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[57] ABSTRACT

A digital sound source apparatus inclodes s semicon-

ductor memory connected to a central progessing unit.

The memory has a quantized data sforage area and a

praograrm data storage area. A quantized data train apd a
stop code are stored in & series of addresses in the quan-.
tized Jata storage area, a start address is set in a certaln

address jn the program data storage arez. When the
start address 15 read from the progran datgy storage area,

the quantized data gre sequentially raad from the quan-
tized data storage area and are sequentislly loadad into
a data register. When the stop code is resd from the
quantized data storage ares, loading of the data into the
dats regester is inhibited by a read Awrite coneral circuit,

the quantized data loaded into the data register arc
converted into el ehalog sound signal by a D/A con-
VETSION Circuit.

4 Claims, 6 Drawing Sheets
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DIGITAL SOUND SQOURCE APPARATUS AND
EXTERMNAL MEMORY CATRTRIDGE USED
THEREFOR

TECHNICAL FIELD

The present invention relates to a digital sound
source apparztos and an external memory canrdge
used therefor. More particularly, the present invention
telates to a digital sound source apparatus in which
guantized data associated with sounds such as music and
a soung effect are stored in a memory and an analog
sound signal is generated on the basis of the quantized
data in, for example, a relevision game set, with an ex-
ternal memary cartridge associaled therewith.

FPRIOR. ART

A conventional digita] sound source apparatus in-
cludes a circuit configuration as shown m FIG, T In
FIG. 7, a semiconductor memory (hereinafier MEmaTy)
4 stoting quantized data ored o produce sounds is con-
nected to a central processing unit 1 through an address
bus 2 and a data bus 3. When an analog sound =igns is
gengrated by reading the quantized data stored in the
memory 4 and subjecting the same to digital-ig-analog
eonversion, the following processing is carried out.

In a first step, the CPU 1 applies an address to the
memory 4 address data in which the first quantized deta
of & certain sound is stored and at the spme time, causes
a read sipnal R to assume a high level, 1o thus read the
first quantized data and load it into an accumulator 1.
In & second step, the CPU I generates address data
which designates a data register 6 and applies the ad-
dress to an address decader 5, outpots & write signal W
and gutputs the quantized data loaded into the accumu-
lator la onto the data bus 3. Responsively, the address
decoder § decndes the addrers data, detects write signal
W and applies a write polse MT 1o the data register 6.
As a result, the data register 6 reads the guaniized data,
and temporarily stores it until a next write pulse when
quantized data are applied. The quantized data stored in
the date regisier & is applicd (o a digitat/analog {hereaf-
ter DYA) conversion circait 7 and is converted 1o an
analog signal to be owputted (o, for exampte, ar ampli-
fier circuit (not shown).

Suchk an operation 1s performed every time guantized
data stored in each of addresses in the quantized data
- storage ared of the memary 4 ix read.

According to the prigr gre, the CPU 1 must sequen-
tially perform operafionk such as (1} addressing of the
external memory 4, {2) cutputting of a read sipnal, (3)
addressing the data regisier 6, and outputting of a write
signal s0 a8 (o read guantized dazta from a designated
address and convert the data into an analog signal. Thus
8 long processing time is required Lo generate a2 sound.
Therefore, the burden on the CPU 1 is large. 1n addi-

tian, since the number of program steps for generating

g sound is high, not only it the program execution time
long, but alzo the required siorage capacity is increased.

Maorepver, when the digital sound source apparatus is
applied to an information processing unit for displaving
Or processing an image a5 well as generaling 2 sound as
in a television game set, for exampls, the CPU 1 is used
For penerating mausic, a spund effect or the Like and is
also used for imege display. Accordingly, when the
time taken to perform processing for petierating & sound
i= long, the capabilities such as a capability to display an
tmage is reduced. In order to prevent the capability o
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display an image from being reduced, a method of using
2 high-speed CPU or 2 CPU dedicated to a sound gener-
aling C¢ircuil may be considered. In this case, hawever,
the cost of the digital sound souree apparatus is kigh, In
addition, this method is not compatible with previously
sold information prosessing units,

SUMMARY OF THE INVENTION

A principal object of the present invention is to pro-
vide a digital sound source apparatus capable of per-
forming processing for generating a sound with fewer
sleps, thus reducing the burden o the central process-
ing unit.

