
Motor control arrangement, and shaver comprising such a motor control
arrangement.                       The invention relates to a motor control
arrangement comprising a first  and a second supply voltage terminal, an
electric motor, and a control circuit for  controlling the speed of the
electric motor, which control circuit comprises a first and a  second
connection terminal coupled to the electric motor, a measurement resistor
coupled between the first supply voltage terminal and the first connection
terminal, a  switching transistor having a main current path coupled
between the second connection  terminal and the second supply voltage
terminal and having a control electrode; a  flyback diode coupled between
the second connection terminal and the first supply  voltage terminal, a
pulse width control stage coupled to the control electrode of the
switching transistor, a motor voltage measurement stage for controlling the
pulse width  control stage in response to a motor voltage carried by the
electric motor, and a motor  current measurement stage for controlling the
pulse width control stage in response to a  motor current carried by the
electric motor.               The invention also relates to motor control
arrangement comprising a control circuit, which control circuit comprises
either a motor-voltage measurement stage or a motor-current measurement
stage.               The invention further relates to a shaver comprising a
motor control arrangement as mentioned above.               Although in
general such a motor control arrangement can be used in apparatuses
comprising an electric motor the relevant motor control arrangement is used
in particular in personal care apparatuses, such as shavers.
When the electric motor in the motor control arrangement is operated with a
supply voltage applied to the first and the second supply voltage terminal
a duty cycle impressed on the switching transistor by the pulse width
control stage dictates the speed of the electric motor (Pulse Width
Modulation), a voltage generated by the electric 



motor (EMF voltage) being directly proportional to the speed. A simple
speed control is obtained when the pulse width control stage is controlled
by means of the motor voltage
2   measurement stage in response to the motor voltage. However, since the
motor voltage  depends both on the voltage generated by the electric motor
(EMF voltage) and on a  voltage generated by the motor current an
inaccurate speed control is obtained, the  voltage generated by the motor
current being caused by a motor resistance of the  electric motor. An
improved speed control is achieved when the pulse width control  stage is
controlled not only by means of the motor voltage measurement stage in
response to the motor voltage but also by means of the motor current
measurement  stage in response to the motor current. From the control in
response to the motor  voltage and the motor current the pulse width
control stage can derive an indication of  the difference between the motor
voltage and the voltage generated by the motor  current, which difference
is a measure of the voltage generated by the electric motor  (EMF voltage)
and of the speed of the electric motor.               A motor control
arrangement as mentioned above, which arrangement comprises a control
circuit including the motor voltage measurement stage, is known inter alia
from the chip which is commercially available from Philips Electronics N.V.
under the type number TEA 1019. In the relevant chip the second connection
terminal is coupled to an input of a current mirror by means of a first
resistor and the first supply voltage terminal is coupled to an output of
the current mirror by means of a second resistor. As the input of the
current mirror receives a current which is related both to the motor
voltage and to a voltage appearing across the first resistor and as the
output of the current mirror receives a current which is related to a
voltage appearing across the second resistor a current related to the motor
voltage can be taken from the output of the current mirror. A disadvantage
of the present motor voltage measurement stage is that the first and the
second resistor cannot be integrated, which leads to a complex and
expensive manufacture, an inaccurate measure of the motor voltage, and an
inaccurate speed control.               A motor control arrangement as
mentioned above, which arrangement comprises a control circuit including
the motor current measurement stage, is known inter alia from the Japanese
Patent Application bearing the Application number 59- 7544. According to
the relevant Patent Application a voltage generated across the 



