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CURRENT DRIVEN DFA CONVERTER AND ITS 
BAS CIRCUIT 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to a current driven 
D/A converter and its bias circuit. 

0003 2. Description of Related Art 
0004. In a current driven D/A converter composed of 
MOS transistors, current switches are implemented by tran 
sistors. As shown in FIG. 7, a conventional current driven 
D/A converter, which employs NMOS transistors for current 
Switches, uses a ground Voltage as an OFF control Voltage 
for turning off the current Switches (see non-patent docu 
ment 1, for example). To switch from ON to OFF state or 
Vice versa, the gate electrodes of the Switching transistors 
are Supplied with an amplitude greater than a Voltage at 
which the current switch actually switches off. 

1. Field of the Invention 

0005 Accordingly, as shown in FIG. 8, charge injections 
greater than necessary takes place via parasitic capacitances 
of the Switching transistors. This causes noise that brings 
about accuracy degradation and conversion rate restriction 
of the D/A converter. 

0006 Furthermore, as shown in FIG. 9, in the switching 
transistor that is turning off from the ON state, charges 
stored in the parasitic capacitance in the ON state flow into 
a ground terminal at the moment it turns off. Thus, large 
charge discharge current flows instantaneously into the 
ground terminal. Because of the current and parasitic resis 
tance and parasitic inductance of the ground terminal, the 
ground terminal Voltage fluctuates, which brings about per 
formance degradation of the D/A converter. 
0007 Likewise, in the switching transistors composed of 
PMOS transistors, large charge injections and noise of the 
power Supply Voltage occur. 

0008. In addition, as shown in FIG. 10, in a current 
source (M1 and M2) connected in cascode, both the current 
source transistor M1 and cascode transistor M2 are used in 
the saturation region. Thus, the bias Voltage of the cascode 
transistor M2 must be set in such a manner that the current 
Source transistor M1 is saturated. Accordingly, the diode 
connection transistor M3 has been used as a bias circuit. 
When the transistors M2 and M3 have the same threshold 
voltage, the channel width/channel length ratio (W/L)3 of 
the transistor M3 for saturating the transistor M1 is obtained 
by the following expression (1). 

(1) (, , ) 
where K=(W/L)2/(W/L)1. In this case, since (W/L)3 is 
determined by device sizes of (W/L)1 and (W/L)2, it can be 
determined accurately in a semiconductor integrated circuit. 
0009. In an actual circuit, however, the threshold voltages 
Vth2 and Vth3 of the transistors M2 and M3 differ because 
of the substrate bias effect. Thus, the condition of (W/L)3 for 
operating the transistor M1 in the Saturation region is given 
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by the following expression, which means that the condition 
depends on I0, Vth2 and Vth3. 

1 (2) 
1 1 2 

1 + 1 / VK)- With 2 - With 3 ( +1/ )VW 1. * VI, i. this) 

where Iout=Iref is set at I0. Accordingly, the bias voltage 
value must be generated with leaving Sufficient margin 
considering fabrication variations in I0, Vth2 and Vth3. 
Thus, it is difficult for a low voltage circuit or a circuit with 
a small M2 drain voltage to achieve the conditions. 
0010) Non-patent document 1: “An 80-MHZ 8-bit 
CMOS D/A Converter, IEEE J. Solid-State Circuits, vol. 
SC-21, pp. 983-988, December 1986. 
0011. With the foregoing configuration, the conventional 
current driven D/A converter has noise occurring because of 
the charge injections caused by the unnecessarily large 
amplitude of the control voltage of the current switches of 
the current driven D/A converter, which becomes a factor of 
the performance degradation. 
0012. In addition, the large charge discharge current 
flows from the gate electrodes of the switching transistors 
into the ground or power Supply terminal instantaneously 
when turning off the transistors. This causes noise in the 
ground Voltage or in the power supply voltage, which offers 
a problem of the performance degradation of the D/A 
converter. 

0013 Furthermore, because of the variations in the 
threshold voltage Vth due to the substrate bias effect, the 
bias circuit of the conventional cascode connection current 
Source must generate the bias Voltage with leaving Sufficient 
margin considering the fabrication variations in the current 
value and Vith. Thus, in the low voltage circuit or in the 
circuit with a small output voltage of the current source, a 
problem arises in that it is difficult to configure the bias 
circuit that meets the Saturation conditions of the transistors. 

