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The present invention relates to a digital filter, more
particularly to an oversampling digital filter which is used
for a digital audio system.

° The conventional digital signal processing circuit uses
the system clock to thereby carry out the digital signal
processing, wherein the system clock has the period which is
obtained by dividing the input sampling period by the specific
step number. Hereina:ter,_description will be given with
respect to the digital filter (i.e., oversampling filter) as an _
~example of the conventional digital signal processing circuit, !
wherein such digital filter is used in the digital audio device
such as the compact disk (CD) player, broadcasting satellite
(BS) receiver, digital audio tape recorder (DAT) etc. '

In the digital filter, the input digital signal is re-
sampled by the frequency which is N times (where N denotes the
integral number) larger than the sémpling frequency thereof,
and then it is outputted. Thereafter, the digital signal
having high sampling frequency which is outputted from the
digital filter is subject to the digital-to-analog (D/A)
conversion, by which it is.possible to obtain the analog signal
in which the audio signal band is sufficiently apart from the
unhecessary higher harmonic band. Therefore, such unnecessary
. higher harmonics of the analog signal outputted from the D/A
converter can be easily removed by the low-pass filter. Thus,
.1t is possible to reproduce the audio signal having good

quality.

Figs. 13A, 13B are block diagrams showing the
. configuration of the audio signal reproducing circuit for the
CD player which uses the conventional digital filter.

In Fig. 13A, 1 designates a signal processing circuit. As
the integrated circuit (IC) of this circuit, "¥YM3623B" produced
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by YAMAHA'Corporatioﬁ is known, for example. The pit
information read from the CD is digitized in the signal _
processing circuit 1. This signal processing circuit 1 outputs

‘digital data SDI corresponding to the pit information by every

predetermined sampling period FW = 1/fs in serial manner. In
addition, this circuit 1 also outputs bit clock BCI |
synchronizing with each bit data of SDI, and it further outputs
word clock SDSY by every sampling period FW. |

In additioh, 2 designates a digital filter, whose IC is
known as "YM3414" produced by YAMAHA Corporation, for example.
This digital filter 2 inputs the digital data SDI from the
signal processing circuit 1 by the timing corresponding to the
bit clock BCI. He;ein, the digital data SDI is configured by
16 bits as one word. Then, one word data for left (L) channel
is fed to the digital filter 2 while the word clock SDSY is at
"1". On the other hand, another word data for right (R)
channel is fed to the digital filter 2 while SDSY is at "O".
By detecting the change in the level of the word clock SDSY,
the digital filter 2 detects the change-over point of the word
length of SDSY. Thus, the digital filter 2 inputs the digital

‘data SDI of one word for R channel and another SDI of one word

for L channel.

As described above, the digital filter 2 inputs the
digital data SDI by every sampling period FW. Thereafter, the
digital filter 2 performs the arithmetic operation to thereby

. obtain the digital dafa.corresponding to the sampling frequency .

8fs which is eight times larger than the input sampling
frequency fs. Such digital data is sequentially and serially
outputted as digital data DRO (for right channel), DLO (for
left channel) by every frequency which is one-eight longer than
the input sampling frequency FW. Then, the digital filter 2
outputs an output bit clock BCO synchronizing with each bit
data of the digital data DRO, DLO, and it also outputs an
output word clock WCO and a sample/hold signal SHL
synchronizing with the timing when the digital data DRO, DLO
are sent. This digital filter 2 provides an oscillator circuit
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filter) as Am&kAdRfafion so that the internal clock is generated. = Based
on this internal clock, several parts of the digital filter 2
operate. In other words, the processing of the digital filter
2 is performed with the signal processing circuit 1 in phase-
" synchronized manner. '

In Fig. 13A, 3R, 3L designate digital-to—analog (D/A)
converters each of which converts the digital data DRO, DLO
from the digital filter 2 into analog signals. The digital
data DRO, DLO are serially inputted into the D/A converters 3R,
3L by the bit clock BCO. At the changing point of the word
clock WCO, the digital data is latched by an internal latch
circuit (not shown) built in the D/A converter so that it is
subject to the D/A conversion. Thus, the digital data DRO, DLO
are converted into analog signals AR, AL, which are
respectiveiy fed to sample/hold circuits 4R, 4L. Therefore,
these analog signals AR, AL are subject to the sample/hold
operation, and then the unnecessary higher harmonics are
removed from them by analog filters SR, S5L. 'Finally, the
analog filters 5R, 5L respectively output an audio signal RA
for R channel and another audio signal LA for L channel.

Incidentally, the circuit shown in Fig. 13A can be
partially modified as shown in Fig. 13B. More specifically, in
Fig. 13B, a high speed clock Ca generated from the signal

. processing circuit 1 is supplied to an inpuf terminal XI for
oscillator circuit of the digital filter 2. By use of the
configuration of Fig. 13B, it is also possible to configure the
audio signal reproducing circuit having the same fuhction of
Fig. 13A.

In the above-mentioned conventional digital filter 2, its
circuit design is made based on the input timing specifications
such as the bit clock number (which is called as "bit clock
rate") which is inputted by every input sampling frequency fs
and by every sampling period FW. The sampling frequency fs of
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the conventional digital signal processing circuit, wherein such digital
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st gnal OUtFnhteﬁkg{tgﬂtaud£é system, it is necessary to prepare the
specific digital filter corresponding to the input timing
specifications. For this reason, there is a disadvantage in
that the circuit design must be difficult. In the case where
the desirable digital filter is nbt available, it is necessary
to newly purchase or newly develop the desirable digital
filter, which makes the cost for the system higher. Further,
the conventional digital filter requires the high speed clock
which corresponds to the signal processing circuit 1 in phase-

synchronized manner. Accordingly, there is a problem in thét
the conventional digital filter requires the high interface
technology.

Accordingly, it is a primary object of the present - .
invention to provide a digital filter whose system clock is
fixed but which can be applied to several kinds of the input
timing specifications.

In a first aspect of the present invention, there is
provided a digital signal processing circuit which performs é
specific step number of operation processes by a predetermined
sampling period comprising: _

(a) detecting means for detecting an input signal
indicative of the sampling pefiod to thereby start to perform
the operation processes; and

{b) control means for terminating the operétion processes
when the specific step number is completed.

In a second aspect of the present invention, there is
provided a digital filter which performs a predetermined
arithmetic operation on input digital data inputted thereto in

" time-series manner by a predetermined first sampling period to
. thereby generate output digital data corresponding to a second
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converter can be easily renoved by the |low pass filter. Thus.it_is

possible to reproduce the audi o signal having good quality. THIS SHEETOMAS BERN
138 are bl ock diagrams showing the T®nfiguration of the a§d|o SIREPEACED
reproducing circuit for the CO player which uses the conv —
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every prede- (a) a synchronizing signal generating circuit for
generating a synchronizing signal having the second sampling
frequency responsiﬁe to the predetermined first sampling period
of the input digital data inputted thereto; and
(b) an operation control circuit activated by its internal
clock which is asynchronous with the input digital data, the
operation control circuit starting to perform operation
processes responsive to the synchronizing signal supplied
thereto, thereafter the operation control circuit terminating
the operation processes upon a completion of a predetermined
step number. |

In a third asgect of the present invention, thefe is
provided a digital filter which performs an arithmetic
operation on input digital data inputted thereto in time-series
manner by a predetermined first sampling period to thereby'
generate output digital data corresponding to a second sampling
frequencf which is N (where N denotes an integral number) times
larger than a predetermined first sampling frequency
compr;sing:

(a) a timing generating circuit for detecfing the first
sampling period of the input digital data to thereby generate a
start signal having the second sampling frequency:

(b) a detecting circuit for detecting a bit input speed of

. each bit within the input digital déta; and

(c) an output circuit activated by the start signal for
outputting the output digital data and a synchronizing signal,
wherein output timings of the output digital data and the
synchronizing signal are controlled based on the bit input
speed.

In a fourth aspect of the present invention, there is
provided a digital filter comprising:

(a) serial-~to-parallel converting means for converting
first serial data inputted thereto into first parallel data,
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channel is fed to0 e digital ter ? wor d clock SOSY is at "1".
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of the morqb k SD %é first serial data; _

(c) operation means activated based on a clock which is
asynchronous with the first serial data for calculating the
parallel data by corresponding coefficient to thereby generate
second parallel data indicative of its operation result in
response to the synchronizing signal; and

(d) parallel-~-to-serial converting means for converting the
second parallel data into second serial data corresponding to
the frequency which is N times larger than the sampling

frequency.

Further objects énd advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein a preferred
embodiment of the present invention is clearly shown.

In the drawings: '

Fig. 1 is a block diagram showing the configuration of the
digital filter according to an embodiment of the present
invention; .

Figs. 2A, 2B are block diagrams each showing the audio
signal reproducing circuit which employs the digital filter
shown in Fig. 1;

Figs. 3, 4 are time charts for explaining the operation of
the digital filter: |

Fig. 5 is a circuit diagram showing the detailed
configurations of several parts in the digital filter shown in
Fig. 1:

Fig. 6 is a time chart for explaining the operation of the
clock generating circuit shown in Fig. 5;

Fig. 7 is a view for explaining the method of supplying 2-
‘phase clocks to the flip-flop used in the circuit shown in Fig.
5; - |

Figs. 8 to 12 are time charts for explaining the
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the digital filter 2 detects the change-over point of the word |
SDSY. Thus, the digital filter 2 inputs the digital data WBJSHEEEHA&BEEN
fof R channel and another SDI of one?mord for L channel. Aﬁ FlaBEDi be
above, the digital filter 2 inputs the digital data SDI

eriod FW Thereafter, the digital . filt 2 perfor.ns ar t
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frequency thecqonueohéoaaghﬂigéﬁgérfﬁﬂ&#rbhe i nput sanpling frequency FW

Then, the digital filter 2 outputs an output bit clock BCO synchronizing

with each bit data
: Next, description will be given with respect to a

preferred embodiment of the present invention.

[A] CONFIGURATION OF DIGITAL FILTER _

Fig. 1 is a block diagram showing a digital filter 2a
according to an embodiment of - the present invention. Fig. 2A
is a block diagram showing the configuration of the audio
signal reproducing circuit according to 2DAC-system which
employs the digital filter 2a, while Fig. 2B is a block diagram
showing the configuration of another audio signal reproducing
circuit according to the 1lDAC-~system which also employs the
digital filter 2a. 1In Figs. 2A, 2B, the parts similar to those
of Figs. 13A, 13B are labeled with the same legends.

In Fig. 1, 11 designates a serial/parallel (S/P)
converter. Each bit of the serial data SDI supplied from the
signal processing circuit 1 (see Figs. 2A, 2B) by every
sampling period FW is read by the S/P converter 11 by the
timing of bit clock BCI. Every time the word clock SDSY is
changed over, the serial data SDI of sixteen bits is outputted
as one word parallel data. In addition, 12 designates an
operation unit which is configured by a shift register, a

. multiplier and an adder (not shown). The parallel data
outputted from the S/P converter 11 is supplied to the shift
register wherein bits thereof are sequentially shifted. Then
the digital data stored in each stage of the shift register is
multiplied by a coefficient read from a coefficient read-only
memory (ROM) 13. Thereafter, the multiplication results are
added together, resulting that the digital data corresponding
to the frequeﬁcy which is N times larger than the sampling
frequency is generated. Further, 14 designates a temporary
random-access memory (RAM) which stores halfway result of the
operation executed in the operation unit 12.
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of the.digital data DRO, DLO and it al so outputs an output word cl ock WCO
and a sanple/hold signal SHL synchro ing with the tim fre—the
digital data DRO, DLO are sent. Thi srgﬂ gital filter 2 proy ?H@sggﬁﬁ HAS BEEN
oscillator circuit 2X having an oscillation frequency wh| ch i SERLACED
400fs. The output of this oscillator circuit 2X is subject to the pnase
synchroni zation so that the internal clock is generated. Based on this
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through the operation process of the operation unit 12 is fed
and then temporarily stored in this output temporary buffer 16
via the overflow limiter 15. 17 designates a parallel/serial
(P/S) converter which converts the parallel data outputted from
'the output temporary buffer 16 into the serial data DRO, DLO.

Next, 18 designates an operation control which controls
the operafion process in the operation unit 12 and the data
transmission among several parts in the circuit shown in Fig.
1. 19 designates a.BCO generating portion which generates the
output bit clock BCO. This BCO is outputted in sjnchronism
with the sending timing of each of the bits of the serial data
DRO, DLO outputted from the P/S converter 17. Therefore, the
D/A converters 3, 3R, 3L (see Figs. 2A, 2B) to be coupled to
this digital filter 2a can input the serial data DRO, DLO by
this output bit clock BCO. Incidentally, this digital filter
is designed such that its operation result can be outputted as
16-bit digital data or 18-bit digital data. In this case, 16-
bit digital data is designated when the change-over signal
(16/18) (which selects one of 16-bit and 18-bit digital data)
is at "0", while 18-bit digital data is designated when the

. change-over signal is at "1". The number of output bit clocks
- BCO depends on the above-mentioned designation made by the
change-over signal.

Next, 20 designates a synchrdniéing signal generating
pbrtion which detects the sampling frequency fs based on the
input word clock SDSY and input bit clock BCI. Based on such
detection result, this portion 20 generates the synchronizing
signal having the frequency which is eight times larger than
the sampling frequency fs. Then, the operation control 18 is
activated by this synchronizing signal. In addition, the
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DRO, DLO.
in Fig. 2B.
sample/hold operations on the analog outputs of the D/A
converters 3R, 3L in accordance with the sample/hold signals

SHR, SHL respectively.
change-over'signal ST at "1" in the
2A, while it fixes ST at "0" in the
Thus, it is possible to obtain
which is suitable for the operation

. 2B.

Same thing can be said for the D/A converter 3 shown
The sample/hold circuits 4R, 4L carry out the

digital filter 2a fixes the
2DAC-system shown in Fig.
1DAC-system shown in Fig.
the sample/hold signal

of each system.

Herein, the

In Fig. 1, 21 designates a crystal oscillator wherein a
crystal vibrator is externally connected between terminals XI,

XO0.

The present embodiment selects the frequency (larger than

384fs, for example) which is sufficiently larger than the
sampling frequency fs of the input digital data as the

oscillation frequency of the crystal oscillator 21.

In Fig. 1,

the operation unit 12, coefficient ROM 13, . temporary RAM 14,
overflow limiter 15, output temporary buffer 16, P/S converter
17, operation control 18 and BCO generating portion 19
surrounded by the dotted line operate in accordance with an
oscillation output Cm of the crystal oscillator 21.

. [B] OPERATION OF DIGITAL FILTER
Next, 'diagrammatical description will be given with
respect to the operation of the digital filter by use of a time

chart shown in Fig. 3.

The signal processing circuit 1 as

shown in Figs. 2A, 2B oﬁtputs the bit clock BCI having the
period FB and also outputs the word clock SDSY, 16-bit serial
data SDI for L channel, R channel by every sampling period FW

(=1/fs), which are supplied to the digital filter 2a.

Herein,

the data SDI for L channel is fed to the digital filter when
the word clock SDSY is at "1", while another data SDI for R

channel is fed to the digital filter when SDSY is at "0".

Such
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detects the leading edge of the word clock SDSY. In addition,
this portion 20 also detects the bit number of the bit clock
BCI to be inputted thereto during one sampling period FW.
Based on such detection result, the synchronizing signal
generating portion 20 generates the output word ciock wWCo
having the frequency which is eight times larger than the input
‘sampling frequency fs as shown in Fig. 3. 1In addition, the
sample/hold signal SHL, SHR which is synchronous with this WCO
is generated.. When the leading edge of this output word clock
WCO is detected by the operation control 18, the operation
control 18 sends the micro program address so that the micro
program is executed in the operation unit 12. After the
predetermined step number of micro programé are completed, the
operation unit 12 is in the standby state until the operation
control 18 detects the trailing edge of the output word clock
WCO. The above-~-mentioned processes'executed by the operation
control 18 and operation unit 12 are executed in synchronism
with the internal clock Cm. The operation process is executed
by every trailing edge of the word clock WCO. Therefore, in
one sampling period FW, eight digital data are obtained for L
channel and R channel respectively. These data are sent to the
P/S converter 17 via the overflow limiter 15 and output
. temporary buffer 16. Then, the total sixteen data are sent
with the word clock WCO. In synchronism with the output bit
clock BCO in the BCO generating portion 19, each bit of such
digital data is outputted so that the serial data DLO, DRO are
cutputted.

In Fig. 2A, the D/A converters 3R, 3L performs the D/A
conversion on the input digital data at the trailing edge of
the word clock WCO. The sample/hold circuit 4R, 4L is in the
sampling state when the sample/hold signal SHR, SHL is at "1",

while 4R, 4L is in the hold state when SHR, SHL is at "O". 1In
PuTe TR BReE T
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of bit ,clock rates are used wherein the bit clock rate r

corresponding to the input timng specifications.
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the digital filter, the sample/hold signal SHR, SHL is at "O"
at the trailing edge of the word clock WCO as shown in Fig. 3.
Then, after the predetermined time 2T 1s passed, the
sample/hold signal SHR, SHL rises up at "1". For this reason,
the sampling operation is carried out by the sample/hold
circuit-4R, 4L after the D/A conversion is completed and the
analog signal AR, AL becomes sufficiently stable.

Fig. 4 is a time chart showing the relation between the
internal clock Cm and output signals of the digital filter.
When the trailing edge of the output word clock WCO is
detected, the BCO generating portion 19 generates the bit clock
BCO synchronizing with the internal clock Cm. This digital
filter 2a outputs the 18-bit digital data as its operation
result, which is outputted as the serial data DLO, DRO.

Herein, all bits of the serial data are sequentially outputted
from its most significant bit (MSB; see "M" in Fig. 4) to its
least significant bit (LSB; see "L" in Fig. 4). Thereafter,

- the digital filter outputs the extension bits (e.g., "-1", "-2"
shown in Fig. 4) which are obtained by its operation result.

On the other hand, -in the case where the digital system to be
coupled to the digital filter 2a is the 16-bit system, such two
extension bits are not required. Therefore, the present
digital filter 2a can be applied to both of the 18-~bit and 16-
bit systems by changing the number of bit clocks BCO. More
specifically, the number of bit clocks BCO is designated by the
level of the foregoing dhange-over signal (16/18), so that the
. BCO generating portion 19 will output the designated number of
bit clocks. |

Next, description will be given with respect to the timing
control of the digital filter 2a. Fig. 5 is a circuit diagram
showing the partial configuration of the operation control 18,
BCO generating portion 19 and synchronizing signal generating
portion 20.

This circuit shown in Fig.'S includes the circuit'portion
which operates in synchronism with the internal clock Cm
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generated from the crystal oscillator 21 and another circuit

portion which operates in synchronism with the input bit clock
BCI.

In addition, the circuit shown in Fig. 5 is to be
configured as the IC, so that it adopts the specific circuit
design by which the stable operation of the IC can be obtained.
Therefore, supplementary description will be given with respect
to this circuit design for IC. As the flip-flops used in the
circuit shown in Fig. 5, the master-slave flip-flop is
employed. This master-slave flip-flop is driven by the 2-phase

'~ clock which is generated from the foregoing internal clock Cm

or bit clock BCI. In Fig. 5, SRF1l, SRF2 designate circuits
which respectively generate 2-phase clock C15, C16 and another
2-phase clock Cx, Cy.

Fig. 6 is a time chart showing the operation of the
circuit SRFl. As shown in Fig. 6, the clocks Cl1l5, Cl6
immediately falls down when the clock Cm is changed. Herein,
the clock C15 rises up when C16 falls down, while the clock C16

- rises up when Cl15 falls down. Tberefore, the phase relation

between the clocks Cl5, Cl6 are set such that "1" level period

'of Cl15 does not overlap with that of Cl6. For this reason, -

these clocks Cl15, C16 work as the'2—phase clock having good
quality. Similar to the above-mentioned circuit SFR1l, the
circuit SFR2 also generates the 2-phase clock Cx, Cy.

As shown in Fig. 7, such clocks C15, C16 in the 2-phase
clock are respectively supplied to a master-side latch M and a
slave-side latch S which configures the flip-flop used in the
circuit shown in Fig. 5. 8Since the clocks are fed to the flip-
flop as'described above, the slave-side latch S§ is certainly
set in the breaking state when the master-side latch M reads
data therein. On the other hand, when the slave-side latch S
reads data therein, the master-side latch M is certainly set in
the breaking state. Accordingly, it is possible to obtain the
stable flip-flop operation.
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to the

circuit configured by the master-slave flip-flop in order to
adjust the timing. Actually, this delay circuit is indicated
by "D", "nD" (where n denotes an integrél number), "Dx" or
"nDx" in Fig. 5. Herein, the delay circuit "D" or "nD" is
activated by the 2-phase clock C15, Cl6. In addition, another

_delay circuit "Dx" or "nDx" is activated by the 2-phase clock

Cx, Cy. Further, the integral numbe: "n" indicates the stage
number of the flip-flop. This concludes the supplementary
description with respect to the circuit shown in Fig. 5.

. [C] DETAILED DESCRIPTION OF EACH PART SHOWN IN FIG. 5

‘Next, detailed description will be given with respect to
the configurations and operations of the synchrohizing signal
generating portion 20, BCO generating portion 19 and operation
control 18 respectively.

(1) Synchronizing Signal Generating Portion 20
Fig. 8 is the time chart for explaining the operation of
the synchronizing signal generating portion 20. 1In this
portion 20, the input word clock SDSY is delayed and its level
is raised by a delay circuit'101; and then the SDSY is supplied
to a detection circuit 102. When the word clock SDSY rises up

"at time tO0, the detection circuit 102 outputs a leading

detection pulse RES1 having the pulse width FB (where FB
indicates the period of the clocks Cx, Cy) at the leading edge
timing t1 of the third clock of Cy. .This leading detection
pulse RES1 is supplied to a counter 103 as the reset pulse.

The counter 103 is designed as the 8-bit up-counter having
the synchronizing reset function, so that this counter 103
performs the count operation by the 2-phase clock Cx, Cy. In
addition, a toggle-inhibit input TI of this counter 103 is
fixed at voltage VDD. Therefore, this counter 103 continues to
perform the up-count operation as long as the bit clock BCI is
inputted thereto. At time tl when the pulse RES1 is fed to the
counter 103 as the reset pulse, this pulse is read by the
counter 103 at the next clock timing of Cx. Then, the counter
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signal .processing circuit 1 in phase- synchronized manner . —Accordi-ngly
there is a problemin that the conventjonal digital fil terTHlScﬁHEE@sHAEh@EEN
hi gh interface technol ogy. A d|gﬂ¥ il filter according to tM@PLACED
precharacterizing part of claiml is known from "ELECT HE—COVPONENTS—AND

NATULL: (O34 asnt by, ind B icr. U ny £ oo VBl it e o
docunent t & diigie 22 .0va@thereafter,f ithecounter 01&3 eﬁtmt%nﬂa up-ePuntalts
stream wWhi Qi el Mg S M%%%%&Wﬂ&ﬁ%faﬁm i ng

frequency fron144 1 kkt up to 176 ICis intended for the 44.1
kHz 16 bit data streamof an information retrieval system of a conpact disc

decoder. The pr ¢EaRwHIde)f tHE pulEts RES1 outputted at time tl is supplied
to a latch circuit 105 via a differentiation circuit 104. As a
result, the differentiation circuit 104 Qutputs'é pulse La
during the period FB/2 from the leading edge timing tl of the
pulse RESl. Such pulse La is supplied to the latch circuit 105
as a latch signal. Then,'upper (i.e., leftmost) four bits Q4
to Q7 in the output data of the counter 103 are inputted into
the latch circuit 105.

