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power supply voltage. Furthermore for full rail-to-rail output capability,
a separate switchirg trtnsistor Is in- Amplifiercircuitry having relatively
low outputim-  serted between the first and second rails. respective- \
pedance is necessary for driving large capacitive or  ly, and the first and
second transistors; and each such resistive loads, such as the relatively
low impedance   5   switching transistor has its control terminal respec-
of a telephone line, typically an impedance of about  tively connected to
the first and second nodes. 800 ohms or less. In prior art, such amplifier
circuitry  The invention will now be. described with . refer- typically is
composed of a low impedance unity-gain  ence to the accompanying drawing
which is a circuit buffer output stage fed by one or more voltage-gain
schematic Including a buffer stage in amplifier circul- stages. This
amplifier circuitry typically. is Integrated   io  try. in a semiconductor
chip; whereas the load is situated off-chip.                  :       . .
Detailed Description   .; For example, as shown in the-M6 tboo by   R.-
Gray and R. G. Meyer, Analysis and esigh of Analog      The FIGURE. shows a
low impedance buffer Integrated Circults (John Wiley & Sons, second edl-
15  stage 20 embodying the invention. Advantageously tion, 1984) at page
759, Figure 12.43, a buffer stage  this buffer stage 20 is supplied with
voltages VI and for class B (push-pull) operation can be formed by a  V2 by
a high voltage gain stage 10. The circuitry of pair of error operational
amplifiers (error op-amps)  both the stages 10 and 20 can be integrated
into a sin- which are connected to receive feedback from a pair  gle
silicon semiconductor chip, as known In the art of serially connected
output transistors In such a man-  20  and as further discussed below. ner
as to assure unity voltage gain. The operation is   In the FIGURE, power
lines (rails") VDD and Vs$ class AB (push-pull) In cases where in the
quiescent  are set at typically &5 volt dc and -5 volt dc, respec- (no
signal) state both output transistors conduct cur-  tively, asknown in the
art. A fixed electrical current N,>  rent, but one of them does not conduct
any current   source ofcurrent i Is connected-serially with a resis-
whenever the input voltage goes outside .a narrow   25  tor R8 and an
n-channel M.OS. transisKtor M7 between range, typically the range of about
$ 0.5 volt around  the power rails, in order to. form the high gain stage
ground potential. As known In the art, dass AB oper-  10. During operation,
this.high galnstage 10 receives ation In general is desirable from -the.
standpoints of  an input voltage VIM at its inputterminal 11 and delv- low
standby power consumption and. of no missing     ers voltages VI.and V2 to
the bufher stage 20. output signals for small input signals (nW "dead
zone')   30   . .Eech of a pair of standard pp-amps Al and A2 which would
distort the output. However, the. circuit  (each of which can be formed bqy
aysipl@.differential design of the aforementioned buffer atage is.undesir.
pair of transistors) Is connected in the stage 20, and ably sensitive to
.semiconductor. processing: varia-  each of these op-amps has Its
respective negative in- tions, so that either excessive power dissipation
or  putterminal connected to receive the voltage sVI and circuit
instability (Oscillations. caused..y poor feed- -35   V2. Seriaily
connected from rall.to rail are n-channel back control over the. quiescent
currernt or both may  MOB transistors M5 and Ml, a resistor RIaresistor
result Too high a quiescent currenitis "wa.teful of  R2, and.p-channel
transistors M2 and MB. Anode be- power, whereas too low a-quiescent ourrent
can result  tween .the resistors RI and R2 develops. an output In the
above-mentioned circuit instability. .        voltage. Vour at an output
terminal 21 of the stage 20. GB 2180710 discloses a CMOS output ..stage
40   qptkonally, -for reasons discussed below, another n- comprising
complementary push-pull connected        chiannel MOS transistor M3 and
another.p-channel MOS transistors each fed by a respective differential
MOS transistor M4 are added to the buffer stage 20 2d   amplifierwhose
negative Input is fed by the input sig-  in parallel with the branch formed
by the serially con- nal and whose positive Input is fed by,
the.output.sig-  nected M5, Ml RI, R2 M2.anrd Mo. The transistors nal
appearing at the node between the MOS transis-  45   M3 and M4 are serially
connected from rali -to-rall. A tors. Such an arrangement suffersfrom
thedisadvan-   node between these translators Mti3VandM4 is con- tage that
the output quiescent current level Is greatly  riected to the output
terminal 21. affected by offsets in .the differential ampifiers.
