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157 ABSTRACT

An electronic spurce synthesizer that employs fre-
quency modulation. Wave-form data of bath a fundae-
mental wave and a modulated wave are stored In a
RAM as 6-bit digital data. A sine wave signal is pro-
duced. by modulation wave frequency data and the
wave-form data from the RAM. The sine wave signal is
muliiplied with amplitude data of the modulation wave
te obtain the modolation index data (F(t)). The fre-
quency data (w,.) of the fondamental wave ang the mod-
niation index data are multiplied. A result of the multi-
plication provides g read out address of the RAM For
stoning the wave-form data of the fundamental wawve,
thereby changing the read out speed of the RAM. The
digital datg read out from the RAM is converted to an
analog sound signul by a D/A converter. Amplitzde
data (A) of the fundamental wave is pulse-width modu-
lated, and the digital data from the RAM is gated by the
modutated pulse. Thus the cutput of the D/A converter
Is activated and, forms a sound signal represented by the
cquation e=A sin J(t) w.t.

14 {iaims, 10 Drawing Sheets




Nov. 8, 1988 Sheet 1010 4,783,812

US. Patent

FI1G.?




4,783,812

Sheei 2 of 10

Nov. 8, 1985

US. Patent

| ETNTE -
| AHLNI V1VO JAIH0
G I G i osia) (< /7
150 a7 100 [ _ 97 ”_
o101 ONos PWYHOME] WY LS ey 7e
S
0z~ O~ A3¥IANILNG O
]
3 :
¥ T
0i—F  HOIavOv | 21
- r,
CLIND e = 11 T 18 1 83110
| NIVW mmﬁr _E —LNOD
ZL T é i
| 82 Zavawan O/p |
9z, 9€ . g, og, | Z€,
A0 T 199 Nd d nd 3 U_ WY H
P i I | M YOOV IR

2914



US. Patent  Nov. 8, 1988

FI1G. 3

CFI1G.1

Shicet 3 of 10 4,783,812

F1G.3A FIG.3B

FREQUENCY
CEVISION RATIO
| 10

-~
.l..i'

T

5IMHz
050

PROGRAMMARLE

——=FREQUENCY =
DIVIDER

.

ta _ 14b |




US. Pﬂtﬂﬂt Nov. §, 1988 Sheet 4 of 10 | 4,783,812

FIG 3A i

CRU

l

FREQUENCY DATA

__IREGISTER
hE
12 &Wc
L SHIFT REGISTER .
80
T
a1 F
- FULL ADDER | e
66" '
- f2s
EB o LATCH CCT =
FROM | J |
Pl
JI) - et o6
i
RATID DATA FROM S0
OF FREQUENCY FROM  CPU RAM FOR STORING WAVE-
DIVISION, QE- CPuU : Um} 97 FORM DATA OF FUNDAMENTAL
/D | WAVE (64 x Bbit)
E@gﬂ ‘AMF‘LITUDE
OUBLE DATA REGISTER in
PROCEAMAELE +HE‘JE£5]BLE 4e
%Eﬁ%u‘éﬁ“?" [COUNTER et
' )
98 94 “Mt)

10 ﬁ%ﬂ&éﬁmkﬁmkﬁmﬁj m)(ﬁmg}‘f
COUMTER—COMPERATOR

G/ CONVERTER

J {. ;NEEE g J a=Asin J[’t+}{;-.l'ct
100 102 106




FIG 3B
6z R
L
. CIVISION
“LOCR ARG CPU
SOURCE FROM
CPU “
CL{lissec) o T
' FHEutE E?El%ﬂégwm
DlyiDER | FULL ADDER d Ll \
5‘; ) / ﬁ . 80 T . 82
4 17 17 :
) 1
76~y ETS%EH |
= LATCH CCT : SOURCE ]
FRom 10 ot o4
CPU T
O R FOR STORING
cin  WWAYEFORM DATA
N——{0F MODULATICN
WAYE _
. (B4 xGhil)
?E: sin{mt Bit)
3
,ﬁ £ [T:ﬂ
MULTIFLIER | . 8@
J’;B
N df  Jit)
—(;: ;E,HEFT HEG]STER!—
90 88~




LS, Patent  Nov.

FIG &

24

—

2

ELOPPY |
DISC

8, 1988 Sheet 6 of 10 4,783,812

SOUND CONTROL  D4a
PROGRAM =

SOUND
SOURCE DaTh {we)
DATA DATA (sin}
240 DATA (A}
= DATA (sin)
DATA fiwm)
DATA (B)

GAME CONTROL 24
PROGRAM —

DISPLAY DATA  24d
FOR GAME

TO 15TRAMAE

TO ZNDRAMSC




US Patent Nov. 8, 1988 Shect 70f10 4,783,812

F16.5A

QUTPUT OF /\/\

RAM GE
{ DIGITAL WALYE }

F1G.58

ogeoroe - ([IMNANALLAILLL LI

COMPERATOR 1012

F1G.5C

oot oF ¥y HHHHWHHHMMMMHMH .

COMVERTER 106

165D

SOUNC AMP : . : 2

CCT 54




US. Patent  Nov. 8, 1988 Sheet § of 10 4,783,812

FIGeA
MODUL AT IOM _
[HOEX

F1 G EB SWEEP

SOUND SIGNAL TANVANYANAWAWAWAWIR
NVARVERVAVEVAVE!

