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(57) ABSTRACT 
An output buffer includes a reference capacitor; a constant 
current source connected in series With the reference capaci 
tor, for generating a reference voltage With a constant 
gradient by charging the reference capacitor; a ?rst transistor 
having its source connected to a capacitive load, and its gate 
connected to the connecting point of the reference capacitor 
and the ?rst constant current source to be supplied With the 
reference voltage; a second transistor connected betWeen the 
drain of the ?rst transistor and a voltage source; a third 
transistor connected betWeen the capacitive load and the 
voltage source; and a fourth transistor connected to the 
control terminal of the second transistor and to the control 
terminal of the third transistor, for switching the second and 
third transistors from an OFF state to an ON state When the 
?rst transistor is turned on. It solves a problem of a con 
ventional output buffer in that When the load capacitance of 
an external circuit differs from a presupposed one, it cannot 
meet the speci?cation of the slew rate, or can consume 
excessive poWer. 
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LOAD CAPACITANCE MEASURING CIRCUIT 
AND OUTPUT BUFFER ADAPTIVE TO WIDE 

RANGE OF LOAD CAPACITANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a load capacitance 
measuring circuit for measuring the capacitance of a capaci 
tive load of an external circuit, and to an output buffer 
capable of controlling its driving poWer in accordance With 
the capacitance of a capacitive load of an external circuit. 

[0003] 2. Description of Related Art 

[0004] As a protocol for connecting a host With a device 
(hard disk drive), there is a standard called ATA interface. In 
the ATA interface, the load capacitance of an external circuit 
connected to an output buffer varies greatly depending on a 
usage mode. For example, one or tWo devices can be 
connected to a single host, and a ?at cable or other cables 
can be used for connecting the host to the devices. These 
conditions can vary the load capacitance of the external 
circuit. In addition, since the ATA interface protocol speci 
?es the maximum sleW rate and maximum delay time of the 
output signal, it is necessary to provide the load driving 
poWer corresponding to the load capacitance to meet the 
speci?cation. It holds true not only for the output buffers 
connected to the ATA interface, but also for any output 
buffers connected to external circuits that the output buffers 
With appropriate load driving poWer must be used to imple 
ment desired output signals in terms of rising time and the 
like. 

[0005] FIG. 11 is a circuit diagram shoWing a con?gura 
tion of a semiconductor integrated circuit including a con 
ventional output buffer. In FIG. 11, the reference numeral 
100 designates a semiconductor integrated circuit; 101 des 
ignates an internal circuit; 102 designates an output buffer; 
103 designates an output terminal; 104 designates an 
inverter for inverting ampli?cation; and 105, 106 and 107 
designate inverters connected in parallel With each other. In 
the manufacturing process, the number of the inverters 
connected in parallel or the channel Widths of the transistors 
constituting the inverters are adjusted in order to adjust the 
load driving poWer of the output buffer to an appropriate 
level, considering the load capacitance of an external circuit 
to be connected to the output buffer 102 so that an output 
signal With suitable driving poWer is produced for the load 
capacitance. 
[0006] With the foregoing con?guration, the conventional 
output buffer has a problem of being unable to meet the 
speci?cation concerning the sleW rate or delay time, if the 
load capacitance of the external circuit is greater than the 
assumed load capacitance, and hence the load driving poWer 
of the output buffer is relatively small, because the heavy 
load hinders the output signal from providing an enough 
rising or falling time required. 

[0007] On the other hand, if the load capacitance of the 
external circuit is smaller than the assumed load capacitance, 
the load driving poWer of the output buffer becomes rela 
tively large, presenting another problem of consuming 
excessive poWer. 

SUMMARY OF THE INVENTION 

[0008] The present invention is implemented to solve the 
foregoing problem. It is therefore an object of the present 
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invention to provide a load capacitance measuring circuit 
capable of measuring the capacitance of a capacitive load of 
an external circuit. 

[0009] Another object of the present invention is to pro 
vide an output buffer capable of adjusting the load driving 
poWer in accordance With the capacitance of the capacitive 
load of an external circuit. 

[0010] According to a ?rst aspect of the present invention, 
there is provided a load capacitance measuring circuit com 
prising: a reference capacitor; a constant current source 
connected in series With the reference capacitor, for gener 
ating a reference voltage With a constant gradient in the 
reference capacitor; a load resistor; and a transistor having 
its source connected to a capacitive load to be measured, its 
gate connected to a connecting point of the reference capaci 
tor and the constant current source to be supplied With the 
reference voltage, and its drain connected to a voltage source 
via the load resistor, Wherein a capacitance of the capacitive 
load is obtained from the drain voltage of the transistor and 
the gradient of the reference voltage. 

[0011] Here, a capacitance of the reference capacitor may 
be variable. 

[0012] A constant current the constant current source 
outputs may be variable. 

[0013] According to a second aspect of the present inven 
tion, there is provided an output buffer comprising: a refer 
ence capacitor; a ?rst constant current source connected in 
series With the reference capacitor, for generating a refer 
ence voltage With a constant gradient by charging the 
reference capacitor; a ?rst transistor having its source con 
nected to a capacitive load, and its gate connected to a 
connecting point of the reference capacitor and the ?rst 
constant current source to be supplied With the reference 
voltage; a ?rst sWitching device connected betWeen the drain 
of the ?rst transistor and a voltage source; a second sWitch 
ing device connected betWeen the capacitive load and the 
voltage source; and a ?rst driver connected to a control 
terminal of the ?rst sWitching device and to a control 
terminal of the second sWitching device, for sWitching the 
?rst sWitching device and the second sWitching device from 
an OFF state to an ON state When the ?rst transistor is turned 
on. 

[0014] Here, the output buffer may further comprise: a 
second constant current source connected in series With the 
reference capacitor, for changing the reference voltage at a 
constant rate by discharging the reference capacitor; a sec 
ond transistor having its source connected to the capacitive 
load, and its gate connected to a connecting point of the 
reference capacitor and the second constant current source to 
be supplied With the reference voltage; a third sWitching 
device connected betWeen the drain of. the second transistor 
and a ground; a fourth sWitching device connected betWeen 
the capacitive load and the ground; and a second driver 
connected to a control terminal of the third sWitching device 
and to a control terminal of the fourth sWitching device, for 
sWitching the third sWitching device and the fourth sWitch 
ing device from an OFF state to an ON state When the second 
transistor is turned on. 

[0015] A capacitance of the reference capacitor may be 
variable. 
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[0016] A constant current supplied from the ?rst constant 
current source to the reference capacitor may be variable. 

[0017] A constant current discharged from the reference 
capacitor by the second constant current source may be 
variable. 

