-

1 2197555 This invention relates to conparators. A
conventional conparator generally has a 5 construction such as that shown
in Figure 3 in which a transistor T3 is connected in series with a resistor
R3 and a transistor [err] is connected in series with.a resistor [err]. Therfh
junction of the transistor [err] and the resistor [err] and the junction of
the transistor [err] and 10 the resistor R4 are connected to m@lﬂnzfsgs
differential anplifier A which produces an out put correspondi ng

di fference between the signals supplied to the bases of the transistors
[err]. In this arrangenent, setting a COMBARATOR |evel is 15 perforned by
changing a reference potential in the case of a single input while it is
performed by changing resistors R3 R4 in the case of a differential input.

The setting of the c glﬁ% 1£ggsce§ef§égggghggg erential input

wi |l now be descri be erence inputs of the

bases of the trans'Shpc%ﬂﬁﬂﬂﬂidﬁhi‘35{?&?56?: %Fﬂgra§iglo faghgnge in

current is represented currents w t hrough the

E;?P]Sl ; gr 35 [ gt?]éiésEEﬁE‘E&UnV@dbh Y gree rEROWRt ﬁeFQQh!réCBOEan%ﬂ'&i s
Y,
transistor T3 is connected in series with a resistor Rj
and a transistor T, is connected in series with a

resistor Ry. The junction of the transistor T3 and the

N resistor R, and the junction of the transistor T, and
10 the resistor Ry ere connected to inputs of a _
differential amplifier A which produces an output
corresponding te the difference between the signals
supplied to the bases of the transistors T;3,T4.
In this arrangement, setting a comparison level is
15 performed by changing a reference potential in the case
~of a single input while it is performed by changing
resistors R3,R; in the case of a differential input.
The setting of the comparison level in the case of (
the differential input will now be described. If the
20 difference between the inputs of the bases of the
transistors T3,T4~is represented by Vi, and a change in
current is represented by i, currents (I + i), (I - i)
flow through the transistors T3,T4; respectively, and

the respective collector potentials Vet1cr V2o 2re given

25 by:



2V =V - R

(I +1i) [err] Since [err], ‘the conparator starts to

oper ate when the conpari'son level is: 5 I =1 [err]
It'cqnvbe seen fromthis equation that when, for example, [err], the
conpag ator operates with i = 0, while when [erzr] = 2R, the conparator

operales with i =

/3. Nanely, when R = 2R, the conparator operates 1 0

with application of an operatiVng vaql rvage_vRtI;&e)Ireto uch that a current i =
a

/3 flows therethrough. A drawkaek of ctchi s “@o

féf'r is that when the

conparison level is set with C r ef e'_.rqpce__vcg tatgie,_ t.h>e reference vol tage and

an i nput potenti al

to be conpared 15 cc¢ 4 ‘nust be of high accuracy. In

the case of a differenti egirﬁdg)q,t, as qescrihed raddds Gmad sen | evel

is determned by [err] [err

sa#ichat , tdicsadvant ageéously, rel ative accuracy

of the resistors | SPHd Shhent UMRC iRimpari¥en 1ldhe12Gs: resi stances
of the resistors [err] are different. 25 3 According to the

i nventigpn, there i

10

s provided § = 1 (34 - Ra)/(Rs + R4)

It can be seen from this equation that'when, for
example, R = R , the comparator operates with i = 0,
while when R, - 2R_, the comparator operates with i =
I/3. Namely,:when R4 = 2R3, the comparator operates
with applicatidn of an operating voltage v thereto such
that a current i = I/3 flows therethrough.

A drawback of this comparator is that when the
comparison level is set with a reference voltage, the

reference voltage and an input potential to be compared

‘must be of high accuracy.

