHNLatch 125 » F & fv 1. Data received from the CPU is latched in the EGS
Intenal Data Busiz X 5L F 4, and sent to the internal data buss.
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it takes until LI is reached from L4. The larger the Rl value, the sharper the attack.
Rates and levels determine the basic shape of the envelope, but the actual envelope shape is
affected by output level and key scaling.

R2

L1 ]7 R4
L2

R1

] L3
L4 l L4
0 f ¥
Key On Key Off

3. Output Level Buffer
Output level buffer receives data concerning key scaling, after touch, and output level from

the CPU. Actual values used for LI to L4 are determined by the data stored in this buffer.
Key scaling changes the output level as shown below.

Key Left

Key Right

Break Point

LIN : Linear
EXP : Exponential



10.

11.

12.

13.

14.

Frequency Buffer

Frequency data related to key code, pitch envelope, and transposition is received from the

CPU and stored in the frequency buffer.

Rate Scaling Buffer

Data used to determine rate values according to key scaling is stored in the rate scaling

buffer.

Values used for Rl to R4 are determined by the data stored in the frequency and rate
scaling buffers.

Key Event Buffer

Key states (ON/OFF) are stored in the key event buffer.

Modulation Sensitivity Buffer

Amplitude modulation sensitivities are stored in the modulation sensitivity buffer.
Envelope Modulation Buffer

Modulation states of the LFO are stored in the envelope generator buffer.
Envelope produced by the envelope generator is modulated by the data stored in the
modulation sensitivity and envelope modulation buffers to generate the final
envelope.

Detune Buffer

Detune data according to key scaling is stored in the detune buffer.

Pitch Modulation Buffer

LFO pitch modulation data is stored in the pitch modulation buffer.

Pitch Ratio Buffer

Pitch ratios are stored in the pitch ratio buffer.

Data in the frequency buffer is modulated by the data stored in the detune, pitch
modulation, and pitch ratio buffer to generate frequency data.



OPSOMEAE

OPS

EGS k& 1) Frequency Data & Envelope Data, CPU LR
Algorithm Data ® Feed Back Level Data #%i7. DA
ConverterlZ Digital®d Audio Signal Data®# 0 .

OPS functions:
Receives frequency and envelope data from EGS,
and alogorithm and feedback level from the CPU, and
transmits digital audio signal data to the D/A con-

verter,
1. EGSHHASNTH D, Frequency Data & Envelope 1. Frequency and envelope data transmitted from
Data EGS.
OP6  OP5 _ OP4  OP3  OP2  OP1
T T 1 T T T 1
{ t
CH1 CH16
e 20.368032usec -
From EGS From CPU
To EGS p e N - . |
SYNC F1 ~ F14 EC1 ~ EC12 W‘F} DS Do ~ D7
— I RSy PR g I 1
I 1 "- 1 l
: : o1 : Latch :
ase
! : Accumuator ! P Op i
| ) ! 1 (
1 I ! !
I 1 : A-Register \
e i TN I 1
( (. | r |
| 12 Sin Wave : |
=
l : 5 Memory | Algorithm :
| P |
cOMm |
R | R |
. I | r 4 =z =2 l.
I Lo ~ o i w w Iy
| o w0 £ o [
= |
|
I |
| }
| - ]
| |
|
: 5 [ M-Register |
| E L] | DA1 ~ DA12
| & MAEN DAC L | . sFo~sF3
I ‘- Interface | SH1 ~ §H2
| 1 |
| Shifter F-Reqgister I
| !
| 4—:_—< @, ¢2
I I
| - < Vss
| | = |
| w « o -~ —< VDD
w E ]

OPS Block Diagram

16



DX7/9

2 . OPS Block Diagram® AR

2. OPS block diagram description.

F1~Fu®Frequency Data% . Phase Accumlator TPhase DatalZ
L, Sin Wave Memory 2 @iA L E T, 2 5IZEC~ECe?)
Envelop Dataiz & 7. Sin Wave Memory @2y /19 Level % §l## L
=4, ARICAHLTH I216bit DelayL 3.

Converts frequency data of F1 to F14 into phase data using
the phase accumulator and reads sine wave memory, Controls
sine wave memory output level using envelope data of ECI
to EC12. Delays output for 16 bits after input.

