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efficiency of the interface unit when it is used exclusively for either of 

the sound recording or the sound reproduction. · 

In order to achieve the object, a control system of FIFO memories 

applied in an apparatus for recording first digital audio data converted 

from a first analog signal and reproducing a second .analog signal con­

verted from second digital audio data comprises control means for: 

controlling a first FIFO memory and a second FIFO memory to 

store the first digit8.I audio data sequentially and to output the first 

digital audio data stored in the first FIFO memory and the second 

FIFO memory sequentially when the apparatus is used exclusively for 

recording the first digital audio data; 

controlling the first FIFO memory and the second FIFO memory 

to st~re the second digital audio data sequentially· and to output the 

second digital audio data stored in the first FIFO memory and the sec­

ond FIFO memory sequentially when the apparatus is used exclusively 

for reproducing the second digital audio data; and 

controlling each of the first FIFO memory and the second FIFO 

memory to store each of the first digital audio data and the second dig­

ital audio data, respectively, and to output corresponding each of the 

first digital audio data and the second digital audio dat~.stored in said 

each of _the first FI~O memory and the second FIFO memory, respec­

tively, when the apparatus is used for recording the first digital audio 

data and reproducing the second digital audio data simultaneously. 

Therefore, the data transfer efficiency of the apparatus from/to 

the CPU, namely, overhead of the CPU, can be improved by reducing 

access frequency to the CPU, in the invention, making use of both 

of the first FIFO memory and the second FIFO memory sequentially 
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when the apparatus is used exclusively for recording or reproducing 

digital audio data. 

The foregoing, further objects, features, and advantages of. this 

invention will become apparent from a consideration of the follow­

ing description, the appended claims, and the accompanying drawings 

wherein the same numerals indicate the same or the corresponding 

parts. 

In the dr~wings·:· 

FIG. 1 is a block diagram illustrating an embodiment of the in­

vention; 

FIG. 2A is a schematic diagram illustrating control of the first to. 

the fourth selector 2, 4, 7 and 9 of FIG. 1 in a recording mode; 

FIG. 2B is a schematic diagram illustrating co_ntrol of the first to 

the foµrth selector 2, 4, 7 and 9 of FIG. 1 in a reproduction mode; 

FIG. 3 is a flowchart illustrating operational steps in the recording 

mode of the embodiment of FIG. 1; 

FIG. 4 is a flowchart illustrating operational steps in the repro­

duction mode of the embodiment of FIG. 1; 

FIG. 5 is a block diagram illustrating another embodiment of the 

invention; and 

· .. FIG. 6 is a block diagram illustrating an example of the conven­

tional FIFO memory control systems. 

Now, embodiments of the present invention will be described in 

connection with the drawings. 

FIG. 1 is a block diagram illustrating an embodiment of the in­

vention, wherein comprised; 

an A/D converter 1 for converting an analog input signal into a 
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digital signal, 

a pair of FIFO memories 3 and 8 each for storing digital data 

supplied and outputting them successively in the order accordiD:g to 

which they are supplied, 

a D /A converter 6 for converting a digital signal into analog signal 

to b_e output, 

a first to a fourth selector 2, 4, 7 and 9 each for selecting one of 

two inputs, 

a· FIFO memory timing controller 10 for controlling the first to 

the fourth selector 2, 4, 7 and 9, and 

a bus controller 5 for taking charge of interface with a CPU (not 
. . 

depicted in FIG. 1). 

The A/D converter 1 samples the analog input at a sampling fre­

quency of at most 48 KHz and quantizes it into 16 bit data, for example, 

which are supplied to a first input terminal of the first selector 2 and 

a first input terminal of the third selector 7. Output of the first selec­

tor 2 is supp lied to the first FIFO memory 3 having a memory space 

of 16 x 16 bits, for example. Output of the first FIFO memory 3 is 

connected to a first input terminal of the second selector 4 and a first 

input terminal of the fourth selector 9. 

·· · Output of the .third selector 7 is supplied to the second FIFO 

memory 8 having also a memory space of 16 x 16 bits, in the example. 

Output of the second FIFO memory 8 is connected to a second input 

terminal of the second selector 4 and a second input terminal of the 

fourth selector 9. 

The D /A converter 6 converts 16 bit data supplied from the fourth 

selector 9 into an analog output signal to be output to external accord-
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ing to a clock signal having a frequency of at most 48KHz. 

The bus controller 5, having a bi-directional 16 bit buffer, for 

example, receives data selected by the second selector 4 for transferring 

the data to the CPU through bus lines having a bit width of 16 bits, 

in the example, when controlled in a recording mode. When the bus 

controller 5 is controlled in a reproduction mode, it receives 16 bit 

data transferred from the CPU to the contrary, and outputs them to a 

second input terminal of the first selector 2 and a second input terminal 

of the third selector 7. 

