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1 2216739 METHOD AND APPARATUS FOR GENERATI NG SOUND
MAVEE%ENISIGNALS The present invention relates to a nethod and apparatus

for .gRnerating sound waveform signals for providing various t d
'froﬁ%ﬁ sound synt hesi zer. Conventionally, gound maveforntslgﬁﬁ%ZﬁhéuZ%§g£
10 generated by using a circuit, such as the one shown in Figure 2, wherein

saund waveformdata is read froma storage circuit 204 and is subjected to
di gi tal /anal og conversion (D/ A conversion) in a D/A converter 205 for

supply to an el ectri cal/mmcmmmw@%oﬁt@mﬁmmwh produces
musi cal tonés. 15 More partiicul g I gure 2
conprises a scale ROM 203, in wkh SS-R2e2iected by a data signa
S whose content varies accordlng to the pitch of a mnusical tone and whose

content is changed at t he |en t one.
Data on a frequency Hé] ng r :jlgﬁ‘g rgtl.:éoﬁ-g lEJJt teeieﬁ'%g% %b%ﬁe%ré

supplied to a mmm%tﬁnergmxawng:rmmdmmmm signals vEor abI e
frequency divi spegv i 4Egbﬂ§g¥§5 Sradaes frequency f
I n accordance vseth sucrgg data. Thus, es r%/z%a%ﬁgfout put%avr ng a frequency
and a period (t?ﬂ??ﬁﬁﬁ%ﬁ?qﬁa ng 1/frequency) corresponding to the pitch of
the sound is obtai neccénvisht {sha¥ BE; B A Wvedtrr i ghd B Hdv@Tbdddr®

50 P et o SRR RO i S T G SO vri}xé S o oﬁ's
di fferent toneFigumh s twhereire sgursd wastefiorn hiatnks afesd oftrdmmra et c.
this data haV”§¥J¥§3hFHE¥H&¥§“¥64'E&&“iéqgﬂﬂje5¥éﬁugéadibf%éiyanalog
conversion (D/A conversion) in a D/A converter 205 for
/ supply to an electrical/acoustic converter (not shown),
which produces musical tones.

More particularly, the circuit shown in Figure 2
comprises a scale ROM 203, in which an address is
selected by a data signal S whose content varies
according to the pitch of a musical tone and whose '
content is changed at intervals determined by the length
of the tone. Data on a frequency dividing ratio stored
in the selected address is supplied to a program counter
201, which is adapted to effect variable frequency
division of a clock signal, having a predetermined

frequency fo, in accordance with such data. Thus, an N
\J 23 fold output having a frequency and a period (the period
being l1/frequency) corresponding to the pitch of the
sound is obtained from the program counter 201 for a
length of time corresponding to the length of the sound
in response to the data signal S. |
30 The waveform ROM 204 stores data on sound wave-
forms for various different tones, such as the tone of
a violin, the tone of a guitar, , etec., this data _
having been programmed in the ROM in advance in accor-
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2 dance with the user's usage and preferance.

-

ROM 204 are selected by a counter 202, which counts according to a

numeri cal

frequency corr

an original
desi gnati ng abrmdca:ln tdiee numbet AN arpHexgeforend stlgwadourster oz2ioz ed

above, - the BEPHSATSHEhe SR F N of Forf i Y, A fOFL "

above,

repeat edl y re&¥esnt Wh!?ﬁprNedxft &hﬂ%@ﬁkﬂgﬁjmt dro Mthe coomrterpran Now,
%émﬁ mﬂé}s?ﬁdé&'et&%étﬁ/ﬂf the

the 20 nusi caloyicpr@
sound by vary

di recti on. of

in the ROM 204aveiform oriesponds hﬁ: redfe | gt . of ﬁme gslerid f O ed i tles ease
the resolutio
conventi onalg

si gnal

for reading the

not ati on system based on the n
202 counts on the basis of an N fold clo
cl ock pulses input to the counter, an output representing one waveformis
provided to the DA converter 205. The period for reading the data for

one waveform

one wayveform iin rteﬁdwa&wﬂdlnou Aderaky s@iﬁéé@eatb Oésdz&hﬁté:@ 202ain a

tch of the sound. conventlonally,

di to the
{ WEHGBn G e S ARCRRR A (i dUHRAF Liith TOLATARS SYRRER S fof

Addresses in the waveform

ggber N. Therefore, the count gk
cycle and for every number. N*dfp

pUtds the uRen)is usage tand RERRRPranerl- t hcAAR¥eSS$e$ this

orm nad

ICPgl the nurrber of(ﬁ(% Vi si ons_ of

VELHe L2402 -and Thes PaRdiqd Jer f%ﬁa%r'&ﬁ MR LBt Nt or ed

|n the di.r.ection of e tine axi

th
B G0 15, S MBYSEIM, {5 a4t TaneRRRAEY b, Eodreby | "°
correspondi ngmakigign iti pesstidbliendroeabtaire d rirppency eccn]‘reﬂpd;ﬂniumg ock

I nput +Q gﬁg B}QQ&?%&CQﬂﬂg Qﬁ. For exanple, 30 if the period

or Jone waveformeof the sound is divided into 32 equal

ata

‘tinming interval s i nThus .di convientionaliy t ian: epdginal frequentyi is an
out put of 1,0@4viigedt 18" depRndiedics HpsH e HHtd Whiddl (d%or |
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designating a musical note, and an analog sound signal
is produced repeatedly at a frequency'determined by the
desired sound. - . | |

As described above, the waveform data is stored
in the ROM 204, and the data is repeatedly read out at
a predetermined frequency for D/A conversion. Now, the
musical tone produced can be changed in terms of the

- quality of the sound by varying the number of divisions
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of the waveform made in the dlrectlon of its time axis
and its amplltude for generatlng the data stored in the
ROM 204,  i.e. by varying the resolution. g;In order to
increase the resolution in the difection of the time
axis, ' it is_necessary.in'thelconventionai arrangement
to increase the original frequency by a'corresponding'
margin, i.e. to increase the frequency f of the clock
signal input to the program counter 201. . For examplg,
if the period for reading the data for one waveform of
the sound is divided into_32=equél_timing_intervals in
the direction of'the-time axisﬂégfas to obtain an output
of 1,024 Hz, thén the minimu@-value required for the



3 original frequency [err] becones 32,768 .Hz. Furthernore, if vibratos of -
1% are added to the frequency of 1,024 Hz, a program counter having a
JesﬁThtlon of 10 Hz al so becones necessary, and the original frequency f
nust X5 then satisfy the following fornmul a3 [ERR] 10 where [err] is the
orig\nal frequency and n is a maxi mum dividing capacity of the program
counter. If this fornula is:calculated we have [err]. approxtmately equal to

5.2 Mz when nor1 %allirequenc $¥S, bb%oﬁ%% Bbtb%%tﬁzbee@dfﬂﬂﬁfﬁﬂﬁﬁ to set
the ori gi nal dggue%5¥$9 e bevel and to’store in the s%&le ROVl 203
data on a freq & R %0 2F8r adPeCyitRy thgc Freaens qdef&? to a
frequency |n\MH2QP h @&éguamlsoahmbtedabﬁnbearkek%ﬂh&;@mabﬁe1mhﬂzpaﬂgban120
counter 201 to | uen sion. .t ver,
a high orlglnaP rg%%e%gggggc %ﬁ? bﬁ? °§1§é§83 Q%éﬁgégﬁgi dlﬂgg?ult to
i ncor por at e Sor thenasatisiyatshe CRldgvuhUafommudathe like in or outside 25
an integrated circuit containing the circuitry shown in Figure 2. In
addi tion, since it is necessary to increase the frequency dividing capacity
of the program counter, anothef,drawback arises fg that the circuit
configuration of the programcounter itsekf becones 30 | arge. 1purtagr nore,
since the oscillation fre en% IS nlg hé‘gﬁﬁﬁ§;66ﬁ§ﬁﬁthon by the
Peases t

oscillator and the progra éP I n Bn object of the
present invamgtion, at least in its preferred form to provide an

arrangement foghere £, is the original frequency and n is a maximum
dividing capacity of'thé program counter. If this
formula is calculated we have f approximately equal to
5.2 MHz when n = 128.

