TIMING DETECTION DEVICE

TECHNICAL FIELD
[0001]

The present disclosure relates to a timing detection device for detecting the
timing at which the value of a received signal is switched on the basis of the received

signal.

RELATED ART
[0002]

A transmission line for transmitting communication signals has a frequency
characteristic, and a communication signal passing therethrough is affected by
attenuation distortion, phase (delay) distortion, for example. Attenuation distortion is
generated because the degree of the attenuation of a signal having a frequency band is
different depending on frequency. Phase distortion is generated because the phase of a
signal does not directly relate to the frequency thereof, that is, group propagation time
is different depending on the frequency. In the case of simple communication, a base-
band system is used occasionally for modulation and demodulation to reduce circuit
cost. For example, RS-232 in which only a start bit and a stop bit are added to a serial
data sequence is taken as an example thereof. However, in that case, there is no other
choice but to use a low bit rate hardly affected by the transmission line or to shorten the
transmission line.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0003]

Patent document 1: Japanese Patent Application Laid-open Publication No.
Sho 64-71316
[0004]

FIGS. 9A and 9B are graphs showing waveforms obtained when a pulse signal
having an amplitude of 5 V is transmitted through a transmission line. FIG. 9A shows
a case in which the transmission line is short and FIG. 9B shows another case in which
the transmission line is long.

[0005]

In each of FIG. 9A and FIG. 9B, a transmitted waveform (Drive) is shown in

the upper part thereof, and a received waveform (Receive) is shown in the lower part

thereof. When the pulse signal is reproduced while the center potential (2.5 V) of the



amplitude of the voltage of the pulse signal on the reception side is used as a threshold,
a phenomenon is observed in which a short pulse following a long pulse becomes
narrower, and conversely a long pulse following a short pulse becomes wider.

Although the change in the width of a pulse is not so noticeable in FIG. 9A, the width
of a pulse transmitted from the transmission side through the long transmission line
shown in FIG. 9B is hardly capable of being reproduced accurately on the reception side.
This occurs because the time difference between a transmitted pulse signal (D_Tx) and
a received pulse signal (D_Rx) depends on the pulse shape in an L—H transition timing
(timing of transition from L to H) and in an H—L transition timing (timing of transition
from H to L) and is not constant as shown in FIG. 9B. In the case that the pulse width
cannot be reproduced as described above, a serial data sequence or the like cannot be

transmitted properly.

SUMMARY
[0006]

Exemplary embodiments of the present invention provide a timing detection
device capable of accurately reproducing the pulse width of a signal.
[0007]

A timing detection device according to an exemplary embodiment of the
invention comprises:

a draw back amount acquiring unit configured to acquire a draw back amount
of a received signal with respect to a peak value of the signal; and

a detecting unit configured to detect the timing at which the draw back amount
acquired by the draw back amount acquiring unit has exceeded a constant value as the
timing at which a value of the signal is switched.

With this timing detection device, the timing at which the draw back amount of
the signal from the peak value thereof has exceeded the constant value is detected as the
timing at which the value of the signal is switched, whereby the deviation widths of the
detected timings are stabilized, and the pulse widths of the signal can be reproduced
accurately.

[0008]

The timing detection device further comprises:

a delay unit configured to delay a restart time of a detection operation of the
detecting unit by the time when a constant time passes from the time when the timing at

which the value of the signal is switched is detected by the detecting unit.



[0009]

In the timing detection device, the draw back amount acquiring unit includes a
peak hold circuit configured to hold the peak value, and the detecting unit detects the
timing at which a difference between the peak value held by the peak hold circuit and
the value of the signal has exceeded the constant value as the timing at which the value
of the signal is switched.

[0010]

In the timing detection device, the draw back amount acquiring unit include an
extracting circuit configured to extract a movement of the signal, and the detecting unit
detects the timing at which the movement extracted by the extracting circuit has
exceeded the constant value as the timing at which the value of the signal is switched.
[0011]

In the timing detection device, the extracting circuit includes a clamper circuit
configured to cancel a DC offset of the signal and extract the movement and a capacitor
configured to absorb the DC offset canceled by the clamper circuit.

