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Description

[0001] This invention relates to a current generator
circuit having a wide frequency response.

[0002] In particular, this circuit is of the type which
comprises at least one current mirror formed of MOS
transistors, being powered through a terminal held at a
constant voltage, having an input leg which includes at
least a first diode-connected transistor through which a
reference current is forced by a first current generator
coupled to a first terminal of the first transistor, and hav-
ing an output leg which includes at least a second tran-
sistor to generate, onto an output terminal of the mirror
coupled to a first terminal of the second transistor, a mir-
rored current which is proportional to the reference cur-
rent. A control terminal of the first transistor is coupled
to a corresponding control terminal of the second tran-
sistor. The first and second transistors also have respec-
tive second terminals connected to the terminal held at
the constant voltage.

[0003] Reference will be specifically made herein, for
illustration purposes only, to a voltage regulator having
an output stage formed by a circuit as described above
and useful, for example, in a driving system for automo-
tive audio devices.

Background Art

[0004] As is well known, the connection of two tran-
sistors into a so-called "current mirror" configuration is
frequently employed in the design of electric circuits, in
particular as integrated monolithically. This configura-
tion allows a current to be transferred to an output leg
from an input leg while retaining the same flow direction
for the current. The current which is flowing through the
input leg may be, for example, that supplied by a refer-
ence current generator. The output current will be pro-
portional to the input current by a predetermined factor,
which may be equal to unity but more commonly has a
much greater value than unity and is determined by con-
structional parameters. The ratio of the output leg cur-
rent to the input leg current is, therefore, equal to that
constant factor, and is called the mirror ratio.

[0005] This configuration, whereby a current with a
predetermined value can be obtained, is a basic one in
so-called current generator circuits. The latter may in-
clude a mirror circuit of varying complexity, or alterna-
tively, a number of mirror circuits cascade connected
with one another.

[0006] Oneexemplary application of a circuit arrange-
ment of this kind is to driver circuits for an electric load
using a power type of driving transistor connected di-
rectly to the load. In this case, the power transistor rep-
resents the output end of a more complicated circuit,
such as a voltage regulator. In order to make the output
current stable, the transistor is connected into a mirror
configuration with an additional transistor provided up-
stream.
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[0007] Conventional types of current mirror circuits
are analytically reviewed, for example, in a book by P.
R. Gray and R.G. Meyer entitled "Analysis and Design
of Analog Integrated Circuits", Wiley, New York, 1984,
pages 233-246 and 703-718.

[0008] In general, such circuits can be implemented
using either bipolar transistors or transistors of the MOS
type.

[0009] As explained in detail in the above reference,
a current mirror comprises, in its most basic form, only
two transistors and a current generator which supplies
the current to be transferred to the output, that is the
reference current, as previously mentioned. The gener-
ator can be implemented, for instance, by a resistor con-
nected to a terminal of a voltage supply and to one of
the transistors which forms the input transistor.

[0010] This circuit arrangement is quite simple, and is
used in circuits which have no strict requirements in
terms of accuracy. Other, more elaborate and just as
well known configurations, such as that commonly re-
ferred to as Wilson's -- involving the provision of addi-
tional transistors -- are used in more sophisticated de-
signs.

[0011] Furthermore, mirror circuits of the bipolar type
usually require a small triggering voltage and pose no
problems of response speed, but need comparatively
large currents for their turn-on. By contrast, mirror cir-
cuits of the MOS type, when including a power type of
output transistor, do have response problems at high
frequencies.

[0012] For a specific application, the choice between
bipolar and MOS transistors is determined by different
factors, both in terms of manufacturing process and of
electric characteristics.

[0013] Within the scope of the present invention, ref-
erence will be made in particular to current mirror ar-
rangements of the MOS type. Both P-channel MOS
transistors, abbreviated to P-MOS, and N-channel MOS
transistors, briefly N-MOS, will be considered on equal
terms.

[0014] Shown in Figure 1 is a typical arrangement for
the simplest of conventional current mirror generator cir-
cuits of the MOS type, basically comprised of a transis-
tor pair and a current generator. By way of example, the
transistors shown in that Figure are in particular of the
P-channel MOS type.

[0015] The mirror circuit is generally denoted in the
Figure by the reference numeral 1.

[0016] The current mirror 1 comprises a diode-con-
nected input transistor M1, that is a transistor which has
a gate terminal Ga1 shorted to a drain terminal D1. The
drain terminal D1 of M1 is further connected to a supply
terminal, specifically a ground terminal, which forces a
current 11 to flow through M1. This current, which rep-
resents the input current to the mirror 1, is constant and
has a predetermined value. The transistor M1 forms, in
combination with the generating stage G1, the input leg
of the mirror 1.
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[0017] A second output transistor M2 has a gate ter-
minal Ga2 connected to the gate terminal Ga1 of the
first transistor, M1. A drain terminal D2 of M2 is connect-
ed to an output terminal OUT of the circuit 1. The tran-
sistor M2 forms the output leg of the mirror, through
which the current generated by the circuit and supplied
to its output is caused to flow. This current is schemati-
cally indicated in the Figure by an arrow .

[0018] The transistors M1 and M2, being in a mirror
configuration, are coupled together through their re-
spective gate terminals, Ga1 and Ga2.

[0019] Furthermore, both transistors, M1 and M2, are
powered through their respective source terminals, S1
and S2, which are held at the same constant voltage. In
particular, and as shown in Figure 1, the source termi-
nals S1 and S2 are connected to a supply line, sche-
matically denoted by Vbat, which may represent the
connection to one pole of a source of constant voltage,
such as the battery of a motor vehicle.

[0020] In steady-state operation of the circuit shown
in Figure 1, since the transistor M1 has its gate and drain
shorted together, the gate-source voltage Vgs exceeds
the threshold value of the transistor, which is tied to the
transistor own construction. Thus, the transistor will be
operating in saturation and the current |1 supplied by
the generator G1 will be flowing through it. Since the
transistors M1 and M2 have their gate terminals Ga1
and Ga2 connected to each other and both their respec-
tive source terminals S1 and S2 connected to Vbat, the
transistor M2 will have the same gate-source voltage as
the transistor M1. A mirrored current, that is the output
current |, s whose value is proportional to that of the in-
put current 11 according to mirror ratio, as previously
mentioned, will be flowing through it.

[0021] Specifically, in a case where the circuit has
been integrated, the mirror ratio between the output cur-
rent and the input current would be equal to the ratio
between the quantities (W/L), and (W/L), for the tran-
sistors M2 and M1, respectively, where W is the channel
width and L the channel length. In general, the size of
M2 relative to M1 increases proportionally with the value
of the mirror ratio.

[0022] Also shown, in Figure 2, for completeness
sake, is a current mirror circuit, again generally denoted
by 1, which is similar to that shown in Figure 1 but in
which the MOS transistors are of the N-channel type, so
that the signs of the voltages are reversed. The source
terminals S1 and S2 of the transistors M1 and M2 are
here connected to a ground terminal, and the current
generator G1 is connected between the supply terminal
and the drain terminal D1 of the transistor M1.

[0023] The circuit depicted in Figure 2 operates in an
equivalent manner to that shown in Figure 1, but for the
flow directions of the currents.

[0024] The current mirror circuit 1 just described
shows, however, certain drawbacks in the respect of its
frequency response.

[0025] Preliminarly to a more detailed analysis of the
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circuit, account should be taken of the well-known fact
that all MOS transistors have at their gate terminals an
effective intrinsic capacitance which is non-zero and can
cause delays in the transistor operation. More specifi-
cally, in the construction of a MOS transistor, whether of
the N-channel or P-channel type, two capacitances are
to be found, as seen from the gate terminal, namely a
gate-to-source capacitance Cgs and a gate-to-drain ca-
pacitance Cgd. The values of these capacitances are
proportional to the source and drain areas of the tran-
sistor.

