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(57) The circuittransmits a digital data
signal from atransmission unit20to a
reception unit21viaacoupling device 3.
The circuit removes jitter and high
frequency noise components from the
digital data signal. The synchronising
signal Sg may be optically (as shown) or
conductively {Fig. 7) coupled between
the units 20,21. Timing may be
controlled entirely atthe transmission
unit (20 Fig, 10), using a crystal oscillator
or clock pulse extraction (Fig. 12), forthe
timing signal. An electromagnetic
connection may be used instead of the
coupler3which may comprise separate
light emitting and light sensitive devices
coupledvia an optical fibre.
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1 GB2191663 A 1
SPECIFICATION sound signal will be deteriorated by these unwanted
components. The deteriorated analog sound signal
Interface circuit lowers tone quality and fidelity in sound reproduc-
tion.
5 Background of the invention 70
Field ofthe invention Summary ofthe invention

This invention generally relates to an interface cir- ltwas found that removal of both the previously-
cuitfor digital signal transmission or communica- mentioned causes (1) and (2) of the signal deteriora-
tion between separate devices, and specifically re- tion ensures exellent tone quality and fidelity in

10 latesto an interface circuit for digital sound or video 75 sound reproduction in a digital audio system. This
signal transmission between separate devicesin an invention is based on this fact. It should be noted that
audio system or a video system. this invention is not limited to application to a digital

audio system. This invention can also be applied to
Description ofthe priorart digital systems such as a digital video system.

15  Advanced audio or video systems handle sound or 80 Itisan object of this invention to provide an inter-
display datain the form of digital signals at certain face circuit which can remove unwanted com-
stages. In these systems, the digital data signals are ponents such as jitters, noises, orripplesfrom a
finally converted into corresponding analog data transmitted digital signal.
signals. The deterioration in quality of such a repro- Itis a specific object of this invention to provide an

20 duced analog data signal mainly results from the fol- 85 interface circuit for a digital audio or video system
lowing two causes: which can remove the previously-mentioned cause

{1) Afailureinaccurate transmission and digital- (1) of the signal deterioration in addition to the pre-
to-analog (D/A) conversion of a digital data signal; viously-mentioned cause (2) of the signal deteriora-

(2) Contamination of an analog data signal caused tion and thereby which can ensure exellent fidelity in

25 bytheingress of noises which are containedina 90 soundorimage reproduction.
digital data signal or which are generated in a digital In an interface circuit for transmitting a digital data
signal processing unit. signal accordingto a first aspect of this invention, a

One known way of removing the previously- device removes jitter components from the digital
mentioned cause (2) of the signal deteriorationisto data signal. Another device removes high frequency

30 dispose adigital signal processing unitand a D/A 95 noise components from the digital data signal.
converting and analog signal processing unit in sep- In aninterface circuit for transmitting a binary data
arate chassis respectively to reduce or preventinter- signal according to a second aspect of this invention,
ference between the two units.In some cases, these the binary data signal changes between two different
two units inthe separate chassis are housed ina level states in accordance with data. A device re-

35 common cabinet. In other cases, they are housedin 100 moves high frequency noises from the binary data
separate cabinets respectively. signal. The noise removing device includes anel-

In digital audio systems, another known way of re- ement for generating light when supplied with a cur-
moving the previously-mentioned cause (2) of the rentand interrupting light generation when supplied
signal deterioration is to use a photocouplerin an with no current. Current supply to the light generat-

40 interface circuit performing digital signal transmis- 105 ingelementis allowed and inhibited in accordance
sion from a digital signal processing unit {a signal with change of the binary data signal between the
transmitting unit) to a D/A converting and analog two different level states. The light generating el-
signal processing unit (a signal receiving unit). In this ement thereby generates an optical binary signal
interface circuit, a digital signal is transmitted be- corresponding to the binary data signal. The optical

45 tween the two units via the photocoupler. The photo- 110 binary signal is converted into a corresponding elec-
coupler enables electrical isolation between the two trical binary signal. The current supplied to the light
units while maintaining the signal transmission be- generating elementis regulated at a fixed level.
tween them. According to this electrical isolation, the
two units are generally activated by separate power Brief description ofthe drawings

50 supplies and grouds of the two units are separate. 115  Figure 7is adiagram of an interface circuit accord-
The electrical isolation is advantageous in thatifa ing to afirst embodiment of this invention.
ground current of the signal transmitting unitis Figure2is atiming diagram of waveforms of var-
varied by a change of a codition such as a change ofa ious signals developed in the interface circuit of
load of the related power supply, the variation in the Figure 1.

55 ground current ofthe signal transmitting unitwilinot 120 Figure 3isablock diagram ofan example ofthe
betransmitted to the signal receiving unit. Further- synchronous control circuit of Figure 1.
more, the electrical isolation including the ground Figure 4is a block diagram of the timing control
isolation is usually effective in cutting off common circuit of Figure 1.
mode noises. Figure 5is a diagram of an interface circuit accord-

60 Generally, such aknown photocoupler-based in- 125 ingto asecond embodimentofthisinvention.
terface circuit is useless in removing the previously- Figure 6is atiming diagram of waveforms of var-
mentioned cause (1) of the signal deterioration. ious signals developed in the interface circuit of
Specifically, in this known interface circuit, once a Figure5.
digital sound signal has unwanted components such Figure 7is ablock diagram of an interface circuit

65 asjitters, noises, or ripples, a corresponding analog 130 according to a third embodiment of thisinvention.
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Figure 8is adiagram of an interface circuit accord-
ing to afourth embodiment of this invention.

Figure 9is atiming diagram of waveforms of var-
ious signals developed in the interface circuit of
Figure 8.