measurement resistor is used in order to obtain a measure of the motor
current. The voltage generated across the measurement resistor is applied
to a non-inverting input of a comparator, which has an inverting input
coupled to the first supply voltage terminal
3   by means of a voltage source and which has an output couple  to the
pulse width  control stage. As a result, the duty cycle of the pulse width
control stage is controlled in  dependence upon the difference between the
voltage generated across the measurement  resistor and a voltage supplied
by the voltage source, which difference is a measure of  the motor current.
A disadvantage of the present motor current measurement stage is  that the
voltage supplied by the voltage source must be adapted to the supply
voltage,  which is prohibitive of a simple use of the motor current
measurement stage. A further  consequence of the described relation between
the voltage supplied by the voltage  source and the supply voltage is that
a variation of the supply voltage results in a  variation at the
non-inverting input of the comparator and in a variation of the duty
cycle, leading to an inaccurate speed control.                 It is an
object of the invention to provide a motor control arrangement which yields
an improved control of the speed of the electric motor.               A
motor control arrangement in accordance with the invention is characterized
in that the motor voltage measurement stage comprises a resistor and a
first current mirror having a common terminal coupled to the first supply
voltage terminal, having an input coupled to the second connection terminal
by means of a resistor, and having an output coupled to the pulse width
control stage, and the motor current measurement stage comprises a
voltage-current converter having an input coupled to the measurement
resistor and having an output coupled to the pulse width control stage, the
voltage-current converter being adapted to realize a motor current
transformation. As the motor voltage measurement stage of the motor control
arrangement comprises only one (usually non-integrable) resistor the
relevant motor voltage measurement stage can be manufactured in a simpler
and cheaper manner than the known motor voltage measurement stage. A
further advantage of the relevant motor voltage measurement stage is that
the measure of the motor current and the speed control are more accurate 



than in the known motor voltage measurement stage. This further advantage
will be explained with reference to the accompanying drawings. As regards
the motor current measurement stage of the motor control arrangement it can
be stated that owing to the motor current transformation effected by the
voltage-                                                      4    current
converter the pulse width control stage is controlled indepecently of the
supply   voltage, which provides a more accurate speed control.   Although
the present motor control arrangement comprises both an adapted motor
voltage measurement stage and an adapted motor current measurement stage
improved   speed control is obtained not only by an adaptation of both
measurement stages but also   by an adaptation of one of the relevant
measurement stages.                A further embodiment of a motor control
arrangement in accordance with   the invention is characterized in that the
first current mirror of the motor voltage  measurement stage comprises an
output transistor of a high-voltage type. Since the  relevant output
transistor is of a high-voltage type the field of use of the motor voltage
measurement stage is extended and the present embodiment is particularly
suitable for  use in shavers in which motor voltages up to seven hundred
volts occur.                A further embodiment of a motor control
arrangement in accordance with  the invention is characterized in that the
first current mirror of the motor voltage  measurement stage is a cascoded
current mirror. When a current mirror has an input  transistor of a
low-voltage type and an output transistor of the high-voltage type this
will result in a current mirror having a comparatively inaccurate mirror
ratio, the use of  two transistors of the low-voltage type being impossible
in view of the desired voltage  range and the use of two transistors of the
high-voltage type requiring a comparatively  large chip area. In contrast,
the cascoded current mirror is capable of realizing an  accurate mirror
ratio because the output transistor of the high-voltage type can be
included as a cascode transistor, the accurate mirror ratio being realized,
without any  voltage limitation, by means of the cascoded transistors of
the low-voltage type.                A further embodiment of a motor
control arrangement in accordance with  the invention is characterized in
that the motor voltage measurement stage comprises a  second current mirror
having a common terminal coupled to the second supply voltage  terminal,
having an input coupled to the output of the first current mirror of the
motor  voltage measurement stage, and having an output coupled to the pulse
width control 