Algorithm®—& TFi2H 20P % Carrier = b\ 2347, COMIL, =
A Carrierd 2 L D LevelZRMIL £3. #2103, Carrier#2{H5
fF(21/2, HEOEEE1/32 & Carrier@ Level 2RI L 2 4. 24U,
Algorithm# %2 Th., miFDLevelnEfrE LT 572607T

The bottom OP in the algorithm is called a carrier. It controls
level according to the number of carriers. For example, if
there are two carriers, it controls each carrier level for 1/2. If
there are three carriers, it controls each carrier level for 1/3,
This is done to avoid changing the last level, even when the

Algorithmizfig > T, OPIZE& 4 Modulatori#il#E LT,

Selects modulators to be transmitted to the OP according the-

M-Register ¥ FI#I L % ¥,

F-Register # 5l L & ¥,

opP Operator
COM | Compensation

Tﬂ

algorithm is changed.
SEL Selection

algorithm.
MREN | Memory Register Enable

Controls M register
FREN | Feedback Register Enable

Controls F register.
FL Feedback Level

Feed Back LevelZ8IE7L 23,
Controls feedback level.

3. OPSHE@EMEIL, Algorithmizd - TRA D 4,
Algolithm@ & £ OPS Block Diagram# R&475, (2
nETHEALEL + 9. Fi~Fu., ECi~ECu2'OPSHEE
AOPTERAINL:HRLOPnOBORERLET,
{n=1-6)

Algorithm LB &

(1) F#IZOP§NDataliOP TRES 1L
f emnzT,

(2) (iR, F-RegisteriZ # Y —&115 L RIIFIZSelector
2H-TOPEEFRT LA LN ET,
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3. OPS internal operation depends on algorithms,
Let’s look at some examples using the algorithm
figures and the OPS block diagram. The result, when
F1 to F14 and EC1 to EC12 are processed at the OP
in the OPS, is shown as[n]representing the OPn (n=1
to 6).

When algorithm 1 is chosen:

(1) First OP6 data is processed at the OP and the
result is [s.

(2) The result from (1) is stored in the F register and
at the same time, is input to the selector to
modulate the OP.



(3) OPS data is processed at the QP by being modu-
lated and the result is % )

(4) OP4 and OP3 data is processed at the OP in the
same way as above, and the result [¢] is stored in
the M register. B

(5) OP2 qnd OP1 data is processed at the OP and the
result is added to the data stored in the M

register. %

(6) The result in (5) is stored in M register and the
result is output.

(7) OP6 data is processed at the OP by being modu-
lated as data in the F register, the result in (2),
and the result is @ .

(8) By repeating the above steps, the final output is

(e H&HoH{lok

When algorithm 21 is chosen:

(1) First OP6 data is processed at the OP and the
result [¢] is stored in the M register.

(2) OPS5 data is processed by being modulated by the
result in (1) and the result is % .

(3) The M register outputs the stored data, which is
the result in (1), and stores the result in (2).

(4) OP4 data is processed by being modulated by the
result in (1), and the result is E

4

18

(5) Adds the results in (4) and the result in (2),
which is stored in the M register, and stores the

result ¢} in the M register.
b

(6) OP3 data is processed at the OP and the result
[3] is stored in the F register.

(7) OP2 data is processed by being modulated by the
result in (6) and the result is [3]

(8) Adds the result in (7) and the result in (5), which
is stored in the M register, and stores the result

3] [¢] in the M register.
6

(9) OP1 data is processed at the OP being modulated
by the result in (6), which is stored in the F
register, and the result is

(10) Adds the result in (9) and the result is (8), which

is stored in the M register, stores the result B
and outputs it. Ilﬂ nla

(11)Repeats steps from (1) to (5) and stores the

result [s] in the M register.
o) |5

(12)OP3 data is processed at the OP by being modu-
lated by the result in (6), which is stored in the F
register, and the result is stored in the F
register.

(13)Repeats steps from (7) to (10). The final result

s] is stored and output.
et

4. Examples of algorithms 1 to 21 explain the exist-
ence of only one OP in the OPS, but the OPS is multi-
plexed therefore it appears that there are a total of 6
operators.
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OPS ALGORITHMS of DX7
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