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Description

Amplifier circuitry having relatively low output im-
pedance is necessary for driving large capacitive or
resistive loads, such as the relatively low impedance
of a telephone line, typically an impedance of about
600 ohms or less, In prior art, such amplifier circuitry
typically is composed of a low impedance unity-gain
buffer output stage fed by one or more voltage-gain
stages. This amplifier circuitry typically is integrated
in 2 semiconductor chip, whereas the Ioad Is situated
off-chip.

For example, as shown in the texfbook by P R.
Gray and R. G. Meyer, Analysis and Design of Analog

Integrated Circuits (John Wiley & Sons, second edi- '

tion, 1984) at page 759, Figure 12.43, a buffer stage
for class B (push-pull) operation can be formed by a
palr of etror operational amplifiers (error op-amps)
which are connected to receive feedback from a pair
of serially connected output transistors in such a man-
ner as to assure unity voltage gain. The operation is
class AB (push-pull) in cases where in the quiescent
(no signal) state both output transistors conduct cur-
rent, but one of them does not conduct any current
whenever the input voltage goes outside a narrow
range, typically the range of about + 0.5 voit around
ground potential. As known in the art, class AB oper-
ation in general is desirable from the standpoints of
low standby power consumption and of. no missing
output signals for small input signals (no "dead zone”)
which would distort the output. However, the circuit
design of the aforementioned buffer stage is undesir-
ably sensitive to semiconductor processing varia-
tions, so that either excessive power dissipation or
circuit instabllity (oscillations) caused .by poor feed-
back control over the quiescent current, or both, may
result Too high a qulescent current is wasteful of
power, whereas too low a quiescent current can result
in the above-mentioned circult instability. . .

GB 2180710 discloses a CMOS output stage
comprising complementary push-pull connected
MOS transistors each fed by a respective differential
amplifier whose negative input is fed by the input sig-
nal and whose positive input is fed by the output sig-
nal appearing at the node between the MOS transis-
tors. Such an arrangement suffers from the disadvan-
tage that the output quiescent cument level is greatly
affected by offsets in the differential amplifiers.

According to this invention there is provided am-
plifier circuitry as claimed in claim 1,

The buffer stage can be operated dass AB and
advantageously be fed by a high voltage gain stage
of amplifier circuitry. Also, a pair of serially connected
third and fourth transistors, having much higher chan-
nel width-to-length ratios than the first and second
transistors, can be connected in parallel with the first
and second transistors, in order-to maka the output
voltage swing more nearly approxi mate the rall-to-rail
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power supply voltage. Furthermore, for full rail-to-rail
output capability, a separate switchlng transistoris in-
serted between the first and second rails, respective-
ly, and the first and second transistors; and each such
switching transistor has its control terminal respec-
tively connected to the first and second nodes.

The invention will now be described with refer-
encs to the accompanying drawing which is a circuit
schematic including a buffer stage in amplifier circui-

try.

Detallad Descriptlon

The' FIGURE shows a |ow impedanoe buffer
stage 20 embodying the invention, Advantageously
this buffer stage 20 is supplied with voltages V1 and
V2 by a high voltage gain stage 10. The circuitry of
both the stages 10 and 20 can be integrated into a sin-
gle silicon semiconductor chip, as known in the art
and as further discussed below.

In the FIGURE, power lines ("rails") Vpp and Vgs
are set at typically +5 volt dc and -5 volt de, respec-
tively, as known in the art. A fixed electrical current
source of current Is is connected serially with a resis-
tor Rg and a&n n-channel MOS transistor M7 between
the power rails, in order to form the high gain. stage-
10. During operation, this high gain.stage 10 receives
an input voltage Vyy-at its input terminal 11.and deliv-
ers voltages V1 and V2 to the buffer stage 20.