Another object of the present ittvention is to provide
art extermal memory cartridge vsed for such a digital
sound source apperatus which is detachable from the
central processing unit,

A digital sound source apparatus according to the
present invention comprives 2 central processing umit
for processing information in a digital manner, an ad-
dress bus &5 well as a data bus connected to the central
Processing unit, & semicanductor memory connected to
the address bus and the data bus, temporary stonng
means as well as wnte control means connected to the
data bus, detecting means connected to fhe address bus,
and 4 digital/analog converting means,

The semiconductor memory comprises a data SIOTAZE
area for storing quantized data in a predeterminegd ad-
dress space and a date s{orage area storing program data
for reading and controlting the quantized data in re-
sponse to access from the central processing unit. In the
quantized data storage area, a plurality of gquentized
data for penerating a zeries of sounds are stored as a
guantized data train, and a stop code is siored i the last
address of the quantized data train. Start address data
for designating 4 start address of the gquanized dats
train 1 stored in a cerlain address in the program datz
storage area. The {emporary storing means temporacily
stores quantized dats sequentialty applied from the data
bus every time & write signal is applied. The detecting
means detecis the fact that address dala apphied to the
semiconductor memory from the central processing
unit designates the quantized deta storape area. The
write control means generaics a write signal every time
an output of the detecting means is obtained #nd appliss
the same to the temporary storing means and stops
generation of the write signal when it detects the stop
code, The digital/anafog converting means seguentially
converls the quantized data semporarily stored in the
temporary storing meane into an analog signal.

The external memory cartridge 1= constructed 1o be
detachable from the information processing unit which
comprises & central processing unit for processing infor-
mation 1 & digital manrner, a first address bus and a first
data bus respectively connacted ta the central process-
g umt, and 2 connector connected to the first address
bue and the first data bus. The external memory car-
tridge eotnprises a semiconductor memory, & printed
circuit board, temporary storing means, detecting
means, write control means, and digital/analog con-
werking.

The semiconductor memory comprises the dats stor-
age area for storng quaniized data in a predetermined
address space and a data storage area storing program
data for ceading and confrolling quantized dats in re-
sponse (0 access frorn the central processing unit, In the
quantized data storage area, a plurality of data for pen-
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erating a series.of sounds are stored as quantized data
trains, and a siop code is swored in the last address of the
guantized data trains. Start address data for designating
a start address of a quantized date train is stored in' 2
certain address in the program data storage area. The
-printed circuit board is constrocted to be detacheble
from 2 connectar on the side of the information process-
ing unit. & plurality of terminal portions are connected
o the first address bus and the first data bus when the
external memory ecartridge is inserted into the connec-
tor, and a second address bus and 8 second data bus for
connecting the first address bus and the first data bus (o
the semiconductor memory through the respective ter-
mingl portions are formed on the printed circeit board.
The temporary storing means is copnected to the sec-
ond data bus, and temporerily and sequentiglly stores
fquantized date applied from the second data bus every
time a write signal i1z applied. The detecting means 1%
connected to the second address bus and detects addreass
data appbed to the semiconducior memory from the
central processing unit which designates the quantized
data storage area. The write contro] means is connected
to the second data bus, and applies the write signal to
the temporary stOring means every time an outpuf of
the detectiug means is ohtained and stops generation of
the write signal when it detects the stop code. The
digital/analog canverting means sequentially converts
the quantized data temporatily stoted in the tetnporary
storing means o outpul an analog signal through the
terminal portrons on the printed circnit board.

According Lo the digits]l sound source appatatus it
the present invention, & sound can be generated in &
digital manner with Fewer steps, thereby making it pos-
sible to reduce the burden on the central processing
unit. :

Using the external memory cartridge in the present
invention, construction of the information processing
unit need not be altered, thus making 1t possible to main-
tain compabibility with an information processing unit
already om the markef, .