stage, and a current source coupled between the input of the first current
mirror of the motor voltage measurement stage and the output of the second
current mirror of the motor voltage measurement stage. The present
embodiment offers a simple implementation of the motor voltage measurement
stage, particularly because the current source provides the bias currents
in the first and the second current mirror, the
5   occurrence of undesirable voltages caused by the (mains) supply voltage
being  prevented. The current source will generally be realized by means of
a transistor of a   high-voltage type.                A further embodiment
of a motor control arrangement in accordance with  the invention is
characterized in that the voltage-current converter comprises an
integrable resistor, a first current mirror having an input and an output,
and a second  current mirror having a common terminal coupled to the second
supply voltage  terminal, having an input coupled to the output of the
first current mirror of the motor  current measurement stage, and having an
output coupled to the input of the first  current mirror of the motor
current measurement stage, the current mirror of the motor  current
measurement stage being degenerated by means of the measurement resistor
and  the integrable resistor, and the second current mirror of the motor
current measurement  stage being coupled to the pulse width control stage.
The present embodiment is an  implementation of the voltage-current
converter, which implementation comprises only  integrable resistors and
effects the motor current transformation via the mirror ratio of  the
current mirror, the control signal supplied by the motor current
measurement stage  not being influenced by the supply voltage. A further
advantage of the relevant  embodiment is that the current mirror is,
capable of converting a large current through  the measurement resistor
into a small current through the integrable resistor.               A
further embodiment of a motor control arrangement in accordance with the
invention is characterized in that the second current mirror of the motor
current measurement stage is degenerate. When the second current mirror is
degenerated by means of two integrable resistors this will lead to an
improved accuracy of the motor current measurement stage.               A
further embodiment of a motor control arrangement in accordance with the
invention is characterized in that the first current mirror of the motor
current 



measurement stage is a cascoded current mirror and in that the second
current mirror of the motor current measurement stage is a cascoded current
mirror. Similarly to the current mirror of the motor voltage measurement
stage the cascoded current mirrors can realize an accurate mirror ratio
when the output transistors of the high-voltage type are included as a
cascode transistor, the accurate mirror ratio being realized, without any
voltage limitation, by means of the transistors of the low-voltage type
coupled to the cascoded transistors.
6                 A further embodiment of a motor control arrangement in
accordance with  the invention is characterized in that the voltage-current
converter comprises a current  source coupled between the input of the
first current mirror of the motor current  measurement stage and the second
supply voltage terminal. The relevant current source  forms a simple
starting circuit for the first and the second current mirror.
A further embodiment of a motor control arrangement in accordance with  the
invention is characterized in that the voltage-current converter comprises
an  integrable resistor, a differential amplifier having a non-inverting
input coupled to the  fist connection terminal, having an inverting input
coupled to the first supply voltage  terminal by means of the integrable
resistor, and having an output, and a transistor  having a main current
path coupled between the inverting input of the differential  amplifier and
the pulse width control stage and having a control electrode coupled to the
output of the differential amplifier. The present embodiment is an
alternative to the  afore-mentioned implementation of the voltage-current
converter, which alternative  comprises only a small number of components,
the control signal supplied by the motor  current measurement stage not
being influenced by the supply voltage.               A further embodiment
of a motor control arrangement in accordance with the invention is
characterized in that the transistor is of a high-voltage type, and in that
the differential amplifier comprises a current source transistor of a
high-voltage type. When both transistors are of a high-voltage type the
motor current measurement stage is suitable for a wide field of use and the
present embodiment is particularly suitable for use in shavers in which
motor voltages up to seven hundred volts occur.               A shaver in
accordance with the invention is characterized in that the shaver comprises
a motor control arrangement in accordance with the invention. Since the
motor control arrangement comprises a small number of non-integrable
components (resistors) and has a large voltage range the motor control
arrangement in accordance 



