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signal of the stage, which stage further conprises a firs

supplying a first control signal applied to the gate of - t

transistor, and a second anplifier supplying a second control signal
applied to the gate of the second MOS power transistor, which first and
second anplifier each receive the input signal 10 at a respective first
I nput, with which signal the output signal of the stage, applied to a

respective second input, is conpared. A power anplifier stage with a
vol tage gain equal to Ehe iaventioprrelatestoiapowesamplifier stagp of thﬁ?)ZOl:?S& follpwee

envi sagequanphich Fhéeies'an inPht voHREO Sighhl 413 QppRECHUSbtput signal, which stage -
comprises at the output a first MOS power transistor whose source is coupled to a common
mode line in series with a second MOS power transistor whose drain is coupled to a positive

S supply line, which two transistors are of the same conductivity type and whose common
junction point supplies said output signal of the stage, which stage further comprises a first
amplifier supplying a first control signal applied to the gate of the first MOS power
transistor, and a second amplifier supplying a second control signal applied to the gate of the
second MOS power transistor, which first and second amplifier each receive the input signal

10 at a respective first input, with which signal the output signal of the stage, applied to a
respective second input, is compared.

A power amplifier stage with a voltage gain equal to 1 is known from the
document EP-A-0 492 374, whose envisaged application is the reproduction of acoustic

" signals.

15 . MOS power transistors are also quite suitable for forming the output of
the power amplifier stage in an application specifically designed for motor control, because
of their robustness in the presence of an inductive charge. However, this type of transistor
has a high gate capacitance, currently of the order of about a hundred pF, so that the control
of these transistors renders it necessary to use an amplifier capable of charging and

20 discharging this gate capacitance in a time span compatible with the desired specifications.

It is equally desirable for this same application that the conductive state of
the MOS output transistors should be controlled in a véry emphatic manner, i.e. the
resistance to current passage should be as low as possible, for example Ron below 1 Ohm.

-Under these circumstances, a rigorous time management of the conductive

25 and blocked states of these two power transistors must be ensured so as to avoid a risk of .

1 destruction of these transistors, which would be the case if the two power transistors were
conductive 'simultaneously even for a short moment.

Fmally, a power amphﬁer stage of the voltage follower type should also
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si mul t aneously even f dfheskndWa dmplefid2 stage complies only partly with these requirements
since it has been specially designed for avoiding crossover distortion and not for minimizing

the idle current consumption. In the known amplifier stage, in fact, the capability of reaéting
10 rapidly at the output in response to a variation in the input voltage is directly connected to
the value of the idle current. This idle current, accordingly, cannot be chosen to be as low as
desired.
_ It is thus one of the aims of the invention to provide a perfected power
amplifier stage which to a large extent eliminates the drawbacks of the known circuit with a
15 view to its application to a motor supply.

According to the present invention, an amplifier stage of the type
described in the opening paragraph is for this purpose characterized in that, in order to
exclude a simultaneous conduction of the two MOS power transistors, each of the amplifiers
is provided with an inhibiting input and is arranged so as to supply a gate control signal

20 equal to the common mode voltage when said inhibiting input is brought to this same
common mode voltage, and in that the stage comprises two switching transistors of the MOS
field effect type each having its source coupled to the common mode line, a first switching
transistor having its gate coupled to the gate of the first MOS power transistor and its drain
connected to the inhibiting input of the second amplifier, and a second switching transistor

25 whose gate receives a signal derived from the gate voltage of the second MOS power
transistor and whose drain is connected to the inhibiting input of the first amplifier.

Thus, when one or the other of the two MOS power transistors is in a

" highly conducting state, the other transistor will be blocked by the effect of one of the
switching transistors. The possibility of the power transistors being destroyed through

30 simultaneous conduction, even during a short, transitory period, is thus avoided. The
amplifier stage according to the invention is capable of ensuring at its output a very precise
following of the voltage of the input signal when this voltage does not vary or varies sﬁghﬂy.
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voltage is directly camisdél®fniag be fixed in practice to a value which is sufficiently low

for not becoming disadvéntageous in the case of a motor Supply, for example a delay of the

order of 1 us.

Preferably, the first and the second amplifier each supply gate control

signals by means of a pair of complementary bipolar transistors whose collectors are
10 interconnected. |

This configuration of transistors is highly satisfactory for efficiently
ensuring the charging and discharging of the gates of the MOS power transistors.

It will be readily observed that the first MOS power transistor connected
to the common mode line has a gate which has a moderate voltage variation, between a zero

15 voltage (earth) up to a gate-source voltage which ensures the conduction of the transistor. As
for the second MOS power transistor, however, its gate may be brought to a voltage which
varies between wide limits because it has been mounted in follower arrangement. Since the
source of the second switching transistor is connected to the common mode line, its gate may
be directly connected to the gate of the second MOS power transistor, which imposes

20 particular requirements on the voltage sustaining capability of said second switching
transistot'. )

Nevertheless, an advantageous embodiment of the invention is
characterized in that, of the pair of complementary bipolar output transistors of the second
amplifier, that transistor whose emitter is fed with a positive voltage has its collector

25 connected to the collector of the other transistor of the pair vig a cascode stage, and in that
the connection point between the collector of this other transistor and the cascode stage forms
the inhibiting input of the second amplifier. |

This cascode stage is preferably realised with an MOS transistor. Said
inhibiting input of the second amplifier renders it well possible to earth the gate of the

30 second MOS power transistor practically in the same manner as if the inhibiting input were
connected to the gate itself of this transistor. The advantage of the interposed cascode stage
is that the inhibiting input has a less voltage excursion lower than that of the gate of the
second MOS power transistor, which implies that in an 'advantageous embodiment this
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amplifier where the current to be derived is low. Thus, according to a preferred embodiment,

the power amplifier stage in which the first amplifier comprises at the input a differential

10 pair of bipolar transistors whose connection point of the united emitters is fed with a constant
current from the positive supply line and whose bases are coupled to the respective inputs of
said first amplifier, is characterized according to the invention in that the collector of one of
the transistors of said differential input pair forms an inhibiting input for this first amplifier.
The collector in question is coupled to the common mode line (earth) vig a load which may

15 be an input diode of a current mirror. The collector in question on the one hand passes a low
current, at most equal to the constant current which supplies this differential pair, and on the
other hand has a low voltage variation so that this electrode forms a particularly
advantageous inhibiting input for the first amplifier.

Preferably, the power amplifier stage according to the invention comprises

20 - in addition a generator of the voltage-doubling type for providing an additional positive
supply voltage higher than the supply voltage mentioned wliér, which additional voltage is
used for supplying the second amplifier.

The power amplifier stage is thus capable of providing an output voltage
whose variation can range practically from the common mode voltage to the normal positive

25 supply voitage. The surplus voltage pi'ovided by the additional positive supply then renders
possible a suitable polarization of the gate of the second MOS power transistor.

It is important in this case to limit the current level delivered by the
additional positive suppiy. The power amplifier stage according to the invention
advantageously comprises in its second amplifier limitation means for the current consumed

30 from the additional positive supply, which means are arranged so as to limit said consumed
current to a multiple of the current value supplied by a reference current source, which
multiple is established from the ratio of the emitter surfaces of a current mirror, while the
current limitation means are completed by two further current mirrors.
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cont rl |bydwiay of example without bemg limited thereto, will render it clmr in what the invention
consists and how it may be realised. |
Fig. 1 is a general diagram of an amphfier stage according to the
invention,
Fig. 2 shows the electrical circuit of a portion of the stage of Fig. 1 in an
10 embodiment of the invention, and
Fig. 3 shows current curves relating to the circuit portion shown in Fig.
2, :
Fig. 4 is the circuit diagram of another portion of the stage of Fig. 1, in a
first embodiment, and '
15 Fig. § is the circuit diagram of this same portion, but in another
embodiment which includes current limitation means for the positive supply line, and
Figs. 6 and 7 give current curves relating to the circuit of Fig. 5.
Fig. 1 shows a power amplifier stage in highly diagrammatic form, which
stage is of the voltage follower type and receives an input signal Vi, while delivering an
20 output signal Vo, in particular for the supply of a motor M. This stage comprises a first
amplifier A1 which supplies a first control signal V1 to the gate of a first MOS power
transistor M1. The amplifier stage also comprises a second amplifier A2 which supplies a
control signal V2 to the gate of a second MOS power transistor M2. The transistors M1 and
M2 are arranged in series between a common mode line 1 (earth) having a voltage Ve, and a
25 positive supply line 2 having a voltage Vc. The two transistors M1 and M2 are of the same,
N-channe] type, while the source of transistor M1 is coupled to the common mode line 1, its
drain coupled to the source of transistor M2, which connection forms the output of the
amplifier stage supplying the output signal Vo at terminal 11, and the drain of transisior M2
is coupled to the positive supply line 2. The input signal Vi is applied to an input terminal 13
30 - coupled to a first input 15 of the first amplifier Al as well as to a first input 17 of the second
amplifier A2. These two amplifiers receive at a second input, at the input 18 of the first
amplifier as well as at the input 19 of the second amplifier, respectively, the output signal
Vo with which the input signal Vi is compared.
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The amplifier A2 is so arranged that, when its inhibiting input 20 is brought to the voltage
Ve (earth), this amplifier A2 supplies a gate control signal V2 which is equal to the voltage

Ve, or very close thereto, i.e. it drives the transistor M2 into a non-conducting state.

