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. DI GF TAL- TO- ANALOG CONVERTER CI RCUI T BACKGROUND OF THE | NVENTI ON The

invention relates to digital-to-analog converter circuits which convert
dlgltal signals to anal og S|gnals One type of digital-to-anal og converter
ciTcuist (hereinafter, s;j refer d to as D/ A conver £ circuit) is
de§?gned to provide a P qggﬁh GbPPEVERﬂgBe$%R?“£ D/ A converter
circuit is configured by conblnatlon of resistor strings and CMOS
transistors. Herein, a resistor-string-type O/ A converter provides high
out put inpedance; hence, thRefcRIUND DFOTHR INVERFTONDI gh-i nput - i npedance
circuit to receive an output ot .

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. Heréin. 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
fo;lowed 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. Howéver.
the D/A converter circuit suffers from a problem, as follows:

If a numbér of bits inﬁutted to the D/A converter -circuit is
increased (or extended), a number of resistors should be
correspondingly 1ncreaséd. 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 profide a D/A converter
circuit which 1is capable of easily increasing a number of bits,

inputted thereto, without enlarging a size thereof:
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*the 'D/ A converter. For this reason, the DA converter is followed by a

vol tage-follower circuit using an operational anplifier. The aforenentioned
D) A converter circuit is advantageous that a high precision of conversion
can be obtained. However, the D/ A converter circuit suffers froma problem

as foll ows: I @ giualeiodbniibs LBRYLLES: (@il D G AkehtabRCYSL IS

increased (or extended), a nu resi stors shoul e correspondi ngly
I ncr easegonfipuridd bye aDidAdgiealetbeanslég iednveér ter\UlaadioltageaFodlower( Or

I Cs), the I1C should have a relatively large- si.ze because the resistors

requi r e eltcuituelay durrgatamdagor 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 by and
by, in low-order positions thereof; and by is placed in a higher
order than by. 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 amn output of
the operational amplifier. The current-mirror circuit, using MOS
transistors, provides two constant currents Iy and It in responée
to tﬁe bits by and by respectively, wherein a relationship
between the constant currents.IH and Iy is defined by an equation
of Ip=2x Iy. The current-switching circuit, which is connected
between the current-mirror circuit and the voltage-follower
circuit, is designed to seiectively switch over the two conétant
currents to be supplied to the inverting input of the operational
amplifier in accordﬁnce with values of fhe bits by and by..

The voltage-follower circuit berforms addition of currents
so as to produce an analog output voltage which corresponds to
extended low-order bits (i.e., by and by ), wherein such an analog
output voitage 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

—_—
This Sheet Has Bee,

.



+ SUMVARY OF THE INVENTION It is an object of the invention to provide a DA
~converter circuit which is capable-of easily increasing a nunber of bits,
i nputted thereto, without enlarging a size thereof. 2 A
di gital Gip=anel 99 meexerter circuit of the invention is configured by a
digital -to-anal og converter, a voltage-follower circuit, a current-mrror
circuit and a current- SMAtChIng

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 1s a circuit diagram showing a configuration of a D/A
converter circuit which 1s 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
converfer 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-foliower circuit 2 and a cgrrent-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 supﬁlied 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

Thl.: Sheet Has Been R

R




scirtuit. Herein, the digital -to-anal og converter receives data of mbits,

wher ei n

the data of mbits are extended by bits bH and bL in | ow order

positions thereof; and bH is placed in a higher order than bL. The
voltage-follower circuit contains an operational anplifier whose

noni nverging, AAnRdhvieptegniected to an output of the digital-to-analog
converter, wherein a feedback resistor is connected between an inverting
i nput and an Thi¢! poll taget-ifol1dpwent e DF@ki 0D lils icohf 1E0e eduuseng- &hr r or

circuit,

using MOS transistors, provides two constant currents IH and |

Lin

r esponsepearatiionpilt emplifhdroOP: esPae touwtput ofthdhei B/A conyerserhipiset ween
the constant currents IHand IL is defined by an equation

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 operatiopal 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 outbut

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 NMOé
transistors (where 'NMDS' is an abbreviation for 'N-channel
MOS'). Herein, a transistor Ql and a resistor Rl are combine& to
produce a reference current I1. The reference current I1.is
subjected to current-mirror operation, so that transistors &2 and
Q3 (or Qg and Q) generate constant currents I2 and I3 (or Iy and