[0026] Referring to current mirror circuits wherein the
value of the mirror ratio is fairly large, for the applications
encompassed by the present invention, the capacitanc-
es of the smaller transistor, i.e. the input transistor, are
negligible compared to the corresponding intrinsic ca-
pacitances of the output transistor, which transistor may
commonly be a power transistor, as mentioned above.
In this respect, it is assumed that the area, say equal to
unity, of the transistor M1 is much smaller than the area
of the transistor M2, assumed to be equal to the mirror
ratio X. Only the gate-to-source and gate-to-drain ca-
pacitances of the last-mentioned transistor have been
indicated in dash lines and briefly denoted by Cs and
Cd, respectively, in figures 1 and 2.

[0027] Itis in particular the presence of the dominant
capacitance Cs, whose value is the greater the higher
the mirror ratio and, hence, the transistor M2 size, that
introduces the aforementioned problems.

[0028] As can be easily construed from an analysis of
the frequency stability of the circuit according to Figures
1 and 2, its transfer function, i.e. the mathematical law
that governs the output-to-input signal relation, has at a
certain frequency a pole which is determined by the
presence of the intrinsic capacitances on the gate of M2.
As is known, the pole has the effect of depressing the
circuit gain from that frequency at a constant rate of fall.
[0029] The so-called cutoff frequency f1 introduced by
the pole into the mirror circuit of Figures 1 and 2 specif-
ically is f1 = (1/2n) x gmMI/(Cs + Cd), where gmM1 is
the transconductance of the transistor M1. The term
Cs+Cd is easily explained as being the effective overall
capacitance -- seen from the gate terminal of M2
whence the two capacitances would appear to be in par-
allel, so to speak. Since Cs is much greater than Cd, the
sum of Cs+Cd is essentially equal to Cs; and with Cs
being a fairly large value, the cutoff frequency 1 will be
relatively low, on the order of hundreds of kHz.

[0030] More poles would also be present, of necessi-
ty, in the overall transfer function which characterizes
the circuit and its specific application. For example, an
electricload is connected to the output OUT of the mirror
circuit 1, as previously mentioned, which load can be
outlined by the series connection of a resistive load with
a capacitive load. Thus, the presence of a capacitive
load on the terminal OUT creates a further pole in the
transfer function.

[0031] The simultaneous presence of two poles can
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produce instability in the circuit operation, in cases
where the circuitis inserted in a feedback loop, as is well
known to those skilled in the art. A critical situation oc-
curs when the respective cutoff frequencies lie suffi-
ciently close together to cause the combined effects of
both poles, which are manifested by a doubled gain fall-
ing rate, to become substantial before the gain has
dropped down to a unity value.

[0032] With reference to the current mirror of Figures
1 and 2, the load applied to the output OUT usually has
a large capacitive value. Accordingly, it introduces a
pole at a fairly low frequency 2, again on the order of
hundreds of kHz. In addition, the value of f2 shifts ac-
cording to the applied load. On the other hand, the pole
relating to the gate capacitances of the transistor M2 is,
as already mentioned, at an equally low frequency, high-
er than but close to that due to the load. The pole intro-
duced by M2, moreover, approximates that due to the
load as the area of M2 and the mirror ratio increase.
[0033] Thus, the operation of the conventional current
mirror circuit as illustrated by Figures 1 and 2 shows
some instability due to the presence of a large capaci-
tance on the control node of the output transistor M2.
This capacitance is also responsible for delays in the
steady state operation of the circuit.

[0034] US patent 4,879,524 describes a current mir-
ror circuit including a further amplifier block connected
to the output leg and coupled to the input leg through a
further threshold block. This additional amplifier block
functions as a unity gain, non-inverting, push pull ampli-
fier providing an impedance reduction between the con-
trol terminal of the output transistor and the further
threshold block.

[0035] The technical problem underlying this inven-
tionis to provide a current generator circuit of the current
mirror type, whereby the adverse effect of the intrinsic
capacitance on the gate node of the output transistor
can be made negligible. The circuit forming the subject
of this invention should have an extended range of fre-
quency response.

[0036] Another object of the invention is to provide a
current mirror circuit of simple construction which can
be manufactured by a process of least complexity, and
which, when integrated monolithically, would occupy a
reduced integration area, while assuring satisfactory
performance.

Summary of the Invention

[0037] The solvent idea on which this invention is
predicated is one of providing a current generator circuit
of the current mirror type, whereby the effective overall
capacitance present on the control node of the output
transistor of the current mirror can be controlled, and in
particular, made lower in value than the intrinsic capac-
itance anyhow present on that same node. To this aim,
an element is provided which drives the node with a se-
lected impedance.
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[0038] A current generator circuit having a controlla-
ble frequency response comprises at least one current
mirror of the MOS transistor type. The current mirror has
an input leg which includes at least a first diode-con-
nected transistor, and an output leg which includes at
least a second transistor. A reference current is forced
through the first transistor by means of a first current
generator which is coupled to a first terminal of the tran-
sistor, specifically a drain terminal thereof. The two tran-
sistors have respective control terminals, i.e. gate ter-
minals, which are coupled together. The mirror gener-
ates, on an output terminal thereof which is coupled to
a first or drain terminal of the second transistor, a mir-
rored current which is proportional to the aforemen-
tioned reference current.

[0039] Furthermore, the current mirror is powered
through a terminal which is held at a constant voltage;
in particular, the first and second transistors have re-
spective second terminals, namely their source termi-
nals, which are held at this constant voltage.

[0040] In accordance with the invention, an imped-
ance matching means is connected between the control
terminals of the first and second transistors. This means
is arranged to hold both control terminals at the same
voltage level, so that the current mirror can properly op-
erate.

[0041] Also in accordance with the invention, the im-
pedance matching means comprises a voltage follower
having a first input, namely an input of the non-inverting
type, connected to the gate terminal of the first transis-
tor, and an output connected to the gate terminal of the
second transistor and feedback-connected to a second
input, specifically an input of the inverting type, of the
follower.

[0042] In essence, the impedance matching means
has an output impedance which can be adjusted, and
in particular -- for the primary purpose of this invention
-- has a lower value than would be the case without this
means. It functions to regulate the impedance on the
control node of the output transistor, i.e. the second tran-
sistor.

[0043] Particularly in a preferred embodiment of the
invention, the voltage follower comprises a third transis-
tor which functions as a low output impedance amplify-
ing element connected with its output to the gate of the
second transistor, and a fourth transistor which is con-
nected to the first transistor of the mirror and mirror con-
figured with the third, whereby the gate terminals of the
first and second transistors will be held at the same po-
tential.

[0044] This invention can be applied equally well to
MOS transistors of the N-channel and P-channel types.
[0045] Based on the solvent idea, the technical prob-
lemis solved by a current generator circuit having a con-
trollable frequency response, as indicated above and
defined in the Claim 1.

[0046] The problemis also solved by a method of gen-
erating at a controlled rate a mirrored current from a ref-
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erence current, as defined in independent claim 15.
[0047] For the purpose of this invention it matters to
observe, moreover, that bipolar transistors introduce no
further poles in the transfer function of the system.
Therefore the provision of a follower including a low-im-
pedance amplifying element formed by a transistor of
the bipolar type according to the independent claims
solves the problem underlying the present invention.
[0048] The features and advantages of a current gen-
erator circuit according to the invention will be apparent
from the detailed description of embodiments thereof,
given by way of non-limitative examples with reference
to the accompanying drawings.

Brief Description of the Drawings

[0049] In the drawings:
Figures 1 and 2 are diagrams of conventional gen-
erator circuits of the current mirror type including
P-MOS and N-MOS transistors, respectively, as
previously discussed;

Figure 3 is a diagram of a current generator circuit
of the current mirror type according to this invention;

Figure 4 is an equivalent diagram of the circuit in
Figure 3, wherein the mirror is implemented using
transistors of the N-MOS type;

Figure 5 shows an embodiment of the current mirror
circuit according to the invention;

Figure 6 shows a further embodiment of this inven-
tion in greater detail;

Figure 7 is a diagram of a voltage regulator incor-
porating a current mirror circuit according to the in-
vention; and

Figure 8 is a block diagram illustrating an applica-
tion of the voltage regulator of Figure 7 to a driver

system for automotive audio devices.