MAdvantageously, theparameter. of. theransis- According to this invention
there is provided a-.  tors. M3 and M4 are selected so as toequalize their
plfier circuitry as claimed in claim I.  .   .  50  transconductances. The
channel wid th tolength ratio The buffer stage can be operated class AB and
(WYlL) of each of M3:andp  4a4  ntageousoyisatleast advantageously be fed
by a high voltage 'gain stage  about five times as large as thateof Mt and
M2 re- of amplifier circuitry. Also, a palr ofserially connected
spectively`.Likewiseadvantageously the transistors third and fourth
transistors, having much higher chan-.  Mi and M2 areformedwith
equaltransconductances. nel width-to-length ratios than the first .n-
second 'S   TheresistorsRI ani.R2 advantageouslyare amatch- transistors,
can be connected in parallel with the-first  ed .palr (R1I=R2). The
requirmpents. of matched pairs and second transistors, in order.to make the
output  for RI.andR2, .asw.ellasforequaltransconductances voltage swing
more nearly approximate the rill tra!il of .1 and  M2 M3 and M4 .need not
be satisfied, at ;.              2    
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Indeed, one of the  quiescent current is relatively stable with respect to
resistances RI and R2 could be zero (short circuit).  variation in
semiconductor pro'essing 'ondaitions: the The purpose of M5 and MO is to
enable full rail-  feedback in the operational amplifiers does not intro-
to-rail output voltage swing atfthe output terminal 21,  duce any
significant circuit instability.- for such full rail-to-rall'operation
tends to bNeprevent-   5  By selecting RI1=R2=R,: then, in the qulescent ad
by the voltage drop(s) across RI and R2. For ex-  state: ample, because of
the voltage drop across R2, the       Vo;= (V * V212; - (3- output voltage
VOuT. cannot attain VDD regardless of  i.e., the -output voltage of the
'buffer .tage 20 then is how high V2 rises, 'solong as current canf0low
through  donveniently equal to thec.'omon mode voltage of R2. In the
presence of M6, however,'whed. V2 rises   io  the Inputs VI'and-V2 to this
buffefrtage;: and causes the potential at the node N2 to rise to a   'As
noted above the transistors M3 arid M4, as threshold below VOD, the
transistor M    MSturna off,  well as M6 andtMS, can be"onittedd'bbt'then
during whereby the voltage drop across. R2*va'nijh'es sand  class A4B
operation' (push-Nul) the:outpiut voltage hence the transistor-M4 canthen
bring0'.thioitputvol. 6M0 could not swing as closely from VDD to V86 as it
tage VOwT fully to VDD. If, on the other hand, such full  1s  can.when
these transistors are presentL. Note that the rail-to-rail output is not
required, then the transistors  larger the value of a, as given by eq. (2),
the closer M5 and M6 can be omitted, with the source terminals  the output
voltage swing becomes equal to rail to rail. of Ml and M2, respectively,
being connected directly    In order to assure stable operation with
sufficient to Vss and VDD-                                      quiescent
current, and hence to assure class AB op- Each ofthe op-amps Al andA2,
respectively, has   20   eration, Is and R8 should be selected to be large
Its output terminal coupled (connected) to a: low cur-  enough to make IsRs
greaterthan the sum of the max- rent carrying control terminal (gate
terminal). of the  imum expected absolute values of the operational pair
MI, M3 and the pair M2, M4.                     amplifier offset
voltageszof Al .and A  by afactor of *       In practice, the op-amps Al
and A2 are biased    about 5 to. about 10 or more, lest ch!p-to"cipvaria-
(not shown) so that there Is an adequate safety mar-  25  tlons ofthe
offset in Al.orA2 or. both should cause un- gin of non-zero quiescent
current in a neighborhood  desirably large chip-to:-chip variatiops in the
quies- of the quiescent state (no signal region), in order to  cent current
i.; -  . a'oid the signal distortion problem otherwise caused    The
resistors R1, R2, R5 can be formed, for exam- by a "dead zone" in which a
change jn the inputesignal  ple, by standard diffused regions in
semiconductoror would not produce any change in the output,.::  30   by
standard deposited polyslllc n resistors. The cur- The buffer stage 20
operates as folowa.s.recause  rent source 1s can be, formed by an MQ S
transistor the op-amp Al and A2, being operational. amplifiers,  biased in
its saturation regin  as known k inthe art. cannot support any significant
differences in the vol-  .Note..that In the presepce olfsignqe applied to
the tages applied to their positive vs. .negatve input ter-  gateterminal
of M7, the voltag edrop [y2.Vi) across minals, the feedback to their
positive inply t terminals  35   Reremnains fixed (Is R:). That isite
Adif.ference mode supplied by node Ni located between RI .and' Ml (to
(Q2-Y1)1Z is fixed; whereas the comuon mode (V2 + Al) and by node N?