SUMMARY OF THE INVENTION 

0014. The present invention is implemented to solve the 
foregoing problems. It is therefore an object of the present 
invention to provide a high performance current driven D/A 
converter by reducing the noise caused by the control 
Voltages of the current Switch transistors, and by reducing 
the noise in the ground or power Supply Voltage occurring at 
the turn off of the current switches. 

0015. Another object of the present invention is to pro 
vide a bias circuit of a current driven D/A converter capable 
of providing a high performance current driven D/A con 
verter by generating appropriate bias Voltages (control Volt 
ages) regardless of the fabrication variations in the current 
value and threshold Voltage. 
0016. The current driven D/A converter in accordance 
with the present invention sets an OFF control voltage for 
turning off a current Switch connected to a current source at 
a voltage close to an ON control Voltage for turning on the 
current switch. 

0017 According to the present invention, setting the OFF 
control Voltage of the current Switch at the Voltage close to 
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the ON control voltage makes it possible to reduce the Swing 
of the control voltage (ON control voltage-OFF control 
Voltage) of the current Switch. Thus, it can reduce the noise 
due to the charge injections through parasitic capacitances, 
and noise of ground Voltage or power Supply Voltage due to 
flowing of the discharge current from the parasitic capaci 
tances to the ground or power Supply at the turn off thereby 
offering an advantage of being able to provide a high 
performance current driven D/A converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a circuit diagram showing a configuration 
of a current driven D/A converter of an embodiment 1 in 
accordance with the present invention; 
0.019 FIGS. 2A and 2B are circuit diagrams each show 
ing a configuration of a current source cell; 
0020 FIG. 3 is a circuit diagram showing another con 
figuration of the current driven D/A converter of the embodi 
ment 1 in accordance with the present invention; 
0021 FIG. 4 is a circuit diagram showing a configuration 
of a current driven D/A converter of an embodiment 2 in 
accordance with the present invention; 
0022 FIG. 5 is a circuit diagram showing another con 
figuration of the current driven D/A converter of the embodi 
ment 2 in accordance with the present invention; 
0023 FIG. 6 is a circuit diagram showing a configuration 
of a folded cascode operational amplifier to which a current 
driven D/A converter of the embodiment 3 in accordance 
with the present invention is applied; 
0024 FIG. 7 is a diagram illustrating a conventional 
current driven D/A converter; 
0.025 FIG. 8 is a diagram illustrating a conventional 
current driven D/A converter; 
0026 FIG. 9 is a diagram illustrating a conventional 
current driven D/A converter; and 
0027 FIG. 10 is a diagram illustrating a bias circuit of a 
conventional cascode connection current Source. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0028. The invention will now be described with reference 
to the accompanying drawings. 

Embodiment 1 

0029 FIG. 1 is a circuit diagram showing a configuration 
of a current driven D/A converter of an embodiment 1 in 
accordance with the present invention. The current driven 
D/A converter is an example of a 3-bit D/A converter. 
0030) In FIG. 1, load resistances RLP and RLN have their 

first ends connected to a power supply. An NMOS transistor 
(current switch) M12P has its drain electrode connected to 
a second end of the load resistance RLP, and its gate 
electrode connected to a switch SW12P to which bias 
voltages (control voltages) BIAS2 and BIAS3 are supplied. 
An NMOS transistor (current switch) M12N has its drain 
electrode connected to a second end of the load resistance 
RLN, and its gate electrode connected to a switch SW12N 
to which the bias voltages BIAS2 and BIAS3 are supplied. 
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An NMOS transistor (current source) M11 has its drain 
electrode connected to a common source of the NMOS 
transistors M12P and M12N, its gate electrode supplied with 
a bias voltage BIAS1, and its source electrode connected to 
the ground. 
0.031) The NMOS transistors M11, M12P and M12N 
constitute a current source cell for causing a current Ilsb 
corresponding to a 1 LSB to flow. In other words, the current 
source cell is composed of the NMOS transistor M11 
operating as the current source, and the NMOS transistors 
M12P and M12N operating as current switches that turn on 
and off complementarily. The NMOS transistors M12P and 
M12N have the same size and the same electric character 
istics. 