In ﬁhe case of a differential input, as described

| above, the comparison'level is determined by (R¢ - Ra)/

20

25

(R3 + R‘), so that, disadvantageously, relative accuracy
of the resistors is'required, especially, when the

resistances of the resistors Rs'R4 are different.



conparator conprising a first circuit including an integral number m of °
transistors (connected in parallel when m> 1) to recéive a first input
signal to the 5 respective basgs of the transistor(s), a second
circuit including an integral nunber n (where n [err] m transistors -N&

(connected in parallel when n > 1) to receive a second i nput signal‘fﬁf??e
respective bases OicédPain@nebstRé(snvendibhl SthbeadikepirsiaRegonnected in
10 ~series wth the first circuit, a second load resistor having -
‘the sane restohpacetes tdbmpfisshgresfstot andcaopneatdddingsanies with the .
second circuit, a series connected circuit including the first |oad: '
resistor andintegrdl rsumbércuntof wramsbstiossriesnneatedtérd paralilell5

i ncluding the second | oad resistor and the second circuit connectable in
paral | el wi twhen gowerl kot crecaive cadfifstehnput atghali e bheing i nput
termnals connected to the junction of the first load resistor and the

fPrst circui¥espretite jbases oof othe herapsbatorbad, 20a second eésruitr and -

~the second circuit, According to a further aspect of the present invention,
there is proRPING ApainteIrabipimkerg B fvherecRrZu®? i ncl udi ng an

integral nunber m (where, m> 1) of fransis;ors connected_in parallel to
receigve a -25"?_5“5.1 toxg , (gony ?eéi’g‘haﬁl’a¥%ifﬁi -V%%‘E)eﬂt'?v%BbE es of the -

receive a second input signal to the-reSpective bases of
the transistor(s), a first load reéisto: connected in -

10 ~ .sSeries with_thg'fi:st_circﬁit,' a second_load'resisto:' :5§;)-
having thg.same.resistance;as the f;;st resistor and
cqnnected_in sgries,with the sécond:circuit, a series
connected cir;uit including the fiﬁst load resistor and
the first dircuit,- a second seriés connected circuit

15 including the second loadiresistor_anafthe;second
c;rcuit.connectable_in pérallelfwith a power source,

 and a differential amplifier having input terminals
connected to the junction of the firsﬁ load.resistor-and

. Ehe firgt_circuit}and the junction of the second 1§ad

20 . resistor and the second ci:cu;t,  R R o o/
| According to a further aspect of the pfééent__

inﬁention, there is provided a comparator'cﬁmpriSing a

first circuit including an integral ﬁumbet m (where.g '

> 1) of transistors connected in parallel to receive a

25 . first input signal to the respective bases ¢t the



4*transi dtors, a second circuit including’'an integral nunber n (where n <
m). of transistors (connected in parallel when n > 1) to receive a second

i nput. signal to the respective bases of the t?ansistor(s), athird?5
cireit including (m- n) transistors (connected in parallel when (m- n) >
1) to receive the second input signal to the bases of the transistors a
first |oad resistoFr?ﬂ§b%E%P§hic%,s??PQé;ﬁ%E??ﬁE %%%1??+%9 %?rtﬁﬁ?gfil

ted t : d | oad ' .. | th
Sane resi st ance asiomest ot (P Hcs D ob B ETL s f csnn e RO aPa on
the second circuit,is, t cg, hj ' i1 &
‘bei ng conneélt edu: np%g??i?%g%&?hég si;fi gé)v%%%%% e %%?%%tiéé%?hﬁlf%é% he

.second | oad resistgﬁeaf@géggh§@gqgggé§5of the t{?ﬁ§i§ﬁmr(§ﬁg 3 dthfiggential

canplifier having input termnals connected to the junction of the first

load resistor and &lgchit Sinidditd @R AP taesiorond (Eennesead iwad
‘resistor and the second circuit. e Tnvention is illustrated, nerely by

way of 20 PAEADIEL viert him acapypany) ngo dfewé oS, the sécomd -idpyr e
1 is acircuit diagramof one enbodi mént of a conparator according to the
present invention;sidmal etd tise dbases ot theaogrransistors hera efdwsi nbead of a
conparator according to the present 25 I nvention; and
resistor through which, in operation, the first circuit
is connécted to a power éource, a second load resistor
.10 ‘having the same resistance as_the first load resistor
(O _ and through which, in operatibn, the second cirguit is
| connécted to the power source, the third circuit being
connected in pérallel with a series connected circuit
including the second load resistor and the second
15 ' circuit, and a differentiél amplifier having input
terminals connected to the junction of the first loéd
résistor and the first circuit and the junction of the
second loéd resistor and the second circuit.
The invention is illustrated, merely by way of
20 éxample, in the accompanying drawings, in which:-
Figure 1 is a ciicuit diagram of one embodiment
of a comparator according to the'present invention;
Figure 2 is a circuit diagram of another

