-2070367 "CONVERTER'. The present invention relates to a coz&%ﬁgmch is -
~constructed of a plurality of insulated-gate field effect r Q?D
(hereinafter referred to as "FETs") forned in a sem conductor integrated
‘circuit device, and nore particularly to a converter which is used as a
digital -to-anal og converter (hereinafter referred to as a "DAC') or an
anal og-to- digital converter (hereinafter referred to as a "ADC'). A
converter which enploys FETs as voltage 10 switching elenments i s known
fromthe disclosure in Japanese | ai d-open patent publication No. 28851/ 77.
In this known converter, a plurality of P-channel type FETs (hereinafter
referred to as "P-type FETs") forned on a single sem conductor substrate 15
are connected in the shape of a fir-tree between a plurality of i nput
poi nts and one output point and are controlled "on" and "off" by a digital
signal having a plurality of bits. By neans of the switching control of the
-2- plurality of P-type FETs, one of the plurality of input points which
corresponds to the state of the digital signal is coupled to the output
poi nt . The respective input pointsda~e supplied with voltages of |evels 4
different fromone another froma resistive voltage divider which divides a
ref erence vol t age. Ther ef or e,

"CONVERTER".

The present invention relates to a
converter whiéh is constructed of a plurality of
insulated-gate field effect transistors (hereinafter
referred to as "FETs") formed in a semiconductor integrated
5 circuit device, and more particularly to a converter
which is used as a digital-to-analog converter
(hereinafter referred to as a "DAC") or an analog-to-
digital converter (hereinafter referred to as a "ADC").
A converter which employs FETs as voltage
10 switching elements is known from the disclosure in
Japanese laid-open patent publication No. 28851/77.
In this known converter, é plurality of
P-channel type FETs (hereinafter referred to as
WP~-type FEIs") formed on a single semiconductor substrate
15 are conhected in the shape of a fir-tree between a
plurality of input points and one output point énd are
controlled "on" and "off" by a digital signal having a
plurality of bits.
By means of the switching control of the



oltage of a |level corresponding to the state of the digital signal is
@E%vided at .t he output point. However, the |evel of the voltage to be 10
delivered to the output point is limted as will be explained below. A FET
must have its gate potential raised_greater than its threshold voltage
(hereinafter, referred to as [err] with respect to its source potential 15
in order to bring it into the "on" state. Accordingly, in the case where

P-type FETSAGrE1NEG00ENPLRGREOREYS, Corle el oL o tipgsut i it of

t he sel ect ges is“festricted by the Vth as well” as the | evel of

the digitaposh88avhienbeodpRispBfdis0 tohanealstadfe td¥e tHe digitape FET. The
respective P-type FETs formed on the single sem conductor substrate as

descri bed gpgHelhavecaupiled tol tage ouftputl pfirdy. r efie atkdpeatsivdack gate
bias voltage ") applied fromthe sem conductor substrate 25 whi ch serves
as a commoinpubspodhésgare. suppd iadr ediht volimgésh off lemodild-t ype FET has
its | evel increased by the known substrate effect. In such a case where the
seni#onduc@bfferentbfromt ones amaithesi fowma eaistygoemaltage he back gate
bias voltage is forned of the potentials of the source, drain_and channel

of the P-tgbﬁiﬁﬂ. whicheddvddes endefengpeervplitagesi t MeRLECT®I t age of a

high level in sol yte yal ue recei ves a back gate bias_voltage of a

a
hi gh Ievelacﬁ?fEQESnﬂgnS R¥PLt GOXRE SROTGIRE i} gtate of the
digital signal is provided at the output point.

However, the level of the voltage to be
10 delivered to the output point is limited as will be
explained below.

A FET must have its gate potential raised
greater than its threshold voltage (hereinafter,
referred to as "Vth") with respect to its source potential

15 in order to bring it inté the "on" state. Accordingly,
in the cése where P-type FETs are used in the converter
described above, the upper limit of the selectible
voltages is restricted by the vth as well as the level
of the digital signal to be applied to the gate of the

20 P-type FET.

The respective P-type FETs formed on the
single semiconductor substrate as described above have
a bias voltage (hereinafter referred to as "back gate
bias véltage") applied from the semiconductor substrate

25 which serves as a common substrate gate. As a result,
the Vin ©f each P-type FET has its level increased by
the known substrate effect.

In such a case where the semiconductor



“Vt h made hi gh. Usual ly, a FET of large [err] exhibits a conparatively,kgf
| arge drain - source resistance under a constant gate bias voltage. 10
Thus, the voltage which can be delivered to the output point has its |evel
Timted, not only by the Vth of the FET and the digital signal |evel as
stated previously, but also by the at Peftuat i on i nduced by the increased

drain - source resistance of the FET. In 15 other words, it is
difficult witfussEhateCo8VAaiAtalAedehityearahy pbiteptiall ,a thrsivatd gdtwel
corresponding to the digital signal. In order to elimnate the limtations

to the outputbiastvgttageclisasospedr oifedhebputentiala oift #he?2@Gourcs gnal

| evel for controlling the plurality of P-type FETs "on" and "off" can be

i ncreased by énpinyand, channelaofl ¢theaPwaypegfERqost Ghexiefore, therhis
necessitates additional circuit elenents in order to construct the voltage
booster circuP+tygé FET for switchingl a woliagebjpdce bighhd eyedsdm

I nvention to provide a converter which will deliver a |arge voltage signal
even whzn t heabsqlutervaluggrearivegnal bpskc &apar &tia‘ﬁelvy’lﬁ‘@ﬂe of &.
According to the present invention there is provided a converter including:
a vol tage selli&lrlenetncesrpererdingytheretpyapd Asserdigigdts R pitsed

wth voltagesyal | 2y nafAY "Iudhbifhonh ERECLY LadfelV:, MG e 1 N9 @

' comparatively large drain - source resistance under a
cénstant gate bias voltage.

10 Thus, the voltage which can be delivered to
the output poinf has its level iimited, noﬁ only by the
vth of the FET and the digital signal level as stated
previously, but also by the attepuation induced by the
increased drain -~ soufce resistance of the FET. In

15 other words, it is difficult with such a converter to
deliver a voltage of a desirable level corresponding to
the digital signal.

In order to eliminate the limitations to
the output voltage level as described above, the digital

20 signal level for controlling the plurality of P-type
FETs "on" and "off" can be increased by employing, for
example, a voltage booster circﬁit. This necessitates
additional circuit elements in order to construct the
voltage booster circuit. |

25 It is an opject of.the présent invention
to provide a converter which will deliver a large
voltage signal even when the level of a digital signal

is comparatively low.



h their source - drain paths connected between said plurality of input

nts and said conmon out put point, each of said plurality of 10
i nsul ated-gate field effect transtdtors having a conductivity type which is
determ ned so that each transistor can be brought into the "on" state by a
| evel of a binary signal which affords a greater |level difference relative
to the voltage to be swWicdudiing e htde predémbsisventiondthedei Ysng
circuit which provides binary signals of a plurality of bits for
control | i ngriokddedn'a dvhverifer siridlagiigsai d plurality of insul ated-gate
field effect transistors. 20 The present invention will now
be described in greater alatadifagdy seleotorwinptle cenprisésrance to the
acconpanyi ng drawi ngs, wherein:-- Figure 1 is a circuit diagram of one
preferred pdumadfity edhvmpulr padnts supplied withFroltegesisald sectiona
view of a sem conductor substrate on which a P-type FET and an N-type FET
are Por medhawigg diffierentyllrvels fprem aie Arpthen) -aosinglescommanog
converter emnbodying the converter shown in Figure 1; Figure 4 is a block

di agr am of o¥tpataPednto- andyia Nluxedikiy oL chwglatedraatecfiiettder shown in
Figure 1

ég}ﬁut point, and a plurality of insulated-gate field effect transistors
i

effect transistors with their source -~ drain paths
connected between said plurality of input points and
said common output point, each of said plurality of

10 insulated-gate field effect transistors having a
conductivity type which is determined so that each
transistor can be brought into the "on"™ state by a level
of a binary signal which affords a greater level
difference relative to the voltage to be switched ﬁy each

15 transistor; and

a driving circuit which provides binary
signals of a plurality of bits for controlling the "on"
and "off" states of said plurality of insulated-gate
field effect transistors. o .

20 | The present invention will now be described
in greater detail by way of example wifh reference to
the accompanying drawings, wheréin:-

Figure 1 is a circgit diagram of one
prefer;ed form of a converter; |

25 Figure 2 is a sectional view of a.semiconductor
substrate on which a P-type FET and an N-type FET are

formed;

Figure 3 is a block diagram of a digital-to-



5 h Figure 5 is a logic circuit diagram show ng the contr gl

circuit 28 of Figure 4 in greater detail; Figure 6 is a block diagram of '
.electronic sound generator to which a converter of the present invention
can be applied; 10 igure 7TAis a graph showi ng the

characteristic curve of the circuit“60 in Figure 6, whilst Figure 7B is an
equi valent circuit diagramof the circuit 60. Figures 8 9 and 10 are

f di i f f .signal..yol j ed
Lo Dacs andRART R, ConyertaR" ehB okl ol e L Bt Wowtl IxF S0Pt ©
Fi 1, includ f RASIEAE | ectigr_ 2; and
i ving cireut s | CTRAEHSE ¥Ous2ECbibk dtabrdh W) AHSAAGHAL 2 o

reference V&h&ﬁﬁﬁl(BSh@E?%EEeémbﬁh9&h%dthQ RDOnveirtler SHYNH 8% to a term nal
[err] in order to deliver voltages of levels different fromone another to

its output pogare figrr] to [err] The reference voltage circuit 1 is
constructed as a voltage divider and 25 ‘conprises eight resistors [err]
to [eBr] connected in sePigareTheisea lbgie [cdirchitto diagrianhatmwirigies of
resi stance which are equal to one another. The reference voltage [err] has
a val ue of tBevebnirol sdronditngByofaRiguragéd drmogreatedr deftail/;s volt

devel ops across each of the resistors [err] to [err] and the voltages
(hereinafter, witten [eFipureebcip gobBeckediagnem of tame edwghinompict nts Vi

to V8 are correspondi ng-
sound generator to which a converter of the present

invention can be applied;

10 Figure 7A is a graph showing the
characteristic curve of the circuit 60 in Figure 6,
whilst Figure 7B is an equivalent circuit diagram of the
circuit 60.

