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The purpose is to detect minute electrical signals embedded
in noise with a simple device configuration and easily reduce
the area of the device by utilizing a semiconductor device in
particular. This signal reproducing device (1) includes: N
FETs (6, to 6r) each receiving a common input signal (V)
at a gate terminal and having a bias voltage (V DD) applied to
a drain terminal; and an adder circuit (4) connected to source
terminals of the FETs (6, to 6r,), for combining currents
between the drain terminals and the source terminals of the
FETs (6, to 6r,) and outputting the resulting current, wherein
the FETs (6, to 6r) and the bias voltage (VDD) are set so that
a voltage at the gate terminal having the common input signal
(VIN) applied thereto falls within a subthreshold region of
voltages less than a threshold voltage of the FETs (6, to 6 r).
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SIGNAL REPRODUCING DEVICE
TECHNICAL FIELD
[0001] The present invention relates to a signal reproducing
device for reproducing an input signal containing noise.
BACKGROUND ART
[0002] Conventionally, for detecting minute electrical signals having noise added, a method of filtering out frequency
components containing noise components, a method of averaging input signals to attenuate noise and other methods have
been employed. As disclosed in patent document 1, also a
method of repeating data processing such as power spectrum
analysis and statistical analysis to detect minute signals
embedded in noise has been devised.
CITATION LIST
Patent Literature
[0003] Patent document 1: Japanese Unexamined Patent
Application Publication No. 2002-221546
SUMMARY OF INVENTION
Technical Problem
[0004] However, in the above-described type of method
using a filter, it is necessary that the frequency of the minute
electrical signals is previously known or the frequency is
estimated and also necessary that various electronic circuits
such as a filter and an amplifier are mounted in a device. In the
method of performing arithmetic processing on the input
signals, it is necessary to implement various functions for
averaging processing and statistical analysis on a device, and
its circuit configuration and functional configuration tend to
be complicated.
[0005] The present invention has been made in view of the
above problems, and has an object to provide a signal reproducing device that detects minute electrical signals embedded
in noise with a simple device configuration and easily reduces
the area of the device by utilizing a semiconductor device in
particular.
Solution to Problem
[0006] To solve the above problems, a signal reproducing
device according to the present invention includes: a plurality
of field-effect transistors each receiving a common input signal at a gate terminal and having a bias voltage applied to a
drain terminal; and an adder circuit connected to source terminals of the plurality of field-effect transistors for combining currents between the drain terminals and the source terminals of the plurality of field-effect transistors and
outputting the resulting current, wherein the plurality of fieldeffect transistors and the bias voltage are set so that a voltage
at the gate terminal having the common input signal applied
thereto falls within a subthreshold region ofvoltages less than
a threshold voltage of the plurality of field-effect transistors.
[0007] According to such a signal reproducing device, the
input signal containing noise is applied to the gate terminals
of the plurality of field-effect transistors each having the bias
voltage applied to the drain terminal, and the drain-source
currents of the plurality of field-effect transistors are combined by the adder circuit and the resulting current is output.
Here, the field-effect transistors are operated in the subthresh-
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old region, and thus it is possible to achieve a stochastic
resonance phenomenon in which the detection sensitivity of
the input signal is increased. Hence, it is possible to emphatically output only the input signals from among signals
embedded in noise. In particular, since field-effect transistors,
which are semiconductor devices, are used, it is possible to
easily reduce the area and size of a device.
ADVANTAGEOUS EFFECTS OF INVENTION
[0008] According to the present invention, it is possible to
detect minute electrical signals embedded in noise with a
simple device configuration and easily reduce the area of the
device by utilizing a semiconductor device in particular.
BRIEF DESCRIPTION OF DRAWINGS
[0009] FIG. 1 is a circuit diagram of a signal reproducing
device according to a preferred embodiment of the present
invention;
[0010] FIG. 2 is a circuit diagram showing an example of
the configuration of an adder circuit of FIG. 1;
[0011] FIG. 3 is a graph showing the relationship between
a gate-source voltage and a drain-source current of an FET of
FIG. 1;
[0012] FIG. 4 is a graph showing the relationship between
a standard deviation of noise contained in an input signal and
an input and output correlation coefficient in the signal reproducing device of FIG. 1;
[0013] FIG. 5 is a circuit diagram of a signal reproducing
device of a variation of the present invention; and
[0014] FIG. 6 is a circuit diagram of a signal reproducing
device of a variation of the present invention.
