egén integrated anal og-to-digital converter”. The present invention rel ates
'’ an.integrated anal og-to-digital (A/D) converter and an A/ D system using
a-pair of A/D converters. A known parallel conparator- used.in an AAD5
converter is shown in Figure 1 of the acconpanying draw ngs. This circuit
is formed as a two-stage differential anplifier so as to steepen t he
switching characteristics, i.e. to increase the gain. Acc ?Qﬁgngmhe
circuit shown in Figure 1 has 10 defects. One such defect "™st

nunber of circuit constituting elenents is large with the result that the
power consunption is high. Mreover, since conparator outputs OUT to OUT
respectively vary with reference to reference 3 15 voltages [err] there
ari ses another defect in that the logic circuit construction in the case of
conversion into digital signals of binary code is conplicated. -2- Since
the A/D converter constructed as a nonolithic or hybrid IC has its circuit
construction fixed, it is convenient to extend the output bits. According
to the present invention there is-5 psovided an integrated :

anal og-to-digital (A/D) converter including:

"An integfated analog-to-digital converter".

The present invention relates to an integrated
analog~-to-digital (A/D) conyerter.and an A/D system using
a pair of A/D converters. _ '
A known parallel COmbaratdr used.in an A/D
5 convérter 1é shown in Figure 1 of the accompanying
| drawings. This circuit is form;d as a two-stage
differential amplifier so a;'to siéepen the switching
characteristics, i.e; to 1ncreésé the gain.
Accordingly, the circuit shown in Figure 1 has
10 defects. One such defect is that the number of circuit
constituting élements is'large'with the result that the
power éonsumption is high.
Moreover, since coumparator outputs OUT, to
OUT3 respectively vary with éeferehce to reference

15 voltages V1 to V there arises another defect in that

3!
the logic circuit construction in the case of conversion

into digital signals of binary code is complicated.



“(a) a conparator for conparing a plurality of reference voltages and an @
anal og i nput signal and for producing a plurality of output signals as a
result of 10 the conparlson (b) a code converter for converting the plura
‘out put signals of "said conparator into digital signals of plural bits; (c)

a critical detecting conparator for CEn%aTing 15 a critical reference

vol t having a | evedinul stile A NP ¢ SYSr Oér SEbdls PHuEBea I £f &4 eeéro VDER Bges
wi th ¥he anal og i nput signal thereby to feed out a detection output, which

I's separate foorhybheidl1c Hadiitss aireupt ecenstrmaeeioh efited n 1beicase

where said anal og i nput signal exceeds said 20 critical reference voltage;

- (d) a controlceivenient dro fexrtoarsd ythowneuepht ngitse | evel s of said digita
-signals of the plural bits to a selected |evel, “which is the sane for al

the plural bits, in t&ﬁ?Q%é%ﬁ@WﬁQe#hﬁuEF%EQ%%ti%ﬁﬁ%ﬂﬂ?ﬁntQﬁr%aA% critical

25 detecting cor’%rgct reaches said predetermned level; (e) a first

out put ci rtuiRFIHAeE AR PiRarateqy "%ﬂ@lr?%Tt%‘%h%’r%a’of‘Qﬂ) pﬁ?ﬂ‘éﬁrt[:ﬁ’fs of

- sai d code converte o the plural output terminal of an integrated circuit;
and’ - 3- ‘%%5%d output circuit for feeding out the detection out put

of said crltlcal dete¥g’rg]égﬁg§¥égé¥ f&&té@hﬁgffﬂgoytﬁ&“réf{@§q@% of said

|ntegrated circuit,
reference voltages and an analog input s;gnal and for

producing a plurality of output signals as a result of
10 the comparison;

(b) a code converter for converting the plural
output signals of said comparator into digital signals of
plural bits;

(c) a critical.detecting_COmparator for comparing
15 é critical reference voltage haviﬁg a level outside the |
range of said plural reference voltages with the analog
input signal thereby to feed out a detection 6utput, which
is separate from the plural bits, at a predetermined levél
in the case where said analog input signal exceeds said
20 critical reference voltage;
(d) a control circuit for forcibly controlling the
levels of said digital signals of the plural bits to a
selected level, which is ﬁhe same f§r_a11 the plurai bits,
in the case where said detection output of said criticai
25 detecting comparagor'reaches-Said éredetermined level;
(e) a first output circuit for feeding out said
digitalisignals of the plural bits of said code converter

to the plural output terminal of an integrated circuit; and



Aer ein-said control circuit has a control input terminal 5 which is
racted as an external termnal fromsaid integrated circuit so that the
forced control operation is prohibited by supplying a tcontrol signal to
said control input termnal of said control circuit. The A/ D converter nmay -
additionally include: 10 (g) a first input termnal fornmed as.an
internal terminal to said integrated cir@uit; (h) a second input terml
formed as an external termnal to said integrated circuit; (i) a plurality
of vol tage dividing re§f3tar secondopuspusd cigcydti forbdienddngs aud fthest
“input termpal and said second input term nal for_%gnerating said plural
ref erence VST Mt OvhBRUE oRFDAAEBN FEALLRE LpOrtesting eoapReatorat® (j) a
third input termnal forped as an, 20_external term nal to said . integrated
circuit and SHppPTRYT WPERPLE; GeIRiPa] Phpseidi JRELITAL S SIEG L di git al
converting s 'm e_a_.pait aof _integrated anal og-tQ-di gital converters
havi ng t he f%@%ﬁ?ﬁ% %%?ér?§89f8ia5658P1§nhéﬁa§ Sgaﬁf%&néPPFQZ.%ﬁm&PE e. (k)
means Tors COMEEE 1Y SRESLLLS" abnBH! ekeFhad! tQbnifad 'eroh Sallyorated AD
converter to a tirst potential point; -4- . -
integrated circuit so that the forced control operation
is prohibited by supplying a control signal to said
control input terminal of said control circuit.
The A/D converter may additionally include:
10 (g) a first input terminal formed as an
internal terminal to said integrated circuit;
(h) a second input terminal formed as an
external terminal to said integrated circuit;
(i) a plurality of voltage dividing resistors
15 connected in series between said first input terminal
_and said second input terminal for generating said plural
reference.voltagés at the common_conneCting points
therebetween; and .
(§) a third input terminal formed as an
20 external terminal.to'said integrated circuit and supplied
with said analog input signal.
An analog-to-digital converting system may use
a pair of integrated analog-td-digital converters having
the features referred to above, and may additionally
25 include.
(k) means for connecting said first inpuﬁ

terminal of said first integrated A/D converter to a

first potential point;



(1) means for connecting said second i nput termnal of said

first | @

i ntegrated A/D converter to said first input terminal of said second A/D
converter; (m neans for connecting said second input 5 term nal of said

second integrated A/D converter to a second potential point;

(n) means for

'suppl ying an anal og signal upon said third input termnal of said first"

i ntegeated A/D converter and upon sajd, third input termna
second integrated A/D converter; and (o) neans for commonly

of said 10
connecting said

plural output termnals of said first .integrated A/D converter and said
stﬁﬁﬁ}bitjéwu%

plural output terninals 'of SfadsdIhFIMESHinesadd

e 2T L VERB 4 R SRR AT SR B AR

q . wh Cn- i DA : T
ZBaW n9s ° [ gturied‘g}%ﬁoe\?ﬁsdjt-a?_legdf{/v;%/ge’;doﬁgr?s v{}nac{ncAg’fDe%p ain

ea}ltlt{rl conpar at or;
€’ operation

of the parallel conparat %ﬂ%WPi i 4 i | y Cf It diagram
i ar al eltqnF M&&ir@f B2 Bdcort Cir{jﬂi&h‘!ent of the

showing a first formof a p conpar at or

orm ng an enbo

i nvention gli scd&refachdin grelsaied SN d i Wi e Bla ARG Wt dSegd & No.
2,082,411); Figure 5 is a set of waveforns for explaining the operation of
‘the paral |l el cqardtporteritoval ipoitgure 4; Figures 6A and 6B are circuit

di agranms show ng

{n) means for éupplying an analog signal upon

said third input terminal of said first integrated A/D

converter and upon séid third input terminal of said

10 second integrated A/D converter; and

{o) means for commonly connecting said plural

output terminals of said first integrated A/D

converter

and said plural output terminals of_Said_second integrated

A/D converter.

15 ' The present invention will now be described in

greater detail by way of examples with reference to the

" remaining figures of the accompanying drawings, wherein:-

Figure 2 is a circuit diagram of a parallel

comparator;

20 Figure 3 shbws three waveforms which explain

the operation of the parallel combarator shown in Figure 2;

Figure 4 is a circuit diagram showing a first

form of a parallel comparator, forming an embodiment of the

invention disclosed in related Application No. 81.23641

25 (Serial No. 2,082,411);

Figure 5 is a set of waveforms for explaining

the operation of the parallel comparator shown in Figure 4;

Figures 6A and 6B are circuit diagrams showing



S

ég;; a first enbodi nent of an A/D converter incorporating a second formof a
all el converter; Figure 7 shows a series of waveforns for explaining the
operation of the .enbodi nent shown in 5 Figures 6A and 6B, Figure 8.is a =
bl ock di agram showi ng. a second enbodi nent of an A/ D converter; Figures 9A
and 9B are circuit diagrans showing a third enbodi ment of an A/D converter

i ncorporating a 10 third formof a parallel converter; Figure 10 is a o ock
di agram showi ng the inter- connection of two A/D converters in a first
preferred form Figure 11-is a block diagram show g the inter- connection

of two A/D EOPYEEEeEﬁbbBiﬁe%%CQ@daarﬁ?@rk@%vb5t%@r&hc@m@daayyng ®is a
bl ock di agram showi ng the inter- connection of four A/D converters.

Referring fiesbniorbraUbe & pak@alpanaldoalverawgrator conprises a plurality
of basic differential 20 tranS|stor circuits which include paired

differential transistgtigure] gr shows [acrsrelrizsd ofemalvediedmsorfstrant current
sources | connected with their respective 0 common emtter el ectrodes. The
dlfferentlabxblamsisgomge[emﬁratﬂ@n[@mthESqmﬁﬁ@%ﬂﬁﬂitﬂPQﬁRﬂinnbers have

thelr base el ectrodes
5 Figures 6A and 6B;

Figure 8 is a block diagram showing a second
embodiment of an A/D converter; o
Figures 94 and 9B are circuit diagrams showing
a third emquiment of an A/D convepter incorﬁoraﬁing a
10 third form of a parailel convebter;
Figure 10 is a'block_Qiagram showing the inter-
connection of two A/D converters in alfifst preferféd form;
Figure 11 is a b;ock diagram showing the inter-
‘cohnection of two K/D converters.in a second preferfed
15 form; and
Figure 12 is a block diagram showing the inter-
connection of four A/D convertér55 o
Referqing first to Figure 2, the parallel
'comparatbr comprises a_plurality of basidldiffefential
20 transistor circuits which include paired differential
transistors 0226, Q,5q 0 Qs and.0227, én@ constabt
cufrent sources IO cdnﬁected with their respective
common emitter electrodes. |
‘The differential transistors Q,,, to Q,,¢
25 indicated by even numbers have their base electrodes
commonly fed with:aq analog volﬁagé signal VIN; whereas

the other differential transistors 0221 to Q227



&)

comonly fed with an anal og voltage signal VIN, whereas the other S
differential transistors [err] to [err] -6- indicated by odd nunbers i
have their base el ectredes respectively fed with reference voltages [err]
[err] reover, in the order which is started from5 t he conparat or
portions fed with the | ower reference ¥obtage Vi, the collector electrodes
of thgggdjoining differential transistors are conmmonly connected with each
other and with a plurality of load resistors. The collector electrode of -
the ot her -di findéeated by odd mumberstbavepbhein basefelectrodpar at or
portion and the collector electrode of one differential transistor in the
second conpar péspectively fied whthioreferencecvolitsies Vﬁctoovhe(v dwith a
| oad resistor [err]. The collector electrode of the other differéntial
transistor 15y o yleLrl Ln<vhy.second conparator portion and the collector
el ectrode of oRe dPfferentia transistor @24 in the third conparator are
commonl y connected wt ach othey_and with a lo resi sgor 2
General | y speaki ng, tthgﬁ??%%?brL%lgk?r%ﬁgeﬁfw?ﬂ% o] e?gﬂrFF%riﬁ??al
transi stor 20 in the nth conparator portion and the collector electrode
of theébone dithereomparaten Rortiong fedwith thet howenprefiesengertion
are-comonly connected with each other and with a | oad resistor.

voltage Vi, the collector electrodes of the adjoining

differential_transistors aré commonly connected with

each other and withja.plurality of load resiétors.

.fhe collector electrode of the other differential
10 transistor Q

221
collector electrode of one differential trahsistor Q222

in the first comparator portion and the

in the second;comparator-portion are commonly connected
' wifh éach other and with a load resistor-ﬁ221. The
collector electrode of the other differentisl transistor
15 0223 in the second comparator portion and the collector
electrode of one differential transistor Q224 in the
thifd comparator are commonly connecfed ﬁith each other
and with a load résistor_Rézzb | Generally speaking, the
coiiector electrode of the_other_differential transistor
20 . in the nth compératgr portion and the collector electrode
o thg one differeptial transistor at the (n + 1)th
comparator portion are.commonly connecfed with each other

and with a load resistor.

