ALLEL COMPARATOR'. The present invention relates to a par al
[ arator. One such known circuit is shown in Figure 1 of éédaﬁwahjlng
drawi ngs. It has been used as a 5 paral l el conparator in an

anal og-to-digital (A/D) converter. This circuit is formed as a two-sfage
~differential anplifier so as to steepen the swtching characteristics, i.e.
to 4 ncrease the gain.. Accordingly, the circuit shown in Figure 1 10 has tﬁ
defects. One such defect is that tne nunber of circuit constituting
elements is large with the result that the power consunption is high

Mor eover, since conparator outputs OUTto 1 OUT respectively vary with
reference to reference 3 15 voltages [err] to [err], there arises another
defect in that the logic circuit construction in the case of conversion
into digital signals of binary code is conplicated. Since the A/D converter
constructed as a nmonolithic or hybrid IC has its circuit construction

-2- fixed, it is convenient to extend the output bits. According to the
invention there i's provided a parallel conparator including:

"PARALLEL CCMPRRATCR".

The preSent invention ¢glates to a parallel
comparator.
Cne such known circui: is shswn in Figure 1
of the accompanying drawings- It 2as Seen used as a
5 parallel comparator 1n an ana105 to-dizital fA/D)
converter. This circult is for:ed as 2z twb-stagé
differential amplifier so as to steépe: the switching
characteristics, i.e. to increase the éain.
Accordingly, the circuit shcwn in Figure 1
10 has defects. One such defect is tzat :the number of
circuit const;tut;ng elements is large iith the result
that the power consumﬁtion is hish.'
Moreover, since comparater o::pu:é OUT1 to
OUT3 respectively vary with refzrence 2 reference
15 voltages V1 to V3, there arises znczther defect in that
the logic circuit construction Iz t2e case of conversion
into digital signals Sf binary code is szomplicated.
_Since ﬁhe A/D convertar cons:tructed as a

monolithic or hybrid IC nas its zircui: construction
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(a) a plurality of conparator portions each 5 having first and second éﬁ) .
transistors differentially connected; (b) an (n - x)th conparator portion
shaving first and second transistors differentially connected; (c) an n th
conparat or portion having first .10 and secondtransistors differentially
connected; and (d) an (n + x)th conparator gbftion having first and second
transistors differentially connected; where n and x are positive integers
andhp i s at |fhsdd grettes tbamenienf dodextiemdeghz ok plitorbigveater than 2;
15 wherein said first transistors of said plurality of conparator

portions, said (n-x)th toopadéngrtpotheohpveaitd om tthhegrenpas apeevipdedi on and
said (n+x)th conparator, portion have their base el ectrode supplied with an
anal og i nput &irgradlldkbreompanptiosetoAdudiagsi stors 20 of said above
conparator portions have their base el ectrode supplied with reference
vol t age havi ng differenta) ev@l Bluppaki&ynofhéodgiaradodt RATE B/ AP sai d
second transistor of said (n-x)th conparator portion and the collector -

el ectrode of RAYiRg TLErst and; 3e6Pn9stERrNSdStor s HidRFEMt Al bbrtion are
comonl y connect ed én-x) | oad nmeans, and wherein the collector el ectrode of
sai d second tTHRISYYF5 of said n th conparator portion -and the coll ector
e o A dfT TSt (BYanghstRr. ok 28! dobB LR YRA AR RPLEg O AT

first and second transistors differentially connected;
(c) an n th comparator portion having first
10 and Second,transistors differentialiy connected; and
(d) an (n + x)th cbmparator portion having
fitst and second transistors differentially conneéted;
where n and X are positive integevs.aﬁd n is at least
_greater than x + 1 and x is equallto 2-dr greater than 2;
15 wherein said first tranéisﬁors of said plurality of
comparator portions, said (n-x)th comparator portion,
said n th comparator portion and said (n+x)th comparator
portion have their base electrode supplied with an
analog input signal whereas said second transistors
20 of said above comparator portions have their base
electrode supplied with reference voltage having
different levels, wherein the collector eleétrode of
- said second transistor 6f said (n-x)th comparator portion
and the collector electrode of said first transistor
25 of said n th comparator portion are commonly cpnnected
{n-x) load means, and wherein the collector electrode

of said second transistor of said n th comparator portion

T 1 T
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' th-1oad means. The parallel conparator may further include: 5
(e an (n-x)th anplifying transistor having its base el ectrode’connected
with said (n-x)th load nmeans; (f) an n th .anplifying transistor having
base el ectrode connected with said n th |oad neans; and 10 o
a constant current source comonly connected to the emtter el ectrode of
said (n-x)th anplifying transistor- and thé emtter electrode of said n
anplifying transistor. In the case where x = 2; the collector electrod
of the second transistor of the gn- 2).th. conparator portion and the

col l ector btthRicCotlentor pie
of the secdd

ihsiety

its
(9)
.

e %

tranei ofopade fHESE thT &t or porti on

»

-

P

may be connnny¥ con ectfd wth gn-2§ th | oad neans; the collector electrode
& tBt CPRBATALLYt ROE
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coll ector el ectrade of . the first transistor of the (n+l)th conparator
@hnlo%?@

portion may*be ¢

BRoANReted with (n-1)th | oad means; and the

o Tretor| ot b e ot hERPEEORE LpAPRFaLAL Ayl lbddl SHERIS o1 port! o
conpar atr port i on ma?/e pe gﬁgﬁgg&ytﬁoggsﬁ?g}\g{i t Qr,r; t;lgﬁq)a!g m%f The

present 1 nvention wl

now sCrib t er det al

y way

exanpl es Wwifdy ref$d €fE€ctrode connected with said (n-x)th load means;

10

20

25

(f) an n th amplifying transistor having
its base electrode connected with said n th load means;

and

(g) a constant current source commonly connected

to the emitter electrode of said (n-x)th amplifying
transistor and the emitter electrode of said n th
amplifying transistor. |

In’ the case where x = 2; the colléctor.electrode
of the second transistor of the (n-2)th comparator portion
and the collector electrode of the first transistor of |
the n th comparator portion may be commonly connected
with (n-2) th load means; the collector electrode of
the second transistor of the (n-1)th comparator portion
and the collector eleﬁtrode of the first transistor
of the (n+1)th comparator portion'may be commonly
connected with (n-1)th load means; and the collector
electrode of the ;;;ond transistor_of the n th comparator
pqrtion and the collector electrode of the.first trans-
i;tor of the (n+2)th comparator portién may be coﬁmonly
connected with n th load means.

The present invéntion will now be described

in_greater detail'by way of examples with reference



-4- to the remaining figures of the acconpanying drawi ngs, wherein:- Fi g@ i
gﬁrs a circuirt diagram of a parallel conparator (not being an enbodi ment of =~
.the present 5 invention); Figure 3 shows three waveformnms which expl ain.

the operation of the conparator shown in Figure 2; Figure 4 is a circuit :
di agram show ng a first preferred enbodi mrent of a parallel conparator; 10
Figure 5 is a set of waveforns for explaining the operation of the _

enbQdi nent of Figure 4; Figures 6A and 6B-ake-circuit diagrans show ng a

first formof an A/D converter disclosed in our Divisional Application No.
8325882 incorporating 15 a second enbodi nent of a parallel converter;
Figure 7 show® d&heemiepaiofingafgumess fof eikel atnpngankéngpdravilogsof the

enbodi ment shown in Figures 6A and 6B; Figure 8 is a bl ock diagram show ng

a second 20 tdyemedfm:an A/ D converter; Figures 9A and 9B are circuit

di.agranms showing a third formof an A/D converter incorporatigg a third
enbodi ment of a paral | 118G it ;2 FrhUrei t0dtagR2am| 8€k adiPagearhedhowi ng

the 25 interconnection of two D converters in a first for
_ comparator (not béYng an embodfment_of tﬁe pregent

5 invention);
- Figure 3 shows threg waveforms which explain
the operation of the comparator showﬁ in Figure 2;
Figure 4 is .a circuit diagram showing a first
preferred embodiment of a parallei ‘comparator;
1Q ' Figure 5 is a set of wavéforms for explaining
the operatidn_of the embodiment of Figure 4; |
. Figures 6A and 6B are circuit diagrams showing
a first form of an A/D converter disclosed in our
Divisional Application No. 83 25%)2 incorporating
15 a second émbodiment of a parallel converter;

Figure 7 shpws a series of waveforms for
explaining the operation of the embodiment shown in
Figures 6A and 6B;

Figure 8 is a block diagrém showing a second

20 form of an A/D converter;

Figures 94 and 9B are circuit diagrams showiné
a third form of an A/D converter incorporating a third
embodiment of a parallel .converter;

Figure 10 is a block diagram showing the

25 interconhection of two A/D converters in a first

form;



Figure 11 is a bl ock di agram show ng the i nterconnection of two A/D

-

~

c®werters in a second form and Figure 12 is a bl ock diagram showi ng the 5¥j

i nterconnection of four A/D converters. Referring first-to Figure 2, the
paral l el conparator (which does not forman embodi-nent of the present
inveftion) conprises a plurality of basic differential transistor circuits
whi ¢h i ncl ude paired 10 ‘differential. tgransistors 220 Q@21 to 226 ande-.
227' and constant current sources | connected with their 0 respective
conmon enitter electrodes. The differential transistors [err] to [err]

i ndi cated by even nunbers have their base el ectrodes 15 commonly fed with

an anal og vol tage S|g VI'N mherea of.her differential transistors:
[err] to [err] E§3F58| L4t &8 By im?r‘?’t?& sa%aﬁ}e Y18 tBSse el ectrodes

et T S B ot 16 el <
t he conpara;g;mpogahons fed with the | ower reference
Figure 12 is 'a block diagram showing the-
5 interconnection of four A/D converters.
| Referrihg first to Figure_Z;_the parallel
comparaﬁor (which does not form an embodiment of the
present invention) cemprises a plurality of basic
differential transistor circuits which include paired
Q,,, to

220* 9221 Q26 227

and constant current sources IO connected'with their

respective common emitter electrodes.

10 differential transistors Q and Q

Tpe differential transistors 0220 t0'0226

indicated by even numbers have their base electrodes

15 commonly fed with an analog voltage signal V whereas

IN’

the oth i i
er differential transistors 0221 to 0227

¢



voltage [err], the collector electrodes of the adjoining differenti al
transistors are commonly connected with each other and with a plurality o
L oad resistors. The collector-electrode of the other differential 10
fransistor [err] in the first conparator oertion and the collector o

el ectrode of one differential transistor [err] in the second conparator
portion are commnly connected with each other and with a | oad_resistor
[ertl. The doKiseted dveaddopaumpens,fajte s Rasmiglactnedes stor 15
[erf] in the second conparator portion and the collector electrode of one
differential trespeictimeliyerfled iwi thherdfemethom mpartEges av1e oo ¥, <
connected with each other and with a load resistor [err]. Gendtal Iy

speaki ng, theycatlectorw el gatrpde of the other differential transistor 20
in the nth com@aratbor portio®‘and the collector el ectrode of the one
differential transistor t n .+ { ral.ohL. portion ar onmonl y
connected with each ot hgfo aer?%e%(’t Hnathoé;c?qfde%?s‘ﬁ}ﬁh Mt e%%@e‘fr&%l | ect or
el ectrodes of one -7- differential transistor [err] in the |owest
conpartor poiti€oSORRRTS I PWBTHON Y fedk il fhe s referangein the

hi ghest conparator portion are conmonly connected not with the collector

el ectrode of sl tagend] st dhebwoldector wlidetraaibs axf sthe sadjoidimand [err],
respectively. The outputs of the conparator constructed of '

differential transistors are commonly connected with
each other and with a plurality of load resistors.
The collector electrode of the other differential

10 transistor Q in the first comparator portion and the

221

. collector electrode of one differential transistor Q222

in the second comparator portion are commonly connected

with each other and with a load resistor R221. . The

collector electrode of the other differential transistor

15 sz3 in the second comparator portion and the collector

electrode of one differential transistor Q 4 in the

22
third comparator are commonly connected with each other

and with a load resistor R Generally speaking,.the

222°

~ collector electrode of the other differential transistor

20 ~in the nth comparator portion and the ccllector electrode
of the one differential t}ansistor at'the (n + 1)th

comparator portion are commonly connected with each other

and with a lcad resistor.

Moreover, the collector electrodes of cne



t respective |load resistors [err] to [err] are applied to the base
dﬁgktrodes of anplifying transistors [err] to [err]. The emtter
el ectrodes of the transistors 10 [err] to [err] are commonly connected
wi,t h one another and with a constam current source [err]. Mreover, the
coll ector electrodes of the transistors [err] to [err] are connected with
l'oad resistors [err] to [err] respectively, in order to provi de outputS«-_
[err] to [ dififeridntial transistordh@ %einttlma bdwebtscempadatoent will |
be described with reference to the wa®&forms shown in Figure 3. Wen the

anal og_vol Lp%[élvetﬁi ??e %éﬁrdiﬂ?éf@ﬂtiﬂri:raﬁ?fsi:éa”é' stors
err

[err],[err]

d dered d I
ont 'y the. a1 [rbé*?%%ié‘%‘@irrﬁr]p?g fORGRPE COBRMLY SomnsBrd oty

{0

I TTI S T

b

are rendered non-conducti vé27wher eas t he

the output [err] supplied through-that transistor is at a | ow | evel. -8-

Next, for o With [the [collegtor ehectredeief canyetransistendbusd

non- conducti ve because of [err] < [err], whereas the transistor [err] is
rendger ed nmmthﬂkhudlnesigtmmse%gé Vand R%é s, réspéctisvly, a high level is
generated fromIN . Qomonl %onnected col l ector el ectrodes

of the - The outputs of the comparator constructed of

220 2

to the base electrodes of amplifying transistors 0228

to 0232.- The emitter electrodes of the transistors

10 Q228 to Q232

and with a constant current source IO'.

‘the respective load resistors R to R zh'ére applied

are commonly connected with one another
Moreover, the

to @ are

. f - -
collector electrodes.?— the transistors Q,,4 232

connected with load resistors R respectively,

225 T Roago
in order to provide ou’cputs'OUT1 to OUTm.

15 The operation of this embodiment will now be
described with reference to the waveforms shown in

Figure 3.