with the invention is particularly suitable for shavers, a substantial cost
reduction and a substantial benefit being obtained in that one
non-integrable component is saved.                The above and other (more
detailed) features of the invention will now be described and elucidated
more elaborately with reference to the accompanying drawings, in which
7                 Figure 1 shows a first embodiment of a motor control
arrangement in   accordance with the invention, and                Figure 2
shows a second embodiment of a motor control arrangement in   accordance
with the invention.                In these Figures like parts bear the
same reference numerals.                Figure 1 shows a first embodiment
of a motor control arrangement in  accordance with the invention, which
embodiment comprises a first supply voltage  terminal 1, a second supply
voltage terminal 2, an electric motor EM, and a control  circuit (MV, MI)
for controlling the speed of the electric motor EM. The control circuit
(MV, MI) has a first connection terminal 3 and a second connection terminal
4,  between which the electric motor EM is coupled, a measurement resistor
MR coupled  between the supply voltage terminal 1 and the connection
terminal 3, a switching  transistor ST having a control electrode and
having a main current path coupled between  the connection terminal 4 and
the supply voltage terminal 2, a flyback diode FD  coupled between the
connection terminal 4 and the supply voltage terminal 1, a pulse  width
control stage PW coupled to the control electrode of the switching
transistor ST,  a motor voltage measurement stage MV for controlling the
pulse width control stage  PW in response to a motor voltage carried by the
electric motor EM, and a motor  current measurement stage MI for
controlling the pulse width control stage PW in  response to a motor
current carried by the electric motor EM. Such a motor control
arrangement, in which the motor voltage and the motor current are measured
at a high-  voltage side (supply voltage terminal 1) and the electric motor
EM is controlled at a  low-voltage side (supply voltage terminal 2) is
referred to as a "motor control 



arrangement with high-side motor measurement and low-side motor control":
In accordance with the invention the motor voltage measurement stage MV in
the  present embodiment comprises a resistor R1, a first current mirror M1,
a second  current mirror M2, and a current source I1. The current mirror M1
has a common  terminal coupled to the supply voltage terminal 1, an input
coupled to the connection  terminal 4 by means of the resistor R1, and an
output coupled to the pulse width control  stage PW. The current mirror M1
is a cascoded current mirror comprising a diode-  coupled transistor P1
having a control electrode and a main current path, an output  transistor
V1 having a control electrode coupled to the control electrode of the
transistor P1 and having a main current path, a diode-coupled transistor P2
having a control                                                      8
electrode and having a main current path coupled between the input, via the
main current path of the transistor P1, and the common terminal, and a
transistor P3 having a control electrode coupled to the control electrode
of the transistor P2 and having a main current path coupled between the
output, via the main current path of the output transistor V1, and the
common terminal, the output transistor V1 being of a high- voltage tape.
The current mirror M2 has a common terminal coupled to the supply voltage
terminal 2, an input coupled to the output of the current mirror M1, and an
output coupled to the pulse width control stage PW. The current mirror M2
comprises a diode-coupled transistor N1 having a control electrode and
having a main current path coupled between the input and the common
terminal, and a transistor N2 having a control electrode coupled to the
control electrode of the transistor N1 and having a main current path
coupled between the output and the common terminal. The current source I1
is coupled between the input of the current mirror M1 and the output of the
current mirror M2. In accordance with the invention the motor current
measurement stage MI in the present embodiment comprises a voltage-current
converter (M3, M4) coupled to the measurement resistor MR and to the pulse
width control stage PW, the voltage-current converter (M3, M4) being
adapted to realize a motor current transformation. The voltage-current
converter (M3, M4) comprises an integrable resistor R2, a first current
mirror M3 having an input and an output, a second current mirror M4 having
a common terminal coupled to the supply voltage terminal 2, having an input
coupled to the output of the current mirror M3, and having an output
coupled to the input of the 