As described above, every time the leading edge of the
word clock SDSY is detected, the counter 103 is reset and its
last count value is inputted into the latch circuit 105.
Herein, the bit clock rate is set at Nfs. In other words, the

' number of the bit clocks BCI to be inputted in one period FW of
the word clock SDSY is set at N. In this case, the last count
value just before the counter 103 is reset is at "N-1".
Therefore, the value Ml indicative of the latch data of the
latch circuit 105 can be obtained from the following formula
(1).

Ml = (N/16) - 1 ees (1)

Such latch data M1 of the latch circuit 105 is supplied to
a decoder 106 and a cbmpérator circuit 107. The decoder 106
decocdes the 1étch data M1 to thereby output bit clock rate

. detection signal SA, SB, SC. The present digital filter 2a can
respond to certain bit clock rate which is 16-multiple of the
frequency fs ranging from 32fs to 192fs, so that it can perform -
the timing control suitable for respective bit clock rate.

This timing control is changed over by the bit clock rate
detection signals SA, SB, SC. In this case, the signal SA is
at "1" when the bit clock rate is equal to or over 128fs, the.
signal SB is at "1" when the bit clock rate is between 48fs and
112fs, and the signal SC is at "1" when the bit clock rate is
equal to 32fs.

his Sheet Has Been Replacec

i




versal filter is in phase-synchronized manner with the sigﬂak—gaecessing
The digital filter according to the prior art cor- responf$HIShE8HEEToHAS BEEN
fixedly to the input timng specifiCT Pron. The invent] on sdﬂﬁmAcgu
provide a digital filter whose systemclock is fixed but WiTHhTaTbe

lied t | ' t
Th the | nvendietrwbhis. obpecBomobzBEaf BRER F02°0R, conntel DR g
i's de5|gnenh|QRagatedbﬂ@ecanfhguhescaavariabIEIﬁ@eﬂaencyfddwaﬂmmiwhich
Fur t her OQd Omﬂn”ﬂ%escfﬁgﬁgﬁﬁyoéftQﬂepﬁiieaiobﬂVEE&'QB.WbEbr@%néﬁP%ﬂﬁﬁI

fromthe f

refer
the latch data M1 of the latch circuit 105. Hereinafter,

description will be given with respect to the operation of the
variable frequency divider by using the time chart shown in
Fig. 8. After the leading edge timing t3 of the word clock
SDSY, the detection pulse RES1 is generated at time td. This
detection pulse RES1 is supplied to the counter 108 as a reset
pulse RES2 via the OR gate 109. Then, the counter 108 inputs
this reset pulse RES2 by the clock Cx which is generated just
after RES2 is generated. This counter 108 is reset at the next
clock Cy so that its count value is at "0" at time t5.
Thereafter, the up-count operation of the counter 108 is
performed from the count value "0" in accordance with the bit
clock BCI. .

The counter 108 proceeds its up-count operation every time
the bit clock BCI is inputted thereto. Then, the count value
of the counter 108 is compared to the latch data Ml of the
latch circuit 105 by the comparator circuit 107. Thereafter,
when the count value coincides with the latch data M1, the

comparator circuit 107 outputs a detection pulse EQ, which is

supplied to the counter 108 as the reset pulse RES2 at time t6.
When the next clock py is inputted into the counter 108,'the
counter 108 is reset so that the up-count operation is repeated
from the count value "0". As described'above, the counter 108

. performs the up-count operation in accordance with the latch

data M1, so that the count value is repeated from "0O" to "M1i"“.
Every time the count value coincides with "M1", the comparator
circuit 107 outputs the detection signal EQ.

Therefore, the period FWEQ of the detection pulse EQ
corresponds to "M1+1" clocks of BCI. In the case where the
number of bit clocks to be inputted in one sampling period FW
is at "N", the period FWEQ of the detection pulse EQ can be
obtained from the following formula (2).

FWEQ = [(M1+1)/N]*FW eee (2)
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i s a bl ock diagram showi ng t he confi'ghﬁat ion of the digi t;ﬁ?'ﬁi PHERT HAS %EEﬁ
according to an enbodi ment of the present i nvention; REPLACED2A, 2B
are bl ock djagrans each s i ng the audio_sigpal .reproduci cl ccul,t, which
enpl oys thgi'liigé‘?:{glc?ﬁ?t em'w' -gssﬂg i#r?—'f‘ggﬁﬁ;forggo ng #8rila (1)} 50

that FWEQ can be expressed as follows.

FUEQ = [(N/16)/N]*FW = FW/16 eee (3)
As described above, the period FWEQ of the detection pulse EQ
.'is one-sixteenth of the sampling period FW. Therefore, sixteen
detection pulses EQ are generated in one sampling period FW.

In other words, the frequency of EQ is equal to 16fs.

In Fig. 5, 112 desighates a8 2-bit counter having the
synchronizing reset function, which performs the up-count
operatiqn in accordance with the bit clock ECI. This counter
112 also has the toggle-inhibit function, so that it performs
the up-count operation only while the toggle-inhibit signal TI
is at "1". The foregoing detection pulse RES1 is generated at
every leading edge timing of the word clock SDSY. This
detection pulse RES1 is delayed by a delay circuit 110 and then -
supplied to the coﬁnter 112 as a reset pulse RES3. The counter
112 inputs this reset pulse RES3 at the leading edge timing of
the clock Cx, so that the counter 112 is reset at next leading
edge timing t7 of the clock Cy.

In addition, a pulse EQD is obtained by passing the pulse
EQ through a delay circuit 111, and then this pulse EQD is
supplied to the counter 112 as the toggle-inhibif signal.

. Therefore, every time the counter 112 inputs the pulse EQD, it
performs the count operation. As a result, a pulse P8F whose
frequency is a half of the pulse EQD is obtained from Q0 output

. of the counter 112. As described before, sixteen pulses EQD
ate generated in one sampling period FW. For this reason, as
shown in Fig. 8, eight pulses P8F are generated in one sampling
period FW. Thus, it is possible to obtain the pulse P8F having

' the frequency 8fs. '

Based on such pulse P8F, the output word clock WCO and
sample/hold signals_SHL, SHR are generated. Hereinafter,
description will be given with respect to the operation of
generating these signals by referring to the time chart shown

in Fig. 9. -
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3, 4 are time charts for expl ai ning the operation ’mnsthEngHAQIBEEN
filter;

configurations of several parts in Tt
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“digital filter 's

Fig. 6 is atime chart for explaining the operation of the clock generating
circuit shown in Fig. 5; Fig. 7 is a view for explaining the nmethod of
supplylng 2-phase clocks to the flip-flop used in the circuit shown in Fig.

Fi gslGenaxatifonreftWordcBock WOO]expl ai ni ng the operations of

several parts QEM%ngfQQ'ﬁﬁk i l&ﬁﬁg}f@ﬁe 0 g 8 Eb | ?écui%B §14€ alple &K

di agranms show n

conflguration re ro ucing circuit

enploylrm)QQkPCtOr %b§V%h§|§nGF1§Yg¢¥§¢uitl1&3 T en, the output of the

selector 115 is to be outputted via a delay circuit 116 as the
output word clock WCO. The foregoing bit clock rate detection
signal SA is supplied to the selectorllls as its select signal,
so that the delay time between output timings of P8F and WCO is
changed over. Under operations of the circuits 113 to 116, the
pulse P8F is delayed by 5FB when the bit clock rate is equal to
or over 128fs, while it is delayed by 4FB when the bit clock

rate is equal to or below 112fs. Then, such delayed pulse P8F

s outputted as the word clock WCO. Fig. 9 shows the case

where the bit clock rate is equal to or below 1ll2fs,

[Generation of Sample/Hold signals SHL, SHR]

In accordance with the change in the bit clock rate, the
period FB of the bit clock rate is changed. For this reason,
if the sample/hold signals SHL, SHR are generated by merely
delaying the pulse P8F by the predetermined clocks, the change-
over timing and pulse widths of the sample/hbld signals SHL,
SHR must be varied by the bit clock rate. Therefore, even if
the sample/hold signal suitable for certain bit clock rate is
obtained, the sample/hold timing thereof must be shifted off
with respect to another bit clock rate, which will cause the
malfunction of the system. In the present digital filter 2a,
the sample/hold signals SHL, SHR are obtained by delaying the

. pulse P8F by the delay circuits. However, the_stége number of

the delay circuits are changed over in response to the bit
clock rate. Thus, even if the bit clock rate is varied, it is
possible to obtain the sample/hold signals SHL, SHR each having
the desirable sample/hold timings.

Q1 output of the counter 112 is delayed by 2FB by a delay
circuit 117, and then the delayed output is inputted into a
pulse generating circuit 118R as a signal Q1D. Further, an
inverter 117a inverts this signal Q1D into a signal Q1DN, which
is then inputted into another pulse génerating circuit 118L.
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is inputted into a trailing detection circuit 119. At the
trailing edge of the pulse P8F, this detection circuit 119
outputs a trailing detection pulse havihg the width FB. This
trailing detection pulse is delayed by 1lFB by a delay circuit
120, and then the delayed detedtion pulse is outputted as a
detection pulse NQO. This detection pulse NQO is inputted into
the pulse generating circuits 118R, 118L, and it is also
sequentially passed through delay circuits 121 to 123. Herein,
both of the pulse generating circuits 118R, 118L have the same
circuit configuration. The pulse generating circuit 118R is
set in the enable state when the signal QID is at "1", while

- another pulse generating circuit 118L is set in the enable

state when the signal Q1DN is at "1".

The outputs of the delay circuits 121 to 123 are inputted

into a selector 124, to which the foregoing bit clock rate

detection signals SA to SC are supplied as its select signals.
Therefore, the ocutput of the delay circuit 123 is selected when
the bit clock rate is equal to or over 128fs, the output of the
delay circuit 122 is selected when the bit clock rate belongs
to the range of 48fs - 112fs, and the output of the delay
circuit 121 is selected when the bit clock rate is equal to or
below 32fs. Then, the selected output of the above-mentioned
delay circuit is supplied to the pulse generating circuits
118R,.118t as a pulse NQOD via a delay circuit 125.

Next, description will be given with respect to the

| operation of the pulse generating circuit 118L. When the

period 1FB is passed after the trailing edge timing t10 of the
outputs Q0, Q1 of the counter 112, the pulse NQO is inputted
into the pulse generating circuit 118L. At this time, the
signal Q1DN is at at "0", so that an output "i" of a NAND gate
118A is at "1", while another output "j" of an AND gate 118B is
at "0". 1In addition, an output "k" of an OR-AND gate 118C is
at the same level (i.e., "O" level) of an output "1" of a flip-
flop 118D. Therefore, the output 1 of the pulse generating
circuit 118L does not change.
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enpl oys the digital filter 2a, while Fig. 2B is a block di agram showi ng t he
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1 DAC-system whi ch al so enploysiﬂu?%ﬁgltal filter 2a. |
parts simlar to those of Figs. 13A, 13B are |labeled witHh the 55
In Fig. 1, 11 designates a serial/parallel (S/P) converter. Each bit of the
serial data SDI supplied fromthe signal processing circuit 1 (see Figs.

2A, 2B) by everin stheplcagp pwhexs €hW ibit caliodly tateSLe tnnthet eanae bf t he

timn of cl ] h ver,

t he Sgl’l al c#sf g%%éc sﬁé[/een %i'fi é&;& V\g:mlifﬁéd&as one 1\/‘\%?% ﬁgﬂ g data
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regi ster, gutpit ifldLrtRdhiD g&¥€®’118B and the output k of the OR-AND '

gate 118C are both at "1" at time tll. When 1FB is passed
after this time t1l1l, the output j of the AND gate 118B rises up
at time tl2. Meanwhile, the output k (at "1" level) of the OR-
AND gate 118C is inputted into a £flip-flop 118D by the clock Cx
just before the time tl12. Then, k is outputted from the flip-
flop 118D at time tl12. Therefore, the output k of the OR-AND
gate 118C is finally set at "1". Thereafter, the output 1 of
the pulse generating circuit 118L turns to be at "1" level. At
the leading edge of this output 1, the selector 126, delay
circuits 127L, 128L are sequentially activatéd so that the
sample/hdld signal SHL rises up. The delay time of this delay
circuit 128L is set to 0.5FB only in the case where the bit
clock rate is equal to 32fs and its input signal falls down.
Similar thing can be said to another delay circuit 128R which
will be described later. |

Next, the Q0 output (i.e., pulse P8F) of the counter 112
rises up at time t13. In this case, the level of the word
clock WCO is changed when 4FB is passed after the time t13.
During this period 4FB, no operation is performed in the
circuits concerning the generation of the sample/hold signal.

At next time tl4, the Q0 output of the counter 112 falls
down, but the Ql output thereof rises up. When 1FB is passed
after this time t14, the pulse NQO rises up. When 2FB is
passed after this time ti4, the pulse QIDN falls down. At the
leading edge timing t15 of the pulse NQO, the pulse Q1DN is at
"1". Therefore, the output i of the NAND gate 118A falls down,
and the output k of the OR-AND gate 118C also falls down. At
next time t16 when 1FB is passed after this time t15, the pulse
NQO falls down so that the output i rises up. On the other
hand, the output k (at "O" level) of the OR-AND gate 118C is
inputtéd into the flip-flop 118D by the clock Cx just before
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(not shown). The pérallel data outputted fromthe S/P cdnv R T
suppliied to the shift register wherein bits thereof are sefdiBl% SHW“yﬁAS BEEN
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result of the opération executed in the operation unit 12.

t,.15
desi gnat es9gReTeEHPgFimcwite 1185 48 A0 ons When ithis gntepe, t%%:hls
result obtabwhd ithe! BeleRdor! 126 Wid delay circuits 127L, 128L are

sequentially activated, so that the sample/hold signal SHL
- falls down.

Similar thing can be said to another pulse generating
circuit 118R, except that this circuit 118R operates during the
"l" level period of the signal Q1D. Then, the output of the
pulse generating circuit 118R is outputted as the sample/hold
signal SHR via the delay circuits 127R, 128R.

In the case where the present digifal filter 2a is used in
the foregoing 1DAC-system, the change-over signal ST is fixed
at "0". 1In this case, thé selector, 126 selects the output of
the. pulse generating circuit 118L. In addition, the output of
the pulse generating circuit 118R is used as the sample/hold
signal SHR, while the output of 118L is used as SﬁL. As shown
in Fig. 3, these signals SHR, SHL alternatively rise up. 1In
contrast, in the case'wheré the present digital filter 2a is
used in the foregoing 2DAC-system, the change-over signal ST is
fixed at "1". In this case, the selector 126 selects the
output of the OR gafe 129. At this time, the outputs of the
pulse generating circuits 118R, 118L are inputfed into the OR
gate 129. Therefore, the logical sum of the outputs of the
pulse generating circuits 118L, 118R is outputted as the
sample/hold signal SHL. '

Next, description will be given with respect to the phase
relation among the word clock WCO and sample/hold signals SHR,
SHL: in the digital filter 2a. As is apparent from the above
description, it is possible to obtain the word clock WCO and
sample/hold signals SHR, SHL having the following phase '
relations to the pulse PBF of the counter 112.

(a) The delay between the changing timings of P8F and WCO:

(1) 128fs over ... GFB

iThis Sheet Has Been Replacex

jLt




12 into the predetermned. val ue range when the operation [§Rig BHEET HAS BEEN
extrenely larger than the realistic value. 16 designates *n OUtWLACEU

terporary buffer. Therefore, the ditd}al data obtained thiough
operation process of the operation unit 12 is fed and then tenporarily

stored in this output, te ary buffer 16 via,the overflow limter 15. 17
desi gnates a paral - éii)23?%?“'(i@i%sconvefté*Fﬁhich converts the paralle
data outputted fromg@idl pB2Ee tenporary. buf f4FB16 into the serial data
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SHR, SHL:

(1) 128fs over e.. OFB

(i1) 48fs - 112fs «+s O6FB

(111i) 32fs ... OSFB

(c) The delay between the trailing edge timings of P8F and

SHR, SHL: '

(1) 128fs over ... 3FB

(1i) 48fs - 112fs ees 3FB

(1i1) 32fs . ee. 3.5FB

_ Therefore, the phase relations between the word clock WCO
and sample/hold signals SHR, SHL at each bit clock rate are as
follows. -

(d) The float time between the trailing edge timings of
WCO and SHR, SHL (i.e., "2T" in Fig. 3):

(i) 128fs over .+« 4FB
(1ii) 32fs . <o+ 1FB

(e) The float time between the trailing edge of SHR, SHL
and next trailing edge of WCO (i.e., "T" in Fig. 3):

(i) 128fs over ..+ 2FB
(1ii) 32fs s« O.5FB

As described heretofore, the present digital filter 2a changes

. over the stage number of the delay circuits in accordance with
the bit clock rate. Therefore, even if thé bit clock rate is
varied, the word clock WCO and sample/hold signals SHR, SHL can
be sent out with desirable phase difference.

(2) BCO Generating Portion 19, Operation Control 18
The operation control 18 and BCO generating portion 19 are
activated by the internal clocks Cl15, Cl16 which are
asynchronous with the bit clock BCI. Every time the trailing
edge of the output word clock WCO is detected, the operation
control 18 and BCO generating portion 19 are activated.
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The trailing edge of the word clock WCO is detected by a
trailing detection circuit 201. This trailing detection
circuit 201 generates a detection pulse RPA having a width t
(where t indicates the period of the clocks C15, Cl16) at the
first leading edge of the clock Cl16 after the trailing edge of
the word clock WCO. This detection pulse RPA is passed through
a jitter absorbing ¢ircuit 202 and then supplied to a BCO
counter 203 within the BCO generating portion 19 as a reset
pulse RP. This reset pulse RP is inputted into a BCO control
circuit 204. In addition, this reset pulse RP is passed
through a delay circuit 205 and then inputted into an address
counter reset circuit 206. Incidentally, the operation of the
jitter absorbing circuit 202 will be described later.

Next, description will be given with respect to'the BCO
generating portion 19. Herein, the BCO counter 203 is designed
as the 6-bit up-counter which performs the up-count.operation
in'accordance with the clécks Cl5, C16. The outputs Q0 to Q5
of this counter 203 are supplied to a decoder 207. When the
count value of the counter 203 reaches at "33", "37", "44",
"47", the decoder 207 outputs respective detection signals P33,
P37, P44, P47 corresponding to these count values. When such
count value is detected, the corresponding detection signal
P33, P37, P44 is set at "1" but the detection signal P47 is set
at "0". This detection signal P47 is inputted into the counter
203 as the toggle-inhibit signal.

At the trailing edge of the word clock WCO, the counter
203 is reset by the reset pulse RP. Then, this counter 203
counts up its count value from "0" in accordance with the
clocks C15, C16 to be inputted thereto. When the count value
reaches at "47", the decoder 207 outputs the detection signal
P47. As a result, the counter 203 is subject to the toggle-
inhibit state, whereby it does not perform the count operation
even when the clocks Cl5, Cl6 are inputted thereto. Then,
until the reset pulse RP is inputted into the counter 203 after
the next trailing edge of the word clock WCO, the counter 203
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holds 1ts count value at "47".

Meanwhile, the Q0 output of the counter 203 is delayed by
2t by a delay circuit 208, and then the delayed output thereof
is supplied to a first input of an AND gate 211 via an inverter
210. In addition, a signal STOP outputted from the BCO control
circuit 204 is supplied to a second input of the AND gate 211.
Hereinafter, description will be given with respect to the
operation of generating the bit clock BCO in the BCO generating
portion by referring to the time chart shown in Fig. 10. The
counter 203 is reset at the next clock C16 after the reset
pulse RP is supplied thereto. In additidn, this reset pulse RP
is read by the BCO control circuit 204, so that the signal STOP
rises up when the delay time 2t has been passed after the
leading edge timing of the reset pulse RP. This stands by the
operation of sending the bit clock BCO. Then, the Q0 output of
the counter 203 is outputted as the bit clock BCO via the delay
circuit 208, inverter 210 and AND gate 211.

In the case where the change-over signal (16/18) is set at

"0", the detection sighal P33 is supplied to the BCO control
circuit 204 as an end signal ED via a selector 212 when the
count value of the counter 203 reaches at "33". As a result,
the signal STOP falls down when the delay time 2t has been
passed after the leading edge timing of the end signal ED.
Thereafter, the transmission of the bit ciock BCO is stopped.
On the other hand, in the case where the change-over signal

. (16/18) is set at "1", the transmission of the bit clock BCO is

stopped when the count value "37" is detected. As described
above, every time the word clock WCO falls down, the BCO
generating portion 19 outputs the bit clock BCO.

Next, description will be given with respect to the
operation control 18. In Fig. 5, 213 designates an address

" counter which is designed as the 8bit up-counter, whose outputs

00 to Q7 are supplied to a micro program ROM (not shown) as the
micro program address. 209 designates a clock generating
circuit which generates the 2-phase clock Cl, C2 based on the
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coupl ed t &0 h‘Pg{’BWji o%) €he, ?ePn‘z'src%ﬂgi ﬂﬁgkiﬁ‘hgg?eb%él ggnexating pogtien

t hi s out pul9bi t Théng ktB&Caddresdecobahtgr 2bBspdrforms fthet eount opermtdcdn

such that §ts e | su ca e S - Al hglb.al r

18- bi t dig#%afﬁga§ng?% ?Efsbgése?lh dQHEBHEESQ 8° abBoBlelr QhQCh od%ﬂﬁ%é)a
detection signal P191 when the count value of the address
counter 213 reaches at "191". This detection signal P191 is
supplied to the address counter 213 as the reset signal via an
OR gate 215. Then, the address counter 213 is reset by the
timing of the clock C2 after the reset signal is supplied
thereto. As a result, address counter 213 repeatedly counts up
its count value from "0" to "191" in accordance with the clocks
Ci, c2.