[0012]

With the timing detection device according to the present invention, the timing
at which the draw back amount of the signal from the peak value thereof has exceeded
the constant value is detected as the timing at which the value of the signal is switched,
whereby the deviation widths of the detected timings are stabilized, and the pulse

widths of the signal can be reproduced accurately.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a view showing the configuration of a timing detection device
according to Embodiment 1.

FIG. 2 is a graph showing voltages at various portions of the circuits in the
timing detection device according to the Embodiment 1.

FIG. 3 is a graph showing the rising timing and the falling timing of the
received pulse signal (D_RX).

FIG. 4 is a view showing the configuration of a timing detection device
according to Embodiment 2.

FIG. 5 is a graph showing voltages at various portions of the circuit of the
timing detection device according to the Embodiment 2.

FIG. 6 is a view showing the configuration of a timing detection device

according to Embodiment 3.



FIG. 7 is a view showing voltages and currents at various portions of the
circuits in the timing detection device according to the Embodiment 3.

FIG. 8 is a view showing the configuration of a receiver incorporating the
timing detection device according to the present invention.

FIG. 9A is a view showing a waveform in a case in which the transmission line
is short and FIG. 9B is a view showing a waveform in a case in which the transmission

line is long.

DETAILED DESCRIPTION
[0014]

Next, exemplary embodiments of a timing detection device according to the
present invention will be described below.
(EMBODIMENT 1)

[0015]

A timing detection device according to Embodiment 1 will be described below.
[0016]

FIG. 1 is a view showing the configuration of the timing detection device
according to Embodiment 1.

[0017]

As shown in FIG. 1, a timing detection device 1 according to this embodiment
includes a peak hold circuit 11, a level shift circuit 12, a peak hold circuit 13, a level
shift circuit 14, a comparator 15, a comparator 16 and a flip-flop 17.

[0018]

The peak hold circuit 11 is a peak hold circuit having a general configuration
and is used to hold the minimum value of an immediately preceding waveform to find
the rising edge of a pulse. The level shift circuit 12 receives an output voltage (PK_P)
from the peak hold circuit 11 and generates a voltage (TH_P) higher than the output
voltage by a constant level. The shift amount of the level shift circuit 12 is determined
by a constant current circuit 101 and a resistor R02.

[0019]

The peak hold circuit 13 is a peak hold circuit having a general configuration
and is used to hold the maximum value of an immediately preceding waveform to find
the falling edge of a pulse. The level shift circuit 14 receives an output voltage
(PK_N) from the peak hold circuit 13 and generates a voltage (TH_N) lower than the
output voltage by a constant level. The shift amount of the level shift circuit 14 is

determined by a constant current circuit I11 and a resistor R12.



[0020]

The comparator 15 compares the level of an input signal voltage (Receive)
with the level of a threshold (TH_P), and the comparator 16 compares the level of the
input signal voltage (Receive) with the level of a threshold (TH_N). The flip-flop 17
is set or reset depending on the result of the comparison. The switch SW01 of the
peak hold circuit 11 or the switch SW11 of the peak hold circuit 13 is turned ON
depending on the state of the flip-flop 17, whereby one of the two peak hold circuits 11
and 13 is reset.

[0021]

In FIG. 1, a transmitting circuit 21, a cable 22 and a noise mixer 23 are circuits
used for the simulation of the timing detection device 1 and generate the input signal
voltage (Receive) that is applied to the timing detection device 1.

[0022]

FIG. 2 is a graph showing voltages at various portions of the circuits in the
timing detection device 1 shown in FIG. 1.