[0018] According to a third aspect of the present inven 
tion, there is provided an output buffer comprising: a refer 
ence capacitor; a ?rst constant current source connected in 
series With the reference capacitor, for generating a refer 
ence voltage With a constant gradient by charging the 
reference capacitor; a ?rst transistor having its source con 
nected to a capacitive load, and its gate connected to a 
connecting point of the reference capacitor and the ?rst 
constant current source to be supplied With the reference 
voltage; a ?rst sWitching device connected betWeen the drain 
of the ?rst transistor and a voltage source; a second sWitch 
ing device connected betWeen the capacitive load and the 
voltage source; and a third sWitching device that is con 
nected betWeen a control terminal of the ?rst sWitching 
device and a control terminal of the second sWitching 
device, and controlled by a voltage across the capacitive 
load. 

[0019] Here, the output buffer may further comprise: a 
second constant current source connected in series With the 
reference capacitor, for changing the reference voltage at a 
constant rate by discharging the reference capacitor; a sec 
ond transistor having its source connected to the capacitive 
load, and its gate connected to a connecting point of the 
reference capacitor and the second constant current source to 
be supplied With the reference voltage; a fourth sWitching 
device connected betWeen the drain of the second transistor 
and the ground; a ?fth sWitching device connected betWeen 
the capacitive load and the ground; and a siXth sWitching 
device that is connected betWeen a control terminal of the 
fourth sWitching device and a control terminal of the ?fth 
sWitching device, and controlled by the voltage across the 
capacitive load. 

[0020] A capacitance of the reference capacitor may be 
variable. 

[0021] A constant current supplied from the ?rst constant 
current source to the reference capacitor may be variable. 

[0022] A constant current discharged from the reference 
capacitor by the second constant current source may vari 
able. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a circuit diagram shoWing a con?guration 
of a load capacitance measuring circuit of an embodiment 1 
in accordance With the present invention; 

[0024] FIG. 2 is a graph illustrating variations in gate and 
source potentials of a source folloWer With time; 

[0025] FIG. 3 is a circuit diagram shoWing a con?guration 
of a load capacitance measuring circuit of an embodiment 2 
in accordance With the present invention; 

[0026] FIG. 4 is a graph illustrating variations in gate and 
source potentials of a source folloWer With time; 

[0027] FIG. 5 is a circuit diagram shoWing a con?guration 
of a rising signal output circuit constituting an output buffer 
of an embodiment 4 in accordance With the present inven 
tion; 
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[0028] FIG. 6 is a graph illustrating variations in poten 
tials at main points With time after a constant current source 
is turned on in the rising signal output circuit of the 
embodiment 4 in accordance With the present invention; 

[0029] FIG. 7 is a circuit diagram shoWing a con?guration 
of a falling signal output circuit constituting the output 
buffer of the embodiment 4 in accordance With the present 
invention; 
[0030] FIG. 8 is a circuit diagram shoWing a con?guration 
of a rising signal output circuit constituting an output buffer 
of an embodiment 5 in accordance With the present inven 
tion; 
[0031] FIG. 9 is a graph illustrating variations in poten 
tials at main points With time after a constant current source 
is turned on in the rising signal output circuit of the 
embodiment 5 in accordance With the present invention; 

[0032] FIG. 10 is a circuit diagram shoWing a con?gura 
tion of a falling signal output circuit constituting the output 
buffer of the embodiment 5 in accordance With the present 
invention; and 

[0033] FIG. 11 is a circuit diagram shoWing a con?gura 
tion of a semiconductor integrated circuit including a con 
ventional output buffer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] The invention Will noW be described With reference 
to the accompanying draWings. 

Embodiment 1 

[0035] FIG. 1 is a circuit diagram shoWing a con?guration 
of a load capacitance measuring circuit of an embodiment 1 
in accordance With the present invention. In FIG. 1, the 
reference numeral 1 designates a voltage source; 2 desig 
nates a constant current source; 3 designates a capacitor for 
generating a constant gradient voltage in connection With the 
constant current source 2; 4 designates a source folloWer 
With its gate supplied With the voltage of the capacitor 3; 5 
designates a load resistor interposed betWeen the drain of the 
source folloWer 4 and the voltage source 1 for measuring a 
current; 6 designates a capacitive load to be measured 
connected to the source of the source folloWer 4; 7 desig 
nates an A/D converter for converting the drain voltage of 
the source folloWer 4 into digital data; and 8 designates a 
register for holding the digital voltage data. 

[0036] NeXt, the operation of the present embodiment 1 
Will be described. 

[0037] FIG. 2 is a graph illustrating variations in gate and 
source potentials of the source folloWer 4 With time. In FIG. 
2, Vref designates the gate potential of the source folloWer 4, 
and VOut designates the source potential of the source fol 
loWer 4. As illustrated in FIG. 2, the voltage Vgsl betWeen 
the gate potential Vref and the source potential VOut is 
maintained at a ?Xed value. The reason for this Will be 
brie?y described here. The drain current IOut of the source 
folloWer 4 is expressed by ([3/2)><(VgS1—Vthn), Where [3 is a 
constant associated With a characteristic of the transistor, 
and Vthn is a threshold voltage of the transistor. If the Vgsl 
eXceeds the particular level, the IOut increases so that the 
gradient of the V becomes greater that that of the Vref, out 
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thereby reducing the V331 In contrast, When the Vgsl falls 
below the particular level, the IOut reduces so that the 
gradient of the VOut becomes smaller than that of the Vref, 
thereby increasing the Vgsl. In this Way, the gradient of the 
gate potential Vref and the gradient of the source potential 
V0m converge on the same state, resulting in holding the 
voltage Vgsl at the ?xed value. 

[0038] Supplying the current Iref from the constant current 
source 2 Will make the voltage level Vref of the capacitor 3, 
VM=IIref dt/Cmf, Where Cref is the capacitance of the capaci 
tor 3. Accordingly, the constant current source 2 and the 
capacitor 3 generates the constant gradient voltage, and 
supplies it to the gate of the source folloWer 4. In addition, 
on the source side of the source folloWer 4, such source 
potential VOut is generated as maintaining the ?xed voltage 
Vgsl for the gate potential Vref. Besides, since the relation 
ship betWeen the load capacitance Cload of the capacitive 
load 6 and the drain current Iout of the source folloWer 4 is 
expressed by IOut=C1Oad><dVOut/dt, and the voltage gradient 
(dVOut/dt) of the source potential VOut is constant, the current 
IOut takes a ?xed value proportional to the capacitance Cload 
of the capacitive load 6. Thus, the voltage drop VS across the 
load resistor 5 becomes a ?xed value uniquely determined 
from the value of the capacitance Chad. Then, the drain 
voltage E-VS of the source folloWer 4, Where E is the voltage 
of the voltage source 1, is converted into digital data by the 
A/D converter 7 to be stored in the register 8. Accordingly, 
the capacitance Cload of the capacitive load 6 can be calcu 
lated from the value stored in the register 8. 