‘ Figures 8, 9 and 10 are waveform diagrams

15 showing the waveforms of signal voltages supplied to DACs

and output voltages provided therefrom.

The converter shown in Figure 1, includes
a reference voltage circuit 1; a voltage selector 2;
and a driving circuit 3. The reference voltage circuit

20 1 receives a reference voltage (hereinafter referred to
as “-Vs") supplied to a terminal -V, in order to
deliver voltages of levels diff;rent from one another to
its output points V1 to Ve. T@e reference voltage
circui% 1 is constructed as a vBltage divider and

25 comprises eight resistors R1 to'R8 connected in series.
The resistors R, to Rg have valges of resistance
which are equal to one another.% The reference voltage

-Vs has a value of -3 volts., Accordingly, a voltage drop



The voltage selector 2 has input points [err] to [err]

det ermned. By way of exanple, the voltage [err] becomes 5 -3/2 volts,
Ggf.‘- 1.5 volts.

:shectively coupled to the output points V1 to V8 of the reference voltage
circuit 1, a conmon output point NO~ &nd control input points [err] to

[err] 10

The_control input point Cl is supplied with a binar

si gnal a foming wltidgvelersi PCSPSFhéa(%htorfolth%ptﬁs%)%FWEs021i%oséppl i ed

with a bi
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{ﬁzﬁuv%}%%é 6f8fhe gé%tgagQgélector 2 reduces by a factor of 2.
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circuit 3 is denoted by [érr] and the supply -7 VO ?age | ePel by

[err].

10

15

20

25

control input points C1 to CS'

The control input point C1 is supplied with a binary
signal a from the driving circuit 3. The control input
point C2 is supplied with a binary signal b, and the control
input point C3 is sﬁppliéd with a binary signal b complement-
ary to the binary signal b. Likewise, the control input
points C4 and C5 are respectively supplied with binary
signals ¢ and c.

The voltage selector 2 includes P-type FETs T1 to T,
and N-type FETs Ql to Q7 which are connected in the config-
uration of a fir-tree between the input points N1 to Ng and
the common output point No‘ By "fir-tree" configuration, we
mean that the number of FETs in e§ch subsequent stage of
the voltage selector 2 reduces by a factor of 2.

The respective FETs to be coupled to branches B1 to
B7 in the fir-tree configuration have their channel conduct-
ivity types determined so as to be turned "on" by binary
signal levels which afford difference voltages greater in
the absolute value than voltages VN to be thereby switched.

The earth level of the binary signals which are delivered

from the driving circuit 3 is denoted by Vo' and the supply



“I'n this enbodi nent, the level of the binary signal which is delivered fr'
the driving circuit 3 is nade either the reference voltage [err] having a—~ ,
negative 5 potential (logic value "1") or the earth potential (logic
value "0") as will be apparent frombater description. In contrast, the
vol tage V anongst the 5 voltages which are delivered fromthe reference
vol tagé 10 circuit 1 is equal to half of [err]. As a result, the

vol t ages [err@ofmgggjieﬁegabyvv with respect to the voltage [err], and the
voltages [err] are all positiveSwith respect to the voltage [err].

Accordingly, the level diffarthte bmbvdemehnt, theallevel oife thet imargt t ages
[err] of the reference voltage circuit 1 and the "1" |evel (reference
vol t age [err]sbgnabewhichr yssdgbdivebedofieemgthat drivinghe ixesditut®e sl ue
than the level difference between each of the output voltages [err] to
[err] and themdde édther(thethefepenceovoltegei i yhaving a negatdmese, the
| evel difference between each of the output voltages [err] to [err] of the
ref erer®e volpetentiatufliogianvaine "o* |@Vewhsfeaﬁthbpﬁépptﬁaéna| i s
greater than {he | evel dif;ea nce between each of the voIt%%Fs [err] to
[err] and thellagleeyalues™O" ) ps; Wil REr $PRAZRAL IROFaLHY®T t he vol t age
[err], the Igyel d%g{ﬁrences are equal for both the "1" level (reference
vol tage [err]%$5¢h @«0" |evel (earth) of the binary

In contrast, the voltage V5 amongst the
véltages which are delivered from the reference voltage
10 circuit 1 is equal to half of -Vs. As a result, the
voltages V6, V7 and Vs are all negative with respect to
the voltage Vs, and the voltages Vh’ V3, Vz and V1 are
all positive with respect to the voltage Vs.
Accordingly, the level difference between
15 each of the output voltages V1 to Vh of the reference
voltage circuit 1 and the "1" level (reference voltage
-Vg) of the binary signal becomes greater in the
absolute value than the level difference between each of
the output voltages V, to V, and the "0" level (earth)
20 of the binary signal. Likewise, the level difference
between each of the output voltages Vg to Vé of the
refereﬁce voltage circuit 1 and;the "o" level of the
binary signal is greater than the level difference
between each of the voltages Vg to Vg and the "1" level
25 of the binary signal. '
Regarding the voltage VS, the level
differences are equal for both the "1" level (reference

voltage 'Vs) and the "O" level (earth) of the binary



A8: signal. Accordingly, the FETs [err] to [err] for coupling the input
éggnts [err] to [err] to branches [err] and [err] are of the P-channel
type. The FETs T5 and T6 for coupling the 5 branches [err] to the
branch [err] and the FET [err]=f&r=coupling the branch [err] to the branch
[err] are simlarly of the P-channel type. Likew se, the FETs QL to @ for
coupling EBE?EQQUt points [err] to [err] to the branches [err] and [err]
the 10 S [err] and [err] for coupling the branches [err] and [err] to

the branch [err] and t e f i br h o the
branch [err] are of th2%£§§%%ﬁ§§§%3ﬁﬁfcﬁg?%+$€ %ﬁg%%iﬁgﬁt?£§ %lg T 4 for

coupling thg iRt ?Ei’ﬁti Qf,,r ltd (NL;E heo Bredhd#'E) aBd BS &reher of the 15
N-channel type or o he P-channel™type because t®%e voltbge supplied to the
i nput poi RheNP-kharided 8. of Ty IRETs Tl naddeTcnbefi saplsagWBhiet is of

the N-channel type. In the voltage sel ect 2, the FETs [err] and 20

[er5] couplretichest % lunmah? Blo cfhé trdnch tB.geardvehe hEET 043t foel ect r odes

coupled to the input” point 'Cl so as to be ¢ | enentarily coOntrolled "on"
and "of f" couplingrEhe @anch ctupthesl hrandie By aaced 8Pmhlarlyheir gate
el ectrodes respectively coupled”to the input points C2 25 and [err] so

as to be ednphemPrchannelcdivped | ed "on" and "of f" in sinilar manner,
Al so the FETs T6 and T5 coupled to the branch [err] have their gate
el ectrodes respectivel yideugisey te FEThJY 1oi Gy sTeRrepunhinpethp

input points Ng to Ng to the branches B, and Bg, the
10 FETs 05 and Qg for coupling the branches B, and B5 to
the branch Bz and the FET Q7 for coupling the branch B2
to the branch B1 are of the N-channel type.
In this embodiment, the FET Qh for coupling
the input point N5 to‘the branch‘B5 may be either of the
15 N-channel type or of the P-channel type because the
voltage supplied to the input point N5 has the level of
Vs/2. In the embodiment shown it is of the N-channel
type. .
In the voltage selector 2, the FETs Q7 and
20 T7 coupled to the branch B, of the fir-tree have their
gate electrodes coupled to the input point C1 so as to
be complementarily controlled "on" and "off". The FETs
Q5 and Q6 coupled to the branch 32 have their gate
electrodes respectively coupled to the input poéints C2
25 and C; so as to be complementarily controlled "on" and
"off" in similar manner, Also the FETs T5 and T5
coupled to éhe branch B3 have their gate electrodes

respectively coupled to the input points C2 and C3.