FIG.7A
MODULAT [ON T T
iMDEX \/

YIBRATD

F1G.7B
SOUND SIGMAL /\ [‘\ ﬂ /\ r/\

AWAWAR
\/ V U Vo o/ \/

FIG.B8A

MIDULATT O
TNOEX

SWELPHIBRATO

FI1G.BB

SOUND STGMAL




4,783,812

Shect 9 of 10

Nov, §, 1988

LS. Patent

LSS
TZNDIS 13D DMIH ADOWS
ONN0S : =191 T Z0L 00l
( { )
7L { ; ﬂ
HALEEANOD Y/ Tmumﬂcwal HOLYHIDNOD k] HILNNOD
1 [
1 1 ' /71 0dd Wi NOISIAID
AONENETYS 401w DivS
wvl | i
_ “HIQIAL
H3 INAOD
3prUis 26 [ TEIsH3IATY %@
(1199 X 73) ﬂ | !
VIVO WHOD-JAYAM ONIOLS 803 WOt 315103y viva| S0 3G
- ¢6 360 LITdRY e
94t hH .n___j
100 9NIL¥NOKSK SCAHAaY
g9l
0Ll
6914



4,783,812

sheet 100 of 10

Nov. 8, 1988

U.S. Patent

71l
ERENE
{ 200l 43013
TYNDIS 1397 SNIHLIODW SErven
anos
0k __un_,,m
gL |mS OO e HOLYYIGWGD ke #3LNDOD
0L q ) MdZ WOEA NOISIAL
A 0/, A2E0RH 40 vive Olivy
¥31Y3IANGD VG (Vv l b
. . HILNOOD H3IO[ALD
, 76 4 f
(g ¥¥9) . 86 -
- 4 WOd 3151AH ¥IVO I3
V190 WHDS-JATAM DNIEDLS HO _z 103 V.vO ey
\H } / ) .__ !
9cl j 75 g6
ggl T 100 ONILYNDISI SS300CV
OioI1 4



1
ELECTRONIC SOUND §YNTHESIZER

DACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic sgurce
apparatus. bMore specifically, the present invention re-
Tates to a sound source synthesizer suitable for produc-
ing sound in an electronic pame machine such as a tele-
vision pame machine wsing a video moaitor.

2, Description of the Prior Art

The pertinent prior art relating 1o the present inven-
tion is discloged in Japanese Patent Publication No.
33F25/1979 issued Out. 22, 1979, The prior art is & musi-
cal sound closely resembling the tone of musical instro-
ments by using frequency modulation (FM) w0 indoce
titne variation to the spectrum of the sound according to
the kinds of musical instruments, such as brass or wood.

The prior art may be utilized efficaciously in keyed
instruments to produce the musical found cquivaient to
the various kinds of msical instruments.

In the glectronic game machine such as the welevision
game machine, it is neccsvary to produce sound to en-
hance the game and to interest the plavers, In one cxam-
ple of sound a constantly changing sound, hereinafter
referred 10 as a sweep sound, I8 praduced by continu-
cusly incressing or reducing the frequency.

However, In the above mentioned prior art, such a
sweep sound could not be produced, for the following
TCason.

The muasical sound signal {e) in the prior art may be
given By the following eqguatian:

e=d 50 [wa+ T {7 80 wmt]

In the sbove eguation, if the term I{t) sin woy t is
integrated, the result will be

o
_||' Noyado w1y
1]

witich oscillates within the range of T{f} as the maximum
and — [t} as the minimum, resulting in a mean value of
“0%, thus 2 mean value of the musical sound sipnal (=)
may be given as,

o= 50 W L
Thus, in the prior art, the mean frequency s congtant

and the “sweep somd™ described sbove can not he
produced.

SUMMARY OF THE INVENTION
A principal chiect of the present invention is to pro-
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first multiplying means for maltiplying the frequency
duta (we) of the fundamental wave and the modulation
index data (J()). The multiphied result of the first muiti-
plying means is given o the fiest memory means as the
read out address, thereby changing the read out speed
of the fitst memory means. The invention comprises a
ID/A converter means converting the digital value repd
our from the (irst memory means into an analog signal
1o omtput & sound signal ().

In the firstmemory means, the wave-form data of the
2 fundamental sine wave for example, is stored. The
modulation index data (J(1)) iz obtained by the operating
means on the basis of the modulation envelope data
(Bit)). The first multiplying means multipiies the Gre-
quency data (wed fandament:] wave and tize modulation

©imcdex data (o output the data “J(0w 4", thus detetmin-

20

15

o

35

43

50

vide an electronie souree synthesizer that is vapable of 53

producing a pweep sound.

It i5 another object of the pregent imvention to pro-
vide a sound source apparatus that i3 usefal in produc-
ing sound in an electronic game machine,

It 14 a further object of the present tnvention to pro-
vide an electranie sound source synthegizer cthat it gim-
ple m cirenit configuration and very low in cost, The
present inventicn, in brief, involves an slostronic sound
source synthesizer comprising, 2 fiest memory means o
wave-form data of a fundomental wave in a digital
value; an operating means for chiaining the modulation
index data (J(E)) which changes as o function of time
buged upon the modulation enveiop data {B{D), and a

al

ing the read out address of the first memory means, The |
read out speed fram the first memory means iz changed
by the data “J{t}wet". That is , the frequency modula-
tiott of the fondamental wave i affected by the madola-
tion index data, which changes with time. The digital
value read out from the ficst memory means s coon-
verted into the final sourd signal {2) by the D/A con-
VErter.
In the present invention, the sound signal () is oh-
tained aceording 10 the lollowing equaetion (1),
e=A B J{wt . .. ()
In equaticn {1}, A indicates an amplitude of the Funda-
mental wave, sin w.t indicates the fundamental wave,
and the moduolation index (J{t)} is given by the fallow-
ing equaticen {2).