When the analog voltage signal V... is smaller

IN

i 220° Go2pr oy 204 Qyog

20 reﬁdered non-conductive, whereas the transisters Q

than V:, the transistors Q@ Q are

221°

and Q are rendered conductive. As a

Bozr Yo 226

result, only the amplifying transistor Q228

conductive so that only the output OUT1'supplied through

is rendered

that transistor is at a low level.



transistors [err] and [err], and only the output [err] supplied through
' Qgpl?fying transi'stor [err] is at the low |l evel. Subsequently, only the
;output QUT is at, the-3 10 ~ lowleyel in a simlar manner for [err] <
[err] < [err]. Since the outputs [erry To [err] consecutively take.the |ow
| evel so that they can be nade substantially equal to a decimal code, the
conversion into the dedVemt, ctrie ¥y {)i“ﬁﬁf ?deﬂéantb%naiaé’éﬂpl Rshedis
rengrkably sinply. 15 ' On e ofher hand, the.anplrTying
transi stors [mdriderted [roori4condsd tive dbeyauper af eV zWi&erenéfe‘hs the
transistors. More specifically, when the anplifying ansistor [err], for

exanpl e, | s ARtk Ed PRl e NON-oRRPRURthYS- L Bnher 0BT ShBL &, Lhe

anplifying 20 transi s222 Terr[ is changed om t conductive to the

non- conducti ve st at.e. Thus, onl ne_af, the, a i fying trapsi,stors is
render ed con&ﬁgﬂiveu2¥ﬁ ?é%df??dxﬁe %??%G?flgﬁg#nignsgPﬁﬁ?geé %Eﬂmattain
the sanme high gain as that of the two-stage differential anplifying
circuii showithe empeRly conresied cohleptoretectredesncofntiregure 2, the
nunber of the resistors and the transistors is reduced and the power

consunpti on iﬁr&iﬁstadsloceeg%‘gmr?g&t ahd Soflysthy slitpdtfdgrenti al
bnpar a

transistors which formth portions being commonly cénnected
with each  gyppi1jed through the amplifying transistor Qg is at
the low level.
Subsequently, only the output OUT3 is at the

10 low level.in a similar manner for V2<: VIN<: V3.

| Since the outputs OUT1 to OUTm cogsecutively
take the lowllével so that they can bg made subgtantially
equal ﬁb a decimal code, the convérsion into the decimai
code or binary code can.be accompliéhed remarkably simply.

15 | On the other hand, the amplifying trahsiétors
Q228 to Q232 substantially operate as differential |
transistors. More specifically, when the amplifying
transistor Q229, for examplé, is changed from the non-
conductive to the'conductive staté, the amplifying

20 transistor QZZS is changed.from the conductive fo the
non~conductive state. Thus, only one of the amplifying
trahéistorstis rendered conductive.‘.

As a result, the circuit shown in Figure 2 can

attain the same high gain as that of the two-stage

1 rwbd



@"Ler and _
anststors performthe differential

with the load resistors, and secondly because t he anplifying

anplifications with thé use of the

1

ot hey conparator 10 outputs, and thirdly because the anplifying transistors
cormonly use a single constant curregt source. Moreover, it will be noted
|

t hetts a pai
connect ed

vel | regi odjfferentialhamplifydng edremif shevwi in

r of transistors having th
can be fornmed i'n an identical device formn g 15 reglon (i.

™ col l ector el ectrodes connDnIy

enlthe nanufact

*a(e

of a nmonolithic IC. Referring nowto the first enbodi mrent shown i'n Figure

be not ed Mbeeowler,ciire tie adrmuisktsshown chwpPigure 8 othe such

that the order of comonly 20 connecting the coIIectors of the differential

4, it wll

transi stor

ot her co

t | st ts which I d.diff t - 10- t
[é‘?‘?f',[Seﬂ?r‘ihé%#érépwe%ﬁao'p%%a%gc N =t S

to the common emtter electrodes thereof. In simlar manner to

connect ed

t he fof egofigstipotherdlffemendiiale tnramsilstors switich sfoxmrtheo [err] 5

woapaBh 80 CARTERBI Y (AR AN Rl OHFE ey ever

i ndi cated by even nunbers have their base el ectrodes commonly fed with the

anal og VO'&Qﬁﬁa?ﬁﬁB?' pb?ltﬁ.bnsMb%ﬁ@@s domacriliercémmected onstheeatht o [err]

i ndi cat ed

10

by o
other and with the load resistors, and secondly because

the amplifying transistors perform the differential
amplificationé with the ﬁse of the other comparator
outputs, and thirdly because the'ahplifying transistors
commonly use a single constant .current source. |

Moreover, it will be noted that a pair of

.transistors having their collector electrodes commonly

15

20

cohneéted can bé formed in an identical device fonming
region (i.e., a well region) so that the size of the chip
can be redﬁced in the manufacture of a monolithic IC.

Referring now to the first embodiment shown in
Figﬁrené, it will bé noted that the circuit comprises two
comparator groups such that the order of commonly
connecting the collectors of the differential transistors
forming comparator portioné is made to occur between
every other comparator., |

As shown, there are arranged eight differential

fransistor circuits which include paired differential

. -H' vudd Uy



nunbgrs have their base el ectrodes consecutively fed with the reference é@b
val.tages [err} to [err] (wherein: [err] < 10 [err] < [err] - - - <
ferr}) which are derived by voltage dividing resistors [err] to [err].

The differential transistor [err] hasd g hase -electrode fed with the

| onest voltage [err] for underflow detection. Mreover, in the order of the
conparat or 15 portions which are fed with the |lower reference voltage

er rk<and t hetraheietorsy eQ.ernr olandctyr. el esid f he
[er rj= ALigee Lgyr o g 6 5 @defsteint

alternately adjacent diff tiaF“trans ors are monly connected with

each ot her” anduwrbAtt Beureas TeSkohflectsd to t - i el ector
el ectrode of the other differeRtial trangisfbr eeFP |q$t eféﬁ%it

conpar at or pori|j t | l.ect or._el ect.rode of one differentia

transi st or in5§h§@F§§?8 ?gﬁggpgfor 38r§§8&& e METRSEN bR FOTEENE eac
other and with the | oad resistor [err]. Mor eover, the collector .
el ectrode of ERBOGLRERty; ther dAffarentiadi srensistors A ihe tohiQ; L
conparator portion and the collector electrode of one difTerenti

transi8tor [einflicatetiedbfi vbncaupbessohaper theirabase electe@dddn! vy
connected with each other and with a load resistor [err]. Thus, the

col lect or el egghsyarsacATER ke aARTEE o R ERER: g unyber g Gamar at o

portions, and the collector electrodes a I ke 'm 1 adlNy co ed

betmeeh even gﬂgbgﬁﬁgrc%ggﬁéﬁé%argob;;%”%o'Qzés indicated by odd

aumbers have their base electrodes consecutively fed
with the reference voltages v, to V? (wherein: V1<;
10 V2'< V3 - -~ <V,-7) which are derived by voltage dividing

resistors'R27o'to R277. The differential transistor Q2

51
has its base electrode fed with the lowest voltage V

L

for underflow détection.
 Moreover, in the order of the comparator

15 portions which are fed with the lower reference voltage VL
and the reference voltage V1, the collector electrodes
of the alternately adjacent differential transistors
are gdmmonly connected with each other and with the load
resistor.

20 R The collector electrode of the othér
differential transistqr Q251 in the first comparator
portion and the collectoflelectrode of one differential

transistor in the third comparator portion are commonly

connected with each other and with the load resistor R251.



fromthe second conparator portion. In the first conparator group

: haV|ng its collector electrodes commonly connected between édd nunbered
cosrpar at or portions and the second conparatbr group having i.its collector
el’'ectrodes comonly 15 connect ed B8t meen even: nunber ed conpar at or
portions as described above, |oad resistors R250, R252, R258 and [err] are

connected, Jles Eectlvepﬁ ﬁ& t he dlaﬁerentlal tranS|stors [err] and [er+}
at the lo BUBLGr aFBF FBLLRGHOT oL LlerE oS, Of @, i.e., the fiwet
and 20 second conparat or portions and with the other differential

transi st or s@t8ferentialetrpnsd st Eg%ein tivep bhdirdr comparator i . e., the

seventh and ei ghth conparator portio The outputs a to j of the

respective poppaoat ahdpehei e831ateoke@dl@ditridaedvah o&ﬁﬁ@%ﬂ nti=l2-
emtter-follower transistors [err] .to [err]. O these, In er to prepare

t he | t 1 C? de, th
em ttor ol oot To8 %E‘E%r Pgsr FEnerel S PO ERIEARAR B S o,

rodes 5 e tra s [err rr] and [err] are comonl y

gcﬁn%cted mF?ﬂmgﬁcﬁ SPHEFcﬁﬁashﬁﬁﬁréang %@GFF 3 1@kt ant current

source [err], and a resistor [err] and a constant current source [err],
respectlvelyesiatonu3%$ grst i Thus,| dhel colllector electrodes are On
t he ot her. hand, the enftter el ectrode of
commonly connected hetween odd numbered comparator portions,
and the collector electrodes are likewise similarly
connected between even numbered comparator portions
10 from the second comparator portion.

In the first comparator_group having its
collector electrodes commonly connected between odd
numbered_cemparator portions and the second comparatbr
group having its collector electrodes commonly

15 connected between even numbered comparator portions as

described above, load resistors R and

250° Ras20 Rosg
R259 are connected, respectively, with the differential
transietors sto.and Q252 at the lowest comparator .
portions of the respective groups, i.e., the first and

20 second comparator portions and with the other differential
transistors 0263 and Q265 at the highest comparator
portions, i.e., the seventh and eighth comparator portions.

The outputs a to j of the respective

comparator portions are fed out through respective

3

=

&
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-the other transistor [err] is connected with a resistor [err] and the
gonstant current tircuit which |ikew se constitute a level shift circuit
Jhe operation of the enbodi nent shown in 15 Figure 4 will be expl ai ned
in greater detail with reference to th ;%aveforns shown in Frgure 5. The
transi stor @50 is rendered non-conductive for [err] < [err] in order to
rai se the collector output a to the high |evel. The transi stor [err] S

ren&gred 20 QQﬁ [err rder t

col l ector outpmtﬁ?éto li%e\ée I‘e?ir\?e%leg{ I'<st h(g? her @%’HH tﬁ)ef?&ransél stej(')r%
[err] is render n conductrv r err] I n orde o, rai se the
col | ector out '(tgc(? PRERATFh q%(ﬁ/gli est: b111'3 5151?915 r‘lhr‘?s’? err] is
render ed non- conductlve for [err] > [err] in order to raise the collector
output j to tlascongancs aiithviiheo@nay idadeuttiie emittemn elegitodes of
prepared 5 by maki ng the collector el ectrodes commpn anongst the

alternate cowmreatﬁirumréﬁm,oq%r&e aatd td}&{riaﬁu | hvee | erdi Bet rel dteteddes Wher e
the paired transistors having col | or el ectrodes connDnIy connect ed

are nog- condugtg out pyt ¢ only for
10 B[err] < [err% ierr to\fhenrt?aﬁ&’ tria'7rilsrésr't$dbrsﬂf’errlfb'l and ierrsi are

rendered non- %%%%‘é%tte‘ée widge e oG PULR el S Hesistor R

264 &%
a constant current source IO', and a resistor R266 and
a constant current source IO', respectively, to thus

constitute level shift circuits.
10 : On the other hand, the emitter electrode of |
the other transistor Qg 1 connected with a resistor
Rogo and the constant current'cifcuit'which likewise
' . cons%itute a level shift circuit.
| The operation of the embodiment shown in
15 Figufe 4 will be explained in greater detail with
reference to the waveforms shown in Figure 5.
The transistor Q25O is rendered non-conductive
for VIN <»VL in order to raise the collector output a
to the high level. The transistor Q,5, is rendered

20 non-conductive for VIN“ V, in order to raise the

1
collector output b to the high level.

On the other hand, the transistor 0263 is
rendered non-conductive for ViN.>Vé in order to raise

' the collector output ;.to the high level.



L]

@ high level only for [err] < [err] < [err] when the transistors [err]

*and [err] are rendered non-conductive together. Likew se, the output e |s\,)

at .the high level only for 15 [err] < [err] < [err]; the output f is at
the high level only for [err] < [erfi3 <= [err]; the output g is at the high
| evel only for [err] < [err] < [err]; and the output h is at the high |evel
only for [err]<[err]< Mor eover, the circui wn uses di ode OR 20~
circuits which nmakes E]fs@]&"fr %gaijelrﬁtrf%?&%q tAWRERORIUEHEVE -
emtter-foll owner tranS|stors. The |nversed | owest bit signal A of Gray code
can be prepdioad grt mrdegyitcniraiae ther cdllectyr cdutpet qjjtbats b, f
and j, and the | t signal A of the Gay code -.14 - can be

pr epar ed byth@kui@ht ﬂ%dé}gl cal sumd + h of the outputs d and h.
Incidentally, the other bit S|gnals B. C and so on of Gray code can be

repared by simlarl G
grdgr to ggnerat e thg 1\‘frctr;}us%!{aect i've nver.%ﬂl@%ogpufs@% vgrhi itgﬂél%r%aré? S

necessary to take the |logical,  suns ¢ + i, and ¢ + e, but this is
di sadvant agd¥uBasdag o rolde Fany alatiaoder GRABAR ARORERE the e doubl v

used. In order to avoid this 10 danger, the level-shifted signals c' to
i' are prepaﬂ@@rmteemwp@fradimd@minﬁrxs:,uiam (atthehdvigh lemeleomkyly, if
t he doubl e signals e and i

in the case where the paired trans:.stors having the:.r
collector electrodes commonly connected are nqn-conductive
together. The output ¢ is at the high level only for
are

251 204 Qygy,

rendered non—donducfive toge‘th'er. The output d is at

10 VL< VI_N< V2 vhen the transistors Q

the high level only for V1 4VIN<V when the transistors

3

Q253 and Q256 are rendered non-conductive together.
Likewise, the output e is at the high level only for

15 V2<VIN<VA; the output £ is at the high level only for
V5<VIN< V5; the output g is at the high level only for
le(VIN {V.; and the output h is at the high level only
for V5 <VIN < V7.