. embodiment of a comparator according to the present

25 invention;'and



5 Figure 3 is a circuit diagram of a conventional conparator. In Figufe 1,1
there is shown one embodi nent of a conparator according to'the present-

t

invention in which 5 mM{(m 1, 2 ...) transistors [err] are connected .in ﬁp' .

parallel and an input term nal a |s connected to the respective bases oﬂ,/
the transistors. A load resistor [errl is connected in series with rﬁ?
‘paral | el. arrangenment of transistors. (n =1, 2 ... but n[err] m.
transistors [err] 10 are connected in parallel and an i nput term nal b s’

connected to theg i"g’iﬁf‘ét:i Ve bgs&sr&g%%hgﬁégggia?%grﬁsgppgﬁ dr s%s%ﬁ;

[err] is also connected In series w :
tranS|stor§°bghghtO£UuareS|stors [err] have the same resistance so as to
15 facilitate integration. The junction of the resistor R and transistors:

[err] and the j uded FaRpuYe the tiesr St P8 S86Wh 8hd Eﬁﬁpﬁ&ﬁ@ﬁhsh&ri [err] are
connected to input termnals-of a differenti al

vol t age [ ecohparazi st irng ﬁdﬂethé\pyi'eggnttﬁh{feﬁﬁli8na§n whige that a
change current i flows through each transistor and that a bias current (m +

n)| 71055 MR sufine (I, )+ timmd Istdmer ha P& 0BoRAEBLEAARAI 539&1[1@1” whi | e
a current (I [err]) flows through each transistor.[err] since: .

and an input terminal a is connected to the respective

bases of the transistors. A load resistor Ry is_

connected in series with the parallel arrangement of

transistors. n(n = 1, 2 ... but n # m) transistors TZ 5§Q'

10 are connected in parallel and an input terminal b is
connected to the respective bases of the transistors. A
load resistor Rz is also connected in series with the
parallel arrangement of the transistors TZ'. The
resistors R1,R2, have the same resistance 80 as to

15 facilitate integration. The junction of the resistor Ry
and transistors T1 and the junction of the resistor R2
and the transistors T, are connected to input terminals
of a differential amplifier circuit A. _

Hhen a voltage Vi is applied across the input

20 terminals a,b, assume that a change current i flows
through each transistor and that a bias current (m + n)l
flows. A current (I 4 i1) flows through each transistor
T4 while a current (I - i,5) “lows through each

transistor Tz since:

25

rer-circuitt A \Wen a



25 ¢ 6 (1 + [err]) + n(l - [err]) = (m+ n)l [err] = (mn)[err]. If the
coll ector voltages of the transistors [err] are shomn by [err]

respeetively, [err] 5 Since [err] the conparison level is given by [err]
= (("tr mM/2mM 1. As just described, the conparison |evel is set by the 10

nunbers of the transistors [err]. For exanple, when n 2, and conparison is
performed with m= 1, then [err] =1/2, and®[err] = 1/4. The load resistors

[errf can be arranged to have the same value to sgt the conparison |eve
Therefore, 15 the relative cur )(ﬁ t{xazf) )%is stors %s easy to obtaln
and the structure is suitafi'e nted} 2 At dlnent of a

:conparator according to th i,nvention wll be described with
-reference to Figure nc udes m=1, 2. 20

f Fi 2. A f el = &)’ﬂ'i Id n(
transistors. [er p I QIPE{ n hnp
‘termnal a bein%kc§9§e§§&§QC%g %Eﬁééﬁtc iI've ses 0 ?#%{re§%7*2ors A
first |oad res'éﬁgﬁnFSy'§cm, Vens respectively,

5 ch:’ Vee - Ra(I + i)
| Vcn" Vcc - anzI - m/n iq).
Since V , = Vg, the comparison level is given by
| 14 =A((n - m)IZsz.
U - As Jjust described, the comparison level is set by the