In addition, the address counter 213 is reset at the first

" trailing edge of the word clock WCO within the sampling period
"FW. Fig. 11 shows the time chart indicating the operation of
the address counter reset circuit 206. When the sampling
period FW is started at the leading edge of the input word
clock SDSY, a detection pulse RES3D is supplied to the address
counter reset circuit 206. As a result,'a set-reset flip-flop
(i.e., S-R or R-8 flip-flop) 206A is set, so that its output
signal R3 is set at "1". When a detection pulse RPD is
supplied to the AND gate 206B after the trailing edge of the
output word clock WCO, an output signal R1 of this AND gate
206B is turned at "1". This signal Rl is outputted as a signal
R4 via an OR gate 206C and a flip-flop 206D. This signal R4
resets the address counter 213. In addition, the signal Rl is
read by a flip-flop 2063; from which it is outputted as a

. signal R2. As a‘result, this signal R2 resets the S-R flip-
flop 206A so that its output signal R3 is turned at “0".
Thereafter, even if the detection pulse RPD is supplied to the'
circuit 206 after the trailing edge of the word clock WCO, the
reset pulse is not supplied to the address counter 213. As
described above,.at the first trailing edge timing of the word
clock WCO in the sampling period FW, the address counter 213 is
reset. Thereafter, the address counter 213 performs the count
operation in accordance with the clocks Cl, C2.

As described before, the clocks Cl, C2 are generéted based
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16-bit digital data is designated when the change-over S|gnal (16/18)

(whi.eh sel ects one of 16-bit and 18-bit digital data) is | ﬂAéq; Nt
digital data is designated when the28angeover signal is. Hl S
of output bit clocks BCO depends on the above-nentioned d S|qrmﬂﬁp ﬁeﬂgdn

oner ot | gnythei OR aateNtIofbahe cRuSETA | R aLae the doaf Sleck

e R il o vk o

frequency"%ilg% From, ga’[ ° I arggﬁ‘qx?v‘#r‘?rt o Vs n%%"é%%&?\%{/&%i%en,

the oper awconfadnisr dowh3 ruzeamre sEtal df the clogkshiGhni h@ee @generated,

addition, .t hehi&a(:h Oma@cﬂ%s% YRS Y1 I gibdiddd Fre GoEE Spésation.
Then, when the address counter 213 sends out the micro program
address, the operation unit 12 (see Fig. 1) executes the
arithmetic operation based on the corresponding micro program.
Thus, every time the word clock WCO falls down, twelve steps of
micro programs are to.be executed in synchronism with the
clocks Cl, C2. After the twelve steps of the micro programs
are completed, the address counter 213 terminates its count
operation'so that the operation unit 12 is set in the standby
state until the next trailing edge of the word clock WCO. In
one sampling period FW, there are eight trailing edges of the
word clock WCO. Therefore, in one sampling period FW, total
192 steps of micro programs are executed.

As described above, the present digital filter 2a executes
its arithmétic operation in synchronism with the clocks C15,
C16 which are asynchronous with the bit clock BCI. 1In
addition, at every trailing edge of the word clock WCO, the
predetermined steps of the micro programs are executed.
Therefore, the present digital filter 2a can respond to several
"kinds of sampling periods. Further, the present digital filter
2a proceeds its operation by the speed corresponding to the
frequency of the clocks Cl15, Cl16. After exeduting the

. operation, the digital filter 2a is set in the standby state
until the next trailing edge of the word clock WCO. Thus, it
is possible to increase the frequency of the clocks C15, Cl6
beYond the allowable frequendy range by certain degree.

Next, description will be given with respect to the
operation of the jitter absorbing circuit 202. 1In the present
digital filter 2a, the lower limit of the frequency of the
clocks Cl15, C16 is set at 384fs. However, when this clock
frequency enters into the vicinity of this limit 384fs, the
operation speed of the digital filter 2a falls down. This
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the out put word cl ock WCO and sanpl e/ hol d signals SHL, aH@% E
synehronous with one word of the serial data DRO DLO X @ EN/
wor EA@&&JD to

cohverters 3R, 3L detect the |eadi ng28d¢ge of the output
thereby latch the inputted serial data DRO, DLO Sane t hi ng can be said for

the D/ A converter . 2B. . Th npl e/ ho rCU|ts 4R, AL carry
out the saffpPEPRotRe BSF§FP3H§agﬁ 3Hbt£ﬁ§1% &ﬁgh §99¢ Af &her s
3R, 3L in wordrdiock WCOhisheccarmed beifdére ¢hel prﬁlﬁﬂiﬂd.apmqﬂ:ﬁomelg/.
Herein, th | ter he a 1" in the
2DAC-syste§n°sh%9nh %"nrtéh Eﬁ% \ﬂgﬁéﬁ@ﬁ Tﬁ%e?g q:beflinet %ALB' -system
shown i n Fognezgtedhat, thte rtgagdéggbledgeoo@bmwm sdaske MES .d bwgriahe
which i's sgirbaBlengObpebaties MesChot! bean copleted. In this case, the

detection pulse RPA is delayed, and then it will be outputted

as the detection pulse RP after the preceding operation is

completed. '

Fig. 12 is the time chart showing the operation of the
jitter absorbing circuit 202: When the count value of the
counter 203 in the BCO generating portion 19 reaches at "“44",
the counter 203 outputs the detection signal P44. This
detection signal P44 is sequentially transmitted through delay
circuits D45 to D49 in accordanée with the clocks Cl5, Cl6. As
described before, the signal P44 is at "1" when the count value
of the counte£-203 is at "44", and the signal P45 is at "1"
when the count value is at "45". 1In this manner, the signals
P44 to P49 sequentially rise up. Then, when the time 1t has
passed after the leading edge timing of each detection signal,
each detection signal falls down.

In the case as shown in Fig. 12(a), at time t21 when the
count value of the counter 203 reaches at "43" and the
detection pulse RPA is generated, this detection pulse RPA
sequentially passes through delay circuits D50, D51, AND gate
202A, delay circuit 202B and OR gate 202X. Then, at time t22

. when the count value of the counter 203 reaches at "47", this
detection pulse RPA is outputted as the pulse RP. In the case
as shown in Fig. 12(b), at time t23 when the count value of the
counter 203 reaches at "45" and the detection pulse RPA is
generated, this detection pulse RPA sequentially passes through
the delay circuits D50, D51, AND gate 202C and OR gate 202X.
Then, at time t22, RPA is outputted as RP. Further, in the
case as shown in Fig. 12(c), at time t22 when the count value
of the counter 203 reaches at "47" and RPA is generated, RPA is
outputted as RP via an AND gate 202D. Furthermore, in the case
as shown in Fig. 12(d), at time t24 when RPA is generated after
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In Fig. 1, 21 designates a crystal oscillator wherein a cr
extermnally connected between termnals XI, XO The prese ngbgqggrem\s BEEN
sel ects the frequency (larger than 383¥s, for exanple) ch | e LAC&D
sufficiently larger than the sanpling frequency fs of th Innuf £.n.

data as the oscillation frequency of the crystal oscillator In

t he oper at i ¥ PpYnter %%fW@Péﬁ?eﬁdﬁ§3°°t‘§ﬁp9?&f"?tmf13p%\?§r ]qlﬁputted
limter 15,a@LRpWiéeﬁHQréé¥a§Uéiﬁéu1§s BSB cnalertms,-ei—i:exomm i mmryaﬁenl

L8 o B0 AFY S e Shke A o e ARG 1Bk BoUR! 1A, HelptBE 3 U
‘count value of the counter 203 i.e., the proceeding state of
the preceding operation at the timing when the detection pulse
RPA is generated, this detection pulse RPA 1s delayed and then
supplied to the BCO generéting portion 19 as the pulee RP.

The above is the description of the preferred embodiment
of the present invention. This invention may be practiced or
embodied in still other ways without departing from the spirit
or essential character thereof. Therefore, the preferred
embodiment described herein is illustrative and not

" restrictive, the scope of the invention being indicated by the
appended claims and all variations which come within the
meaning of the claims are intended to be embraced therein.
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[ B] OPERATION OF DIG TAL FILTER Next, diagranmati cal description\MII
be gi.ven with respect to the operati oy, of the digital filt
g P P =282 g - 11 HA$ BEENJ
a nd

time chart shown in Fig. 3. The sign processing circuit
Figs. 2A, 2B outputs the bit clock BO having the perlod F ED

out put s trmbﬂxiﬁgplock SDSY, 16-bit L channel, 'R
channel by évery sanpling period FWﬁm"ﬂ Iﬂﬁ” e supplied to the
digital filter 2a. Herein, the data SDICfoﬂ LHC annel is fed to the digital
filter when the word clock SDSY is at "1", while anotherdata SDI for R

channel is fed tC)éfeigé ;fgnLi'LSLGéQSEnSQE eS8 which BY performs a

specific step number of operation processes by a predetermined
sampling period characterized by comprising: '

(a) detecting means (20) for detecting an input signal
indicative of said sampling period to thereby start to perform
said operation processes.'and

(b) control means (18) for terminating said operation
processes when saild specific step number is completed.

2. A digital filter which performs a predetermined arithmetic
operation on input digital data inputted thereto in time-series
manner by a predetermined first sampling period to thereby
generate output digital data corresponding to a second sampling
frequency which is N (where N denotes an integral number) times
larger than a predetermined first sampling frequency
characterized by comprising:
(a) a synchronizing signal generating circuit (20) for
'generating a synchronizing signal having said secondfsampling
frequency responsive to said predetermined first sampling
period of said input digital data inputted thereto; and
(b) an operation control circuit (12, 18) activated by its
internal clock which is asynchronous with said input digital
data, said operation control circuit starting to perform
operation processes responsive to said synchronizing signal
_ supplied thereto, thereafter said operation control circuit
terminating said operation processes upon a completion of a
predetermined step number.

3. A digital filter which performs an arithmetic operation on
input digital data inputted thereto in time-series manner by a
predetermined first sampling period to thereby generate output
digital data correspondihg to a second sampling frequency which
is N (where N denotes an integral number) times larger than a
predetermined first sampling frequency characterized by
comprising: |
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seri al, data S/P converter 11. At the change-over timng
of the mord Hﬂﬂ "! erial data is converted gy 1A EN
dat a. L e, nt synchr oni=2%g si gnal gener at 'EE'%S?EEF OBfl J
detects the Ieadlng edge of the word cock SDSY. In add]tion, 8& porti

20 al so detects the bit nunber of the bit clock BC be inputte thereto
duri ng one sanfPIng Fiming BRPQ§§¥%¥QM?¥ﬁﬁﬁiﬁkﬁ¥§n'%ﬁ) é@ﬂ eteqEin

a}égcg;\gpln §hﬂ.ﬁ ifﬂ.ﬂ-&%' saamaa{gl mfd i s%&agenqm efigieabudpta 1aord cl ock
sanpl i ng ggx&g uenc r;[aof |t}r%]es%r%%$t h?%%'t@arr%lﬁgy%%?d
si gnal SHEreguEnaogri;ch |s synchronous wth this WCO is generated. Wen the
| eading edge ofphNigS getecting circuit (20) for detecting a bit input
speed of each bit within said input digital data; and
(c) an output circuit (17) activated by said start signal
for outputting said output digital data and a synchronizing
signal, wherein output timings of said output digital data and
said synchronizing signal are cpntrolled based on said bit
input speed.

4. A digital filter characterized by comprising:

(a) serial-to-parallel converting means (11) for
conﬁerting first serial data inputted thereto into first
parallel data, said first serial data having a predetermined
sampling frequency: .

(b)'synchronizing signal generating means (20) for
generating a synchronizing signal having N times (where N
denotes an integral number) larger frequency than said sampling
frequency based on said first serial data; -

(c) operation means (12) activated based on a clock which
is asynchronous with said first serial data fof calculating
said parallel data by corresponding coefficient to thereby
generate second parallel data indicative of its operation
result in response to said synchronizing signal; and
| (d) parallel-to-serial converting means (17) for
converting said second parallel data into second serial data
corresponding to said frequency which is N times larger thaﬁ
said sampling frequency.

5. A digital filter according to claim 4 further providing
bit clock generating means (19) for generating and supplying
bit clocks to said parallel-to-serial converting means so that
bits of said second serial data are outputted from said
paraliel-to-serial means based on said bit clocks, wherein a
number of said bit clocks is controlled in response to a
change-over signal supplied thereto such that a bit number of
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out put, word cl ock.WCO i s detected by.the operation contr 18. _the
- opexation control 18 sends the mcro ogram address so {t THi§ SHeEET

programis executed in the operati mﬁ‘gnit 12. After the predet,;{eﬁ,[r;?mES CBSEFQF
nunber of mcro prograns are conpleted, the operation urt

standby state until fhe ope i on control 18 detects g f
t heout put St W\Hﬁf%eé %\@W|%§Wﬁéo§§s§é@83§é§§t g Bﬁ h8%
- oper ati on guid réirstS sorliabadata dyy Laddidg ene excsomedektensionr bmtsm Wwith

cdge of { APYRIIE tom Vit d Rty Bk RERR £ SAFA bECoM RUERKILAT, 119

di gital dalatar e obtained for L channel and R channel respectively. These-
data are sent to the P/S converter 17 via the overflow limter 15 and
out put tenporary

* c L M s *
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buffer_ 16. Then, the total sixteen data are sent with the word cl ock WCO
I n synchronlsnlmﬁth the output bit clock BCOin the BCO g4 prs ]
19 each bit of such digital data is3butputted so that th:n§g$|: E. 3
DRO are out putted In Fig. 2A, the DA converters 3R, {3L_pe ,B#‘wnthe
D/ A conver.gj the input digital data at the trailing edge of the wor
cl ock WCO le/hold circuit 4R 4L is in the sanpling state when the
sanpl e/ hold signal SHR SHL is at "1", while 4R, 4L is in the hold state
when SHR, SHL is at "0". In the dlﬁ&é iéiﬁ% t he sanpl e/ hol d signal SHR,
SHL is at "0" at the trailing edge—tiigémrvmwggclock WCO as shown in Fig.
3. Then, after the predetermned tine 2T is passed, the sanple/hold signal

SHR, SHL rises w%iﬁit'%i' :EPEef hheriShAreNa pHEASEEPMIAEACRRH ¢hindtilS

carried out 2¥the sanpl e
ation on input digital data inputted thereto in time-series

manner by the predetermined first sampling period to thereby
generate output digital data corresponding to a second sampling
frequency which is N (where N denotes an integral number) times
larger than the predetermined first sampling frequency. This

digital filter provides a synchronizing signal generating
circuit (20) and an operatioh control circuit (18). The
synchronizing signal generating circuit detects the
‘predetermined first sampling period of the input digital data
to thereby generate a synchronizing signal having the second
sampling frequency. The operation control circuit is activated
by its internal clock which is asynchronous with the input
digital data. This operation control circuit starts to perform
its operation processes when the synchronizing signal is
supplied thereto, thereafter it terminates the operation
processes when a predetermined step number is completed.
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CIrCUIt 4R, 4L after the D/ A conversion is conpleted and the analog si gna
Aﬁ AL becones sufficiently stable. Fig. 4is ati

rel ati on between the internal clock Cmand output signal 4 To#S SHEETiHAS: BEEN
filter. Wien the trailing edge of the output word clock |smauyﬁﬁued

D

t he BCO generation portion 19 generates the bit clock BCO Symchrontzimg
wrth the Internal clock Cn This digital filter 2a outputs the 18-bit
digital data as its operation result, which
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-4- " is outputted as the serial data DLO, DRO. Herein, all bits of the
serial data are sequentially outputted fromits nost
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significant bit (MSB: see "M in Fig. 4) to its leastsignificant bit (LSB;
see "L" in Fig. 4). Thereafter, the digital filter outpu ﬁ”@ §Igﬂ;
bits (e.g., "-1", "-2" shown in Fig. 4) which are obtaing @ ggg %@ N)
result. On the other hand, in the case where the digital |syste

coupled to the digital filter 2a is the 16-bit system such two ‘extension
bits are not required. Therefore, the present digital filter 2a can be
applied to both of the 18-bit and 16-bit systenms by changing the nunber of
bit clocks BCO Mre specifically, the nunber of bit clocks BCOis
designated by the | evel of the foregoing change-over signal (16/18). so
that the BCO generating portion 19 will output the designated nunber of bit

cl ocks. Next, descri i ve t sp¢ct to the timng
control of the digital fil S Ci et @i agram -
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showi ng the partial configuration of the operation control 18, BCO
generating portion 19 and synchroni zing signal gen- eratjing portion 20

This circuit showmn in Fig. 5 includes the circuit portl PRISVBHERT 6ABrBEEYS! i n

synchronismwi th the internal clock Cmgenerated fromthe crystaten
oscillator 21 and another circuit portion which operat Hr—syehronisnT
with the input bit clock BCl. I'n addition, the ciggcuit shown inEg. 5
is to be configured as the I1C, so that ibfg Hdci fi cghi
design by which the stable operation oft

suppl ementary description will be gi ver
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to thi's circuit design for IC. As the flip-flops used in the circuit shown

intFig. 5 the master-slave flip-flop is enployed This nmaste}
flip-flop is driven by the 2-phase cl ock which is generated
foregoing internal clock Cmor bit clock BCl. In Fig. 5 SRF

designate circuits which respectively generate 2-phase clock C15, C16 and”*
anot her 2-phase cl ock Cx, Cy. Fig. 6 is a timechart showi ng the
operation of the circuit SAF1. As shown in Fig. 6, the clocks Cl15,. Cl6
imredi ately falls down when the clock Cmis changed. Herein, the cock C15
rises-up when C16 falls down, while the clock Cl6 rises up when C15 falls
down. Therefore, the phase relatlon bet ween t-he cl ocks Cl15, Cl6 are set
such that "1" |eve

s - /
B
Cie . | / | \}

FIG.6

,./g
N

D I D 1 - DF————qQ
’—-\>L >
Cis Cie
FI1G.7
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period of C15 does not overlap with that of Cl6. For thls reason, these
cl ocks C15, Cl16 work as the 2-phase clock having good qug
the above-nentioned circuit SFRL, the circuit SFR2 al so Tl
2-phase clock Cx, Oy. As shown in Fig. 7, such clocks ClSREP&%

2- phase clock are respectively suppljed to a npster-side M and a
sl ave-side latch S which fligdreg_the flip-flop used in the circuit shown
in Fig. 5. Since the cllocksl gre fled fto the flip-flop escri bed above,
the slave-side latch S j ntainly lset in the breaki tate when the
master-side latch Mrea tla theref n. On the qther a when t he
sl ave-side latch S rea ajg thefein, the mastqgr-sips q,atch Mis certainly
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set in the breaking state.

flip-flop operation.

Accordi ngly,
In addition,

IS possible to obtain the stable
the circuit shown in Fig. 5 al so

uses a delay circuit configured by the master-slave flip-flop in order to
i s indicated by "D', "nD'

adjust the timng. Actually,

(where n denotes an i
delay circuit "D' or

addi ti on, anot her del a
clock Cx, Cy. Further,
of the flip-flop. This
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Fig. '8 is the time chart for explaining the operation of thg nchroni zi ng
sisgnal generating portion 20. In this portion 20, the input msdsngﬁqc uh\.'
is delayed and its level is raised by a delay circuit 101, jand

SDSY is suppled to a detection circuit 102. \Wen the word SEs
up at tinme tO the detection circuit 102 outputs a |eading detect i on pul se
RES1 having the pulse width FB (where FB indicates the period of the clocks
Cx, Cy) at the leading edge timng t1 of the third clock of Cy. This
Ieadlng detection pul se REsq-+EapuppI|ed to a counter 103 as the reset

pul se. The counter %?g ds g sY g8\t hEl8-Mit fUp- Jountfex ifavi o\t He
synchroni zing reset func - i outt'e 03 perTor s t A count
operation by the 2-phas?:cloc , .‘ n agdi4 ory a fpggre- igphi b i pApu
Tl of .this counter 103 I
Paa . I L
Pas 11
Pas 1 Bl
Pa7 ' J——.’—I
Pas ' 1
Pas : | L
ta
(RPA
(a) {rRPB [ :
22
{RP ' |
23
(RPA //
d
(b) {RrPB me
22
( RP L
(RPA
(¢) {RPB ;
22
| RP . I
_ 1124
(RPA
(d) {RPB | L
(RP I L1
FIG.12
N




is firxed at voltage VOD. Therefore, this counter 103 continues to perform

t Be up-count operation as long as the bit clock BCl is inpufﬁﬁg’ B@EN
time t1 when the pulse RES1 is fed to the counter 103 as th %Féﬂgfﬁ
1ng o hen

this pulse is read by the counter 103 at the next clock ti
the counter 103 is reset by the clock Cy, so that its count value is at "O'
“at tinme t2. Thereafter, the counter 103 starts to up-count its val ue fron1.
"0" in accordance with the bit clock BC. Meanwhi | e, the pulse RESl
outputted at tinme tl1 is supplied to a latch circuit 105 via a
differentiation circuit 104. As a result, the differentiation circuit 104
outputs a pulse La during the period FB/2 fromthe |l eading edge timng t1l
of the pulse RES1. Such pulse La is supplied to the latch circuit 105 as a

| atch signal. Then, upper (i.e., leftnost) four_bits &4
- 2 3R 4R 5R
2x | - - ;
i 1 RA
| | = : DAC||]SAMPLE | | ANALOG |
Lt——a1 . |sHL /HOLD FILTER
\ DIGITAL |BCO J
SIGNAL BCl ) FILTER |WCD AR
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to Q7 in- ‘the output data of the counter 103 are inputted into the latch

CIrCUIt 105
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DIGITAL FILTER

The present invention relates to a digital filter, more
particularly to an oversampling digital filter which is used
for a digital audio system. '

The conventional digital signal processing circuit uses

"the system clock to thereby carry out the digital signal

processing, wherein the system clock has the périod which is
obtained by dividing the input sampling period by the specific
step number. Hereinafter, description will be given with
respect to the digital filter (i.e., oversampling filter) as an
example of the conventional digital signal processing circuit,
wherein such digital filter is used in the digital audio device
such as the compact disk (CD) player, broadcasting satellite
(BS) receiver, digital audio tape recorder (DAT) etc.

In the digital filter, the input.digital signal is re- '’
sampled by the frequency which is N times (where N denotes the
integral number) larger than the sampling frequency thereof,
and then it is outputted. Thereafter, the digital signal
having high sampling frequency which is outputted from the
digital filter is subject to the digital-to-analog (D/A) '
conversion, by which it is possible to obtain the analog signal
in which the audio signal band is sufficiently apart from the
unnecessary higher harmonic band. Therefore, such unnecessary

. higher harmonics of the analog signal outputted from the D/A

converter can be easily removed by the low-pass filter. Thus,
it is possible to reproduce the audio signal having good
quality.

Figs. 13A, 13B are block diagrams showing the
configuration of the audio signal reproducing circuit for the
CD pléyer which uses the conventional digital filter.

Ih;Fig; 13A, 1 designates a signal procéssing circuit. As
the ‘integrated circuit (IC) of this circuit, "¥YM3623B" produced
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by YAMAHA Corporation is known, for example. The-pit
information read from the CD is digitized in the signal
processing circuit 1. This signal processing circuit 1 outputs
digital data SDI corresponding to the pit information by every
predetermined sampling period FW = 1/fs in serial manner. 1In
addition, this circuit 1 also outputs bit clock BCI
synchronizing with each bit data of SDI, and it further outputs
word clock SDSY bf every sampling period FW.