Moreover, the circuit shown uses diode OR

20 circuits which makes use of the base and emitter
electrodes of the emit_'t:er—follower transistors. The
inversed lowest bit signal A of Cray code can be prepared
by taking the logical sum b + £ + J of the outputs b,

f and j, and the lowest bit signal A of the Gray code

1poablih

&



are prepared through a nulti-emtter transistor, the other Gay code
"gignals B, B. Cand C can be generated 15 simlarly to the Gray code

Stgngks A and A. Al though not shomn,_fhe code signals A and A, B and [err],
and C and C of opposite phases are'Teéftd'and anplified by the differential

anpl i fying ci e thd Hrpifed Oy GHiAf e Mai Gl sur’® + b of the I
~the case where the coll éctor el'ectrodes are connected béTween alternate
conpar ators, as _.shawn,. the switching operation of the differential

transi stors i?”ﬁ'@r"’f%cﬁ &&rﬁjyi!si ng the higher and | ower ones of a reference

voltage as border lines._ As a result, a higher-speed 25 operation can
be realized than that oflndidenfisddivherithe other biknsignals Bg.Coand| g
ot her words, the frequency characteristics can be increased two-tines.

Mor eover, the sal lomwalf! IGrtay cfodehearniparmtaparat Wihes diierky otakingantheput
threshol d can be enlarged. 5 It should be noted that tn the

case where the giigidlgaignal of S gode §5 I herdsRPes ofbndietd onest
bi t s%al can({)gel%diresctly‘generﬁed. B dbntaly ot | S%es%ible to

the size of FHRETAR G AET e BN b e iE i ng < he
col l ector el ectrodes conmon and by providing a differential anplifier after
the Gray codi Rgcessary to take the logical sums ¢ + 1 and ¢ + ¢, but
this is disadvantageous because of the danger.thaf_the
outputs g¢ and i are doubly used. In order to avoid this

10 danger, the level-shifted signals &' to i' are prepared by
means of diode OR circuits (not shown).

Iné¢identally, if the double signals g and i
are prepared through a multi-emitter tran§istor, the
other Grayiécde siénals-B, B, C and C can be generated

15 similarly to the Gray code signals A and 17

- Although not_shbwn, the code signals A and A,
B and B, and C and C of opposite phases are fed to and
émplified'by the differential amplifying circuit in order
to reaiize the high gain;

20 _ '.In the case where the collector electrodes are
connected between alternate cgmparators, as shown, the
switching operaticn of the differential transistors is
performed by using the higher and 19wer ones of.a reference

voltage as border lines. As a result, a'higher;speed

25 operation can be realized than that of the embodiment



@therrmr
anging t

el ectrodes comonly connected partly because the | owest-big.signhals A and A

of Gray co
S|gnal B
[erf] < [e
Ref erri ng
generate t
t hat conpa
parts encl
Resi stors
and F, div

si xt eent h iimportddthre shold taarpriepaereldarwed of er ence voltages [err] to [err]

for the fi
err] a
to 2 ind

the refere
" respective
t he tran5|
electrodes

10

e, it should be noted that the circuit ‘could be made nerely by
he order of the conparators 15 havi ng their collector

de can be directly prepat®d -and partly because the Gray code
for exanple, is sufficient to be at the igh level for [err] <

'sHowra Ly iRVed 47 ONId hethew efordS, SBRUNt+8qitefcy 5. 20

v

now to Figs. 6A and 6B, a paralle1 conpar at or, mhlch can dlrecﬁﬁy

Hheg AR i, S enfitad by L ELRR LG WREeSTar, JehE

lines are forned in the - 16 - nonolithic IC.

o roken
R 31%'%1 1tGhidh the cmrrar i forcthedbepershonhintanni nal s B

i des the | owest voltage VL and the highest [err] each one

fteen conparators. Paired differential transistors [err],[err]

nd [err] toEetdmiulednsd 'ﬂd‘ﬁ&iatkfé)ﬂpﬁ{aﬁﬁé case W¥e {' gstors 4
ec

ro eS fed with

Iaq'%l%]{: %g%}ea\%r fa%a%ﬂ e‘ﬁ] ]f% s'lreé'[ ;[spe r[r'%éﬁ' ed b[ﬁé? Howﬁ\ﬁér eas

i cated by even nunbers have thelr base e

%&T to [err] indicated by odd numbers have their base
can be directly generated.

Incidentally, it 1is possible to simplify the
circuit, to reduce the power consumptioﬁ and to reduce
the size of the chip for manufacture of the monolithic

IC by making the eollector electrodes common and by

_providing a differential amplifier after the Gray coding.

15

20

24

Furthermore, it should be noted that the circuit
could be made mereiy by changing the order of the comparators
having their collectof electrodes commonly connected partly
because the lowest big signals A and A of Gray code can be
directly prepared and partly because the Gfay code signal
B, for example, is sufficient to be at the Hgh level for
J <V N<_V6, as viewed from the waveforms shown in Fig. 5.

Referring now to Figs. 6A and 6B a parallel
comparator, which can directly generate the Gray_code
signal, and a four-bit A/D converter making use of that

comparator are shown in detail. It should be noted that

the parts enclosed by broken lines are formed in the

umih

b



‘fed with the anal og voltage signal [err] conming fromthe 15 term na

The transistor " [err] having its base electrode fed with the | owest voltage .

rérr] and the transistor [err] havin 6 ts base electrode fed with the

- “anal og vol t age signal VIN together constitute the comparator which i.s 20
provi ded for underflow detection. The collector el ectrodes of the paired
differential transistors constituting the fifteen parallel conparators are
conugcted t ompoodithdse Id.nds of wi ndow type conparators so as to prepare
t he di gi t at 17 signals Ato C of Gay code. In order to prepare the

| owest bit signals A alﬂéﬂis@‘o:@%{’q ad®R, I hevigad @:rte)rcmﬁaﬂeﬁl of the

o]

alternate conparator portions fr the I'@west conpar at or portlons

[err] and [erék %?@@% gﬂ?_ ﬁy ac iy ot &%gi gctor
resistors [err ?err% err X:[her ﬁéﬁiﬁer err H? S : respe 4|A\/el y.

The col l ector electr des of e tr n5|s rs | and, Jerr] left unconnDn
are connect e§OHtAE tj@@@or%@b iéiﬁ%?[ é%u&ﬁ%n% J in order Tpe
col | ector voltage of the transistors [err] and [err] made conmon is at the

hi gh 3 evel offoy pirepairer the] ereflerjemad vedctages the to | sftaar stHeerr] and

[err] are rendered non- conductive together. The collector voltage of the
next transi strafteledr clompadatRyrd. nade common is at the high level

T

Paired dif%erential transistors Q3, Q4 to Q31

and 032 together constitute a comparator 1. The

transistors Q4 to Q.. indicated by even numbers have their

32

10 base electrodes fed with the reference voltages V, to V15

(V1 < V2 ¢ V_3 - - <V15), ‘respectively, which are prepared

by the resistors Ry to R15, whereas the transistors Q3

to-Q31 indicated by odd numbersfhave their base electrodes

fed with the analog voltage_signal.VI coming from the

N

15 terminal A.

 The transistor. 0, having its base electrode

fed with the lowest voltage V. and the transistor Q,

L

having its base electrode fed with the analog voltage

signal VIN'

20 provided for underflow detection.

together constitute the comparator which is

The collector electrodes of the paired
differential-transistors_cOnstituting the fifteen
parallel comparators are connected to form three kinds

of window type comparators so as to preparé the digital

TN

)



gg;; only for [err]<[err]<[err] because the transistors [err] and [err] .
e:rendered non-conductive together. Likew se, the collector voltage of )

.cbrh,

t he_subsequent transistors nade co n is-consecutively at the high level = .-
as the analog voltage is rai sed. =207 - -On the other hand, the

coll ector voltage of the transistor [err] is at the high level only for
[err]>[err]. usg fhestransistor Lerr] is rendered non-conductive, - T
wher eds tké%é%#f'c$d¥°v%|?gg T3y ?ﬂéefransistor [err] is at the high | eve#
only for [err]<[err]_ be cause the - 18 - _transistor [err] is rendered

non-conductive. As alRel@nder bp prepasel EReolovestahéd sagvadsnmon, the
alternate collector voltages of the transistors [err] and [err] and [err]
and [err] bexmdred esfabray tbéel othetcbllebtor elecgpoblesAodndhkerr] of G ay
code, as shown in Fig. 7. As a result, the Gay code signal A can be

pr epar ed béﬂ.f@i‘ﬂf‘@eé C@&EFIE&?J@&P “ﬁ@gﬁ%ﬁ&ei‘%ﬂ' ‘513@’2?9%@!%5 Eéfngéﬁ'ator '

[err],[err],[err nd |err I n~ ot her words, ecting pasSage t hrough
t hedi ode OR circui naKing use 10 nif t he ba%e ang Snittg; ectrodes
of Phe tr BT EHRL. o ifept AEP RAMBORLKeCaPRErTate e £8EH, O ages of
the transistors B and Q 11 and Q16 and Q19 nmade common, whil st including
the col e@ztbrww@nt%@%%efétorheesiaﬁgrgtBq§,qa2?ndR 2' Rane Bgot,he hi gh | evel
when 15 the Gray code signal Ais at“the Tow ['ével .”- As”“a result,

R32, and R34, respectively. The collector electrodes

of the transistors Q. and 032 left uncommon are connected

3
with collector resistors R18 and R36'
10 The collector voltage of the transistors c.‘.l+ and Q7

made common is at the high level only for V,I <VIN' (V3

because the transistors Q4 and Q7 are rendered non-

conductive together. The collector voltage of the next

transistors Q8 and Q,, made common is at thehigh level

11

3 IN <V5 because the_transistor; Q8 and Q11

are rendered non-conductive together. Likewise, the

15 only for V¢V

collector'voltage of the subsequent transistors made
common is'consecutively at the'high-level as the analog
voltage is raised.

20 On thg_other hand, the collector voltage of

the transistor Q3 is at the high level only for V1>'VIN

because the transistor Q. is rendered non-conductive,

3

Whereas the collector voltage of"the transistor Q32 is

at the high level only for V15'QVIN because the



"by making the enmitter-follower transistors [err] [err] and [err] connﬁéé)
~the logic sumoutput simlar to the aforenenti oned one is generated to
=Bfepare the inverted G ay code signal A 20 In order to
‘prepare the second bit signals B andigerst] of Gay code, the collector.
el ectrodes of the conparator portions of evezy fourth order fromthe second
" conparator p | [Qrr]s ] C nnect ed - 19 -
mﬁﬁgfeach(ﬁ;ﬁééégs?é§qrﬁ%al}%gf%é&é%é?2@§?sgégﬁg$ﬁég8énd R31 respectively.
The col |l ector electrodgf of the transis%ors Cif and ei % | eft anconnnn at
both ends are connect ed*Hid result, @f| FRet6PL+8SFRF Ve % EfF BAde[err],
respectively. The collector voltage of the transistors [err] and [err] nade
comon is at ¢dmmin ghtheval tamaté ocolkector yeitpgegeof] theetnansisters
transistors [err] and [err] are rendered non-conductive together. The

collector volgagen®fQl hend Oy, . afl@X, L rBE8oHRE0EGUSL t8NEhE 1oWBEE BLENDN IS
at the high | dvel onlk for [b@r]<[er1?<[err] because the transistors [err]

Vol tage or "t i ST of AT K OPE FhoY To488Y | 88 soad B Bhen 72 20 i he hi g

| evel only f or [err]<[err]<[err ecause the transistors 22 and Q9

are rendered non- condu%ﬁi%er?%%E%gefhe rgy code signal A can be
prépared by making common thfough emitter—follower
transistors Q, 042,_Q47, and Qg,, in other wqrds, by
effecting paésage through the diode OR circuit making use
10 of the base and emitter electrodes of the transisfors.
On fhe other hand, the alternate collector
voltages of the tfansistors Q and.Q11, and Q16 and Q

8 19
-made common, whilst including the collector voltages of

the transistors Q3 and Q32, are at the high level when
15 the Gray code signal A is at the low level. As a result,
by making the emitter-follower transistors Q35, Q39,

th, dhg and.Q53 common, the logic sum-outpu# similar
to the aforementioned one is generated to prepare the |
inﬁerted Gray code signal A. |

20 In order to prepare the second bit signals
B and B of GCray code, the collector electrodes of the

comparator portions of evenffourth order from the second

comparator portions of 05 and Q6 are commonly connected

1o bt

[N



On other hand, the collector voltages of the transistors Q and Q at .
. bot*”ends are at the high |l evel 5 30 only for [err]>[err] and for W/
[eFr]<[err] respectively, becauseqg@0 _ “the transistors [err] and [err]
are rendered non- conductive, respectively. As a result, in the col]ector

vol t ages nade co n, the aIt e c or volta es of. the tran5|stors
_ [err]gand [verth [Sher ¥£$? %iiﬁﬁ%oﬁqﬁﬁﬁlﬁ Offefgeeofigg2dmd bt

signal B of Gray code, as shomm in Fig. 7. -20- As a result, by maki
common thr aréspestivelyower transistors [err] and [err], the logic OR
output simlar to the aforenentioned one is generated to prepare the G ay

code signal B. 5  The collectéR ébectirbgeshandthiotpahBestolseqior -
vol t ages of the tran5|stors [err] and [err] at both the ends and t

col l ector %igeuﬁé b5t Sp Eﬁrgnggd }grébnﬂgg% opm are at the
hi gh | evel ay co 5|gnal fie eveF a result, by
maki ng connnn thr h 10 ter f ower tranS| [err] and
[erB], theEoit %8h?%%%§ﬁ?r§|%2¢a?n e 5F§P§ﬁ§i¥? ¥ed one is generated
to prepare the |nverted Gray code Slgnal B. In order to prepare the third
bit signal -C of Gay Ehdecohbeebonrvolhageemfotheh@ranspatarSrngrtlons Q5
15 and Q26 at intervals of seven fromthe fourth conpar-at or

and Q13 made common is at the high level only for Vzﬁ

VIN”<VS because the transistors QG and Q13 are rendered

non~conductive together. The collector voltage of the
10 next transistors Q14 and 021 made common is at the high

level only for V6 <VIN< v because the transistors Q‘l 4

10

and Q21 are rendered non—conductive together. Moreover,

‘the collector voltage-of the next'transistors Q 'and Q29
made common is at the high level only for Vm <VIN <V14

15 because the transistors Q22 and Q29 are rendered non-

conductive together.

