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(57) ABSTRACT 

A differential amplifier includes a first differential pair, a 
Second differential pair, a load circuit, connected in common 
to the first and Second differential pairs, and first and Second 
current Sources for Supplying the current to the first and 
Second differential pairs, and amplifies a signal responsive to 
a common output Signal of the first and Second differential 
pairs. One of differential inputs of the first differential pair 
is connected to a reference Voltage. A data output period 
includes a first period and a Second period. During the first 
period, Voltages of first and Second input terminals are input 
through first and fourth Switches in the on-state to differen 
tial inputs of the second differential pair. The other of the 
differential inputs of the first differential pair is connected 
through a third Switch in the on-state to an output terminal. 
An output Voltage is Stored in a capacitor C connected to the 
other differential input of the first differential pair. The first, 
third and fourth Switches are turned off during the second 
period. One of the differential inputs of the second differ 
ential pair is connected through a Second Switch to the output 
terminal. The other differential input of the second differ 
ential pair is connected through a fifth Switch to a third input 
terminal. 
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FIG. 9 
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DIFFERENTIAL AMPLIFIER, 
DIGITAL-TO-ANALOG CONVERTER AND 

DISPLAY APPARATUS 

FIELD OF THE INVENTION 

0001. This invention relates to a multi-valued outputting 
type differential amplifier, a digital-to-analog converter and 
a display apparatus. 

BACKGROUND OF THE INVENTION 

0002 Recently, a flat panel display, such as a liquid 
crystal display, has become popular. FIG. 22 shows a 
general configuration of a data driver for outputting a level 
Voltage to a data line of a display unit based on video signal. 
Referring to FIG. 22, this data driver at least includes a 
grayScale Voltage generating circuit 920, a plural number of 
decoders 930 (selection circuits), and a plural number of 
buffer circuits 910. The grayScale Voltage generating circuit 
920 is formed by a resistor string, connected between a 
power Supply VA and another power Supply VB, and outputs 
a plural number of grayScale Voltages, corresponding to the 
number of the grayscales, from respective terminals (taps) of 
the resistor string. Each decoders 930 is supplied with the 
grayScale Voltages and a digital Video signal and Selects the 
grayScale Voltage associated with the digital Video signal to 
output the So Selected grayScale Voltage to the buffer circuit 
910. Each buffer circuit 910 current-amplifies the grayscale 
voltage for outputting to an output terminal. The decoders 
930 and the buffer circuits 910 are provided for the respec 
tive outputs and the grayScale Voltage generating circuit 920 
is co-owned by all of these outputs. The Video signal 
supplied to the decoder 930 are digital video signal pro 
cessed e.g. by a data register, a latch or by a level shifter, not 
shown. 

0003. Since it is requested for the data driver to output the 
grayScale Voltages free of variations to a number of data 
lines, high output Voltage accuracy is required of the buffer 
circuits 910. For the buffer circuits, the configuration shown 
for example in FIGS. 23 and 25 has been proposed (see 
Patent Publications 1 and 2, indicated below). 
0004) The differential amplifier circuit, shown in FIG. 
23, is an offset canceling amplifier, having the function of 
Suppressing the output offset ascribable to variations in 
transistor devices making up the circuit. FIG. 23 shows the 
configuration disclosed in the Patent Publication 1 as later 
explained, and FIG. 24 is a timing diagram showing the 
Switch on/off of the circuit of FIG. 23. 

0005 Referring to a timing chart of FIG. 24, in a circuit 
shown in FIG. 23, Switches SW1 and SW3 are turned on, 
whilst a Switch SW2 is turned off, during a time period t1 of 
one data output period. An input voltage Vin and an output 
Voltage Vout are Supplied to an input pair of a differential 
pair (M3, M4). The input voltage Vin is also supplied to 
another input pair of a differential pair (M5, M6). At this 
time, the output voltage Vout is a Voltage including an offset 
voltage Vf (Vin+Vf), this voltage Vf being stored in a 
capacitor C1. 
0006. Then, during the time period t2, the switches SW1 
and SW3 are turned off, whilst the Switch SW2 is turned on. 
The input voltage Vin and a Voltage Stored in the capacitor 
C1 (Vin+Vf) are supplied to the input pair of the differential 
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pair (M3, M4), whilst the input voltage Vin and the output 
Voltage Vout are Supplied to the input pair of the differential 
pair (M5, M6). 
0007. At this time, the same voltage as that during the 
time period t1 is Supplied to the input pair of the differential 
pair (M3, M4) to maintain the differential pair (M5, M6) in 
the Same State as that during the time period t1. Conse 
quently, the output Voltage Vout during the time period t2 is 
equal to the input voltage Vin and remains Stable. Thus, in 
the circuit configuration, shown in FIG. 23, the output offset 
may be canceled, So that a voltage equal to the input voltage 
may be amplified to output the So amplified Voltage. 
0008. The configuration shown in FIG. 25 is a modifi 
cation of the configuration of FIG. 23. The point of change 
is that a reference Voltage Vref is applied to the gate of the 
transistor M3 of the differential pair. The timing chart in 
controlling the respective switches of FIG.25 is the same as 
that shown in FIG. 24. 

0009 Referring to FIG. 25, the switches SW1 and SW3 
are turned on and the Switch SW2 is turned off, during one 
data outputting time period t1. The input voltage Vin and the 
reference Voltage Vref are Supplied to the input pair of the 
differential pair (M3, M4), and an input voltage Vin is 
Supplied common to the input pair of the differential pair 
(M5, M6). At this time, the output voltage Vout is a voltage 
corresponding to the reference Voltage Vref added by the 
offset voltage Vf (Vref-Vf), and is stored in the capacitor 
C1. 

0010. Then, during the time period t2, the Switches SW1, 
SW3 are turned off, whilst the Switch SW2 is turned on. The 
input Voltage Vin and the Voltage Stored in the capacitor C1 
(Vref-Vf) are supplied to the input pair of the differential 
pair (M3, M4), whilst the input voltage Vin and the output 
Voltage Vout are Supplied to the input pair of the differential 
pair (M5, M6). 
0011. At this time, the input pair of the differential pair 
M3, M4 is supplied with the same voltage as that supplied 
during the time period t1 to maintain the differential pair 
(M5, M6) in the same state as that during the time period t1. 
Hence, the output Voltage Vout during the time period t2 is 
Stable at a Voltage equal to the input Voltage Vin. That is, 
with the configuration shown in Fig.25, it is again possible to 
cancel out the output offset to amplify a Voltage equal to the 
input voltage to output the So amplified Voltage. 
0012 Meanwhile, the reference voltage Vref may be set 
to a mid value of the output Voltage range of the amplifier 
circuit to reduce the potential variations of the output 
Voltage Vout during the time period t1 to a value Smaller than 
in the case of FIG. 23. This allows shortening the time 
period t1 and elongating the time period t2 of high accuracy 
driving. 
0013 Patent Publication 1 
0014) Japanese Patent Kokai Publication No. JP-P2001 
292041A (FIG. 1) 
0.015 Patent Publication 2 
0016 Japanese Patent Kokai Publication No.JP-P2003 
168936A (FIG. 1) 

SUMMARY OF THE DISCLOSURE 

0017 Recently, the tendency in a liquid crystal display 
device is to enhance the number of grayscales (colors), Such 
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that 64 grayscales (260000 colors) to 256 grayscales 
(16800000 colors) and even 1024 grayscales (1070000000 
colors) are realized. If the tendency towards multi-grayScale 
progresses further, the number of grayScale Voltage lines 
corresponding to the number of the grayScales is needed in 
the data driver configuration shown in FIG. 22, whilst the 
number of the transistors for Selecting the grayScale Voltages 
is increased, thus increasing the decoder area. 
0.018. This requirement cannot be met with the offset 
canceling amplifier shown in FIG. 23 or 25. 
0.019 For solving the above problem, such a multi-valued 
output amplifier, capable of outputting a large number of 
output levels with a Smaller number of input levels, is 
needed. 

0020. Accordingly it is an object of the present invention 
to provide a multi-value outputting type differential ampli 
fier, a digital-to-analog converter and a display apparatus, in 
which it is possible to reduce the decoder area and to enable 
high-accuracy output. 

0021. It is another object of the present invention to 
provide a multi-valued outputting type differential amplifier, 
a digital-to-analog converter and a display apparatus, in 
which it is possible to SuppreSS Variations in the Slew rate 
otherwise caused by device-based variations. 
0022. The above and other objects are attained by a 
differential amplifier circuit in accordance with one aspect of 
the present invention, which comprises: an input differential 
Stage including a first differential pair, a Second differential 
pair, and at least one load circuit connected to output pairs 
of the first and Second differential pairs, and an amplifier 
Stage receiving a common output Signal of the first and 
Second differential pairs for charging or discharging an 
output terminal, wherein the differential amplifier circuit 
further comprises a control circuit for controlling the Switch 
ing between a first State in which the output terminal is 
connected in a feedback fashion to one of differential inputs 
of the first differential pair, the Voltage at the output terminal 
is Stored in a capacitor connected to one of the differential 
inputs of the first differential pair, and in which first and 
Second Voltages are Supplied to differential inputs of the 
Second differential pair, and a Second State in which the 
output terminal is connected in a feedback fashion to one of 
differential inputs of the second differential pair, a third 
voltage is applied to the other of the differential inputs of the 
second differential pair, and in which the one of the differ 
ential inputs of the first differential pair is disconnected from 
the output terminal, and wherein a preset reference Voltage 
is supplied to the other of the differential inputs of the first 
differential pair. 
0023. A differential amplifier circuit in accordance with 
another aspect of the present invention, comprises an input 
differential Stage including a first differential pair, a Second 
differential pair, and at least one load circuit connected to 
output pairs of the first and Second differential pairs, and an 
amplifier Stage receiving a common output signal of the first 
and Second differential pairs for charging or discharging an 
output terminal, wherein the differential amplifier circuit 
further comprises a control circuit for controlling the Switch 
ing between a first State in which the output terminal is 
connected in a feedback fashion to one of differential inputs 
of the first differential pair, the Voltage at the output terminal 
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is Stored in a capacitor connected to one of the differential 
inputs of the first differential pair, and in which first and 
Second Voltages are Supplied to differential inputs of the 
Second differential pair, and a Second State in which the 
output terminal is connected in a feedback fashion to one of 
the differential inputs of the second differential pair, one of 
the first voltage and the Second Voltage is applied to the other 
of the differential inputs of the second differential pair, and 
in which the one of the differential inputs of the first 
differential pair is disconnected from the output terminal, 
and wherein a preset reference Voltage is Supplied to the 
other of the differential inputs of the first differential pair. 
0024. In a further aspect, the present invention provides 
a differential amplifier circuit comprising first and Second 
differential pairs, a load circuit connected in common to the 
first and Second differential pairs, and first and Second 
current Sources for Supplying currents to the first and Second 
differential pairs. The differential amplifier circuit performs 
an amplification operation responsive to a common output 
Signal of the first and Second differential pairs. A preset 
reference Voltage is Supplied to one of differential inputs of 
the first differential pair. A data output period includes a first 
period and a Second period. In the first period, Voltages of 
first and Second input terminals are Supplied through first 
and fourth Switches, respectively, to differential inputs of the 
second differential pair. The other of the differential inputs 
of the first differential pair is connected to a third switch in 
an on-state to an output terminal of the differential amplifier 
circuit; the voltage of the output terminal is stored in a 
capacitor connected to the other of the differential inputs of 
the first differential pair. In the second period, the first, third 
and fourth Switches are all turned off. One of differential 
inputs of the Second differential pair is connected to the 
output terminal via a Second Switch in an on-State, and the 
other of the differential inputs of the second differential pair 
is connected via a fifth Switch to a third input terminal. 
0025. In a further aspect, the present invention provides 
a differential amplifier circuit comprising first and Second 
differential pairs, a load circuit connected in common to the 
first and Second differential pairs, and first and Second 
current Sources for Supplying currents to the first and Second 
differential pairs. The differential amplifier circuit performs 
an amplification operation responsive to a common output 
Signal of the first and Second differential pairs. A preset 
reference Voltage is Supplied to one of differential inputs of 
the first differential pair. A data output period includes a first 
period and a Second period. In the first period, Voltages of 
first and Second input terminals are Supplied through first 
and fourth Switches, respectively, to differential inputs of the 
second differential pair. The other of the differential inputs 
of the first differential pair is connected to a third switch in 
an on-state to an output terminal of the differential amplifier 
circuit. The Voltage of the output terminal is Stored in a 
capacitor connected to the other of the differential inputs of 
the first differential pair. In the second period, the first, third 
and fourth Switches are all turned off. One of differential 
inputs of the Second differential pair is connected to the 
output terminal via a Second Switch in an on-State, and the 
other of the differential inputs of the second differential pair 
is connected via a fifth Switch to the first input terminal. 
0026. In the present invention, there may be provided a 
circuit for controlling activation/non-activation of at least 
one of the first and Second differential pairs. 