10 numbers of.the transistors T,,T,. For example, when n
- = 2, and comparison is performed with m = 1, then i, =
I/2, and i, = I/4.
The load resistors Rq,Ry can be arranged to have
the same value to set the comparison level. Therefore,
15 the relative accuracy of the load resistors is easy to
. obtain and the structure is suitable for integration.
‘Another embodiment of a comparator according to
the present invention will be described with reference
to Figure 2. A first circuit includes m(m = 1, 2 ...)
20 transistors f1 connected in parallel with each other with
an input terminal a being connected to the respective
bases of the transistors. A first load resistor R, is
connected in series with the parallel arrangement of the
transistors T;. A second circuit includes n(n = 1, 2

25 e Where n # m) transistors T, with an input terminal b



connected in series with the parallel arrangenent of the transistors [err]®
A second circuit includes n(n =1, 2 25 ... where n [err] ' nm transistors
[err] with an input terminal b 7 being connected to the respective bases

of the transistors.

A second | oad resistor R2 is connected in series wis

thi's parallel arrangenment of the transjstors [err]. The resistors [ef?_
have the same resistance so-as 5 to renhder integration easy. The junction
of resistor [err] and transistor [err] and the junction of resistor [err]

d | ted to input: {nal di £f ial
o1 ior Bofhyl GoRhedtRd W i Tagbddive ML R fhe? O LIS L0

“term nal

parall e

JERRRREEREe-C, & setd A AR 382 4 - SonRERESH: o
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o b a carferre| witicEils' Bariiel diAtadit 6 Ofle PRahBREECHE LT
and the -c%rent?féaﬁggﬁér:r SL?S%WE}@ }Q§1§£€ﬁ§ésgﬁr§?[err] and

[err] where2ler
[err] agd {&r¥énaépsSpAtegrationt syl ithd paxxt&@&&%fefésisiﬁfaﬁg

rel ati onship holds fromthe point of view o

nge currents flow ng throug

20 the operationa

circuit Aland transistor Ty and the junction of resistor R, and

10

15
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transistor T, are connected to input terminals of a.

differential amplifier circuit A. In addition (m - n)

‘transistors T3, with the-input'terminal b connected to

their :espective.bases, are connected in parallel with. -

the resistor R, and the parallel arrangement of the
transistors T,. | |
When a voltage V; is applied across the input

terminals a,b, a current (I - i4) flows through eaéh_of

.'the transistors T4 and the current (I + 12) flows -

through each of thé-transistors;Tz and T3 where i, and
12 are change currents flowing through transistors T,
and Ty, respectively, and 2mI is the bias current;};The
following relationship holds frOM-the poinf'of view of

-the operational amplifier circuit A:

m(I = 44) + (I + i) + (m = n)(I + 1)
. = 2mI ' |
Therefore, i, = i4.
If the collector voltages of the transistors T¢,T;

are Vgp, Vops respectively, then: .

ansi stors

|1 owi ng - .
lifier.



{1 [err]) + n(l + [err]) + (m- n)(I +[ert]) = 2m Therefore, [err] If
the coll ector voltages of the transistors [err] 25 are [err]

respectively, then: 8 [err] [err] Since [err] t he conparison |level is
given/by: [err] = (m- n)I/(m+ n). 5 Thus, the conparison level is set in
. dependence upon the nunber of transistors [grr]. For exanple, when m2, n
= 1, the conparison is performed with [err]® The conparison | evel can be set
“dependi ng on the nunber of transistors used, so that the |oad resistors 10
[err] can have the sane valye, t rel ivEEacc racy of the resistors is
easy to obtain and the strﬁémufélqnsin dhte T ot ntegration. Since the

i nput DC bi ases can have tSF sa vol t h e{ ative accuracy of biases
i s-inproved. In addition, mtﬁw&% Yg‘ggt%)ﬁut? {h* ues) 15 of changes in the

collector curre Oyt he i pput - [ r ' e
respective tranglg'é %r é’t@re Bpi@'s\éﬁryeé, :s:o#ha s‘gt?ﬁgiltﬁinéggépgc% ve

conparison levels is relat ii\aelg\/ Ws_y.nu/(m + n).
5 Thus, the comparison lével is set in dependence upon the
| humber of transistors T1,T2;T3. For example, whén m=
2, n = 1, the comparison is perfdfmed ﬁith i = I/3.
| :The comparison level can be set depending on the
W number of transistors used, so that the load resistors
| Abl R1,R2.can ha&e the same value, the relative acguraéy of
the resisfors is easy to obtain and the structure is
suiﬁable for integration. Since the input DC biases can
have the same voltage, the relative accuracy of biases
is improﬁed. In addition, guantities (absolute.values)
15 of changes in the collector currents to the input
voltages, and bias currents in the respective
tran#istors'are the same, so that setting the respective

comparison levels is relatively easy;