-9- Likewi se, the FETs coupled to the respective branches B4 to B7 have
their gate el ectrodes coupled to the appropriate control input points C4 or
C5 so as to be conplenentarily controlled and "of f" as shown 5
according to circuit connections. hough not shown, the substrate gate

el ectrodes of the respective P-type FETs [err] to [err] are coupled to
earth ‘and those of the resgectrve N-type FETs [err] to [err] are coupled to
the terninal Likewisep the FETs coupledrie dhiesingpragtde raichigsles the

bi nary signals &err] and c for driving the voltage sel ec tor:kgfroan-Mt

bi nary si gnaPg Aot §7chaygpithed i garte: &lepid %F}P‘Q 1t the nade the

g'nﬁaiéhs'j{‘ﬂ'apﬁmar a?égﬁa £ Lé%%{t‘#ra%'g& o oF G oAt WP i cant
it. T INL to INS
cach of whi cHoBRIEREBEersTy AoRHT é#%a iﬁp% Ntcgféf"'ed V%ao@ré °

conpl e ntaréc%égﬁ&ggttae gspP %d@l JV The driving circuit 3 is

suppl i supp Y vol tage. The conplenentary
type inverters IN6 and IN NSk n t he
. é&%ﬁ%u&ﬁ i%ﬁ%‘h%% ﬁyéﬂézﬁf 2 05

inverters [err] to [err] opera e circuit

ST SaaUerae O vk s e 2T 30 ke 1] 10
the 3-bit bigatpleddtal safrthoahd those of the respective N-type
FETs Q1 to 07 are coupled to the terminal -Vs.
jO The driving circuit 3 provides the binary
signals &, b, b, ¢ and ¢ for driving the voltage selector
2, from 3-bit binary signals A to C supplied thereto.
The binary signal A is made the binary signal of the most
- . significant bit amongst the 3-bit bipary signals, and
15 the binary signal C the binary signal of the least
significant bit. _
. The driving circuit 3 includes complementary
type inverters IN1 to IN5 each of which comprises a P-type
FET Ts.and an N~type FET Qa and complementary type
20 inverters IN6 and IN?. The driving circuit 3 is
supplied with the voltage -Vs as its supply voltage.
The complementary type inverters IN6 and IN7 are
constructed in similar manner to the inverters IN1 to
IN5.
25 The operation of the circuit arrangement
shown in Figure 1 is such that one of the input points
N1 to N8 of the voltage selector 2, which is determined

by the combination of the 3-bit binary signals A to C, is



0 - coupled to the output point [err]. In other words, a voltage which
determ ned by the conbination of the 3-bit binary signals Ato C-is

supplled to the output point No. 5 More specifically,
when the 3-bit blnary signals A, and C applled to the driving circuit 3
are "0", "0" and "0", the driving circuit 3 provides in response thereto

the binary signals [err] respectively being "1" (reference voltage -Vs) and

the 10 cloupdred signidies dutpuit poizspeNii vel Inbethgr"Wérdsarah). In

response to these binary signals, the P-type FETs T4, T6 and T7 in the

vol t age soloddage whikah sig tdekerninedeby ottie scambinatdenaofeshiet, t he

vol tage [err] of the |nput porntTégrr] IS supplied to the conmopn out put
na3mo

poi nt [erAbif binamp & ig6s ¥ed toTkBevoutpys at the

out put poi nt err] S output fromthe voltage selector through a |l ead 26.
Wien the PRt Hgrary signals A, B and C are "1", "1" and "1", the driving

resgecti vel y bel ng 0" rtqfoehféiéoﬁtﬁéq%@ orihen e scbi Bs Begarvel y bei ng
uoltage|2§[§®%§ S%”a&%the mlui%%i e éngggéyggﬁginegﬁ%r, 52 thethe
1011255 e, U, Al 9 o B, corr, oo
supplied welshokiae tHrMtD \thetPthdlF S1dhd19182'Y and &
réspectively being "1® (refergnce voltage -Vs) and the
10 binary signals b and ¢ respectively being "O" (earth).
In response to these binary signals, the P-type FETs Th’
T6 and T7 in the voltage selector 2 are switched to the
on" state. As a result, the voltage V1 of the input
point N1 is supplied to the common output point No
15 through the FETs Th' T6 and T7. The voltage at the
output point No is output from the voltage selector
through a lead 26.
When the 3-bit binary signals A, B and C
are "1", "1" and "1", the driving circuit 3 responds
20 thereto to provide the binary signals a, band ©
respectively being "O" and the binary signals b and c
respecfively being "1, In reéponse to these binary
signals, the N-type FETs 01, Q5 and Q7 in the voltage
selector 2 are switched to the "on" state. As a result,
25 the voltage V8 of the input point N8 is derived through
the common output point N, and the lead 26.
| In the same manner, the output point N is
supplied with the voltage V7 when the 3-bit binary



*-11- signals A, B and C are "1", "1" and "0", wth the voltage [err] when
they are "1", "0" and "1", with the voltage V5 when they are "1", "O' and
"0", with the voltage [err] when they are "0", "1" and "1", with the
“voltage [err] when they are 5 " C%W "I" and "0", and with the voltage
[err] when they are "0", "O' and "I".' The N-type FETs [err] and the P-type
FETs [err] to [err] are respectively forned on the single seni conductor
substrate bysighalinAywnBsandcOndret 8A"10"1" ande§Oft, eridir dinet veddtagey
Referring now to Figure 2, the sem conductor substrate in which the N—type
FET @B and twhePR-they &8¢ ['dF;] "8Fcahdr 144, withe thieayeldage JeniwhmErduct or
integrated circuit, includes an N-type sem conductor substrate”0 15

which i s conbheyeareo"al;t AOXnand Pﬂf'ypUi\ﬁbl lthecyioditage Whpj eihers theed in
the surface of the N—t¥ e sem conductor substrate 10 and which is supplied
with the rof&Fent8"volt Egengerar, Withe the| yod trE® Vay MREMS WG AT od by

a P-type sou r on 15 r g| n 14 _whi ch are 20 formed in the
surfacg of tLéﬁs Wl(':oﬁﬂé r's 3 wit e YRdtaegale ¥hely MORY AFSwhich is

fornmed through,a g@peagé q§"f|In119 on the part of the sem conductor
substrate betWwe&n The urce‘region 15 and the drain region 14. The N-type

FET [err] is constituted aynP I ee g on 1 drain
region 12 which are forne |nNt:rl1"¥iS g(gie6 af theaP %péﬁﬁnr gfcwlll and

a gate electepdg 4 ¢l g Lo 86 EBACEIVRIG oriiRe ot i izl On the

semiconductor substrate by well-known semiconductor

10 integrated circuit techniques.

Referring now to Figure 2, the semiconductor

substrate in which the N-type FET 03 and the P-type FET
T2 are formed in the shape'of a semiconductor integrated
circuit, includes an N-type semiconductor substrate 10

15 which is connected to earth and a P-type well region 11
which is formed in the surface of the N-type semiconductor
substrate 10 and which is supplied with the reference
voltage —Vs. The P-type FET 'I‘2 is constituted by a
P-type source region 15 and drain region 14 which are

20 formed in the surface of the semiconductor substrate 10,
and a gate electrode 20 which is formed through a gate
oxide film 19 on the part of the semiconductor substrate
between the source region 15 and the drain region 14,
The N-type FET Q5 is constituted by a P-type source region

25 13 and drain region 12 which are formed in the surface
of the P-type well region 11, and a gate electrode 18
which is formed through a gafe oxide film 17 on the part
of the P-type well region 11 between the source region 13



G%; t he P-type well region 11 between the source region 13 - 12 - and the

rain region 12. Afield oxide film16 is formed on the surface of the
sem conductor substrate 10 and is relatively thick. The respective
resistors R to R5 constitutimg the reference voltage circuit 1 are

constituted by P-type polycrystalline silicon filnms fornmed on the thick
oxide film 16 overlying the N-type sem conductor substrate 10 t hough not
shown. Thed othi@udrabht pggso1120 VBAoFiehd pafideefddmvdib dge circuit 10
1 can be determ ned conparatively precisely because deviations in relative
char act er i 86rmed aomnthe esusfaceeof| thensemigondusitoso sybstaratentyr at ed
circuit are, in general, small. In the case where the polycrystalline
silicon fiamditsusetattveh¥ thicktor, its resistivity 15 can be made

sufficiently great, so that the occupying area of the resistor in the
sem conduct or subst r at eTBANTBEPAGYEA Ve ELBeBtOR SN Riyn ton&a-ase where the
resistor is forped fs a,sem cqnductor r istordgpi&Q Hs formed by doping a

semtonduck RS THBEF BE-thpt ReLRTPREE: VP &S 't ¥ Sopposite
have compaSRFYLFRyLRAGRY, Br EEbeoPorYeTYRRALL ten IR LMY Cn 07 he
o chne - FBER R A PRk S UAR O A B
the thfesh&éﬁh&@%&&&%érOEuBQ%rate 10 though not shown. The
output voltages V1 to Ve of the reference voltage circuit
10 1 can be determined comparatively precisely because
deviations in relative characteristics among resistance
elements in a semiconductor integrated circuit are, in
general, small. In the case where the polycrystalline
silicon film is used as the resistor, its resistiwvity
15 can be made sufficiently great, so that the occupying
area of the resistor in the semiconductor substrate can
be made smaller than in the case where the resistor is
formed as a semiconductor resistor which is formed by
doping a semiconductor substrate with an impurity having
20 the opposite conductivity type to the substrate. In
addition, since the resistors can have comparativély
high values of resistance, the power dissipation of the
circuit can be made low.
. In the converter described above, the
25 voltage to be provided at the output point No is not
essentially limited by the threshold voltages of the
FETs in the voltage selector 2 and the levels of the.

digital signals applied to the FETs.



