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I. WHATIS OPLL?

(I-=1) Outline
This LL-Type FM Operator incorporates a DA Converter and a Quartz Oscillator in addition
to a YAMAHA onginal FM Sound Generator. allowing for a much easier and more economical
sound generating system assembliy than conventional LSIs. Tone data are stored in ROM for
software simplicity, making it possible to execute data alterations involved in tone changes
with just one Instruments seiection operation. Furthermore. a built-in Tone Data Register
with capacitv to store one tone allows for the generation of sound effects and original tones.
Tones applicable to the "CAPTAIN" and TELETEXT are included among built-in tone data.

(I=2) Features
® FM Sound Generator for real sound creation.
® Two selectable modes: 9 simultaneous sounds or 6 melody sounds plus 5 rhythm sounds
(different tones can be used toeether in either casel.
Built-in Instruments data (15 melody tones, 5 rhythm tones, “CAPTAIN" and TELETEXT
applicable tones).
® Built-in DA Converter.
® Built-in Quartz Oscillator.
® Built-in Vibrato Osallator'AM Oscillator.
® TTL Compatible Input.
® Si-Gate NMOS LSI.
® A single 5V power source.

(I—3) Sound Synthesis by FM
This is 2 method that makes use of harmonics generated by modulation to synthesize musical
sounds. Circuitry to realize this method is relatively simple and is capable of generating
waveforms including high order harmonics and un-harmonious sounds. It is known that re-
lationships between the modulation index and the spectrum of harmonics are so natural that

it is possible to synthesize a wide variety of sounds from natural musical instruments to artificial
sounds.

This method is expressed with four parameters as follows.

F = A sin (oct + [ sin @ mt) [OF
Where A is the amplitude of output. 1 modulation index, wc and wm angular fr:qul:nr:i:slpt"
carrier and modulator respectively. The equation (1) can be expressed alternatively as follows.

F = A[Jo (I} sin wet + Ji (D) (sin (0w + wm}t — sin [mc' = om)t )
+ J: (D) (sin (wc + 2omM + sin(oc — 2omit + ....] PRI

Where In (I} is the nth-order Bessel function of the first kind. The amplitude of each harmonic
component is cxpressed as a Bessel function of the modulation index. Sound synthesis by FM
is found to be useful to obtain specific musical sounds or sound effects. String sounds. however,i
cannot be obtained as the distribution of harmonics is not uniform. A method call:gl
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-Feedback FM" has been incorporated to solve the problem. This method is characterized by

the following equation. _

i F = A sin (wect + BF) (3)

Where § is the rate of feedback. The spectrum of harmonics produced by “feedback FM’ has

a saw-tooth waveform and therefore it can be used to synthesize string sounds.

Three function blocks. as follows. are needed to realize the above method of sound synthesis

by FM.

4. Phasc generator (PG) generating ot

b. Envelope generator (EG) generating amplitude A and modulation index (1) which vary with
time

¢. 'sin table (SIN)

The method of sound synthesis by FM can be realized as shown in Figure [ —1 with units

{operator cells) which combine the three function blocks. By this method. all we have to do

is to define a frequency parameter and EG parameters,

ad 4

k. =l
B ] Py

EG
m = ;-

il

a. Fity=4aSIN {wct+] SN wmt} b, F{E) = A SIN (et + AF (L]

Figure 1 = | Sound synthesis by FM with units

FUNCTIONS

1) Primary Functions )

This OPLL is an FM Sound Generator LSI with a built-in 9-Bit DA Converter, it has two
sound generation modes: 9 melody sounds or 6 melody sounds plus 5 rhythm sounds, both
allowing for simultaneous generation of different tones. Selection between these two modes

can be performed from the software. One of the special features of this LSI is its built-in In-

struments ROM. As shown in the table hereunder, this ROM incorporates 15 melody tones

and 5 thythm tones, as weil as all tones used for "CAPTAIN" and TELETEXT. Furthermore,

a rvilt-in Tone Register with capacity to store one tone allows for the creation of sound effects

anc criginal sounds. By controlling the parameters of this register (E. wl. I and w2 in the equation

below), all kinds of harmonics can be created on the basis of the sample wave wl. : e

FM = E sirn iwit + [ sin w2t)




Unlike conventional FM sound gencrators. this OPLL has a built-in Instruments ROM. per-
mitting a substantial simplification of sound generation commands from the processor. First.
the desired Instruments code is stored in the Instruments Selection Register. Then, after data
has been input at the fixed intervals and timing. the unit starts generatine sound. Automatic
Processor play can be casily performed by writing data appropriate to the desired music into
the Sustain and Volume Registers. For using an original tone. the Instruments Selection Register
must be cleared after wniting data into the Tone Register as explained above. Rhythm sounds
are gencrated by turning ON or OFF the corresponding bits in the Rhythm Control Register.
In this case. the specified data must be input to the Key ON/OFF and F-Number Registers
8CH and 9CH.

(II=21) Pin Assignment

anp [ N 18] o1
oz ]2 1717] po
o3 13 18] vee
'j os (s 15f_] RO
os [is 14l ] Mo
os s 3] T
o7 []7 12{7] &3
AL "l wWe
xout []o 1w[] ao
(lI—3) Pin Functions
SYMBOL | [/O FUNCTION
o) 1' I A quartz oscillator {3.57%545 MHz) is connected between these two pins.
XOUuT | O
Do !
¢ I/O | 8-Bit Data Bus for OPLL control.
D '
1 For controlling the Dv~D- Data Bus, :
Ao TS WE Ao |
Cs | 0 0 0 | Writes register address into OPLL.
s 0 0 | | Wries register contents into OPLL.
WE 0 1| 0 | Outputs OPLL test data to Do, Dy Pins. Normally not used.
o' ! 1 OPLL Duta Bus high impedance
IC [ Resets the svstem when level is low. clearing OPLL Registers,
MO o Melody (M) and Rhvthm (RO) Qutputs. Both outputs are source followers,
RO Integrated circuitry and an amplifier are necessary for subsequent processing.
Vee | I | +5V Power Pin.
GND | — | Ground Pin.