REFERENCE SIGNS LIST
[0015] 1 and 101: signal reproducing device, 4: adder circuit, 6, to 6r,: FETs (field-effect transistor), 8: offset adder
circuit (voltage source circuit), 7, to 7 r,: noise sources, Iasi to
hsr,: drain-source currents, VDD: bias voltage, V G : gatesource voltage, VIN: input signal, V oUT: output signal
DESCRIPTION OF EMBODIMENTS
[0016] A preferred embodiment of a signal reproducing
device according to the present invention will be described
below in detail with reference to the accompanying drawings.
In the drawings, like and corresponding parts are identified
with like symbols, and their description will not be repeated.
[0017] FIG. 1 is a circuit diagram of a signal reproducing
device 1 according to a preferred embodiment of the present
invention. The signal reproducing device 1 reproduces and
extracts minute signals from among minute signals that are
analogue signals such as image signals and sound signals
embedded in noise, and has a configuration in which N (N is
an integer of two or more) current source circuits 5, to 5 r, are
connected in parallel between an input terminal 3 having an
input signal VIN
and an adder circuit 4 for extracting an
output signal VoUT. The input signal V,, ,is an analogue signal
such as a pulse signal of a given frequency; noise such as
thermal noise having random level and frequency is previously added to the input signal VIN.
[0018] The current source circuits 5, to 5, are formed with
field-effect transistors (hereinafter, referred to as FETs) 6, to
6N and noise sources 7, to 7r„ respectively. Bias voltages VDD
are applied to the drain terminals of the FETs 6 1 to 6r„ respectively, and their source terminals are connected to the input of
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the adder circuit 4. The gate terminals of the FETs 6, to 6 r, are
connected to the input terminal 3 through noise sources 7 1 to
7r„ respectively. Since the connection configuration
described above is employed, with the bias voltages V DD
applied to the drain terminals, the FETs 6 1 to 6, receive the
common input signal VIr, at the gate terminals, respectively,
and thus generate drain-source currents hs , to hsr„ and
input the currents hs, to IDs v to the adder circuit 4.
[0019] As the FETs 6 1 to 6r„ for example, a semiconductor
device is used in which semiconductor channels having a
modulation-doped heterojunction and a width of a few hundred nm are linearly formed on a GaAs substrate, and Schottky gates having a gate length of 600 nm are formed on the
semiconductor channels. As this semiconductor channel, an
A1GaAs/GaAs modulation-doped heterojunction in which a
GaAs layer and an A1GaAs layer are deposited in this order
can be employed. The configuration of the FETs 6 1 to 6N is not
limited to the configuration described above; it is possible to
employ any other configuration such as JFETs or MOSFETs.
[0020] The noise sources 7 1 to 7r, are resistive elements for
intentionally adding noise to the input signal VIr input from
the input terminal 3. The use of such resistive elements as the
noise sources allows thermal noise having no correlation
between a plurality of noise sources 7 1 to 7r,to be added to the
input signal V. The change of the resistance value of the
resistive elements constituting the noise sources 7 1 to 7r,
allows the adjustment of the average level of the noise added
to the input signal VIN„ as appropriate.
[0021] The adder circuit 4 is a circuit that combines the
drain-source currents IDSI to IDSN of the FETs 6 1 to 6, and
outputs the output signal V Q corresponding to the resultant
current IOUT. FIG. 2 is a circuit diagram showing an example
of the configuration of the adder circuit 4. As shown in the
figure, in the adder circuit 4, the drain-source currents hs, to
IDS are input through the resistive elements to the inverting
input of an operational amplifier, a feedback resistor is connected between the inverting input and the output of the
operational amplifier and its non-inverting input is grounded.
The output voltage of the operational amplifier is output as the
output signal V 0UT and thus the output signal V oUT corresponding to the resultant current IOUT obtained by adding
together the drain-source currents hs, to hs v is extracted.