0032) An NMOS transistor (current switch) M22P has its 
drain electrode connected to the second end of the load 
resistance RLP, and its gate electrode connected to a Switch 
SW22P to which the bias voltages BIAS2 and BIAS3 are 
supplied. An NMOS transistor (current switch) M22N has 
its drain electrode connected to the second end of the load 
resistance RLN, and its gate electrode connected to a Switch 
SW22N to which the bias voltages BIAS2 and BIAS3 are 
supplied. An NMOS transistor (current source) M21 has its 
drain electrode connected to a common source of the NMOS 
transistors M22P and M22N, its gate electrode supplied with 
a bias voltage BIAS1, and its source electrode connected to 
the ground. 

0033. The NMOS transistors M21, M22P and M22N 
constitute a current source cell for causing a current 2xIlsb 
to flow. 

0034 FIGS. 2A and 2B are circuit diagrams showing a 
configuration of the current source cell. As shown in FIG. 
2A, the NMOS transistors. M21, M22P and M22N are each 
implemented by connecting two NMOS transistors M11, 
M12P and M12N in parallel. 
0035) An NMOS transistor (current switch) M32P has its 
drain electrode connected to the second end of the load 
resistance RLP, and its gate electrode connected to a Switch 
SW32P to which the bias voltages BIAS2 and BIAS3 are 
supplied. An NMOS transistor (current switch) M32N has 
its drain electrode connected to the second end of the load 
resistance RLN, and its gate electrode connected to a Switch 
SW32N to which the bias voltages BIAS2 and BIAS3 are 
supplied. An NMOS transistor (current source) M31 has its 
drain electrode connected to a common source of the NMOS 
transistors M32P and M32N, its gate electrode supplied with 
a bias voltage BIAS1, and its source electrode connected to 
the ground. 

0036) The NMOS transistors M31, M32P and M32N 
constitute a current source cell for causing a current 4xIlsb 
to flow. As shown in FIG. 2B, the NMOS transistors M31, 
M32P and M32N are each implemented by connecting four 
NMOS transistors M11, M12P and M12N in parallel. 
0037. The circuit configured that an analog output signal 
1 is output from a connecting point of the second end of the 
load resistance RLP and the drain electrodes of the NMOS 
transistors M12P, M22P and M32P, and that an analog 
output signal 2 is output from a connecting point of the 
second end of the load resistance RLN and the drain 
electrodes of the NMOS transistors M12N, M22N and 
M32N. 
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0038. In response to a 3-bit digital input signal, a control 
circuit 10 generates a control signal that turns on one of the 
switches SWXP and SWXN of each current source cell, and 
turns off the other of them. By connecting the output 
terminals of the current source cells, the current amounting 
to the sum total of the output currents of the current source 
cells are produced. The current is an 8-level analog signal 
current from a current value 0 to a 7xIlsb. The current is 
converted to a Voltage signal through the load resistances 
RLP and RLN, and the analog output signals 1 and 2 are 
output as the output signal of the D/A converter. 

0039 Transistors M91-M98 constitute a bias circuit for 
generating the bias Voltages (control Voltages) for the 
switching transistors of the current source cells. The bias 
circuit will now be described. 

0040. The PMOS transistor (first current source) M91 has 
its source electrode connected to a power Supply (first 
voltage source). The NMOS transistor (first NMOS transis 
tor) M92 has its gate electrode and drain electrode connected 
to the drain electrode of the PMOS transistor M91 and to the 
switches SWXP and SWXN so that it can supply the bias 
voltage BIAS2. The NMOS transistor (second NMOS tran 
sistor) M93 has its source electrode and back gate electrode 
connected to the source electrode of the NMOS transistor 
M92, its drain electrode connected to a power supply 
(second Voltage source), and its gate electrode connected to 
a reference Voltage terminal. The common source of the 
NMOS transistors M92 and M93 is connected to the 
switches SWXP and SWXN so that it can supply the bias 
voltage BIAS3. The NMOS transistors (second current 
source) M94A and M94B have their drain electrodes con 
nected to the common source of the NMOS transistors M92 
and M93, and their source electrodes connected to the 
ground (third voltage source). The NMOS transistors M94A 
and M94B have their gate electrodes supplied with the bias 
voltage BIAS1. 

