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(57) ABSTRACT 

An N-channel transistor is provided as a switch between a 
high potential power line and a low potential power line. A 
high-pass filter is constituted by a capacitor and a resistor. 
When a voltage between the high potential power line and 
the low potential power line is started to oscillate by a 
Switching operation, the high-pass filter causes a high-pass 
component thereof to pass, thereby turning ON the N-chan 
nel transistor to reduce a ringing. 
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FIG. 3A VD, 
621-3: 

FIG. 3B 
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FIG. 4 
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SEMCONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a semiconductor 
integrated circuit and more particularly to a semiconductor 
integrated circuit which is suitable for a circuit for pulse 
driving a load Such as a class-D amplifier. 
0002. As is well known, a class-D amplifier serves to turn 
ON/OFF a load driving output transistor and to intermit 
tently carry out a conduction to a load. In the intermittent 
conduction to the load, a current flowing to parasitic induc 
tances provided on a power line or a grounding conductor of 
the class-D amplifier is drastically changed. Therefore, a 
noise is generated on these parasitic inductances, resulting in 
a ringing which appears in an output signal of the class-D 
amplifier. Such a ringing causes a deterioration in reproduc 
ing quality of the class-D amplifier, and furthermore, causes 
a damage to the load or the class-D amplifier. For this 
reason, it is desired to reduce the ringing. Patent Document 
1 has proposed a technique for decreasing a time gradient of 
an output signal waveform of an output transistor. By an 
application of the technique of this type to the class-D 
amplifier, the time gradient of the output signal waveform is 
decreased so that a current flowing to an output transistor 
can be prevented from being changed Suddenly. Thus, it is 
possible to reduce the ringing. Patent Document 1: Japanese 
Patent No. 31.52204 

0003. However, the technique disclosed in the Patent 
Document 1 serves to decrease the time gradient of the 
output signal waveform. For this reason, there is a problem 
in that an operating speed of the class-D amplifier is sacri 
ficed by the application of the technique. This problem is 
common to a semiconductor integrated circuit required to 
drive a load at a high speed and demanded to reduce a 
ringing in an output signal in addition to the class-D ampli 
fier. 

SUMMARY OF THE INVENTION 

0004. In consideration of the circumstances, it is an 
object of the invention to provide a semiconductor inte 
grated circuit capable of reducing a ringing in an output 
signal without sacrificing an operating speed. 
0005 The invention provides a semiconductor integrated 
circuit comprising a Switch provided between a high poten 
tial power line and a low potential power line, and a 
high-pass filter for causing a high-pass component of a 
Voltage generated between the high potential power line and 
the low potential power line to pass and outputting the 
high-pass component as a signal to turn ON the Switch. 
0006. According to the invention, when the voltage 
between the high potential power line and the low potential 
power line is about to oscillate by a Switching operation, the 
high-pass component of the Voltage is given to the Switch 
through the high-pass filter so that the switch is turned ON. 
Therefore, an oscillating component of the Voltage between 
the high potential power line and the low potential power 
line gets out through the Switch so that a ringing can be 
reduced. 

0007. The invention provides a ringing reduction circuit 
comprising a Switching element inserted between an output 
signal line for transmitting an output signal of an output 
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buffer circuit provided inside a semiconductor integrated 
circuit to a load provided outside the semiconductor inte 
grated circuit and a high-potential power line or a low 
potential power line for Supplying a power Supply Voltage to 
the output buffer circuit; and a ringing detector for output 
ting a signal for turning on the Switching element when 
ringing occurs in the output signal that is Supplied to the load 
via the output signal line and the output signal exceeds a 
reference level in a positive or negative direction. 
0008 According to the invention, when ringing occurs in 
the output signal due a Switching operation of the output 
buffer circuit to and the output signal exceeds the reference 
level in the positive or negative direction, the Switching 
element is turned on. As a result, a discharge occurs from the 
output signal line to the low-potential power line or the 
high-potential power line and the ringing is thereby reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a circuit diagram showing a structure of 
a class-D amplifier according to an embodiment of the 
invention, 
0010 FIG. 2 is a waveform diagram showing a waveform 
of each portion according to the embodiment, 
0011 FIGS. 3A to 3C are diagrams showing an operation 
according to the embodiment, 
0012 FIG. 4 is a circuit diagram showing an example of 
another structure of an output buffer circuit, and 
0013 FIG. 5 is a circuit diagram showing an example of 
another structure of a ringing reducing circuit. 
0014 FIG. 6 is a circuit diagram showing the configu 
ration of a class-D amplifier having ringing reduction cir 
cuits according to an embodiment 2 of the invention and, in 
particular, showing the configuration of a ringing reduction 
circuit that reduces an overshoot. 

0015 FIG. 7 is a circuit diagram showing the configu 
ration of the same class-D amplifier of FIG. 6 and, in 
particular, showing the configuration of a ringing reduction 
circuit that reduces an undershoot. 