Detailed Description

[0050] Shown in Figure 3 is a general diagram of a
current generator circuit of the type which comprises a
current mirror with MOS transistors, according to this in-
vention. The same reference numerals and symbols as
in Figures 1 and 2 have been used to denote similar el-
ements in Figure 3.

[0051] The current mirror circuit of this invention is
generally denoted by the reference 2. Preferably, this
would be integrated monolithically. By way of example
only, the current mirror includes P-channel MOS tran-
sistors.

[0052] The mirror circuit 2 has an input leg through
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which a reference current 11 is caused to flow which is
supplied from a first current generator, contained in a
block G1, and an output leg for generating, on an output
terminal OUT of the mirror, a mirrored current |, which
is proportional to the reference current 11. The propor-
tionality constant is determined by the mirror ratio X, like
in conventional current mirror circuits.

[0053] The input leg includes a first transistor M1,
which is diode-configured, i.e. has a drain terminal D1
and a gate terminal Ga1 shorted together. The afore-
mentioned reference current 11, having a predetermined
constant value, is forced through M1. For that purpose,
the current generator G1 is connected to a first terminal,
specifically the drain terminal D1, of the transistor M1
and to a ground terminal. The current 11, forming the
input current of the mirror 2, may optionally be selected
according to an external signal of the circuit, as ex-
plained hereinafter in details.

[0054] The outputlegincludes a second transistor M2
through which the current |, is flowed and which has
afirstterminal, i.e. its drain terminal D2 according to Fig-
ure 3, connected to the output terminal OUT of the mirror
circuit 2.

[0055] As already mentioned in connection with prior
art mirror circuits, the relative sizes of the two transistors
M2 and M1 sets the ratio |,,/I1 of the output current to
the reference current, that is the mirror ratio X. In the
applications for which this invention is primarily intend-
ed, the number X would preferably be a fairly large one,
and therefore, the second transistor M2 be a definitely
greater size than the first transistor M1.

[0056] Also, the current mirror 2 is powered through
a terminal Vbat which is held at a constant voltage. In
particular, Vbat is exemplified by a battery voltage in the
instance of an automotive application; however, it could
represent in a specified application any supply line ef-
fective to provide a constant voltage. Specifically, sec-
ond terminals, namely the source terminals S1 and S2,
of the transistors M1 and M2 are held at the aforemen-
tioned constant voltage Vbat.

[0057] In accordance with this invention, the respec-
tive control terminals, i.e. the gate terminals Ga1 and
Ga2, of the two transistors M1 and M2 are not connected
directly to each other, but are coupled through an im-
pedance matching means, shown at 3 in Figure 3. This
means 3 is designed to hold the same voltage on the
respective gate terminals of M1 and M2.

[0058] A simple embodiment of this scheme is diagra-
matically depicted in the Figure, where the means 3 is
shown to comprise a voltage follower. As shown in the
Figure, the voltage follower 3 has a first input connected
to the gate terminal Ga1 of the first transistor M1, and
an output connected to the gate terminal Ga2 of the sec-
ond transistor M2 and feedback-connected to a second
input of the follower. In this scheme, the first input is of
the non-inverting type and conventionally denoted by a
"+" sign, whereas the second feedback input is an in-
verting type and denoted by a "-" sign.
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[0059] In the current generator circuit 2 of this inven-
tion, the transistors M1 and M2 are arranged to operate
in a current mirror configuration similar to the corre-
sponding transistors in the prior art circuit 1. In this re-
spect, it should be noted that a condition is that the
above-mentioned transistors should have the same
gate-source voltage in order for them to operate in a
proper "mirror" mode. Thus, in a steady state condition,
the input transistor M1, being operated at a sufficient
gate-source voltage to ensure its turning on, will admit
the current from the generator G1, so that through M2
the exact mirrored current can be flowed.

[0060] To this aim, both transistors should have the
same gate voltage at any time. This function is provided,
in the circuit of this invention, by coupling the two gate
terminals through the structure of the voltage follower
type. In fact, such a circuit element allows the same volt-
age to be held at the output as is present at an input
thereof. The scheme shown essentially allows the volt-
age to be compared, and then, held the same at its in-
puts, or at its first "+" input and its output, and hence at
the control terminals Ga1 and Ga2 of M1 and M2.
[0061] The voltage follower 3 of this invention func-
tions to drive the gate of the transistor M2, which may
be a power transistor, with controlled impedance. The
follower 3 has, in fact, its output impedance adjustable,
and particularly for one purpose of this invention, of a
lower value than the value to be had without the follower.
The latter value is that substantially determined, as pre-
viously explained in connection with the prior current
mirror circuit of Figure 1, by the intrinsic capacitances
present on the gate terminals of the mirror transistors.
Where the mirror ratio is a high one, so that the size of
the transistor M1 is negligible compared to the output
transistor M2 -- as previously explained already -- the
significant gate capacitances are bound to be those of
M2, which have been shown in dash lines for clarity in
Figure 3 as well. By reducing, in accordance with the
invention, the effective overall capacitance as seen from
the control terminal Ga2 of M2, the voltage follower 3
provided allows the pole due to the capacitances Cs and
Cd to be shifted toward higher frequencies.

[0062] Advantageously, the circuit 2 of this invention
can therefore make the harmful effect of the gate-to-
source capacitance of the output transistor M2 negligi-
ble. As a result, on the one side, the circuit response
can be made faster, while on the other, the shift in the
second cutoff frequency, and hence the separation of
the two poles, makes for a stabler overall system.
[0063] Notice that the mirror type of circuit according
to the invention could be implemented otherwise by a
skilled person in the art. The input and output legs could
include additional circuit elements, such as MOS-type
transistors, and still be encompassed by this invention.
For example, a transistor may be connected in parallel
with M1 or M2 to provide a mirror of more elaborate con-
struction. Also, a generator circuit could comprise a rep-
lica of a certain number of mirror circuits 2 arranged in
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cascade.

[0064] Further, the voltage follower 3 may be imple-
mented with other impedance matching circuit means,
provided that they can perform the same functions as in
the follower described hereinabove.

[0065] For the sake of completeness, in Figure 4,
there is shown a MOS transistor current mirror type of
generator circuit similar to that shown in Figure 3, except
that N-channel transistors are used here.

[0066] Unlike the circuit just described, in this imple-
mentation, the mirror circuit 2 is powered through a
ground terminal to which the source terminals S1 and
S2 of the transistors M1 and M2 are connected. In ad-
dition, the flow directions of the currents are reversed.
Its operation is otherwise the same as that of the circuit
in Figure 3.

[0067] Figure 5 shows a preferred embodiment of the
generator circuit 2, in the instance of P-channel MOS
transistors being used. The same references are used
in this Figure as in Figure 3.

[0068] As shown in the Figure, the voltage follower 3
comprises a pair of bipolar transistors T1 and T2, and a
second current generator G2. The transistors T1 and T2
are of the NPN type in this embodiment and operate in
a mirror configuration, that is have the same base-emit-
ter voltage, with their respective control or base termi-
nals B1 and B2 connected directly. In the preferred em-
bodiment of the invention, the transistors T1 and T2 are
the same size and have the same characteristics.
[0069] The transistor T1 is diode-connected, that is
has its base B1 and collector C1 terminals shorted to-
gether. This transistor is connected between the drain
D1 and gate Ga1 terminals of the transistor M1, through
its collector terminal C1 and an emitter terminal E1, re-
spectively.