.. Each of a pair of standard op-amps A1 and A2
(each of which can be formed by a simpie differential
palr of transistors) is connected in the stage 20, and
each of these op-amps has its respective negative in-
putterminal connected to receive the voltages V1 and

. V2. Serially connected from rall to rail are n-channel

MOS transistors M5 and M1, a resister-R1, a resistor
R2, and p-channel transistors M2 and M6. A node be-
tween the resistors R1 and R2 develops an output
voltage Voyr at an output terminal 21 of the stage 20.
Optionally, for reasons discussed below, another n-
channel MOS. transistor M3 and another p-channel
MOS transistor M4 are added to the buffer stage 20
in parallel with the branch formed by the serially con-
nected M5, M1, R1,.R2, M2 and M6, The transistors
M3 and M4 are serially connected from rail to rail. A
node between these transistors M3 and M4 is con-
nected to the output terminal 21,

Advantageously, the parameters of. tha transis-
tors. M3 and M4 are selected so as to equalize their
transconductances. The channel width to length ratio
{W/L) of each of M3 and M4 advantageously is atleast
about five times as large as that of M1 and M2, re-
spectively. Likewise, advantageously the transistors
M1 and M2 are formed with.equal transconductances.
The resistors R1 and R2 advantageously are amatch-
ed pair (R1=R2). The requirements of matched pairs

. for R1.and R2, as well as for equal transconductances

of M1 and M2, M3 and M4, need not be satisfied, at




3 ~ EP 0409 476 BA 'S

some penalty of signal distortion. Indeed, one of the
resistances R1 and R2 could be zero {short circuit).

The purpose of MS and M6 Is to enable full rail-
. to-rail output voltage swing at the output terminal 21,
for such full rail-to-rail operation tends to be prevent-
eXl by the voitage drop(s) across R1 and R2. For ex-
ample, because of the voltage drop across R2, the
output voltage Vgyr cannot attain Vpp regardless of
how high V2 rises, solong as current can fiow through
R2. In the presence of M6, however, when V2 rises
and causes the potential at the node N2 to rise to a
threshold below Vpo, the transistor M6 turns off,
whereby the voltage drop across R2 vanishes sand
hence the transistor M4 can then bring the output vol-
tage Vour fully to Vpp. If, on the other hand, such full
rail-to-rail output is not required, then the transistors
M5 and M6 can be omitted, with the source terminals
of M1 and M2, respectively, being connected directly
to Vgs and Vpp.

Each of the op-amps A1 and A2, respectively, has

its output terminal coupled {connected) to a low cur-

rent carrying control terminal (gate terminal) of the
pair M1, M3 and the pair M2, M4,

In practice, the op-amps A1 and A2 are biased
(not shown) so that there is an adequate safety mar-
gin of non-zero quiescent current in a neighborhood
of the quiescent state (no signal region), in order to
avoid tha signal distortion problem otherwise caused
by a "dead zone" in which a change in the input signal
would not produce any change in the output. .

The buffer stage 20 operates as follows, Because
the op-amp A1 and A2, being operatlonal amplifiers,
cannot support any significant differences in the vol-
tages applied to their positive vs. negative.input ter-
minals, the feedback to their positive input terminals
supplied by node N1 located between R1 and M1 (to
A1) and by node N2 located between R2 and M2 {to
A2) makes the quiescent current iy well-defined and
controlled, i.e., adjustable to the desired value by
proper selaction of parameters. More specifically, as-
suming that the source-drain voltage drop across M5
and M6 are both much less than a threshold of n-
channel and p-channel transistors, the quiescent cur-
rent ig s given by: .

la = lIsRs (1 +a)/(R1+R2) (1)
where the R's are the resistances of the respective
designated resistors, and where a Is equal to the ratio
of the width-to-length ratio (WIL), of M3 to that (WIL),
of M1, and equally of M4 te M2 (assuming matched
pairs of transistors): . '
a = (WIL)/(WIL), = (WIL)J(WIL), . (2)

Note that from eq. (1) it follows the quiescent cur-
rentig is thus well-controllable and inse.ne,itive to sem-
iconductor processing variations: theteeiet'.a_nees of
the resistors track one another, as do the WAL ratios.
Although the current | supplied by the.current source
varles with semiconductor processing; conditions it
does so in a well-defined non-critical way, so that the
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quiescent current is relatively stable’ with réspect to
variation In' semiconductor processing ¢onditions: the
feedback in the operational amplifiers does not intro-
duce any significant circuit instability.