located between R2 .and M2 (t#    Vl)12 varies with signal. A2) makes the.
quiescent current IQ we -defined and    ..n a.typical case, only by way of
Illustration, ap- controlled, i.e., .adjustable to the desired. value by
proximate values for the various parameters ..are: proper selection of
parameters. More specifically, as-7  40  RI .= R2 - 2000 ohm; Es = 1000
ohm;. I = 50 suming that the source-drain voltage drop across M5  ipcroamp;
. and M6 are both much less than a threshold.of n-                a = 30. ,
channel and p-channel transistors, the quiescent cur-  With signal, the
output current at the output terminal rent iQ is given by:
21 can go as high as 1m0 -illlamp. IQ= Is R (1 + a)/(RI + R2)  (1)
45    . The gate terminal of M7, to which VIN. is applied, where the R's
are the resistances of the respective  can. be connected,jfor example, toth
o-utput terminal designated resistors, and where a Is equal to the ratio
oa differential gain stage (not .h.wn); a'ndthe output of the
width-to-lepgth ratio (WiL)3 of M3 to that (W/L)  terminal 21 ofthe stage
20 cantl~enibeconnected, for of Ml, and. equally of M4 to M2
(assuming-matched    the. purpose of feedback, to the negative input terml-
gpirs of transistors):                          50   nal of thedifferential
gain stage4 lntflat way, overall a = (WIL)3I(W1L1 = (W/L)4/(W1L)2 .. (2) .
unity gai of VOuT relative to tiheinputyo9tageapplied Notethat.from
sq.(l)Itfollowsthe.quiescent cur-  to a positive. input:terminalo.f, the
dfferential gain rent IQ is thus well-controllable and insensitive to sem-
stage can; be achieved, in combination with overall iconductor processing
variations: the resiatances of   high input impedance ard low Qutput
impedance, as the resistors.track one another, as do the WiLratis.  su  Is
desired in amplifier circuitry for driing large cur- Although the
currentissupplied bythecurrent source   rentsintolarge loads (line
drivers). .. varies with semiconductor processing ponditions, it
Although the Invention bhasbeenesrbed In de- does so In a well-defined
nonq-critical way, so that the  t.i1 in terms of a specific em.bodiment,
various modi- 3    
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made within the scope of the claims.     respectively.                 -
For example, instead of n-channel andp-channel: MOS transistors, npn and
pnp bipolar transistors can  2. Circbitty as claimed in claim 1, wherein
each of be used.                                                  sald
first and second connection. means:conipris- -  : :    5  es resistance
means (Ri, R2' ancr there: is pro- vided means for connecting a .noe
.iocated be- Clalnms                      -    .. . .    .           -
tween the first anid sec4 nd:onriectlbnr'Means to an output terminal (21)
of the buffet stage. 1. Amplifler circuitrycomprising a bufferwtage (20)
which comprises first and second damplfiers  io  3. C:ircuitry as c-aimed
in claimn 1 :or.2 comprising (AIA2) each having an output terminal and a
first    fourfh and fifth transistor devices (M3,:M4) hav- and a second
Input terrinal; first dnd second         ing respectivelyftlirdandfourth
relativelylowcur- connection means (RIR2), firSt -aid secon6 d        .