[0070] The transistor T2 has a terminal, specifically
an emitter terminal E2, connected to the gate terminal
Ga2 of M2. For the purpose, the current 12 is forced
through T2 by means of the second generator G2, con-
nected to the aforementioned emitter terminal E2. A col-
lector terminal C2 of the transistor T2 is connected di-
rectly to the supply line Vbat.

[0071] Notice that, in accordance with this invention,
the transistors M1 and M2 are once again operated in
a mirror configuration. It is assumed, in fact, that the
emitter areas of the transistors T1 and T2 are identical,
since a pair of identical transistors have been chosen
as mentioned above. Under this condition, M1 and M2
operate at the same gate-source voltage, as brought out
by the following relations.

[0072] Let V1 and V2 be the respective voltages at
the gate terminals Ga1 and Ga2 of the transistors M1
and M2, then from the Figure it is readily derived that:

V1 + Vbe(T1) = V2 + Vbe(T2) (1)

where, Vbe(T1) and Vbe(T2) are the base-emitter volt-
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ages of T1 and T2, respectively, and

V1 = Vbat + Vgs(M1) )

where, Vgs(M1) is the gate-source voltage of M1.
[0073] From(1)and (2)itisfound, since Vbe(T1)=Vbe
(T2), that

V2 = V1 + Vbe(T1) - Vbe(T2) = V1 = Vbat - Vgs(M1).

[0074] Therefore, the circuit 3 allows the same volt-
age to be held at the gate terminals Ga1 and Ga2 of the
transistors M1 and M2. In other words, this is obtained
by inserting in a mirror-image fashion a pair of similar
junctions, i.e. the base-emitter junctions of the bipolar
transistors T1 and T2, between the control terminals
Ga1, Ga2 of the transistors M1, M2 and a common
node, specifically a connection node between the base
terminals B1 and B2 of T1 and T2.

[0075] The operation of the circuit shown in Figure 5
is generally the same as that of a current mirror made
up of the transistors M1 and M2.

[0076] Furthermore, as shown in the Figure, the ref-
erence current |1 is forced through the transistor MOS
M1, as well as through the T1, which is in series with the
generator G1 and in its "on" state. The transistor T2 is
also in its conducting state and admits a current flow,
specifically of the current 12 supplied to it from the sec-
ond generator G2. Some of the outgoing current |2 from
the transistor T2 is supplied to the gate terminal Ga2 of
the transistor M2 and used to charge the intrinsic gate-
to-source and gate-to-drain capacitances. These gate
capacitances, not shown in Figure 5, of the transistor
M2 are therefore charged at a faster rate on account of
the current 12 being supplied to them. As a result, the
transistor M2 switching will be speeded up.

[0077] Inaccordance with this invention, the provision
of a voltage follower 3 is mainly effective to reduce the
overall capacitance, as seen from the gate terminal
Ga2, of the output transistor M2 of the current mirror 2.
From an analysis of the frequency response of the circuit
in Figure 5, the value of the cutoff frequency determined
by the pole due to the intrinsic capacitances of M2 can
be found. The corresponding frequency f1' of this pole
is now expressed by

f1' = (1/2r) x gmM1 x B4,/(Cs + Cd)

where, gmM1 is the transconductance of M1, Cs and
Cd are respectively the gate-to-source and gate-to-
drain capacitances of the transistor M2, and By, is the
proportionality factor or amplification factor, which is
constant and greater than one, between the collector
current and the base current of the transistor T2. As a
comparison with the cutoff frequency f1 for the conven-
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tional circuit described hereinbefore brings out, in the
circuit of Figure 5, the term referring to the effective over-
all capacitance as seen from the gate terminal Ga2 of
M2, namely Cs+Cd, is diminished by the factor Bt,. This
can be explained by that the gate terminal Ga2 of M2 is
driven with a current which has been amplified in accord
with the amplification factor By, of the transistor T2.
[0078] Thus, the pole due to the intrinsic capacitances
on the gate of M2 will be shifted toward higher frequen-
cies than in the prior art previously discussed. Advanta-
geously, in the circuit of Figure 5, this pole is, therefore,
pulled away from the pole due, for example, to the pres-
ence of aload on the output terminal OUT, as previously
explained. The stability problems of the whole circuit are
thus made substantially negligible. Atthe same time, the
reduction in the effective capacitance, and hence in the
impedance on the gate terminal of the larger transistor,
makes for a faster frequency response of the circuit 2.
[0079] Basically the preferred embodiment of this in-
vention provides, in the voltage follower 3 and for the
set purposes, an output stage which includes a low-im-
pedance amplifying element, namely the transistor T2,
operatively connected to the control terminal Ga2 of the
output transistor M2 of the current mirror.

[0080] Furthermore, the generator circuit of the cur-
rent mirror type according to the invention is particularly
simple from the standpoints of its construction and man-
ufacturing process, while exhibiting excellent perform-
ance in terms of frequency response.

[0081] Notice that, by lowering the gate capacitance
of the output transistor M2, the circuit of this invention
advantageously allows a high mirror ratio X to be used
with no prejudice for its operation. For the same output
current |,,; -- whose value is usually predetermined by
specific applicational requirements and is given, as will
be recalled, by the product of the input current I1 and
the mirror ratio X -- this allows a smaller input or refer-
ence current |1 to be used. Thus, the so-called no-load
current consumption, i.e. the current used to operate the
circuit but substantially unused for the purpose of driving
the load, can also be reduced.

[0082] A further advantage of the circuit shown in Fig-
ure 5 is the rejection to any disturbance appearing on
the supply line Vbat.

[0083] Infact, should a voltage spike occur at the sup-
ply in the conventional circuit of Figure 1, the gate ter-
minal of M2 would oppose a certain inertia due to the
capacitances Cs and Cd and fail to follow the voltage
variation that has occurred at its source. This causes a
variation in the gate-source voltage which is slow to set-
tle on account of the high impedance present on the
gate. Consequently, the output current would suffer a
corresponding variation which is uncontrollable.
[0084] By contrast, in the circuit of this invention
shown in Figure 5, assuming that the supply spike is a
positive one, the gate Ga1 of the transistor M1 would
follow that variation, and the common terminal B1-B2
rise rapidly. The gate Ga2 of M2, and therefore the emit-
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ter E2 of T2, will not follow the gate Ga1 of M1 with the
same time constant because the intrinsic capacitances
of the two gates are different. This results in the base-
emitter voltage of T2, and hence its current, being in-
creased. However, since the current 12 from the gener-
ator G2, which is forced through T2, is constant, the ca-
pacitance on the gate Ga2 of M2 will be supplied a larger
amount of current and, therefore, charged at a faster
rate. In this way, a feedback effect is obtained from the
transistor T2 provided.

[0085] If the spike is negative, the effect will be sym-
metrical because the base B2 of T2 tends to remain at
the same voltage, resulting in a decrease of the base-
emitter voltage of the transistor and, hence, its current.
Since 12 is constant, the current differential is drawn by
the capacitance Cs connected with the gate Ga2 of M2,
which will be discharged rapidly.

[0086] Some advantages come from the provision, in
the preferred embodiment of the follower according to
the invention shown in Figure 5, of a bipolar, rather than
MQOS, pair of transistors. Basically, they have a lower
triggering voltage than MOS transistors. For the purpos-
es of this invention, it matters to observe, moreover, that
bipolar transistors introduce no further poles in the
transfer function of the system.

[0087] Itshould also be noted that the circuit arrange-
ment of Figure 5 has no limitations from the dynamic
range standpoint. The gates of the transistors M1 and
M2 can, in fact, be grounded, thereby utilizing the high-
est possible voltage Vbat as gate-source voltage for
their turn-on, while ensuring proper operation of the cir-
cuit in any case. In particular, the transistors T1 and T2
develop no defects in their operation.