10 A similar mechanism is achievéd by means of the second switching
transistor SW2 whose gate is coupled to the gate of the transistor M2, or to a voltage which
is derived from the voltage of this gate, as it will be seen further below, and whose drain is
coupled to an inhibiting input 22 of the amplifier Al.

Similarly, when the inhibiting input 22 is brought to the voltage Ve

15 (earth), the amplifier Al supplies a control signal V1 which is again substantially equal to the
voltage Ve so that the transistor M1 is rendered non-conducting.

Owing to this arrangement, only one of the two MOS power transistors,
M1 or M2, can be conducting at any given moment, with its gate control voltage being
different from 0 while inhibiting the control voltage at the output of the other amplifier. All -

20 risks of short-circuits between the positive supply line 2 and the common mode line 1 are
thus avoided, which short-circuits would cause irreparable damage to the power amplifier
stage, éspecially the destruction of either of the output transistors of this stage.

Fig. 2 shows the circuit diagram of an embodiment of one of the
amplifiers, such as the amplifier Al of Fig. 1. The first MOS power transistor M1 and the

25 output terminal 11 of the amplifier sﬁge carrying the output voltage Vo are also shown in
this Figure. _

The input 15 of the amplifier carries the voltage Vi. This input voltage is
compared with the output voltage Vo by means of a differential pair of PNP transistors T1,
T2 whose united emitters are supplied by a current source S1 which delivers a current 11

30 from a positive supply voltage Vc. The transistor T2 is connected as a diode, while the
transistor T1 has its collector coupled to the common mode line 1 via the input branch of a
current mirror T3, T4 with NPN transistors. The input transistor T3 of this current mirror is
connected as a diode, while the output transistor T4 provides a current which is identical to
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the 30 second MOS povide assembly of the wansistors IS, yT6, 1 fasms Acurrans amplifisr,; the
the inhi b tiNdalifRida BY tie transistors T6 and T7 being equal since these two transistors are
mounted as a current mirror. The collector of the transistor T7 is connected to the collector
of a NPN transistor T8 whose emitter is connected to the common mode line 1. This
10 transistor pair T7, T8 forms the output of the amplifier, supplying a control voltage V1 to
the gate of the MOS power transistor M1. The base of the transistor T8 is connected on the
one hand to a current source S2 which supplies a current I2. On the other hand, it is
connected to the collector of an NPN transistor T9 which forms part of an assembly formed
by two NPN transistors T10, T11 arranged as diodes and coupled to the collector of the PNP
15 transistor T6, which assembly in addition comprises a resistor R2 connecting the base of the
transistor T9 to the common mode line 1, which base is also connected to the emitter of the
transistor T11.

This assembly, and especially the value of the resistor R2, are provided in

order that the currents supplied by the transistors T7 and T8 are equal when the voltage
20 difference (Vi-Vo) is close to zero, which represents the equilibrium state of the amplifier.

If the voltage of the input signal Vi is momentarily higher than the output
voltage Vo, the current supplied by transistor T1 is lower than its nominal current (in the
equilibrium state), and the same holds for the current absorbed by the transistor T4 at the
output of the current mirror T3, T4. Under these conditions, the current supplied by the

25 transistors T6 and T7 is lower than the nominal idle value. The transistor T9 is practically
blocked, as is the transistor T10. The entire current 12 from the current source S2 thus
supplies the base of the transistor T8, which supplies its maximum current.

_ If, on the other hand, the voltage of the input signal Vi is lower
temporarily than the output voltage Vo, the input transistor T1 of the pair T1, T2 supplies a

30 current higher than its nominal current, which is amplified by the assembly formed by the
resistor R1, transistors TS, T6, T7, whereupon the transistors T6 and T7 both supply a
current which is substantially amplified owing to the voltage drop in the emitter resistance

R1. The substantial current supplied by the transistor T6 causes vig the transistor T11
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The advantage of a circuit as described with reference to Fig. 2, realised

mainly with bipolar transistors, is that the amplifier is capable of providing at the output a
control signal V1 for the gate of the MOS power transistor M1 in the form of a charging or
discharging current for the gate capacitaﬁce of this transistor, which may have a
~ comparatively high value (a few milliamps) in the case of a transitory imbalance of the
10 amplifier. When this amplifier returns to its equilibrium state, the output voltage Vo very
closely approximating the input voltage Vi then, the equal currents supplied by the transistor
T7 and absorbed by the transistor T8 at the output of the amplifier are very low and may be
reduced to a value below, for example, 50 uA.
~ As for this amplifier Al, it will be noted that the control voltage V1
15 applied to the gate of transistor M1 necessitates a comparatively small variation between a
zero voltage and a gate-source voltage which is sufficient for rendering the transistor M1
strongly conducting. Under these circumstances, it is particularly simple to use the control
voltage V1 present at the gate of transistor M1 also as a gate voltage for the switching
transistor SW1 (not shown in Fig. 2), whose simultaneous conduction accompanying the
20 conduction of transistor M1 will cause the blocking of the second amplifier A2, as shown in
Fig. 1. |
An inhibiting input of the amplifier A1 must be provided such that the
amplifier Al drives the power transistor M1 into non-conduction when this input is
connected to earth. Advantageously, such an inhibiting input visible with reference numeral
25 22 in the Figure is connected to the connection point between the collector of transistor T1
and the collector of transistor T3 of the mirror T3, T4. When this input 22 is earthed, the
current supplied by the transistor T1 is derived outside the current mirror T3, T4 so that the
transistor T4 no longer passes current, and neither do the transistors TS, T6 and T7. As was
seen above, the transistor T9 passes substantially no current, so that all of the current 12
30 from the current source S2 is introduced as a base current for transistor T8. This current
supplies a gate discharging current for the power transistor M1, as long as this gate is
charged, while the transistor T8 enters the saturated state when the gate of transistor M1 has
been completely discharged.
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" 1. In this Fig. 4, the second MOS power transistor M2 is again shown, to which the
10 amplifier stage shown supplies the gate control signal V2. The amplifier A2 controlling the
transistor M2 is constructed mainly on the same principle as the amplifier A1 shown in Fig.
2.

Elements having the same function have been given the same reference

numerals as those in the preceding Figures. In Fig. 4, the NPN transistor T18 performs

15 substantially the same function as transistor T8 in Fig. 2 whose base is supplied by a current
source S2 supplying a current I2. In the present embodiment, the collector of transistor T18
is coupled to the collector of a PNP transistor T17 vig a cascode stage realised by means of
an MOS transistor M18 whose gate is polarized with a reference voltage Vref. The control
voltage V2 for the gate of transistor M2 is thus derived from the interconnection point of the

20 collector of transistor T17 and the drain of transistor M18. Since the output voltage Vo of
the amplifier stage is connected to the source of the power transistor M2, this output voltage
Vo can reach the level of the positive supply voltage V,, provided its gate control voltage
V2 can rise beyond this positive voltage V,,. This is why the amplifier A2 is shown as being
positively supplied with a voltage V,, higher than V,, which is produced by a voltage-

25 doubling circuit 16 of a classical type, starting from the voltage V.,.

In an embodiment, the voltage V,, is equal to 12 V while the voltage V,
is of the order of 18 V. The assembly formed by transistors T9, T10, T11 and resistor R2,
designed to control the base current of transistor T18, performs the same function as the
assembly described above with reference to Fig. 2 in relation to the control of the base

30 current of transistor T8. The signal Vi applied to the input terminal 17 of amplifier A2 is
compared with the output signal Vo by means of two pairs of transistors. The signals Vi and
- Vo are brought respectively to the emitters of a first pair of NPN transistors T12, T13, while
the joint bases of these transistors T12, T13 are supplied by a current source S11 delivering
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t
curren mwr/e{rgg the common mode line 1. Finally, the comparator formed by the transistors T12,
T13, T14, T16 forms an amplifier for the current passed by the transistors T13, T14 when

the input voltage Vi is higher than the output voltage Vo, the currents passed by the

transistors T13 and T14 in the means time remaining identical to one another.

10 When the input voltage Vi is lower than the output voltage Vo, the
transistors T13 and T14 are driven into a state close to the blocked state in which these
transistors supply a current which is very much lower than the idle current of the stage in the
equilibrium state as obtained when Vo is equal to Vi. The transistor T14 plays the same part
as the transistor T6 in the diagram of Fig. 2. When the current of T14 rises above the

15 nominal idle current, the transistor T18 is driven into non-conduction through absorption of
the current from current source S2 by the transistor T9. In the same manner, the transistor
T13 passes a current which is amplified by the assembly of a transistor T15 mounted as a
diode and having an emitter resistance R11 coupled in parallel with the transistor T17, which
in conjunction with the transistor T18 forms the pair of output transistors. When the current

20 - passed by the transistor T13 rises, obviously, the current passed by the transistor T17 rises
even more quickly. The transient current supplied by the transistors T17 and T18 can be
comparatively strong, as in the preceding assembly, i.e. of the order of a few milliamps,
whereas the idle current of these two transistors is controlled, for example, at 40 uA when
the amplifier is in equilibrium (input voltage equal to output voltage).