0041) The PMOS transistors M95 and M96 have their 
Source electrodes connected to a power Supply, and their 
gate electrodes together with the drain electrode of the 
PMOS transistor M95 connected to the gate electrode of the 
PMOS transistor M91. The NMOS transistor M97 has its 
drain electrode connected to the drain electrode of the 
PMOS transistor M95, its gate electrode supplied with the 
bias voltage BIAS1, and its source electrode connected to 
the ground. The NMOS transistor M98 has its drain elec 
trode and gate electrode (reference Voltage terminal) con 
nected to the drain electrode of the PMOS transistor M96 
and to the gate electrode of the NMOS transistor M93, and 
its source electrode connected to the ground. 

0042. The NMOS transistors M94A, M94B and M97 
have the same size as the NMOS transistor M11. They share 
the gate electrodes to which the bias voltage BIAS1 is 
applied so that the current Ilsb flows. The PMOS transistors 
M95, M96 and M91 constitute a current mirror circuit, so 
that the current Ilsb flowing through the PMOS transistor 
M95 also flows through the PMOS transistors M96 and 
M91. The NMOS transistor M92 has the same size as the 
NMOS transistors M12P and M12N. The current value 
flowing through the NMOS transistor M94A and NMOS 
transistor M92 is Ilsb. Accordingly, the NMOS transistor 
M94A and NMOS transistor M92 constitute a replica circuit 
of the conducting Switching transistor side of each current 
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source cell. The bias voltage BIAS2 is a bias voltage applied 
to the gate electrodes of the conducting Switching transistor 
sides, and the bias voltage BIAS3 is a bias voltage applied 
to the gate electrodes of the non-conducting Switching 
transistor sides. The NMOS transistor M93 has the same size 
as the NMOS transistor M11, and has its back gate electrode 
connected to the source electrode of the NMOS transistor 
M93. As for the back gate electrodes of the transistors other 
than the NMOS transistor M93, those of the NMOS tran 
sistors are connected to the ground, and those of the PMOS 
transistors are connected to the power Supply. 
0043) Next, the operation will be described. 
0044) The NMOS transistor M11 of the current source 
cell must operate in the Saturation region (that is, when Vgs 
is constant and Vds is large enough, Id becomes constant 
regardless of Vds) The condition for the NMOS transistor 
M11 to be placed in saturation is given by the following 
expression (3). 

Vds11s Vgs 11-Vth 11 (3) 

where Vgs11 is the gate-source voltage of the NMOS 
transistor M11, Vds11 is the drain-source voltage of the 
NMOS transistor M11, and Vth 11 is the threshold voltage of 
the NMOS transistor M11. The voltage value Vds 11 is equal 
to the corresponding bias voltage BIAS3 of the replica 
circuit composed of the NMOS transistors M94A and M92. 
In addition, since Vgs11=Vgs94A, and Vth 11 =Vth94A, the 
NMOS transistor M11 operates in the saturation region, 
when the following condition is satisfied. 

0045. The BIAS3 is given by the following expression 
(5). 

BLAS3=Vgs98-Vgs93 (5) 

where Vgs98 and Vgs93 are gate-source voltages of the 
NMOS transistors M98 and M93. As for the NMOS tran 
sistor M93, it has the same size as the NMOS transistor 
M94A, its drain current is Ilsb, and its source electrode and 
back gate electrode are connected to the same terminal So 
that it is free from the substrate bias effect. Thus, it exhibits 
the same electric characteristics as the NMOS transistor 
M94A, and hence 

Vgs93=Vgs94A (6) 

From the foregoing expressions (4)–(6), the conditions for 
placing the NMOS transistor M11 in saturation can be 
Summarized in the following expression (7). 

0046) Since the NMOS transistor M98 is free from the 
substrate bias effect, Vth98=Vth94A. 

0047. The current of a MOS transistor is given by the 
following expression. 

1 W 2 (8) 
Id= sunCox (Vgs- Vth) 

where Ln is the mobility of electrons, and Cox is the gate 
capacitance per unit area. 
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0.048. From the foregoing expression (8), the following 
expression is obtained. 

2d L. (9) Vgs - With = puncox W 

Thus, the foregoing expression (7) can be achieved by 
making the W/L ratio of the NMOS transistor M98 equal to 
or less than /4 of the W/L ratio of the NMOS transistor 
M94A. 