In additioh, 2 designates a digital filter, whose IC is
known as "YM3414" produced by YAMAHA Corporation, for example.
This digital filter 2 inputs the digital data SDI from the
signal processing circuit 1 by the timing corresponding to the
bit clock BCI. Herein, the digital data SDI is configured by
16 bits as one word. Then, one word data for left (L) channel
is fed to the digital filter 2 while the word clock SDSY is at
*1". On the other hand, another word data for right (R)
channel is fed to the digital filter 2 while SDSY is at "O".
By detecting the change in the level of the word clock SDSY,
the digital filter 2 detects the change-over point of the word
length of SDSY. Thus, the digital filter 2 inputs the digital
data SDI of one word for R channel and another SDI of one word
for L channel,

As described above, the digital filter 2 inputs the
digital data SDI by every sampling period FW. Thereafter, the
digital filter 2 performs the arithmetic operation to thereby

. obtain the digital data corresponding to the sampling frequency .

8fs which is eight times larger than the input sampling
frequency fs. Such digital data is sequentially and serially
outputted as digital data DRO (for right channel), DLO (for
left channel) by every frequency which is one-eight longer than
the input sampling frequency FW. Then, the digital filter 2
outputs an output bit clock.BCO synchronizing with each bit
data of the digital data DRO, DLO, and it also outputs an.
output word clock WCO and a sample/hold signal SHL
synchronizing with the timing when the digital data DRO, DLO
are sent. This digital filter 2 provides an oscillator circuit
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2X having an oscillation frequency which is around 400Is. The—

output of this oscillator circuit 2X is subject to the phase
synchronization so that the internal clock is generated. Based
on this internal clock, several parts of the digital filter 2
operate. In other words, the processing of the digital filter
2 is performed with the signal processing circuit 1 in phase-~
synchronized manner.' '

In Fig. 13A, 3R, 3L designate digital-to-analog (D/A)
converters each of which converts the digital data DRO, DLO
from the digital filter 2 into analog signals. The digital
data DRO, DLO are serially inputted into the D/A converters 3R,
3L by the bit clock BCO. At the changing point of the word
clock WCO, the digital data is latched by an internal latch
circuit (not shown) built in'the D/A converter so that it is
subject to the D/A conversion. Thus, the digital data DRO, DLO
are converted into analog signals AR, AL, which are
respectively fed to sample/hold circuits 4R, 4L. Therefore,
these analog signals AR, AL are subject to the sample/hold
operation, and then the unnecessary higher harmonics are
removed from them by analog filters 5R, 5L. Finally, the
analog filters 5R, 5L respectively output an audio signal RA
for R channel and another audio signal LA for L channel.

Incidentally, the circuit shown in Fig. 13A can be
partially modified as shown in Fig. 13B. More specifically, in
Fig. 13B, a high speed clock Ca generated from the signal

. processing circuit 1 is supplied to an input terminal XI for
oscillator circuit of the digital filter 2. By use of the
configuration of Fig. 13B, it is also possible to configure the
audio signal reproducing circuit having the same function of
Fig. 13A.

In the above-mentioned conventional digital filter 2, its
circuit design is made based on the input timing specifications
such as the bit clock number (which is called as "bit clock
rate") which is inputted by every input sampling frequency fs
and by every sampling period FW. The sampling frequency fs of
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clock 'rates are used, wherein the bit clock rate ranges
from 32fs to 192fs, for example. Therefore, in order to design
the digital audio system, it is necessary to prepare the
specific digital filter corresponding to the input timing
specifications. For this reason, there is a disadvantage in
that the circuit design must be difficult. In the case where
the desirable digital filter is not available, it is necessary
to newly purchase or newly develop the desirable digital
- filter, which makes the cost for the system higher. Further,
the conventional digital filter requires the high speed clock
which corresponds to the signal processing circuit 1 in phase-
synchronized manner. Accordingly, there is a problem in thet
the conventional digital filter requires the high interface
technology.

Accordingly, it is a primary object of the present
invention to provide a digital filter whose system clock is
fixed but which can be applied to several kinds of the input
timing specifications.

In a first aspect of the present invention, there is
provided a digital signal processing circuit which performs a
specific step number of operation processes by a predetermined
sampling period comprising:

(a) detecting means for detecting an input signal
indicative of the sampling period to thereby start to perform
the operation processes; and

(b) control means for terminating the operation processes
when the specific step number is completed.

In a second aspect of the present invention, there is
provided a digital filter which performs a predetermined
arithmetic operation on input digital data inputted thereto in
time-series manner by a predetermined first sampling period to
thereby generate output digital data correspohding to a second



SB, SC. Int si gnal A | REPLACEDwhen thhe b t] cipsispratgmsi s
eqlial to or e si gnal SBTS at~™ 1™ when the|l bjt clock rate
bet ween 48fs and 112fs and the signal SCis at "1" when '

performt L mng control suitabl e—fert t c @LAWI‘SEEET
tim ng COEF' mlﬁ ﬂ Beplavger by SbW@rE& B\rIE‘gNeI detpcfion signals A
S

Is equal to 32fs. N@anmhlle the conparator circuit {07, a counter 10
and an ORakH :g.Qf LR 4 80k & &ﬁéﬂéeﬁcaeﬂ&éﬂehnwﬂh%ﬁg‘ib\i' des
0 he ock BCI 1n accordance wiith the latc ata ML of

t he frequenc
t he Iatchﬂﬂﬁsﬁﬁ ?REPS}¥9¥S?EN¥Qﬁn YycREeedoternined £ EES§|§§W9&FPH respect
to the operdiquihdy ddifproéimdt e frequency divider by using the time chart

shown i n (a) a synchronizing signal generating circuit for

generating a synchronizing signal having the second sampling
frequency responsive to the predetermined first sampling period
of the input digital data inputted thereto; and

(b) an operation control circuit activated by'its internal
clock which is asynchronous with the input digital data, the
operation control circuit starting to perform operation
processes responsive to the synchronizing signal supplied
thereto, thereafter the operation control circuit terminating
the operation processes upon a completion of a predetermined
step number. '

In a third aspect of the present invention, there is
provided a digital filter which performs an arithmetic
operation on input digital data inputted thereto in time-series
manner by a predetermined first sampling period to thereby
generate output- digital data corresponding to a second sampling
frequency which is N (where N denotes an integral number) times
larger than a predetermined first sampling frequency
comprising: "

(a) a timing generating circuit for detecting the first
sampling period of the input digital data to thereby generate a
start signal having the second sampling frequency:

(b) a detecting circuit for detecting a bit input speed of

. each bit within the input digital data; and

(c) an output circuit activated by the start signal for
outputting the output digital data and a synchronizing signal,
wherein output timings of the output digital data and the
synchronizing signal are controlled based on the bit input
speed.

In a fourth aspect of the present invention, there is
provided a digital filter comprising: '

(a) serial-to-parallel converting means for converting
first serial data inputted thereto into first parallel data,



Iy

REPM@MENFi"eSHEET

detectlon puH§BSRES£HasB let e¢t (O PUTSE RESL
supplied to the éeﬁéle AﬁE@fiW a the Oﬁgﬁ%ﬁ%
Thén, the count hIS QJRESZ by thejc

generated just after RESZ |s generated ThIS counter 10

Fig. 8 After the |eading edge t|n1ng t3 of the word cl

v)

ch
B
t he

next clock Cy so that its count value is at 0 at tine t Thereafter,

Up-COUNt GRES 8l Wedd1E1 CANES Raviliy | & PREACEEBA1LABAEL

in accordance wth the bit clock BCl. The counter 108 proceeds its
up- count FFAMENI¥every tine the bit clock BA is inputted thereto. Then,
the count val ugwy é}h&;lmmﬁﬁné(k?d.g'ﬁarcngdtiﬁgtheahst tordgeaekiatdhgt be

hateh ol r el o on 1 dd e LR BRI ng ' 1t Ctidhed O(wund S’ R2ELAbtes an
integral number) larger frequency than the sampling frequency
based on the first serial data;

(c) operation means activated based on a clock which is
asynchronous with the first serial data for calculating the
parallel data by corresponding coefficient to thereby generate
‘second parallel data indicative of its operation result in
response to the synchronizing signal; and

(d) parallel-to-serial converting means for converting the
second parallel data into second serial data corresponding to
the frequency which is N times larger than the sampling
frequency.

Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein a preferred
embodiment of the present invention is clearly shown.

In the drawings:

Fig. 1 is a block diagram showing the configuration of the
digital filter according to an embodiment of the present
invention:;

Figs. 2A, 2B are block diagrams each showing the audio
signal reproducing circuit which employs the digital filter
shown in Fig. 1;

Figs. 3, 4 are time charts for explaining the operation of-
the digital filter:;

Fig. 5 is a circuit diagram showing the detailed
configurations of several parts in the digital filter shown in
Fig. 1; |

Fig. 6 is a time chart for explaining the operation of the
clock generating circuit shown in Fig. 5:

Fig. 7 is a view for explaining the method of supplying 2-
phase clocks to the flip-flop used in the circuit shown in Fig.
5; ' ’

Figs. 8 to 12 are time charts for explaining the
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Next, description will be given with respect to a
preferred embodiment of the present invention. '

[A] CONFIGURATION OF DIGITAL FILTER .

Fig. 1 is a block diagram éhowing a digital filter 2a
according to an embodiment of the present invention. Fig. 2A
is a block diagram showing the configuration of the audio
signal reproducing circuit according to 2DAC-system which
employs the digital filter 2a, while Fig. 2B is a block diagram
showing the configuration of another audio signal reproducing

" circuit according to the  1DAC-system which also employs the
digital filter 2a. 1In Figs. 2A, 2B, the parts similar to those
of Figs. 13A, 13B are labeled with the same legends.

In Fig. 1, 11 designates a serial/parallel (S/P)
converter. Each bit of the serial data SDI supplied from the
signal processing circuit 1 (see Figs. 2A, 2B) by every
sampling period FW is read by the S/P converter 11 by the
timing of bit clock BCI. Every time the word clock SDSY is
changed over, the serial data SDI of sixteen bits is outputted
as one word parallel data. In addition, 12 designates an
operation unit which is configured by a shift register, a

. multiplier and an adder (not shown). The parallel data
outputted from the S/P converter 11 is supplied to the shift
register wherein bits thereof are sequentially shifted. Then,
the digital data stored in each stage of the shift register is
multiplied by a coefficient read from a coefficient read-only
membry (ROM) 13. Thereafter, the multiplication results are
‘added together, resulting that the digital data corresponding
to the frequency which is N times larger than the sampling
frequency is generated. Further, 14 designates a temporary
random-access memory (RAM) which stores halfway result of the
operation executed in the operation unit 12.
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FW | n ot hémivworthe operstionassult dbitdined|ubh the operation unit 12
into the predetermined value range when the operation result is
extremely larger than the realistic value. 16 designates an
output temporary buffer. Therefore, the digital data obtained .
through the operation process of the operation unit 12 is fed
and then temporarily stored in this output temporary buffer 16
via the overfléw limiter 15. 17 designates a parallel/serial
(P/S) converter which converts the parallel data outputted from
the output temporary buffer 16 into the serial data DRO, DLO.

Next, 18 designates an operation control which controls
the operafion process in the operation unit 12 and the data
transmission among several parts in the circuit shown in Fig.
1. 19 designates a BCO generating portion which generates the
output bit clock BCO. This BCO is outputted in synchronism
with the sending timing of each of the bits of the serial data
DRO, DLO outputted from the P/S converter 17. Thérefore, the
D/A converters 3, 3R, 3L (see Figs. 2A, 2B) to be coupled to
this digital filter 2a can input the serial data DRO, DLO by
this output bit clock BCO. Incidentally, this digital filter
is designed such that its operation result can be outputted as
16-bit digital data or 18-bit digital data. In this case, 16-
bit digital data is designated when the change-over signal
(16/18) (which selects one of 16-bit and 18-bit digital data)
is at "0", while 18-bit digital data is des;gnated when the

. change~over signal is at "1". The number of output bit clocks
BCO depends on the above-mentioned designation made by the
change-over signal.

Next, 20 designates a synchrqniiing signai generating
portion which detects the sampling frequency fs based on the
input word clock SDSY and input bit clock- BCI. Based on such
detection result, this portion 20 generates the synchronizing
signal having the frequency which is eight times larger than
the sampling frequency fs. Then, the operation control 18 is
activated by this synchronizing signal. In addition, the
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2A, the D/A converters 3R, 3L detect the leading edge of the
output word clock WCO to thereby latch the inputted serial data
DRO, DLO. Same thing can be said for the D/A converter 3 shown
in Fig. 2B. The sample/hold circuits 4R, 4L carry out the
sample/hold operations on the analog outputs of the D/A
converters 3R, 3L in accordance with the sample/hold signals
SHR, SHL respectively. Herein, the digital filter 2a fixes the
change-over signal ST at "1" in the 2DAC-system shown in Fig.
2A, while it fixes ST at “"O" in the 1DAC-system shown in Fig.
2B. Thus, it is possible to obtain the sample/hold signal
which is suitable for the operation of each system.

In Fig. 1, 21 designates a crystal oscillator wherein a
crystal vibrator is externally connected between terminals XI,
X0. The present embodiment selects the frequency (larger than
384fs, for example) which is sufficiently larger than the
sampling frequency fs of the input digital data as the
oscillation frequency of the crystal oscillator 21. 1In Fig. 1,
the operation unit 12, coefficient ROM 13, . temporary RAM 14,
overflow limiter 15, output temporary buffer 16, P/S converter
17, operation control 18 and BCO generating portion 19
surrounded by the dotted line operate in accordance with an
oscillation output Cm of the crystal oscillator 21.

. [B] OPERATION OF DIGITAL FILTER
Next, diagrammatical description will be given with

respect to the operation of the digital filter by use of a time
chart shown in Fig.'3. The signal processing circuit 1 as
shown in Figs. 2A, 2B outputs the bit clock BCI having the
period FB and also outputs the word clock SDSY, 16-bit serial
data SDI for L channel, R channel by every sampling period FW
(=1/£fs), which are supplied to the digital filter 2a. Herein,
the data SDI for L channel is fed to the digital filter when
the word clock SDSY is at "1", while another data SDI for R
channel is fed to the digital filter when SDSY is at "Q0". Such
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Meanwhile, the synchronizing signal generating portion 20
detects the leading edge of the word clock SDSY. In addition,
this portion 20 also detects the bit number of the bit clock .
BCI to be inputted thereto during one sampling period FW.

Based on such detection result, the synchronizing signal
generating portion 20 generates the output word clock WCO
having the frequency which is eight times larger than the input

‘'sampling frequency fs as shown in Fig. 3. In addition, the
sample/hold signal SHL, SHR which is synchronous with this WCO
is generated. When the leading edge of this output word clock
WCO is detected by the operation control 18, the operation

control 18 sends the micro program address so that the micro

program is executed in the operation unit 12. After the

predetermined step number of micro programé are
operation unit 12 is in the standby state~until

completed, the
the operation

control 18 detects the trailing edge of the output word clock

WCO. The above-mentioned processes executed by

the operation

control 18 and operation unit 12 are executed in synchronism

with the internal clock Cm. The operation process is executed

by every trailing edge of the word clock WCO. Therefore, in
one sampling period FW, eight digital data are obtained for L

channel and R channel respectively. These data

are sent to the

P/S converter 17 via the overflow limitef 15 and output

. temporary buffer 16. Then, the total sixteen data are sent
with the word clock WCO. In synchronism with the output bit
clock BCO in the BCO generating portion 19, each bit of such
digital data is outputted so that the serial data DLO, DRO are

outputted.

In Fig. 2A, the D/A converters 3R, 3L performs the D/A
conversion on the input digitalidata at the trailing edge of

the word clock WCO. The sample/hold circuit 4R,

sampling state when the sample/hold signal SHR,
while 4R, 4L is in the hold state when SHR, SHL

4L is in the
SHL is at "1",
is at "0". 1In
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the digital filter, the sample/hold signal SHR, SHL is at “Q"
at the trailing edge of the word clock WCO as shown in Fig. 3.
Then, after the predetermined time 2T is passed, the
sample/hold signal SHR, SHL rises up at "1". For this reason,
the sampling operation is carried out by the sample/hold
circuit 4R, 4L after the D/A conversion is icompleted and the
analog signal AR, AL becomes sufficiently stable.

Fig. 4 is a time chart showing the relation between the
internal clock Cm and output signals of the digital filter.
When the trailing edge of the output word clock WCO is
detected, the BCO generating portion 19 generates the bit clock
BCO synchronizing with the internal clock Cm. This digital
filter 2a outputs the 18-bit digital data as its operation
result, which is outputted as the serial data DLO, DRO.

Herein, all bits of the serial data are sequentially outputted
from its most significant bit (MSB; see "M" in Fig. 4) to its
least significant bit (LSB; see "L" in Fig. 4). Thereafter,
the digital filter outputs the extension bits (e.g., "-1", "-2"
shown in Fig. 4) which are obtained by its operation result.
On. the other hand, in the case where the digital system to be
coupled to the digital filter 2a is the 16-bit system, such two
extension bits are not required. Therefore, the present
digital filter 2a can be applied to both of the 18-bit and 16-
bit systems by changing the number of bit clocks BCO. More
specifically, the number of bit clocks BCO is designated by the
level of the foregoing change-over signal (16/18), so that the
BCO generating portion 19 will output the designated number of
bit clocks.

Next, description will be given with respect to the timing
control of the digital filter 2a. Fig. 5 is a circuit diagram
showing the partial configuration of the operation control 18,
BCO generating portion 19 and synchronizing signal generatihg
portion 20. |

This circuit shown in Fig. 5 includes the circuit portion
which operates in synchronism with the internal clock Cm
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generated from the crystal oscillator 21 and another circuit
portion which operates in synchronism with the input bit clock
BCI.

In addition, the circuit shown in Figﬁ 5 is to be
configured as the IC, so that it adopts the specific circuit
design by which the stable operation of the IC can be obtained.
Therefore, supplementary description will be given with respect
to this circuit design for IC. As the flip-flops used in the
circuit shown in Fig. 5, the master-slave flip-flop is
employed. This master-slave flip-flop is driven by the 2-phase
clock which is generated from the foregoing internal clock Cm
or bit clock BCI. 1In Fig. 5, SRF1l, SRF2 designate circuits
which respectively generate 2-phase clock Cl15, C16 and another
2-phase clock Cx, Cy. '

.Fig. 6 is a time charf showing the operation of the
circuit SRF1l. As shown in Fig. 6, the clocks Cl15, C16
immediately falls down when the clock Cm is changed. Herein,
the clock Cl15 rises up when Cl16 falls down, while the clock C16
rises up when C15 falls down. Therefore, the phase relation
between the clocks C15, Cl6 are set such that "1" level period
of C15 does not overlap with that of Cl16. For this reason,-
these clocks C15, C16 work as the 2-phase clock having good
quality. Similar to the above-mentioned circuit SFR1, the
circuit SFR2 also generates the 2-phase clock Cx, Cy.

As shown in Fig. 7, such clocks C15, C16 in the 2-phase
clock are respectively supplied to a master-side latch M and a
slave-side latch S which configures the flip-flop used in the
circuit shown in Fig. 5. Since the clocks are fed to the flip-
flop as described above, the slave-side latch S is certainly
set in the breaking state when the master-side latch M reads
data therein. On the other hand, when the slave-side latch S
reads data therein, the master-side latch M is certainly set in
the breaking state. Accordingly, it is possible to obtain the
stable flip-flop operation;

dThis Sheet Has Been Replacet
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In addition, the circuit shown in Fig. 5 alsouses—aaelay—
circuit configured by the master-slave flip-flop in order to
adjust the timing. Actually, this delay circuit is indicated
by "D", "nD" (where n denotes an integral number), "Dx" or
"nDx" in Fig. 5. Herein, the delay circuit "D" or "ndD" is
activated by the 2-phase clock C15, Cl6. Ip addition, another

_delay circuit "Dx" or "nDx" is activated by the 2-phase clock
Cx, Cy. Further, the integral number "n" indicates the stage
number of the flip-flop. This concludes the supplementary
description with respect to the circuit shown in Fig. 5.
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[C] DETAILED DESCRIPTION OF EACH PART SHOWN IN FIG. 5

Next, detailed description will be given with respect to
the configurations and operations of the synchronizing signal
generating portion 20, BCO generating portion 19 and operation
control '18 respectively.

(1) Synchronizing Signal Generating Portion 20
Fig. 8 is the time chart for explaining the operation of

the synchronizing signal generating portion 20. In this
portion 20, the input word clock SDSY is delayed and its level
is raised by a delay circuitnlol, and then the SDSY is supplied
to a detection circuit 102. When the word clock SDSY rises up
at time t0, the detection circuit 102 outputs a leading
detection pulse RES1 having the pulse width FB (where FB
indicates the period of the clocks Cx, Cy) at the leading edge
timing t1 of the third clock of Cy. This leading detection
pulse RES1 is supplied to a counter 103 as the reset pulse.

The counter 103 is designed as the 8-bit up-counter having
the synchronizing reset function, so that this counter 103
performs the count operation by the 2-phase clock Cx, Cy. In
addition, a toggle-inhibit input TI of this counter 103 is
fixed at wvoltage VDD. Therefore, this counter 103 continues to
perform the up-count operation as long as the bit clock BCI is
inputted thereto. At time tl1 when the pulse RES1 is fed to the
counter 103 as the reset pulse, this pulse is read by the
counter 103 at the next clock timing of Cx. Then, the counter
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103 is reset by the clock Cy, so that its count value is at "O"
at time t2. Thereafter, the counter 103 starts to'up-count its
value from "0" in accordance with the bit clock BCI.

Meanwhile, the pulse RES1l outputted at time tl is supplied
to a latch circuit 105 via a differentiation circuit 104. As a
result, the differentiation circuit 104 outputs a pulse La
during the period FB/2 from the leading edge timing tl1l of the
pulse RES1. Such pulse La is supplied to the latch circuit 105
as a latch signal. Then, upper (i.e., ;eftmost) four bits Q4
to Q7 in the output data of the counter 103 are inputted into
the latch circuit 105. '

As described above, every time the leading edge of the
word clock SDSY is detected, the counter 103 is reset and its
last count value is inputted into the latch circuit 10S5.
Herein, the bit clock rate is set at Nfs. In other words, the
number of the bit clocks BCI to be inputted in one period FW of
the word clock SDSY is set at N. In this case, the last count
value just before the counter 103 is reset is at "N-1".
Therefore, the value M1 indicative of the latch data of the
latch circuit 105 can be obtained from the following formula
(1).

Ml = (N/16) - 1 ees (1)

Such latch data Ml of the latch circuit 105 is supplied to
a decoder 106 and a comparator circuit 107. The decoder 106
decodes the latch data M1 to thereby output bit clock rate
. detection signal'SA, SB, SC. The present digital filter 2a can
respond to certain bit clock rate which is 16-multiple of the
frequency fs ranging from 32fs to 192fs, so that it can perform
the t;ming control suitable for respective bit clock rate.