25 As is shown in Flg 4, a resistance RS is arranged in parallel between the
emitters of the transistors T14 and T16. This resistance RS is optional, it has a high value of,
for example, 50 KOhms, and is intended for avoiding that the connection between the emitter
of transistor T13 and the emitter of transistor T14 becomes floating in the case of a strong
imbalance of the amplifier.

30 The amplification characteristics of the amplifier A2 are substantially
identical to those of the amplifier Al described with reference to Fig. 2.

The control voltage V2 for the gate of the MOS power transistor M2
varies between wide limits, here from a zero voltage up to practically the voltage V,,,
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In-a amplifier A2 since the transistor M2 will be blocked by its gate being connected to earth. In
5 the assembly shown in Fig. 4, however, the connection between the source of transistor M18
and the collector of transistor T18 forms a preferred output, indicated as a terminal 21, for
the control of the second switching transistor SW2. In fact, the voltage obtained at terminal
21 is derived from the gate voltage of transistor M2, realised apart from clipping by the
cascode transistor M18. It fixes a maximum voltage for the output voltage of terminal 21

10 equal to the reference voltage Vref minus the threshold voltage of this transistor. Since the
voltage at terminal 21 shows a smaller variation than the gate voltage of transistor M2, this
terminal 21 thus forms an advantageous control for the second switching transistor SW2
which may now be of a normal type which does not necessitate a voltage sustaining
capability as high as the voltage which may be present at the gate of transistor M2.

15 The collector of transistor T18 may also form an input terminal 20 for the
inhibiting command of amplifier A2. In fact, when terminal 20 is connected to earth, the
cascode transistor M18 is necessarily conducting so that the current supplied by the transistor
T17 is by-passed towards earth. The transistor M2 is blocked thereby.

When the amplifier A2 is supplied with a positive supply voltage V,

20 higher than the normal supply voltage V, of the circuit, as is shown in Fig. 4, it is
advantageous to fix a limit for the current passed by the transistor T17 as well as for the
currents supplied by the transistors T13 and T15.

For this purpose, Fig. 5 shows a second embodiment of the amplifier A2
which comprises a modification which renders such a current limitation possible. According

25 to this embodiment, the portion relating to the control of transistor T18 remains identical to
that shown in Fig. 4, while the circuit modification concemns the control portion for transistor
T17. The means rendering possible a limitation of the current in transistors T17 and T15 are
substantially formed by a first pair of PNP transistors T20, T21 which are mounted as a
current mirror, a second pair of PNP transistors T24, T25 which are mounted as a current

30 mirror, and a third pair of NPN transistors T22, T23 which are mounted as a current mirror,
with a divider ratio from n to 1 between its input and its output.

To supply the pair of transistors T12, T13 with current, a reference
current source SS, set for the common mode voltage Ve, supplies a reference current IS in
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the transistor T13, which part is equal to n.Iz owing to the dimensional ratio in the current
mirror T22, T23, is applied to the inpixt of the amplifier assembly T15, T17, which amplifier
10 assembly has already been discussed with reference to Fig. 4.
The current n.Iz taken up at the input of the assembly T15, T17 may be

readily evaluated:
Iz = Iy/(n+1) and n.Iz = n.Iy/(n+1) (D
owing to the division of the current Iy in the current mirror T22, T23.
15 ' However, Iz is subtracted from I5 at the input of current mirror T20,
T21, so that: _
Ix =151z (V)

When the amplifier is in total unbalance, the entire current Ix is introduced into the base of
transistor T13, so that then:
20 Iy = fix : | 3)
- with 8 = the current gain of an NPN transistor.
By combining the equations (1) and (3), it follows that a limit value of Iz is:
Iz = 8.Ix/(n+1) = (BI5-fIz)/(n+1)
Iz =15. B

B+n+1
and the current nlz absorbed by T23 in T15 is at most:

nIz = 15..,.8

B+n+1

25 When the gain B is great compared with n, the current n.Iz tends towards:
nlz =~ n.I5 '
Given a ratio n = 10, for example, a gain 8 of 100 and a reference
current IS of 10 pA, it follows that the limitation current nlz taken up by the transistor T23
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When the gate of transistor M2 is fully charged by the transistor T17, it
will enter the saturated state and the collector can no longer supply current. The current
consumed with the amplifier held in imbalance would then be reduced to the current supplied
by the transistor T23, i.e. a current approximately 20 times smaller than the maximum
charging current of transistor T17 when it is not saturated that is, in a transition state.

10 It is apparent that the current limiter circuit as described with reference to
Fig. § is particularly effective. It allows to fix a limit for the currents consumed at the
additional positive supply voltage V,, which limit is then independent of the gain of the
transistors and of the variation in gain with temperature, which was hot the case with the
circuit shown in Fig. 4. '

15 Fig. 6 shows the graphs of the currents Ix, passed by transistor T12, n.Iz
passed by transistor T23, I(T17) passed by transistor T17, and I(T18) passed by transistor
T18, as a function of a transient imbalance in voltage (Vi-Vo). A logarithmic current scale is
used. The curves in Fig. 6 show the high current amplification rate when the amplifier is in
a transitory state of imbalance. |

20 Fig. 7 shows with curve I, the total current drawn from the additional
positive supply V,, as a function of the voltage difference (Vi-Vo) in permanent operation,
and especially when the transistor T17 is saturated. For comparison, broken-line curve I; is
identical to curve I(T17) in Fig. 6. It is clearly visible that the current limiter described with
reference to Fig. 5 is particularly effective in the case of a static imbalance of the amplifier,

25 although it also renders possible a strong charging current in transient operation.

It is possible to apply minor modifications compared with the examples
described above in the realisation of the power amplifier stage without departing from the
scope of the invention as claimed hereinafter.
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output a first MOS power transistor (M1) whose source is coupled to a common mode line

(1) in series with a second MOS power transistor (M2) whose drain is coupled to a positive

5 supply line (2), which two transistors are of the same conductivity type and whose common
junction point supplies said output signal of the stage, which stage further comprises a first
amplifier (A1) supplying a first control signal (V1) applied to the gate of the first MOS
power transistor, and a second amplifier (A2) supplying a second control signal (V2) applied
to the gate of the second MOS power transistor, which first and second amplifier each

10 receive the input signal (Vi) at a respective first input, with which signal (Vo) the output
signal of the stage, applied to a respective second input, is compared,
characterized .in that, in order to exclude a simultaneous conduction of the two MOS power
transistors (M1, M2), each of the amplifiers (A1, A2) is provided with an inhibiting input
(22, 20) and is arranged so as to supply a gate control signal equal to the common mode

.15 - voltage (Ve) when said inhibiting input is brought to this same common mode voltage, and in
that the stage comprises two 'switching transistors of the MOS field effect type each having
its source coupled to the common mode line (1), a first switching transistor (SW1) having its
gate coupled to the gate of the first MOS power transistor (M1) and its drain connected to
the inhibiting input of the second amplifier (A2), and a second switching transistor (SW2)

20 whose gate receives a signal derived from the gate voltage of the second MOS power
transistor (M2) and whose drain is connected to the inhibiting input of the first amplifier
(Al).

2. A power amplifier stage as claimed in Claim 1, characterized in that the -
first and the second amplifier each supply gate control signals by means of a pair of

25 complementary bipolar transistors (T7, T8; T17, T18) whose collectors are interconnected.
3. ' A power amplifier stage as claimed in Claim 2, characterized in that, of
the pair of complementary bipolar output transistors of the second amplifier (A2), that
transistor (T17) whose emitter is fed with a positive voltage has its collector connected to the
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characterized in that the gate connection of the second MOS power transistor (M2) forms the

inhibiting input of the second amplifier (A2). _

10 6. A power amplifier stage as claimed in any one of the Claims 1 to §, in
which the first amplifier (A1) comprises at the input a differential pair of bipolar transistors
(T1, T2) whose connection point of the united emitters is fed with a constant current (I1)
from the positive supply line and whose bases are coupled to the respective inputs of said
first amplifier, characterized in that the collector of one of the transistors (T1) of said

15 differential pair at the input forms the inhibiting input (22) for this first amplifier.

7. A power amplifier stage as claimed in any one of the Claims 2 to 6,
characterized in thzit it comprises a generator (16) of the voltage-doubling type for prbviding
an additional positive supply voltage (Vc2) higher than the supply voltage mentioned earlier,
which additional voltage is used for supplying the second amplifier (A2).

20 8. A power ampiiﬁer stage as claimed in Claim 7, characterized in that the
second amplifier (A2) comprises limitation means for the current consumed from the
additional positive supply (Vc2), which means limit said consumed current to a multiple of
the current value supplied by a reference current source (S85), which multiple is established
from the ratio of the emitter surfaces of a current mirror (T22-T23), while said current

25 limitation means are completed by two further current mirrors (T20-T21, T24-T25).
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i nput i popePRMplifier itageaf the. vofldg@fﬁlliﬂﬁ@ltﬁbel, such an inhibiting input
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current being controlled by a respective amplifier (A1, A2). An input signal (Vi) is applied to the
input of these amplifiers so as to be compared with an output signal (Vo) of the amplifier
stage.