{(II—4) Bus Control

The signals CS - WE and A0 provide control in the data bus for items such as addressing the

register in OPLL and read/write of the daia. Namely, they select one of four operating modes
as follows.

Table I1-1 Mode selection

TS WE Ao |
L ! X x Inacuve mode
2 0 0 0 Address write mode
3 0 0 [ Data write mode
4 10 I 0 Bus inhibited

(a) Inactive mode
The bus lines (Do ~ D) are at high impedance while T3 is ‘1",

(b) Address write mode

When writing an address, set the control signals to the address write mode and place the
address data on the data bus. The address of the specified internal register is now ready

to receive data. After writing an address, be sure to wait for 12 cycles of the master clock
(@M} before writing in sound data.

(c) Data write mode

When the control signals as set for the data write mode, the data existing on the data bus

enters the register of the given address. Wait for 84 cycles of the master clock {aM) before
writing in further data or another address.

(d) Bus inhibited
In this mode, the data of the data bus is meaningless and uncontrollable.

Take note of the following regarding the address/data write modes.
OPLL needs a certain length of wait time between successive wrtings of addresses or data into
the registers. The wait time varies between the address and data write modes. The processor

wailts for a time shown in Tabel II - 2 before OPLL performs another function. If the wait
time is not observed data will be uncertain.

Table -2 Wait times

Mode Wait time
Address write 12 cycles
Data write B4 cveies

MNote: The wait umes are given in cycles of the master clock.



p——

{I=5) Channels and Slots

OPLL can produce nine channels of FM sounds as it has two operator cells per channel.
However the FM Generator system has only one operator cell. therefore. calculation for nine
channels of FM sound is performed by passing through the operator cell 18 times. The order
(slot number) of the pass through the operator cell corresponds to the register number. Control
of the sound production is effected by controlling the register associated with the slot.
Channel data. like the F-number, controls two slots. No.l and 2.

In FM mode. the No.l slot handles the modulating waves and the No.2 slot the carrier. The
No.I slot can also be set for feedback FM mode. See (IT1— 1 — 3} for setting this mode.

Table [1 -3 Channeis and Slots

tlz|3|els|af7|8]9 |01 |t2{13[1af1s|18[17]18] slot No.
tl2fs|)2lajals|s|als|s|7|8|9l7]8]s]| ChanmelNo.
T
1 ! z 1 ? 1 z Slot No. when a channel is seen

20|21 22|20 |21 22|23 (24|25 |23 |23 |25 |28 |27 |28 i 26|27 |28 3::2:;‘:2’;&':;‘;’;;‘;”“““““
{Example 520 to £28)

(I—6) Block Diagram

AO WE C5 XIN XOUT
Data Bus Timing s 1
r.-' Controller Controller :{:::]l:;
N MO
op =4 DA Converter
= RO
o I R

}‘ l ' } ‘! |
DD Register Instruments
———d  ROM — e I |




(I-7) Register Map

Address ‘0, Dy Dy O, D, D, O D
og! | Al WTER :
|7 1% s MULTL :

o M.B, R, :

0z — T L w !

03 ; \;DC!DMI F B

User Tone Register

o AR D R ;

05

06 - 5 oa L Carner
o7 i ! - &  Modulator
0E ™\ R IBDISDTOMTLTIHH|  Rhythm Control
oF | TEET | OPLL Test Daa  (Normal '0)

10 !

¢ ! F-Num.0 — 7 ‘ F-Number LSB 8 bits

B8

0 a l é *I ” ' E ‘ F-Number MSB, Ociave set

| [ i

t :Ejs}[:[{”i Ggh:“_ 2 | :1 I Key ON/OFF Register

28 OFF | OFF| | § 1 Sustain ON/OFF Register

30 i |

1} INST. VOL Instruments Selection and Volume Register

38 . |

Register map for Rhythm mode (addr. $OE Ds = "H")

36 BD-VOL
a7 HH-YOL SD-VOL Rhythm volume regisier | =
8 TOM-VOL T-CY-VOL |




Register Contents

Address Bit
1| 00:( D+ Amplitude modulation ON/OFF switch
0:® I p, Vibrato ON/OFF switch
D5 Sustained tone.decayving tone switch. (: Percussive tone |: sustained tone
Da RATE kev scale
Da~Dsy [ Controls MULTI sample wave - harmonics relationship
2| 0203 Du D> |LEVEL key scale $02: (3, 503 : ©
3 02 Do~Ds | Modulator total level. Modulation index control
-+ N Di: (€' |Currier and modulated wave distortion waveform (flat wave rectification)
' Ds: it | ON:OFF switch
Do~D: |FM feedback constant : )
30 040w Da~D7 | Attack envelope change rate control
05: © Do~Ds | Decay envelope change rate control
6| 06: (M Di~Dr  lIndication of decay - sustain level
07: © . D4~Ds | Release envelope change rate control
7 0E Ds Rhythm sound mode selection. |: Rhythm sound mode 0: Melody sound mode]
Do~Da | Rhythm instruments ON/OFF switch
10~ 18 Du~D1  |F-Number LSB 8 bits
91 20~28 Ds Sustain ON/OFF switch
Du Key ON/OFF
Di~D;s | Octave setting
D F-Number MSB
10| 30~38 Da~D1 | Instruments selection
| Do~Ds | Volume data
Tome Data
INST Instroment INST Instrument
0 Original 8 Organ
I 1Iln’iv:.\»llin 9 Hr::n sl
2 Guitar 10 Synthesizer 8D SR
. : SD Snare drum
3 Pitino |, Harpsichord TOM P |
4 Flute 12 Vibraphone T-CY Top Cymbal
b Clarinet 13 Svnthesizer Bass HH High hat
6 Oboe I4 Acoustic Bass
7 Trumpet 15 Electric Guitar "