US 2005/0212791 A1 

0027. In the present invention, there may be provided a 
circuit for controlling activation/non-activation of at least 
one of the first and Second current Sources. 

0028. According to the present invention, the differential 
amplifier circuit may further comprise a sixth Switch con 
nected between the first differential pair and the second 
power Supply in Series with the first current Source, and a 
Seventh Switch connected between the second differential 
pair and the Second power Supply in Series with the Second 
current Source. In the present invention, in the first period of 
the data output period, the Seventh Switch is turned off for a 
preset time duration as from the Start of the first period and 
Subsequently turned off, whilst the sixth Switch is turned off 
for a preset time as from the Start of the Second period and 
turned on during the time other than the preset time as from 
the Start of the Second period of the data output period. 

0029. According to the present invention, the sixth Switch 
and a third current Source, connected in parallel with the first 
current Source, may be provided acroSS the first differential 
pair and a Second power Supply, whilst the Seventh Switch 
and a fourth current Source, connected in parallel with the 
Second current Source, may be provided acroSS the Second 
differential pair and the Second power Supply. In the present 
invention, in the first period of the data output period, the 
Sixth Switch is turned on for a preset time duration as from 
the Start of the first period and Subsequently turned off, 
whilst the Seventh Switch is turned on for a preset time as 
from the Start of the Second period and turned off during the 
time other than the preset time as from the Start of the Second 
period of the data output period. 

0.030. According to the present invention, the sixth and 
seventh Switches may be provided for on/off controlling the 
connection across the output pair of the first differential pair 
and the load circuit, whilst eighth and ninth Switches may be 
provided for on/off controlling the connection acroSS the 
output pair of the Second differential pair and the load 
circuit. 

0031. According to the present invention, the eighth and 
ninth Switches are turned off during a preset period as from 
the start of the first period of the data output period, whilst 
the sixth and seventh Switches are turned off for a preset 
period as from the Start of the Second period and are turned 
on during the time other than the preset time as from the Start 
of the Second period of the data output period. 

0032. A digital-to-analog converter, in accordance with a 
further aspect, the present invention, comprises the differ 
ential amplifier circuit of the present invention, defined as 
described above, a set of resistors, connected in Series acroSS 
the high-side first potential and the low-Side Second poten 
tial, and a Second Selection circuit Supplied with the potential 
from each tap of the Set of resistors for Selecting the potential 
supplied to the first to third terminals or to the first and 
Second terminals based on an input data Signal. 
0033. A display apparatus, in accordance with a further 
aspect, the present invention, comprises the above-described 
differential amplifier circuit of the present invention as an 
amplifier circuit for driving data lines Supplied with the 
grayScale Voltages and connected to display devices. 

0034. The meritorious effects of the present invention are 
Summarized as follows. 
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0035. The present invention has such meritorious effects 
that, by the differential amplifier capable of outputting a 
Voltage to high accuracy against manufacture tolerances of 
device characteristics and also capable of providing multi 
valued output voltages, the number of grayScale Voltages 
Supplied to the decoder or the number of transistors making 
up a decoder may be reduced to realize floor Space area 
Saving of the digital-to-analog converter. 

0036 Still other objects and advantages of the present 
invention will become readily apparent to those skilled in 
this art from the following detailed description in conjunc 
tion with the accompanying drawings wherein only the 
preferred embodiments of the invention are shown and 
described, simply by way of illustration of the best mode 
contemplated of carrying out this invention. AS will be 
realized, the invention is capable of other and different 
embodiments, and its Several details are capable of modifi 
cations in various obvious respects, all without departing 
from the invention. Accordingly, the drawing and descrip 
tion are to be regarded as illustrative in nature, and not as 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a diagram showing the configuration of 
a first embodiment of the present invention. 
0038 FIG. 2 is a timing diagram showing an example of 
switch control according to the first embodiment of the 
present invention. 

0039 FIG. 3 is a waveform diagram for illustrating the 
operation of the first embodiment of the present invention. 

0040 FIGS. 4A and 4B illustrate an example of multi 
valued outputting by a differential amplifier according to the 
first embodiment of the present invention. 

0041 FIGS. 5A and 5B illustrate another example of 
multi-valued outputting by a differential amplifier according 
to the first embodiment of the present invention. 
0042 FIG. 6 is a diagram showing the configuration of 
a digital-to-analog converter according to the first embodi 
ment of the present invention. 

0043 FIG. 7 is a diagram showing the configuration of 
a Second embodiment of the present invention. 
0044 FIG. 8 is a diagram showing the configuration of 
a digital-to-analog converter having a differential amplifier 
according to the Second embodiment of the present inven 
tion. 

004.5 FIG. 9 is a diagram showing the configuration of 
a third embodiment of the present invention. 
0046 FIG. 10 is a diagram showing the configuration of 
a fourth embodiment of the present invention. 
0047 FIG. 11 is a diagram showing the configuration of 
a fifth embodiment of the present invention. 
0048 FIG. 12 is a diagram showing the configuration of 
a sixth embodiment of the present invention. 
0049 FIG. 13 is a diagram showing the configuration of 
a Seventh embodiment of the present invention. 
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0050 FIG. 14 is a waveform diagram for illustrating the 
operation of the Seventh embodiment of the present inven 
tion. 

0051 FIG. 15 is a diagram showing the configuration of 
an eighth embodiment of the present invention. 
0.052 FIG. 16 is a timing diagram showing an example 
of Switch control according to the eighth embodiment of the 
present invention. 
0.053 FIG. 17 is a diagram showing the configuration of 
a ninth embodiment of the present invention. 
0.054 FIG. 18 is a timing diagram showing an example 
of Switch control according to the ninth embodiment of the 
present invention. 
0055 FIG. 19 shows the results of simulation of the 
eighth embodiment of the present invention. 
0056 FIG.20 shows the results of simulation of the ninth 
embodiment of the present invention. 
0057 FIG. 21 is a diagram showing the configuration of 
a tenth embodiment of the present invention. 
0.058 FIG. 22 is a diagram showing the configuration of 
a conventional display apparatus. 
0059 FIG. 23 is a diagram showing the configuration of 
a conventional differential amplifier. 
0060 FIG. 24 is a timing diagram showing an example 
of Switch control of FIG. 23. 

0061 FIG. 25 is a diagram showing another configura 
tion of a conventional differential amplifier. 
0.062 FIG. 26 is a diagram showing the configuration of 
an eleventh embodiment of the present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0.063 Referring to the drawings, preferred embodiments 
of the present invention are described in detail. It is noted 
that the same reference Symbols are used throughout the 
drawings for depicting the same component elements. 

0.064 FIG. 1 shows the configuration of a differential 
amplifier according to a first embodiment of the present 
invention. Referring to FIG. 1, the differential amplifier 
according to the present embodiment has a configuration in 
which a first differential pair (101, 102), driven by a first 
current source 121, and a second differential pair (103,104), 
driven by a second current source 122, with the first and 
Second differential pairs being connected in common to a 
load circuit 10. The gate of the transistor 101 of the first 
differential pair is connected to a terminal T4supplied with 
a reference Voltage Vref, while the gate of the other tran 
sistor 102 of the first differential pair is connected via a 
Switch SW3 to an output terminal 5. 
0065. The gate of the transistor 103 of the second differ 
ential pair is connected, via Switches SW4 and SW5, to 
terminals T2 and T3, Supplied with a voltage V(T2) and a 
voltage V(T3), respectively. The gate of the other transistor 
104 of the second differential pair is connected via Switches 
SW1 and SW2 to a terminal T1, Supplied with a voltage 
V(T1), and to the output terminal 5, respectively. 
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0066 Acapacitor C1 is connected between the gate of the 
other transistor 102 of the first differential pair and a low 
potential power supply VSS. 
0067. An amplifier stage 6 is connected between the 
output terminal 5 and an output end of the first and Second 
differential pairs (coupled drains of the transistors 101 and 
103). 
0068 Specifically, the load circuit 10 is made up by e.g. 
a current mirror circuit 111, 112. An input end of the current 
mirror circuit (drain-gate connection node of a transistor 
112) is connected to the coupled drains of the other transis 
tors 102 and 104 of the first and second differential pairs, 
whilst an output end of the current mirror circuit (drain of 
the transistor 111) is connected to the coupled drains of the 
transistors 101 and 103 of the first and second differential 
paIrS. 