[0039] Here, the relationship betWeen the capacitance 
C102d and the voltage drop VS Will be obtained. First, as for the 
capacitive load 6, the folloWing expression (1) holds. 

Vom=IIom dt/Cload (1) 

[0040] Since dVOut/dt=dVre£dt, 

dVI€f/dt=IOH1/CIO3(1 (2) 

[0041] The folloWing expression (3) holds as to the volt 
age drop VS. 

V510.“ XRS (3) 

[0042] Where R5 is the resistance of the load resistor 5. 
From the expressions (2) and (3), the capacitance Cload can 
be obtained by the folloWing expression 

[0043] As described above, the present embodiment 1 is 
con?gured such that it comprises the source folloWer 4 
having its source connected to the capacitive load 6 Whose 
capacitance is to be measured; the resistor 5 having its ?rst 
terminal connected to the drain of the source folloWer 4; the 
voltage source 1 connected to the second terminal of the 
resistor 5; the capacitor 3 connected to the gate of the source 
folloWer 4; and the constant current source 2 connected to 
the gate of the source folloWer 4 together With the capacitor 
3. Thus, it can apply the constant gradient voltage generated 
by the constant current source 2 and the capacitor 3 to the 
gate of the source folloWer 4, thereby generating the voltage 
With the same gradient on the source side of the source 
folloWer 4. As a result, it offers an advantage of being able 
to calculate the capacitance of the capacitive load 6 by 
measuring the voltage drop across the load resistor 5 
because the drain current of the source folloWer 4 is uniquely 
determined by the capacitance of the capacitive load 6. 
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Embodiment 2 

[0044] FIG. 3 is a circuit diagram shoWing a con?guration 
of a load capacitance measuring circuit of an embodiment 2 
in accordance With the present invention. In FIG. 3, the 
same reference numerals designate the same or like portions 
to those of FIG. 1, and the description thereof is omitted 
here. In FIG. 3, the reference numeral 11 designates a 
variable capacitor; and 12 designates a correction circuit for 
carrying out voltage correction in accordance With the 
change of the capacitance of the capacitor 11. 

[0045] FIG. 4 is a graph illustrating time variations in the 
gate potential and source potential of the source folloWer 4. 
In the load capacitance measuring circuit in the embodiment 
1, When the capacitance of the capacitive load 6 exceeds a 
particular value, the source folloWer 4 cannot feed the 
current beyond its current ampli?cation factor. Accordingly, 
the voltage Vgsl betWeen the gate potential and the source 
potential cannot be maintained at the ?xed value as illus 
trated by dotted lines (Vre? and Voutl) in FIG. 4. If the 
voltage Vgsl cannot be maintained at the ?xed value, the 
change of the expression (2) described in the embodiment 1 
cannot be made, Which means that the measurement of the 
capacitance Cload is impossible. 

[0046] In vieW of this, the load capacitance measuring 
circuit of the present embodiment 2 makes the capacitance 
Cref of the capacitor 11 variable so that When it is necessary 
to extend the measuring range of the capacitance of the 
capacitive load 6, the capacitance Cref of the capacitor 11 is 
increased to reduce the gradient of the gate and source 
potentials as illustrated by solid lines (Vrefz and Voutz) in 
FIG. 4. This makes it possible to reduce the drain current IOut 
?oWing through the capacitive load 6, and hence to maintain 
the voltage Vgsl betWeen the gate potential and the source 
potential. HoWever, since the relationship betWeen the 
capacitance Cload of the capacitive load 6 and the drain 
current Iout (voltage drop VS) changes With the change of the 
capacitance Cref of the capacitor 11, it is preferable to 
provide the correction circuit 12 for correcting the digital 
data after the A/D conversion in response to the change in 
the relationship. 

[0047] As described above, since the present embodiment 
2 comprises the variable capacitor 11, it can extend the 
measuring range of the capacitance of the capacitive load 6 
by varying the capacitance of the capacitor 11, thereby 
enabling the voltage Vgsl betWeen the gate potential and the 
source potential of the source folloWer 4 to be maintained at 
the ?xed value. As a result, it offers an advantage of being 
able to measure the capacitance of the capacitive load 6 in 
a Wider range, and to optionally set the measurable range of 
the capacitance of the capacitive load 6. 

Embodiment 3 

[0048] The load capacitance measuring circuit of an 
embodiment 3 in accordance With the present invention is 
basically the same in the con?guration as the load capaci 
tance measuring circuit of the embodiment 1 as shoWn in 
FIG. 1. It differs from the embodiment 1 in that it can vary 
the amount of the current the constant current source 2 
supplies. 

[0049] In the load capacitance measuring circuit in the 
present embodiment 3, the amount of the current Iref sup 
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plied from the constant current source 2 to the capacitor 11 
is made variable. To extend the measuring range of the 
capacitance of the capacitive load 6, the amount of the 
current Iref supplied from the constant current source 2 to the 
capacitor 11 is reduced so that the gradient of the gate 
potential and source potential of the source folloWer 4 is 
reduced, and hence the amount of the drain current IOut 
?oWing through the capacitive load 6 is decreased, thereby 
maintaining the voltage Vgsl betWeen the gate potential and 
the source potential at the ?xed value. HoWever, since the 
relationship betWeen the capacitance Cload of the capacitive 
load 6 and the drain current IOut (voltage drop VS) changes 
With the change of the amount of the current Iref the constant 
current source 2 supplies, it is preferable to provide the 
correction circuit 12 for correcting the digital data after the 
A/D conversion in response to the change in the relationship. 

[0050] As described above, since the present embodiment 
3 comprises the constant current source 2 With its current 
amount variable, it can expand the measuring range of the 
capacitance of the capacitive load 6 by varying the amount 
of the current supplied from the constant current source 2 in 
order to maintain the voltage Vgsl betWeen the gate potential 
and the source potential of the source folloWer 4 at the ?xed 
value. As a result, it offers an advantage of being able to 
measure the capacitance of the capacitive load 6 in a Wider 
range, and to optionally set the measurable range of the 
capacitance of the capacitive load 6. 