[0023]

Although the signal voltage (Drive) based on a transmitted pulse signal
(D_TX) and delivered from the transmitting circuit 21 has a square waveform, the
signal voltage, i.e., a pulse signal, is distorted while being transmitted through the cable
22 and is observed as the voltage (Receive) on the reception side. In FIG. 2, the
thresholds (TH_P and TH_N) are indicated by broken lines. When the waveform of
the received signal voltage (Receive) intersects one of the thresholds, the polarity of the
output (D_COMP_P or D_COMP_N) of the corresponding comparator 15 or 16 is
inverted to negative. As a result, the output of the flip-flop 17 is inverted, and the
states of the peak hold circuits 11 and 13 are reset to the opposite states thereof.
Furthermore, the output of the flip-flop 17 is detected as a received pulse signal (D_RX).
[0024]

FIG. 3 is a graph showing the rising timing and the falling timing of the
received pulse signal (D_RX). As shown in FIGS. 1 and 2, when the received pulse
signal (D_RX) rises, the threshold (TH_P) indicates a voltage higher than the negative
peak value of the received input signal voltage (Receive) by a constant level. When
the received pulse signal (D_RX) falls, the threshold (TH_N) indicates a voltage lower
than the positive peak value of the input signal voltage (Receive) by a constant level.
Hence, the rising timing and the falling timing of the received pulse signal (D_RX) are
each detected at the time when the input signal voltage (Receive) is attenuated from the

peak value by the constant level (more specifically, at the time when the input signal



voltage (Receive) is higher than the negative peak value by the constant level or is
lower than the positive peak value by the constant level). Referring to FIGS. 2 and 3,
it can be understood that the received pulse signal (D_RX) is generated while being
delayed from the transmitted pulse signal (D_TX) by a nearly constant delay time and
that the received pulse signal (D_RX) properly reflects the changing points and the
pulse widths of the transmitted pulse signal(D_TX).

[0025]

As described above, in this embodiment, the edges of the transmitted
waveform are detected using the peaks of the input signal voltage (Receive). More
specifically, the level of each of the thresholds is made variable and dynamically set to
a level slightly returned from the level of the immediately preceding peak. Hence, the
variation in pulse detection delay is suppressed drastically, and the pulse widths of the
transmitted pulse signal (D_TX) are accurately reflected to the pulse widths of the
received pulse signal (D_RX). As a result, the influence due to the deformation of the
signal waveform in the transmission line is excluded. For example, even if a simple
serial data sequence is transmitted and received, data can be transferred accurately.
Since the pulses (pulse widths) on the transmission side can be reproduced accurately
from a received waveform having been significantly distorted, even when inexpensive
base band communication is used, communication can be carried out at a speed higher
than that attained conventionally or over a distance longer that attained conventionally.
(EMBODIMENT 2)

[0026]

A timing detection device according to Embodiment 2 will be described below.
[0027]

Although the timing detection device 1 according to Embodiment 1 operates
precisely, the timing detection device 1 has, for example, two peak hold circuits and
two comparators, thereby being complicated and high in cost. A timing detection
device according to Embodiment 2 accomplishes an operation similar to that of the
timing detection device 1 according to Embodiment 1 by using a circuit simpler than
that of the timing detection device 1.

[0028]

FIG. 4 is a view showing the configuration of the timing detection device

according to Embodiment 2.
[0029]
As shown in FIG. 4, in a timing detection device 5 according to this

embodiment, the input signal voltage (Receive) is not input directly to a comparator 52,



but the DC offset thereof is cut off using a coupling capacitor C_cpl. A clamper
circuit 51 is used to hold the voltage (S_Receive) inside the coupling capacitor C_cpl at
around the center potential (2.5 V) of the amplitude of the voltage. In the case that the
clamp potential is 2.5 V, when the forward voltage (Vf) of the diodes of the clamper
circuit 51 is constant, 0.6 V, for example, the potentials (V01 and V02) inside the
clamper circuit 51 should only be setto 2.5 + 0.6 V.