15 Thus, it has hitherto been necessary to set the
original frequency to a large level and to store in the
scale ROM 203 data on a frequency dividing ratio for
dividing such a high frequéncy to a frequency in which
1,024 Hz is shifted by - 1% to enable the program

20 counter 201 to effect fine frequency division to 1,024
Hz = 1%. | |

However, if a high original frequency such as 5.2

MHz is used, it becomes difficult to incbrpbrate or
attach a stable CR oscillator or the like in or outside
~ 25 an integrated circuit containing the circuitry shown in

o Figure 2. 1In addition; since it is necessary to '

increase the frequency dividing capacity of the program
.counter, another drawback arises in that the circuit '
configuration of the program counter itself becomes

30 large. Furthermore, since the oscillation frequency is
high, the power consumption by-the oscillator and the
program counter increases.
' It is an object of the present invention, at least
in its preferred form, to provide an arrangement for

O
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requiring a
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read fromsaid storage neans at a frequency corresponding to the pitch of

- sai.d_net hod | SI. t h Lvidin d t I ned
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t he sound,
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g sound waveform signals, which is capable of using an
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hi gh resol ution. According to one aspect of the present

to which, there is provided a4nmethod of generating sound maveféf?'
signals in which waveformdata is stored in storage neans and is repeatedly

cor r espondi nigingrizn aScﬂInatorthawrnglmtkowafseqﬁencprédetebtamadngength
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I n accordan
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t her ebyAqaP¥RiRg ftcmeooel jaspechtobf thai nresethemyentson
CARHNH, amaed £f

or eneratl n sound é\aveform Si risin

HAVeLP 31t Which mmg%m ¢ebea% dF‘y’°Fg§dF-ﬂg the
tsatdfa;ga tximaris r&id si®r e§fedtédty 2Pead fﬁbmasalidq seaﬂge

f@vm@&eatméeusat bf”geﬁaﬁaérh Bbanided

I,rst storage .

Fearty ‘4 o Hraltnly chpetemonat ol FAOHERCDLAED, REngbRa o

h f '
Hredevbiaiiied Ker £ et hdliatny said FaBbEBchoulLacty Sifhg

e Munber £RF gereratingeaf Wsresp@nagegnameraﬁé 30
timing intervals of a predetermined length, and

changing the - length of an arbltrarily selected one or
plurality of the t1m1ng intervals to make fine
adjustment of said predetermlned readlng perlod and

thereby to make fine adjustment of said frequency

15

Accordzng to another aspect of the present
inventlon, there is provided apparatus for generating
sound waveform signals, comprising first storage means
for storing waveform data, and-heans'for repeatedly _

' reading the waveform data from the first storage means

20
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at a frequency corresponding to the pitch of a sound,

the reading means comprising second storage means for
storing data representing a frequency d1v1ding ratio,
variable frequency dividing means for receiving a clock
signal having a predetermined frequency and for dividing
the predetermined frequency in accordance with the data
in the second storage means for generating pulses to

increment the addreSSes in the first storage means, and

v’



5 control neans arranged to co-operate with the second storage neans so as
to change the frequency dividing ratio of the variable frequency dividing
nmeagsy during an arbitrary section of the period for reading the waveform
daté‘ﬁln the preferred enbodi nent, the cont¥ol means of the appar at us
conprises a program counter, mhlch I s capabl e of providing a vibrato
frequency even with a small-circuit configuration. 10 The invention
will be descri bewnupalhaweansy amrxgﬁedemmce-,opdﬁa!ter efidhette tsecddna
acconpanyi ng dr dﬂﬁ?e alg i ' ratus
In’ a(r:rgor)d/ange w?tjﬁh llrir?-"'éa\si\{(egnt | m?le%;élr g:rl]a?ang% %h@ %éﬂéﬂl?r Iai%"ﬁ% ock

di agram of a cofpdid Sfathe vardakde: freapensys diyidigigameans iGuringaamg
one exanpl e Of %r&ﬁlt&fir&a‘é%fd%&@nswn@heg%‘é‘i&@de‘fdrn e 1Y WY WRARRIfo

arrangenent ; Figure 4 is a diagiramillustrating an exanple of a
sound maveformigqﬁﬁal generated in accordance with the present invention
Figure 5 (a) is a CI rcmi thei preferireduenboddinent!) Wt&‘blt R apysodfam

counter shown | | ) art Ll ustrat.i .
frequency 25 dIVI r%ﬁggoggbﬁgisgg Pa%F?% o PR e éﬁ$998 I nput
data; Figure 5 G@P eaoil proyidiagt af yibsiagoalfseguencyt evennwilth @r ogr am
counter; F'guresﬁaﬁﬂ)c&icﬁi%'EBHEHgﬁ&éQ&%W Il lustrating an 30 exanpl e of

t he duty generating circuit shown ure 1; Figure 6 is atimn
chart for sigmpals gendPg: daveptipa uaﬂ} bendescripedi £ per, by way o

example, with reference to the accompanying drawings, in
which: '
Figure 1 is a block diagram of apparatus in
accordance with the present invention;
Figure 2 is a block diagram of a conventional
arrangement; - _
Figure 3 is a diagram illustrating one example of
- a sound waveform signal generated in the conventional
arrangement; |
Figuie 4 is a diagram illustrating an example of a
sound waveform signal generated in accordance with the
present invention;
Figure 5 (a) is a circuit diagram lllustratlng an
. example of the program counter shown in Figure 1;
) _ ' - Figure 5 (b) is a chart illustrating a frequency
U 25 dividing ratio of the program counter with respect'to
input ‘data;
Figure 5 (c) is a timing chart for signals
generated in the program counter; |
Figure 6 (a) is a circuit diagram illustrating'an
30 example of the duty generating circuit shown in Figure
1;
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Figure 6 (b) is a timing chart for signals
- generated in the duty generating circuit; '



6 Figure 7 (a) is acircuit diagramillustrating an exanple of the phase
generating circuit shown in Figure Figure 7 (b) is a timng chart for —-
signals generated in the phase generating circuit; and Figure 8 is a \[‘, .
diagramillustrating an exanple of the scd e RO\/Ishown in Figure 1. i
Referring nowto Figure 1, waveformdata is stored in a waveform ROV 105.