Oh the other hand, the collector voltages of the

transistors Q5 and QBO-

only for V2 >V and for V14< VIN’ respectively, because

at both ends are at the high level

IN

20 the transistors Q. and Q

5 30 are rendered non-conductive,

respectlvely.

As a result, in the collector voltages made
common, the alternate collector voltages of the transistors
: : 1l to th cond
Q6 and 013, and Q22 and Q29 become equa o] e se

25 nit signal B of Gray code, as shown in Fig. 7.

b weatdy "



jportlons [err] and [err], the collector electrodes of the transistors CﬁQEiD
'an,CQS are cemonly connected with each other and with a coll ector

resi stor R24, whereas the collector electrodes of the transistors [err] and
[err] at both 20 ends are conrect28] wth collector resistors [err] and
[err] respectively. The collector voltage of the transistors [err] and

[err] .made common is at the high level only for [err]<[err]< [err] because
the%wansistors [err] &f%dq aesult,ahy makdag:common Xhrougn-emitiiet+ ve
together. . As a result, the Gray code signal C, as shown in Fig. 7, can be
pr epar ed. On folld ovelre triamad. s tiote @) | eaidrq Vol tges ddid mtdtﬂﬁﬁiﬁt ors

and Q at both the ends are -at t heGhi gh 5 5 48 | evel only for [err]>[err]

and for [err e cty t [ err]
are render ed]sﬁglﬁ'?'%]gor?r uc%lih%vteafb?]ee\é!pg(ﬁ ve &E j'ag %giu%ﬂ% %lé%%%nmn
through em tter-f0l 1l ower, transi S [err] and [err], the | ogic sum out put
simlar to thg #Eﬁghgﬁproﬁ&§m@aeg$s generated 10 to prepare the

i nverted Gray code signal C. Mreover, at the outputs of the conparator
portiohs [err] and [er PR (ien@tier hans,mdwith chelaaidedtan valtades

ref erence voltage, there can be directly generated the highest bit signals
D and D of Goeﬁythed&raasﬂ.lsdtmsl@ and rcn3F &t botlh tHee edidierarifirthe t he
conparator portions [err]

collector voltage of the transistors Q and Q,, made

14 21
common are at the high level when the Gray code signal B

is at the low level. As a result, by making common through

10 emitter-follower transistors Q and Q the logic

370 Y3 527
sum output similar to the aforementioned one is generated

to prepare the inverted Gray code Signal B.
In order to prepare the third bit signal C of

Gray code, moreover, in view of the eomparator portioﬁs Q25

15 and Q26 at intervals of seven from the fourth comparator

portions Q9 and Q the collector electrodes of the

10’

transistors Q and Q are commonly connected with each

10 25

other and with a collector resistdr th, whereas the

collector electfodes of the transistors-Q9 ahd Q2

20 ends are connected with coilector'resistors R23 and RX}’

6 at both

respectively.

10
and Q,; made common is at the high level only for V< Vi<

The collector voltage of the transistors Q

V12_because the transistors 010 and Q25 are rendered



[err] prepare the underflow signals UF and [err]- for detecting the

quality of VL >VIN. The Gray code signals Ato C and Ato C and the 20. \j

underflow15|gnals UF and UF are s%vjected to | evel conversions by

em,tter-fol lower transistors [eft]
constant current circuits 1017 to |

si gnal s bynoa&condugdivendogetiierf.er dist iaalreaydit,f yihe Gragngiader 25

circuits [err],[err] to [err] and

[err], resistors R37 to R46 .and
and are anplified to the TTL | evel

L.

-22- A master latch circuit 3a whi &€

i s recepti\f,egﬁtalt g @sashowde i @iy, /F, R HEPregdted Nput transistor

[err]; a fee

connected emtter eIectrodes of the tr sr§¥£ err and_éqrr to effect

the | evel

SRARBS StRRSe gt B8 Gagd A s 19 s

having its base el ectrode 10 . fed wth the |nput si gnal through the

| evel shi f Levednondyolfora Vohpt lsaadk ifar O ,(\M'Bsneo/th:ﬂvehe,referred
to merely as a "diode") ar‘@ m %jé‘qg%

series W thebhase ede Bfandilgtdred 4 OorandiE

stant curre

the diode [err]; a 15 col l ector 4 oad r stor R "and an emtter

resi stor

10

15

20

conductive, respectively. As a result, by making common

circuit I' connected in
i Q‘iﬁf&ér\éd Cﬁori-he out put of

| oad

through emitter-follower transistors QhO and QSO’ the logic

sum output similar to the aforementioned one is generated
to prepare the inverted Gray code signal C.
Moreover, at the outputs of the comparator

portions Q,, and Q,, using the intermediate voltage V

17 #¢ g 's
as the reference voltage, there can be direcfly generated
the highest bit‘stgnals D and D of Gray.code as shown
in Fig. 7. | |

On the ether-hand, the codparator portions Q1
and Q pfepare the underflow signals UF and UF for

2

detecting the inequality of VL>V IN®

The Gray code signals A to C and A to C and the

underflow signals UF and UF are subjected to level

conversions by emitter-follower transistors Q.. to Q

—— 33 53’

25

resistors R37 to R 46 and constant current circuits IO 17

to I and are amplified to the TTL level signals by

026

the actions of differential amplifying transistor

circuits Q5hs -Q55 to Q62 and Q63'

back i nput transrstor ‘Q@4; the resrstor R47 connected with the

I ted 5 d
commnly Gomect &0 op, et Bk Yorf Mg WERlcud JBRGH S BT 0

P

5y |-|.“ b

$



"49 [err] associated with the transistor [err]; a transistor [err] having ép

- J.ts base electrode fed wwth the emtter output of the transistor B7; a
;ﬁfode [err] for feeding back the cokiector output to the base el ectrode of
"t he “Feedback 20 I nput transisto %eﬂ?]; a diode D1 connected to the
base el ectrode of the input transistor 3 and constituting a gate circuit;
and a diode [err] and & cwshemtlatol eiireuittuia which dohrreseptivet he base
el ectrode of the feedback 037 input transistor Q _.and constituting a gate

circuit. 64 23F the Waelyercddd Wigidlo U, coliprisdsh WHe met made receptive
- 23 - to the other ay code signals Bto D, are constructed in a

simlar manngL., Q3 Jihs. ﬁ@%%.ag%%q%d??@u%a&p%&é@& t% .o Wi gh is made

receptive of tThe underf S0 constGhlct éd, in a
basically simlar manner to the latch circuit 3a. The difference

t her ebet ween TeSdisthar i%mt I?é’tm’(er?é:% dﬂéﬁ‘ II’S%F SRPBOILE FRAN8GE8Hg a gate
circuit 7 are connected with the collector electrode of a transistor 10

const ist ut i ng cold sicboey tedrecdinedeas of thee frangimbors .arxhddi s that TTL
transistors [err] and [err] constituting the gate circuit 7 and havi ng

their inputssf @diode ltotm@ted transistor Qgg connected with the
comﬁonly connected emitter electrodes of the transistors
Qg5 and %, to effect the level shifts; an emitter load
resistor'Rhs; a transistor Q66 having its'base eléctrode
16 fed with the input éignal through the level shift transistor;
a Shottky barrier diode D7 (which'will be reférred to merely

as a "diode") and a constant current load circuit 1038

connecteﬂ in series with the diode'D7; a transistor 067

which is receptive of the output of the diode D7; a

15 collector load resistor Rh and an emitter load resistor

9
RSO associated with the transistor Q67; a trgnsﬁtor Q68

having its base electrode fed with the emitter output of

"the transistor Q67; a diode D8 for feeding back the

collector output to the base electrode of the feedback

20 input transistor Q;,; a diode D ‘connected to the base

1

- A

electrode of the input t'ransistor'Q63 and constituting a
gaté circuit; and a diode D6 and a constant current circuit
1037.connected to the base electrode of the feedback

input transistor Q64 and constituting a gate circuit.

25 Master latch circuits 3b to 3d,which are made receptive

14 vadtdle

f.t



-

pul ses CP are connected with a transistor [err] constituting the inverter -
'cuit of the subsequent stage. 15 The commonly connected &
de el ectrode of the diodes [eeé%] and-[err] constituting the geite
C|ch|t 71is connected wi th an éxt aF‘terninaI L so that it is

sel ectively e al zero mavefor

circuit 9 ca"r?sg:é"[es %39 ‘iﬁ/é‘ﬁ@a u‘%f ly’N e p?%rb ﬁ%acl ock <
pul ses CP, which are |nverted fromthe clock pul ses [err] fed from an -t
external ted® falsimilan mannemply the cl ock pul ses CP to the comonly
connected cat hode el ectrodes of the diodes D to D which are connected with

t he base electrodes cﬁoﬂtﬂhéidﬁher Haydy 4 rmaster dstel ¢twchitch, circuits

and whi ch - - constitute the gate circuit. Mreover, the circuit
9 supplies thg 4 &Cé(m%!ié"rsec? M‘%‘fa% Ko | INELE L NS P, é/‘&éh.tﬁ?? Tk
transistors constituting the gate circuit to the comonl y

ot o oY R ?L%ef%de&?%ag‘ﬁa e KRR P RnED oFBF  and

whi ch constitute the gate circuit. In the matter latch circuits 3a to 3d,

t herefore, adch dndwick 3a8W ses CP are at the high level, the diodes 10

[err] to [err] are rendered non-conductive to supply their respective input

signals to the input tmaNYitf¥rendd rfherebetween resides in that the

diodes D11 and D12 coﬁstituting a gate circuit 7 are
connected with the collector electrode of a transistor Q72
10 constituting the inverter circuit of the previous.stage,_
and in that TTL transistors Q75oand 076 constituting.
the gate circuit 7 and having thelr 1nputs fed with clock
pulses CP are connected with a transistor 074 constituting
' the inverter circuit of the subseguent stage.

15 The commonly connected cathode electrode of the
diodes D11 and B12 constituting the gate circuit 7 is
connected with an externmal terminal L so that it is

selectively fed with a voltage at zero volts or vCC'
A waveform shaping circuit 9 consists of an

20 inverter circuit IN to prepare the clock pulses CP, which
are inverted from the clock pulses CP fed from an external
terminal K: and to supply the clock pulses CE to the
commonly connected cathode electrodes of the diodes D1 to

D wﬁich are connected with the base.electrodes of the

5 .
25 input transistors of the latch circuits and which

wo ikt iy



- [err] etc, whereas the feedback input transistors [err],[err] etc., are

“ rendered non-conductive in response to the |ow | evel of the clock pul ses’
,Tﬁrp}because the diodes [err], [err] sgtc._, are 15 rendered conductive.
As a result, the transistors [err],2Férr] etc., constituting the inverter

‘circuit are rendered conductive and non-conductive in accordance with the"

Gray code sggnakstuddl Redl t%;%i%'iﬁ%gh Modovist, HRNDiHREd g r]l, in

ordef to receive the signals. Since the diodes [err] to
[err] are rendered _cqpductive whil st clack pul ses CP _.ar t the l.qw

[ evel, "t he PHBBLLARa Toes toPok Eitees. OFf dich B Hhvanas ircutbhu ve.
On the contrary, since the clock pulses [err] are at the high |evel, the

di odes [err [TLetrpnststoxs: & ienbdr Qg oneonsdidudiing thes gate Adreuidsul t,
when the transistor [err] cogstituting t he - 25 - inverter circuit of

the subsequent tst dhe commonlgordusiccted rattRdeddotridies mAuttlsd gnal , the
f eedback diode D is rendered non-conductive whereas the feedback i nput

trans§stor @6%&3{ Pgngﬁﬁe‘f) c e?.?ﬁ‘]ﬁt e cHectdi Wit Y base ele%Qﬁrog&é;[ ﬁg

is such that t nsi st oP constituting the tnverter circuit o
previ ous stage,is r.endered condyctive . n order, to render t t.ransi stor Q7
non- conduc?%vghe éﬁeaﬁ cgtﬁgp é&@?ﬁiﬁgpﬁéaPF5H§F§§qu§ﬁ£; tituting
the inverter circuit of the subsequent 10 stage is conductive in
response totheegrifgucizicygddl., the

- In the master latch circuits 3a to 3d, therefore,

when the clock pulses CP are at the high level, the diodes
0 D, toD

5 are rendered non-conductive to supply their

respective input signals to thé input transistors Q63’

Q69 etc, whereas the feedback input trgnsistors 064; Q7O etc.,
are. rendered non-conductive in response to the low level of_
the clock pulses CP because the diodes Dg» Dy etc., are

15 rendered_@onductive. As a result, ﬁhe transistors Qg.,

Q67 etc., constituting the_inverter circuit are rendered

condwtive and non-conductive in accordance with the_Gray
'éOde signéls, which are fed'through the inpuf transistor

st, in order to receive the signals.

20 | Since the diodes D, to Dy are rendered conductive
whilst the clock pulses CP are at the low level, the input
t:ansistors Q63’ ng etc., are rendered non-conductive.

_ Cn'the contrary, since the clock pulses CP are at the high

level, the diodes DS’ etc., are rendered non-conductive.