0069. The differential amplifier of the present embodi 
ment, shown in FIG. 1, is able to output a Voltage, associ 
ated with the voltages V(T1), V(T2) and V(T3), to high 
accuracy, irrespective of variations in transistor character 
istics. The operation is now explained with reference to FIG. 
2. 

0070 FIG. 2 is a timing chart for control signals S1 and 
S2 used for controlling the respective Switches of the 
differential amplifier of FIG. 1 during one data output 
period. In FIG. 1, the switches SW1, SW3 and SW4 are 
on/off controlled by the control signal S1, whilst the 
switches SW2 and SW5 are on/off controlled by the control 
Signal S2. One data output period is divided into two periods 
t1, t2. 
0071 First, during the period t1, the switches SW1, SW3 
and SW4 are turned on, whilst the Switches SW2 and SW5 
are turned off. At this time, the first differential pair (101, 
102) is in a configuration of feedback connection. That is, 
the reference Voltage Vref is Supplied to a non-inverting 
terminal of the first differential pair (101, 102) (gate of 
transistor 101), whilst the output voltage Vout is fed back to 
an inverting input end (gate of transistor 102). Hence, the 
output voltage Vout is changed to a Voltage associated with 
the reference Voltage Vref Supplied to the gate of the 
transistor 101. However, since the output end of the first 
differential pair (101, 102) is connected in common to the 
output end of the second differential pair (103, 104), the 
output voltage Vout is affected by the voltages V(T2), V(T1), 
supplied to the differential input pair of the second differ 
ential pair (103,104), while being affected by variations in 
the characteristics of the transistors making up the circuitry. 
0072 That is, during the period t1, the output voltage 
Vout is a voltage affected by the reference voltage Vref and 
the voltages V(T2) and V(T1), and by variations in the 
transistor characteristics, and may be expressed by the 
following equation (1): 

Vout-Vref+AV (1) 

0073 where AV denotes voltage offset from the 
reference voltage Vref. 

0074. If the currents flowing through the transistors of the 
first differential pair (101, 102) and the second differential 
pair (103,104) are labeled Ia, Ib, Ic and Id, respectively, the 
following equation (2): 
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0075) is obtained from the relationship of the input and 
output currents of the current mirror circuit 111, 112 for the 
stable state of the period t1 

0076 where AI denotes a current offset caused by 
variations in characteristics acroSS the paired tran 
sistors of the current mirror circuit 111, 112. 

0077. During the next period t2, the switches SW1, SW3 
and SW4 are turned off, while the Switches SW2 and SW5 
are turned on. 

0078. At this time, the output voltage (Vref-AV) for the 
first period t1 is held in the capacitor C1, whilst the reference 
voltage Vref and (Vref-AV) are supplied to the differential 
input pair of the first differential pair (101, 102). 
0079. On the other hand, the second differential pair (103, 
104) is in a feedback connection configuration in which the 
voltage V(T3) and the output voltage Vout are supplied to 
the non-inverting input end and the inverting input end 
thereof, respectively. Thus, the output voltage Vout is 
changed to a voltage associated with the Voltage V(T3) 
supplied to the gate of the transistor 103. 
0080 However, the voltage supplied to the differential 
input pair of the first differential pair (101, 102) remains the 
Same throughout the periods t1 and t2, Such that there occurs 
no State change. Consequently, the Stable State of the Second 
differential pair (103,104) during the period t2 is maintained 
So as to be approximately the same as that during the period 
t1. That is, the States of the current flowing through the 
respective transistors of the first differential pair (101, 102) 
and the second differential pair (103,104) are kept to be the 
Same for the periods t1 and t2. 
0081. On the other hand, the relationship between the two 
input voltages to the differential input pair and the current 
flowing through the differential pair is such that, if the two 
input Voltages are changed relatively slightly as the potential 
difference is kept between the two input voltages, the current 
flowing through the differential pair is not changed. 
0082 The reason is that the common source potential of 
the differential pair is changed with changes in the two input 
Voltages to maintain the constant gate-to-Source Voltages of 
the transistor pair of the differential pair. 
0.083 Hence, the two input voltages to the second dif 
ferential pair (103,104) during the terms t1 and t2 satisfy the 
relation of the following equation (3): 

0084. In the above equation (3), the left term and the right 
term represent the potential difference of the two input 
Voltages during the periods t1 and t2, respectively. Conse 
quently, the output Voltage Vout is expressed by the follow 
ing equation (4): 

0085. In the above equation (4), V(T1)-V(T2)} may be 
regarded as being a level shift value. 
0086) The differential amplifier of FIG. 1 is able to 
current-amplify the Voltage which is a voltage level-shifted 
from the voltage V(T3) in accordance with the voltage 
V(T1) and the voltage V(T2). In addition, the differential 
amplifier of FIG. 1 is able to output the voltage to high 
accuracy without regard to variations in the transistor char 
acteristics. 
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0087 Meanwhile, it is only sufficient that the reference 
Voltage Vref remains constant during the periods t1 and t2, 
Such that any Suitable constant Voltage, allowing for opera 
tion of the first differential pair (101, 102), may be used. 
0088. It is noted that any of the voltages V(T1), V(T2) 
and V(T3) may be used as the reference voltage Vref. 
0089. It is to be noted that a differential amplifier, 
reversed in polarity from the configuration of FIG. 1, gives 
the same operation and results. That is, in FIG. 1, the first 
differential pair (101, 102) and the second differential pair 
(103, 104) are formed by NMOS transistors, while the 
current mirror (111, 112) is formed by PMOS transistors. 
Alternatively, the transistors may be reversed in polarity, 
that is, the first differential pair (101, 102) and the second 
differential pair (103, 104) may be formed by PMOS tran 
sistors, while the current mirror (111,112) may be formed by 
NMOS transistors. In the respective figures, inclusive of 
FIG. 1, the capacitor C1 has one end connected to the gate 
of the other transistor 102 of the first differential pair, while 
having the other end connected to the low Voltage Side 
power Supply VSS. However, the other end of the capacitor 
C1 may also be connected to a high Voltage Side power 
Supply VDD or to any Suitable power Supply, instead of to 
the low voltage side power supply VSS. In the embodiment 
illustrated, the Simplest case is shown in which the respec 
tive Switches of FIG. 1 are controlled by the two signals S1 
and S2 shown in FIG. 2. However, in case the Switches 
exhibit parasitic capacitances and the effect of the capacitive 
coupling cannot be disregarded during the Switch operation, 
Separate control Signals Slightly offset in timing from S1 and 
S2 may be used as necessary. 
0090 FIG. 3 is a voltage waveform diagram showing the 
State of output changes of the differential amplifier shown in 
FIG. 1. FIG. 3 shows a case in which the voltages V(T1), 
V(T2), V(T3) and Vref have been set to respective different 
values. 

0091. The output voltage Vout is as indicated by the 
above equations (1) and (4) for the periods t1 and t2, 
respectively. 

0092. The potential difference between the voltage Vout 
and V(T3) during the period t2 is maintained at a potential 
difference between the voltages V(T1) and V(T2). 
0093. That is, from the above equation (4), we have: 

Vout-V(T3)=V(T1)-V(T2) 
0094). By allotting proper voltage values to V(T1), V(T2) 
and V(T3), a desired Voltage may be output as the Voltage 
Vout for the period t2. The differential amplifier of FIG. 1 
may be configured for outputting multiple output values, 
that is, for issuing a plural number of output Voltages larger 
than the number of the input Voltages. 

0.095 FIGS. 4A and 4B illustrate an embodiment for 
multi-valued outputting by the differential amplifier of FIG. 
1. Specifically, FIG. 4A shows the relation between the 
input level and the output level and FIG. 4B shows the states 
of voltage selection correlated with 2-bit digital data (D1, 
D0). Most simply, FIG. 4A shows a case where the input 
voltage has two levels of voltages A and B. By selectively 
inputting the voltages A and B to the voltages V(T1), V(T2) 
and V(T3), four levels of Vo1 to Vo4 may be output as output 
levels. 
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0.096 Specifically, for outputting the voltage Vo1, 
(V(T1), V(T2), V(T3))=(A, B, A) is selected. 
0097. Then, from the above equation (4), we have: 

Vo1={A-(B-A) 
0.098 That is, the voltage Vo1 is a voltage shifted by a 
potential difference (B-A) from the voltage A towards the 
low potential Side. 
0099 For outputting the voltage Vo2, 

(V(T1), V(T2), V(T3))=(A, B, B) 

01.00 
01.01 Then, 

is Selected. 

0103) That is, the voltage Vo2 is a voltage shifted by a 
potential difference (B-A) from the voltage B towards the 
low potential Side, and is equipotential to the Voltage A. 
0104 For outputting the voltage Vo3, 

(V(T1), V(T2), V(T3))=(B, A, A) 

01.05 

01.06 Then, 

is Selected. 

0108 That is, the voltage Vo3 is a voltage shifted by a 
potential difference (B-A) from the voltage A towards the 
high potential Side, and is equipotential to the Voltage B. 
0109 For outputting the voltage Vo4, 

(V(T1), V(T2), V(T3))=(B, A, B) 

0110) 

0111] Then, 

is Selected. 

0113. That is, the voltage Vo4 is a voltage shifted by a 
potential difference (B-A) from the voltage B towards the 
high potential Side. 

0114. In case selection is made as shown in FIG. 4A, four 
Voltage levels are possible for two input Voltages. In this 
case, the Spacing between the neighboring levels may be 
kept to a constant potential difference of (B-A). 
0115. It is also possible to selectively output four voltages 
Vo1 to Vo4 by 2-bit digital data (D1, D0), as shown in FIG. 
4B. 

0116 FIGS. 5A and 5B illustrate an embodiment for 
multi-valued output, different from the case of FIGS. 4A 
and 4B, by the differential amplifier of FIG. 1. 
0117 FIG. 5A shows the relationship of the input/output 
level, and 
0118 FIG. 5B shows the states of voltage selection 
correlated with 2-bit digital data (D1, D0). 
0119 FIG. 5A again shows a case where the input 
Voltage is of two levels, namely a Voltage A and a Voltage B. 
Four levels of Vo1 to Vo4 may be output by selectively 
inputting the voltages A and B for the voltages V(T1), 
V(T2), V(T3). 

Sep. 29, 2005 

0120) The point of difference from the example shown in 
FIGS. 4A and 4B are the selecting conditions for outputting 
Vo2 and Vo3. Specifically, when (V(T1), V(T2), V(T3))=(A, 
A., A) is selected in FIGS. 5A and 5B, for outputting the 
Voltage Vo2, 

0121 That is, the voltage Vo2 is equipotential to the 
Voltage A, being a Voltage level-shifted from the Voltage A 
by a Zero potential difference. 