The ROM 105 is generally 10 accessed at a predeterm ned frequency f in
response to an out putFiguge & r:(rajgr:aema:cmrﬂcanﬂﬁih,agtﬁmhlhw&@wg amput

clock pul ses haylnshid By q:‘htee %5 et he
frequency f accc?ﬂ%l ng tfg an tput 4rom a s ’Eéh\f'{fgs or prod:L ng

pul ses havi ng tie freguency [err] . In the present I nvention, however, the

output fromthe scal eilgd¥el 34 (B ile ach_q 'd’ha?rtk £ §i{ﬂé\£§l nt erval
correspondi ng to the d 3t|? of .the k-th se, durlng ccess of .one

period of the HERELSE pﬁaﬁel@gnq Jétg/ SEfiyithg R equency
dividing ratio of th@iguag 8niso@nidaghain A0 lustiraiing ard nexamsbsusfice,

t he frequency rr from.the scale ROM 104 is instantly
changed for th%‘f‘1 % l&nlﬁg)?"o%h?%%gllé‘ ? gsugr Cfll f the waveform ROM 105 is
accessed on the basi Reflenring movwsdo Figure Jr.esutavef;pmtq;nnalsssubj ect ed
to DA f

0 conver siseRay ?.rﬁ DaAwave ?Egﬁﬁ?goﬁ; 16, e W”%]S"’ai’se %ézg%fé

pr oduced mnll nonentarily have ent frequency | s can bett

under st ood hy BCSERFREG 3&n BoPredakerines, frequengl & 3 Jéhonesmn%tmt

230 &Ee [”tﬁ iy @ZQ%?‘“ o oz ol A0S AR AGULyeS Dy e
en the sca i.S ac essed pur on the basis o e data

Signal. S |niPRUE PulBes Bayifi e nasdetarmined tragiency £ a

peri od T (nanrebanpdlivhdiech] diviisea ke tfa:@tﬁn&@ rdddordip ks a(t!rS)
Figure 4 Showsoﬁ@put from a scale ROM 104 for produc:.ng pulses having
the frequency f . In the present invention, however,
the output from the scale ROM 104 may be chahged in a k-
th timing interval, corresponding to the duration of the
~k-th pulse, during 'the access of one period of the
waveform from the ROM 105, thereby changing the
frequency dividing ratio of the program counter 101
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instantly. . In consequence, the frequency _f.A of the
pulses from the scale ROM 104 is _in"stantly ‘changed for
the duration of a single pulse. If the waveform ROM

105 is accessed on the basis of this pulse, "and the
: resultlng output is subjected to D/A conversion by a D/A _
converter 106, the sound waveform signal produced will \o/
momentarily have a different frequency. This can better
be understood by a comparison of Figures 3 and 4.
Figure 3 shows an output from the D/A cohve:ter‘
205 in the conventional_arrangement-Shownrin Figure 2
30 when the scale ROM 203 is accessed purely on the basis
of the data signal S. 1In this example, it is assumed
that fA-='1,024 Hz and a period T (namely 1/fA) is equal
to 0.976563'milli-secoqu (mS)a Figure 4 shows an.

25



7 onput‘fron1the D/ A converter 106, .in accordance with the present
I nvention, wherein a seventh and a fifteenth timng interval of the

wavegfprm period are nade shorter by 1/[err]. In this exanple, the
freg¥ency of the nusical tone obtained in the case of the Figure 3
arrangenment is 1/0.976563 mlli-seconds which is approximately 1,024 Hz.

The frequency of the nusical tone obtained in the case of the Flgure 4
arrangement is DurreA8F¥dmitHe /e contertychie, ady @dderiddnceqah t o

1,032 Hz. The didgger, et, t frequenci es di ng

to- appr oxi mat el 3 15 SHeSERE gy ton, YRS h R BaTRrch ped A FETRAGE

accordance wi t h tifdng: daderviad, oft ithe waviefomugpetiod aremadeshdrier

seventh and thephi fitgent h t | bR I fygd?%§ qgﬁp err]
t he frequencgyiof ﬁe rrusI:nrch:mtsone | F?mﬁ‘ged to c‘é) $g nﬁ%:é:{ah.g

t he frequency of-oM®e She cager of3xhe; Figure @1@n¢énsem§nt is

frequency of seug0alo7i65680miQ 14z secohdsMwhiicH 1%0%?;)(248::%1&%1?011”@@433 i f
vi bratos are ap |edg§ %he ba5|c t% %hgaéhg requg@;yneg)%éﬁiégft 20
Figures 5 (a) t n (b),
and Figures, 8 (aﬁsandetph)thhmetnaaerangembut as uhe ©9i6893i3t mi1Withi n t he
respective bl oc I gur a | e Qf the
program 25 coun?gfggg%nwhECE 18 EP&&P& %gngﬁéég%h gﬁﬁﬂéaééﬁgg T% ¢ set
at 262,144 Hzq diSﬁgﬁsnsesbnmweea SCBBtuDefteqyemsdeSr051BthscaIe ROM 104
whi ch is shown E:Bréébﬁbhdh.ﬂg"\:/:‘;ﬁuéﬁg%oiﬁﬂa%'l 0.18% E gyr %g% HzS Sheyn

generati ng outpg% nal s osite asé to the S|gnals
SCM4 ta SCMB A& Pé&é@ﬁ@y § 9|HFﬁguP&FwolafaFﬁ@IEPB&PaW#@BuﬁP@r 101 i s

. determined in present invention is increased by +0.8%, but if the

~ ' seventh and the fifteenth timing intervals are instead
elongated by 1/f » the frequency of the musical tone is
reduced to 1, 016 Hz. By changing the frequency of the

- waveform signal to 1,032 Hz and 1,016 Hz at a frequency
of several Hz to 10 Hz, the musical tone obtained
sounds as if vibratos are applied to the basic tone
having the frequency of 1,024 Hz.

Figures 5 (a) to 5 (c), Figures 6 (a) and 6 (b),
Figures 7 (a) and 7 (b), and Figures 8 (a) and 8 (b)
illustrate examples of the circuitry within the
respective blocks shown in Figure 1. '

Figure 5 (a) shows an example of the program

\/ _ ' 25-counte_r 101 shown in Figure 1, wherein the frequency fo
is set at 262,144 Hz. Signals SCHM4 to SCM6 are
received from the scale ROM 104, which is shown in
detail in Figure 8 and which, in Figure 8, is shown as
generating output signals SCM4 to SCM6 of opposite phase

30 to the signals SCM4 to SCM6. The frequency dividing
ratio of the program counter 101 is determined in
dependence upon the signals SCM4 .to SCM6 in compliance
with the table shown in Figure 5 (b), and changes at a
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dependence upon thé signals SCVM to SCMVMb in conpliance with the table
shown in Figure 5 (b), and changes at a 8 certain timng so as to ef

fine adjustment of the output frequency ofg the counter 101 in accordanc

with an inportant feature of the present invention. Figure 5 (c) shows
timng of the various signals produced during operation of the program.
counter 101.