F OB Y (4500 Wil - . . (]
Here, B(l) represents the moduolation envelop, C s the
constant, and sin wit represents the modulation wasve,

According to the present invention, the frequency of
sound signal 4 changed as a function of tme by the
frequency modulstion. Because the integration of the
modulated component of equation 1 will nol vesult in
“0, the “sweep sound” may be producad as 50umd in an
electronic game machine. This was impossible i the
orior art. :

The cmbodiment of the present invention mcludes
means for producing instantaneous ampiitode dats of
the fundamental wave's envelop signal, means for out-

. putting a iime-width signal having the time width corre-

sponding to the instantancows amplitude, and means for
activating the oufput of the D/A converter in response
to the time-width signal.

The wave-form data 15 outpuired in sequence from a
wave-form data producing means such as an RAM or
ROM, anl fhe time-width corresponding to the instan-
taneous envelop amplitudes. The wave-form data is
coaverted o the snalog signai by the DA converter.

The activating ingans, in one embodimeni, gaces the
wave-form datz from the waveform data producing
means o e applied to the DAC converter time=width
signal. The output of the D/A converter is therchy

- activated duning the time-width signal and smoathed

&5

inte the musizal sound signal. _ .

In another embodiment, the fundamental wave data
from the wave-form producing means is sent Lo the
DA converier as 15, and the DT voltape applied to the
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D/ A vonverter is turned nn and off by the activating
THEAMNS.

In a further embodiment, the fundamental wave data
from the wave-form dats producing means is sent to the
D/ A converter as is, whose ontpat is then applicd to an
analog switch. The culput of the analog switch is then
. smoothed into the musical sound signal,

These and ofher objects, foatures and aspects of the
present invention will become more apparent from the
following detailed deseription of the embodiments of
the present invention when read in conjumction with
aQcoOmpanying drawings.

DESCREIFTION OF THE DEAWINGS

FIG. 1is a schematic conistruction view showing one
example of a video game system to which the present
invention may be applied.

FI3. 28 a block diagram showing the system of FiG.
1

FIG. 3 s a block disgram showing one embodiment
in accordance with the presest invention.

FIG. 4ix a schematlc view showing a memory map of
the embeodiment of FIG. 2.

FIGE, 3A through 8IF are wave-form diagrams
showing a part of operation of the embodiment of FIG,
3

FIGS. 64, 6B, VA, TB, BA and 5B arve wave-form
diagrams showing the diffurent operations of the em-
bodiment of FIG. 3, in which part {A) shows a moduola-
tion index and part {B) shows 2 sound signal being ob-
tained.

F1G, 93 a block diagram showing a major portion of
another embodiment in accordance with the present
invention.

FIGx 10 is a block diagram showing a major portion
of o further embodiment in zecordance with the present
invention.

FI5E. 1F o blochk disgram showing a major portion of
the other embodiment in eccovdance with the present
invention.

DESCRIFTION OF THE PREFERRED
EMBODIMENTS

FiG, 115 2 schematic constroction view showing one
erample of a video pame system (o which the present
ivention may be applied. The case where the present
invention iz applied to a video pame eyatern will be
explained. The present invention may be used a5 a
s00id source appareios bor other electronic equipment
a3 well.

A commercial power souree is applicd through an
AL adapter, not shown, to & main unit 12 of the zame
maching, Two controllers 14 are conpected to the main
unit 22 by suitable connecting cables, The main unit 12
is connected (o an adapter 16 that 1y, In tuIn, connected
to a datz input device 20, An opening 23 for inserting a
Hoppy divk is formed on the data input device 20,

As the main vait 12, a “Family Computer’ (trade-
mark) nwnufactored and merketed by the assignes of
the present invention, may be utilized.

In responge (o the daia written calo the foppy disk
4 in advance, data for the zame s piven to the mein
unit 12 from the data input device 20 via the adapter 16.
Thus, from the main wnit 12, 2 TV signai for exeouting
the game coreesponding to the content of the flappy
disk 24 is ontputted 10 &t dntenna terminal, not shown,
of a TV recaiver 26.

a

10

13

20

23

3d

35
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45

50

55
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b

4

In such a video game system, the plaver can enjoy the
vidoo mame by operating the controller 14 10 control
the prame character on fhe display sereen of the TV
receiver 26,

FI3 2 i& a block diapram showing a system configu-
ration of FIG, 1. The controller 14 is connected 10 the
main unif 32, and the signal from the controller 14 is
piven Lo a CPU M thrgugh the /O interface 28, Con-
ngeted fo the CPU 30 s 2 RAM 32 for storing various
controfling dete as well ag 2 PPU 34 for veceiving the
image datp from the CPL 30, For the CPU 30 a micro-
processor such as an intecrated ciremt “2A01" by Nin-
tendo may be used, The PPU 34 is desighed to praduce
the image signal for the game on the basis of the image
data from the CPU 30, For the PPU 34 an integrated
ciegulf 2003 by Mintendo may be uttlized, a detail of
which is disclosed on the specification of a patent appli-
cation with the Ser. No. 564,091 filed on Dee, 21, 1983,

The image signal feom the PPU 34 is converted nto
a TV signal of NTSC standard by an RF modulation
cirgcuit 36, and fed to the antenmy terminal of the TV
receiver 26 via a coaxial cable,