[0088] It should be considered that, in the embodi-
ment of Figure 5, two generic current generators G1 and
G2 have been shown which may be implemented in any
desired manner, e.g. by resistors. The current 11 from
G1 constitutes the current that is to be mirrored, and
accordingly it will be determined, for a specific embodi-
ment of the circuit or specified mirror ratio, by the output
current | ;. In its simplest form, the generator G2 can
be independent of G1 and supply a predetermined cur-
rent |2. The current |2 may optionally be arranged, how-
ever, to be dependent on the current 1, and in particular,
proportional to the latter.

[0089] A circuitembodimentincluding a pair of current
generators which are operatively dependent is shown
in Figure 6.

[0090] AsshowninthatFigure, the generators G1and
G2 consist of MOS transistors, specifically of the P-
channel type, M3 and M4, respectively, which are con-
nected together into a current mirror. Therefore, the re-
spective currents supplied by G1 and G2 will be mutually
dependent, with 12 being proportional to 11. More partic-
ularly, the transistors have their drain terminals opera-
tively connected to the transistors M1 and M2, and
source terminals connected to ground.

[0091] The control terminals, i.e. the gate terminals of
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M3 and M4, connected directly to each other, in the pre-
ferred embodiment shown in Figure 6, are further con-
nected to a control node, denoted by CTRL. The control
voltage is supplied by the feedback loop controlling the
mirror circuit itself. This allows a dynamic driving of the
gate of M2 to be provided, whereby the turn-on speed
of M2 is increased. These are additional advantages to
those previously described in relation to the circuit of
Figure 5.

[0092] Thus, the generator circuit of the mirror current
type according to this invention provides a method of
generating, at a controlled rate, from a reference current
(11) amirrored current () on an output terminal (OUT),
which method comprises the steps of,

providing an input circuit leg and an output circuit
leg, coupled to each other by respective control
nodes (Ga1 and Ga2);

forcing the reference current (11) through the input
circuit leg;

stabilizing the potential at the control node (Ga2) of
the output circuit leg by means of a voltage follower
circuit (3) with adjustable output impedance, there-
by to vary the impedance as seen from said control
node (Ga2); and

generating the mirrored current (l,,;) through said
output leg.

[0093] Preferably, as previously explained, the
above-mentioned output impedance has a lower value
than that to be obtained with the control nodes (Ga1 and
Ga2) shorted together.

[0094] Consistently with the description given in con-
nection with Figure 6, this method comprises a further
step of stabilization of the mirror current value by a
means effective to vary the reference current according
to the mirrored output current.

[0095] Figure 7 shows a block diagram of a voltage
regulator circuit, the output stage of which is provided
by a current mirror circuit according to the invention. In
particular, the output stage comprises a power output
transistor of the P-MOS type and, placed upstream of
this, a further transistor which is connected into a mirror
configuration therewith, e.g. as shown in Figure 6.
[0096] The regulator 10 comprises a driving stage,
generally shown at 4, a feedback block 5, and the output
stage 6.

[0097] The driving stage 4 has a first input connected
to a terminal which is held at a reference voltage Vref,
and an output which is connected to a control terminal
CTRL. The output stage 6 is driven by the driving stage
4 through the control terminal CTRL and is connected
by its output to the output terminal OUT. The output of
the stage 6 is also feedback-connected to a second in-
put of the driving stage 4 via the feedback block 5. In
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addition, the driving stage 4 and output stage 6 are pow-
ered from a supply line Vbat.

[0098] As shown in Figure 6, wherein the gate termi-
nal of the reference current generator M3 is connected
to a control node CTRL, the reference current of the mir-
ror circuit, i.e. the current which flows through the output
stage 6 of Figure 7, is not a constant one, but is control-
led by the driving stage 4. In particular, it is dependent
on the outgoing current from the stage 4 because driven
by the feedback block 5.

[0099] The voltage regulator having on its output a
current mirror which includes an impedance matching
means, in accordance with this invention, is particularly
stable, even at high frequencies in its operation.
[0100] A device which incorporates a voltage regula-
tor 10 of the type shown in Figure 7, is schematically
illustrated by Figure 8. The device, which is used in au-
tomotive applications to drive the wireless system, e.g.
the power supply of a radio, the power supply of a control
microprocessor for the system, the aerial switch, and the
switch of the recorder driver. The device is preferably
integrated into a common integrated circuit.

[0101] Referring to Figure 8, the block 20 is a refer-
ence voltage generator, specifically of the band-gap
type. The reference voltage is temperature stable, and
its value determines that of the voltages supplied to the
regulator outputs. The regulators are of the kind shown
in Figure 7, and are all denoted by the numeral 10. They
supply on their outputs regulated voltages REG1,
REG2, REG3 and REG4 which normally have different
values from one another. Typical values for such voltag-
es are 10V, 8.5V and 5V. The blocks 21 are highside
drivers, i.e. driving devices which supply a current, I1,
12 and 13, to the electric load connected to respective
outputs HSD1, HSD2 and HSD3. In a preferred applica-
tion, these currents may be as follows: 11=2A,
12=13=200mA. The regulating blocks 10, driving blocks
21 and the reference potential generator circuit 20 are
all powered from the voltage supply Vbat, the fourth reg-
ulator 10 being also supplied a voltage from a capacitor
STCAP.

[0102] The block 22 is a current limiting circuit which
includes protectors from shorts for the regulators 10 and
the driving circuits 21.

[0103] A specific control circuit for the microproces-
sor, not shown, is contained in the block 23. The termi-
nals RESET and LVW (Low Voltage Warning) represent
connections to the microprocessor. The block 23 is con-
nected to an output of the circuit 20 that generates the
reference voltage.

[0104] The block 24 contains further protections, such
as a thermal protection against excessive rise of tem-
perature in the device, a dump protection from overvolt-
ages in Vbat, and a protection from possible electrostat-
ic discharges. This block is also connected by its output
to each of the voltage regulators 10 and the driving cir-
cuits 21.

[0105] Terminals SW1, SW2 and SW3 for connection
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to the microprocessor serve to control the regulators
and drivers on and off, namely SW1 the first three reg-
ulators 10 and the first driver 21, SW2 the second driver
21, and SWa3 the third driver 21. The fourth regulator 10
instead is always on.

[0106] It should be understood that changes and
modifications may be made unto the current generator
with a wide frequency response described in the fore-
going, without departing from the scope of this invention
as defined in the following claims.

Claims

1. A current generator circuit with controllable fre-
quency response, of a type which comprises at
least one current mirror formed of MOS transistors,
being powered through a terminal held at a constant
voltage, having an input leg which includes at least
a first diode-connected MOS transistor (M1)
through which a reference current (11) is forced by
a first current generator (G1) coupled to a first ter-
minal (D1) of said first transistor (M1), and having
an output leg which includes at least a second MOS
transistor (M2) to generate, onto an output terminal
(OUT) of the mirror coupled to a first terminal (D2)
of the second transistor (M2), a mirrored current
(Iout) Which is proportional to said reference current
(),

a control terminal (Ga1) of the first transistor (M1)
being coupled to a corresponding control terminal
(Ga2) of the second transistor (M2),

and said first and second transistors having respec-
tive second terminals (S1 and S2) connected to the
terminal held at the constant voltage,

further comprising an impedance matching means
(3) connected between said control terminals (Ga1
and Ga2) of the first and second transistors and
configured to hold the same voltage value at both
control terminals (Ga1 and Ga2), said impedance
matching means (3) comprising a voltage follower
having a first input (+) connected to said control ter-
minal (Ga1) of the first transistor, and an output con-
nected to said control terminal (Ga2) of the second
transistor and feedback-connected to a second in-
put (-) of the voltage follower,

characterized in that said voltage follower com-
prises an output stage including a low-impedance
amplifying element formed by a transistor (T2) of
the bipolar type.

2. A circuit according to Claim 1, characterized in
that 5 said voltage follower has low output imped-
ance toward said control terminal (Ga2) of the sec-
ond transistor.