t'eint carrying contrtl terminals.that are coupied transistor devices
(M1,M2) respectively 'having       respectively to the first and Second
controi termi- first and second relatively high current carrying   15  nals
of the first and second transistor devices, re- controlled paths and
respectively having first and    spectively, the fourth and fifth
transistor devices second relatively low current carrying control ter-
having respectively fourth and fifth relatively minals, first and second
power rails (Vss, VDD),      high current paths that are connected serially
the first high current path ofthefirsttransistorde-   from the first power
rail to the second power rail. vice (MI), the first connection means (RI),
the   20 second connection means (R2), and the second       4. Circuitry as
claimed in claIm 3 wherein the chan- high current path of the second
transistor device     nel width-to length ratio of the fourth transistor
de- (M2) being serially connected, In the orderstated.    vice and, of the
fifth transistor device-is-at least in a path between the first power rail
and.the sec-   five times greater than that of the first.transistor ond
power rail, means for connecting the output  25   device and of the second
.transiltpr e.vice, re- terminal of the first amplifier to the
control.termi-  spectively.           . nal of the first transistor device
(Ml), and means       .                    . . for connecting the output
terminal of the second   5. Circutry as claimed in-laim 3 or.$4 comprising
amplifier to the control terminal.of the second       sixth and seventh
transistor Aevis.w (M5,MS) transistor device (M2), CHARACTERIZED IN 30
whose high curent path are respectively con- THAT the first and second
amplifers .(A1,Ai2).are    nected in series with that of the first and
second operational amplifiers, atleastone.f the firstand  -    transistor
devices, and  whbose control terminals second connection means
comprises.resistance          are respectively connectd to~the.first and
sec- means (R1,R2), there is providedm. eans fbr con-nd node.s (N1,N2.
necting a first node (N1) located bqtween the fst  35 transistor device
(MI) and the first connection    6, Circuitry as claimed in. any preceding
claim means (R1) to the second Input trmipnal of.the       whereinthe
constant.currentmultiplied.by-the re- first amplifier; and means .for
connecting .a sec-    sistance of. the further. resistance. means is at ond
node (N2) located between the second tran-        least about.5 times the
input offset voltage of the sistor device (M2) and the second connection
40     first and second amplifiera.. means (R2) to the second input
terminal of the second amplifler (A2), and there is .provided, a   7.
Asemiconductor integrated circuit comprising cir- voltage gain stage (10)
comprising.currentsource      cultry as claImed iniany preceding claim.
means (is) for supplying a constant current, fur- ther resistance means
(Rs) having first and sac-   45                    . ond terminals (VI,
V2), a third transistor device  Patentanspruche.    .   .... (M7) having a
control terminal that is connected to a circuitry. input terminal (11) for
receiving an  1. Verstlrkerschaltung mit elner, Pufferstufe (20), input
signal voltage, the third transistor. device    die erste und zwete, je
elnen AusgangsanschluB having a third relatively high current path.suitable
5o  sowie. einen ersten und -zeite.n ,,Eggsan- for carrying the constant
current, means for con-     schlu& aufweisenden Verstirkern {(I  Z)
necting, from the first rail to the second ralli ser-  ehnerersten
und-zweiten Verbindungssrichtung ially, in the .order stated, the current
source       (1R12)  inemerstenund zwelten.Transistor- means, the further
resistance meanps and the          bauteji .M1, M2) di3e je
inen.er.stej.und einen third relatively high current path, and means fo1r
S5  zweirten verh.ltnismafigghohe StrWme fuhrende connecting the flrst and
second trminals of the   ....Steuerwege und jeelnen .ersten und elnen zwei-
further resistance means .to the frt input termi-     ten, verhlltnismllflg
niedrige Str!me fuhrende nal of the first and second operatlonail a .mpfrs,
Steueranschlulse aufwelispn    - 4                                      ..