II. DESCRIPTION OF OPERATION

All functions of the OPLL are controiled by data written in a register array by the processor.
The data specifies the sound envelope shape, the degree of modulation, frequency, and output
mode, etc. A complete set of data defines the sound as that of a piano or violin, etc. For the
use of complex varieties of data sets see "Synthesis of music sounds”.

(Il - 1) Registers

i A register comprises an area of 271 bits, as shown in the address map [I— 7. The address referred
to here is the sub-address assigned to each register of the OPLL. Musical sound data will be
written into a register referred tb by the sub-address. To store a data in the OPLL. we send
a sub-address then the sound data. If we access a location having the same sub-address many

times, we only have to send the sub-address the first time. In subsequent accesses, we can send
sound data alone to renew old data.

All registers are cleared to 0 by initialization (initial clear: IC terminal = 0).

(IT-1-1) TEST : ADDRESS [$0F]
This address is established to test this LSI.
Normally all addresses are 0.

(II-1-2) AM/VIB/EG-TYP/KSR/MULTIPLE : ADDRESS [$00. $01]
This register controls the multiplying factor that converts F-number into the carrier ($01) and

modulator ($00) frequencies which matches the sound frequency components, and the envelope
shape etc.

mﬂ, 9']1 Dy | Da D'l | O, D] DI 0i De
% r MULTI
= i [+
i = E E 2 ¥ 2 ] 2 I 2.0

Do — Ds (MULTIPLE) : The frequencies of the carrier wave and the modulated wave are
controlled according to the multiplying factors in Table —-1. i

+ LR e

<Example> F (1) = E sin (oft + [ sin (7 oft))  mai
Frequency according to F-number wl * .
Carrier multiple 1 . b,
Maodulator muitiple 7 e



Table III—1 Multiplying factors

o [N [P [ [P
0 L4 4 4 i 8 8 c ' 12
| | 5 SO B 9 D 12
2 2 B 5 : A 10 E 15
k| 3 7 7 j ] 10 F 15

Ds (KSR) : This bit specifies the key scale of RATE.
Since almost all musical steps become high for natural instruments. the sound can
quikly change to high or low. This is accomplished by the key scale of RATE.
Values in Table Tl -2 include the speed offset for the musical steps. Therefore.
the actual RATE set for the ADSR will be these values which include the offset.

RATE =4« R + R ks o R is the set value for ADSR

o R ks is the key scale offset valne
o Note that when R = 0, RATE = 0

Table [I1—2
o 2 3 s s 5 1| Ocuve
|
0o | 1 | 2 3 N 7 | BLOCK Daua
] ]
0 ||n!|la R ull[u b o | 1| FeNummsB
H | [
0 | 0| I 2 | 2 i 1| 3
U!D:B!I | Ei ! : A | | = 0 kav scale
iﬂ Ii2|3:4 ] Ei? u|g!ml” IZ|I|3|M|15| = 1 off se

Ds (EG-TYP) : Switching between sustained tone and Percussive tone.
When Ds = “0." it will be percussive tone. When Ds = *1.” it will be sustained
tone. These sound modes are different in that the RELEASE RATE usagc

differs. The difference is shown in Figure IT1 - 1. |



Percussive Tone (Ds = 0)

———————————— Sk leved

Envelope

. AS(SUS ON) DR 2 10™ {0 —48d8)
iy RR 30 { 0 —48a8)
— —48aB AS: 1.2° { 0 —dBaB)

Keay-0ON OFF—I_ l—-—

Sustained Tone
|

Envelope —— —— — — = 5L lavel

AR
oP

Kay-ON c:FF-u

De (VIB) : Vibrato on/off switch, When this bit is *1”. vibrato will be applied to the slot.
The frequency is 6.4 Hz (@ o M = 3.6 MHz).

D+ (AM) : Amplitude modulation on/off switch. When this bit is “1", amplitude modulation
will be applied to the slot. The frequency is 3.7 Hz (.2 ¢ M = 3.6 MHz).

(- 1—-3) KSL/TOTAL LEVEL/DISTORTION/FEED BACK LEVEL : ADDRESS ($02, $03|
Total Level is used to control the modulation index (tone) by adding attenuation to the output
of the envelope generator. Level key scale (KSL) ensures, like the key scale of RATE, that the
output level of natural musical instruments falls as the piich of sound nses.

|—D7 De|Ds De D D D0 Co

§02 Tatal Level L
ESL

503 m:lum 1

D¢ ~ Ds (Total Level) : The minimum resolution of the attenuation level is 0.75 dB and the
sound level can be reduced down to 47.25 dB.



Table M =3 Total level

Oy D. Dy O, D, Dal
m @=m @m m @ m l
4 = =B W B 9
Atrenuanion level |
R BH W m i = ‘
!

Ds - D7 (KSL) :

This bit controls the level of key scaling. In key scale mode. the level of

atteriuation increases as pitch rises. to 1.5 dBJoct. 3dB/oct. 6 dB/oct. and 0

dBioct.