20

25



20 25 CLAI M5 1. A conpar at or conprising a flrst circuit i ncl udi ng an’

I ntegral nunmber mof transistors (connected in 5 parall el when m >
1) to receive a first input signal to thé& respective bases of the- —~
tranpsistor(s), a second circuit including an integral number T (Wher.e-

[err] m transistors (connected in paraIIeI mhen n
I nput signal to the respective bases

first load resistor connected in series mnth the f
| oad resistor having the same resistance as the first resistor and

connected | 1 3e! 1 €S atbbhrhlE AR A RLOY o AN LSRN Al AIS !
second ser esagouaeehed1ChLGHEL | A°hHC B8NS 55600 0l dugpl.gt o and “tne

'second circuit ¢ l e 1n par&

digferential AgphilbervAgH! Ayl ARULo! BeFRIFES 2 C%&%%t% W Blgaingd on of

the first | oad resistor and r st CIrCUI he J uncti on

Qf the secondtheagdesgebeliob BasesthSeﬁenérahé%%r(Z), aAs%@aﬁaf at or
conprising a first circuit including an integral nunber m (where m> 1) of

transistors Circuit including an integral number n (where n # m)

tranSistors (connected in parallel when n > 1) to
receive a second input signal to the respective bases of

10 the transistor(s), a first load resistor connected in
series with the first Circuit a second load resistor
haVing the same reSistance as the first resistor and
connected in ‘series with the second circuit, a series
connected circuit including thevfirst.load resistor and

15 | the first circuit a second series connected Circuit
including the second load reSistor and the second
circuit connectable in parallel w1th a.power source,
and a differential amplifier haVing input terminals

connected to the Junction of the first load resistor and

L

T T

20 the first circuit and the junction of the second load /|

resistor and the second circuit.

2. A comparator comprisingla-first circuit including
an integral number g'(Where m > 1) of transistors
_connected in parallel to receive a first input signal to

25 the respective bases of the transistors, a second



cbnhected in parallel to receive a first input signal to 25 t he
Fespective bases of "'thé transistors, a second ci rcuiJﬂIll 1 IHHMNIIL

i ptegral nunber n (where n < m of t ransi st or’® ( connect I n
n >4y to receive a second input signal to the respective bases of ‘the *
transistor(s), a third circuit including (m- n) 5 transi stors
“(connected in par #3%uithdRqinding an fntegnadcdiumbena sdddirFe put ) @l

"to the bases of the transistors, a first |oad resjstor through which, in

operation, the firs®H 0T (SBRRRECed &3 PRy R &, & s&nd | oad
hrough whi ch, i n SoSEATE 8 secped dHR LY S LS, FESRRREATS (SRR
Connect ed i fcur ; SHeLtaaleeR (BI10°E Rhach ALY WIS 0

circuit, gnd a 15¢rang dist rgh%h?ﬂec@t%]' i %razjéei\siiteg.? dg%u:(gée-][ 3)2?}' })r 58 ¢

connected to the junction o e firs

and the junction

A conparator substantially as herein

oad*resi

Hedelves 2hRNE load &g@h%t gggg,ragott%e £heC oAl er%i o3 e 3-

SCri eference to -

Figure 1 of the acwameasyoRrg,dr aweagst 4oad rfsiS¥RA hRbudrbwhikh alihy as

herei n descri bed

10
Y

15
o 20

25

with reference to Figure 2 of the acconpanyi ng draw ngs.
operation, the first circuit is connected to a power

source, a second load resistor having the same

resistance as the first load resistor and through which,

-in operation, the second circuit is connected to the

power sourée, the third circuit being connected in
parallel with é series édnnectéd circuit including the
seéohd loéd resistor and the second circuit, and a
differential amplifier having input terminals éonnected
to the junction of the'first load resistof and the first
circuit'and'the junction of thé sécond'ioad resistor ahd
the second circuit.