0, 1), i.e.
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ones i H t e-ouL ut a
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turned ON
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15 ————

Th t th ted
term aggggmgr (13 10°15°2%s305al' &% provided at an

output of an rnvertor 503 coupled to the Q terminals by

way of a NAND gate 502 becomes a spike, and a signal

AXEHat the output of a latch constltutlng NOR gates

- 504 and 505 forms a pulse _ -
Subsequently, this signal A X H is delayed by the
flip-flops FF4 to FF6, NAND gates 509, 510 and NOR gate

20
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511 to cause a signal RR to become low for a time
correspondlng to three clock pulses of the frequency f .

The signal RR is. applled to a NOR gate 512 together with

the signal at the Q terminal of the flip-flop FFG_ and
a signal SSM, which remains high for a duration
correspondlng to 3.5 clock pulses of the frequency f ’

is produced at the output of the NOR gate 512. When the

signal SSM is high, a MOS transistor of the scale ROM
104 connected to a power source V as shown. in Flgure 8
is turned ON. The MOS trans;stor is therefore operated

0)

Touterof a

atch
gnal

out put of

1nterm1ttently so that a current flows intermittently to

the scale ROM 104, which reduces the power consumption
to a low level. It goes without saying that the ROM 104

- may bejoperated conStantly,'pand in that_case the flip-

flops'FE4 to FF6 are not requirea._. In addition, when

2



?nternittently so that a current flows intermttently to 30 the scal e ROV

104, which reduces the power consufnption to a lowlevel. It goes wthout
sayfﬁ' that the ROM 104 may be operated comgstantly, and in that case the
f||p%’%|0ps FF4 to FF6 are not required. I n addi ti on, when 9 the

signal RRis low, this re-sets the flip-flops FFl to FF3. When t he

signal R changeneA@dgnallo R B, 16640 kol $eCaktkednaui19008 100k 7
Accordi ngly, durln% snlrnt|a timig interval 5 Fﬁ
the counting cy&PeFd theWPFPpih?I§$§nF¢1RBoChBBQ@§rﬁggpunﬂg bagbi,ght cl ock

put ses of the freqgueiay herbhrrliheoaﬁrbﬁ@eohokée signal RR corresponds
al so to eight ¢lock p Eses hhe f.,r equenc Bﬁﬁ £ %nd Is 30..5 m crQ-seconds
[err], and the peri ot rgbng Lrsf Bﬁ&Pgséél tdali $imiRghABERT¥ELni th t he
signal RR, is3:aBbows0if Fignwes&cods. thet beuneihgt cycle bt ehealfliphe

counting cycle 298b8 #pA’ £BPBRYScherELABRAS! 88K BUbR Ry ock BUTLEE o e

third timng inter on Seve ocK
which 0 neans tkBe fHQQBQPFUdfgi t hBhei pazlio@spEi thecsignadr8R 15 seconds.

The third tim ngoreespyAlsShos £8 ELGHECcIoER) pRRERESBENTRe! B-bbgeRBYON! N

or fifteenth ti ng LNt er a g g t hé abscissa’in ure
desired to chang; Re fFeé enchig 9lﬁPﬁ§n¢§tKHst t aedptByr pAFdedneér 101,
tEe outfﬁt 22Pstbeab$gﬁ£lﬂssn Sﬁh@cth§1ﬁ?ﬁcﬁ?éh@s&@“%i@ﬂ Ehé !igh&i to
change the i

Co 7o, wni oh TRanyRcdERR PP e mbEFSoRerabal: L utroens neeErkinag of (o'

third interval, the countlng cycle again corresponds to eight
clock pulses. However, the third timing interval is
\/‘ based on seven clock pulses of the frequency f° which
15 means that the period of the signal SsM is 26.7 micro-
: seconds. The third timing interval shown in Figure 5

(c) corresponds to the seventh or fifteenth timing
interval along the abscissa in Figure 4. '

When it is desired to change the frequency
dividing ratio in the program counter 101, the output
signals SCM4 to SCM6 from the scale ROM 104 are varied
to change the initial'values of the ﬁp counter provided
by the flip-flops FF1l to FF3, which changés the
frequency dividing ratio. In the case of the third
timing interval shown in Figure 5 (c), since (SCM4,

o 23 scMs, scM6) = (0, 0, 1), the Q terminals of the £lip-
N/ flops FFl to FF3 are set to (1, 1, 0). Since counting
is then started from this state, rather than from
(0, 1, 0), the frequency dividing ratio changes. The
timing for the change is controlled by the duty
3q .generating_circuit 102 and the phase-generating circuit
103. _ _
The duty generating cirquit'loz is adapted to
generate a duty ratio based on_mdltiples of eight clock

20



timng interval shown in Figure 5 (c), since (SCw, 25 SCvb, SCMb) = (0, O,

1), the Qtermnals of the flip- flops FF1l to FF3 are set to (1, 1, 0) e
Since counting is then started fromthis state, rather than from (0, O)W *
the frequency dividing ratio changes. ThelGning for the change is

control l ed by the duty. 30 generatlng circuit 102 and the phase- generatlng
circuit 103. The duty generating circuit 102 is adapted to generate a duty
rati o based:- onpnﬂbEspbésthé frgqueancf fdh)qmﬂtxnikﬂngIuhéldarwedhyxﬁ '

for controllin h a t he ,SC e 6
"(a), the duty gg%erggtg?%gdc)ﬁ(r)ggqt 9% 3 %F'lgg(\éﬂg‘l% fEIA56 s(t@r_’? to 3!% nd .
| ogi ¢ gates GOQ‘eFQrBESnSr Féﬁgéétséoascpﬁlpﬂ'@ﬁﬂ%eﬂérp'tﬂﬁnﬁg ke FF9pDuty 0 -

to Duty 6. Taﬁdsuaaalz ﬁﬁMes' s@z ttbes@'at Blrtra‘iﬂ;glzéd”'%@fﬁ e Hd i asbwigram
counter 101, is ﬁasse |p fl_ops to FF9 so s to be _

subj ect ed t o HEARLDGf Féﬁﬂéiﬁy dpb‘ti’ On Eoa RPEIh S -out & & SMare
de-coded by thg.kogthegauepubldft ¢hel agdFemenddmtied ep:tdyratm rndtmtsexgnal S

Duty O to Dut As shaown .in, Fi e n.th s
msumd Lo be’ it B BASEee, EnFoluhy chel Flnhiibpe a7 T R0 10,
signal Duty 1 hasbe sgubjec&edotof bihary. frequenoyuﬂnvusinqyuﬂaHQHQhéihas a
dut tio of '

sgu%draavgfgrnggﬁgugﬁrF§a§g?§?ﬁégrgyd%a5|n ggﬁﬁ¥$b fb)?#Eg(ﬁ t 5
counter 101,gn6BBgke grBeratel she siming g@@é@@cP’J‘tY dikhPutie fnougﬁﬁh to
the sixth tim ggolAt thehgureaad(m) batieRd th ¢ iGRHdbd \ad aon 20

assumed to be one period, the,signal Duty 0 has a duty

"ratio of 1/8, the signal Duty 1 has a duty ratio of ' (;)
- 2/8, ...... , and the signal'Duty 6_has a duty ratio of
2/8. _ , . _ -

