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(57) ABSTRACT 

A driver circuit for driving a load (3) connected between an 
output (P0) of a ?rst channel driver (D1) and an output (R0) 
of a second channel driver (D2). The ?rst and second 
channel drivers (D1, D2) each include sWitch transistors for 
charging and discharging the gates of upper and loWer 
output transistors in response to a command from an input 
pulse, a charging/discharging circuit (A2, B2) for determin 
ing a charging/ discharging speed, and a detector circuit (A1, 
B1) for detecting a state of the channel driver on the opposite 
side. A dead time period and a speed of charging/discharging 
the gates of the upper and loWer output transistors are 
changed according to the state of the channel driver on the 
opposite side. Thus, it is possible to achieve a channel driver 
circuit Which can prevent a shoot-through current, adjust an 
output sleW rate, and obtain preferred linearity as an input 
output characteristic. 
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DRIVER CIRCUIT 

FIELD OF THE INVENTION 

[0001] The present invention relates to a driver circuit 
used for a channel driver and so on. To be speci?c, the 
present invention relates to a circuit technique for preventing 
a shoot-through current of an output driver, adjusting an 
output sleW rate, and obtaining preferred linearity. 

BACKGROUND OF THE INVENTION 

[0002] FIG. 11 shoWs a conventional channel driver cir 
cuit of PWM through system. 

[0003] Reference numeral 1 denotes a timing pulse gen 
erator on side A that generates a pulse for driving an output 
transistor from an input pulse INA. Reference numeral 2 
denotes an output driver circuit on side A. Reference 
numeral 3 denotes a load. Reference numeral 5 denotes a 
timing pulse generator on side B that generates a pulse for 
driving an output transistor from an input pulse INB. Ref 
erence numeral 4 denotes an output driver circuit on side B. 

[0004] The output driver circuit 2 is con?gured as shoWn 
in FIG. 12. 

[0005] Reference numerals 11, 12, 14, and 15 denote 
resistors or current sources for determining a speed of 
charging/discharging the gates of output transistors 41 and 
42. Reference numerals 31 and 34 denote P-type sWitch 
transistors for determining, based on pulses AF‘ and AD' 
from the timing pulse generator 1, timing of charging the 
gates of the output transistors 41 and 42. Reference numerals 
32, 33, 35, and 36 denotes N-type sWitch transistor for 
determining, based on pulses AE, AP, AG, and AD from the 
timing pulse generator 1, timing of discharging the gates of 
the output transistors 41 and 42. Reference numerals 51 and 
52 denote diodes for imposing a limit in such a Way that a 
reverse voltage betWeen the gate and source of the output 
transistor 41 on the upper side does not exceed the Withstand 
voltage of the output transistor 41. Side B has completely the 
same con?guration as side A. 

[0006] FIG. 13 is a timing chart for driving the output 
driver circuit 2 of FIG. 12. Side B has completely the same 
con?guration as side A. 

[0007] As shoWn in FIG. 13, delay pulses indicated by AD 
and AD- and delay pulses indicated by AP and AF- are 
generated from the input pulse INA to provide dead times d1 
and d2, thereby preventing a shoot-through current. As 
shoWn in FIG. 13, because of the presence of the dead times 
d1 and d2, the Waveform of an output FO differs according 
to the voltage of an output terminal RO on side B. The 
functions of the dead times d1 and d2 include a buffer or a 
level shift, in Which the input pulse is outputted as it is to an 
output terminal. The load 3 of the output is a resistor, a coil, 
and so on. Such a con?guration is disclosed in Japanese 
Patent Laid-Open No. 6-90589 and so on. 

[0008] It is an object of the conventional art to prevent a 
shoot-through current and obtain a desired output sleW rate 
and preferred linearity When an output voltage changes in a 
driver circuit used for a channel driver and so on. 