0016 FIG. 8 is a waveform diagram showing waveforms 
at individual components etc. of the embodiment 2. 
0017 FIG. 9 is a circuit diagram showing the configu 
ration of a class-D amplifier having ringing reduction cir 
cuits according to an embodiment 3 of the invention and, in 
particular, showing the configuration of a ringing reduction 
circuit that reduces an overshoot. 

0018 FIG. 10 is a circuit diagram showing the configu 
ration of the same class-D amplifier of FIG. 9 and, in 
particular, showing the configuration of a ringing reduction 
circuit that reduces an undershoot. 

0019 FIG. 11 is a circuit diagram showing the configu 
ration of a class-D amplifier having ringing reduction cir 
cuits according to an embodiment 4 of the invention and, in 
particular, showing the configuration of a ringing reduction 
circuit that reduces an overshoot. 

0020 FIG. 12 is a circuit diagram showing the configu 
ration of the same class-D amplifier of FIG. 11 and, in 
particular, showing the configuration of a ringing reduction 
circuit that reduces an undershoot. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0021. An embodiment of the invention will be described 
below with reference to the drawings. 

Embodiment 1 

0022 FIG. 1 is a circuit diagram showing a structure of 
a class-D amplifier 600 according to an embodiment 1 of a 
semiconductor integrated circuit in accordance with the 
invention. The class-D amplifier 600 has a high potential 
power terminal 601, a low potential power terminal 602, an 
input terminal 603, and output terminals 604A and 604B. 
The high potential power terminal 601 is connected to a 
positive electrode of a power supply VDD, and the low 
potential power terminal 602 is connected to a negative 
electrode of the power supply VDD and is grounded. In an 
example shown in the drawing, a single power Supply is 
used. For this reason, the low potential power terminal 602 
is grounded. In the case in which there is employed such a 
structure that a power Supply for generating a positive 
Source Voltage and a power Supply for generating a negative 
source voltage are used, however, it is preferable that the 
high potential power terminal 601 should be connected to an 
output terminal of the former power supply and the low 
potential power terminal 602 should be connected to an 
output terminal of the latter power Supply. An audio signal 
is input from a sound Source (not shown) to the input 
terminal 603. A load 700 such as a low-pass filter and a 
speaker is connected to the output terminals 604A and 604B. 
0023 The class-D amplifier 600 is obtained by forming 
each of the circuits shown in the drawing on a semiconduc 
tor Substrate and sealing them in a package. A high potential 
power line 611 connected to the high potential power 
terminal 601 and a low potential power line 612 connected 
to the low potential power terminal 602 are formed on the 
semiconductor Substrate. A source current is Supplied from 
the power supply VDD to each circuit constituting the 
class-D amplifier 600 through the high potential power 
terminal 601 and the high potential power line 611. The 
Source current passing through each circuit reaches the 
negative electrode of the power supply VDD through the 
low potential power line 612 and the low potential power 
terminal 602. 

0024. In the class-D amplifier 600, a PWM modulator 
501 is a circuit for outputting a pulse subjected to a pulse 
width modulation corresponding to a level of an input signal 
given through the input terminal 603. A predriver 502 is a 
circuit for driving an output buffer circuit 503 in response to 
the pulse. In the example shown in the drawing, the output 
buffer circuit 503 has a so-called bridge structure and is 
constituted by a transistor pair including a P-channel field 
effect transistor (hereinafter referred to as a P-channel tran 
sistor) 531P and an N-channel field effect transistor (here 
inafter referred to as an N-channel transistor) 531N which 
are provided between the high potential power line 611 and 
the low potential power line 612, and a transistor pair 
including a P-channel transistor 532P and an N-channel 
transistor 532N which are provided between the high poten 
tial power line 611 and the low potential power line 612. 
Each of drains of the P-channel transistor 531P and the 
N-channel transistor 531N is connected to the output termi 
nal 604A and each of drains of the P-channel transistor 532P 
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and the N-channel transistor 532N is connected to the output 
terminal 604B. The predriver 502 supplies pulses GP1, 
GN1, GP2 and GN2 to gates of the transistors 531P, 531N, 
532P and 532N in order to carry out a conduction to the load 
700 for a period corresponding to a width of a pulse supplied 
from the PWM modulator 501. In order to prevent a so 
called through current, moreover, the predriver 502 includes 
a circuit for regulating a timing of the pulse Supplied to the 
gate of each of the transistors in Such a manner that two 
P-channel transistors and two N-channel transistors (that is, 
a set of the transistors 531P and 531P and a set of the 
transistors 532P and 532N) connected directly without the 
load 700 are not turned ON at the same time. 

0025 FIG. 2 is a waveform diagram showing an opera 
tion of each portion from the PWM modulator 501 to the 
load 700. As shown in FIG. 2, in the class-D amplifier 600, 
the pulses GP1, GN1, GP2 and GN2 to be transmitted to the 
gates of the transistors are generated in Such a manner that 
the set of the P-channel transistor 531P and the N-channel 
transistor 532N and that of the P-channel transistor 532P and 
the N-channel transistor 531N are alternately turned ON. In 
the ON/OFF switching of each of the transistors, moreover, 
the pulses GP1, GN1, GP2 and GN2 are output from the 
predriver 502 in a state in which the timing is regulated as 
shown in the drawing in Such a manner that the set of the 
P-channel transistor 532P and the N-channel transistor 531N 
are turned from OFF to ON after the set of the P-channel 
transistor 531P and the N-channel transistor 532N are turned 
from ON to OFF and the set of the P-channel transistor 531P 
and the N-channel transistor 532N are turned from OFF to 
ON after the set of the P-channel transistor 532P and the 
N-channel transistor 531N are turned from ON to OFF in 
order to prevent the through current. 