Figure 10is a diagram of an interface circuit ac-
cording to afifth embodiment of thisinvention.

Figure 11is atiming diagram of waveforms of var-
ious signals developed in the interface circuit of
Figure 10.

Figure 12is a block diagram of an interface circuit
according to a sixth embodiment of this invention.

Like and corresponding elements are denoted by
the same reference characters throughoutthe
drawings.

Description of the first preferred embodiment

With reference to Figure 1 showing a firstembodi-
ment of this invention, a digital signal processing
unitincludes a signal transmission circuit 20. A
digital-to-analog (D/A) converting and analog signal
processing unitincludes a signal reception circuit 21
optically connected to the transmission circuit 20 via
photocouplers 3and 11. The transmission circuit 20
outputs an optical data signal to the reception circuit
21 viathe photocoupler 3. The reception circuit 21
outputs an optical synchronizing signal to the trans-
mission circuit 20 via the photocoupler 11.

The transmission circuit 20 and the reception cir-
cuit 21 are mutually electrically isolated to remove
the previously-mentioned cause (2) of the signal det-
erioration. Specifically, the transmission circuit 20
and the reception circuit 21 are activated by separate
power supplies {(not shown) respectively. Grounds of
these circuits 20 and 21 are mutually separated. The
transmission circuit 20 and the reception circuit 21
are preferably disposed in separate chassis re-
spectively. In addition, these circuits 20 and 21 ex-
cept their portions providing the optical connections
viathe photocouplers 3and 11 are preferably mut-
ually separated by shields {(not shown).

The transmission circuit 20 includes a synchro-
nous control circuit 6 outputting a synchronized
digital or binary data signal Sa. An output terminal of
the synchronous control circuit 6 is connected to an
inputterminal of a driver 7 so that the digital data
signal Sais applied to the driver 7. The driver 7 pre-
ferably includes a switching transistor which is made
conductive and unconductive in accordance with
change of the digital data signal Sa between two dif-
ferent level states. For example, the driver 7 is made
conductive and unconductive when the digital data
signal Sa assumes a logic state “0” and a logicstate
“1" respectively. An outputterminal ofthe driver 7 is
connected across a constantvoltage source (not
shown) via a light-emitting diode (LED) 3a of the
photocoupler 3 and a fixed resistor (no reference
character).

When the digital data signal Sa assumes afirst
level state or a logic state “0”, the driver 7 ismade
conductive so that a current from the voltage source
flows through the LED 3a. This current activates the
LED 3aso thatthe LED 3a emits light. When the
digital data signal Sa assumes a second level state or
alogicstate “1”, the driver 7 is made unconductive
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so thatthe current flow through the LED 3aisin-
terrrupted. The interruption of the current flow
throughthe LED 3a deactivates the LED 3a so thatthe
lightemission from the LED 3ais alo interrupted. In
this way, the LED 3a generates an optical binary
signal which corresponds to the digital data signal
Sa.

The synchronous control circuit 6, the driver 7, the
LED 3a, the section for supplying current to the LED,
and the connections between them are shielded by
suitable members (not shown) to protect the digital
data signal Sa from interference by other signalsand
noises. This shield structure isto remove the pre-
viously-mentioned cause (2) of the signal deteriora-
tion.

Asshownin Figure 2, the digital data signal Sa
tends to contain unwanted components, such as
high frequency noise components and jitter com-
ponents, which relate to the previously-mentioned
cause (1) of the signal deterioration. These unwanted
components are removed via signal processing des-
cribed hereinafter.

The reception circuit 21 includes a generator 8 out-
putting a constant frequency basic clock signal. The
output terminal of the clock generator 8 is connected
to an inputterminal of a timing control circuit 9 so
that the basicciock signal is applied to the timing
control circuit 9. The timing control circuit 9 gener-
ates a read clock signal Sd, a binary driver control
signal Se, and a binary synchronizing signal Sfinac-
cordance with the basic clock signal.

Aninputterminal of a driver 10is connected to an
outputterminal of the timing control circuit9 so that
the driver 10 receives the synchronizing signal Sf.
The driver 10 preferably includes a switching transis-
tor which is made conductive and unconductivein
accordance with change of the binary synchronizing
signal Sfbetween two different level states. Forex-
ample, the driver 10 is made conductive and uncon-
ductive when the synchronizing signal Sfassumesa
logic state “0” and alogic state “1" respectively. An
outputterminal ofthe driver 10is connected acrossa
constant voltage source (notshown)viaan LED 11a
of the photocoupler 11 and a fixed resistor (no refer-
ence character).

When the binary synchronizing signal Sfassumes
afirstlevel state oralogicstate “0”, the driver 10is
made conductive so that a current from the voltage
source flows through the LED 11a. This currentac-
tivatesthe LED 11a sothatthe LED 11a emits light.
When the synchronizing signal Sfassumes asecond
level state ora logic state “1”, the driver 10is made
unconductive so that the current flow through the
LED 11aisinterrupted. The interruption of the cur-
rent flow through the LED 11a deactivates the LED
11asothatthelight emissionfromthe LED 11aisalo
interrupted. In this way, the LED 11a generates an
optical binary signal which corresponds to the bi-
nary synchronizing signal Sf.