[0009] A shoot-through current poses a signi?cant danger 
because a large current ?oWs from a poWer supply to the 
ground and generates heat. Further, an extremely high output 
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sleW rate causes extraneous radiation and an extremely loW 
output sleW rate results in an endless change of an output 
Waveform during the dead time and causes a shoot-through 
current. 

[0010] Regarding linearity, the dead time reduces a gain 
and degrades linearity When a duty difference is small 
betWeen PWM input pulses on both sides, that is, in an area 
Where a small current passes through the load 3. Such a 
phenomenon makes it difficult to ?nely control the load 3 of 
an actuator and so on. 

DISCLOSURE OF THE INVENTION 

[0011] The present invention is devised in order to solve 
the conventional problem. An object of the present invention 
is to provide a driver circuit Which causes no shoot-through 
current and obtains a desired output sleW rate and preferred 
linearity. 

[0012] According to the present invention, a driver circuit 
for driving a load connected betWeen the output of a ?rst 
channel driver and the output of a second channel driver is 
characterized in that the ?rst and second channel drivers 
each comprises: a charging/ discharging circuit comprising a 
sWitch transistor for charging and discharging gates of upper 
and loWer output transistors in response to a command from 
an input pulse, and a circuit for determining a charging/ 
discharging speed for each gate; and a detector circuit for 
detecting a state of the channel driver on the opposite side, 
Wherein a change is made to a dead time period and the 
speed of charging/discharging the gates of the upper and 
loWer output transistors, according to the state of the channel 
driver on the opposite side. 

[0013] With this con?guration, it is possible to prevent a 
through current, adjust an output ?eW rate, and obtain 
preferred linearity as an input-output characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram shoWing an output driver 
according to (Embodiment l) of the present invention; 

[0015] FIG. 2 is a diagram shoWing a driver circuit accord 
ing to (Embodiment l) of the present invention; 

[0016] FIG. 3 is a timing chart Which shoWs driving pulses 
on side A to explain the operations of FIG. 1; 

[0017] FIG. 4 is a timing chart Which shoWs driving pulses 
on side B to explain the operations of FIG. 1; 

[0018] FIG. 5 is a timing chart shoWing the driving pulses 
on the side A and side B When both inputs have substantially 
the same pulse (duty=50%); 

[0019] FIG. 6 is an input-output characteristic diagram of 
the present invention; 

[0020] FIG. 7 is a diagram shoWing a driver circuit accord 
ing to (Embodiment 2) of the present invention; 

[0021] FIG. 8 is a diagram shoWing a driver circuit accord 
ing to (Embodiment 3) of the present invention; 

[0022] FIG. 9 is a block diagram shoWing a linear input 
PWM output driver according to (Embodiment 4) of the 
present invention; 
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[0023] FIG. 10 is a block diagram showing a linear input 
PWM output driver according to (Embodiment 5) of the 
present invention; 

[0024] FIG. 11 is a block diagram showing conventional 
output drivers; 

[0025] FIG. 12 is a diagram showing a conventional 
output driver circuit; 

[0026] FIG. 13 is a timing chart which shows driving 
pulses to explain the operations of FIG. 11; and 

[0027] FIG. 14 is a conventional input-output character 
istic diagram. 

DESCRIPTION OF THE EMBODIMENTS 

[0028] The following will describe the present invention 
according to embodiments below. 

Embodiment l 

[0029] FIGS. 1 to 6 show (Embodiment l) of the present 
invention. 

[0030] Constituent elements act as those of FIGS. 11 and 
12 showing the conventional art are indicated by the same 
reference numerals. 

[0031] FIG. 1 shows a driver circuit of (Embodiment 1). 
FIG. 2 shows the detail of an output driver circuit on side A 
of FIG. 1. In FIG. 11 showing the conventional art, only the 
input pulse INA is supplied as an input signal to the timing 
pulse generator 1 on side A and only the input pulse INB is 
supplied as an input signal to the timing pulse generator 5 on 
side B; whereas in FIG. 1 showing (Embodiment 1), input 
pulses INA and INB are supplied to both of a timing pulse 
generator 1 on side A and a timing pulse generator 5 on side 
B. As shown in FIG. 2, instead of the pulses AF and AD 
shown in FIGS. 12 and 13, pulses AH and AI (described 
later) are applied to the gates of N-type switch transistors 33 
and 36. 