I;) respectively. The constant current I2 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; by) of the 16-bit data. Measurements
of the trénsistors Q2 and Q3 are determined to establish a
relationship betwéen the constant currents I2 and I3, as follows:
I2 = 2 X I3
The cufrent-switching circuit 4 is configured by two pairs
of transistors (i.e., Q4, Q5 and Q6, Q7) which correspond toilow-

[
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1
fof I'H=2x IL. The current-switching circuit, which is connected between the
current-mrror circuit and the voltage-follower circuit, is designed to
selectively switch over the two constant currents to be supplied to the

: f
nver ti ngedgip du@fesﬁ rbfug Renab! BREbnddR! i L rd dbAREUSIANEE 19l v Bhites O

t he bItS e vol tage- | ower circult per orns addi t1on of

current simuttsed TP th@UDFAABOARREL08r O] PUThey i@ tMywiltchdhge el eadstt 8
extended | oworder bits . (i.e., bH and bL), wherein such an anal og out put

vol t age switalies iomery camarient Pathsef for, the constaad Wuwrremtsed@cendnid8nt s of

the constant currents gener at ed b¥ the current- mrror circuit. In
addi t i onln sfRFRonSesiter 4i§c andafspel sphe | keWrerder 2 bits. The constant

current I2 is introduced to the inverting input of the
operational amplifier OP if the transistor Q5 1s turned ON whilst
the constant current I3 is introduced to the inverting input of
the operational amplifiér 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 ds 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 1s.set at 'l', the
transistor Q5 is turned ON,.so that electrical conmnection
relating to the constant current 12 is provided for the voltage-
follower circuit 2.. Thus, the constant current Ié 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 '1l', 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 presenf 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,

——— .
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‘the feedback resistor. Thus, it is possible to easily extend a nunber of
bits without enlarging a size of the digital-to-anal og 3 circuit so
much. BRI EF DESCRI PTI ON OF THE DRAW NG These and ot her objects of the
subject invention will becone nore fully apparent as the foll ow ng

descri ptidyy dtancePde Bnlel $BbdBhck Fesfid@N9S MBI ubBeL? Bhe constant
currents I2 and I8 are determined to meet conditions defined by
equations, as follows:

R2 x I2 = AV/2, and

R2 x 1I3

AV/4

If the minimum step voltage AV 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. Fﬁrther, it is possible
to manufaqture the current-mirror circuit in a relatively small
area. Therefore, if the D/A converter circult 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 extehd a number of
bits with ease and without enlarging the size of the D/A a
converter circuit so much.

Incidentally, the present embodiment is designed to extend
the number of bits by the low-order 2 bits. However, 1t is
possible to increase an extended number of bits by modifying the
present embodiment. 1In other words, it is possible to provide
extended ;n' bits for.the D/A converter circuit (where 'n' is an
integer larger than '1l').

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
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"FIG 1is acircuit di agram show ng a configuration of a D.A converter
circuit which |I's designed in accordance with an enbodi nent of the .
i nvention. DESCRI PTION OF THE PREFERRED EMBODI MENT FIG 1 is a circuit

f i h
Goolr ATe TR BooPafalltd S dciibatlonds oan °BR  Shatl ad fS e "Hiehythn.
converter ciAgUthi&f 1ddéntilor aakAibas eﬁb%beaomeé&%rél Poritd Wgidur! | over

circuit 2 and a current-mrror circuit . Herein, the DA converter 1
recei veﬂeﬁérbmgdatmvth@rs;mﬁuoloa'ceéseﬁtmaghcnamﬁeﬁisﬂﬁcélﬁheiaato&',, and

the voltage-follower circuit 2
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.
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* receives an output of the DA con{ﬁrter 1. The current-mirror circuit 3

generates constant currents in re ﬂﬂiﬂ"& nlu"nata whi ch are placed in
ircuit 1 is designed as a

| ow orders of the 16-bit data. Th

reS|stown@hriggchxgﬁ%Estconverter u5|ng CAVB ci fcuits. A current-switching
circuit 4 1s provi to switch over connection between the

vol tage-follower circuit 2 and the current-mrror circuit 3. An output of
the current-mrror circuit 3 is supplied to the voltage-follower circuit 2
t hr ough t.he Audigitaiwitochnalogiconverter syncydt chBPElisHDE: of the
current- n1rr%rd§;&%gittg Lﬁa%ggegoﬁéggég;(¥g¥mﬂécggving 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, whereiq a feedback resistor 1is
connected between an inverting input and an output of the
operational amplifier;
a current-mirror circﬁit for providing a plurality of
constant currents, a number of which is set at 'n’', 1n response
to n bits which afeaplacgd in low orders of the input data of
(m+n) bits; and
a current-switching circuit, connécted-between the curreﬁt-
mirror circuit and the voltage-follower circuit. for selectively |
switching over the plurality of constant currents to be suppiied