By selectlng R1—R2—R then in the qutescent
siate: -

“Vour = (Vi # Vz)fz (3) R
i.e., the output voltage of the buffer stage 20 then is
conveniently -equsl to the ‘common mode voltage of
the inputs V1 and V2 to this buffer stage. -

* As hoted above, the transistors'M3 and M4, as
well as M6 and M5, can-be’ omitted, but then during
class AB- operation (push=pull) the - output voltage
Vour could not swing as closely from Vpp to Vg as it
can when these transistors are present. Note that the
larger the value of &, as given by eq. (2), the closer
the output voltage swing becomes equat to rall to rail.

In order to assure stable operation with sufficient
quiescent current, and hence to assure class AB op-
eration, Ig and Rg should be selected to be large
enough to make IgRg greater than the sum of the max-
imum expected absolute values of the operational
amplifier offset valtages .of A1 and A2 by a factor of
about 5 to about 10 or more, lest chip-to-chip varia-
tions of the offsetin A1.or A2 or both should cause un-
desirably large chap-to-chtp vanatlens in the quies-
cent current i,

The resistors Ry, Ry, Rs can be formed for exam-

ple, by standard diffused reglons in semiconductor or
by standard deposited polysilicon resistors. The cur-
rent source |s can be formed. by an MOS transistor
biased in jts saturation region; .as known in the art.
. Note that in the presence.of signal-applied to the
gate terminal of M7, the voltage drop (V2-V1) across
Rgremains fixed (I Rg). That is, the difference mode
(V2-V1)/2 is fixed; whereas the common mode (V2 +
V1)/2 varles with signal.

. In a typical case, only by way of |Ilustrat|on ap-
proximate values for the various parameters are:

R1 = R2 = 2000 ohm; Rg =.1000 ohm; Ig = 50
rpicroamp;
a = 30.
With signal, the output current at the output terminal
21 can go as-high as 10 milllamp.

The gate terminal of M7, to- whtch Vinis epphed
can be connected, for example, to the output; terminal
of a differential gain stage (not shown); and the output
terminal 21 of the stage 20 can then be connected, for
the purpose of feedback, to the negative input termi-
nal of the differential gain stage..In that way, overall
unity gain of Vouy relative to the input voltage applied
to a positive input terminal . of the differential gain
stage can.be achieved, in combination with overall
high input impedance .and Iow output impedanee as
is desired in. amplifier clrouitry for dnving large. cur-
rents:into large loads (line drivers), . :

©Although the invention has besn described in de-
tail in terms of a specific embodiment, various modi-
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fications can be made within the scope of the claims.

For example, instead of n-channel and p-channel

MOS transistors, npn and pnp bipolar transistors can
be used. :

Clalms

1.

Amplifier circuitry comprising a buffer stage (20)
which comprises first and second ‘amplifiers
(A1,A2) each having an output terminal and a first
and a second input terminal, first dnd second
connection means (R1,R2), first and second
transistor devices (M1,M2) respectively having
first and second relatively high current carrying
controlled paths and respsctively having first and
sacond refatively low cutrent carrying control ter-
minals, first and second power rails (Vgs, Vpo)
the first high current path-of the first fransistor de-
vice (M1), the first connection means {R1), the
second connection means (R2), and the second
high current path of the second transistor device
(M2) being serially connected, in the order stated,
in a path between the first power rail and the sec-
ond power rail, means for connecting the output
termina! of the first amplifier to the control termi-
nal of the first transistor device (M1), and means
for connecting the output terminal of the second
amplifier to the control terminal . of the second
transistor device {M2), CHARACTERIZED IN
THAT the first and second amplifiers (A1.A2) are
operational amplifiers, atleast ane of the first and
second connection means comprises resistance
means {R1,R2), there is provided means for con-
necting a first node (N1} located betwaen the first
transistor device (M1) and. the first connection
means (R1) to the second input terminal of the
first amplifier, and means for connecting a sec-
ond node (N2) located between the second tran-
sistor device (M2) and the second connection
means (R2) to the second input terminal of the
second amplifier {A2), and there is provided a
voltage gain stage (10) comprising current source
means (lIg) for supplying a constant current, fur-
ther resistance means (Rs) having first and sec-
ond terminals (V1, V2), a third transistor device
{M7) having a control terminal that is connected
to a clreuitry. input terminal (11) for receiving an
input signal voltage, the third transistor davice
having a third relatively high current path suitable
for carrying the constant current, means for con-
necting, from the first rail to the second rail, ser-
ially, in the order stated, the current source
means, the further resistance means, and the
third relatively high current path, and mqans for
connecting the first and second terminals of the
further resistance means to the first input termi-
nal of the first and second operational amplif_iers,
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reapectively. ' o
Circuitry as claimed in claim 1, wherein each of
sald first and second connection feans compris-
es resistance means {R1, R2), and there is pro-
vided mezans for connécting a-node tocated. be-
tween the first and second corirection‘means to
an output terminal (21) of the buffer stage.