0049. In this way, the conditions for operating the NMOS 
transistor M11 in the saturation region can be determined 
only by the size ratio of the transistors. Since the size ratio 
of the transistors can be fabricated at high accuracy in the 
integrated circuit, it is easily implemented. In addition, since 
the NMOS transistors M93 and M98 are free from the 
substrate bias effect, they are free from the changes in the 
threshold voltage Vth and current involved in fabrication 
variations and changes in the operation environment. Thus, 
the margins required by the conventional circuit can be 
reduced, and hence the operation of a circuit with a lower 
power Supply Voltage becomes possible. 

0050. As for the current source cells composed of the 
NMOS transistors. M21, M22P and M22N, and of the 
NMOS transistors M31, M32P and M32N, they saturate in 
similar conditions. 

0051. In addition, since Vds11=BIAS3, in the NMOS 
transistors M12P, M12N, M22P, M22N, M32P and M32N 
which are turned off when the bias voltage BIAS3 is applied, 
the gate-source Voltages become Zero, and the current does 
not flow if the threshold voltage is positive. 
0052) Thus, the NMOS transistors M12P, M12N, M22P. 
M22N, M32P and M32N have their gates supplied with the 
voltage that swings from the bias voltage BIAS2 to BIAS3. 
Conventionally, the ground voltage is used as the OFF 
Voltage. Since the Voltage range that Swings is reduced in the 
present embodiment, the charge injection quantities flowing 
through the parasitic capacitances of the NMOS transistors 
M12P, M12N, M22P, M22N, M32P and M32N are reduced. 
Consequently, the noise of the D/A converter is reduced, and 
the performance such as the S/N ratio and operation speed 
is improved. 

0053. Furthermore, in the conventional circuit, large 
charge discharge currents flow instantaneously to the ground 
through the switching transistors that turn from the ON state 
to the OFF state. However, in the present embodiment 1, 
since the current does not flow directly to the ground, the 
noise produced at the ground is reduced, thereby further 
improving the S/N ratio and operation speed. 

0054 Although FIG. 1 shows the current driven D/A 
converter composed of the NMOS transistors, the current 
driven D/A converter can also be composed of PMOS 
transistors. 

0.055 FIG. 3 is a circuit diagram showing another con 
figuration of the current driven D/A converter of the embodi 
ment 1 in accordance with the present invention, in which 
the 3-bit D/A converter is composed of the PMOS transis 
tOrS. 
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0056 Comparing the configuration of FIG. 3 with that of 
FIG. 1, although the connection is reversed between the 
power supply and the ground because the NMOS transistors 
are replaced by the PMOS transistors, and the PMOS 
transistors are replaced by the NMOS transistors, the 
remaining configuration is equivalent to that of FIG. 1. 

0057 Such a circuit configuration can achieve the same 
effect as that of FIG. 1. 

0058 As described above, according to the present 
embodiment 1, the OFF control voltage of the NMOS 
transistors or PMOS transistors M12P, M12N, M22P. 
M22N, M32P and M32N is set at a voltage closer to the ON 
control Voltage. As a result, the present embodiment 1 can 
reduce the swing of the control voltage of the NMOS 
transistors or PMOS transistors, reduce the noise due to the 
charge injections through the parasitic capacitances, and 
reduce the noise of the ground Voltage or power Supply 
Voltage because of the flowing of the discharge current from 
the parasitic capacitances into the ground or power Supply at 
the turn off of the transistors, thereby being able to imple 
ment the high performance current driven D/A converter. 

0059. In addition, the OFF control voltage is set in such 
a manner that the gate-source Voltages that turn off the 
NMOS transistors or PMOS transistors M12P, M12N, 
M22P, M22N, M32P and M32N become Zero volt. As a 
result, the present embodiment 1 can further reduce the 
Swing of the control Voltage, and reduce the noise due to the 
parasitic capacitance, thereby being able to implement a 
higher performance current driven D/A converter. 

0060 Besides, the present embodiment 1 can generate 
the bias voltages free from the effect of the threshold voltage 
due to the Substrate bias effect, and can configure a bias 
circuit that satisfies the saturation conditions of the D/A 
converter that operates at the low voltage and has the low 
output voltage of the current source, thereby being able to 
implement the high performance current driven D/A con 
Verter. 

0061 Furthermore, it is also possible in FIG. 1 to insert 
the current mirror (current mirror circuit) into the drain 
electrodes of the NMOS transistors M92 and M93 to cause 
the current equal to the drain current of the NMOS transistor 
M93 to flow through the NMOS transistor M92. Although it 
is necessary in this case to set the current ratio between the 
PMOS transistor M91 and the NMOS transistors M94A and 
M94B at high accuracy, using the current mirror circuit can 
achieve it with a small circuit easily. 