On the main unit 12, 2 connector 38 for connecting
the adapter 16 is provided. The CPU 30, through the
connector 38, exchanges data with the adapter 16 and
thus with the data mput devige 20'via the I/D interface
28,

The data input device 20 includes an 1/0 interface 40
connected to the adapter 16, Within the insertion open-
ing 22 of the data input dovies 20, there is o disk drive
44 gnd a head 46, From the disk drive ¢4, the floppy
disk insertion detecting signal is transmitted through the
I/0 mterface 40 1o the CPU 30 incorporeted in the main
wnii 12, Various command signals are given from the
CPU 30 o the disk drive 44, The data read by the head
45 is fed to the CPU 3 included in the main unit 12 via
the I/0 wnterface 48, 1o wilich a first RAM 48 and a
second BAM 30 are connected. To these First and sec-
ond RAMs 43 and 50, under the control of CPU 30 of
the main unit 12, data, read from the floppy disk 24 by
the head 46, is wotten acoording to the memory ‘map
shown in FIG. 4. The sound control program 2da,
sound source daga 24y game control propram 240 and
zame displey data I8¢ have been written ontg the
floppy disk 24 i advance according to the contents of
the game, and are now read by the head 46. The sonnd
contrd progeam 244, sound source dats 240 2nd gamoe
cortrel program 24 are written into a fived address of
the fitst RAM 48, while the gome display dats 244 is
written into the second REAM S0,

Ini the data input device 2), a sound source circuit 32
is comnected ia the IO interface 40 and to the main onit
12 of the present invention, The sound souree civcuit 52
i1 designed to produce the sound signal (&) on the buasis
of the sound source date written in the frg RAM 48,
dezcribed later with reference to FIG. 3. The sound
signal from the sound source circuit 52 is amplified by
an andio amplifying circuit 54, and (eansmitted to the
RF modulation circuic 36 of the main unit 12 through
the adapter 16 and the connector 38. In the RF moditla-
tion cirguit 36, the image signal for the game and the
sound signal from the audio amplilying circuit 54 gre
processed to produee the TV signal, for example, of
NTSC standard.

Reforring o the aperation of the system shown in
FIG. X, initially the floppy disk 24 iz inserlad into data
input device 20. The disk drive 44 deteots the insertion,
and the detection signal is sent via the [/ interfuce,




4,785,812

S

adapter 18, crmoector 38 and 1/0 inferface 28 (o Lhe
CFPU 30. The CPLU M, in turn, gives the drive command
by the disk drve 44 through the reverse path. The
floppy disk 24 is then driven by the disk drive 44, The
head 46 reads the program and data 24a-244, as shown
in FIG. & [rom the floppy disk. The program and data
are stored temporarily in the RAM 32 of the main unit
12 via the CPU 30 through the same path. The CPU 30
writes the program and daia stored in the RAM 32 into
the fixed addross of RAM 48 and 80, respectively, of the
data tnpat device 20, The game program and data from
the floppy disk 24 and are now stored in the first and
second RAMs 48 and 50

When the conrtroller 14 is operated by the player, the

n signal is transoitted throegh the 1AC interface 28 to
the CPU 30. Om the basis of the signal from the control-
ler 14, the daia stored in the first and second RA s 48
st S0 15 processed by the C10T 30, The CPU M trans-
mits the image data corresponding to the game condi-
tion of that moment to the PPY M, The PPU 34 con-
verts the imuge data info the image signal. The sound
source circuit 52, receives the sound sovrce data 246
from the first RAM 48 via the 1AD imerface 48 and
produces and amplifies the sound signal before feeding
it to the R modulation cireust 36.

The TV signal of NTSC standard is outputted from
the BF modulation circwit 36, to allow background and
gsme Chatacters 10 be digplayved on the TV receiver 26,
The pame characters on the display screen may be
freely moved or changed by operating the controlier 14,

The sound necessary for the game system gre thus
produced by the sound source circuit 52,

FIGk 3 is & block diagram showing one embodiment
in accordance with the present invention. The sound
spurce cirenit 32 includes o RAM 56 a3 2 first hemory
means for stoting the wave-form data of a fundamental
wave 1o be modulated. Tnto the BAM 58, the wave-
form data of the fondemental wave, such as gine wave
dala {sin), is written from the CPLT 30 according to a
write address WAD, The waveform data of the funda-
mental wave is 6-bit data indicating the amplitude value
sampled periodically by dividing, lor cxample, one
cycle of the sine wave nta 64T %4}, Therefore, the
RAM 36 includes the area of &4 by & bits.

Az the wave-form of the fundamental wave and
wave-form, data of the findamental wave 15 6-bit Jatn
indicating the amplitnde value sampled pedodically by
dividing, for example, one cyole of the sine wave into
64(T/e4) the RAM 86 includes the area of 54 by 4 bits.

As ihe wave-form of the fundemental wave any
wave-form, puch a3 a cosine wave, (risngular wave, or
saw-tooth wave, may be sed instead of the sine wave.