The transmission circuit 20 includes a photo-
transistor 11b of the photocoupler 11. When the
associated LED 11a emits light, the phototransistor
11bis made conductive. When the light emission
fromthe LED 11ais interrupted, the phototransistor
11b becomes unconductive. Thus, the phototransis-
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tor 11bis made conductive and unconductive in ac-
cordance with the synchronizing signal Sf. The
phototransistor 11bis connected across a constant
voltage source (notshown) via a fixed resistor 22,
When the phototransistor 11b is conductive and un-
conductive, a potential at the junction between the
phototransistor 11b and the fixed resistor 22 goes
low and high respectively. Accordingly, the potential
atthe junction between the phototransistor 11band
the fixed resistor 22 reflects the synchronizing signal
Sf. Inthis way, the synchronizing signal Sfis trans-
mitted from the reception circuit 21 to the transmis-
sion circuit 20. The junction between the photo-
transistor 11b and the fixed resistor 22 is connected
to a control terminal of the synchronous control cir-
cuit 6 so that the synchronizing signal Sf is transmit-
ted to the synchronous control circuit 6.

The digital data signal Sa undergoes synchroniz-
ing process in the synchronous control circuit6.
Specifically, serial segments of the digital signal Sa
representing respective data are outputted from the
synchronous control circuit 6 at timings determined
by the synchronizing signal Sf.

The reception circuit 21 includes adriver 12. An
inputterminal of the driver 12is connected to an
outputterminal of the timing control circuit9 so that
thedriver 12 receives the binary control signai Se.
Thedriver 12 preferably includes a switching transis-
tor which is made conductive and unconductive in
accordance with change ofthe binary control signal
Se between two different level states. For example,
the driver 12 is made conductive and unconductive
when the control signal Se assumes a logic state “0”
and alogic state “1" respectively. An outputterminal
of the driver 10 is connected across a constant vol-
tage source {(notshown) via a phototransistor 3b of
the photocoupler 3and afixed resistor 23. The
phototransistor 3b of the photocoupler 3is included
in the reception circuit 21,

When the driver 12 is conductive and unconduct-
ive, a potential Sc at the junction between the driver
12 and the phototransistor 3b goes fow and high re-
spectively. Accordingly, the potential Sc atthe jun-
ction between the driver 12 and the phototransistor
3breflects the state of the driver 12 and thus depends
on the control signal Se. In other words, the driver 12
transmits the control signal Se to the phototransistor
3bintheform of asignal Sc. Specifically, as shownin
Figure 2, the phototransistor control signal Sccon-
tains negative orinverted short pulses occuring at
preset regularintervals. While the driver 12is con-
ductive, a phototransistor control pulse Scis pre-
sent. While the driver 12 is unconductive, a photo-
transistor control pulse Scis absent.

The phototransistor 3b is made conductive when
the associated LED 3a emits light. The phototransis-
tor 3b becomes unconductive when the light emis-
sion fromthe LED 3ais interrupted. Thus, the photo-
transistor 3b is made conductive and unconductive
in accordance with the digital data signal Sa. As
showninFigure 2, provided that the driver 12 iscon-
ductive, thatis, provided that a phototransistor con-
trol pulse Scis present, a potential Sb atthe junction
between the phototransistor 3b and the fixed resistor
23 goes low and high when the phototransistor 3bis
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conductive and unconductive respectively. Accord-
ingly, provided that a phototransistor control pulse
Scis present, the potential Sb atthe junction be-
tween the phototransitor 3b and the fixed resistor 23
reflects the digital data signal Sa. In otherwords,
provided that a phototransistor control pulse Scis
present, the digital data signal Sa from the transmis-
sion circuit 20 is allowed to travel to the reception
circuit 21 in the form of a signal Sb. As shown in
Figure 2, provided that the driver 12 is unconductive,
thatis, provided that a phototransistor control pulse
Scis absent, the potential Sb between the photo-
transistor 3b and the fixed resistor 23 remains ata
highlevelindependent of the digital data signal Sa.
Inthis way, the digital data signal Sais sampled at
timings determined by the phototransistor control
pulses Sc and is thereby converted into a processed
data signal Sb.

The timings of sampling of the digital data signal
Sa, thatis, the timings of the phototransistor contro}
pulses Sc, are chosen to reside outside periods or
intervals during which jitter components of the
digital data signal Sa may occur. This timing setting
removes jitter components from the processed data
signal Sb. As shown in Figure 2, the processed data
signal Sbis also essentially free from high frequency
noises.

The junction between the phototransistor 3b and
the fixed resistor 23 is connected to a data input ter-
minal ofa D flip-flop 13 so that the processed data
signal Sbis applied to the data input terminal ofthe D
flip-flop 13. A clock pulse inputterminal of the D flip-
flop 13 is connected to the timing control circuit 9 so
thatthe clock pulse input terminal ofthe D flip-flop 13
receives the read clock signal Sd. A non-inverting
outputterminal ofthe D flip-flop 13is connectedto a
connection point or terminal 14 so that an output
signal Sg from the D flip-flop 13 is applied to the con-
nection point 14.

As shownin Figure 2, the read clock signal Sd con-
tains short pulses occurring at presetregularinter-
vals. The read clock pulses Sd are synchronous with
the phototransistor control pulses Sc. In addition,
the read clock pulses Sd occuratmomentsinre-
spective durations of the corresponding photo-
transistor control pulses Sc. Atmoments ofthe
occurrences of the read clock pulses Sd, the logic
state of the flip-flop output signal Sg equals the logic
state of the processed data signal Sb. After the mo-
ment of the occurrence of a read clock pulse Sd, the
logical state of the flip-flop output signal Sg remains
unchanged at least until the following read clock
pulse Sd occurs. In this way, the processed data
signal Shis converted into a second processed data
signal Sg free from jitters and high frequency noises.
The second processed data signal Sg has a fixedtime
delay or phase difference with respect to the original
data signal Sa. If the processed data signal Sg is
advanced to offset its time delay with respect to the
origiani data signal Sa, the waveform ofthe pro-
cessed data signal Sg is essentially the same asthe
waveform of the true data components of the orig-
inal data signal Sa.