The forepoing and olher objects, features, aspects
and advanlages of the present invention will become
more apparent from the foliowing detailed description
of the present invention when taken it conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DEAWINGS

FLG. 1 15 a block diagram showing a dighal sound
EOUrCce apparatus according to one embodiment of the
present invenkion:

FIG, 2 is an illostrative view showing a memory
space of a CPU;

Fl1. 3 is 2 detailed block disgram showing a rezds/-
write ponirol circuit and its retated citcuits,

FIG. 4 15 a timing chart showing an operaiion of the
embodiment;

FI(5. 5 is a timing chart showing an operation of prior
arl; .
FIG. & is a block dizgram showing another embodi-
menl of the presenl invention, particulacly showing a

main unit of a elevision game set to which the present

invention is applied and an external memory cantridge
which characterizes the embodiment; and

F1G. 7 is g circuit diggrem showing on exsmple of a
convantional dipital ecund source apparatus.
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BEST MODE FOR PRACTICING THE
INVENTION

FIG. 1 iz a block diagram showing one embodiment
of & digital sound source apparatus according to the
present tnvention. In particular, FIG. T shows the prin-
cipal componenis of the sound source apparatus.

In FIG. 1, 5 spmicondycter memory 14 i connected
io a CPU 11 through an address bus 17 and a data bus
13. The memory 14 camprises & pragram data storage
area 14e and a quantized data storage area 146, as repre-
sented, for example, by 2 memary space of BO00H (H in
the last digit indicates a hexadecimal potation) to
FFFFH on a memory map a3 m F1G, 2. In the quan-
tized data storage area 144, o plurslity of quantized data
(Xl1—Xn—1, ¥1-Ym—1,...) for gencrating a series
of sounds are stored as a plurahity of quantized date
traing (X, Y, ... ), and a stop code 1= stored m 4 Jast
address of each of the quantized data trains (X, Y, .. . ).
The guantized dala is not limited 10 one oblzined by
guantizing music played by a musical instrument o &
human voice and subjecting the same to pulse code
modulation (PCM). For example, the quantized data
may be one preparcd with a programming method by
a1 input device such as & keyboard.

The plurelity of quantized data trains become data for
generating a plurality of senes of sounds by thus storing
the guantized data. B a first address {that is, a star
address) of a desired guantized data train is designated,
quantized data are continuously and sequentiatly read
until the stop code is detected. To this end, start address
data for designating a start address of & certain quan-
tired data train (X, Y, or the like)is stored in advanee in
a certain address in the program data storage area lda
The address corfesponds 1o a timing when & desired
sound corresponding to the quantized data teain is to be
generated. In addition, a code which represents silence
or no sound and in which all bits are "0 15 used, for
examplc, as the stop code,

O the oiher hand, an address decoder 15 is con-
nected 10 the address bos 12, A date register 14, 4 con-
trel register 18 and a read wnte control circuit 20 arc
connected 1o the data bus E3. The address decoder 15 is
constructed vsing a decoder capable of detecting an
address for designating the guantized data storage ares
b In addition, the address decoder 15 applies its de-
tection stgnal o the read Awrife contro) circuit 20 every
time address data for designating a range of the guan-
tizedt data storage ares 140 is chanped, and applies a
wate pulse MT fo the data register 16 when g write
signal W js applied. The data register 16 is constituted
oy, for example, D-type flip-flops (abbreviated as
“D—FF" heteinafter) of § bits. The control register 15
is vonstituted by ¢ D—FF of one bit corresponding to a2
Dl bat.

The read/write control circuoit 20 applies the write
pulsze WP to the data register 16 every time the deiec-
tion signal representing the ranpe of the quantized data
storape aren 140 is applied from the address decoder 15,
Joads into the register 16 quantized data applied through
the data bus 13 at that time, and stops the generation of
the write pulse WP when it detects the stop ciode to
inhibit writing into the data register 16. The details of
the read,/write control citcuil 20 will be desoribed later
with reference to FIG. 3.

A digital/analog conversion circuit 17 is cotmnesied
to the data register 16. The /A conversion circuit 17
subjects the contents stored in the data register 16
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(quantized data) 10 DA conversion and Quiputs an
analog signal. If an analog signal corresponding to a
quantized data train is outputted, one sound is output-
ted.

The shalog signal is applied to a speaker (vat shown)
through an amplifier (not shown) separately connectad
to produce a sound.

The control register 18 is used for temporarily storing
data (one bit of DO) for switching a first mode (enatle;
E) in which the quantized dats 15 automatically written
into the data register 16 a5 in the present embodiment
antd g second mode {disable; D) in which the CPU 11
designates a write address to write quantized date as is
done i the prior art. However, the contro! register 18
is not required for applications in which switching of
modes is unnecessary.