According to the invention, the amplifiers (A1, A2) are each provided
with an inhibiting input (20, 22) with which it is possible to connect to earth the gate of the
corresponding power transistor (M2, M1), and the amplifier stage comprises two transistors
which act as switches (SW1, SW2) achieving that either the one or the other of the inhibiting
inputs (20, 22) is connected to earth, so that a simultaneous conduction of the power

transistors (M1, M2) is excluded.

Application: The control of low-power motors.
Fig. 1




supplies a gate discharging current for the power transistor
thi,s gate is charged, while the transistor T8 enters the satu
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the idle state the anpllfler supplies no nore than approxi mately 40 uA at

t he output by way of the transistors T7 and T8, in a practical exanple
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The mvennon relates toa power amplifier stage of the voltage follower
type whxch receives an input voltage signal and supplies an output srgnal which stage
' compnses at the output a first MOS power transistor whose source is coupled to a common
mode line in series ‘with a second MOS power transistor whose drain is coupled to a positive
5 supply line, which two transistors are of the same conductrvrty type and whose common
junctron point supplres said’ output signal of the stage, which stage further comprises a first
amplifier supplying a first control signal applied to the gate of the first MOS power
transistor, and a second amphfier supplymg a second control signal applied to the gate of the
_ second MOS power transrstor, which ﬁrst and second amplifier each receive the input signal
10 at a respective first input, ‘with which srgnal the output signal of the stage, applxed toa
respecnve second input, is compared.
A power amphﬁer stage with a voltage gain equal to1is known from the
document EP-A-O 492 374 whose envisaged apphcanon is the reproduction of acoustic
. signals. _ .
15 ' MOS power transxstors are also quite suitable for formmg the output of
the power amplifier stage in an application specxﬁcally desxgned for motor control, because
" of their robustness i in the presence of an mducuve charge However, this type of transistor
has a high gate capacitance, currently of the order of about a hundred PF, so that the control
of these transistors renders it necessary to use an amplifier capable of charging and
20 discharging this gate eapacrtance in a time span companble with the desu'ed specrficatrons
a It is equally desirable for this same application that the conductive state of
the MOS output transistors should be co_ntrol_led in a very emphatic manner, i.e. the
resistance to current passage should be as low as possible, for example Ron below 1 Ohm.
_ Under these circumstances, a rigorous time management of the conductive
25 - and blocked states of these two power transistors must be ensured 30 as to avoid a risk of
destruction of these transistors, which would be the case if the two power transistors were
conductive simultaneously even for a short moment.
~ Finally, a power amphﬁer stage of the voltage follower type should also |
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same principle as the anplifier Al shown in Fig. 2. Elenents _
sanme function have been given the sane reference nuneral s as those in the -
precedi ng Fi gucosply with i qyrrem, cmkmnptlénl requinesieat; mhlclimspbc avlowsasipossible when the

substantially f i

supplied by aC rlgﬁmsbéjﬂrce %%’ if ut Pﬁg% 1§§8Iab r%%u@&lquﬁg%\ﬁpég sggéfﬁ
enbodi nent, t heontrast) majoo cursénts mastshes;bsmblé’ iBthe suupouﬁnt ednsitoryt staes:dﬂrlngoﬁluch thi
a. PNP- tranS| st or ans f an

ransi st or W RHTeE is 0 of pERREP oSl Kool /oBEp (iballRE FoiBaest ol as fpq or
control vol 5agz00\uaVS and witke agedpenseftxme which shouid ddinply withube chgniremehts ofothe t he

i nter connecti on gglng’g of the 20 collector of transistor T17 and the drain

of transistor ‘nce the output voltage Vo of the anplifier stage is
connected to the source of 'Ihbdmmv\mnpliﬁarsagst:mnplm onlyt partly with (these veguirerents/o

can, reach the 45! nbekd e ubtfhed YRPYieldY &raGveY disorBb A 58 tbt Rirkilzhe
: the idle current consu_m_phon. In the known amplifier stage, in fact, the capability of reacting
10 rapidly at the output in response to a variation in thel_input veltage is directly connected to
the value of the idle current. This idle 'cu'rrent, accordingly, cannot be chosen to be as low as
desired. : : : :
Itis thus one of the aims of the invention to provide a perfected power
amphﬁer stage which to a large extent eliminates the drawbacks of the known circuit with a
‘15" view to its application to a motor supply ' | _

' Accordmg to the present invention, an amplifier stage of thetype
described in the opening pamgraph is for this purpose characterized in that, in order to
exclude a s1multaneous conduction of the two MOS power transistors, each of the amphfiers
is prov1ded with an inhibiting input and is amnged S0 as to supply a gate control s1gnal

20 equalto the common mode voltage when said inhibiting mput is brought to this same
' common mode voltage, and in that the stage comprises two switching transistors of the MOS
field effect type each having its source coupled to the common mode line, a first sthchmg
transistor having its gate coupled to the gate of the first MOS power transistor and its drain
connected to the ir\hibiting input of the second amplifier arxd a second switching transistor.
25 whose gate receives a signal derived from the gate voltage of the second MOS power
| 'transxstor and whose drain is connected to the inhibiting input of the first amplifier.

- Thus, when one or the other of the two MOS power transistors is in a
hlghly eonducnng state, the other transistor will be blocked by the effect of one of the
sw1tchmg transistors. The possrbxhty of the power transistors being destroyed through

30  simultaneous conduction, even during a short, transitory period, is thus avoided. The
" amplifier stage according to the invention is capable of ensuring at its output a very precise
following of the volrage of the input slgnal when this voltage does not vary or varies slightly.
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V2 can rise beyond this positive voltage [err]. This is why tﬁgp@(miméﬂ-pgﬂ,sﬁ
A2 i's shown as being positively supplied with a voltage [ er] higher L

[err] which is produced by a voltage- 25 dodbling ci rcuit 1¢ @gted(ﬂm-m

type, starting fromthe voltage [err]. In an enbodiment, t héwebiage—f-artdom:

is equal to 12 V while the voltage [err] is of the order of 18 V. The .
assenbly formed by transi ¥hansonTthe dther hai!liltharmputsgndtvaneledllesn'gﬁudgao '

control the basg, curr a tor erf .1 he on-as
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control of t mmmg tifisistors| iscrehlised whilerRasusingra dé&y ikleateting loakhe\ﬁondxmnlve edtel of
the 'input termn 1 lifi.er A2 1S C hth out gnal Vo -
by means of tR ‘%a'ﬁ“r él(g WW@&?P??‘BPS”% tg?ngﬂéﬁ?‘g‘glﬁ (5hea? yior-

respectivefy to the enitt ahss délayamiy beﬁxaamrpr@&ucéﬂ&l\la&mewtﬁdms%uf'ﬁlzfénugf fow

whil e the o t bases of se transistors T12, T13 are plied
current soJur gr npt @cgggtg\;ésaﬁv@tageous in the case of a ‘motor supply, ?or exam ple a Xelay of the

order of 1 us.

Preferably, the ﬁrst and the second amphﬁer each supply gate control
srgna.ls by means of a pair of complementary bipolar transistors whose collectors are
10 mterconnected '
o ‘This configuratron of transrstors is highly satlsfactory for et‘ﬁctently
' ensunng the chargmg and discharging of the gates of the MOS power transistors. .
It will be readily observed that the first MOS power transistor connected
" to the common mode line has a gate wluch hasa moderate voltage variation, between a zero
15 voltage (earth) up to a gate-source voltage which ensures the conduction of the transistor. As
for the second MOS power transistor, however its gate’ may be brought to a voltage whtch
varies between wide limits because it has been m_ounted in follower arrangement. Since the
source of the second switching transistor is connected to the common mode line, its gate may_
be directly connected to the gate of the second MOS power transistor, which imposes
20 parucular reqmrements on the voltage sustaunng capability of said second sthchmg ]
transistor. '
_ _ Nevertheless, an advantageousembodiment of the invention is
characterized in that, of the pair of complementary bipolar output transistors of the second
. amplifier, that_transistor whose emitter is fed with a positive voltage has its collector _
25 connected to the collector of the other transistor of the pair via a cascode stage, and in that
the connection point between the collector of this other transistor and the cascode stage forms
the inhibiting input of the second amphfier |
- This cascode stage is preferably reahsed with an MOS transistor. Saxd
'mhrbmng input of the second amplifier renders it well possible to earth the gate of the
30 second MOS power transistor practically i tn the same manner as if the mhxbrtmg mput were
- connected to the gate itself of this transrstor The advantage of the mterposed cascode stage
is that the inhibiting input has a less voltage excursion lower than that of the g_ate of the
second MOS power transistor, which irnp_lies that in an advantageous embodiment this
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connected as -a diode through a connection bet ween base and d%ERLMMENIsHEET
second pair of transistors Ti4, T16 of the PP type constitites a2 { MAR l%
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the transistor_5..T16 i nect ed ode and, su d et
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t he conpar at orswiteHin@ tcafsistdrm eThe rgﬁt&?df&me lsécond Switchirp trdnkfstor tAS fe€dives aBdignal which
e transistors T13,, T14 when, t he | nput

lifier for th t |
Vol Lage Vi i < iHAGHEH TOTAIne A YAIRBYIPT 6sEgE MOS PoREr Eulissw oy c;s»amdwwht e