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made within the scope of the claims.     respectively.      '     *c    L
M   S For example, instead of n-channel and p-channel MOS transistors, npn
and pnp bipolar transistors can  2. Circuitry as claimed In claim 1,wherein
each of be used.                                                  said
first and second conn'ctl6n means compris- 5       es resistance means
'(RI,' R2), andcthere is pro- ;}   '  .  . .       - vided means for
connecting a A de located be- Claims                       -     .. :
tween the first and second. connection'means to an output terminal (21) of
the buffer stage.' 1. Amplifier circuitry comprising a buffer stage'(20)
which comprises first and second' dmplifiers  1o.  3. CIrcuitty as claimed
in claim 1: or. 2 comprising (Al ,A2) each having an outputtermin'aland
afirst     fourth and fifth transistor devices (Mvt3 -M4) hav- and a second
Input terminal, firstdand second      '   ingrespectivelythird and fourth
relatively low cur- connection means (RI,R2), firsthand second
rent-carrying control termri'nals'that are coupled transistor devices (MI
,M2) respectively having      ;respectively to the first arid secofid
control termi- first and second relatively high current carrying   15  nals
of the first and second transistor devices, re- controlled paths and
respectively having first and    spectively, the fourth and fifth
transistor devices second relatively low current carrying control ter-
having respectively fourth and fifth relatively minals, first and second
power rails (Vss, VDD),      high current paths that are connected serially
the first high currentpath of the firsttransistorde-  .  from the first
power rail to the second power rail. vice (Ml), the first connection means
(RI), the   2a second connection means (R2), and the second       4.
Circuitry as claimed in claim 3 wherein the chan- high current path of the
second transistor device     nel width to length ratio of thefourth
transistor de- (M2) being serially connected, in the order stated,   vice
and of the fifth transistor device Is at least in a path between the first
power rail and the sec-   five times greater than that of
the.first.transistor ond power rail, means for connecting the output   25 '
device and of the second transistor device, re- terminal of the first
amplifier to the control.termi-  spectively.. nal of the first transistor
device (MI), and means . for connecting the output terminal of the second
S. Circuitry as claimed. in.claim .3. .or.4 Comprising amplifier to the
control terminal.of the second       sixth and seventh transistor devices
(5,M6) transistor device (M2), CHARACTERIZED IN   30         whose high
current.paths are.respectively con- THAT the first and second amplifier
.(Al ,A2) are      nected in series with that of the first and second
operational amplifiers, at leastone.of the first and  transistor devices,.
and whose control terminals second connection means comprisesresistance
are. respectively connected to the. first:and sec- means (R1 ,R2), there is
provided mreans for con-     ond. nodes (NI ,N2). nectinga first node
(NI)lo.catedbeotween the-first  35 transistor device (MI) and the first.
connection   6, Circuitry as claimed in. any preceding claim means (RI.) to
the second input terminal of the
wbereinthe-constantcurrent.multipliedby-there- first amplifier, and means
for connecting a.sec-      sistance of. the further. resistance means is at
ond node (N2) located between the second tran-        least.about 5 times
the input offset voltage of the sistor device (M2) and the second
connection   40     first and second amplifiers. means (R2) to the second
input terminal of the second amplifier (A2), and there is .provided.a    7.
Asemiconductorintegratedcircuitcomprisingcir- voltage gain stage (10)
comprising.currentsource       cuitry as claimed in any preceding claim.
means (Is) for supplying a constant current, fur- ther resistance means
(Rs) having first and sec-  45                   *.      . ond terminals
(VI, V2), a third transistor.device  PatentansprOche                 . . ;.