0.124. That is, the voltage Vo3 is equipotential to the 
Voltage B, being a Voltage level-shifted from the Voltage B 
by a Zero potential difference. 
0.125 That is, if selection is made as shown in FIG. 5.A, 
four-level Voltages are possible for two input voltages, as in 
FIGS. 4A and 4.B. At this time, the interval between the 
neighboring levels may be made a constant potential differ 
ence (B-A). 
0126. It is also possible to selectively output the four 
voltages Vo1 to Vo4 by 2-bit digital data (D1, D0), as shown 
in FIG. 5B. That is, levels 1 to 4 are Output responsive to 
2-bit digital data (D1, D0)=(0, 0), (0, 1), (1, 0) and (1, 1). 
0127 FIG. 6 shows the configuration of an embodiment 
of a digital-to-analog converter employing the differential 
amplifier of FIG. 1. In FIG. 6, the differential amplifier of 
the embodiment explained with reference to FIG. 1 is used 
as a circuit 31 (multi-valued output differential amplifier). 

If, in outputting the Voltage Vo3, 

is Selected, 

0128. The circuit 31 is selectively supplied with m volt 
ages V1 to Vm, which are generated by connection terminals 
of plural resistor devices 40, connected in Series acroSS 
power Supply Voltages VH and VL. The respective Voltages 
are selected by a set of Switches 32 and output to two 
terminals T1 and T2. 

0129. One of the voltages, output to the terminals T1 and 
T2, is selected by a set of Switches 33 and output to a 
terminal T3. 

0.130. A switch control signal is supplied to the circuit 31 
to control the Switches SW1 to SW5 of FIG. 1. 

0131) A selection signal is supplied to the sets of Switches 
32, 33, such that a voltage level associated with the selection 
signal is output to the terminals T1 to T3. As the selection 
Signal, digital signal, Such as Video data, may be used. 
0132) As already explained with reference to FIGS. 4B 
and 5B, the circuit 31 (differential amplifier of FIG. 1) is 
able to output four level voltages for at least two different 
input voltages, depending on the Selection conditions. 
0.133 Consequently, a larger number of level voltages 
may be output by variably selecting m voltages V1 to Vm as 
inputs to V(T1), V(T2) and V(T3). 
0.134. With the above-described digital-to-analog con 
verter of FIG. 6, employing the differential amplifier of 
FIG. 1, a large number of output voltages may be obtained 
with a Small number of input voltages, So that the number of 
Switches for Selecting the input Voltage may be reduced and 
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hence the circuit size may be reduced as compared to that of 
the conventional circuit having the same number of output 
levels. 

0135 FIG. 7 shows a modification of the differential 
amplifier shown in FIG. 1. There is shown in FIG. 1 a 
configuration in which V(T3)=V(T1) at all times. 
0136. The configuration shown in FIG. 7 differs from 
that of FIG. 1 in the fact that the terminal T3 of FIG. 1 is 
removed and that the Switch SW5 is connected between the 
terminals T1 and T2. The configuration of FIG. 7 is other 
wise the same as that shown in FIG. 1. 

0137) The switches SW1 to SW5 are on/off controlled as 
shown in FIG. 2. 

0138. In the differential amplifier of FIG. 7, the output 
voltage Vout is expressed by the following equation (5): 

0139 From the above equation (5), the output voltage 
Vout at all times is a Voltage externally dividing the Voltages 
V(T1), V(T2) by a ratio of 1:2. That is, the differential 
amplifier shown in FIG. 7 is able to output a voltage, 
corresponding to the external division of the Voltages V(T1), 
V(T2) by the ratio of 1:2, as a voltage Vout, to high accuracy, 
without dependency on variations in transistor characteris 
tics. 

0140 Meanwhile, the multi-valued output configuration 
of the differential amplifier shown in FIG. 7 is the same as 
that shown in FIGS. 5A and 5B. 

0141 FIG. 8 shows the configuration of an embodiment 
of a digital-to-analog converter employing the differential 
amplifier of FIG. 7. The differential amplifier of FIG. 7 is 
used as a circuit 31'. In this case, the configuration shown in 
FIG. 8 is a configuration of FIG. 6 less the terminal T3 and 
the set of Switches 33. 

0142 Consequently, the circuit size of the present 
embodiment may be smaller than that of the digital-to 
analog converter of FIG. 6. That is, similarly to the digital 
to-analog converter of FIG. 6, the digital-to-analog con 
verter of FIG. 8, employing the differential amplifier of 
FIG. 7, may be smaller in circuit size than the conventional 
circuit having the same number of the output levels, because 
a large number of output Voltages may be obtained with a 
Smaller number of the input voltages and hence a Smaller 
number of Switches for Selecting the input Voltages Suffices. 

0143 FIG. 9 shows a modification of FIG. 1, in which 
the load circuit 10 has been changed to a load circuit 11. In 
FIG. 9, the load circuit 11 is formed by a first current mirror 
(111,112) and a second current mirror (113, 114), with the 
input and output ends of the current mirrors being connected 
to output pairs of the first differential pair (101,102) and the 
second differential pair (103,104). A connection node of the 
drain of the transistor 101 and the drain of the transistor 111 
and a connection node of the drain of the transistor 103 and 
the drain of the transistor 113 are connected in common to 
form a common output end of the first differential pair (101, 
102) and the second differential pair (103,104). 
0144). In FIG. 9, the current relationship of the above 
equation (2) holds. In this case, AI is the Sum of current 
offsets ascribable to variations in characteristics across the 
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transistors of the transistor pairs of the first current mirror 
(111, 112) and the second current mirror (113, 114). 
0145 Hence, by the operation similar to that shown in 
FIG. 1, the differential amplifier shown in FIG. 9 is able to 
output a voltage, corresponding to the Voltages V(T1), 
VT(2) and V(T3), to high accuracy, without regard to 
variations in transistor characteristics. 

0146 FIG. 10 shows a modification of the differential 
amplifier shown in FIG. 1. In the embodiment shown in 
FIG. 10, an amplifier stage 7 is substituted for the amplifier 
stage 6 of FIG. 1. In FIG. 10, the amplifier stage 7 is a 
differential amplifier Stage having an input pair connected to 
one and the other common connection nodes of the first 
differential pair (101, 102) and the second differential pair 
(103,104) and having an output end connected to the output 
terminal 5. The operation of the amplifier stage 7 is similar 
to that of the amplifier stage 6 of FIG. 1. 

0147 FIG. 11 shows a configuration of the combination 
of the differential amplifier shown in FIG. 1 and a differ 
ential amplifier the polarity of which is reversed from that of 
the differential amplifier of FIG. 1. Referring to FIG. 11, 
there are provided first and second nMOS differential pairs 
(101, 102) and (103, 104), a pMOS load circuit (111, 112), 
connected in common to the first and Second differential 
pairs, first and Second current Sources (121, 122), Supplying 
the current to the first and Second differential pairs, third and 
fourth pMOS differential pairs (201, 202) and (203,204), a 
nMOS load circuit (211,212), connected in common to the 
third and fourth differential pairs, third and fourth current 
Sources (226, 227), Supplying the current to the third and 
fourth differential pairs, a first amplifier circuit 6 receiving 
a common output Signal of the first and Second differential 
pairs, and a Second amplifier circuit 16 receiving a, common 
output signal of the third and fourth differential pairs. The 
differential inputs of the first differential pair (101, 102) and 
the third differential pair (201, 202) are connected together, 
the differential inputs of the second differential pair (103, 
104) and the fourth differential pair (203,204) are connected 
together, and one differential inputs of the first differential 
pair (101, 102) and the third differential pair (201, 202) are 
connected to the reference voltage Vref. During the first 
period of the data output period, the voltages V(T1), V(T2) 
of the first and second input terminals T1, T2 are supplied to 
the differential inputs of the second and the fourth differen 
tial pairs, via first and fourth Switches (SW1, SW4) in the 
on-state. The other of the differential inputs of the first and 
third differential pairs is connected to the output terminal 5 
via third Switch SW3 in the on-state, and the voltage at the 
output terminal is Stored in a capacitor C1 connected to the 
other differential input of the first differential pair. During 
the Second period, the first, third and fourth Switches are all 
in the off-state, one of the differential inputs of the second 
and fourth differential pairs are connected to the output 
terminal 5 via the second Switch SW2 in the on-state, and the 
other of the differential inputs of the second and fourth 
differential pairs are connected to the third input terminal T3 
via fifth Switch SW5 in the on-state. 

0148 Referring to FIG. 11, the first nMOS differential 
pair (101, 102) and the second nMOS differential pair (103, 
104) have respective input pairs connected in common to the 
first pMOS differential pairs (201, 202) and to the second 
pMOS differential pairs (203, 204), and hence the Switches 
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SW1 to SW5 and the capacitor C1 do not have to be 
provided separately to the two differential amplifiers but 
may be co-owned by these differential amplifiers. Although 
FIG. 11 shows a configuration of separately providing the 
amplifier Stages 6, 16, it is of course possible to interconnect 
the amplifier Stages 6 and 16 by, for example, a connecting 
Stage, in order to produce an interaction. 
014.9 FIG. 12 shows a circuit corresponding to the 
differential amplifier of FIG. 1 formed by thin film transis 
tors (TFTS). The thin film transistor is an insulated gate 
transistor formed on an insulating Substrate formed e.g. of 
glass. The above-described operation and result may be 
achieved with a circuit employing Such transistors. 
0150. In FIGS. 6 to 11, the circuit may, of course, be 
formed by thin film transistors with similar results. 
0151. The differential amplifier of the present invention is 
able to output the desired Voltage to high accuracy without 
dependency on variations in transistor characteristics. 
0152 Moreover, the number of output voltages may be 
larger than the number of the input voltages, So that, with the 
digital-to-analog converter employing the differential ampli 
fier of the present invention, the circuit Size may be Smaller 
than in the conventional System to achieve Saving in chip 
aca. 

0153. The present inventors have conducted further 
analyses in connection with the differential amplifier of the 
present invention, and have found that, depending on the 
conditions for circuit configuration, the Slew rate of the 
output Voltage Sometimes undergoes variations. In the fol 
lowing, means for Solving this inconvenience are explained 
in detail. 