~ Moreover, the collector electrodes of one



AYor eover, the collector el ectrodes of one -7 - differential transistor
err] in the | owest conparator portion and of the other differential
tranitstor in the highest conparator portion are commnly ,connected not

with™ he collector electrode of any transistor but 5 with | oad
resistors [err] respectively The outputs of the conparator constructed
of the respective |l oad resistors 20 to R224 are applied to the base<

el ectrodes of anplifying transistors 28 to C232 The emitter el ectrodes
of the tra f%z%ﬁ ti@1 transistdr Q. Af o5t UMt oi th one

anot her ang%M a constant current arce [err Mor eover, the collector

Ceeistors EaL 0B 50 Y, S ey iRt IR Ay 1S
15

The operation of this enbodlnent mnll nom1be descri bed
wi th ref er difc&heo highegh cammaratiprvpartion ére sompendyt Iromnrated vol tage

signal VINis smaller than [err] the transistors [err] . and are
20 r enaerte srirthn -then dodilectomiedrecdrade aff any dremsijstor} bute rendered
conducti ve. As a result, only the anplifying transistor 28 is rendered

conduct i ve waeht u@hdoaa{e)gitgﬁ,r@ 220 [2id IR.S li‘gp|fe%%édﬁiw|ythat transi stor .

.is at a low | eve

The outputs of the comparator constructed of
the respective 1oad resistors R220 to R224 are applied
to the base electrodes of amplifying transistors Q228

to 0232.

10 Q228 to Q232

and with a constant'ourrent source Io' Moreover, the

tollector electrodes of the transistors 02 to 0232.are

The emitter electrodes-of the transistors

are commonly comnected with one another

connected with load resistors 3225 to R 229? respectively,
in order to provide outputs ouUT, to OUT .
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 N is smaller
than V,, the transistors 0220, 0222, 224 and Q 6 are
20 rendered nonpconductive, whereas the trausistors Q

221’
0223, Q225 and Q 26 are rendered conductive. As a

result, only the amplifying trensistor 0228 is rendered

conductive 80 that only the output OUT supplied through

1
that transistor is at a low level.



==

-8- Next, for [err] the transistor [err] i s rendered non-conductive &
because of [err] whereas the transistor [err] 1is rendered non-conductive )
because of [err] a result, a high level is generated from5 t he

commonl Y connect ed col | ector electrodes of the transistors [err] and [err]
and only the output OUT2 supplied th‘rﬁjg‘n the anmplifying transistor [err]
is atythe |ow | evel. Subsequently, only the output QUT is at the 3 10
low [ evel in a simlar Nextgy forr V\{2<< V],ertte Sinmﬂdtmmtnﬁﬁt dg err]
to OQUT consecutively take the | ow l'evel tifat they can be madé& -

substant i al |y yeiirdd roriasiiElc 9% bédMbad NS o V Nto il dasivm  code
O

or binary code can be acconplished remarkably si nﬁ‘l y. N

the other hand..thg idyingd rraé%%'egfe%%q[ne_r‘_r%eﬁ%&%@?’rﬁa)cjléﬁiﬁ)%gf ate as |

differential transi’stors. 22aWre “speci ,

transi stor for_exanple, is changed_from.the _non- conductive to the
conductive statmy t e anp4s @ r?gfség-at’ a ilqval 1 generated, 0m r om
t he conductive to the non-conductive state. . Thus, only one of the

anpl’i 3 ng tr dhe soomonly conhected eodldecabor electnadas of thhe circuit
shown in Figure 2 can attain the sane high gain as that of the two-stage
transistors Q221 and 0222-, and only the output OUT2

supplied through the ampiifying transistor Q

529 is at

the low level.

3
10 low level in a similer menner for V, < Vi<V

Subsequently, only the output OUT, is at the

30

Since the outputs OUT, to OUT consecutively

1
také_ the low level so that they can be made substantially
'c.aquai to .é ‘decimal code, fh_e conversion into | the decimal-
code or binary code can be accomplished remarkably s‘imply;

15 On the other hand, the amplifying transistors
Qo t° Q3;

transistoré. More specifically, when the. amplifying

substantially operate as differential

transistor Q229, for example, .is changed from the non- -
' conductive to the conductive state, the amplifying
| 20 'transj_.stor ‘Q,,g 1s changed from the conductive to the
non-conductive state. Thus, only one of the amplifying
transistors is rendered conductive.
As a result, fhe circuit shown in Figure 2 can

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



i terenti al anplifying circuit shown in Figure 1. Mdreover, in the circuit

own in Figure 2, the nunber of the resistors and the transistors is
reduqed and the power consunption is also reduced as a*result of 5 firstly .
the differential transistors which fQrmthe conparator portions being
commonly connected with each otherTaARd™wi th the | oad resistors, and _
secondly because the anplifying transistors performthe dlfferentlal o
anpl i fi cat iddf€ementtinhecanpd ifyinge cdroul tc sioamatdor Figureodtputs, and
thirdly because the anplifying transistors commonly use a single constant

current source. Mrepppeovelr,Vin the edrehithdhoimPdn Fifgured25i ther s
having their collector eIectrodes comonl y connect ed can be formed in an

| dent i cal dpied b EhR0rlasstoidNakia the drifldi S13Hs s FRabbEY the size

of the chip can be re uce manuf.acture o mono Referring
now to t.he first enbodi nent sh FLqure wi || be ted hat the
circuit coﬁﬁﬁ|§§§ pRYye EbﬁBHFHFwﬁwgpo&ﬁ%aé%@h’FﬁQFeﬁhésoﬁdéﬁ ﬁ%nnly 20
connectlng the collectors of the differential transistors forn1ng

- conpar & or fiastdlynthes difderentiedutreasisdors, shick form dlgar at or. As

shown, there are arranged eight differential transistor circuits which
i ncl ude paicompathaltber poiritdons being commonly connected with each

other asd with the load resistors, and secondly because
the amplifying transistors perform the differential -
smplifieafions.with the use of the other comparator
10 outputs, and thirdly because the amplifying transistors
commonly use a single constant current source.
~ Moreover, it will be noted that a. pair of
transistors having their collector electrodes commonly
connected can be formed_in an identical device forming -
15 region_(i;e,, a well region) so that the size of the chip -
can be reduced in the manufacture of a monolithic IC..
Referring now to the first embodiment shown in
Figure 4, it will ‘-be noted that the circuit comprises tﬁs '
| comparator groups such thst the order of commbnly
20 sonnecting the collectors of the differential transistors
forming comparatdr portions is made to'occur between
every other comparator.
As shown, there sre-srranged eight differential

transistor circuits which include paired differential



-10- transistors [err], and [err] and constant current sources | connectééa
to the cormon emitter el ectrodes thereof. i simlar manner to the

" foregoi ng enbodi nent, ‘the differential transistors 0 to [err] 5

i ndi cat éd by even numbers have their base el ectrodes commonly fed with the
anal og voltage signal [err] whereas.theqgther transistors '
ndi cated by odd nunmbers have their base el ectrodes. consecutively fed with

the réeference voltages [err] to V (wherein: [err] [err] 10 [err] which
~are derived bgrankisterdi gsgg |$on§ ¢rahdt @ ég;r?nd ¢bmstlahterenti al
transistor [err] has its b trode é W th tﬁ | owest vol tage VL for

under f| ow det ggbent NBuPRES' I.i BohectedetoothbhBoRABRAEAL StedS
portions which are fed with thQ | ower reference voltage V and the reference

1iorent il BieRerofRRtBLeEE: TNy O%%%?élé tﬁﬁﬂﬁ%ﬁ : cgﬁgtcgfg%eﬁ%nﬁhth
he | oad
Gifferential SAARLDEBE, cHhe " EERPALAEOTSpBpbookoaRgehhe

~col l ector el ectrode of -one differenti al tranS|stor in the third conparator
portioft are céndﬁqayedohMeevcn numbeeachauehtheéndbasehelhetroddsre5|stor

commonly fed with the analog voltage signal v whereas

IN'
the other transistors Qé53 to Qs indicated by odd

numbers have their'base electrodes consecutively fed

1

10 V,& V; = = =<V,) which are derived by voltage dividing

resistors R270 to.R277. The differential transistor Q251

with the reference voltages V, to v, (wherein: V,<

" has its base electrode fed with the 1owgst:voltage-vr

for underflow detection. | |

| Moreover, in the order of thé comparator
.15 portions which are fed with the lower reference voltage VL
| and the reference voltage V1, the collector electfodeé
of the alternately adjacent differenfial transistors
are commonly connected with each other and with the load
| resistor. | | )

20 | The collector electrode of the other

differential transistor Q251.1n thexfirst comparatqf

- portion and the collector elegtrode of one differehtiall_

transistor in the third comparator portidn are coﬁmonly

connected with each other and with the load resistor R251{



M eover, the collector electrode of the other differential transistor
Ggér] in the third conparator portion and the collector el ectrode of one
r'fferential transistor Q58 in the fifth conparator portion are [err] 5
cohnDAIy connected with each other andqwith a |oad resistor R Thus,
the collector electrodes are 254 commonly connected between odd nunber-ed

conparator portions, and the collector electrodes are |likew se simlar’

connect ed bgbf@goegyeﬁhgu5311ggt59ngg§gtgbdgob&ith'ther_ fromthe second..
conparator portion. In the first-conparator group having its collector

el ectrodes gggggg%ﬁtigin%ggﬁgégﬁhgpggggggPnggeEﬁqfﬁpg%ﬁﬁg&gkoportiSns and

t he second or group or elrectrodes commonly 15
connect ed between even nunber c ar gt or rtigns as crib bove,
ond oot st BT LB R B RoTdeataT el o i ore AL2ereBEAaL y. wi th
~the differential 259 transistors and Q at the | owest conparator
portions oftrB9816§pecﬂb dnotvhe, fifdh compariator poation aresecond
conpar at or portions and th the other differential transistors [err] and
at t ke hi gheohmoflljaconneced with each othee agideniiithard lelaght h conpar at or

portions. The out-puts a to | of the respective conparator portions are
fed out thr%%%&s%8§pﬁ;ghxe- Thus, the collector elgctrodes are
commonly connected betﬁéen odd numbered comparator portions,
and the collector eléctrodes are likewise similarly
coﬁneétgd betw?en evén numbered cqmparatq: portions
10 . from fhe second comparator portion.

In the first comparator group having its
goliector elect;odes.common;y connected between qdd'
numbered comparator portions and the_sgcond comparator
group having its collector electrodes commonly

15 connected befween even nuﬁbefed comparator portions as
described gbove; ;oad_resistors Rys0* Rogae Rosg and
'R259 are.connected, regpectively,_wi;h'thg differential
transistors-ozso'and Q5o at the lowest éomparator
portions o: fhé respective groups, i.e., the first and

20 second'comparator portions and with the other differential
'I:ransi:stors.st3 én@ 0265'at.the;hi§hest compafator_
portions, i.e.,'the seventh énd eighth comparafor portions.
| .'The outputs a to j_of the respective

comparator portions are fed out through respective



:12- emtter-

follower transistors [err]. Of these, in order to pr epar e

the lowest bit signals A and A in accordance with the Gay code, the

gmtter jel ectrodes . of the transistors[err] and [err]

el ectrodes 5

of the transistors [err] and [err] are comonly

connected with each other and with a_rgsigtor R and 264 a const ant

curreig-~source [err] and a resistor [err] and a constant current source

[err], respectively, to thus constitute level shift circuits. 10

.On the other

connected with a resistor R260 and the cons

| i kew se consB}&E%etg-bggﬁ#réhgééeﬁé?gyit i{h§%$@§¥€$A3€?§{$tfﬁ enbodi nent

W th reference

shown in 15

bafdterbeoRTbIbS! tPARE1E06P30Q, Lhetother . .
a o t A ?égt cur?@ﬁt circuit which

gur e alned 1 n

to the waveforns sh

[ j . _Th | St 50 i d d
non- conduct 1 vBOPeraRaRe) W FhOPhe, Grev, Spde: | Hhs St EESR eLabERPA8S, BF  ne
The transi stor éerr] I's rendered 20 non- conductive for

gcand 62§3uan@eth9 enitternejacteodes on

hi gh | evel

[err] in ordeftheotransistaesc

and the emtter:-

tragsighese, in is

t he ot her hand, the transistoréferr] i s réendered non-conductive for [err]in
order Po raisefthhechrtnsistonstQEéSL Qg7ahqndigg7gearé.commonly '

¢qnnected wifh each other and with a resistor R,g,, and

a constant current source I ', and a resistor R266 and

' a constant current source I.', respectively, to thus

10

15

0
constitute level shift circuits.

On the other hand, the emitter electrode of

the other tramsistor Q,c. is comnected with a resistor

"R 60 and the constant current circuit which likewise’

2
constitute a level shift circuit.

The operation qf the embodiment shown in

Figure 4 will be explained in greater detail with

reference to the waveforms shown in Figure 5.

The transistor Q,;, is rendered non-conductive

50
for VIN £ VL in order to raise the collector ou'tput a

- to the high level. The transistor Q252'is rendered

20

non-conductive for VIN‘L V1 in order to raise the

‘collector output b to the high level.

On the other hand, the transistor Q is

263
rendered non-conductive for VIﬁ >Vg in order to raise

the collector output i to the high level.



| - The transistor Q I s rendered non-conductive [err] for VIN > V7 in
ofder to raise the collector output [err] to the high | evel. Mreover, the
outputs [err] to h, which are prepared 5 by making the collector

el ecty odes common anobngst the alternate conparator portions, are at the
high level only in the case \Ahere_t1l'3a_pai red transistors having their .-
~collector electrodes comonly connected are non-conductive together. *fThe

output {err] is at the high level only for 10 [err] when the :
transi stors Q@51 and T s iistoier ats qrentlered endmweedmductivihe out put
dis at the-high level only for [err] en the transistors [err] and [err]

are render ct t é<%§ec i o PehtheEr4 ¢ at the
etvtzé%e a o

hi gh | evel % m;ng? 1 I#E/I ﬂhe out put s at thl{é hi"gh | evel

only for rr [err] is at the high level .only for [err] and the

out put h |st1'h4 bcjré‘ ﬁ'r%}?ﬁ"evel only for [err] Moreover, the circuit shown

uses di ode OR 20 circuits which makes use, of  the base and emtte

el ectrodes of the eniMargovers e quipts e ko hyhich ape PrERATSS)

signal A of Gray code can be prepared by taking the logical sumb + f + |
of ®he out (bit ;dkirg ablte jcoklettde éleekrodes common amorigshetl@ay code

alternate comparator po:tions, are at the high level only
in the case wher_e the paired tra__nsistors having the'iz_-
collector electrodes commonly connected are non=-conductive
together. The output ¢ is at the high level only for

10 v <V w< V2 V., when the transistors 025 .and 025 4 are
rendered non-conductive together. The output d is at
the high level only for V,{Vp <V, vhen the transistors

3

Q and Q g are rendered non-conductive together.