[0032] The detail will be discussed below. 

[0033] The driver circuit drives a load 3 connected 
between an output FO of a ?rst channel driver D1 and an 
output RO of a second channel driver D2. Reference 
numeral 1 denotes the timing pulse generator which gener 
ates driving pulses for charging and discharging the gates of 
upper and lower output transistors in response to a command 
from the input pulse INA on side A. Reference numeral 2 
denotes a driver circuit for applying a power supply voltage 
or 0 volt to the load 3. In PWM through system, side A and 
side B have symmetrical con?gurations. An output driver 
circuit 4 on B side is constituted of the same circuits as the 
output driver circuit 2 on side A, and the timing pulse 
generator 5 on side B is constituted of completely the same 
circuits as the timing pulse generator 1 on side A. The 
con?gurations will be discussed below. 

[0034] For simple explanation, only one side (side A) will 
be discussed below. 

[0035] FIG. 2 shows the detail of the output driver circuit 
2. Reference numerals 11, 12, 14, and 15 denote resistors or 
current sources for determining a speed of charging/dis 
charging the gates of output transistors 41 and 42. Reference 
numerals 31 and 34 denote P-type switch transistors for 
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determining the charging timing based on pulses AF“ and 
AD- from the timing pulse generator 1. Reference numerals 
32, 33, 35, and 36 denote N-type switch transistors for 
determining the discharging timing based on pulses AE, AH, 
AG, and AI from the timing pulse generator 1. Reference 
numerals 51 and 52 denote diodes for imposing a limit in 
such a way that a reverse voltage between the gate and 
source of the output transistor 41 on the upper side does not 
exceed the breakdown voltage of the output transistor 41. 
Reference character FO denotes the output terminal for 
driving the load 3. FIG. 2 shows, as a charging/discharging 
circuit A2, the switch transistors 31 to 33 and 34 to 36 for 
charging and discharging the gates of the upper and lower 
output transistors 41 and 42 in response to a command from 
the input pulse INA and the circuit for determining the 
charging/discharging speed. Also on side B, as a charging/ 
discharging circuit B2, switch transistors are provided for 
charging and discharging the gates of the upper and lower 
output transistors in response to a command from the input 
pulse INB and the circuit is provided for determining the 
charging/ discharging speed. 
[0036] Referring to the timing charts of FIGS. 3 to 5, the 
following will discuss the operations of the driver circuit 
con?gured thus according to (Embodiment l). The driver 
circuit has a detector circuit A1 in the timing pulse generator 
1. Driving pulse timing differs according to whether the 
input pulse INB on side B, which is the opposite side, is set 
at “H” or “L”. Also on side B, a detector circuit B1 is 
provided in the timing pulse generator 5. Driving pulse 
timing differs according to whether the input pulse INA on 
side A, which is the opposite side, is set at “H” or “L”. 

[0037] FIGS. 3 and 4 shows the timing of the driving 
pulses when side A has a higher duty than side B does. FIG. 
5 shows the timing of the driving pulses when side A and 
side B are almost equal in pulse width (duty=about 50%). 