"FETs 'in the voltage selector 2 and the levels of the. digital signals ég@
applied to the FETs. - 13 - By appropriately determning the

conductivity types of the FETs in the voltage selector 2 as stated above,
“switching control signals of sufjifiegt | evel s can be given between the

gates and 5 sources of the FETS“to be switched into the "on" states, so
that the "on" resistances of the FETs can be sufficiently lowered. As a

result, in the above desqﬁaggﬂpfg€%§££§iy &ggg}ﬁkn§hgggh§iof smal | | evel

anpl itudes can be used to vide a voltage re nding to the digital

signal at hiddhdRreety ﬂﬁyéﬂgoﬁﬂtHGCPEﬁé?iheiﬁb-vEﬁ%agéoﬁélde%é&ibEd
converter does not need. dny booster circuit as in converters of the prior

art referred tas @tétﬂ-abo%{eWﬁghiﬂﬁ QQﬁtﬁéleEiFﬁalbeoﬁ operated
with the single potential source which has the | evel of the reference

vol t age -V38 sweffiddient A eveld. canrbvdcgiver, betwebhethel gagessandctor 2, the
P-type FET and N-type FET which receive voltages different from each other
from the refsourmes \af ttlge FETsute He 2Witchédrimktanphe, "oh& FETs [err] and
[err] may be controlled by the common binary signal Lerr fromthe driving
circuit 3. Atatesssq thak theclon! pesisyanceaavf thepEETs| cavrde from

cor r espond PG B et reduced. O

As a result, in the above described converter,

digital signals of small level amplitudes can be used to
10 provide a voltage responding fo the digital signal at
high speed and having an accurate level.

The above described converter does not need .
any booster circuit as in converters of the prior art
referred to earlier. | Moreover, the converter can be

15 opergted with the single potential source which has. the
level of the reference voltage -Vs relative to earth.
' Furthermore, in the voltage selector 2, the
P-type FET and N-type FET which receive voltages different
from each other from the reference voltage circuit 1,
20 for example; the FETs T7 and Q7 may be controlled by the
cohmon binary signal a from the driving circuit 3.

As a result, the types of binary signals to
be delivered from the driving circuit 3 and the number
of output control signals corresponding thereto can be

25 reduced. |

'In a modified form, the input digital signals

can have an even larger number of bits, and the intervals

of the multi-valued voltages to be delivered from the



h a nodified form the input digital signals can have an even |arger

nber of bits, and the intervals of the nulti-valued voltages to be
delivered fromthe -14- reference voltage circuit can be varied as
desired. Referring now to the dignfak-to-anal og converter shown in Figure
3,” the system shown includes a register which stores binary signals of 3

rans ts RHATeR S ConbaRt of LbIuFHPBRg, 02 SRo B By SeEReR 007 TS
converter 21 has the ssge{éfggﬁéugé%ogoa%hghaiEQQ&QLQ%LaQQT@g| n Figure 1
he

Iﬂat 'fi the 10 con rises eference voltage circuit,

e volta se g=Ci | | uffe
anplifi erg%‘f?fg%xghs%é\gn Zgiﬁ\#ﬁ 3’ % l'_l E"?&E?’cﬁhf’?'ﬁgﬂgf‘%d%e% on '[he
basr S of té} %P#ep'@ﬁli sggggég ﬁingﬁngi higned B3t &d te @ tBhe regi ster

er a |f|er has a” hi gh. i nput i npedance characteristic
'n der t&&r%&ﬁ%w&reﬁi—w AMaf h2WraY ity bife1dewsni250wnaiwict N of

t.he converter a vol age of an accurate anal og val ue correspondi ng

20 to tfeandRitsdtBematosageshversesupnl ithdolighma Iplurabdait er 21 to the
buffer anplifier 22. Wilst, in the DAC shown in Figure 3, the driving

circuit isofnrineed2&4pn the converter 21, it is possible to directly drive
the voltage selector circuit

The converter 21 has the same construction
as the converter shown in Figure 1. That is, the

10 converter 21 comprises the reference voltage circuit,
the voltage selector and the driving circuit, and it
supplies a buffer amplifier 22 through a line 26 with
a voltage which is determined on the basis of the 3-bit
binary signals A, B and C transmitted from the register

15 23.

The buffer amplifier 22 has a high input
impedance characteristic in order to prevent current from
flpwing to the common output point No of the converter 21.
Thus, a voltage of an accurate analog value corresponding

20 to the input digital signals is supplied from the
converter 21 to the buffer amplifier 22.

Whilst, in the DAC shown in Figure 3, the
driving circuit is included in the converter 21, it is
possible to directly drive the voltage selector circuit

25 with the outputs of the register 23. In this way, the
driving circuit need not be arranged in the converter 21.

Referring now to the analog-to-digital

converter shown in Figure 4, the ADC system converts an



~25 - with the outputs of the register 23. In this way, the driving
circuit need not be arranged in the converter 21. Referring now to the
anal og-to-digital converter shown in Figure 4, the ADC system converts an

-- 15 - input anal og voltage [err] | g0 _binary signals of 3 bits A B and C.
The DAC converter 21 is constructéd rn sinilar manner to the converter
shown in Figure 1. On the basis of the 3-bit binary signals 5 A, B and

C lied t 3 f t 28
Lo be descr i BaRFaraRtBE kohtaes) Ty e S R o P e 26,
this anal og x9l Baﬂﬁdcé”esﬁﬁgdbﬁq konvagtardidh Qigndohstraftled An B and C.

10 A conparator 29 receives on one of Its inputs the

vol tage del i ¥enelatr AEhhEe BOCtRE condedter! ShOWIEMRA FEuraN 4 hput anal og
voltage [err] to be converted into a digital signal through a Iine 33.

The conparator 29 conpar egnt thevbhisdge offr &iet Fe-bRACHIhaand slignalg he i nput
voltage [err] and transmts a bi-nary signal CD based on the result of the
conparbson tA4,tBeandnCr sippiliedi th?dughr cegpes tivee 1ithesTIH: ,c G raxtd ci rcui t
28 is shown in greater detail in Figure 5, and conprises latch circuits
100, 20 15€, from andoni®olacdrenddr 280to AeDdpscadibesh 1ates,, Ithe 105
and 106, and OR gates 111, 112 and 113. A start signal_Sis applied

t hrough a | ilaAngn eutnutsess: analeign yolbageiomha@ dina Gawedh¥s t er mi nal )

of each of analog voltage corresponding to the 3~bit binary signals
A, B and C.

19 A comparator 29 receives on one of its
inputs the voltage delivered from the DAC 21, and on its
other input an input analog voltage Vx to be converted
into a digital signal through a line 33. The
comparator 29 compares the voltage from the DAC 21 and

15 | the input voltage Vx, and transmits a binary signal CD
based on the result of the comparison to the control
circuit 28 through a line 30.

The control circuit 28 is shown in greater
., detail in Figure 5, and comprises latch circuits 100,

20 108, 109 and 110, a counter 101, AND gates 102, 103, 104,
105 and 106, and OR gates 111, 112 and 113. A start
signal S is applied through a line 31 to the reset
terminal (hereinbelow, termed "R terminal™) of each of
these latch circuit 100, 108, 109, 110 and 101.

25 The AND gate 102 receives the output G of
the latch circuit 100 on one of its input terminals and
receives a clock pulse Cn on the other input terminal

through a line 32, thereby supplying a clock pulse to the



@nese latch circuit 100, 108, 109, 110 and 101. 25 The AND
ate 102 receives the output [err] of the latch circuit 100 on one of its
i nput term nals and receives a clock pulse Cn on the other input term nal
through a line 32, thereby supplxjnﬂiq_clock pul se to the - 16 - counter
101. The counter 101 counts the clock pul ses supplied fromthe AND gate
102, and supplies binary signals to its output lines 115 to 118, these
bi nary 5 counitgral®ihavi ng wei ghts of "1", "2", "3" and "4" respectively.
The binary signals output fromthe counter 101 on the |lines_115, 116 and
117 are supplied to one Thepwountan ik} sfounks g 2to%k PRESBAt es 104, 105
and 106 and also to one input termnal of the 10 respective OR gates

111, 112 asyppidedrizom ey ADyEaty €134, ﬂq@ml*?%npm%qonpar ator 29
hroson's elama b BB it e q Ty FELE Brebd BB 10
the BND gaSSerads DEIRE A A P bihrs  voit o 00 BY each of tho AND
G212 5% rhR MY, TIon GRS BT R Co AR ES 108, 105
of these | SPReRT OO, S G Hd 30 11O AL IR e nRupLBe, D0 55
termnal 445 one input terminal of the respective AND gates 104,
165 and 106 and also to one input terminal of the

10 respective OR gates 111, 112 and 113.