transistors Tlehdapdit i;&étméuotﬁse a"RaoH sthtming mx.&bﬁaf 4 Si@itakd Bipe oA ate the
anot her. 10 When the inpul voltage Vi is |ower than F

out put vol thg&oliege vapation remainstlimitedT13 and T14 are driven into a state

close to the bl ocked stat eTb'énW?é E'lwit&ﬁﬁfof &x@'}ﬁigﬁh@ﬁ%ﬁwﬂe ?ath‘ét”tﬁﬂ‘i current

which is very nueh | ower than the idle current elnth
equi li brium smnt@laﬂlecmlhiﬁn&@MQﬁW(ﬁmML ig 9rovided¢me to ﬁﬁsﬂlmtt@f thig 4

plays the Samﬁnﬁﬂﬁ&r where the current to be derived is low. Thus, according to a preferred embodiment,
. the power amplifier stage in which the first amphﬁe_r comprises at the input a differential
10 pair of bipolar transistors whose coninection point of the united emitters is fed with a constant
~ current from the positive supply lme_ond whose bases are coupled to the respective inputs of
said first amplifier, is characterized according to the invention in that th_e collector of one of
the transistors of said differential input pair forms an inhibiting input for this first amplifier.
The collector in question is coupled to the common mode line (earth) via a load which may
15 bean inpu't diode of a current mirror. The collector in question on the one hand passes a low
current, at most equal to the constant current which supplm this differential pair, and on the
 other hand has a low voltage variation 50 that tlus electrode forms a particularly
--advantageous inhibiting input for the first amphﬁer

Preferably, the power amplifier stage according to the invention oompnses_ .

20 in addition a generator of the voltage-doublmg type for providing an additional posmve
supply voltage hlgher than the supply voltage mentioned earlier, whxch additional voltage is
used for supplying the second amphﬁer

The powet amplifier stage is thus capable of providing an output voltage
whose variation can range practically from the common mode voltage to the normal positive

25 subply voltage. The surplus voltage provided by the additional positive supply then renders
possible a suitable polarization of the gate of the second MOS power transistor.

It is important in tlus case to limit the current level delivered by the
additional posmve supply. The power amphﬁer stage according to the invention

_ | advantageously comprises in its second amplifier limitation means for the current consumed

30 - from the additional posmve supply, which means are arranged so as to limit said consumed
current to a multiple of the current value supphed by a reference current source, which
multiple is established from the ratio of the emitter surfaces of a current mirror, while the -
current hmmnon means are complehed by two further current mirrors. '



as the transistor T6 in the diagramof Fig. 2. When the cur' EeﬂMTSHEET
ri.ses above the 15 nomnal idle current, the transistor T1 |s rrven |nto.
norf- conducti on 't hr ough ‘absorpti on of ‘the cufrent fromcurre Da:ié)grgeﬂm

t
the transistor 19. In the sane -manner, the transistor T13 ‘______.___m

which is anplified by the assenbly of a.transistor T15 nounted as a d| ode:
and having an emtter res'lI'bQ ampleﬂmtage@eqmmg inthgdnventien ls\mrcfnrablyeusedm
transistor T r
of out put trfjg%sw onrcgldi ent %ﬁ{ccﬁ'fgrh R@Bﬁﬂgass% bc?/’}l{?{?te-& S|g§S Q%@ﬂ _
ri ses, obvi om;qieynotohsxpplyrmmnt _passed by the transistor T17 r| ses even nore
qui ckI y. The transient cugye Su I ed t he t.ransi stors T17 and T18 can
be conparatively strong, Fﬁil H@%fﬂ‘lp ﬁbve&s‘g@}ﬁ? Snce t the gnnexed dRavings, of
afewnlls abps.vayvdfadxmpletwiﬁloudbm?Hﬁﬁmtheﬁ&o,thﬂ&endenm dléa i wWhaOthe invention

control l ed, for exarrp at 40 u en the arrpllfler 's in equilibrium
(i nput vol t aGensisty ANd Hay i may e W@I‘i\gg'ge) 25 - As is shown in
Fig. 4, a resistance R5 i pjganrign ﬁbrﬂ%xi@i:ﬁ'df%haﬂ@hﬁ&eﬂa hRcsidingit8 e Of t he
transistors T14 and T16. Tﬁ?s reglestance R5 is optional, ge|t hagrga high

val ue of, folNvEREM| e, 50 KChns,. and is intended for avoiding that the
connection between the e”ngt 9'shows the electncal circuit of a pomon of the stage of Fig. 1 in an

10 embodxment of the mvennon, and
~ Fig. 3 shows current curves relattng to the cxrcmt pomon shown in Flg
2, |
Fig. 4 is the c1rcu1t dxagram of another portion of the stage of Fxg 1 ina
'_ first embodlment and ' .
15 ' o Fig. § is the CltClllt dlagram of thxs same poruon, but in another
embodxment which mcludes current limitation means for the posmve supply line, and
- Figs. 6 and 7 glve current curves relating to the circuit of Fig. 5.
Fig. 1 shows a power amplifier stage_ in hxghly diagrammatic form, which
stage is of the voltage follower type and receives an input signal Vi, while delivering an
20 output signal Vo, in particular for the supply of a motor M. This Stage comprises a first
~ amplifier Al which supphes a first control signal V1 to the gate of a first MOS ; power
transistor Ml The amplifier stage also comprises a second amphﬁer A2 which supplies a
control sxgnal V2 to the gate ofa second MOS power transistor M2. The transistors M1 and
M2 are arranged in senesbetweenacommon mode line 1 (carth) havmgavoltage Ve,anda
25 | positive supply line 2 having a volmge Vec. The two transistors Ml and M2 are of the same,
o N-channel type, while the source of transistor M1 is coupled to the common mode line 1, its
~ drain coupled to the source of transistor M2 which connection forms the output of the _
amplifier stage supplymg the output signal Vo at terminal 11, and the drain of transistor M2
is coupled to the positive supply line 2. The input stgnal Vi is applied to an input termmal 13
30 _ coupled to a first input 15 of the first amphﬁer Al as well as toa first input 17 of the second
" amplifier A2. These two amplifiers receive at a second input, at the input 18 of the first
amphﬁer as well as at the input 19 of the second amphﬁer, respecuvely, the output mgnal
Vo with which the mput slgnal Vii is compared.
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of transistor T13 and the enitter of transistor T14 beconeg=FFroattg_T11_1
case of a strong inbal ance of the anplifier. 30 REPLAGﬁ\\&NTSHEET
ampl i fication characteristics of the anpl |f|6er A2 are subs antially

i dentical to those of the .anplifier Al descrlbed with ref eflche 2t0-Mk 195_

The control vol tage V2 for, the rIgate of the wer transiStor- V2 VarlEs

between wide linits, hereFesi t?é'?"o‘"ﬁﬂl“?ﬂgﬁs tBBFOlF Senduetian of the gve M QS ge

[err] . REPLAGEMEMfsistsis M1 ahd S nqw&aéd Bf‘ﬁte&%tofrt%'s@ﬂclﬁﬁg HRREstors, SW1 and |
transi stor T17. The gate connection of power transistor M t hu :

may t :
form an out pltW#.oWhich ate of the MOS ﬁélds%@ShWP%ﬂQ Whesegourcesare sae Cmt%&the |
shown in Fi g.cothmddsm¥&d linedf, @n input ternminal for the inhibiting command of

this.anplifier A2 since the transistor M2 will be bl ocked by its gate being
connect ed ] o earth. In ‘The first switching transistor SW1 has its gate connected to the gate of

transistor M1-and its drain connected to an inhibiting input 20 of the second amplifier A2,
The amplifier A2 is so arranged that when its inhibiting input 20 is brought to the voltage
Ve (earth), this amphﬁer A2 supplres a gate control signal V2 which is equal to the voltage
"Ve, or very close thereto, ie. it dnves the transistor M2 into a non-conductmg state.

10 : A similar mechanism is achieved by means of the second switching _
transistor SW2 whose gate is coupled to the gate of the transis_tor M2, or to a voltage which
is derived from the voltage of this gate, as it will be seen further below, and whose drain is
coupled to an inhibiting mput 22 of the amplifier Al.

' ~ Similarly, when the mhxbmng input 22 is brought to the voltage Ve
15 (earth), the amphﬁer Al supplies a control signal V1 which is agam substantlally equal to the .
o voltage Ve so that the transistor Ml is rendered non-conducting. ' '
Owing to this arrangement, only one of the two MOS power transrstors,
Ml or M2, can be conductmg at any given moment, with its gate control voltage being
different from O while inhibiting the control voltage at the output of the other amplifier. All

20 risks of short-circuits between the positive supply line 2 and the common mode line 1 are o
thus avoided, which short-circuits would cause irreparable damage to the power amplifier
stage, especially the destructxon of either of the output transistors of this stage.