0026. A ringing reducing circuit 504 is peculiar to the 
embodiment 1. The ringing reducing circuit 504 is consti 
tuted by an N-channel transistor 541 and a high-pass filter 
542. The N-channel transistor 541 has a drain connected to 
the high potential power line 611 and a source connected to 
the low potential power line 612. The N-channel transistor 
541 is provided as a Switch for causing an oscillating 
component thereof to get out and reducing a ringing in the 
case in which a voltage between the high potential power 
line 611 and the low potential power line 612 is about to 
oscillate. In the semiconductor integrated circuit, usually, a 
transistor having a large size is inserted as an electrostatic 
breakdown protecting device between the high potential 
power line and the low potential power line. The N-channel 
transistor 541 may serve as a transistor to be the electrostatic 
breakdown protecting device. The high-pass filter 542 is 
obtained by inserting a capacitor 542A and a resistor 542B 
in series between the high potential power line 611 and the 
low potential power line 612, and a voltage on both ends of 
the resistor 542B is Supplied as a gate-source Voltage to the 
N-channel transistor 541. The high-pass filter 542 serves to 
cause a high-pass component having a certain frequency or 
more to pass and to give the high-pass component to the 
N-channel transistor 541, thereby turning ON the N-channel 
transistor 541 when the high-pass component is generated 
on the voltage between the high potential power line 611 and 
the low potential power line 612. It is preferable that proper 
values should be selected for a capacitance value of the 
capacitor 542A and a resistance value of the resistor 542B 
corresponding to a frequency of a ringing to be reduced. As 
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an example, the capacitor 542A has a capacitance value of 
5 pF and the resistor 542B has a resistance value of 50 k$2. 

0027 Next, an operation according to the embodiment 1 
will be described with reference to FIG. 2 and FIGS 3A to 
3.C. First of all, at a time t1 shown in FIG. 2, the P-channel 
transistor 532P and the N-channel transistor 531N are ON 
and the P-channel transistor 531P and the N-channel tran 
sistor 532N are OFF as shown in FIG. 3A. For this reason, 
a source current i supplied from the power supply VDD 
flows through the P-channel transistor 532P, the load 700 
and the N-channel transistor 531N in series. A path for the 
Source current i includes a parasitic inductance 621 provided 
in a path from a positive electrode of the power supply VDD 
to the source of the P-channel transistor 532P and a parasitic 
inductance 622 provided in a path from the source of the 
N-channel transistor 531N to a negative electrode (=a 
ground) of the power supply VDD. 

0028. At a time t2 shown in FIG. 2, next, the P-channel 
transistor 532P and the N-channel transistor 531N are turned 
from ON to OFF. Ideally, the P-channel transistor 532P and 
the N-channel transistor 531N are turned OFF at the same 
time. In general, however, a shift is generated in a timing in 
which both of the transistors are turned OFF. As is illustrated 
in FIG. 3B, when the N-channel 531N is turned OFF in a 
state in which the P-channel transistor 532P is ON, a path for 
the source current i passing through the parasitic inductance 
621 and a path for the source current i passing through the 
parasitic inductance 622 are blocked. Therefore, an oscilla 
tory Voltage is induced to both ends of the parasitic induc 
tances 621 and 622. In the case in which the load 700 is an 
inductive load, moreover, a Voltage to maintain the Source 
current i flowing to the load 700 till that time is induced to 
the load 700. Therefore, an oscillatory current flows in a 
loop constituted by the load 700, a parasitic diode 531D 
provided between the P-channel transistor 531P and the 
semiconductor substrate, and the P-channel transistor 532P 
as shown in the drawing. For this reason, if any counter 
measure is not taken, a great oscillation is generated on a 
voltage between the high potential power line 611 and the 
low potential power line 612 So that a ringing caused by the 
oscillation appears on a signal to be output to the load 700. 