In summary, the original data signal Sa is wave-
shaped into a delayed data signal Sg. Even if the ori-
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ginal data signal Sa has jitter and noise components,
the wave-shaping process eliminates the jitter and
noise components so that a clean data signal Sgis
available. The elimination of the jitter and noise com-
ponents means the removal of the previously-
mentioned cause (1) of the signal deterioration. In
addition, the previously-mentioned cause (2) of the
signal deterioration is removed by the unitisolating
structure. Accordingly, both the previously-
mentioned causes (1) and (2) of the signal deteriora-
tion are removed in the interface circuit of thisemb-
odiment. In cases where the interface circuit of this
embodimentis applied to digital audio or video sys-
tems, the removali of the previously-mentioned
causes (1) and (2) of the signal deterioration ensures
excellent fidelity in sound orimage reproduction.

It should be noted that each ofthe photocouplers 3
and 11 may be replaced by a photointerrupter, ora
combination of a light emitting element, a lightsen-
sitive element, and an optical fiber connecting these
elements. Furthermore, the transmission circuit 20
and the reception circuit 21 may be coupled via elec-
tromagnetic connections including transformersin
place of the optical connections including the photo-
couplers3and 11.

The synchronous control circuit 6 may consist of
any devices or apparatus which output digital data
signals in synchronism with external synchronizing
signals. For example, the synchronous control circuit
6 consists of a video tape recorder (VTR), a PCMre-
corder, acompact disc (CD) player, or a digital audio
tape recorder (DAT).

Figure 3 shows an example of the synchronous
control circuit 6 which is composed of a CD player.
As shownin Figure 3, the synchronous control circuit
6includes a spindie motor 6A rotating acompact
disc 6B. An optical pickup 6C derives a data signal
fromthe compact disc 6B. The optical pickup 6Cis
controlled by focus servo and tracking servo systems
6D. After processed by an analog wave shaper 6E,
the data signal is applied to a synchronous detector
6F and a phase-locked loop (PLL) circuit 6G. The PLL
circuit 6G regenerates clocks from the data signal.
These clocks are applied to the synchronous detector
6F and a digital signal processing unit 6H. After in-
ternal synchronizing signals are detected from the
data signal by the device 6F, the data signal is pro-
cessed in the device 6H to form a digital data signal
Sa. An external synchronizing signal Sfis applied to
the digital signal processing unit 6H. The device 6H
outputsthe digital data signal Sa in synchronism
with the external synchronizing signal Sf. The clocks
fromthe PLL circuit 6G are applied to a motordrive
servo system 6l. The digital signal processing unit6H
generates a motor control signal in accordance with
the external synchronizing signal Sf. The motorcon-
trol signal is applied to the motor drive servo system
6. The motor drive servo system 6l controls the
spindle motor 6A in accordance with the motor con-
trol signal and the clocks.

Figure 4 shows an example of the timing control
circuit 9 in the case where the synchronous control
circuit 6is composed of a PCM recorder including a
rotatable head type VTR. Asshown in Figure 4, the
timing control circuit9 includes afirst frequency div-
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ider 9A receiving a basic clock signal outputted by
the generator 8. In this case, the frequency of the
basic clock signal is 12.348 MHz. The first frequency
divider 9A derives a signal having a frequency of
3.087MHz from the basic clock signal through 1/4 fre-
guency dividing process. The 3.087 MHz signal is
applied to a second frequency divider 9B and afirst
inputterminal of a NAND gate 9C. The secondfrequ-
ency divider 9B includes a combination of hexa-
decimal or 4-bit counters 9D and SE, a NAND gate 9F,
and Dflip-flops 9G and 9H. The second frequency
divider 9B derives a synchronizing signal Sfhaving a
frequency of 44.1 KHz through 1/70 frequency divid-
ing process. Specifically, the combination of the
counters 9D and 9E, and the NAND gate 9F derives a
first44.1 KHz signal from the 3.087 MHz signal. The
first44.1 KHz signal is applied to a data inputter-
minal of the first D flip-flop 9G from an output ter-
minal ofthe NAND gate 9F. A clock input terminal of
the first D flip-flop 9G receives the 3.087 MHz signal.
The first D flip-flop 9G convertsthe first44.1 KHz
signalinto a second 44.1 KHz signal, which is applied
to a clear or resetterminal of the second Dflip-flop
9H. The first counter 9D has an output terminal QC
generating a pulse signal representing a period cor-
responding to successive four pulses of the 3.087
MHz. This pulse signal is applied to a clock input ter-
minal ofthe second D flip-flop 9H. A data input ter-
mina! of the second D fiip-flop 9H is subjected to a
constant positive potential Vcc. The second Dflip-
flop 9H makes the duration of a synchronizing pulse
Sfequal to a period corresponding to successive
four pulses of the 3.087 MHz signal. The first counter
9D has an outputterminal QA generating asighatl
with a frequency of 1.5435 MHz. A monostable multi-
vibrator 9] derives a preset width pulse signal from
the 1.5435 MHz signal. This preset width pulse signal
is applied to a second inputterminal of the NAND
gate 9C. The NAND gate 9C generates a read clock
signal Sd in accordance with the preset width pulse
signal and the 3.087 MHz signal. The frequency ofthe
read clock signal Sd is 1.5435 MHz. The series com-
bination of inverters 9J and 9K derives a driver con-
trol signal Se from the signal outputted by the NAND
gate 9C. The frequency of the driver control signal Se
is 1.5435 MHz.

The synchronizing signal Sf may contain pulses
which occur at fixed intervals corresponding to per-
iods which respective data of the digital signal Sa
occupy. The waveform of such a synchronizing
signal Sfis shown in Figure 2. In this case, the frequ-
ency of the synchronizing signal Sfis equal to the
frequency of the phototransistor control signal Sc
and the read clock signal Sd.