[0038] In this case, in FIGS. 3 and 4, the input of side B 
is always set at “L” at the rising edge and falling edge of side 
A. On side B, the input of side A is always set at “H” at the 
rising edge and falling edge of side B. Thus, as shown in 
FIGS. 3 and 4, the driving pulses differ between side A and 
side B. When the duty of side A is lower than that of side B, 
this state is equivalent to interchanged pulses between side 
A and side B. Hence, it is understood that FIGS. 3 to 5 cover 
all the cases. 32 

[0039] In FIG. 3, the inverted pulse AD- of the pulse AD 
is a driving pulse for charging the gate of the upper output 
transistor 41. A rising slew rate of the output (PO) is 
determined by the resistors or the current source 11 when the 
input pulse INB on the opposite side is set at “L”. The pulse 
AE is a driving pulse for discharging the gate of the upper 
output transistor 41. A falling slew rate of the output PO is 
determined by the resistors or the current source 12 when the 
input pulse INB on the opposite side is set at “L”. The pulse 
AH is a driving pulse for quickly discharging the gate of the 
upper output transistor 41. The upper output transistor 41 is 
quickly turned off by turning on the transistor 33 when the 
input pulse INB on the opposite side is set at “H”, thereby 
preventing a shoot-through current passing through the 
output transistors 41 and 42. 

[0040] The inverted pulse AF“ of the pulse AF is a driving 
pulse for charging the gate of the lower output transistor 42. 
A falling slew rate of the output PO is determined by the 
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resistors or the current source 14 When the input pulse INB 
on the opposite side is set at “H”. The pulse AG is a driving 
pulse for discharging the gate of the loWer output transistor 
42. A rising sleW rate of the output PO is determined by the 
resistors or the current source 15 When the input pulse INB 
on the opposite side is set at “H”. The pulse AI is a driving 
pulse for quickly discharging the gate of the loWer output 
transistor 42. The loWer output transistor 42 is quickly 
turned off by turning on the transistor 36 When the input 
pulse INB on the opposite side is set at “L”, thereby 
preventing a shoot-through current passing though the out 
put transistors 41 and 42. 

[0041] When the input pulse INB on the opposite side is 
set at “H”, dead time is not provided at the falling edge of 
the input pulse INA and the transistors 32, 33, and 34 are 
turned on at the same time. Before exceeding a threshold 
voltage (e.g., 0.7 V) for turning on the voltage betWeen the 
gate and source of the loWer output transistor 42, the gate of 
the upper output transistor 41 is quickly discharged to a 
threshold voltage or loWer for turning on the voltage 
betWeen the gate and source of the upper output transistor 
41, thereby causing no shoot-through current. 

[0042] When the input pulse INB on the opposite side is 
set at “L”, dead time is not provided at the rising edge of the 
input pulse INA and the transistors 31, 35, and 36 are turned 
on at the same time. Before exceeding a threshold voltage 
(e. g., 0.7 V) for turning on the voltage betWeen the gate and 
source of the upper output transistor 41, the gate of the loWer 
output transistor 42 is quickly discharged to a threshold 
voltage or loWer for tuning on the voltage betWeen the gate 
and source of the loWer output transistor 42, thereby causing 
no shoot-through current. 

[0043] When the input pulse INB on the opposite side is 
set at “L”, dead time is provided at the falling edge of the 
input pulse INA. First, the transistor 32 is turned on by the 
driving pulse AE, so that the voltage betWeen the gate and 
source of the upper output transistor 41 is gradually dis 
charged and the output transistor 41 is gradually shifted from 
ON state to OFF state. At this point, since the output RO on 
the opposite side B is set at “L”, the output (FO) on side A 
is also shifted from “H” to “L” at a desired sleW rate by 
adjusting the value of the resistors or the current source 12. 
After the output FO on side A falls suf?ciently and the dead 
time elapses, the gate of the loWer output transistor 42 is 
charged by the inverted pulse AF“ of the pulse AP to turn on 
the loWer output transistor 42 and synchronous recti?cation 
is performed. At this point, the output FO on side A falls, 
regardless of the dead time, When the upper output transistor 
41 is turned off. That is, the output indicates completely the 
same characteristic as the absence of the dead time. 

