
DESCRIPl'IOO 

The invention relates to a brushJ.ess di.J:ect current motor accozding to 

the preamble of cla:im 1. 

Such a motor is known fi:an fig. 7 of us-A-4 374 347, where both seni­

omductor coo:b:ol means have a switch:ing delay. In that case the two 

semicmductor control means are canpl.imentacy Darlingten transistors, 

which a:ce in each case provided with a Mj J ler capacitor (between the 

oollector and the base), in onier to avoid HF oscillations. Such a Mi J Jer 

capacitor brmgs about generally undesired delays both en switch:ing the 

transistor en and off. It has been found that the switching off delay 

can be g:ceater than the switching on delay. If the:ce is a certain 

inductive coupling between the two capacitors of a pair of capacitors, 

which is almost necessarily the case with an electric 100tor as a result 

of the magnetic circuit, then the delayed switching off of oo.e transistor 

and a rapid switching on of the other leads to a marked rise in the 

current in the wirxling conductor which has just been switched off and 

prior to the final switching off of said current. However, such current 

peaks or spikes lead to high frequency :interfe:r:ence, undesi:ced 100tor 

noise and br.lllg about inc:ceased loafilng of the seniconductor oantrol means 

which is being switched off. 

DE-A-3 247 359 discloses a circuit for a b:rushless direct current 100tor 

enabling a switch:ing :interval to be produced between two successive 

stator current pulses, as is required .lll particular :in full bridge cir­

cuits. For this pu:cpose the bases of two power transistors of the same 

conductivity type are coupled by a capacitor. During ccmnutation this 

capacitor initially brings about a block:ing of the power transistor to be 

switched on. only if the capacitor is recha:cged aCIOss a :celatively high 

value resistor, can said power transistor switch on. However, such a 

circuit p:cesupposes the presence of control signals in phase opposition 

and is caisequently relatively canplicated and is only used in practice 

for the control of full bridge circuits. 

It is therefore a p.:roblen of the invention, in the case of the afore­

mentioned brushless direct current motor, to improve the can:nutation 
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p:rocess using s.inple means. 

In the case of a brushless direct current motor of the aforementioned type, 

this p:r:oblem is solved by the measures given :in the characteriz:ing part 

of cla.im 1. As a result of the altemating current coupling of the coot:rol 

cutputs of sa:id netwo:ck, the potential changes at its two outputs have 

substantially the sane coo.figuration, i.e. it is not possible for oo.e 

potential to rise or fall much faster than the other. Thus, there is a 

forced synchrcnization of the switch:ing processes at the two semicoo.ductor 

c:xnt:r:ol means and it is possible to avo:id undesired current spikes in the 

w:ind:ing coo.ductors shortly prior to their switching off. It is also 

poss:ible with such an arrangement and in the case of a suitable design 

for the inductive enezgy stored :in the ccnductor be:ing switch.Ed off to be 

safely ccnvel:ted into heat in.the respective semiconductor coo.t:r:ol means, 

so that there is no need for a separate storage capacitor :in the motor. 

Such storage capacitors, such as are e.g. descr:ibed in the afozenentioned 

US-A-4 374 347, must have relatively high capacitance values and must 

therefore be Coo.structed as elect:r:olytic capacitors, which oo.ly have a 

l.imited life. In the case of s.inple, inexpensive types, this can be 

shorter than the expected mechanical life of the motor in which sa:id 

capacitors are located. In addition, such capacitors require a relatively 

lal:ge anount of space :in the motor. However, in the case of the :inventive 

altemating cur.rent coupling of the coot:rol electrodes of both sanicon­

ductor coot:r:ol means oo.zy a snail capacitor is required, which can be 

caistructed as a cercmic capacitor and which therefore has a very loo.g 

life, which is :regularly in excess of the mechanical. life of the motor, 

so that as a result of the invention the motor life is increased to the 

value predetennined by its mechanical life. In addition, the circuit for 

an inventive motor can be made extremely snail, because it. only has a 

few carponents, which are in any case .lazgely in the fozm of resistors, 

which makes it possible to coostruct extremely ccnpact motors. Such a 

circuit can e.g. be in the fonn of a printed circuit on a c:ixcular r:ing 

disk with an extemal diameter of 43 nm and an intemal dianeter of 22 nm. 