Description ofthe second preferred embodiment
Figure 5 shows a second embodiment of thisin-
vention, which is similar to the embodiment of Fig-
ures 1-4 except for the following design changes.
_Asshownin Figure 5, the phototransistor 3b ofthe
photocoupler 3 is connected across a constantvol-
tage source (notshown) via a diode 24 and the fixed
resistor 23. The output terminal of the driver 12is
connected across the series combination of the
phototransistor 3b and the diode 24. The timing con-
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trol circuit 9 outputs a control signal Sc to the input
terminal of the driver 12. As shown in Figure 6, the
driver control signal Sc contains positive or non-
inverted pulses occurring at fixed regularintervals.
Thedriver 12 is made conductive and unconductive
in accordance with the control pulse signal Sc. For
example, the driver 12 is made conductive and un-
conductive when a driver control pulse Scis absent
and present respectively. The junction between the
diode 24 and the fixed resistor 23 is connected to the
datainputterminal of the D flip-flop 13.

The timing control! circuit 9 may be similar to the
timing control circuit of Figure 4 except for the fol-
lowing modification. One of the inverters 9J and 9K
(see Figure 4) is omitted from the timing control cir-
cuit9.

In cases where the driver 12 is made unconductive
by the control signal Sc, when the LED 3a ofthe
photocoupler 3 emits light, the phototransistor 3bis
made conductive so that a current flows through the
fixed resistor 23, the diode 24, and the phototransis-
tor 3b. In the same cases, when the light emission
from LED 3aisinterrupted, the current flow through
the elements 3b,23, and 24 isinhibited. Accordingly,
in cases where the driver 12 is unconductive, apot-
ential Sb atthe junction between the diode 24 and
the fixed resistor 23 essentially changes between
two different levels in accordance with the allowance
and inhibition of the light emission fromthe LED 3a
so that the potential Sb reflects the digital data signal
Saas shown in Figure 6. In other words, the digital
data signal Sa from the transmission unit 20 is trans-
mitted to the reception unit 21 in the form of a digital
signal Sb.

In cases where the driver 12 is made conductive by
the control signal Sc, the digital signal Sb remainsin
the lower level state independent of the digital data
signal Sa.

The relative timings of the control pulses Sc and
the read clock pulses Sd are chosen so that the D flip-
flop 13samples the digital signal Sb at moments
which reside outside periods or intervals during
which the signal Sb is forcedly held at the lower level
state by the driver 12.

Description ofthe third preferred embodiment

Figure 7 shows a third embodiment of this inven-
tion, which is similar to the embodiment of Figures
1-4 exceptfor the following design changes.

Asshownin Figure 7, in this embodiment, the
clock generator 8 and the timing control circuit 9 are
located outside both the transmission circuit 20 and
the reception circuit 21. The driver 10 and the photo-
coupler 11 {see Figure 1) are omitted from thisemb-
odiment. The timing control circuit 9 is connected to
the synchronous control circuit 6 (see Figure 1)
within the transmission circuit 20 so that the syn-
chronous signal Sffrom the timing control circuit 9is
applied to the synchronous control circuit6.

Aphotocoupler may be disposed in the connection
between the timing control circuit 9 and the synchro-
nous control circuit 6 (see Figure 1) within thetrans-
mission circuit 20 to prevent electrical connection
between the transmission circuit 20 and the recep-
tion circuit 21 via the timing control circuit 9.
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Description of the fourth preferred embodiment

Figure 8 shows afourth embodiment of this inven-
tion, which is similar to the embodiment of Figures
1-4 exceptfor the following design changes.

As shownin Figure 8, the reception circuit 21 inclu-
des a NAND gate 70 and a J-K flip-flop 71. An output
terminal of the timing control circuit 9is connected
to afirstinput terminal of the NAND gate 70 so that
the driver control signal Seis applied to the first
inputterminal ofthe NAND gate 70. An outputter-
minal ofthe NAND gate 70 is connected to the input
terminal of the driver 12 so that an output signal from
the NAND gate 70 is applied to the input terminal of
the driver 12. The timing control circuit 9 derives a
pulse signal Sp from the basic clock signal outputted
by the generator 8. An output terminal of the timing
control circuit 9is connected to a clear terminal ofthe
J-Kflip-flop 71 so that the pulse signal Spis applied
totheclearterminal of the J-K flip-flop 71.

Asshownin Figure 9, the signal Sp contains pulses
occurring atfixed regular intervals. The frequency of
the puises Sp is the same as the frequency ofthe
driver control pulses Se. The timing of the occur-
rence of these pulses Sp differs from the timing of
the occurrence ofthe driver control pulses Se.

The timing control circuit 9 may be similarto the
timing control circuit of Figure 4 except for the fol-
lowing modification. One of the inverters 9J and 9K
(see Figure 4) is omitted from the timing control cir-
cuit9. The timing control circuitincludes a delay cir-
cuitwhich derives the pulse signal Sp from the driver
control signal Se.

The junction between the fixed resistor 23 and the
phototransistor 3b is connected to a clock input ter-
minal of the J-Kflip-flop 71 so that the signal Sbis
appliedto the clock input terminal of the J-K flip-flop
71. Aninverting output terminal of the J-K flip-flop 71
is connected to the data input terminal of the D flip-
flop 13 and a second input terminal of the NAND gate
70 sothatan outputsignal Sq from the J-K flip-flop
71is applied to the data input terminal of the D flip-
flop 13 and the second input terminal ofthe NAND
gate 70. A J-terminal and a K-terminal of the J-K flip-
flop 71 are subjected to a positive constant voltage.