3. 'A'comparator substahtiaily as herein described
with reference to Figure 1 of tﬁe accompanying drawings.
4. A compa#atdr substantially as herein described

with reference to Figﬁre 2 of the accompanying drawings.



25 11 5. A conparator conprising: a first circuit including m(m'= 1,
2 .) transistors connected in parallel and rece|V|ng a flrst I nput si gnal
to t he respecti ve bases of the transistors; ‘udi ng nén—

1, 25 .. Wwhere.n [err] m connected in. paral ' a secgpﬁg
|nput signal to the respectlve bases of the tr I !“ﬂ !ﬂlﬂ | oad”
resi stor connected in series'with the flilr st CI d load -

fresi stor having the sanme resistance with the first reS|stor and 10 -
connected in series wth the second circuit; a series connected CIFCUIt

Isg‘r:: ggl (r:]gnt:ﬂet Ld&thxﬁr?EQFzgﬁppgﬁ:Tgcongﬂ%;%Iq?sﬁtt ri'cf;% he second
gl: g?glr'[ensleg@ n{ﬁ?ireuyh Eg Rglt n n%glcjt ed :%? t%nctlon of | .
ltg:dfir(ra_:its (%cge "ﬂs%t%r g%é '?ﬁlnBE r??’ség“r)‘cg’ot t d’teﬁé’ﬁ%%cﬁ B?‘F%Tfﬁ segond
first ci rcu mcl%iaiﬁng %&d i & EEEgnﬁ c)ir iﬁ‘m S &gﬁi‘ ng‘gg 2‘ %

paral | ely and 1 o 19 £ ) rSbnhpY Aot 1 P B A O the

tran5|stors a second circuit 1 ncluding n
second input signal to the respective bases of the

| transistors, a first load resistor connected in series
‘with the first circuit and a second load resistor having -
,.the same resistance with the first resistor and \;)'
10 connected in series with the second circuit, a series |
_ connected circuit including the first load resistor and
the first circuit and a second series connected circuit
including the second load resistor and the second
o circuit heing connected in parallel with a power source;
.55' and a differential amplifier having input terminals
| connected to the junction of the first load resistor and
the first circuit and the junction the second load
resistor and the second circuit. _ _ )
.6. A comparator comprising. a first circuit including
20 m(m = 2, 3 ...) transistors connected in parallel and
| receiving a first input signal to the respective bases
of the transistors, a second circuit including n(n = 1,
2 ... Where n < m) transistors connected in parallel and
receiving a second input signal to the respeCtive bases
25 of the transistors; a third circuit including (m - n)



A where n < n) transistors connected ih parallel

S rans and T ecei ving a_second
‘input signal to the respective bases 25 of the transistors; a third

Gircuit including (m- n) 12 transi stors connect ed(jiﬂ“ﬂ[ﬂ‘mmmw r.st

recéixi ng the second input signal to the bases of the

| oad resistor through which the first circht I's conn
source and a second | oad resistor 5 having

ea¢ to anpower*
he sane resistance as the first

-l oad{ resi stor and through which the second circuit is connected to the

poner S0 ce: Shlh4SuEbEs bbnabas! £ LL-AHIGA! ShaEhbeluid Bh omect o

circuit including

di fferenti al
of the first

€ Secon hé secon and a

MbiBd (10u Y1 Sl "Y' £he BhRELSCEORREC kL skRE S IACL | OF

| oad resistor and t Ir circurt an uncti on

second load resg iy Pogla 1PEsEEEOPIREOGYh  which?8néOEirst circuit is

10
15

9
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25

connected to a power source and a second load resistor
having the same resistance as the first load resistor
‘and through which the seconﬁ circuit is connected to.fhe
power source; a third circuit connected in parallel with
a series conﬁected circuit including the second load
'resistor and the second circuit; and a differential
amplifier having input terminals connected to the

~ junction of the first load resistor and the first
circuit and the junction of the second load resistor and

the second circuit.