When mounted sa:id ring has a maximum thickness of 4 nm and over it aily 

project by a few millimetres the Hall IC and possibly a PrC resistor. 
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This is particularly :important for small fans, whose cc:nst:ruction with 

:integrated electrcnics is ma:ie possil>le thrrugh the present :invention. 

F\Jrther details and advantageous further develqxnents of the :invention 

can be gathered fran the hexe:inaf ter descrilied, non-limitative e:nbodiment, 

the subcla.ims and the attached draw:ings, wherein show: 

Figs. la and lb Schematically depict a two-pole, two-conductor 

brushless direct current motor of known construction, 

such as can be used .in the case of the :invention. 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Depicts the ccnst:ruction of a prior art circuit for 

oontroll:ing the cannutation of the motor of fig. 1. 

Presents explanato:r:y diagrams for expla.in.ing the manner 

of operation of the motor of fig. 2. 

Depicts the cc:nst:ruction of the :inventive circuit for 

oontroll:ing the camutation of a two-ccnductor motor, 

e.g. the motor of fig. 1. 

Presents explanato:r:y diagrans for expla.in.ing the manner 

of operation of the circuit of fig. 4. 

V Fig. 1 depicts an extemal rotor motor 10 of known ccnst:ruction with an 

exte:mal two-pole rotor 11, designed as a ccntinuous magnet r:ing, whose 

magnetization is designed nearly trapezo:idal, nane1y with a practically 

constant induction :in the region of the poles, and with nar.row pole gaps. 

In fig. 1 the locations with practically ccnstant induction for the north 

pole are symbolically indicated by hatchlng, and for the south pole with 

gz:ey shad:ing. The rotor 11 is designed as a rcdially magnetized pennanent 

magnet manber, e.g. ma:ie of barium ferrite or a ":rubber magnet". The 

two pole gaps are likewise symbolically indicated and denoted with 12 

and 13. Fig. l shafs the rotor 11 :in me of its two stable rest positions, 

which it can assume :in the currentless state of the motor. These rest 
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positions are dete:mrlned by the shape of the air gap and the shape of the 

magnetization. In operation the rotor 11 tums in the direction of the 

arrow 14. A fan blade is denotai by 9 and is directly secured on the 

rotor 11. 

The stator 15 of the motor 10 is configured as a druble T-anchor with an 

upper pole 16 and a lafer pole 17, both of which have approximately the 

outline of an umbrella, i.e. each one extending circumferentially for 

almost the whole of the pole arc, and .incl.ud.ing between thanselves two 

slots 18 and 19 in which are arranged the two conductors 20 and 21 of a 

two-conductor, one-phase stator winding. The temlinals of the conductor 

20 are denotai by al and el, those of the cooductor 21 by a2 and e2. The 

conductors 20 and 21 have equal numbers of tums and the sane winding 

sense, i.e. when a direct cur.rent flows f:can al to el the:re :results 

identically the sane magnetization of the stator 15 as when the sane 

direct current flafs f:can a2 to e2. In this case the:r:e :results the dot 

representation accoming to fj,g. lb, i.e. the wound conductor 20 has the 

dot at terminal al, the WOlllld conductor 21 at the temlinal a2. This 

representation is anployed in ·the sane way in the subsequent figures. 

The conductors 20 and 21 can in preferred manner, in accoi:dance with the 

teaching of DE-A-22 39 167, be wound bifilar, in om.er to obtain a close 

.inductive coupling between than. 

Rotor position dependent sensing means, he:r:e a Hall IC 25, are arranged 

\J on the stator 15 at an angular position substantially cor:r:esponding to 

the q>ening of the slot 18 or being sane degrees offset relative to this 

opening opposite the rotation direction 14, nanely counterclockwise. The 

Hall IC 25 is he:r:e controlled by the magnetic field of the pemianent magnet 

rotor 11 and, in dependence upon :rotor position, generates a signal which 

is either high or kw, i.e. constituting upon rotation of the rotor 11 

pract~ally a :rectangular signal whose high and low intervals are each 

about 180°el long. 