As shownin Figure 9, when a pulse Sp is applied to
the clear terminal of the J-K flip-flop 71, the output
signal Sq from the J-Kflip-flop 71 movesto or re-
mains atalogic state “1”. This logic “1” signal Sq is
applied tothe NAND gate 70. Then, a driver control
pulse Seis applied to the NAND gate 70, changing a
state of the output signal from the NAND gate 70 and
thereby making the driver 12 conductive.

In cases where no current flows through the LED
3a, the signal Sb remainsin a logic state “1” inde-
pendent of the change of the state ofthe driver 12,
since the phototransistor 3b remains unconductive.

In cases where a current flows through the LED 3a,
when the driver 12 becomes conductive, the signal
Sb changesto alogic state “0”. This logic “0” signal
Sb changes theflip-flop output signal Sq to alogic
state “0”, thereby moving the output signal of the
NAND gate 70to alogic state “1” and making the
driver 12 unconductive. Thus, the driver 12 remains
conductive for only a shortinterval. This is advantag-
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eous in removing unwanted components from the
data signal transmission between the transmission
circuit 20 and the reception circuit 21.

Description of the fifth preferred embodiment

With reference to Figure 10 showing afifth emb-
odiment of this invention, a digital signal processing
unitincludes a signal transmission circuit 20. A
digital-to-analog (D/A) converting and analog signal
processing unitincludes a signal reception circuit 21
optically connected to the transmission circuit 20 via
a photocoupler 3. The transmission circuit 20 out-
puts an optical data signal to the reception circuit 21
viathe photocoupler 3.

The transmission circuit 20 and the reception cir-
cuit21 are mutually electrically isolated to remove
the previously-mentioned cause (2) of the signal det-
erioration as in the embodiment of Figures 1-4.

The transmission circuit 20 includes a synchro-
nous control circuit 6 outputting a synchronized
digital or binary data signal Sa. The synchronous
control circuit6is similarto that in the embodiment
of Figures 1-4. An output terminal of the synchro-
nous control circuit 6 is connected to a data inputter-
minal of a D flip-flop 31 so that the digital data signal
Sais applied to the data input terminal of the Dflip-
flop 31.

As shownin Figure 11, the digital data signal Sa
tendsto contain unwanted components, such as
high frequency noise components and jitter com-
ponents, which relate to the previously-mentioned
cause (1) of the signal deterioration. These unwanted
components are removed via signal processing des-
cribed hereinafter.

Thetransmission circuit 20 includes a generator8
outputting a constant frequency basic clock signal.
The output terminal of the clock generator 8 iscon-
nected to an input terminal of atiming control circuit
9sothatthe basicclocksignalis applied to the tim-
ing control circuit9. The timing control circuit 9 gen-
erates aread clock signal Sd and a binary syn-
chronizing signal Sfin accordance with the basic
clock signal.

Thetiming control circuit 9is similarto thatisthe
embodiment of Figures 1-4 except for the following
design change. A section for generating a drivercon-
trol signal Se (see Figure 1) is omitted from this tim-
ing control circuit 9. Specifically, the timing control
circuit 9 may be similarto thatin Figure 4 exceptfor
the following modification. The multivibrator 91, the
NAND gate 9C, and the inverters 9J and 9K (see
Figure 4) are omitted from this timing control circuit
9. The signal from the output terminal QA of the first
counter 9D (see Figure 4) is directly used as the syn-
chronizing read clock signa! Sd.

An output terminal of the timing control circuit 9is
connected to a control terminal of the synchronous
control circuit 6 so that the synchronizing signal Sfis
applied to the synchronous control circuit 6. The
digital data signal Sa undergoes synchronizing pro-
cess in the synchronous control circuit 6. Specific-
ally, serial segments of the digital signal Sa repre-
senting respective data are outputted from the
synchronous control circuit 6 at timings determined
by the synchronizing signal Sf.
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Another output terminal of the timing control cir-
cuit9is connected to a clockinput terminal of the D
flip-flop 31 so that the read clock signal Sd is applied
tothe clockinput terminal of the D flip-flop 31. As
shown in Figure 11, the read clock signal Sd contains
short pulses occurring at presestregular intervals.
The Dflip-flop 31 samples the digital data signal Sa
atthe moment ofthe occurrence of a read clock pulse
Sd and generates a processed data signal Sj repre-
sentative of the sampled data. In other words, the
digital data signal Sa is converted or wave-shaped
into a corresponding processed data signal Sj. The
processed data signal Sj is outputted viaa non-
inverting output terminal of the D flip-flop 31.

The timings of sampling ofthe digital datasignal
Sa, that is, the timings of the read clock pulses Sd,
are chosen to reside outside periods or intervals dur-
ing which jitter components of the digital data signal
Samay occur. This timing setting removesjitter
components from the processed data signal Sj. It
should be noted that the processed data signal Sj
tends to contain high frequency noises as shownin
Figure 11.

Asshown in Figure 11, the processed data signal
Sj has a fixed time delay or phase difference with re-
spect to the original data signal Sa. If the processed
data signal Sjis advanced to offset this time delay
with respect to the original data signal Sa, the wave-
form of the true data components of the processed
datasignal Sjis essentially the same as the wave-
form of the true data components of the original data
signal Sa.

The non-inverting outputterminal of the D flip-flop
31isconnected to an inputterminal of adriver7so
that the digital processed data signal Sjis applied to
the driver7. The driver 7 preferably includes a
switching transistor which is made conductive and
unconductive in accordance with change ofthe
digital data signal Sj between two different level
states. Forexample, the driver 7 is made conductive
and unconductive when the digital data signal Sj
assumes a logic state “0” and a logic state “1" re-
spectively. An output terminal of the driver 7 iscon-
nected across a constant voltage source (notshown)
via a current control circuit 32, a light-emitting diode
(LED) 3a of the phototransistor 3, and a fixed resistor
33.