3. A circuit according to Claim 1, characterized in
that through the low impedance amplifying element
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(T2) a current (12) is forced by a second current gen-
erator (G2), which has an output terminal (E2) con-
nected to said control terminal (Ga2) of the second
transistor.

A circuit according to Claim 3, characterized in
that said amplifying element comprises a third tran-
sistor (T2) having a first terminal (C2) held at said
constant voltage, a second output terminal (E2)
connected to said control terminal (Ga2) of the sec-
ond transistor, and a control terminal (B2).

A circuit according to Claim 4, characterized in
that said voltage follower further includes a fourth
transistor (T1) in a diode configuration having a first
terminal (C1) connected to said first terminal (D1)
of the first transistor of the mirror, a second terminal
(E1) connected to said control terminal (Ga1) of the
first transistor, and a control terminal (B1), the third
and fourth transistors (T2 and T1) being connected
to each other through their respective control termi-
nals (B2 and B1).

A circuit according to Claim 5, characterized in
that said third and fourth transistors (T2 and T1)
have the same size.

A circuit according to Claim 5, characterized in
that said third and fourth transistors (T2 and T1) are
of the bipolar type.

A circuit according to Claim 3, characterized in
that said second generator (G2) generates a cur-
rent (12) which depends on the current (11) supplied
by the first reference current generator (G1).

A circuit according to Claim 8, characterized in
that said first and second generators (G1 and G2)
respectively include an input transistor (M3) supply-
ing said reference current (I11) and an output tran-
sistor (M4) supplying said current (12) from the sec-
ond generator, and are connected to each other into
a current mirror, with the common control terminal
(CTRL) of the two transistors being supplied an ex-
ternal control signal.

A circuit according to Claim 1, characterized in
that said voltage follower comprises a pair of iden-
tical junctions connected in mirror-image fashion
between said control terminals (Ga1 and Ga2) of
the first and second transistors and a common node
(B1,B2), respectively.

A circuit according to Claim 1, characterized in
that said first and second transistors (M1 and M2)
in the current mirror are of the P-MOS type, and said
constant voltage is a supply voltage (Vbat).

10

15

20

25

30

35

40

45

50

55

10

EP 0 760 555 B9 (W1B1)

12

13.

14.

15.

18

A circuit according to Claim 1, characterized in
that said first and second transistors (M1 and M2)
in the current mirror are of the N-MOS type, and said
constant voltage is the ground voltage.

A voltage regulating circuit of the type which com-
prises:

an output stage (6) having an output terminal
(OUT) and a control terminal (CTRL), and being
powered through a terminal which is held at a
constant voltage (Vbat); and

a driving stage (4) being powered through said
terminal held at a constant voltage (Vbat), con-
nected with its output to said control terminal
(CTRL), and having a first input held at a refer-
ence voltage (Vref) and a second input to which
said output terminal (OUT) of the output stage
(6) is feedback-connected via a feedback block

(5);

characterized in that said output stage (6) com-
prises a current generator circuit as claimed in
Claim 1.

A device for driving an audio system, comprising:

a plurality of voltage regulating circuits (10)
generating constant voltages at respective out-
puts (REG1,REG2,REG3 and REG4) and be-
ing powered through a terminal which is held at
a constant supply voltage (Vbat);

a plurality of driving circuits (21) supplying cur-
rents of predetermined values to respective
outputs (HSD1,HSD2 and HSD3);

a circuit (20) for generating a stable reference
voltage to be supplied to each of the voltage
regulating circuits (10) and the driving circuits
(21); and

a shorting current limiter circuit (22) and a pro-
tection block (24) acting on each of the voltage
regulating circuits (10) and the driving circuits
(21);

said regulating (10) and driving circuits (21) be-
ing controlled on and off by external signals
through a predetermined number of control ter-
minals (SW1,SW2 and SW3) of the device;

characterized in that said voltage regulating cir-
cuits are as claimed in Claim 13.

A method of generating, at a controlled rate, from a
reference current (I1) a mirrored current (I,,;) on an
output terminal (OUT), which method comprises the
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steps of,

providing an input circuit leg and an output cir-
cuit leg, coupled to each other by respective control
nodes (Ga1 and Ga2) the input circuit leg including
at least a diode-connected MOS transistor and the
output circuit leg including at least a MOS transistor;

forcing the reference current (I11) through the
input circuit leg;

stabilizing the potential at the control node
(Ga2) of the output circuit leg by means of a voltage
follower circuit (3) with adjustable output imped-
ance and comprising an output stage including a
low-impedance amplifying element formed by a
transistor (T2) of the bipolar type, thereby to vary
the impedance as seen from said control node
(Ga2); and

generating the mirrored current (l,,;) through
said output leg.

A method according to Claim 15, characterized in
that said output impedance is lower in value than
the impedance to be had when said control nodes
(Ga1 and Ga2) are shorted together.

A method according to Claim 15, characterized in
that it further comprises a step of stabilization of the
mirrored current value providing a means of varying
the reference current according to the mirrored out-
put current.

Patentanspriiche

1.

Stromquellenschaltung mit steuerbarem Frequenz-
gang des Typs mit mindestens einem aus
MOS-Transistoren gebildeten Stromspiegel, ge-
speist Uber einen auf einer konstanten Spannung
gehaltenen Anschluss, mit einem Eingangszweig,
der mindestens einen ersten, als Diode geschalte-
ten MOS-Transistor (M1) enthalt, Gber den ein Re-
ferenzstrom (1) durch eine erste Stromquelle (G1),
der an einen ersten Anschluss (D1) des ersten
Transistors (M1) gekoppeltist, gepragt wird, und mit
einem Ausgangszweig, der mindestens einen zwei-
ten MOS-Transistor (M2) aufweist, um an einem
Ausgangsanschluss (OUT) des an den ersten An-
schluss (D2) des zweiten Transistors (M2) gekop-
pelten Spiegels einen gespiegelten Strom (I, zu
erzeugen, der proportional zu dem Referenzstrom
(I1) ist, wobei ein Steueranschluss (Ga1) des ersten
Transistors (M1) an einen entsprechenden Steuer-
anschluss (Ga2) des zweiten Transistors (M2) ge-
koppelt ist, und der erste und der zweite Transistor
mit jeweiligen zweiten Anschlissen (S1 und S2) an
den auf der konstanten Spannung gehaltenen An-
schluss angeschlossen sind,

weiterhin umfassend eine Impedanzanpasseinrich-
tung (3), die zwischen die Steueranschlisse (Ga1
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und Ga2) des ersten und des zweiten Transistors
geschaltet und so konfiguriert sind, dass sie den
gleichen Spannungswert an beiden Steueran-
schliissen (Ga1 und Ga2) halten, wobei die Impe-
danzanpasseinrichtung (3) einen Spannungsfolger
mit einem an den Steueranschluss (Ga1) des er-
sten Transistors angeschlossenen ersten Eingang
(+) und einem an den Steueranschluss (Ga2) des
zweiten Transistors angeschlossenen Ausgang,
der an einen zweiten Eingang (-) des Spannungs-
folgers zurlickgefiihrt ist, aufweist,

dadurch gekennzeichnet, dass der Spannungs-
folger eine Ausgangsstufe mit einem eine niedrige
Impedanz aufweisenden Verstarkungselement ent-
halt, welches durch einen Bipolar-Transistor (T2)
gebildet wird.

Schaltung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Spannungsfolger in Richtung
des Steueranschlusses (Ga2) des zweiten Transi-
stors eine niedrige Ausgangsimpedanz besitzt.

Schaltung nach Anspruch 1, dadurch gekenn-
zeichnet, dass Uber das Verstarkungselement (T2)
niedriger Impedanz von einer zweiten Stromquelle
(G2), die mit einem Ausgangsanschluss (E2) an
den Steueranschluss (Ga2) des zweiten Transi-
stors angeschlossen ist, einen Strom (12) einge-
pragt wird.