0029. In the embodiment 1, however, when the oscillat 
ing component is started to be generated on the Voltage 
between the high potential power line 611 and the low 
potential power line 612, it is given to a gate of the 
N-channel transistor 541 through the high-pass filter 542 so 
that the N-channel transistor 541 is turned ON. For this 
reason, a current corresponding to the oscillating component 
generated between the high potential power line 611 and the 
low potential power line 612 flows to the N-channel tran 
sistor 541 so that the oscillating component is damped 
before it is increased. Accordingly, the ringing in the signal 
to be output to the load 700 is reduced. In the class-D 
amplifier 600, various switching operations are carried out 
in addition to the Switching operation from the state shown 
in FIG. 3A to the state shown in FIG.3B. Also in those cases, 
however, when the path for the current flowing to the 
parasitic inductance and the load is blocked and the Voltage 
between the high potential power line 611 and the low 
potential power line 112 is about to oscillate, a high-pass 
component of the voltage turns ON the N-channel transistor 
541. Consequently, the ringing is reduced. 
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0030. As described above, according to the embodiment 
1, it is possible to reduce the ringing without sacrificing the 
operating speed of the class-D amplifier 600. The foregoing 
is only illustrative and other various embodiments can be 
proposed for the invention. For example, the following 
embodiments can be proposed. 
0031 (1) While the invention is applied to the class-D 
amplifier including the output buffer circuit 503 having the 
bridge structure using two so-called P-channel and N-chan 
nel transistor pairs in the embodiment, the output buffer 
circuit may have a well-known structure constituted by a 
P-channel transistor 535 and an N-channel transistor 536 
shown in FIG. 4. 

0032 (2) It is also possible to use the P-channel transistor 
as a Switch for reducing a ringing. FIG. 5 shows the 
example. In the example, a P-channel transistor 543 has a 
Source connected to the high potential power line 611 and a 
drain connected to the low potential power line 612. A 
high-pass filter 544 has a resistor 544A and a capacitor 544B 
inserted in series between the high potential power line 611 
and the low potential power line 612 and a voltage on both 
ends of the resistor 544A is Supplied as a gate-source Voltage 
to the P-channel transistor 543. Also in this manner, it is 
possible to obtain the same advantages as those in the 
embodiment 1. 

Embodiment 2 

0033 FIGS. 6 and 7 are circuit diagrams showing the 
configuration of a class-D amplifier 100A having ringing 
reduction circuits 40NA and 40PA according to an embodi 
ment 2 of the invention. FIG. 6 shows the circuit configu 
ration of the ringing reduction circuit 40NA and FIG. 7 
shows the circuit configuration of the ringing reduction 
circuit 40PA. 