[0022] The signal reproducing device 1 configured as
above is set so as to satisfy a predetermined condition
between the signal level of the input signal V im, and the characteristic of the FETs 6 1 to 6r,. FIG. 3 is a graph showing the
relationship between a gate-source voltage V G and a drainsource current hs of the FETs 6 1 to 6, when the predetermined bias voltages VDD are applied. The FETs 6 1 to 6N are
designed to have the same electrical characteristic. The FETs
6 1 to 6r, are so-called normally-off type devices, and have a
positive value as a threshold voltage Vth for achieving conduction between the drain and source. On the other hand, the
relationship between an offset voltage V B and the bias voltage
VDD is set so that the voltage value of the input signal V Ir
whose offset voltage is VB and amplitude voltage is AV is less
than the threshold voltage Vth, that is, the input signal VIN is
applied to the gate terminal in the subthreshold region of the
FETs 6 1 to 6N In this way, it is possible to operate the FETs
6 1 to 6r, in the subthreshold region when the input signal V Ir
is applied to the gate terminals of the FETs 6 1 to 6N
[0023] The design parameters of the FETs 6 1 to 6N themselves may be set so that the voltage value of the input signal
VIr, falls within the subthreshold region of the FETs 6 1 to 6r,.
,

,

,

For example, the gate length and the channel width of the
FETs 6 1 to 6r, are considered to be set.
[0024] With the signal reproducing device 1 described
above, the input signal Vim, containing noise is applied to the
gate terminals of the N FETs 6 1 to 6, ,having the bias voltage
VDD applied to the drain terminals, and the drain-source currents hs , to hs, , of the FETs 6 1 to 6r, are combined by the
adder circuit 4 and are output as the output signal V OUT . Here,
it is possible to effectively achieve a stochastic resonance
phenomenon in which the FETs 6 1 to 6r, are operated in the
subthreshold region and their output currents are combined,
and thus the detection sensitivity of the input signal V im, is
increased. Consequently, it is possible to emphatically output
only the input signals from among signals embedded in noise.
In particular, since FETs and operational amplifiers, which
are semiconductor devices, are used as main elements, it is
possible to easily reduce the area and size of a device.
[0025] FIG. 4 is a graph showing the results of an experiment on the relationship between the standard deviation of the
noise contained in the input signal V im, and an input and output
correlation coefficient in the signal reproducing device 1.
Here, an ambient temperature was set at 293 K, the frequency
of the input signal V,, , was set at 100 Hz, a duty ratio was set
at 20 percent, a peak-to-peak voltage was set at 20 mV and the
drain-source voltage of the FETs 6 1 to 6N was set at 0.1 V. The
input and output correlation coefficient was determined by
calculating the correlation coefficient between the input signal VIr, and the output current 'OUT .In the figure, the result
obtained by reproducing the input signal V v through conventional averaging processing is also shown. The results show
that, in the signal reproducing device 1, the input and output
correlation coefficient is maximum around 50 mV of the
standard deviation V,,,,,_, of the noise, and that, when the
noise intensity is appropriate therearound, the input and output correlation coefficient and the S/N ratio are increased. The
results also show that, as the number N of FETs 6 1 to 6N
connected in parallel is increased from 1 to 2, 8, ... , the
maximum value of the input and output correlation coefficient is increased, and that the input and output correlation
coefficient is raised in the wide range of the standard deviation V,,,,,_, of the noise. By contrast, when the averaging
processing is performed on the input signal Vim, and the number of times that the averaging processing is performed is
increased, the input and output correlation coefficient is
raised but the raising effect is low as compared with the signal
reproducing device 1. Moreover, as the standard deviation
V„o ms of the noise increases, the input and output correlation coefficient decreases monotonously. Hence, it has been
found that, when the waveform of the input signal VIr, containing noise is reproduced, the signal reproducing device 1 is
advantageous in terms of signal reproduction effects and the
processing time.
[0026] Since the noise sources 7 1 to 7r, are further provided,
the adjustment of the level of the noise contained in the input
signal V v allows the input and output correlation coefficient,
that is, the S/N ratio to be easily optimized and the sensitivity
of detection of the input signal to be increased.