9

25 As a result, when the transistor Q67 constituting the

TR A0



- circuit of the 15 previ ous stage

AJ -

L Ur
0P}

istor Q4 is rendered non-conductive. As a result, the’latching
tion is such that the transisto& [err] constltutlng the inverter

?s Tendered non-conductive in .order to
render the transistor Q67 conductive. In the underflow master latch circuit

6, owing to I | rcur 7 when.t he external ,term-ial
Lis at zero-vol IDE&V c?]i:o Q.uo e%k??? ?‘éﬁé 5tage ?‘§n88pe8°£1 Hﬁgfrﬁve*'rn
order to render non conductive the transrstor Q74 constituting the.inverter
circuit of tiHe ZRARQRRRNEC sthgelnput haisnab, othpuferdbarkagdiode Dge | ow

| evel irrespective of the detection of the underflow in order to rnterrupt

t he underfl(mm(hﬂnﬂﬁreiyﬂmnmnammuctive2@heﬁh§snﬁ§65§eédbé@k iApatf unction
will be described later.. A code converting circuit 4 conprlses a TTL

circuit usitiaigiddgrenltefs ‘ferr‘?’sé‘?ré n&@#%ivgmtgﬁ{lﬁ a'f{;egﬁ%{ag”l to

[err] and 5 transi®tors err pr epar I gna

[err] bi in respon ot he Ga |gnals A err] to D

and err] %ﬂg%%ﬁ¥§§nﬁ§eﬁuéheﬁhﬁét?ﬁ% 2 1? °fe 56 %ﬂGSP% é&ors [err]

to [err] prepare the second bit signal [err] in response to the G ay code
ﬁ@ea inyerten ciramit @?

signals B a rthe previousnstage isansndeved [err]
~and Jerr] and transistors [err] and [err] prepare the third bit

conductive in order to render the transistor 067 non-—
conductive. On the other hand, if the transistor Q67
constituting the inverfer circuit of the subsequent

10 stage is conductive in reeponse to the input signal, the
feedback diode D8 is rendered conductive, whereas the
feedback input transistor Qs is rendered ndn—conductive.
As a result, the latching operation is such that the -
transistor Q66 constituting the inverter circuit of the |
15 previous stage.is rendered non-conductive in order to

render the traneistor Q67 conducfive.

In the underflow master latch circuit 6, owing
to the provision of the gate circuit 7, when the external
terminal L is at zero volts, the diode b11 is always

20 rendered conductive in order to render non—cbnduetiﬁe
the transistor Q74 constituting the inverter circuit of

the subsequent stage so that the output is always at the

low level irreseective of the detection of the underflow

in order to interrupt the underflow detecting function.

fegsgack di ode ferr] I s rendered conductive, whereas-the feedback input -

teoabt I



ﬂ5|gnal [err] in response to the Gray cogde ogignals C and [err] to D and ééa
Terr]. A nmulti-emtter transistor [err] and a transistor [err] transm t'
the @ay code signal D-as the 15 highest bit signal [err] of binary code.
The multi-em tige ﬁéaessi’ggr $od €hi 8d funkitiBat wanly blehdescay beddd ategnal s

but al so the gate signal " at their emtter electrodes mhlch constitute
‘the gate input termnals

i 0 1 nal
L/ atszero volts or when Ph%ggétgp rF%Pﬁ |s ;?%Fgéﬁ% ﬁgﬁptna

underfl ow detection_ is perforned, the tran |stor %Grr] constltutlng t he
i nverter C|rcuF@rﬁﬁthES§955@H&@hre§ﬂ§ eT $ragsisterductive so that the

clock pulses [err] are fed out through -27- the transistors [err] and
[err]. On the ot her haMdltdrlepiwtelrsttransistocs ﬁ?%ﬁ ﬁ@dat t he hi gh
level, the gate signal CP' at the high level effect he co '

conver
oper atign of t BeafQd8tep3ver i RG Ciirepdred the lowest bit é!@iﬂlV@Ed, in
t he casg where the externalsﬁernt@% 2L |géét Vcc and during the underfl ow

detection for tran o3 ha| er it ng
t he underfl ow ?% ?é gPé{t %Eﬁei u?'t %’ %’ee[ Stré)n er eggﬁgﬁ%%(#ﬁdiﬁ%n\%g?\ﬁteaggas
the transistora[err] is rendered_ 10 ..conductive so that a transistor
[err] is rendefedocOnandt Pre t Huddi-emd tfere Wapsdistors 6993 & chgg | evel .
As a _ o : :
. and transistors Q97 to Q 0 prepare the second bit

10
signal 21 in response to-the Gray code signals B and B
10 to D and D. Multi-emitter_trénsistors Q101 and Q102
| and transistors Q103 and (.‘t,‘olF prepare the third bit
signal 2; in response to the Gray code signals C and C
to D and B. A.mﬁlti-emitter'transistor Qo5 and &
transistor Q106.transmit the Gray code signal D as the

15 highest bit signal 23

of binary code.
The multi-emitter transistsrs are fed with not
only the Gray code signals but also the gate signal CP!'
- at their emitter electrodes which constituté the gate
input terminals.
is
20 : When the external terminal L/at zero volts or
when the external terminal L is at ch.gnd no underflow
detection is psrformed, the trénsistor Q7a constituting

the inverter circﬁit of the subsequent stage is non-

conductive so that the clock pulses CP are fed out through



-

LT
A $k.ave latch circuit 4a, which is receptive of the |owest bit signal [err]

of ‘binary code, conprises: a nulti-eni2zter transistor [err]; a feedback

transistor [err] nade receptive of the output of the forner transistor;

| oad resistgégthe P%ggbac% nneggige |ﬂéﬂa(ﬂ en1tt£w -

el ectrodes

receptive o | ect or . out put oad re ors .R57 .and connect ed
with the coY"héiFGr %ﬁdcé %@cd‘%&@? 3:15“ gt?’r e.~‘:'t'or4‘;l"[€'ts*rr] and a
transistor [err] nade - 28 - receptive of the emtter o ut for feedlng
back the i ngeteedignapuCh'hadudhet bd ghullevedniefifacts A stqsipe

transi stor QL13, which is receptive of the emtter output of the transistor

QL10 is an gughRerting opeadivnSiod taird dddes donvertAh eirawgld €nt or out put
circuit having its collector electrode connected with an external term nal

Q The operation of t I r f uch that when
t he gl ock pul ses CP a?@r%t %%% %tndiﬁg Ico%vl% eve Iletsﬁjgﬁarrru tl-erﬁ%tter

f k
transi stor errlmai iender%d con%tg% |d\1/§itnogr nder &erﬂo%redc{)e%:ec‘élroar{m stor

r§§§It, all of the nulti-emitter transistors are rendered conductive to

for VL > VIN’ the transiétors Q69’ Q72 and Q73-constituting
the underflow master latch circuit 6 are rendered
non-conductive, whereas the transistor'Q7h is rendered

10 conductive so that a'transistor 077 is rendered conductive
to set the gate signal CP' at the low level. As a
result, all of the multi-emitter transistors are
renderéd conductive to raise all thé binary code
conversion outputs to the high level.

15 A slave latch circuit 4a, which is'receptive
of the lowest bit signal 20 of binary code, comprises:

a mulfi—emitter transistor Q a feedback transistor

109°

Q made receptive of fhe output of the former

110

transistor; load resistors R55 and R56 conmnected with

20 the collector and emitter electrodes of the feedback
transistor, resvectively; a tr'ansistor‘Q111 made

receptive of the collector ocutput; load resistors R57

and R58 connected with the collector and emitter electrodes

of the transistor Q and a transistor Q made

1117 112

e all the binary code conversion outputs to the high level. 15 \/

tn 5n3|st§76 respectlvely a tran5|sto Qlll nwete

bl "

id



Lerr], non-conducti ve. As a result, the transistor [err] is rendered &
cqpductive and non-conductive in accordance with the code conversion é:)
oeut pgty thus performng the 15 recep28or of the code conversion out put.
Mor eover, when the clock pulses CP are at the high level, the OV OFF

outputs of the transistor.[err] 0S| I e t g he

t ransi-st or [fﬂ?ﬁ?eﬁ v?nﬁ{ifhﬁﬁ??i$€%$a§%#é¥gr¥f%rffggﬁ gtﬁéegrg%%istor
[err§¥in order to effect the 20 | at chin eratjions. It should hé noted
that the oper aknaresd i bt cthgoesl 'Fﬂﬁu‘f“glggfﬁm%hgeﬁag{'@?s%ﬁge}a 10Q0i t
are carried-out during the former half period when the clock pul ses CP are
at the high level, whilsA thangbstor QpiﬁathhcbfiSnreodptiﬂg ofiethe
code-converted inputs into -29- the ave latch circuits are carried out

during the |atdgefcpalf hedoheRe thenshgekrpal ses €8 aneoatplhbe | ow
| evel . The reé%d% mﬁt_?ﬁgﬁ%at% traﬁsfer S perfoﬂﬁga by the usg of the

clock pulses wll_npw be explained, 5 CEar [ = r r e,
as showh in Frgﬁ?%s%§t?ﬁeaﬁﬁaghﬂﬁdgofpﬁna?cgggg §ﬁi#ﬁF§%§eéF§Pé9|8§§?ﬁ?§
judge that, in the TTL circuits for the code converting operations, th
circuits for ph%ﬁh@gngtﬁh@O%éﬁﬁPQFeﬁlf°§ﬁ8dFeFPPn§P§ﬁﬁlyighea§te ETRRIh
"l evel whereas the circuit for 10 preparing the 2 signal is at the | ow
“level. Then, téheimaloQeous operations of "0", "0", "0" and "0" as the

The oﬁerétion of the sléve latch circuit La is
performedJsuch that when the ciock pulses CP are at
10 the low level the multi-emifter transistor;Q109 is
rendered conductive to reﬁder the feédback transistor

Q non-conductive. As a result,‘the transistor Q111

110

is rendered condﬁcfive and nog—conductive in accor&ance
with the code éonversion output, thus performing the

15 reception of the code conversion output. Moreover,
when the clock pulses CP are at the high level, the ON/OFF

6utputs of the transistor Q are positively fed back

111

through the transistor Q the multi-emitter transistor

112°
_Q10§ and thg transistor Q11O-in order to effect the
20 latching overations.
It should.be noted that the operation of
intfoducing the inputs into the master latch circuit

are carried out dﬁring the former half period when the

clock pulses CP are at the high level, whilst the

25 operation of introduéing the code~converted inputs. into



bi y code
"th ster
It,should b
external te
out puts [er
termnal L

circuits of

operati ons a£l$ipetbodtwhéehotkeotlbbk plages| GPchrei ntuitheddser Lee@labove.

-30- A bias
transi stors
arranged in
noi se,

order to re

take place. Therefore, the sanpling operation fs perfornmed by

|atch circuit at the above referred to instants. 45-

rmnal L is at the [err] | eweR9 = Upon underfIOM/detectlon
r] to [err] are set at the high level. I f the external’

Is at zero volts, the underflow output and 20 t he out put s~
[err] to [erthedslave latgh eircuiitcapra servisdenuti during thguletterThem

the other slave latch circuits 3b to 3d and 8 and their

circuit 10a is provided for driving constant current

whi ch cons@hé%@?seﬁsgayt thE" G8Rh Ehoadiebs her

t he conpar at or n or

t he

to prevent erroneous g)]eeratlon due to

acitors,.are co ted.to the.extern terginals Gand Hin
i ﬁ iggoﬂugﬁu? g%

R TRR SR REaREE SFOEReDLASS, HEL

*circuit

10b is used to drive, the constant current transistors which constitute the

constsnt cu
conver si on-
t he sl ave |

rfentVig = Vgei foni example} 8s pheown anr Bdguarei if,t ool evel

circuit, the master latch circuit, the code conversion circuit,

atedly Ct6dei D fndisates. an intermediate level to judge

’ that, in the TTL circuits for the code converting'

10

15

20

operations, the circuits for preparing the 20, 21.and 22

signals are at the high level whereas the circuit for

3 signal is at the low level. Then,

preparing thelz
the erfoneous-operations of "Q", mQ", "OM and "O" as the
binary code take place. Therefore, the sampling
operation is'performed by the master iatcp circuit at
the above feferred To instants. |

It should be noted that Figure 7 shows the
waveforms in the case where the éxtérnal terminal L is
at the_VCc level. Upon underflbw detection, the outputs
2O to 23 are ;et at the high level. If the external
terminal L is at zero volts, the underflow output and

the outputs_zo to 23

do not vary, as indicated at broken
lines in Figure 7.

The circuits of the other slave latch circuits

3p tc 3d and 8 and their operations are similar to those

of the slave latch circuit described above.

e noted that Figure 7 shows the waveforms in-.the case where the“’

Teeadl I

h'
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~The conparator thus directly prepares the digital output signals A and
lierr] to Dand [etr] of Gay 15 code and of opposite phases. As a

Jesutt, the Gray code signals of high §diA can be generated with the use
~a remarkably sinple circuit including the differential
for anplifying those outputs.

In the case where the

20 .
corpat ator. the prior aft CrBRupReeasey a0 3 BroYifel sl S nitnk oFor

conpdr at or

circuits and conpl ex, code conversion circuits when the digital
bits are to beopeEpategurrent traasistors. whirkr cemsditiude conslians shown

in Figures 2,4 and 6 sinplify the circuit construction and reduce the
power consunpbhnnentncérbheyscdgai$b d 1 [ errlanged tnn tihel fcompatriatior.
[

transi st or
prepar ed. .

many of the [err] - 1 dif

circuits when the drgital

Mpregygert B8 BuEiEntObriiRdunY Yolihtddh b el dipcause

erential transistofs have their collector

el ectrodes comuonl y,.connected with_ each other and w th_the |oad resisjors,
co thas the cOUBAEHHGERoRE CPPREREotatcibe Ayteria}, feymisiy & S

emtter-follower circuits. Furthernore, in the case where the digita
out puts of G ByiBo@sdagre tooredugendhg dgpesanisen ofabie Myass vicd t@gs oyed to

generate the digital outputs of binary

10

15

20

output.
A bias circuit 10b is used to drive the constant
current transistors which constitute the constant current

circuits I to I arranged in the level conversion

017 063
circuit, the master_latch circgit, the code conversion
circuit; the slave latch circuit and so on.

. ..Tﬁe co;parétor thus directly preéares the
digital output signalé Aand A to Dand D of Gray
.code'and of opposite phases.

As a result, the Gray code.signals of high
gain can be generated with the use of a rémarkably simple
circuit including'ﬁhe differential transistor.circuits
for amplifying those oufputs.