The pddress decoder 15, the data register 16, the /A
copversion ciccuit 17, the control register 18 and the
rezd write control eircuit ) may be canstituted by a
one-chip integrated circuit {IC) so as to improve pro-
duction efficiency pnd facilitate assembly.

FIG. 3 ix p detailed diagram showing the read/write
contrel circult and related circuits. The read/write
cotitral circuit 20 comprises selectors 21 and 22, a stop
code detecting circuit 23, and an interropt (TRQ) signal
generating circuit 24, When a code which represents a
silertt sound in which 21l bits are “0™ i5 used as the stop
cade, the stop code is detected by circoit 23 which is
constituted by a detader capable of detecting the code.
The mterropt signal gencrating circuil 24 i constimted,
for example, by a D-FF.

Description is now made of an operation of the pres-
ent embodiment with reference 1o FIGS. 1 1o 1. The
CPU 11 generally performs operations other than sound
generation on the basts of a program sed and stored in
advance in the program data storage area 1dg of 1he
memory 14. However, the following operation is per-
formed whet a digital sound is gensrated.

An operetion iz performed in a-mode (= first mode) in
which the quantized data is written into the data regis-
ter 16 with ane step. Al a timing when a sound is to he
generated, the CPU 11 applies mode designation data
(for example, DO bit daia in an address of S010H) 10 the
-control register 18 throueh the data bus 13 so as to
designate an operation mode of the reed,/write control
eircuit 20 as the fiest mode, and outputs control register
designation address data (for example, SOHIH to the
address bus k2, thereby ta load the mode description
data into the control registar 14,

Thereafter, in order to gencrate a sound correspond-

ing o & certain guantized dats train (for example, X,

the CPU 11 presets in an sddress ecunter (net shown)
address data (ADI) for designating o start address of the
guantized data trzin X which is to be sotputted 50 a5 to
output the same to the address bus 12 and ar the same
time, sutpuis a read stgnal R. At this fime, the address
decoder 13 decodes the address data, defects the desig-
nation of the quantized data storage sreq 144 {far exam-
ple, any one of addresses in a rapnge of EOOOH 10
BFFFH), and generates one pulse in synachronizstion
with g system clock SCK. Thiz pulse is applied to a B
input terminal of the selector 22, Responsively, the
selector 22 applies to the data register I a signal to an
input terminal a8 8 write pulse WP because it receives af
that time a signal (at a kigh level) representing the first
mode from the control register 18,

On the gther hand, the memory 14 cutputs the guan-
tized deta X1 in response (o the designation of the start
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address of the quantized data train X, and applics the
same 10 & B input terminal of the selector 21 through the
data bus 13. At this time, a stop code detection output
{at a high level) is not applicd to the selector 21 from the
stop cade detection circuit 23, Accordingly, the selec-
tor 21 selects the guantized data X1 from the B input
teimina! and applies the same to the data register 16,
Consequently, the data register 16 loads (temporarily
stores} the quantized data X1. This quantized data X1 is
subjected to B/A conversion by the D/A converter 17
and is outputied as an analog signal,

Subsequently, the CPU 21 mcrements an address
counter (not shown) to gemerate address data for desig-
neting the neat quantized data X2, and aotputs the same
ta the address bus 12. Respomsively, the address de-
coder 15 detects the designation of the quantized data
storage arca 148 and outputs one pulse in synchroniza-
tion with a system clock SCK. This pulse is applied as
the write pulse WP to the data register 16 through the
selector 22, At the same time, the quantized -data X2 is
tead from the memory 14 and is applied to the B input
terminal of the selector 21 through the date bus 13, 1o be
an input of the data register 16. Therefore, the data
rogister 16 loads the gquantized data X2,

Thereafier, in the same manmer the write pulse WP is
applied to the data register 16 every time the address
data for designating the quaniized data storage area 146
is changed by sequenfially designating sddresses of the
quantized data train X, #nd the quantized data as ad-
dressed is read, so that the guantized dats are sequen-
tialiy stored in the dats register 18 Thus, the quantized
data X1 1o Xn sequentially stored it the data register 16
are sehjected to D/A conversion by the D/A converter
17 snd are outputted as analog signals, A series of gquan-
tized detg (that is, data in the quantized data train X) are
puiputted a8 an analog signal, thereby to generate sound
ot friusic,