Fig. 2 shows the ctrcuxt diagram of an embodiment of one of the
' amplifiers, such as the ampliﬁer 'Al of Fig. 1. The ﬁrst MOS'power transistor M1 and the
25 output terminal 11 of the amphﬁer stage carrying the output voltage Vo are also shown in
| - this Frgure
The input 15 of the amphf’ er carries the voltage Vi. This input voitage is
compared with the output voltage Vo by means of a drfferenttal pair of PNP transistors T1,
T2 whose united emitters are supphed by a current source S1 which dehvers a current I1

30 froma positive supply voltage Vc. The transistor T2 is connected as a diode, while the -

] transistor T1 has its collector coupled to the common mode line 1 via the input branch of a
. current nurror T3, T4 with NPN transrstors The input transistor T3 of this current mirror is
connected as a diode, while the output transistor T4 provxdec a current which is identical to
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thereby. - of a NPN transistor T8 whose emitter is connected to the common mode line 1. This
10 trénsistor pair T7, T8 forms the output of the amplifier, supplying a control voltage V1 to
' ~ ‘the gate of the MOS power transistor M1. The base of the transistor T8 is connected on the
one hand to a current source S2 which supplies a current I2. On the other hand, it is _
- connected to the collector of an NPN transistor T9 which forms part of an assembly formed
by two NPN transistors T10, T11 arranged as diodes and coupled to the collector of the PNP
15 transistor T6, which assembly in addition comprises a resistor R2 connecting the base of the
: transrstor T9 to the common mode line 1, which base is also connected to the emrtter of the
~ transistor T11. o _ : o
" This assembly, and especially the value of the resiétor R2, are provided in
order that the currents supphed by the transistors T7 and T8 are equal when the voltage
20 | 'dxfference (V:-Vo) is close to zero, which represents the ethbnum state of the amphfier
_ . If the voltage of the input signal Vi is momenunly higher than the output
voltage Vo, the current supplied by transistor T1 is lower than its nominal current (in the
 equilibrium state), and the same holds for the current absorbed by the transistor T4 at the
- output of the currest mirror T3, T4. Under these conditions, the current supplied by the |
25 transistors T6 and T7 is lower than the nominal idle value. The transistor T9 is practically
N blocked, as is the transistor T10. The entire current 2 from the current source S2 thus |
" supplies the base of the transistor T8, which supphes its maximum current. |
If, on the other hand, the voltage of the mput signal Vi is lower
temporanly than the output voltage Vo, the input transrstor T1 of the pair T1, T2 supplies a
30 current higher than its nommal current, which i is amplified by the assembly formed by the
resistor R1, transistors TS, T6, T7, whereupon the transrstors T6 and T7 both supply a
: current which is substannally amphfied owing to the voltage drop in the emitter resistance
Rl The substanual current supphed by the transistor T6 causes vig the transistor T11
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comparatively hlgh value (a few milliamps) in the case of a transltory imbalance of the
10 ampliﬁer. When this amoliﬁer returns to its equllibrlum state, the oulput voltage Vo "»_-ery
- closely approximatixig the input voltage Vi then, the equal currents supplied by the transistor
T7 and absorbed by the transistor T8 at the output of the amplifier are very low and may be
reduced to a value below, for example, 50 xA.
As for this amphﬁer Al it will be noted that the control voltage Vi
15 apphed to the gate of transistor M1 necessnates a comparatively small variation between a
zero voltage and a gate-source voltage which is ‘sufficient for rendering the translstor M1
strongly conducting. Under these cu'cumstances, it is parhcula.rly smple to use the control
voltage V1 present at the gate of trans1stor Mlalsoasa gate voltage for the swuchmg
| transistor SW1 (not shown in Fig. 2), whose slmultaneous conduction accompanying the
20 conduction of transistor M1 will cause the blocking of the second amplifier A2, as shown in
Fig. 1. | |
o | -An mlubmng input of the amplifier Al must be provided such that the
amphﬁer Al drives the power transistor M1 into non-conduction when this input is
_ connected to earth. Advanlageously, such an inhibiting input visible with reference numeral
25 22 in the Figure is connected to tl_xe oonnectxon point between the collector of transistor T1
* and the collector of transistor T3 of the mirror T3, T4, When this input 22 is earthed, the
current supplied by the transistor T1 is derived outside the current mirror T3, T4 so that the
transistot T4 no longer:pasées current, and neither do the transistors TS, T6 and T7. As was
- seen above, the transistor T9 passes substantially no current, so that all of the current 12
30 from the current source S2 is introduced as a base current for transistor T8. This current
'supplxes a gate discharging current for the power transistor M1, as long as this gate is
charged, while the transistor T8 enters the saturated state when the gate of transistor Ml has :
been completely dJscharged '
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of. i nbal ance between the input voI tage Vi and the out put VO

current is witten, ly in.the Figure. A known fraction, witten-lz, of thIS. -'
current Iy, which foll ows Figothshows ﬁur&mamt@apesmﬁth&r@&ﬂﬁﬂ(ﬂ'ﬂ.lmssed by the
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to n.lz owshg MUSGpadvmsxathrmweq stnzmg e the \easecsttan lmbalance of the input voltage,
whereas in the idle state the amphfier supplies no more than approxlmately 40 #A at the
- output by way of the transistors T7 and T8, in a practical example.
. _ th 4 is a circuit dxagram of an embodiment of the amplifier A2 in th
o 1. In this Fig. 4, the second MQS power transistor M2 is ag_am shown, to which the _
10 amplifier stage shown _suppl'ies the gate c_ontrol signal V2. The amplifier A2 controlling the
transietor M2 is cons_ttucted mainly on tlte same principle as the amplifier Al shown in Fig.
| Elements having the same function have been given the same reference
numerals as those in the precedmg Figures. In Fig. 4, the NPN transistor T18 performs
15 | substannally the same function as transistor T8 in Fig. 2 whose base is supplxed by a current
- “source S2 supplying a current [2. In the present embodiment, the collector ot‘_ transistor T18
is coupled to the collector of a PNP transistor T17 via a cascode stage realised by means of
an MOS transistor M18 whose gate is polarized with a reference voltage Vref. The control
voltage V2 for the gate of transistor M2 is thus derived from the interconnection 'p_oint_' of the.
20 collector of transistor T17 and the drain of transistor M18. Since the output voltage Vo of
the ampliﬁer stage is connected to the source of the power transistor M2, ‘this butput voltage
Vo can reach the level of the positive supply voltage V.,, provided its gate control voltage
V2 can rise beyond this positive voltage V,,. This is why the amplifier A2 is shown as being
posmvely supplied with a voltage V,,, higher than V,,, which is produced by a voltage-
25 doublmg circuit 16 of a classical type, starting from the voltage V,,.
: In an embodiment, the voltage V,, is equal to 12 V while the voltage Va
is of the order of 18 V. The assembly formed by transistors T9, T10, T11 and resistor R2,
- designed to control the base current of transistor T18, petforms the same function as the
assembly described above with reference to Fig. 2 in relation to the control of the base
30 current of transistor T8. The signal Vi applied to the input terminal 17 of amplifier A2 is.
~.compared with the outp\lt' signal Vo by means of two pairs of transistors. The signals Vi and
Vo are brought respectlvely to the emitters of a first pair of NPN transistors T12, T13, while
the joint bases of these transnstors T12, T13 are supplied by a current source si1 dehvenng



mrror T22, T23, is applied to the i nput of the anpl ifier a saebi_,g(céﬁgms”sn
T17 which anplifier 10 assenbly has al reagy been discussed wit reference
to’Fig. 4. The current n.lz taken up at the'Input of the as enmb, MARTIG26

may. be readily evaluated: 1z = ly/(n+1) and n.lz = n.ly/ (n+HS————— "

( 1) oW ng to f gl YiiS 'll?gddl&or{,lh.gr‘e Ifrgl{sg %1;1% c@xle?cgcrin E#'éd?@ﬁ'-t‘@?"ﬁé a Sgrﬁ?eft:&r??’
cur rent mrr cbeuﬂ’&_ﬁ(b_,aseTalllcoﬂectohat Ix 15-1z -
(2) Wnen e aTBLL (17 1 & bl lic EPOARSE 11 ELES, B Bngbs Bty
(3) with [er rqonmhm:casmmhy syyemetricdl with tP\gréceding itsod transishyrs c whirkini the) truinststor
equat ons § 1)T1% i$ ¢ nr)ebteh tas fa%ocf) V\a'?ldtsng the&1 bgriargutrrex éoltjx?ceog?» Aéxvemg a current I3
towards the common mode line 1. Fx_nally,'the comparator formed by the transistors T-l2,
T13, T14, T16 forms an amplifier t_'or the current passed by the tfansistor's T13, T14 when
 the input voltage'Vi is higher than the output voltage Vo, the currents passed 'by the '
transistors T13 and T14 in the means time remaining identical to one another.
10 '  When the input voltage Vi is lower than the oﬁtput voltage Vo, the
| transistors T13 and T14 are driven into a state close to the blocked state in which these
transistors _supply a current which is very much lower than the idle current of the stage in the
equilibrium state as obtained when Vo is equal to Vi. The transistor T14 plays the same part
as the transistor T6 in the diagram of Fig. 2. When the current of T14 rises above the
15 nominal idle current, the transistor T18 is driven into non-conduction through absorpuon of
the current from current source S2 by the transistor T9. In the same manner, the transistor
T13 passes a current which is amphﬁed by the assembly of a transistor TIS mounted as a
. diode and having an emitter resistance R11 coupled in parallel with the transistor T17 ‘which
~ in conjunction w1th the transxstor T18 forms the paxr of output transistors. When the current
20 passed by the transistor T13 rises, obvxously, the current passed by the transistor T17 rises
- even more quickly. The transient current supplied by the transistors T17 and T18 can be
comparatively strong, as in the preceding assembly, i.e. of the order of a few milliamps,
whereas the idle current of these two transistors is controlled for example, at 40 uA when
the amphﬁer is in equilibrium (input voltage equal to output voltage).
25 As is shown in Fig. 4, ares1stance&$1san'anged1nparallelbetweentl1e )
emitters of the transistors T14 and T16. This resxstance RS is optional, it has a high value of,
'for example 50 KOl\ms, and is mtended for avmdmg that the connection between the emitter
of tmnsnstor T13 and the emitter of transistor T14 becomes ﬂoatmg in the case of a strong
1mbalanee of the amplifier.
30 ‘The amphﬁcanon chamctenstxcs of the amphﬁer A2 are substantially
1denueal to those of the amphﬁer Al described with reference to Flg 2,
~ The control voltage V2 for the gate of the MOS power transistor M2
varies between wide hlmts, here from a zero voltage up to pracueally the vollage Va,