Table [MI—4
04 D Attenuation rate |
Q 0 i]
i TR 1.5¢8./0CT \
1] I 3 dBOCT
! t § d8./0CT ‘

Table M —5 Attenuation at each F-Number at 3 dBfOCT.

I 1 i 1 I i E 1 e L
gm0y ;2 3 01 4 1 5 168 1 1T 1
loet\! 8 ! @a 1 o P 4§ v 42 I 13 4t 15 !
1 i T== 1 i [-=- -1 -—=1 ] ———e ]
1 n I oo [ DGy T oue0 I 0,000 [ 0.0 I mopn I dhond [ o0 1
1 I ©.000 @ outkes 1T 0,000 I 0,000 © O 00 I 2,000 1T 0,000 1 20000 [
I I=- I I 1 = i I T 1
1 1 I Q.000 [ Q.00 [ 0000 T Q,0m) I .00 1 9,000 1T o.000 T neMd |
I I 0.0 I w0720 I 1.125 I 1.500 1 1,875 1 Z.2%Z0 1 B T T.O0id 1
I I - I - =] 4 [ —_— b |
I ? [ 0,000 | oo 10 o000 1 0,000 T 2,000 1 1.12% 1 1.87% 1 2.623 I
I 1 Z,o00 I S.7=0 [ 4,125 1 4 %00 [ 4.BYS I L2250 I S. EBiS 1 B ]
1 i ——— I =0 - I L 1 I kit |
I 3 [ 0.000 [ .00 [ 0,000 L 1,875 I Z.000 [ 4,125 1 4.875 1 3.62% 1
I 1 B.oOd 1 E.7=0 7 7.12% 1 T7.%h0o I T.B75 1 B.220 I 8.BI5 [ F.000 I
1 1 [==== 1 =1 =1 -1 B e Bttt ] |
1 4 f g o [ Q.o I T.000 [ 4.BE?S I G.0O0 I 7135 1 T.ETS I B.B2ZT 1
I [ .00 [ 3,750 1 10125 1L 10,50 1 10,875 1 11,250 | 11.62% I 12, 1
[=mmmm] e ————e [ —c e mm—— 1 i i ] | I
I 5 I @S dNHr 1 T,000 I B 0wy I OT.BTS 1 3000 L 10,125 1 10,875 1 4l [ ene- T |
[ T oLZodmm 1 QoL TR0 I 1T.1S% T 45 50 I 15,8785 1 14,350 I 1. B2S T 1%. 00 ]
I I ] s | e o ——— — == -3 e e [remm————y
I 6 1 ey I B.twda I S.uod 1 10,875 @ 12,000 I 1Z,3125 1 15,873 1 14,625 I
I T 1S.0nmr 1T 19,750 1 161255 I 16. 200 | 16,875 1 17.250 | 17,625 1 18000 |
[ = 1 i el [===mmm—— fm———————= 1 4 [ L
I 7 1 O.o0n [ T 0dwr | 12.0u0 | 1Z.B7S 1 1S o0k [O16.12% I 16875 T 17.625 |
I I 18,000 1 1A, 750 [ 19,3125 I 13,500 1 3,875 I 20200 1 s BIE I 21,000
I= [=— -=1 I ——l [= 1= mmm] e [ mm—————=—]
UINIT © dB
Notes: -

#- F-Number is the valug of the four M5Bs..
® Half of the above data at 1.5 dB/oct
® Oouble of the abova data at 6 dB/foct

- |1 =
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e

Di DM : The modulated waveis rectified to half wave.
D4 DC : The carner wave is rectified to half wave.

503

Do to D: (FEEDBACK) : For the moduiated wave of the first slot's feedback FM modulation.

Table i1 —6 Modulation index

1] |

2 | 3

F

|
1
i Maodulation
| indax

0 | Tig| Ta | "

2

in ix

(II-1-4) ATTACK/DECAY RATE : ADDRESS [504~$05]

Attack Rate defines the attack time of the sounds, and Decay Rate the decay time. The Rates

are set as given in Table II-7.

Dy Ds Ds Dw ) D3 Dz 7] Da
AR i]:]
504 P 2! 2 2" 2* 2 bl 2" | Moduwiatar
806 2 2! 2 2° 2 2t 2" 2% | Carrier

(II-1-5) SUSTAIN LEVEL/RELEASE RATE : ADDRESS [$06 ~ $07]
Sustain Level is the crtical point that, when sustaining sound has been attenuated to the
prescribed level, the level is maintained thereafter. With percussive tone, it is the critical point
of change from decay mode to release mode.
Release Rate is the disappearing rate of sustaining sounds after key OFF, For percussive tone,
attenuation above the sustain level is expressed with decay rate and attenuation below the sustain

level with release rate.

%

Dy Ds Dis 04 [} ] Oz ]| Co
SL AR
806 (24dB 12dB 6dB 3dB | 2° 2! bl 2* | Mooulaior
07 |24dB 1246 GaB 308 | 2° 2! 2 2* | Carner

T Anenuation times of the release rate are the same as that of the gecay rate.