When the digital data signal Sj assumes a firstievel
state or alogic state “0”, the driver 7 is made con-
ductive so that a current Skfrom the voltage source
flows through the LED 3a and the current control cir-
cuit 32. This current Sk activates the LED 3aso that
the LED 3a emits light. When the digital data signal Sj
assumes a second level state oralogic state “1“, the
driver7 is made unconductive so thatthe current
flow through the LED 3a and the current control cir-
cuit32isinterrupted. The interruption of the current
flow through the LED 3a deactivates the LED 3a so
thatthe light emission from the LED 3ais alointer-
rupted. Inthis way, the LED 3a generates an optical
binary signal which corresponds to the digital data
signal Sj.

While the driver 7 remains conductive so thatthe
current Sk continues to flow through the LED 33, the
current control circuit 32 regulates this current ata
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preset fixed level. The current regulation by the con-
trol circuit 32 smooths the current Sk and thus re-
moves high frequency noises or ripples from the cur-
rent Sk as shown in Figure 11. While the driver7
remains unconductive, the current Skis null regard-
less of the operation of the current control circuit 32.
As shown in Figure 11, the waveform of the current
Skthrough the LED 3a essentially coincides with the
waveform of the digital data signal Sj but is free from
high frequency noises. Since jitter components are
removed from the digital data signal Sj and high fre-
quency noise components are removed from the
current Skthrough the LED 3a, the optical binary
signal emitted from the LED 3ais free from these un-
wanted components related to the previously-
mentioned cause (1) of the signal deterioration. In
this way, this embodiment removes the previously-
mentioned cause (1) of the signal deterioration.

The reception circuit 21 includes a phototransistor
3bofthe photocoupler 3. The phototransistor 3bis
connected across a constant voltage sourceviaa
fixed resistor 23. The phototransistor 3b is made con-
ductive when the associated LED 3a emits light. The
phototransistor 3b becomes unconductive when the
light emission from the LED 3ais interrupted. Thus,
the phototransistor 3b is made conductive and un-
conductive in accordance with the optical binary
signal from the LED 3a which correspondsto the
digital data signal Sj. _

When the phototransistor 3b is conductive, a cur-
rent from the related voitage source flows through
the fixed resistor 23 and the phototransistor3b and a
potential Sm atthe junction between the fixed resis-
tor 23 and the phototransistor 3b assumes a low
level. When the phototransistor 3b is unconductive,
the current flow through the fixed resistor 23 and the
phototransistor 3b is interrupted and the potential
Sm atthe junction between the fixed resistor 23 and
the phototransistor 3b assumes a high level. Accord-
ingly, the potential Sm at the junction between the
fixed resistor 23 and the phototransistor 3b reflects
the digital data signal Sj. In other words, the digitai
data signal Sjfrom the transmission circuit 20 is
transmitted to the reception circuit21 in the form ofa
digital signal Sm. As shown in Figure 11, the wave-
form ofthe digital signal Sm essentially coincides
with the waveform of the digital data signal Sj. Since
the optical signal transmitted from the LED 3a to the
phototransistor 3b contains neither jitter com-
ponents nor high frequency noise components, the
digital signal Smis free from these unwanted com-
ponents.

The junction between the fixed resistor 23 and the
phototransistor 3b is connected to a terminal or con-
nection point 34 so that the digital signal Smis app-
lied to the terminal 34.

In summary, during data transmission from the
transmission circuit 20 to the reception circuit 21, the
original data signal Sa is wave-shapedinto a cor-
responding data signal Sm. Even ifthe original data
signal Sa has jitter and noise components, the wave-
shaping process eliminates the jitter and noise com-
ponents so that a clean data signal Smis available.
The elimination of the jitter and noise components
means the removal of the previously-mentioned
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cause (1) ofthe signal deterioration. In addition, the
previously-mentioned cause (2) of the signal deter-
ioration is removed by the unitisolating structure.
Accordingly, both the previously-mentioned causes
(1) and (2) of the signal deterioration are removedin
the interface circuit of thisembodiment. In cases
where the interface circuit of this embodiment is
applied to digital audio or video systems, the re-
moval of the previously-mentioned causes (1) and (2)
ofthe signal deterioration ensures excellent fidelity
in sound orimage reproduction.

It should be noted that the photocoupler 3 may be
replaced by a photointerrupter, or acombination ofa
lightemitting element, a light sensitive element, and
an optical fiber connecting these elements. Further-
more, the transmission circuit 20 and the reception
circuit 21 may be coupled via an electromagnetic
connection including a transformer in place ofthe
optical connection including the photocoupler 3. In
addition, the clock generator 8 may be located out-
side the transmission circuit 20.

The synchronizing signal Sf may contain pulses
which occur atfixed regularintervals corresponding
to.periods which respective data of the digital signal
Sa occupy. The waveform of such a synchronizing
signal Sfisshown in Figure 11. In this case, the frequ-
ency of the synchronizing signal Sfisequal tothe
frequency of the synchronizing read clock signal Sd.

The current control circuit 32 may composed of a
known constant current circuit. The current control
circuit 32 may also be composed of a known current
limiting circuit which serves to hold a current equal
to orbelow a preset upper limit. In this case, the cur-
rent limiting circuitis designed so that when the
driver 7 is conductive, the current limiting circuit acts
in a saturated state and thus the current limiting cir-
cuit holds the current through the LED 3a at a preset
level.

The series combination of the current control cir-
cuit 32, the LED 33, the fixed resistor 33, the driver 7,
and the voltage source (not shown) may be replaced
by a series combination of a known constant current
supply, the LED 3a, and thedriver7.