Now, usage of the first and the second FIFO memory 3 and 8 

is described referring to schematic diagrams of FI~. 2A and FIG. 2B. 

illustrating control of the first to the folirth selector 2, 4, 7 and· 9. 
i 

Referring to FIG. 2A, both the first and the second selector 2 and 

7 are controlled to select the 16 bit data output from the A/D converter 

1 in the recording mode, while they are controlled to select the 16 bit 

data transferred from the CPU 12 when controlled in the reproduction 

mode as shown in FIG. 2B. Write clock signal of the first and the second 

FIFO memory is controlled by the FIFO memory timing controller 10 

to enabling writing operation firstly of the first FIFO memory 3, which 

is followed by the wr.iting operation of the second FIFO memory 8 after 

the· first FIFO memory 3 is filled with new data, synchronized with the 

sampling freque1:J.CY of the A/D converter 1 in the recording mode, or 

synchronized with data transfer rate of the 16 bit parallel data from 

the CPU 12 in the reproduction mo4e. Thus, the first and the second 

FIFO memory 2 and 8 are sequentially filled with new data from the 

A/D converter 1 or the CPU 12. 

On the other hand, the second and the fourth selector 2 and 9 are 



.. -~ 

-..,. 

-7-

controlled as fallows. 

After the first and the second FIFO memory 2 and 8 are filled with 

new data as above described, the second selector 4 is firstly controlled 

to select output of the first FIFO memory 3 to be transferred to the 

CPU 12 in the recording mode, and then, after data of the first FIFO 

memory 3 are all read out, it is controlled to select output of the second 

FIFO memory 8, as shown in FIG. 2A. Read clock signal synchronized 

with the data transfer rate to the CPU 12 is controlled to be supplied 

selected one of the first and the second FIFO memory 3 and 8. 

In the reproduction mode, the fourth selector 9 is controlled in 

place of the second selector 4 in th~ same way, for .selecting output of 

the first FIFO memory 3 and the second FIFO memory 8 sequentially 

in the order to be converted into th~ analog output signal by the D /A 

converter 6, selected one of the first and the second FIFO memory 

being supplied with a read clock signal synchronized with the clock 

signal of the D /A converter 6. 

Now, operation of the embodiment in the recording mode, for 

processing the 16 bit digital data sampled and converted at a sampling 

frequency of 48KHz, for example, by the A/D converter 1, is described 

referring to a flowchart of FIG. 3. 

· · · · At the beginning of recording operation, the first and the second 

FIFO memory 3 and 8 are initialized (at step 31). Then, output of the 

A/D converter 1 is stored successively in the first FIFO memory 3 (at 

step 32). That is, the FIFO memory timing controller 10 controls the 

first and the third selector 2 and 7 to select output of the A/D converter 

1 to be supplied to the first and the second memory 3 and 8 and enables 

the first FIFO memory 3 by supplying the write clock signal of 48KHz 
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thereto, disabling writing operation of the second FIFO memory 8 and 

reading operation of the first and the second FIFO memory 3 and 8 

by fixing the write clock signal of the second FIFO me~ory 8 and the 

read clock signals of the first and the second FIFO memory 3 and 8 at 

logic '0' or logic '1 '. ··. 

When the first FIFO memory 3 is filled with data of 16 samplings 

(at step 33), the FIFO memory timing controller 10 enables the second 

FIFO memory 8 in tum of the first FIFO memory 3 (at step 34) for 

storing output of the A/D converter 1, by fixing the write clock signal 

of the first FIFO memory 3 at logic 'O' or logic '1'. and supplying the 

write clock signal of 48KHz to the second FIFO memory 8. 

When the second FIFO memory 8 is also filled with data of 16 

samplings (at step 35), the second selector 4 is controlled by the FIFO 

memory timing controller 10 to select output of the first FIFO memory 

3 to be transferred to ·the CPU through the bus controller 5. The 

FIFO memory timing controller 10 also enables the reading operation 

of the first FIFO memory 3 by supplying the read clock signal thereto 

synchronized with the data transfer rate of the bus lines, fixing the 

read clock signal of the second FIFO memory 8 and write clock signals 

of the first and the second FIFO memory 3 and 8 at l~gic 'O' or logic 

'l 1~·· Thus, data stored in the first FIFO memory 3 are transferred to 

the CPU through the bus controller 5 (at step 36). 

When the data stored in the first FIFO memory 3 are all trans­

ferred to the CPU (at step 37), data.stored in the second FIFO memory 

8 are read .out and transferred (at step 38) following the data read out 

of the first FIFO memory 3, the read clock signal of the second FIFO 

memory enabled in turn of that of the first FIFO memory 3. 
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When the data stored in the second FIFO memory 8 are all trans­

ferred to the CPU (at step 39), control flow returns -to step 31 for 

rep.eating steps 32 to 39 until the end of the recording operation. 