Circuitry as claimeéd in claiin. 1 or 2 comprising

“fourth and fifth transistor devices (M3,-M4) hav-

ing respectively third and folrth relatively low cur-
rent carrying ¢ontrol terminals that are ¢oupled

‘respectively to the first and second control termi-

nals of the first and second transistor devices, re-
spectively, the fourth and fifth transistor devices
having respectively fourth and fifth relatively
high current paths that are connected serially
from the first power rail fo the second power rail.

Circuitry as claimed in claim 3 wherein the chan-
nel width to length ratio of the fourth transistor de-
vice and of the fifth transistor device is at least
five times greater than that of the first transistor
device and of the second transistor device, re-
spectively. :

Circuitry as claimed .in claim .3.or.4-comprising
sixth. and seventh transistor.devices (M3 ,M6)
whose -high current paths: are. regpectively con-
nected in series with that of the first and second
transistor devices, and whose control terminals
are respectively connected to the first and sec-
ond nedes (N1 N2). :

Circuitry as claimed, in_any -preceding claim
wherein the constant current multiplied by the re-
sistance of the further. resistance means is at
least about 5 times the input offset voltage of the
first and second amplifiers.

A semiconductor integrated circuit compristng cir-
cuitry as claimed in any preceding claim.

Patentanspriiche

1.

Verstarkerschaltung mit einer Pufferstufe (20),
die erste und zweite, je einen Ausgangsanschiufy
sowie sinen ersten und-.zweiten Eingangsan-
schiull aufweisenden Verstirkern (A1, A2),
einer ersten und zweiten Varbihdungsplndchtung
{R1, R2), einem ersten und .zweiten Transistor-
bauteil (M1, M2), die je einen. ersten und einen
Zweiten, verhiltnisma8ig. hohe Strme fiihrende
Steuerwege und je einen erstejn und einen zwei-
ten, verhitnismaBig niedrige Strdme flhrende
Steueranschlilsse aufweisen, .
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einer ersten und zweiten Stromversorgungs-
schiene (Vss, Vpp), wobei der erste Hochstrom-
weg des ersten Transistorbauteil (M1), die erste
Verbindungseinrichtung (R1), die zweite Verbin-
dungseinrichtung (R2) und der zweite Hoch-
stromweg des zweiten Transistorbauteil {M2) in
der angegebenen Reihenfolge auf einem Weg
zwischen der ersten und der zweiten Stromvar-
sorgungsschiene in Reihe geschaltet smd o
einer Einrichtung zur Verbindung des Ausgangs—
anschlusses des ersten Verstﬁrkers mit dem
SteueranschluB des ersten Transistorbauteils
{M1) und o
einer Einrichtung zur Verblndung des Ausgangs-
anschlusses des zweiten Verstirkers mit dem
Steueranschluf des zweiten Transistorbauteils
(M2),

dadurch gekennzeichnet, daf} der erste und der
zwelte Verstérker (A1, A2) Operationsverstarker
sind, dafl wenigstens eine der ersten und der
zweiten Verbindungseinrichtungen eine Wider-
standseinrichtung {R1, R2) umfaft, und

daft vorgesehen sind:

eine Einrichtung zur Verbindung eines ersten
Knotens (N1}, der sich zwischen dem ersten
Transistorbayteil (M1) und der ersten Verbin-
dungseinrichtung (R1) befindet, mit dem zweiten
Eingangsanschiuf des ersten Verstarkers,