15 "For'inStance,, in the ekample'shown in Figure 4,
the sound waveform signal is obtained by basing the
o counting cycle of the counter 101 on eight clock pulses
of the frequency f during the noughth to the sixth _
timing intervals,_ and by bas1ng this counting cycle on
seven clock pulses in the seventh timing interval. When
the seventh timing interval arrives, the s1gnal Duty 6
becomes low and the s;gnals SCM4 to SCM6. are changed
over to alter the counting cycle _
Referring now to Figure 7 (a) and 7 (b), a
25 description will be given of the phase generating -\
circuit 103. This phase generating circuit 103 is
arranged such that the frequency of an output signal Q2
of the duty generating circuit 102 is divided by flip-
flops FFlO and FF11l to generate pulse signals Phl to
30 ‘Ph4. If the time period PO is assumed to be one period
in this instance, the signals’ Phl to Ph4 have the same
frequency and duty ratio, and only their phases are
different. These signals are obtained by de-coding the

20



seven clock pulses in the seventh timng interval. Wen the seventh tining

Interval arrives, the signal Duty 6 becones |'ow and the signals SCW to
Scﬂgiéfe changed over to alter the counting _cycle. Referring nowto Figure
7 (ayTand 7 (b), a 25 description mﬁll_begéiven of the phase generating

circuit 103. This phase generating circuit 103 is arranged such that the
frequency of an output signal Q2 of the duty generating circuit 102 is
di vi ded by flipoutpuss PEl&hand1lEp+flopsgFFivanadp@Fie bygmeaasPbE NOR30

Ph4. I'f the tigaReReHi09d+B0 7003 .aSSk dsﬁgngisoﬁﬁ&p§5'9ﬂ4'@o&@b§gﬁ tance

t he signals 'Phl17to_Ph4 have the sane enc rat
their phases ar ¥ighs fBecSectionseBhlstgnEhd & wabﬂalﬁesuyy éeoéo@h#g the

outputs of the peirdoll os tEElaaeeéoEﬁlél haTeanganaf tH@?t%beauZ-thﬁ 6¢4.
The S|gngls Phl,to Ph4 corr es mn th_the secthons Phl_ tq own in

Figure 3 of the® P& PY 8f°Fh8 FSPR;S|§HSP t Snalﬁﬂéltﬂﬁe &Hiﬁtlon of 5
the pul se of eacbrsegpahdéwkenohkeqaagber obf hhghpeembaeaﬁonﬁe WEveﬁerm

f th i qd
d'Gnals Phi to PET a-esrralf HAKERR1hORE, 0 BRE' Bulndus, AL, RE' BpalBEay,
104. Referring Ad®ot ysgfginethe rapding Blmbpg forOothe sdader REMi 3A4wi | | be
given of the scale Rckhﬁgﬁrlﬂéspbﬂeﬁs Eagu&e§oet?s)paﬁa'@n%FgHrked by

circles represent n-channel transi st generating out put

si gnal s BOMA t 098BFE1P¥ABNSYA A Repaiyen o6 EB?ysGa&FeRpﬂp&94to gBtes of a
series of nenoryhesél Flgﬁaés$tOtﬁelﬁortioﬁélmaaﬂealﬁy cheenek! yep#akants

R I R o N A N o
signals Duty O sbighals SCM4 posSCHMbe wWrhé stgnals Datgny toeDutype68aBe
Fyet her nor e, thenpGEPEE gates of a series of memory cell transistors
15 811 and 812. Normally, data is programmed in the scale
ROM 104 by means of conductive wiring in such a manner
that ON/OFF control of only one MOS transistor 811 by
any of the signals Duty 0 to Duty 6 is possible with
respect to any one line 813. Furthermore, the respec-
20 tive lines are selected or not selected by the phase
signals Phl to Ph4, and further selection is then -
carried out with respect to a high frequency and a low
_frequency by a signal VIV having a vibrato frequency.
In -addition, selection is effected within the ROM 104
25 by the musical data signal S (also shown in Figure 1).
W - The selected output is then delivered to the program
' counter 101. ' '
An example will now be given of a case where a
waveform signal for a musical note as shown in Figure 4
. 30 is to be created. . As far as the scale ROM 104 is
' concerned, a detailed description is given of the
- generation of the signal SCM4 only, but both the
signals SCMS5 and SCM6 are provided in a similar manner.
If it is assumed that no vibr§to is required; then



20 tive lines are selected or not selected by the phase signals Phl to
Ph4, and further selection is then carried out wwth respect to a high -
frequency and a | ow frequency by a signal1¥lv having a vibrato frequency.”

In addition, selection is effected within~Che ROM 104 25 by the nusr?ﬂﬂ’
data signal S (also shown in Figure 1). The selected output is then
delivered to the programcounter 101. An exanple will nom/be: iven of a -

case where a wWH¥¥fsrFh EHigh) . f oand Khei saghsohands PoR&AREN PEFTHE e 4 30
is to be creat séctloﬁSofathaSRbﬁelaqakerR@Hhé%tlﬁx ehecisigthal SOMA aid ed

description is |ven eration_of the si aI onl both *
the signals 'S aﬁﬁp are §F6§ deddﬁga 1§ aﬁ@%%gﬁn ﬁhﬁtg%

assuned t hat nmombyarenderltngucecda:.hhemnes i:he‘tle‘in-ddn@lﬂcg‘h)ve ayd the

right hand porti t C n 1 genghat the srgna
SCM4 is not enﬂ?§93d Qirgg Eha ggétgggﬁfggka%éengn thenhéﬁp 04 ’
rendering cert anatanges therswmtcbsauaf)?venﬂyBQS are sefao e QN @é‘dand
Swi tches 805 tghélgmtﬁhas 8§8§aﬁ§a§ %g@earhhge%w'tbc%s OF, ANt asset

to be ON and the swtc ) are set to be OFF. The data is
programred i n RECERBEMEG 3RoAAVARFEUPY RYOFEe CdSFUIEd g FhG SWLCHS t he MOS

transi tSt grts Sléndtsé?ahigsnaﬂn’éhéf Md8 t_?_'ﬁnshb(towlsr 611805128Qﬁr nt[eﬁifs Sdfor]t :
circuited transjstors be u on gnal s
811 and 812 arEhﬁfVéEF?véBgﬁtEBFespE gbf e§%%ﬁ%§%}%ﬁ%§%BFECEIVE
the signal DutpeGomgpiotd.t o Thasgat erlyhtheoflast A&c¢m¢ m@gnalsd@mlng t he

time duration ) a t h ri he
timng |nterva%ﬂ 8%5 gre ?EQEF?%%§|E of ﬁf%pe%tég%hﬁheL§%5§¥i 'stid
Concurrently, aadnbueselsecelveungecﬁaggéa Puty Soapplied to the gates

thereof. Accordingly, durlng the time duration when

15 _ the signal Duty '6 is high, i.e. during the timing
intervals 0 to 6, the trans15tor 811 is set to be OFF
Concurrently, a node 813 is be1ng charged by a power
source VDD under the contrgl of a signal VG; and a high
level output is obtained for the signal SCM4. This