[0030]

Furthermore, the voltage limiting direction of the clamper circuit 51 is
switched by controlling a switch SWO01 using a feedback signal voltage (FB) from the
comparator 52 and by controlling a switch SW11 using the inverted output of the
comparator 52. Hence, when the timing detection device detects the rising edge of a
pulse of a voltage, the clamper circuit 51 operates so as to limit the voltage in only the
voltage falling direction of the voltage, and when the timing detection device detects the
falling edge of the pulse of the voltage, the clamper circuit 51 operates so as to limit the
voltage in only the voltage rising direction.

[0031]

Moreover, switching is performed between the threshold level (TH) in the case
of detecting the rising edge of a pulse and the threshold level (TH) in the case of
detecting the falling edge of the pulse by applying positive feedback from the output
terminal to the positive input terminal of the comparator 52.

[0032]

FIG. 5 is a graph showing voltages at various portions of the circuit of the
timing detection device 5.

[0033]

As shown in FIG. 5, even if the input signal voltage (Receive) changes, the
voltage (S_Receive) inside the coupling capacitor C_cpl is clamped at approximately
2.5 V by the operation of the clamper circuit 51. In the case that the input signal
voltage (Receive) transits in a direction opposite to the clamping direction, the voltage
(S_Receive) changes promptly and reaches the positive terminal voltage of the
comparator 52. In this circuit, the voltage obtained by dividing the output voltage of
the comparator 52 by the resistance of a resistor R2 and the resistance of a resistor R3
determines the difference between the peak value and the threshold voltage (TH).
[0034]

When the voltage (S_Receive) reaches the threshold level (TH), the output of
the comparator 52 is switched, whereby the received pulse signal (D_RX) is switched.

Since the received pulse signal (D_RX) is switched in a short time in response to the



switching of the transmitted pulse signal (D_TX), the pulse widths of the transmitted
pulse signal (D_TX) are accurately reflected to the pulse widths of the received pulse
signal (D_RX).

[0035]

As described above, in the timing detection device 5 according to Embodiment
2, the voltage variation width inside the capacitor C_cpl is suppressed by extracting the
change of the input signal voltage (Receive) as the voltage (S_Receive), whereby the
circuit of the timing detection device 5 is simplified. The capacitor C_cpl is provided
with a function of absorbing the DC offsets of the input signal voltage (Receive) and the
voltage (Drive) depending on the amplitude of the input signal voltage (Receive).
(EMBODIMENT 3)

[0036]

A timing detection device according to Embodiment 3 will be described below.
[0037]

In this embodiment, even when the level of a signal is low, the pulses of the
signal can be detected securely. The timing detection device according to Embodiment
2 is suited in the case that the waveform of the signal is large to the extent that the
forward voltage Vf of the diodes of the clamper circuit is regarded as constant.
However, in the case that the level of the signal is low, a problem occurs in the
temperature coefficient of the forward voltage V{, for example. The timing detection
device according to Embodiment 3 is intended to make up for this kind of shortcoming
so as to be usable for receiving pulses having low signal levels, in spite of the simple
configuration of the device.

[0038]

FIG. 6 is a view showing the configuration of a timing detection device 6
according to Embodiment 3. In addition, FIG. 7 is a view showing the operation of the
timing detection device 6, showing the voltages at various portions of the circuit thereof
and the currents flowing through a capacitor Cs and a resistor R_FB2.

[0039]

As shown in FIG. 6, the timing detection device 6 according to Embodiment 3
is equipped with a clamper circuit 61 and a comparator 62. The capacitor C_cpl
thereof functions as in the case of Embodiment 2.

[0040]

As shown in FIG. 6, the clamper circuit 61 of the timing detection device 6 is
equipped with a diode switch formed of a diode D1, a diode D2, a diode D3 and a diode
D4. In this circuit, in the case that the diode D1 is balanced with the diode D3 and that



the diode D2 is balanced with the diode D4, the direction of the clamp current of the
clamper circuit 61 is switched depending on a slight difference between the middle
point between the diode D1 and the diode D2, i.e., the voltage (S_Receive), and the
middle point between the diode D3 and the diode D4, i.e., 2.5 V. In other words, the
clamper circuit 61 operates so that the voltage (S_Receive) is precisely controlled to 2.5
V.