current mirror M3, and a current source I2, which functions as a starting
circuit and which is coupled between the input of the current mirror M3 and
the supply voltage terminal 2. The current mirror M3 is a cascoded current
mirror degenerated by means of the measurement resistor MR and the
integrable resistor R2 and comprising a diode- coupled transistor P4 having
a control electrode and a main current path, an output transistor V2 having
a control electrode coupled to the control electrode of the transistor P4
and having a main current path, a diode-coupled transistor P5 having a
control electrode and having a main current path coupled between the input,
via the main current path of the transistor P4, and the supply voltage
terminal 1, via the measurement resistor MR, and a transistor P6 having a
control electrode coupled to the control electrode of the transistor P5 and
having a main current path coupled between
9  the output, via the main current path of the output transistor V2, and
the supply voltage terminal 1, via the resistor R2, the output transistor
V2 being of the high-voltage type. The current mirror M4 is a cascoded
current mirror degenerated by means of a resistor R3 and a resistor R4 and
comprising a diode-coupled transistor N3 having a control electrode and a
main current path, an output transistor V3 having a control electrode
coupled to the control electrode of the transistor N3 and having a main
current path, a diode-coupled transistor N4 having a control electrode and
having a main current path coupled between the input, via the main current
path of the transistor N3, and the common terminal, via the resistor R3,
and a transistor N5 having a control electrode coupled to the control
electrode of the transistor N4 and having a main current path coupled
between the output, via the main current path of the output transistor V3,
and the common terminal, via the resistor R4, the output transistor V3
being of a high- voltage type. In the present embodiment the current mirror
M4 further comprises a resistor R5 and a transistor N6 having a control
electrode coupled to the control electrodes of the transistors N4 and N5
and having a main current path coupled between the common terminal, via the
resistor R5, and the pulse width control stage PW. As regards the operation
of the motor control arrangement in the present embodiment the following
can be stated. When the electric motor EM in the motor control arrangement
is operated with a supply voltage applied to the supply voltage terminals 1
and 2 a duty cycle impressed on the switching transistor ST by the pulse
width control stage PW dictates the speed of the electric motor EM (Pulse
Width Modulation) and a flyback current generated by the electric motor EM
flows through the flyback diode 



FD. Since the speed is directly proportional to a voltage (EMF voltage)
generated by the electric motor EM an adequate speed control can be
obtained when the pulse width control stage PW is controlled by means of
the motor voltage measurement stage MV in response to the motor voltage and
by means of the motor current measurement stage MI in response to the motor
current. From a control in response to both the motor voltage and the motor
current the pulse width control stage PW can derive an indication of the
difference between the motor voltage and the voltage generated by the motor
current, which difference is a measure of the voltage (EMF voltage)
generated by the electric motor EM and of the speed of the electric motor
EM. Deriving the difference and controlling the switching transistor is
effected by means of a known technique, which is
10   employed inter alia in the chip having the type number TEA 1019, which
is  commercially available from Philips Electronics N.V.  Since the motor
voltage measurement stage MV is coupled to the connection terminal 4  the
motor voltage and a voltage across the measurement resistor MR appear
across the  resistor R1 and the main current paths of the transistors P1
and P2, which hereinafter is  ignored relative to the motor voltage. The
main current paths of the transistors P1 and  P2 (and N2) are biassed by a
current generated by the current source I1 and the  transistors P1 and P2
generate an additional current in the main current paths of the  transistor
P3 and VI, which additional current is a measure of the motor voltage. By
means of the transistors N1 and N2 the additional current is applied to the
pulse width  control stage PW. Since the (integrable output) transistor V1
is of a high-voltage type  and the (generally non-integrable) resistor R1
protects the transistors P1 and P2 against  a possible excess voltage the
present motor voltage measurement stage has the  advantage that it can
handle a high motor voltage. The contribution of the motor voltage
measurement stage MV to an accurate speed control is obtained in that the
motor  voltage measurement stage MV can be integrated almost wholly, an
accurate mirror  ratio being realized by means of the low-voltage type
transistors P2, P3 and N1, N2.  As the motor current measurement stage MI
is coupled to the connection terminal 3 a  current which is a measure of
the motor current through the measurement resistor MR  will flow through
the transistors P4, P5, P6 and V2. When the transistors P4, PS, P6  and V2
are dimensioned appropriately a motor current transformation is achieved
which  ensures that the measure of the motor current has the desired value.
By means of the 