20 "corresponds to a 1 given in the coluﬁn farithe signal
SCM4 in the table of Figure 5 (b). Subsequently, in
the eighth timing interval, the ‘transistor 811 is
turned ON as the signal Duty 6 becomes low, and the node
813 discharges so that the level of the signal SCM4

25 becomes low. Throughout this time, the signal Phl is

high, and a transistor 801 which ;s responsive to this \/

signal is set to be ON. Transistors 814 and 815 are -
also set to be ON by the signals VIV and S, thus
enabling the signal SCM4 tb beéome low. This corres-

30 ponds to a 0 in the column for the. 51gnal SCM4 in the
table of Figure 5 (b) When the_signal Ph2 is high,
i.e. during the timing intervals 8 to 15, the operation .-
is similar to that obtaining during the high level of
the signal Phl. When the signals Ph3 and Ph4 are high,

9



source V

under the control of a signal V, and a high level output is
obtajned for the signal SCM4. This 20 corresponds to a 1 given in the

cornnn for the signal SCVA in the table ofjfigure 5 (b). Subsequent |y,

theetghth timing interva
Duty 6 becones |ow, and the node 813 discharges so that the.leve

si.,gnal SCv4 25

ON. Tr ansi st or

S, “thus enabl i r@iﬁ&@ @QWL%t%@miOV&IJ

toa 0in the c umm for, the

operatison i s siPh4 aré chidlpf atielidutishtiUdvdl (e thahs dg;-y@j_ gdm4 he si gnal

Phl1. \WWen the
intervals 16 t
| ow, however

Sy T Ty i ons o EARD oo bl

sim@acheyie ket autlBlihtervalys dre xl OGE eqdéhbn t he

swi tches 809 ary%%ﬂ, are OFF and the signals Ph3 and 5 Ph4 are high,
t he out put |eve the S|gnal SCWM4 becones unconditionally high and so the
timing intervals in &hep Xidratss @nghitasheh appliedito dthe aldsicdalequal

| engt hygWhen vidymd 05 dlidek @xﬁ%e’g@mgﬁ%gt @
pul ses haV|ng

t he origina

Figure 4 descr iamed supplited azowhel 5 gmedr aK_IBJ frequehe @xéanpled gftio
during the higheslfyel PhaseAhbd dh% 'ugl'%%.ll now, thPeHlav(ee}:'nag%efe e%rueessceyd as

fol | ows:
—/

15

- 20

25

30

dividing ratio during the high level phase of the signal
PH1 can be expressed as follows:

_ 8x7+7x1
Average frequency = = 7.875
dividing ratio . 8

Similarly, the average frequency dividing ratio in the
high level phase of the signal Ph2 is equal to 7.875,
but the average frequency dividing ratio during the high

~ level phases of the signals Ph3 and Ph4 is equal to 8,

so that the overall average frequency dividing ratio in
one waveform period can be expressed as follows:

Overall average  7.875 x 2 + 8 x 2 -

frequency dividing = = 7.9375

ratio 4

_ If it is assumed that the orlglnal frequency f ie

262, 144 kHz, then the average frequency can be
expressed as ) '

the transistor 811 is turned ON as the signal
of the

Th t, thj | Phlis
high, and a tranms‘?EE 1 %% +F+%9;D Q@?%% i% ??:%?S|g ¥ Sléggéﬁ to LZ
Levek ofdtla ssigraliseMéaioes met Gdedome hkow) gme-,vear;/ and

SCMA in the tgéb?% r?gure l}&gnds |

When the si gnal “BASYLtehed, qué ean‘%luﬁ-#%g?rf%eoﬂ' ALY ‘?fiﬁ Fignals Rl'é)3 1@nd t he

g n cl ock
e Py meomets etk LTl



8 x 7 + 7 x 1 Average frequency = ' = 7.875 dividing
ratio 8 20 Simlarly, the average frequency dividing -.

ratio in the high level phase of the signal Ph2 is equal to 7.875, but tlEs

average frequency dividing ratio during th® high | evel phases of the Dt

signals Ph3 and Ph4 is equal to 8, 25 so that the overall average .
frequency dividing ratio in one waveform period can be expressed as
foll ows: Overall average 7.875 x 2 + 8 x 2 frequency dividing
= - .- =7.9375 30 ‘ratio
4 1f it is assunmed that the original frequency f is 0 262,144 kHz, then the-*
aver age frequency can be expressed as 126282444 Average frequency =
7.9375'x 32 ITﬁzfﬁggfsgégﬁéggggk%hgtsitTEE+TWFTn—mhrch—+8lg§2fg6ag§ed to a
basi ¢ 5frequency of 1,024 Hz, so that a r%s%3ﬂ§j6n3%f approximately 0.8%is
obtained¢ Afcor-'lo t fo ghngigheih bgc?nﬁstfﬁss;bie toeﬁpplyfvibggéoitof
Wi 16 the si grt e/ eprEespottn 7 S BY FLERRE LoRT B MREGHCTETRE 48,0 ni [ o
the signal Vl\addedita 4 dvasivefrequencyhef Lpo24 Hz|f sbethatia frequency
and 1,032 1 PSSR of dpptirifacelilo b 01 L 00ke H8A IR, 010 T
i nventlioon, SC)dingl¥%\ﬁ&ﬂbﬂQﬂ@e%cmmﬁBbbhebbopabﬂbteuihﬁdtPﬁeogon@;3§hich i s
with respect to one tone by outputting a frequency of
1,032'H2 while the signal VIV is at a high level and a
frequency 6f'1,016 Hz while the signal'VIV is at a loy \;)
level. In other words, if the basic frequency of a '
15 _ singlé tone'is'1,024 Hz, then this can be changed to
1,016 Hz and 1,032 Hz for very short durations in
accordance with the present invention, so that a
vibratory sound can be produced and the tone, which is
| heard, assumes a state in which vibratos are applied
20 thereto. “ . o
| It should be noted that in the scale ROM 104 shown
in Figure 8, only a configuration for generating |
vibratos for one tone is shown. 1If a plurality of
tones, e.q. eight tones, are reqhired'as in the case of
25 " a musical tone generator,"threesbit'signals S are L
' required and eight configﬁraﬁioﬂs'aré required for the \oy
signals SSM4, SSM5 and SSM6 respectively. : |
In addition, the flip-flops FF7 to FF1l shown in
Figures 6 (a) and 7 (a) correspond to the counter 202 in
30 the conventional example shown in Figure 2. Accor- -
dingly, addresses in the waveform ROM 105 are accessed
by means of thé_signais QO'té Q2 in Figure 6 (a) and the
signals Q3 and Q4 in Figure 7. The signals Q0 to Q4 are
de-coded by a de-coder incorporated in the waveform ROM




heard, assumes a state in which vibratos are applied 20 . thereto. It
should be noted that in the scale ROM 104 shown in Figure 8 only a
configuration for generating vibratos for age tone is shown. If a