The binary signal CD delivered from the
comparator 29 shown in Figure 4 is applied to one input
terminal of the AND gate 103 through a line 30. The
clock pulse Cn is applied to the other input terminal

15  of the AND gate 103 through an inverter 107. The
output of the AND gate 103 is applied to the other input
terminal of each of the AND gates 104, 105 and 106.
The outputs of the respective AND gates 104,
105 and 106 are applied to the set terminals (hereinafter
20 referred to as "S terminals") of the latch circuits 108,
109 and 110. The output Q of each of these latch circuits
108, 109 and 110 is applied to the other input terminal
of the respective OR gates 111, 112 and 113.
] Signals supplied from the OR gates 111, 112
25 and 113 to lines 34, 35 and 36 respectively are used as
the binary signals A, B and C to be supplied to the DAC 21
shown in Figure 4,

When the fourth clock pulse is applied to



of the respective OR gates 111, 112 and 113. Signals supplied fromthe OR
gates 111, 112 25 and 113 to lines 34, 35 and 36 respectively are used
as-the binary signals A, B and Cto be supplied to the DAC 21 shown in
Figure 4. Wien the fourth clock pulse_Ls applied to - 17 - the input
term nal of the counter 101 through'tﬂz AND gate 102, the counter 101
delivers an output signal to the set terminal S of the latch circuit 100
through a |inetHd8input terminal of the Ebantper 40Mothebuighe tARCANIOWN in

Figures 4 and 5 will now be described in greater detail. First of all, the
start signal BakechO2s, therceuntptrelOfhdebimerg angoaltput' signalpmd ed on
the line 31 froman ADC operation controller not shown. 10 Thus, the

| atch circuitsth®osetobermbinakngd ofothadlatehcodncult1000athrougheat ilialey
reset. Wien the first clock pulse (binary signal "1") after the resetting
of the latch A*&uits 100, 108, 109 and 110 is applied to the line 32, this

clock py se 15 I's suppligd to-the counter 101 through the AND gate 102.
As a resllt, the binary sidﬁ%? °Her?§iBEIP§eFEE APGnshRncdnnFdgures to t he

e 15 a8 T bS58  HeSE BRSSP
%2,1 Lo ;23 '3'6“95 115, 116 apflndd oA 811 SSPRET L¥ERY L1BAST &' GHabR 48 1 nes
for example, the binary signal "1" is supplied on the
line 31 from an ADC operation controller not shown.
10 Thus, the latch circuits 100, 108, 109 and 110 and the
counter 101 are reSpectively reset. |
When the first clock pulse (binary signal
"qn) after the resetting of the latch circuits 100, 108,
109 and 110 is applied to the line 32, this clock pulse
15  is supplied to the counter 101 through the AND -gate 102.
As a result, the binary signal ™" is
delivered from the counter 101 to the line 115. At
this time, the lines 116 and 117 are supplied with the
binary signals "O", The binary signals delivered from
20 the counter 101 to the lines 115, 4116 and 117 are
respectively transmitted to the lines 34, 35 and 36
through the OR gates 111, 112 and 113. Accordingly,
the line 34 is supplied with the binary signal "1", and
the lihes 35 and 36 are supplied with the binary
25 signals "OU, That is, the 3-bit binary signals A, B
and C are respectively made levels "1", "O" and "O",
The DAC 21 receives the 3~bit binary
signals "4", "O" agnd "O" aﬁd thus has all its N-type FETs



ﬁgthrough the OR gates 111, 112 and 113. Accordingly, the line 34 is
supplied with the binary signal "1", and the lihes 35 and 36 are supplied
with the binary 25 signals "0". That is, the 3-bit binary signals A B
and C are respectively nmade | evelq9g"'1l", "0" and "O'. The DAC 21 receives
the 3-bit binary signals "1", "O" and "0" and thus has all its Ntype FETs
-18- [err] Figure 1) switched to the "on" states, so that it provides the
line 26 wiQ)y, t@e andt@ge(Rigafet h¢ swibtheduéb the- Von?. stiadesgl tsmge [err]
provided fromthe DAC 21 is 5 conpared with the input voltage [err] by
means of t¥hatokpprevides. the 1knecdSewitbr shehvolipge Vel odgdhex is
hi gher than the vol tage [err}athe bi nary signal CD of the™0O' level is

provi ded fkeek rRAWShpEe aths/29. 10 Conversely, in the case where the
Tevel 10 15 ovi ded (H8% YRLCRERp Yy aPEPY3EST) £7PRe thgo DAG& o dhe binary
Towet ¢ harPamRERAl ekEn RS cirneE ST rage e BRCEBRNE S30208 bed above, the
AND gat e écgp%\/é]%]aeﬁilglfg. by this signal. The AND gates 104, 105 and 106

are enabl level signal is provided fromthe AND gate 103 by
the " 0" level of the C*ﬂcghguéége[ﬁﬁé¥e2@he input voltage ngggplngly, the

latch circuit 108 is se
higher than the voltage VS’ the binary signal CD of the
"b" level is provided from the comparator 29.

10 Conversely, in the case where the input voltage Vx is
lower than the voltage V5, the binary signal CD of the
level "1" is provided from the comparator 29.

In the case where the binary signal CD is
at the "1" level because - the input voltageV_ is

15 lower than the voltage V5 delivered from the DAC 21 as
described above, the AND gate 103 is enabled by this
signal, The AND gates 104, 105 and 106 are enabled when .
the "1" level signal is provided from the AND gate 103 by
the "O" level of the clock pulse Cn.

20 Accordingly, the latch circuit 108 is set
by the‘;ignal of ™" level supplied from the counter 101
through the line 115. The setting of the latch circuit
108 determines the "1" level of the binary signal A to
be delivered to the line 3&4.

25 On the other hand, in the case where the
binary signal CD is at the "O" level because the
input voltage Vx is higher than the voltage V5, the AND

gate 103 is held in the disabled state by this signal CD.



by the signal of "1" |evel supplied fromthe counter 101 through the Iine

115. The setting of the latch circuit 108 determnes the "I" |evel of the
binary signal Ato be delivered to the line 34. 25 On the
"ot her hand, in the case where the-bifary signal CDis at the "0" |eve
because the input voltage [err] is higher than the voltage [err] the

AND gate 103 4 il i n U161 Sabkath o1 gt folY o qahorabnRne AND 19 -

Since a "1" level signal TS not provide ro gat AND

gates 104 to h i h hgabhgede st dis pg none of
gdbe Q3 etile | M agéeg @d%& t8' 06 are’62ud1A0\ke

the latch cir B to 110 i en the second

clock pul se [@r4dbléd appated, 0 AbeordtegB?, hbRedata khet hatemunter 101 is
t her eby updat ed. As a result, the line 118 is supplied with a "I" |evel

signal, .and tderduies 108 end1107i8i &, 0" | evel signals. If the latch
circuit 108 is brought into the 10  set state beforehand as descri bed
above, Ghe signals A B dildex thhe beecdehdveledkt pulhe Cbnés appliedand 36
becone "1", "1" and "0" levels in response to the signal’s supBLied fromthe

| at ch circui ttaothenkinée32; ntike 1dataninitize coupseri 16MNyis theredy t he
latch circuit 108 is brought 15 into the set state beforehand, the
signals A Bupfdatedeconks '@ resultgntheolinedng, iscspppilied with,a he
case where thg ignals AL B and C are at the "1" |, "1" énd_"O""IeveIs, t he
DAC 21 respond’ tevabieienal, andcthaclinesalds| apd] 1ddppithy "08 dievel
signals., If the latch circuit 108 is brought into the
10 set state beforehand as described above, the signals A,
B and C to be delivered to the lines 34, 35 and 36 become
nqn, """ and "O" levels in response to the signals supplied
from the latch circuit 108 and the lines 116 and 117,
respectively. Unless the latch circuit 108 is brought
15 into the set state beforehand, the signals A, B and C
become "O", "1" and "O" levels, respectively.
In the case where the signals A, B and C
are at the "1", "1" and "O" levels, the DAC 21 responds
| thereto to provide the voltage Va supplied to the
20 ' terminal Ng in Figure 1, l.e., the voltage equal to
-(7/8) x Vg volts. This voltage Vg is compared with
the input voltage V. by the comparator 29.
In the case where the binary signal CD of
the "Oﬂjlevel is provided from the comparator 29 because
25 the input voltage V4 is higher than the voltage Vg, the
AND gate 103 is held in the disabled state in similar

manner as described previously. Accordingly, no set

input is applied to the latch circuits 108 to 110.



q:yo terminal N8 in Figure 1, i.e., the voltage equal to -(7/8) x [err]

ol ts. This voltage [err] is conpared with the input voltage [err] by the
conparator 29. In the case where the binary signal CD of the "0" level is
provided fromthe conparator 29 be@use 25 the input voltage [err] is

hi gher than the voltage [err], the AND gate 103 is held in the disabled
state in simlar manner cLiLhed i | y. laNnH y,.H0 set
input is applied to the ?gtgﬁgc§?g§irﬁéﬁg8%§g ?fgaryNETg§¥l§qD]% e case
where the byiar Lgn iy e S 3%3% ator
because the ?ﬁ Y?éég ?égéP?gégf&'f émgpbtﬁgﬁsﬁﬁgﬁ@%{tag err]| the AND

gate 103 'siﬁm-@' 95150800 0r deNabyershBnt Mieoveatdge Vo, dhirchumyl se [er]

is returned to the | evel signal is pro@de fromthe AND

gate 103 tOg&ﬂ@bi@ﬂbs énbouales 1ﬁécbed19§1y, WhensameNGdatdh circuit 109
I's brought Tnto the set state by the " | evel signal supplied through the

AND gt e 1081lock pmsé C,| g¥eretutned QB the MQ" 1evallgh £impuilevdld
determ nes the ' 1 evel Bof the signal B to be supplied to the line 35. In

the case Wrwigzalleislpm{dsdéd BromdtheandDaigattiee 103" to' Bhable "tHe | evel s
upon the application of the second clock pulse [err] as described above,
the 15 DIXD 2gabesvidestohd0bel t afhevsecond lartich wdincaget of03 (23 8) x
[err] volt. Also in this case, simlar to that described above, the input
vol t age [efb?ou@hﬁtbetOOthagéeVBS&aéecDVp&hsd"By ﬂwga&nqianaknsunplgmm a
detern}nailéﬁ;ough the AND gate 105. The ™" level output of the
10 latch circuit 109 determines-the """ level of the signal
B to be supplied to the line 35.
In the case where the signals A, B and C
are at the “Oﬁ, """ and "O" levels upon the application
of the second clqck pﬁlse Cn as described above, the
15 DAC 21 provides the voltage V3, i.e., the voltage of
-(2/8) x Vg volt. Also in this case, similar to that
describgd above, the input voltage Vx and the voltage
V3 are compared by the comparator 29, and a determination
is made as to whether or not the set signal is to be
20 suppliea to the latch circuit 108. In other words, the
level of the signal B is determined.
| Likewise, the level of the binary signal C
of the lowest bit is determined on the basis of the
third éiock signal C,.
25 - When, after the 3-bit binary signals A, B
and C have been determined as stated above, the fourth
clock pulse (at the level "1") is supplied to the control

circuit 28, and a signal of the "1" level is supplied



‘is made as to whether or not the set signal is to be 20 supplied to thégD
latch circuit 108. In other words, the level of the signal Bis

determ ned. Likew se, the level of the binary signal C of the Iowest bit is
‘determ ned on the basis of the third clock signal [err]. 25