A Pundamentst wave froquency date register 58, for
recelving frequency data of the futdatnental wave from
the CPLT 30, 15 emmployed. From the fundamental wave
frequency data register , data of fondamentsl wave
frequency {wo) 1s cutputted. The data from the funda-
mental wave frequency register 58 is sent to a 19-bit
shift register 60, To the shift register #0, & clocksignal
CL for example, of 1 psec., shift signal from the clock
source 62, and the output from a frequency divider 64
dividing the clock signal by | is fed as a load stpnal to
register 60. When the load signal is applied, the 12-bit
data fromt the fundamental wave frequency data register
25 15 loaded into the shift register &0 at its lower 12 bits.
Simultaneously, the upper seven bits of the shift register
68 are londed with “0%, Thereafter, each bit Is shifted to
the left ot every ome clock, so that at the n-th clock, the

1}

0

6

data of fandamental wave frequency data (w:) muli-
plied by 27 are loaded on the shift register 60, However,
gince the load command signal from the frequency di-
vider 64 is given at every eight clock signals, "“n" is the
value of “0 1o T,

The 15-bit data from the shitt registor &0 js sent to the
lower 1% bits of one inpuat of a full adder 66. The upper
3 bits of the full adder 66 are fad with “07, and the 24.hit
cutput of & fatch circult 68 is sent ta the other inpat of
the full sdder 6& Thus, the fuil adder 66 is constricted
0% 1 24-bat full adder.

The output of 24 bits of the full adder 66 is teansmit-
ted (o the latch circuit 88 having |he same number of
bits. The sigpal insttueting the latching operation is sent
from an AND gate 90 rate g the signals from the clock
sonree 62, A fivst muliplving means for multiplying the
fundamental wave frequency {w.} and the moduolation
index (J{t)) to cutput the data J(t)w.£" is constracted by
the shift register 60, {ull adder 66 and latch siceuit 68.
The wpper six bits of the latch circoit 68 is given as

read out address RAD of the RAMN 56

25

30

15

43

a0

23

&0

63

In the RAM 56, which stores the wuwve-form data of
the fundamental wave, the wave-form is converted {in
this embodiment by sine conversion) to ouiput the
wave-form data of the fundamental wave, sin w.t, How-
aver, in practice, begause the latch circuit 68 forms the
first multiplying means, a signal represented by (zin
wit-Jt)) is cutpatted.

The civenit producing the modulation index (7 (1)
will be explained as follows, A RAM 70 for storing the
madulation wave-form daia is emploved as a second
memory méans, mte which the wave-form data of the
modulation wave, such as the sine data (sin), is written
from write address WAD of the CPU 30, A the Funda-
mental wave-form data, the modulation wave-form data
i6 the 6-bit data indicating the amplitude value sampled
periadically by dividing, for example, one cycle of (he
sing wave into o4 (T/84). Therefore, the RAM 70 n-
cludes the area of 64 by 6 Dits. The modulation wave is
not necossanly imited (o the sine wave and may be o
iriangolar wave, saw-toath wave, or cosine wave.

For recciving the madulation frequency data (we)
from the CPU 3, a medulation frequency data register
72 is provided. The 12-bit moedulation frequency dala
from the register 72 is upphiad to the lower 12 bits of unc
input ol a 17 bit full adder T4, while the upper 5 bits are
fed with “0", To the other input of the full adder 74,
17-bit data is provided from the Yatch circuit 96, which
receives the latch signal from the frequency divider 64.
The added result from thie full adder 74 is sent to the
leich circeit 76 as 17-bit data. The upper 6 hits of the
latch circuit 76 are sent as the read out address RAD of
the RAM 70 for storing the modulation wave-form datg
previouely described. '

Thus, in the RAM T0 which stores the modulation
wave-form data, (he wave form is converted {in this
embodiment sine corversion} to output the modulation
wave-form dats s w,, T,

A moduiation amplitude data register 78 is provided
10 receive the modulation wave amplitude data (RB),
representing the modulation wave amplitude in G-hit
data, from the CPU 30. The data from the modulation
armplitude data register 78 is applied to a reversible
counter #. The [#I¥ signal, which indieates whether an
incrermant or decrement is reeeived from the CPU 24,
and the couat input frott 8 programmable frequency
divider 82 are sent to the reversible counter, The pro-
grammahle frequency divider 82 divides the clock, a 1
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msec. elock source 84, by 4 suitable frequency division
ratio provided by the CPU 30. Therefore, by changing
the modulation amplitude data (B), frequency division
ratio, and L/D signal from the CPU 30, the moduiation
envelope data (B{t}) can change its amplitude through
tevermble vounter 80

The modulation wave data (3in w,,t} convarted in the
RAM 70 end the modulation envelape data (B{t)) {rom
the reverzible counter 30 are applied as fwo inputs to
multiplier ¥6. The wmuitipiier 86 multiplies the twa in-
putik and auipuis the modulation index date (J(t)) repre-
sented by the previous equation ().

The modulstion index deta (J(£)} is given io an B-bit
shift repister 88. The 1 psec, clock from the clock escil-
lator 62 is provided to the shilt register 88 as the right
shifting clock, and the signal from the frequency divider
64 is fed aa the load signal. The feast significant bit of the
shift register 38 iv applied 10 one input of the AND gate
90, and the I psec. clock signal sent is to the ather input.
The ouipui of the AND gate 9 is transmitted as the
letch command to the latch circuic 8. When the least
significant bit of the shift register 88 is 1™, 17 is out-
putted from the AND pate M) in reaponse o the clack,
and the latch circoit 68 is thus instructed to latch.

A fundamental wave amplitude data register 92 is
provided to receive the amplitude data {A) of the funda-
mental wave from the CPLU 30, The amplitude data {A)
representa the fundamental wave amplitude in 6-bif
data, and this data is given to a reversible connter 94.
The revarsible counter 94, like ihe previous reversible
counger 8, receives the cutput of s proprammable fre-
quency divider 98, which has received & clock signal
from a 1 msee. clock source 96 The reversible counter
80 also receives the 1/D signal 3 which controls the
mcrement or decrement designation. A spitable foe-
quency division ratio is set in the programmable fre-
quency divider 98 from the CP1T 30. From the revets-
ible counter U4, the fundamental wave enveiope data
CAt) changing amplitude with time, like the previous
modulation envelope data, s outputied.