[0044] When the input pulse INB on the opposite side is 
set at “H”, the dead time is provided at the rising edge of the 
input pulse INA. First, the transistor 35 is turned on by the 
pulse AG, so that the voltage betWeen the gate and source of 
the loWer output transistor 42 is gradually discharged and the 
output transistor 42 is gradually shifted from ON state to 
OFF state. At this point, since the output RO on the opposite 
side B is set at “H”, the output FO on side A is also shifted 
from “L” to “H” at a desired sleW rate by adjusting the value 
of the resistors or the current source 15. After the output FO 
on side A rises suf?ciently and the dead time elapses, the 
gate of the upper output transistor 41 is charged by the 
inverted pulse AD“ of the pulse AD to turn on the upper 
output transistor 41 and synchronous recti?cation is per 
formed. At this point, the output FO on side A falls, 
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regardless of the dead time, When the loWer output transistor 
42 is turned off. That is, the output indicates completely the 
same characteristic as the absence of the dead time. 

[0045] FIG. 5 shoWs the case Where both of the input 
pulses (INA, INB) have a duty close to 50%. 

[0046] When side A and side B are nearly equal in input 
pulse Width (duty=about 50%), rising and falling occur 
almost at the same time. Thus, the dead time is not provided 
at the rising edge or the falling edge and the gates of the 
upper output transistor 41 and the loWer output transistor 42 
on sides A and B are quickly discharged simultaneously by 
the action of the quick discharging pulses (AH, BH, AI, and 
BI), thereby preventing a shoot-through current. At this 
point, the outputs (FO, RO) rise and fall almost at the same 
time. Thus, even When the gates of the output transistors 41 
and 42 are discharged quickly, a sleW rate is riot increased 
too high according to the output of the opposite side. That is, 
the sleW rate is determined by the resistors or the current 
source 11 and 14 Which determine a speed of charging the 
gates of the output transistors 41 and 42. 

[0047] The driving pulses can be readily generated from 
the input pulses INA and INB, Which are command pulses 
on both sides, by a combinational logic and a delay circuit 
constituted of a resistor and a capacitance or a delay circuit 
constituted of a clock and a ?ip-?op. 

[0048] In this Way, a state of the input on the opposite side 
determines Whether the dead time is present or absent at the 
rising edge and the falling edge and Whether the gate of the 
output transistor is quickly discharged or not, and thus it is 
possible to prevent a shoot-through current and obtain a 
desired sleW rate and an input-output characteristic of dead 
time=0. 

[0049] FIG. 14 shoWs the input-output characteristics of 
the conventional channel driver. The horiZontal axis repre 
sents as a percent a difference in the duty ratio of the input 
pulses (INA and INB). The vertical axis represents the 
integral of a current passing through the load 3. The integral 
is a physical quantity equivalent to a torque output for 
driving the load of an actuator or the like. Since the 
conventional art has the dead times d1 and d2, When the time 
of an input pulse difference (INA-INB) becomes shorter 
than the dead time, the outputs (FO, RO) rise and fall at the 
same time. Current does not pass through the load in this 
input range and thus a dead Zone appears around 0 input as 
shoWn in FIG. 14. On the other hand, (Embodiment 1) has 
a characteristic of dead time=0 in all input patterns and the 
dead Zone does not appear even around 0 input as shoWn in 
FIG. 6. Hence, it is possible to solve a conventional problem, 
Which is a loW transmission gain of an input and output 
around 0 input, and linearly drive the load of an actuator or 
the like. 

[0050] In this embodiment, the level of the input pulse on 
the opposite side is detected to control the timing pulse 
generators 1 and 5. The level of the output pulse on the 
opposite side may be detected to control the timing pulse 
generators 1 and 5. 

Embodiment 2 

[0051] FIG. 7 is a circuit diagram shoWing a driver of 
(Embodiment 2). 
[0052] The detector circuits A1 and B1 of (Embodiment I) 
detect Whether the input pulses INB and INA on the opposite 
side are set at “H” or “L”, and then, the output pulses of the 
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timing pulse generators 1 and 5 are controlled. In (Embodi 
ment 2), a state of a channel driver on the opposite side is 
decided based on the output level of its oWn channel driver, 
and then, the output pulses of timing pulse generators 1 and 
5 are controlled. 