- 12 =



RATE given below is that of the after key scale. RATE = AM x 4 + RL

44240000

RRATE

kM=-RL

15
15
15
15
14
14
14
L4
I3
13
1x
[ B
Iz
I2
12
12
11
11
1
11
1]

e
L]

T T . - O I - I -

—— = | T

-3 e D B3 A e R el S el T e el O s RO L QD e b el D e RO b T = S el s B e T s m e D = RO G e R L

AL s g e G o B G4

TABLE Il -7 ATTACK AND DECAY TIMES IN RELATION TO RATE

EG PECAY

TIHE
[m5)

B8dd - 48dB

.27

1. 27
l.27
1.27
1,47
1.71
2.85
.58
2.9
3.42
4,18
5.11
.87
(-1 |
R.21
18,22
11.7%
13.68
16,41
8. 44
2T.4%
IT. 36
12.83
48,87
46,99
4,71
63.E5
B1.74
“x.av
189, 42
131.31
163,49
187,95
218,24
262,61
J26.98B
175.98
437.69
528,22
£53.95
151,79
875,27
A58, 45
LI87.91
1583, 58
| 750,75
2188, g%
2615, 82
TABT. 16
1581, 49
Arpl, o
TrXl.ia
- I T
Ta@z, e
et g8
1THde T, "D
12828, rh
1486k, BB
1RBRT ., 20
ZRAFE LR

[ZIIT 2T 1Y

InS]

1% - 98%

a.52
B.52
B, 52
.52
. 6B
. B8
B2
.03
21
AT
1
. B3
.41
. Td
. B
.18
. B3
.47
b BB

g. 21
.63
18.94
13.19
16.41
19, 31
21,68
Zh. 19
1z2.83
I, 62
43.77
32.78
65, &5
.24
87. 54
183, 56
121,31
154.48
175. 87
sl
262,61
Ing, 96
38,13
422,24
923,22
617,91
FEM, T8
B44. 4B
Lasa, 45
P )
L4ba. ni
e, =%
SlBB. g9
24T L. EA
ZBOL. 19
AIvr. @
A28k, 79
4945, 00
TRBZ, N9
DSR2
A4Q%. LR

AR e Ll Tex P P — — — == I DR

Mote: When RATE is “0", the enveiope well not changs.

RATE

RH=RL

15
15
15
15
14
14 -
14
14
13
13
13
‘13
iz
12
12
12
11
i1
i1
it
§:]
R
18
18

— s g R Ry B G L N el e B B LA LA LA U T g N 000 G0 DD WD D

Q-—uﬁqwr—H;ﬁ&-—utﬂﬁbluLJHW—MLHQF-MlHﬂ'+HLJ&D‘Htd'ttuIdﬁ-iutﬂﬂl‘mlkﬂ-‘NJ*.F‘”{JGI+ub4-lHﬂ-

E6E ATTRCK TIME

[mnS)

fdB - 48d8
B.08
8. 8B
.88
8. a8
B, 14
a.18
A, 22
e, 28
2. 38
A. 34
B.42
B.58
.54
a.&a
a.7a
.84
a.97
1.13
1.37
1.69
1.93
2.23
2.74
3.38
1.86
4,31
5. 47
6,76
7.72
9.81
18,94
13,52
15.43
18.02
Z1l.88
27.83
In. %8
J6.84
43,77
54,87
£1.79
77.09
B7. 54
188,13
123,58
144,418
175,87
116,27
747,16
2R, 36
I0. 13
432.54
494,73
S5TEL. T2
rae, 38
BE&ES. A
ARE, 65
1153. 47
I48d, La
1736, 15

18y - X
] ]
é.8
a.an
8.88
a.18
a.12
.14
.18
8,22
@, 22
N, 26
a. 32
a.36
8,38
B,o44
2. 54
8. 64
B.72
8.0
1.89
1.29
1.43
1.69%
2.17
.57
Z2.98
.18
4. 34
5.15
5.79
6. 76
8. 6%
18. 38
11.5%
13.52
17.38

2B, 60
23.17
i7.83
I4.76
AL, LY
46.34
54,87
€9.351
82,319
92,69
188,13
139.83
164,78
1B%.37
ZLE,. 27
278,06
329, 5%
I7R. 7%
432.54
5%6.12
659,11
TdL.49
865,08
1112, 24




(M= 1-6) BLOCK/F-NUMBER : ADDRESS [$A0~5B8|

Data defining a musical scale and interval. The F-Number is contained in the registers
Slaand 32=.

|
$10~518 ||::1 O O D4 D3 b: i D

= F-MNumoer
2 2 z* 2 & 2 27

520 ~ 528 | 07 ml:»s; D4 | D3

1
]
o
=

T ; o
/ g F

| /| | E |

| ki SLOCK PN

I - i T |
- :' (o] !

! e -

e G |GFry 22 2 | 2

Do~D7 [B1=]. Do [S2#] { F-Number):
The F-Number is defined with 8 bits of the $1# reaister and LSB of 52+, for
a total of 9 bits. This E-Number defines a scale (how a value is assigned to the
F-number is described later.)

Di~Ds (BLOCK) : Defines octave information.

D (Key-ON) : This bit indicates the ON/OFF state of the key. When this bit is “1". the
associated channel is on and sound is produced. “0" is equivalent to Key-OFF.

Ds (SUS-ON/OFF) : When this bit is. “1" the RR with the key off wiil be 3

-
e

« F-Number/Block
The OPLL generates the necessary frequency when an appropriate increment of phase is given.
The increment is determined by F-Number. Block, and Multiple information. The following
formula gives the increment for a desired frequency. |
= P = tmus * 2'*/fsam
fsam = M/72

fmus : Desired frequency |

fsam : Sampling frequency (50 kHz)
™M . Inpur clock frequency (3.6 MHz)

- i4'_




Because the increment value specification occupies many bits. we can give the increment within
an octave and shift the value to double, 4 times, etc. for a specific octave. Then the increment
is expressed as follows.