0034. The class-D amplifier 100A has a high-potential 
power terminal 101, a low-potential power terminal 102, an 
input terminal 103, and an output terminal 104. The high 
potential power terminal 101 is connected to the positive 
pole of a power source VDD via a high-potential power line 
131 disposed outside the class-D amplifier 100A, and the 
low-potential power terminal 102 is connected to the nega 
tive pole of the power source VDD via a low-potential 
power line 132 disposed outside the class-D amplifier 100A 
and is grounded. In the illustrated example, the low-potential 
power terminal 102 is grounded because of the use of the 
single power source. However, in a configuration in which 
a power source for generating a positive power Supply 
Voltage and a power source for generating a negative power 
Supply Voltage are used, the high-potential power terminal 
101 and the low-potential power terminal 102 may be 
connected to output terminals of the former power source 
and the latter power source, respectively. An audio signal is 
input to the input terminal 103 from a sound source (not 
shown). A load 200 such as a lowpass filter or a speaker is 
inserted between the output terminal 104 and the low 
potential power line 132. 
0035. The class-D amplifier 100A is a semiconductor 
integrated circuit in which the individual circuits shown in 
FIGS. 6 and 7 are formed on a semiconductor substrate and 
sealed in a package. A high-potential power line 111 which 
is connected to the high-potential power terminal 101 and a 
low-potential power line 112 which is connected to the 
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low-potential power terminal 102 are formed on the semi 
conductor Substrate. A power Supply current is Supplied 
from the power source VDD to the individual circuits 
constituting the class-D amplifier 100A via the high-poten 
tial power line 131, the high-potential power terminal 101, 
a parasitic inductance 141 of a lead, a bonding wire etc., and 
the high-potential power line 111. A power supply current 
that has passed through the individual circuits go to the 
negative pole of the power source VDD via the low-potential 
power line 112, a parasitic inductance 142 of a lead, a 
bonding wire, etc., the low-potential power terminal 102. 
and the low-potential power line 132. 
0036). In the class-D amplifier 100A, a PWM modulator 
10 is a circuit for outputting pulse-width-modulated pulses 
in accordance with the level of an input signal that is 
supplied via the input terminal 103. A predriver 20 is a 
circuit for driving an output buffer circuit 30 according to 
those pulses. In the illustrated example, the output buffer 
circuit 30 is a circuit having what is called an inverter 
structure and is composed of a p-channel field-effect tran 
sistor (hereinafter referred to simply as “p-channel transis 
tor) 30P and an n-channel field-effect transistor (hereinafter 
referred to simply as “n-channel transistor) 30N which are 
inserted between the high-potential power line 111 and the 
low-potential power line 112. The drains of the p-channel 
transistor 30P and the n-channel transistor 30N are con 
nected to each other and their connecting point is connected 
to the output terminal 104 via an output signal line 120. The 
predriver 20 supplies pulses GP and GN to the gates of the 
respective transistors 30P and 30N so that the load 200 is 
energized in periods corresponding to the pulse widths of the 
pulses supplied from the PWM modulator 10. To prevent 
what is called a flow-through current, the predriver 20 
includes a circuit for performing timing adjustment on the 
pulses to be Supplied to the gates of the respective transistors 
30P and 30N So that the transistors 30P and 30N are not 
turned on simultaneously. 
0037. The ringing reduction circuits 40NA and 4PA are 
circuits that are unique to the embodiment 2. As shown in 
FIG. 6, the ringing reduction circuit 40NA is composed of an 
n-channel transistor 401 as a Switching element and a 
comparator 410 as a ringing detector. The drain of the 
transistor 401 is connected to the output signal line 120 
which transmits an output signal OUT of the output buffer 
circuit 30 to the external load 200, and the source of the 
transistor 401 is connected to the low-potential power line 
112 of the high-potential power line 111 and the low 
potential power line 112 which Supply a power Supply 
voltage to the output buffer circuit 30. The comparator 410 
has p-channel transistors 411 and 412 and constant current 
sources 413 and 414. The source of the transistor 411 serves 
as a non-inverting input terminal (plus terminal) of the 
comparator 410 and is connected to the output signal line 
120. The source of the transistor 412 serves as an inverting 
input terminal (minus terminal) of the comparator 410 and 
is connected to the high-potential power line 111. The gates 
of the transistors 411 and 412 are connected to the drain of 
the transistor 412, and the drain of the transistor 412 is 
connected to the low-potential power line 112 via the 
constant current source 414. The drain of the transistor 411 
is connected to the low-potential power line 112 via the 
constant current source 413. The connecting point of the 
drain of the transistor 411 and the constant current source 
413 serves as an output terminal of the comparator 410 and 
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is connected to the gate of the transistor 401. Having the 
above configuration, the comparator 410 compares the out 
put signal OUT to be supplied to the load 200 via the output 
signal line 120 with the level PVDDI (reference level) of the 
high-potential power line 111. If the output signal OUT 
exceeds the reference level in the positive direction (occur 
rence of an overshoot), the comparator 410 Supplies an 
H-level gate voltage to the transistor 401 and thereby turns 
on the transistor 401 which is the switching element. 
0038. As shown in FIG. 7, the ringing reduction circuit 
40PA is composed of an n-channel transistor 402 as a 
Switching element, a comparator 420 as a ringing detector, 
and an inverter 429. The source of the transistor 402 is 
connected to the output signal line 120 and the drain of the 
transistor 402 is connected to the high-potential power line 
111. The comparator 420 has n-channel transistors 421 and 
422 and constant current sources 423 and 424. The source of 
the transistor 421 serves as a non-inverting input terminal 
(plus terminal) of the comparator 420 and is connected to the 
output signal line 120. The source of the transistor 422 
serves as an inverting input terminal (minus terminal) of the 
comparator 420 and is connected to the low-potential power 
line 112. The gates of the transistors 421 and 422 are 
connected to the drain of the transistor 422, and the drain of 
the transistor 422 is connected to the high-potential power 
line 111 via the constant current source 424. The drain of the 
transistor 421 is connected to the high-potential power line 
111 via the constant current source 423. The connecting 
point of the drain of the transistor 421 and the constant 
current source 423 serves as an output terminal of the 
comparator 420 and is connected to the gate of the transistor 
402 via the inverter 429. Having the above configuration, the 
comparator 420 compares the output signal OUT to be 
supplied to the load 200 via the output signal line 120 and 
the level PVSSI (reference level) of the low-potential power 
line 112. If the output signal OUT exceeds the reference 
level in the negative direction (occurrence of an undershoot), 
the comparator 420 outputs an L-level signal. The inverter 
429 inverts the output signal of the comparator 420 to an 
H-level, and supplies it to the gate of the transistor 402 to 
turn on the transistor 402. 

0039. In the embodiment 2, when an overshoot or under 
shoot occurs in an output signal OUT on the output signal 
line 120, the transistor 401 or 402 which is the switching 
element plays a role of reducing the overshoot or undershoot 
by releasing excess energy by causing a discharge from the 
output signal line 120 to the low-potential power line 112 or 
the high-potential power line 111. Therefore, to reduce an 
overshoot or undershoot by a proper degree, it is desired that 
the channel widths of the transistors 401 and 402 be set at 
proper values. In a preferred form, the channel widths of the 
transistors 401 and 402 are set at about /100 of the channel 
width of the transistor 30N. 

0040. The ringing reduction circuit 40PA maybe modified 
in Such a manner that the n-channel transistor 402 is replaced 
by a p-channel transistor and an output signal of the com 
parator 420 is Supplied to the gate of the p-channel transistor 
directly, that is, without passing through the inverter 429. 
The reason why the n-channel transistor 402, rather than a 
p-channel transistor, is employed in the embodiment 2 is that 
the on-resistance of an n-channel transistor can be made 
Smaller than that of a p-channel transistor having the same 
channel width. 