Waen, .after the 3-bit binary signal s &' B and C have been deternined as
stated above, the fourth clock pulse (at the level "1") is supplied to the

control circufkrod8thandotnte®nab10tol Rie” et @eeminals\ RS ethe latdd -
fromthe counter 101 to the set termnal S of the latch circuit 100 through

the line 118. cirtuitedponthroaghhithesildmal 118he | drchresponsd tPOthss set .
Furthernore, the set state of the latch circuit 100 enables the AND gate 5
102. As a rsighal,t thecladtkhpeliveuit 100 Hist edtf.r omFuattierapte cdthe t he
counter 101. Thus by arrangi ng the DAC as descri bed above, the booster
circuit may beeti spatscdfnithie datshardsrcpidyiifisienatdes Hite tAND viaot e
circuit can be mniaturized. 10 : Since the anplitudes of
the binlry sid@dks, A8 8t Resuldpddhet kdock' pudss isndnhgdi |£rgm t he

bi nary signals can be respectively nade, for. exanple, the |evel of the
reference vol P&&BE[ 8PPL18Ad teaths serateralQds described above, the control

Wi oh has the | evel of theTPBRoPEnEETARELRG thgo DAL AL SesarEl Hak et e
circuits can QﬁeOBSBQESQ ng%GEtu%%yp%et%Sspensed with as stated
ﬁreviously, so that the whole circuit can be miniaturized.

10 Since the amplitudes of the binary signals,
in other words, the "1" level and "O" level of the binary
signals can be respectively made, for example, the
level of the reference voltage -V and earth potential
as described above, the control circuit, DAC circuit,

15 comparator can be operateh by a power supply which has
the level of the reference voltage -Vs. Thus, the
respective circuits can be operated by the use of the
single power supply, and an additional power supply
such as: a booster circuit is not required.

20 f Furthermore, since the amplitude level of
the binary signals can be made small as described above,
the rate of change from one level to the other level of
the sighal can be made great. Therefore, the ADC can
be put into a high-speed operation.

25 Figure 6 is a block diagram of an
embodiment of an electronic sound generator employing
a DAC.

The electronic sound generator includes ah



Q@%ngle power supply, and an additional power supply such as:a booster
rcuit is not required. 20 Furthernore, since the
anplitude | evel of the binary signals can be nade small as descri bed above,

the rate of change fromone |evel- 22 tshe ot her | evel of the signal can be

nmede great.

i ncl udes a counter which provi
For the saka dinel g6itt,y the single line 54 is illustrated as Ilnes for
transmtting the three sorts of signals.
first signal ®heckirenitf alsoxdndludes refcnaneer fwetsrency,
whi ch i s obtained by dividing the frequency -of the first

of a 30

second signa

Therefore, the ADC can be put into a hi gh-speed operation.

f und
gener at o SOBT GV RSoh DA e % S Chie AR Séénﬁéﬁf%#@%%?%ﬁesfan
- Il 0
zﬁdi oo;s(r::aqug%ghail B;Qfﬁghgg.tgp‘g?egﬁgﬂimc&du e osmé‘{ ag%ireé)’g%?'l S rs]ﬂtéj‘lf)pl ied to a
mixing circystifPatBrosgh 13 Ishd ?%ﬂ@@d 1d a mixing circu it é@”%ﬁf t also

[ine 54 with three |nds

nal s.

a

25

The three kinds of signals consist

si gnal by 2prawdidest ki Ldnei Ghawiwh thriee dirmisnedt yighalisi ng Fde frequency
of the first signal by 4. 15 By way of exanple, the first
si gnal corrtBposaket oIt ndapiiar Sth@l giagle d.finmél# duesitillbigtrated as

10

15

20

25

lines for transmitting the three sorts of signals.
The three kinds of signals consist of a

first signal which has, for example, a reference

.frequency, a second signal which is obtained by dividing

the frequency of the first signal by 2, and a third
signal which 1is obtained by dividing the frequency of
the fir;t signal by 4.

By way of example, the first signal
corresponds to the binary signal C of the lowest bit
in each of the foregoing embodiments, the third signal
to the binary signal A of the highest bit, and the
second signal to the binary signal B of the intermediate
bit.

) The three kinds of signals delivered to
the line 54 are supplied to DACs 21 and 21', each having
the same construction as the DAC shown in Figure 1,
directly and through an invertef 59 respectively.

An output signal from the DAC 21 is an
envelope signal, which is supplied to the mixing circuit
60 through a line 55.

Similarly, an output signal from the DAC 21!



'in each of the foregoing enmbodiments, the third signal to the binary signaﬁﬁ?
A of the highest bit, and the second signal to the binary signal B of the -
‘intermedi ate 20 bit. The three kinds of signals delivered to the |ine 54
‘are supplied to DACs 21 and 21', ea havi ng the sanme construction as the

DAC shown in Figure 1, dlrectly and rough an inverter 59 respectively. 25
An out put si gnal fronlthe DAC 21 is an envel ope signal, which is supplied

to the mxi ngSCanc@meé@pmsd{mla whiehp 5t s suﬁpla#eq/ t‘hntl’éﬁlt%iléggnal
fromthe DAC 21 - is_an envel e signal, which is supplied to the

ni xi ng C|rchﬂrG@iFhﬁ@U§WE§q&hu§ "a1iXing circuit 60 receives the

signal fromthe oscillator_50 the envelop signal] fromthe, 5 DACs
21 and 21' thereby prOV| (leﬁ?gmi’& Aineyiy th q§ees b a?%g’?ﬁ:ked

(her ei naft (SRRt g R S SIS AL P R
el | veped Bybﬁﬁ?? 2R 2o et Bo R L St %%@*Lﬂﬁe%g”a'
The i gnal sETEEs PRsede o IHE St It Voe MURPERETc§ o converts
The m xing chpguphsR0 fA9BeY WU B2 (hereinafter referred to as a
"LPF") through a line 51;
. The LPF 52 is provided to remove higher
10 harmonic components included in the signal delivered by
the mixing circuit 60. An output signal from the LPF 52
is supplied to a loudspeaker 53 through a line 58.
The loudspeaker 53 converts the signal
supplied from the LPF 52 in acoustic energy.
15 The mixing circuit 60 comprises P-type
FETs T9 and T10, N-type FETs 09 end Q1O and resistors
R9 to Rys.
In the mixing circuit 60, the P-type FET
T1O and the N-type FET Qo whose drain electrodes are
20 connected in common and whose gate electrodes are also
connected in common constitute a complementary type
amplifier circuit.
The resistor R11 which is connected between
the common drain electrodes and the common gate electrodes
25 of the P-type FET T4o &nd N-type FET QﬁO’ and the resistor
R12 which is connected between the common gate electrodes
and an output terminal of the oscillator 50 constitute a

feedback circuit for the amplifier circuit.



rr]. In the mxing circuit 60, the P-type FET T and the N-type FET Q
ose drain el ectrodes are 20 connected in comobn and whose gate
el ectrodes are al so connected in g&f n constitute a conpl enentary type
anplifier circuit. The resistor T ]~ which is connected between the common
drain el ectrodes and the common gate el ectrodes 25 of the P-type FET
[err] and N-type FET [errfherptise rRET STorandrthe whesbstorcRgnehtet
bet ween the common gate el ectrodes and an’ out put term nal of the oscillator
50 consti t utatrea cloremeetEd din parallel thetween i ther sourcei electrod4- othe
P-type FET [err] and the resistor [err] which are connected in parallel
bet ween t he theuFecypdee #@BD fandeedrtly peorelii fete | aavdrdable constitute a
vari abl e resistance circuit : More specifically, the 5 resi stance
bet ween t er mesdistenee [clmenitR)]. Moreepecifieablyestbeance circuit
[err] is varied in such a manner that the source - drain resistance of the
P-typ8 FET resdstanommedivesn ferxminaks By 4404 Bobied thej vardabde
el ectrode. Likew se, the h+tg e FET [ errlﬁs g%the 10 resistor [err]
whi ch are c&@fd&ten 991ﬁiﬁ%9 IRpethear uPEeh o SBARBEE Paﬁh§hﬂ-type

FET [err] and a power s t erm nal n titu var i abl e
r esi [st an]ce élorl‘E'Lﬁpet 1 878 %#5%?@9%% ‘£€ %%VQT %ﬁ?a'gg dBgiaried
by an analog voltage applied to its gate electrode.