Embodiment 4 

[0051] In the present embodiment 4 in accordance With the 
present invention, an output buffer Will be described Which 
utiliZes the load capacitance measuring circuit described in 
the foregoing embodiments 1-3. The output buffer of the 
embodiment 4 comprises a rising signal output circuit and a 
falling signal output circuit, in Which the former raises the 
voltage level of the capacitive load to an “H” level When the 
input signal rises to the “H” level, and the latter drops the 
voltage level of the capacitive load to an “L level” When the 
input signal falls to the “L level”. 

[0052] FIG. 5 is a circuit diagram shoWing a con?guration 
of a rising signal output circuit constituting the output buffer 
of the embodiment 4 in accordance With the present inven 
tion. In FIG. 5, the reference numeral 21 designates a 
voltage source; 22 designates a constant current source; 23 
designates a capacitor for generating a constant gradient 
voltage in conjunction With the constant current source 22; 
24 designates a source folloWer consisting of an N-channel 
transistor having its gate supplied With the voltage level of 
the capacitor 23; 25 designates an N-channel transistor for 
initialiZing the voltage level of the capacitor 23 to Zero volt; 
26 designates a P-channel transistor for initialiZing the drain 
potential of the source folloWer 24 to the supply voltage Vdd; 
27 designates a P-channel transistor having its gate con 
nected to the drain of the source folloWer 24; 28 designates 
a P-channel transistor having its drain connected to the drain 
of the source folloWer 24, its gate connected to the source of 
the P-channel transistor 27, and its source connected to the 
voltage source 21; 29 designates a P-channel transistor for 
initialiZing the gate potential of the P-channel transistor 28 
and the gate potential of a P-channel transistor 31 to the 
supply voltage Vdd; 30 designates a capacitive load con 
nected to the source of the source folloWer 24; and 31 
designates a P-channel transistor connected betWeen the 
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capacitive load 30 and the voltage source 21 for raising the 
voltage level of the capacitive load 30 to the supply voltage 
Vdd. Major points in the operation of the rising signal output 
circuit are designated by reference symbols A, B, C and D 
to identify them easily. 

[0053] Next, the operation of the present embodiment 4 
Will be described. 

[0054] First, When the rising signal output circuit is in a 
disabled state, an “H” level signal is applied to the gate of 
the N-channel transistor 25, and an “L” level signal is 
applied to the gates of the P-channel transistors 26 and 29. 
Thus, these transistors are turned on so that the potentials at 
points A and B are maintained at the supply voltage Vdd, and 
the potential Vref at the point C is maintained at Zero volt. 
Being maintained at the supply voltage Vdd, the potentials at 
the points A and B bring the P-channel transistors 27, 28 and 
31 into an OFF state during the disabled state. 

[0055] Next, When the input signal rises to the “H” level, 
the rising signal output circuit shifts from the disabled state 
to the enabled state, in Which case, the gate potential of the 
N-channel transistor 25 becomes “L” level, and the gate 
potentials of the P-channel transistors 26 and 29 become 
“H” level. At the same time, the constant current source 22 
is turned on. 

[0056] FIG. 6 is a graph illustrating temporal variations in 
the potentials at the main points after the constant current 
source is turned on in the rising signal output circuit of the 
present embodiment 4. When the constant current source 22 
is turned on, the charge in the capacitor 23 increases linearly, 
raising the voltage level of the capacitor 23. Thus, When the 
gate-source voltage of the source folloWer 24 exceeds the 
threshold voltage Vthn, the source folloWer 24 is turned on. 
In this case, the potential Va at the point A falls While the 
voltage level VOut of the capacitive load 30 is loW. In 
response to the fall of the potential Va triggered by the 
sWitching on of the source folloWer 24, the gate-source 
voltage of the P-channel transistor 27 exceeds the threshold 
voltage Vthpl so that it is turned on and drops the potential 
Vb at the point B. In response to the drop in the potential Vb, 
the gate-source voltage of the P-channel transistor 28 
exceeds the threshold voltage Vthp2 so that it is turned on. 
Likewise, the gate-source voltage of the P-channel transistor 
31 exceeds the threshold voltage Vthp3, tuning it on. Thus, 
the current IOut ?oWs into the capacitive load 30 from the 
voltage source 21 through the P-channel transistor 28 and 
source folloWer 24, and through the P-channel transistor 31. 
Here, the current Iout refers to the sum total of the current 
?oWing into the capacitive load 30. 

[0057] While the current IOut is ?oWing into the capacitive 
load 30, the potential at the point C, that is, the gate potential 
of the source folloWer 24 increases at a rate of IIef/Cmf, 
Where Iref is the amount of the current supplied from the 
constant current source 22 to the capacitor 23, and Cref is the 
capacitance of the capacitor 23, so that the potential at the 
point D increases at the same rate With maintaining the 
voltage Vgsl. Accordingly, the amount of the current IOut 
?oWing into the capacitive load 30 is expressed by the 
folloWing expression (5): 

[0058] Where Cload is the capacitance of the capacitive 
load 30. 
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[0059] The potential at the point B is uniquely determined 
such that the amount of the current ?owing into the capaci 
tive load 30 becomes equal to 10m. The potentials at the 
points A and B in this state are obtained by the following 
expressions (6) and (7), respectively. 

[0060] where I1 is the value of the current ?owing through 
the P-channel transistor 28, and K is a transconductance 
coef?cient of the P-channel transistor 28. 

[0061] With the elapse of the time from this state, the 
capacitive load 30 is being charged by the current IOut, so 
that the Va increases with the VOut after time T2 at which the 
voltage Va becomes Va=VOut as illustrated in FIG. 6. In this 
case, when the gate-source voltage of the P-channel tran 
sistor 27 drops below the threshold voltage Vthpl, the 
P-channel transistor 27 is turned off and the potential Vb is 
maintained at a ?xed value. After that, the current IOut 
approximately proportional to the capacitance Cload ?ows 
into the capacitive load 30. Here, if the source follower 24 
continues the ON state when the voltage level of the 
capacitor 23 increases to the supply voltage Vdd, the voltage 
between the gate and source of the source follower 24 
becomes greater than the threshold voltage Vthn. Accord 
ingly, the source follower 24 cannot raise the voltage level 
of the capacitive load 30 to the supply voltage Vdd. Thus, in 
a range where the voltage level of the capacitive load 30 is 
close to the supply voltage Vdd, only the P-channel transistor 
31 supplies the current to the capacitive load 30. In this case, 
since the potential Vb is maintained at the ?xed value, the 
current corresponding to the capacitance Cload of the capaci 
tive load 30 ?ows into the capacitive load 30. 