Schaltung nach Anspruch 3, dadurch gekenn-
zeichnet, dass das Verstarkungselement einen
dritten Transistor (T2) aufweist, der mit einem er-
sten Anschluss (C2) auf der konstanten Spannung
gehalten wird, der an einen zweiten Ausgangsan-
schluss (B2) an den Steueranschluss (Ga2) des
zweiten Transistors angeschlossen ist, und der ei-
nen Steueranschluss (B2) aufweist.

Schaltung nach Anspruch 4, dadurch gekenn-
zeichnet, dass der Spannungsfolger weiterhin ent-
halt: einen vierten Transistor (T1) in Diodenschal-
tung mit einem ersten Anschluss (C1), der an den
ersten Anschluss (D1) des ersten Transistors des
Spiegels angeschlossen ist, mit einem zweiten An-
schluss (E1), der an den Steueranschluss (Ga1)
des ersten Transistors angeschlossen ist, und mit
einem Steueranschluss (B1), wobei der dritte und
der vierte Transistor (T2 und T1) mitihren jeweiligen
Steueranschliissen (82 und B1) zusammenge-
schaltet sind.

Schaltung nach Anspruch 5, dadurch gekenn-
zeichnet, dass der dritte und der vierte Transistor
(T2 und T1) gleiche BaugréfRe aufweisen.

Schaltung nach Anspruch 5, dadurch gekenn-
zeichnet, dass der dritte und der vierte Transistor
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(T2 und T1) vom Bipolar-Typ sind.

Schaltung nach Anspruch 3, dadurch gekenn-
zeichnet, dass die zweite Quelle (G2) einen Strom
(12) erzeugt, der abhangt von dem von der ersten
Referenzstromquelle (G1) gelieferten Strom (E1).

Schaltung nach Anspruch 8, dadurch gekenn-
zeichnet, dass die erste und die zweite Quelle (G1
und G2) jeweils enthalten: einen Eingangstransi-
stor (M3), der den Referenzstrom (I1) liefert, und
einen Ausgangstransistor (M4), der den Strom (12)
von der zweiten Quelle liefert, und dass die Quellen
zu einem Stromspiegel verschaltet sind und dem
gemeinsamen Steueranschluss (CTRL) der beiden
Transistoren ein externes Steuersignal zugefihrt
wird.

Schaltung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Spannungsfolger aufweist: ein
Paar identischer Ubergénge, die als Stromspiegel
zwischen den Steueranschlissen (Ga1 und Ga2)
des ersten und des zweiten Transistors einerseits
und einem gemeinsamen Knoten (B1, B2), ande-
rerseits, verschaltet sind.

Schaltung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der erste und der zweite Transistors
(M1 und M2) in dem Stromspiegel vom P-MOS-Typ
und die konstante Spannung eine Versorgungs-
spannung (Vbat) ist.

Schaltung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der erste und der zweite Transistor
(M 1 und M2) in dem Stromspiegel vom N-MOS-Typ
sind und die konstante Spannung die Massespan-
nung ist.

Spannungsregelschaltung des Typs mit:

einer Ausgangsstufe (6), die einen Ausgangs-
anschluss (OUT) und einen Steueranschluss
(CTRL) aufweist und Gber einen auf einer kon-
stanten Spannung (Vbat) gehaltenen An-
schluss gespeist wird; und

einer Treiberstufe (4), die Uber den auf einer
konstanten Spannung (Vbat) gehaltenen An-
schluss gespeist wird, die mit ihrem Ausgang
an den Steueranschluss (CTRL) angeschlos-
sen ist, und die einen ersten Eingang, der auf
einer Referenzspannung (Vref) gehalten wird,
und einen zweiten Eingang, an den der Aus-
gangsanschluss (OUT) der Ausgangsstufe (6)
Uber einen Rickkopplungsblock (4) zurlickge-
koppelt ist, aufweist;

dadurch gekennzeichnet, dass die Ausgangsstu-
fe (6) eine Stromquellenschaltung gemal Anspruch
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1 aufweist.

Vorrichtung zum Treiben eines Audiosystems, um-
fassend:

mehrere Spannungsregelschaltungen (10), die
konstante Spannung an einzelnen Ausgéngen
(REG1, REG2, REG3 und REG4) erzeugen
und Uber einen auf einer konstanten Versor-
gungsspannung (Vbat) gehaltenen Anschluss
gespeist werden;

mehrere Treiberschaltungen (21), die Stréme
vorbestimmter Starken an zugehdrige Ausgéan-
ge (HSD1, HSD2 und HSD3) liefern;

eine Schaltung (2) zum Erzeugen einer stabilen
Referenzspannung, die an jede der Span-
nungsregelschaltungen (10) und der Treiber-
schaltungen (21) zu geben ist; und

eine  Kurzschlussstrom-Begrenzerschaltung
(22) und einen Schutzblock (24), die auf jede
der Spannungsregelschaltungen (10) und der
Treiberschaltungen (21) einwirken;

wobei die Regelschaltungen (10) und Treiberschal-
tungen (21) von externen Signalen Uber eine vor-
bestimmte Anzahl von Steueranschliissen (SW1,
SW2 und SW3) der Vorrichtung ein- und ausgesteu-
ert werden;

dadurch gekennzeichnet, dass die Spannungsre-
gelschaltungen solche gemal Anspruch 13 sind.

Verfahren zum Erzeugen eines gespiegelten Strom
(lout) aus einem Referenzstrom (11) an einem Aus-
gangsanschluss (OUT) mit gesteuerter Rate, um-
fassend die Schritte:

Bereitstellen eines Eingangsschaltungszweigs
und eines Ausgangsschaltungszweigs, die mit-
einander Uber zugehdrige Steuerknoten (Ga1
und Ga2) gekoppelt sind, wobei der Eingangs-
schaltungszweig mindestens einen als Diode
geschalteten MOS-Transistor aufweist und der
Ausgangsschaltungszweig mindestens einen
MOS-Transistor enthalt;

Einpragen des Referenzstroms (11) in den Ein-
gangsschaltungszweig;

Stabilisieren des Potentials an dem Steuerkno-
ten (Ga2) des Ausgangsschaltungszweigs mit
Hilfe einer Spannungsfolgerschaltung (3) mit
einstellbarer Ausgangsimpedanz und umfas-
send eine Ausgangsstufe mit einem durch ei-
nen Transistor (T2) vom Bipolar-Typ gebildeten
Verstarkungselement niedriger Impedanz, um
dadurch die von dem Steuerknoten (Ga2) ge-
sehene Impedanz zu variieren; und

Erzeugen des gespiegelten Stroms (l,) Gber
den Ausgangszweig.
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Verfahren nach Anspruch 15, dadurch gekenn-
zeichnet, dass die Ausgangsimpedanz einen ge-
ringeren Wert hat als die Impedanz bei kurzge-
schlossenen Steuerknoten (Ga1 und Ga2).

Verfahren nach Anspruch 15, dadurch gekenn-
zeichnet, dass es weiterhin einen Schritt des Sta-
bilisierens der gespiegelten Stromstarke durch Be-
reitstellen einer Einrichtung zum Variieren des Re-
ferenzstroms nach MaRgabe des gespiegelten
Ausgangsstroms aufweist.