0154 FIG. 13 is a diagram showing a circuit configura 
tion of the conditions for simulation used for verifying the 
operation of the differential amplifier shown in FIG. 7. In 
FIG. 13, the current sources 121 and 122 are formed by 
NMOS transistors, the gates of which are supplied with a 
bias voltage BIAS. The amplifier stage 6 is formed by a 
PMOS transistor 108 and an NMOS transistor 109. The 
PMOS transistor 108 has a source connected to a high 
potential power supply VDD. The PMOS transistor 108 also 
has a gate connected to a common output end of the first 
differential pair (101, 102) and the second differential pair 
(103,104), and has a drain connected to the output terminal 
5, Such that the transistor performs charging of the output 
terminal 5. The NMOS transistor 109 has a source connected 
to the low potential power supply VSS. The NMOS tran 
Sistor also has a gate connected to the bias Voltage BIAS and 
has a drain connected to the output terminal 5, Such that the 
NMOS transistor performs a discharging the output terminal 
5. For Stabilizing the output Voltage, a phase compensation 
capacity C2 is provided acroSS the output terminal 5 and the 
connection node between the common output end of the first 
and Second differential pairs and the gate of the transistor 
108. 

0155 FIG. 14 shows two levels of the input voltage 
waveforms (7.9V and 8.0V) for the power supply voltage of 
10V and the reference voltage Vref=5V, and four output 
voltage waveforms Vout1 to Vout4, output in dependence 
upon the selecting conditions for V(T1) and VT(2), in the 
circuit shown in FIG. 13. The voltage waveforms Vout1 to 
Vout4 ate waveforms in case V(T1) and VTO) are selected 
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to (7.9V, 8.0V), (7.9V, 7.9V), (8.0V, 8.0V) and to (8.0V, 
7.9V), respectively. The timing chart for switches SW1 to 
SW5 is as shown in FIG. 2, such that the time periods t1 and 
t2 are 15 us for one data period of 30 us. It is noted that, in 
the Voltage waveform diagram, the control Signals S1 and S2 
indicate the timing and are irrelevant to the Voltage axis 
(ordinate). 
0156 Referring to FIG. 14, Vout1, Vout2, Vout3 and 
Vout4 are stable at 7.8V, 7.9V, 8.0V and 8.1V, respectively, 
at the time of end of one data period, thus testifying to the 
multi-valued outputting with the differential amplifier of the 
present invention. A high precision Voltage output may be 
achieved even in case the transistor characteristics are 
changed slightly. On the other hand, in FIG. 14, the slew 
rate differs in dependence upon the Voltage Selecting con 
ditions for V(T1) and V(T2) of the differential amplifier of 
FIG. 13. The results of analyses have indicated that these 
variations in the Slew rate become outstanding in case the 
current of the current sources 121 and 122 driving the first 
and Second differential pairs respectively is Suppressed to a 
lower value in the configuration where a phase compensa 
tion capacity is directly connected to the common output end 
of the first and second differential pairs. The mechanism of 
these Slew rate variations is now explained. 

O157 These variations in the slew rate, indicated in FIG. 
14, are ascribable to the fact that the intensity of the action 
of changing the gate potential of the transistor 108 by the 
common output signal of the first and Second differential 
pairs is varied by the voltage selecting conditions of V(T1) 
and V(T2) in FIG. 13. The intensity of the action is the 
degree of changes in the current flowing through the com 
mon output terminal of the first and Second differential pairs. 
0158. In the configuration in which the phase compen 
sation capacity is connected to the common output end of the 
first and second differential pairs, as in FIG. 13, the gate 
capacity of the transistor 108 and the phase compensation 
capacity must be charged/discharged simultaneously. Hence, 
the difference in the slew rate ascribable to the intensity of 
the above action becomes outstanding. This action is now 
explained. In the following, as in FIG. 1, the currents 
flowing through the transistors of the first differential pair 
(101, 102) and the second differential pair (103, 104) of the 
differential amplifier of FIG. 13 are labeled Ia, Ib, Ic and Id, 
respectively, and the currents flowing through the current 
Sources 121 and 122 are labeled 11 and 12, respectively. It 
is assumed that, for simplicity, the transistor pairs of the first 
and Second differential pairs are of the Same characteristics, 
and that the transistors making up the circuit are free of 
variations in characteristics. 

0159 First, in the differential amplifier of FIG. 13, in 
which the first differential pair (101, 102) and the second 
differential pair (103,104) are driven by the current sources 
121 and 122, respectively, the following equations (6) and 
(7) hold under the stable operating State. 

Ia+b=1 (6) 

Ic-Id=2 (7) 

0160 The currents flowing through the current mirrors 
111, 112 are equal to each other, so that the following 
equation (8) holds: 
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0161 Solving the above equations (6), (7) and (8), we 
have: 

0162 The sum of Ia and Ic and the sum of Ib and Id are 
both constants prescribed by I1 and I2. 
0163 The operation of the first and second differential 
pairs during one data period shown in FIG. 14 is now 
considered. Directly after Start of the period t1, the Voltages 
V(T2) and V(T1) are supplied to the input pair of the second 
differential pair (103, 104), so that the currents Ic and Id 
become constant currents consistent with the Voltages V(T2) 
and V(T1). 
0164. On the other hand, the input pair of the first 
differential pair (101, 102) is supplied with the reference 
voltage Vref and the output voltage Vout. Since Vout is lower 
than Vref, the current Ia is increased, whilst the current Ib is 
decreased. Since Ia is increased, the gate potential of the 
PMOS transistor 108 is pulled down to raise the output 
voltage Vout to close to the reference voltage Vref. 
0.165. The increase in the current Ia affects the slew rate 
during the period t1 of FIG. 14. 
0166 From the equations (6) and (9), the width of change 
in the current Ia during the period t1 is given by the 
following equation: 

0167. In the above equation (11), the wider the range of 
the current Ia, the larger becomes the increment of the 
current Ia during the time period t1 and the higher the Slew 
rate. 

0168 Scrutinizing into the voltage selecting conditions 
for the voltages VTC1), V(T2), supplied to the second 
differential pair (103, 104), the currents for VTO1)=V(T2) 
during the period t1 are Such that 

Ic=Id=12/2. 

0169 Consequently, the extent of the current Ia remains 
unchanged, even though the absolute values of VTO1) and 
V(T2) are changed, with the Slew rate becoming constant. 
0170 Moreover, from the above equation (8), when 
Ic=Id, the first differential pair (101, 102) is in a stable state, 
such that Ia=Ib. Hence, the output voltage Vout during the 
period t1 is equipotential to the reference Voltage Vref and 
is stable. 

0171 Referring to the waveform diagram of FIG. 14, 
Vout2 and Vout3 during the period t1 are of the same slew 
rate, equipotential to Vref and are stable. 

0172] On the other hand, if V(T1)>V(T2), the currents 
flowing through the second differential pair (103,104) are 
Such that IckId. 

0173 At this time, the range of the current Ia of the above 
equation (11) is narrower than that for V(T1)=V(T2), so that 
the slew rate is lowered. 

0174 Moreover, from the above equation (8), when 
Ic-Id, the first differential pair (101, 102) is in a stable state, 
Such that Ia>1b. Hence, the output voltage Vout during the 
period t1 is lower in potential than the reference voltage Vref 
and is Stable. 
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0175 Referring to the waveform diagram of FIG. 14, 
Vout4 is lower in the slew rate than Vout2 and Vout3 during 
the period t1, such that Vout 4 is lower in potential than Vref 
and is Stable. 

0176) On the other hand, if V(T1)<V(T2), the currents 
flowing through the second differential pair (103,104) are 
Such that Ice Id. 

0177. At this time, the range of the current Ia of the above 
equation (11) is narrower than that for V(T1)=V(T2), so that 
the Slew rate is raised. 

0178 Moreover, from the above equation (8), when 
Ic>Id, the first differential pair (101, 102) is in a stable state, 
such that Ia-Ib. Hence, the output voltage Vout during the 
period t1 is higher in potential than the reference Voltage 
Vref and is stable. 

0179 Referring to the voltage waveform diagram of 
FIG. 14, Vout1 during the period t1 is higher in the slew rate 
than Vout2 and Vout3 during the period t1, such that Vout1 
is higher in potential than Vref and stable. 

0180 AS for the operation of the first and second differ 
ential pairs during the period t2 of FIG. 14, the input pair of 
the first differential pair (101, 102) is supplied with the 
reference voltage Vref and with the output voltage (=Vout") 
at the end, of the period t1, such that the currents Ia and Ib 
are constant currents. On the other hand, the input pair of the 
second differential pair (103, 104) is supplied with the 
voltage V(T1) and with the output voltage Vout. Since the 
output voltage Vout is lower in potential than the Voltage 
V(T1), Ic and Id are increased and decreased, respectively. 
0181. As Ic is increased, the gate potential of the PMOS 
transistor 108 is pulled down, while the output voltage Vout 
is raised to close to V(T1). 
0182. The amount of the current increment of Ic at this 
time affects the slew rate during the period t2 of FIG. 14. 
0183 From the above equations (7) and (9), the width of 
change of the current Ic during the period t2 is given by the 
following equation: 

122 Ice (11+I2)/2}-la (12) 

0184. In the above equation (12), the wider the width of 
the current Ic, the larger is the increment of the current Ic 
during the period t2 and the higher is the Slew rate. 
0185. Regarding the relative values of the voltages Vref 
and Vout" supplied to the first differential pair (101, 102), the 
output voltage at the end of the period t1 is equipotential to 
the reference voltage Vref (Vout'=Vref) if V(T1)=V(T2). 
Hence, the relation of current values for the period t2 is 
given by 

0186 Consequently, the extent of the current Ic remains 
unchanged, as during the period t1, even though the absolute 
values of V(T1), V(T2) are changed, with the slew rate 
becoming constant. 

0187 Moreover, from the above equation (8), when 
Ia=Ib, the second differential pair (103, 104) is in a stable 
State, Such that Ic=Id. Hence, the output Voltage Vout during 
the period t2 is equipotential to the voltage V(T1) and is 
stable. 
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0188 Referring to the waveform diagram of FIG. 14, 
Vout2 and Vout3 during the period t1 are of the same slew 
rate, with Vout2 and Vout3 being equal in potential to V(T1) 
and Stable. 

0189 On the other hand, if V(T1)>V(T2), the output 
voltage at the close of the period t1 is lower than the 
reference voltage Vref (Vout"<Vref). Hence, the relation of 
the currents flowing through the first differential pair (101, 
102) is such that Ia-Ib. 
0190. At this time, the range of the current Ic of the above 
equation (12) is broader than that for V(T1)=V(T2), so that 
the Slew rate is higher. 
0191 Moreover, from the above equation (8), when 
Iad-Ib, the second differential pair (103, 104) is in a stable 
State, Such that IckId. Hence, the output voltage Vout during 
the period t2 is higher in potential than the voltage V(T1) 
and is Stable. 