When the CPU 11 designates the last address
{ADmn 1 1) of the quantized data train X, the stop code is
read from the memory 14, This stop cade is applied o
the selector 21 and the stop code detecting circuii 23
through the data bus 13. At this time, in the same man-
ner.as the above described operation, the address de-
coder 15 penarptes one pulse and the selector 22 outputs
the write pulse WP, Accordingly, the data register 16

logds the stop code. The stop code detecting circuit 23

detects the stop code in response to reading of the siop
code and applics an outpui at a high level to the selector
21. Therefore, the selector 21 thersafter applies data
from an A input terminal to the data register 16, Canse-
quently, the stop code (data in which all bits are “0)
contintes to be loaded into the data register 16 while
circulating through the data register 16 and the selector
21. As g resulf, the D/A conversion circuit 17 continu-
ansly outputs anolog signels at a zero level, resulting in
a silent siate.

At the same time, the interrupt signal generating
circuit’ 24 generafes an interrupt (IRQ) signal in re-
sponse to application of the gutpat at a high lavel from
the stop code detecting circuit 23 and the clock pulse
from the selector 22, and continues {o generate the IRQ
signal uetil the stop cade detecting circwit 23 detects
dala other than the siop eéde and brings its output inio
a Jow jevel,

Ot the other hand, the CPL 11 generates an address
(for example, 5030H-R} for designating reading of an
imterrupt signal at a timing when the presence or ab-
sence of the inferrept signal is 1o be detacted on the
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basis of program processing. Responsively, the address

decoder 18 peneratas a signal desipnating reading of an
interrupt signal to open a gate circuit 25, Accordingly,
the gate circoit 25 outputs the IRQ signal to the data bus
13. As is obvious from the embodiment shown in F1G.
I, when the IR signal is dicectly applied to the CPU 11
without passing through the data bus 13, the gate circoit
25 is not required.

Furthermore, when a sound is generaied or the basis .

of the quantized data Y1 to Ym in the quantized daia
tratn Y, the CPLU 11 desigaates o start address {An—+ [}
and then, sequeatially incremenis the address to
(An+ 2] to Am, thereby 1o perform the same operation.
However, seiting of the mode in which the CPUT 11
writes each quantized data into the data zegister 16 with
one step is nol required provided that the mode once set
does not nead 1o be changed.

Meanwhile, the embodiment shown in FiG. 3 is so
cemstrocted as to atlow swiiching between the first
mode in which the CPU 11 wdtes each quantized data
into the data register 16 with one step and the mode
{gecond mode) in which the CPU 11 writes each quan-
tized data into the data register 16 with two steps in the
sAme manner as the prior art shown in FTG. 7 30 a5 to
alzo allow a sound to be generated in the conventionat
system shown in FIG. 7. Description is now made of an
operation in the second mode in which quantized data s
wiitien with two steps.

In the second mode, data for designating the second
mode (for example, logical “0") is set in a DI bit of an
address (for exampie, S000H) corresponding to the con-
trol regisicr E8. The CPU 11 designates the address
S5010H pricr to reading of quantized data and lpads in
advance second mode designation data into the controel
register 18 In this case, the contro] register 18 does nor
output an enable signal {that iz, outpurs a disable signal
at a low level), so that the selector 22 is disabled. Conse-
quently, even if dala which represents g silent sovnd arid
in which all bits are "0 (corresponding te the stop
code) is reed from the memory 14, the interrapt signal
generating circuit 24 does not generate an IRQ) signal.

When the second mode is used in which each guan-
tized data is written into the data register §6 with two
steps, read address dats, and write address data for
designating writing inta the data register 16 of guun-
tized data are programmed in the program data storape
area ld4o with two steps, and no stop code is pro-
gramymed at the end of each quantized dats train in the
quantized data storape arca 144, The CPU 11 designates
an address sloring the read address data of certain quan-
tized data in the first step, thereby (o read the quantized
data from the address and load the same into an accu-
mulator {not shown). '