The air gap 26 above the stator pole 16 and the air gap 27 above the 

stator pole 17 are designed in a special way. Beginning f:can the slot 18 

the air gap 26 monotonically increases, measured in the :rotation direction 



" I \, 

- 5 -

14, far about 10 to 15 degrees up to a first location 30 at which it 

reaches its max:inum. Fran there on, the air gap 26 monotonically decreases 

for about 170 degrees electrical until about the opening of the slot 19 

wheze as illustrated it reaches its min.imum value dl. As illustrated 

the air gap 27 has an identical variation. This air gap shape, in coop­

eration with the described type of magnetization of the :rotor 11, effects 

during operation the deveJ.opnent of a :reluctance tOJ:qUe of predetennined 

shape, such as described in detail in DE-B-2 346 380, to which reference 

is made for the sake of brevity. Naturally, instead of a motor of the 

type depicted in fig. 1, also a flat motor with i:ron1ess stator can be 

anp1oyed e.g. in accomance with DE-A-2 239 167, or e.g. an intema1 

:rotor motor, or a motor which a higher number of poles such as shown e.g. 

\._..,-• by DE-A-28 35 210 in figs. 2 or 9. Thus the invention is in no way 

1.:imited to the embodiment of fig. 1 and the latter instead serves only 

to make the invention unde:rstandab1e with reference to a concrete example. 

Fig. 2 depicts a circuit for the motor of fig. 1, such as known f:ron e.g. 

fig. 7 of the already mentioned US-A-4 374 347. A plns line 33 is 

connected via a di.ode 47 to a positive operating voltage UB, e.g. of a 

battezy, and a minus line 35 can be connected to e.g. the minus pole of 

this battezy (e.g. 12, 24 or 48 V). The Hall IC 25 is connected with 

one tenninal to the minus line 35 and with its other tennina1 is connected 

via a resistor 48 to the plus line 33. Connected parallel to it is a 

zener diode 49 which :cegulates the voltage on the Hall IC 25 to e.g. 5 v. 
The output 50 of the Hall IC 25 is connected to a resistor network 53 

with three resisto:cs 54, 55, 56. The resistor 54 leads f:ron the output 

50 to the base of a pnp Darl.ington transistor 57: the resistor 55 fran 

the output 50 to the plus line 33: and the resistor 56 leads fran the 

output 50 to the base of an npn transistor 58 which is of conductivity 

type catp1anentm:y to the transistor 57. The emitter of the transistor 

57 is connected with the plus line 33, its collector with the tenn:inal 

al of the wound conductor 20, and antjpara11e1 to it is connected a di.ode 

57' • The tenn:inal el of the wound conductor 20 is connected to the minus 

line 35. 

The emitter of the transistor 58 is connected to the minus l:ine 35: its 
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collector is camected to the temLinal a2 of the wound conductor 21, whose 

other texmin.al e2 is camected to the plus line 33. A diode 58' is CCXl­

nected antiparallel to the transistor 58. A storage capacitor 45 is cm­

nected between the lines 33 and 35. The wound conductors 20 and 21 are, 

by virtue of bifilar winding, closely coupled. With regam to the 

tenninals al, el and a2, e2, refenmce is made to the :representation 

accoming to figs. la and lb. The transistor 57 is provided with a Miller 

capacitor 59 connected between its collector and base. Likewise the 

transistor 58 is provided with a Miller capacitor 60 camected between 

its collector and base. These Miller capacitors, which e.g. have a 

capacitance value of 150 pF, effect a negative feedback coupling f:can the 

collector to the base and slOH the switching on and and switching off of 

\. ...... / the transistors 57 and 58, in this way :reducing inductive switching spikes, 

and reducing high frequency oscillations. 

If during operation of the motor e.g. the transistor 57 switches on, a 

current flows f:can al to el, and the stator pole 16 becanes a south pole, 

the stator pole 17 in CCXltrast a north pole. In cmtrast, if the trans­

istor 58 switches on, a current flows f:can e2 to a2, i.e. the. stator pole 

16 becanes a north pole· and the stator pole 17 a south pole. In the 

position shown in fig. 1, in which the Hall IC 25 faces a north pole of 

the rotor 11, the transistor 57 and, together with it, the wound conductor 

20 are accomingly switched m, and in the opposite case (south pole of 

the rotor 11 at the Hall IC 25) the wound ccnductor 21, in omer that the 

U rotation direction 14 be established. When a north pole faces the Hall 

IC 25, its output 50 becanes l.OH, thus having approx:llnately the_potential. 

of the minus l.ine 35, and therefo:ce the transistor 58 blocks and the 

transistor 57 becanes ccnductive. If on the other hand a south pole 

faces the Hall IC 25, then the output 50 becanes high, nanely positive, 

the transistor 58 becanes ccnductive and the transistor 57 blocks. Th.ls 

me can, with the me output signal at the output 50, activate the two 

transistors 57 and 58 in phase-opposed manner via the netwo:i:k 53 made 

up of passive elements. 