As previously described in connection with the conventional appa­

ratus of FIG. 6, data transfer to the CPU, that is, processes of steps 36 

to 39 of FIG. 3 in the embodiment can be performed at a sufficiently 

high speed compared to the sampling frequency of the A/D converter 

1. Therefore, data of 32 samplings stored in the first and the second 

FIFO memory 3 and 8 are transferred to the CPU sequentially at once 

with one access to the CPU, without interrupting writing ·operation of 

data of any sampling of the A/D converter 1, also in the embodiment. 

FIG. 4 is a flowchart illustrating operation of the embodiment in 

th~ reproduction mode for reproducing the analog outout signal to 

be output by converting data transferred from the CPU by the D /A 

converter 6 according to clock frequency of 48KHz. 

Referring to FIG. 4, the first and the second FIFO memory 3 

and 8 are initialized (at step 41) at the beginning of reproducing op­

eration. Then, data transferred from the CPU are stored in the first 

FIFO memory 3 (at step 42). That is, the FIFO memory timing con­

troller 10 controls the first and the third selector 2 and 7 to select the 

data transferred from the CPU through the bus controller 5 to be sup­

plied to the first and the second FIFO memory 3 and 8 and enables 

the first FIFO memory 3 by supplying the write clock signal thereto 

synchronized with data transfer rate of the bus lines, disabling writing 

operation of the second FIFO memory 8 and reading operation of the 

first and the second FIFO memory 3 and 8 by fixing the write clock 

signal of the second FIFO memory 8 and the read clock signals of the 



-10 -

first and the second FIFO memory 3 and 8 at logic 'O' or logic '1 '. 

When the first FIFO memory 3 is filled with data of 16 samplings 

(at step 43), the FIFO memory timing controller 10 enables the se~ond 

FIFO memory 8 in turn of the first FIFO memory 3 (at step 44) for 

storing data supplied through the bus controller 5, by fixing the write 

clock signal of the first FIFO memory at logic 'O' or logic 'l' and 

supplying the write clock signal synchronized with the data transfer 

rate of the bus lines to the second FIFO memory 8. 

When the second FIFO memory 8 is also fill~d with data of 16 

samplings (at step 45), the fourth selector 9 is controlled by the FIFO 

memory timing controller 10 to select output of the first FIFO memory 

3 to be supplied to the D /A converter 6. The FIFO memory timing 

controller 10 also enables the reading operation of the first FIFO mem­

ory 3 by supplying the read clock signal of 48KHz thereto, fixing the 

read clock signal of the second FIFO memory 8 and write clock signals 

of the first and the second FIFO memory 3 and 8 at logic '0' or logic 

'1 '. Thus, data stored in the first FIFO memory 3 are supplied succes­

sively to the D /A converter 6 synchronized with the clock frequency 

thereof (at step 46). 

When the data stored in the first FIFO memory 3 are all supplied 

to· the D /A converter 6 (at step 4 7), data ·stored in the second FIFO 

memory 8 are read out and supplied to the D /A converter 6 (at step 

48) following the data read out of the first FIFO memory 3, the read 

clock signal of the second FIFO me~ory enabled in turn of that of the 

first FIFO memory 3. 

When the data stored in the second FIFO memory 8 are all read 

out and supplied to the D /A converter 6, control flow returns to step 41 
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for repeating steps 42 to 49 until the end of the reproducing operation. 

Here also, data t:ransfer from the CPU, that is, processes of steps 

42 to 45 of FIG. 4 is performed at a sufficiently high speed compared to 

the clock frequency of 48KHz of the D /A converter 6. Therefore, data 

of 32 samplings to be stored in the first and the second FIFO memory 

3 and 8 are transferred sequentially from the CPU at once with one 

access, which are supplied to the D /A converter 6 successively in order 

according ·to the clock frequency of 48KHz without any interruption, 

in the reproduction mode. 

As heretofore described, the data of 32 samplings are transferred 

to the CPU with one access in the recording mode, and transferred from 

the CPU with one access in the reproduction mode, making use of both 

the first and the second FIFO memory 3 and 8 each having the memory 

space of 16 samplings in the recording mode and the reproduction 

mode. 

Therefore, access frequency to the CPU can be reduced into a half 

of that of the conventional apparatus wherein only data of one FIFO 

memory, 16 samplings in the example, are transferred with each access 

to the CPU. 

Even when the data transfer from/to the CPU is performed ac­

cording to the DMA (Dynamic Memory Access) tr~nsfer method, 

preparation for the DMA transfer and returning therefrom take acer­

tain overhead of the CPU which is ranking with or more than the data 

transfer itself. 