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 by and by in low-order positions
thereof and by is placed in a higher order than br.;

a voltage-follower circuit containing an operational

amplifier whose noninverting input is connected to an output of -
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*the D A conv
oper ati onal m out put of the D/A converter 1 is supplied to
a noninverti " he operational anplifier OP. A feedback

resistor R2 is connected betmeen an inverting input (-) and an output of
the opegg @ﬂéit@iwéd—fa:ﬁrlo?coﬁ%rfekt aﬂ?ef-é’iﬂ Wefe sdUaCl fred 158681 18S
out put voltage of the D/ A converter by high input inpedance thereof, so

t hat theonhéptéd Visd twegm -anf 11tﬂvermﬁgcbnpmttmdjan oubipEc tdfy tiveovi ded as t he
out put

Hﬁ" age-follomer circuit 2 is configured using an
+

operational amplifier;

a current-mirror circuit for providing two constanf currents
Ig and I; in response to the bits BH and by respectively, wherein
a relationship between the constant currents Iy and Ij 1is defined
by an equation of Iyg=2x Ij; and

a current-switching circuit, connected between the current-
mirror circuit and the voltage-foliower circuit, for selectlively
switching over the two constant currents to be supplied to the
inverting input of the opérational amplifier in accordance with

values of the bits bH and bL.

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 Qg
and Q;, so that the constant currents Iy and Ij are created:
wherein the relationship between the constant currents Ig and IL
is set by adjusting measurements of the MOS transistors Qg and

Q.-

4. A digital-to-analog converter circuit according to claim 2
wherein thé 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 by and
by, so that each of the constant currenfs Ig and I is supplied to
the inverting input of the operational amplifier.
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i
~of the voltage-follower circuit 2. In short, the voltage- follower circuit
2 serves as a noninverting anplifier having a feedback gain of "1'. The
current-mrror circuit 3 i s configured u5|ng NMOS transistors (mhere NMOS'
IS an abbreV|at|on for N—channel NCS . . fransistor Qerr] and a
re5|stor are conbi ned t 82Br8dce o+ crerehHtt eerrent | 1. The reference

current e 1S |
and B (or @ﬁ?&#ﬁﬁ% "ty %@%&&ﬁ?“éﬁ?‘féﬁ B B B T 0
IL) res &i&&'txil-ifo-lﬂélsenéémr@éﬂ ¥ei¥dnkS daebaésohntmes f (Whesnt m'bi t
(bH), a nunber of which is counted froma NMSB of.

is an integer arbitrarily selected), a voltage-follower circuit

containing an operational amplifier, a current-mirror circuit and
a current-switching circuit. Herein, the data of m bits are
extended by bits by and b; in low-order positions thereof,
wherein by 1s placed in a higher order than b;. A noninverting
input of the operational amplifier is connected to an output of = -
the'digital—to;analog converter; and 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 Ip and I; in response
to the bits bH_snd by, respectively. wherein a relationship
-tetneen the constant currents lﬁ'and I;, is defined by an equation
of Ip=2x Ij. The current switching circuit, which is connected
between the current-mirror circuit and the voltage—follower
circuit 1s 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 by and by.
Thanks to the configuration of the digital-to-analog converter
circuit, the feedback resistor and the current-mirror circuit can
be designed in small areas. Hence, it is possible to easily

extend a number of bits without enlarging a size of the digital-

to-analog circuit so much.
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the 16-bit data, whilst the constant current I3 is related to a LSB (i.e.,
sixteenth bit; bL) of the 16-bit data. Measurenents of the transistors @
and B are determned to establish a relationship between the constant
currents 12 and 13, as follows: [err]2 =2 X 13 The current-sw tching
circuit 4 is configured by two pairs of transistors (i.e., 4, b and @,
Q7). which correspond to | ow order 2 bits which are extended with
respect to the 14-bit data :
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inplitted to the DIA converter 1. The current-switching circuit 4 sw ¥fds
‘gver current paths for thejconstant. currents 12 and 13 iin response té s