(M7) having a control terminal that is connected         , to a circuitry:
Input terminal (11) for receiving an  1. VerstArkerschaltung mit Biner
Pufferstufe (20), input signal voltage, the third transistor. device    die
erste und zweite, je einen AusgangsanschluB having a third relatively high
current path suitable  6o  sowieomen ersten undeneneiten Elrgangsan- for
carrying the constant current, means for con-     schluB aufweisendoen
Verstarkern ,(A1I,*A2), necting, from the first rail to the second rail
ser-   einerersten und zweiten V~erbindungseinrichtung !ally, in the order
stated, the. current source       (RI, R2), einem ersten und :zweiten,
Transistor- means, the further resistance rmeans! and the         bautell
(MI, MZ), die je eirnen. ersten. und einen third relatively hlgh current
path, and means.fobr  56  zweiten,.verh6itnismAPig~hohe Str8me fuhrende
connecting the first and second terminals of the      Steuerwege und je
einen ersten und enen zwei- further resistance means to the first input
termi-    ten, verhaltnismAllig niedrige Strome fuhrende nal of the first
and second operational amplifiers,   Steueranschlrisse aufweisen,     - '4.
.  ;':  . .  .     . ..    
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elner ersten und zweiten Strornversorgungs-          standseinrichtung (1,
R2) umfassen und sine schlene (Vss, VDD), wobei der erste HochItror-
Einrlchtung zur Verbindung elnes Knotens der weg des ersten
Transistorbauteil (MI), die.erste     sich zwlschen der ersten und der
zwelten Verbin- Verbindungseinrichtung (RI), die zweite Verbin-
dangselnrichtung befindet, mit einem Ausgangs- dungseinrichtung (R2) und
der zweite Hoch-   5       anschlua(21) der Pufferstufe.vorgbsehen ist.
stromweg des zweiten Transistorbauteil (M2) in der angegebenen Reihenfolge
auf elnem Weg        3. Schaltung nach Anspruch  odr 2: mit einem zwischen
der ersten und der zweiten Stromnvr-        vierten und einem funften
Translstotbauteil (M3 sorgungsschiene in Reihe geschaitet sinid,
M4) die einen dritten bzw.iverten, emen verhilt- einer Einrichtung zur
Verbindung des Ausgarngs-  10  nismi9ig niedrigen Strofii fhtrenden
Steueran- anschlusses des ersten Verstarkers mit demn          schi
leessbesitzt undmirt de M t retm n izw .zweiten SteueranschluB des ersten
Transistorbautells         SteuerangchiuP des ersten bzw. zweitenTransi-
(MI) und.                                            storbauteis verbunden
sind, wobei das vierte elner Einrichtung zur VerbindungueS Agangs-
.urd das : ffanfte Transietorbauteil elen vierten anschlusses des zwelten
Verstirkers mit-dern  15     bzw. einen frlnften, verhAltnirmrilg hohen
SteueranschluB des zweiten Transgltdrbauteils        Strom fOhrende Wege
besitzen, die seriell zwi- (M2),:
schen die ersten und die zwelte Stromrversor- dadurch gekennzeichnet, daB
der erste und der        gungsschiene geschaltet sind. zweite Verstarker
(Al, A2) Operathonsverstarker sind, dall wenigstens sine der ersten und der
20   4. Schaltung nach Anspruch 3, bei der dasVerhilt- zwelten
Verbindungseinrichtungen eine Wider-         nib der Kanalbreite zur
Kanallinge des vierten standseinrichtung (RI, R2) umfaet, und
und des furnften Transistorbauteils wenigstens daB vorgesehen sind:
funf mal groBer ale das des ereten bzw. zwelten sine Einrichtung zur
Verbindung sines .ersten        Transistorbauteils ist  :a^%. :;i Knotens
(NI), der sich zwlschen dem.:ersten   25 . Transistorbautell (MI) und der
ersten. Verbin-   5. Schaltung nach Anspruch .3. -oder. 4 mitseinem
dungseinrichtung (RI) befindet, mit dem zweiten      sechsten und siebten
Trarisl torbauteilIM5, M6), EingangsanschluM des ersten Veretarkers,.