Q§§Ts [err] and [err], N-type FETs [err] and [err] and resistors [err] to

Likewise, the N-type FET Q9 and the
10 resistor R1O which are connected in parallel between the
source electrode of the N-type FET 010 and a.power
supply terminal V9 constitute a variable resistance
circuit Rx'.
As referred to above, the output signal
15 of the counter 56 is supplied to the DAC 21 directly and
to the DAC 21! through the inverter 59. Aecordingly,
the signal delivered from the DAC 21 to the line 55 and
the signal delivered from the DAC 21' to the line 55!
are complementarily changed iﬁ response to the change
20 of the output signal of the counter 56.
In response to the changes of the
delivered signals, the source - drain resistance of the
P-type FET T9 in the variable resistance circuit Rx and
the source - drain resistance of the N-type FET Q9 in
25 the variable resistance circuit R ! are changed in an
identical direction. That is, the terminal resistance
of the variable resistance circuit Rx and that of the

variable resistance circuit Rx' are varied in the identical



"~ 15 of the counter 56 is supplied to the DAC 21 directly and to the DA&gg'
21' through the inverter 59. Accordingly; the signal delivered fromthe
DAC 21 to the line 55 and the signal delivered fromthe DAC 21' to the line
" 55' are conplenentarily changed i 22sponse to the change 20 of the

out put signal of the counter 56. In response to the changes of the
del'ivered signals, the source - drain resistance of the P-type FET [err] in

t he vari abl &3r@&§tkomdn Fesnranse 49 | thechpase oof cthe grEPHYr 8d4BBRANCe of

the N-type FET !erQ¥ iB 25 the variable resistance circuit [err] are
changed in [ t %Fri@tion. That is, the termnal resistance of

h I abl ' | ' d.,t h foth I ab |
citcuit ferr] are varied ASCQAE a{‘itl%? Leder gf b ER1F0RE, Ko %ponse
to th h t | 5 ' t
ovel of tne% gt o S Hhi-blne BLFAEE TR0 ke CRESESL AN vy

cont r@ | ed béhe's °A‘?%¥%ﬂ%%%f?fiw'° .E&e §gynt er 56. This will be

better understoo ow ng explanatton. In order to assist the

explanation, it is assu {dafiihepdt by eﬁ*ﬂh&?ﬁ%ﬁob& ff#ﬁ g$HRstantial ly

in 10 the "of f" state by the output voltage o e oscillator 50. Figure
7B shows an uigialrhtegdTanation) ch is constituted by the P-type FET T10,
the resistors R12 and [err] and the variable resistance circuit [err] In

In order to assist the explanation, it is
aésumed that the N-type FET Q10 is held substantially in
10 the "off" state by the output voltage of the oscillator 50.
Figure 7B shows an equivalent circuit which
is constituted by the P-type FET T1O’ the resistors R12
and R11 and the variable resistance circuit Rx' In
Figure 7B, R' denotes the terminal resistance of the
15~ variable resistance circuit R,, 1 denotes current which
flows through the resistors R12, R11 and Ry» and g
denotes the mutual conductance of thetP—type FET T1O‘
vin denotes the voltage which is supplied from the
oscillator 50. Furthermore, VO1 denotes a voltage
20 which is developed at the Junction between the resistors
R12 and R11, and V02 denotes a voltage which is
developed across the variable resistance circuit Rx.
The following relationships can be deduced
from the equivalent circuit of Figure 7B:
1= (Vin = Vo1)/Ryp = (Vgq = Vo)/Ry,

R, R
- = -—12 - = —-1-1
Vin = Vo - Voz" - Vo1 = Vo = Vo2 (2)



sistance circuit Rx, i denotes current which flows through the resistors
rr] and [err] and [err] denotes the nutual conductance of the P-type FET
‘[err] Vin denotes the vol tage whi gdgis supplied fromthe oscillator 50.
Furt hernore, VO1 denotes a vol tage 20 whi ch is devel oped at the junction
between the resistors [err] and [err] an@iierr] denotes a voltage which is
devel oped across the vafiqatdonssi(dhrke &An perdedupeds Hredwi ng
rel ati onshi ps can be deduced frcngtie equj val ent circuit of Figure 7B
[err] [errlthe above equations (1) d[éhii (2)
-26- Equations (3) to (5) can be deduced fromthe above equations (1) and
(2): [err] : (3) [err] [err] Wen the
mut ual conductance [err] of the P-type FET [err] is conparatively |arge,
equation (5) can be 5 51312131 and eépressed as follomg: [err]
(6) As will beVapp&r Mt rom gretprs—Cy) 'emd (6), the rati 3\)0/Vin S
varied by the value R’ ofj%hefieTn$né§m>eéistance of the variable
resistance circuit Rx. Figure 7Ais a graph showi ng the characteristic of

éégure 7B, [err] denotes the term nal resistance of the 15 vari abl e

t he R..*R'*

R' (1 + R'-g)
B R .
v R' (1 + Rt-g_) | :
o _ _m ’ o (5)
R, :
Vin Ryp*R'-By

' R' (1 + R'"g )

When the mutual conductance &m of the P-~type
FET T,, is comparatively large, equation (5) can be

5 simplified and expresséd as follows:
v R,, = R'’
-9 =._‘_ll____7 o | (6)
Yin Ry + R

As will be apparent from equations (5) and
(6), the ratio-VO/Vin is varied by the value R! of the
terminal resistance of the variable resistance circuit Ry-
Figure 7A is a graph showing the characteristic of the

10 ratio (VO/Vin) plotted to a base of terminal resistance

(R').

Similarly, the ratio YO/Vin at the time when
the N-type FET Qg9 is held substantially in the "on" state
and the P-type FET Ty 18 held substantially in the "off™"



- 10 ‘ratio [err] plotted to a base of term nal resistance (R). ‘
Simlarly, the ratio [err] at the tine when the N-type FET [err]

hel d substantially in the "on" state and the P-type FET [err] is held

- Substantially in the "off " - 2727 state by the output voltage V  of
the oscillator 50 can be eval uated. As stated above, the term nal

resi sttances of the_var|abl e resistance cijcuit err] c be 5 vari ed
by the conbi ﬁ&?&&n?yoﬁ hé’“ttpﬂ’gevlﬂ%eof‘{i&i é’rél & J?ngoa#?%nﬁq he®Rount er
56. Ther ef gor e, tﬁe i%%pal [err] whose frequency is coincident with the
osci | | ati on PPe§YBHERYS§F+t he oscillator 50 and whose | evel corresponds to

mxing circuf 60 vhen tAD ATSSAAIY S B il a0 o
Lhe counter’ 59 38 VISARAMOWd My & ol fis C gy Tespauge blerelo to

provi de vol t € wavet orm having & broker®line in Figure 9.

15 varie OP%‘ thize c%ﬂd;b‘i?ﬁ%s d¥e M thired oMde o 0 1 gas

shown gy t he wave havi n Ine in Figure 9. Figures 10A to 10D

illustrate tQﬁPE:ﬁléaCtﬂr‘bﬂa wheeiifted 9618 OUtrufiefyrd Netlps Caidminrv 50, the
out put 20 of “the DAC 21', the output of the DAC 21 and the output¥ of

the m Xxing cwhoget £f9@quericie i3 te iMtaderitharisilynities asc Slilatdidm Figure 8
are provided fromthe counter 56.
frequency of the oscillator 50 and whose level corresponds
to the output digital signal of the counter 56 can be

10 provided from the mixing circuit 60.

When the three kinds of signals A, B and C
supplied from the counter 56 are those shown in Figure 8,
the DAC 21 responds thereto to provide voltages as shown
by the waveform having a broken line in Figure 9.

15 . On the other hand, the DAC 21' provides
voltages as shown by the waveform having a solid line in
Figure 9. , *

Figﬁres 10A to 10D illustrate the resﬁective
waveforms of the outpﬁt of the oscillator 50, the output

20 of the DAC 21!, the output of the DAC 21 and the output
of the mixing circuit 60 in the case where the signals
as shown in Figure 8 are provided from the counter 56.

The voltages provided from the'DACs 21 and
21! are varied. approximately in a linear manner with

. 25 respect to time.g as shown in Figures 10B and 10C, whereas
the envelope of the signal output of the mixing circuit
60 as shown 1h Figure 1OD does not vary linearly with
respect to time t. This is based on the facts that the



The voltages provided fromthe DACs 21 and 21' are varied approximately in
&8 near manner with 25 respect to time t as shown in Figures | 0B and
10C, whereas the envel ope of the signal output of the mxing circuit 60 as
shown in Figure 10D does not varydigrearly with respect to tine t. Thi s

I s ‘based on the facts that the -28- values of the term nal resistances
of the variable resistance circuiits [err] are no roportjonal to the

vari ati ons Bf-BRE QSI%gﬁeSEHEPP@ér€@ S éﬁﬂ. ghle and that the

o the val uEeBibtRackCEentts B Jod Rylomth HpY prakREtionel de o O

f . . T
booster i reip VREREIBHE, ot ¥her YL RRRE UM Pl fs DAGE *1SC A
In a nodi figq fRENHYN ftQﬁdelltﬁSttr ‘%?fecvﬁﬁ%do‘i‘e'ﬁ{é%t&@t eppnd pscil | ator

I's provided in order to apply an output to the gate nype FET T10

withis the fb¥i pHopbre¥bha®0tbNihedNadiadSioh ¥f thel Wdud Ner opput of the
further oscillatorand the output of 15 the oscillator 50 are conbi ned.