transistors N3, N4, N5, V3 and N6 the measure of the motor current is
applied to the  pulse width control stage. Since the (integrable output)
transistors V2 and V3 are of a  high-voltage type the present motor current
measurement stage MI has the advantage  that it can handle a high supply
voltage. The contribution of the motor current  measurement stage MI to an
accurate speed control is obtained in that the motor current  measurement
stage MI can be integrated wholly, an accurate mirror ratio being realized
by means of the low-voltage type transistors P2, P3 and N1, N2 as well as
N6.              Figure 2 shows a second embodiment of a motor control
arrangement in accordance with the invention, which embodiment comprises a
voltage-current converter which differs from that shown in the preceding
Figure.                                                       11 In
accordance with the invention the motor voltage measurement stage MI in the
present embodiment comprises a voltage-current converter (Al, R2, V2)
coupled to the measurement resistor MR and to the pulse width control stage
PW, the voltage-current converter (Al, R2, V2) being adapted to realize the
motor current transformation. The voltage-current converter (Al, R2, V2)
comprises an integrable resistor R2, a differential amplifier Al having a
non-inverting input coupled to the supply voltage terminal 1 via the
measurement resistor MR, having an inverting input coupled to the supply
voltage terminal 1 via the integrable resistor R2, and having an output,
and a transistor V2 having a control electrode coupled to the output of the
differential amplifier Al and having a main current path coupled between
the inverting input of the differential amplifier Al and the pulse width
control stage PW, the transistor V2 being of a high-voltage type. The
differential amplifier Al further comprises a differential- pair transistor
N7 having a control electrode coupled to the non-inverting input and having
a main current path, a differential-pair transistor N8 having a control
electrode coupled to the inverting input and having a main current path, a
diode-coupled current- mirror transistor P7 having a control electrode and
having a main current path coupled between the main current path of the
differential-pair transistor N7 and the supply voltage terminal 1, a
current-mirror transistor P8 having a control electrode coupled to the
control electrode of the current-mirror transistor P7 and having a main
current path coupled between the main current path of the differential-pair
transistor N8 and the supply voltage terminal 1, a diode-coupled transistor
P9, and a current source I3, the main current paths of the
differential-pair transistors N7 and N8 being coupled to the supply voltage
terminal 2 via the transistor P9 and the current source I3, which current 



source I3 may comprise a current-source transistor (I3) of a high-voltage
type. As the motor current measurement stage MI is coupled to the
connection terminal 3 by means of the non-inverting input of the
differential amplifier Al the output transistor V2 will be controlled in
such a manner that a voltage appearing across the resistor R2 is equal to a
voltage across the measurement resistor MR. As a result, a current which is
a measure of the motor current will flow in the output transistor V2. When
the components are suitably dimensioned a motor current transformation is
realized such that the measure of the motor current will have the desired
value. Since the (integrable) output transistor V1 and the current source
I3 are of a high-voltage type has the advantage that it can handle a high
supply voltage. A further advantage of a motor
REPLACEMENT SHEET
E..F..                                             12 current measurement
stage MI in accordance with the invention  that the motor current
measurement stage MI can be fully integrated. As a result of the
minimization of the number of (generally) non-integrable components the
production costs of the motor current measurement stage MI are reduced
considerably and a more accurate speed control is obtained.
The invention is not limited to the embodiments shown herein. Within the
scope of the invention several modifications will be conceivable to those
skilled in the art. A first example of such a modification is the resistor
in the motor voltage measurement stage, which resistor may be coupled
between the second connection terminal and a point between the main current
paths of the diode-coupled transistors (P1 and P2) of the first current
mirror in order to improve the accuracy required for the motor voltage
measurement stage. A second example of such a modification is the
voltage-current converter, which can be constructed in various manners.
Moreover, it is to be noted that the described embodiments of the motor
control arrangement generally comprise, in addition, a capacitor coupled
between the connection terminals in order to provide the required
interference suppression.          