0062. In addition, it is also possible in FIG. 3 to insert the 
current mirror (current mirror circuit) into the drain elec 
trodes of the PMOS transistors M92 and M93 to cause the 
current equal to the drain current of the PMOS transistor 
M93 to flow through the PMOS transistor M92. Although it 
is necessary in this case to set the current ratio between the 
NMOS transistor M91 and the PMOS transistors M94A and 
M94B at high accuracy, using the current mirror circuit can 
achieve it with a small circuit easily. 

0063 Besides, although the bias circuits of the current 
driven D/A converters as shown in FIGS. 1 and 3 are 
applicable as the control Voltage Supply for the current 
source cells of the current driven D/A converters as shown 
in FIGS. 1 and 3, the bias circuits are also applicable as the 
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control Voltage Supply of the current source cells of other 
current driven D/A converters. 

0064. Furthermore, it is also possible to provide a voltage 
buffer 20 to the output stage of the bias circuit of the current 
driven D/A converter as shown in FIGS. 1 and 3, and to 
supply the bias voltages via the voltage buffer to the current 
source cells of the current driven D/A converter as the 
control voltage. The voltage buffer 20 installed at the output 
stage of the bias circuit can reduce the output impedance of 
the bias circuit, thereby being able to provide the bias 
voltage unsusceptible to the effect of noise. 

Embodiment 2 

0065 FIG. 4 is a circuit diagram showing a configuration 
of the current driven D/A converter of an embodiment 2 in 
accordance with the present invention. In FIG. 4, a PMOS 
transistor M99 has its source electrode connected to a power 
Supply, and its gate electrode connected to the gate elec 
trodes of the PMOS transistors M95, M96 and M91, thereby 
configuring a current mirror circuit. An NMOS transistor 
M100 has its drain electrode and gate electrode connected to 
the drain electrode of the PMOS transistor M99 to supply the 
bias voltage BIAS3 to the current source cells, its source 
electrode connected to the source electrode of the NMOS 
transistor M92 and to the source electrode and back gate 
electrode of the NMOS transistor M93. The remaining 
configuration is the same as that of FIG. 1. 
0066 Next, the operation will be described. 
0067. In FIG. 4, the bias voltage BIAS3 is generated by 
the PMOS transistor M99 and NMOS transistor M100. The 
gate-source voltage of the NMOS transistor M100 can be 
adjusted to the threshold voltage Vth of the NMOS transistor 
M100 by flowing a minute current through the NMOS 
transistor M100 by adjusting the size of the PMOS transistor 
M99. In this case, the swing range of the gate voltages of the 
Switching transistors become Smaller, thereby being able to 
further reduce the charge injection quantity. 
0068 Although FIG. 4 shows the current driven D/A 
converter composed of the NMOS transistors, the current 
driven D/A converter can also be composed of PMOS 
transistors. 

0069 FIG. 5 is a circuit diagram showing another con 
figuration of the current driven D/A converter of the embodi 
ment 2 in accordance with the present invention, in which 
the 3-bit D/A converter is composed of the PMOS transis 
tOrS. 

0070 Comparing the configuration of FIG. 5 with that of 
FIG. 4, although the connection is reversed between the 
power supply and the ground because the NMOS transistors 
are replaced by the PMOS transistors, and the PMOS 
transistors are replaced by the NMOS transistors, the 
remaining configuration is equivalent to that of FIG. 4. 
0071. Such a circuit configuration can achieve the same 
effect as that of FIG. 4. 

0072. As described above, according to the present 
embodiment 2, the OFF control voltage is set in such a 
manner that the gate-source voltages of the NMOS transis 
tors or PMOS transistors M12P, M12N, M22P, M22N, 
M32P and M32N become equal to the threshold voltage of 
the NMOS transistors or PMOS transistors. As a result, the 
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present embodiment 2 can further reduce the swing of the 
control Voltage, and reduce the noise due to the parasitic 
capacitance, thereby being able to implement the higher 
performance current driven D/A converter. 