eine Einrichtung zur Verbindung eines zweiten
Knotens (N2), der sich zwischen dem zweiten
Transistorbauteil (M2) und der zweiten Verbin-
dungseinrichtung (R2) befindet, mit Jem zweiten
Eingangsanschluf des zweiten Verstérkers (A2),
eine Spannungsverstéirkerstufe (10). mit einer
Stromquelleneinrichtung (lg) zur Lieférung eines
Konstantstroms, einer weiteren Widerstandsein-
richtung (Rg), die einen ersten und einen zweiten
AnschiuB {V1, V2) aufweist, einem dritten Tran-
sistorbauteil {(M7) mit einem SteueranschluB, der
mit sinem Schaltungseingangsanschiu® (11} zur
Aufnahme einer Eingangssignalspannung ver-
bunden ist, wobei das dritte Transistorbauteil ei-
nen dritten Weg fir einen verhaltnismagig hohen
Stroms aufweist, der zur Fithrung des Konstant-
stroms geeignet ist,

eine Einrichtung zur Reikenschaltung der Strom-
quelleneinrichtung, der weiteren Widerstands-
einrichtung und des dritten Weges fir einen ver-
héltnism3aBig hohen Strom in der angegebenen
Relhenfolge von der ersten zur zweiten Strom-
versorgungsschiene, und '

eine Einrichtung zur Verbindung des ersten und
zweiten Anschlusses der weiteren Widerstands-
einrichtung mit dem ersten Eingang des ersten
und zweiten Operationsverstarkers. . .-

Schaltung n?ch Anspruch 1, bei der d_ié_ erste und
die zweite Verbindungseinrichtung je eine.Wider-
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standseinrichtung (R1, R2) umfassen und eine
Einrichtung zur Verbindung eines Knotens, der
sich zwischen der ersten und der Zwelten Verbin-
dungseinrichtung befindet, mit einem Ausgangs-
anschluB (21) der Pufferstu.ife'\rprgéseh_én ist.

3. Schaltung nach Anspruch 1 oder 2 mit einem
vierten und einem fiinften Transishorbautell (M3,
M4), die einen dritten bzw. vierten, emen verhait-
msmﬁl!.ig medngen Strom fuhrenden Steueran—
schliisse besitztund mit dem ersten bzw. zweiten
Steueranschiul des ersten bzw. zweuten Transi-
storbatiteils verbunden sind, wobei das vierte
und das fiinfte Transistorbauteil einen vierten
bzw. einen fiinften, verhdltnisméBRig hohen
Strom flhrende Wege besitzen, die seriell zwi-
schen die ersten und die zweite Stromversor-
gungsschiene geschaltet sind.

4. Schaltung nach Anspruch 3, bei der das Verhalt-
nis der Kanalbreite zur Kanallinge des vierten
und des fiinften Transistorbauteils wenigstens
flinf mal groRer als das des ersten bzw. zwelten
Transistorbauteils ist.

5. Schaltung nach Anspruch 3 oder. 4 miit einem
sechsten und siebten Transistorbauteil (M5, M6},
deren Hochstromwege jeweils in Reihe mit de-
nen des ersten und zweiten Transistorbauteils
geschaltet sind und-deren Steueranschliisse mit
dem ersten bzw Zweiten Knoten (N1 N2) ver-
bunden smd -

6. S_chaltung nach einem der; vorhergehenden An-
spriiche, bei der der Konstantstrom multipliziert
mit dem Widerstandswert der weiteren Wider-
standseinrichtung wenigstens etwa- gleich dem
Finffachen Wert der Eingangs-Offset-Spannung
des ersten und zweiten Verstirkers ist. .

7. Integrierte Halblelteréchaltung mit einer Schal-
tung nach einem der vorhergehenden Anspri-
che.

Revendlcations

1. Circuit amplificateur comprenant un étage sépa-
rateur {20) qui comprend des premier et second
amplificateurs (A1, A2) ayant chacun une borne
de sortie et des premiére et seconde bornes d'en-
trée, des premier el second . moyens de
connexion (R1, R2), des premier et second dispo-
sitifs.a transistors (M1, M2), ayant respective-
ment des premier et second chemins comman-