As noted the Miller capacitors 59 and 60 reduce the speed of the switching 

operations. However in practice it has been shown that this reductioo 
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is less strongly effective for the switch:ing an operation than for the 

switch:ing off operation and that, as a result of this, problens can 

develop in a sw:prising manner. 

In this camection reference is made to fig. 3. The latter shows at A) 

the Hall voltage "Hall at the tenninal 50. If the motor of fig. 2 is 
operated with e.g. 12 V, then this Hall voltage jumps between approximately 
12 V and 0 V, depending upcn the position of the rotor 11. For exanple 

at the points in time tl and t3 it jUllps fran 12 V to 0 V, and at the 

point in t.ime t2 fran O v to 12 v. The points in t.ime to, tl, t2, t3 

each have equal intei:vals of 180° el, with reference to the rotation of 
the rotor 11. 

Fig. 3B depicts the base emitter voltages ~ of the transistors 57 and 
58. As can be recognized, between the points in t:ime to and tl the 

transistor 58 is caiductive, :inasnuch as its base emitter voltage C1I10UI1ts 

to 1.4 V, because the Hall voltage "Hall has a high value. S:irnultaneously, 

the transistor 57 is nm-conductive. At the point in t:ime tl "Hall jUllps 
to zero, and the voltage ~8 goes to zero with a delay effected by the 

Miller capacitor 60. When this voltage has reached 10% of its previous 

value, the po:int in t:ime taus is reached, at which the transistor 58 is 
switched off. 

Ql the other hand, at the point in t:ime tl the base emitter voltage of 

0 the transistor 57 beg:ins to becane lllOl::e negative, and indeed rather 

quickly, so that already after a short t:ime tein it has reached 90% of 
its full value, upcn which the transistor 57 becanes switched m. 

The po:int in time tein thus occw:s before time taus' i.e. the slope du/dt 
of the switch on ·cw:ve ~7 is steeper than that of the switch off curve 

~8 at time tl, and thereafter the two transistors 57 and 58 are briefly 

s:irnultaneously conductive. 

Inasnuch as the two wound. caiductors 20 and 21 are inductively coupled 

with each other, the switching on of the cmductor 20 at t:ime t . effects em 
a :reduction of the magnetic f hlx :in the stator 15 and, inasnuch as this 
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flux endeavours to stay constant, this reduction effects a corresponding 

rise of the current i 58 thn:ugh the transistor 58 and the caiductor 21, 

:in om.er to eotmteract this effect. As a result of this, there are pro­

duced high current spikes 62, 63 upon perfonnance of the switching off 

operation, as sb:Ml in fig. 3C, and these current spikes can achieve 

vallles up to twice the start-up current, i.e. the current that is limite:J. 

by means of the ohnic resistance of the respective wound cmductor. These 

current spikes can, amcng other thin.gs, p:coduce radio :interference and 

are therefore ex:tI:emefy undesirable. 

The invention elim:inates these current spikes with a very simple techn:ique. 

Fig. 4 depicts a circuit of an inventive motor. Elenents which are the 

sane as :in fig. 2 or functicnally equivalent are denote:J. with the sane 

reference characters as there and are generally not described again. 

Instead of the diode 47 of fig. 2 (or :in addition to it), there is p:ro­

vme:J. in fig. 4 a Pl'C resistor 64 whose pw:pose is to render the rootor 

cur:centless upon stalling of the :rotor 11 •. The Hall IC 25 of the circuit 

of fig. 4 has a built-in voltage-stabilizing circuit, so that the zener 

diode 49 of fig. 2 can be dispense:J. with. 

The network 53, made up of passive elements, has an output 65 which leads 

to the control electrode of the Darl:ington transistor. 57, which serves 

as a semiccnductor control elenent. The network 53 furthennore has an 

output 66 which leads to the control electrode of the Darlington transistor 

58, which likewise serves as a seniccnductor cmt:rol element. 

Between these outputs is p:rovme:J. a coupl:ing capacitance 70 whose pu:cpose 

is to effect a.c. coupling of these outputs and to make the potential 

variations at the outputs 65 and 66 (and thus at the control electrodes 

of the two transistors 57 and 58) as similar to each other as poss:ible. 