Embodiment 3 

0073 FIG. 6 is a circuit diagram showing a configuration 
of a folded cascode operational amplifier to which the 
current driven D/A converter of an embodiment 3 in accor 
dance with the present invention is applied. In FIG. 6, the 
folded cascode operational amplifier includes a differential 
pair composed of NMOS transistors M11P and M11N and a 
differential pair composed of NMOS transistors M13A and 
M13B, and an output stage composed of PMOS transistors 
M14P M14N, M15P and M15N and NMOS transistors 
M16P M16N, M17P and M17N. Input voltages VIP and 
VIN are applied to the gate electrodes of the NMOS tran 
sistors M11P and M11N. An output voltage VOUTP is 
output from between the PMOS transistor M15N and 
NMOS transistor M16N, and an output voltage VOUTN is 
output from between the PMOS transistor M15P and NMOS 
transistor M16P. In the folded cascode operational amplifier, 
all the transistors must operate in the Saturation region. 
0074. A bias circuit (conventional circuit) composed of 
PMOS transistors M21 P. M21N, M22P and M22N, and 
NMOS transistors M23P, M23N, M24P and M24N, and a 
resistor R1 generates a bias voltage BIAS1 and a bias 
voltage BIAS4. 
0075) A bias circuit (employing the embodiment 1) com 
posed of PMOS transistors M101A, M101B, M102, M105 
and M106, and NMOS transistors M103, M104, M107 and 
M108 is provided for generating the bias voltage BIAS2. 
The circuit, which operates in the same manner as the bias 
circuit of the current driven D/A converter of the embodi 
ment 1, is free from the substrate bias effect. Accordingly, it 
can easily generate the bias voltage that saturates the PMOS 
transistors M14P and M14N independently of the fabrica 
tion variations and operation environment. 
0076 A bias circuit (employing the embodiment 1) com 
posed of PMOS transistors M203, M204, M207 and M208, 
and NMOS transistors M201A, M201B, M202, M205 and 
M206 is provided for generating the bias voltage BIAS3. 
The circuit, which is also free from the substrate bias effect, 
can easily generate the bias voltage that saturates the PMOS 
transistors M17P and M17N independently of the fabrica 
tion variations and operation environment. 
0.077 As described above, the present embodiment 3 
employs the bias circuit of the embodiment 1 as the bias 
circuits for generating the bias voltages BIAS2 and BIAS3. 
As a result, since it is free from the substrate bias effect, the 
present embodiment 3 can easily generate the bias Voltages 
that saturate the transistors easily independently of the 
fabrication variations or the operation environment in the 
folded cascode operational amplifier. 

What is claimed is: 
1. A D/A converter that sets a first control voltage for 

turning off a Switch connected to a current Source at a 
Voltage close to a second control Voltage for turning on the 
Switch, further comprising a bias circuit for generating bias 
Voltages to be used as the first control voltage and the second 
control Voltage, said bias circuit comprising: 
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a first current source having its first end connected to a 
first voltage source: 

a first MOS transistor having its gate electrode and drain 
electrode connected to a second end of said first current 
Source: 

a second MOS transistor having its source electrode 
connected to a source electrode of said first MOS 
transistor, and its gate electrode connected to a refer 
ence Voltage terminal; and 

a second current source having its first end connected to 
source electrodes of said first and second MOS tran 
sistors, and its second end connected to a second 
Voltage source. 

2. The D/A converter according to claim 1, wherein said 
switch includes a MOS transistor whose gate electrode is 
Supplied with said bias Voltages, and the first control Voltage 
is set Such that a gate source Voltage of the transistor to be 
turned off becomes a threshold voltage of the transistor. 
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3. The D/A converter according to claim 1, wherein said 
switch includes a MOS transistor whose gate electrode is 
Supplied with said bias Voltages from said bias circuit, and 
the first control voltage is set such that a gate source Voltage 
of the transistor to be turned off becomes Zero volt. 

4. A D/A converter according to claim 1, further com 
prising a voltage buffer at an output stage of said bias circuit, 
wherein said bias voltages output via the voltage buffer is 
used as the first control Voltage and the second control 
Voltage. 

5. The D/A converter according to claim 1, wherein said 
first and second MOS transistors are NMOS transistors. 

6. The D/A converter according to claim 1, wherein said 
first and second MOS transistors are PMOS transistors. 

7. The D/A converter according to claim 1, further com 
prising a current mirror circuit connected to the drain 
electrodes of said first and second MOS transistors. 