US 2008/0012632 A1 

0041 FIG. 8 is a waveform diagram showing waveforms 
at individual components etc. of the embodiment 2. As 
shown in FIG. 8, in the class-D amplifier 100A, pulses GP 
and GN to be supplied to the gates of the respective 
transistors 30P and 30N are generated so that the transistors 
30P and 30N are turned on alternately. To prevent occur 
rence of a flow-through current at the time of on/off switch 
ing of each transistor, the predriver 20 outputs the pulses GP 
and GN that are timing-adjusted as shown in FIG. 8 so that 
the transistor 30N is switched from an off state to an on state 
after the transistor 30P is switched from an on state to an off 
state and that the transistor 30P is switched from an off state 
to an on state after the transistor 30N is switched from an on 
state to an off State. 

0042. At time t1 shown in FIG. 8, the transistor 30P is in 
an off state and the transistor 30N is in an on state. 
Therefore, a negative current I flows from the load 200 to the 
transistor 30N. At time t2, the transistor 30N is turned off. 
At this time, the path of the current I that has flown through 
the load 200 which is an inductive load is interrupted. And 
the current that has flown through the load 200 comes to 
flow to the power source VDD via, for example, a parasitic 
diode formed between the drain of the transistor 30P and its 
backside n-type substrate and a parasitic inductance of a 
bonding wire etc., whereby an oscillatory high Voltage is 
induced across the load 200. As a result, ringing tends to 
occur in the signal OUT. In contrast, in the embodiment 2, 
in the period when an overshoot is occurring in which the 
value of the signal OUT exceeds the level PVDDI of the 
high-potential power line 111 in the positive direction, a 
high-level gate Voltage is Supplied from the comparator 410 
of the ringing reduction circuit 40NA to the n-channel 
transistor 401, whereby the n-channel transistor 401 is kept 
on. As a result, the n-channel transistor 401 allows a current 
to flow (i.e., a discharge to occur) from the output signal line 
120 to the low-potential-power line 112. The overshoot in 
the signal OUT is thus reduced as shown in FIG. 8. 
0043. At time t3, the transistor 30P is in an on state and 
the transistor 30N is in an off state. Therefore, a positive 
current I flows from the transistor 30P to the load 200. At 
time ta, the transistor 30P is turned off. At this time, the path 
of the current I that has flown through the load 200 which is 
an inductive load is interrupted. And the current that has 
flown through the load 200 comes to flow via, for example, 
a parasitic diode formed between the drain of the transistor 
30N and its backside p-type substrate and a parasitic induc 
tance of a bonding wire etc., whereby an oscillatory high 
Voltage is induced across the load 200. As a result, ringing 
tends to occur in the signal OUT. In contrast, in the embodi 
ment 2, in the period when an undershoot is occurring in 
which the value of the signal OUT exceeds the level 
PVSSDI of the low-potential power line 112 in the negative 
direction, the transistor 402 of the ringing reduction circuit 
40PA is kept on. As a result, the transistor 402 allows a 
discharge to occur from the output signal line 120 to the 
high-potential-power line 111. The undershoot in the signal 
OUT is thus reduced as shown in FIG. 8. 

0044 As described above, the embodiment 2 can reduce 
ringing without sacrificing the operation speed of the 
class-D amplifier 100A. 

Embodiment 3 

0045 FIGS. 9 and 10 are circuit diagrams showing the 
configuration of a class-D amplifier 100B having ring reduc 
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tion circuits 40PB and 40NB according to an embodiment 3 
of the invention. FIG. 9 shows the circuit configuration of 
the ringing reduction circuit 40NB and FIG. 10 shows the 
circuit configuration of the ringing reduction circuit 40PB. 
In FIGS. 9 and 10, components having corresponding com 
ponents in FIGS. 6 and 7 referred to above are given the 
same reference symbols as the latter and will not be 
described. 

0046. In the embodiment 2, the comparators 410 and 420 
which are the ringing detector detect occurrence of ringing 
in the output signal OUT by comparing the level of the 
output signal line 120 with the level PVDDI of the high 
potential power line 111 or the level PVSSI of the low 
potential power line 112. 
0047. However, when a switching current of the output 
buffer circuit 30 flows through the parasitic inductance 141 
or 142, a large counterelectromotive force is induced in the 
parasitic inductance 141 or 142, whereby oscillatory noise is 
generated in the level PVDDI of the high-potential power 
line 111 or the level PVSSI of the low-potential power line 
112. If the oscillatory noise has a large amplitude, the 
comparator 410 or 420 may erroneously turn on the com 
parator 410 or 420 to distort the output signal OUT of the 
output buffer circuit 30 even if no overshoot or undershoot 
is occurring in the output signal OUT. 
0048. In view of the above, in the embodiment 3, as 
shown in FIGS. 9 and 10, the class-D amplifier 100B is 
provided with a high-potential power terminal 101a and a 
low-potential power terminal 102a separately from the high 
potential power terminal 101 and the low-potential power 
terminal 102 for Supplying the power Supply voltage to the 
individual circuits including the output buffer circuit 30. The 
high-potential power terminal 101a and the low-potential 
power terminal 102a are connected to the positive pole and 
the negative pole of the power source VDD, respectively. 
The comparator 410 of the ringing reduction circuit 40NB 
detects an overshoot in the output signal OUT by comparing 
the output signal OUT with the level PVDDIa of a high 
potential power line 111a which is connected to the high 
potential power terminal 101a. The comparator 420 of the 
ringing reduction circuit 40PB detects an undershoot in the 
output signal OUT by comparing the output signal OUT 
with the level PVSSIa of a low-potential power line 112a 
which is connected to the low-potential power terminal 
102a. 