As a resul tresbgtdacef RYaasods lugneatedn ibe Fagasat7d from the nixing

circuit 60. Furthernore, the electronic sound generator may include a
plurality of such furtheTheselkec#ronic EoamdvgenaTatare desssrfined varyi ng
t he 20 envel ope of the audio signal to be supplied fromthe m xing

circuit 60.abowy eanahgi minbethrizedDhEcauset iy booster circuit
is not required for thg DACs employed therein.
10 In a modified form of the electronic
sound generator, a second oscillator is provided in order
to apply an output to the gate of the P-type FET T1o
within the mixing cirquit 60 through a resistor. Thus,
the output of the further oscillator and the output of
15 the oscillator 50 are combined. As a result, sounds
of various tones can be generated from the mixing circuit
60. Furthermore, the electronic sound generator may
include a plurality of such further oscillators.
The two DACs are used for varying the
20 envelope of the audio signal to be supplied from the
mixing circuit 60. By arranging both the DACs in the
éame construction, the design of the electronic sound
-éenerator is greatly facilitated. |
- Furthermore, it is also possible to vary
25 ' the envelope of the audio signal with a single'DAC.
In this case, a new envelope signal can be obtained by,
for example, inverting with an inverting amplifier

an envelope signal delivered from the single DAC. This



"sanme construction, the design of the electronic sound generator is greatlyft

facilitated. Furthernore, it is also possible to vary 25 t he envel ope
the audio signal with a single DAC. In this case, a new envel ope signal can
"be obtained by, for exanple, inverting with an inverting anplifier an

envel ope signal delivered fromthe sidyl-e DAC. Thi s - 29 - wll enable
the el ectronic sound generator to be mniaturized still further. In the

circuit showngyjsq Flegwﬁeﬁ,ﬂ{&ge&%cgﬂﬂomg/egr% %Eﬁ@fa@@r"g%sﬂgpl ied to the

DAC 21’ through the i1 nverter e I nverter can be omtted

in which casepfihg adRFIA¥q M1 cmpstnék ed so as to al so provide inverted
signals of the respective output signals. - 30 - CLAIMS. 1. A

converter including:- a volimahe &Qehit ¥ReWwn COIFiGese 26 pl thal ity of
i nput points supplied wth voltages all having different |evels from one

anot her, a si mdlgnadomfbrthetcpuntey 86 ,isnsupplied ato tthefDACSRY &t ed- gat e
field effect transistors with their source - drain paths connected between
sai d pl Oral i t thooughpbthepdinverteni 59. However, the inverter 59 can

be omitted in which case the counter 56 is constructed

so as to also provide inverted signals of the

respective output signals.

q



aid co t j““{ each of said plurality of insulated-gate field
@f ect iwgm:‘““s“mi g a conductivity type which is determ ned so that

ch tr ar ®ansbe* brought into the "on" state by a level of a binary
signal which affords a greaterl?aﬁg Tifference relative to the voltage to
be switched by each transistor; and a driving circuit which provides binary
si gnal s of hg;ality of bits for controlling the "on" and "off" states of
sai d pIuraFgﬁg * insul ated-gate field effect transistors. 2. A

converter gccording to i m rej ate el ectrodes of at |east one
P- channel tqype i nsul at eg- 3&%’%’?% %{hé‘%{]ﬁ}?hnsi stor and one N-channel
type insul ated-gate fi elad ve&c]f't?a e Fgﬁﬁééprwkkﬁﬁaé(gmﬂpiéégeasel ector are
connected in comopn so as toO reteivée an 1 dentical bimary signal. 3.

¢ t | P | i . nal. S et
convert e 3¢eanding g qngrﬁsgag%ﬂ%@& 3 dwpéwr@éi‘f#@é hysul ated-gate

field effeCt transrstors ector are med on a single

sem conduchak 18P THetent Levels from one anotMesPryesiggiaccording to
any one of the preceding clains, wherein said transistors n the voltage

sel ect or agemilohdB@EPUt) Point, e A fplarality ¢ heselabedogatdefined. 5.
An anal og-to-digital converter including: a converter according to any one
of the preddeaildg efif@icts;transistors with their source - drain paths
connected between said plurality of input points and
said common output point, each of said plurality of
insulated-gate field effect transistors having a
conductivity type which is determined so that each
transistor can be brought into the "on" state by.a level
of a binary signal which affords a greater level
difference relative tb the voltage to be switched by
each transistor: and
a driving circuit which provides binary
signals of a plurality of bits for controlling the "on"
and "off" states of said plurality of insulated-gate
field effect transistors.
2. A converter according to Claim 1, wherein
the gate electrodes of at least one P-channel type
insulated—gate field effect trans;stor and one N-channel
type insulated-gate field effect transistor in said
voltage sélector are connected in common so as to receive
an identical binary signal.
3. A converter according to Claim 1, wherein
said plurality of insulated-gate field effect transistors
in said voltage selector are formed on a single

semiconductor substrate.



vol tage selector; and a control circuit suppli t of said
‘conparator and controlled in order to provide bi*nary signals of a plurality
of bits for controlling the "on" and3toff" states of said plurality of

I nsul ated-gate field effect transistors. 6. A digital -to-anal og
converter inguding: a conyeidvePEes’ deoord ingnyooaryobnehefptheedi ng
clainms 1to 4; a register which stores binary signals of three bits and
transmts thepprdoediteg cOlwbns frwferéinl saddi tyansistoes; iandhe bolftage

“a conparator having a first input supplied with an input sign to be
converted and a second input supplied with theéﬂ“‘\ﬂﬂﬁ“‘ﬂ“ﬁﬁi@ from said
rc L

anplifier connected in the output line fromthe converter. 7. A
di gi t al - t 0- ansélectomvare carraxgedi iy firetneen 6onfhgureatisai dsbuf f er
anplifier has a high input .i npedance. - 32 - 8. An el ectronic

souhd gener atheré¢inbefiore;défisedand second converters according to any one
of the preceding Clains | to 4; a low frequency oscillator circuit; a
counter provi®i ng three kidmsanaleggheotrdigitalxrcagverteni tncdudin&ig i nputs
from the firﬁ; éggLéﬁiggmgéggggiégr%oaggytggeog%i%%gtg;égeding claims;
a comparator having a first input supplied
with an input signal to be converted and a second input
sﬁpplied with the voltage provided from said voltage
selector; and
a control circuit supplied from the output
of said comparator and controlled in order to provide
binary signals of a plurality of bits for controlling the
"on" and "off" states of said plurality of insulated-gate
field effect transistors.
6, ' A digital—to;analog converter including:
a converter according to any one of the preceding claims
1 to 4; '
a register which stores binary signals of
three bits and transmits them to the converter on a
plurality of lines; and |
| a buffer amplifier connected in the output
1ipe from the converter. '
7. ' A digital-to-analog converter according to
Claim 6, Qherein said buffer amplifier has a high input

impedance.



w pass filter and a |oudspeaker connected in series with the output of

the mx:! ﬂ tl uIH umucounter suppl yi ng i nverted and non-inverted signals
t he and first converters. 9. An el ectronic
und gener at or accordlng to Claiqn 8, wherein the mxing circuit includes

first and second variable resistance circuits respectlvely controll ed by

the outputs of the first and second converters. An el ectronic

sound genefat or accordlﬁ@1ﬁiaQQQQH¥F(ﬁOQPd\Bﬁﬂ%ﬁ#ﬁQﬁei%%UH@éﬂgrncIudes

frequency dividing nmeans to divide a first sguare-wave signal to a second
si gnal havfagskapnd I*P@GPP«QqL&‘é’rW" S 3% &k "H’éxl?\% Eu fer of the
frequency of th f|r e three sets of square-wave signals being
suppl i ed dPFEEE SFQ: fverter and through an inverter to the
second converter. onv L&y stantially as
herei n descri bed mnth r@f&ﬁﬁuﬁ?ﬁ Q#iﬁhﬁé éi?%iygtgures 1 and 2 of
t he acconpanyi ng draw n Log
converter constructed su stan |aI Ipyroééi%er |$1hr eeséﬁﬁk)ed W t%li)gﬁgieirénce to

and as i|1ustrated in Flggushelo di A GUBRIVIAY HIES SProd Sthe

An anal og-to-digital converter constructed substantially as herein

described wirBtr @hdr @eednd cHHredtdrd Uaid afiesl ddcfipates; 4 and 5 of the
acconpanyi ng draw ngs.

a low pass filter and a loudspeaker connected
in series with the output of the mixing circuit, the
counter supplying inverted aﬁd non-inverted signals to
the respective second and first converters.

9. An electronic sound generator according

to Claim 8, wherein the mixing circuit includes first and
secon§'variable resistance circuits respectively
controlled by the outputs of the first and second
converters. -

10. An electronic sound generator according to
Claim 8 or 9, wherein the counter includes frequency
dividing means to divide a first square-wave signal into
a second signal haviyg half the frequency and a third
signal having a quarter of the frequency of the first
signal, the three sets of square-wave signals being
supplied directly to the first converter and through

an invérter to the second converter.

1M1. A converter constructed substantiélly as

herein described with reference to and as illustrated

in Figures 1 and 2 of the accompanying drawings.



“14. An el ectroni c sound generator cons { lally as
“herein described with reference to and as iIIuHmHmﬁ mn ﬂm 6 of th
acconpanyi ng draw ngs. R PIRD R s '
o - 33 -
12. A digital-to~-analog converter constructed
.substantially as herein described with reference to and
as illustrated in Figure 3 cf the accompanying drawings.
13. An analog-to-digital converter constructed
substantially as herein described with reference to and

as illustrated in Figures 4 and 5 of the accompanying
drawings.

14. An electronic sound generator constructed
substantiaily as herein described with reference to and

as illustrated in Figure 6 of the accompanying drawings.