These potential variations at the two outputs 65, 66 are both the result 

of the changes :in vallle of the Hall signal '\Jail at the rutput 50 and 

therefore tend to correspond to each other: however, because the resistors 

54 and 56 are of relatively high resistance, the potential variations 
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at the bases of transistors 57 and 58 do not correspald to each other 

perfectly. Tests have shown that coupling capacitance 70 can have values 

m the range of several hundred pF up to 1 pF, thus within a range of 

magnitude of at least 1:1000, without essential change of function. 

Accozding to present knowledge values in the nF omer of magnitude are 

opt:imal, i.e. for exanple 3 - 5 nF. Such values can be :realized by means 

of ceranic capacitors, whose lifet:ime is very long. Too high capacitance 

values lead, by virtue of the charging operation occurring upoo switching 

en, to the two transistors 57 and 58 becaning for a while sinultaneously 

caiductive, which, in sane circumstances, can lead to difficulties upon 

start-up. Also, in the event of fluctuations of the operating voltage 

u8 , correspooding charging or discharging pi:ocesses can appear in the 

\ ...... / coupling capacitance 70, which in the event of too high capacitance values 

for capacitor 70 likewise tend to p:roduce malfunction. The Miller 

capacitors 59 and 60 preferably have values in the range of about 100 to 

about 220 pF. Bel.CM 100 pF one scarcely any more obtains the desired 

delay in the switching, and in the event of high capacitance values (fran 

app:rox:imately 500 pF) the danger of current spikes is substantially 

greater. 

Fig. 5 sets forth the manner of operation of the coupling capacitance 

70. Fig. SA depicts - like fig. 3A, the Hall voltage at the output 50 

of the Hall IC 25. The latter jmps at t:ime tl e.g. fran plus 12 V to 

O v. As a result the base anitter voltage l1msa of the hitherto conductive· 

transistor 58 drops and, in particular, delayed by the Miller capacitor 

60. S:imultaneousfy the base emitter voltage ~57 of the transistor ~7 

becanes more negative, likewise delayed by means of the Miller capacitor 

59. 

By means of the coupling capacitance 70 there is p:roduced now a substan­

tially parallel variation of the decreasing branch 71 of ~8 and of the 

rising, i.e. increasingly more negative, branch 72 of ~r Expressed 

in another way, at any point m t.ime the branches 71 and 72 have 

app:rox:imately the sane du/dt, and they differ fran each other practically 

cnly to the extent of a d.c. voltage, nanely the voltage across the 

coupling capacitance 70, which durmg this short time interval cannot 
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substantially change. This applies .in the sane way to the branches 73 
and 74 upon the switching off of the transistor S7 and the switching an 

of the transistor S8 at time t2. 

By virtue of this parallelisn of the base voltage variation, the currents 

~7 and is8 are prevented fnm hav.ing noteworthy current spikes upon 
switching off, as fig. SC shows. By means of this sinple expedient one 
manages to very substantially reduce .interference voltages, because the 
two transistom S7 and S8 carmot any more be for a while s.imultanewsly 
conductive upon camru.tation. When e.g. the voltage t1m:s8 has dropped 

fnm 1.4 V to 1 V, so that the transistor S8 blocks, the voltage t1m:s7 
has in accomance with fig. SB only just reached -0.4 V, i.e. the tran­
sistor S7 is at this po.int .in time still not conductive. There accoi:d:ingly 
develops a, very desirable, current gap at the carmutation t.ime. At the 

point .in t.ime at which the_ voltage ~all changes, also the current .in 
the conductive transistor begins to drop, as fig. SC shows. 

F\Jrthennore with the circuit of fig.4 one can anit the storage capacitor 
4S, which is necessary .in the circuit of fig. 2 and which,, there, can in 
practice possibly limit the lifetime of the motor, as was set forth 

further above. With fig. 4, by virtue of the relatively_ slow switch.ing 
off operations of the transistom S7 and S8, it is achieved that upon 
switch.ing off, liberated .inductive energy of the conductom 20, 21 is 
converted into heat .in the transistom while they are switch.ing off, and 