Thereafter, the CPU 11 outputs address data {S011H-
W) for designating woting inio the data register 16 in
the second step. This address date is detected by the
address decader 15, end the address decoder 15 applies
a decode output to the A input terminal of the selecior
21, The selecior 22 genetales a wite pulse WP at every
time when an input signal is applied to the A input
termninal and applies the same to the data register 16
Therefore, quantized data is read form the memory 14
to be applied to the selector 21 through the data bus 13.
The szlector 21 selects the quantized data applied to the
B input terminal and applies the same to the data regis-
ter 16. Accordingly, the data register 16 loads this quan-
tized data,
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The above described operation of writing quantized
data 1o the data register 16 with two steps is performed
for each guantized data. An operation of the /A con-
version circait 17 is the same as that in the first mode in
which quantized data 15 wrntten with one step and
henee, descopfion thereof is omitied,

Meanwhite, on the program design, when the pregent
invention iz used for spplications in which the samec
second mode as that in the prior art is ned required, no
mode swilching circuit using the eontoo] vegister 18 and
setting of program data for switching modes are re-
quired.

Referring now to the following tables 1 and 2 and
FIGS. 4 and §, 2 deseription is presented as to reasons
why the burden on the CPU 11 in the first mode can be
reduced, as compared with that in the sccond maode,

TABLE 1
eddroas instructipn operand gvcie
AD1 14 xi 4
A LDA - §] 4
AN LA ) i
Al LA M4 4
ADS 1DA X 4
ADE LI STPC 4
ATxT —_ -_ —
AR -~ —_ —_
ATk — -— o
ADO - —_ —
TABLE 2
adrese Im=iructian operand cyele
A LTA Xl 4
AT STA R-AD 4
AL LDA x2 o
AlS aT4A F-AD 4
A LAD ) o
AT &TA E-AD 4
ADY LDA X4 4
ADE aTA B-AD 4
A LA Ko 4
ADiD ETa E-AD 4

The table 1 and FIC. 4 show the operation in the fire
macle, ahd the table 2 and FIG. 5 shaw the operation in
the second modc. _

Consider 2 case where one sound s expressed by five
quantized data, as shown in table 1. In the first mode,
quantized data X1 to X5 are sequenfially stored as oper-
ands in addresses AD} 1o ADS, and a stap code (STRC)
16 stored in an address ADG just belind the addresses
ADLw AD3, In the sacond mode, quantized data X1 1o
X35 and data R-AD for designating writing into the daia
register are alternately stored as operands sequentialiy
in addresses AD1 10 ADID. In this case, gn inktruction -
waord “LIXAY indicates a read instruction of data, and
an instruction word “STA* indicates a [oad insiruction
into the data register. In the example as shown, one step
18 cammed oot in four cyeles of a machine clock.

Comparison between FIGS. 4 and § indicates the
following. In the first mode, the read address is desiz-
nated in the first half of 8 one siep period (four cycles),
and the guantized data is read end at the same time, iz
written into the data repister 16 in the second half
thereof. On the other hand, in the second mode, the
read address is designated in the fiest half of an odd step
pericd and the quantized data loaded into the accumule-

tor is written in (he second half thereof, and a write

address is designated in the first hall of an even step
period and the guantized data loaded inte the accumula-
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tor is.read end a1 the same time, is writien into the data
register 16 in the second half thereof.

Caonsequently, in the first-mode according to the
present embodiments, the number of program steps may
be zpproximetely one-half that in the conventional sys-
tem, that is, in the second mode. Accordingly, process-
ing time requived to generate a sound can be reduced to
approximately half, thereby making il possible ta sipnifi-
cantly reduce the burden on the CPU 11 In addition, if
the burden on the CP1T 11 is thus reducad, the CPUJ 11
van be otilized for other pm:assing, in addition, the first
mode has the advaniage that since the number of pro-
gram steps can be reduced, time and Jabor required to
develap a program can be reduced. Such an effort or
advantage is very efficient in an information processing
unit so adapted as to simultenecusly carry out control
for image display and processing for genersting a sound
in, for example, a television game set, Dr:scnptmn is
now made of & cese where the present invention is ap-
plied to a television game sel.

FIG. 6 is a block diagram showing ancther embodi-
meit of the present invention, particulerly showing a

10
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main unit of a television game set 3 to which the pres-

ent invention is appliad and an external memory car-
tridge 40 which characrerizes the embadiment.