[0062] As described above, according to the present 
embodiment 4, when the input signal applied to the rising 
signal output circuit rises to the “H” level, the current Iout 
approximately proportional to the capacitance Cload of the 
capacitive load 30 ?ows thereinto at ?rst as clearly indicated 
in expression (5), and then the current corresponding to the 
capacitance Cload is supplied to the capacitive load 30 even 
in the range where the voltage level of the capacitive load 30 
increases close to the supply voltage Vdd. As a result, it can 
provide the load driving power matching the load capaci 
tance, and set an optimum slew rate and delay time by 
appropriately determining the amount of the current Iref 
supplied from the constant current source 22 to the capacitor 
23, and the capacitance Cref of the capacitor 23. 

[0063] As for a falling signal output circuit constituting 
the output buffer of the embodiment 4 in accordance with the 
present invention, it can be implemented using a circuit 
con?guration analogous to that of the rising signal output 
circuit. FIG. 7 is a circuit diagram showing a con?guration 
of the falling signal output circuit constituting the output 
buffer of the embodiment 4. In FIG. 7, the falling signal 
output circuit is con?gured such that it shares the capacitor 
23 and the capacitive load 30 with the rising signal output 
circuit, and extracts the charges stored in the capacitor 23 
and capacitive load 30 by the rising signal output circuit. In 
FIG. 7, the reference numeral 41 designates a voltage 
source; 42 designates a constant current source; 43 desig 
nates a source follower consisting of a P-channel transistor 
having its gate supplied with the voltage level of the 
capacitor 23; 44 designates an N-channel transistor for 
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initialiZing the drain potential of the source follower 43 to 
Zero volt; 45 designates an N-channel transistor having its 
gate connected to the drain of the source follower 43; 46 
designates an N-channel transistor having its drain con 
nected to the drain of the source follower 43, its gate 
connected to the source of the N-channel transistor 45, and 
its source connected to a ground; 47 designates an N-chan 
nel transistor connected between the capacitive load 30 and 
the ground for dropping the voltage level of the capacitive 
load 30 to Zero volt, and having its gate connected to the 
source of the transistor 45; and 48 designates an N-channel 
transistor for initialiZing the gate potentials of the N-channel 
transistors 46 and 47 to Zero volt. In FIG. 7, major points in 
the operation of the falling signal output circuit are desig 
nated by reference symbols E, F, G and H to make their 
identi?cation easy. 

[0064] Next, the operation of the falling signal output 
circuit of the present embodiment 4 will be described. 

[0065] First, when the falling signal output circuit is in the 
disabled state, the “H” level signal is applied to the gates of 
the N-channel transistors 44 and 48 so that the two transis 
tors are turned on, and the potentials at the points E and F 
are maintained at Zero volt. Being thus maintained at Zero 
volt, the potentials at the points E and F bring the N-channel 
transistors 45, 46 and 47 into the OFF state in the disabled 
state. 

[0066] Subsequently, when the input signal drops to the 
“L” level, the falling signal output circuit shifts from the 
disabled state to the enabled state, and the gate potentials of 
the N-channel transistors 44 and 48 become “L” level. At the 
same time, the constant current source 42 is turned on. 

[0067] In response to the turning on of the constant current 
source 42, the capacitor 23 starts discharging, and its voltage 
level Vref starts dropping. Thus, when the gate-source volt 
age of the source follower 43 exceeds the threshold voltage 
Vthp, the source follower 43 is turned on, and the potential 
Ve at the point E increases. When the gate-source voltage of 
the N-channel transistor 45 exceeds the threshold voltage 
V‘hnl in response to the increase of the potential Vs, the 
N-channel transistor 45 is turned on, and the potential Vf at 
the point F increases. When the gate-source voltage of the 
N-channel transistor 46 exceeds the threshold voltage Vth2 in 
response to the increase of the potential Vf, the N-channel 
transistor 46. is turned on. Likewise, when the gate-source 
voltage of the N-channel transistor 47 exceeds the threshold 
voltage Vthn3, the N-channel transistor 47 is turned on. As a 
result, the current Iout starts ?owing from the capacitive load 
30 to the ground through the N-channel transistor 46 and the 
source follower 43, and through the N-channel transistor 47. 
Here, the current IOut is the sum total of the current ?owing 
out of the capacitive load 30. The potential at the point F is 
uniquely determined such that the current ?owing out of the 
capacitive load 30 becomes equal to the I given by 
expression 

out 

[0068] As the charges are pulled out of the capacitive load 
30 because of the current IOut, the potential Ve drops with the 
voltage level VOut of the capacitive load 30. In this case, 
when the gate-source voltage of the N-channel transistor 45 
falls below the threshold voltage Vthnl, the N-channel tran 
sistor 45 is turned off, but the potential Vf is maintained at 
the ?xed value so that the current IOut approximately pro 
portional to the capacitance Cload of the capacitive load 30 
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continues to ?oW. If the source follower 43 continues the ON 
state When the voltage level of the capacitor 23 falls to Zero 
volt, the voltage betWeen the gate and source of the source 
folloWer 43 is greater than the threshold voltage Vthp. 
Accordingly, the source folloWer 43 alone cannot drop the 
voltage level of the capacitive load 30 to Zero volt. Thus, in 
a range Where the voltage level of the capacitive load 30 is 
close to Zero volt, only the N-channel transistor 47 passes 
the current to the ground. In this case, since the potential Vf 
is maintained at the ?xed value because the transistor 45 is 
turned off oWing to the drop of the drain potential of the 
source folloWer 43, the current corresponding to the capaci 
tance Cload of the capacitive load 30 continues to How out of 
the capacitive load 30. 

[0069] As described above, according to the present 
embodiment 4, When the input signal to the falling signal 
output circuit drops to the “L” level, the current IOut approXi 
mately proportional to the capacitance Cload of the capacitive 
load 30 ?oWs at ?rst as in the rising signal output circuit, and 
then, in the range Where the voltage level of the capacitive 
load 30 drops close to Zero volt, the current corresponding 
to the capacitance Cload is pulled out of the capacitive load 
30. As a result, the falling signal output circuit can provide 
the load driving poWer that matches the load capacitance, 
and set an optimum sleW rate and delay time by appropri 
ately determining the amount of the current Iref supplied 
from the constant current source 42 to the capacitor 23 and 
its capacitance Cref. 