The 6-bit fundamental wave envelope data from the
reversible counter 94 is sent to one inpnt of 2 compara-
tor 102, To the other input of the comparator 02, a
S-bit cutpul of a counter EN0, incremented at every 0.5
peee., iz provided. The comparator 2 outputs the
pulte signal which nises to 2 high level when the daia
from ihe reversibie counter O4, ie., the fundamental
envelope data (ALY}, is larger or the same as the data
from the counter 30, and droops o a low level when
ithe data from the reversibie counter 94 i less than the
datn form the caunter 100,

The pulse outpnt from the compacator 102 is irans-
mitted to one input of the AN patez 104¢-104z. To the
other input of these AND zates 1046-104g, the hit data
tfrom RAM 56 iy provided. The AND gates 1040-104z
send the cutput of the RAM 56 10 a D/A converter 106
whett the cutput from the comparator 103 is at & high
level, that 13 when the data of the reversible counter ™4
is larger or the sams as data of the counter 100, Thus, by

AND gates 1042-1{4g, the signal “sin J{tw.t* from the
- RAM 56 is pulse-width modulated,

Naow, a deseription 1s provided of (the operation of the
csmbodiment of FIG. 3 T the embodiment, a fiva
sound signal is obtaingd from the D/A converter 106,
which it represented by the equation (1). The funda-
mental wave envelope (A(D)) is transmiticd from the
reversible counter 94 znd the modulation index (Ji(t)) is
tramamutied [romn the multiplier 86, The fundumental

14

(K

25

30

3a

4]

47

S

33

il

63

8

wave frequency data {[wot) is obtained from the shift
register 60, From the latch cirouil 68, the data *J(t-waa"
is outputted. The read out address of the RAM 56 i
thus determined, from which the signal “sin }o)-wt" is
then outputted. Then, the pulse-width modulation
periormed by the AND gatcs 104g-104g and the final
sound signal {e) represcnted by the equation (1) iz ob-
tamed.

In the shift register 60 associated with fundamentsl
wave, the fundamental wave freguency data (we) is
Ioaded to its kower 12 bits and the 0™ is loaded 10 its
upper 3 bits by the load signal from the frequency di-
vider 64, and, af every 1 pscc., clock signals from the
clock generator 62 shift to the left, In the shift register
60, the fundatnental wave frequency data (we} 5 multi-
plied by 20, 21, 27 at every rising cdge of clock, The
laich signal from the AND gatc 90 is outputted al wach
falling edge of clock acvurdance with the content of the
Ieast significant bit of the shift register $8, “0" or 1™,

The lundamental wave frequency data (w,) is loaded
t¢r the shift register 60 at the rsing edpe of the first clock
signal CL. H the least significant bit of the shift cogister
88 iz *I™ at {he falling cdge of the first clock signal, the
data is Jatched by the Jatch circoit 68, Then the left shift
is effected in the shift register 60 at the rising edge of the
second clock sizral, Thus, the least significant bit of the
sift register 40 is tumed to “0" and the data (w.) previ-
ously loaded is doubled. At the same time, the shift
register &8 is shifted to the right and the second o the
iast bit data v sent 10 the least significant bit. The dou-
bled data of ihe shift register 80 is [atched by the latch
circuit 68 in response o the latch signal from the AND
gate 30 cutputced st the fatling edge of tha second clogk
signal when the least significant bit of the shift register
88 equals “1".

The upper 6 hits of the latch cireutt 68 are utilized as
the read out address of the RAM 56. If the content of
the lalch circuit 68 in “000—" at the first stoee, “J{0
wit™ 18 latched at the falling edge of the B-th clock.
Thus, the rend out address of the RAM 56 is changed by
"I at every § psec./2, or about 4 psec, at the maximuem

The modalation frequency data (wpd is altered based
on the sequence Wi, 2Wm, 3wy, by the full adder T4
every # usec. in the Iaich circuit 76, The latch ciecuit
npper 6bits are used as the read out address of the BAM
70. Therefore, the changing amount of the upper 4 hits
of the laich circnit 76 (read oot address of BAM 70 for
storing the modulation wave-form data) serves asg the
modulation freqeency data {w,,t) which determines the
modulation wave chanping perind or vibrato period,
The vibrato period becomes larger as the changing
amount {Aw,,t) of the lateh sircuit 76 becomes smaller.

The sine wave data {si0 w,,t), converted by the
changing moduiation frequency data, is outputted from
the RAM 70 1o store the modulation wave-form daty.

The modulation wave envelope data (B(E) is obtained
by the modulation amplitude data register 79 and the
reversible counter 80, Therclore, the modiHation index
(J{t}, provided in equation (2), = obtzined from the
tnultiplier 84.