253 25
Likewise, the output e is at the high level only for

15 2( ;< V,s the output £ is at lthe high level only for
V ( < V.3 'Ehe outpl;t £ 18 at the high level only for
V),V < Vg3 and the output h is at the high level only
for V5 ;VIN <V7.

Moreover, the circuit shown uses diode OR

20 circﬁits' which makes use of the base and emitter
electrodes of the emitt'ezf-fdllower transistoré. The
inversed lowest bit signal A of Gray code can be prepared
by taking the logical sum b + £ + J of the outputs b,

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



*-14 - can be prepared by taking the logical sumd + h of the outputs d
h. Incidentally, the other bit signals B. C and so on of Gray code can be

prepared by simlarly-taking the 5 logical suns e + gand g +j. In
“order to generate'the respective idaveht ed outputs B and C, however, it is
necessary to take the logical_sunms, ¢ + i..a e, but this is

di saegy_ant ageoﬁ@bb%aﬂ@@%?e@h@dﬁ%%ﬁagt'ﬁh? lﬂsi%l-pﬁ‘ﬂ% 2wy ¢fbRedoubl y
used.”1n order to avoid this 10 -danger, the level-shifted signals c' to

~i' are preparedtpytsednandfhdi ode OR circuits (not shown). Indidentally, if
the double signals e and i are prepared through a nulti-emtter transistor,

the other Gray code si gméfdgntgllyc e StRep BEtIBISRAL £IBLC angi M | arl y'
to the Gray code signals A and A ATthou h not shown, the code signals A

The Gt Fer o Pl &Sr&f By go8e CHRE B P%ééﬁﬁﬁi SEEE B e o

In the case ere e collector electrodes, are_connected between alternate
conpar & or s, ggg u‘?%e—svﬁ‘tcﬁlﬁﬁé(ﬁe‘?aif ontBf OFRer JF9 1E5Rera e
transistors is perforned by using the higher and | ower ones of a reference
vol tage as borespec¢tins. inverted coutputs BigndrCspeewewsr, ibpbsation can
be realized than that of the enbodi nment
necessary to take the Ilogical sums ¢ + i and ¢ + e, but
this is disadventageous beeause of the danger that the
outputs g and i are doubly used. In order to avoid this
10 danger, the level-shifted signals &' to i are prepared 5y
means of diode OR circuifs (not shown).
 Inéidentally, if the double signals g end 1
- are prepared fﬁrougﬁ a mﬁiti4emitter-tranéister,'the
other Gray code signals B, B, C and E_Can.be generated
15 similarly to the Gray code signals A and A.
Although not shown, the code signals A and A,
"B and B, and C and C of opposite phases are.fed.to and
amplified by the difrerential amplifying circuit in order
to realize the high gain. a
20 In the ¢ase where the collector electrodes are
' connected between alternate comparators, as shown, the
switching operation of the differential transistors is
performed by using the higher and lower ones of a reference

voltage as border lines. As a result, a higher-speed

25  operation can be realized then that of the embodiment



ﬂf}Es_ shown in Fig. 2. In other words, the frequency characteristics can
Q¢Y i ncreased two tines. Moreover, the allomabrlrty of the conparator for
the Q|spersron in an input threshol d can be enl arged. 5 . It
shoul’d be noted that in the case where the digital signal of Gay code S
to be prepared, the |owest bit=sithal=can be directly generated. :
Incidentally, it is possible to sinplify the circuit, to reduce the poﬂbr

consunpt i oghavil 1@ FEglC2, 10In othée words, othéherefuenépr manufacture of
~the monolithic IC by making the collector eIectrodes common and by

di di i gl ¢

Shoul o bo Shetetfertiefes X b indresh %a%é} tineds' Moz an{j’?ﬁﬁ o ovder
f th t 5 th | t

gonnegtggqgﬁia Ori%% s%ffHQVIn ?g% * e A&£§ﬁe%§g 3yaﬂode can be

directly prepared and partly because the C?ay code signal B. for exanple,
S suffrcrtn@uto‘bmesholl.@echnghelenb&rséﬁo[err] as viewed fromthe
waveforms shown in Fig. 5. 20 . - Referring now to Figs. 6A and

6B,ga paral | el conpalttsiouldi bé nabedi that! ingther atset khefeayheode
signal, and a four bit A/D converter nmaking use of that conparator are

shoun 1N dgidter |41 ghey! %Peofe}eéoaéais%o betﬁ?eﬁérea egREO36WelY broken
bit signal can be directly generatede
| Incidentall&, it is-poSSible to simplify the
| circuit, to reduce the power consumption and to reduce
10 | the size of the chip for manufacture of the monolithic
C ‘by making the collecto; o‘ectrodes common and by
| providing a differential amplifier after the Gray coding.
| Furthermore, it should be noted_that +the circuit
could be made merely by changing the order of the comparators.
15 having their collector electrodes_commonlf connected partly
| beceuee thellowest big signals.A and A of Gray code can be
directly prepared end_pertly because the Gray code signal
'B, for example, is sufficient to_oe at thehigh level for
V2< vIN< V6, as viewed from the wave.forms shown in Fig. 5.
20 ~ Referring now to Fige.'GA and SB; a parallel
: comparator, which can,directlj generate the Gray code\
signal, end a fourebit A/D converter making use of that.

comparator are shown in detail. It'should_be'noted that

24 the parts enclosed.by broken lines are formed in the -



et

16 - nonolithic IC Resistors [err] which are connected in series between 3%
the termnals B and F, -divides the |owest voltage [err] and the highest V=
- each ong sixteenth in order 5  to prepare the reference voltages V1 to
V for'the fifteen conparators. Pair?g differential transistors [err] and
- [err] together constitute a conpthtJ | = The transistors Q4 to 32
i ndi cat.ed by even nunbers have their 10 base el ectrodes fed with the
reference voltages [err] [err] respectively, which are prepared by.the
resistors  momoRithigndCeas the transistors [err] to [err] indicated by
odd nunbers have their base electrodes fed with the anal og vol tage signal
‘[err] coming fromtheRkgistoriseRU AR RA..,TMhilchaRieS c@hnedteld Aaving its
base el ectrode fed with the | owes voltéé% VL and the transistor [err]
having its b e f m@kqug - Vel t Molg! V aget her
constitute t?\%%églﬁpyre%?n\/\h%?lceh I'S 8&1%”%%81\(/1' ?éd%ggrria&%d?rhﬁ gv%v%%%ect I on.
The col |l ector_electrqodes aqf ,the.paire | fferential transistors
constituting% Sf t%deeﬁnaa% Pﬁ%ﬁ%a?u FHae P@%o’ﬁ?@@?@%ﬁ 3% §FReThr ce
ki nds_. of w ndow type conparators so as _to .prepare the digital

to prepare the reference voltages 1 to Vﬁs for the

fi:teen comparators.

Paired differential transistors Qs Q, to 031

and Q32 together'constitute'a-comparator 1. The

transistors Qh to Q indicated by even numbers have theif

32
10 base electrodes fed with the reference voltages V, to Vys
(V1 < Vz < V3 - - - <V15), -.respectively. which are prepared

by the reSistorS'Ro to whereas the transistors 03

Ryg0
.to'Q31 indicated by odd numbers have their base electrodes
fed with the analog voltage signal'ViN coming'frqm the

15 terminal A. |
| The transistor. Q.2 having its base electrode
fed with the-lowest'voltagg Vi and the transiStor Q,
having its base electrode fed with the analog voltage
signal ViN together constitufe the comparator which is

20 provided for underflow detection.
| The collector éiectrodes of the paired
differential transistors:constituting the fifteen

parallel comparators are connected to form three kinds.

- of window type comparators so as to prepare the digital



\7- signals Ato C of Gay code In order to prepare the | owest bit
nals A and [err] of Gray code, the collector electrodes of the alternate
corrparator portions fromthe | owest conparator 5 portions Q and are -
. commdnly connected with each other and with collector resistors [err]

[err], respectively. The collectol7electrodes of the transistors [err}_and
[err] | eft uncommon are connected wi.th collector resistors R18 and RS%.

10 r voltage of the transistors [err] and [err]
- made conﬁ%ﬁ‘?%sax 'F‘Ple h‘?g 8?@e?°€%1y for [err] because the transistors
[err] and [err] are rendered non- conductive together. The collector

vol tage of the nextImremdestbosprepare dthe [Lowestubitcahe®alss at the high
| evel 15 only for V3 <VIN <V5 because the transistors [err] and [err]

are rendef egndOk-60NGHEY | ¥6dépTthbetolledtui seletbrodes! oLt thevol t age of
t he subsequent trans| stors made common is consecutlvel y at the high |evel

as the ang %\%é or@?o from the eﬁeeeve?%a’eafd the

coIIector vo age o ranst st or I's at t only for [err]

ol oot or BOCHERE éra”séé HEP <Eobe ??géﬁqscﬁed %‘@ﬁ éﬁxﬁevﬁﬁ%ﬁf‘i for

[err] because t he
and with collector resistors R 19° R 2, R 5, RBO’

332, and 934, respec-tively. The collector electrodes

of the transistors Q, and .Q32 left uncommon are connected

3.
~ with collector resistors R g and P-‘jﬁ'
10 The collector voltage of the transistors Q, and 07 _

~made common is at the ‘high -lev_él cnly for V1 (_VIN (V-3

because the transistors Q, and _07_are render'ed non-.

conductive tdge‘bher.. The _collestor voltage of the next

transistors Qg and 0,11 .m_ade common is at thehigh level

1.5 only for V3 <VIN <.V5 because the transistors Q_B and Q;”
are rendered non-conductive together. Likewise, the
collector voltsge of the subsequent transistors made
common is consecutively at the high level as the analog
voltage is raised. |

20 On the other hahd, '_the .co'llector volfage of.
the transistor 0'3_ is at .the high 1ejre1 oﬁly -.for V1 > VIN
because the transistor 03 is rendered non-conductive,

‘whereas the collector voltage of the transistor Q, is

at the high level only for Vg (VIN because the



N /.
‘transistor Q is rendered non-conductive. [err] As a result, of the
~collector voltages made comon, the alternate collector voltages of the '
transis‘ors [err] 'and {€rr]. and [err] and beconme equal to the | owest

bit 5 signals A and A of G ay codes as shown in Fig. 7. As a result,

the Gray code signal A can be prepa&d -y nmaki ng conmon t hrough
emttier-follower transistors [err] and [err] in other words, by effecting

passg’@’é t hr ougkari dies €0 de, OR & i vt drdtP i dti-driddtive. Of the base and
emitter electrodes of theddransistors. On the other hand, the alternate

col l ector voltages of t 8 [-Sf Or S [ ] r and nade
common, whil st includin t#]eraéc%*]lsée'ct 1@% tca%légé%éfh‘échﬁ%%ﬁ ﬂ%df% [err]and
"[err]- are at the high | evel when 15 the G ay code signal,L Ais at the

| ow | evel . /GOWMQTys fhe alternate) qaldeskar FpgeRat 1 dransistang |
[err] common, the logic sumoutput- simlar to the aforenmentioned one is
generated to %m&f rand tegud beatmeiequal Ao 2the lowest bit I n
order to prepare the 'second t signals B and [err] of Gay code, the

collegor el egigmalns Hfard & INGrat odey td®shévim emerBig oyt h order from
t he second conparator portions of and are commonly connected 5 _19
- As a result, the Gray code signal A can be
prepared by making common through emitter-follower
#ransistors Q36’ 042, Qh?’ and 051, in other words, by
effecting passage through the diode OR circuit masking use
10 of the base and emitter electrodes of the transistors.
Qn.the other hand, the alternate qollector
Yoltages of the transistor§ 08 and 011? agg'Qﬂs_and Qﬂg
made common, whilst including the collector voltages of
the trensistors 03 and 032, are at_the high level when
15 the Gray code signal A is at the low 1eve1. As a result,
| by making the emitter-follower transistors Qg5 Quq
044, 9h9 an§ 053 gommon, the logic sum output similar
to the,aforementioned one is generated to prepare the
inverted Gray code signal Z.
20 In order to prepare the second bit signals
B and B of Gray code, the collector electrodes of the

comparator portions of evenrfourth'order from the second

comparator portions of 05 and Q6 are commonly 6onnected



h each other and with collector resistors R2Z1, R26 and [err]
spectively. The collector el ectrodes of the tranS|stors Qferr] and [err]
| ef t \uncormon at both ends are copmected with 5 col l ector resistors
R20 and R35, respectively. The colfect or voI tage of the transistors @ and
- QL3 nade comon is at the high | evel o r errﬂl‘quer cause, t he
transi st orvl theregchyrpther ap V%meﬁ"%%ll (ﬁéﬁﬁe? %219{ 6 FHL ™
col | ector voltage of the 10 next tran5| stors . and [err] made.common

is at the respéctivglyor [err] because the transistors QL4 and [err]
“are render non conductive together. Mreover, the collector voltage of

the next ”ans'Stor%@%ﬂ@e&@?dﬁms%ﬁttﬁé%mﬂﬁsw @oly for V

< VIN (V14 15 " because the transistors [err] and [err] are rendered non-
conducti ve el + NEoEn of t he
transi stor%‘&‘?q%q E‘%%%%Q&Pﬂéﬂ %tends a%ljé@%t@%%e&% %H?eve only for [err]
and for [e respectlvel ause the tr f ors and are
r erfider ed t?%%ls"}'/%g eﬁg@v%‘l‘ ’ar?%'%?ﬂ"e fyt he col | ect or

vol t ages rrade common, the alternate coI ector voltages of the transistors
[err] and [err] and 'merc}ob:helcterr}'olbesenefeth@ltrensiaeteeeoﬂg 25 bt

S|gnal B of Gray code, as shown in Fig. 7.
and Q,., made common is at the high 1eve1_ only for V2<

13
VIN <V6 because the transistors 06 and_Q13 are rendered
non~-conductive together. The collector voltage of the

10 next transistors Q1 4L and 021 made common is at the high
;Level only for _V6 <VIN< V1 0 because the transistors Q,, L
and 021 are rendered non-conductive together. Moreover,

" the collector voltage of the next transistors Q , and Qg
made common is at the high level only for V,,< Vi <V

15 because the transistors Q22 e’nd ng are rendered non-
conductive together.