Claims:        1.           A motor control arrangement comprising a first
(1) and a second (2) supply voltage terminal, an electric motor (EM), and a
control circuit for controlling the speed of the electric motor (EM), which
control circuit comprises a first (3) and a second (4) connection terminal
coupled to the electric motor (EM), a measurement resistor (MR) coupled
between the first supply voltage terminal (1) and the first connection
terminal (3), a switching transistor (ST) having a main current path
coupled between the second connection terminal (4) and the second supply
voltage terminal (2) and having a control electrode, a flyback diode (FD)
coupled between the second connection terminal (4) and the first supply
voltage terminal (1), a pulse width control stage (PW) coupled to the
control electrode of the switching transistor (ST), a motor voltage
measurement stage (MV) for controlling the pulse width control stage (PW)
in response to a motor voltage (EM) carried by the electric motor (EM), and
a motor current measurement stage (MI) for controlling the pulse width
control stage (PW) in response to a motor current carried by the electric
motor (EM), characterized in that the motor voltage measurement stage (MV)
comprises a resistor (R1) and a first current mirror (M1) having a common
terminal coupled to the first supply voltage terminal (1), having an input
coupled to the second connection terminal (4) by means of a resistor (R1),
and having an output coupled to the pulse width control stage (PW), and the
motor current measurement stage (MI) comprises a voltage-current converter
(M3, M4; Al) having an input coupled to the measurement resistor (MR) and
having an output coupled to the pulse width control stage (PW), the
voltage-current converter (M3, M4; Al) being adapted to realize a motor
current transformation. 2.           A motor control arrangement comprising
a first (l) and a second (2) supply voltage terminal, an electric motor
(EM), and a control circuit for controlling the speed of the electric motor
(EM), which control circuit comprises a first (3) and a second (4)
connection terminal coupled to the electric motor (EM), a measurement
resistor (MR) coupled between the first supply voltage terminal (1) and the
first connection terminal (3), a switching transistor (ST) having a main
current path coupled      



14   between the second connection terminal (4) and the second supply
voltage terminal (2)  and having a control electrode, a flyback diode (FD)
coupled between the second  connection terminal (4) and the first supply
voltage terminal (1), a pulse width control  stage (PW) coupled to the
control electrode of the switching transistor (ST), and a  motor voltage
measurement stage (MV) for controlling the pulse width control stage  (PW)
in response to a motor voltage (EM) carried by the electric motor (EM),
characterized in that the motor voltage measurement stage (MV) comprises a
resistor  (R1) and a first current mirror (M1) having a common terminal
coupled to the first  supply voltage terminal (1), having an input coupled
to the second connection terminal  (4) by means of a resistor (R1), and
having an output coupled to the pulse width control  stage (PW).  3.
A motor control arrangement comprising a first (1) and a second (2)  supply
voltage terminal, an electric motor (EM), and a control circuit for
controlling the  speed of the electric motor (EM), which control circuit
comprises a first (3) and a  second (4) connection terminal coupled to the
electric motor (EM), a measurement  resistor (MR) coupled between the first
supply voltage terminal (1) and the first  connection terminal (3), a
switching transistor (ST) having a main current path coupled  between the
second connection terminal (4) and the second supply voltage terminal (2)
and having a control electrode, a flyback diode (FD) coupled between the
second  connection terminal (4) and the first supply voltage terminal (1),
a pulse width control  stage (PW) coupled to the control electrode of the
switching transistor (ST), and a  motor current measurement stage (MI) for
controlling the pulse width control stage  (PW) in response to a motor
current carried by the electric motor (EM), characterized  in that the
motor current measurement stage (MI) comprises a voltage-current converter
(M3, M4; Al) coupled to the measurement resistor (MR) and to the pulse
width control  stage (PW), the voltage-current converter (M3, M4; Al) being
adapted to realize a  motor current transformation.  4.           A motor
control arrangement as claimed in Claim 1 or 2, characterized in  that the
first current mirror (M1) of the motor voltage measurement stage (MV)
comprises an output transistor (V1) of a high-voltage type.  5.           A
motor control arrangement as claimed in Claim 1, 2 or 4, characterized  in
that the first current mirror (M1) of the motor voltage measurement stage
(MV) is a cascoded current mirror.     