0.192 Referring to the voltage waveform diagram of 
FIG. 14, Vout4 during the period t2 is higher in the slew rate 
than Vout2 and Vout3, such that Vout4 is higher in potential 
than V(T1) and is stable. 
0193) On the other hand, if V(T1)<V(T2), the currents 
flowing through the first differential pair (101, 102) during 
the period t2 are Such that Ia-Ib, because the output voltage 
at the close of the period t1 is higher than the reference 
voltage Vref (Vout">Vref). At this time, the range of the 
current Ic of the above equation (12) is narrower than that 
for V(T1) V(T2), so that the slew rate is lowered. 
0194 Moreover, from the above equation (8), when 
IakIb, the second differential pair (103, 104) is in a stable 
State, Such that Ic>Id. Hence, the output voltage Vout during 
the period t2 is lower in potential than the voltage V(T1) and 
is stable. 

0195) In the voltage waveform diagram of FIG. 14, 
Vout1 during the period t2 is lower in the slew rate than 
Vout2 or Vout3, with Vout1 being lower in potential than the 
voltage V(T1) and is stable. 
0196. By the above operation, the slew rate of the dif 
ferential amplifier of FIG. 13 differs depending on the 
selecting conditions of V(T1) and V(T2). 
0197) Meanwhile, in setting the reference voltage Vref at 
V(T1) or V(T2), the output voltage Vout is changed to close 
to the target Voltage, during the period t1, So that the Slew 
rate variations occur mainly during the period t1, with the 
potential variations of the output voltage Vout during the 
period t2 being sufficiently small. Hence, the effect of the 
Slew rate variations during the period t2 may Substantially be 
disregarded. 

0198 These slew rate variations by the voltage selecting 
conditions of V(T1), V(T2) may be ameliorated by such 
means as providing a circuit for controlling the activation or 
non-activation of at least one of the two current Sources 
driving the first and Second differential pairs, or providing a 
circuit for modulating and controlling the current values of 
the two current Sources. An embodiment for these means is 
now explained. 

0199 FIG. 15 shows a configuration in which the circuit 
for controlling the activation or non-activation of the current 
Sources 121 and 122 is added to the differential amplifier of 
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FIG. 13, and includes a Switch SW11, connected in series 
with the current Source 121, and a Switch SW12, connected 
in Series with the current Source 122. 

0200 FIG. 16 shows an example of on/off control of the 
switches SW1 to SW5, SW11 and SW12 in the configuration 
of FG 15. 

0201 In FIGS. 13 and 14, it has been indicated that, 
Since the currents flowing through the transistors of the first 
and Second differential pairs affect each other, and hence 
there may be occasions where the Slue rate is changed 
depending on Voltage Selecting conditions of V(T1) and 
V(T2). 
0202) In the configuration of FIG. 15, the interaction of 
the currents flowing through the first and Second differential 
pairs is transiently removed by the Switches SW11, SW12 to 
SuppreSS the Slue rate variations. The Specified operation is 
now explained. 
0203 FIG. 16 depicts an example of on/off control of the 
respective switches of FIG. 15. The control signals S1 and 
S2 are the same as those shown in FIG. 2. Referring to 
FIGS. 15 and 16, the operation of the switches SW11 and 
SW12 is explained. 
0204 Directly following the start of the period t1, a 
period ta is provided within the period t1. During this period 
ta, the Switch SW12 is turned off by the control signal S3. 
The Switch SW11 continues to be on throughout the period 
t1. By So doing, the current through the second differential 
pair (103, 104) during the period ta is cut off such that the 
operation of the Second differential pair ceases. 
0205 The currents Ia and Ib flowing at this time through 
the first differential pair (101, 102) is determined by the 
current mirror circuit 111, 112. ASSuming that there is no 
variation in transistor characteristics, the relationship as 
defined in the following equation (13) holds under the stable 
operating State. 

0206. From this, the width of change of the current Ia 
during the period ta is as indicated by the following equation 
(14): 

I12 a.21/2 (14) 

0207 Consequently, the slew rate is determined by the 
increment value of the current Ia of the above equation (14). 
Since the operation of the second differential pair (103,104) 
is in cessation during the term ta, the Slew rate is constant 
without dependency on the Voltage Selecting conditions of 
V(T1) and V(T2). 
0208. The period ta is set within the term t1, with the time 
of the output voltage Vout reaching the reference Voltage 
Vref as an index. 

0209. After the close of the period ta, the switch SW12 is 
turned on and, during the remaining portion of the period t1, 
the output voltage (=Vout"), consistent with the Voltage 
selecting condition of V(T1), V(T2), is stored in the capaci 
tor C1, as in the case of FIG. 14. 
0210 Directly following the start of the period t2, a 
period this provided within the period t2. During this period 
th, the Switch SW11 is turned off by the control signal S4. 
The Switch SW12 continues to be on throughout the period 
t2. 
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0211. By so doing, the current through the first differen 
tial pair (101; 102) during the period this cut off such that 
the operation of the first differential pair ceases. The currents 
Ic and Id flowing at this time through the second differential 
pair (103, 104) is determined by the current mirror circuit 
(111,112). Under the stable operating state, the relationship 
as define in the following equation (15) holds. 

Ia=Ib=1/2 (15) 

0212. From this, the width of change of the current Ic 
during the period this as indicated by the following equation 
(16): 

I22Icic 12/2 (16) 

0213 Consequently, the slew rate is determined by the 
increment value of the current Ic of the above equation (16). 
Since the operation of the first differential pair (101, 102) is 
in cessation during the term ta, the Slew rate is constant 
regardless of magnitude relationship between Vref and 
Vout". 

0214. The period this set within the term t2, with the time 
of the output voltage Vout reaching the Voltage V(T1) as an 
indeX. 

0215. After the close of the period th, the switch SW11 is 
turned on and, during the remaining portion of the period t2, 
the output Voltage is consistent with the Voltage Selecting 
condition of V(T1) and V(T2) at the terminalsT1 and T2, as 
in the case of FIG. 14. 

0216) In the configuration shown in FIG. 15, described 
above, the Switches SW1 and SW12 are provided and 
adapted to be controlled during the periods ta and th pro 
Vided within the periods t1 and t2, respectively, and hence 
the Slew rate may be maintained constant without regard to 
the voltage selecting conditions of V(T1) and V(T2). 
0217. In case the reference voltage Vref is set to V(T1) or 
V(T2), the output voltage Vout is changed to close to the 
target Voltage, during the period t1. Hence, the Voltage 
variations of the output Voltage Vout during the period t2 are 
Sufficiently Small. Consequently, the effect of Slew rate 
variations during the term t2 is Substantially negligible. In 
such case, it is unnecessary to control the Switch SW11 and 
the period th. 

0218. In FIG. 15, the circuit for controlling the active or 
inactive State of the current Sources 121 and 122 is com 
prised of the Switches SW11, SW12 connected in series with 
the current sources 121 and 122, respectively. However, 
another configuration may, of course, be used. For example, 
the active or inactive state of the current Sources 121 and 122 
may be controlled by changing the gate bias Voltages of the 
current Sources 121 and 122, respectively. 

0219 FIG. 19 shows the results of simulation of the 
differential amplifier of FIG. 15. In FIG. 19, the voltage 
conditions and the time periods t1 and t2 are Similar to those 
of FIG. 15 and the time periods ta and th are both set to 5 
AlS. 

0220. From FIG. 19, the slew rates of the voltage wave 
forms Vout1 to Vout 4 for the periods ta and th are coincident 
with one another, indicating that, by the configuration of 
FIG. 15, it is possible to prevent slue rate variations which 
are dependent on the conditions of Selecting V(T1) and 
V(T2). 
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0221 Meanwhile, since the slew rate is rendered uni 
form, the period t1 may be optimized to a necessary mini 
mum value, and hence the time until the output voltage Vout 
is driven to a target Voltage during one data period may be 
Shortened. 

0222 FIG. 17 shows a circuit configuration correspond 
ing to the differential amplifier of FIG. 13 and added with 
a circuit for modulating the current driving the first and 
Second differential pairs. More specifically, a current Source 
123 and a Switch SW21, connected in series with each other, 
are connected parallel to the current Source 121, whilst a 
current source 124 and a Switch SW22, connected in series 
with each other, are connected parallel to the current Source 
122. 

0223) In the configuration shown in FIG. 17, the current 
driving the first and Second differential pairs is modulated to 
SuppreSS the interaction of the current flowing through the 
respective transistors of the first and Second differential 
pairs, in order to SuppreSS the slue rate variations. The 
Specified operation is hereinafter explained. 
0224 FIG. 18 depicts a timing chart for controlling the 
Switches shown in FIG. 17. The control signals S1 and S2 
are the same as those shown in FIG. 2. 

0225. Within the periods t1 and t2, there are provided 
periods tc and td, respectively, and control Signals S5 and S6 
are provided which perform control in keeping with the 
timing of these periods. 
0226 Referring to FIGS. 17 and 18, the control of the 
Switches SW21, SW22 is explained. First, during a period te, 
directly following the period t1, the Switch SW21 is turned 
on by the control signal S5. The Switch SW22 continues to 
be off throughout the period t1. 
0227 By so doing, the current flowing through the first 
differential pair (101, 102) during the period te is increased. 
From the above equation (11), the width of change of the 
current Ia during the period to is given by: 

0228 in accordance with the principle similar to that for 
FIG. 14. It is noted that the current of the current source 123 
is a constant current I11. 

0229. It is seen from (17) above that, due to the newly 
added term of the current I11, the effect on the width of 
change of the current Ia of the current Ic varied with the 
selecting conditions for the voltages V(T1) and V(T2) 
becomes Small. Consequently, the Slue rate variations during 
the period to also become Small. 
0230. The period to is set, within the period t1, with the 
time of the output Voltage Vout reaching the vicinity of the 
reference Voltage Vref as an indeX. 
0231. After the close of the period te, the switch SW21 is 
turned off and, during the remaining portion of the period t1, 
the output voltage (=Vout"), consistent with the Voltage 
selecting condition of V(T1) and V(T2), is stored in the 
capacitor C1, as in the case of FIG. 14. 
0232 Next, during a period td, directly following the 
period t2, the Switch SW22 is turned on by the control signal 
S6. The Switch SW21 continues to be off throughout the 
period t2. 
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0233. By so doing, the current flowing through the first 
differential pair (103,104) during the period td is increased. 
From the above equation (12), the width of change of the 
current Ic during the period td is given by: 

0234 in accordance with the principle similar to that for 
FIG. 14. It is noted that the current of the current source 124 
is the constant current I12. 