[0053] In FIG. 7, a detector circuit A1 for controlling a 
generation pulse for the timing pulse generator 1 of a ?rst 
channel driver D1 is constituted of comparators 81 and 82. 
The comparator 81 detects a current passing through an 
upper output transistor 41 and outputs the current to an upper 
current detecting terminal T1, and the comparator 82 detects 
a current passing through a loWer output transistor 42 and 
outputs the current to a loWer current detecting terminal T2. 

[0054] When a current passes through the upper output 
transistor 41, an output FO has a voltage drop equivalent to 
the product of an on-resistance and a current from a poWer 
supply (Vcc). When the voltage falls beloW a threshold 
voltage, it is decided that the current passes through the 
upper side. Driving pulses on side A are formed as in the 
case Where an input pulse INB on the opposite side is set at 
“L”. 

[0055] Conversely, When a current passes through a loWer 
output transistor 42, the output FO has a voltage equivalent 
to the product of an on-resistance and a current applied to the 
ground. When the voltage exceeds the threshold voltage, it 
is decided that the current passes through the loWer side. 
Driving pulses on side A are formed as in the case Where the 
input pulse INB on the opposite side is set at “H”. That is, 
the same effect as (Embodiment 1) can be obtained by 
detecting a state of an output current on side A instead of side 
B (opposite side). 

[0056] This embodiment described side A. Also on side B, 
the same effect as (Embodiment 1) can be obtained by 
making a decision based on the output level of its oWn 
channel driver instead of side A (opposite side) and control 
ling the output pulse of the timing pulse generator 5. 

Embodiment 3 

[0057] FIG. 8 is a circuit diagram shoWing a driver of 
(Embodiment 3). 
[0058] The detector circuits A1 and A2 of (Embodiment I) 
detect Whether the input pulses INB and INA on the opposite 
side are set at “H” or “L” and the output pulses of the timing 
pulse generators 1 and 5 are controlled. In (Embodiment 3), 
a state of a channel driver on the opposite side is decided 
based on a state of a voltage betWeen the gate and source of 
an upper output transistor 41 and a state of a voltage betWeen 
the gate and source of a loWer output transistor 42 on the 
opposite side, and the output pulses of timing pulse genera 
tors 1 and 5 are controlled. 

[0059] In FIG. 8, a detector circuit B1 for controlling a 
generation pulse for the timing pulse generator 5 of a second 
channel driver D2 is constituted of transistors 61, 62, 63, 64 
and so on. 

[0060] The transistor 61 constitutes a mirror circuit With 
the upper output transistor 41, detects the voltage betWeen 
the gate and source of the upper output transistor 41 through 
the transistors 63 and 64, Which constitute another mirror 
circuit, and outputs the voltage to an upper gs detecting 
terminal T11. Reference numeral 72 denotes a resistor or a 
current source. 
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[0061] In reality, a chip siZe can be reduced by a smaller 
mirror ratio of the upper output transistor 41 and the 
transistor 61, so that the circuit can be designed Without 
substantially increasing a chip area. When a current passes 
through the upper output transistor 41, the voltage betWeen 
the gate and source of the upper output transistor 41 alWays 
exceeds a threshold voltage of the transistor, and thus an 
upper Vgs output terminal T11 is set at “H”. At this point, 
it is decided that the current passes through the upper output 
transistor 41. Driving pulses on side B are formed as in the 
case Where the input pulse INA is set at “H”. 

[0062] Conversely, the transistor 62 constitutes a mirror 
circuit With the loWer output transistor 42, detects the 
voltage betWeen the gate and source of the loWer output 
transistor 42, and outputs the voltage to a loWer gs detecting 
terminal T12. Reference numeral 71 denotes a resistor or a 
current source. 