pl ur I|ty of tones, e.g. eight tones, are™fequired as in the case of 25
a nusical tone generator, three bit signals S are required and ei ght
configurations are required for the signals SSM4, SSMb and SSMb
respectively. | H0Rd&P S@lectnans pddreesps BRE o fivel bikodatan siggatedss
(a) and 7 (a) cammpanondmhe capacapt oF 282 RoM3Q05 is bBexcgnweneiponal
exanpl e shown i |gure 2. Accor- dingly, addresses in the waveform ROV
105 are accesse 5? means of the signals QOto @ in Figure 6 (a) and the
signals @B and Q4 in Rsgdeectibedhaebsvenalin @ecbrd@cer with- thecgpriegeat
de- codergincorp th S¢ 0 ddress
and a flve bi t gg?%ﬁgibﬁél ?gW%&EBﬁ%§‘$§QL%gléC # gf?gf E%%kPégg Is 25 x 5
= 160 bits. As éé§é5n9§dhasévs a|ﬁegeégtdancefwﬂtprthelpWebanphgnglng

invention, it Reeo#es aeﬁ&ybhgv&alﬁafQailarsﬁueaey §b§t§h0608ﬁ¥e99191
resolutlon of 1 or belom1 % ggﬁng the f Euenc¥;d|V| gBratlo of. the
|

progr am count er 180# Fﬁrée§ep ﬁPﬁSrVﬁ &rvaPfdthapgRothR PRELIRE, PEJ of
tEe_mageforp1s!ghelwavefﬁfmasﬁbnaaltsredsbanelgealt&ﬁedlb¥0a ver%nﬁmall(Of
t he or of m -secongds nd.generated is.not uman ears
as beingga dlstgﬁggﬁge?gg %Hé §5§§g 38 ﬁicgﬁ 388PPF§§ tg ﬁ8ﬂ§ in the
above descr|bedgenbvdtednisandtsheapdlbn hamaheearglasnbeing ausi cal note
generating appaaﬁsua g&egsfstﬁé bagi¥ EBﬁEt Siyaaaaabﬁbnthslehsag Lin

i nvention can be_ ap various al arm gener at
as . - the above described embodiment a descr1pt1on has been
-/ . given of a musical note generating apparatus, it goes
15 without saying that the present invention can be applied
to speech and various alarm generating apparatus as
well.

Although conventionaily a clock signal of 5.2 MHz
of there-abouts has hitherto been necessary, by virtue
20 of the present invention it is possible to employ a low
frequency clock signal of 262 kHz. Thus, whereas a
signal of 5.2 MHz requires a crystal oscillator for its
production, a signal of 262 kHz can be realised using a
CR oscillator. This permits a substantial reduction in
25 cost. In addition, if a calculation is made on the
\_j _ basis of a simple frequency ratio, power consumption to
which an oscillation frequency contributes is 1/20,
producing a significant advantage in a musical note
generating apparatus which is powered by a battery cell.
30 . Furthermore, a small programmable counter can be
used since a pseudo-shifted frequeney can be obtained
simply by changing data on the frequency dividing ratio
and a programmable counter having a large circuit
~configuration, which is capeblefof dividing a frequency



wel | . Al'though conventionally a clock signal of 5.2 MHz of thereabouts has
hitherto been necessary, by virtue 20 of the present invention it is -.
possible to enploy a I ow frequency cIock.ﬁ gnhal of 262 kHz. Thus, mherea%;z
signal of 5.2 MHz requires a crystal oscillator for its productlon
signal of 262 kHz can be realised using a CR oscillator. This permts a.
substanti al redu tion in cost In addjtion, if calculation is
made on the bd$ 1¥ q#%‘?@r@ﬁﬁﬁﬂﬁﬂ?%%ﬁﬂ()ls rn?ﬁﬂéanwnlon to which.
an oscillation freqMarepvemt raltkoesyh,s wheiD,a rra:dhn:lm@enqmis cant
advant age in t by a ‘
%gg‘ﬁif i:%éé%ts‘”elglgj N 3y B9 AARAYY 4{ o Yl zf’

battery cell. rmore,” "a sna progr anma er can be
used since a pr&ddgood mmmw&aﬂrm a)mmqmmhﬁﬁ wm;ntmanm ng
data op the frgquy ?ﬁ%y idvent!y %&iz‘bﬁ&jd’fh xﬁgrél{ terdvied @ying a

~large CIrCUIt con guratlon I's capabl’e of dividing a frequency 16
to finely shi Pb&@i @éﬂ&eé§- Q¥|§ﬁ?§“§ﬂﬁ¥159@ﬁ¥ﬁﬁﬁm', al t hough, when a

radi o frequency is belng processed, it is difficult to obtain an out put

w th good characteristics froma programmabl e counter, 5 inthis

i nvention inproved output characteristics are obtalned since a | ow

frequency suffices. 10 15 20 25 30
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77 CLAI MS 1. A nmet hod of generating sound waveform signals in which
waveformdata is stored in storage neans and is repeatedly read fromsaid
stq%Epe means at a frequency corresponding to the pitch of the sound, said
mettod conprising the steps of dividing 3 predet erm ned period for reading
said waveform data by a given nunber foH‘generating a correspondi ng nunber
of timng intervals of a predeterm ned |l ength, and changing the | ength of
an arbitrarily selected one or plurality of the timng 10 intervals to
make fine adjustment of said predefednifhddM &adi ng period and thereby to
make fine adjustnent of said frequency. 2. A nmet hod according to claim

1, wherein the st f I ng the l.ength c ris changi ng the | ength
of 15 © [hd or e dbREHRA MY hoklie HiD bl Mg vetoam, A4y riger o
shorter thanwiiehwayeform deta dsgsttoredasin &toreaies mearaljamd dd f r equency
which is cloggké ' i NG, rejn.sal f data is
read occasionall ?Q'%ltdﬁ. a%aggjfégﬁa%gﬁge%&%&%b%%ggeaﬁ %g%fhg?ﬁ%dﬁgﬂ change
in the5 | engt FOFrespOndinon§a ther pdtsht lodr shey sounddd waidamethad t he
sound.> 3. o i3 ¢he Girlathst g4 e L3 jch 4 seyq1 ned
peri od correzggggg t g?he R r?%g %fcganoteﬂﬁﬂanﬂﬁﬁgéﬁgﬁi4ﬁgﬁiqgﬁ?aaﬂ
frequenci es aP& F8P93&9WFPH wayeformsdata by &,giyene number £Q%haratus for
generating sgenerakiaboamncoirgespdnddingp hutibeg I fofr Yimingy q&e;amnf% foF dai
storing wavefo or repe readi nq t wayvef orm dat a
fromthe fi rf?t bgeg%tgggmqﬁgggs %?%ghr'eaa‘?‘ﬁg%rtﬁég‘ﬁﬁ%%%e q@&ﬁ%"ﬂ &fﬁﬁmsecond

st orage neanérﬁéﬁrgﬁéﬂwhgedepﬁedepnesemtpdgrglﬁmqq@£n¢ped¢umdkmg ratio,
variabDe fregneaeyadsVid RAKEEIhe’ A6 JuBERNEN G2 s2l10C Hrai@idmined

\_ reading period and thereby to make fine adjustment of

said frequency.