V fnm the latter is diss.ipated :in cmventional manner via cool:ing bodies, 
or the like. Specifically, inasmuch as the cur.rent's rate of change di/dt 
during the switching off is relatively small, the induced voltage is also 
snail, so that e.g. the voltage of the free-wheel.ing diode .in the respec­
tive transistor is not even reached. (cf. the free-wheel:ing diodes S7' 
and S8' shown .in fig. 2). Accoi:d.ingly these diodes are not needed. The 

energy to be diss.ipated is cmverted into heat dur.ing the relatively 
sl.cMly occurring switch.ing off operatim of the respective transistor -
heat is developed dur.ing this operation in any event. This~ without 
undesirable breakdown :in· the respective transistor, i.e. without detri­
mental effect upon lifetime, and with.rut zener effects and their highly 

distw:b.ing cur.rent pulses which could p:roduce high frequency interference. 
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For an operatmg voltage u8 of 24 V there results for fig. 4 the following 

values: 

resistor 5: Pl'C :resistor 

Hall IC 25: Sprague UGN 3016 

:resistor 48: 750 obos 

.resistor 55: 1.6 kobns 

:resistors 54, 56: 27 kobns 

capacitors 59, 60: 150 pF 

capacitor 70: 4. 7 nF 

transistor 5 7: BD 680 

transistor 58: BD 679 

The motor in this anbod:iment is a four-pole motor with a bifilar wind:ing 

oorrespond:ing to fig. 2 of DE-A-28 35 210, speed 3000 r.p.m., power 

consumption ca. 5 w. 

The circuit of fig. 4 can be constructed extraominarily snail. For 

exanple the resistors can be cmstructed as flat thick-layer resisto:rs 

and the circuit elanents can· be arranged on a circular annular carrier 

with an outer diameter of 43 nm and an mner dianeter of 22 nm. Inclui:ing 

the Darl:ington transisto:rs 57 and 58, such a carrier then has a thickness 

of only 4 mn, only the Hall IC 25 and the P1'C resistor 64 projectmg 

beymd the latter a couple of nm. This makes poss.ible the construction 

of extrao:cdmarily canpact motors with a v&y long lifetime, :inasmuch 

as the cercmic capacitors 59, 60 and 70 have a long lifetime even at the 

high operatmg temperatures of a motor. 

In many cases even one of the capa.cito:rs 59 and 60 can be anitted, :inas­

much as e.g. via the relatively large coupllllg capacitance 70 e.g. the 

capacitor 59 is effective also for the transistor 58, and by virtue of 

the couplmg capacitance 70 the potentials at the outputs 65 and 66 are 

anyway cla:nped. The caiductors 20 and 21 can :in acoo:cdance with the 

:invention be :inductively coupled more or less strmgly. Instead of the 

Hall IC 25 one can enploy any equivalent sensor, nanely any rotor posi­

tional signal generator hav:ing a high output-voltage variaticn, e.g. at 

the output of an intemiediately connected transistor which anplifies a 
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rotor-position signal of low voltage variation and tlus fumishes a signal 
with a high voltage variation. Self-evidently, the invention is suitable 
.in the sane way for two-phase, four-conductor motors or three-phase six­
oanductor motors, the circuit then need.mg to be doubled or tripled, as 
is faniliar to the skilled persoo. However, the preferra:l applicatim 
is me-phase, two-conductor motors, such as sha.m in the exanpla:cy 
enbcrl.iment. Instead of the Miller capacitors 59 and 60 me can alter­
natively anploy delay capacitors 75, 76 connectm between base and emitter 
of the transistors 57 or 58. However, the solution with at least one 
Miller capacitor 59 or 60 is preferred, .inasnuch as me requires smaller 
capacitors for it. Alteznatively, the switching delay can be implanented 
by inserting a delay capacitor .in fig. 4, between the point 50 and the 

minus l.ine 35, it then being advantageous to insert a resistor between 
the point 50 and the output of the Hall IC 25 in om.er to make the delay 
approxDrlately equally great for the positive and the negative flanks of 
the Hall signal. What seems inportant is that there be present, sanewhere, 
a switching delay which then, by means of the coupl.ing capacitance 70, 
is made to be effective .in the sane way for both transistors 57 and 58. 

Despite its extrenely simple cmst:ructian and small volune, the inventive 
circuit fulfils all the requirements of a high quality carmutatioil 
arrangenent. Furthexrnore, a motor having this circuit can be regulated 
ma ver:y simple way, e.g. m ~case of a fan by means of a series­
connected NTC resistor in om.er to obtain at lower temperatures a lower 

V speed for the fan whereas with mcreasing temperature the fan's speed 

increases. 

I 


