hngenent . The invention relates to a notor control
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ter@nal, a switching transistor having a main current path-—ceupled. . .
bet @een the second connection termnal and the second; ggtl vol t age

ter@ nal and having a control electrode; a flyback di sgdeen
t hegsecond connection termnal and the first supply v%ﬁ E , a
pul g&¢ wi dth control stage coupled to the control electr

swi §ching transistor, a notor voltage neasurenent stage for controlling the
gc W dth control stage in response to a notor voltage carried by the

| etri , and i . "
el egr e mRtor. and aePhOknicf 4ERE0e FRARY GHER! athABReh Ol BRIl kieo ( he

#c Wi dth control in response to a notor curren

8t ri C NDARY a second supply voltageTieininaly enteleomicahstor,r @ldad eshtiob ciz@iitofor cont r ol
gngenment conprising a control cjrcuit, which contraol circuit conprises

ei tier a noe & @ggspﬁeéia%m@ FeAticIReig WiCThoRRITob CTERE PRIRPTiSee A SRR it
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“n Barti cul switching, Rasisten havineet BAP-cTenLRAh ooumled betwesr e second comnection
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10 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
15 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 controt
arrangement as mentioned above.
Although in general such a motor control arrangement can be used in
20 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
25 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
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curdent mirr e a rrent s related both to the notor
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gut of the currentAmdtbPEontRE ahifferRne sy MeMtondd abdvel Whichl A8@ementd

vol gage appearing across the second resistor a current related to the notor

vol ffage cancowprsgiarcontieheirait ipguging the mpm voltrgecmeasyiement stage,ds ¥aewant age

ghe prese rV e sur enent hat..t.he £ rst .a he
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expée nsive nmapRddrand typ@,nuﬁibet TEACLF19L ﬁx ﬂﬁ&'&léb&t@hptthe séBBh® coNrfictia® ®rmand an
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Pat #nt Appl #“é{fﬁrg%l garl Elgjﬁt cg‘ko?&lel cat |Jéé}’9§?ﬁli) éu%%@?kﬁ;%g&ﬁf CCOF%H%Q to

f el evantecbad eddistokppisi tha inpan ofithe Quiregiemizrsraccdiesd aauheas whivh is related

20 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

25 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-

30 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



renment resistor is used in order to obtain a neasure of the notor

nmeag
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obj gt of the invention to provide a _notor control arrangenent which yields
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mot g cont rgh@lha by V31taBE ORS¢ Sridbloh EUHE sipPREIiagE rdsilté ey act er i zed
I n ghat theSBJferct@or \r}gﬁ@gé’ neagﬁ?sger}rlent stag(;)e corrp?ipggyg a.rg_esi stor and a
firgt cuoremtiaton aothe naninvgrtingcioputof the compaxhtor g iredl vamatioheffthe dutysuppl y
vol gage term nal, .having.an input coupled to the second connection term nal
by §eans OFY%ICTEQ?@gdPFgéW&C‘I‘f&@iSRSe‘ng put coupled to the pulse wdth
congrol stage, and the notor current neasurenent stage conprises a

vol gage-current converter having an input coupled to the neasurenent
resgstor and havi ng Hris enphjett efcdheinydntien topropide aemoforicontiob arrregementige, t he
vol gage- current converter bein d ed tQ reali,ze .a or current

t r af§sf or matf1 VIR Staﬁe‘%(fv&ﬁ cegﬁ“ﬁﬁgﬁ%%gﬂéﬁﬁ%?@&&é@ the motor control
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rel pvant notor voltage neasurenment stage can be manufactured in a sinpler
andf cheapercharaetatzed: inathat the motenweltags measnptmenystage SNPBIRS At registggand a

I Y g 1 AR
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

20 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

25 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

30 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-
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W dgh copy rlﬁi’ge 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

25 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

30 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
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| the measurement resistor into a small current through the integrable resistor.

20 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
curfent measurement stage.

25 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

30 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.
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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
»25 the motor control arrangement comprises a small number of non-integrable components
;' j’_‘_ :jl . (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.

. 30 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
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i 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 Ml 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
ow-voltage side (supply voltage terminal 2) is referred to as a "motor control
f___-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
.scurrent mirror M2, and a current source I1. The current mirror M1 has a common
erminal 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
' .._'t'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 controf
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: 20 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 12, which functions as a starting circuit and
which is coupled between the input of the current mirror M3 and the supply voltage

25 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

3C 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, vz;a the
measurement resistor MR, and a transistor P6 having a control electrode coupled to the

control electrode of the transistor PS5 and having a main current path coupled between
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" 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

ED. 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

2§ “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,

30 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
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V2 are dimensioned appropriately a motor current transformation is achieved which

. res that the measure of the motor current has the desired value. By means of the
cnsistors N3, N4, N5, V3 and N6 the measure of the motor current is applied to the

lee width control stage. Since the (integrable output) transistors V2 and V3 are of a

it can handle a high supply voltage. The contribution of the motor current

urement stage MI to an accurate speed control is obtained in that the motor current
easurement stage MI can be integrated wholly, an accurate mirror ratio being realized
m&ns 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

ordance with the invention, which embodiment comprises a voltage-current converter

ch differs from that shown in the preceding Figure.
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mnal 2 via the transistor e current current
’ 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.

25 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 A1 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

30 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
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cur

ent  pat R GQHOL &% motor voltage (EM) carried by the electric motor (EM), and a motor
current measurement stage (M1} for controlling the pulse width control stage (PW) in
response to a motor current carried by the electric motor (EM), characterized in that the
IS motor vditage 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;
20 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;
A1) being adapted to realize a motor current transformation.
2. 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
25 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
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(MVg is a casco current mrr
£ and having a control electrode a flyback diode (FD) coupled between the second
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20 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

W -G8 A0 1Rl M 5

(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
25 (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

N

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)

5 MBI R A R rd A A0

30 comprises an output transistor (V1) of a high-voltage type.

hes

5. A motor control arrangement as claimed in Claim 1, 2 or 4, characterized

ok

in that the first current mirror (M1) of the motor voltage measurement stage (MV) is a

cascoded current mirror.
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psurement St & ém rgslstor Mas & %gqntcegra[al‘ae resistor flﬁs, and the second current

mirror (M4) of the motor current measurement stage (MI) being coupled to the pulse
width control stage (PW).

20 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)

25 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,
30 characterized in that the first current mirror (M3) of the motor current measurement

stage (M) is a cascoded current mirror.
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(3§, having B0 i nvert Anmotonguntralcursngement as klaimed ix Chimdl §, FolPable0% &:ni nal
(13

b f th bl d
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(P®Y, and havin on roI ectrode coupled to the output of the
di ferentlalcummt infehstireredit stagd §MI) and the second supmly velagertemmiadlr@hgenent as

clginmed in daim 1416%h%%%$t085&0%g8{;h %ﬁ%ﬁgpa{ ﬁ‘né $qror(3\/2c)1mla?teﬁ§edam
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A ghaver leorq:)dnffermahammm (Adpbavdng ampmg@mma%t copplesdnigy the

3 :‘ > 6 nal 8), ac\)/mglz%ri mvgfnn:g} %ﬁpu%ébupjféi £ thd Birst 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 (A1) and the pulse width control stage (PW), and having a control electrode
15 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) ofa
20 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.
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