AP=12aF & MUL ...coosirmrmrmranesursens @
B - Octave information
F - Increment within an octave

MUL : Multiple data

From equation D and D the increment (F7) is expressed with 1 bit, F-Number and Block
are expressed as follows. s

£ Lo
F = (fmus » 2'*/fsam) g @ Mul = 1
F : F-Number data ' i
b . Block data
Table M—8—1 F-Momber (1}
520 51

Sound Frequency F.Number !

steps (4 oct) Do !Dr Ds Ds Ds D3 D2 Di Do
cH 172 181 o 11 0 1 1 0 1 0 1

D 293.7 192 o1 1 0 0 0-0 0 O

D* 1.1 204 o 11 1 0 0 1 1L 0 0

E 329.6 216 o)t 1 0o 1 1 0 00

F 349.2 229 0o 11 1 1 0 0 1 0.1

Fe 170.0 242 o't 1 1 1L 0 0 1 0

G 392.0 257 Lo 0 00 0 0 0 1

G# 415.3 m 1 +0 0 0 I 0 0 0 O

A 440.0 288 I1!o o 1 0 0 0 00

A¥ 466.2 108 tro0 t 1 0 0 0|

B 4939 323 110 1 0 0 0 0 I i

ce §21.3 143 tio 1 0 10 111




Table ll-B—2 F-Number (2)

i i =il &
} Sound Frequency F-Number ]52 ! Sl
! ; steps (4~35 oct) | Do 'D7 D+ Ds Ds Dy D: Di Do
G 192.2 ; 257 | 00 0 0 0 0 0 I
G+ 415.3 ! 272 10 @ 0 1L 0 0 00D
A 400 288 | 4 :r:r 0 L 0 0 0 0 0
A# 466.2 305 L ,0 0 1+ 1 0 0 0 |
B 493.9 323 F'to | 0 0 0 0O 1
[ C | 5233 343 L0 1L 0 L oo 1 1 |
: ol 554.4 163 LYo o110 L
| D 587.3 RS 11l 0 0 06 0 0 0 |
D# §22.2 40y 1 : Lo ¢ 1 L 0 0 0
; E 659.3 | 412 AT T R S RO S BT S
' F 698.5 458 T T TR Y RN N S SO '
Fe 740.0 185 S U T A T S

(II-1-7) RHYTHM : ADDRESS [$0E]
To control ON/OFF of the Rhythm mode selection and percussion instruments.

O,:0: Dy Oy Dy Dl
1 :

: T ©
78 8 8 & %
H =
M

Do~Ds (RHYTHM) : When Ds = 1, OPLL is in Rhythm mode with percussion sounds
produced through channels 7~9 (see page 5). [n this mode. the melody
section is limited to six sounds. Do~ D controls ON/OFF of percussion
instruments. Therefore the Key-ON bits $26. $27. $28 must always be
cleared to 0. Slots 13~ 18 are related with percussion sounds as shown
in Table I—-9, and data of F Num must input values that match
percussion sounds. '

i Table 1 -9 Rhythm slots

Instrument Slot | Address Data | P ‘_ i-
BD 13.16 | s 20 _
50 17 | |7 50 :
TOM 5 ST co o
TOP+CYM IS 26 as z st
HH L 2 05 o 5
28 al




(M -1—-8) INSTRUMENT/VOLUME: ADDRESS [$30~ 538|

Determine the voice (15 voices preset in ROM and original voices) and the volume.

530~ 538 Dr  Ces

Ds 0d | D o2

On Do ]

ING

|
|
1
P

VoL

Du~ D7 (INST.) : These four bits determine voices as follows:

[NST Instrument INST Instrument
0 Original ] Organ
1 Violin 9 Hom
2 Guitar A Synthesizer
3 Piano B Harpsichord
4 Flute C Vibraphone
3 Clannet D Synthesizer Bass
) Oboe E Wood Bass

|7 Trumpet F Electric Guitar
Do~Ds (VOL) : Determines the volume for the voices. The minimum resolution is 3 dB and

the maximum 45 dB.

f
|DJ

()3 h

I 24dB 12dB idB

[n the rythm mode (addr = SOE, Ds = “H"), each rhythm volume for $36~ $38 are set as follows:

, addr | or D6 D5 Qs h D3 D1 Do
536 g BD
—
537 HH 5D
538 TOM T-CYM J




(Il = 2) Phase Generator (PG)
The phase generator produces a phase value by accumulating increments that correspond to
the frequency required at a given unit of time. The increment is generated from frequency data
(F-Number. Block. and Multiple) sent from the registers. The frequency data is combined
with the output of a built-in vibrato oscillator to produce a vibrato effect.

([T = 3) Envelope Generator (EG)
The cnvelope generator (EG) vanes tone and sound level with time under the control of
ATTACK RATE. DECAY RATE. RELEASE RATE. Sustain Level and Total Level. Its
dynamic range is 48 dB (resolution: 0.325 dB). EG uses a logarithmic scale and is represented
with an attenuation level. The general waveform is shown in Figure III-2. Distinctively the
wavetorm rises exponentially during artack time and varies linearly everywhere else. Attack
stops and decay begins at 0 dB. Decay changes to sustain as soon as the sustain level is reached.
Sustain will change to release when the key is released. The envelope waveform varies when

parameters representing the effects of the total level, level key scale, and amplitude modulation,
etc. are applied to EG.

Keay=0i | Kay-0FF
Ky —————

0df ~—— - =

SUSTAIN LEVEL

968 SUSTAMN

RELEASE

Figure [l1 - 2 Envelope waveform
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(Tl — 4) Operator (OP) and DAC

The operator performs FM calculations. Using the phase output from the phase generator,
the operator calculates the value of STN and muitiplies it by the output of the envelope generator.
Then if there are modulated waves, they are returned to the input of the operator and any sounds
are sent to the DAC. This is controlled by the Feedback data.