A 1z shown in FIG. 54, the sine wave component
{s1n J{f)-w.t) is putputied from the RAM 56 ta store the
fundamental wave-form data. As is shown in F1G, 5B,
the pulse signal is outputted from the comparater 102
according to the comparison of the two eounters 94 gud
100. The ourput from the RAM 56 shown in FIG. 54 is
gated by AND pates 104a-Wdd with the pulse signal
shown i FIG. 5B. The sound signal (2) having the
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wave form shown in FIG. 5C is obtained from e D/A
converter 106, The sound signal is then turned into the
integrated wave form, as is shovert in FIG. 5D, and the
following equation, by passing throwgh the audio ampli-
tude carcuit 54 (FIG. 2).
g sin EL8 (1) (C4300 wnrh wg 4o wplt . - . (1

In the sbove eguation (1), if the moduolation fre-
quency data (wy,} is “0, sin wet=10, fhus the eguation
(3) may be changed into the following equation (4),

e=A sin E{ B[O 4w d . {41

By making the modulation envelope a simple increas-
Ing oF decreasing function, as §s shown in FIG. A, the
“sweep sound”™ increnses of decreavey, and a continuous
soung sighed frequency or sound pivch may be produced
as 15 shown in FIG. 68

In the previous eguation {3), if the constant C =0, the
equation may be changed to the following equation (5).

e=dA sin ELO (w) (50 wmr w4+t oo (5

Thus, as iz shown in FIG. TA, the modulation indes
Xt} changes in the positive and nepative directions
about “0%, Az is shown in FIG, 7B, the sound signal
obtained changes ts frequency at fp=we/2 7 gbout the
frequency of fi=w./2 w, showing a so-called vibrato
effect.

Now, by determining both the constant C and the
modulation frequency data (wey) in the aforementioned
cquation {1} at a value other than “0", and sctting the
modulation envelope data (B{t)) as a simple increasing
and decreasing fonction, the modolation indexes of
FIG. 6A and FIG. TA tend to be synthesized. 1n this
cass, as is shown in FIG. 8B, a very peculiar sound
signal, vibrating and changing its center frequency, is
chiained. This sound signal s impossible to produce
with the prior art.

FIG. % i a block dingram showing a major portion of
another embodiment jn accordance with the present
invention. This embodiment is the modification of the
circuit portion ncleding the cirouit components 56 92
through 102, 1Ma-1f4g and 106 A ROM 186 for stor-
ing the wave-form data is provided. The ROM 156
correaponds to the RAM 56 in the embodiment of FIG,
3 by possessing an address having 64 by 6 bits, in which
the data indicating the dnc-wave wave-lform compe-
nent 8- written inte respective addiess in advance as
6-bit data representing the amplitude value, which i
sampled periodically by dividing one cyale into &4

Instead of the sine wave, any wave form, such as a
corine wave, triangulat wave, saw-togth wave or the
ltke may be used for the required sound.

The ROM 156 for storing the wave-form data is ad-
dressed 10 sequence by an addressing circuit 168 which
includes an eddress counter, The addressing cirouit 168
corresponds to the latch civeuit 68 in the previous cm-
bodiment. A glock siznal having a frequency of |, for
«xumple, 50 KH: from a clock souree 110 is provided to
the addressing circuit 168, Therefore, the address in the
addressing cireuit 168 is incremented or decremented at
cvery (MIZ m sec. (=1/5302< 10%, Due to the addressing
by the addressing ciccuit 168, the wave-form data is
read omt in sequence from the ROM 156 as 6-bit data.
The outputs of the respective bits of the ROM 156
represont the sine-wave form data sin w. The frequency
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of the wave-fortn component read out is 0.751 KHz
f=30 KHz/ 64 in the embodiment.

In the embodiment of FEG. 3, the AND pgafes
104z-10dg are otilized to activate the out put of the
DrA converter 106 based on the time-width signal, or
the pulse signal form the comparator 102, T the em-
bodiment of FIG. %, the DC voltage spplied tothe D/A
converter 106 is turned on or off based on the outpus of
the compurstor 102, The respective bit qutputs of the
RODBE 156 are transmitted to the D/A converter 106 as
iz, and the pulse signal from the comparator 102 is sent
to the DO power supply 112, The DIC power supply 112
applies the DC voltage to the DA converter 106 when
the polse signal received is at a higlh level, and turns off
the I>C voltage when the pulse signal is at a low level.
Thus, the sine wave sound signal {2} is obtained from a
smoothing circuit 114 as in the previous embadiment,
but by turning the DC voltage 112 on and off Dased
upon the sutput from the comparator 102,

F1G. 10 is 4 block diageam showing a major portion
of & furter embodiment in aceordance with the present
inventicn. In the embodiment, the respective bit autputs
of the ROM 156 are provided to the DAA convertor 106
as 1g, the output of which is sent to the iput of an anafog
switch 116, The analog switch 116 receives the time-
width signal, or the pulse signal, from the vomparaior
102. Therefore, the analog switch 116 sends the analog
output received from the /A converter 1068 to the
smoothing circuit 114 based vpon the puise signal re-
cetved. The analog switch 118 acts upon the output
received from the D/A converter 106 based upon the
pulse signal from the comparator 2,

In the embodiments of FIGS, 9 and 10, the frequency
of the clock source 1316, and tlus the frcquency of the
sourd signal obtained from the smoothing circuit 114,
has been described zs the fixed fréguency. The fre-
quency, however, may be changed according to the
etmbodiment of FIG. 3 based upon the sound pitch.

FIG. 11 is blovk diapram showing anather configura-
tirm for chaaging frequency. In the embodimeant, the
clock souree 110 includes & 50 MEHZ oscillator 110z and
a programmable frequency divider 1105 that receives
the output of the clock source 110. Fram the CPU 30
(FHG. 2), a snizable frequency division ratio iz sct in the
programmable frequency divider 1108 acecording to the
necessary xound pitch. Corresponding to the frequencey
division ratio set, the 50 MHz signal from ihe oscillator
110z is divided and transmitted to the addressing cironit
168. The addressing cirquit 169 selects the address of
the ROM 158 at the spoed relating to the frequency
division ratio set in the programmable frequency di-
vider 110, The wave-form component read out from
the ROM 156, ar the sound signzl freanency {sound
pitch) obtained from the smoothing circnit 114, may
thus be changed.