[0070] As described above, the present embodiment 4 is 
con?gured such that it comprises the source folloWer 24 (43) 
having its source connected to the capacitive load 30; the 
capacitor 23 connected to the gate of the source folloWer 24 
(43); the constant current source 22 (42) connected to the 
capacitor 23 and the gate of the source folloWer 24 (43); the 
P-channel transistor 28 (N-channel transistor 46) connected 
betWeen the drain of the source folloWer 24 (43) and the 
voltage source (ground); the P-channel transistor 31 
(N-channel transistor 47) connected betWeen the capacitive 
load 30 and the voltage source (ground); and the P-channel 
transistor 27 (N-channel transistor 45) connected to the gates 
of the P-channel transistors 28 and 31 (N-channel transistors 
46 and 47) for sWitching them on using the turning on of the 
source folloWer 24 (43) as the trigger. Accordingly, by 
turning on the source folloWer 24 (43) by supplying its gate 
With the constant gradient voltage, Which is generated by the 
constant current source 22 (42) and the capacitor 23 using 
the transition of the input signal as a trigger, the P-channel 
transistors 28 and 31 (N-channel transistors 46 and 47) are 
turned on through the P-channel transistor 27 (N-channel 
transistor 45). This makes it possible for the current approXi 
mately proportional to the capacitance Cref of the capacitive 
load 30 to How into or out of the capacitive load 30, offering 
an advantage of being able to implement the load driving 
poWer corresponding to the load capacitance. 

[0071] Furthermore, providing the P-channel transistor 31 
(N-channel transistor 47) betWeen the capacitive load 30 and 
the voltage source (ground) offers an advantage of being 
able to raise the voltage level of the capacitive load 30 to the 
supply voltage Vdd (to drop it to Zero volt) Moreover, 
appropriately setting the amount of the current Iref supplied 
from the constant current source 22 (42) or the capacitance 
CMof the capacitor 23 makes it possible to control the 
amount of the current I ?oWing into (eXtracted from) the out 
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capacitive load 30, offering an advantage of being able to 
establish the optimum sleW rate and delay time. 

Embodiment 5 

[0072] Like the output buffer of the foregoing embodiment 
4, the output buffer of the present embodiment 5 comprises 
the rising signal output circuit and the falling signal output 
circuit. Here again, the former raises the voltage level of the 
capacitive load to the “H” level When the input signal rises 
to the “H” level, and the latter drops it to the “L” level When 
the input signal falls to the “L” level. 

[0073] FIG. 8 is a circuit diagram shoWing a con?guration 
of a rising signal output circuit constituting the output buffer 
of the embodiment 5 in accordance With the present inven 
tion 5. In FIG. 8, the same reference numerals designate the 
same or like portions to those of FIG. 5, and the description 
thereof is omitted here. In FIG. 8, major points in the 
operation of the rising signal output circuit are designated by 
the reference symbols A, B, BX, C to make their identi?ca 
tion easy. The reference numeral 51 designates a MOS 
sWitch (T gate) for controlling connection and disconnection 
betWeen the points B and BX; and reference numerals 52 and 
53 each designate an inverter. The points B and BX are 
connected When the potential at the point C as illustrated in 
the FIG. 8 is at the “H” level, and disconnected When it is 
at the “L” level. 

[0074] Since the rising signal output circuit of the fore 
going embodiment 4 has the voltage Vthpl betWeen the 
pointsAand B, the loWer limit of the potential Vb at the point 
B is Vthpl so that the range of the potential Vb becomes 
VddiVbiVthpl. Accordingly, When the supply voltage Vdd 
is loW, the range of the potential Vb becomes narroW, 
resulting in a narroW controllable range of the amount of the 
current ?oWing into the capacitive load 30. Thus, the range 
of the load capacitance the rising signal output circuit can 
cover is also narroW. In vieW of this, the present embodiment 
5 connects the points A and B to make Zero the loWer limit 
value of the potential Vb at the point B. 

[0075] Next, the operation of the rising signal output 
circuit of the present embodiment 5 Will be described. 

[0076] First, When the rising signal output circuit is in a 
disabled state, the “H” level signal is applied to the gate of 
the N-channel transistor 25, and the “L” level signal is 
applied to the gates of the P-channel transistors 26 and 29. 
Thus, these transistors are turned on so that the potentials at 
points A, B and BX are maintained at the supply voltage Vdd, 
and the gate potential Vref of the source folloWer 24 is 
maintained at Zero volt. Being maintained at the supply 
voltage Vdd, the potentials at the points B and BX place the 
P-channel transistors 28 and 31 at the OFF state during the 
disabled state. 

[0077] Subsequently, When the input signal rises to the 
“H” level, the rising signal output circuit shifts from the 
disabled state to the enabled state, in Which case, the gate 
potential of the N-channel transistor 25 becomes “L” level, 
and the gate potentials of the P-channel transistors 26 and 29 
become “H” level. At the same time, the constant current 
source 22 is turned on. 

[0078] FIG. 9 is a graph illustrating temporal variations in 
the potentials at main points after the constant current source 
22 is turned on in the rising signal output circuit of the 
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present embodiment 5. When the constant current source 22 
is turned on, the charge in the capacitor 23 increases, raising 
the voltage level of the capacitor 23. Thus, When the 
gate-source voltage of the source folloWer 24 exceeds the 
threshold voltage Vthnl, the source folloWer 24 is turned on. 
In this case, the potential Va at the point A falls While the 
voltage level VOut of the capacitive load 30 is loW. As the 
potential Va falls triggered by the sWitching of the source 
folloWer 24, the potential Vb also drops. In addition, since 
the voltage level VOut of the capacitive load 30 is loWer than 
the threshold voltage of the inverter 53, the potential Vc at 
the point C is at the “H” level, and hence the MOS sWitch 
51 is placed at the ON state. Accordingly, the points B and 
Bx are connected, and the potential VbX at the point Bx also 
drops With the drop of the potential Vb. As the potential Vb 
drops, the gate-source voltage of the P-channel transistor 28 
exceeds the threshold voltage Vthp2 so that it is turned on. 
Likewise, as the potential VbX drops, the gate-source voltage 
of the P-channel transistor 31 exceeds the threshold voltage 
Vthp3 so that it is turned on. Thus, the current IOut ?oWs into 
the capacitive load 30 from the voltage source 21 through 
the P-channel transistor 28 and source folloWer 24, and 
through the P-channel transistor 31. Here, the potential at the 
point B is uniquely determined such that the current ?oWing 
into the capacitive load 30 becomes equal to the Iout given 
by expression 
[0079] With the elapse of the time from the foregoing 
state, the capacitive load 30 is being charged by the current 
Iout so that the potential VOut exceeds the threshold voltage 
Vth of the inverter 53 as illustrated in FIG. 9. Accordingly, 
the potential VC at the point C is sWitched from the “H” level 
to the “L” level, bringing the MOS sWitch 51 into the OFF 
state. Thus, the point Bx is disconnected from the pint B so 
that the potential VbX is maintained at the ?xed value. After 
that, the current corresponding to the capacitance Cload of the 
capacitive load 30 ?oWs into the capacitive load 30 through 
the transistor 31. Speci?cally, since the points A and B are 
connected, the gate-source voltage of the P-channel transis 
tor 28 drops as the potential Va increases With the voltage 
level Vout, and When it drops beloW the threshold voltage 
Vthpz, the P-channel transistor 28 is turned off, and stops 
passing the current. HoWever, since the potential VbX is 
maintained at the ?xed value, the current corresponding to 
the capacitance Cload of the capacitive load 30 continues 
?oWing into the capacitive load 30 until its voltage level is 
raised to the supply voltage Vdd. 