lz = [err].1x/(n+l) ([err]lz)/(n+1) lz =15. and the cur _
by T23 in T15 is at nost - nlz = 15. 25 Wen the gain [er ]RE@-&QWNTSHEET
corpared with a, the current n.lz tends towdhds: nlz n. a@ :
= 10, for exanple, a gain [err] of 100 and a reference cu r@fﬁﬁ\fﬁ &Ah A

it follows that the limtation current nlz.taken up by thetranststor 123
13 . -~ allowing for tiversatyratigmyoltagg-pfitransistor ElﬂeTbvl a@tr- coanegiion of the powern -

Taking into agaouRl NiE fral Ghis rofil 3 gl For'BirdllThg HR seldhd! SARRRE nRhtstof §waS
(not shown in Fig. 4) as well as an input terminal for the inhibiting command of this
amplifier A2 since the transistor M2 will be blocked by its gate being cennected_'to earth. In

5 the assembly shown in Fig. 4, however, the connection between the sburc_:e of transistor M18
-and the collector of transistor T18 forms a p_teferred output, indicated as a terminal 21, for
the control of the second switching transistor SW2. In fact, the voltage obtained at terminal
21 is derived from the gate voltage of t_rahs_istor 'M2, realised apart from clippiﬁg by the
“ cascode transistor M18. It fixes 2 maximum voltage for the output vol-uige of terminal 21
10 equal to the reference voltage Vref minus the threshold voltage of this tranSist_or. Since the
voltage at terminal 21 shows a sma_lier variation than the gate voltage of transistor M2,_ this
| . terminal 21 thus forms an advantageous control for the second switching transistor SW2
which may now beofa normal type which does not necessitate a volﬁg’e sustaining
| capablhty as high as the voltage which may be present at the gate of transistor M2.

-15 ' The collector of transistor T18 may also form an input terminal 20 for the
mhxbltmg command of amphﬁer A2. In fact, when terminal 20 i is connected to earth, the
cascode transistor M18 is necessanly conducting so that the current supplied by the transistor
T17 is by—passed towards earth The transistor M2 is blocked thereby. |

_ When the amphﬁer A2 is supphed with a posmve supply voltage ch
20 higher than the normal supply voltage V., of the circuit, as is shown in Fig. 4, it is
' advantageous to fix a limit for the current passed by the transistor T17 as well as for the
currents supphed by the transistors T13 and T15.
" For this purpose, Fig. 5 shows a second embodiment of the amplifier A2
which comprises a modification which renders such a current limitation possible. According
25 to this embodiment, thepomon relating to the control of transistor T18 remains identical to
that shown in Fig. 4, while the circuit mo_diﬁcation concerns the control portion for transistor
T17. The means rendering possible a limitation of the current in transistors T17 and T15 are
substantially formed by a first pair of PNP transistors T20, T21 which are mounted as a
current mirror, a second pair of PNP transistors T24, T25 which are mounted as a current
30 mirror, and a third pair of NPN transistors T22, T23 which are mounted as a current mirror,
with a divider ratio from n to 1 betwéen its input and its output. -
To supply the pair of transistors T12, T13 with current, a reference
current source SS, set for the common mode voltage Ve, supplies a reference current IS in



possi bl e to know exactly the maxi mum current- whi ch can be
transistor T17 in case of a very strong inbal ance of -the
Whén the gate of transistor M2 is fully chat3ed by the tr
will enter the saturated state and the collector can no |

current. The current consumed with the anplifier held in imbal ance woul d
t hen be reduakelcirrent mirroriT2@,1T21s (ihp IcoBettdrcutrent dfrteansistot 013 T2 @riable. and depends

cur.rent apprOX| tely 2 |'1er than the m char gi nt- of
transi stor TJ‘.’?l ‘¥'[ ?@%ﬁ%%@%'@ﬂ‘?ﬂ‘l‘é@%"@ er%{m‘*tg’ Q#C’&W us$ 10 -
It IF S apgar er&m*eﬁtats »\ltdmnqy lii €HRFijgure] AlelmOWHfﬁmxbn aﬁrfmbnser otk otirfehit ryﬁfm\mnce
to Fig is rticula ective. It allows to fi e
currents consfgﬁ%‘lﬁsé? "[\%g‘gg"ﬁF%rfé'im berween the tapsisipss fngé 15["9?‘?"{”‘{/\#? the, input
linmit. is thenfigsapfnd aitro0T24, F250The stihe blieent TARSirallP sppiied & thelderent source

variation in a|n wth te eraturei whi.ch was nqQt the case with the circuit
shown in Fi 9.5 The current written Ix supplied byﬁh&bcurgengﬁgqgr Rl Iﬁnglbflspw.gltothe

CUrrents |x, JifeeRe Yakvdeh B euthedt I5T4m3 th chfedtas STHE Gtier! falt\of ctibRht T 2phssed by
1 (T17) passed by transistor T17, and | QT18 passed by transistor
the transistor T13, which part 1s equal 1o n.Iz owing to the dimensional ratio in the current
mirror T22, T23 is apphed to the input of the amplifier assembly T15, T17 which amphﬁer
10 assembly has already been discussed with reference to Fig. 4. '

The current n.Iz taken up at the input of the assembly T15, T17 may be

readily evaluated: - . |
Iz = Iy/n+1) and n.lz = nly/m+1) . o o
~ owing to the division of the current Iy in the current mirror T22 T23.
15 o _ However, Izis subtracted from IS at the input of current mirror T20
21, so that: SR | | -
k=I5 - o

When the amphﬁer is in total unbalance, the ennre current Ix is mtroduced into the base of
~ transistor T13, so that then: _ . _ _
20 Iy =fk o | '.'_'('3)
- with8 = thecurrentgmnofanNPNtmnsnstor ' -
By combmmg the equanons (1) and (3), it follows that a lmut value of Iz is:
Iz =8 Ix/(n+l) = (ﬁIS-BIz)/(n+ 1) h '

. Iz = IS.B
B“;n*l

_ and the current nlz absorbed by T23 in T15 is at most
15 D8 |
nlz = I5. Bnii |

25 When the gain 8 is great compared with n, the _current n.Iz tends towards:
_ Given'a'ratio n = 10, for example, a gain § of 100 and a reference
 current IS of 10 A, it follows that the limitation current nlz taken up by the transistor T23
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T18, as a function of a transient inbalance in voltage (Vi-Vo). A

| ogarithm c current scale is used. The curyv in Fig. 6 skowtre—
current anplification rate when the anplifi isin atral SBEBKACEMEN'ESHEET
I nbal ance. 20 Fig. 7 shows with curve [grr] tQe.t

current drawn fromthe %Itl naI ‘positive supply [err] a %wuﬁoﬁmm

t he vol t age (ﬁ?ﬁ'@F@Fﬁ,‘é"? #A-per manent operation, and ESpeCTRFFFWRER==
the transistor T17 is_sat traah@ﬂuoEgoum%ufe&xpt&wgédtﬁﬁr&ﬁw& Rei, i id S

i dentical to curve |(T17) I's clearly visi hat the current -
linmiter descrpptsdziew know exasﬂleﬂteernvomnmgcurmt 'yhlphm beipassed,by-thedeansister Th7 ithe

case of a stafld anﬁg*, &%ﬂibafaﬂ@e@f‘ﬁha&?ﬁﬁer@f al though it also renders
chargin

possi bl e a strong current i1n transient operation. it is possible
to apply minor nodifi cat i &ﬁt;ndhmgaie efitrasistortM2 l%ﬁd’lmhmedibx(chel thandistob A&, itn

the reali sat g ool WACRINES sk Lol B0S b ABle S5 chirbi. ThOUASE

scope of t he T AVEnT |on a herel na
consumed with the amphﬁet held in imbalance would then be reduced to the current supphed

by the tranststor T23, i.e. a current approxxmately 20 times smaller than the maxlmum

charging current of transistor T17 when it is not saturated that i is, in a transition state.