and Gs of the loworder 2 bits. The constant current |2:s introduced to

the_inverting input of theioperational anplifier OP.i'f the transistor

B[err] is turned ON whil st Lhew¢d_sLantqurwénfijEES iintroduced to the
i nverthis gheey enReplaged opera?iona[janp1ifier'CP{rf,phE"ﬁraq§ﬁ$tu{¥§ﬁ“f§;r;
t ur ned I ration of the I/ A converfer circuit ‘of FI'G 1wl be-

descri i | both of the lowol@er 2 bits are set_at '

of the transistors @ and Cy73r¢1fﬂrﬁQQEFFFﬁfﬁpﬁtﬂ@EmEhé out put of "t ha

DIGITAL-TO-ANALOG CONVERTER CIRCUIT

ABSTRACT OF THE DISCLOSURE
A digital-to-analoé converter circuit is configured by a
digital-to-analog converter receiviﬁg.data of m bits (where 'm’
is an integer arbitrarily selected), a voltage-follower circuit
containing an operational amplifier, a cufrent—mirror circuit and
" a current-switching circuit. Herein, the data of m bits are
extended by bits by and by, in low-order positions thereof,
lwherein by is placed in a higher order than by . A noninverting
input of the operational amplifier is connected to én output of
the digital-to-analog converter; and a feedback resistor is
connected between an inverting input and an output of the
operétional amplifier. The current-mirror circuit, using MOS
transistoés, provides two cohstant currents Ig and Iy in ;esponse
to the bits bg and by respectively, wherein a relationship
between the constant currents Ig and Ij is defined by an equation
of Ip=2X Ij. The current-swifching circuit, which is connected
between the current-mirror circuit and the voltage-follower
circuit, 1s designed to selectively.switch over the two constant
currents to be subplied to the inverting input of the operational
aﬁplifier in accordance with values of the bits by and by.
Thanks to the configuration of the digital-to-analog converter
circuit, the feedback resistor and the current-mirror circuit can
be designed in small areas. Hence, it is possible to easily

extend a number of bits without enlarging a size of the digital-

to-analog circuit so much. REPLACEMENT SHEEF—
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DY A'converter,1 is directly provided as the output of the D/A converter
circuit. If the fifteenth bit is setat-"1",..the transistor @ is turned
ON, so that electrical connection relating to the constant current 12 is
provi ded for the voltage- follower circuit 2. Thus, the constant current 12
flows through the feedback resistor R2, so that the D/A converter circuit
produces an anal og output voltage of R2x 12. 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 anal og out put voltdge of R2x 13. If both of the

| ow-order 2 bits are set at '1', the constant currents |2 and |3 are added
together, so that the DA
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converter circuit produces an anal og output voltage which. corresponds to

vesult of addition. The DIA’converter-.circuit -of thé present enbodi ment can
produce a half or a quarterJof a. n1n|nun1stpp vol tage A V whi-ch—is

outputted fromthe D/A convgrter ;1. I'n'ordgr to do $6,:  rdsiREPACEMENT $hid™

f eedback resistor R2 and val ues of theB;onstant currents | 2 lapo—13—are
determined to neet conditions defined equations’ as foll duwd:
ops def i ﬂ rons, -as "q" 20 MAR 997
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DIGITAL -TO- ANALOG CONVERTER CIRCUIT

BACKGROUND OF THE INVENTION

The invention relates to digital-to-analog converter
circults which convert digital signals to analog signals.

One type of digital-to-analog converter clircuit
(hereinafter, simply referred to as D/A converter circuit) 1is
designed to provide a large number of bits, wherein the D/A
converter circuit is configured by combination of resistor
strings -and CMOS transistors. Heréin. 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. Howéver,
the D/A converter circuit suffers from a problem, as follows:

If a numbér'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:



R2x12=AV/2 and R2 x 13 = AV/4 |f the nininum stdpgy s 3
P g\é?iﬁf@@@ ey S

kna mlli-volt range, It is possible to reduce resista
resistor R2 as well as values of the constant currents {3 and |13. As
descri bed above, the present enbodi nent does not requirle la ZGSMARdB9ha4ir
hi gh resistance which requires a relatively large areafinthe IC. In
addition, it is possible to reduce resi &ance of the féedback resistor'Rﬁ

Further, it is possible to manufacture the current-mirriarcircuit jin a
relatively small area. Therefore, if the D/A converter circuit is
manuf act ured . as

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 by and
bL in low-order positions therecf; and bH is placed in a higher
order than bj,. The voltage-follower circuit contains an
operational amplifier whose noninverting input is connected to an
output of the digital-to-analog converter, whereln 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 responée
to the bits by and by, respectively, wherein a relationship
between the constant currents Iy and I is defined by an equation
of Ig=2X I;. 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 opérational
amplifier in accordance with values of the bits by and by.