[0063] In reality, as on the upper side, a chip siZe can be 
reduced by a smaller mirror ratio of the upper output 
transistor 42 and the transistor 62. When a current passes 
through the loWer output transistor 41, the voltage betWeen 
the gate and source of the loWer output transistor 41 alWays 
exceeds the threshold voltage of the output transistor 41. 
Thus, a loWer vgs output terminal T12 is set at “L”. At this 
point, it is decided that the current passes through the loWer 
output transistor 41. Driving pulses on side B are formed as 
in the case Where the input pulse INA is set at “L”. 

[0064] That is, the timing pulse generator 5 of the second 
channel driver D2 can obtain the same effect as (Embodi 
ment 1) by detecting the voltage betWeen the gate and source 
of each of the upper and loWer output transistors on side A, 
Which is the opposite side, instead of detecting the input 
pulse INA. 

[0065] The driver circuits of the embodiments are used for 
a channel driver Where an input-output relationship has a 
buffer function, that is, a PWM through function. 

Embodiment 4 

[0066] FIG. 9 shoWs a linear input PWM output driver of 
(Embodiment 4). 
[0067] The same constituent elements as the foregoing 
embodiments are indicated by the same reference numerals. 

[0068] The linear input PWM output driver constituted of 
the driver circuit of any one of the foregoing embodiments 
is con?gured as beloW. 

[0069] In FIG. 9, reference numeral 96 denotes a gm 
ampli?er Which converts, into a current, a voltage difference 
betWeen a PWM output (F0) on side A on the node of upper 
and loWer output transistors 41 and 42 of an output driver 
circuit 2 on side A and a PWM output (RO) on side B on the 
node of the upper and loWer output transistors of an output 
driver circuit 4 on side B. The outputted current is smoothed 
in a capacitance 99 and is converted into a voltage. 

[0070] Reference numerals 97 and 98 denote resistors for 
determining an overall loop gain, and reference character 
VREF denotes a reference voltage. Reference numeral 92 
denotes an error ampli?er having bipolar outputs. 

[0071] The positive outputs of a triangular Wave generator 
93 and the error ampli?er 92 are compared With each other 
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by the comparator 94, so that a PWM pulse is generated. The 
generated PWM pulse is inputted to a timing pulse generator 
1 on side A. Similarly, the negative outputs of the triangular 
Wave generator 93 and the error ampli?er 92 are compared 
With each other by the comparator 95, so that a PWM pulse 
is generated. The generated PWM pulse is inputted to a 
timing pulse generator 5 on side B. 

[0072] The tWo PWM pulses generated thus are com 
pletely the same as the input pulses on side A and side B of 
FIG. 1, in Which PWM through system is used. Therefore, 
as in PWM through system, driving pulses in FIGS. 3 to 5 
are formed by the generated tWo PWM pulses, thereby 
achieving completely the same effect as PWM through 
system. 

[0073] In this linear input format, instead of detecting a 
PWM input pulse on the opposite side, the comparator 91 is 
provided as a comparator for comparing a linear input 
voltage and a reference voltage (VREF). Thus, it is possible 
to obtain a function equivalent to the detection of a PWM 
output on the opposite side (INB). That is, When the linear 
input voltage is higher than the reference voltage, the driving 
pulse shoWn in FIG. 3 is inputted to the driver on side A and 
the driving pulse shoWn in FIG. 4 is inputted to the driver on 
side B. When the linear input voltage is loWer than the 
reference voltage, a driving pulse is generated With side A 
and side B being interchanged With each other. When the 
linear input voltage is close to the reference voltage, almost 
the same pulse is generated on side A and side B as shoWn 
in FIG. 5. The same operations are performed as (Embodi 
ment 1). Also in the driver With the linear input, it is possible 
to prevent a shoot-through current, adjust an output sleW 
rate, and obtain preferred linearity as an input-output char 
acteristic. 