10 - It is apparent that the current limiter circuit as described with reference to
Fig. § is particularly effective It allows to fix a limit for the ou'rrents consumed at the
additional posmve supply voltage V., which lumt is then independent of the gain of the
transistors and of the vanatton in gain with temperature, which was not the case wnth the

- circuit shown in Fig. 4. '
15 - th 6 shows the graphs of the currents Ix, passed by transistor T12, n. Iz
~ passed by transistor T23, (T17) passed by transistor T17, and I(T18) passed by transistor
T18, asa function ofa trans1ent imbalance in voltage (Vi-Vo). A logarithmic current ‘scale is.
used. The curves in Fig. 6 show the htgh cun'ent amphf jcation rate when the amplifier is m |
o a transttory state of imbalance. :

20 Fig. 7 shows thh curve I, the total current drawn from the additional
positive supply V., as a function of the voltage difference (Vi-Vo) in permanent operation,
and especially when the transistor T17 is saturated. For comparison, broken-line curve I; is
identical to curve I(T17) in Fig. 6. It i is clearly visible that the current limiter described with
reference to Fig. S is parhcularly effectwe in the case of a static imbalance of the amphfier,

25 although it also renders possxble a strong charging current in transient operatton -

~ Ttis possible to apply minor modlﬁcanons compared with the examples
-descnbed above in the realisation of the power amphﬁer stage without departing from the
scope of the invention as clatmed hereinafter. '




14 REPLACEMENT SHEET 1. A power anplifier -
stage of the voltage follower type which re l(él ves an inputj

(Vi*). and supplies an output signal (Vo), h stage conpr SWE%WTSHEET |

output a first I\/DS power transistor (M) whose,source S C)ﬁ to a
common node || 1) in seri es_ym_ih__a,;emad-NQS—pomer tra Oc- MR- 1996----
whose drain i mpled to a positive 5 whi ch T Wo =

transistors are of the sane conE“““l“‘l‘L“‘ % d vvhose common j unction
poi nt supplies said output sign whi ch stage further
conprises a first anplifier (Al) *suppl y| ng a f| rst control signal (V1)
applied to the gate of the first MOS power transistor, and a second

anplifier (A2) supplying a second control signal (V2) applied to the gate
of the second MOS power transistor, which first and second anplifier each

10 receive tje input S'gnﬂgo(vl[#imﬂﬁﬁe?sfz § 6P e Jehadd CRbwt B wilth!ealfl

signal (Vo) the output sign e sta to.ar ective second
i nput, i s coninprehitagh sigea t(¥i)i and dupplies hatoutpuhﬁzmdiévo)t, ovhighcitageéecomprises at the

S' mul t aneous Sﬁagtuacfi}s?ﬂiég p&b& WSW?%B&: source is coupled to a common mode line
( 1) in series with a second MOS power transistor (M2) whose drain is coupled to a positive |
5 supply line (2), which two transistors are of the same conductivity type and whose common
junction point supplies saxd output signal of the stage, which stage further comprises a first
. amplifier (A1) supplymg a first control signal (V1) applied to the gate of the first MOS
~ power translstor, and a second amplifier (A2) supplying a second control signal (V2) apphed
to the gate of the second MOS power transistor, which ﬁrst and second amphﬁer each
10. . receive the input s1gnal (Vi)ata respecnve first mput with which signal (Vo) the output
".s1gnal of the stage, applied to a respecuve second mput is compared, '
characterized in that, m order to exclude a simultaneous conduction of the two MOS power
transistors (M1, M2), each of the amphﬁers (Al A2) is provided with an inhibiting input
(22, 20) and is arranged 50 as to supply a gate control signal equal to the common mode _
.15 voltage (Ve) ‘when said mmbmng input is brought to this same common mode voltage, and in
~ that the stage comprises two switching tran_sxstors of the MOS field effect type each having
" its source coupled to the common mode line (1), a first switching transistor (SW1) having its
gate coupled to the gate of the first MOS power transistor (M1) and its drain connected to
the inhibiting mput of the second amphﬁer (A2), and a second switching transistor (swz)
20 whose gate receives a stgnal derived from the gate voltage of the second MOS power
| transistor (M2) and whose drain is connected to the mhlbmng input of the first amplifier
(Al). o o -
2. - A power amplifier stage as claimed in Claim 1, characterized in that the
- first and the second amplifier each supoly gate eontrol signals by means of a pair of
25 -oomplementary bxpolar transistors (T7, Ts T17, T18) whose collectors are interconnected.
3. N A power amplifier sﬁge as claimed in Claim 2, characterized in that, of
the pair of complementary bipolar output transistors of the second amplifier (A2), that
 transistor (T17) whose emitter is fed with a positive voltage has its collector connected to the -
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transi stors (Nmu’!ﬁﬂm i’ of the arrpllflers (Al, A2) is peovided with an
inhibiting inp m arranged s as to suppl y H@ﬁi CcEQ Ol ——
si gnal . equal to*t 15 voltagefs(Ve) when sai dj i EI |%'ﬁ§fr

i's brought to this same commn node vol t age; and i n that thget'étg § MAS
ool AP0l (516 o ey Sl e T S i
transi stor ( Sbﬂn)ecﬁm/pom betweeq ahe=callectot eﬂtlnmméretragmmr aﬁd theecagdods smg(&rmw
transistor ( connected:to the inhibiting input of the
second anpl i fw%l?‘ ?M“é(gfﬂiiag&g g“&\?ff%’hl ng. transi stor (SW2) 20 whose
gate recei veg. a si gNEaI deAlpoedrﬁngpnﬁérhm aﬁe]aj,rm?gaami g; Elﬁrmizmhd\@& the
p_o_wertra SIS I, | se dr C to t e| i'tjn

o The {1 rot ikiing pan (R 9 S Second amplifer A1) 26 it e e e

clainmed in Ct@thmgagedmﬁéa&bﬁu gmgn@ﬁgiort(ngjl rst and the second

anplifier each supply gate control gnal s by neans of a.pair_of 25 .
conpl enent ar y- bi pol ar traﬁ%ﬁﬁ@?’éﬁef stagg :as ¢laimedringany qne of theClaims bios4ar e

|t er connect eflraclerized i that the gate wﬁn&%rofa{mdmo%tm &inGé (B18) fofins the

Claim2, character| ze
inhibiting input of the second amplifier (A2).

10 6. "~ A power amplifier stage as claimed in any one of the Claims 1 to 5, in
which the first amplifier (A1) comprises at the input a differential pair of bipolar'transistors
(T1, T2) whose connection point of the united emitters is fed with a constant current (I1)
from the positive supply line and whose bases are coupled to the respective inputs of said
first amplifier, characterized in that the collectof of one of the transistors (T1) of said

15 differential pair at the input forms the inhibiting input (22) for this first amplifier.

T .. A power amplifier stage as claimed in any one of the Claims 2 to 6,
characterized in that it comprises a generator (16) of the voltage—ddubling type for 'prov'i_ding
an additional positive supply voltage (Vc2) higher than the supply voltage mentioned earlier,
which additional v_dltage is used for supplying the second amplifier (A2). :

20 8. " A power amplifier stage as claimed in Claim 7, characterized in that the
'second‘ampliﬁer' (A2) comprises limitation means for the current consumed from the
~ additional positive supply (Ve2), which means limit said consumed current to a multiple of
the current value supphed bya refuence current source (SS), which mulnple is established
| from the ratio of the emitter surfaca of a current mirror (T22-T23), while said current
25 limitation means are completed by two further current mirrors (T20-T21, T24-T25).



the pair of conplenentary bipolar output transistors of e |

anplifier (A2), that transistor (T17) whose enitter is f¢dREREACEMENEPHERGE ||
voltage has its collector connected to .the 15 col | ect ¢r .of zfﬁm\mq .
transistor (T18) of the pair via a cascgde st age connect ijoPetpofer¥-- v ||
the collector of this other transistor hnd the cascode stage rorms (he
I nhibiting input (20) of the second anplifier. 4. : A power
anplifier stage as clained in daim a3, charaCVeri d inthat the 5 _
i nhi biting input (20) OfL he Zﬁ ond -anpl i + al so forns an out put for

the signal applielfito th&)gat f -t he-second $w tching transistor (SW2).. 5.
A power arrplif_ierss't'a-g'a xged in A of the Claims 1 to 4, ,
characterized in-ijuat t Srrect M%ecOnd-NDS power :

transistor (M2) fodns the

Al




transistors (T1l, T2) whose connection pQint of the united §
with a constant current (l1l1) fromthe pgsitive supply line
are coupled to the respective inputs of said first anpllfler

first anplifier. 7.

i nhi biting input of the second amplifier (A2).
anplifier stage as clained in any one of the Clains 1 to 5
first anplifier (Al) conprises at the input a differential
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“characteri zed
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Power amplifier stage of the voltage follower type.

The amplifier stage comprises at the output two MOS power transistors
(M1, M) in series between a positive supply line (2) and earth (1), the gate of each of these
being controlled by a respective ampliﬁer' (Al, A2). An input signal (Vi) is applied to the
mput of these amplifiers so as to be compared with an output signal (Vo) of the amplifier
stage.

According to the invention, the"amplifiers (Al, A2) are each provided
with an mlubmng input (20, 22) with which it is possnble to connect to earth the gate of the -
correspondmg power transistor (M2, M1), and the amphfier stage comprises two transistors
which act as switches (SWI SW2) achlevmg that either the one or the other of the inhibiting
inputs (20, 22) is connected to enrth so that a simultaneous conduction of the power ,
transistors (Ml M) is excluded

Application: The control of low-'power motors.
Fig. 1 - |