0049. The ringing reduction circuit 40NB is configured in 
Such a manner that a p-channel transistor 431 and a non 
inverting buffer 432 are added to the ringing reduction 
circuit 40NA of the above-described embodiment 2. The 
Source of the transistor 431 is connected to the output signal 
line 120 and its gate and the drain are connected to the 
source of the transistor 411. The transistor 431 serves to 
lower the sensitivity of the comparator 410 so that the 
comparator 410 does not react too sensitively to a subtle 
oscillation that is too small to be called an overshoot when 
it occurs in the output signal OUT. Likewise, an n-channel 
transistor 433 for lowering the sensitivity of the comparator 
420 is added to the ringing reduction circuit 40PB. The 
non-inverting buffer 432 serves to generate a gate Voltage 
being of such a level as to allow the transistor 401 to be 
switched on/off reliably. 
0050. In the embodiment 3, a parasitic inductance 141a 
of a lead, a bonding wire, etc. exists between the high 
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potential power line 111a and the high-potential power 
terminal 101a and a parasitic inductance 142a of a lead, a 
bonding wire, etc. exists between the low-potential power 
line 112a and the low-potential power terminal 102a. How 
ever, since the output buffer circuit 30 is not inserted 
between the high-potential power terminal 101a and the 
low-potential power terminal 102a, no switching current of 
the output buffer circuit 30 flows through the parasitic 
inductance 141a or 142a. Therefore, the level PVDDIa of 
the high-potential power line 111a and the level PVSSIa of 
the low-potential power line 112a are lower in noise and 
hence are more stable than the level PVDDI of the high 
potential power line 111 and the level PVSSI of the low 
potential power line 112, respectively. As such, the embodi 
ment 3 can prevent erroneous detection of an overshoot or 
an undershoot in the output signal OUT even in the case 
where large noise occurs in the level PVDDIa of the 
high-potential power line 111a or the level PVSSIa of the 
low-potential power line 112a due to switching of the output 
buffer circuit 30. 

Embodiment 4 

0051 FIGS. 11 and 12 are circuit diagrams showing the 
configuration of a class-D amplifier 100C having ring reduc 
tion circuits 40PC and 40NC according to an embodiment 4 
of the invention. FIG. 11 shows the circuit configuration of 
the ringing reduction circuit 40NC and FIG. 12 shows the 
circuit configuration of the ringing reduction circuit 40PC. 
In FIGS. 11 and 12, components having corresponding 
components in FIGS. 6, 7, 9 and 10 referred to above are 
given the same reference symbols as the latter and will not 
be described. 

0.052 Also in the embodiment 4, as in the case of the 
embodiment 3, the class-D amplifier 100C is provided with 
a high-potential power terminal 101a and a low-potential 
power terminal 102a separately from the high-potential 
power terminal 101 and the low-potential power terminal 
102 for supplying the power supply voltage to the individual 
circuits including the output buffer circuit 30. The high 
potential power terminal 101a and the low-potential power 
terminal 102a are connected to the positive pole and the 
negative pole of the power source VDD, respectively. To 
detect an overshoot or an undershoot, the level PVDDIa of 
a high-potential power line 111 a connected to the high 
potential power terminal 101a and the level PVSSIa of a 
low-potential power line 112a connected to the low-poten 
tial power terminal 102a are used as reference levels. 
0053. In the embodiment 4, a parasitic diode formed 
between the drain of the p-channel transistor 30P and its 
backside n-type substrate is inserted between the output 
signal line 120 and the high-potential power line 111. 
Therefore, when an overshoot occurs in the output signal 
OUT, an overshoot that is lower in potential than the output 
signal OUT by approximately a forward voltage VB of the 
parasitic diode occurs in the level PVDDI of the high 
potential power line 111. Furthermore, a parasitic diode 
formed between the drain of the n-channel transistor 30N 
and its backside p-type substrate is inserted between the 
output signal line 120 and the low-potential power line 112. 
Therefore, when an undershoot occurs in the output signal 
OUT, an undershoot that is higher in potential than the 
output signal OUT by approximately a forward voltage VB 
of the parasitic diode occurs in the level PVSSI of the 
low-potential power line 112. 
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0054) In view of the above, the comparator 410 of the 
ringing reduction circuit 40NC of the embodiment 4 com 
pares the level PVDDI of the high-potential power line 111 
with the level PVDDIa of the high-potential power line 111a 
which is lower in noise and hence is more stable than the 
former. If the former level PVDDI is higher than the latter 
level PVDDIa, the comparator 410 outputs a signal for 
turning on the transistor 401. The comparator 420 of the 
ringing reduction circuit 40PC of the embodiment 4 com 
pares the level PVSSI of the low-potential power line 112 
with the level PVSSIa of the low-potential power line 112a 
which is lower in noise and hence is more stable than the 
former. If the former level PVSSI is lower than the latter 
level PVSSIa, the comparator 420 outputs a signal for 
turning on the transistor 402. 
0055. The embodiment 4 provides the same advantage as 
the embodiment 3. 