The DAC performs DA conversion for all the sounds then outputs them as shown in Figure
[II=3 (a). To sum up the sounds. an integrated circuit is added to Mo. Ro. [Figure ITl— 3
(b)] Since the level of percussion sounds seem lower. when compared to music sounds. the same
percussion sounds arc output twice. [Figure IT1 -3 (c))

Ve=1¥
Ma

St 4 5 6 112 16 IT I8

Chennsl | 2 3 4 5 6 T 8 3
Integrated -
circuit
) in)
50 T=C¥ S T-CY
Ra

HH TOM BO HH TOM BD
U (e)

Figare IT-1




iv.

INTERFACING

OPLL, controlled by a microprocessor or microcomputer, outputs an audio signal. being an
analog signal converted with a DA converter. To obtain sound from OPLL, it is necessary
to interface it with other devices. This chapter describes interfacing.

¥M24i3

Ra
Integrated _
Micro L Mo EII".‘.Ei[  [Mixing _PF = ‘[ﬂ
computer Address data
“MP 5P

UPLL .|:||".

processor ! I-E

Xout

Figre [V —1 System block diagram

{IV—1) Clock Generation

OPLL operates in the range of 2 to 4 MHz. Amplitude modulation, the frequency of the vibrato
oscillator, and attack decay speeds are designed to take 3.6 MHz (3.579545 M Hz) as the reference
frequency. Therefore, when this LSI is used. it will be economical to connect the quartz crysial
oscillator (for color burst signals) with Xin Xout.

(IV =2) Audio Qutput Interiace

An external integrated circuit is needed for the OPLL’s music sound output. which is a pulse
signal as described earlier. The output (and buffer) of this integrated circuit may be directly
connected to an audio amplifier. For better sound quality, you can remove step noises by
inserting a low-pass filter (cutoff frequency: 20 kHz or so) between the integrated circuit and
amplifier. Click noises accompanying power-ON/OFF will be necessary to protect the audio
equipment (amplifier and speakers).

=20 -



Ynza1]
¥ g e 47-F
%— Zout 2K I LPF —?
TH_ /155 .
MPU _E PRE-AMPLIFIER
[:1
By :
MPU )-—[ Da o +4v
E|.
T
[ FRL A
Reser »

Figare V=1 Audio interface i

{Iv-3) INTERFACING MICRDPRDCEESDRIWCRDCDMPUTER
Do~ Dr of OPLL are the bidirectional bus lines which connect to & processor. OPLL exchanges
address and data with the processor. The bus control signals TS - WE and A0 control transfer
of data. It is possible to build up an FM sound source system with \he minimum configuration

of OPLL, memory, and processor.

Do
{
Data bus D7
I
MPU oPL
m I
WE
Cantral
110 control OPL control i
vignals zignais G
. i e el
I == el
|

Figure [V — 3 Interfacing processor : :| |



V. SYNTHESIS OF MUSIC SOUNDS

This chapter describes what data to enter the OPLL registers in order to synthesize sound of
the ptano and brass.

(V—=1) Procedure of Synthesizing Sounds
First, you have-to anaiyze the sounds of the musical instrument which you want to synthesize
bv the FM method. For example, the sound of a piano is characterized by a fast attack and,
i the key is held down. a gradual decay. The will sound include many overtones at the attack
lime however. us time elapses. overtones disappear. resulting in a different overtone compaosition.
When you are aware such charactemstics. you are better able to synthesize the sounds by the
EM method. The output amplitude can be determined from the charactenstics of the envelope
rorm and the modulation index from the overtone composition. Frequency ratio can also be
determined roughly from the overtone composition because the frequency of the operator is
related to it. In this way, you can determine the FM parameters roughly from charactenistics

of the sounds and. by listening to the synthesized sound, make minor corrections to obtain a
more desirable result.

{¥—=2) Fundamentals of Sound Synthesis
The FM sound source makes use of carrier wave modulation by the modulater.
Since the FM's basic parameter (carrier output level, modulator output level, modulator
feedback level. carrier frequency, modulator frequency) is handled effectively, the pitch, tone

and volume of sounds can all be decided. Table V-1 shows the relationship between FM pa-
rameters and OPLL parameters.

(V—3) Examples of Sound Synthesis

Table ¥V~ 1 Fundamentais of sound synthesis

i ltem [ Related parameters | MIN « {Change of sounds) = MAX
Cutput level of carner TOTAL LEVEL Low volume +— High volume
{(Dataof A, D, 5, R, and -
Output level of modulator Key Scale data) Dull sound H_Bnght sound
" Feedback level of modulaior FB Ordinary tone ~— Sharp tone {Noise)
Carner frequency MULTI Low pitch +— High pitch
| Frequency of modulator (BLOCK/F-Number) Mear overtone +— Far overtone

(i) Electnc piano

(D Determination of operator frequencies
Set MULTIPLE to ~1". for both operators, to produce an overtone of higher {requency.
(Increases are by integer multiples)

-1 -



@ Output level of the operator

Change the output of the modulator 1o adjust the tone. When determining the level of operator
I. adjust the bass sounds for rich overtones like those of the piano. Then make adjustment |
for sounds of higher frequencies by level scaling of operator 1. Level scaling is necessary so
that the waveforms arc nearly sine waves in high frequency ranges.

@ Setting EG

Determine sound volume. tone. and envelope. Set operator 7 so that the sounds have a sharp
attack and long custain. (This can be set varying degrees.) Let operator |, the modulator.
produce many overtones at the attack time and later keep a certain composition of overtones
unchanged. To adjust <ound volume. apply key scaling to operator 7. perform RATE scaling

to make the sounds of higher pitches sharp.