On the other hand, the collector voltages of the
transistors Q and 030 at both ends are at the high level |
only for V2 )_VIN and for V 4< VIN’ respectively, because

20 the transistors QS and 030 are rendered non-conductive ’
respectively.

As a result, in the collector voltages made
common, . the alternate collector voltages of the transistors

. _ _ | - .
Qg and Q, 3? and Q22 and 029 become equal to the secon

25 bit signal B of Gray code; as shown in Fig. 7.



- 20 - As a result, by making common through emtter- follower transistors (E?
[err] and [err] the logic OR output simlar to the aforenentioned one is ¢
generated to prepare the Gay code signal B. 5 : On the ot her

hand, both the collector voltages of the transistors Q and Q at both the
ends and the collector voltage of.thgptransistors [err] and [err] nade
commoi_are at the high |level when the Gray code signal Bis at the |ow

| evel .. As a result, by making conmon through 10. emtter-foll owner

transistors Q37, Q43 anfs G resukt| doy cmskingutemhoni thieughoenbtter-

af orenenti oned one is generated to prepare the inverted Gay code Signal B.

In order to pi‘@l'l?ﬂéﬁei-hﬁréﬂsigtﬁ-é Qign&lxchOf,Q:Hé! T6g€c OR' t In view

of the conparator portions Q [err] I hterval s of seven from

of the {ransi é?%?ﬂ?eﬁé B pEenditlofRl b 1 AEnPEREEE, RO BEREIRC

and with a ¢ ﬁp reS|stor err mhereas the col |l ector el ectrodes of the
transi stors [Ef®] %ﬁﬂ ¢ede s %ﬁéﬁL ends are connected with col |l ector

resistors R an respectively. The collector vol tage of the transistors
[err] &nd made comm@a the aother hand, | both theycolblesher\woktages

because the transistors [err] and [err] are rendered 12
of the transistors'Q5 and 030 at both the ends and the
colléctor voltage of the transistors Q14 and'Q21 made

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 enitter-follower transiétors 037, 043 and Q.,, the logic

52
sum output similar to the aforement;onéd_one is generated-
- to_prepare fhe inverted’Gray cbde Signal Ea'
In order to prepare the third bit signal C_of
Gray code, moreover, in view of the comparator portiqns Q25
15 and Q at intervals of séven from the fourth comparator
' portions Qg and QHO’ the collector electrodes of the
'_transistors 010
other ahd wifh a collector resistor th, whereas the

and 025 are commonly connected with each

collector electrodes of-the transistors Q9 and Q,¢ at both
20 ends are connected with colléctor resistors R23 and R33,
réspectively. _
The collector vbltage of the transistors Q10
and 025 made commop is.at the high 1eve1 only for V4<TVIN§ .

V12 becau;e the transis‘_tors.Q10 and Q25 are rendered



%, 21 - mnon-conductive together. As a result, the Gay code signal C, as
hown in Fig. 7, can be prepared. On the other hand, the collector voltages.
of the transistors [err] and [err] at both the ends-are_at the high 2 5
| evel "only for [err] and for Jerp{ respectively, because the transistors
[err]and [err] are rendered non- conductive, respectively. As a result, by
maki ng corg@? &mgéq 1 4 | 0 r Lsf Or err] thew
| ogi ¢ sumou p%ét}{--u,m ‘gén'{:%géﬁge%T O\I‘I%%Eéﬁt?%%!é%{bn%lél gé%%)ﬁg?g?éed 10 to
prepare the, inveried G cod Lgnal,, C. Mreover, at fhe outputs of the
conpar atorsj@'\‘%ﬁr a2r§ °"‘a’hdf¥315%g%si%g ¢#R b RIeRAFede voltage [err] as
‘the reference voltage, there can be directly generated- the highest bit :
signals D and D of G&athecothers handy tise collector valtages ef other hand,.
the conparator portions [err] and [err] prepare the underflow signals UF
and UF f otratesicstors Qéwarhdlan%gﬂa'tw&th[ﬂﬁé]endﬁﬁaﬁ%cﬂi@ Bigwals Ato C
and [err] to [err] and € he 20 underfl ow signals UF and UF are
subj ect ed ' OFRE MBI by y 2% - Ol rt ' to Q
resistors IR%’?AJEG\(?!{I% 6 and f‘b%‘fﬁﬁt %Pr’r%ﬁ ‘E‘lZgﬁ{g&' I%l %‘Eﬁe:‘]r.gﬁ and are

lified I i | s. byt ti. f.dif tial
2ol 1 1y ndSeiis S G AR T Mend o A Gehadned gy
conductive, respectively. As a result, by making common

through emitter-follower transistors'Qho and Q50’

sum output similar to the aforementioned one is genefated”

the logic

10 to prepare the inverted Gray code sigﬁal c.
| Moreover, at the c'autpu-ts.' of the comparator
portions Q17 and Q1.8:using the intermediate voltage Vg
a.s_ the reference volfﬁge; there can be diréctiy generated -
the highest bit signals D and D of Gray code as shown
15 in Fig. 7.

On the other hénd, the compératoi_' portions 01
and Q, prepare the underflow signals UF and UF for
detecting the inequality of V; >V . |

The Gray code signals A to C and 4 to C and the

20 underflow signals UF and 'I-J'F‘ are subjected to level
convers_ibns by' e.mitter-f'ollower. tfaﬁsistors Q

33 0 Q5

resistors R37 to Rt;s and constant current circuits I0 17

to I, and are amplified to the TTL level signals by

026
the actions of differential amplifying transistor

25 circuits Q54’ Q55 to 062 'and. Q63'



. | | o o . . )
-22- A master latch circuit 3a which is receptive of the Gray code signal =
A, conprises: the input transistor (63, a feedback input transistor [err]

the resigtor [err] connected with the cormonly connected 5 ~collector
el ectrodes of the transistors - a?}; a_di ode connected transistor Q '
connected with the commonly connected enitter electrodes of the transistors

and - » to effect the . lgvel shifts; an emtter Joad, resistor R4§: a
transistor [err] havind BR3S sé'aé:lcg'mc&é'&éﬂ%o g_a_ wq’{jég‘ s ITetq?é’%WﬁJt

signal through the level shift transistor; a Shottky -barri-er diode [err]
(which will bef &her Gran codsr ailgnad 4, gosprisessd thecdmpudnt current | oad
circuit [err] connected in series with the diode [err]; a transistor which
i s receptive diransdstorp @, gf d Feedbadk Rhpuwt transistor gr thead
‘resistor R49 and an emtt | oad resistor [err] associated™ W th the

_ . Pl oar or [err] fed with
transistor [ &gl sty RANSictriected Wi tha \thed gmiem&ﬁoﬁdw ed w

the emtter output of t transistor J[err] r feedi ng back

- the col] ector 0 el ect.rod t.he feedback . i nput
rano S or [ sHiRok? eldssRe s oR R R M MEh S e Bl e e mput
t ransi st or and constituti ngg_a gate circuit; and a diode D6 and a .
constant currén i nt fgepSomnectade wlitddheot the
f-eedback 037 input transistor [err] and consfituting a gate circuit. 25

Mast er [atch ciommonly cenmected emiltber el ewrtrodede ofcdhe itrensistors

| | Qg and 064'1:0 effect the level shifts; an _emi"t_ter load
resistor Rl;s; a transistor Q66 having its base electrode
10 fed with the input signal through the level shift transi stor;
a Shottky barrier diode D.? (which will be referred to merely

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

comnected in series with the diode D); a transistor %7

which is receptive of the output of the diode D;,; a
15 collector load resistor R,  and an emitter load resistor
R50 associated with the transistor 067; a transisor Qgg

having its base electrode fed with the emitter output of

8
collector output to the base electrode of the feedback

.the transistor Q67; a diode D, for feeding back the

20 input transistor Qi @ diode D, connected to the base

1
e;éc,trode- of the input tra.nsistoz.'. Q63- and éohstitutiﬁg a
gate circuit; and a diode b6 and a constant current circuit
1037 cormected to the base. electrode | of the feedback

input tranéisfof Qg,, and constituting a gate circuit.

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



3- -to the other G ay code signals Bto D, are constructed in a simlar

anner. On the other hand, a master latch circuit 6, which is made '
keceptive of the underflow signal UF, is 5 al so constructed, in a
basically similar manner to the.laggh <ircuit 3a. The difference
t her ebetween resides in that the diodes D11 and D12 constituting a gate.
circuit 7 ate tisensther Grdyn ¢dde colgeal 9rBetechy ogre Ofomstrudbédt or  feirr]
10 constituting the inverter circuit of the previous stage, and in that
TTL tranS|si3r§d& 4\ 4 constituting.the gate circuit 7 -and having
- their inputs fe clock pulses CP are connected with a transistor [err]

constituting the inv cir U|t of the subsgqu

The conmonly connect:(é"qgf %T&?IF ao‘?a?ﬁ g'p%@ %&?‘Tﬁarﬁ' [err]
constitutin éhihe ate CIFCUIt 7 is connected with an external terminal L so
that it is e iis dade wperptive of tthe wnderflowosignal UBy ris A waveform
shaping-circuit 9 consists of an 20 inverter circuit INto prepare the
cl ok pul sesl &P, constriucted, nirerd cob$icallyesihilar mémeer [to rihd ed from an
external termnal [err] and to supply the clock pulses CP to the conmonly
connected cpidenlecrastit ostes of the diodes [err]to D which are connected
with the base el ectrodes 6T the 5

The difference therebetween resides in that the

diodes D11 and DHZ

connected with the collector electrode of a tramsistor Q72

constituting a gate circuit 7 are

10. constituting the inverter cirguit of the previous stage,
an@ in that TTL tfansistérs Q7s.and Q75 constituting
the gate circuit 7_and having their inputs fed with clock
pulses CP are connected with 'a transistor Q,, constituting
the inverter ci;quit of the subseguent stageQ | :

15 | The commonly connected cathode electrode of the

diodes D,, and B,, constifuting the gate circuit. 7 is

1 12
connected with an externmal terminél 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 %o suppiy the clock pulses CP to the
commonly connected cathode electrodes qf the diodes DH to
Dy wﬁi¢h.are.connected with thelbas§-electrode$ of the
25 inpuf transistors of the latéh circuits and which



25 .nput transistors of the latch circuits and which - 24 -
constitute the gate circuit. Mreover, the circuit 9 supplies the clock
pul ses [grr] which areinverted through the TTL transistors [err] and
constituting the gate circuit 7, to bﬁg commonl y connect ed cat hode

el ectrodes of the 5 diodes [err] Tand [err] which are connected with the
base el-ectrode of the feedback input transistor and which constitute the

gate Circuit gohathRatenther ?%Eceﬁ-hhw.tsms%éwe%gbthféeg%‘t&ﬁt ghen the

clock pul ses CP are at the Righ l'evel, the diodes oD “are

mput | transi SREPELER, He, B8R phake® B, WEIREC prél abber sl 8RB dpe)

etc., are rendered non-conductive in response to the |ow |evel of the clock.

pul ses. [err] Tg‘&ciisrgés#ﬁ@oas()@?g pedr Qg sonsfiduting thengated cdaruddti ve.
e

As a result, the transistors rr] 67 tc., constituting the inverter
circuit are ffgnder thecconmonlye cantecdedc cathodiev electrodesdafcdhei t h t he
Gray. code signals, which are fed through the input transistor in order to

e Eured Lon ASRRUID g Dy yhach rp sshaskasuliates sy ekt Rectieas
| nputtransi 3&0'Eﬁeqééegégcﬁt npul’ #ahB8148679 A" WHIRH Skt tute
thé gate circuit. | '
In the master latch circuits 3a to 34, therefore,
when the clock pulses CP are at the high level, the diodes
10 D, to D; are rendered non-conductive to supply their
respective input -signals to the input transistors Q63’
nglefc, whereas the feédbgdk input transistors Qg,, O, etc.,
are réndered non-conductive iﬁ responsé to the low level of
the clock pulses CP because the diodes DB; Dy etc.,'aré
15 rendered éondnctive.- As A result, the transistors 066’
Q67 etc., consfitu%ing the inverter_cirquit are rendered
conmmtive-and;non—conduqtive in acbordance with the Gray
code signals, which aré fed through the input transistor
Q63’ in order to_:eceive the signals.

1 5
whilst the clock pulses CP are at the low'level, the input

20 Since the diodes D, to D. are rendered conductive

transistors Q63’ ng“etc., are rendered non-conductive.

On the contrary, since the clock pulses CP are at the high.