In FIG. 6, tht main unit of the elevision game set 30
comprises a CPLUJ 11°, and the CPU 11’ compnses an
anatog sound source circuii 11. The analog sound
souree circult 11 8 comprizes four types of sonnd gener-
atoss for penerating two 1ypes of Squire waves, # triang-
ular wave and a sine wave. An outpat of the analog
sound source cirenit 11a is provided as a frst anafog
signal, and is introduced inlo the external memory car-
tridge 40 as described Jater thmugh an edge connectar
31

On the other hand, an edge connector 31 is conmected
to the CPU 11" through a first address beos 12 and a firss
dala bus 13. A picture processing unit (sbbreviated as
“PPU™ hereinafter) 34 is connected (o the edge connec-
tor 31 through an address bus 32 for image processing
and a data bus 33 for image processing. The PPU M
gEcnerates dot data which 15 synchronized with the scan-
ning of a scan type display on 1he basis of character data
applied from a character memory 46 as described later
and outputs the same 3z an image signat vnder the con-
trol of the CPU 17°, which uses the technigue disclosed
in, for example, Japanese Paieny Laid-Ompen Gazelte
No. 1181471984, {corresponding U.S. Pat. Np.
4,324, 106).

The exiernal memory carridge 30 is constrocted to
be detachable from the edge connector 3 1, and com-
prises 2 printed circuit board 41 having a plurality of
terminals electrically connected to the main unit when
it is loaded on the edge connecior 31, A second address
bus 42 connected to the first address bus E2, a secomnd
deig bus 43 connectad to the first dats bus 13, an address
bus 44 eonnecied to the PPLI address bus A2, and a data
bus 45 connected to the PPU data bus 33 are respeo-
Jively formed ot the ponted circuit board 41. A mem-
ory I, an address decoder 15, a data register 16, 2
control register 18, and/or a read/write contro) cirouit
20 are respectively connected to the second address bus
42 and/or the second data bus 43, as in the embodiment
shown in F1G, 1. The character memory 46 in con-
tected to the address bos 44 and the date bus 45,

The memory W' comprises a progrem data storage
area Idc' and a quantized data storage area 14. Quan-
tizad data uged for a digital sound source is stored in the
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guantized data storage arep 14b as in the embodiment
shown in F1G. 1. Data for generating a sound in an
analog manner by the analog sound source circuit 112 is
stored in addition to program data (or controlling the
PPU 3410 display an image in the program data storage
area 144" For gxample, the program detfs storage area
¥4z’ stores sound type data For desigmating the selection
of any one of the four types of sound generators or a
combination of the sound generators, and data on a
frequency, a waveform or the like for designating a
musicat interval or a tone, If the data for an snalog
sound source are not only stored individually bt also
programmed so that they can be eutputted in synchro-
nization with quantized data, two series of sounds for an
analog sound source and a digital sound source can be
generated in combination, so that a varied sound can be
penerated, which is effective as 2 zound effect. I addi-
tion, program deta for returning to the onginal opera-
tiont for image display when an IRQ signal is applied can
be alzo set and sloved in the program data storage srea
147"

In arder to output a secand analog signal which is an
cutput of the D/A conversion circuit 17 in combination
with a first analog signal which is an output of the sound
source circuit 1le, a conductive pattern from an outpui
end of the D/A conversion circuit 17 is formed 50 as to
extend fo a ferminal 484 on an adge portion of the
printed circuit board 41 through a resistor 47z, In addi-
tion, g conductive pattern formed through o terminal
48{rgt & posifion corresponding to an output line of the
first analog sigaal from the pnelog sound souree circuit
11 5 and & resistor 474 it connected 1o the terminal 48q.,
Constquently, the frst analog signal and the sccond
andlog signal are combined with each other on the
printed circuit board 4 and then, is derived from the
televigion game set 30 through the edge connector 31
Meanwhile, operations of the rddress decoder 15, the
data register 16, the D/A conversion circuit 17, the
control register 18, and the read/write control circuit
) in the present embodiment are the same as those in
the embodiment shown in FIG. ¥ and hence, descrip-
tron thereof is emitted.

The canstruction of the embodiment shown in FIG. 6
has the advantage that a digital sound source can be
added on the side of the external memory cartridge 40
without altering 2 circuit configuration of the existing
television game set 3i, thereby to make it possible to
achieve & sound soutce which varies in tone and the
type of sounds while maintaining compatibility with the
exmsting €elevigion game get 3D, Tharefore, 1t is possible
10 also generate Janguage, complicated music, and a
sound like synthesizer by the combination with a digital
spungd which cannot be genérated by the conventional
television game set.