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., by and by ), 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



an1Ccircuit, a large area of the ICcircuit is not occupied by the
resistor. In short it is possible to extend a nunber o ﬁ%ﬁﬁ%c th~ease and
wi t hout enl argi ng the size of the DIA converter circuit]|s i
I ncidental ly, the present enbodinent is designed to extgnfl t he nunber of
bits by the loworder 2 bits. However, it is possible t n@MAR 1997 .
ext ended nunber of bits by nodifying t&h,present enbodi frept. I n otheLrJ J
r
t

O

words, it is possible to provide extended 'n' bits for {he DA conver

circuit (where 'n' is an integer larger than '1'). LastlycirtCuil elenents

and conponents, which are enpl oyed '
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 whereln:

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 1nvention.

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 cprrent-mirror circuit 3.
Herein, the D/A con&erter 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 p;aced 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



by the D/A converter circuit of the invention, are not limted to those
used by the enbodinment of FIG 1. Hence, any kinds OF EpiK m@wsﬂEpﬁenents
and conponents can be applied to the invention. As th|Q I“nveni.l-on— be

enbodied in several forns w thout departing fromthe splrlt of essentlal
characteristics thereof, the present enbodlnent i s thef eR&r MAR 19941 rjatfi ve
and not restrictive, since the scope of4the inventioh is defined by jtHe

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 outpqt
voltage of the D/A converter 1 is directly provided as the output
of the voltage-follower ci;cuit 2. In short, the voltage-
follower circult 2 serves as a noninverting amplifier having a
feedback gain of '1'. '

The curfent-mirror circuit 3 is configured using NMOS
transistors (where 'NMOS' is an abbreviation for 'N-channel
MOS'). Herein, a transistor Q1 and a resistor Rl are combined to
produce a referehce current I1. The reference current Il is
subjJected to current-mirror operation, so that transistors Q2 and
Q3 (or Qg and Q;) generate constant currents 12 and I3 (or Iy and
1) respectivel&. The constant current I2 is related to a
fifteenth bit (by), 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; b;) of the 16-bit data. Measurements
of the transistors Q2 and Q3 are determined to establish a
relationship between the constant currents 12 and I3, as follows:

I2 = 2 x I3 |

The current-switching circuit 4 is configured by two pairs

of transistors (i.e., Q4, Q5 and Q6, Q7) which correspond toilow-



appended cl ai ns rather than by the description preceding them and al
changes that fall within neets and bounds of the clainms, or equival ence of
such neets and bounds are therefore intended to be enbracg H-ai s

8 WHAT IS CLAIMED I S: 1. A digital -to-anal og converter ACEMENT & -
conprising: a digital-to-analog converter for receiving d tE_B?_ﬁTBVTS““;
2> 20 MAR 1997J’ .

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 13
in response to 1s and 0s 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 is turned ON whilst
the constant current I3 is introduced to the inverting input of
the operational amplifier OP 1f 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 1s directly provided as the output of the D/A
converter circuit. If the fifteenth bit is set at '1', the
transisfor 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 1s set at 'l1', 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 'l', the
constant currents I2 and I3 are added together, so that the D/A
converter circult 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,



which are placed in high orders of input data of (mn) bits (where 'm and

‘n'" are integers arbitrarily selected); a voltage- fo'”@“@fC@WﬂﬂugﬂEEf -

contai ning an operational anplifier whose noninverting-i-pput—+s—connedt ed

to an output of the digital-to-analog converter, mher%ln a feedback
r

resistor is connected between an |nvert|ng i nput and an &G MR BH7 ¢ He
operational anplifier; a current- n1rroL_p|rCU|t for ovi di ng a plurallity
' in response to{n

}-hits;

of constant currents, a nunmber of which is set at 'n
bits which are placed in | ow orders of the input dat
and -

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 12 AV/2, and

R2 x I3

AV/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 12 and I3. |

As described above, the present embodimernt does not require
a resistor having high resistance which requires a relatively
large area in the IC. In addition, it 1s possible to reduce
resistance of the feedback resistor R2. Fﬁrther, it is possible
to manufacture the current-mirror circuit in a relatively small
area. Therefore, if the D/A converter ci;cuit is manufactured as
an IC circuit, a large area of the IC circult is not occupied by
the resistor. In short, it 1s 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 1s possible to provide
extended 'n’ bits for.the D/A converter circuit (where 'mn' 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



a current-switching circuit, connected between the curr

and the voltage-follower circuit, for selectively switc iﬂE?LREEWEﬁf1 H

plurality of constant currents to be supplied to the inye
operational anplifier in accordance with values of the |n