This timing control is changed over by the bit clock rate
detection signals SA, SB, SC. In this case, the signal SA is
at "1" when the bit clock rate is equal to or over 128fs, the
signal SB is at "1" when the bit clock rate is between 48fs and
112fs, and the signal SC is at "1" when the bit clock rate is
equal to 32fs. . ’ '
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Meanwhile, the comparator circuit 107, a counter 108 and
an OR gate 109 configures a variable frequency divider which
divides the frequency of the bit clock BCI in accordance with
the latch data M1l of the latch circuit 105. Hereinafter,
description will be given with respect to the operation of the
variable frequency divider by using the timg chart shown in
Fig. 8. After the leading edge timing t3 of the word clock
SDSY, the detection pulse RES1 is generated at time t4. This
detection pulse RES1 is supplied to the counter 108 as a reset
pulse RES2 via the OR gate 109. Then, the counter 108 inputs
this reset pulse RES2 by the clock Cx which is generated just
after RES2 is generated. This counter 108 is reset at the next
clock Cy so that its count value is at "0" at time t5. '
Thereafter, the up-count operation of the counter 108 is
performed from the count value "O" 'in accordance with the bit
clock BCI.

The counter 108 proceeds its up-count operation every time
the bit clock BCI is inputted thereto. Then, the count value
of the counter 108 is compared to the latch data M1l of the
latch circuit 105 by the comparator circuit 107. Thereafter,
when the count value coincides with the latch data M1, the
comparator circuit 107 outputs a detection pulse EQ, which is
supplied to the counter 108 as the reset pulse RES2 at time t6.
When the next clock Cy is inputted into the counter 108, the
counter 108 is resef so that the up-count operation is repeated
from the count value "0O". As described above, the counter 108

. performs the up-count operation in accordance with the latch
data M1, so that the count value is repeated from "0" to "M1".
Every time the count value coincides with "M1", the comparator
circuit 107 outputs the detection signal EQ.

Therefore, the period FWEQ of the detection pulse EQ
corresponds to "Ml+1l" clocks of BCI. In the case where the
number of bit clocks to be inputted in one sampling period FW

- 1s at "N", the period FWEQ of the detection pulse EQ can be
obtained from the following formula (2).

FWEQ = [(M1+1)/N]*FW eee (2)
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. 1s one-sixteenth of the'sampling period FW. Therefore, sixteen
detection pulses EQ are generated in one sampling period FW.

In other words, the frequency of EQ is equél to 16fs.

In Fig. 5, 112 designates a 2-bit counter having the
synchronizing reset function, which performs the up-count
operation in accordance with the bit clock BCI. This counter
112 also has the toggle-inhibit function, so that it performs
the up-count operation only while the toggle-inhibit signal TI
is at "1". The foregoing detection pulse RES1 is generated at
every leading edge timing of the word clock SDSY. This
detection pulse RES1 is delayed by a delay circuit 110 and then -
supplied to the counter 112 as a reset pglse RES3. The counter

. 112 inputs this reset pulse RES3 at the leading edge timing of
the clock Cx, so that the counter 112 is reset at next leading
edge timing t7 of the clock Cy.

In addition, a pulse EQD is obtained by passing the pulse
EQ through a delay circuit 111, and then this pulse EQD is
supplied to the counter 112 as the toggle-inhibit signal.

. Therefore, every time the counter 112 inputs the pulse EQD, it
performs the count operation. As a result, a pulse P8F whose
frequency is a half of the pulse EQD is obtained from QO output

. of the counter 112. As described before, sixteen pulses EQD
are generated in one sampling period FW. For this reason, as
shown in Fig. 8, eight pulses P8F are generated in one sampling
period FW. Thus, it is possible to obtain the pulse P8F having
the frequency 8fs.

Based on such pulse P8F, the output word clock WCO and
sample/hold signals SHL, SHR are generated. Hereinafter,
description will be given with respect to the operation of
generating these signals by referring to the time chart shown
in Fig. 9.

dThis Sheet Has Been Replaces




which is then inputted I nto another pul se generating circuit 118L.

Meanwhi | e, -the—(B—output—(T-e, [ ' ount 3
into a trai nglg geghgggééma --'%w twﬂgﬁﬁt\t‘ﬁﬁs PF i ng mﬁma:&“
P8F, this a put J— 1 ing]detedqtilon pul se having
the width FB mm HI[E detectipjp pul se is delayed by [LIFBHSER 1§9ba)
circuit 120, | ayed etection pul se is outjpytted as a
detection pulse NQ. This detection pulse NQ is inputtgd THto tne purs
generating circuits 118R 118L and it is also sequentialily passed through

116R 1160 hEoneERsiBmnat poEl P loakIc L i 0 Pine pil se genoraty L;“' e

circuit 118R i §heepuilset HBFe#aab‘p"épBl-%@‘g heh 4@1’@%@&9 % ,

whi | e anoglgedtidhrS§1669¢hahi 86187 M ELhéuid8lid s Iren ﬁﬁe mm:mm of the
selector 115 is to be outputted via a delay circuit 116 as the
output word clock WCO. The foregoing bit c}ock rate detection
signal SA is supplied to the selector 115 as its select signal,
so that the delay time between output timings of P8F and WCO is
changed over. Under operations of the circuits 113 to 116, the
pulse PS8F is delayed by S5FB when the bit clock rate is equal to
or over 128fs, while it is delayed by 4FB when the bit clock
rate is equal to or below 112fs. Then, such délayed pulse P8F
is outputted as the word clock WCO. Fig. 9 shows the case
where the bit clock rate is equal to or below 112fs.

[Generation of Sample/Hold signals SHL, SHR]

In accordance with the change in the bit clock rate, the
period FB of the bit clock rate is changed. For this reason,
if the sample/hold signals SHL, SHR are generated by merely
delaying the pulse P8F by the predetermined clocks, the change-
over timing and pulse widths of the sample/hbld signals SHL,
SHR must be varied by the bit clock rate. Therefore, even if
the sample/hold signal suitable for certain bit clock rate is
obtained, the sample/hold timing thereof must be shifted off.
with respect to another bit clock rate, which will cause the
malfunction of the sYstem; In the present digital filter 2a,
the sample/hold signals SHL,'SHR are obtained by delaying the

. pulse P8F by the delay circuits. However, the stage number of
the delay circuits are changed over in response to the bit
clock rate. Thus, even if the bit clock rate is varied, it is
possible to obtain the sample/hold signals SHL, SHR each having
the desirable sample/hold timings.

Q1 output of the counter 112 is delayed by 2FB by a delay
circuit 117, and then the delayed output is inputted into a
pulse generating circuit 118R as a signal QlD. Further, an
inverter 117a inverts this signal QID into a signal QI1DN, which
is then inputted into another pulse generating circuit 118L.
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trailing edge of the pulse P8F, this detection circuit 119
outputs a trailing detection pulse having the width FB. This
trailing detection pulse is delayed by 1lFB by a delay circuit
120, and then the delayed detection pulse is outputted as a
detection pulse NQO. This detection pulse NQO is inputted into
the pulse generating circuits 118R, 118L, and it is also
sequentially passed through delay circuits 121 to 123. Herein,
both of the pulse generating circuits 118R, 118L have the same
circuit configuration. The pulse generating circuit 118R is
set in the enable state when the signal Q1D is at "1", while
another pulse generating circuit 118L is set in the enable
state when the signal Q1DN is at "1".

The outputs of the delay circuits 121 to 123 are inputted
into a selector 124, to which the foregoing bit clock rate
detection signals SA to SC are supplied as its select signals.
Therefore, the output of the délay circuit 123 is selected when
the bit clock rate is equal to or over 128fs, the output of the
'delay circuit 122 is selected when the bit clock rate belongs
to the range of 48fs -~ 112fs, and the output of the delay
circuit 121 is selected when the bit clock rate is equal to or
below 32fs. Then, the selected output of the above-mentioned
delay circuit is supplied to the pulse generating circuits
118R, 118L as a pulse NQOD via a delay circuit 125.

' Next, description will be given with respect to the
operation of the pulse generating circuit 118L. When the
period 1FB is passed after the trailing edge timing t10 of the
outputs Q0, Q1 of the counter 112, the pulse NQO is inputted
into the pulse generating circuit 118L. At this time, the
signal QIDN is at at "0", so that an output "i" of a NAND gate
118A is at "1", while another output "j" of an AND gate 118B is
at "0". In addition, an output "k" of an OR-AND gate 118C is
at the same level (i.e., "0" level) of an output "1l" of a f£lip-~
flop 118D. Therefore, the output 1 of the pulse generating

e T
circuit 118L does not change.
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delayed by 3FB from that of the pulse NQO. As a result, the
output j of the AND gate 118B and the output k of the OR-AND
gate 118C are both at "1" at time tll. When 1FB is passed
after this time tl1l1, the output j of the AND gate 118B rises up
at time tl2. Meanwhile, the output k (at "1" level) of the OR-
AND gate 118C is inputted into a flip-flop 118D by the clock Cx
just before the time tl2. Then, k is outputted from the flip-
flop 118D at time tl2. Therefore, the output k of the OR-AND
gate 118C is finally set at "1*. Thereafter, the output 1 of
the pulse generating circuit 118L turns to be at "1" level. At
the leading edge of this output 1, the selector 126, delay
circuits 127L, 128L are sequentially activatéd so that the
sample/hold signal SHL rises up.. The delay time of this delay
circuit 128L is set to 0.5FB only in the case where the bit
clock rate is equal to 32fs and its input signal falls down.
Similar thing can be said to another delay circuit 128R which
will be described later.

Next, the QO output (i.e., pulse P8F) of the counter 112
rises up at time t13. In this case, the level of the word '
clock WCO is changed when 4FB is passed after the time t13.
During this period 4FB, no operation is performed in the
circuits concerning the generation of the sample/hold signal.

At next time tl4, the Q0 output of the counter 112 falls
down, but the Q1 outpdt thereof rises up. When 1FB is passed
after this time t14, the pulse NQO rises up. When 2FB is
passed after this time t14, the pulse Q1DN falls down. At the
leading edge timing t15 of the pulse NQO, the pulse QIDN is at
"1l". Therefore, the output i of the NAND gate 118A falls down,
and the output k of the OR-AND gate 118C also falls down. At
next time tl6 when 1FB is passed after this time t15, the pulse
NQO falls down so that the output i rises up. On the other
hand, the output k (at "0" level) of the OR-AND gate lléc is
inputted into the flip-flop 118D by the clock Cx just before
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down, the selector 126 and delay circuits 127L, 128L are
sequentially activated, so that the sample/hold signal SHL

falls down.

_ Similar thing can be said to another pulse generating
circuit 118R, except that this circuit 118R operates during the
"1* level period of the signal QiD. Then, the output of the

pulse generating circuit 118R is outputted as the sample/hold

signal SHR via the delay circuits 127R, 128R.

In the case where the present digital filter 2a is used in

the foregoing 1DAC-system, the change-over signal ST is fixed
at "0". In this cése, the selector, 126 selects the output of
the. pulse generating circuit 118L. In addition, the output of

the pulse generating circuit 118R is used as the sample/hold

signal SHR, while the output of 118L is used as SHL.

in Fig. 3, these signals SHR, SHL alternatively rise up. 1In

contrast, in the case where the present digital filter 2a is

As shown

used in the foregoing 2DAC-system, the change-over signal ST is
fixed at "1". 1In this case, the selector 126 selects the
output of the OR gate 129. At this time, the outputs of the

pulse generating circuits 118R, 118L are inputted into the OR

gate 129. Therefore, the logical sum of the outputs of the

" pulse generating circuits 118L, 118R is outputted as the

sample/hold signal SHL.

Next, description will be given with respect to the phase
relation among the word clock WCO and sample/hold signals SHR,

SHL in the digital filter 2a. As is apparent from the above
déscription, it is possible to obtain the word clock WCO and
sample/hold signals SHR, SHL having the following phase

relations to the pulse P8F of the counter 112.

(a) The delay between the changing timings of P8F and WCO:

(1) 128fs over «+«s OFB
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(b) The delay between the leading edge timings of P8F and
SHR, SHL:

(1) 128fs over «ss 9FB

(11i) 48fs - 1ll1l2fs ..o 6FB

(ii1) 32fs ..« OFB

(c) The delay between the trailing edge timings of P8F and
SHR, SHL:

(1) 128fs over ... 3FB

(11) 48fs - 1l12fs ... 3FB

(iii) 32fs eeo 3.5FB

Therefore, the phase relations between the word clock WCO
and sample/hold signals SHR, SHL at each bit clock rate are as
follows.

(d) The float time between the trailing edge timings of
WCO and SHR, SHL (i.e., "2T" in Fig. 3): '

(i) 128fs over «ee 4FB
(ii) 48fs ~ 1ll1l2fs ees 2FB
(iii) 32fs ees  1FB

(e) The float time between the trailing edge of SHR, SHL
and next trailing edge of WCO (i.e., "T" in Fig. 3):

(i) 128fs over «eo 2FB
(ii) 48fs - 1l12fs «ee 1FB
(iii) 32fs . ««s O.5FB

As described heretofore, the present digital filter 2a changes
over the stage number of the delay circuits in accordance with
the bit clock rate. Therefore, even if the bit clock rate is
varied, the word clock WCO and sample/hold signals SHR, SHL can
be sent out with desirable phase difference.

(2) BCO Generating Portion 19, Operation Control 18
The operation control 18 and BCO generating portion 19 are
activated by the internal clocks Cl5, Cl16 which are
asynchronous with the bit clock BCI. Every time the trailing
edge of the output word clock WCO is detected, the operation
control 18 and BCO generating portion 19 are activated.
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time t16. At tine t16, k is outputted fromthe flip-flo 118D As a result,
t he output k of the OR-AND gate 118C is finally set at "©- . the
output 1 of the pulse '

The trailing edge of the word clock WCO is detected by a
trailing detection circuit 201. This trailing detection
circuit 201 generates a detection pulse RPA having a width t
(where t indicates the period of the clocks Cl5, C16) at the
first leading edge of the clock Cl6 after the trailing edge of
the word clock WCO. This detection pulse RPA is passed through
a jitter absorbing circuit 202 and then supplied to a BCO
counter 203 within the BCO generating portion 19 as a reset
pulse RP. This reset pulse RP is inputted into a BCO control
circuit 204. In addition, this reset pulse RP is passed
through a delay circuit 205 and then inputted into an address
counter reset circuit 206. Incidentally, the operation of the
Jitter absorbing circuit 202 will be described later. '

Next, description will be given with respeét to the BCO
generating portion 19. Herein, the BCO counter 203 is designed
as the 6-bit up-counter which performs the up-~count operation
in accordance with the clocks Cl15, Cl6. The outputs Q0 to Q5
of this counter 203 are supplied to a decoder 207. When the
count value of the counter 203 reaches at "33", "37", "44",
"47", the decoder 207 outputs respective detection signals P33,
P37, P44, P47 corresponding to these count values. When such
count value is detected, the corresponding detection signal
P33, P37, P44 is set at "1" but the detection signal P47 is set
at "0". This detection signal P47 is inputted into the counter
203 as the toggle-inhibit signal.

At the trailing edge of the word clock WCO, the counter
203 is reset by the reset pulse RP. Then, this counter 203
counts up its count value from "0" in accordance with the
clocks Cl5, Cl16 to be inputted thereto. When the count value
reaches at "47", the decoder 207 outputs the detection signal
P47. As a result, the counter 203 is subject to the toggle-
inhibit state, whereby it does not perform the count operation
even when the clocks Cl15, Cl16 are inputted thereto. Then,
until the reset pulse RP is inputted into the counter 203 after
the next trailing edge of the word clock WCO, the counter 203
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holds its count value at "47".

Meanwhile, the QO output of the counter 203 is delayed by
.2t by a delay circuit 208, and then the delayed output thereof
is supplied to a first input of an AND gate 211 via an inverter
210. 1In addition, a signal STOP outputted from the BCO control
circuit 204 is supplied to a second input of the AND gate 211.
Hereinafter, description will bg given with respect to the
operation of generating the bit clock BCO in the BCO generating
portion by referring to the time chart shown in Fig. 10. The
counter 203 i5 reset at the next clock Cl6 after the reset
pulse RP is supplied thereto. In addition, this reset pulse RP
is read by the BCO control circuit 204, so that the signal STOP
rises up when the delay time 2t has been passed-after the
~ leading edge timing of the reset pulse:RP. This stands by the
operation of sending the bit clock BCO. Then, the Q0 output of
the counter 203 is outputted as the bit clock BCO via the delay
circuit 208, inverter 210 and AND gate 211.

In the case where the change-over signal (16/18) is set at
*0", the detection signai P33 is supplied to the BCO control
circuit 204 as an end signal ED via a selector 212 when the
count value of the counter 203 reaches at "33". As a result,
the signal STOP falls down when the delay time 2t has been
passed after the leading edge timing of the end signal ED.
Thereafter, the transmission of the bit ciock BCO is stopped.
On the other hand, in the case where the change-over signal
. (16/18) is set at "1", the transmission of the bit clock BCO is
stopped when the count value "37" is detected. As described
abbve, every time the word clock WCO falls down, the BCO
generating portion 19 outputs the bit clock BCO.

Next, description will be given with respect to the
operation control 18. 1In Fig. 5, 213 designates an address
counter which is designed as the 8bit up-counter, whose outputs
Q0 to Q7 are supplied to a micro prograﬁ ROM (not shown) as the
micro program address. 209 designates a clock generating
circuit which generates the 2-phase clock Cl, C2 based on the
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Q0 output of the counter 203 within the BCO generating portion
19. Then, the address counter 213 performs the count operation
by the clocks Cl, C2. 214'designates a decoder which outputs a
detection signal P191 when the count value of the address
counter 213 reaches at "191". This detection signal P19l is
supplied to the address counter 213 as_the;reset signal via an
OR gate 215. Then, the address counter 213 is reset by the
timing of the clock C2 after the reset signal is supplied
thereto. As a result, address counter 213 repeatedly counts up
its count value from "0" to "191" in accordance with the clocks
Ci, c2.

05 SEP 1996
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In addition, the address counter 213 is reset at the first
trailing edge of the word clock WCO within the sampling period
FW. Fig. 11 shows the time chart indicating the 6peration of
the address counter reset circuit 206. When the sampling
period FW is started at the leading edge of the input word
clock SDSY, a detection pulse RES3D is supplied to the address
counter reset circuit 206, As a result, a set-reset flip-flop
(i.e., S-R or R-S flip-flop) 206A is set, so that its output
signal R3 is set at "1". When a detection pulse RPD is
supplied to the AND gate 206B after the trailing edge of the
output word clock WCO, an output signal Rl of this AND gate
206B is turned at "1". This signal Rl is outputted as a signal
R4 via an OR gate 206C and a flip-flop 206D. This signal R4
resets the address counter 213. In addition, the signal Rl is -
read by a flip-flop 206E, from which it is outputted as a

. signal R2. As a'result, this signal R2 resets the S-R flip-
flop 206A so that its output signal R3 is turned at "0".
Thereafter, even if the detection pulse RPD is supplied to the
circuit 206 after the trailing edge of the word clock WCO, the
reset pulse is not supplied to the address counter 213. As
described above, at the first trailing edge timing of the. word
clock WCO in the sampling period FW, the address counter 213 is
reset. Thereafter, the address counter 213 performs the count
operation in accordance with the clocks Cl, C2.

As described before, the clocks Cl, C2 are generated based
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Every time the word clock

WCO falls down, the counter 203 repeats its count value to be

Thexrefore, evefy time the word clock
WCO falls down, twelve sets of the clocks Cl, C2 are generated,
by which the address counter 213 proceeds its count operation.
Then, when the address counter 213 sends oqt the micro program
address, the operation unit 12 (see Fig. 1) executes the
arithmetic operation based on the corresponding micro program.

Thus, every time the word clock WCO falis down, twelve steps of
micro programs are to be executed in synchronism with the

varied from "0" to "47".

clocks Cl, C2.

After the twelve steps of the micro programs
are completed, the address counter 213 terminates its count

operation so that the operation unit 12 is set in the standby
state until the next trailing edge of the word clock WCO.
one sampling period FW, there are eight trailing edges of the

word clock WCO.

192 steps of micro programs are executed.

In

Therefore, in one sampling period FW, total

As described above, the present digital filter 2a executes
its arithmetic operation in synchronism with the clocks C15,

C16 which are asynchronous with the bit clock BCI.
addition, at every trailing edge of the word clock WCO, the

In

predetermined steps of the micro programs are executed.
Therefore, the present digital filter 2a can respond to several
Further, the present digital filter

kinds of sampling periods.

2a proceeds its operation by the speed corresponding to the
frequency of the clocks Cl5, C16.

After executing the

. operation, the digital filter 2a is set in the standby state

until the next trailing edge of the word clock WCO.

Thus,

it

is possible to increase the frequency of the clocks Cl15, Cl6
beyond the allowable frequency range by certain degree.

Next, description will be given with respect to the

operation of the jitter absorbing circuit 202.

digital filter 2a, the lower limit of the frequency of the

clocks Cl5, Cl1l6 is set at

frequency enters into the vicinity of this limit 384fs,
operation speed of the digital filter 2a falls down.

384fs.

However, when this clock
the

This

In the present
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preceding operation has not been completed. In this case, the
detection pulse RPA is delayed, and then it will be outputted
as the detection pulse RP after the precedihg operation is
completed. '

Fig. 12 is the time chart showing the operation of the
jitter absorbing circuit 202:. When the count value of the
counter 203 in the BCO generating portion 19 reaches at “44",
the counter 203 outputs the detection signal P44. This
detection signal P44 is sequentially transmitted through delay
circuits D45 to D49 in accordance with the clocks Cl1l5, Cl6. As
described before, the signal P44 is at "1" when the count value
of the counter 203 is at "44", and the signal P45 is at "1"
when the count value is at "45". 1In this manner, the signals
P44 to P49 sequentially rise up. Then, when the time 1t has
passed after the leading edge timing of each detection signal,
each detection signal falls down. ' '

In the case as shown in Fig. 12(a), at time t21 when the
count value of the counter 203 reaches at "43" and the
detection pulse RPA is generated, this detection pulse RPA
sequentially passes through delay circuits D50, D51, AND gate
2027, delay circuit 202B and OR gate 202X. Then, at time t22

. when the count value of the counter 203 reaches at "47", this

detection pulse RPA is outputted as the pulse RP. In the case
as shown in Fig. 12(b), at time t23 when the count value of the
counter 203 reaches at "45" and the detection pulse RPA is
generated, this detection pulse RPA sequentially passes through
the delay circuits D50, D51, AND gate 202C and OR gate 202X.
Then, at time t22, RPA is outputted as RP. Further, in the
case as shown in Fig. 12(c), at time t22 when the count value
of the counter 203 reaches at "47" and RPA is generated, RPA is
outputted as RP via an AND gate 202D. Furthermore, in the case
as shown in Fig. 12(d), at time t24 when RPA is generated after
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the counter 203 completes its count operation, RPA is outputted
as RP via the delay circuits D50, D51, inverter 202E, NOR gate
202Y and OR gate 202X. As described above, in response to the
count value of the counter 203, i.e., the proceeding state of
the preceding operation at the timing when the detection pulse
RPA is generated, this detection pulse RPA is delayed and then
supplied to the BCO generating portion 19 as the pulse RP.