@ Readjustment of data

Now sound synthesis is almost completed. Tones will vary somewhat depending on the setting
of FG. Make a final adjustment with the output level and feedback level of the operators. If
the sound is too metallic. for example, reduce the level of operator 1. i

@® Adding effect

Finally, add tremolo effect by LFO to simulate the sounds of the electric piano. This is possible
by using the built-in amplitude modulation function of by refreshing the value of TOTAL
LEVEL in intervals of 2 -6 Hz (possible with triangular waves} by software.

(i) Trumpet

(1) Output of operator
Adjust the total level of operator 1, the modulator, at $10~$28 and the feedback level to the
maximum of “7~ for bright tones.

(@) Operator frequencies
Set both operators at ) 55

@ EG
Adjust two EGs for a slow attack. For brass sounds, ensure the modulator attack is slower
than the carrier's. This is necessary to express the chatjactcristic attack of brass mundsl.

|
@ Key scalling %
High-pitched sounds are not crisp hecause the envelope is set for a slow risc. Apply rate :s::ﬂling
for a more natural feeling of fast passages. .

I ]
| N
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& LFO

With a brass instrument. the pitch of long tones fluctuates a little even when a good player
is piaying. To express this. apply vibrato effect.

: (V—d) Procedure of Percussion Sound Synthesis

Channels 7. 8 and 9 are used to synthesize percussion sounds. Five kinds of percussion sounds
are generated by using these three channels and six slots. For a the bass drum (BD), two slots
are used to synthesize FM sounds. ’I:her:f' ore. bass drum sounds can be produced basically
by the same procedure from (a) to (). The other four kinds of percussion sounds (high hat,
top cymbal. tom-tom. and snare drum) are described as follows.

OPLL includes a noise oscillator abtained by composing a white noise generator with several
frequencies. This noise oscillator is specified by the [frequency information
{BLOCK, F-Number Multi) of the 8 and 9 channels. When composed with white noise, phase
output suitable for percussion instruments is generated and given to the operator. Thus phases
of four instruments are generated from two sets of frequency information. Itis known empiricaily
that the optimum ratio of two frequencies is 3 : 1 (f7CH = 3+fBCH). Now phase data of
individual instruments are obtained. Next, we multiply this output with envelope information.
Since the envelope is set as | slot - 1 percussion instrument, values that reflect the characteristics

of individual percussion instruments, as with melody instruments. are set in tone ROM. (Refer
wll-1-7)



V1. ELECTRICAL CHARACTERISTICS

1. Absolute Maximum Ratings

ITEM [ RATING | UNIT |

Pin voltage 0.3~70 v

Ambient operating lemperature =~ 70 oC

Storage temperature — 50~ 123 *C

3. Recommended Operating Conditions

TTEM | SYMBOL | MiN. | TYP. [ MAX. | UNIT |

Supply volta A l i W 1 L l‘ :
pplyvoltage ™~ oo™ 1 o | o [ 0 | v |

3. DC Characteristics

ITEM [ sYMBOL | CONDITION | MIN. | TYP. [MAX. | UNTT |
High level input voltage All input ]| Vi || 2.0 l l[ Vec l v
Low level input voliage | Al input | Vo | —03 | | o8 | v
Tk inputcurrent: | A0WE | 1. Vin = 0~5V | —10 | 0 | A |
m':ut::éfm l Do~Dr l I l Vin = 0~5V l —ml 10 l ,m;\
L MO || VMoA | Rioap = 2.2K | 1 16 | l "v"pp_\
Analog output vollage l RO ] Veos ]. Rk i l l L6 |I Vop _\
| Pullup resistance l 1C.C5 l Reu H ‘| 100 ‘[ | ‘[ KR_|_
Input capacity | Al input T a | [ l 0 | PF |
Output capacity [ Allinput | Co l l |, 10 | pF |
Power current l [ lec | || w0 | 80 | mA |
4. AC Characteristics i
ITEM [SYMBOL| CONDITION [N, | TYP. | MAX. | UNIT |

Address setup time |! : Ao \ Tas l Fig. A—- 1 10 1 l h ns 1
Address hold time | Ao | T | FieA”l [ 10 | \ l mﬂ
Chip select write width T3 | Tew | FgA-i | 80 ] | " | s
Write pulse write width [ WE | Tww | FigA-l | o | R
Write pulse setup ume ]\ WE ‘ Tws ]| Fig. A-1 | 0 l 1 ‘ | ns J
Write data setup time ‘| Do~ D~ | Twos I| Fig. A—1 |, i0 || l l ' m_\
Write data hold time | De~Dr | Twou | Fie A~ R )i ! [[os |

_| Reset pulse width l - IC ﬁ Muw I\ Fig. A-1 | l 80 | ' ‘ ii:}":l:_]l

1
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5. DAC properties

ITEM SYMBOL) CONDITION | MIN. | TYP. | MAX. | UNIT
Maximum output oscillation Ro. Mo | Vow l. Fig. [Vv—=2 | 215 Vecl Vee
Resolution | Ro.Mo | | Fig. V=2 KN Bit
Noise : - | Ro.Mo | | Fig. V=2 | | 65 | | 4B |

Note:, The noise levei should be suitable {or the volume level.

VIL. TIMING DIAGRAMS (STANDARD TIMING SETTINGS ARE Vu = 2.0V, Vio = 0.8Y)

X

Aq g‘
Tas

cs

WR

Twa

Tosw —e]  TAH et—

—
77/

Cy—=Dn

Tw Twor

Fig. A-1 Write Timing

NOTE:
Tesw, Tww and Twou have
been measured with either

CS or WE high.

;
=

Fig. A-2 Reset Timing
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