9

level, the diodes DB’ D, etc., are rendered nonéconductive.
25 As a result, wvhen the transistor Q67 constituting the



odes [err] etc., are rendered non-conductive. 25 As a result, when
tHe éran5|stor Q67 constituting the - -25- inverter circuit of the
' subséquent stage is non- conductivepgn Lesponse to the input signal, the
feedback diode D 8 is rendered non-conductive whereas the feedback input
transistor Q64 is rendered conductive. Thus, the latching 5 oper &%i on

i's such trmmmwmawromsmséqmem §tege vsrhen~-condugtivé t he
previ ous stage |s rendered conductive in order to render the transistor

[err]non- £9 e¥&h%e SJ@&Q@rsfﬁg%% 'fhéhﬁeéiﬁﬁékséfﬁdQQESt'tUt'”9

t he |nverter CI rcw sequen s age I's conducti&e in '
response t nal fee back di r.enger-e conductlve
wher eas t Qéﬁéké ?anV Y%t ereas £§Eé§ ré%p% nduct i ve.
aresult, the | at chi ng o eration is such that the transistor %err

constit utth@nﬁiﬁtmhv@s& s grenderedfcenguative. prEsysthe stptehingnder ed
non- conductive in order to render the transistor ~ conductive. In the
und2r f | ow operationtts suckuthat, tivei tgamsrlstm'm@ i comgtbtutimg gate
circuit 7, when the external termnal L is at zero volts, the diode D11 is

al ways 20 the 1Pt CORCIDE | 9F thle OpFEVides M Sbalgé 18 Nrendered | ve

é§§n the. contrary, since the clock pulses CP are at the high. level, the

conductive in order to render fhe.tranSistor Qg7 non-
~ conductive. On the other hand, if the transistqr Q67
| constituting the inverter circuit of the subsequent
10 stage is conductive in reSponse-fb the input signal, the
feedback diode.D is rendered conductive, whereas the.
.feedback input transistor 064 is rendered nonpconductive.
As a result, the latching operation is such that the
transistor Q66 constituting the inverter circuit of ‘the
15 prev;oﬁs stage is rendered non-conductive in order to
render the transistor Qo conductive.

In the underflow master latch eircuit 6, dwing
to’ the éroviSion of the gate circuit 7, when the external
terminal L is_at zero volts, the diode D,, is-aiways

20 rendered conductive in order to render non-conductive
the trensistor Q,, constituting the inverter circuit of
the subsequent stage SOtthet the output is always at the

low level irrespective of the detection of the underflow

in order to interrupt the underflow detecting function.



‘the transi-stor [err] constituting the inverter circuit of the subsequent é§>
stage so that the output is always at the |ow |l evel irrespective of the
detecthp of the underflow in order to interrupt the underflow detecting

functi on. -26- The necessity for this function will be described |ater.
A code converting circuit 4 conprlses'112fib-0|rCU|t using multi-emtter
~transistors. Milti-emtter transistors 8 to B5 and 5 transi st or.s

[err] to [err] prepare the lowest bit signal [err] of binary code in
response to tHee @eGeIHHEY sfopathla fwechien wikhde desmgedehﬂ@é-r |
transistors [err] to [err] and transistors [err] to [err] prepare the
second bit signal 2 in & esphbeseonvertingy ejrcaitt &igompri Sesnag TTILO to

D and D. Milti-emitter transistors [err]. and [err] and transistors Q
and pr e@ff&xi@%éﬁ%%ﬂﬂﬁézﬂﬂ@teﬁ tRahE5PEGSE, L0 the Gray code
signals C and to D and err A mlti-emtter transistor [err] and a
transistor [err] trans o} hi ghest bit
signal [err] of b|naryrpclz%:l('j.%{| qﬁ%é%%ftg§%§$?8€+r%)§ﬂs €$ ¢85d?%ifed mﬁth :
not . ggly th ode S|gna s but al so the, gate signal CP at the

enitte? electt ¢1Q%yp PTEPEEEC %&RW?%? nphbl slenal 2%)

VMen t he external ternlnal L/at zero volts or
of binary code in response to the Gray code signals A and

t . | -
A to Dand D Multi emitter transistors Q93 tq Q96
and transistors 097 to Q100 prepare the second b;t
signal'21 in response to the Gray code signals B and B
10 to D and D. Multi-emitter transistors Q,,, and Q

102

and transistors Q and Q 10l Prepare the third bit

103 |
signal 22 in response to the Gray code signals C and C
to D and D. A multi-emitter transistor Q105 and a
transistor Q106 transmit the Gray code signai D as the

15 highest bit signal 2° of binary code.

| | The.multi-gmittér transistors are fed with not

only the Gray code signals but alsb the-gafe'signal CP*
at their emitter electrodes which constitute the gate
input terminals. | | |

20 When the external terminal L}gt zero volts or
when the external terminal L is at vCC

detection is perfbrmgd, the transistor Q74 constituting

and no underflow

the inverter circuit of the subsequent stage is non-

conductive so that the clock pulses'Eﬁ are fed out through



_'M@S?-the external termnal L is at Vec and no underflow detection is

p ormed, the transistor [err] constituting the inverter circuit of the
subseguent stage is non- conductive so that the clock pulses CP are fed out .
t hr ough the transistors [err] and [err] On the other hand, .only whil st
tihe cl ock pul ses CP are at the higlr I€dv8l, the gate signal CP at the high
l'evel effects the code converting operation of the code converting cireésit

4. 5 the 'l'.ra.ns:Il‘ﬂjnms/@7 iamdt é[c.ase Onhcbhee tdthexxthemdy) amdyminal L is
~at V and during the underf ow det ion 10 conductive so that a

transi stor iAdt ithd VIHNEDAXNECE ed @tsthd ha @atlevidlahe CP at the

low level. As a result, all of the nulti-enmitter transistors are rendered

conductive | m d AR l%ﬁ?ﬂ t he high

| evel . 15 é%é aéisﬁmﬁ C§ eﬁ ave%lr ﬁiﬁx ?‘l rcw féi?ae%%vag |css,°&r eceptive 0O of

the | owest bit si of bi nar ode rlses emtter
~transistor t%é‘s émﬂfzﬁm-an |+§Fo g‘#ﬁ%%fh't he out put

of the forner 110 transistor; | oad reS|stors R55 and R56 connected wth 20
t he 2ol | ector and emuqmﬁmctimckb@ caseh aitenel thek externalk or, :
respectlvely, a transistor [err] made receptive of the collector_output;

| oad resi sti@raniralr ]Lajmd aR c° mwm‘g Ftnémméﬂmwrdﬁubﬂm:iter

el ect rodes

for VL >V N’ the transistors 069’ Q72 and 073 constituting
the underflow master latch circuit 6 are rendered
non—conductiy95 whereas the transistor Q?h'is rendered

10 conductive so that's transistd: Qe is :endered_conductivs
to set the gate signal CP' at the low level. 4s a
result, all of the_multi-emitter trsnsistors are
sesdered condﬁctifs to raise all the'biﬁary code
conversion outputs to the high level.

15 | o A slave latch circuit Aa, which is receptlve
of the lowest bit signal 2 of binary code, comprises;

a multi~emitter transistor Q a feedback transistor

109°
QH10 made réseptive of the output of;the former
| transistor; 1oad_resistors R55 and R56 connected with
20 the collector and emitter electrodes of the feedback
transistor, respeétiveiy; a'transistof Qﬁ11 msde
receptive of the sollector outﬁutf ,lsad resistors R57

and RSB connected with the collector and emitter electrodes

and a transistor Q | made

of the transistor Q 112

1117



‘of the transistor [err] a transistor made -28- receptive of
the emtter output for feeding back the inverted output through the '
mal ti-em{ter transjstor QL09. A transistor J[err] which is receptive of

the emtter output of the transistor [eréb is an output 5 transi stor

and thus forns an open collector output &PrTuit having its collector :
el ectride connected with an external terninal Q The operation of the slave

latch circuit seceptpeef ofmtHesemlittbpt owlpatt Fercreciny! 888xCehare at 10
the low level the multi-emtter transistor %99 is rendereéd conductive to

render the fecdndektbaogatahe! thebhln"eHeCRIINILENEtter BrinL atbl ol NS

transistor is rendered conductive a non- conducti ve | aﬁog'the
code conversion output, thus performpg the reception of the code
conversi on out put . Nbréogg?gséﬁgﬂrtﬂ¢1groﬂﬁiﬁhléésrﬁﬁea ivei of hEhe gh

| evel, the ON OFF outputs of the transistor _ are positively fed back
through the tr&H§F§?§r°EﬁRQttﬁ5.ﬁhﬁttrénﬁistortQqqaisisrapeoutpuhd t he
transi st or in order.to effect the 20 | at Chi ng operations. It

shoul d Be not etirahaistoe apérthusnfofmsnanodpenngollectepubatpitocifsuit
master latch circuit are carried out during the fornmer half period when the
clock pul ses (RadifigaitsnEol188tbfVelecthbaé! chifiected with an external
terminal Q. o
The operation of the slave latch circuit 4a is
performed such that when the clock pulses CP are at
59 _ .ﬁhe low.levgi the_multi-emitter transistor Q109 is
- rendered conductive to render the feedback transistor
9110 non-conductivgf As # ?esult, the transistor‘Q111
is reﬁdefed condugtivé and nohAEénductive in acdordaﬁce'
with the code conversion.putput, thus perforﬁing the
15 reception'of the code conversion output. Mbréover,
when thg clock pulseé CP are at the high level, the ON/OFF
oﬁ#puts o: the transistpr'Q111laré.positively féd bébk
through the transistor 0112, the multi-emitter traﬁsistor
CHOQ and the transi;tor Q40 in order to effect the
20  latching operations. ' |
| It shodld'be.noféd that the operation of
1ntrcdgcing the_inputs int6,the'master latch circuit
are_carried o@t during the former hélf périod when thé

clock pulses CP are at the high level, whilst the

25 operation of introducing the code-converted inputs'intd



! ';‘.i o ' : ) :

€2§9 operation of introducing the code-converted inputs into -29- the
ave latch circuits are carried out during-the latter half period when the

clockppulses CP are at the low level. The reason why the data transfer is

perfofmed by the use of the clock pulses will now be explained. 5 For
Vv V8, for exanple, as shown in FRg2®e-7, the Gay code D indicates.an
internediate IeveI to judge that, in the TTL circuits for the code Sl
converting O op eratlons the circuits for preparing the 2 , 2
and 2 si gnthe %ﬂ‘%"%tlﬂ'ﬁh mbrpmiet%mm&%simemct r@aring othe latter
preparing the [err] signal is at the |ow |evel. Then, the erroneous.

oper at i onshalf [meriod "wled Othencldck pulséds CP rary @bdﬂléaxwmm
Therefore, the sanpling operation is perfornmed by the nmaster latch circuit

at the above referrephd orddgdr@Vily ffte data transfer!is Stég ot ed that
Figure 7 shows the waveforns i n the case where the externa tern1na| L IS

> are sel %?*“f%u id P%*@%f’ﬁéél?%\?ﬁ%ee AEP AT 9% b ety Lo '

volts th n Ip out and 20 the outputs [err]_to [err] do not
vary, as i atghr rﬁxﬁmﬂ%ﬁarﬁﬁﬁiﬁﬁﬂﬂ in Figure 7, the

_Grsy code D indicates an intermediate level to Judge
that, in the TTL circuits_for the code converting
-operations, the circuits for preparing the 20, 21 and 22
signals are at the high level_whereas.the circuit for

10 preparirg the 27 signal is at the low level. Then,
the erroneous operations of “O",l"d";'“O“ and "O" as the
binary code take place. 'Iherefore, the,sampling
operation is performed by the master latch circuit at
the above referred to instants.

15 It should be noted that Figure 7 shows the
waveforms in the cese'ﬁhere the external terminal L is
at'the Véc level. Upon underflow.detection, the outppts-:
20 to 27 are set at the high level. If the external
terminal L is at zero volts, the underflow output and

20  - the outputs 2 to 23 do not vary, as indicated at broken

lines in Figure 7.

The'circuits of the other slave latch circuﬂx

3b to 3d and 8 and their operations are similar to those

of the slave 1atch circuit described above.

3



The circuits of the other slave latch circuits-3b to 3d and 8 and their
operations are simlar to those of the slave latch circuit described above.
;30- A bgas circuit 10a is provided for driving constant current

transistors which constitute constang %5rLent circuits [err] to [err]

arranged in the conparator. In .order t

noi sey...5

)

[err] is used to drive #hbliasneizsuituiPands: previdedr Sophdrivingstitute

=

prevent erroneous operation due to

. capacitors are connected to the external termnals Gand Hin
order to reduce the inpedance of the bias voltage output. A bias circuit

t he constant current 10 circuits 117 to [err] arranged in the |evel

“conver si on ci rcomsttantheureehtr transhstorsuiwhichheéonetd tatey ebaistandi rcuit,

.the slave latch circuit and so on. The conparator thus directly prepares

the digital Ouiwent @13chifsand, | £hOTD 3ndrkibgla h BE chiparatspde and

of opposite phasés. As a resuli91the GPap c
generated with.t

differenti al

In the case where the two-stage differenti al

to condtitut e CORRCAIRR:

transi stor

10

15

20

L AFAES £¥ pRekBHE' FEPoYaBhAr bBafeli b, ol i, bBYse0°
H in order to reduce the-impedance of the bias voltage
output.

A blas civcuit 10p is used to drive the constant
current transistors ﬁhich constitute the constant current
circuits I, ., to I 63 arranged in the level conversion

017 0
circuit, the master latch circuit, the code conversidn

~ eircuit, the slave latch circuit and so on.

The comparator thus directly prepares the
digital output signals A and A to D and D of Gray
code and of opposite phaées.'

" As a result, the Gray code signals of high
gaih can be generated with the use of a remarkably simple
circuit including the différential fransistor circuité
for amplifying those outputs.

