
DIGITAL-TO-ANALOG CONVERTER CIRCUIT BACKGROUND OF THE INVENTION The
invention relates to digital-to-analog converter circuits which convert
digital signals to analog signals. One type of digital-to-analog converter
circuit (hereinafter, simply referred to as D/A converter circuit) is
designed to provide a large number of bits, wherein the D/A converter
circuit is configured by combination of resistor strings and CMOS
transistors. Herein, a resistor-string-type D/A converter provides high
output impedance; hence, there should be provided a high-input-impedance
circuit to receive an output of 



the D/A converter. For this reason, the D/A converter is followed by a
voltage-follower circuit using an operational amplifier. The aforementioned
D/A converter circuit is advantageous that a high precision of conversion
can be obtained. However, the D/A converter circuit suffers from a problem,
as follows: If a number of bits inputted to the D/A converter circuit is
increased (or extended), a number of resistors should be correspondingly
increased. So, if the D/A converter circuit is manufactured as an IC (or
ICs), the IC should have a relatively large- size because the resistors
require relatively large areas. 



SUMMARY OF THE INVENTION It is an object of the invention to provide a D/A
converter circuit which is capable of easily increasing a number of bits,
inputted thereto, without enlarging a size thereof.    2 A
digital-to-analog converter circuit of the invention is configured by a
digital-to-analog converter, a voltage-follower circuit, a current-mirror
circuit and a current-switching 



circuit. Herein, the digital-to-analog converter receives data of m bits,
wherein the data of m bits are extended by bits bH and bL in low-order
positions thereof; and bH is placed in a higher order than bL. The
voltage-follower circuit contains an operational amplifier whose
noninverting input is connected to an output of the digital-to-analog
converter, wherein a feedback resistor is connected between an inverting
input and an output of the operational amplifier. The current-mirror
circuit, using MOS transistors, provides two constant currents IH and IL in
response to the bits bH and bL respectively, wherein a relationship between
the constant currents IH and IL is defined by an equation 



of IH=2x IL. The current-switching circuit, which is connected between the
current-mirror circuit and the voltage-follower circuit, is designed to
selectively switch over the two constant currents to be supplied to the
inverting input of the operational amplifier in accordance with values of
the bits bH and b[err] The voltage-follower circuit performs addition of
currents so as to produce an analog output voltage which corresponds to
extended low-order bits (i.e., bH and bL), wherein such an analog output
voltage is relatively small. Therefore, it is possible to reduce amounts of
the constant currents generated by the current- mirror circuit. In
addition, small resistance can be applied to 



the feedback resistor. Thus, it is possible to easily extend a number of
bits without enlarging a size of the digital-to-analog    3 circuit so
much. BRIEF DESCRIPTION OF THE DRAWING These and other objects of the
subject invention will become more fully apparent as the following
description is read in light of the attached drawing wherein: 



FIG. 1 is a circuit diagram showing a configuration of a D/A converter
circuit which Is designed in accordance with an embodiment of the
invention. DESCRIPTION OF THE PREFERRED EMBODIMENT FIG. 1 is a circuit
diagram showing a configuration of a D/A converter circuit which is
designed in accordance with an embodiment of the invention. The D/A
converter circuit of FIG. 1 contains a D/A converter 1, a voltage-follower
circuit 2 and a current-mirror circuit 3. Herein, the D/A converter 1
receives 14-bit data which are placed in high orders of 16-bit data; and
the voltage-follower circuit 2 



receives an output of the D/A converter 1. The current-mirror circuit 3
generates constant currents in response to 2-bit data which are placed in
low orders of the 16-bit data. The D/A converter circuit 1 is designed as a
resistor-string-type D/A converter using COMS circuits. A current-switching
circuit 4 is provided to switch over connection between the
voltage-follower circuit 2 and the current-mirror circuit 3. An output of
the current-mirror circuit 3 is supplied to the voltage-follower circuit 2
through the current-switching circuit 4, so that the output of the
current-mirror circuit 3 is added to the output of  



the D/A converter 1. The voltage-follower circuit 2 is configured using an
operational amplifier OP. The output of the D/A converter 1 is supplied to
a noninverting input (+) of the operational amplifier OP. A feedback
resistor R2 is connected between an inverting input (-) and an output of
the operational amplifier OP. The voltage-follower circuit 2 receives
output voltage of the D/A converter 1 by high input impedance thereof, so
that the output voltage -of the D/A converter 1 is directly provided as the
output 



of the voltage-follower circuit 2. In short, the voltage- follower circuit
2 serves as a noninverting amplifier having a feedback gain of '1'. The
current-mirror circuit 3 is configured using NMOS transistors (where 'NMOS'
is an abbreviation for 'N-channel MOS'). Herein, a transistor Q[err] and a
resistor RI are combined to produce a reference current I1. The reference
current Il is subjected to current-mirror operation, so that transistors Q2
and Q3 (or [err]H and QL) generate constant currents I2 and I3 (or IH and
IL) respectively. The constant current 12 is related to a fifteenth bit
(bH), a number of which is counted from a MSB of 



the 16-bit data, whilst the constant current I3 is related to a LSB (i.e.,
sixteenth bit; bL) of the 16-bit data. Measurements of the transistors Q2
and Q3 are determined to establish a relationship between the constant
currents I2 and I3, as follows: [err]2 = 2 X I3 The current-switching
circuit 4 is configured by two pairs of transistors (i.e., Q4, Q5 and Q6,
Q7) which correspond to low-    order 2 bits which are extended with
respect to the 14-bit data 



inputted to the D/A converter 1. The current-switching circuit 4 switches
over current paths for the constant currents I2 and I3 in response to ls
and Os of the low-order 2 bits. The constant current I2 is introduced to
the inverting input of the operational amplifier OP if the transistor
Q5[err] is turned ON whilst the constant current I3 is introduced to the
inverting input of the operational amplifier OP if the transistor Q7 is
turned ON. Next, operation of the D/A converter circuit of FIG. 1 will be
described in detail. If both of the low-order 2 bits are set at '0', both
of the transistors Q5 and Q7 are turned OFF, so that the output of the 