0235. It is seen from (18) above that, due to the newly 
added term of the current I12, the effect on the width of 
change of the current Ic of the current Ia varied with the 
magnitude of the voltage Vref and Vout" supplied to the first 
differential pair (101, 102) becomes small. Consequently, 
the Slue rate variations during the period td also become 
Small. 

0236. The period td is set within the term t2, with the time 
of the output Voltage Vout reaching the vicinity of the 
voltage V(T1) as an index. After the close of the period td, 
the Switch SW22 is turned off and, during the remaining 
portion of the period t2, the output voltage is consistent with 
the voltage selecting conditions for V(T1) and V(T2), as in 
FIG. 14. 

0237) The configuration shown in FIG. 17, described 
above, corresponds to the configuration of FIG. 13, added 
by the current sources 123 and 124 and the Switches SW21 
and SW22. These Switches SW21 and SW22 are on/off 
controlled, during the periods tc and td, provided during the 
periods t1 and t2, respectively, to SuppreSS Slue rate varia 
tions, ascribable to the Selection conditions for the Voltages 
V(T1) and V(T2), in order to maintain the slue rate at an 
approximately constant value. 
0238. In case the reference voltage Vref is set to V(T1) or 
V(T2), the effect of slue rate variations during the period t2 
may Substantially be disregarded. In this case, it is unnec 
essary to control the Switch SW22 and the period td. 
0239). The circuit shown in FIG. 17 is merely an example 
of the circuit for modulating the current driving the first 
differential pair (101, 102) and the second differential pair 
(103, 104). An alternative circuit configuration may, of 
course, be used. For example, in the circuit of FIG. 13, the 
current values of the current sources 121 and 122 may be 
modulated by varying the gate bias Voltages of the current 
Sources 121 and 122. 

0240 FIG. 20 shows the results of simulation of the 
differential amplifier shown in FIG. 17. The voltage condi 
tions and the periods t1 and t2 are the same as those shown 
in FIG. 14, and the periods tc, td are set to 5 us. It is seen 
from FIG. 20 that the slue rates of the voltage waveforms 
Vout1 to Vout4 during the periods to and td are approxi 
mately coincident with one another, Such that, with the 
configuration shown in FIG. 17, it is possible to prevent slue 
rate variations which are dependent on the Selecting condi 
tions of V(T1) and V(T2). 
0241 Since the slue rates have been rendered uniform, 
and the period t1 can be optimized to the necessary mini 
mum time, it is possible to shorten the time during a data 
period when the output voltage Vout is driven to the target 
Voltage. 
0242 FIG. 21 shows, as a modification of the present 
invention, the configuration of a data driver of a display 
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apparatus, in which the digital-to-analog converter of FIG. 
8 has been applied to a display apparatus. FIG. 21 depicts 
a block-based configuration, similarly to FIG. 22, and at 
least includes a grayScale Voltage generating circuit 200, 
formed by plural resistor elements, a decoder 300 (selection 
circuit) and a buffer circuit 100. Similarly to the set of 
Switches 32 of FIG. 8, the decoder 300 selects the voltages 
V(T1) and V(T2), responsive to the a video data signal, to 
output the so selected voltages to the buffer circuit 100. 

0243 The buffer circuit 100 may, for example, be a 
differential amplifier shown in FIG. 7. In this case, the data 
driver of FIG. 21 may output multiple values, by the buffer 
circuit 100, so that the number of the grayscale voltages, 
generated by the grayScale Voltage generating circuit 200, 
may be smaller than in the configuration of FIG. 22. The 
result is that the circuit size of the decoder 300 and hence the 
chip Size may be reduced. 

0244. The buffer circuit 100 is able to output the voltage 
to a high accuracy even in case variations in transistor 
characteristics are produced in the course of manufacture. 
0245. It is to be noted that the digital-to-analog converter 
shown in FIGS. 6 and 8 or the differential amplifiers of the 
respective embodiments may be applied to a data driver in 
accordance with the present invention. 
0246 Meanwhile, the configuration shown in FIG. 15 
includes a circuit for controlling the activation/non-activa 
tion of the two current sources 121 and 122 supplying the 
constant current to the first and Second differential pairs 
(101, 102) and (103, 104), respectively. The control of the 
activation/non-activation of the current Sources 121 and 122 
is Substantially equivalent to the control of the activation/ 
non-activation of the first differential pair (101,102) and the 
second differential pair (103, 104). Consequently, the 
present invention may be designed to control the activation/ 
non-activation of the first and second differential pairs. More 
specifically, a set of Switches SW11 and SW11 and another 
set of Switches SW12 and SW12 may be inserted between 
output pairs of the first and second differential pairs (101, 
102) and (103, 104) and the current mirror (111, 112), in the 
configuration shown in FIG. 26, in order to control the 
activation of the differential pairs (101, 102) and (103,104), 
that is, connection thereof to the current mirror circuit (111, 
112), and the inactivation of the differential pairs (101, 102) 
and (103,104), that is, disconnection from the current mirror 
circuit (111, 112). The input end of the amplifier stage 6 is 
connected at this time to an output end of the current mirror 
circuit 111, 112 (drain of the transistor 111). The Switches 
SW11, and SW11 are simultaneously turned on or off in an 
interlocked fashion, based on an input control Signal, and the 
other set of Switches SW12 and SW12 are simultaneously 
turned on or offin an interlocked fashion, based on the input 
control Signal. The control of the connection/disconnection 
by the Switches SW12 and SW12 between the output pairs 
of the second differential pair (103, 104) and the current 
mirror circuit (111,112) is managed by the control signal S3 
shown for example in FIG. 16, such that, when the control 
signal S3 is at a high level, both the Switches SW12, SW12 
are turned on and, when the control Signal S3 is at a low 
level, both the Switches SW12 and SW12 are turned off. 
The control of the connection/disconnection by the Switches 
SW11 and SW11 between the output pairs of the first 
differential pair (101, 102) and the current mirror circuit 
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(111,112) is managed by the control signal S4, shown for 
example in FIG. 16, such that, when the control signal S4 
is at a high level, both the Switches SW11 and SW11 are 
turned on and, when the control Signal S4 is at a low level, 
both the switches SW11 and SW11 are turned off. The 
timing waveform of the control Signals S1 to S4 during one 
data output period is as shown in FIG. 16. 
0247 Although the present invention has been explained 
with reference to preferred embodiments thereof, the present 
invention is not limited to these Specified embodiments, and 
may, of course, encompass various changes or corrections 
that may come within the reach of those skilled in the art 
within the Scope of the invention as defined in the claims. 
0248. It should be noted that other objects, features and 
aspects of the present invention will become apparent in the 
entire disclosure and that modifications may be done without 
departing the gist and Scope of the present invention as 
disclosed herein and claimed as appended here with. 
0249. Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items 
may fall under the modifications aforementioned. 

What is claimed is: 
1. A differential amplifier circuit comprising: 
an input differential Stage including a first differential pair, 

Second differential pair, and at least one load circuit 
connected to output pairs of said first and second 
differential pairs, and 

an amplifier Stage, receiving a common output signal of 
Said first and Second differential pairs, for charging or 
discharging an output terminal; 

wherein a preset reference Voltage is Supplied to one of 
the differential inputs of said first differential pair; and 

wherein said differential amplifier circuit further com 
prises a control circuit for controlling the Switching 
between 

a first State in which Said output terminal is connected in 
a feedback fashion to the other of differential inputs of 
Said first differential pair, the Voltage at Said output 
terminal is Stored in a capacitor connected to the other 
of the differential inputs of said first differential pair, 
and first and Second Voltages are respectively Supplied 
to differential inputs of Said Second differential pair, and 

a Second State in which said output terminal is connected 
in a feedback fashion to one of differential inputs of 
Said Second differential pair, a third voltage is applied 
to the other of the differential inputs of said second 
differential pair, and the other of the differential inputs 
of Said first differential pair is disconnected from Said 
output terminal. 

2. The differential amplifier circuit according to claim 1, 
wherein Said third voltage is equivalent to one of Said first 
Voltage and Said Second Voltage. 

3. The differential amplifier circuit according to claim 1, 
wherein Said reference Voltage is a preset constant Voltage in 
Said first State of connection and in Said Second State of 
connection. 

4. The differential amplifier circuit according to claim 1, 
wherein Said reference Voltage, Supplied to the one of the 
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differential inputs of said first differential pair, is one of said 
first, Second and the third voltages. 

5. A differential amplifier circuit comprising: 
an input differential Stage including a first differential pair, 

Second differential pair, and a load circuit connected in 
common to Said first and Second differential pairs, and 

first and Second current Sources for Supplying currents to 
Said first and Second differential pairs respectively; 

Said differential amplifier circuit performing an amplifi 
cation operation responsive to a common output Signal 
of Said first and Second differential pairs, 

wherein a preset reference Voltage is Supplied to one of 
the differential inputs of said first differential pair; and 

wherein said differential amplifier circuit further com 
prises: 

first, Second and third input terminals, 
an output terminal; 
a first Switch connected between the first input terminal 

and one of differential inputs of said second differential 
pair, 

a second Switch connected between one of the differential 
inputs of Said Second differential pair and the output 
terminal; 

a third Switch connected between the other of the differ 
ential inputs of Said first differential pair and the output 
terminal; 

a fourth Switch connected between the Second input 
terminal and the other of differential inputs of said 
Second differential pair; 

a fifth Switch connected between the third input terminal 
and the other of differential inputs of said second 
differential pair, and 

a capacitor connected to the other of the differential inputs 
of said first differential pair. 

6. The differential amplifier circuit according to claim 5, 
wherein a data output period includes a first period and a 
Second period; 

wherein in said first period, said first, third and fourth 
Switches are turned on, while Said Second and fifth 
Switches are turned off; 

Voltages of the first and Second input terminals are Sup 
plied through Said first and fourth Switches in an 
on-State, to the differential inputs of Said Second dif 
ferential pair, respectively; and 

the other of the differential inputs of said first differential 
pair is connected through Said third Switch in an 
on-State to the output terminal of Said differential 
amplifier circuit, the Voltage of the output terminal 
being Stored in the capacitor, and 

wherein in Said Second period, Said first, third and fourth 
Switches are all turned off, while said second and fifth 
Switches are turned on, So that 

one of differential inputs of Said Second differential pair is 
connected to the output terminal through Said Second 
Switch in an on-State; and 
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the other of the differential inputs of said second differ 
ential pair is connected through Said fifth Switch in an 
on-State to the third input terminal. 