In the case where the two-stage differential

'transistor circuifs are used to constitute the comparator,

the prior art reqﬁires 2(2® - 1) differential transistor
circuits and complex ¢ode conversion circuits when the

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

transistor circuits. are used
% 8r8r CORRECPAotoaither eFkeragly teaming) sqGr eadent i al

gain can be



éi%cuits and conpl ex code conversion circuits when the digital signals of n
bits are to be prepared. On the -31- other hand, the circuits shown
in Fiygures 2, 4 and 6 sinplify the circuit construction and reduce the
power” consunption since they consist_of [err] differential transistor
circuits when the digital signals 6f3ﬂ Dits are to be prepared. Mor eover
t he nunber of the resistors can be reduced because many of the [err]

differential, t | st h Lr e rede nly connected
wi th each %ﬁ%‘&a&gﬁb‘fwf}ﬁetﬁﬁ?‘gﬁgkr%@ﬁ?@ofé%@f%%t% h% é’g e conversion
circuit can nake 10 use of sinple emtter-follower circuits. _

Furt her nor 8implifycthe seingutt ?%@sﬁ?ﬁ?Pﬁ?nd@F%U¥§dBFeC£E9 PeWeTare to be
generated, such a sanpling as .is enployed to nerate the digital outputs
of binary cudsumpwddn'aﬁneeuﬁheyeseasystsoft6%? 4 Yh-spBed 15 operation
can be realized. It is also possible to reduce the chip size of the

nonol i t hi cai frepentPaEntransisberal corobitstwhénrtiesatgstad sighatsi nput
threshold at" the conparators. I1n a nodified form it.should be possible to

20t oot EREDIAATEYSeO 00 BHEBLIEE, <! Mororn Be! Bubbrcatotler
Cl ol L Cone el ] 0N G2 ShiIBLA bSanSE hUY bEoefbORnL 7 anals of
| differénfial transistors have their dollectdr electrodes
commonly connected with each other and with the load’
resistors, So that the code conversion circuit can make
10 use of simple emitter-follower circuits.

Furthermore, in the caSe where the digital
outputs of Gray code are to be generated, such a sampling
as is employed to geﬁerate the digital outputs, of binary
code can be maﬁe unnecessary, so that high-speed

15 operation can be realized.

- It is also possible to reduce.the-chip size o£
the monolithic IC and to enlarge the allowability for
dispersion in the input threshold at the.comparétoré._

| In a modified form, it should be possible to
20 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



code can be easily prepared, and al so that the chip size -32- can be ¢fw
reduced for the manufacture of the nonolithic I C. Moreover, the conmon
connectiyn of the collector electrodes should not be limted to that
between the different conparators but can be effected between two or nore 5
conparators. In this nodification, the®Z ot | ect or junction capacity is

i ncreased so that the switching speed is |owered. Such nodification is
not required in the case where the quasi-deci mal code or G code_signal s
are to be gen&PR: bg redguced for the manpyfagiyre egsﬁthBGneiXEDFFsIGan be
further nodified such that the constant current sources are replaced by
tresistors. On the ot her MomedverhethéDcommonr connectdoni nfFither esliéckar ‘6B
can enjoy the followi ng features 1 cause it has both the -underfl ow

~detection out pllect#daes08hatdd! het ﬂﬂﬁl‘b%otQh&%tbb%ﬁeeﬂt&Hh'ﬁlrﬁerent
predeterm ned | evel in accordance Nth that detection output. Since the A/D

Construct i on conPRgeEPr8 Bt canBRobrtRLESA pRtER, o BRmoRR. (0 L
wi th r Sar kabPOTRAZELORErcr r g TR BBAAELEEHTanenbbE: FOTLEBEOF e AD

' Junction capacity is increased so that the switching speed.
is lowered. Such modification is not required in the
case whefe the quasi-decimel code or Gray code signals
are to be generated. | '

10 ~ The above described circuits can be further
mddified'such-that_the constant current sourées are

_ replaced by resistors. | o
| On the other hand, the A/D converter shown

in Figures 6A aﬁd 6B can enjoy the'folloﬁing features

15 because it has both the underflow detection output .
function and the function to set thé outpﬁt at a
predetermihed-leveliin acCOr&énce'With that detection
output. | |

Since the A/D converter is formed as a
20 f monolithic or hybrid IC, and its circuit construction is
| therefore fixed;, it is inconvenient to extend the output

- bits. Nevertheless, the A/ﬁ'conferter can perform. the
output extension with remarkablé ease.

Referring now to a second embodiment of the A/D



-éﬁb converter shown in Figure 8, it will be noted that the parts encl osed
wThin broken lines are constructed into either a nonolithic sem conductor
integrhted circuit or a hybrid integrated circuit. Ref erence letters
encl osed 5 by circles indicate_t termnals of the integrated
circuit. The A/D converter includes a“Conparator 1 which is operative to
conpare the reference vol tages prepared by uniform y dividing the | oned¥

~vol tage Ie“bbn%%%g&'e(ihb%lg.n Figh@ B85/ 14118 ¥ed nhednisiagsitneol tage VH

supplied to the term nal F by neans of series resistors [err] to [err] with

th il I | I fsed t 1Lnal A '

comparat o FETER ERBRAARS M HE RrRER, Ao Bl coiptmebbeR M oo ng
th I ' t signal VYIN 15 I t han t I t | t Th
W'D conver: @ HaR RCROPALITIG enIEORGSHORT AbeBrRBet: GALR SThe out put

of the conparator | as a digital signal of Gay code; a master |atch
circuit 3 fhybrddeintegrateddicdncaitsi gnilefegencenyledderst enelosed20
output circuit 2 in synchronismat a first tine; a code conversion circuit

4 fos convemly edrclesdigidizaty thel termitads ofithecdeitegttdted he master
latch circuit 3 into digital signals of binary code; a-slave latch circuit-

5 for recei%&gguﬁgg digital signals of binary code

The A/D convérter_iﬁcludesIa comparétor'1 which
is operative to coﬁpare the reference'voltages prepared
| by uniformly dividing the lowest voltage V; supplied to
10 the terminal B and the highest voltage Vﬁ supplied to the
terminal F by means of series resistors'Rb to R.16 with the
-.analog vo;tagg signal vIN
comparator is equipped with an underflow detecting

fed frqm_the terminal A, This

combarator for detecting the analqg input signal vIN
15 lower than the lowest voltage Ve
| The A/D convefter further includes an output
- circuit 2 fof supplying the output of the comparator 1 as
a digital signal of Gray code} é master latch circuit 3
for recéiving the digital signals of Gray code from the
20 output circuit 2 in synchronism at a first.time; ‘a
code bonversionIcircuit_h 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.



34 converted by the code conversion circuit 4 in synchronismat a second @§2
time; an underflow master latch circuit 6 for receiving the underfl ow
detectLép signals UF of the canparator 1 in synchronismat the first tineg;

a gate circuit 7 for contrelling et her or not the underflow signal
fromthe master latch circuit 6 is toD ransnmitted to a slave latch
circuit. 8 at the output side in accordance with the control signal (at 0 \%

vee) f t ftt'e" t 5@5@”
?I) bg |)oer1[grn%ﬁ%ﬁ%aer‘g%d%h%l%%?g%%ﬁ%}?td 9?’.‘5?&’. N accor dance

th the underfl ow s The sl ave circ e nderfl o
\g: gnal i nusyn%ﬁr%\rqv‘?gﬁ&\ﬁt?}'?ﬁ% s%’év ﬂ]‘ﬁ ! 3t ?régcg&g}ﬁl Vﬁ’ﬁ@f %W Si gnaYv
UF out of the termnal -M 15 A/D converter further
i ncl udes a mf@nuregerﬁinsﬁémn'gndmfm&eﬁmtiﬁntsm&mme‘éh@ f ed

fromthe'terminal Kin order to supply the inverted clock pulses CP to the

mast er | atch comparatof hnth Gsymchidwi st cae the cirst ctime; 5 angate The
master latch circuits 3 and 6 20 receive the input signals by using the

[PLe Py CoAS ey e dastemulone Aot of ot putberng 10,
hal I period ofy L0g CrRGH Db Sﬁ&séértfft&?cé’ﬂdcﬁi{“é‘gis to be
transmitted to a slave latch circuit 8 at the output side
in accordance with the control signal (at 0 V or VCC) from
the_te?min=1_L and whether or not the output binary code
10 to be performed at the code conversion circuit & is
. fixed in-accordance with the underflow signal;
- The slave-latch circuit 8 receives the underflow
signal in synchronism with the second timing and feéds
the upderflﬁw signal UF out of the terminal M.
15 The A/D converter further includes a clrcuit 9
for shaping the waveforms 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 thg former half period
of the clock pulses as the-ribst-timins, whereas the slave
' latch circuits 5 andge_feceive tﬁe input éignals by
using the latter half.peridd of the clock pulses as the

- second timing.



A bias circuit 10 is provided for preparing the bias voltage which

Ives the constant current transistors constituting the conparator 1, the
outpui circuit 2, the latch circuits, the conversion circuit 4 5 and
so on? A capacitor C connected between termnals Hand Gis used to
stabilize the bias voltage. The terB5hats C, D and E, which are connected
with the respective internediate poi nts between the 10 series resi®fors
for preparing the reference voltages of the c arator 1, are used to
nmeasure whet her or ndt b rf-‘é-\‘l‘@*é&c ig%d o mnenaringpar ed, and
may be di spensed with. Figures 9A and 98 are detalled circuit diagrans 15

showi ng t hetfeosiay tvod/tageomtridte drsiives the FGanstarft icurgreeett er detai | .
The parts encl osed by broken Ilnes are formed in the nmonolithic I1C and the

tCih{:)ggi E)f bIt ﬁ‘?ggr?ab' rren% gures 6A awﬁﬁﬁ m%é %Wspond to

Substanti atyL tﬁéhs"ia%&%ﬁrr"%‘{@“' S eRrR AP, %?ﬁ%%ﬁ%% are

reference to Figures 6A and 6B and their detail ed explanations are

accé di ngl Prshisa &R. |

A capacitor C connected between terminals H
and G is used to stabilize the bias voltage;

" The terminai_s C, D and E, which are eomected
with the respective intermediate i:o’in‘l’:s between the

10 series res‘istors. for breparing the refere'rice vol'tages
of the comparator 1, are used to measure whether or not
:l:he-..reference 'vo_ltag_es are _accurateiy pfepared. and may .
be dispensed with «

Figures 9A and 9B are detailed circuit diagrams

15 showing the four-bit A/D converter shown in Figure 8 in
greater detail. The parts enclosed by broken lines -
are foi'med in the monolithic Ic, and the circuit block
numbers and. the terminal symbols are made to correspond
to those of the embedimen_'l: of Figures 6A and 6B.

20 The construction and operation of the circuit
shown in -Fi‘gures 94 and 9B are substantially the same as
those of the circuit already described with reference
to Figures 6A aad _GB, and their detailed explariations are

accordingly omitted.



©36- Figure 10 is a block di agram showi ng one enbodi ment of an out put
extendi ng system of the A/D converter. Reference synbols IC and IC =
i ndicate,two 1 .25 . A/ D converters having the sanme construction as
fhat'shoﬁn in Figures 9A and 9B. The external termnal B of the A/D

converter ICis fed with the |owest vel B&ge [err] The external term na

F, whikch i's the highest voltage termnal of the 10 =~ A/D converter [err],

is confected to the external termnal B_which is the | owest voltage

ternminal of the other AFBEUrEnJerdsr a) biockndiagram,ghowiBgnong F of the

A/ D converter [err] is fed with the highest voltage [err]. As a result,

the internal reabedémentvoft anesutputhextending systemverft ¢he BAED and | C

are divided one thirty-second into the reference voltages, an internediate

vol tage VM i s cnatag,at the connecting termnals F and B therebetween.
Therefore, the A/D converter [err] takes its share in the voltage range

Vol 1 age range VWi to VH RPRERSHAR: SYRRBIE 76n: 868 1 REAERIBNLYS: cd to the

external term.nals A of .the D.converters ICl and 1 C.20 On the other hand,
the cl &k pul Fepveriers ﬁgving;tﬁe same construc%ion as that shown

in Figures 9A and 9B.

The external terminal B of the A/D converter IC,

is fed with the lowest voltage Vi. The external

terminal F, which is the highest voltage terminal of the
10 _- A/D converter IC1, 1; connected to the external terminal B

which is'the'lowest'voltage terminal of;the.other A/D .

_converter IC,. The_extegnal,te:mihal F of the A/D

converter IC, 1s fed with the highest voltage Ve Asa

result, the internal reference voltages of the A/D

15 converters-IC1 and IC, are divided one thirty-second into

2
the reference voltages, an intermediate voltage VM is

prepared at the comnecting terminals F and B therebetween.
‘Therefore, the A/D converter IC, takes its share

in the voltage range V to Vigs whereas the A/D converter

20 IC2 takes its share in the‘voltage range VM to VH.

The analog input voltage Vi is commonly fed to

and

the external terminals A of the A/D converters IC1

ICZ'

On the other hand, thé'clpck pulses EE_are



4437- commnly fed to the external terminals K of the A/D converters [err]
@nd [err] The output termnals Qto N of the A/D converters [err] and [err]

are co nly connected with their partners and 5 with | oad resistors, .
respectively. In short, a wired AND circuit is constructed. The external
terminal L of the A/D converter |Cl Ts3at~zero volts so that the underflow
detecting operation is prohibited. 10 : On the ot her handf he

~external terninal, L of.the A/D converter, [ery] s fed w.th V, so that the
under f | ow RERAAIY ‘%bq%rg? i@%‘fe |e>xfp%m%fn%%m@?ic‘ﬁeé o?%\é%h?laﬁ'/cp t he ext er nal
termnals | of the A/AD converters ICL and [err] are supplied with the power
15 soureenverters 1@ randtGpas the external terninals Gand J of the

same are eart hed. Moreover, the external terminals H are connected to
capacitors C, respectTiveeloutpiie teweindley GigaN  ofhtlnd A/D feshvrteds t he
external termnal Mof the A/D converter 1C2, is used as 4 20 an

e on by S e Sl Sphadtsd Wi v
c'onv,)er_t er lvﬁ‘ﬁpefo%ttf Sréé)isl’@é'\z"esr, i::t'e"\“s;pzec‘lzively. | In short, a wired AND
circuit is constructed.
The external terminal.l".f of the A/D converter
"IC1 is at zero volts so that | the underflow detecting 6peration |
is prohibited. | |
0 . On the other hand, the external terminal L of

. -~the A/D converter IC, is fed with V.

oc so that the underflow

2
detegting operation is peffoméd. .