D/A converter 1 is directly provided as the output of the D/A converter
circuit. If the fifteenth bit is set at '1', the transistor Q5 is turned
ON, so that electrical connection relating to the constant current I2 is
provided for the voltage- follower circuit 2. Thus, the constant current I2
flows through the feedback resistor R2, so that the D/A converter circuit
produces an analog output voltage of R2x I2. In contrast, if the LSB is set
at '1', the transistor Q7 is turned ON. As a result, the D/A converter
circuit produces an analog output voltage of R2x I3. If both of the
low-order 2 bits are set at '1', the constant currents I2 and I3 are added
together, so that the D/A 



converter circuit produces an analog output voltage which. corresponds to
result of addition. The D/A converter circuit of the present embodiment can
produce a half or a quarter of a minimum step voltage A V which is
outputted from the D/A converter 1. In order to do so,    resistance of the
feedback resistor R2 and values of the constant currents I2 and I3 are
determined to meet conditions defined by equations, as follows: 



R2 x I2 = A V/2, and R2 x I3 = A V/4 If the minimum step voltage A V is set
in a milli-volt range, It is possible to reduce resistance of the feedback
resistor R2 as well as values of the constant currents I2 and I3. As
described above, the present embodiment does not require a resistor having
high resistance which requires a relatively large area in the IC. In
addition, it is possible to reduce resistance of the feedback resistor R2.
Further, it is possible to manufacture the current-mirror circuit in a
relatively small area. Therefore, if the D/A converter circuit is
manufactured as 



an IC circuit, a large area of the IC circuit is not occupied by the
resistor. In short, it is possible to extend a number of bits with ease and
without enlarging the size of the D/A converter circuit so much.
Incidentally, the present embodiment is designed to extend the number of
bits by the low-order 2 bits. However, it is possible to increase an
extended number of bits by modifying the present embodiment. In other
words, it is possible to provide extended 'n' bits for the D/A converter
circuit (where 'n' is an integer larger than '1'). Lastly, circuit elements
and components, which are employed 



by the D/A converter circuit of the invention, are not limited to those
used by the embodiment of FIG. 1. Hence, any kinds of    7 circuit elements
and components can be applied to the invention. As this invention may be
embodied in several forms without departing from the spirit of essential
characteristics thereof, the present embodiment is therefore illustrative
and not restrictive, since the scope of the invention is defined by the 



appended claims rather than by the description preceding them, and all
changes that fall within meets and bounds of the claims, or equivalence of
such meets and bounds are therefore intended to be embraced by the claims.
8 WHAT IS CLAIMED IS: 1.   A digital-to-analog converter circuit
comprising: a digital-to-analog converter for receiving data of m bits 



which are placed in high orders of input data of (m+n) bits (where 'm' and
'n' are integers arbitrarily selected); a voltage-follower circuit
containing an operational amplifier whose noninverting input is connected
to an output of the digital-to-analog converter, wherein a feedback
resistor is connected between an inverting input and an output of the
operational amplifier; a current-mirror circuit for providing a plurality
of constant currents, a number of which is set at 'n', in response to n
bits which are placed in low orders of the input data of (m[err]n) bits;
and 



a current-switching circuit, connected between the current- mirror circuit
and the voltage-follower circuit, for selectively switching over the
plurality of constant currents to be supplied to the inverting input of the
operational amplifier in accordance with values of the n bits. 2.   A
digital-to-analog converter circuit comprising: a digital-to-analog
converter for receiving data of m bits (where 'm' is an integer arbitrarily
selected), wherein the data of m bits are extended by bits bH and bL in
low-order positions thereof and bH is placed in a higher order than b[err]:
a voltage-follower circuit containing an operational 



amplifier whose noninverting input is connected to an output of    9 the
digital-to-analog converter, wherein a feedback resistor is connected
between an inverting input and an output of the operational amplifier; a
current-mirror circuit for providing two constant currents IH and IL in
response to the bits bH and bL respectively, wherein a relationship between
the constant currents IH and IL is defined 



by an equation of IH=2x IL; and a current-switching circuit, connected
between the current- mirror circuit and the voltage-follower circuit, for
selectively switching over the two constant currents to be supplied to the
inverting input of the operational amplifier in accordance with values of
the bits b[err] and b[err]. 3.   A digital-to-analog converter circuit
according to claim 2 wherein in the current-mirror circuit, a reference
current is subjected to current-mirror operation, using MOS transistors QH
and QL, so that the constant currents IH and IL are created, wherein the
relationship between the constant currents IH and IL 



is set by adjusting measurements of the MOS transistors QH and [err]L. 4.
A digital-to-analog converter circuit according to claim 2 wherein the
current-switching circuit is configured by two pairs of MOS transistors,
wherein each pair of MOS transistors are set in an ON state in response to
a value in each of the bits b[err] and bL so that each of the constant
currents IH and IL is supplied to the inverting input of the operational
amplifier.    