In the case where the two-stage differential
transistor circuits are used to constitute the comparator,
the prior art requires Z(Zn'- 1) differential transistor

circuits and complex ¢ode conversion circuits when the

digital signals of n bits are to be prepared. On the

nals 5 of n bits are to be

gﬁp

transistor circuits

signals of n

18 eadt 1

§i



de can be

made unnecessary, so that high-speed 15 - operation can be

t heiconparators. In a nodified form=i Blskoul d be possible to 20
di spense with the anplification stage circuits in the case where steep
sw tching characteristics are not required. Even in this case, the circuit

const ruct | oro#ker Heand spbhe elircyitenghovnelni Bigures gnafsapd 6 o

predet erm ned code can be easily prepared, and also that the chip size

32 - can be ghmpTefyfthet biroudtf eaohsteuotibhe amineeidultec the. pwesover, the
el ectrodes should not be limted to that

S gl g gheybubri DRz pEcked ot yeen (ho or more

comon connection of the collector

bet ween t he
conpar at ors.

ot roqui r et HREeReRELel FRaraleRBRG st ot bR, Bhem, 1840 A Bl Sle 8l <

are to be generated. 10

furtHer nodi

resistors. On the other hand, the A/D converter shown in thures 6A and 6B

I catl e collector junction capacity is

The above described circuits can be
ofen bika anat tehbecpreparedeur r ¥areouercdhea

can enjoy thee§dbtomsngahebbureduced because many of the 27 - 1

10

15

20

differential transistors have their collector electrodes
commonly connected with each other and with the load
resistérs, S0 that the code convérsion circuit can make
use of simple émitter-follower circuits.

Furthermore, in the case whe#e the digital
outputs of Gray code are fo be gengrated, such- a sampling
as is employed to generate the digital oﬁtputs of binary
code can be made unnecessafy, so that high-speed
overation can be realized. |

It is also pqssible to reduce the chip size of
the monolithic IC and.to enlarge the allowability for
dispersion in the input threshold at the comparators.

In a modified form, it should be possible to

dispense with the amplification stage circuits in the

case where steep switching characteristics are not required.
Even in this case, the circuit construction can be

simplified, so that the digital signals of predetermined

code can be easily prepared, and also that the chip size

-

¥ zed. It is also possible to reduce the chip size of the:nonalithic IC-\)-
-t0 enlarge the allowability for dispersion in the input threshold at

<

&

Wi
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15, .« because it has both the underfl ow detection output function and the
fuacti on to set the output at a predeternmined |evel in accordance w th that

detecfion output. Since the A/D converter_js fornmed as a 20 nmonol i thic
or hybrid IC, and its circuit constructto??is therefore fixed, it is
i nconveni ent to extend the output bits. Neverthel ess, the A/D converter

can Qg}forn1the out put. extension with renmarkabl e ease. Refernin%anM/to a
second enbodi nBAR Bf FREUASH for. jhecpanuipetudigond thermomodighlic Ifg- | pe

noted that the parts enclosed within broken lines are constructed into
ei ther a nonolithic sem Momdover, itheegoamett conteicttion afhythe ¢ oliteedoat ed
circuit. Reference letters enclosgd 5 by circles indicate the

ternminals of tBgekRieaeat 8HoGILHC Hok. 1166_12:@@ TRRME HleivelelC M AiF ferent
conparator | which is operative to eonpare the reference vol tages prepared

by uniformy dividin h 0 t._vol ta rrl .S lied to 10 t he
Corminal B andCPRERRGRES: bO8 Bape B RRRes il pRIMES R el stmeze by
nmeans .of series resistors [er&% to [err] with the anal og voltage signal VIN
fed frof the tepPEPAERtArs. Thid EhdsamebdLicatdeni,piee wiodd egtomder f | ow
detectiing conparator for detecting the anal og i nput signal VIN 15 | ower
t han the | owesjunotiagecdbacity is increased so that the switching speed

is lowered. Such modification is not required in the
case where the quasi-decimal code or Gray code signals
are to be generated. .
10 ' The above deséribed circuits can be further
| modified such thatrthe con;tant currenﬁ sources.are
repléced by resistors. ' .
On the.other hand, the A/D converter shown =
in Figures-6A and 6B can enjoy the following features
15 because it hé; both the underflow detection output
function and the function to set the output at a
predetermined level in accordance with that detection
- output.
Since the A/D converter is formed as a
20 ‘monolithic or hybrid TC, and ifs circuit construction.is
'thereforé fixéd; it is inconvenient to extend the output
* bits. Nevertheléss, the A/D converter can perform the
Output.extension-with:remarkable ease.

Referring.now to a second embodiment of the A/D



: TD converter further includes an output circuit 2 for supplying the _
‘oMUt of the conparator 1 as a digital signal of Gray code;r a master |latch™;
cirewit 3 for receiving the digital signals of Gay code fromthe 20 e
output circuit 2 in synchronismat a-fi33sttine; a code conversion circuit

4 for converting the digital signals of Gray code received by the master
latch circuit 3 into digital nal s of binary code; a slave latch circujt

5 for receichgventeaigﬁpun éng%égngfabiﬁérViééd@e noted thet dhreed by tele
code conversion circuit 4 in synchronismat a second tinme; an underflow

mast er | at chpgbteuehcBoked wethin bgokka lides larw donstriuvtesd gnetlcs UF of

1# bl de

X

the conparator | in synchronismat the first tine; a gate 5 circuit 7
for control! gagnphelnbngl 1 Al c! BendBBRRLCEYS i ofAs kA izt Yr Il ch
circuit 6 is to e transmtte sllave 1latch circurt 8 at e output
side in acc h th ontrol gna he

t er mi nal gt 18 eéFa Fﬁé‘cbl&t%put B %%anggdg.eﬁ\fer)s rf or med

at the code conver5|on circuit 4 is fixed in accordance mnth the underflow
signal. The Byaedrcieshinficate gheecderndnailise ofndef llahegngted in
synchronismw th the second timng and feeds the underfl ow signal UF out of
the term nal circtbt, ' The A/ D converter further includes a
circuit 9 ' -

The A/D converter includes a comparator 1 which
is operative to compare the reference vdltages prepared

L
10 the terminal B and the highest voltage VH'supplied to the

by uniformly dividing the lowest voltage'V supplied to

terminal F by means of series resistors Ro to R16 with the

analog voltage signal V fed from the terminal A. This

IN
 comparator is equipped with an_underflbw detecting
comparator for détecting the analog input signal VIN
15 lower than the lowest voltage Vi “
The A/D converter further includes an output
circuit 2 for supplying the output of the comparator 1 as
a digital signal of Gray code; a master latch circuit 3
for receiving the digital signals of Gray code from the
20 output circuit 2 in synchronism at a first time; a
code conversion cirpuit 4 for converting the digital
signals of Gray code received by the master latch circuit 3

into digital signals of binary code; .a slave latch

circuit 5 for receiving the digital signals of binary code



3.

}or shaoi ng the waveforns of the clock pulses CP fed fromthe termnal K iéﬁ?
brdef to supply the inverted clock pulses CP to the master latch circuits 3+

and &.and the slave latch circuits 5 and_§. The master latch circuits 3
and 6 20 recei ve the input signals‘b§ using the forner half period of
the clock pulses as the first timng, whereas the slave latch circuits 5

and 8 receive_the i t. signals usi the latter . half . period,of the

ol onk pul see senfertainy 208 Bane E3hREEhIEn Riifhi Ty 1B VBT ka1,
preparing the bias voltage which drives the constant_current transistors
constituting 28heacsnponrd: bime; tan wndpuflewr master, lekeh| sieruditr buits,
the conversion circuit 4 5 and so on. A capacitor C connected between

term nal s H afier GréSelgengt thet ahderfowhdebeasival sagralshtFt efntthel s C, D
and E, which are connected with the respective internedi ate points between

the 10 | hst f ¢ | h : pal. t th
e Seébﬁﬁaf§€g§t¢r§n Qg?gﬁﬁﬁﬁibﬂgaE %héekﬁﬁgﬂc%%&g, aﬁega%ﬁ €

conparator 1, are used to neas whet her or not the reference voltages are
detai 12d o rOorROREE 7 aher 185 tRo SRR HRE ek o, At tapouBlirdied: “shown
in Figure 8 in greater detail. The _parts encl osed by broken lines are
formed in theshoneli fnee te magtenelateburirandskd is to be

transmitted to a slave latch circuit 8.at}the output side

in accordance with the control signal (at O V or VCC) from

_the terﬁinal L and whether or not_ﬁhe output binary code

. 10. to be verformed at the-céde conversion circuit & is
fixed in accordancé with the underflow signal,
The sléve latch circuit 8 receives the underflow

signal'in_synchronism with the_sgéond timing and feeds
the underflow signal UF out of the terminal M.

15. The A/D converter further includes a circuit 9
for shaving the wavéforms of the clock pulses cP fed from
the terminal K in order to supply the inverted clock pulses.
CP to the master latch circuits 3 and 6 and the slave latch
circuits 5 and 8. The master latch circuits 3 and 6 |

20 receive the input signals by using the former half period
of the clock pulses-as the first'timing, whereas the slave

- latch circuits 5 and 8 receive the input signals by

using the latter half period of the clock pulses as the

second timing.

BTN



_nxﬂﬁgrs and the term nal synbols are made to correspond to those of the
e I ment of Figures 6A and 6B. 20 The construction and
operation of the circuit shown in Figures 9A and 9B are-substantially the ~/
same as those of the circuit already &8scribed with reference to Figures 6A
and 6B, and-their detailed explanations are accordingly omtted. =~ " - 36 -
Figure 10 is a block diagram show n e enbodi ment., of an out put extendi rg
system of the A/ D convér 8&?.5 ﬁgfé’ﬁﬁﬁcg%s%(ﬂréwllé]edaﬁ{?q @rqq%% e tWo S
Al D converters having the same construction as that shown in Figures 9A and
9B. The ext ethel biesnivoditageoiwhiiich Ardvesnte gonstant faurndnt t he | onest

vol tage V The external termnal F, which is the highest voltage

termnal of thanidstors cbneeavteititls [tie lcomparaaiyiect edied et er nal
termnal B which is the | owest voltage term nal of the other D converter

[err]. The e er gi.na f f cqQpvert Il i, h the
hi ghest vol té%g{:{lgtr F.’ %%s&g%rcglsﬁagfaﬁ/h%’i gc?leer' r?aol?{vrééfsé'réélnccgrg/co 'ez’amg%s of
t he AéD 15 converters IC and IC are divided one thirty-second into 1
2 the’refer B8 $81 PRges, an internediate voltage [err] is prepared at the
connecting termnals F and B t herebet ween.

A capacitor C connected between terminals H

-

sk

3

and G is used to étabilize the bias voltage.
The terminals C, D and E, which are conﬁected
. with the respective intermediate points between the

10 series resistors for preﬁaring the reference voltages
of the comparator 1, are used to measure whether or not
the refefence voltages are accuraﬁelyfprepared, and may
be dispensed with .

| Figures 9A and 9B are detailed circuit diagrams

15 showing the four-bit A/D converter éhown in Figure 8 in
greater detail. The parts enclosed by broken lines
are formed in the monolithic IC, and the circuit block
numbers and the terminal symbols are made to correspond
to those of the embodiment of Figures 6A and 6B.

20 The construction and operation 6f the circuit
shown in Figures 9A and 9B are substantially the same as
those of the circuit already described with reference
to Figures 6A and 6B, and their detailed explanations are

accordingly omitted.

[
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Therefrore, the A/D converter [err] takes its share in the voltage range

[ere] to [err], whereas the A/D converter 20 [err] takes its share in
the véltage range [err] ‘to [err]. The angkpg i nput voltage V is comonly
fed to INthe external terrinals-A of The”A'D converters [err] and [err].
On the other hand, the clock pulses CP are -37- commonly fed to the
external termnals K of D,convert er erf.] [err]... The out put
term nal s Qto N of the %ﬁ%u?/gn\}@r ?'\eér sa_ %&?’rc][k éi%(?%reé?nr ]S’%e(l)r“le:L é)gﬁb%l y
connected with their partners and 5 with | oad resistors, tively.

respec

'n short, a w PBROAMBERY OF A1 SULBNG: CHMERELNE, SYSLed 0 Wi /Ml L of
the A/D converter [err] 1S at zero volts so that the underfl ow detecting
operation i s pcohverted. 10 On the other hand, the externa
termnal L of the A/D converter [err] is fed with [err] so that the

under f1 ow det ecting oper pgirafen® s & HITRA.TCON it Tt A diaitke g ext er nal

terminals | of the A/D converters [érr] and [lerr] ar& supplied with the

15 | . t h t . t I nal s G,and J
o "t he 3ame ar &/ Bacehie- Vi Reoe s Banie foRt Faten o Bl SRR oo
to capacitors C, respectively.
: in Figures 94 and 9B.

The external ferminal B of the A/D converter IC1

is fed with the lowest voltage VL._ The external

terminal F, which is the highest voltage terminal of the
10 A/D converter-IC1, is connected to the extermal terminal B
which is the lowest voltage terminal of the other A/D

cqnverter IC The external terminal F of the A/D

2.

converter IC, is fed with the highest voltage V.. As a

2 H

result, the internal reference'voltages of the A/D

15 . converters IC{ and IC, are divided one thirty-second into

2

the reference voltages, an intermediate voltage VM is

prepared at the connecting terminals F and B therebetween.

Therefore, the A/D cohverter IC, takes its share

1
in the voltage range V. to Vy» whereas the A/D converter
20 IC, takes its share in the voltage range V to Vq.

Iy 1S commonly fed to

the external terminals A of the A/D converters IC1 and

The analog input voltage V

_ICZ.