[0041]

As shown in FIGS. 6 and 7, the clamper circuit 61 operates only in one
direction, and the direction at the time when the rising edge is detected is opposite to
the direction at the time when the falling edge is detected, as in the case of Embodiment
2. The operation switching of the clamper circuit 61 is based on a feedback signal
voltage (FB). The feedback signal voltage (FB) is obtained by giving a delay due to a
delay circuit Ul to the output signal (Out) of the comparator 62. This delays the time
at which a speeding-up circuit formed of a capacitor Cs and resistors R_FB1 and R_FB2
operates, thereby being effective in preventing excessive compensation for the change
in the voltage (S_Receive). Furthermore, the threshold level (TH) is generated by
dividing the feedback signal voltage (FB) by the resistance of a resistor R2 and the
resistance of a resistor R3 and is switched depending on the switching of the feedback
signal voltage (FB). The delay circuit Ul herein operates as a delay unit.

[0042]

As shown in FIG. 7, in the timing detection device 6 according to this
embodiment, even in the case that the amplitude of the input signal voltage (Receive) is
small (in the case that the amplitude is approximately 1 V, for example), the difference
between the rising timing of the transmitted pulse signal (D_TX) and the rising timing
of the received pulse signal (D_RX) is constant, and the difference between the falling
timing of the transmitted pulse signal (D_TX) and the falling timing of the received
pulse signal (D_RX) is constant. As a result, the pulse widths can be detected
accurately.

[0043]

FIG. 8 is a view showing the configuration of a receiver incorporating the
timing detection device according to the present invention. As shown in FIG. 8, a
receiver 10 is equipped with the timing detection device 1, 5 or 6 according to
Embodiment 1, 2 or 3 and a base-band demodulator circuit 10a for performing
demodulation on the basis of the received pulse signal (D_RX) output from the timing
detection device 1, 5 or 6. The signal output from the base-band modulator circuit 20a

of a transmitter 20 is transferred to the receiver 10 via a transmission line and



demodulated by the base-band demodulator circuit 10a.
[0044]

The applicable scope of the present invention is not limited to the above-
mentioned embodiments. The present invention is widely applicable to timing
detection devices for detecting the timing at which the value of a received signal is

switched on the basis of the received signal.
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WHAT IS CLAIMED IS:

1. A timing detection device which detects the timing at which based on a
received signal, a value of the signal is switched, the timing detection device
comprising:

adraw back amount acquiring unit configured to acquire a draw back amount
of areceived signal with respect to a peak value of the signal; and

a detecting unit configured to detect the timing at which the draw back amount
acquired by the draw back amount acquiring unit has exceeded a constant value as the
timing at which a value of the signal is switched; and

adelay unit configured to delay a restart time of a detection operation of the
detecting unit by the time when a constant time passes from the time when the timing at
which the value of the signal is switched is detected by the detecting unit,

wherein the draw back amount acquiring unit includes a peak hold circuit
configured to hold the peak value, and the detecting unit detects the timing at which a
difference between the peak value held by the peak hold circuit and the value of the
signal has exceeded the constant value as the timing at which the value of the signal is
switched,

wherein the peak hold circuit is configured as a capacitor configured to
generate DC voltage according to the peak value where the signal is provided to one end
of the capacitor and a voltage value of the other end of the capacitor is clamped
selectively in adirection in which the draw back amount decreases, and

wherein the detecting unit configured to detect the timing at which the voltage
value of the other end of the capacitor has exceeded a constant value in adirection in
which the draw back amount increases as the timing at which the value of the signal is
switched.

2. The timing detection device according to claim 1, comprising:

a clamper circuit configured to switch a direction of clamp so that the voltage
value of the other end of the capacitor is clamped selectively to the decreasing direction
of the draw back amount based on an output of the detecting unit.
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