deren Hochstromwege jeweliC in Reihe mit de- sine Einrichtung zur
Verbindung: ines zweiten        nen des ereten und zweiten T
rasistorbauteils Knotens .(N2), der sich zwlschen dem. zweiten   30
geschalet sind -und deren Steuerenrschlfsse mit Transistorbauteil (M2) und
.der. zwei tnVerbin-      dem erstn bzw. zweien Knoten (NI N2) ver-
dungseinrichtung(R2) belfindet, mit dem zwelen       bunden sind.     : -
.- EingangsanschluB des zweiten Verstqrkers {A2); sine
Spannungeverstirkerstufe .(I0). miteilner   6. Schaltung nach
inemdervorbertshendenAn- Stromquelleneinrichtung (18) zur -lefbrung sines
35  e pruche, bel dor dmerionstantstro  multipliziert Konstantstroms, ainer
wyiterej Wider~standesin-      mit -derm Widerstandswert ;der welteren
Wider- richtung (R8), die einen ersten.und oinen zwelten
standseinrichtung wenigstens etwa gleich dem AnschluB (V1 V2) aufweist
-elnem dritten Iran-       FflnffachenWertderEingan geOf feet-Spannung
sistorbautell (M7) mit einem SteueranschluB, der     des ersten und zwelten
Verstarkers Ist. mit einem $chaltungseingangsanschIVlu (11) zur  4o
Aufnahme elner Eingangseignalsparinung ver.      7. Integrierte
Halblelterschaltung mit einer Schal- bunden ist, wobei das dritte
Transistorbauteil ei-  tung. riach einem der. .vorhergehenden Anspru- N-1w
nen dritten Weg fir elnen verhAltnismi~ig hohen      che. Stroms aufwelst,
der zur Fihrung des Konstant-                       . ..... .. stroms
geeignet ist,                        45 sine Elnrichtung zur
Reihenschaltung der Strom-  Revendlcatlmos  .       . quelleneinrichtung,
der weiteren Widerstands einrichtung und des dritten Weges fur eonen ver-
1. Circuit amplificateur comprenant~un 6tage sepa- hiltnismaBig hohen Strom
in der angegebenen         rateur (20) qui comprerd dos premier et second
Reihenfolge von der ersten zur zweiten Strom-   50   amplificateurs.(Al, A)
ay antchacun une borne versorgungsschiene, und        .
de sortie etdes premiere etsecon. bornes d'en- sins Einrichtung zur
Verbiodung de~s ersten. und    tree, ; . des premi~er .et. second., mnyens
do zwelten Anschlusses der welteren Wi~oretands-        connexion (RI, R2).
des premier e. secoond dispo- einrichtung mit dem ersten Eingang des.ersten
sitifs:A:: transistors (MI, M2), ayant respective- und zweiten
Operationeverstfirkers      .     .     ............-.:.. 5 mont. des.
premier ot second. che~mins comman- ,,. ;welte  , ; rationsve   ,,e ; .,d
smaheenl.rnt un!courae n.ctrnItinscotrevnmet 2. Schaltung nach AnspruchI,
bel derdie ersteuid       ayant respoctivoment deuprei.re  taeconde die
zwelte Verbindungsenrichtungjeo einee Wider-     bornestde commando
acheminant-un.pourant re- 5 -   -  5   -:   :.   -  .    . :    .
.......... :. .d .-: ': .; ; ........ ::::
e~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~   .    .   