On the other hand, the clock pulses CP are



Th nderflow signal, which is fed out of the external termnal Mof the
*AlD"converter [err], is used as 20 an extension bit signal 24 It should™
be noted that for the analog voltage [err]- within a range [err] > [err] >
[err], the underflow detection circui+ 37 £+he A/D converter [err] operates
to lower its detected output UF to the low | evel, as shown in Figure 7,

and to raise the outputs [err] to [err]_to the high level. As a result, the
out put by t fompardy A9 Hexs the ex é@l‘nﬂbp‘éﬁm#@ahéoﬁ oficthet p4Ds [err] t Qe
[err] of the A/D converter [err], and the underflow output UF at the low 5
| evel is genprtarttarss tIC, andpulClerr] so that the output signals [err] to
[err] of extended blnary‘kode can~-be generated. For the anal og voltage
[err] within a range [f{d] [ & oRet o] r

out put s [err] to [err] cﬁ d?é??ﬁ[?%kéﬁéé%%rﬁ[gér gﬁtgﬁgtéggl §ﬁ?gﬁtg?§

hi gh | evel, he out uts e [err]

0 wh
ARSI (A £ P L B RN L o s o R &he

result of the underfIOW/detectlon so that the | evel depending upon t he
outpts [er Wity Jaad registersy Dreswectivelyerr] Insshentoua. wired AND
ot her hand, the underflow output 15 of the A/ID converter [err] is

vari ed at thqﬁﬁuﬂtlxguﬁongﬁru&mwm.in Figure 7, so that the extended binary
code output signals [err] to [err] can be generated. The reason why the

underflow detecting OPR{AldPPernal terminal L of the A/D converter
IC1 is at zero volﬁs so that the underflow detecting operation
is prohibited.
10 . On the other hand, the exfernal terminal L of

the A/D converter IC. is fed with V.. so that the underflow

2 ccC

detecting opefation is performed.
‘On the other hahd, the external terminals I of

the A/D converters_IC1 and IC, are supplied with the power

2
15 source voltage VCC’ whereas the external terminals G and J
of the same are earthed. Moreover, the external terminals
H are connected to eapaeitors C, respectively.
The underflow signal, which is fed out of the
external terminal M of the A/D converter ICZ’ is used as
20 an extension bit signal 24.
It should be noted that for the analog voltage
VIN withiﬁ a rahge VL'> VIN.> VM’ the uhderflow detection

circuit of the'A/D converter IC., operates to lower its

2
detected outout UF to the low level, as shown in Figure 7,

te o bl b

[ N



of the A/D converter [err] is prohibited will now be 20 descri bed.
'tRe,case where the | ower voltage range is shared (or in the case where t
AI'D converter [err] is used as a single A/D converter), as has been
descri bed hereinbefore, the setting of 3he-outputs [err] to [err] at the

hi gh I evel for VIN <VL would invite erroneous operation -39- so that the
out puts becone "1", "1", "1" and "1" for,the [ﬁrr] [err]. Referring nowto
Fi gire 11, thenl Reanveid e [Ritgutnd eto 12hays e dunstisneto raise

the outputs [err] to 5 [err] fromthe overfl ow detectiing output
circuit and the external m L t ' evel . For.e le, 't
overfl ow detecting out plﬁé g rcui ﬁ‘f’ee'(’E & t(ﬂ‘gtﬂ‘lhghho* e%ré? Vb’fﬁeq}fﬁlﬁg té%(% e{]ﬁil
termnals Mdyring the overflow and is constructed by =quipping the 10
circuit shown 48V ARRENUNEG WPUB the Putitomarta #7 ohithe b& the

voltage at the termnals F as the reference voltage, and naster and sl ave
| at ch circui t son@rerttes dGer damhdhe hndet®rowal outgput NI dt prlhilows t he
operations of the code conversion circuit 15 of the circuit shown in

Fi gures 9A and.3R1 1y @miweg Werthd dethit 3t 4@ ae&/eéhei&egéx?@r to
raise the outputs [err] to [err] to the high level. The A/D converters
Lerr] and [er i iy, sty i b A SR Y fithdy Godd T b PELrd fed

one shown in

For the analog voltage VIV within a range VM>»

VIN)VH’ on the other hand, the outputs 20 to 2° of the A/D

converter IC1 automatically take the high level, as shown

>3

10 in Figure 7, whereas the outputs 2O to 27 by the wired

AND are released from the high level of the output as

the result of the underflow detection so that, the level

3

depending upon the outputs 2O fo 2” of the A/D converter -

IC, is fed out.  On the other hand, the underflow output

15 of the A/D converter IC, is varied at the high level,

2
as shown in Figure 7, so that the extended binary code
output signals 2O to Zhican be generated;

' The reason why:the underflow detecting operation
of the A/D converter ICﬁ is prohibited will now be

-20 described. In the case where the lower voltage range_is
shared (or in the-case.where the A/D converter Ic, is
used as a single A/D converter), as has been described

3

hereinbefore, the setting of the outputs 2o to 27 at the

high level for VIN 4 VL would invite erroneous operation



20 { ' Fi gure 10. I ncidentally, the overflow output terminal Mof the A/ID
converter [err] is connected to the external termnal L of another A/D

converter [err] so that the overfl ow output- of the A/D converter Terr]

used at the
40 term na
to prohibit

[err], the overflow output of the A/D converter [err]

in order to
t he externa

S
extension bit signal [err]39 -On the other hand, the external

L of the A/D converter IC is fixed at the high level in order

t he hi gh .| evel  operation- of e t put err o] re].. It
shoul d be not‘s@dtgﬁgt the OHEPRES b(?c\p&e[ e{'t g"’SqH i 'F'e'lr rﬁn‘i S'H 'b\[/ér ]t%

¥ th§;$xtension output bit signal [err] at the | ow | evel -and
rmn

L of the A/D converter [err] at the |ow | evel so that

the outputs [err] to [ @Reflerr@ng Mw\H3 Faneid er1,10he A/Brddnidicd@d sed to
the high level. As a result, the outputs [err] to [err] by the wired AND

' . 0
Converter [efen SR g Savs R ammediisth (o i h bufiga s 18 VO

ext ended bi nagy code signals 15

the aRal og vélt 58T &he] oveTELoMe sed@chingn GHEYHalG TP Yey r3nd ther] >

. [err], on the other hand, the outputs [err] to [err] of the A/D converter
[err] are aueatetrnedl tberminedd o tichetHe giigledadveland t he overfl ow out put

is raised to 20 t he high |level. As a result, the output high |evel

10

15

20

For example, the overflow detecting output
circuit feeds the high level out of the external terminals
M during the overflow and is constructed by equipping the
circuit shown in Figures 94 and 9B with the comparator,
which uses the voltage at the terminéls F as the |
reference voltage, anq master and slave latch circuits.

On the other hand, the external terminal L
prdhibits the operations of the code conversion circﬁit
of the circuit Shown in Figurés 9A and 9B, for example,
when it is at the low level, in order to raise the

3

outputs 2O to 27 to the high level.

The A/D converters IC1 and IC2 thus constructed
are connected in a similar manner to the one shown in
Figure 10. Incidentally, the overflow output terminal M
of the A/D converter IC1 is connected to the external
terminal L of another A/D converter IC2 so that the

overflow output of the A/D converter IC, is used at the

extension bit signal 24. On the other hand, the external

[err] to [err] can be generated. Wen

of

is at the low level



<

the ALD converter [err] is released to effect the A/D conversion. As a
residt, the outputs [err] to [err] by the wired AND are set at the |evel éfb
dependrng upon the outputs [err] to - é [err] of an A/ D converter [err] &
simlarly to the one shown in Figure 10T, 4Q0=t hat t he: ext ended bi nary code
signals 2 to [err] can be generated together with the overromroutputs at

cor rosponds. { U PRBRERCL P iPch/PRECBYBEREROAE of 1 BArop) Als thpchten

performed by the use of the four A/D converters [err] to [err] shown in

Fi gures 9A andlewelThe esAmectPnpraBiRdd Shethéeh bevshvepespsiper PE 10
and [err] in this enbodrnenb S bssrcally simlar to that of the enbodi nent
shown in Figurthéloutpdtst8 répeadt'ed explanation is omtted here. In order
to prepare the extended output signals [err] and [err], the underflow

signals of the A/D CO”VEI%eéﬁoéﬁd be BSEEH Eﬁé%]lﬁngheeéh lééevolta

consecutively raised to the hrg Ieve such that [err] err]

[err] d [err%> [err] so_ t ended %err re ed by
gat e cﬁ?curts mris %ﬂ fgr?$ ﬁ% e9¥8n§§8 89 EPt[BFnge R? he ot her
‘hand, the underfl ow out put of the A/D converter 20 [err], which is at

the high | evel c@YeTEeF| I€er i B, akathBelavi Lpyed 4y, ordersto set the

extension output bit signal 2% at the low level and the

external terminal L of the A/D converter IC
0]

2
to 23 of the A/D converter

at the low
level so that the outputs 2

10 102 are raised to the high level.

3

As a result, the outputs 2O to 27 by the wired

AND are set'at the level depending upon the outputs 20

3

to 27 of the,A/D converter IC1 similarly to the one shown

in Figure 10, so that the extended binary code signals

15 2° to-24 can be generated.
When the analog voltage VIN is expressed by an
inequality VMT> Viny > Vy» on the other hand, the outputs
2O to 23 of the A/D converter IC, are automatically raised

1

to the high level, and the overflow output is raised to
20 the high level. As a result, the output high level of

- the A/D converter IC, is released to effect the A/D

2
: conversion.

3

Ls a result, the outputs 20 to 27 by the wired

AND are set at the level depending upon the outputs 2o to



The gate circuits [err] and [err] raise the output [err] to the high |evel
'fggiherr]<[err]<[err] because the output of the A/D converter [err] is at
i gh | evel 42 (i.e., "1") mhe as the others are.at the low | evel \/
i.e. "0"). Next , for [err] < Ter 5] < [err] the output [err] |s | ower ed
to the | ow | evel because the outputs of the A/D converters [err] ~and-[err]

are at the hygh, Leygl agpt h t . For.
[err]>[err], nor%o%%rA?Dl?O?K§@§%?p§F€ §%B?2§%§yg%§bﬁ%§%?§$£?¥%bﬁﬁ 0 [egﬁd

are at the high Iev so that the out r can be raised galm to the

hi gh | evel . g‘ar?eiébtsot kbat,thRaents Fl%ﬁ E’ﬁ&&éﬂfsp@ﬁ‘&l $1

can be generated. As has been descri bed above the AAD converters

constructed as cahebeagederatedi togetherswirth rhee overdddmt ioartpritys have the
underfl ow detecting output function and the function to forcibly set the

outputs to agfiSthe nPgRdebeemined level in accordance with the underflow
detection signals, or the overflow detecting output function and t he

function to forcibly s pr.ed min vel cordance
with3the signals front?hg §§P§§%§?£ %ﬁ?ag % %ﬁgpgﬁnghg% ﬁﬁﬁ s can
be 20 easi | y extended, Especially, .in the case where the out put
circuits conpPi eoﬁ%ﬁecoFPeEFBthFQHsP§F§P§18ﬁ§ ofec foyrcitdmes @%ed of f in

accordance with the underfl ow
performed by the use of the four A/D converters IC1 to IC4

- )
Yoo add o

[

shown in Figures 9A and 9B.
The connecting method of the A/D converters IC1

10 and IC, in this embodiment is basically similar to that

of the embodiment shown in Figure 11, and its repeated
explanation is omitted here.

In order to prepare the extended output signals

5

24 and 2 ’ the underflow signals of the A/D converters

15 iC,, IC, and IC, are consecutively raised to the high

2’ 3
level such that VIN>!5 -(VH - _VL), VIN> VM and VIN >
%(VH - VL) so that the extended output 2" is prepared

by gate circuits G, and GZ' As the extended output 25,

1
on the other hand, the underflow output of the A/D converter
20 ICB, which is at the high level for VIN>VM', can be
utilized as it is.
The gate circuits G1 and Gé raise the output Zh
to the high level for z(VH - VL)<V'IN< Vy because the

output of the A/D converter I02 is at the high level



X

detection signals or the signals fromthe outside in order to use the high
level (i.e., the pbsitive power source -voltage), the output bits can be
ext ended by the use of the remarkably simge.construction because the wired -
AND can be_utilized. Mreover, since the A/D converters described 5

above have the, underflpow or overfl.ow ing. o fungtd it can be
used\éﬁ;t 00, foi’TC&t’roI"I'ﬁné&{q?eeagsdi eorgdﬁ%% v%get aégllf'ap%};ea corrjb%g?:'fe vi deo
signat anplifying circuit as .the input al Qg sig ource,,in_the case
where the confdeitee IQABD si d¥ats n £ %ﬁo ﬁ)&g%(: tT ﬁ&))peﬂé?i on 10
IS subjected to an A/Q'_conversi on, such that the voltage level of a

synchroni zi ng csitpel 2rayi Hwerssbitei thentlow thevdle hechkurse obherowiputs ow
- detection output which is prepared by that A/D conversion. Mreover, the

above descri bege AR GOy Wdrifertdrs ICSahdaNe, t4wé ratli therenth alevel

nul ti-emtter transistors forned |rlew?identicél device form ng region when
i gur o 9A”and 8 S (R & LI 6 bbb A 19RERethr s as the conpar at or
Ml Ti-omi tter transi st oty The) OB ONGRr SALh NP CORTOURS GF
result, a highly dense integration can be realized. : _
the A/D converters IC, to IC, are at the high level so that
the outpﬁt 24 can be raised again t§ the high level.
| As a resuit, the exténded binary code signals 2O
10 to 25 can be geﬁerated.
As has been déscribed above, thé A/D converters
‘constructed as.integrated circuit devices are made to
additionally have the uﬁderflow detecting outpuf function
and the function to forcibly set the outputs to a -
ﬁ5 - predetermined level.in accordance with the underflow
detection signals, or the oVérflow detectiqg output
function and the functionlté forcibly set the outputs to
a predetérmined ievél in accordance with the signals from
the external terminals, whereby the output bits éan be
20 .-easily extended. Espécially,‘in the case where the
output circuits comprise.openscollector transistors and

are forcibly tﬁrned off in accdrdance with the underflow

detection signals or the signals from the outside in order

to use the highllevel (i.e., the positive power source



-4 Still noreover, since the analog signals are converted by the
conparator into the digital signals of the Gay code, the error at a -
swi fching internediate point of the copparator is as small as + 1 bit, and ~ 2
sanpling 5 is not required, as Ts*different fromthe case in which the -
digital signals of binary code are to be directly prepared. As witl be =
apparent fromFigure 7. furtherpore- the input_threshold t he conparat or_
becones t he veﬂfﬁ%%f e W e?"éﬁ%‘é%f?ig‘éaﬁnﬁgreﬁ:lgnaﬁaegy %LF ¥5e18 t had:
the allowability for dispersion can be enlarged. Furthernore, the frequency
characteristﬁhﬁ;Eﬁmatkabi&eﬁimmﬂeoC©n§§€U€ﬁé°ﬂrbqgéﬁs? thegwimgdc ANDs as
hi gh as the case in which the digital signals of binary code are to be
~directly gensdmtiegl. ublized. Furthernore, since the conparators
can prepare the signals Ato D in opposite phases to those of the signals A

to Din positive phaseygsetPerdi Siﬁﬁétﬁhgnﬂ'/ﬁ ?Bn%@?t&@yd‘égﬂﬁib!e%i L;

possible to attain a largée gaih w't e use of the sinple circu

amplifying the signals 20 f osi te phases by peans of the
AT ot a2 Have BRe , cunderRaV T her BPet Lau e PR tnd ab SBrtensi on.

as shown in Figure 10 or 11, since no logic neans is incorporated upon the
i nt er change Dagklon; hit Acancbeveseds toe,t krngontrolling the gain or

T

L 4

D.C. voltage of a composite video signal amplifying circuit
as the input analog signal'spurce, in the.casé'where the
composite video signal in television broadcasting operation
10 is subjected to an A/D convefsion, sﬁch that the voltagé
level of a synchronizing'signél may become coincident
with the underflbw'or overflow detection output which is
prepared by that A/D conversion. |
Moreover, the above deséribéd A/D converters
15 can have their differential and multi-emitter transistors
formed in an identical device forming region when they are
to be monolithically integrated, as shown in the
embodiment of Figures 9A and 9B, bécause the
differential transistors as the comparator have their
20 collector electrodes commonly connected and because the
multi~emitter transistors are used as the code conversion

circuit.
As a result;'a highly dense integration can be

realized.