15     6.          A motor control arrangement as claimed in Claim 1, 2, 4
or 5,  characterized in that the motor voltage measurement stage (MV)
comprises a second  current mirror (M2) having a common terminal coupled to
the second supply voltage  terminal (2), having an input coupled to the
output of the first current mirror (M1)of the  motor voltage measurement
stage (MV), and having an output coupled to the pulse  width control stage
(PW), and a current source (I1) coupled between the input of the  first
current mirror (M1) of the motor voltage measurement stage (MV) and the
output  of the second current mirror (M2) of the motor voltage measurement
stage (MV).  7.           A motor control arrangement as claimed in Claim 1
or 3, characterized in  that the voltage-current converter (M3, M4; Al)
comprises an integrable resistor (R2),  a first current mirror (M3) having
an input and an output, and a second current mirror  (M4) having a common
terminal coupled to the second supply voltage terminal (2),  having an
input coupled to the output of the first current mirror (M3) of the motor
current measurement stage (MI), and having an output coupled to the input
of the first  current mirror (M3) of the motor current measurement stage
(MI), the current mirror  (M3) of the motor current measurement stage (MI)
being degenerated by means of the  measurement resistor (MR) and the
integrable resistor (R2), and the second current  mirror (M4) of the motor
current measurement stage (MI) being coupled to the pulse  width control
stage (PW).  8.           A motor control arrangement as claimed in Claim
7, characterized in that  the second current mirror (M4) of the motor
current measurement stage (MI) is  degenerate.  9.           A motor
control arrangement as claimed in Claim 7 or 8, characterized in  that the
first current mirror (M3) of the motor current measurement stage (MI)
comprises an output transistor (V2) of a high-voltage type.  10.          A
motor control arrangement as claimed in Claim 7, 8 or 9, characterized  in
that the second current mirror (M4) of the motor current measurement stage
(MI)  comprises an output transistor (V3) of a high-voltage type.  11.
A motor control arrangement as claimed in Claim 7, 8, 9 or 10,
characterized in that the first current mirror (M3) of the motor current
measurement stage (MI) is a cascoded current mirror.       



16  12.          A motor control arrangement as claimed in Claim 7, 8, 9,
10 or 11, characterized in that the second current mirror (M4) of the motor
current measurement stage (MI) is a cascoded current mirror. 13.          A
motor control arrangement as claimed in Claim 7, 8, 9, 10, 11 or 12,
characterized in that the voltage-current converter (M3, M4; Al) comprises
a current source (I2) coupled between the input of the first current mirror
(M3) of the motor current measurement stage (MI) and the second supply
voltage terminal (2). 14.          A motor control arrangement as claimed
in Claim 1 or 3, characterized in that the voltage-current converter (M3,
M4; A1) comprises an integrable resistor (R2), a differential amplifier
(Al) having a non-inverting input coupled to the first connection terminal
(3), having an inverting input coupled to the first supply voltage terminal
(1) by means of the integrable resistor (R2), and having an output, and a
transistor (V2) having a main current path coupled between the inverting
input of the differential amplifier (Al) and the pulse width control stage
(PW), and having a control electrode coupled to the output of the
differential amplifier (Al). 15.          A motor control arrangement as
claimed in Claim 14, characterized in that the transistor (V2) is of a
high-voltage type. 16.          A motor control arrangement as claimed in
Claim 14 or 15, characterized in that the differential amplifier (A1)
comprises a current source transistor (I3) of a high-voltage type. 17.
A shaver comprising a motor control arrangement as claimed in Claim 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or 16.    