2. A method according to claim 1, wherein the step
of changing the length comprises changing the length of
15 the or each arbitrarily selected timing interval to
longer or shorter than the predetermined length so as to
create an adjusted freqﬁency which is closely adjacent
said frequency, and wherein said waveform data is read
occasionally at said adjusted frequency by repeating the

20 change in the length of the timing intervals there-by to
add vibratos to the sound.
3. A method according to claim 2, wherein said pre-
| determined period corresponds to the period of a note of
- music, and said two frequencies are formed with respect
25 to one note.
4. Apparatus for generating sound waveform signals,

comprising first storage means for storing waveform
data, and means for repeatedly reading the waveform
data from the first storage means, the reading means
30 comprising second storage means for storing data
representing a frequency dividing ratio, variable
frequency dividing means for receiving a clock signal

R A



18 having a predetermnmi ned frequency and for dividing the predetern ned
frequency in accordance with the data in the second storage neans for
generating pulses to increnment the addresses in the first storage neans,; % =
and control neans arranged to co-operatg with the second storage neans se%¥~
as to change the frequency dividing ratio of the variable frequency

di viding means during an arbitrary section of the period for reading the

wavef orm data. .5. aratus accqrding to clajm4 erein the control
means conpr BeYRg & pRAtATiiner. Srsntans forh Tor dhEdis alie il by
t he vari abl predeteemined firéquenoyarnin amcoyeizeras iwigla fherddta yinf first -
si gnal s havi I [ r u " ald CESD ircuit

responsi ve '?:(i)lgt %&tc%g‘*ds)eéggg%%%u%?%t_tﬁél{/%%aﬁ%e?uency %6\;” di ng neans

for gener at iingremenyr fhe: pddresses insdhend isisfhSRragaRPadfr eidhd he
secon? stoaeg?tgggnﬁe?§s¥g&&gﬁgéaaﬂdﬂﬁé s fdﬁgiﬁﬁﬁFﬁtﬁémgéééfa ang fﬁcond
signals and stored data for changin e frequenc i vidin io o e
vari abl e fr 850ER9$ HP@P&iﬁ&.ﬁ§a£% é&ange,ﬁﬂiuéiﬁﬁégﬁﬁXwéﬁékéfhgcIain15L
vv]per @i n sai d'lai@.sogf THRORArdlatylag emdqomvm o ndddh adurina aﬂlurﬁl ity
of menory cell transistors nnected i eries t hat
Gate of cot r BIbIEERRY.RACH pf HHE BetAd FoH Seadie JuS e ton,

. first signadatanverted, the nenory cell MOS transistors being pre- 25

pr ogr ammed 0 set %r%(%%gu%ﬁ?\rbt%dé?@pﬁ:u%r ?ﬁ@p}j&&&% difg the storage

data, and the aving a ] transi stors arranged
to be contrGonsFody meaass CORRFisiep A £inat ARTANLE FLIPRNSIVR BR data. 30

7. 10Appar ahiés pasesdicitput Byithed vilriableer&derieg aDridiwg second -
signals represents a respéective section of the .pF{I od for rfadﬁn‘g.the
maveforn]dapg;ngnchhgﬁgq;athg a plurality of first signals having \/

mutually different duty ratios, and a second circuit .
responsive to the pulses output by the variable.
frequency dividingumeans'for generating-a plurality of
15 second signals, = and wherein the second storage means
is responsive to a_combination.of the first and second
signals and stored data for éhanging'the frequéncy
dividing ratio of the variable frequency dividing means.
. 6. _Apparatus-according'to claim-s;' wherein said
20 second storage means comprises a ROM having a plurality
of memory cell MOS transistors connected in series and
arranged such that gate electrodes thereof receive
respectively the first signals and the first signals ;
- inverted, the memory cell MOS transistors being pre- o/
programmed to set the conductive states thereof for .
providing the storage data, and the ROM having a
further-plurality df MOS transistors arranged to be-
controlled by the second signals for outputting the
storage data. S
30 7. ApparatuS-abcording to claim 5 or 6, wherein each
of the second signals represents a ‘respective section of
the period for reading the waveform data, 'and'wherein
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“19 the fi'rst signals conprise pul ses having different durations generated
in the course of each such section.: 8. - Apparatus according to any of
;cl@fﬁﬁ 4 to 7, wherein the control neans conprise counting neans

f uRsti oni ng as an address counter for t?ﬁssecond storage neans. 5

9. Appar atus according to any of cla 4 to 8, wherein the control
nmeans are arranged to co-operate with the second storage neans so as to
change the frequency dividing ratio of the variabke~frequency dividing
means occasiBHSIf}r¥B sigpadfecrompuise| pydees1baving difEerpdteby to add

vitbrat os t o §hcasoond. géfleraté@pfiatHé 86Ges€di 88 bach! sugh4sebeiohn the
control meang inclﬁdes a first ciécuit conBris%nﬁ a,firzt coynting nmeans
aRYe8be ¢ |

for ‘counting°the plPRRERFFERCRRTGERT ahPe3RY ] #1088y #drRg 'weans and

further conpwherejnatheresontfol mearscodinpgiseaceuhtingemeadsng a counting

content so a te.a 7l | LLSt £51.0 S tus
accordi ng t0§%#2F2§§8§8m§%réﬁnaéﬁgé%%ng§%ﬁkégaﬁ§kiggkuagéégdsgggggggircuit
conpri sing aMe888nd counting neans for counting output fromthe first 20

countﬁng'neags a”dAﬁﬂ&EQEﬁSCQEEBEQiHQ foSengnesde1896sng eBags for
de-coding a counting content sp.as to ggnerate a plurality of second

si gnal s. 12.WheﬁﬁbﬁrEFES“QBEBPgiHSaF% ®i AFIINIGRFRI ROTRBeFRF8t and
second countwpghnthesséoondi storagenmeanscss asubbechdhge théor the second

Sl or 202 TeenEedaney BEPLALYR, BAERE bRThS ShRLIbIA, AHRGERL S hr oL
pul ses, eachdivpdingnneansaoceasionality3fo a greater and a lesser
10 value whereby to add vibratos to the sound.

\y} 10. Apparatus according to claim 4 wherein the control
means includes a first circuit comprising a first '
counting means for counting the pulses from the variable
frequency dividing means and further comprising a first

15 de-coding means for de-coding a counting content so as
to generate a plurality of first signals.
11. Apparatus according to claim 10, wherein the
‘control means includes a second circuit comprising a

_ second counting means for counting'output from the first

20 counting means and further comprising a second de-coding
means for de-coding a counting content so as to generate
a plurality of second signals.

_ _ 12. Apparatus according to claim 11, wherein the first
-~ and second counting means function as an address counter
25 for the second storage means.

13. Apparatus according to claim 11, wherein the first
signals have mutually different duty ratios, the second
signals comprise pulses, each representing a respective
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20 sectfon of the period for reading the waveform data, and wherein the

second storage neans is responsive to a conbination of the first and second
signals for changing the frequency dividing ratio of the variable freque:cﬂy_T
dividing neans. 5 10 15 20 25 30 e

20

section of the period for reading the waveform data;

" and wherein the second storage means is responsive to a
combination of the first and sécohd”Signals'for”changing_
the'frequency dividing ratio of the variable fréquency
dividing means. '
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