<

<45 -, its share in the | ower voltage range and the A/ D .converter for taking
| hs-share in the htgher voltage range, there arises no erroneous operation,
and a hi gh-speed operation can be realizgd._ 5 The A/D
converters may be constructed of hybrid 1GCs. On the other hand, the
out puts of the conparators may be directly converted into the digital

signals of binary code gidlmBiholeolad,0lincen thie 20N RARGallsh@reut put
ci rcurt may be 10 constructed of the open-enmtter transistors. I'n

hi < case in oRRRRrERd BF S FBheSRetRt nto, B MRt e e, "

render the output transistor. non-conductive in accordance with the |
over f | ow det e&P¢ ofirey codegj §hal erRereBy o swiftebinghdnitegmegdigite point

Furthernore, the output circuit may be constituted of a TTL circuit. In
t his- case, itofsthecesmpeyatorpisviadesmalANBsor ORbdit,cantd fsamplliagout put
ext ensi on. - 46 - Attention is drawn to our D visional Application No.

83.25882 (Serial nbe. rdqh2®ed]Shsi B sWRiEH elrRORL firdmC ltleRA slen 16l ghilch an
i ntegrated anal og-to-digital (A/D) -

the digital signals of binary code are to be directly
prepared. As will be apparent from Figure 7,
furthermore, the input threshold of the comparator becomés
the alternate reference vdltage un@er the lowest bit so

10 that the aliowability for dispersion can be enlarged.
Furthermore, the frequency characteristics can be extended
to twice the frequency range which is as high as the case
in which tpe digital signals of_binary code are toc be
directly generated. |

15 Furthermore, since the comparators can prepare
the signals A to D in opposite phases to those of the
signals A to D in positive phase as the digital signals of
the Gray code, it is possible to attain a large gain wifh
the use of the simple circuit by amplifying the_signals

20 of opposite phases by means of the differential amplifying
circuits.

Furthermore, upon the output extension, as shown

in Figure 10 or 11, since no logic means is incorporated

upon the interchange betwéen the A/D converter for taking



.conyerter including: 5 (a) a conparator for conparing a
pl @il ity of reference voltages and an anal og i nput signal and for
produci ng a plurality of output S|gna%§ as-a result of the conparlson (b) \~/
a code converter for converting the pldral 10 output signals of said :
conparator into digital signals of plural bits; (c) a critical detecting

comparat o foleCOARAL! I engfibyg ssftsgsnfesf.geghﬁaet guipp a level .~

out si de the range said ura eren e Vo es wt e anal og 15 (e

i nput signal there f eed; out det ection o arate from
the pl ural b??%"eﬁggﬁ gPEdﬁ?Jé%ﬁSnéﬁsl share; oo it b%&%?e?’@@ééfp

i nput signal exceeds said critical reference voltage; (d) a control C|rcuit
for forciblythenerariseg 20 eheoheoussopersiiandi ghdak Highaispesd t he

plural bits to a selected level, which is the same for all the plural bits,

in the case @@@f@t§gndcdﬁtaetrgalggbgut of -said critical detecting
conpar ator reaches said predeternlned | evel ; (e) a first output CIrCUIt for

feedigg out said 25 di ghbah /Bl 8BASrAE A @agi Yeh pollsipulieaiioh 8980 )

converter to the plura ou erm na n |nte ra crrcu
det ecti ng. CoRpRr at opBt 58800ERETNBR Dt St PUSRIE o5 “E«ro?t{aa%%'rtgp%é' e
circuit, wherein said control circuit has a control input term nal which is
extracted asmay betéinettiyr sonyertedmisdiod thet ddgited signals of -
binary code and may be fed out.
On the other hand; the output circuit may be
10 constructed of the opeﬂ-émitter transistors. In this
modification, a wired OR may be used for the output
extension. In this case in which the wired OR is used,
it is convenient to forcibly render the output transistor.
non-~conductive in accordance with the overflow detection
15 signal thereby to effect the low level.
Furthermoré, the output circuit may be
constituted of a TTL circuit.. In this case, it is

necessary to provide an AND or OR circuit for the output

extension.

TR JN:



.Circuit so that the forced control operation is prohibited by supplying a
control signal to-said control input 35 termnal of said control circuit.
,Cf/ L M S * -47- CLAIMS. 1. - A parallel conparator including:’
(a) & plurality of comparator portions each having first and second
~transistors differentially connected; 2 (b) an (n- x)th
conparator portion having first and se 8nd transistors differentially
compected;. (c) an n tg gggparator ortlon haV|n first and sec
a

transi stors differentf tBRndEt BH2 VBN O P A RSO (ﬁﬁﬁﬁgﬁ?ﬁlﬁﬁrtlon
havi ng firstNAQ &hd25882nliseraati Boor 2, dQEﬁéﬂéﬁtmﬁlqhxnhnﬁhﬁm&i1MMere n

and x are po Nt e | r qual
to 2 or grea?ie%ir%{ 2 ﬂ% g%grpe?h %21 ?i %Sggt%t%rdg%?%gt&(#]s of égaa%gjlpl LA;?fty of
conpar at or p%?@?%ﬁ%ershmgl?ﬂlagth conparator portion, said 15 n th

conparat oy portion and(ggig éeﬂsgsskateerrﬁerrafc%p%q@dg% homer 4 hei ¢ @@Se

el ectrode sqggéled wi th an anal og_i nput signal "whereas salid second
transi stors %%?HC%bB?%tE%ﬂﬁa?a?o?npéPPﬂéﬁsHﬂﬁR?t%kﬁqa%méﬁﬁeﬂ%ktrode

- suppl i ed wi tprodieingce pbutayethavEngudplitesdiind 1V els$,a W el ) dhecRd

col | ector electrode of said second transistor of said
comparison;

(b) a code converter for converting the plural
10 output signals of said comparator into digital signals of
plural bits;
(c) a critical detecting .comparator for comparing
a critical reference voltage having a level outside the
range of said plural'reference voltages with the analog
15 input signal thereby to feed out a detection output, which
is separate from the plural bits, at a predetermined level
in the case where said analog input signal exceeds said
.critical reference voltage; _
{d) a control circuit for forcibly controlling _
20 the levels of said digital signals of the plural bits to a
selected level, which is the same for all the plural bits,
in the case where said detection output 6f said critical
detecting comparator'reaches said pfedetermined level;
~ (e) a first output circuit for feeding out said
25 digital signals of the plural bits of said code converter
to the plural output terminal of an integrated circuit;
and '
(£) a second output circuit for feeding out the
detectlon output of said critical detecting comparator to
30 another output termlnal of said integrated circuit, wherein
said control circuit has a control input terminal which is
‘extracted as an external terminal from said integrated
circuit so that the forced control operation is prohibited
by supplying a control siénal to said control input
35 terminal of said control circuit.
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‘(n-x) th~comparator—portionand the coll ector el ectrode of said first
t@]slstoumm mm " gnparator portion are comonly connected (n-Xx) Y,
|"'0<fd nean m Wuﬂ I" e collector electrode of said second transistor

of said n 25 th copasater portion and the collector electrode of said

fi-rst transistor of said (n+x)th conparator portion are conmonly connected
to n th | oad neans. -'48 - 2. . = 4N parallel conparator according-to =
Claim1, further including: (e) an (n-x)th anplifying transistor having‘rfs
base electr@q?lggqnected with said (n-x)th load nmeans; 5 ()

an n th anpliTying transistor having its base el ectrode connected wth said

n th |oad mgans; and ()9)paa AN W¥mpEard ©oF sAULGRiagRTONl Yy connected to

the emtter electrode of said (n-x)th amplifying transistor and the emtter

el ectrode of said n thalh0 argdurfalitgy tefinsbsparatdr portion& pacal | e
conparator according to claim1l1, wherein x=2, wherein the collector

el ectrode ohavding fdomtd drdrsicimd ofasaigdténs2iififeoepdialdy porti on and
the collector electrode of said first transistor of said 15 n th conparator
portion areccomestied;connected with (n-2)th | oad neans, wherein the

coll ector electrode of said second transistor of said (n-1)th conparator
portion5and the col | edttor erecirotktbfcBpaAratest Per&dsnstayige fdirgt

"?l' ! 'Ji"hl"f !

L4

and second transistors differentially connected;
(c) an n th cémparator portion having first and
second transistors differentially connected; and
(d) an {(n+x)th comparator.portion having first
10 and se;ond transistors differentially.connécted; where n
and X are positive integers, n 1is at least greatér than
x+1 and x is-equal to 2 or greater than 2;
-wherein said first trénsistors of said plurality. of
comparator portions, said (n—k)th'combarator portion, said
15 n th comparator portion and said (n+x)th comparator portion.
have their base electrode supplied with an analog input
signal whereas said second transistors of said above
comparatdr portions have their base electrode supplied with
reference voltage having different levels, wherein the
20 collector electrode of said second transistor of said
(n-x)th comparator bortion énd the collector electrode of
said first transistor of said n th comparator portion are
commonly connected (n-x) load means, and ﬁherein fhe
collector electrode.of éaid second transistor of said n
25 th comparator portion and the collector electrode of said
first transistor of said (n+x)th comparator portion are

commonly connected to n th load means.



;—ﬂ—ﬂ——__‘_;_i_,_,_
"(n+1)th conparator portion are comonly connected with 20 | oad
neans and wherein-the collector el ectrode of sai n“ﬂ‘ “hﬂor of
id nth conparator portion and the collector el eg“m o ISt @
tranS|stor of said (n+2)th conparator portion are comfonfy connected wit .
th |l oad neans. 25 4. ' parallek conparator according to claim 3,
further including: (h) (n+2)th | oad nea % connected with the collector

eIetL{ode of said secolg $#9$f%§£05?8éa§gh %L&Qiﬁg”Q%r%H%r qrtlon

49 (1) an (n-2)th emtt nsrI s Ravin base “el ectrode

'connected\Mtghggyé¥({h%QJ{?A ad means; (j) an (n+2)th emtter-foll ower

transi st or havi ng electrode connected with said (n+2)th | oad

means; and (k) emitter | oachdeasy CORTRIbY1 FORARCRUnWLLR OIS Aits

el ect r ode of said (n-2)t wer transistor and the emt

el ectrode of pwyd e(lrb+c29xt$ue10c&méeédf@ihawsaiar@asww 10ad means; A
paral | el conparator having (n+x) conparator portions constructed and

arrangedzt o operate substprdn ah| yhashpl efpidgserahed swolrh nasfiggenas to and
as iIIus?rated in Filgure 4; or Figures 6A and 6B; or Figures 9A and 9B
base electrode connected with said n th load means; and
(g) a constant current source commonly connected
tn the emitter electrode of said (n-x)th amplifying
transistor and the emitter electrode of said n th:
170 amplifying transistor.
3. A parallel comparator aécording to claim 1,
wherein x=2, wherein the collector electrode of said
second fransistor of said'(n-Z)th comparator portion and
Ethe collector electrode of said first transistor of said
15 D th comparator portion are commonly connected with {n-2)th
load means, wherein the collector eléctrode of said second
transistor of said (n-l)th conparator portion and the
collector electrode of said first transistor of Said_
(n+1)th cpmparator_portion are commonly connectgd with
20 (n-1)th load means; and wherein the collector electrode of
said second transistor of said nth comparator portion and
the coliector electrode of said first transistor of said
(n+2)th comparator portion are commonly connectéd with
n th load neans. |
25 4, A.parallel comparator according to claim 3,
fnrther inclﬁding:
(h) (n+2)th load means connected with the
'collector-électrode of said'sgcond transistor of said

(n+2)th comparator portion;

1, okt B



15 of t he—aecompanying_draw ngs.
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‘(1) an (n-2)th emitter-follower trénsistor

having its base electrode connected with said (n-2)th

" load means;

(J)_an (n+2)th emitter-follower transistor having
its base electéode connected with said (n+2)th load means;
and |

(k) emitter load means commonly connected with
the emitter electrode of said (n-2)th emitier-follower
transistor and the emitter electrode of said (n+2}th
emitter-follower transistor. |
5. A parallel comparator having (n+x) comparator
porfions constructed and arranged to operate substantially
as, herein described with reference to and as illustrated
in Figure 4; or Figures ‘6A and 6B; or Figures 9A and 9B

of the accompanying drawings.