So, data transfer efficiency can be improved, about two times in 

an example, by reducing the access frequency to the CPU into a half, 

according to the FIFO memory control method o_f the embodiment 
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making use of both the first and the second FIFO memory 3 and 8 

sequentially, in the recording mode and the reproducing mode. 

When the apparatus is used for recording a sound signal and .out­

put another sound signal simultaneously, the first FIFO memory 3 ·and 

the second FIFO memory 8 are controlled each for buffering each of 

the recording data and the reproducing data in the same way to the 

conventional example of FIG. 6, and duplicated description is omitted. 

FIG. 5 is a block diagram illustrating another embodiment of the. 

invention, wherein comprised a first FIFO memocy control unit 11-1 

and a second FIFO memory control unit 11-2, each having the same 

configuration with the embodiment of FIG. 1 for recording or repro­

ducing each of two channels of audio signals, two channel stereo signals, 

for example, except for the bus controller 5 of FIG. 1. 

A bus controller 15 talces charge of controlling usage of the first 

and the second FIFO memory control unit 11-1 and 11-2 according 

to channel designation commands from the CPU, replacing the bus 

controller 5 of FIG. ·5 thereof. Other parts of each of the first and the 

second FIFO control unit 11-1and11-2 operate in the same way with 

the embodiment of FIG. 1, duplicated description being omitted. 
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CLAIMS: 

1. A control system of FIFO memories applied in an apparatus for 

recording first digital audio data converted from a first analog signal 

and reproducing a second analog signal converted from second digital 

audio data; said control system comprising control means for: 

controlling a first FIFO memory and a second FIFO memory to 

store the first digital audio data sequentially and to output the. 

first digital audio data stored in said first FIFO memory and 

said second FIFO memory sequentially when the apparatus is 

use4 exclusively for recording the first digital audio data; 

·controlling said first FIFO memory and said second FIFO mem­

ory to store the second digital audio data sequentially and to 

output the second digital audio data stored in said first FIFO 

memory and said second FIFO memory sequentially when the 

apparatus is used exclusively for reproducing the second digital 

audio data; and 

controlling each of said first FIFO memory and said second FIFO 

memory to store each of the first digital audio data and the sec­

ond digital audio data, respectively, and to output correspond­

ing each of the first digital audio data and the ~econd digital 

audio· data stored in said each of the first FIFO memory and 

the second FIFO memory, respectively, when the apparatus is 

used for recording the first· digital audio data and reproducing 

the second digital audio dat<:t simultaneously. 

2. The control system of FIFO memories recited in claim l; said 

control means comprising: 

a first selector for selecting one of the first digital audio data and 

111111111111111111111111111111 
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the second digital audio data to be stored in said first FIFO 

memory; 

a second selector for selecting said first digital audio data output 

from one of said first FIFO memory and said second FIFO 

memory to be recorded; 

a third selector for selecting one of the. first digital audio data and 

the. ~econd digital audio data to be stored in said second FIFO 

inemory; 

a fourth selector for selecting said second digital data output from 

one of said first FIFO memory and said second FIFO memory 

to be reproduced; and 

a FIFO memory timing controller for controlling said first selector, 

said sec~nd selector, said third selector and said fourth selector, 

and supplying a write clock signal and a read clock signal to --;., 

each of said first FIFO memory and said second FIFO memory 

according to usage of the apparatus. 

3. The control system of FIFO memories recited in claim 2; 

wherein: 

said first selector and said third selector are controlled to select 

the first digital data and said first FIFO. memory and said sec­

ond second FIFO memory are supplied sequentially with said 

write clock signal synchronized with a sampling frequency of 

the first digital audio data for storing the first digital audio 

data, and said second selec~or is controlled to select said first 

digital data output from the first FIFO memory and said sec­

ond FIFO memory sequentially for outputting the first digital 

audio data stored in said first FIFO memory and said second 

\ \11\11\ l\ll\1111111111111 Ill\ 
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FIFO memory sequentially, said first FIFO memory and said 

second FIFO memory being supplied sequentially with said 

read clock signal synchronized with a data transfer rate of the 

first digital data to be recorded, when the apparatus is used 

exclusively for recording the first digital data; and 

said first selector and said third selector are controlled to select the 

second digital data and said fir~t FIFO memory and ~aid sec­

ond second FIFO memory are supplied sequentially with said_ 

write clock signal synchronized with said data transfer rate of 

the second digital audio data to be reproduced for storing the 

second digitaI audio data, and said fourth selector is controlled 

to select said second digital data output from the first FIFO 

memory and said second FIFO memory sequehtially for out­

putting the second digital audio data stored in said first FIFO 

memory and said second FIFO memory sequentially, said first 

FIFO memory and said second FIFO memory being supplied 

sequentially with said read clock signal synchronized with said 

sampling frequency of the second digital audio data to be repro­

duced, when the apparatus is used exclusively for reproducing 

the second digital data. 
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