7. The differential amplifier circuit according to claim 5, 
wherein Said third input terminal and Said first input terminal 
constitute a common input terminal. 

8. The differential amplifier circuit according to claim 7, 
comprising, 

wherein a data output period includes a first period and a 
Second period; 

wherein in said first period, said first, third and fourth 
Switches are turned on, while Said Second and fifth 
Switches are turned off; 

Voltages of the first and Second input terminals are Sup 
plied through Said first and fourth Switches in an 
on-State, to differential inputs of Said Second differen 
tial pair, respectively; and 

the other of the differential inputs of said first differential 
pair is connected to Said third Switch in an on-state to 
the output terminal of Said differential amplifier circuit; 
the Voltage of the output terminal being Stored in the 
capacitor, and 

wherein in Said Second period, Said first, third and fourth 
Switches are all turned off, while said second and fifth 
Switches are turned on; 

one of differential inputs of Said Second differential pair is 
connected to the output terminal through Said Second 
Switch in an on-State; and 

the other of the differential inputs of said second differ 
ential pair is connected through Said fifth Switch in an 
on-State to the first input terminal. 

9. A differential amplifier circuit comprising: 
an input differential Stage including a first differential pair, 

Second differential pair, and first and Second load 
circuit connected to Said first and Second differential 
pairs respectively; and 

first and Second current Sources for Supplying currents to 
Said first and Second differential pairs respectively; 

Said differential amplifier circuit performing an amplifi 
cation operation responsive to a common output Signal 
of Said first and Second differential pairs, 

wherein a preset reference Voltage is Supplied to one of 
the differential inputs of said first differential pair; and 

wherein said differential amplifier circuit further com 
prises: 

first, Second and third input terminals, 
an output terminal; 
a first Switch connected between the first input terminal 

and one of differential inputs of said second differential 
pair, 

a second Switch connected between one of the differential 
inputs of Said Second differential pair and the output 
terminal; 

a third Switch connected between the other of the differ 
ential inputs of Said first differential pair and the output 
terminal; 
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a fourth Switch connected between the Second input 
terminal and the other of differential inputs of said 
Second differential pair; 

a fifth Switch connected between the third input terminal 
and the other of differential inputs of said second 
differential pair, and 

a capacitor connected to the other of the differential inputs 
of said first differential pair. 

10. The differential amplifier circuit according to claim 9, 
wherein a data output period includes a first period and a 
Second period; 

wherein in said first period, said first, third and fourth 
Switches are turned on, while Said Second and fifth 
Switches are turned off; 

Voltages of the first and Second input terminals are Sup 
plied through Said first and fourth Switches in an 
on-State, respectively, to differential inputs of Said 
Second differential pair; and 

the other of the differential inputs of said first differential 
pair is connected through Said third Switch in an 
on-State to the output terminal of Said differential 
amplifier circuit, the Voltage of the output terminal 
being Stored in the capacitor, and 

wherein in Said Second period, Said first, third and fourth 
Switches are turned off, while said second and fifth 
Switches are turned on; 

one of differential inputs of Said Second differential pair is 
connected to the output, terminal through Said Second 
Switch in an on-State; and 

the other of the differential inputs of said second differ 
ential pair is connected through the fifth Switch in an 
on-State to the third input terminal. 

11. The differential amplifier circuit according to claim 5, 
wherein 

an amplifier circuit performing an amplification operation 
responsive to a common output signal of Said first and 
Second differential pairs includes a differential ampli 
fier Stage having an input pair connected to a common 
connection node and to the other common connection 
node of output pairs of Said first and Second differential 
pairs and having an output end connected to Said output 
terminal. 

12. A differential amplifier circuit comprising: 

first and Second differential pairs of a first polarity; 
a load circuit of a Second polarity connected in common 

to Said first and Second differential pairs, 
first and Second current Sources for Supplying currents to 

Said first and Second differential pairs respectively; 
third and fourth differential pairs of the second polarity; 

a load circuit of the first polarity connected in common to 
said third and fourth differential pairs; 

third and fourth current Sources for Supplying currents to 
said third and fourth differential pairs; 

a first amplifier circuit for receiving a common output 
Signal of Said first and Second differential pairs, and 
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a Second amplifier circuit for receiving a common output 
Signal of Said third and fourth differential pairs, 

wherein differential inputs of said first and third differ 
ential pairs are connected together; and 

differential inputs of said second and fourth differential 
pairs are connected together; 

wherein a reference Voltage is Supplied to one of differ 
ential inputs of Said first and third differential pairs, 

wherein said differential amplifier circuit further com 
prises: 

first, Second and third input terminals, 

an output terminal; 

a first Switch connected between the first input terminal 
and one of the differential inputs of said second differ 
ential pair; 

a second Switch connected between one of the differential 
inputs of Said Second differential pair and the output 
terminal; 

a third Switch connected between the other of the differ 
ential inputs of Said first differential pair and the output 
terminal; 

a fourth Switch connected between the Second input 
terminal and the other of the differential inputs of said 
Second differential pair; 

a fifth Switch connected between the third input terminal 
and the other of the differential inputs of said second 
differential pair, and 

a capacitor connected to the other of the differential inputs 
of said first differential pair. 

13. The differential amplifier circuit according to claim 
12, wherein a data output period includes a first period and 
a Second period; 

wherein in said first period, said first, third and fourth 
Switches are all turned on, while Said Second and fifth 
Switches are turned off; 

Voltages of the first and Second input terminals are Sup 
plied through the first and fourth Switches each being in 
an on-States, respectively, to one of the differential 
inputs of Said Second and fourth differential pairs, and 

the other of the differential inputs of said first and third 
differential pairs is connected through Said third Switch 
in an on-state to the output terminal; the Voltage of the 
output terminal being Stored in the capacitor; and 

wherein in Said Second period, Said first, third and fourth 
Switches are all turned off, while said second and fifth 
Switches are turned on; 

one of the differential inputs of said second and fourth 
differential pairs is connected to the output terminal 
through Said Second Switch in an on-state; and 

the other of the differential inputs of said second and 
fourth differential pairs is connected through the fifth 
Switch to the third input terminal 
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14. The differential amplifier circuit according to claim 1, 
further comprising 

a circuit for controlling activation/non-activation of at 
least one of Said first and Second differential pairs. 

15. The differential amplifier circuit according to claim 5, 
further comprising 

a circuit for controlling activation/non-activation of at 
least one of Said first and Second current Sources. 

16. The differential amplifier circuit according to claim 1, 
further comprising: 

first and Second current Sources for Supplying currents to 
Said first and Second differential pairs respectively; and 

a circuit for controlling activation/non-activation of at 
least one of Said first and Second current Sources. 

17. The differential amplifier circuit according to claim 6, 
further comprising 

a sixth Switch connected between Said Second differential 
pair and a Second power Supply in Series with Said 
Second current Source, wherein Said Sixth Switch is 
turned on after being turned off for a preset period as 
from the Start of Said first period of Said data output 
period. 

18. The differential amplifier circuit according to claim 6, 
further comprising 

a Series circuit including a Sixth Switch and a third current 
Source connected in Series between Said first differential 
pair and Said Second power Supply, Said Series circuit 
connected in parallel with said first current Source, 
wherein Said Sixth Switch is turned on after being 
turned off for a preset period as from the Start of Said 
first period of Said data output period. 

19. The differential amplifier circuit according to claim 6, 
further comprising 

sixth and seventh Switches for on/off controlling the 
connection across the output pair of Said Second dif 
ferential pair and Said load circuit, wherein Said Sixth 
and Seventh Switches are turned on after being turned 
off for a preset period as from the start of said first 
period of Said data output period. 

20. The differential amplifier circuit according to claim 6, 
further comprising: 

a sixth Switch connected between said first differential 
pair and a Second power Supply in Series with Said first 
current Source; and 

a Seventh Switch connected between Said Second differ 
ential pair and Said Second power Supply in Series with 
Said Second current Source, 

wherein Said Seventh Switch is turned on after being 
turned off for a preset period as from the Start of Said 
first period of Said data output period; and 

wherein said sixth Switch is turned off for a preset period 
as from the Start of Said Second period and is turned on 
during a period other than Said preset period as from the 
Start of Said Second period of Said data output period. 

21. The differential amplifier circuit according to claim 6, 
further comprising: 

a first Series circuit including a sixth Switch and a third 
current Source connected in Series between Said first 
differential pair and Said Second power Supply, Said first 
Series circuit connected in parallel with Said first cur 
rent Source; and 
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a Second Series circuit including a Seventh Switch and a 
fourth current Source connected in Series between Said 
Second differential pair and Said Second power Supply, 
Said Second Series circuit connected in parallel with 
Said Second current Source, 

wherein said sixth Switch is turned off after being turned 
on for a preset period as from the Start of Said first 
period of Said data output period; and 

wherein Said Seventh Switch is turned on for a preset 
period as from the Start of Said Second period and is 
turned off during a period other than Said preset period 
as from the Start of Said Second period of Said data 
output period. 

22. The differential amplifier circuit according to claim 6, 
further comprising: 

sixth and seventh Switches for on/off controlling the 
connection across the output pair of Said first differen 
tial pair and Said load circuit; and 

eighth and ninth Switches for on/off controlling the con 
nection acroSS the output pair of Said Second differential 
pair and Said load circuit, 

wherein Said eighth and ninth Switches are turned on after 
being turned off for a preset period as from the Start of 
Said first period of Said data output period; and 

wherein said sixth and seventh Switches are turned off for 
a preset period as from the Start of Said Second period 
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and are turned on during a period other than Said preset 
period as from the Start of Said Second period of Said 
data output period. 

23. The differential amplifier circuit according to claim 5, 
wherein Said reference Voltage, Supplied to the one of the 
differential inputs of said first differential pair, is one of 
Voltages of Said first, Second and third input terminals. 

24. A digital-to-analog converter circuit comprising Said 
differential amplifier circuit according to claim 5, Said 
digital-to-analog converter circuit further comprising: 

a set of resistors connected in Series acroSS a first high 
Side potential and a Second low-side potential; and 

a Selection circuit Supplied with a plurality of potentials 
from taps of Said Set of resistors to Select the potentials 
to be Supplied to Said first, Second and third input 
terminals based on a Selection Signal. 

25. A display apparatus including an amplifier circuit 
Supplied with grayScale Voltage and adapted for driving a 
data line connected to a display device, wherein 

the display apparatus comprises a differential amplifier 
circuit according to claim 1. 

26. A display apparatus including an amplifier circuit 
Supplied with grayScale Voltage and adapted for driving a 
data line connected to a display device, wherein 

the display apparatus comprises a differential amplifier 
circuit according to claim 5. 
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