The above is the description of the preferred embodiment
of the present invention. This invention may be practiced or
embodied in still other ways without departing from the spirit
or essential character thereof. Therefore, the preferred
embodiment described herein is illustrative and not

' restrictive, the scope of the invention being indicated by the
appended claims and all variations which come within the
meaning of the claims are intended to be embraced therein.
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CLAIMS:

1. A digital signal processing circuit which performs a
specific step number of operation processes by a predetermined
sampling period characterized by comprising:

(a) detecting means (20) for detecting an input signal
indicative of said sampling period to thereby start to perform
said operation processes; and

(b) control means (18) for terminating said operation
processes when said specific step number is completed.

2, A digital filter which performs a predetermined arithmetic
operation on input digital data inputted thereto in time-series
manner by a predetermined first sampling period to thereby
generate'output digital data corresponding to a second sampling
frequency which is N (where N denotes an integral number) times
larger than a predetermined first sampling frequency
characterized by comprising°

(a) a synchronizing signal generating circuit (20) for
generating a synchronizing signal having said second sampling
frequency responsive to said predetermined first sampling
period of said input digital data inputted thereto; and

(b) an operation control circuit (12, 18) activated by its
internal clock which is asynchronous with said input digital
data, said operation control circuit starting to perform
operation processes responsive to said synchronizing signal

~ supplied thereto, thereafter said operation control circuit

terminating sald operation processes upon a completion of a
predetermined step number. '

3. A digital filter which performs an arithmetic operation on
input digital data inputted thereto in time-series manner by a
predetermined first sampling period to thereby generate output
digital data corresponding to a second sampling frequency which
is N (where N denotes an integral number) times larger than a
predetermined first sampling frequency characterized by
comprising:

* c L L} H] *
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(a) a timing generating circuit (19, 20) f£o1
said first sampling period of said input digital data to
thereby genérate a start signal having said second sampling
frequency; ' '

(b) a detecting circuit (20) for detecting a bit input
speed of each bit within said input digital data; and _

(c) an oufput circuit (17) activated b& said start signal
for outputting said output digital data and a synchronizing
signal, wherein output timings of said output digital data and
said synchronizing signal are controlled based on said bit
input speed. '

4. A digital filter characterized by comprising:

(a) serial-to-parallel converting means (11) for
converting first serial data inputted thereto into first
parallel data, said first serial data having a predetermined
sampling frequency;

_ (b) synchronizing'signal generating means (20) for
generating a synchronizing signal having N times (where N
denotes an integral number) larger frequency than said sampling
frequency based on said first serial data; '

(c) operation means (12) activated based on a clock which
is asynchronous with said first serial data for calculating
said parallel data by corresponding coefficient to thereby
generate second parallel data indicative of its operation
result in response to said synchronizing signal; and

(d) parallel-to-serial converting means (17) for
converting said second parallel data into second serial data
corresponding to said frequency which is N times larger than
said sampling frequency. |

5. A digital filter according to claim 4 further providing
bit clock generating means (19) for génerating and supplying
bit clocks to said parallel-to-serial converting means so that
bits of said second serial data are outputted from said
parallel-to-serial means based on said bit cldbks[ wherein a
number of said bit clocks is controlled in response to a
change-over signal supplied thereto such that a bit number of

* [ L M s *
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said second serial data can be changed as comparing to that of

sald first serial data by adding one or some extension bits

obtained from said operation means to said second parallel

data.
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ABSTRACT:

DIGITAL FILTER

A digital filter performs a predetermined arithmetic
operation on input digital data inputted tliereto in time-series
manner by the predetermined first sampling period to thereby
generate output digital data corresponding to a second sampling
frequency which is N (where N denotes an integral number) times
larger than the predetermined first sampling frequency. This

- digital filter provides a synchrdnizing'signal generating
circuit (20) and an operation control circuit (18). The
synchronizing signal generating circuit detects the
predetermined first sampling period of the input digital data
to thereby generate a synchronizing signal having the second
sampling frequency. The operation control circuit is activated
by its internal clock which is asynchronous with the input
digital data. This operation control circuit starts to perform
its operation processes when the synchronizing signal is
supplied thereto, thereafter it terminates the operation
processes when a predetermined step number is completed.

FIGURE 1
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is set at” "0". This detection signal
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Then,” until the reset pulse RP is inm . unt erRMWtS}EET
next trailing edge of the word cloc W@SHEEE HASUBEEN | 203 horos—Tts—coumt
val ue at "47". _Meanwhil e, the out pREPIACEDhe cofint er 3(45% gsl %gd
by* 2t by a dlay circuit 208, and the re §

suppl i ed t o JFhié ShezttHaﬂBb'énl@é plaeBc AND gat 211 via an i nverter, 210.ln

addi tion aS|g ted from BCO control circuit 204 is
supplied to a the AND gate 211. Herei nafter,—descrption
will be given WI the operation of generating the bit clock BCO

i n the BCO generatlng portion by referring to the tinme chart shown in Fig.
10. The counter 203 is reset at the next clock Cl6 after the reset pulse RP
is supplied thereto. In addition, _
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this'reset pulse RPis read by the B T Ci sotirat—tie

si gnal STOP does up when the delay ti. ﬁ-g? @Tbﬁgﬁg M EEiSEACENENT _SHEET
| eadi ng edge timng of the reset pul sd_RP. REPLAGEDands tthg operatron of
sending the bit clock BCO Then, the Q output of the count e 29.’5$ P 1996
outputted as the bit clock BCO via the gelay circuit 208, ijnyerter

AND gate 211. In the case where the—ehange-over signal |( 26+%8)—t+s—set

at '0", the detection signal P33 is supplied to the BCO coftrol circuit 204
as an end signal ED via a selector 212 when the count value of the counter

203- reaches at "33". As a result, the signal STOP falls down when the del ay
time 2t has been passed after the | eading edge timng of the end
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si_gnal

ED. Thereafter, the transm ssion of the bit clo

the other hand, in the case where the_change-over sig
"¥', the transmission of the bit cl ¢d¥IBCEEET HNSOREEN

"37" is detected. As described abové, evegppaceg the |

t he BCO generating portion 19 tt—el
ption will be given with respeci_itQ the operatio
5, 213 designhates an address counter which is designed |as_the 8bit
whose outputs QQ to Q7 are supplied to a mcro program ROM ( not
209 designates a cl ock generating

down,
descri

up- count er,
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based.on the Q0 output of th counter 203 within the BCO

ener ati ng

portion

19.- Then, the address counter 213 pefr he—-eount..Qpg
cldcks Cl, C2, 214 designates a decad fﬁh&ﬁdﬁfh a
P191 when the count value of the address &5Btﬁ0ﬂu 213
detection signal P191 is supplied to t addr €55 buunter
signal via an OR gate 215. Then, the Ss counter 213
timng of the clock C2 after the reset signal is supplig
result,
to "191"
count er
wi thin the sanpling

in accordance with the clocks Cl1, C2.

edch

I n addi ti on,
213 is reset at the first trailing edge of the word clock WCO
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d thereto.
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period FW Fig. 11 shows the time chart
address icounter reset circuit 206. Wen'the sanpllng pe .gd
at the | eading edge of the input- wayd§LRCE ¢

is supplied to the address counter repet

set-reset flip-flop (i.e., SSRor R 9 -=?\g
out put si gnal leaiitalsetigmhI' Yaridee dep i

e A SRS, o e e 1 G o A AT

out put t edpaayers agdaMBRkHu a.nalth@?ngﬂ't e 296 @datickimri ) |s,1ewién@l Zﬁﬁﬂdsbes

o130, Fopk BBk SR 0B, U Shrbne Tl WadicetgTohele

result thfsomlgﬁib R 192€ss foer example. Therefore, in order to deSLgn
the digital audio system, it is necessary to prepare the
specific digital fil%er corresponding to the input timing
specifications. For this reason, there is a disadvantage in
that the circuit design must be difficult. In the case where
the desirable digital filter is not available, it is necessary
to newly purchase or newly develop the desirable digital
filter, which makes the cost for the system higher. Further,
the conventional digital filter requires the high speed clock
which corresponds to the signal processing circuit 1 in phase-
synchronized manner. Accordingly, there is a problem in that
the conventional digital filter requires the high interface
technology.
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A digital filter according to the precharacterizing part of claim 1 is known
from "ELECTRONIC COMPONENTS AND APPLICATIONS, vol. 4, no. 3, May 1982,
pages 131-141, Eindhoven, NL J. MATULL: "ICs For Compact Disc Decoders".
According to this prior art document the digital oversampling filter-IC is
operating on a 16 bit data stream which is fed into shift registers which
quadruple the sampling frequency from 44.1. kHz up to 176,4 kHz. The IC is
intended for the 44,1 kHz 16 bit data stream of an information retrieval system
of a compact disc decoder. The processing of the transversal filter is in phase-
synchronized manner with the signal processing. The digital filter according to
the prior art corresponds therefore fixedly to the input timing specification.

The invention seeks to provide a digital filter whose system clock is fixed but
which can be applied to several kinds of input timing specifications.

In accordance with the invention, this object is accomplished in a digital filter
which is designed in accordance with the characterizing part of claim 1.
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- Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein a preferred
embodiment of the present invention is clearly shown.

In the drawings: -
Fig. 1 is a block diagram showing the configuration of the
digital filter according to an embodiment of the present

invention;

Figs. 2A, 2B are block diagrams-each showing the audio
signal reproducing circuit which employs the digital filter

‘'shéwn in Fig. 1;

Figs. 3, 4 are time charts for explaining the operation of

. the digital filter:;

Fig. 5 is a circuit diagram showing the detailed
configurations of several parts in the digital filter shown in
Fig. 1; - .

Fig. 6 is a time chart for explaining the operation of the

clock generating circuit shown in Fig. 5:;
Fig. 7 is a view for explaining the method of supplying 2-

phase clocks to the f£flip-flop used in the circuit shown in Fig.
EH
Figs. 8 to 12 are time charts for explaining the
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1. A digital filter which performs an arithmetic operation on input digital
data inputted thereto in time-series manner by a predetermined first sampling
period to thereby generate output digital data corresponding to a second sampling
frequency which is N (where N denotes an integral number) times larger than a
predetermined first sampling frequency characterized by comprising:

(a) a timing generating circuit (19, 20) for detecting said first
sampling period of said input digital data to thereby generate a start signal
- having said second sampling frequency; _ -

(b} a detectmg circuit (20) for detectmg a bit input speed of each bit
within said input digital data; and

(c) an output circuit (17) activated by said:start signal for outputting
said output digital data and a synchromzmg signal, wherein output timings
of said output digital data and said synchromzmg s:gnal are controlled based
on said bit input speed '

A digital filter according to claim 1 funher comprising:

(a) a synchromzlng signal generatmg circuit (20) for generatmg a
synchronizing signal having said second sampling frequency responsive to
said predetermined first sampling period of said input digital data inputted
thereto; and _ :

(b) an operation control circuit (12, 18) activated by its internal clock
which is asynchronous with said input digital data, said operation control
circuit starting to perform operation processes responsive to said
synchronizing signal supplied thereto, thereafter said operation control

circuit terminating said operation processes upon a completion of a

RO AR



S—Iiflip-flop 206A so that it:'_s output signal R3 is turned at "0".

Thereafter, even it the detection pulse RPOis supplied t EgCEME‘hgt Sﬂﬁﬁ‘

after the trailing edge of the word cl :
supplied to 11nlﬂgsﬁégﬂr-|a§33 #bc 213. H@SSHEE)IEWAQ 7latt the first
trailing edge t rd cl ock] WCO iggpj. it [o] pegz;pgufvpg;h
addr ess counter ﬂl Thereaf}f cqynt 13 perfpr

t he. count oper ance wt he cl ocks Cl, C2. AS—descrited

before, the clocks Cl, C2 are generated based on the @ qutput of the

counter 203. Every tinme the

predetermined step number.

3. A digital filter according to claim 1 or 2 further comprising:

(a)' serial-to-parallel converting means (11) for converting first
serial data inputted thereto into first parallel data, said first serial data
having a predetermined sampling frequency,

(b) operation means (12) activated based on a clock which is
asynchronous with said first serial data for calculating said parallel data by
a corresponding coefficient o' thereby generate second parallel data
indicative of its operation result in response to said synchronizing signal;
and _

(c) parallel-to-serial converting means (17) for converting said
second parallel data into second serial data corresponding to said frequency
which is N times larger than said sampling frequency.

4. A digital filter according to claim 3 further providing bit clock
generating means (1 9) for generating and supplying bit clocks to said parallel-- )
to-serial converting means so that bits of said second senal data are outputted -
from said parallel-to-serial converting means based on said bit clocks, wherein
a number of said bit clocks is controlled in response to a change-over signai
supplied thereto such that a bit number of said second serial data can be changed |
as comparing to that of said first serial data by adding one or some extension bits

. obtained from said operation means to said second parallel data.

§. A digital filter according to claim 1 in which the input data synchronized
with an input clock (BCI) is subjected to predetermined digital signal processing _
so as to obtain output data, said digital filter further comprising:

~ {a) a clock creating means (SRF1, SRF2) for creating an operé'tion clock
(C15, C16) on the basis of a system clock (Cm), said operation clock being
asynchronous with said input clock, whereas a digital signai proceséing is
performed in synchronism with said operation clock; and
(b) an output-timing control means (18, 19) for setting the system in
a standby state when completing a predetermined number of operation steps
of the digital signal processing so as to output a result of processing at
I —
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word clock WCO falls down, the counter 203 repeats its count value.tq. be.

varied from"0" to "47". Therefore, eveE"'J;'Fi CXCPERNRRLE 1]

down, - twel ve sets of the clocks C1, C2
counter 213 proceeds its count operati Or hewr L
213 sends out the micro program address, the o it 22 0Pe9%l g4 1)
executes the arithnetic operation based on the correspondijng m cro program
Thus, every time the word cl ock WCO fagd s down, twelve st eps of mcro
prograns are to be executed in synchronismwth the clocks Cl,.. 2 _Ater-tHe
twel ve steps of the mcro prograns are conpleted, the address counter 213

termnates its count operation so that the operation unit 12 is set in the

standby state u rﬁf’é(}etetrrr}\?nerée)&tpturt al%fng sey(rjugheroglfzetd hv%itx\oéndotf?e!r(_) %}écl\(/\c(g'ccj})n one

sanpl i ng
which is different from the input clock (BCl).

6. A digital filter according to claim 5 further comprising:
(a) a detection means (20) for detecting a bit clock rate from said input
- data, said bit clock rate being defined as a number of bits of said input data
to be supplied thereto within a predeterrﬁined period (SDSY, FW),
(b) whereby said output-timing control means controls output timings
by which data representing the result of processing are outputted.

/
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peripd FWthere are eight trailing edgées of the word cl :
in one sanpling period FW total 192 steps of micro pro
As descri bed above, the present digital filter

operation in synchronismwth the clocks Cl15,Cl6 which 3r¢
with the bit clock BC.

cl ock WCO,
Ther ef or e,

sanpling periods. Further, the present di %i tal

operation

its arithnetijc
a2 PrAbia 3988us
In addition, at *évery trailing ¢dge of the word
the predeterm ned steps of the mcro progra are executed.

"the present digital filter 2a can respond tolseveral kinds_of

filter 2a proceeds its
@Tﬁ%quency of the clocks C15,

2a executeq

by the speed correspondi RIGEG E

Cl6. Atter fyfpadai N the operation, the digital filter 2a is set in the
standby state until the

N The prasent inventicn ralates to a cigual filtar, mara particularly to an cversampling digital filter which is used lera
digital audia system,

_ . Theconventional digial signal procassingcircuit uses the systamclack (o tharaby carry ut the digtal signal procass-
ing, wherein tha system cicck has the peried which is cbtained by civicing the input sampiing penod by the specilic step
number. Harainalter, descripticn will be given with respect to the digital filter (i.e.. aversampling filter) as an example cf
the cenventicnal digital signal processing circuit, wherain such digital fiter is used in the digital aucio device such as
the camgact disk (CO) player, broaccasting satellite (8S) recaiver, digital audio tape recordar (DAT) ete.

In tha cigeal fitar, the input digital signal is resamplec by the frequency which is N times (whars N denctes the
intagral number) argar than the sampling Irequancy theract, andthen it is outputted. Thereaftar, the digital signal having
high sampling frequency which is qutputted trom the digital filtar is subject tc the cigital-to-analeg (0/A) cenvarsion, by
wpich itis poas'ibla 1o obtain the analag signal in which the audic signal band is suficiently apart from the unnecassary
higher harmanic Band. Therslore, such unnecessary higher harmonics of the analeg signal outputted from the D/A

“":;‘" can ba easily ramoved by the low-pass filter. Thus, itis possible 1o regroduce the audio signal having geed
quali i

Figs. 13A, 138 ara bicek dlagrams showing the configuraticn of the audio signal repreducing circuit for the CO player
which usas the conventicnal digital filter. .

InFig. 13A, 1 designates a signal processing circuit. Asthe integrated circuit (IC) of this circuit, “YM3I6238° producad
by YAMAHA Camoraticn is knawn, for example. The pitinfermation read from the CO is digitized in the signal precsssing
cireuit 1. This signal processing circuit 1 cutputs digital data SOI caresponding to the pit information by every prece-
termined sampling pericd FW = 1/1a in seral manna, In acdRicn, this cincuit 1 alsa cutputs bit clock BCI syncheenizing
with each bit data ot SO, and it further cutputs werd clock SOSY by evary sampling period FW.

In acditicn, 2 designates a digital fiter; whose IC is inown as “YM3414° produced by YAMAHA Corporation, for
exampla, This digital filter 2 inputs the cigitat cata SOI lrom the signal processing circuit 1 by the timing corresponding
to the bit clack BCL, Herein, the digital data SOI is configured by 18 bits as one ward. Then, one word data for left (L)
channel is fed to the digital fiter 2 while the word clock SOSY is at *1°, On the cther hand, ancther word data for right
() channel is fed to the digital filter 2 while SOSY is at *0°. By detecting the change in the lavel of the word clock SOSY,
the digial filter 2 detects the change-cver peint of the word length of SOSY. Thus, the digital fiiter 2 inputs the digital
data SO! of one word for A channel and ancther SOI of one werd for L channel.

As described above, the digital filter 2 inputs the digital data SO by every sampiing perod FW. Thersafter, the digital
filtar 2 periorma the arithmetic cperation to thersby cbtain the dighal data corresponding o the sampling frequency Sts

‘which is sight imes larger than the Inpt samgpling frequency fa. Such digital data is sequentially and serially cutputted

as digital data ORO (for right channael), OLO (for left channel) by every frequency which s ane-eight longer than the

input sampling frequency FW. Then, the digital filter 2 cutputs an cutput bit clock BCO synchronizing with sach bt data

ot the digital data DRO, DLO, and t alsc autputs an cutptt word clock WCO and a sample/hald signal SHL synchrohizing
with the timing when the digital data DRO, DLO are sent. This digital fiter 2 provides an cecilator circut 2X having an
csciltation frequency which is around 400ts. The cutput of this cscillator circuit 2X is subject to the phase synchronization
sc that the intemal clock is generated. Based on this intemal clock, several parts of the digital fiter 2 operate. In cther
words, the procassing of the digital filter 2is performed with the signal processing circuit 1 inphase-synciwonized manner..

In Fig. 13A, 3R, 3L designate digital-to-analog (D7A) canverters each of which converts the digital data DRO, OLO
from the digital filter 2 into analog signals. The digital data DRO, DLO are serially inputted into the O/A converters 3R,
3L by the bit clock BCO. At the changing point of the werd clock WCO, the digital data is tatched by an intemal latch
circuit (not shown) buikt in the O/A converter sa that & is subject ta the O/A conversica. Thus, the digital data ORO. OLO
are converted into analog signals AR, AL, which are respectively fed to sample/hald circults 4R, 4L. Therstare, these
analog signals AR, AL are subject o the sample/haid operation, and then the unnecessary higherharmenics are removed
trom them by analog filters SR, SL. Finally, the analog fiters SR, 5L respectivaly output an audio signal RA for A channel
and another audio signal LA for L channel. L :

Incidentally, the circuit shown in Fig. 13A can be partially modified as shown in Fig. 138. Mora specifically, in Fig.
138, ahigh speed clock Ca generated irom the signal processingcircuit 1 is supplied to an input teminal X3 for cscillator
circuit of the digital fitar 2. By use of the configuration of Fig. 138, 1 is also possible to configure the audio signal
reproducing circuit having the same function of Fig. 13A, .

in the above-mentioned conventional digital filter 2, its circuit design is made based on the input timing specifications
such as the bit clock numbar (which ia called as "bit clock rate®) which is inpulted by every input sampling frequency Is
and by evary sampling period FW. The sampling frequency (s of the digital signal varies depending on the system, For
example, f3 is at 32 kM2 in the BS receiver, 44.1 kHz in tha CO player and 48 kHz in the DAT. In addition, saveral kinds
of bit clock rates are used, wherain the bit clock rate ranges from 3213 ta 19213, for example. Therelore, inorder 1o design
the digital audio system, it Is necessary loprepara the specific digital fliter corresponding lo the input timing specifications.




qet

ngxt trailing edge of the word clock WCO. Thus, it is

the frequency of the clocks Cl5, Cl6 beyond the al | ona IWS}E&'
by certain degree. - Next, description will be given |

operation of the jitter absor bi ng circuit 202. In the ?Ssﬁg%fg?é
filter 2a, thelower Iimt of the frequency of the clocks Cf5; 6t

at 384fs. However, when this clock fre@uency enters intjo AT STRE VIR
this limt 384fs, the qgperation speed of the digital fiflter

Thi s causes the disad- vantage in that the next trailin

2a falls dowi.

cl ock V\CO | smoccaurred before thethpr%cedl n er aéﬂl oln is not conplete igi £
crarmlc, | EeR I AR e b A e e
wor d cl ockKy, eu,n;,qg@ VaitiofAPdigital fiter requires the high speed clock which corresponds to the

signal processmg cm:unl 1in phase-synchronized mannar. Accordingly, there is a problem in that tha conventional digitai
filter requires the high interfaca technology.