. dés acheminantun courant r_e!,ativement éleve, ot
ayant respectivement des premiére et. seconde
bornes de commande acheminant.un courant re-
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lativement faible, des premiére et seconde lignes
d'alimentation (Vss, Vop), le premier chemin &
courant élevé du premier dispositif & transistor
(M1), le premier moyen de connexiorn (R1), le se-
cond moyen de connexion (R2) et le second che-
min & courant élevé du second dispositif-& tran-
sistor (M2) étant connectés en série, dans I'ordre
indiqué, dans un chemin qui s'étend entre la pre-
miére ligne d'alimentation et la secoiide ligne
d'alimentation, des moyens pour connecter la
borne de sortie du premier amplificateur & la bor-
ne de commande du premier dispositif & transis-
tor (M1}, et des moyens pour connecter la borne
de sortie du second amplificateir 4 la borne de
commande du second dispositif & transistor (M2),
CARACTERISE EN CE QUE les premier et se-
cond amplificateurs (A1, A2) sont des amplifica-
teurs opérationnels, 'un au moins des premier et
second moyens de connexion comprend des
moyens a résistance (R1, R2), il existe des
moyens pour connecter un premier noeud (N1) se
trouvant entre le premier dispositif & transistor
{(M1) et le premier moyen de connexion (R1), ala
seconde borne d’entrée du premier. amplifica-
teur, et des moyens pour connecter un second
noeud (N2) se trouvant entre le second dispositif
& transistor (M2) et le second moyen de
connexion (R2), & la seconde borne d'entrée du
second amplificateur (A2), etil existe un étage de
gain en tension (10) comprenant des. moyens
constituant une source de courant (lg) pour four-
nir un courant constant, des mayens & résistance
supplémentaires (Rg) ayant des-premiére et se-
conde bornes (V1, V2), un troisiéme. dispositif a
transistor (M7) ayant une borne de commande
qui est connectée &4 une, borne d" ontrée de circuit
(11) destinée & recevoir une- tenslon,qe signal
d'entrée, le troisiéme dispositif & transistor ayant
un troisiéme chemin & courant refativement élevé
qui convient pour acheminer le courant constant,
des moyens pour connecter en série, dans I'ordre
indiqué, de la premiére ligne d'alimentation a la
seconde ligne d'alimentation, les moyens consti-
tuant une source de courant, les moyens & résis-
tance supplémentaires et le troisidme chemin &
courant relativement élevé, et des moyens pour
connecter les premiédre et seconde bornes des
moyens a résistance supplémentaires a la pre-
migre borne d'entrée respectivement des. pre-
mier et second amplificateurs opérationnels,

Circuit selon la revendication 1, dans |lequel cha-
cun des premier et second moyens de connexion
comprend des moyens A résistance (R1 R2) et
des moyens sont. prévus pour _.co_nn_e;:_ter, un
noeud se trouvant entre les premier, et second
moyens de connexion, & une borne de sortie (21)
de I'étage séparateur. : -
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3. Circuit selon la revendication 1 ou 2, comprenant

des quatridme et cinquidme dispositifs 4 transis-
tors {M3, M4) ayant respectivement des troisié-
me et quatridme bornes de commande ‘achemi-
nant un courant relativemant faible, ‘qui sont res-
pectivement connectées auix premiére‘st secon-
de bornes de commande des premier et second
dispositifs A transistor, respectivement, les qua-
triéme et cinquidme dispositifs & transistor ayant
respectivement des quatridéme et ¢inquidme che-
mins & courant relativement élevé qui sont
connactés en série de fa premidretigne’d'alimen-
tation & |a seconde ligne d’alimeritation. - -

Circuit selon la revendication 3, dans lequel le
rapport entre la largeur et la longueur de canal du
quatriéme dispositif & transistor et celui du cin-
quidme dispositif 4 transistor sont respective-
ment au moins cing fois supérieurs a ¢elfui du pre-
mier dispositif 4 transistor et & celui du second
dispositif & transistor.

Circuit selon la revendication 3 ou 4, comprenant
des sixitme et septiéme dispositifs & transistor
(M5, M6) dont les chemins & courant élevé -sont
respectivement connectés en série .avec .ceux
des premier et second dispositifs & transistor, et
dont les. bornes de commande .sont respective-
ment connectées aux. premier ot second noeuds
(N1, N2). ;

Circuit selon‘ l'une .quelconque des . revendica-
tions précédentes, dans lequel |e-produit du cou-
rant constant par la résistance des moyens & ré-
sistance. supptémentaires est au moins 5 fois su-
périeur 4 la tension de décalage d'entrée des pre-
mier et second amplificateurs.

Un circuit intégré & semlcoridu_cteﬂfs comprenant
un circuit selon I'une quelconque des revendica-
tions précédentes. :
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