0056 Although the embodiments 2-4 of the invention 
have been described above, other various embodiments are 
possible in the invention, examples of which are as follows: 
0057 (1) Although in the above embodiments the inven 
tion is applied to the class-D amplifier having the output 
buffer circuit 30 of the inverter structure, the invention can 
also be applied to a class-D amplifier having an output buffer 
circuit of a bridge structure which uses two transistor pairs 
of a p-channel transistor and an n-channel transistor. Fur 
thermore, the application range of the invention is not 
limited to class-D amplifiers and the invention can also be 
applied to various kinds of semiconductor integrated circuits 
in which reduction of ringing is desired. 
0058 (2) Although in the above embodiments both of the 
ringing reduction circuit for reducing an overshoot and the 
ringing reduction circuit for reducing an undershoot are 
provided in the semiconductor integrated circuit, only one of 
them may be provided. 
0059 (3) Although in the above embodiments the ringing 
reduction circuits are provided inside the semiconductor 
integrated circuit, they may be provided outside the semi 
conductor integrated circuit and connected to it. 
0060 (4) The high-potential power line 111a and the 
low-potential power line 112a may be connected to locations 
in the semiconductor integrated circuit where the power 
Supply Voltage is stable. 

1. A semiconductor integrated circuit comprising: 
a switch provided between a high potential power line and 

a low potential power line; and 
a high-pass filter that causes a high-pass component of a 

Voltage generated between the high potential power 
line and the low potential power line to pass and 
outputs the high-pass component as a signal to turn on 
the switch. 

2. The semiconductor integrated circuit according to 
claim 1, wherein the Switch includes a field effect transistor 
having a drain connected to one of the high potential power 
line and the low potential power line, a source connected to 
the other, and a gate to which a signal output from the 
high-pass filter is given. 

3. The semiconductor integrated circuit according to 
claim 2, wherein the field effect transistor serves as an 
electrostatic breakdown protecting device. 
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4. A ringing reduction circuit provided inside a semicon 
ductor integrated circuit that includes an output buffer circuit 
and an output signal line for transmitting an output signal of 
the output buffer to a load outside the semiconductor inte 
grated circuit, the ringing reduction circuit comprising: 

a Switching element inserted between the output signal 
line and a high-potential power line or a low-potential 
power line for Supplying a power Supply Voltage to the 
output buffer circuit; and 

a ringing detector that outputs a signal for turning on the 
Switching element when ringing occurs in the output 
signal and the output signal exceeds a reference level in 
a positive or negative direction. 

5. The ringing reduction circuit according to claim 4. 
wherein the ringing detector comprises a comparator for 
detecting that the output signal exceeds the reference level 
in the positive or negative direction by comparing a level of 
the output signal line with a level of the high-potential power 
line or the low-potential power line. 

6. The ringing reduction circuit according to claim 4. 
wherein the ringing detector comprises a comparator for 
detecting that the output signal exceeds the reference level 
in the positive or negative direction by comparing a level of 
the output signal line with a level of a power line that is 
different from the high-potential power line and the low 
potential power line. 

7. The ringing reduction circuit according to claim 4. 
wherein the ringing detector comprises a comparator for 
detecting that the output signal exceeds the reference level 
in the positive or negative direction by comparing a level of 
the high-potential power line or the low-potential power line 
with a level of a power line that is different from the 
high-potential power line and the low-potential power line 
and is not part of a path of a Switching current flowing 
through the output buffer circuit. 

8. The ringing reduction circuit according to claim 4. 
wherein 

the switching element is inserted between the output 
signal line and the low-potential power line, and 
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the ringing detector outputs a signal for turning on the 
Switching element when detecting that the output signal 
exceeds, in the positive direction, the reference level 
that is a level of the high-potential power line or a level 
that is more stable than the level of the high-potential 
power line. 

9. The ringing reduction circuit according to claim 4. 
wherein 

the switching element is inserted between the output 
signal line and the high-potential power line, and 

the ringing detector outputs a signal for turning on the 
Switching element when detecting that the output signal 
exceeds, in the negative direction, the reference level 
that is a level of the low-potential power line or a level 
that is more stable than the level of the low-potential 
power line. 

10. The ringing reduction circuit according to claim 4. 
wherein 

the Switching element comprises a first Switching element 
inserted between the output signal line and the low 
potential power line and a second Switching element 
inserted between the output signal line and the high 
potential power line; and 

the ringing detector comprises a first comparator for 
outputting a signal for turning on the first Switching 
element when detecting that the output signal exceeds, 
in the positive direction, a first reference level that is a 
level of the high-potential power line or a level that is 
more stable than the level of the high-potential power 
line and a second comparator for outputting a signal for 
turning on the second Switching element when detect 
ing that the output signal exceeds, in the negative 
direction, a second reference level that is a level of the 
low-potential power line or a level that is more stable 
than the level of the low-potential power line. 

11. (canceled) 