As in the embodiment of FIG. 3, a RAM memory
means may be uged instead of the ROM 156 for storing
wave-form data in the embodiments of FIGS, 9 and 10.

In the sbove embodiment, the foppy disk 24 (FIG. 1)
was used as 4 sound sourge data setting means. How-
ever, another memory means such as a ROM cartridge
Of & memory meank et in the inmer ROM fixedly may
b uged, _

In the embodiment desceribed above, circujts which
are diserete and interconnected are ured. Mowever, the
mftware processing by one or two ar more CPUMs is
poasible except for the provessing of the DAA convertar
106.
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Althrugh the present invention has been described
and illustrated in detail, it is clearly understood that the
saine is by way of illustration and example only and is
ol {0 be taken by way of Bmitation, the spirit and scope
of the present invention being limiled only by the terms
of the appended claims.

What is claimed is:

L. An elecironic sound source appaurstos comprisiing;

a first addressable memory means for storing fonda-
mental wave wave-form data as a digital valve,

ar operating means for producing a moduladon indey
{Fx) < Aty (C4Sin wyi) that chanpes with lime
according to modalation envelope data and modu-
lation wave wave-form data wt, and whersin Cis
a constani;

a Tirat multiplying means for shultiplying fundamental
wave {requency data (W and said modulation
index data Kt), and

mneens for spplying the multiplied result of said Frst
muliiplving means to said fitst memary means az
rezd ouf address data, thersby chanping 2 rate at
which said fongamental wave wave-form daty 16
read oot of said fiest memory means, and further
comprisng:

a D/A converting mesns for converting the digital
vzlue read out fromn said first memory means into
an analog signal to produce a sound signal (p=Sin
S wal),

2. An-glectronic sound source apparatus i accor-
dance with claim 1, wherein ssid operating means in-
cludes & second multiplving means that prodoces said
modulation index data (J(t)) based upon 2 modulatinn
wave wave-form date of modulating frequency (W)
and szid modulation snvelape data.

3. An electronic sovad source apparatvs in accor-
denge with ¢laim 2, wherain said operating means in-
cludes a second memory means for stoving said modula-
tion wave wave-formn date a9 a digital value, said modu-
lation wave wave-form datn being read out from said
gecond memory meand according to said medulation
frequency (W) and then being applied to said second
myltiplying means.

% An electronic sound source apparatus in accor-
danec with claim 1, which farther comprises means for
providing a furdamental wave covelope data (AL,
and changing meany for varying said cate at which said
fundamental wave wave-foon daia ig read oot of aid
first-memory means on ihe basis of ssid fandamental
envelope data (A(D) such that the amplitude of the
outpiee sound signal from spid DA converting means is
altered based upon said rate.

5. An electronic sound source apparatus in accor-
dance with claim 4 wherein said changing seans io-
cludes & means for owiputiing 4 pulse signal having a
duration correlated with said fundamental wave enve-
lope data, and a gate means for gating the output of said
{irst memory means by said pulse signal,
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6. An elegtronic sound source apparatus i accor-
dange with ¢laim 1, which further comptizes means for
providing said fundamental wave envelope data (A1),
means For gutpulting » time-width signal baving a time
width corresponding 1o ssid fundsmental wave ampli-
tude, and an activating means for activating the output
of said /A converting means in response to said time-
width signal.

4. An clectronic sound source apparatns i occoc-
dance with claiin &, wherein said activating means -
cludes means for gating the fundamental wave wave-
form dataof said ficst memory means by said time-wideh
gignal.

5. An glectronic sound source apparstus in sccor-
gance with claim 7, which further compnses a power
sourve for applying a DC vollape to said DA converl-
Ing means, whereitn said actrvating means includes
means for activating and deactivating said power
source in respanse to said time-width sipnal.

9. A sound source apparatus for electronic equiprment
in zccardance with claim 7, whersin said activating
means includes an anzlog switch which recpives e
oulput of satd DA converting means, and is controlled
by said time-width signal,

1. An electronic sound source apparatus in accor-
dance with claim 1, which further comprises a main unit
containing saud first memory means, operating means,
first muitiplying means and D/ A converting means, and
mesns for setting said data including an external mem-
OTY means Temovably connccted to said mein uni.

1. An electromic sound source appasalus comprising;

a wave-form data output means lor nutputting wave-
form data, spid wave form data having a plurality
of bits,

means for producing amplitude data of 4 modalation
envelope sgnal,

means for outputting a time-width signal having time-
widih corresponding 1o sdid amplitude dara,

a D/A converter means for converting the wave-
form data from said wave-form dara cutpmt means
into an analog signal, and

afl activating means for sctivating said DAA cop-
verter in response said time-width signai.

1i. An electronic sound sgutce apparalls in accor-
dance with claim 11, wherein said activating meats
includes means for gating the wave-form data from said
wave-form data output means by said time-width signal.

13. A svund source apparatus in accordance with
clumm 12, which further comprises a power souree for
applying DT voltage to said T/ A converter, wherein
said activating means inclodes means for activating and
deactivating said power sourcs in response (o said tirde-
widih signal.

14. An electrome sgund source apparatus in acoor-
dance with claim 12, wherein said activating teans
includes an analog switch which reccives the output of
said D/A converter, and i3 controlled by said time-

width siznal.
* * £ %