On the §ther hand, fhe external tezﬁina_ls I of
the A/D converters IC1 and 102 are sup_pliéd with the power
c? whereas the external terminals' G and J
of the same are earthed. Moreovgr, the external terminals

15 source voltage Vc

H are connected to dap_acitor_s C, respectively.
" The underflow signal, which is fed out of the
external terminal M of the A/D gonverter ICZ’ is used as
20 an extension bit signal. Zh. | |
It should be noted tl;at for the. analog voltage
Vo Within a renge V; > VIﬁ > v.,, the _linde:_'flow detection
circuit of the A/D converter IC2 operate; to lower its

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



det ect ed output UF to the low level, as shown in Figure 7.  -38- and to <é§9
-raise the outputs [err] to [err] to the high level. As a result, ‘the output °

by the red AND has its O 3 |l evel dependi ng upon the outputs 2 to 2
of the D converter [err], and the underflow output UF at the low 4 5
| evel is generated as the output 2 =038het the output O 4 signals 2

to 2 3 of ext ended binary code can be generated, For the anal og voltage
[err]"Within a range [err] VIN>VH, on the oth hand, the outputs [err] to

[err] of the ghR €8”¥§i£€rtﬁ6rbﬁtﬁﬁigné | gal by %Bkﬁhéhﬁfghgﬁeb619| as

shown 10 In Figure 7, whereas the outputs [err err by the wired

AND are rel eased fromthe hi | eyel t

“underfl ow detection so af ? “i§VeFﬁaeB§§8§# Bg etﬂggs %Hb 3?r¥%§o
[err] of the A/D ionverter [err] is, fed out. t hezot her han9 t he
under f | ow out p¥e1s ePenGinGhBPﬂptﬁbﬁnOBFPBFS[3rrF°|3 vafi teead/Dne high

|l evel , as shown in Figure 7, so that the extended binary code O 4
output si gnal sogverbtep Iein sndgther underflbw oulput URyathshendiewf | ow
detecting operation of the A/D converter [err] AIS prohibited will now be

20  sdescrifevel ikngbheratea whethet batpatep Vbt gEEL’ eHECoUEpUtL

signals 20 to 24 o£ exfended binary code can be generated.

‘For the analog voltage Vo Within a range VM>

Vo oVys on the other hand, the outputs 2° to 2° of the A/D

converter IC, autbmatically take the high level, as shown

3 Ey the wired

- 10 in Figure s whereas the outputs 2O to 2
AND are released from the high level of the output as
| the result-of-the underflow detection so'that the level
depending upon the outputs 2% to 2% of the A/D converter
'Icz'is fed out. Oq_the other hand, the underfioﬁ oufpuf 

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

2
as shown in Figure 7, so that the eﬁtended binafj code
output signals 2o to Zh ;an:be geﬁeréted.'.

The reasonrwhy the underflow detecting operation
of the A/b converter IC, is prohibited will now be

20 described. _Ih the case where the lower voltage range is
_shhred'(qf in the case where the A/D converter IC, is
used as a single A/D converter), as has been describéd'
hereinﬁefore,'the setting of the outputs 20 to 27 at the

"~ high level for VIN 'd Vi would invite erroneous operation



@ared (or in the case where-the A/D converter ICis 1 used as a single A/ID
nverter), as has been described hereinbefore, the setting of the
outpussferr] to [err] at the high level for VIN < VL would invite erroneous
operation -39- so that the outputs becone "1", "1", "1" and "1" for the
[err] Referring nowto Figure 11, 1% A D converters. O [err] and [err].
have the function to raise the outputs 2 to 45 fromthe overf lgw

2
detecting outpyt circuit and the exter teri nal s L topihe.hiah |evel.
For exanpl &° %%\7&? | B se@ﬁcr?é“%u‘{]@m "ca‘lr reu f"e‘b‘iis ‘{heﬂ?ﬁ'g % evel out
of the external termnals Mduring the overflow and is constructed by :
equi pping t ]IJVL- circuit shown in Figures 9A and 9B with the

conpar at or, ichuses the voltage at the termnals F as the reference

vol tage, and master Referring lmiwtoiFigure. 11 the Hihaorivertetde
external termnal L prohibits the operations of the code convergsion circuit

B tne ow T, 396 110, 1 80 Raend be b OR 0 quame TR 4
| ev%. The 2“ B e Yerd Bl dv cfé@ecltgngt %ﬁpﬁﬁ:ﬂsé{&%fg and the
exfernﬁl terminals L to the high level.,_.
For example, the‘overflow_detecting output
éircuit feeds the high level out of the external_terminals
M during the overflow and is Qonstructed by équipping the
10 ciréuit shown ih Figures 9A and 9B with the comparator,
.which uses the voltage at the terminéls F as the
;efe:ence vqltagé,'gnd_master and slave latch circuits.
~ On the other hand, the external terminal L
prohibits the_operations of the code conversion circuit
15 o£ the circuit shown in Figures 9A and QB, for_example,
| when it is at the low level, in order to raise the
outputs 2° to 2° to the high level.
and IC, thus constructed.

1 2
are connected in a similar manner to the one shown in

The A/D converters IC

20  Figure 10. Incidentally, the overflow output terminal M
of thglA/D converter IC1 is connected tq fhe external
terminal L of another A/D converter IC, 50 that the
overflow output of the A/D converter IC1 is used at the

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



) &
are connected in a simlar manner to the one shown in 20  Figure 10. AN
Incidentally; the overflow output termnal- Mof the A/D converter ICl is
.connect to the external termnal L of another A/D converter [err] so that
the overtlow output of the A/D converter [err] is used at the extension bit
signal [err] On the other hand, the 'é)&QJr"haI_ -40- * termnal L of the

A/ D converter [err] is fixed at the high level in order to prohibit the

hi gh Tevel opgr.ati f t 0 ' shot t t if the
anal og vol t'ag'gé@iﬁ)& q[e‘% ]ﬁ'l?% 4’%&&%}{4’ i‘%ﬁe@%ﬂ?ﬁvﬁu t}{@] the

Al D converter_[err].is at the low_level in qQrder to set the 4.extension
output bit sibfEelAn grier to,prohidit fhe Righk ket qranatan 9%f the
Al D converter [err] at theylow Iﬁ:vel. so that the outputs [err] to 2 of the
A/ D. convert ertid output® 2reto Sed to the high level. 2 As a result, '
the-.outputs [err]to [err] by the wired AND are set at the |evel depending
upon the outputs 2 to Zf aihdulel A rted it [£f rtheé idAdlgg Wwdixd one
shown in Figure 10, [err] that the extended binary code signals 1

[ert] &o [erf&fﬁﬁé)ﬁ&%}erﬁiﬁg-v » the overflow output of the A/D

1 ié -at the low level in o_rder to set the

extension outpuf bit signal Zh at the low level and the

converter IC

external terminal L of the A/D converter IC, at the low

2
level so that the outputs 2° to 2° of the A/D converter

10 IC, are raised to the high level.

2 _
As a result, the.outputs 20 to 23 by the wired

m are set at the 'leve_l, depending upon the outputs 20
to 23 of the A/D converter IC1 similarly to the one shown

in Figure 10, so-that the exfended binary code signals
15 - 2% o 24, can be senera:bed. |
When 'f.h_e analog volt‘age-vm is expressed By an
inequglity VM> Von > Vﬁ, on the other hand, the outputs
2° to 27 of the A/D convertér IC, are .'au'tom'a'bically raised
to 'I:hé high'le{rel, and.tlf.xe 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.
As a result, the outputs. 20 1o 27 by the wired

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



ghen t he- anal og voltage [err], is expressed by an inequality [err] on the
ther hand, the outputs 2 ‘to 2 of the A/ID converter [err] are

automat‘i cally raised to the high level, and the overfl ow output is raised
to 20 t he high |evel. As a r_esLttht_, t he out put high level of the AAD
converter 1C2 is released to effect e A/D conversion. As a result, the
outputs [err]_to [err] by the wired O AND are set at the |evel dependi™y

upon the outgitey &l Q/p cofiverkerTEN MLIANE L tHE 2ol B Yrf 0 L e

one shown in O gure 10, so that t'he extended binary code signals to 2
can be generated t t her i t.h the overflo ut put s t he high JCevel. 5
The embodi e AT Fo SR T S ende R e iR A he
extensions ofg four tinmes are perfornmed by the use of the four A/D

converters [%rGan &g Generaketh tagethan ol tin thel oprilogw asmdaing

met hod of the A/D converters IC 10 and [err] in this enbodinent is
basical ly siat [the tdgihdlevdlt he enbodi nent shown in Figure 11, and its
repeated explanation is omtted here. In order to prepare the extended.

. out pgt signals [err] amg [@M’ddnﬂéﬁ; Wb |14 B lyed 'qz)fcdlq%syaa&ganvertefs
fo the cése,. in which the extensions of four times are
p:e.rformed .by the use of the four A/D converters _IC1 to 104
shown in Figures 9A and 9B.

| .T_he connecting method: of the A/D converters IC, :

10 and IC2 in tl;is emb'odiment is. basicélly similai' to that
of the embodiment shown in Figure 11, and its repeated
explanation is omitted here.

| | ~In order to prepare the extended output signals
24 and 25; the underflow sig:ials of the A/D converters

15 ICZ’ IC; and IC, are consecutively raised to the high

3
level such that VIN>$5;(VH - VL), VIN>_V'M and Vin 7

%(VH_ - VL)_ so that the extended output Zh_'is prepared

5 .
2 ?
on the other hand, the underflow output of the A/D converter

by gate cir_cuits C%1 and G ' . As the extended outpu'_t 2

20 ICB, which is at the high level for VIN>VM_’ can be

utilized as it is.

1

The gate circuits G, and G, raise the outj:ut '24
“to the high level for ¥(V, - VL)<V'Iﬁ< Vy because the

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



15 ferr] and [err] are consecutively'raised to the high | evel such tha'
[err] and [err] [err] so that the extended output 2 is prepared by gate
circuitsGl and G2. As the extended output.2 on the other hand, the
under fl ow-.out put of the A/D converter 20 1 C3, which is at the high

| evel for [err] can be utilized as it +sk24=The gate circuits [err] and
[err]~sraise the output.- 2 to the high level for. [err] because the output of

the A/D conve(ige.|erM?)iwheteddctiie obthers! are a¥i2théilew, 1éwe) whereas
the others are at the low level (i.e., "O'). Next, for [err] the 4

output 2 is tg}l\g[ﬁgu?ﬁ)z he o] ev. rb@C@g}é&gW}gm\?ﬁ),t%ND

converters [err| a herr] are at the hiMh wnereas the others
are at the low level J&4Fpr Jerr reqver, all _t out puts gf the A/D
converters |cﬁu#8“$c?4 af% ia?"’t*?ed %‘bhﬁ?%v%?ws eY?hgtbﬂcglﬁﬁe o%??)u‘?u@%fash be
rai sed again to the h‘ngh |l evel . As a result, the extended binary code
signals 20 5 @f the 4 ZCOQW%%M.i% are abchhedaigh ebove,
the A/D converters . ' _ '
5 whereas the others are at the low level.
' : F-1 - | o . -
For Voo .,,(VH VL) , _moreover, all the outputs of

the A/D converters IC, to IC, are at the high level so that

2
. ‘the output 24 can be raised again to the high level.
0

_ As a result, the extendedlbinéry éode signals 2

10 to 25 can be geﬁerated._ |

| As.has been described above, the A/D_confegterél
constructed as integratgd_c;rcﬁit devices are made to
additionallf have the underfiow deﬁéctiﬁg outﬁut function
and the function to.forcibly set.thé_outputs to a

15 prédetermined level in accordaﬁce with the underflow

| detection signais, or the ovefflow detecting oﬁtpuf

'functioﬁ.and the function to forcibly'sét the outputs to
a predeterminedllével in_acéordance.with the signals from
the external terminals, whereby thé'outpui bits can be

20 easily extended. ..Especiélly, in the'éaée where.thé
.output cirquits compfise opehscolléétor t:ansistors and

are forcibly turned off ih accordance with the underflow

detection signals or the signals from the outside in order

to use the high level (i.e., the positive power source



‘g@hstructed as integrated circuit devices are nade to additionally have the
“under fl ow det ecting output function and the function to forcibly set the
outputi to a 15 predeterm ned | evel in accordance with the underfl ow
~detectfon signals, or the overflow detecting output function and the
function to forcibly set the outputs 48 a predeternined |evel in accordance
with the signals fromthe external term nals, whereby the output bits oan
be 20 easi |y extended. Especially, in the case where the output
circuits comgltage ppethecdbttphbrbitancantbesexbtended byrthel yseuofied of f in
accordance with the underfl ow detection signals or the signals fromthe

~outside in ' hgs _ bt i +} r urce
ﬁﬁd@fe§§FW§81§ 8impIL &6NBtrhttLon 386%@96 thecwppus ﬁﬂn

- 43 - voltage), output bits can be extended by the use of the
Vor cover, SRS HEERHFEhver ter s described 5 above have the
Cantrol 11ng the. gai n MPFEPYsTyoriige BReaheDrpRaYEELeracBesFEhaPdan i fyi ng
circuit as the input anal og signal source, in the case where the conposite
- vide® si gnadbéve thaeeithen undentlevi oy oyperflowndetectingsoutipybcted to an
A/ D conversion, such that the voltage | evel of a synchronizing signal may
become coi npigetiony L1t t benubdeasedy toopvest! centipokLingnthet guinvbirch is
b.C._voltage of.é composite video signal amplifying'circuit
as the input analog signal source, in the case.where the
composite video sighél in television bfoadcasting operation
10 is subJected td an A/D conversion,_sﬁch.that.the voltage |
level of a synchronizing signal_may.beéome.coincident
with the undefflowlér o#erflow-¢etection Qutput thch is
prepared by that A/D conversion. |
Moreover, the abdve'described.A/D convéfters
15 can havé their differential and multi-emitter transistors
formed in an identical device ibrming'region when they are
to be monolithiéaily integrated, as shown in the
émbodiment of Figures 9A and 9B, because the -
.differential-transistors as the comparaﬁor.have their
| 20 collector'electrodes commonly éonnected and_becauSe the
multi;emitter transistoré are ﬁéed és the code conversion
circuit. |
As é result, a highly dense integfafiéh can_be

realized.