= rror circuit

—————————— ey,

bits. 2. A
-ItéBaNARo‘lSW

di gi t'al -t o-anal og converter circuit congrising: a digi tjal
converter for receiving data of mbits (where 'm is a

eger arbitr

sel ected), wherein the data of mbits are extended by Rit
| ow- order positions thereof and bH is placed in a higher

s bH and bL ™

oreer—t-han bl er

a voltage-follower circuit containing an operational

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.



‘anpl i fi er—whose noninvertlng I nput is connected to an cuﬂgumﬂaﬂwf' 9 the
digital - r, wherein a feedback resistaqr -eeﬂnected
bet ween 2;“““@“ H and an out put of the operatijonal, ﬁﬁp|lfl a
current- CLToults Ter providing two constant currené [

el ationship betmeen

response to the bits bH and bL respectively, wherein ajr
the constant currents IHand IL is deflﬁed

i

WHAT IS CLAIMED 1S:

1. A digital-to-analog converter circuit comprising:

a digital-to-analog éonverter 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, whereiq 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', 1n response
to n bits which are placgd in low orders of the input data of
(m+n) bits; and .

a current-switching circuit, connécted between the current-
mirror circuit and the voltage-follower circuit, for selectively
switching over the plurality of constant currents to be supplied
to the 1nverting 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 by and by, in low-order positions
thereof and by is placed in a higher order than by :

a voltage-follower circuit containing an operational

amplifier whose noninverting input is connected to an output of



between the ﬂlmm"l ircuit and the voltage-foll

sel ectively mu"m , e two constant currents to pe supp |-
i nverting inplt Bf thd operational anplifier in accor dance
the bits b[err] and b[err]. 3. A digital -to-anal og corjvg
according to claim2 wherein in the cugent-mrror circfit,
current is subjected to current-mirror operation, using
and Q., so that the constant currents IH and IL are created
rel ati onshi p between the constant currents IH and IL

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
Iy and Ij in response to the bits by and by, respectively, wherein
a relationship between the constant currents Iy and Ij is defined
by an equation of Ig=2X Ij; 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 bH and bL'

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 Qg
and Q;, so that the constant currents Iy and Ip are created,
wherein the relationship between the constant currents Iy and Ij
is set by adjusting measurements 6f the MOS transistors Qy and

Q.

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 by and
by, so that each of the constant currents Iy and I; is supplied to

the inverting input of the operational amplifier.



;%%Th; 4.

transi stors,

I's set by adjusting neasurenents of the MOS transistors
A digital -to-anal og converter circuit according to clai m{2
current-switching circuit is configured by two pairs of :
wherein each pair of MOS transistors are set in an ON stgtd i€0rispanse to
a value in each of the bits b[err] and bL so that each o he constant .
currents IHand IL is supplied to the inverting input of the operational

anplifier. 10

DIGITAL-TO-ANALOG CONVERTER CIRCUIT

ABSTRACT OF THE DISCLOSURE

A digital-to-analoé converter circuit is configured by.a
digital-to-analog converter receiviﬁg data of m bits (where 'm’
.is an integer arbitrarily selécted). a voltage-follower circuit
containing an operational amplifier, a cufrent-mirror circuit and
a current-switching circuit. Herein, the data of m bits afe
extendedlby bits by and by, in low-order positions thereof,
wherein by 1is plhced in a higher order than by,. A noninverting
input of the operational amplifier is connected to an output of
the digital-to-analog converter; and a feedback resistor is
connected between an inverting input and an output of the
opergtional amplifier. The current-ﬁir:or_circuit; using MOS
transistorg. provides two constant currents Ig and Ij in response
to the bits by and by respectively, wherein a relafionship
between the constant currents Iy and I; is defined by an equation
of Ig=2x I;. The current-switching circuit, whicﬁ 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
aﬁplifier in accordance with values of the bits by and by.

Thanks to the configuration of the digital-to-analog converter
circuit, the feedback resistor and the current-mirror circuit can
be designed in small areas. Hence, it is possible to easily
extend a number of bits without enlarging a size of the digital-

tor-analog clrcuit so much.

Figure 1