A digital filter according to the precharactarizing part of claim 1 is known from "ELECTRONIC COMPONENTS AND
APPLICATIONS, vol. 4, no. 3, May 1982, pages 131-141, Eindhoven, NL J. MATULL: *ICs For Compact Disc Dacoders®.
According ta this prior art document the digital cversampling filter-IC is operating on 2 16 bit data stream which is fed
into shift registers which quadruple the sampling frequency from 44,1 kHz up to 176.4 kHz. The IC is intended for the
44,1 kHz 16 bit data stream of an information retriaval System of a compact disc decoder. The processing of the trans-
varsal filter is in phase-synchronized manner with the signal processing. The digital filter according to the prior art cor-
responds therefora fixedly to the input timing specification.

The invention seeks to provide a digital filter whose system clock is fixed but which can be applied to saveral kinds
of input timing specifications.

In accordance with the invention, this abject is accomplished in a digital filter which is deslg!ed in accordance with
the characterizing part of claim 1.

Further cbjects and advantages of the present invention will be apparent from the following description, reference

baing had to the accompanying drawings wherain a preferred embodlment of the prasent invention is clearly shown.
In the drawings:

Fig. 1 is a block d’ﬁgram showing the configuration of the digital filtar according o an embodiment of the present -
inventicn;

Figs. 2A, 28 are block diagrams each shownng the audio signal reproducing circuit which employs the digital filter .
shown in Fig. 1;
Figs. 3, 4 are time charts for axplaining the operation of the digitat filter;
Fig. S is a cireuit diagram showing the detailed configurations of several parts in the digital filter shown in Fig. 1;
Fig. 6 is a time chart for axplaining the operation of the clock generating cireuit shown in Fig. 5;
Fig. 7 is aviewlor explaining the methad of supplying 2-phase clocks to the flip-flop used in the circuit shown in Fig. S;

" Figs. 8 to 12 are time charts for explaining the operations of several parts of the digital fiter; and

" Figs. 13A, 138 are block diagrams showing the configuration of the audio signal reprodudng circuit employing the
conventional digital filter.

Next, description will be given with -respect t0 a preferred embodiment of the present invention.
{A] CONFIGURATION OF DIGITAL FILTER

Fig. 1 is a block diagram showing a digital filter 22 according to an embodiment ol the present invention. F‘g. 2Ais
a block diagram showing the configuration of the audio signal raproducing circuit according to 2DAC-system Which
employs the digitalfilter 2a, while Fig. 28 is a block diagram showing the configuration of another audic signal reproducing
circuit according to the 1DAC-system which also employs the digitai filter 2a. In Figs. 2A, 28, the parts similar to those
of Figs. 13A, 13B ara labeled with the same legends. - _

In Fig. 1, 11 designates a serial/parallel (S/P) converter. Each bit of the serial data SOI supplied from the signal
procassing circuit 1 (see Figs. 2A, 2B) by every sampling period FW is read by the S/P converter 11 by the timing of bit
clack BCI. Evary time the word clock SOSY is changed over, the serial data SDI of sixteen bits is outputted as one word
paralle! data. In addition, 12 designates an operation unit which is configured by a shift register, a multiplier and an adder
{not shown). The paralle| data outputted from the S/P converter 11 is suppiied to the shift register wherain bits thereof
are saquentially shifted. Then, the digital data stored in each stage of the shift register is multiplied by a coefficient read
from a coefficient read-only memory (ROM) 13. Thereafter, the multiplication resuits are added togethar, resulting that
the digital data corresponding to the frequency which is N times larger than the sampling frequancy Is generated. Fusther,
14 designates a temporary random-access memory (HAM) which storas halfway resuit of the operation exscuted in the
operation unit 12,

Next, 15 designates an overflow limiter which functions to limit the operation result obtained in the operation unit
12into the predeterminedvalue range when the operation resuit is extremaly larger than the realistic value. 16 designatas
an output temporary buffer. Therefore, the digital data cbtained through the operation process of the cperation unit 12
is fed and then temporarily stored in this outpul tamporary buifer 16 via the overflow limitar 15. 17 dasignates a paral-
leUserial (P/S) convarter which converts the parallel dala outputtad from the output temporary butfer 16 into lhe sanal
data DRO, DLO.

Next, 18 designates an operation control which contrals the operation process in the operation unit 12and the data




efation has not been conpleted. In this case the detecti
del ayed, and then it will be outputted as the detection

precedi ng operation is conpleted. . Fig. 12 is the tim
operation of the jitter absorbing circuit 202. When the} cpu \A@g@g‘@f

counter 203 in the BCO generating portion 19 reaches at 44", the countﬂ

203 outputs the detection signal P44., This detection silgn

sequentially transmtted through del'zﬁ/'ci rcuits D45 to 49 in accordance - ,

with the clocks Cl15, Cl16. As described before, the signal P44 is at "I
when the count value of the counter 203 is at "44", and the signal P45 i

at 1" wh Qﬂns‘nEfbn%B Levyrgtk in |lh§ cié&i sho% in 'Fig.I 1D19§1§Hg§at£§888 Eenergtm&uﬁfomk §en§)éés
P49 seque il ot it clobkBEOUhis BEE%QU!;:M&E@R%&%ME&! Wi hblsanding timing of each of the bits of the serial
data ORQ. OLO cutputted from the P/S converter 17. Therefore, the D/A converters 3, 3R, 3L (see Figs. 2A, 2B) to be
coupied to this digital tilter 2a can input the serial data DRO, DLO by this output bit clock BCO. Incidentally, this digital
filter is designed such that its operation resuit can be outputted as 16-bit digital data or 18-bit digital data. In this case,
16-bit digital data is designated when the changae-over signal {16/18) (which salects one of 16-bit and 18-bit digital data)
is at *0°, while 18-bit digital data is designated when the change-cver signal is at *1". The number of cutput bit clocks
8CO depends on the abave-mentianed designation made by the change-over signal. )
Next, 20 designates a synchranizing signal generating portion which detects the sampling frequency fs based on
the input word clock SDSY and input bit clock BCI. Basad an such detection rasult, this portion 20 generates the syn-
chronizing signal having the frequancy which is eight times larger than the sampling frequency fs. Then, the operation
controi 18 is activated by this synchronizing signal. In addition, the synchronizing signal generating portion 20 generates
the output word clcck WCO and sample/hold signals SHL, SHR which are synchronous with one word of the serial data

DRO, DLO. In Fig. 2A, the D/A converters 3R, 3L. datect the laading edge of tha output word clock WCO to thereby lateh'

the inputted serial data DRO, DLO. Same thing can be said for the O/A converter 3 shown in Fig. 28. The sample/hold
circuits 4R, 4L carry out the sample/hold operations on the analog outputs of the D/A converters 3R, 3L in accordance
with the sampla/hald signals SHR, SHL respectively. Herein, the digital filter 2a fixes the change-over signal ST at “1*
in the 2DAC-system shown in Fig. 2A, while it fixes ST at "0* in the 1DAC-system shown in Fig. 2B. Thus, it is possible
to obtain tha sample/hold signal which is suitable for the cperation of each system. .

In Fig. 1, 21 designates a crystal oscillator wherain a crystal vibrator is extemaily connected betwesn terminals 3,
XO. The presant ambodimant selects the frequency (larger than 384ts, for example) which is sufficiently larger than the
sampling fraquency fs of the input digital data as the oscillation frequency of the crystal oscillator 21. In Fig. 1, the
operation unit 12, coefficient ROM 13, temparary RAM 14, averflow limiter 15, output temporary buiter 16, P/S converter
17. operation control 18 and BCO generating portion 19 surrounded by the dotted line cperate in accordancs with an
oscillation output Cm of the crystal oscillator 21.

(8] OPERATION OF DIGITAL FILTER

Next, diagrammatical description will be givén with raspect to the operation of the digital filter by use of a time chart
shown in Fig. 3. The signal procassing circuit 1 as shown in Figs. 2A, 28 outputs the bit clock BCI having the period FB
and also outputs the word clock SDSY, 16-bit serial data SDI for L channel, R channel by every sampling period FW
(=1/18), which are supplied to the digital filtar 2a. Herein, the data SDi for L. channal is fed to the digital fiter when the
word clock SOSY is at *1*, while ancther data SDI for R channael is fed to the digital fiter when SDSY is at *0°. Such
serial data SDI is fed to the S/P converter 11. At the change-over timing of the word clock SOSY, the sarial data is
convarted into the parallel data. o _ '

Meanwhile, the synchronizing signal genarating portion 20 detects the leading edge of the word ¢iock SDSY. In
addition, this portion 20 also detects the bit number of tha bit clock BCI to ba inputted thereto during one sampling pariod
FW. Based on such detection result, the synchrenizing signal generating postion 20 generates the output word clock
WCO having the fraquency which is eight timaes larger than the input sampling frequency fs as shown in Fig. 3. In addition,
the sample/hold signal SHL, SHR which is synchronous with this WCO is generated. When the leading edge of this
output word clock WCO is detacted by the operation control 18, the cperation control 18 sends the micro program
address so that the micro program is executad in the operation unit 12, After the predetermined stap number of micro

S
to

programs are completed, the cperation unit 12 is in the standby stats until the operation control 18 detects the trailing -

adge of the output word clock WCO. The above-mentioned processes executad by the operation control 18 and operation
unit 12 are exacuted in synchronism with the intemal clock Cm. The operation procass is executed by every trailing
edge of the werd clock WCQ. Tharefore, in one sampling period FW, eight digital data are obtained for L channel and

R channel raspectively. These data are sent to the P/S converter 17 via the overflow limiter 15 and output temporary -

butfer 16. Then, the total sixteen data are sent with the word clock WCQ. In synchronism with the output bit clock BCO -

inthe 8CO generating portion 19, eachbitof such digital data is cutputted so that the serial data DLO, DRO are outputted.

In Fig. 2A, the D/A converters 3R, 3L parforms the D/A conversion on the input digital data at the trailing edge of
the word clock WCO. The sampla/hold circuit 4R, 4L Is in the sampling state whan the sampie/hold signal SHR, SHL. is
at *1°, while 4F, 4L is in the hold state when SHR, SHL s at “0“. in the digital filter, the sample/haid signal SHR, SHL is
at "0" at the trailing edge of tha word clock WCO as shown in Fig. 3. Then, aftar the pradstemmined tima 2T is passed,

the sample/hold signal SHR, SHL rises up at *1°. For this reason, the sampling operation is carriad out by the sampie/hold

circuit 4R, 4L after the D/A conversion is completed and the analog signal AR, AL becomes sufficiently stable,

Fig. 4is atime chart showing the ralation batween the internal ciock Cm and output signals of the digital fiter. When
the trailing edge of the output word clock WCO is detected, the BCO generating portion 19 genarates the bit clock BCO
synchronizing with the intemal clock Cm. This digital filter 2a outputs the 18-bit digital data as its operation result, which
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In the case as shown in Fig 12(b), at tine 123 when the count varue ofthe

counter 203 reaches at "45" and the detection pulse RPAis
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signil 9 "M"in Fig. 4)toiits least significant bit (LSB:; see *L" in Fig. 4). Thereafter, the digital filter cutputs
the extansion bits {e.g., *1°, *-2* shown in Fig. 4) which are cbtained by its aperation result. On the cther hand, in the
case whara the digital system to be coupled to the digital filter 2a is the 16-bit system, such two extension bits are not
required. Therefore, the present digital filter 2a can be appliad to both of the 18-bit and 16-bit systams by changing the
numbar of bit clocks BCO. More specifically, the number of bit clocks BCO is designated by the level of the foregoing
change-cvar signal (16/18), so that the BCO generating portion 19 will output the designated number of bit clocks.

Next, description will be given with respact to the timing control of the digital filter 2a. Fig. 5 is a circuit diagram
showing the partial configuration of the cperation coniral 18, BCO generating portion 19 and synchronizing signal gen-
arating portion 20. '

This circuit shown in Fig. 5 includas the circuit portion which operates in synchronism with the intemal clock Cm
ng:erated from the crystal oscillator 21 and another circuit portion which operates in synchronism with the input bit clock

In addition, the circuit shown in Fig. 5 is to be configured as the IC, so that it adopts the specific circuit Gesign by
which the stable operation of the IC can be obtained. Therslore, supplementary description will be given with respect
to this circuit design for IC. As the flip-flops used in the circuit shown in Fig. S, the master-slave flip-flop is employed.
This master-silave flip-flop is driven by the 2-phase clock which is generated from the foregoing intemal clock Cm or bit
clock BCL. In Fig. §, SRF1, SRF2 designate circuits which respectively generate 2-phase clock C15, C16 and ancther
2-phase clock Cx, Cy. . .

Fig. 6 is a time chart showing the operation of the circuit SAF1. As shown in Fig. 6, the clecks C15, C16 immediatsly
falls down when the clock Cm is changed. Herain, the clock C15 rises up when C16 falls down, while the clock C16
rises up when C15 fails down. Thersfore, the phase relation betwaeen the clocks C18, C16 ars sat such that *1° lavel
period of C15 daes not overiap with that of C16. For this reason, these clocks C15, C16 work as the 2-phase clock
Iéavigg goed quality. Similar to the above-mentioned circuit SFR1, the circuit SFR2 aiso generates the 2-phase clock

x, Cy.

As shown in Fig. 7, such clocks C15, C16 inthe 2-phase clock are respectively suppiied to a mastsr-side latch M
and a slave-side latch S which configures the flip-flop usad in the circuit shown in Fig. 5. Since the clocks are fad to the
flip-flop as described above, the slave-side latch S is certainly set in the breaking state when the mastar-sida latch M
reads data therein. On the otharhand, when the slave-sida latch S reads data therein, the master-sida latch Mis certainly

- setin the breaking state. Accordingly, it is possible to cbtain the stable flip-fiop operation.

- In addiuon. the circuit shown in Fig. 5 also uses a delay circuit configured by the master-siave flip-flop in order to
adjust the timing. Actually, this delay circult is indicated by ‘D", "nD" (where n denctas an integral numbar), *Ox* or *nDx*

. in Fig. 5. Herein, the delay circuit *D" or *nD* is activated by the 2-phase clock C15, C16. In addition, ancther delay

circuit “Dx* or *nDx" is activated by the 2-phase clock Cx, Cy. Further, the integral number *n® indicates the stage number
of the flip-flop. This concludes the supplementary description with respect to the circuit shown in Fig. 5.

[C] OETAILED DESCRIPTION OF EACH PART SHOWN IN FIG. § i

Next, detailed description will be given with respect to the configurations and operations of the synchronizing signal
generating portion 20, BCO generating portion 19 and operation control 18 raspectively.

(1) Synchronizing Signal Generating Portion 20

Fig. 8 is the time chart for explaining the operation of the synchronizing signal generating portion 20. In this portion
20, the input word clock SDSY is delayed and its level is raised by a delay circuit 101, and then the SDSY is supplied
to a detection circuit 102, When the word clock SDSY rises up at time t0, the detection circuit 102 outputs a leading
detect!or! pulse RES1 having the puise width FB (where FB indicates the period of the clocks Cx, Cy) at the leading
edge timing {1 of the third clock of Cy. This leading detection pulse RES1 is suppliedto a countar 103 as the resat pulsa.

The counter 103 is designed as the 8-bit up-counter having the synchronizing resst function, so that this counter
103 performs the count operation by the 2-phasa clock Cx, Cy. In addition, a toggle-inhibit input T1 of this counter 103
is ﬁxed at voltage VDD. Therelcrs, this countar 103 continues to perform the up-count operation as long as the bit clock
BCl is inputted thersto. At time t1 when the pulse RES1 is fed to the counter 103 as the raset pulse, this puise is read
!:y the countar 103 at the next clock liming of Cx. Then, the counter 103 is reset by the clock Cy, so that its count vaiue
is at “0° at time 12. Thereatter, the countar 103 starts 1o up-count its value from "0° in accordanca with the bit clock BCI.

Meanwhile, the pulse RES1 outputted at lima 11 is supplied to a latch circuit 105 via a differantlation circuit 104, As
a rasult, the differentiation circuit 104 outputs a pulse La during the period FB/2 from the leading adge timing t1 of the
pulse RES1. Such pulse La is supplied to the latch circuit 105 as a latch signal. Then, upper (L.a., leftmost) four bits Q4
to Q7 in the output data of the counter 103 are inputted into tha latch circuit 105. : ’
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its last count value is inputtad inta the latch circuit 105. Herain, the bit clock rate is set at Nis. in other words, the number
of the bit clocks BCl to be inputted in one period FW of the word clock SDSY is set at N. In this case, the last count
value just befora the counter 103 is reset is at *N-1°. Therelore, the value M1 indicative of the latch data of the latch
circuit 105 can be cbtained trom the fallowing formula (1). _

M1 = (N/16)- 1 (1)

Such latch data M1 of the latch circuit 105 is supplied to a decoder 106 and a comparator circuit 107. The decoder
106 decodss the laich data M1 to thereby output bit clock rate detection signal SA, SB, SC. The present digital filter 2a
can respond to certain bit clock rate which is 16-multiple of the frequency fs ranging from 32fs to 192fs, so that it can
perform the timing control suitable for respactive hit clock rate. This timing control is changed over by the bit clock rate
detsction signals SA, S8, SC. In this case, the signal SA is at "1* when the bit clock rate is equal to or over 128ls, the
signal S8 is at *1" when the bit clock rate is between 48(s and 112fs, and the signat SC is at *1* when tha bit clock rate
is equal to 32fs.

Meanwhile, the comparator circuit 107, a.counter 108 and an OR gate 109 configures a variabie fraquancy divider
which divides the fraquency of the bit clock BCI in accordance with the latch data M1 of the latch circuit 105. Hareinafter,
description will be given with respect to the operation of the variable frequency divider by using the time chart shown in
Fig. 8. After the leading adge timing t3 of the word clock SDSY, the detection pulse RES1 is generated at time t4. This
detection pulse RES1 is supplied to the counter 108 as a reset pulse RES2 via the OR gata 109. Then, the counter 108
inputs this reset puise RES2 by the clock Cx which is generated just after RES2 is genarated. This counter 108 is reset
at the next clock Cy so that its count valug is at *0° at time 5. Thereatter, theé up-count operation of the counter 108 is
- performed from the count valuse *0° in accordance with the bit clock BCI.

The counter 108 procaeds its up-count operation every time the bit clock BCl is inputted thereto. Then the count
value of the counter 108 is comparad tothe latch data M1 of the laich circuit 105 by the comparator circuit 107. Thereatter,
when the count value caincides with the tatch data M1, tha comparator circuit 107 cutputs a detection pulsa EQ, which
is supplied to the counter 108 as the raset pulse RES2 at time 5. When the next clock Cy is inputted into the counter
108, tha counter 108 is resal 3o that the up-count operation is repeated from the count vaiue *0", As described above,
the counter 108 performs the up-count operation in accordancs with the latch data M1, sothatthe countvalua is repeated
from °0" to *"M1°. Every time the count value coincides with "M1°, the comparator circuit 107 outputs the detection signal
EQ. o

Therefore, the pariod FWEQ of the detaction pulse EQ comresponds to *M1+1” clocks of BCl. In the case where the

number of bit clocks to be inputted in one sampling period FW is at *N", the period FWEQ of the detection pulse EQ can
be obtained from the following formula (2).

FWEQ = [(M1+1)N]'FW @ -

In this case, 'M1 * is given from the foragoing formula (1), so that FWEQ can be expressed as ﬁollows.

© FWEQ = [(\V16)YN]'FW = FW/16 . &)
As described abave, the period FWEQ of the detection pulse EQ is one-sixteenth of the sampling period FW. Therefore,
sixteen detection pulses EQ are generated in one sampling period FW. In other words, the frequency of EQ is equal to
16ls.

In Fig. 5, 112 designates a 2-bit counter havmg the synchronizing reset function, which peronms the up-count op-
eration in accordance with the bit clock BC!. This counter 112 also has the toggle-inhibit function, so that it performs the
up-count operation only while the toggle-inhibit signai Tl is at *1°. The foregoing detection puise RES1 is generated at
evary leading edge timing of the word clock SDSY. This detection pulse RES1 is delayed by a delay circuit 110 and then
supplied to the counter 112 as a rasst pulse RES3. The counter 112 inputs this raset pulse RES3 at the leading edge
timing of the clock Cx, so that the counter 112 is reset at next leading edge timing {7 of the clock Cy.

in addition, a pulse EQD is obtained by passing the puise EQ through a delay circuit 111, and then this pulse EQD
is supplied to the counter 112 as the toggle-inhibit signal. Therefore, avery time the counter 112 inputs the puise EQD,
it performs the count operation. As a result, a puise PSF whose frequency Is a halt of the puise EQD is obtained from

Q0 output of the counter 112, As described betore, sixtaen puises EQD are generated in one sampling period FW. For

this raason, as shown in Fig. 8, eight pulses PBF are generated in one sampling period FW. Thus, it is possibie to obtain
the pulse P8F having the frequency Bfs.

Based on such puise PEF, the output word clock WCO and sampla/hokd signals SHL, SHR are generated, Herain-

aftar, description will be given with raspact to the operation of generatlng these signals by referming to the time chart
shown in Fig. 9.

[Genaration of Word Clock WCO]

The pulse PEF is supplied to a delay circuit 114 and a selector 115 via a delay circuit 113, Then, the output of the
selactor 115 is lo be outputted via a delay circuit 116 as the output word clock WCO. Thae foregoing bit clock rate datection
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signal _SA is supplied to the salactor 115 as its select signal, so that the delay time betwaen output timings of P8F and
ch is changed over. Under oparations of tha circuits 113101186, the pulse P8F is dalayed by SFB when tha bit clock
fate is equal to or aver 128fs, while it is delayed by 4FB when the bit clock rate is equal to or below 112fs. Then, such

:e::ye:ﬂ ;;tf:lse P8F is outputted as the word ciock WCO. Fig. 9 shows the case where the bit clock rate is aqual to or
elow 112fs. .

[Generation of Sample/Hold signals SHL, SHA)

In accordance with the change in the bit clock rate, the period F8 of tha bit clock rate is changed. For this raasan,
it the sample/hold signals SHL, SHR ara generated by merely delaying the pulse P8F by the predetermined clocks, the
change-overtimingand pulse widths of tha sample/hold signals SHL, SHR must be varied by the bit clock rate. Therefora,
even il the sample/hold signal suitable for certain bit clock rate is obtained, the sample/hold timing thersof must be
shifted off with respect ta another bit clock rate, which will cause the malfunction of the system. In the present digital
filtar 2a, the sample/oid signals SHL, SHR ara cbtained by delaying the pulse PSF by the delay circuits. Howevar, the
stage number of the delay circuits are changed over in response to the bit clock rate. Thus, even if the bit clock rate is
varied, itis possible lo obtain the sample/hold signals SHL, SHR each having the desirable sample/hold timings.