‘prepared by that A/ D conversion. Mreover, the above described A/D
converters 15 can have their differential and nulti-emtter transistors
_formed in an identical device form ng region when they are to be
'nnnolitﬁically integrated, as shown in the enbodi ment of Figures 9A and 9B,
" because the differential transistors-adghtse conparator have their 20
col | gctor el ectrodes commonly*Connected and because the nmulti-emtter
tranststors are used as the code conversion-circuit, As a result, a highly
dense integration can Btiltaneveever, since the;analegsignalsisre the
anal og signals are converted by the conparator into the digital signals of
the Gray codeontvérted by the aconpardtor imtertikei diglitbal sighaléseof
conparator is as small as 1 bit, and sanmpling 5 is not required, as is

different from (BRapassae]) thé Cortdi it Ga (i 6EREE S feRhédidté WA e (O
be directly prepared. As wll be apparent fromFigure 7, furthernore, the

under the 1 onbotih SOTREATEEF g ad “HREEE, adCat FHET Sl CrpEIGe 0 Lon e

enl arged. Furtherpnore, the_frequenc haracieri stics can be, extended to
twicébthe frhdRAE\redntEednids 18 %%‘-g#ﬁw STTOR the Lcase R Wi digital

signals of binary code are to be _
' 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 becomes
the altermate feference voltage,under.the loﬁest bit so

10 that the allowability for dispersion éan be enlarged. |
IFUrthermore,.the frequency characteristics can be extended
~to. twice the frequency rénge which is as high as the case
in which the digital signals of binary code aré to be |
directly generated.. | '

15 | Furthermore, singe the comparétors cannfrepare
the signals & 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 with
the use of the siméle circuit by amplifying the signals ”

20- of_opposife phases by means of the differenfial amplifying

. circuits. |

Furthermofe, upon the output extension, as shown .
in Figure 10 or 11, since no logic means is incorporated

upon the interchange between the A/D converter for taking



yrectly generated. 15 Furthernore, since the conparators can
<§§>epare the signals [err]to [err] in opposite phases to those of the
signalq Ato Din positive phase as the digital signals of the Gay code,
it is possible to attain a large gain with the use of the S|nple circuit by
anplifying the signals 20 of opp&§|re phases by nmeans of the -
differential anplifying circuits. Furthernore, upon the output exten3|0ﬁ

as shown in Flg e since ng.lo Lc'neans i.S.1Nc orat ed upon the
i nt er change 18 @Fetﬁﬁ Eﬁs ESHFErFQ& A0S, an th 2'/’Ehs share in the

| ower vol tage range and the A/D converter for taking its share in the
hi gher vol t 8gavextgr, foretakingsddsnshareoddotheopdgheronoliagea rangesspeed
operation can be realized, 5 ' The A/ D converters:- nay be

const r uct ed thierey brigekCao erfonebasobberatiot, ehd auhighsspeedhe
conparators may be directly converted into the digital signals of blnary

~ code and MykeateonCbn B8 HBR19LRAL hand, the output circuit may be 10

constructed of the open-emtter transistors.” -In this modi fi cati on,

v O my be-used g, 408 SOk RHHSHRNERy pohbableReteRR, BRIRLCT, L2
non- conduet e 1N B he other hand, the outputs of the comparators
may be directly converted into the digital signals of
binary code and may be fed out. |
On the other hand, the output circuit may be
10 ccnstrucfed of the open-emitter transistors. In this
mddificaiion, & wired OR-may be used for the output
extension.: In this caée in_which the wired OR-is-used,
it is.cénvenient to forcibly render the output transistor
non-conductive in accordance with the overflow detection
15 signal thereby to effect the low level.
. Furthermore, 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.



15 signal thereby to effect the low level. Furthernore, the output
circuit may be constituted of a TTL circuit. In this case, it is
Jnecessary to provide an AND or OR circuit for the output extension. - 46

- Attention is drawn to our Application No.81.23641 (Serial No. 2,082, 411)
fromwhich this Application has beendigsi ded in which there is claimed in
claim.l, a parallel conparator including: 5 - (a) aplurality of
conpar at or portions ea¢hehaubng1§|urawanaosemwndpmﬂamamabmrﬂodﬁﬂféBénﬂlaIIy
connected; (b) an.(n-x)th comparator portion having first and second
tran5|stors(&erﬂ@deﬁplaRb9880ﬁﬁédtéd°m(Uﬁi&h thils dopddcatdonpdasi beehavi ng
first and 10. second transistors differentially connected; and &d) an

(n+x) th conﬂéﬂ&@&ﬂ éﬁrﬁ@éﬁhhéﬂﬁﬁg fisr §2a3A@9sdPokd aimarisi & pRsallel

differentiall connect mgire n and x are positive integers, n_|s at
| east gr eat &CHPRLR LR &ﬁ& P&*equal to 2 or greater than 2; 15 wherein

rard fhsst 1 anst St a5, & by B Bt SR L gl
o o B Rl elst,Srst atectuapt kiR aag 00 | ot
p0rt|0n5 have the'r(Q@S%neNﬂC&BQﬂec%ﬁ%ﬁb@%@ﬁ“ﬁ%?t&%&e%%HQQg first and
second transistors differentlally connected-
(c) an n th comparator portion having first and
10 second transistors diff?feﬁtiélly connected; and
"(d) an (n+x)th comparator portion having first and
second transistors differentially connected; where n and x
are positive “integers, n is at least greater than x+1 and x
_ is equal to 2.or greater ;hanIZ;- |
159 wﬁeféin said first trénsistors of said ﬁlurality of comparétor -
portions, Said (n-x)th_cdmparator portion, éaid n Eh
cbmparator portion and said (n+x)th comparator portion have
their base electrode supplied with an analog input signal
whereas_said second traqsiétors of s;id above comparator
20 po%tions have their base électrode supplied wiéh reference
voltage having different ;evels, ﬁhereinlthe coilector_-
electrode of said second tfansistdr bf Said {n-x)th comparator
. portion and tﬁe coliéctor electrodé of said-first transistor
of said n th comparator portion are commonly connected (n-x)
25 1oad means, and wherein the collector electrode of said
second transistor of said n 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.



)l t age | evel s, wherein the collector electrode of said
gecond tB uﬁ“u)ﬂ]g ml (n-x)th conparator portion and the collector
electrod ransi stor of said n th conparator ,portion are

comonl y connected (n-x) 25 load neans, and wherein the collector _
el ectrode of said second transistor of 6aLd n th conparator portion and.the

collector electrode of said first transistor of said (n+x)th conparato#f

portion arel®BMPonly connected to n th load neans. -47- CLAIMB. 1.

An integrajgd anal ognt On€legiaeéd (HMPlogoryeat eighlCREDNgcohderegonpar at or
for conparing a plurality of reference voltages and an anal og input signal

and for 5 piethuding:a plurality of output signals as a result of the
conparison; (b) a code converter for converting the plural out- put signals
of said conparator{ahta dogpaaatergﬁarscompprunglabpﬂsralmty of (c) a
critical detecting conparator for conparing a critical reference voltage

~having a |esferenteiveltages aan@d an anpyosl ippntretenahcandoferges with the

anal og i nput signpal thereby to feed out a detection output,_which is
separatesf?ERﬁY%kP%I%r%}“ﬁﬁtttya?fapﬂFéﬂEtE%ﬁ?ﬂéa r8vel TPRulE Phethese

where said_anal og_input signal exceeds said critical reference voltage;
comparrson; _

(b) a code.converter for converting the plural out-~
put signals of said comparator ihto digitai signals of
plural bits;

10 (c) a critical detecting comparator for comparing a
critical reference voltage having a level outside the range
of said plural teference voltages with the analog input
sighal thereby to feed out a detection output, which is
separate ftom the plural bits, at a predetermined level in ',

15 the ease where said analog input signel exceeds said:
critical reference voltage,

| (d) a control circuit for forc1b1y controlling
the levels of said dlgltal 51gnals_of the plural bits to a
-seIected level, which is the same for all the plural bits,

20 in the case where said detection output of said critical

detecting comparator reachee seid éfedetermined_level;

| (e) a first output circuit for feeding out said
digital signals of the plural bits of sai& code converter
to the plural output tetminal of an integrated circuit;

25 and '

(f) a second output_circuit for feeding out the
detection output ef said critical detectihg comparator

to another output terminal of said integfated ciscuit,



(d) a control

signals of the plural bits to a selected |evel al
the plural bits, 20 in the case where said detectloa H m (‘I‘
critical detectlng conpar ator reaches said predeter avelw; Ee)*a first

output circuit for feeding out said dlglt% signals of the plural bits of
sai d tode converter to the plural output t
25 and

“(f) as

“-said critica

integrated cir
i nput term nal
integrated cirghitegdadtiddloiRift0lseeEha@Nithel FoReed! icdntird1P irdietie® by
supplying a control” signal to said 5 control input termnal of said contro
circuit. 2.

further
terninm
t er m nal

circuit for fdrcibly controlling th

ecting 8ot 58 ern1n

%Tch is ex“lﬁ%act\e’{aera%' S @t TN Qler‘ftl'ln‘éli' e s&jgontrol

i.ch is extracted as an external term nal rom sai d

is prohibifted dlyeGuppRydery el dntaeloisdigha 1t @oClsaiia 1,

I ncluding:. (g) a first input termnal formed as an internal
toSsabonkwbdgdm@aa diermiinal ¥ said control) cdremddand i nput
forned as an external terminal to said-integrated circuit; (i) a

plurality of v@-tage di vifdi Agteggiades N@o:ﬂ@@@ercteurnamqrdsmgemmen sai d
I nput t er ni nal

first

claim 1, further 1nc1ud1ng.

_(g) a flrst input terminal formed as an

~internal terminal to said integrated circuit;

10

15

20

25

(h) a second input terminal formed as an
external terminal'to said integrated circuit;

(i) a plurality_of voltage diViding resistors
connected in.serres between.said first input terminal
and said second input terminal for'generating said
plural reference'voltegee at the common connecting points
therebetween; and

(j) a third input terminal formed as an
external téerminal to said integrated circuit and supplied
with said analog input 51gna1
3. : An A/Q converting system'using two,integrdted
A/D converters according to ciaim 2, including:

(k) means for connecting said first input
termlnal of said flrst 1ntegrated A/D converter to a
.flrst potentlal polnt,

(1) means for connectlng said - second input
terminal of said flrst 1ntegrated A/D converter to said

first input terminal of said second A/D converter;

ital

rmnal of an |ntegrated circuit;

GRRMLOULAG iy LT Lasdiilg QULohs detagliion gl o



g?S;d saidsecomd—nput—term nal for generating said 15'p|ural ref erence

| t age nnecti ng points therebetween; and (j) a third
nput tjmulmmumlmumran external termnal to said:integrated circuit -
and suppl* ed wthuesas d+anal og i nput signal. 20 3. An A/ D converting-
systemusing two integrated A/ D converters according to claim2, incluging:
(k) neans for connecting said first +ndt-terminal of said first integwated
Al D converter to a first .potential point; 25 : (1) means for
- connecting said secondimhmeansrfdmnatoniectingfsatd secegdairpuy D
converter to said first input term nal of said second A/D converter, -
49 - (m) nedermigakahaaidh@eqend skrraratedtA/Rr @PRELI BT sBP i@ second
integrated A/D converter to a second potential point; (n) means for
suppl yi ng arfespibPteptAaiRinESaid third i nput terninal of said first

integrated A/'D converté{)and upon_said third |%ﬁgt tfrninal of said second
i ntegrated A/ D convert¥t @ﬁﬁp%léhﬁnﬁﬂgp 1L oo TS 2BnTEeEF hg“RATd plura

CULDAL {3 IS Gl S SR UELAE FORNETLELodba0ld 2700 ) e
- converter and upon said thi:d input terminal of said
second integrated A/D converter; and
(o) means for commOnly connecting said plﬁral
output terminals of said'first'integrated A/D converter
10 and said plural output terminals of said second
integrated A/D cdnverter. |
4. An A/D converting system accofding to claim 3,
further including:
" ;_(p) means for feeding said control signal to
15 a selected one of said control input terminals of said
first and second integrated A/D coﬁverters. |
5. An'A/D converting system according to
claim 3, further including:
(g) means for connecfing said other ogtéﬁt
20.terminals of said first integrated A/D converter and
said control inpﬁt terminal of said second integratéd
A/D converter.
6. 'An integrated A/D converter constructed and
arranged.to operate substantially as hérein described
25 with reference to and as illustfated in Figure 8 of

the aécompanying drawings.'



S

4. ‘An A/ D converting systemaccording to claim 3 further—includin
(p) neans for feeding said control signal to 15 sald
Lcontrol input termnals.of said first and second ‘ﬂ E@iwm nverters.
5 An A/'D convertlng system according to erﬁlncludlng
(q) neans for connecting said other output 20 terminals of said first
|ntegqated A/ D converter and said comtB6l - nput term nal of said second

i ntegiated A/ D converter. 6. An integrated A/D converter constructed

~and arranged tq operate gﬁbgygnbbﬁbgytqgghg&gkgmgggggkgg@tgg Whigh reference
to and as illustrated in Figure 8 of the acConpanying draw ngs. 50 -

7. - An Aabreogedr tbngpéyatemsaeethhtdhed yaad a&&eaaeaehergaeaate
substantially as herein described with reference to and as illustrated in
“Figure 10; or mwighr eeférenbeFltguaadlasof:.lulnst&ameapanywﬁgudeamag&r

Figure 11l; or Figure 12 of the accompanying drawings.