[0074] In the present invention, an N-channel transistor is 
used as an output transistor. It is self-evident that even When 
a P-channel transistor is used, the present invention is made 
effective by reversing the con?guration for charging/dis 
charging of the present invention. 

[0075] When the comparator 91 is replaced With a WindoW 
comparator and the linear input becomes close to the refer 
ence voltage, dead time may not be provided for the driving 
pulse for charging and discharging the output transistors on 
both sides, and the gates of the upper and loWer transistors 
may be discharged more quickly. 

Embodiment 5 

[0076] FIG. 10 shoWs a liner input PWM output driver of 
(Embodiment 5). 
[0077] (Embodiment 4) shoWn in FIG. 9 comprises, as a 
comparator, the comparator 91 or a WindoW comparator 
serving as an alternative to the comparator 91. In (Embodi 
ment 5), as shoWn in FIG. 10, the output of a comparator 94 
is supplied to a timing pulse generator 5 and the output of a 
comparator 95 is supplied to a timing pulse generator 1, 
thereby eliminating the need for the comparator. 

[0078] To be speci?c, a triangular Wave and the positive 
output of the error ampli?er 92 are compared With each other 
by the comparator 94 to generate a ?rst PWM pulse. The 
triangular Wave and the negative output of the error ampli 
?er 92 are compared With each other by the comparator 95 
to generate a second PWM pulse. The output of the com 
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parator 94 is supplied as an input pulse INA to the timing 
pulse generator 1 of a ?rst channel driver D1. The output of 
the comparator 95 is supplied as the other input pulse INB 
to the timing pulse generator 5 of a second channel driver 
D2. The output of the comparator 95 is supplied to the 
timing pulse generator 1 of the ?rst channel driver D1 as 
information about a state of the second channel driver D2, 
and a change is made to a dead time period and a speed of 
charging/ discharging the gates of the upper and loWer output 
transistors of the ?rst channel driver D1. The output of the 
comparator 94 is supplied to the timing pulse generator 5 of 
the second channel driver D2 as information about a state of 
the ?rst channel driver D1, and a change is made to a dead 
time period and a speed of charging/ discharging the gates of 
the upper and loWer output transistors of the second channel 
driver D2. 

1.-8. (canceled) 
9. A driver circuit, in Which a linear input channel driver 

comprises: 
a converter circuit for converting, into a current, a voltage 

difference betWeen output voltages of an output of a 
?rst channel driver and an output of a second channel 

driver; 
a capacitance charged by an output of the converter 

circuit; 
an error ampli?er for comparing a voltage difference 

between a linear input voltage and an output voltage of 
the capacitance With a reference voltage; 

a comparator circuit for comparing a triangular Wave and 
an output voltage of the error ampli?er to generate a 
PWM pulse; 

a charging/ discharging circuit for charging and discharg 
ing gates of upper and loWer output transistors on the 
outputs of the ?rst and second channel drivers, accord 
ing to a level of an output of the ampli?er circuit and 
the linear input; and 

a comparator for comparing the linear input and the 
reference voltage, Wherein 

a change is made to a dead time period and a speed of 
charging/discharging the gates of the upper and loWer 
output transistors, according to an output of the com 
parator. 

10. The driver circuit according to claim 9, Wherein 

When the output of the comparator is set at “H”, dead time 
is provided at a falling edge of one input, the gate of 
one of the loWer output transistors is discharged at a 
higher speed, the gate of one of the upper output 
transistors is discharged at a loWer speed, the dead time 
is provided at a rising edge of an input on an opposite 
side, the gate of the upper output transistor on the 
opposite side is discharged at a higher speed, and the 
gate of the loWer output transistor on the opposite side 
is discharged at a loWer speed, and 

When the output of the comparator is set at “L”, dead time 
is provided at the rising edge of one input, the gate of 
one of the loWer output transistors is discharged at a 
loWer speed, the gate of one of the upper output 
transistors is discharged at a higher speed, the dead 
time is provided at the falling edge of the input (output) 