[0027] The present invention is not limited to the embodiment described above. For example, as with a signal reproducing device 101 shown in FIG. 5, which is a variation of the
present invention, an offset addition circuit (voltage source
circuit) 8 is provided between the input terminal 3 and the
gate terminals of the FETs 6 1 to 6r„ an offset voltage is added
by the offset addition circuit 8 and thus the gate-source volt-
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age V G of the FETs 6, to 6r, may fall within the subthreshold
region. In this way, since it is possible to adjust the gatesource voltage so that the FETs 6, to 6N may be operated in the
subthreshold region, signal detection suitable for input signals Vim, of various levels is achieved.
[0028] Furthermore, as with a signal reproducing device
201 shown in FIG. 6, which is a variation of the present
invention, noise sources 9 1 to 9r, are connected to the drain
terminals of the FETs 6 1 to 6r„ respectively, and thus noise
may be superimposed on the bias voltages VDD applied to the
drain terminals. Alternatively, the noise sources 9 1 to 9r,may
be connected to the source terminals of the FETs 6 1 to 6r„
respectively. In this way, the noise having no correlation with
a relative potential between the gate and drain or between the
gate and source of the FETs 6 1 to 6r, is added, and the resistance value of resistive elements constituting the noise
sources 9 1 to 9r,is changed, which allows the input and output
correlation coefficient, that is, the S/N ratio to be easily optimized and the sensitivity of detection of the input signal to be
increased.
[0029] It is not necessary to perform setting so that all the
FETs 6 1 to 6N are operated in the subthreshold region; the
FETs 61 to 6r,or the bias voltages VDD may be set so that some
of the FETs 6 1 to 6N are operated in the subthreshold region.
[0030] As the noise sources 7 1 to 7r, and 9 1 to 9r„ PN
junction diodes, FETs or flip-flop circuits can be used to add
element noise and M-sequence noise generated by an LFSR
(linear feedback shift register) circuit as the noise.
[0031] Preferably, a noise source connected to the gate
terminal for adding noise to the input signal is further provided. In this case, the adjustment of the level of the noise
contained in the input signal allows the sensitivity of detection of the input signal to be easily optimized.
[0032] Preferably, a noise source connected to at least one
of the drain terminal and the source terminal for adding noise
to the bias voltage is further provided. In this case also, the
noise is added to a voltage of the gate terminal relative to the
drain terminal or the source terminal of the field-effect transistor, which allows the sensitivity of detection of the input
signal to be easily optimized.
[0033] Preferably, a voltage source circuit for adding an
offset to the input signal such that the voltage of the gate
terminal falls within the subthreshold region is further pro-
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vided. The provision of the voltage source circuit allows the
gate voltage to be adjusted so that the field-effect transistor is
operated in the subthreshold region, thereby achieving signal
detection suitable for various levels of input voltage.
INDUSTRIAL APPLICABILITY
[0034] The present invention is applied to a signal reproducing device for reproducing and extracting minute signals;
it is possible to detect minute electrical signals embedded in
noise with a simple device configuration and to easily reduce
the area of the device by utilizing a semiconductor device in
particular.
1. A signal reproducing device comprising:
a plurality of field-effect transistors each receiving a common input signal at a gate terminal and having a bias
voltage applied to a drain terminal; and
an adder circuit connected to source terminals of the plurality of field-effect transistors for combining currents
between the drain terminals and the source terminals of
the plurality of field-effect transistors and outputting the
resulting current,
wherein the plurality of field-effect transistors and the bias
voltage are set so that a voltage at the gate terminal
having the common input signal applied thereto falls
within a subthreshold region of voltages less than a
threshold voltage of the plurality of field-effect transistors.
2. The signal reproducing device of claim 1 further comprising:
a noise source connected to the gate terminal for adding
noise to the input signal.
3. The signal reproducing device of claim 1 or 2 further
comprising:
a noise source connected to at least one of the drain terminal and the source terminal for adding noise to the bias
voltage.
4. The signal reproducing device of any one of claims 1 to
3 further comprising:
a voltage source circuit that adds an offset to the input
signal so that the voltage at the gate terminal falls within
the subthreshold region.