[0080] As described above, the rising signal output circuit 
of the present embodiment 5 can cover a Wider range of the 
load capacitance because it can increase the range of the 
amount of the current ?oWing into the capacitive load 30 by 
increasing the range of the gate potentials of the P-channel 
transistors 28 and 31. 

[0081] Next, FIG. 10 is a circuit diagram shoWing a 
con?guration of the falling signal output circuit of the output 
buffer of the embodiment 5 in accordance With the present 
invention. In FIG. 10, the same reference numerals desig 
nate the same or like portions to those of FIG. 7, and the 
description thereof is omitted here. In FIG. 10, major points 
in the operation of the falling signal output circuit are 
denoted by E, F, Fx and G to make it easy to identify them. 
The reference numeral 61 designates a MOS sWitch (T gate) 
for controlling connection and disconnection betWeen the 
points F and Ex; and reference numerals 62 and 63 each 

Jan. 24, 2002 

designate an inverter. The points F and Ex are connected 
When the potential at the point G is at the “L” level, and 
disconnected When it is at the “H” level. 

[0082] In the falling signal output circuit of the foregoing 
embodiment 4, because of the voltage Vthnl betWeen the 
points E and F, the upper limit of the potential Vf at the point 
F becomes Vdd—Vthn1, Where Vdd is the supply voltage, and 
the range of the potential Vf becomes Vdd—Vthn1§Vf§0. 
Accordingly, When the supply voltage Vdd is loW, the range 
of the potential Vf becomes narroW, and hence the control 
lable range of the amount of the current ?oWing out of the 
capacitive load 30 is also limited, resulting in a narroW load 
capacitance range. In vieW of this, the falling signal output 
circuit of the present embodiment 5 increases the upper limit 
of the potential Vf at the point F up to the Vdd by connecting 
the points E and F. 

[0083] Next, the operation of the falling signal output 
circuit of the present embodiment 5 Will be described. 

[0084] First, When the falling signal output circuit is in the 
disabled state, the “H” level signal is supplied to the gates 
of the N-channel transistors 44 and 48 to turn them on. Thus, 
the potentials at points E, F and Ex are maintained at Zero 
volt, Which brings the N-channel transistors 46 and 47 into 
the OFF state in the disabled state. 

[0085] Subsequently, When the input signal falls to the “L” 
level, the falling signal output circuit shifts its state from the 
disabled state to the enabled state, and the gate potentials of 
the N-channel transistors 44 and 48 are placed at the “L” 
level. At the same time, the constant current source 42 is 
turned on. 

[0086] In response to the discharge of the capacitor 23 
after the constant current source 42 is turned on, the voltage 
level Vref of the capacitor 23 drops. Thus, When the gate 
source voltage of the source folloWer 43 exceeds the thresh 
old voltage Vthp, the source folloWer 43 is turned on. When 
the source folloWer 43 is turned on, it serves as a trigger to 
start increasing the potential Ve at the point E, along With the 
potential Vf at the point F. Since the voltage level VOut of the 
capacitive load 30 is higher than the threshold voltage of the 
inverter 63, the potential Vg at the point G is at the “L” level, 
and the points F and Ex are connected. Accordingly, the 
potential VEX at the point Fx increases With the increase of 
potential Vf. When the gate-source voltage of the N-channel 
transistor 46 exceeds the threshold voltage Vthn2 With the 
increase of the potential Vf, the N-channel transistor 46 is 
turned on. LikeWise, When the gate-source voltage of the 
N-channel transistor 47 exceeds the threshold voltage Vthn3 
With the increase of the potential VfX, the N-channel tran 
sistor 47 is turned on. As a result, the current IOut ?oWs out 
of the capacitive load 30 to the ground through the N-chan 
nel transistor 46 and source folloWer 43, and through the 
N-channel transistor 47. In this case, the potential at the 
point F is uniquely determined such that the current ?oWing 
from the capacitive load 30 becomes equal to the value IOut 
given by expression 

[0087] As the current IOut ?oWs out of the capacitive load 
30, the voltage level VOut of the capacitive load gradually 
reduces, and When it drops beloW the threshold voltage Vth 
of the inverter 63, the potential Vg at the point G is sWitched 
from the “L” level to the “H” level. In response to this, the 
MOS sWitch 61 is turned off, disconnecting the point Fx 
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from the point F. Thus, the potential VfX is maintained at the 
?xed value so that the current corresponding to the capaci 
tance Cload of the capacitive load 30 continues to How out of 
the capacitive load 30 through the transistor 47. Speci?cally, 
since the points E and F are connected, the gate-source 
voltage of the N-channel transistor 46 drops as the potential 
Ve increases With the voltage level Vout, and When it drops 
beloW the threshold voltage Vthnz, the N-channel transistor 
46 is turned off, and stops passing the current. HoWever, 
since the potential VEX is maintained at the ?xed value, the 
current corresponding to the capacitance Cload of the capaci 
tive load 30 continues ?oWing into the capacitive load 30 
until its voltage level falls to Zero volt. 

[0088] As described above, the falling signal output circuit 
of the present embodiment 5 can cover a Wider range of the 
load capacitance because it can increase the range of the 
amount of the current ?oWing out of the capacitive load 30 
by increasing the range of the gate potentials of the N-chan 
nel transistors 46 and 47. 