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lativement faible, des premibre et seconds lignes  3. Circuit selon la
revendication I ou 2,:comprenant d'alimentation (V~s, VDD), le
premieri'-chenin A     des quatrieme et cinquibme dispositifs Atransis-
courant 61ev6 du premier dispositff A transistor     tors (M3, M4) ayant
respectivement des troisib- (MI), le premier moyen de connexion (RI), le s-
me et quatrieme bornes de comvmands Wchemi- cond moyen de connexion (R2) et
le second che-   5   nant un courant relativement faible;"'qul sont res-
min A courant elev6 du second dispositif A tran-     pectivement
connect6es.aux premitet efsecon- sistor (M2) etant connect6s en serie, dans
I'ordre   de bornes de commande ces premieri et second indiqu6, dans un
chemin qlui sAtendM:entre la pre-   dispositifs A transistor,
respectivbment, les qua- miere ligne d'alimentation et Ia. seconds igne
trieme etcinquibmedisposditis  ftransistor ayant d'allmentatlon, dos moyens
pour-cohhecwtr la   10    respectivdemnt'deslquatri0erett ihqulme-che-
borne de sortie-du premier amplifisteur A labor-     mins A courant'
reltivement Aleve qui sont ne de commands du premier dispos,1itif.a
transis-    conneais en s;ris do Ia premielIne dalimen- tor (Ml), et des
moyens pour corinecte- Ia borne     tation A Ia seconde ligne
d'al!mentabton.- de sortie du second amplificateuta ia 'brne de
- commands du second dispositifAtransistor (M2),  15  4. Circuit selon la
rovendication 3, dans lequel i CARACTERISE EN CE QUE les premier et so-
rapport entrelalargeuretIalongueurdecanaldu cond amplificateurs (Al, A2)
sont des ampliflca-     quatrieme dispositif A transistor et celul du cn-
teurs operatlonnels, l'un au mains des premier et    quibme dispositif A
transistor sont respective- second moyens de connexion comprend des
ment au mains chnq fobs superieurs A celui du pre- moyens a resistance (RI,
R2), il existb des   20     mier disposiif A transistor et a celui du
second moyens pour connecter un premier noeud (NI) so       dispositif A
transistor. trouvant entre le premier dispositif a transistor (Ml) et le
premier moyen de connexion (R.1.), A Ia  5. Circuit selon Ia revendication
3 oy 4, comprenant seconds borne d'entree du premler. amplifica-        des
sixi8niet septl mdisp sitifs  A transistor tour, et des moyens pour
connecter un. second   25   (M5, MO) dont les.chemins.iA courant eleve sont
noeud (N2) se trouvant entre le second dispqositif  reapectivement
connecths en .srio .avec .ceux a transistor (M2) et le.second moyen de
des premier et second dispslt,_ fs A transistor, et connexion (R2), A la
seconds borne d'entree.du       dont. lee. bornes de commandes ..snt
respective- second amplificateur (A2), et 11 exisite un. tage de  mont
oonnectees. ap, p remier ep, ond nosuds gain en tension (10) comprenant
des.moyes 9 0        (N N.2). 30 constituant.une source de. courant (i.)p
pour four-     .   - nir un courant constant, des moy.ens Arstance is  6.
Circut .selon. I!une. quelconque ,des' revendica- supplementaires (Rs)
ayant des premiere .e t so-     tions pr~cdentes, clans lequel is. produit
du cou- conde bornes (VI, V2), un troisiernm.dispositif A    rant constant.
par a rI sis!taneddesisy ens A re- transistor (M7) ayant une
borne,,xlq:mmande   35     sbtamnce supplerenlaires setay.rnj.fois su- qul
est connectbe a. unejborne Oentrbe do dcrcult    perleur aa tension de
d6calage dentrbe.des pre- (11) destinbe A recevoir une tension de signal
mienot jteeond amnplificateu.   . g d'entree, le troisilene dispositif A
transistor ayant un trolsieme chemin A courantrelativement 6lev,  7. Un
circuit integrb a semiconducteurs comprenant qui convient pour acheminerle
courant.constPant,  40  un circult.selon l'une quelconque des revendica-
des moyens pour connecter en snri4 .da.ns l'ordre    tions prbchdentes.
indlque, de la premiere ligne d'alimentatbon  la seconde ligne.
d'alimentation, les moyens consti- tuant une source de courant, les Moyens
A ,rsis- tance supplementaires et le troisieme chemin A   45 courant
relativement eleve, et des .moysne,. pour connecter les premiere et
seconde.bornes des moyens A resistance supplementaires A la.pre- miere
borne d'entree respectivement des pre- mier et second amplificateurs
operatiqnnels.    5so 2. Circult salon la revendication I, dansleq~uei cha-
cun des premierntsecond moyene do. connexioIn comprend des moyens A
resistance (i.141, R.2), .et des moyens sont prevus pou, ....connectr un
5s noeud se trouvant entre les premier ,,et secnd moynse do connexion, A
une born"e dstie (21.)              - de l'etage separateuqr.            ..
,  . . . ,.  ... .:: .:  i. .6    