Revendications

Circuit générateur de courant ayant une réponse en
fréquence contrdlable, d'un type qui comporte au
moins un miroir de courant formé de transistors a
Semi-

- conducteurs Métal-Oxyde (MOS), alimenté par
l'intermédiaire d'une borne maintenue a une
tension constante, ayant une branche d'entrée
qui inclut au moins un premier transistor MOS
monté en diode (M1) via lequel un courant de
référence (11) est forcé par un premier généra-
teur de courant (G1) couplé a une premiéere bor-
ne (D1) dudit premier transistor (M1), et ayant
une branche de sortie qui inclut au moins un
deuxiéme transistor MOS (M2) pour générer,
surune borne de sortie (OUT) du miroir couplée
a une premiere borne (D2) du deuxieme tran-
sistor (M2), un courant miroir (l,) qui est pro-
portionnel audit courant de référence (1),

une borne de commande (Ga1) du premier
transistor (M1) étant couplée a une borne de com-
mande correspondante (Ga2) du deuxieme transis-
tor (M2),

et lesdits premier et deuxiéme transistors
ayant des secondes bornes respectives (S1 et S2)
connectées a la borne maintenue a la tension cons-
tante,

comportant en outre des moyens d'adaptation
d'impédance (3) connectés entre lesdites bornes de
commande (Ga1 et Ga2) des premier et deuxiéme
transistors et configurés pour maintenir la méme
valeur de tension aux deux bornes de commande
(Ga1 et Ga2), lesdits moyens d'adaptation d'impé-
dance (3) comportant un suiveur de tension ayant
une premiére entrée (+) connectée a ladite borne
de commande (Ga1) du premier transistor, et une
sortie connectée a ladite borne de commande
(Ga2) du deuxieme transistor et ayant une con-
nexion a rétroaction avec une seconde entrée (-) du
suiveur de tension,

caractérisé en ce que ledit suiveur de ten-
sion comporte un étage de sortie incluant un élé-
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ment d'amplification a impédance faible formé d'un
transistor (T2) du type bipolaire.

Circuit selon la revendication 1, caractérisé en ce
que ledit suiveur de tension a une impédance de
sortie faible vers ladite borne de commande (Ga2)
du deuxieme transistor.

Circuit selon la revendication 1, caractérisé en ce
que, par l'intermédiaire de I'élément d'amplification
a impédance faible (T2), un courant (12) est forcé
par un second générateur de courant (G2), qui a
une borne de sortie (E2) connectée a ladite borne
de commande (Ga2) du deuxiéme transistor.

Circuit selon la revendication 3, caractérisé en ce
que ledit élément d'amplification comporte un troi-
siéme transistor (T2) ayant une premiére borne
(C2) maintenue a ladite tension constante, une se-
conde borne de sortie (E2) connectée a ladite borne
de commande (Ga2) du deuxiéme transistor, et une
borne de commande (B2).

Circuit selon la revendication 4, caractérisé en ce
que ledit suiveur de tension inclut en outre un qua-
trieme transistor (T1) en une configuration de diode
ayant une premiére borne (C1) connectée a ladite
premiére borne (D1) du premier transistor du miroir,
une seconde borne (E1) connectée a ladite borne
de commande (Ga1) du premier transistor, et une
borne de commande (B1), les troisiéme et quatrie-
me transistors (T2 et T1) étant connectés I'un a
l'autre via leurs bornes de commande respectives
(B2 et B1).

Circuit selon la revendication 5, caractérisé en ce
que lesdits troisieme et quatriéme transistors (T2
et T1) ont la méme taille.

Circuit selon la revendication 5, caractérisé en ce
que lesdits troisieme et quatriéme transistors (T2
et T1) sont du type bipolaire.

Circuit selon la revendication 3, caractérisé en ce
que ledit second générateur (G2) génére un cou-
rant (12) qui dépend du courant (I1) délivré par le
premier générateur de courant de référence (G1).

Circuit selon la revendication 8, caractérisé en ce
que lesdits premier et second générateurs (G1 et
G2) incluent respectivement un transistor d'entrée
(M3) délivrant ledit courant de référence (11) et un
transistor de sortie (M4) délivrant ledit courant (12)
a partir du second générateur, et sont connectés
I'un a 'autre dans un miroir de courant, la borne de
commande commune (CTRL) des deux transistors
étant alimentée par un signal de commande exter-
ne.
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Circuit selon la revendication 1, caractérisé en ce
que ledit suiveur de tension comporte une paire de
jonctions identiques connectées en image miroir
entre lesdites bornes de commande (Ga1 et Ga2)
des premier et deuxiéme transistors et un noeud
commun (B1, B2), respectivement.

Circuit selon la revendication 1, caractérisé en ce
que lesdits premier et deuxieéme transistors (M1 et
M2) du miroir de courant sont du type P-MOS, et
ladite tension constante est une tension d'alimen-
tation (Vbat).

Circuit selon la revendication 1, caractérisé en ce
que lesdits premier et deuxieéme transistors (M1 et
M2) du miroir de courant sont du type N-MOS, et
ladite tension constante est la tension de masse.

Circuit de régulation de tension du type qui
comporte :

un étage de sortie (6) ayant une borne de sortie
(OUT) et une borne de commande (CTRL), et
étant alimenté par l'intermédiaire d'une borne
qui est maintenue a une tension constante
(Vbat), et

un étage d'attaque (4) alimenté par l'intermé-
diaire de ladite borne maintenue a une tension
constante (Vbat), connecté a sa sortie a ladite
borne de commande (CTRL), et ayant une pre-
miére entrée maintenue a une tension de réfeé-
rence (Vref) etune seconde entrée avec laquel-
le ladite borne de sortie (OUT) de I'étage de
sortie (6) a une connexion a rétroaction via un
bloc de rétroaction (5),

caractérisé en ce que ledit étage de sortie
(6) comporte un circuit générateur de courant selon
la revendication 1.

Dispositif pour
comportant :

attaquer un systéme audio,

une pluralité de circuits de régulation de ten-
sion (10) générant des tensions constantes a
des sorties respectives (REG1, REG2, REG3
et REG4) et alimentés via une borne qui est
maintenue a une tension d'alimentation cons-
tante (Vbat),

une pluralité de circuits d'attaque (21) délivrant
des courants de valeurs prédéterminées a des
sorties respectives (HSD1, HSD2 et HSD3),
un circuit (20) pour générer une tension de ré-
férence stable a appliquer a chacun des circuits
de régulation de tension (10) et des circuits
d'attaque (21), et

un circuit limiteur de courant de mise en court-
circuit (22) et un bloc de protection (24) agis-
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sant sur chacun des circuits de régulation de
tension (10) et des circuits d'attaque (21),

lesdits circuits de régulation (10) et d'attaque
(21) étant rendu passants et bloqués par des si-
gnaux externes par l'intermédiaire d'un nombre pré-
déterminé de bornes de commande (SW1, SW2 et
SW3) du dispositif,

caractérisé en ce que lesdits circuits de ré-
gulation de tension sont selon la revendication 13.

Procédé pour générer, a une vitesse commandée,
a partir d'un courant de référence (11) un courant
miroir (l,,) sur une borne de sortie (OUT), lequel
procédé comporte les étapes consistant a :

fournir une branche de circuit d'entrée et une
branche de circuit de sortie, couplées I'une a
I'autre par des noeuds de commande respectifs
(Ga1 et Ga2), la branche de circuit d'entrée in-
cluant au moins un transistor MOS monté en
diode et la branche de circuit de sortie incluant
au moins un transistor MOS,

forcer le courant de référence (11) par l'intermé-
diaire de la branche de circuit d'entrée,
stabiliser le potentiel au noeud de commande
(Ga2) de la branche de circuit de sortie par I'in-
termédiaire d'un circuit suiveur de tension (3)
ayant une impédance de sortie ajustable et
comportant un étage de sortie incluant un élé-
ment d'amplification a impédance faible formé
d'un transistor (T2) du type bipolaire, pour faire
varier ainsi l'impédance telle qu'observée a
partir dudit noeud de commande (Ga2), et
générer le courant miroir (1) par l'intermédiai-
re de ladite branche de sortie.

Procédé selon la revendication 15, caractérisé en
ce que ladite impédance de sortie a une valeur in-
férieure a l'impédance devant étre obtenue lorsque
lesdits noeuds de commande (Ga1 et Ga2) sont
court-circuités ensemble.

Procédé selon la revendication 15, caractérisé en
ce qu'il comporte en outre une étape de stabilisa-
tion de la valeur de courant miroir en fournissant
des moyens pour faire varier le courant de référen-
ce en fonction du courant de sortie miroir.
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