[0089] As described above, the present embodiment 5 is 
con?gured such that it comprises the source folloWer 24 (43) 
having its source connected to the capacitive load 30; the 
capacitor 23 connected to the gate of the source folloWer 24 
(43); the constant current source 22 (42) connected to the 
capacitor 23 and the gate of the source folloWer 24 (43); the 
P-channel transistor 28 (N-channel transistor 46) connected 
betWeen the drain of the source folloWer 24 (43) and the 
voltage source (ground), and having its gate connected to the 
drain of the source folloWer 24 (43); the P-channel transistor 
31 (N-channel transistor 47) connected betWeen the capaci 
tive load 30 and the voltage source (ground); and the MOS 
sWitch 51 (61) connected betWeen the gates of the P-channel 
transistors 28 and 31 (N-channel transistors 46 and 47). 
Accordingly, by turning on the source folloWer 24 (43) by 
supplying its gate With the constant gradient voltage, Which 
is generated by the constant current source 22 (42) and the 
capacitor 23 using the transition of the input signal as a 
trigger, the P-channel transistors 28 and 31 (N-channel 
transistors 46 and 47) are turned on in response to the change 
in the drain potential of the source folloWer 24 (43), thereby 
passing the current approximately proportional to the 
capacitance Cref of the capacitive load 30. In addition, after 
the P-channel transistor 31 (N-channel transistor 47) is 
turned on, the MOS sWitch 51 (61) is turned off to maintain 
the gate potential of the P-channel transistor 31 (N-channel 
transistor 47), Which makes it possible for the current 
corresponding to the capacitance Cload of the capacitive load 
30 to continue ?oWing until the voltage level of the capaci 
tive load 30 completes its rising or falling. This offers an 
advantage of being able to provide. the load driving poWer 
matching the load capacitance. 

[0090] Furthermore, providing the P-channel transistor 31 
(N-channel transistor 47) betWeen the capacitive load 30 and 
the voltage source (ground) offers an advantage of being 
able to raise the voltage level of the capacitive load 30 to the 
supply voltage Vdd or to drop it to Zero volt. 

[0091] Moreover, appropriately setting the amount of the 
current Iref supplied from the constant current source 22 (42) 
or the capacitance Cref of the capacitor 23 makes it possible 
to control the amount of the current IOut ?oWing into or out 
of the capacitive load 30, offering an advantage of being able 
to establish the optimum sleW rate and delay time. 
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[0092] In addition, since the drain potential of the source 
folloWer 24 (43) can be directly applied to the gates of the 
P-channel transistors 28 and 31 (N-channel transistor 46 and 
47), the voltage range applicable to these transistors can be 
increased. This makes it possible to control the amount of 
the current ?oWing into or out of the capacitive load 30 in 
a Wider range, offering an advantage of being able to 
increase the range of the load capacitance the output buffer 
can cover. 

What is claimed is: 
1. A load capacitance measuring circuit comprising: 

a reference capacitor; 

a constant current source connected in series With said 
reference capacitor, for generating a reference voltage 
With a constant gradient in said reference capacitor; 

a load resistor; and 

a transistor having its source connected to a capacitive 
load to be measured, its gate connected to a connecting 
point of said reference capacitor and said constant 
current source to be supplied With the reference volt 
age, and its drain connected to a voltage source via said 
load resistor, Wherein 

a capacitance of the capacitive load is obtained from the 
drain voltage of said transistor and the gradient of the 
reference voltage. 

2. The load capacitance measuring circuit according to 
claim 1, Wherein a capacitance of said reference capacitor is 
variable. 

3. The load capacitance measuring circuit according to 
claim 1, Wherein a constant current said constant current 
source outputs is variable. 

4. An output buffer comprising: 

a reference capacitor; 

a ?rst constant current source connected in series With 
said reference capacitor, for generating a reference 
voltage With a constant gradient by charging said 
reference capacitor; 

a ?rst transistor having its source connected to a capaci 
tive load, and its gate connected to a connecting point 
of said reference capacitor and said ?rst constant cur 
rent source to be supplied With the reference voltage; 

a ?rst sWitching device connected betWeen the drain of 
said ?rst transistor and a voltage source; 

a second sWitching device connected betWeen the capaci 
tive load and the voltage source; and 

a ?rst driver connected to a control terminal of said ?rst 
sWitching device and to a control terminal of said 
second sWitching device, for sWitching said ?rst 
sWitching device and said second sWitching device 
from an OFF state to an ON state When said ?rst 
transistor is turned on. 

5. The output buffer according to claim 4, further com 
prising: 

a second constant current source connected in series With 
said reference capacitor, for changing the reference 
voltage at a constant rate by discharging said reference 
capacitor; 
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a second transistor having its source connected to the 
capacitive load, and its gate connected to a connecting 
point of said reference capacitor and said second con 
stant current source to be supplied With the reference 
voltage; 

a third sWitching device connected betWeen the drain of 
said second transistor and a ground; 

a fourth sWitching device connected betWeen the capaci 
tive load and the ground; and 

a second driver connected to a control terminal of said 
third sWitching device and to a control terminal of said 
fourth sWitching device, for sWitching said third 
sWitching device and said fourth sWitching device from 
an OFF state to an ON state When said second transistor 
is turned on. 

6. The output buffer according to claim 5, Wherein a 
capacitance of said reference capacitor is variable. 

7. The output buffer according to claim 5, Wherein a 
constant current supplied from said ?rst constant current 
source to said reference capacitor is variable. 

8. The output buffer according to claim 5, Wherein a 
constant current discharged from said reference capacitor by 
said second constant current source is variable. 

9. An output buffer comprising: 

a reference capacitor; 

a ?rst constant current source connected in series With 
said reference capacitor, for generating a reference 
voltage With a constant gradient by charging said 
reference capacitor; 

a ?rst transistor having its source connected to a capaci 
tive load, and its gate connected to a connecting point 
of said reference capacitor and said ?rst constant cur 
rent source to be supplied With the reference voltage; 

a ?rst sWitching device connected betWeen the drain of 
said ?rst transistor and a voltage source; 
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a second sWitching device connected betWeen the capaci 
tive load and the voltage source; and 

a third sWitching device that is connected betWeen a 
control terminal of said ?rst sWitching device and a 
control terminal of said second sWitching device, and 
controlled by a voltage across the capacitive load. 

10. The output buffer according to claim 9, further corn 
prising: 

a second constant current source connected in series With 
said reference capacitor, for changing the reference 
voltage at a constant rate by discharging said reference 
capacitor; 

a second transistor having its source connected to the 
capacitive load, and its gate connected to a connecting 
point of said reference capacitor and said second con 
stant current source to be supplied With the reference 
voltage; 

a fourth sWitching device connected betWeen the drain of 
said second transistor and the ground; 

a ?fth sWitching device connected betWeen the capacitive 
load and the ground; and 

a siXth sWitching device that is connected betWeen a 
control terminal of said fourth sWitching device and a 
control terminal of said ?fth sWitching device, and 
controlled by the voltage across the capacitive load. 

11. The output buffer according to claim 10, Wherein a 
capacitance of said reference capacitor is variable. 

12. The output buffer according to claim 10, Wherein a 
constant current supplied from said ?rst constant current 
source to said reference capacitor is variable. 

13. The output buffer according to claim 10, Wherein a 
constant current discharged from said reference capacitor by 
said second constant current source is variable. 