Description of the sixth preferred embodiment

Figure 12 shows a sixth embodiment of thisinven-
tion, which s similar to the embodiment of Figures
10 and 11 except for the following design changes.

Asshownin Figure 12, in this embodiment, the
transmission circuit 20 includes a connection point
orterminal 41 subjected to the digital data signal Sa.
The point41 is connected to the data inputterminal
ofthe Dflip-flop 31 so that the digital data signal Sais
applied to the data input terminal of the D flip-flop 31.

The clock generator 8 and the timing control circuit
9 (see Figure 10) are omitted from this embodiment.
The transmission circuit 20 includes a synchronizing
signal generator 42.

The synchronizing signal generator 42 includesa
phase comparator 42A, a low pass filter (LPF) 42B, a
voltage controlled oscillator 42C, and frequency div-
iders 42D and 42E. The connection point 41 is con-
nected to afirst input terminal of the phase compara-
tor42A so that the digital data signal Sais appliedto
thefirstinput terminal of the phase comparator 42A.
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An output terminal of the phase comparator 42A is
connected to an input terminal ofthe low pass filter
42B so that an output signal from the phase com-
parator 42Ais applied to the low passfilter 42B. An
outputterminal of the low pass filter 42B is connec-
tedto acontrol terminal of the oscillator 42C so that
an outputsignal from the low pass filter 42B is app-
lied to the control terminal of the oscillator 42C. The
outputsignal from the low pass filter 42B controls
the oscillator 42C. An outputterminal of the oscilla-
tor42C is connected to input terminals of the frequ-
ency dividers 42D and 42E so thatan outputsignal
from the oscillator42Cis applied to the frequency
dividers 42D and 42E. The device 42D derives asyn-
chronizing read clock signal Sd from the signal ofthe
oscillator 42C through frequency dividing process.
An output terminal of the frequency divider42D is
connected to the clock input terminal of the Dlip-
flop 31 so that the synchronizing read clock signal Sd
is applied to the clock inputterminal of the D flip-flop
31. The device 42E derives afrequency lowered
signal from the signal of the oscillator 42C through
frequency dividing process. An output terminal of
the frequency divider 42E is connected to a second
input terminal of the phase comparator 42A so that
the frequency lowered signal is applied to the second
inputterminal of the phase comparator 42A. The de-
vice 42A compares the phases of the digital data
signal Sa and the frequency lowered signal and out-
puts a signal reflecting the phase comparison.

The generator 42 derives a synchronizing read
clock signal Sd from the digital data signal Sa. The
synchronizing signal Sd contains short pulses syn-
chronous with the digital data signal Sa. The D flip-
flop 31 samples the digital data signal Sa ata mo-
ment ofthe occurrence of aread clock Sd. Thetiming
ofthe occurrence of read clocks Sd depends on a
time constant of the low pass filter 42B. Thetime
constant of the low pass filter 42B is chosen so that
the synchronizing read clocks Sd occur at moments
outside intervals or periods during which jitter com-
ponents of the digital data signal Sa may occur.

CLAIMS

1. Aninterface circuit for transmitting a digital
data signal from a transmission unitto a reception
unitvia a coupling device, the interface circuit com-
prising:

(a) means for removing jitter components from the
digital data signal; and

{b} meansfor removing high frequency noise com-
ponents from the digital data signal.

2. Theinterface circuitof claim 1 wherein thejit-
terremoving means and the noise removing means
are disposed in the reception unit.

3. Theinterface circuit of claim 1 or 2 whereinthe
jitter removing means and the noise removing
means comprise a control driver operating at a tim-
ing outside a period during which jitter components
ofthe digital data signal may occur, means for, while
atransmission element of the coupling device re-
mains active, generating a processed signal in accor-
dance with the operation timing ofthe control driver,
aDflip-flop having a data inputterminal subjected to
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the processed signal and having a clock input ter-
minal, means for generating a clock at a timing con-
currentwith the operation timing of the control
driver, and means for applying the clock to the clock
input terminal of the D flip-flop.

4. Theinterface circuitof claim 1 or 3wherein the
jitter removing means and the noise removing
means are disposed in the transmission unit.

6. Theinterfacecircuitofclaim 1,2 or 4wherein
the jitter removing means comprises means for gen-
erating a clock at a timing outside a period during
which jitter components of the digital data signal
may occur, and a D flip-flop having a data inputter-
minal subjected to the digital data signal and a clock
inputterminal subjected to the clock.

6. Theinterface circuitofclaim 1,2,4 or 5wherein
the noise removing means comprises a transmission
elementof the coupling means, means for supplying
an activation currentto the transmission element in
accordance with the digital data signal, and means
for regulating the activation current at a fixed leve!.

7. Aninterface circuit for transmitting a binary
datasignal changing between two different level
statesin accordance with data, the interface circuit
comprising:

means for removing high frequency noises from
the binary data signal;

wherein the noise removing means comprises
means for generating light when supplied with a cur-
rentand interrupting light generation when supplied
with no current, means for allowing and inhibiting
currentsupply to the light generating meansin ac-
cordance with change of the binary data signai be-
tween the two different level states, the light generat-
ing means thereby generating and optical binay
signal corresponding to the binary data signal,
means for converting the optical binary signal into a
corresponding electrical binary signal, and means
for regulating the current supplied to the light gener-
ating means at a fixed level.

8. Aninterface circuit for transmitting a digital
data signal substantially as hereinbefore described
with reference to and asillustrated in the ac-
companying drawings.

8. Asystem forhandling datainthe form of
digital signals including an interface circuit accord-
ing to any preceding claim.
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