Q1 output of the counter 112 is-delayed by 2FB by a delay circuit 117, and then the delayad output is inputted into

a pulse generating circuit 118R as a signal Q1D. Further, an inverter 117a inverts this signal Q10 into a signal Q1DN,
which is then inputted into ancther puise generating circuit 118L. Meanwhile, the QO output (l.e., pulse P8F) of the
#  counter 112 is inpuilted into a trailing detaction circuit 119. At the trailing edge of the pulse P8F, this detection circuit 119
outputs a trailing datection pulse having the width FB. This trailing detection pulse is delayed by 1FB by a delay circuit
_ .120. and then the delayed detection puise is outputted as a datection pulse NQO. This detection pulse NQO is inputted
into the puise generating circuits 118R, 118L, and it is also sequentially passed through delay circuits 121 o 123. Herein,
Poth of the pulse generating circuits 1188, 118L have the samae circuit configuration, The pulse generating circuit 118R
is sat in the enable state when tha signal Q10 is at *1°, while another pulse generating circuit 118L is sat in the snable

state when the signal Q10N is at *1°, .

Tl'}e outputs of the delay circuits 121 to 123 are inputted into a selector 124, to which the foregoing bit clock rate
detaction signals SA to SC are supplied as its select signals. Therefora, the output of the delay circuit 123 is selacted
when tha bit clock rate is equal to or over 128fs, the output of the delay circuit 122 is selacted when the bit clock rate
belongs to the range of 48fs - 112fs, and the output of the delay circuit 121 is selected when tha bit clock rate is equal

.:9 or below 32fs. Then, the selacted output of the above-menticned delay circuit is supplied to the pulse generating
circuits 118R, 118L as a puise NQOD via a delay circuit 125. : .

: Next. description will be given with respect to the operation of the pulse generating circuit 118L. When the period
1F3 is passed after the trailing adge timing t10 of the outputs QO, Q1 of the countaer 112, the pulse NQO is inputted into
She puise generating circuit 118L. At this time, the signal Q1DN is at at "0", so that an output *I* of a NAND gate 118A
is at *1°, while another output *j* of an AND gate 1188 is at *0". In addRion, an output *k* of an OR-AND gate 118C'is at
the same level (i.a., 0" lavel) of an output *1° of a flip-flop 1180. Therelors, the output 1 of the pulse generating circuit
118L does not change, :

In the case whera tha bit clock rate is in the range of 48fs - 112fs, the leading edge timing of the puise NQOD is
delayed by 3FB from that of the puise NQO. As a result, the output j of the AND gata 1188 and the outputk of the
OH—AIN_ID gate 118C are both at *1* at time t11. When 1FB is passed after this time 11, the output j of the AND gats
1188 riges up at tima t12. Meanwhile, the output k (at *1* level) of the OR-AND gate 118C is inputted into a flip-flop 1180
by the clock Cx just befora the time t12. Then, k is outputted from the flip-flop 118D at tima t12., Therefors, the autput k .
?t the OR-AND gate 118C is finally set at *1°. Thereatter, the output 1 of the puisa generating circuit 118L tumns to be at

1" level. At the leading edge of this cutput 1, the selector 126, delay circuits 127L, 128L are sequentially activated so
that tl.na sample/hoid signal SHL rises up. The delay time of this delay circuit 126L is set 1o 0.5FB only in the case where
the. bit clock rate is equal to 321s and its input signal falls down. Similar thing can be said to another dslay circuit 128R
which will be described later, '

Next, the QO output (Le., pulse PSF) of the counter 112 rises up at time t13. in this casa, the level ofthe word clock
WCQis Fhanged when 4FB is passed aftar the time t13. During this pariod 4FB, no operation is performed in the circuits
concaming the genaration of the sample/hold signal.

At pext tima t14, the QO output of the counter 112 (alls down, but the Q1 output therao! rises up. When 1FBis passad
after this tima 14, the pulse NQO risas up. When 2FB is passed after this lime t14, the puise Q10N fails down. At the
leading edge timing t15 of the pulse NQO, the pulse Q1DN is at *1". Thaerefora, the cutput i of the NAND gate 118A falls
down, and the output k of the OR-AND gale 118C also fails down. At next time t18 when 1FB is passed afier this time
t15, the pulse NQO falls down so that the output i rises up. On the ather hand, the autput k (at “0° lavel) of the OR-AND
gate 118C is inputted into the flip-flop 1180 by the clock Cx just before the time t16. Al time 116, k is cutputted from the
flip-flop 118D. As aresult, the output k of the OR-AND gate 118C is finally set at “0°. Thareafter, the output'l of the pulse
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genarating circuit 118L is at “0°. When this output | fails down, the selector 126 and delay circuits 1270, 128L are se-
quentially activated, so that the sampla/hold signal SHL falls down.

Similar thing can be said to ancther puisa generating circuit 118R, except that this circuit 118R operates during the
*1° lavel period of the signal Q10. Then, the output of tha pulse genarating circuit 118R is outputted as the sample/hold
signal SHR via the delay circuits 127R, 128R.

In the case where tha prasent digital filter 2a is used in the loregeing 1DAC-system, the change-over signal ST is
fixed at "0". In this case, the salector 126 salacts the output of the pulsa generating circuit 118L. In addition, the output
of the pulse genaerating circuit 118R is used as the sample/hold signal SHR, while the output of 118L is used as SHL.
As shown in Fig. 3, these signals SHR, SHL altarnatively rise up. In contrast, in the case where the present digital filter
2ais usedin the foregaing 2DAC-systam, the change-over signal ST is fixed at *1*. in this case, the selector 126 selects
- the output of the OR gate 129. At this time, the outputs of the pulse generating circuits 118R, 118L are inputted into the
OR gate 129. Tharefare, the logical sum of the outputs of the pulse generating circuits 118L, 118R is outputied as the
sample/hold signal SHL. .

Next, description will be given with respect to the phase relation among the word ¢clock WCO and sample/hold
signals SHR, SHL in the digital filter 2a. As is apparent from the above description, it is possibie to obtain the word clock
WCO and sampleshald signals SHR, SHL having the folldwing phasa relations to the pulse PSF of the counter 112.

- (a) The delay between the changing timings of PBF and WCO: _
(1) 128fs over «es SFB

(1i1) 48fs - 11l2fs «ee.. 4FB
(111) 32£s -=s 4FB
{t) The delay betwaen the leading edge timings of P8F and SHR, SHL:

() 128iscver | 9FB
(i) 48ts - 1121s'| 6FB
(i) 321s 5F8

(c) The delay between the trailing edge timings of PSF and SHR, SHL:

() 128fsaver | 3FB
(ii) 481s - 112fs | 3FB
(i) 321s 3.5FB

Therefore, the phasa relations between the word clock WCO and sample/hold signals SHR, SHL at each bit clock
rate are as follows.

{d) The ficat time betwaen the trailing edge timings of WCO and SHR, SHL (i.e., "2T" in Fig. é):

() 128fsover | 4FB
(i) 48ts - 11213 | 2FB
(i) 32As 1F8

(e) The float time between the trailing edge of SHR, SHL and next trailing edge of WCO (Le., *T* in Fig. 3):

() 128isover | 2FB
(i) 481s - 1121s | 1FB
(i) 32ts 0.5FB

As described heraetofore, the present digital fitter 2a changes over the stage number of the delay circuits in accord-
ance with the bit clock rate, Therefora, sven il the bit clock rate is varied, the word clock WCO and samplelhold
signals SHR, SHL can be sent out with desirable phase diffarence.
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{2) 8CO Generating Portion 19, Operation Control 18

The operation control 18 and BCO generating portion 19 are activated by the intamal clocks C15, C16 which are
asynchronous with the bit clock 8CI. Every time the trailing edge of the output word clock WCQ is detected, the operation
control 18 and BCO genaraling portion 19 are activated.

The trailing edge of the word clock WCO is datected by a trailing dataction circuit 201 This trailing datection circuit
201 generates a detection pulse RPA having a width t (whaera t indicates the period of the clocks C15, C16) at the first
leading sdga of tha clock C16 after the trailing edga of the ward clock WCO. This datecticn pulse RPA is passed through
a jitter absorbing circuit 202 and then supplied to a BCO countar 203 within the BCO generating portion 19 as a reset
puise AP. This resat puisa AP is inputted into a BCO cantrol circuit 204, In addition, this reset pulse RP is passed through
a delay circuit 205 and than inputted into an address counter raset cm:ult 206. Incidentally, the operation of the jitter
absorbing circuit 202 will be dascribed latar.

Next, description will be given with respect to the BCO ganerating portion 19. Hersin, the BCO countar 203 is
designed as the 8-bit up-countar which parfarms the up-count operation in accardance with the clocks C15, C16. The
cutputs Q0 to QS of this countar 203 are supplied lo a decoder 207. When the count value of the counter 203 reaches
at “33°, °37°, *44°, *47°, tha decodar 207 cutputs raspactive delection signals P34, P37, P44, P47 carresponding to
these count values. When such count value is detected, the corrasponding detection signal P33, P37, P44 is set at *1*
but the detection signal P47 is sat at "0". This detecticn signal P47 is inputted into the counter 203 as the togglc-nhibn
signal.

At the trailing edge of the word ciock WCO, ihe counter 203 is resat by the reset puise AP. Then, this counter 203
caunts up its count valua from *Q* in accordance with the clocks C15, C16 to be inputted thereto. When the count value
reaches at "47°, the decoder 207 outputs the detection signal P47. As a result, the counter 203 is subject to the tog-
gle-inhibit state, whaereby it does not perform the count operation even when tha clocks C15, C16 are inputted thereto.
Then, until the resat pulse AP is inputted into the counter 203 after the next trailing edge of the word clock WCO, the
counter 203 holds its count value at *47°,

Meanwhile, the Q0 output of the counter 203 is dalayed by 2! by a delay circuit 208, and then the delayed cutput
theracf is supplied to a first input of an AND gate 211 via an inverter 210. in addition, a signal STOP cutputted from the
BCO control cireuit 204 is supplied to a second input of the AND gate 211. Hereinaftar, description will be given with
raspect to the operation of generating the bit cleck 8CO in the BCO generating pertion by refarring 10 the time chart
shown in Fig. 10. The counter 203 is resat at the next clock C16 after the reset pulse RP is suppiied thereto. In addition,
this raset pulse RP is read by the BCO contral circuit 204, so that the signal STOP rises up when the delay time 2t has
bean passad aftar the leading edge timing cf the reset pulse RP. This stands by the operation of sending the bit clock
BCO. Then, the QO output of the eoumerzoalsculpuuadasme bltclockacowamedelaycmilm inverter 210

- and AND gate 211,

In the case wheras the ehango-ovar signal (16/15) is set at '0' the detection sfgnal P33 is suppliad to the-BCO,
control circuit 204 as an end signal ED via a selector 212 when the count vaiue of the counter 203 reaches at *33°. As
a result, the signal STOP falls down when the delay time 2t has been passed after the leading edge timing of the end
signal ED. Therealter, the transmission of the bit clock BCO is stopped. On the other hand, in the case where the
change-over signai (16/18) is set at *1*, the transmission of the bit clock BCO is stopped when the count value *37° is
detacted. As described above, every time the word ciock WCO falfs down, the BCO generating portion 19 outputs the
bit clock BCO,

Next, description wil be given with respect to the opetation contral 18. In Fig. S, 213 designates an address counter
which is designed as the 8bit up-caunter, whose cutputs QO to Q7 are supplied to a micro program ROM (ot shown)
as the micro program adcress. 209 designates a clock genaerating circuit which generates the 2-phase clock C1, C2
based on tha Q0 autput of the counter 203 within the BCO genaerating portion 19. Then, the addrass counter 213 performs
the count cperation by the clocks C1, C2. 214 designates a decodar which autputs a detection signal P191 when the
count vaiue of he address counter 213 reaches at *191°. This datection signal P191 is supplied to the address counter
213 as the reset signal via an OR gate 215. Then, the addrass counter 213 is reset by the timing of the clock C2 after
the reset signal is supplied thereto. As a rasult, address counter 213 rapeatedly counts up its count value from *0* to
“191° in accordance with the clocks C1, C2. )

in addition, the address counter 213 is resat at the first trailing edge of the word cioack WCO within the sampling
pariod FW, Fig. 11 shows the time chart indicating the operation of the addreas counter raset circuit 206. When the
sampling perod FW ia started at the leading adge of the input ward clock SOSY, a datection pulsa RES3D is supplied
to the addrass counter reset circuit 208, As a rasult, a set-reset flip-fiop {i.e., S-R or R-S flip-flop) 206A is sat, so that
its output signal A is set at *1°. When a detection pulse RPO is supplied to the AND gate 2068 after the trailing edge
of the output word clock WCO, an output signal R1 of this AND gate 2068 is tumed at *1°. This signal R1 is outputted
as a signal R4 via an OR gate 206C and a flip-flop 2060. This signal R4 resats the address counter 213, In addition,
the signal R1 ls read by a ftip-flop 206€, from which R is outputted as a signal A2, As a result, this signal A2 resels the



a predetermned first sanpling period to thereby generate g oot
data corresponding to a second sanpling frequency whi ( EAGEM#& fgﬂEET
denotes an integral nunber) tines |arger than a predeterm ned f1 rst

sanpling fre- guency characterized by conpri sing: ? 6 1998
timng generating circuit (19.20) for detecting said first sqnpli ng peri od
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S-A flip-flap 206A sa that its cutput signal AJ is turned at *0°. Tharaalter, aven il the detaclion pulse-RPO is supplied 1o

the circuit 206 alter the tralling edge of the ward clock WCO, the reset pulsa is not supplied lo the addrass counter 213,

As described abqva, at the first trailing edge timing of the ward clack WCO in the sampling pericd FW, the acdrass

éourger 213is resel. Theraalter, the address counter 213 perfarms the count cperation in accordanca with the clacks
1, Ca

As described befara, the clccks C1, C2 are generated based on the QO output of the counter 203. Every time the
ward clock WCO falls down, the counter 203 rapeats its count valua to be varied from *0° to *47°, Theralcre, every time
the ward clock WCQ falls down, twelve sets of the clocks C1, C2 are generated, by which the address counter 213
proceeds its count operation. Then, whan the address counter 213 sends cut the micro program addrass, the operation
unit 12 (ses Fig. 1) executas the arithmetic operation based on the corresponding micre program. Thus, every time the
ward clock WCQ falls down, tweiva staps of micro programs are to be executed in synchronism with the clocks C1, C2,
Atftar the twelve steps of the micro programs are completed, the address countar 213 terminates its count operation so
that the operation unit 12 is st in the standby state until the next trailing edge of the word clock WCQ, In one sampling
pericd FW, thera are aight trailing edges of the word clock WCQ. Therelora, in cne sampling perbd FW, total 192 steps
of micro programs are executed.

As cascribed abova, the present digital fiter 2a exacutes its arithmetic operation in synchtcn-m with m clocks
€15, C18 which are asynchronous with the bit clock BC. In acdition, at avary trailing edge of the word cleek WCO, the
pradatarminad steps of the micro pragrams are executed. Therafora, the present digital filter 2a can respond fo several
kinds of sampling pericds. Further, the present digital filter 2a proceeds its operation by the speed corrasponding to tha
frequency of the clecks C15, C16. Alter executing the cperaticn, the digital fitar 2a is set in the stancby state until the
next trailing edga of the word ciock WCQ. Thus, it is possibie to increase the frequency of the clocks Cts. C16beycnd .
the allowabla irequency range by certain degree.

Next, description will be given with respect to the cperation of the jitter al:sorbmgcwcuit 262. ln the ptesent dighl .
fitar 2a, the lower limit of the Irequency of the clocks C15, C16 is sat at 384fs. Howaver, when this clock frequency
enters into the vicinity of this limit 384fs, the operation speed of the digital filter 2a falls down. This causes the disad-
vantags in that the next trailing edge of the word clack WCQ is accurred before tha preceding operation is not completed,
For axample, the detaction puise RPA is generated at the trailing edge of the word clock WCO, but the preceding op-
eration has not been complated. in this case, the detection pulse RPA is delayed, and then it will beoutpuuod as mo .
- detection pulse RP after the precading operation is completed. :

Fig. 121is the time chart showing the operation of the jitter absorbing circuit 202, When the count valuo ol the counter
203 in the BCQ generating portion 19 reaches at *44", the countar 203 outputs the detection signal P44. This detection ;
signal P44 is sequentially transmitted through delay circults D4S to D49 in accordance with the clocks C15,C16, As
described belors, the signal P44 is at *1° when the count value of the counter 203 is at "44°, andmcsimal PaSisat .
“1° when the count value is at *45". In this manner, the signals P44 to P49 sequentially rise up. Then, when the time 1t
has passed after the leading edge timing of each dstection signal, each detection signal falls down, 3. -

In the case as shown in Fig. 12(a), at time 121 whén the count valus of the eounmrzoauaehuat'tla'and the
detection pulse RPA is generatad, this detection pulse RPA sequentially passes through delay circuits D50, DS1, AND
gate 2024, delay circuit 2028 and OR gate 202X, Then, at time 122 when the count value of the counter 203 reaches
at °47°, this detection puise RPA is outputted as the puise RP. in the case as shown in Fig. 12(b), at time 23 when the
count value of the counter 203 reaches at *45° and the detection pulse RPA is generated, this detection puise FPA
sequentially passes through the delay circuits D50, D51, AND gate 202C and OR gate 202X. Then, attime 122, RPA s
Qutputted as RP. Further, in the case as shown in Fig. 12(c), at time t22 when the count valus of the counter 203 reachas

at °47" and RPA is generated, APA s cutputted as RP via an AND gate 2020, Furthermore, in the case as shown in
Fig. 12(d), at time 124 when RPA is generated after the counter 203 campletes its count oparation, RPA is outputted as
RP via the delay circuits DS0, DS1, inverter 202E, NOR gate 202Y and OR gate 202X, As described above, in response
lathe countvalue of the counter 203, i.e., the proceeding state of the precading cperation at the timing when the detection
pulse FRPA is generated, this detaction pulsa RPA is delayed and then supplied to the BCO generating partion 19 as the
pulse AP,

The abova is the description of the praferrad embodiment of the present invention. This invention may be practiced
or smbodied in still cther ways without dapacting from the spirit or assential character therecl. Therelore, the preterred
embodiment described herain is illustrative and not restrictive, the scope of the invention being indicated by the appended
claims and all variations which come within the meaning of the claims are intended 1o be embraced therein,
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conpri si ng:

Claims

1.

A digial filter which pertarms an arithmatic cperation on input digital data inputted thereto in lima-series manner by
a predetanmined first sampling paricd ta tharely genarata cutput digital data corresponding to a secend sampling

lrequancy which is N (whare N cancles an integral numbar) limes targer than a pracetermined first samgling fre-
quancy charactarized By camgrising: '

(a1 3 timing generating aircuit (19, 20) lor datecting 3aid first sampling paricd af said input cigital data ta theraby
genaerate a stant signal having sad secsnd sampling Iraguency:

(B) a catacting circuit (20) ler datecting a Bit input speed of sach it within said input digital data; and

(€} an output circuit (17) activatad By said start signal lor cutputting said autput digital data and a synchronizing

signal, wharain autput timings ot sad cutput digital data and sait synchreniZing signal ace contrailed basad on
sai3 b input speed,

-

A cigital filter aczercing to claim | lurther comprising:

(a) a synchrenizing signal generating circutt (20) for genarating a synchronizing signal having said second -

:mlhg Iraquency respcnsive to saxt pracatermined ficst sampling pencd of said input digital data inputtad
aratq; and . ’

(5) an cparation contral circuit (12, 18) activated By its intamal clock which is asynchronaus with said input

digital cata, said cparation cantral circuit starting to perderm cperation grecasses responsive ta sait synchiro.

nizing signal suppiied thersto, tharealter said operaticn control circuit terminating said operation processes

URGn a completion of a pradetarmined step number.

A digital fiter aceerding to claim 1 or 2 further comprising:

(a) serial-lo-parailel converting means (11) for converting first serial data inputted thereto info first paraliel data,
said flest sacial cata having a pradetemnined sampiing lrequency,

(B) operation means (12} activated basad on a clock which is asynchronaus with said first serial data for cal-
culating said parallel cata by a corresponding coelficient io thersby generate second parailel data indicative of
#s operation rasult in respanse to said synchronizing signal; and -

(<] paratial-to-sedal convecting means (17) for converting said second parallel data into second sedal
caresponding to said irsquency which is N times larger than said samgpling frequency. '

A digital fiter accarding 1o claim 3 further providing bit clock generating means (19) for generating and supplying
bccbdcbaﬁ-mﬂd%ﬂm«hgmaﬂnthiﬂdaﬁsmﬂaﬂldaﬂucmmw
parallel-io-serial converting means based on said bit clocks, whersin a number of said bit clocks is controlled in
response 1o a change-over signal suppiied therato such that a bit number of said second serfal data can be changed

2s comparing to that of said first serial cata by accing one or some extension bits obtained from saii operation
maeans to said secand parallel data. .

A digital fiter according 1o claim 1 in which the input data synchronized with an input clock (BC1) is subjected to°
predetenmined digital signal procassing 30 as o cbtain cutput data, said digital fiter further comprising:

(a) a clock creating means (SRF1, SAF2) for creating an operation clock (C1S, C16) on the basis of a system
clock (Cm), said operation clock being asynchronous with said input clock, whereas a digital signal processing
is parfonmed in synchronism with said cperation clock; and :

(5} an output-timing centrol means (18, 19) fof setting the system in a standby state when completing a prede-

tanmined number of cparation steps of the digital signal processing so as 1o oulput a result of processing at
pradatermined output tirmin

ecn gs synchronized with another ciock (BCO) which is different from the input clock

6. Adigital fiter according to claim § turther comprising:

(a) a dataction means (20) for detecting a bil clock rate from said input data, said bit clock rate being defined
23 2 number of bits of said input data lo be supplied therato within a pradetermined pedod (SOSY, FW),
(5) whereby said cutput-timing control means conirols output timings by which data representing the result of

procassing are cutputted, _
(UL
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circuit starting to. perform operationlprocesses responsi '
ni zing signal supplied thereto, thereafter said operation control circuit
term nating said operation procsses upon a conpletion of a
predeterm ned step nunber. :

ABSTRACT:

@bl 1

'DIGITAL FILTER

A digital filter performs a predetermined arithmetic
operation on input digital data inputted thereto in time-series
manner by the predetermined first sampling periocd to thereby
generate output digital data corresponding to a second sahpling
frequency which is N (where N denotes an integral number) times
larger than the predetermined first sampling frequency. This
digital filter provides a synchronizing signal generating
circui? (20) ana an operation control circuit (18). The
synchronizing signal generating circuit detects the
predetermined first sampling period of the input digital data
to thereby generate a synchronizing signal having the second
sampling frequency. The operation control circuit is activated
by its internal clock which is asynchronous with the input
digital data. This operation control circuit starts to perform
its operation processes when the synchronizing signal is
supplied thereto, thereafter it terminates the cperation
processes when a predetermined step number is completed.

"Fig. 1
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its operation result in response to sai
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(-a) a clock creating means (SRF1, SRF2) for creating an o

(C15, C16) on the basis of a system - - clock (Cm,
cl ock being asynchronous with said input clock, whereas a
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said bit clock rate being defined
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