Although the present invention has been described
ang illusirated in detail, it is clearly understood that the
same is by way of illusiration and example only and is
ROt t0 be laken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What is cleimed:

1. A digital sound sturce apperetas sompnsing:

8 cemral processing pnit for processing informeation

in a digital manner;

an address bus connected 10 said central processing

anit;

a data bus connected to said central processing unit:
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a semiconduetor memory connected {0 said address
bus and said data bus and having a data slorage arce
for storing guantized data in a predetermined ad-
dress space and a data storage area for staring pro-
gram data for reading and controlling at least the
quanfized dala in response 1o aceess from said cen-
tre] processing unit, satd semiconductor memory
stodng a plurality of guantized data for penerating
& series of sounds as & quantized data train and a
stop codde in a last address of the quantized data
trzin in szid quantized data storage area, and start
address data for designating a start address of the
guantized data train in a certain address in said
program data storage gred;

teniporary storing rcans connected to said data bos
for ternporarily and sequentially storing the guan-
tized data applied from said daws bus every time a
write signal is appliad;

detecting means connccted to said address bus for
detecting thai the address data applied to said semi-
conductor memory from said central processing
unit designates said guantized data storape arca;

write control means connected to said data bus for
penerating said write signal in response 1o an out-
put of satd detecting means to apply the write sip-
nal to said femporary storing means and for stop-
ping the generation of the write signal in response
to detection of said stop code; snd

digital/analog converting means far seguentially con-
verting the quantized data temporarily stored in
said lemporary storing mesns into an analog signal.

2. A digital sound source apparatus according to

clain 1, wherein said write contro! means incluodes stop
code defecting means for detecting said stop code and
further inclodes inhibiting means for applying an inter-
rupt signal 1o said central processing unit in response 1o
an output of said stop code detecting means to inhibit
addressing of $a1d quantized dars storage area.

3. A digital sound source apparatns according to

claim 2, wherein spid semiconductor memory further
stores image processing data for causing szid central
processing unil Lo execute arithmetic aperation process-
ing for displaying an image, and said ceniral processing
‘unit is switched to execution of the arithmetic operation
processing for displaving an imapge on the basis of the
image processing data in response 10 application of the
mterrupt sagnal feom the inhibiting means of said write
contral means.

4. An external memory carteidpe detachably con-

nected to an infarmation processing wnit which com-
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prises a central processing umt for processing informa-
tion in a digital manner, a first address bus and a first
date bus respectively connected (o said central process-
ing unit, and a connecior comnected to said first address
bus and s3id first data bus, said exiernel memory car-
tridge comprising:

a semiconductor memory having a data storage aren
for storing quantized data in & predetermined ad-
dress space and a data storage area $tonng program
data for reading and conirolling at least the guan-
tietd data in response to access from said central
processing unit, said semiconductor memory stor-
ing 2 plurality of quantized data for genersting 2
senes of sounds as a quantized data irein and a stop
e0de in a last address of the quantized data train in
said quantized daets storage area, and start address
data for designating a start address of the quantized
dzta irain in & cerfan address 1r gaid program data
BIOT3ZE area;

a printed circuit board attachable to or detzchable
from emid commectlor, said printed circnit hoard
being formed with a plurality of terminal portions
which are connected to said first address bus and
gaid first data bus when the external memary car-
tridge is inreried into the connector, and a second
address bus and a second data bus for connecting
seid first address bus and satd firgt data bus 1o said
semiconducior memory through respective termi-
nal portions;

temporary storing means mounted on grid printed
eircuit board and connected to said second data bus
for temporarily and sequentially storing the gua-
tired data applied from =aid second date bus se-
querntially every time a write signal is applied;

detecting meats connected to said second address bus

- for detecting that the address date applied to spid
semicenductor memory from seid central process-
ing unit designates said quantized dats starape area;
write contral mean: connected to =aid second data
bus for applying said write signal 1o said tlemporary
ROTing means in response to an output of said de-
tecting means and for stopping generation of the |
write signal in response to detection of seid stop
eode; and

dixital/analog converting means {or sequentially con-
verting the quantized data temporarily stored in
said temporary storing means into an analog signal
and ouipuiting the analog signal through said (er-

minal portions on said printed cirguit board.
L R I



